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Director’s Report 

UGC-DAE Consortium for Scientific Research represents an UGC &DAE Collaboration in 
Higher Education and is one amongst the flag ship research centres of UGC, MHRD. New 
Delhi.It has established, in collaboration with DAE several Beam Line Measurement Facilities at 
DAE Units and In-house experimental facilities at its three centres and the node. These facilities 
are used by a large number of research groups from universities/colleges/other institutes of 
higher education.  A brief summary of the science activities in the table give an assessment of the 
high quality of research program supported by the Consortium during 2019-20 : -  

 
2019-20 AT A GLANCE Indore 

Centre 
Mumbai 
Centre 

Kolkata 
Centre 

Kalpakkam 
Node 

Total 

No. of Users 1094 149 378 58 1679 

No. of pub. in journals: CRS work 200 52 37 8 297 

No. of pub. in journals: In-house work 76 30 8 4 118 

No. of CRS projects 174 82 50 38 344 

No. of Contributions in Ann. Rep : CRS 90 62 57 3 212 

No. of Contributions in Ann. Rep : In-
house 

46 9 16 4 75  

Workshops organized 12 

 
 
X-ray Magnetic Circular Dichroism (XMCD) Measurement in the soft x-ray beamlineat Indus 
complex, RRCAT has routinelyin use and there are already 8 external user groups (measurement 
on more than 26 samples) have utilised it, apart from many in-house users. The first publication 
in international Journalis also appeared (J. Magn.Magn.Mater., 482, 296 (2019).  The system is 
being upgraded for low temperature measurements.16-Tesla magnet system with resistivity 
insert with sample rotation facility andalso with dilatometer attachment is installed.  It has got a 
multifunctionprobe to add other measurement options.A Laser-MBE System has been installed 
and so far 4 external user groups have effectively utilised this facility.   

Our Mumbai Centre has been  successful in boosting the usage of the neutron scattering 
beamline at Dhruva reactor (BARC) with 82 projects currently operating.  A new high 
temperature upgrade – Novotherm HT – comprising the Probostar sample cell (NorECS, 
Norway), a tubular furnace and PID temperature controller, was procured for high temperature 
dielectric studies of solid samples.  This extends the temperature range to +1200C from the 
previous limit of +300C, and is suitable for high temperature dielectric and conductivity studies 
of electrolytes for fuel cells,novel ferroelectric and multiferroic materials with high transition 
temperatures, novel ceramics, etc.  The re-liquefier on9T-VSM was replaced after running for a 
record 61,500 hours of operation.  

A thematic workshop on ‘Science and Engineering of Materials using Ion Beams and Gamma 
Radiation, organised jointly by UGC-DAE CSR, Kolkata Centre and VECC in May 2019 has 
helped in extending ECR based low energy ion bean facilities at VECC to University 
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researchers. Development of a range of innovative, low cost physics experiments for graduate 
students utilising routinely available resources has been initiated at the Kolkata Centre.  A 
workshop for such experiments for graduate teaching has been recently held by Kolkata and 
Indore Centre at the Holkar Science College, Indore.   
A memorandum of understanding (MoU) between IGCAR and UGC-DAE CSR, Kalpakkam 
Node was signed by the Director , IGCAR , Dr. A. K. Bhaduri and the Director , UGC-DAE 
CSR, Dr. A .K. Sinha on March 11, 2020. On this day, inauguration of the 200kV accelerator at 
UGC-DAE CSR, Kalpakkam Node was also done and facility made open for user operation. 

Mr. Ganesh Bera, a research scholar under CRS project to Central University, Bilaspur is 
awarded MRSI Young Scientist Award – 2019.  His work is based on the extensive use of in-
house LTHM facilities such as Mossbauer, bulk magnetisation, dielectric constant etc., which 
has resulted in AIP research highlights and PRB publication [Ganesh Bera et.al., PRB 100, 
014436 (2019)] 

Indore Centre initiated  training/outreach programme of about two weeks for 2nd and 3rdyear 
research scholars from the universities of the country to familiarize them of the potential of CSR, 
Indore for their research career.  It was decided to focus region wise of the nation, with a special 
emphasis on the areas with less user community representation.  In this direction, the CSR Indore 
Centre contacted the HOD’s Physics department of different universities of north-eastern region 
to nominate research scholars working in Physics/Materials Scienceas a part of the program to 
familiarize the potential of CSR, Indore to the University researchers. Our outreach activities are 
quite broadly distributed as seen in the maps given later in the report. 

 

Ajit K. Sinha 
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2 Collaborative Research using DAE and CSR facilities 

2.1 Collaborative Research at Dhruva Reactor, BARC 

Proposals from various Universities, Research Institutes and Colleges from all over India were 
received for utilization of the neutron scattering facilities at NFNBR, Dhruva reactor and the in-
house complementary facilities under the Collaborative Research Scheme (CRS) of the UGC-
DAE CSR, Mumbai Centre. Fifty (50) research projects are being currently supported by the 
Mumbai Centre. These projects comprise mainly of studies utilizing neutron scattering studies 
and complementary facilities set up at the Mumbai Centre.  

2.1.1  Studying effects of non-magnetic element (A = Ti, Zn) substitution in spinel 
CuMn2O4 by employing Neutron Diffraction 

In the period of this annual report, we have studied the physical properties of spinel CuMn2O4 
for non-magnetic element substitution effect at Mn site. This study was undertaken to understand 
how the properties modifies upon the substitution; the results will enable us to tailor the 
compound with improved properties. The neutron diffraction and PPMS facility of the 
consortium were utilized for the same. CuMn2-xTixO4with x = 0.0, 0.25 and 0.50 were prepared 
by solid state reaction method using high purity oxide chemicals namely CuO, TiO and MnO2. 
The phase formation of the samples was confirmed by room temperature X-ray diffraction 
measurement. The Rietveld analysis of room temperature Neutron Diffraction data confirms the 
phase purity of the sample with tetragonal distorted structure.The magnetization measurements 
with respect to temperature and magnetic field followed by room temperature dielectric 
spectroscopy were done on CuMn2-xTixO4as discussed below.The room temperature Rietveld 
refinement of the neutron diffraction data for the polycrystalline CuMn2-xTixO4was carried out 
using FullProf software. Indeed, all the samples were well fitted by distorted tetragonal 
symmetry of space group I41/amd associated with significant change in crystal cell parameters 
that is a-axis decreases and c-axis increases on the derivatives as compared to CuMn2O4 along 
with a small amount (< 5-8%) of Mn3O4 impurity phase (space group I41/amd) in all the 
diffraction patterns. Fig 2.1.1 shows the ND analysis using Rietveld refinement on CuMn2-xTixO4 

and the bond distance have been extracted from the analysis as for octahedral (tetrahedral) sites 
Mn–O = Cu–O = 1.990Å and 1.923Å (1.999Å) in CuMn2O4, Mn–O = Ti–O = Cu–O = 1.998Å 
and 1.917Å (2.002Å) in CuMn1.75Ti0.25O4 and Mn–O = Ti–O = Cu–O = 2.010Å and 1.916Å 
(2.010Å) in CuMn1.50Ti0.50O4. Conversely, the formation of phase on CuMn2-xTixO4 was also 
confirmed by room temperature FTIR spectroscopy analysis and the calculated bond length of 
FTIR spectroscopy are compared with the obtained bond length of Rietveld analysis. 

The ZFC and FC magnetization measurements onCuMn2-xTixO4 were carried out at 500 Oe 
magnetic fields within the temperature range 2 – 300K and depicted in Fig. 2.1.2. Here, the FC 
magnetization of CuMn2O4 shows independent of temperature on cooling from 300K down to 
80K below which it rises rapidly may be due to spin-canting and exhibits an anomaly at 24K 
below which it increases very slowly. However, the temperature dependent ZFC magnetization 
was found identical with FC magnetization above 56K below which ZFC bifurcates from FC 
behavior and attend a broad maximum around 24K. Indeed, the temperature for the onset of 
bifurcation between ZFC and FC is ascribed to metamagnetic state which we found at 56K in our 
present study is slightly higher than the previous result may be due to the phase purity and 
different cationic distributions. Upon Ti-substitution, the ZFC and FC magnetic behaviours are 
significantly altered particularly below 80K as can be seen in Fig.2.12.In both the derivatives, the 
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onset temperature for rapid rise in magnetization may be due to spin-canting is lowered followed 
by shifting the temperature for bifurcation between ZFC and FC towards the 24K anomaly. Most 
interestingly, the rate of increase in FC magnetization slows down below 24K upon increasing 
Ti-concentration and becomes completely flattened in CuMn1.50Ti0.50O4.  

 

Fig. 2.1.1: Room temperature neutron diffraction of CuMn2-xTixO4 

This type of behaviour such as the bifurcation between ZFC and FC magnetization below which 
the FC magnetization becomes completely flattened and ZFC magnetization decreases non-
exponentially are frequently obtained only in those materials where competition between anti-
ferromagnetic and ferromagnetic ordering occurs resulting a spin-glass state. The inset Fig. 2.1.2 
shows the temperature variation of inverse susceptibility as parabolic above 80K for all the 
materials implies the existence of ferromagnetic behaviour due to the anti-parallel ordering of 
nearest neighbour magnetic moments with unequal magnitude. At room temperature, however, 
CuMn1.75Ti0.25O4 shows drastic change in inverse susceptibility by a factor of approximately two 
as compared to CuMn2O4 and CuMn1.50Ti0.50O4 which are showing a marginal difference 
between them.  

The possible causes behind the marginal difference in M(T) in CuMn1.75Ti0.25O4 as compared to 
CuMn2O4 and CuMn1.50Ti0.50O4is explained using M(H) data. Here, we have given emphasis to 
only correlate  HM  with  TM behaviour. At 3K, CuMn2O4 shows a hysteresis loop at I-

quadrant quite similar with earlier reports of CuMn2O4 measured at 5K. This type of behaviour is 
frequently obtained in  HM  is due to the co-existence of spin-canting and metamagnetic state 

and we claim the same mechanism here also.Upon Ti-substitution, the anomaly related to weak 
ferromagnetic in metamagnetic state washes out with broadening of coercivity along with the 
reduction of unsaturated magnetization compared to CuMn2O4. This is expected to be due to the 
strong interactions between ferromagnetic and anti-ferromagnetic moments which give rise to 
spin-glass state. But at 300K, CuMn1.75Ti0.25O4 provides a kink around the origin of  HM  like a 

small hysteresis loop associated with significant large magnetization value in comparison to 
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CuMn2O4and CuMn1.50Ti0.50O4 associated with unsaturated magnetization above 0.5kOe field for 
all the materials. 

To explain the room temperature HM ~ behaviour, we have plotted 2M  vs. MH /  which is 
commonly known as Arrott plot in the Stoner-Wohlfarth model of itinerant electron magnetism 
because, Arrott plot is an alternative method to investigate the weak ferromagnetic for a material. 
It reveals that all the materials belong to system of inhomogeneous and weak ferromagnetic due 
to the localized moments which increases upon substituting Ti for Mn in CuMn2O4.Due to the 
increased weak ferromagnetic in the derivatives, the anti-ferromagnetic moments interact 
strongly with ferromagnetic and thus anti-ferromagnetic order renormalizes the ferromagnetic 
order in such a way that the ferromagnetic order is reduced in comparison to CuMn2O4. As a 
consequence, the magnetic field induced hysteresis loops at I and III-quadrant washes out at 3K 
and bifurcation temperature between FC and ZFC shifted towards 24K anomaly in the 
derivatives. 

 

Fig. 2.1.2: Temperature dependent Magnetic measurements of CuMn2-xTixO4. Inset fig. shows 
the temperature dependent of inverse susceptibility. 

 

However, NT  of CuMn1.50Ti0.50O4 coincides exactly with the 24K anomaly followed by 

completely flattened FC and non-exponentially decrease of ZFC on cooling are the clear 
indication for the formation of spin-glass state.We have already measured the room temperature 
dielectric spectroscopies which are under the process of study to compile all these results in the 
form of manuscript. 

P. Patra, S. Mohanta, Indrajit Naik (North Odisha University, Baripada) and Som Datta 
Kaushik 
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2.1.2 Structural, magnetic and electrical properties of W/Co doped Bi4NdTi3FeO15 
Aurivillius compounds 

Structural, microstructural, optical, ferroelectric and magnetic properties of W/Co doped 
Bi4NdTi3−2x(W/Co2)xFeO15 (BNFT) (0.00 ≤ x ≤ 0.15) four-layered Aurivillius multiferroic 
ceramics were investigated using x-ray and neutron diffraction, dc magnetization and Raman 
techniques. These ceramics were prepared by conventional high-temperature solid-state reaction 
method. The room temperature (RT) X-ray and Neutron diffraction (XRD), and Raman studies 
have revealed that these ceramics exhibits a pure orthorhombic structure with A21am space 
group. The surface morphology of these ceramic studies confirmed the formation of randomly 
oriented grains as non-uniform in size. Further, W/Co2 substitution in BNFT revealed the 
presence of asymmetrical shaped internal nano-sized domains.The UV – Visible spectroscopic, 
studies showed a decrease in the band gap from 2.32 to 2.20 eV up on increases of W/Co 
substitution, which resulted in large lattice distortions in crystals. 

All compounds exhibited improved P–E loops with unsaturated polarization upon substitution 
with enhance polarization and reduced coercive field. It was found that with higher substitution 
levels x ≥ 0.10 adversely affected the ferroelectric characteristics. The magnetic measurement 
revealed that Nd and W/Co co-substitution induced a strong ferromagnetic interaction via Fe3+–
O–Co2+/3+ coupling. The high-temperature magnetization studies revealed the Curie temperature 
(TC) enhances as the W/Co2 concentration increase. Henceforth, the observed outcomes are 
emphasized for designing new single-phase room temperature multiferroics in future. 

 
Fig.2.1.3: Changes in characteristic peaks in diffraction of Bi4Sm(Ti2.5Nb0.5)(Fe0.5Co0.5)O15 with 
(W/Co2) doping. 
 

 
Fig.2.1.4: Left-Variation of remanent polarization (Pr) and coercive electric field (EC) with 
(W/Co2) doping. Right- high temperature magnetization dependence 

Tirupathi Patri (Rajiv Gandhi University of Knowledge Technologies, AP), and P.D. Babu 



 

2.1.3 Measurement done: Magnetization and Powder Neutron diffraction measurements 
onSr1-xBixFe12O19, x = 0, 0.01 and 0.02  

The field dependent magnetizatio
onbismuth doped strontium hexaferrite (Sr
SBFO1 and SBFO2 respectively)
(SBFO2)composition at selected te
for x = 0 and 0.01 compounds.

The magnetization data in the range from 3 K to 350 K at constant field 500 Oe show a broad 
hump in the range of 50 K- 
hump, the magnetic spins probably deviate from  collinear arrangement along the uniaxial 
direction i.e. c-axis. The hump position shifts towards lower temperature with increase in 
bismuth concentration.  

The magnetic moments are recorded by va
The magnetic parameters are extracted from the MH
decreases with increase in temperature for all the samples. For a particular temperature, “Ms” 
value is highest for the SBFO1 sample. The highest “Ms” value is found to be 96.62 (1) emu/gm 
for SBFO1 at 3 K and at room temperature it decreases to 70.43(3) emu/gm. On contrary, the 
coercivity field (Hc) shows an opposite behaviour.

The “Hc” value increases with incre
lowest at a particular temperature. At room temperature the “Hc” value for SrM, SBFO1 and 
SBFO2 are 4.652(3)kOe, 3.688(1)kOe, and 4.094(4)kOe respectively. The analysis of neutron 
diffraction data is under progress. So far it can only be said that, the neutron data conforms the 
single-phase formation of the samples.

Fig.2.1.5: Thermomagnetic curve under constant field of 500 Oe for all three compounds.

Fig.2.1.6: MH-loop of all samples at differe

 

Measurement done: Magnetization and Powder Neutron diffraction measurements 
, x = 0, 0.01 and 0.02   

The field dependent magnetization measurment were carried out at constant field of 500 Oe 
onbismuth doped strontium hexaferrite (Sr1-xBixFe12O19, x = 0, 0.01 and 0.02 named as SrM, 
SBFO1 and SBFO2 respectively). The powder neutron diffraction on 
(SBFO2)composition at selected temperatures of 3 K, 75 K, 125K, 200K, and 300 K and at 300K 

= 0 and 0.01 compounds. 

The magnetization data in the range from 3 K to 350 K at constant field 500 Oe show a broad 
 100 K, followed by drop in the magnitude for ZFC

hump, the magnetic spins probably deviate from  collinear arrangement along the uniaxial 
axis. The hump position shifts towards lower temperature with increase in 

The magnetic moments are recorded by varying the field up to 90 kOe at different temperatures. 
The magnetic parameters are extracted from the MH-loop. The saturation magnetization (Ms) 
decreases with increase in temperature for all the samples. For a particular temperature, “Ms” 

t for the SBFO1 sample. The highest “Ms” value is found to be 96.62 (1) emu/gm 
for SBFO1 at 3 K and at room temperature it decreases to 70.43(3) emu/gm. On contrary, the 
coercivity field (Hc) shows an opposite behaviour. 

The “Hc” value increases with increase in temperature but the “Hc” value of SBFO2 is the 
lowest at a particular temperature. At room temperature the “Hc” value for SrM, SBFO1 and 
SBFO2 are 4.652(3)kOe, 3.688(1)kOe, and 4.094(4)kOe respectively. The analysis of neutron 

der progress. So far it can only be said that, the neutron data conforms the 
phase formation of the samples. 

: Thermomagnetic curve under constant field of 500 Oe for all three compounds.

loop of all samples at different temperatures 
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: Thermomagnetic curve under constant field of 500 Oe for all three compounds. 

 

 

 



 

Fig.2.1.7: Temperature evolution of Neutron diffraction of SBFO2 (left) and room 
temperature neutron data for SBFO1.

Manas Ranjan Sahoo, P.N.Vishwakarma (NIT Rourkela) and P D Babu

2.1.4 Magnetic Hyperthermia response of Amine func
Nanocomposite 

Magnetic hyperthermia, a cancer treating modality, lies on the fact that tumorous cell due to 
hypoxia gets destroyed at 41°C
(A1) and Amine (A2) functionali
to serve major prerequisite of this field like stability, disaggregation, water dispersibility, high 
saturation magnetization.  Sigma
property differently than that of PEG. To perform 
nanocomposite characterization like XRD, HRTEM, FTIR, were done in PI institute. DC 
Magnetization characterization and neutron diffraction have been carried out at CSR Mumbai. 
Structural information obtained from ND data before after functionalization of the 
nanocomposites. The DC magnetization measurements were performed using a commercial 
(Quantum Design made) 9T PPMS based in a VSM at four isothermal temperature: 300K, 200K, 
100K, 5K as shown in Fig.2.1.8
hyperthermia, their induction heating responses were studied in PI institute. 
2mg/mL DI water was treated under the application of 
frequency (f=336 kHz) and amplitude (H=12.89kAm
AMBRELL 8310, UK). Heat generation capability can be determined by SAR/ILP calculated by 
initial slope method. A clear correlation between effective anis
capability (SAR/ILP) has been observed: higher the anisotropy, higher is the heat generation 
capability. 
 

Fig2.1.8: Magnetization (M) Vs Magnetic 
field (H) loop of Amine functionalized 
MWCNT/MnFe2O4 nanocomposite (A2)

Papori Seal, Nibedita Paul, J P Borah (NIT, Nagaland) and P D Babu

Temperature evolution of Neutron diffraction of SBFO2 (left) and room 
temperature neutron data for SBFO1. 

Manas Ranjan Sahoo, P.N.Vishwakarma (NIT Rourkela) and P D Babu

Magnetic Hyperthermia response of Amine functionalized MWCNT/MnFe

Magnetic hyperthermia, a cancer treating modality, lies on the fact that tumorous cell due to 
hypoxia gets destroyed at 41°C-46°C temperature while normal cells remains unperturbed. PEG 
(A1) and Amine (A2) functionalized MWCNT/MnFe2O4 nanocomposite possess wide prospect 
to serve major prerequisite of this field like stability, disaggregation, water dispersibility, high 
saturation magnetization.  Sigma-donor of amine group is expected to effect MNPs magnetic 

fferently than that of PEG. To perform comparative study of A1 and A2 
nanocomposite characterization like XRD, HRTEM, FTIR, were done in PI institute. DC 
Magnetization characterization and neutron diffraction have been carried out at CSR Mumbai. 

information obtained from ND data before after functionalization of the 
The DC magnetization measurements were performed using a commercial 

(Quantum Design made) 9T PPMS based in a VSM at four isothermal temperature: 300K, 200K, 
.2.1.8. To determine applicability of nanocomposites (A)in magnetic 

hyperthermia, their induction heating responses were studied in PI institute. 
2mg/mL DI water was treated under the application of alternating magnetic field
frequency (f=336 kHz) and amplitude (H=12.89kAm-1) for a period of 1800 seconds (Easy Heat 
AMBRELL 8310, UK). Heat generation capability can be determined by SAR/ILP calculated by 
initial slope method. A clear correlation between effective anisotropy and heat generation 
capability (SAR/ILP) has been observed: higher the anisotropy, higher is the heat generation 

 

: Magnetization (M) Vs Magnetic 
field (H) loop of Amine functionalized 

nanocomposite (A2) 

Fig2.1.9: Induction heating curve of PEG and 
Amine functionalized MWCNT/MnFe
nanocomposite (A1 and A2)

Papori Seal, Nibedita Paul, J P Borah (NIT, Nagaland) and P D Babu
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Temperature evolution of Neutron diffraction of SBFO2 (left) and room  

Manas Ranjan Sahoo, P.N.Vishwakarma (NIT Rourkela) and P D Babu 

tionalized MWCNT/MnFe2O4 

Magnetic hyperthermia, a cancer treating modality, lies on the fact that tumorous cell due to 
46°C temperature while normal cells remains unperturbed. PEG 

nanocomposite possess wide prospect 
to serve major prerequisite of this field like stability, disaggregation, water dispersibility, high 

donor of amine group is expected to effect MNPs magnetic 
comparative study of A1 and A2 

nanocomposite characterization like XRD, HRTEM, FTIR, were done in PI institute. DC 
Magnetization characterization and neutron diffraction have been carried out at CSR Mumbai. 

information obtained from ND data before after functionalization of the 
The DC magnetization measurements were performed using a commercial 

(Quantum Design made) 9T PPMS based in a VSM at four isothermal temperature: 300K, 200K, 
To determine applicability of nanocomposites (A)in magnetic 

hyperthermia, their induction heating responses were studied in PI institute. Nanocomposite of 
alternating magnetic field of certain 

) for a period of 1800 seconds (Easy Heat 
AMBRELL 8310, UK). Heat generation capability can be determined by SAR/ILP calculated by 

otropy and heat generation 
capability (SAR/ILP) has been observed: higher the anisotropy, higher is the heat generation 

 

Induction heating curve of PEG and 
Amine functionalized MWCNT/MnFe2O4 
nanocomposite (A1 and A2) 

Papori Seal, Nibedita Paul, J P Borah (NIT, Nagaland) and P D Babu 
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2.1.5 Study of effects of particle size and magnetic anisotropy in Enhancing the 
magnetization in Ni-Zn ferrites 

In this work the objective was to control the magnetic anisotropy of Ni-Zn ferrites, if possible, to 
get zero magnetic anisotropy and to get the maximum saturation magnetization.In this process, 
based on the previous studies cobalt was selectedas dopant.The distribution of cobalt ions over A 
and B-sublattices, the generation of magnetic anisotropy and the variations in saturation 
magnetization with cobalt content can be elucidated with the help of neutron diffraction, 
vibration sample magnetometer, electron spin resonance and in-field Mössbauer spectroscopy 
studies. In this reported time span Co doped (at Ni site) Ni0.65Zn0.35Fe2O4 sample preparation in 
single phase was achieved.  

Processing of Ni-Zn nano ferrites 

The initial ingredients nitrates of nickel, zinc, cobalt and iron were taken in required proportions 
and dissolved each separately in deionized water to prepare the Ni0.65-xCoxZn0.35Fe2O4 (x = 0, 
0.02, 0.04, 0.06, 0.08, 0.1) series of samples.Thus, formed cationic solutions were intimately 
mixed and stirred for a few hours to improve the homogeneity and the resulting solution aqueous 
solution of polyvinyl alcohol was added in molar ratio 1:3. Formation of a high dense solution 
occurred which was heated at about 100oC under continuous and constant stirring rate. As the 
time proceeds, gelation continued step by step and a red gel type massy product was formed with 
the release of fumy reddish-brown gases.  The red gel type product slowly converted into a bulky 
fluffy mass which was dried at 150oC for 6 hours to remove any water content present in the 
material. The dried powders have been annealed at 400oC.These were pressed into pellets and 
sintered at 1025oC (based on the previously reported publication by us in with x = 0 sample was 
studied.  

XRD analysis: 

All the powder XRD patterns are analyzed using FullProf program. X = 0 sample, no additional 
peaks were found and it exhibited single spinel phase. When cobalt (x=0.02, 0.04 and 0.06) is 
doped in place of nickel and additional phase corresponding to ZnO phase has been identified. 
Amount of ZnO phase increased with increasing cobalt content upto x=0.06. For cobalt 
concentration of x =0.08 inplace of nickel, the sample showed single spinel phase, whereas for 
x=0.10, again ZnO additional phase appeared. 

The variation of lattice constant with cobalt concentration is observed to depend on the ZnO 
secondary phase. In general Ni-Zn ferrites synthesized by sol-gel method exhibit single spinel 
phase and there are no such reports showing appearance of secondary phase when the samples 
are heat treated above 600oC. Here, reasons of ZnO as secondary phase need to be understood by 
knowing the reaction mechanism while synthesizing using PVA as chelating agent. 

DSC/TGA study: 

The sample with cobalt concentration x = 0.10 (Ni0.55Co0.10Zn0.35Fe2O4) has been selected for 
DTA/TGA study. Two samples of the same composition have been used. One heated at 500oC 
for 2 hours and second one which heated at 5000C for 2 hours followed by sintering at 1025oCfor 
one hour. The results are shown in below Fig.2.1.10 (a and b). 
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(a) (b) 
Fig. 2.1.10: (a) DTA/TGA plot of Ni0.55Co0.10Zn0.35Fe2O4 annealed at 500oCfor 2 hours. 
(b) DTA/TGA plot of Ni0.55Co0.10Zn0.35Fe2O4 annealed at 500oC followed by sintering at 1025oC 
for 2 hours. 

From the above figure it can be clear seen that when the sample is annealed at 500OC, it shows a 
peak at 400oC showing that still chemical reaction is going on and PVA and other hydroxides are 
still present. This leads to incomplete reaction. For the second sample, even though there is no 
change in the mass with temperature two small peaks (DTA) have been observed around 650oC 
and 800oC. The incomplete chemical reaction may be the reason for the formation of ZnO 
additional phase in the present samples. From these two observations it is evident that as-
prepared ferrite powders have to annealed at 500oC for 2 hours two times to have complete 
reaction among all the chemical constituents and also to see that PVA is completely removed. 
Followed by sintering at 1025oC provided single spinel phase. 

Based on the DSC/TG analysis, a second of samples have synthesized following the 
similar procedure, but all the samples were annealed at 500oC for 2 hours two times and then 
sintered at 1025oC. The XRD of all the samples have been analyzed using Rietveld refinement as 
implemented in FULLPROF software. From the analysis it could be clearly observed that there 
is no extra ZnO hexagonal phase present in the sample and all samples exhibit single spinel 
phase. 

From the XRD study we could observethat the width of the peak is increasing with 
increase in cobalt concentration. This shows that the particle/crystallite size is decreasing with 
increase in cobalt concentration. The above graphs also show that all the samples are very much 
crystallized without any amorphous nature. We are in process of carrying out experiments like 
TEM, magnetization, neutron diffraction etc. to get more assertive information about the particle 
size/crystallite size, saturation magnetization, magnetic anisotropy and cation distribution and 
magnetic moments etc. Part of this work is submitted and active review in Journal of Magnetism 
and Magnetic Materials. 

C. M. Varma (GITAM University, Vizag) and S. D. Kaushik 

2.1.6 Structural Electrical and Magnetic properties of Bi3+ substituted La0.7Sr0.3MnO3 

Structural, electrical and magnetic properties of Bi3+ substituted polycrystalline bulk and ball 
milled nanopowders were analyzed by performing room temperature neutron diffraction, dc 
magnetization and electrical resistivity measurements on the prepared samples. Systematic 
replacement of La3+ with Bi3+, results in change of crystal structure from rhombohedral to 
orthorhombic. Magnetically the system changes from ferromagnetic to antiferromagnetic with 
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magnetic phase coexistence for intermediate samples. Electrically system transforms from 
metallic to insulating with increase of Bi3+ concentration. 

 
  

Fig.2.1.11: Rietveld refined 
neutron diffraction patterns 
for La0.7-xBixSr0.3MnO3 

Fig.2.1.12:ZFC-FC curves at 
H = 100 Oe for La0.7-

xBixSr0.3MnO3 

Fig. 2.1.13: Temperature 
dependent resistivity of La0.7-

xBixSr0.3MnO3 

Anita D’Souza, Mamatha Daivajna (MIT Manipal), S. Rayaprol and P. D. Babu 
 
2.1.7 Study of structure and physical properties of rare earth orthochromites 

In the aforementioned period, we have synthesized Pr0.5Ho0.5Cr1-xMnxO3 (0 ≤ x ≤ 0.5) 
compounds by conventional solid-state reaction method and investigated their structural 
properties by X-ray diffractometry (XRD) technique.The Rietveld refinement of the synthesized 
compounds was performed using FullProf software. The refinement analysis revealed that all the 
samples are single phase in nature. Rietveld refinement results provide information about 
crystallographic parameters, which are tabulated in Table2.1.1. 

FTIR Analysis 

Fourier-transform infrared (FTIR) spectroscopy is a powerful technique that provides 
information of functional group and molecular geometry present in a particular compound. In the 
present case, the shifting in band positions is attributed to the structural change occurring on 
manganese (Mn) substitution. These results demonstrate that the successful incorporation of Mn 
doping at Cr site in these rare-earth orthochromites. 
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Table 2.1.1:  

 
 

 

Fig. 2.1.14: X-ray diffraction patterns along with Rietveld refinement of (i) PrCrO3 (PCO) (ii) 
HoCrO3 (HCO) (iii) Pr0.5Ho0.5CrO3 (PHCO) (iv) Pr0.5Ho0.5Cr0.95Mn0.05O3 (PHCMO05) (v) 
Pr0.5Ho0.5Cr0.9Mn0.1O3 (PHCMO10) (vi) Pr0.5Ho0.5Cr0.8Mn0.2O3 (PHCMO20) (vii) 
Pr0.5Ho0.5Cr0.7Mn0.3O3 (PHCMO30) (viii) Pr0.5Ho0.5Cr0.6Mn0.4O3 (PHCMO40) (ix) 
Pr0.5Ho0.5Cr0.5Mn0.5O3 (PHCMO50) compounds.  
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Fig. 2.1.15: FTIR spectra of (i) PrCrO3 
(PCO) (ii) HoCrO3 (HCO) (iii) 
Pr0.5Ho0.5CrO3 (PHCO) (iv) 
Pr0.5Ho0.5Cr0.95Mn0.05O3 (PHCMO05) (v) 
Pr0.5Ho0.5Cr0.9Mn0.1O3 (PHCMO10) (vi) 
Pr0.5Ho0.5Cr0.8Mn0.2O3 (PHCMO20) (vii) 
Pr0.5Ho0.5Cr0.7Mn0.3O3 (PHCMO30) (viii) 
Pr0.5Ho0.5Cr0.6Mn0.4O3(PHCMO40) (ix) 
Pr0.5Ho0.5Cr0.5Mn0.5O3 (PHCMO50) 
compounds. Inset shows the enlarged 
view and shift in the dip with doping 
 

Now, some selected samples will be studied for magnetic structure by Neutron diffraction and 
detailed magnetic characterization at UGC-DAE CSR Mumbai 

N. Panwar (Central University of Rajasthan, Ajmer) and S. D. Kaushik 

2.1.8 Studying the physical properties of Mn2SnS4 and related chemical compounds 

In, Mn-Sn-S ternary system was studied from point of view of the unexplored magnetic structure 
of Mn2SnS4 and related compounds. The material was prepared via solid state method in a sealed 
quartz tube. Unlike most of the 214-chalcogenides which crystallize in either olivine or spinel 
structure, Mn2SnS4 crystallizes in its own structure type, orthorhombic space group Cmmm, with 
lattice parameters, a = 7.4135(7) Å, b = 10.480(1) Å,c = 3.6678(3) Å. Mn2SnS4 is composed of 
chains of isolated edge shared SnS6 polyhedra along c-axis and layers of edge shared MnS6 
polyhedra in ac-plane, which are further corner shared along b-direction to form 3D network. 
The temperature dependent dc susceptibility showed the existence of two transition 
temperatures: one around 152 K which is for an ordered antiferromagnetic transition and other 
around 53 K. The AC susceptibility study also proved the existence of two transitions in the 
compound. The M-H isotherm plots above magnetic ordering temperature, are found to be 
similar to paramagnetic state. The M-H at 100 K, indicating long range AFM interaction. 
However, the M-H isotherm at 20 K and 5 K, show a curvature with increase in magnetic field, 
indicating spin canting of the localized Mn spins. With small hysteresis loop suggesting the 
existence of a weak ferromagnetic phase at low temperature. The specific heat study shows a 
clear λ-peak singularity around 152 K, which could be related to the magnetic transition at 152 K 
as observed from the temperature dependent susceptibility plot. However, no discontinuity/peak 
is visible at low temperature (~53 K) magnetic transition. Possible reason of this invisibility 
could be either the heat independent nature of this transition or the heat change in this transition 
is very small which is beyond measurement limit of current study. 

To understand the magnetic structure of this compound temperature dependent neutron 
diffraction was carried out. It is very clear that the intensity of some peaks increased below the 
magnetic transition temperature indicating characteristic magnetic ordering below 152 K.  

The intensity of diffraction peaks at 14.1, 35.9 and 43.2 degree at low temperatures, 100 K, 50 K 
and 3 K increased and remain invariant throughout 100 K – 3 K. However, the intensity of the 
diffraction peak at 27.1 degree increases continuously from 200 K to 50 K and then remain 
constant.This clearly indicate some change in the magnetic structure occurs at or below 50 K 
than at 152 K. The Rietveld analysis revealed that the spins are antiferromagnetically aligned in 
ab-plane and ferromagnetically aligned along c-direction. The alignment of spins is not collinear 
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rather canted (Figure 2.1.17). However, this magnetic structure contradicts the expected spins 
alignment deduced from the application of Goodenough-Kanamori-Anderson (GKA) rules of 
super-exchange on crystal structure of the compound. The complex magnetic behavior of 
Mn2SnS4 may act as a playground to manipulate both of the magnetic transition temperature 
through systematic substitution at both Mn and Sn sites. 

 

 

Fig. 2.1.16:Plot of refined neutron diffraction 
of Mn2SnS4 at (a) 3K (b) 50 K (c) 100 K (d) 
200 K and (e) 300K 

 

Fig. 2.1.17:Magnetic structure of Mn2SnS4 at 
(a) 3K and (b) 100 K. (c) Plot of refined 
neutron diffraction of Mn2SnS4 at (a) 3K (b) 50 
K. 

Effect of Substitution on the magnetic properties of Mn2SnS4 

In order to further understand the magnetic properties, we have studied the effect of substitution 
at both Mn and Sn site of Mn2SnS4. 

1. Mn2Sn1-xSbxS4 series 

Antimony doping at tin site results in pure phase up to 15% and further substitution led to 
impurity phases. Figure 2.1.18 shows the PXRD pattern of Mn2Sn1-xSbxS4 (x = 0.15) indicating 
pure phase formation.As X-ray diffraction could not differentiate between antimony and tin, so 
neutron diffraction study was carried out on Mn2Sn0.85Sb0.15S4 at room temperatures to verify the 
composition.  
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Fig. 2.1.18: Rietveld refinement of room 
temperature ND data of Mn2Sn0.85Sb0.15S4. The 
black pattern shows observed diffraction 
intensity, red shows the calculated intensity 
and the difference is shown in blue. 
 

Among all the models, refinement with Sb at Mn site and equivalent amount of Mn at Sn site 
results a good fitting as shown in Fig. 2.1.18. The refined composition was calculated to be 
Mn1.85(1)Sb0.15(1)Sn0.85(1)Mn0.15(1)S4, which empirically remains same as that of the loaded 
composition, Mn2Sn0.85Sb0.15S4. The magnetization study revealed that the first transition 
temperature which was at 53 K in the parent compound is shifted to 75 K while the second 
transition temperature remained unaltered. The compound is antiferromagnetic in nature. Under 
this study the compound of Mn2-xFexSnS4 series and Mn2-xCrxSnS4 series are also prepared and 
magnetization study revealed that, Fe and Cr substitution at Mn site led to ferrimagnetic 
ordering. The RT neutron study is in progress to understand the site mixing in these substituted 
compounds. 

Saroj L Samal (NIT-Rourkela, Odisha) and Som Datta Kaushik 

2.1.9 Room Temperature X-ray diffraction and Neutron powder diffraction of (1-
x)Pb(Fe2/3W1/3)O3-(x)BiFeO3solid solutions (x=0.2 and 0.3) 

Fig.2.1.29 (a and b) depicts the room temperature (RT) Rietveld refined X-ray diffraction pattern 
of (1-x)Pb(Fe2/3W1/3)O3-(x)BiFeO3 (x = 0.2 and 0.3) solid solutions. It can be seen from Figure 
2.1.29 (a and b) that the synthesized material is in the pure form without any secondary 
phases.The data is compared with the standard JCPDS pattern (card no. 221) and all peaks are 
well indexed with the host composition PFW. The obtained reflections are well-matched with the 
pseudocubic crystal system of space group Pm-3m and also confirmed through Rietveld 
refinement using the FullProf suite software. The pseudo-Voigt function was used to simulate the 
peak shape and background of the experimental data. The obtained lattice parameters are 
decreased with x, due to the lower ionic radius of Bi3+ ion relatively compared to Pb2+ and also 
consistent with the previous results. The density value obtained in the refinement shows that the 
synthesized materials are dense enough and achieved values are nearly 90% and 86% 
experimental density compare to theoretical one for x = 0.2 and 0.3, respectively. Figure 1(a and 
b) represents the simulated curve,well fitted with the experimental data, confirmed by observing 
the χ2, Rp, and Rwp, etc. and also observed that no major structural transition occurred by making 
solid solutions. 

In order to have more detailed understanding about the crystal and magnetic structure of PBFW 
solid solutions, the RT Neutron Powder Diffraction (NPD)was carried out and is depicted in 
Figure 2.1.19 (c and d). The NPD pattern exhibits diffracted reflections related to both nuclear 
and magnetic structure. The green downward arrow marks (in Fig. 2.1.19c and d) represent the 
magnetic peaks along with remaining peaks related to the perovskite structure. In this section, we 
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discussed only the structure of the materials and remaining magnetic structure in the following 
section. The nuclear structure of the RT NPD data was refined using the FullProf Suite software 
by considering the pseudocubic crystal symmetry of Pm-3m space group, lattice parameters, and 
atomic positions of RT XRD parametersare listed in Table 1. It is worthy to mention that, the 
Wyckoff positions of two B site cations (Fe and W) are in the same 1b position at (½ ½ ½), A 
site cations (Pb and Bi) at 1a position (000) and O atom at 3c position (½ ½ 0). In order to fit the 
magnetic peaks using the magnetic propagation wave vector k = (½ ½ ½) and G-type 
antiferromagnetic nature we referred to the Pm-3m space group discussed more in detail in the 
next section. The obtained lattice parameter a = b = cis 3.9801(1) and 3.9788(1) for x = 0.2 and 
0.3, respectively. Due to the lower ionic radii of Bi3+ relatively to Pb2+ the lattice parameter 
reduces as the Bi concentration increasing in the PFW material and is in well agreement with the 
XRD results. The equivalent thermal vibrations of the ‘A’, ‘B’, and ‘O’ atoms are represented by 
the Biso thermal parameter, which explains the motion of atoms from their equilibrium site, 
potential energy, and shape of the atomic site. The Pb2+/Bi2+, Fe3+/W6+, and O2- atoms exhibit the 
Biso (Å2) values listed. From the clear observation, the Pb/Bi and O atoms exhibit the larger 
thermal parameter values depicts the larger displacement from their equilibrium position (000) 
and (½ ½ 0), respectively. The Pb/Bi and O atoms thermally oriented along the [111] 
crystallographic directions and distorted in the (110) plane respectively, hence it leads to the 
ferroelectric behavior. 

 

 

Fig. 2.1.19: (a and b) Rietveld refined RT XRD and (c and d) NPD pattern of the 
(1-x)Pb(Fe2/3W1/3)O3-(x)BiFeO3 (x=0.2 and 0.3) and arrow mark represents the 
magnetic Bragg reflections. 

Shivaraja I, B. Angadi (Bangalore University), P.S.R. Krishna (SSPD, Mumbai) and S. Rayaprol  

2.1.10 Temperature dependent structure evolution of (PbFe2/3W1/3O3)1-x(BiFeO3)x(x = 0.2 
and 0.3) solid-solutions using Neutron Powder Diffraction 

Structural properties of two compositions of (PbFe2/3W1/3O3)1-x(BiFeO3)x solid solutions,                         
x = 0.2 and 0.3 were studied by high temperature neutron diffraction measurements (Fig. 2.1.20 
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aand b). The observation of Bragg peaks (using  = 1.244Å) at 2θ ~15.680, 29.770, 39.150, and 
47.940 correspond to the magnetic reflections (000), (001), (110) and (111), respectively. 
Analysis of the entire profile using Rietveld analysis shows that these compounds have G-type 
commensurate antiferromagnetic structurewith the propagation wave vector,k = (½ ½ 
½).Interestingly, even after the TN the low-intensity broad hump above the TN were observed at 
2θ of 15.680 (000) peak, it represents the spin-spin short-range interaction in the samples. 

The extracted temperature-dependent lattice parameters, bond length, and volume of the samples 
x = 0.2 and 0.3 are plotted in Fig.2.1.21 (a and b). From the variations of the cell parameters, it 
can be clearly seen that the thermal expansion increase with increasing temperature. This 
variation at the magnetic transition (TN) reveals the existence of spin-lattice coupling due to the 
change of spin configuration, which modifies the lattice parameters in the ordered magnetic 
phase without affecting the structure. The second kink at the onset of ferroelectric criticality (TC 
= 430 K in x = 0.3 solid solution) suggests the thermal destruction of the electric dipole moment 
influences the lattice parameters in the multiferroics, exhibiting correlation between charge-
lattice degrees of freedom. 

The temperature evolution of magnetic moment fitted with the power-law μ (T) = μ0(1-
T/TN)βaccording to the Landau theory (Fig. 2.1.22),  where TN, β and μ0 are the fitting 
parameters. The parameters β = 0.56 ± 0.124, 0.61 ± 0.102 and TN = 435 K, 505 K for x = 0.2 
and 0.3, respectively have been obtained from the fit. The obtained β values are ≈ ½ indicates 
that the system exhibits second-order phase transition according to the molecular field theory. 

 
 

Fig. 2.1.20:Rietveld refined NPD data at different temperature for (a) x = 0.2 and (b) x = 
0.3 solid solution. 
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Fig. 2.1.21: Temperature dependent structural parameters for (a) x = 0.2 and (b) x = 0.3 
solid solutions. The lattice parameter variation at the ferroelectric and magnetic transition 
shows the direct evidence of magnetoelectric coupling through the spin-lattice coupling in 
the system. 

 

 
Fig.2.1.22: Temperature variation of magnetic moment obtained in the NPD data for (a) x = 0.2, 
(b) x = 0.3 and fitted with critical exponent shown by the red solid line. 

Shivaraja I, B. Angadi (Bangalore University), P. S.R. Krishna (SSPD-BARC), S. Rayaprol 

2.1.11 Magnetic and dielectric properties of rare-earth Indates, RInO3 (R = Gd, Dy) 

In this project work, we focus on the study of magnetic and dielectric properties of rare-earth 
Indates, RInO3 (R = Gd, Dy), which crystallize in a hexagonal structure belonging to the P63cm 
space group. Recent theoretical studies by first-principle calculations suggest the stabilization of 
large ferroelectric polarization of geometric origin in these compounds. We synthesized both 
GdInO3 and DyInO3 compounds and also the Fe-doped compounds, GdIn1-xFexO3 and DyIn1-

xFexO3 (x = 0.1, 0.3) by solid-state synthesis technique.  
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Fig.2.1.23: Temperature 
dependence of magnetization of 
DyInxFe1-xO3(x=0.1,0.3) with an 
applied field of 5kOe. Inset shows 
the field dependence of 
magnetization at fixed 
temperatures. 

 

 

Structural characterization of the prepared samples was done by analyzing the room temperature 
X-ray diffraction data, which indicates single-phase samples with non-centrosymmetric atomic 
arrangements. The results of magnetic measurements do not show any signs of long-range 
ordering. The studies of dielectric properties at room temperature indicate typical Debye-type 
relaxation behaviour. Therefore, these compounds may become promising candidates for 
observing multiferroicity if magnetic long-range ordering can be induced by further doping.   

Malay Kumar Das, Niharika Mohapatra (IIT-Bhubaneshwar) and S. Rayaprol 

 

2.1.12 Structural, Magnetic and Dielectric properties of doped NiFe2O4 

Room temperature neutron diffraction patterns of Ni1-xBixFe2O4 (x = 0, 0.05, and 0.1) and NiFe2-

xScxO4 (x = 0.05, and 0.1) samples confirms single-phase formation of cubic spinel structure with 
space group Fd-3m. Raman measurements also supported the cubic inverse spinel ferrite 
structure of the above compounds. The Curie temperature TC values of Ni1-xBixFe2O4 are 871, 
875 and 885 K, for x= 0.0, 0.05 and 0.1 respectively.  

Fig. 2.1.24 Temperature dependence of saturation magnetization MS and magnetic anisotropy 
constant K as obtained by fitting the high-field M(H) data of Ni1-xBixFe2O4 (x = 0.00, 0.05 and 
0.10). In Fig. 2.1.24, the temperature dependence of MS(T) and magnetic anisotropy constant K, 
which is shown in the figure. MS(T) exhibits gradual increase as the temperature decreases, and 
the rate of increase of MS becomes smaller and smaller bellow 100 K. The saturation 
magnetization (Ms) values of Ni1-xBixFe2O4 (x = 0.00, 0.05 and 0.10) respectively, are 53.24, 
50.85, and 53.5 emu g−1. The MS values of the Ni1-xBixFe2O4 compounds are found to decrease 
with increasing for with Bi content, these values agreement with reported values. The value of 
K1 at 5 K are Ni1-xBixFe2O4 is 3.4*105 erg/cc, 10.1*105 erg/cc, and 7.2*105 erg/cc, for x = 0.00, 
0.05 and 0.10 respectively.The reported value of K1 of the NiFe2O4 polycrystalline is 3.4*105 
erg/cc, at 5 K. The values of K1 of at 300 K are 3.2*105 erg/cc, 6.9*105 erg/cc, and 5.5*105 
erg/cc, for x = 0.05 and 0.10 respectively. Thus, for a given temperature, the anisotropy is seen to 
increases with increasing Bi substitution.  
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Fig.2.1.24: Temperature dependence of saturation magnetization MS and magnetic anisotropy 
constant K as obtained by fitting the high-field M(H) data of Ni1-xBixFe2O4 (x = 0.00, 0.05 and 
0.10). 

B. Sattibabu, T. Durga Rao (GITAM University, Vizag) and S. Rayaprol 

2.1.13 SANS study to probe the collapse of single chain polymer into discrete nanoparticles  

The project focuses on the synthesis, coil to globule transition of functional single chain 
polymers in water. A library of different water-soluble single chain random copolymersP1-3are 
designed with stimuli-responsive functional group (coumarin)and thermo-responsive NIPAM 
moiety anchored to the polymer backbones(Fig.2.1.25A). 

These polymersundergo photo-responsive chain collapse upon irradiation with UVB light to form 
di-P1-3 discrete nanoparticles owing to cyclo-addition in coumarin moieties. Small angle 
neutron scattering is utilized as a technique to probe the morphological transformation at 
different conditions. The SANS data for the sample P2 and di-P2 demonstrate that form factor 
function measured for the native polymer P2 solution fall off at lower Q-values than that attained 
for the di-P2 solution (Fig.2.1.25B). This indicated intra-chain interactionresulting in formation 
of di-P2 SCPNs on irradiation at dilute concentration regime. Moreover, the SANS data fitted to 
generalized Gaussian coil function indicated a size reduction from 27 nm to 10 nm with 
improved spherical features. Further, thermo-responsive behavior of the P2polymer was 
explored at different temperatures at crowded macromolecular concentration. 
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Figure 2.1.25: (A) Chemical structure of single chain random copolymers grafted with thermo-
responsive NIPAM and photo-responsive coumarin moiety. Corresponding chain collapse of the 
polymer upon irradiation with UVB light to result SCPNs owing to [2+2] photodimerization. (B) 
Macromolecular form factors obtained from SANS data for native polymer P2 (1 mg/mL in D2O) 
and the corresponding SCNPs (di-P2) obtained by UVB irradiation for 3h. (C) Macromolecular 
form factors P2 polymer solution (5 mg/mL) at 25 oC, 35 oC and 45 oC. 

Theincrease in the scattering intensity at low-Q region owing to the hydrophilic-hydrophobic 
lower critical solution temperature (LCST) transition indicates to the formation of fibrillar 
hierarchical structures (Fig.2.1.25C). With this study, we are able to make a significant 
understanding of the shape and dimensional aspects of different morphologies from synthesized 
single chain polymers to explore the compartmentalized functional aspects of the system.  

Ashish Pal (GITAM University, Vizag) and V. K. Aswal (SSPD, BARC) 

2.1.14 Structural and swelling studies of PVA-based ferrogels 

Three sets of PVA-borax ferrogels were used in these studies, and the structure and solvent 
uptake were examined through FTIR and swelling measurements, as functions of cross-linker 
and dopant concentrations.  It was found that HOH deformation and the association of water 
molecules increase while C-C stretching, BO3 group formation and polymer crystallinity 
decrease with enhancement in borax concentration.  With increasing carbonyl iron concentration, 
an increase is observed in sample crystallinity with a concomitant decrease in the cross-link 
density of the ferrogels.  Solvent uptake is found to be dependent on cross-linker and dopant 
concentrations which may be explained on the basis of modifications in local network structure, 
polymer segmental flexibility and inter-chain hydrogen bonding.  The magnetically-sensitive 
dopant particles (in the ferrogels), are not chemically-bonded to the polymer matrix; rather, they 
are enwrapped by the dense borax-crosslinked PVA mesh. 
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Fig.2.1.26: FTIR spectra of the hydrogels and 
ferrogels with borax concentration 20mg/mL 
and varying carbonyl iron proportions 

Fig.2.1.27:  Effect of time on swelling ratios of 
undoped and doped hydrogels with borax 
concentration 30mg/mL (the solid lines are 
only to guide the eye) 

Mathias B. Lawrence, Ankita Narvekar, Krutika Vaigankar, Siddharth Chari (St. Xavier’s 
College, Mapusa, Goa), Jaison Joseph (Government College of Arts, Science and Commerce, 

Khandola Goa) and V. K. Sharma and S. Mitra (SSPD, BARC) 

2.1.15 Scattering study of 5% T1304 in water-DESs (CC: Lev) mixtures 

SANS being a powerful technique is exploited extensively to fetch the information on core 
radius (Rc),hard sphere radius (Rhs)and aggregation number (Nagg) in pursuing the morphological 
characterization for the resultant nanostructures in 5% T1304 solutions in D2O as well as in 
aqueous solutions containing upto 5-20% water-DESs mixtures. At this concentration and at 
ambient temperature, the copolymer gets completely micellize. (Fig. 2.1.28).  
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Fig. 2.1.28:  SANS curves for 5 % T1304 in 
the presence of different DESs (5-20%) at 
303.15 K.Vinod K. Aswal (SSPD, BARC). 

 

Furthermore, this EO-PO copolymer forms spherical micelles of about ~ 35-45 nm size in 
aqueous DESs solutions. Also, the micelle aggregation number (Nagg) shows a progressive 
increase.  

Table 2.1.4:The fitted SANS data using core-shell model for different DESs systems 

5 % w/v T1304 + 
DES system 

Semi-major axisa 
(Å) 

Semi-minor axisb 
(Å) Rhs 

(Å) Nagg 
Micellar 

shape 
Radius Rc (Å) 

Water 45.0 70.0 36  
 

Spherical 
5% DES (1:1) 38.5 61.2 23 
20% DES (1:1) 40.2 62.3 26 
5% DES (1:2) 37.0 60.3 19 
20% DES (1:2) 36.4 56.4 20 

It is evident from the scattering findings that the addition of DES components in T1304 solution 
decreases the scattering intensity clearly indicating micellar growth which is explained on the 
basis that HBDs favor H-bonding with water based on polarity differences. The results indicate a 
decreasing in scattering intensity with the increasing concentration of DES in water shifting of 
correlation peaks to lower Q region. This reflects the increase in micelle size with increasing 
DES concentration.  

2.1.16 Micellization behavior of T1304 in water-DES mixed systems 

At first it is to be noted here that DES used in DES-water mixed system is only up to 20% 
because DES above 20 % destroy its own structure in constituting components. Also, it has been 
reported that with the continuous addition of water (beyond 50%), DES breaks down in its 
individual components, ChCl and hydrogen bond donors (HBD). Water interacts with 
components of DES i.e., HBDs, Choline ion as well as chloride ion for all Choline based DES 
types. However, interactions between the DES components such as HBD-chloride ion, HBD-
Choline ion as well as HBD-HBD decrease. 
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Fig. 2.1.29: Surface tension curves for 5% T1304 in aqueous solution with different mole ratios 
DES-water mixed system at 303.15 K. (Tensiometric facility @ ACD, SVNIT). 

The surface tension curve for 5% T1304 in DES (10%-20%) ChCl:Lev (1:1) and (1:2) are 
plotted against 5% T1304 concentration. The results clearly show that 5%T1304 remains 
surface-active in the different DES solutions as the surface tension show a clear variation with 
concentration. In general, the addition of surfactant lowers the surface tension until a critical 
micelle concentration (CMC) is reached.We have found that some of the measurement of T1304 
in 10% and 20% DESs solution shows different behavior and decreasethat 5%T1304 remains 
surface-active in the different DESs solutions as the surface tension show a clear variation with 
concentration. In general, the addition of surfactant lowers the surface tension until a critical 
micelle concentration (CMC) is reached. 

2.1.17 Phase behavior of T1304 in water-DES mixed systems  

The effect of different DESs as additives on physicochemical properties of block copolymer is 
important for many applications. With this viewpoint, we determined the CP of T1304 as a 
function of DESs concentration. Fig. 2.1.30 portrays the effect of DESs with HBD on the CP of 
T1304 aqueous solution as a function of concentration (0-20%). 



 

 
The CP decreases in boththe case
may be the tendency of dicarboxylic acids to facilitate H
molecules and thereby decreasing the availability of water. 
prominently with the progressive addition of D
the basis of the effect of each DES component in aqueous solution. In the case  there are strong 
interactions among HBD-HBD (L
affects these interactions. Therefore, slight decrease in the CP.Moreover, the structure of ChCl 
distupted into choline molecules and Cl ions. Water molecules show interactions with Cl
well as choline molecules, which causes the accessibility of water molecules around micellar 
environment to decrease. The decrease in solubility of polymer chains in aqueous solution results 
in dehydration of micelles and eventually lowers the CP

2.1.18 Drug Solubilization study in T1304

FDA approved EO-PO block copolymers h
solubility of Cur in water is 0.1
mixture with 5% T1304 was examined. Results showed improved solubility is due to interaction 
between drug and copolymer. This effect gets more effective in the presence of additives.As we 
have mentioned above that with the addition of water (>50%) DES
dissolved in water. The effect can be explained on the effect of each components of DESs viz. 
HBA ChCl and HBDs (Lev
pronounced in the case of 1:2 mole ratios
with water and leads to dehydration of the PEO shell by its “
bonding. The solubility values are in agreement with the CP.
 

 

Fig. 2.1.30: 
aqueous solution with DES at 
different mole ratios. 
SVNIT). 

cases of acid-based DESs i.e. ChCl:Lev. The probable explanation 
may be the tendency of dicarboxylic acids to facilitate H-bonding with neighbouring water 
molecules and thereby decreasing the availability of water. A decrease in CP of T1304 was seen 
prominently with the progressive addition of DES. The alterations in the CP can be explained on 
the basis of the effect of each DES component in aqueous solution. In the case  there are strong 

HBD (Lev) and HBD-HBA (Lev-ChCl),the addition of water least 
s. Therefore, slight decrease in the CP.Moreover, the structure of ChCl 

distupted into choline molecules and Cl ions. Water molecules show interactions with Cl
well as choline molecules, which causes the accessibility of water molecules around micellar 
environment to decrease. The decrease in solubility of polymer chains in aqueous solution results 
in dehydration of micelles and eventually lowers the CP of the polymer. 

Drug Solubilization study in T1304-DESs system 

PO block copolymers have been reported in drug solubilization
er is 0.1 mg/ml at 25 °C, the solubility of Cur

with 5% T1304 was examined. Results showed improved solubility is due to interaction 
between drug and copolymer. This effect gets more effective in the presence of additives.As we 
have mentioned above that with the addition of water (>50%) DES exists as in

he effect can be explained on the effect of each components of DESs viz. 
Lev) and formation of H-bond with water. H
1:2 mole ratios due to its greater polarity and show more interaction 

with water and leads to dehydration of the PEO shell by its “salting-out
bonding. The solubility values are in agreement with the CP. 
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K. Kuperkar, P. Bahadur (SVNIT

2.1.19 Small Angle Neutron scattering study of the interaction between drug and 
cyclodextrins in drug

The project aims to study of th
of interaction occurring in the process of complexation and the complex itself. Unlike XRD, 
SANS can identify the interaction due to hydrogen bonding which we are expecting in the 
complexes. SANS may also help in identification of level of interactions, aggregation behavior 
or complexation and to estimate molecular weight of the drug cyclodextrin complex. A 
prospective model of the complex may also be deduced through SANS.

Drugs with higher molecular weight (Amphotericin B, Minocycline and Doxycycline) were 
selected for the formulation development. These drugs have limited aqueous and/or lipid 
solubility. All the drug samples were procured and analyzed for the pre
physicochemical properties as per standards. Various types of cyclodextrins i.e. alpha, randomly 
methylated and hydroxyl propyl beta cyclodextrin were used in the formulation of the 
complexes. Firstly, inclusion complexes of amphotericin B with various cyclodext
different molar ratio: 1:1, 1:10, 1:20, 1:50 and 1:100) were prepared using solvent evaporation 
method. Apart from several solvents and methods, the suitable method was selected. Out of the 
several complex formulations, a total of 28 complexes wer
to UV-Vis wavelength scan at 10µg/mL solution concentration in the range of 200
There was a shift in absorbance maxima of the samples. Among these 28 samples, selected 18 
were subjected for dynamic light scatteri
aqueous (D2O) solution was the criteria for the selection of the complexes. The SANS data of all 
the selected samples were used to prepare the graphs between the log of wavevector (Q) at x
vs. the log of intensity factor (dΣ/dΩ) (
SANS data, models of theoretical scattering curves were hypothesized for possible common 
shapes. The hypothesized possible shapes include rod like, sphere like and Y s
these sets of data. SAS fitting was learned and the data were fitted for the previous data. All the 
possibilities of interaction were studied and the suitable modeling were done for each system. It 
was found that for BCD it was found to be
7.8 angstrom) with some aggregates. In the case drug BCD complex it was found that these 
cylinder (r= 7.2 Angstrom, l= 7.8 Angstrom) formed some spherical host

 

Fig. 2.1.31:  
Curcumin as a function of DESs 
concentration. (ACD, SVNIT).

 
K. Kuperkar, P. Bahadur (SVNIT-Surat), D. Ray and V. K. Aswal (SSPD, BARC) 

Small Angle Neutron scattering study of the interaction between drug and 
cyclodextrins in drug-cyclodextrin complexes 

The project aims to study of the complex in the solvent state by SANS so as to study the insight 
of interaction occurring in the process of complexation and the complex itself. Unlike XRD, 
SANS can identify the interaction due to hydrogen bonding which we are expecting in the 

SANS may also help in identification of level of interactions, aggregation behavior 
or complexation and to estimate molecular weight of the drug cyclodextrin complex. A 
prospective model of the complex may also be deduced through SANS. 

olecular weight (Amphotericin B, Minocycline and Doxycycline) were 
selected for the formulation development. These drugs have limited aqueous and/or lipid 
solubility. All the drug samples were procured and analyzed for the pre

ochemical properties as per standards. Various types of cyclodextrins i.e. alpha, randomly 
methylated and hydroxyl propyl beta cyclodextrin were used in the formulation of the 
complexes. Firstly, inclusion complexes of amphotericin B with various cyclodext
different molar ratio: 1:1, 1:10, 1:20, 1:50 and 1:100) were prepared using solvent evaporation 
method. Apart from several solvents and methods, the suitable method was selected. Out of the 
several complex formulations, a total of 28 complexes were optimized. Samples were subjected 

Vis wavelength scan at 10µg/mL solution concentration in the range of 200
There was a shift in absorbance maxima of the samples. Among these 28 samples, selected 18 
were subjected for dynamic light scattering and SANS study. The appearance and stability of 

O) solution was the criteria for the selection of the complexes. The SANS data of all 
the selected samples were used to prepare the graphs between the log of wavevector (Q) at x

of intensity factor (dΣ/dΩ) (Fig. 2.1.32). On the basis of the visual representation of 
SANS data, models of theoretical scattering curves were hypothesized for possible common 
shapes. The hypothesized possible shapes include rod like, sphere like and Y s
these sets of data. SAS fitting was learned and the data were fitted for the previous data. All the 
possibilities of interaction were studied and the suitable modeling were done for each system. It 
was found that for BCD it was found to be porod cylinder shape (7.2 Angstrom radius and length 
7.8 angstrom) with some aggregates. In the case drug BCD complex it was found that these 
cylinder (r= 7.2 Angstrom, l= 7.8 Angstrom) formed some spherical host-guest interaction house 
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Surat), D. Ray and V. K. Aswal (SSPD, BARC)  
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(radius r=126.2 Angstrom) with the presence of some free CD. The spatial configuration of 
amphotericin B supports the chances of spherical system with CD. The hydrophobic interaction 
with different CDs and that to at different planes might have resulted into the final ampho
B –BCD complex model (Fig. 
previous studies.  

Fig.2.1.32: SANS graph of various combinations of Amphotericin B and different cyclodextrins
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gstrom) with the presence of some free CD. The spatial configuration of 
amphotericin B supports the chances of spherical system with CD. The hydrophobic interaction 
with different CDs and that to at different planes might have resulted into the final ampho

BCD complex model (Fig. 2.1.33 and 2.1.34). The SAS fitting was well supported by some 

SANS graph of various combinations of Amphotericin B and different cyclodextrins

 

Fig. 2.1.33: 
Amphotericin B
S1: RMβCD; S3: Amphotericin : 
RMβCD (1:10); S5: Amphotericin : 
RMβCD (1:50)
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gstrom) with the presence of some free CD. The spatial configuration of 
amphotericin B supports the chances of spherical system with CD. The hydrophobic interaction 
with different CDs and that to at different planes might have resulted into the final amphotericin 

). The SAS fitting was well supported by some 

SANS graph of various combinations of Amphotericin B and different cyclodextrins 

 SASFit garph of 
n B-RMβCD complex; 

S1: RMβCD; S3: Amphotericin : 
RMβCD (1:10); S5: Amphotericin : 
RMβCD (1:50) 



36 | P a g e  
 

 

Fig.2.1.34: SASFit garph of 
Amphotericin B-HPBCD complex; S2: 
HPβCD; S7: Amphotericin : HPβCD 
(1:10); S9: Amphotericin : HPβCD 
(1:50) 

 

Ajay Semalty (HNBG University Srinagar, Garhwal) and V. K. Aswal (SSPD, BARC)  

2.1.20 Investigations of Polyurethane – graphene foams using Small-Angle Neutron 
Scattering 

Heavy metals such as gold, silver and iron are used in electronics, leading to a lot of electronic 
waste. Therefore, it is important to create materials for electronics that do not have metals. 
Conducting polymeric materials is a good alternative to heavy metals. Hence in this research 
polymer nanocomposites containing polyurethane and graphene is studied.The dielectric 
characteristics such as dielectric constant, dielectric loss, loss tangent and electric modulus were 
influenced by the graphene concentration. The conductivity increased rapidly by (~ 4x109 times) 
when the graphene concentration was increased to 30% and it indicates the formation of 
conducting pathways at high concentrations of graphene.  SANS analysis showed that 
polyurethane has micellar structure and graphene assembles as fractals in the foams leading to 
conduction pathways in the nanocomposites. This research could benefit creation of lightweight 
materials for electronics.  
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Fig.2.1.35: SANS curves of PU

 
Radha Perumal Ramasamy, Swathi Somanathan

2.1.21 Effect of Concentration of Zn(CF
F77 in D2O 

From the fitting of the SANS data profile following conclusions are drawn

(i) With increasing concentration of Zn(CF
polydispersity of 15%(w/w) F77 decrease.

(ii) Temperature enhancement lead to growth of the
micelles.  

Similarly, an effect of various cations (Na
micelles of F77 were also studied. Following are the outcome of the same

(i) Divalent cations (such as Zinc, C
but less compare to trivalent. Since the monovalent cations (Lithium and Sodium) 
showed least decrement in size of micelles, the overall trend in decreasing hard sphere 
radius can be attributed as M

 
 
 
 
 
 
 
 
SANS analysis showed that 
polyurethane has micellar structure 
and graphene assembles as fractals

-graphene foams. The fitted data are presented as solid lines.

Swathi Somanathan (Anna University), Miriam H. Rafailovich(Stony 
Brook University) and Vinod K. Aswal

Effect of Concentration of Zn(CF3SO3)2 and temperature on Micelles of 15 % (w/w) 

From the fitting of the SANS data profile following conclusions are drawn:

With increasing concentration of Zn(CF3SO3)2 the micellar size, aggregation number, 
polydispersity of 15%(w/w) F77 decrease. 

Temperature enhancement lead to growth of the micelles of F77 due to dehydration of 

Similarly, an effect of various cations (Na+, Li+, Zn2+, Ca2+, Mg2+ and Al
micelles of F77 were also studied. Following are the outcome of the same: 

Divalent cations (such as Zinc, Calcium and Magnesium) also decreasing the micelle size 
but less compare to trivalent. Since the monovalent cations (Lithium and Sodium) 
showed least decrement in size of micelles, the overall trend in decreasing hard sphere 
radius can be attributed as M3+> M2+> M+.  
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Fig.2.1.36: 

In order to study the effect of various anions on micelles of F77, various anionic salts of Zn have 
been used to see the effect. From SAXS profile analysis, it is found that perchlorate and triflate 
are the anions leading tothe d
Whereas, unusually higher micellization observed in the case of acetate anion. Along with this, 
nitrate anions are not making any drastic change in themicellar size.

With ultimate goal is to see the effect of aqueous micellar electrolyte solutions on performance 
of energy storage devices, various Zn
different electrochemical methods. Various electrochemical parameters such as cation trans
number and ionic conductivity were accounted such. Following are the details of the parameters 
obtained as well as devices with specific concentration of salt used in the devices. It was 
observed experimentally, electrochemical parameters are improvin
Triflate solution. However, we have investigated in details of the device characteristics such as 
cyclic lability, charge/discharge capacity and long

Fig.2.1.37: From left to right, (i) Cyclic Voltammetry, (ii) Charge/Discharge cycles and (iii) 
Extended stability up to 500 Cycles of the device Zn2 at 0.05 mA current rate

H. K. Machhi, S. S. Soni (S. P. University, V. V. Nagar), D. Ray 

In order to study the effect of various anions on micelles of F77, various anionic salts of Zn have 
been used to see the effect. From SAXS profile analysis, it is found that perchlorate and triflate 

the decrease in micelle formation with shifting the higher 
Whereas, unusually higher micellization observed in the case of acetate anion. Along with this, 
nitrate anions are not making any drastic change in themicellar size. 

e the effect of aqueous micellar electrolyte solutions on performance 
of energy storage devices, various Zn-I2 devices were fabricated and characterized them through 
different electrochemical methods. Various electrochemical parameters such as cation trans
number and ionic conductivity were accounted such. Following are the details of the parameters 
obtained as well as devices with specific concentration of salt used in the devices. It was 
observed experimentally, electrochemical parameters are improving compared with 0.5M Zinc 
Triflate solution. However, we have investigated in details of the device characteristics such as 
cyclic lability, charge/discharge capacity and long-term stability with different current inputs.

ht, (i) Cyclic Voltammetry, (ii) Charge/Discharge cycles and (iii) 
Extended stability up to 500 Cycles of the device Zn2 at 0.05 mA current rate

H. K. Machhi, S. S. Soni (S. P. University, V. V. Nagar), D. Ray and V. K. Aswal
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In order to study the effect of various anions on micelles of F77, various anionic salts of Zn have 
been used to see the effect. From SAXS profile analysis, it is found that perchlorate and triflate 

ecrease in micelle formation with shifting the higher q value. 
Whereas, unusually higher micellization observed in the case of acetate anion. Along with this, 

e the effect of aqueous micellar electrolyte solutions on performance 
devices were fabricated and characterized them through 

different electrochemical methods. Various electrochemical parameters such as cation transport 
number and ionic conductivity were accounted such. Following are the details of the parameters 
obtained as well as devices with specific concentration of salt used in the devices. It was 

g compared with 0.5M Zinc 
Triflate solution. However, we have investigated in details of the device characteristics such as 

term stability with different current inputs. 

 

ht, (i) Cyclic Voltammetry, (ii) Charge/Discharge cycles and (iii) 
Extended stability up to 500 Cycles of the device Zn2 at 0.05 mA current rate. 

V. K. Aswal(SSPD, BARC) 



 

2.1.22 SANS characterization of core
copolymers as potential nanocarriers for drug delivery systems

Comparing with Pluronics®, Tetronics
them multi-stimuli responsiveness. The two tertiary amine central groups of the poloxamines 
play an essential role, conferring thermodynamic stability and pH sensitivity, as well as, enabling 
further chemical modifications, like the methylation of the amine group, to attain additio
performances.Poly(N-isopropylacrylami
thermoresponsive polymers which undergoes a liquid
solutions above its lower critical solution temperature (LCST
study is to understand the physicoch
how they behave in aqueous solution.  Tetronics have not been so far chemically modified. This 
is the first time we have tried to synthesize copolymers which are themo
responsive.  The solution behavior and microstructure of this copolymer in aqueous solution was 
examined by UV-Visible spectroscopy,
scattering techniques like Dynamic light scattering (DLS) and Small Angle Neutron Scatt
(SANS) and compared with T1107.DLS studies show that with increase in temperature the size 
of micelles increases and also with increasing salt concentration. SANS measurements were used 
to find out the temperature-dependent structural evolution of mi
aqueous of the penta-block copolymer.  

 Synthesis of initiator T1107

Fig. 2.1.38: Synthesis of T1107

An initiator T1107-Br was prepared by introducing Br groups at the chain end of T1107 (Scheme 
1). T1107 (Mn (GPC) = 2.1 × 10
dissolved in dry CH2Cl2 (45 mL). BiBB (20 g, 87 mmol) in CH
to the solution under Ar atmospheres at 0°C. The mixture was stirred at room t
24h. The reaction mixture was dialyzed against methanol for two days, and pure water for one 
day. Br groups-introduced T1107 (T1107
g, 38.7 %). 

 

acterization of core-shell micelles from chemically modified amphiphilic 
copolymers as potential nanocarriers for drug delivery systems

, Tetronics®have a unique and more versatile structure that provides 
iveness. The two tertiary amine central groups of the poloxamines 

play an essential role, conferring thermodynamic stability and pH sensitivity, as well as, enabling 
further chemical modifications, like the methylation of the amine group, to attain additio

isopropylacrylamide) (PNIPAM) is one of the most studied 
thermoresponsive polymers which undergoes a liquid−liquid phase separation in aqueous 
solutions above its lower critical solution temperature (LCST) around 32
study is to understand the physicochemical properties of PNIPAM based modified Tetronics and 
how they behave in aqueous solution.  Tetronics have not been so far chemically modified. This 
is the first time we have tried to synthesize copolymers which are themo

solution behavior and microstructure of this copolymer in aqueous solution was 
Visible spectroscopy,micro differential scanning calorimetry (Micro

scattering techniques like Dynamic light scattering (DLS) and Small Angle Neutron Scatt
(SANS) and compared with T1107.DLS studies show that with increase in temperature the size 
of micelles increases and also with increasing salt concentration. SANS measurements were used 

dependent structural evolution of micelles and phase separation in 
block copolymer.   

Synthesis of initiator T1107-Br 

 
Synthesis of T1107-Br and T1107-b-PNIPAMn 

Br was prepared by introducing Br groups at the chain end of T1107 (Scheme 
(GPC) = 2.1 × 104 g/mol, 15 g, 0.71 mmol) and TEA (8.8 g, 87 mmol) were 

(45 mL). BiBB (20 g, 87 mmol) in CH2Cl2 solution (10 mL) was poured 
to the solution under Ar atmospheres at 0°C. The mixture was stirred at room t
24h. The reaction mixture was dialyzed against methanol for two days, and pure water for one 

introduced T1107 (T1107-Br) was recovered by a freeze-drying technique (5.81 
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scattering techniques like Dynamic light scattering (DLS) and Small Angle Neutron Scattering 
(SANS) and compared with T1107.DLS studies show that with increase in temperature the size 
of micelles increases and also with increasing salt concentration. SANS measurements were used 

celles and phase separation in 

Br was prepared by introducing Br groups at the chain end of T1107 (Scheme 
g/mol, 15 g, 0.71 mmol) and TEA (8.8 g, 87 mmol) were 

solution (10 mL) was poured 
to the solution under Ar atmospheres at 0°C. The mixture was stirred at room temperature for 
24h. The reaction mixture was dialyzed against methanol for two days, and pure water for one 

drying technique (5.81 
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 Synthesis of T1107-b-PNIPAMn (n = 18 and 171) 

Me6TREN (10.5 mg, 0.0456 mmol) was dissolved in water (4 mL). The solution was stirred 
under the Ar atmosphere for 10 min. CuBr (14.5 mg, 0.101 mmol) was then added under the Ar 
atmosphere. The stirred was continued for another 10 min. T1107-Br (Mn(GPC) = 2.65 × 104 
g/mol, 1.47 g, 0.0554 mmol) and NIPAM (2.50 g, 22.1 mmol) in water (20 mL) was added to the 
Me6TREN and CuBr solution under Ar atmosphere, and the mixture was then stirred at room 
temperature for 48h. 1H NMR indicated that the conversion was 23.3%. The reaction solution 
was dialyzed against pure water for 4 days using a dialysis bag with molecular weight cut off 
(MWCO) of 25 kDa. T1107-b-PNIPAM18 was recovered by a freeze-drying technique (1.31 g, 
33.1 %). T1107-b-PNIPAM171 was also prepared in a similar manner (2.27 g, 32.5%). 

 
Fig.2.1.39: SANS plot for 1% T1107, 1% TN18 and 1% TN171 at different temperatures. 

At lower temperature, chains from all three polymers are hydrophilic and, therefore, none of 
these undergoes micellization. However, as the temperature increases, PPO start to become 
hydrophobic and PEO, being hydrophilic, remain as extended corona, which, in turn promotes 
the micellization.As temperature further increases near to the LCST of PNIPAM and PPO, weak 
associate formation takes place at 35oC but the population of the weak associates are very less 
and unimers are very high in population. Therefore, Gaussian chain model is well fit. At LCST 
of PPO and PNIPAM, the PPO and PNIPAM just started to become hydrophobic. Therefore, at 
this temperature, the weak associate structure of TN18 and TN171 started to transform in to 
aggregates. 

P. Parekh (V. N. South Gujarat University, Surat) and V. K. Aswal(SSPD, BARC) 
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2.2 Collaborative Research Schemes using VECC / BARC-TIFR 14 UD 
Pelletron  facilities/IOP Bhubaneswar 

 
2.2.1 Lifetimes of negative parity yrast states in 129Cs 
The complex nature of nuclei with many different structures poses a challenge in nuclear 
spectroscopy. Measurement of lifetimes of nuclear states constitutes an indispensable probe into 
the microscopic structure of nuclei. Wang et al. [Wang Lie-Lin et al., Chin. Phys. Lett. 27, No.2, 
022101 (2010)], measured the lifetimes of the states of 129Cs using a 124Sn thick target with 
backing, while Sihotraet al., [S. Sihotraet al., Phys. Rev. C. 79, 044317 (2009)] established the 
decay scheme. In the present study, we have extracted the precise lifetimes using a thick target 
which acted as a backing also. Besides, we have lifetime results for more states in 129Cs 
compared to previous work. 
 

 

 
 
Fig. 1. Least square fits of observed 
experimental line shapes of gamma-ray 
transitions (448.4 and 768.2 keV) at 
backward 157o, 90o and forward 23o 
angles with respect to  beam direction. 
Black coloured steps represents 
experimental data, red coloured line 
represents fitted Doppler shape and 
contaminations are in blue colour. 

 
The high spin states of 129Cs were populated using fusion-evaporation reaction 124Sn 
(11B,6n)129Cs at 70 MeV beam energy delivered by the TIFR Pelletron-Linac facility in Mumbai. 
The target was an isotopically enriched self-supported foil of 124Sn (thickness ~ 2.2 mg/cm2. The 
details of the experimental set-up and data analysis can be found in U. Lamaniet al., Proc. DAE 
Symp. Nucl. Phys. 63, 100 (2018). In yrastband, the gamma-ray transitions with energy 957.7, 
917.7, 878.8, 840.1, 768.2, 604.2 and 448.4 keV exhibited Doppler shapes (Fig.1). The lifetime 
of the levels corresponding to above transitions were measured by Doppler Shift Attenuation 
Method (DSAM). The analysis for determining the level lifetimes was carried out using the 
LINESHAPE package [Wells & Johnson] along with the developmentsat the UGC-DAE CSR, 
Kolkata Centre, that is reported in Das et al. Nucl. Instr. Meth. Phys. Res. A 841, 17(2017). The 
latter pertain to simulation of velocity profiles of residues traversing the target medium with 
inputs of the updated ion transport calculations using TRIM [www.srim.org] software and the 
energy-angle distribution of the residues, following particle evaporation from the compound 
nucleus, using statistical model calculations.The side-feeding lifetime values were estimated by 
COMPA software [J. Srebrnyet al.,Nucl. Phys. A. 683, 21(2001)] while side feeding intensity 
and branching ratios were calculated from the intensity measurements. Lifetime measurements 
were carried out using both Gate on Transition Above (GTA) and Gate on Transition Below 
(GTB). The preliminary average lifetime values (in ps) of some levels 27/2-, 23/2-, 19/2- and 
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15/2- are 1.76-0.11
+0.17, 2.07-0.19

+0.13, 2.31-0.11
+0.10and 2.56-0.13

+0.19 respectively. The typical fits to 
the experimental spectra of 448.4 and 768.2 keV gamma-ray transitions are shown in Fig. 1. The 
reduced transition probability (B(E2)) values were calculated from measured lifetimes. The 
B(E2) values with respect to higher angular momentum are decreasing in nature . The transition 
probabilities calculated from Particle Rotor Model (PRM), approximately matches with the 
experimental values. Further, the transitional quadrupole momentdecreases sharply from spin 
15/2- to 27/2-, then remains roughly constant with a slight increase at spin 31/2-. There seems a 
shape change at spin 27/2- which is being investigated using particle rotor model. 
The authors would like to thank Dr. R. Raut from UGC-DAE CSR Kolkata Centre, for 
calculating velocity profiles of 129Cs residues in the target medium, using the developments at 
the UGC-DAE CSR,Kolkata Centre. UmakantLamani thanks the Kolkata Centre for the 
support extended during his visit, for the purpose of data analysis. The full cooperation of the 
LINAC-Pelletron staff at TIFR is also thankfully acknowledged.  
(UmakantLamani, Pragya Das, B. Bhujang, V. Pasi: IIT Bombay, Mumbai, R. Palit: TIFR, 
Mumbai) 
 
2.2.2 Spectroscopy of 126Te 
The A~125 mass region of nuclei lie between the nearly-spherical Sn isotopes (Z=50) and the 
deformed La and Ce isotopes (Z=57,58). The unique parity h11/2 orbital is responsible for the 
shape changes in these nuclei. Protons in the h11/2 orbital drive the nucleus towards a prolate 
shape whereas neutrons drive it towards an oblate shape. The phenomenon of shape coexistence 
is also observed in these nuclei [A. Granderath, et al.  Nucl. Phys. A  597, 427(1996)]. 
 

 

Fig. A few of the single-gated transitions in 126Te have been shown. The new transitions are 
marked in red. 

 
Transitional characteristics have been observed in the even Tellurium isotopes. While the low 
lying levels exhibit vibrational characteristics, the quadrupole moment Q2+ of these nuclei are 
quite large, suggesting rotational-like behavior. In previous works, the high-spin structure of 126-

131Te have been explored. The potential energy surface of the 8+  state shows 3 minima with 2 
triaxial states and one aligned state [H. Sabri, et al., Nucl. Phys. A 946 1128(2016); M.Saxena, et 
al., Phys. Rev.C 90,024316 (2014); S.F Hicks, et al., Phys. Rev. C 95, 034322(2017); A.Astier, 
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M.G Porquet, T.Venkovaet al., Eur. Phys. Jour. A 50, 2(2014); Liu-Chun He et al. Chinese Phys. 
C 41 044003(2017)]. 
The125,126Te  nucleiwere populated in the reaction 124Sn (alpha, 3n/2n) 125,126Te. A 124Sn target of 
thickness 8.1mg/cm2 was used. The α-beam was obtained from the K-130 cyclotron at the 
Variable Energy Cyclotron Centre (VECC, Kolkata). The beam was operated at energies 35MeV 
and 31MeV, to populate the excited states of  125Te and 126Te. The Indian National Gamma Array 
(INGA) spectrometer was used to record the gamma-gamma coincidence events. The INGA 
spectrometer consisted of Compton suppressed HPGeclover detectors. The detectors were 
arranged in a ring at angles 90° (4 detectors), 125°( 2 detectors) and 40° (1 detector). A total of 
5.3 x 106 events were recorded with Ge-fold ≥ 2 using the 12-bit 250 MHz PIXIE-16 (XIA LLC) 
digitizer based pulse processing and data acquisition system, running on a firmware 
conceptualized by the Kolkata Centre [S. Das et.al., NIM A 893, 138 (2018)]. 
The data was sorted into both symmetric matrices and asymmetric matrices(for DCO and 
Polarization calculations) and gamma-gamma-gamma cube using the IUCPIX package, 
developed at the Kolkata Centre [S. Das et.al., NIM A 893, 138(2018)]. The DCO matrices 
were made with detectors at 90° and 125°. Further analysis was carried out using the 
RADWARE package [D.C Radford, Nucl. Instr. Meth. Phys. Res. A 361, 297 (1997)]. The 
gammas obtained in the previous works have been confirmed and several new transitions have 
also been placed. The DCO values of these transitions are being determined to assign the spin of 
the energy levels. 
[A.K Singh, Anwesha Basu, Atreyee Dey: I.I.T Kharagpur, Kharagpur, S.Nag: IIT BHU, 
Varanasi, G.Mukherjee, S. Bhattacharyya, R. Banik, S. Nandi, S. Bhattacharya: VECC, Kolkata, 
R. Raut, S.S Ghugre, S.Das, S.Samanta, S.Chatterjee: UGC DAE CSR, Kolkata, A.Goswami, 
S.Ali, H.Pai: SINP, Kolkata, S.Rajbanshi: Presidency University, Kolkata] 
 
 

 2.2.3 Measurement of lifetime of 21
+ state in 120Sn by the DSAM  

There has been a considerable interest focused on the study of enhancement or suppression in 
collectivity ofthe excited 21+ states in the stable Sn isotopes.Several theoretical estimates 
focused on reproducing the existing B(E2) results for the unstable neutron-rich and the neutron-
deficient exotic Sn isotopes predict much lower B(E2) values for the stable even-mass isotopes. 
Independent measurements of Coulomb excitation cross sections and 21+lifetimes of the stable 
Sn isotopes over the years also report discrepant transition probabilities and collective properties. 
A revisited measurement is thus warranted. 
The mean lifetime of the 21+level in 120Sn (Ex = 1171 keV) has been determined by means of 
the Doppler Shift Attenuation Method, and the corresponding B(E2) value is deduced. Levels in 
120Sn have been populated by collisions with 32S projectile, at Elab< VB. The framework of 
analysis in this work relies on simulations for the velocity profiles of scattered 120Sn recoils 
traversing a thick stopping medium, generated using the developments at UGC-DAE CSR, 
Kolkata Centre [Das et al. Nucl. Instr. Meth. Phys. Res. A 841, 17(2017)]. The latter pertain to 
simulation of velocity profiles of residues traversing the target medium with inputs of the 
updated ion transport calculations using TRIM [www.srim.org] software and the energy-angle 
distribution of the residues from coupled-channel calculations. The stopping powers of the heavy 
recoils in the target medium, as used by TRIM, are known to be experimentally validated and 
with lower uncertainties (~5%). The velocity profiles calculated thus have been used to calculate 
the Doppler shapes on the transitions of interest and these calculated shapes have been least-
square fitted to the experimental spectra using the LINESHAPE (Wells and Johnson) package, in 
order to determine the level lifetimes of interest. Fig. 1 illustrates a typical fit to the experimental 
spectra. 
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The extracted result, 0.863+0.029-0.036ps gives an improved estimate of the 21+ level lifetime in 
120Sn. This leads to an enhanced B(E2) value, 0.217-0.007+0.009 e2b2, that suggests significant 
collectivity for this transition. This value is in excellent agreement with the results obtained from 
scattering of heavy ions 7Li, 12C at above-barrier energies.  
 

 

Fig. 1 Experimental Doppler broadened γ spectra and theresults of the 
LINESHAPE calculations (solid lines). 

(A. Kundu, S. Santra, A. Pal, D. Chattopadhyay, B. K. Nayak, S. Kailas: BARC, Mumbai, R. 
Raut:  UGC DAE CSR, Kolkata Centre, R. Palit, Md. S. R. Laskar, F. S. Babra, C. S. Palshetkar: 
TIFR, Mumbai) 

 
2.2.4 Study of single particle and collective excitations in nuclei with Z, N ~ 28  
The study of the excited states in the nuclei with proton (Z) and neutron (N) numbers  around the 
magic number 28 has received global importance in recent years both among the 
experimentalists as well as theoreticians. This is not only because various aspects of the 
generation of angular momentum in a nucleus and the interplay of the single particle and 
collective degrees of freedom can be investigated (e.g, single particle excitation, collective 
rotation, etc.) in these nuclei but also it is important, from the astrophysical point of view, to 
understand the nature and strength of the coupling of the proton and the neutron single particle 
levels with the core around the self conjugate, doubly magic, waiting point nucleus 56Ni [D. Kahl 
et al., Phys. Lett. B 797, 134803 (2019)]. Moreover, recent theoretical investigations predict 
triaxial shapes and consequently exotic modes of excitation (e.g. chirality) in the nuclei in A ~ 60 
region [J. Peng and Q.B. Chen, Phys. Lett. B 793,303 (2019); J. Peng and Q. B. Chen, Phys. 
Rev. C 98, 024320 (2018)]. 
In order to investigate the excited states in the nuclei in the vicinity of 56Ni, a gamma-ray 
spectroscopy experiment has been recently performed at VECC Kolkata. In this experiment, the 
excited states in the nuclei of interest were populated by the fusion evaporation reaction 4He + 
58Ni using the alpha beam of energies 47 MeV and 50 MeV from the K-130 cyclotron at VECC, 
A gamma-ray spectrometer consisted of 12 Compton-suppressed clover HPGe and three 
LaBr3(Ce) detectors have been used.  The pulse processing and data acquisition system was one 
based on 250 MHz 12-bit PIXIE-16 digitizers, running on a firmware conceptualized at the 
Kolkata Centre [S. Das et al., Nucl. Inst. Meth. Phys. Res. A 893, 138 (2018)]. The IUCPIX 
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package [S. Das et al., Nucl. Inst. Meth. Phys. Res. A 893, 138 (2018)], also developed at the 
Kolkata Centre was usedprocess the acquired data. 
The preliminary analysis of the partial data clearly indicates the production of the excited states 
in the even-even (60Ni), even-odd (59Ni) and odd-odd (56Co) nuclei. The gamma-ray spectra 
gated by a corresponding low-lying gamma ray in these three nuclei are shown in Fig. 1. The 
available data on the later two nuclei are very limited, particularly at the lower excitation 
energies. On examination of several such gated spectra shows the evidence of the presence of 
new gamma rays and new levels in these nuclei. Further analysis is in progress. 

 

Fig. 1 Gamma ray spectra projected from the gamma-gamma matrix with gates on 
the three gamma rays, as indicated, corresponding to 60Ni, 59Ni and 56Co nuclei. 

(VECC, Kolkata; UGC DAE CSR, Kolkata Centre; SINP, Kolkata; Victoria Institution 
(College), Calcutta University, Kolkata;  IEM, Kolkata; Govt. Degree College, Pedong; Prabhat 
Kr. College, Contai) 
2.2.5 Structure studies of 116Sb using gamma ray spectroscopy 
Structure of nuclei near Z=50 proton magic shell closure are expected to be dominated by single 
Particle excitations. It has been observed that these nuclei, having neutron number near Z=64 
subshell closure, also exhibit a variety of collective structures that coexist with the single-particle 
structures and therefore, gives the possibility to investigate the collective and non-collective 
structures within the same nuclear system [S. Y. Wang et al.Phys. Rev. C 86, 064302 (2012)]. 
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Fig.1. Coincidence spectrum corresponding to the gate of 426keV 

 
The excited states of the 116Sb has been populated by using the reaction 115In(alpha, 3n)116Sb, at a 
beam energy of 40 MeV from the K-130 Cyclotron at VECC, Kolkata, and the natural Indium 
(113,115In) self-supporting foil has been used as a target. The gamma-rays emitted from the 
decaying nucleus were detected by the INGA array at VECC, set up with 7 Compton suppressed 
Clover HPGe detectors at the time of the present experiment. Out of 7 detectors, 4 detectors were 
placed at 90°, 2 in backward 55° and 1 in forward at 40° angles with respect to beam direction. 
The target was placed 25 cm away from the aluminum face of the Clover detectors of the 
array.Preamplifier pulses from the detectors were processed using a 250 MHz 12-bit PIXIE-16 
digitizer (XIA LLC) based pulse processing and data acquisition system running on a firmware 
conceptualized by the UGC-DAE CSR, Kolkata Centre [S. Das et al., Nucl. Inst. Meth. Phys. 
Res. A 893, 138 (2018)]. The data were collected in singles as well as in gamma-gamma 
coincidence mode. The backward and 90° detectors are used to determine the DCO ratio as well 
as the polarization asymmetry. Standard 152Eu and 133Ba source were used for calibration of the 
detectors and to measure the efficiency of the detectors.  
Data were sorted using a set of programs, IUCPIX, developed at UGC-DAE CSR, Kolkata 
Centre [S. Das et al., Nucl. Inst. Meth. Phys. Res. A 893, 138 (2018)] and the offline coincidence 
analysis is carried out using the RADWARE software package [D.C Radford, Nucl. Instr. Meth. 
Phys. Res. A 361, 297 (1997)].A new level scheme of 116Sb has been proposed and around 70 
new transitions have been placed.The deformed bands have been extended to higher spins with 
the observation of crossover E2 transitions. The single particle strictures also have been 
considerably extended. The DCO ratio and Polarization asymmetry analysis to determine the 
spin-parity of the new levels has been completed and the theoretical interpretation of the results 
is in progress. 
Fig. 1, shows one of the coincidence spectrum corresponding to the gate of 426 keV transition, in 
which all the newly placed transitions are marked in red colour. The results from the preliminary 
analysis of the data have also been presented in conferences [Shabir Dar et al., Proceedings of 
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the DAE Symp. on Nucl. Phys. 63 78 (2018) and Shabir Dar et al., Proceedings of the DAE 
Symp. on Nucl. Phys. 64, 152(2019)].  
The INGA, collaboration for their support during the experimental campaign, and the Cyclotron 
operators of VECC, Kolkata, for providing a good quality alpha beam, are gratefully 
acknowledged. 
(Shabir Dar, Soumik Bhattacharya, S. Bhattacharyya, R. Banik, S. Nandi, G. Mukherjee, D. 
Mondal, S. Mukhopadhyay, S. Pal, D. Pandit, A. Dhal: Variable Energy Cyclotron Center, 
Kolkata, India, HBNI, Anushaktinagar, Mumbai, India, S. Das Gupta: Victoria Institution 
(College), Kolkata, India, Sajad.Ali, A. Goswami, P. Ray: Saha Institute of Nuclear Physics, 
Kolkata, India, S. Chatterjee, S. Das, S. S. Ghugre, R. Raut, S. Samanta: UGC-DAE CSR, 
Kolkata Centre, Kolkata, India) 

 
 

2.2.6 Role of intruder orbitals for generation of high spin states in mass 190 region 
Existence of a decoupled positive parity band built on an isomeric 13/2+ level [R. M. Lieder et.al., 

Nucl. Phys. A 248, 317(1975), D. Proetelet.al., Nucl. Phys. A 226, 237 (1974)] and a negative parity semi 
decoupled band  ofDelta-I=2 sequence [K. Neergardet. al., Nucl. Phys.A238, 199 (1975)] are 
some of the common features of odd mass Hg isotopes. 197Hg is of special interest as it manifests 
a blocking effect if the configuration of the corresponding core, 198Hg is considered to be two be 
based on two neutron-holes in the i13/2 orbital [D. Mertinet.al., NPA 301, 365 (1978)]  which is 
not the case for the other odd mass Hg isotopes in mass 190 region. The bands built on 13/2+ and 
21/2- states are extended in the latest work along with several other bands [D. Negi et. al., Phys. 
Rev. C 100, 014329 (2019)], but many of the levels are assigned with tentative spin-parity. Thus, 
the aim of our work is to enrich the spectroscopic data with a definite spin-parity assignment of 
the levels as it is a pre-requisite in understanding the role of intruder orbitals in the formation of 
different nuclear shape and the associated phenomena. 
 Excited levels of 197Hg were populated via 198Pt(alpha,5n) reaction (beam energy 52MeV) and 
gamma rays were detected by 8 Compton suppressed Clover detectors and 2 LEPS detectors. 
The pulse processing and data acquisition system was one based on 250 MHz 12-bit PIXIE-16 
digitizer (XIA LLC) running on a firmware conceptualized by the UGC-DAE CSR, Kolkata 
Centre [S. Das et al.,Nucl. Inst. Meth. Phys. Res. A 893, 138 (2018)]. Time stamped list mode 
data were acquired using the same.The gamma-gamma matrix and gamma-gamma-gamma cube 
were constructed using the  IUCPIXpackage,also developed  by UGC-DAE CSR, Kolkata Centre 
[S. Das et al.,Nucl. Inst. Meth. Phys. Res. A 893, 138 (2018)]. 
 

 

Fig. 1.  Gate of 354 keV transition.  New transitions are marked with *. 
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Energy calibration of all files has been completed and a γ-γ matrix is constructed there from. 
Coincidence spectrum for 197Hg is shown in Fig. 1, and corresponds to gate on 354 keV 
transition feeding the 13/2+ isomeric level. Further analysis is in progress.  
(P. Pallav, S. Das Gupta, RupsaBanik, Sangeeta Majumdar: Victoria Institution (College), 
SoumikBhattachraya, S. Bhattacharyya, R. Banik, G. Mukherjee, S. Nandi, Shabir Dar, Sneha 
Das: VECC, R. Raut, S. Ghugre, S. Das, S. Samanta, S. Chatterjee: UGC-DAE CSR, Kolkata 
Centre, ,S. Rajbanshi: Presidency University, A. Goswami, Sajad Ali: SINP, Sudatta Ray: Mody 
University) 
 
2.2.7Study of yrast and non-yrast states in the 132Xe nucleus 
In mass A=130 region, many nuclear structure phenomena such as shape coexistence, magnetic 
rotation, chiral rotation and excited states based on the multi-quasiparticlesconfiguration [E. S. 
Paul et al., Phys. Rev. C 40, 1255 (1989), S. Kumar et al., Phys. Rev. C81, 067304 (2010), S. 
Lakshmi et al., Nucl. Phys. A 761, 1 (2005), S. Mukhopadhyay et al., Phys. Rev. Lett. 99, 
172501 (2007), C.M. Petracheet al., Phys. Rev. C 72, 064318 (2005)] have already been 
observed at the intermediate and high-spins.  A systematic studies of the even-even nuclei in this 
region have shown  that the nuclei near shell closure N=82 havetransitional behaviour. Some of 
these transitional nuclei have γ-soft character and also provided the signature of triaxiality at low 
spins. Further, based on the empirical evidences for E(5) critical point symmetry, the 128Xe and 
134Ba nuclei [R. M. Clark, Phys. Rev. C69, 064322 (2004)] have been reported as best candidate 
of E(5) symmetry in this mass region.Previously, the structure of the 132Xe nucleus has been 
studied upto spin Iπ =10+ by the decay of 132Cs and 132I nuclei and (3He, n), (n, γ) and (α, xn) 
reactions. Recently the nuclear structure of the 132Xe nucleus, above the 10+ isomer has been 
studied using multinucleon transfer reaction [A. Vogt et al., Phys. Rev. C 96, 024321 (2017)] 
and lifetime of some of the low-lying states has also been measured [S. S. Alamet al., Phys. Rev. 
C 99, 014306 (2019)].  
In this work, excited states of the 132Xe nucleus have been populated using the 130Te(α, 2n)132Xe 
reaction at a beam energy of 28 MeV, provided by the Cyclotron at Variable Energy Cyclotron 
Centre (VECC), Kolkata. The 130Te target used in the experiment consists of two 130Te foils 
stacked together. The 130Te foil facing the beam had a thickness of 3 mg/cm2 with the 530 micro-
g/cm2 thick mylar backing and the second 130Te foil was 2 mg/cm2 thick with the aluminized 
myler backing of 635 μg/cm2 thickness. The de-exciting gamma-rays were detected using the 
Indian National Gamma Array (INGA).The pulse processing and data acquisition system was 
one based on 250 MHz 12-bit PIXIE-16 digitizer (XIA LLC)  running on a firmware 
conceptualized by the UGC-DAE CSR, Kolkata Centre [S. Das et al., Nucl. Inst. Meth. Phys. 
Res. A 893, 138 (2018)].Time stamped list mode data were sorted using the IUCPIX package, 
also developed  by UGC-DAE CSR, Kolkata Centre [S. Das et al., Nucl. Inst. Meth. Phys. Res. 
A 893, 138 (2018)]. 
The negative parity band structure of the 132Xe nucleus has been investigated and the level 
scheme has been extended above the 5-hbar state upto spin I = 14(-)hbar and two new bands 
namely Band Saand Band Sb have been observed. The partial level scheme of the 132Xe nucleus 
obtained from the present work is shown in the Fig 1. The coincidence γ-ray transitions of the 
Band Saand Band Sb are shown in the gated spectrum of the 667.7- and 867.5 keV gamma-ray 
transitions, respectively (see Fig 2).  The multipolarity of the de-exciting gamma-ray transitions 
are determined from the RDCO and polarization asymmetry measurements. The shell model 
calculations were also performed to understand the structure of the some of the low-lying excited 
states. 
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Fig. 1 Partial level scheme of the 132Xe nucleus above the 5- state. 
 

 

Fig. 2 (a) The coincidence spectrum of 667.7 keV gamma-ray transition (b) The 
coincidence spectrum of 867.5 keV gamma-ray transition.  
(Suresh Kumar, Neelam, Papinder Singh: Delhi University, A. Sharma:Himachal Pradesh 
University, S. Chatterjee, S. Samanta, S. Das, R. Raut, S. S. Ghugre: UGC-DAE CSR, Kolkata 
Centre, Soumik Bhattacharya, S. Nandi, R. Banik, G. Mukherjee, S. Bhattacharyya : VECC, 
Sajad Ali, A. Goswami: SINP) 
 
2.2.8 Investigation of different possible excitation modes in neutron-rich 78As 
It has been well established that the A~80 region provides a laboratory, particularly well suited 
to investigate the possibility of the occurrence of M1 band structures. The close proximity of 
the78As nucleus to the N = 50 shell-closure, presents an unique opportunity to investigate the 
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mechanisms and their interplay if possible, for the generation of higher angular momentum 
states. The study of the level structure of odd-odd nuclei in this mass region also offers a scope 
to investigate the possible competition between single-particle and collective degrees of freedom. 
With these motivations, a detailed experimental investigation of the level structure of 78As has 
been carried out. 
The yrast and non-yrast level structure of the odd-odd 78As nucleus has been investigated using 
the conventional γ-ray spectroscopic techniques. The excited states of 78As were populated 
through 76Ge(α,pn) fusion evaporation reaction at the incident beam energies of 30, 35, and 40 
MeV. The de-exciting gamma rays were detected with the INGA spectrometer comprising of 
Clover and LEPS detectors. A representative  coincidence spectra are presented in the 
figure below. 

 

Representative  coincidence spectra with the gates set on 185 keV (3−  → 2−), 
transition of 78As. Peaks labelled with their energy values (in keV) have been 

assigned to 78As. 
 
In addition to the extension of the previously known yrast positive-parity band upto Ex∼ 2.7 
MeV with J = 11~hbar, an excited non-yrast dipole band-like structure based on the 72

− level at 
an excitation energy of 1242-keV, has also newly been established. Several weak transitions 
feeding the low-lying non-yrast stateshave newly been identified and placed in the level 
scheme.Highly irregular sequence of levels which is observed at the low-excitation regime is 
indicative of the dominance of single-particle excitations.The observed level structure indicates 
the onset of mild-collectivity above 1.5 MeV excitation. Theexperimental results havebeen 
compared with the predicted results from the large-scale shell modelcalculations. The calculated 
results indicate the enhanced contributions from the intruder π(1g9/2)orbital to the wave function 
of the positive-parityyrast excited states with J ≥ 7~. This enhancedoccupation is supposed to 
provide subsequent mild-collectivity to the concerned states. 
(A. K. Mondal, K. Mondal, Aniruddha Dey, U S Ghosh, S Biswas, B Mukherjee, S Rai, A. 
Chakraborty,: Visva-Bharati University, Santiniketan;Krishichayan, TUNL, S. Samanta,S. K. 
Das, S. Chatterjee, R. Raut, S. S. Ghugre: UGC DAE CSR, KC; S Rajbanshi, Presidency 
University; Soumik Bhattacharya, R. Banik, S. Nandi, S. Bhattacharyya, G. Mukherjee: VECC, 
Kolkata; S. Mukhopadhyay, D. C. Biswas, BARC, Mumbai; V Kumar, A Kumar: BHU) 
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2.2. 9 Validation of surrogate reaction technique for measuring (n,p) reaction cross sections 
and measurement for 51Cr(n,p) cross sections  

Surrogate reaction method is an indirect technique used for determining the reaction cross 
sections of short lived nuclei. This work emphasis to use this method for determining the (n,p) 
reaction cross sections of short lived nuclei in the mass range A~50; which are relevant in 
determining the hydrogen production in structural materials of fission and fusion reactors. 
Different problems related to the surrogate reaction method for nuclear reaction cross section 
data has been studied since the beginning of this project. Proton induced fission cross sections 
for some actinides have been calculated by exploiting the surrogate reaction technique. This 
work has been published in Journal of Physics G in May 2020. Some of the results are presented 
in the following figure. A new method for calculating the correlation in cross sections calculated 
using nuclear reaction codes has been studied. This new method uses Unscented Transform 
method for propagating the uncertainties throught the nuclear reaction codes. This work was 
presented in an oral presentation in 64th DAE-BRNS symposium on nuclear physics 2019 at 
Lucknow University.  

 
 
 
 
 
 
 

Fig.Proton induced fission cross sections of 240Pu and 236U obtained by exploitation of  
surrogate ratio technique. 

Aman Sharma, Aman Gandhi, Namrata Singh, Mahesh Chaudhary, Ajay Kumar: Department of 
Physics, Banaras Hindu University, Varanasi.S.Ghugre:  UGC DAE CSR, Kolkata Center B. K. 
Nayak, S. V. Suryanarayana: Nuclear Physics Division, Bhabha Atomic Research center, 
Mumbai.  
 
 
2.2.10 Understandingthe Radio resistance mechanism of Deinococcus 
radiodurans by targetting thioredoxin reductase antioxidant system 
 
In this collaborative program with Annamalai University the objective of the study is to 
determine the resistance of Deinococcus radiodurans to ionizing radiation by inhibiting its 
thioredoxin reductase (TrxR) antioxidant system. Treatment of D. radiodurans with different 
TrxR inhibitors such as ebselen, epigallocatechin gallate (EGCG) and auranofin displayed 
significant sensitivity of this organism to radiation treatment in a concentration-dependent 
manner. Further, it has also been noticed that TrxR redox system was suppressed by TrxR 
inhibitors and that this response might be associated with the oxidative stress-mediated cell 
death in D. radiodurans. Thus, TrxR inhibitors affect the resistance of the D.radiodurans 
through suppression of its thioredoxin redox pathway via the inhibition ofTrxR activity. First 
year progress results showed that TrxR plays an important role as an antioxidant redox 
system by scavenging intracellular ROS and thus contributing to the resistance of D. 
radiodurans towards radiation resistance. Extremophilic organisms have the potential to 
tolerate extreme challenging environments of nature. This property can be accredited to their 
production of novel secondary metabolites which possess anticancer and other 
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pharmaceutical values. The present study also aimed to evaluate the anticancer activity of 
crude secondary metabolites extract (CSME) obtained from the radiation tolerant bacterium 
Deinococcus radiodurans in triple-negative human breast carcinoma (MDA-MB-231) cells. 
The MTT assay showed the strongest inhibitory activity of CSME in MDA-MB-231 cells 
(IC50 = 25 µg/ml). The CSME treatment led to production of nuclear alterations and 
formation of apoptotic bodies in MDA-MB-231 cells. Our data also showed that the CSME 
treatment induced apoptosis in MDA-MB-231 cells by upregulating p53, caspase-3 and 
caspase-9 protein expression. The present study indicates that the CSME of D. radiodurans 
possess anticancer properties and exhibit potential to be used as anticancer agent.



53 | P a g e  
 

The D. radiodurans cells were grown normally and treated with inhibitors and radiation (20 
Gy). We noticed no significant growth inhibition between sham control and radiation control. 
The growth of cells decreased with TrxR inhibitors along with radiation treatment. A 
concentration of 10 µM of ebselen was able to induce more cell death when compared to 
other treatment groups. Auranofin showed less sensitivity than the other two inhibitors. 
EGCG induced a moderate decrease in the cell viability. 
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Fig. 1 Effect of TrxR inhibitors on D. radiodurans survival. The D. radiodurans cells 
were treated with different concentrations of ebselen, epigallocatechin gallate (EGCG) 
and auranofin in the presence and/or absence of radiation and cell survival was measured 
by MTT assay. 
 
To investigate the effect of TrxR inhibitors on protein carbonylation levels, we treated D. 
radiodurans with various concentrations of different TrxR inhibitors. We observed a very 
small increase in the intracellular protein carbonyl levels in D. Radioduransc cells treated 
with radiation (20 Gy) alone when compared to the control cells. Conversely, D. radiodurans 
treated with 1 μM, 5 μM and 10 μM. Protein carbonylation, one of the most harmful 
irreversible oxidative protein modifications, is considered as a major hallmark of oxidative 
stress. Based on the concentration of TrxR inhibitors employed in the study we 
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observed different levels of protein carbonylation. Radiation treatment in the presene of 
TrxR inhibitors showed a significant variation in the levels of protein carbonylation when 
compared to control group. Ebselen was able to induce a high protein carbonylation level 
when compared to auranofin and EGCG treatments. concentrations of ebselen plus 
radiation (20 Gy) showed an elevation in the intracellular carbonyl content of cellular 
proteins. 
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Fig. 2 Intracellular protein carbonylation in D. radiodurans. Cells were treated with 
different concentrations of ebselen, epigallocatechin gallate (EGCG), and auranofin in the 
presence and/or absence of radiation (20 Gy). Cells were sonicated and crude protein 
extract was collected and used for measurement of intracellular protein carbonylation 
levels in D. radiodurans 

 
The TrxR activity post gamma radiation treatment (20 Gy) in the presence of different 
TrxR inhibitors resulted in the disturbance in the activity of TrxR in D.radiodurans. 
Different concentrations of TrxR inhibitors induced different levels ofdisturbancs in the 
TrxR in D. radiodurans. A very low decrease in the TrxR activity was 
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observed little decrease when it treated with gamma radiation (20 Gy) alone because of 
disturbance their activity. Ebselen was found to act as a competitive inhibitor of TrxR. 
Conversely, auranofin and EGCG were found to induce less and moderate sensitivity in 
D.radiodurans. 
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Fig. 3. Effect of TrxR inhibitors on D. radiodurans TrxR enzyme activity. D. 
radiodurans cells were treated with different concentrations of a ebselen, b 
epigallocatechin gallate (EGCG) and c auranofin in the presence and/or absence of 
radiation (20 Gy) for 1 h. Cells were sonicated and the crude extract was collected and 
used for TrxR enzyme activity analysis. 
The generation of intracellular ROS levels with gamma radiation (20 Gy) in the presence 
and/or absence of different TrxR inhibitors was observed in D. radiodurans. The gamma 
radiation (20 Gy) alone induced a very low level of intracellular ROS. Higher levels of 
intracellular ROS levels were observed when D. radiodurans cells were pretreated with 
10µM of ebselen when compared to auranofin and EGCG pretreatments. 
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The activity of antioxidants enzymes system such as superoxide dismutase (SOD) and 
catalase (CAT) were also observed after treated with gamma radiation (20 Gy) in the 
presence and/or absence of different TrxR inhibitors in D. radiodurans. The results showed 
that any disturbance in the TrxR activity have a direct effect on SOD and CAT antioxidant 
enzymatic systems in D. radiodurans. The results showed that gamma radiation 
treatmentinduces a significant decrease in the activities of SOD and CAT in D. 
radiodurans when pretreated with different TrxR inhibitors. Ebselen was able to induce a 
significant decrease in SOD and CAT antioxidant enzymes while as auranofin and EGCG 
were found to be less and moderate sensitive in D. radiodurans, respectively. 
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Fig. 5. Effect of TrxR on antioxidant activity of D. radiodurans. The D. radiodurans cells 
were treated with different concentrations of aebselen, b epigallocatechin gallate (EGCG), c 
auranofin in the presence and/or absence of radiation (20 Gy). Cells were sonicated andthe 
crude extract was taken for antioxidant activity analysis (CAT and SOD).  
Lipid peroxidation is a well-established mechanism of cell injury and an indicator of 
oxidative stress in cells. D. radiodurans after treatment with gamma radiation (20 Gy) in 
the presence and/or absence of different TrxR inhibitors led to a significant increase in 
the lipid peroxidation in D. radiodurans. Ebselen was able to induce higher levels of 
TBARS while as auranofin and EGCG showed less and moderate levels of TBARS in 
D.radiodurans respectively. 
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After 7 days of incubation, the D. radiodurans cultures were collected in sterile 
polypropylene tubes and centrifuged at 5,000 rpm for 10 minutes. The supernatants 
containing the secondary metabolites were collected in fresh sterile polypropylene 
tubes. The secondary metabolites were extracted with ethyl acetate and subjected to the 
rotatory evaporator to eliminate the ethyl acetate solvent followed by lyophilization. 
Finally, the crude secondary metabolite extracts (CSME) obtained were dissolved in 
DMSO and further used for the evaluation of the anticancer activity.The cell viability in 
MDA-MB-231 cells was found to be decreased in a concentration dependent manner (IC50 
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25 µg/ml). Human peripheral blood lymphocytes (HPBLs) were employed as normal cells 
to determine any CSME-mediated cytotoxicity. No significant cytotoxicity was observed in 
HPBLs. This showed that D. radiodurans CSME does not pose any harmful effects in 
normal cells. The resultsconfirm that CSME exerts a significant cytotoxic effect in MDA-
MB-231 cells. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
The CSME obtained from D. radiodurans was assessed for its potential to induce 
apoptotic morphological alterations in MDA-MB-231 cells. We observed that the 
CSME treatment was able to induce initial events of apoptosis (yellowish orange 
chromatin) with some cells undergoing cell death (red chromatin). The CSME 
treatments induced significant apoptotic morphological alterations in MDA-MB-231 
cells. The apoptotic effects of CSME in MDA-MB-231 cells were noticed to follow a 
concentration dependent manner.Furthermore, we investigated the effect of D. 
radiodurans CSME treatment on nuclear alterations in MDA-MB-231 cells by DAPI 
staining. We observed that the CSME from D. radiodurans induced considerable 
changes in nuclear and chromatin morphologies in MDA-MB-231 cells. Conversely, no 
such changes were observed in untreated control MDA-MB-231 cells.The effect of 
CSME treatment was studied for its potential to induce apoptotic marker expressions in 
MDA-MB-231 cells. The results showed that CSME treatment induced upregulation of 
p53, cleaved caspase-3 and cleaved caspase-9 proteinexpressions in MDA-MB-231 
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cells (Fig. 7b). Conversely, we did not observe any significant expressions of these 
markers in untreated control MDA-MB-231 cells. The data from this study prove that 
the CSME treatment notably induces apoptosis in MDA-MB-231 cells through 
upregulation of apoptotic markers expression in MDA-MB-231 cells. 

M. Rakshmitha, A.K.Chaitaniya, Rama Rao Malla (Gitam University) Anindita Chakraborty 
(UGC-DAECSR, KC)  

 
2.2.11 Sensitization of Drug Resistant Triple Negative Breast Cancer Cell lines by 
Combination of Radiation and CD151 inhibitor, 2-thio-6-azauridine. 

 
Triple negative breast cancer (TNBC) is aggressive and negative for oestrogen (ER), 
progesterone (PR) and human epidermal growth factor 2 (HER-2) receptors. The cancer 
is more likely to spread and recur. Approximately 30% of the women diagnosed with 
early-stage disease in turn progress to metastatic breast cancer (MBC), for which 
therapeutic options are limited. Most anticancer therapies will alter tumor growth, in most 
cases the effect is not long lasting and failure of anthracyclines and taxanes impact the 
survival of breast cancer patients. Approximately 1/3 of paclitaxel resistant breast cancers 
are triple negative. The development of resistance limited the use of radiation therapy 
combination with PTX against TNBC. However, designing of feasible therapeutic 
options by combining targeted therapy with radiation therapy may kill more tumour cells 
because of the diverse mechanisms used for arresting growth of cancer cells. 

 
CD151 a transmembrane linker, frequently overexpressed on the surface of cancer cells. 
Its overexpression is associated with augmented metastasis and poor prognosis in many 
cancers. Targeting CD151 with small molecular inhibitor 2-thio-6-azauridine (TAU), 
inhibited proliferation of TNBC cells. In the current study paclitaxel-resistance cell line 
model were developed using intermittent step-wise treatment method, further evaluation 
of the effect of radiation on TAU induced apoptosis and CD151 mediated drug resistance 
mechanism in paclitaxel-resistant triple negative breast cancer cell lines 
(PtxR/TNBC)will be studied and elucidated. 

 
The main objectives of this research program was to develop paclitaxel-resistance (PTX/R) in 
TNBC cell lines and to determine effective radiation dose response against PTX/R TNBC 
cell lines. Further it also aims at evaluating the effect of radiation on TAU induced 
cytotoxicity, genotoxicity and inhibition of proliferation of paclitaxel-resistant TNBC cell 
lines and to study the effect of radiation on TAU induced DNA damage, cell cycle arrest and 
apoptosis. Finally to assess the effect of radiation and TAU on CD151 mediated drug 
resistance mechanism. The MDA-MB 231 and 468 human triple-negative cell lines 
wereprocured from NCCS (Pune, India). Studies on cytotoxicity and viability were 
performedon both MDA MB 231 and 468 cell lines to determine the drug inhibitory 
concentration.Further,  for  the development of clonal populations of resistant cell  lines 
alternatingstepwise treatment method by repeatedly exposing cancer cells growing in cell 
culture topaclitaxel. 
TNBC cell lines (MDA-MB 231 and MDA-MB 468) were procured from NCCS (Pune, 
India) and cultured in DMEM (Invitrogen, USA) containing 100 units of pen-strep 
antibiotic and 10% FBS (Invitrogen, USA) under 5% CO2 atmosphere in the incubator. 
Paclitaxel was purchased from Invitrogen, USA.To generate paclitaxel-resistant cell lines 
(PTX/R), an alternative step-wise increment treatment method was used. The triple-negative 
breast cancer (TNBC) MDA-MB 231 and MDA-MB 468 cells were treated with paclitaxel 
for 24h to determine 50% inhibitory concentration (IC50) of paclitaxel. The drug-containing 
medium was then removed to remove dead cells detached from the surface by gentle washing 



61 | P a g e  
 

procedure using phosphate-buffer saline (PBS). The survived adherent cells were grown in 
drug-free medium with continuous monitoring and by changing the for every 3 days for 3 
weeks. The individual cells forming resistant colonies were observed and expanded. Once 
80% confluency has attained, the cells were treated with the same dosage for 4-5 generations. 
This process was repeated until the cells were growing successfully at IC60 concentration of 
paclitaxel. After the acquired resistance was developed, the cells were diluted and seeded as 
single clones. 

 

A total number of 1×10
4
cells/100ul MDA MB-231 and 468 cells into each well of 96-

well plate and incubated over-night under serum starvation. The serum-free medium is 
replaced with or without PTX containing media at different concentrations ranging from 
(20,40,60,80,100nM) and incubated for 24h at 37°C. The cell cytotoxicity was measured  
using standard MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide protocol. The absorbance was measured by using a microplate reader at 570nm. 

 
The cytotoxicity was determined using untreated cells. 

 

The PtxR/ TNBC cells (3xcells/10
3
) in 96-well plate were treated with TAU (10-50nM) 

or PTX (10-50nM) or with various combinations (5:10, 10:20, 15:30 and 20:40nM) for 
48 h. MTT solution (Sigma, USA) was added. After 3h of incubation, absorbance was 
measured by using a microplate reader at 570nm. The cytotoxicity was presented as a 
percent of untreated PtxR cells (Kgk et al., 2019).Synergistic, additive or antagonistic 
cytotoxic effect of TAU and PTX was analyzed by the combination index (CI) method 
(Foucquier and Guedj, 2015). The dose-effect curve for individual and combination 
treatments was generated and CI value for each treatment and consequent fraction 
affected (fa); the fraction results and data were calculated using CompuSyn software. The 
Fa–CI plots were constructed for evaluation of drug interactions, by the simulation of CI 
values against fa levels ranging from 0.1 to 0.95. 

 
The effect of TAU (10nM), PTX (20nM) and their effective combination (10:20nM) on 
PtxR/TNBC cell proliferation was evaluated using the BrdU cell proliferation assay kit 
(Millipore, USA) as described earlier (Badana et al., 2018). Overnight grown cells with 80% 
confluence were treated with TAU, PTX and their combination for 48 h. Then, cells were 
treated with diluted BrdU for 12h. After fixing with a fixative solution, cells were 
incubated for 30min, followed by an anti-BrdU antibody (1:100) for 1h. Subsequently, 
cells were washed and incubated with conjugated secondary antibody (1:500) for 30min. 
Then, cells were incubated with tetramethylbenzidine in the dark for15min. Immediately 
after adding a stop solution, the absorbance was measured by using a microplate reader at 
a dual-wavelength of 450 and 540nm. 

 
PtxR/TNBC cells were treated with TAU (10nM), PTX (20nM) and their combination 
(10:20nM) for 48 h. Then cells were incubated with TUNEL reagent (R&D Systems, USA) 
for 1h. After staining with DAPI, cells visualized under fluorescent microscopy. The 



62 | P a g e  
 

 
 
 
 

percent of green fluorescent cells (TUNEL-positive) were expressed by comparing with 

DAPI-stained cells (Kumari et al., 2019).PtxR/TNBC cells (2×10
3
/well) in a 4-well 

chamber slide were treated with TAU (10nM), PTX (20nM) and their combination 
(10:20nM) for 48 h. Untreated wells were considered as control. Cells were incubated 
with 100μg/ml of each acridine orange (AO) and ethidium bromide (EtBr) for 1h. The 
morphological features of cells were recorded using a fluorescent microscope (Liu et al., 
2015) and the percent of cell damage index was calculated (Garrity et al., 2003). 

 
The cytotoxic effect of PTX on both MDA-MB 231 and MDA-MB 468 cells was 
subsequently monitored for 24h after the treatment of PTX to generate a drug dosage 
responsive curve by comparing the DMSO control, the normalized cell indexes for 
MDA-MB 231 and MDA-MB 468 cells (Figure 1). The morphology of untreated and 
PTX treated MDA-MB 231 and MDA-MB 468 cells were monitored under phase-
contrast microscopy at 24 and 48h time intervals (Figure 2). 
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Round cellular morphology was observed in both 231 and 468 cell lines. Further, 
increment dosage IC60 was given for both the cell lines for the development of resistant 
single-cell clones (Figure 3

 
BrdU incorporation assay was used to evaluate the effect of TAU and PTX on the 
proliferation of PtxR/TNBC cells. The BrdU positive PtxR/MDA
MB 468 cells were decreased by 62.44 ± 0.45 and 59.21 ± 0.67 %, respecti
TAU and 41.52 ± 0.22 and 42.12 ± 0.54 %, respectively with 20nM PTX and 96.42 ± 0.19 
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Figure 3). 

BrdU incorporation assay was used to evaluate the effect of TAU and PTX on the 
proliferation of PtxR/TNBC cells. The BrdU positive PtxR/MDA-MB 231 and PtxR/MDA
MB 468 cells were decreased by 62.44 ± 0.45 and 59.21 ± 0.67 %, respecti
TAU and 41.52 ± 0.22 and 42.12 ± 0.54 %, respectively with 20nM PTX and 96.42 ± 0.19 
and 95.34 ± 0.79 %, respectively with combination of TAU and PTX (10:20nM) (Fig. 2f). 
The results indicate that TAU caused significant (p < 0.05) reduction in PtxR/TNBC cell 
proliferation with a combination of PTX compare to individual treatments (p < 0.10). The 
cell cycle drives the proliferation of cells. The halting of cell cycle progression inhibits tumor 
cell proliferation. To determine inhibition of proliferation was caused by the cell cycle arrest, 
the effect of TAU and PTX on cell cycle progression of PtxR/TNBC cell lines was evaluated. 
The results show that the combination of TAU and 
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was given for both the cell lines for the development of resistant 

BrdU incorporation assay was used to evaluate the effect of TAU and PTX on the 
MB 231 and PtxR/MDA-

MB 468 cells were decreased by 62.44 ± 0.45 and 59.21 ± 0.67 %, respectively with 10nM of 
TAU and 41.52 ± 0.22 and 42.12 ± 0.54 %, respectively with 20nM PTX and 96.42 ± 0.19 
and 95.34 ± 0.79 %, respectively with combination of TAU and PTX (10:20nM) (Fig. 2f). 
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proliferation was caused by the cell cycle arrest, 
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PTX (10:20nM) arrested both types of PtxR/TNBC cells at the G2M phase of the cell 
cycle (Figure 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Effect of TAU and PTX on cytotoxicity and proliferation of PtxR/MDA-
MB 231 and PtxR/MDA-MB 468 cells. 



 

To investigate the inhibition of cell proliferation 
PtxR/TNBC cell lines was assessed after 48h of treatment with TAU and PTX (
show that the combination treatment of TAU and PTX altered the morphology of both PtxR/MDA
231 and PtxR/MDA-MB 468 cells. To evaluate the effect of TAU and PTX on cell integrity of 
PtxR/TNBC cells, differential staining was implemented using AO/EtBr. The AO stains both viable 
and non-viable cells, while EtBr stains only non
PtxR/TNBC cells were only stained with AO and exhibited green fluorescence. However, the nuclei of 
TAU and PTX treated cells exhibited orange fluorescence by staining with both AO and EtBr. This 
infers the loss of integrity of both PtxR/TNBC c
damage index was calculated from the score of non
PtxR/MDA-MB 468 cells as 61.01 ± 0.08 and 59.45 ± 0.89 %, respectively. Additionally, an orange 
stained nucleus in treated cells indicates the late stage of apoptosis.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Effect of TAU and PTX on the integrity of PtxR/TNBC cells.
 

Apoptosis is an important mechanism that contributes to the reduction of cancer cell growth. TU

is used to evaluate TAU and PTX induced cell death. The 3
exhibit green fluorescence. The results of the present study indicate that the PtxR/TNBC cells exhibited a 
significant number of TUNEL-positive cell
The percent of TUNEL positive untreated, TAU, PTX and TAU+PTX treated PtxR/MDA
was 7.83 ± 0.73, 54.62 ± 0.29, 52.16 ± 0.62 % and 72.22 ± 0.83 %, respectively. However, the percent of 
untreated, TAU, PTX and TAU+PTX treated TUNEL positive PtxR/MDA
39.84 ± 0.47, 39.14 ± 0.29 % and 70.24 ± 0.16 %, respectively.

 
 
 
 

To investigate the inhibition of cell proliferation is due to cell death, morphological changes in 
PtxR/TNBC cell lines was assessed after 48h of treatment with TAU and PTX (
show that the combination treatment of TAU and PTX altered the morphology of both PtxR/MDA

MB 468 cells. To evaluate the effect of TAU and PTX on cell integrity of 
PtxR/TNBC cells, differential staining was implemented using AO/EtBr. The AO stains both viable 

viable cells, while EtBr stains only non-viable cells. Accordingly, the nuclei 
PtxR/TNBC cells were only stained with AO and exhibited green fluorescence. However, the nuclei of 
TAU and PTX treated cells exhibited orange fluorescence by staining with both AO and EtBr. This 
infers the loss of integrity of both PtxR/TNBC cell lines with a combination of TAU and PTX. The cell 
damage index was calculated from the score of non-viable and viable PtxR/MDA

MB 468 cells as 61.01 ± 0.08 and 59.45 ± 0.89 %, respectively. Additionally, an orange 
treated cells indicates the late stage of apoptosis. 

Figure 5. Effect of TAU and PTX on the integrity of PtxR/TNBC cells.

Apoptosis is an important mechanism that contributes to the reduction of cancer cell growth. TU

is used to evaluate TAU and PTX induced cell death. The 3
'
 OH nicks of DNA labeled with TUNEL and 

exhibit green fluorescence. The results of the present study indicate that the PtxR/TNBC cells exhibited a 
positive cells with a combination of TAU and PTX (10:20nM) (Figure 6). 

The percent of TUNEL positive untreated, TAU, PTX and TAU+PTX treated PtxR/MDA
was 7.83 ± 0.73, 54.62 ± 0.29, 52.16 ± 0.62 % and 72.22 ± 0.83 %, respectively. However, the percent of 

treated, TAU, PTX and TAU+PTX treated TUNEL positive PtxR/MDA-MB 468 cells was 9.14 ± 0.14, 
39.84 ± 0.47, 39.14 ± 0.29 % and 70.24 ± 0.16 %, respectively. 
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was 7.83 ± 0.73, 54.62 ± 0.29, 52.16 ± 0.62 % and 72.22 ± 0.83 %, respectively. However, the percent of 

MB 468 cells was 9.14 ± 0.14, 
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2.2.12 Assessmentof the effect of gamma radiation on viability, infestation, sporulation and morpho-
metabolic changes of mycorrhizal species of Clerodendrum indicum (L) O. Kuntze (Verbenaceae 
 
The mycorrhizal infestation in the different ecotypes of C. indicum (L.) O. Kuntze was examined. All 
the ecotypes possessed significant mycorrhizal infestations with septate hyphae, aseptate hyphae, 
arbuscules, and vesicles in the roots of the targeted host plants. These infestation were morphologically 
identified as Glomus sp. according to the databases provided by INVAM 
(http://fungi.invam.wvu.edu/the-fungi/species-descriptions.html); Redecker et al. (2013) and Goswami 
et al. (2018). The mycelial infestations were run through both the apoplastic and symplastic region of 
the cortex of young roots and the infestation were initiated through the vascular system of the host 
plant as shown in Figures 1 and 2. The rhizospheric soil is also have diverse AF spores(Figure 3). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Mycorrhizal root infestation in C. indicum (L.) O. Kuntze. (Amrut ecotype). 
(A-C)Arbuscules, and (D) Vesicles of Glomus sp. 
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Figure 2: Mycorrhizal root infestation of C. indicum (L.) O. Kuntze. (Hooghly 
ecotype). (A-D)Mycelial infestation and vesicle of Glomussp. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: The rhizospheric soil spore diversity of C. indicum of different ecotypes. (A)Glomussp.; 
(B) Glomus sp.; (C) Rhizophagus sp.; (D) Not determined ; (E) Glomus sp.; (F) Acaulospora sp.; 

 
(G) Rhizophagus sp.; and (H) Glomus sp.. 
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The work plans of the first year research work of the project is being represented 
schematically as shown below (Figure 4): 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: The work plan of the first year objectives. 
 

Objective 1: Gamma radiation treatment with various dose range (0 – 400 Gy) on the 
AM fungal spores: 

 
The work plan of the first objective is shown below (Figure 5): 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: The proposed work plan of the first objective. The pure / monosporic culture of AM fungal 
 

spores and the treatment of gamma radiation. (Image Sources: https://invam.wvu.edu/methods/spores). 
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The isoation of pure and viable spores are under process. As the developement of AM 
spores takes 2-3 months since their infestation and colonization in any host. The 
infestation and colonization studies are being monitored in this targeted host (Figure 6). 
The procurement of pure AM spore inoculum from the VAM culture institutes like TERI 
(The Energy and Resources Institute), Darbari Seth Block, IHC Complex, Lodhi Road, 
India Habitat Centre, New Delhi - 110 003, India and INVAM (International Culture 
Collection of (Vesicular) Arbuscular Mycorrhizae), G153 South Agricultural Sciences, 
Davis College of Agriculture, Natural Resources and Design, 4100 Agricultural Sciences 
Building, PO Box 6108, West Virginia University, Morgantown, West Virginia, USA are 
also under process, but yet to get any support. 

 
The individual mature spore is also being isolated from the rhizospheric soil of the C. 
indicum host, and being cultivated in trap culture for large scale production of pure 
mature monospores (Figure 7).The mature and homogenous spores are the essential need 
of this experimentation, therefore, the gamma radiation treatment could not be possible to 
study its impact on viability. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: The stages of developement of AM spores in C. indicum host. Here, the blue 
colouredhyphal structures in the figures A-D represent the stages of development of AM 
infestation and sporulation in the host root region. 
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Figure 7: The culture and monitoring the AM spores infestation and sporulation in 
trap plant. 

 
Here, the seedlings are 10 days old monocot containing one mature rhizospheric spore in 
each tube. 

 
 

Mallika Majumdar Vivekananda Mandal (Gaur Banga University) Anindiota 
Chakraborty(UGC-DAE CSR, KC) 

 
 

2.2.13 Comparative study of ionizing radiation and chemical elicitor induced 
expression of the genes induced in phytosterol biosynthesis and simultaneous 
accumulation of antidiabetic component “charantin” in Momordica charantia Lin 
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Momordica charantia is a tropical plant with immense medicinal importance. It is alsoknown 
as bitter melon and two popular varieties of the plant are cultivated in India. The large 
fruiting variety is known as Momordica charantia var. charantia whereas the smaller fruiting 
form is known as Momordica charantia var. muricata (Paul et al. 2010). M.charantia 
belongs to the Cucurbitaceae family and both the fruit and seeds are used formedicinal 
purposes. The fruits are bitter in taste and several studies over the years have indicated that 
they possess hypoglycemic activities. (Joseph et al. 2013). Apart from this, M. charantia is 
also known for its antibacterial, anti-inflammatory, antiviral, anti-HIV,antiherpes, 
anticarcinogenic activities among many (Grover et al. 2004).The main component 
responsible for anti-diabetic activity has been identified as charantin. Charantin is a 
triterpenoid composed of phytosterols- sitosteryl glucoside and stigmasteryl glucoside 
(Pitipanapong et al. 2007). 
 
The biosynthetic pathway of phytosterol production involves a lot of steps and many 
different enzymes, but the penultimate step resulting in the conversion of sitosterol to 
stigmasterol is governed by sterol 22 desaturase enzyme (Schaller et al. 2003). This is why, 
sterol 22 desaturase is an important enzyme for phytosterol biosynthesis. Salicylic acid is 
considered to be a plant growth regulator. It is involved in regulating major physiological 
processes of plants like photosynthesis, antioxidant defense system, nitrogen metabolism etc. 
This is why salicylic acid is known as a stress alleviator in plants exposed to abiotic stress 
like metals, salinity, drought, ionizing radiation etc (Khan et al. 2015). It was reported by 
Mohammad et al. , 2009, that salicylic acid was found to resist oxidative damage and 
modulate antioxidant levels in rice plants. 
 
Heat waves, radio waves, ultraviolet light, X-rays and gamma rays are all examples of 
ionizing radiations but with different amounts of energy and wavelengths.Plants also respond 
to ionizing radiation. As shown by Kim et al., 2004, the effects of gamma irradiation on 
Capsicum annuum seedlings were dependent on cultivars and the amount of dosage of 
gamma irradiation used. In low concentrations, gamma rays activate plant defense against 
stress mechanisms like ROS generation which alleviates stress by inducing signal cascades. 
Therefore, low concentrations of gamma rays are beneficial whereas at high concentrations it 
is harmful to the plant. 
 
 
 
The main objective of this study is to observe the effects of low as well as a few high doses of 
gamma irradiation on the small fruiting variety of M. charantia var muricata, it’s effect on 
charantin content and whether salicylic acid as a chemical elicitor has any alleviating effect on 
them. Also, we aim to provide more information about the phytosterol biosynthetic pathway 
using expression analysis of sterol 22 desaturase enzyme.To fulfil the objectives firstly 
collection of M. charantia var muricata seeds from severaldistricts of West Bengal will be 
performed. The seeds will then be exposed to differentdoses of gamma irradiation and lethal 
dose 50 will be calculated. A set of untreated sampleswill be kept as control.Further, treatment 
by different doses of salicylic acid will also beconducted.Charantin extraction will be carried 
out from both treated (gamma ray and/orsalicylic acid) and untreated samples following the 
protocol of Kim et al. with slightmodifications.RP-HPLC analysis will be performed for 
charantin estimation following theprotocol proposed by Kim et al. with slight modifications. 
RP-HPLC of the standardsstigmasterol  and  sitosterol  will  also  be  performed.ROS  
content  induced  by  gammairradiation, if any, will be estimated by FACS analysis. Cellular 
localization of ROS willalso be observed using Confocal Microscopy.mRNA extraction and 
cDNA synthesis(using  RT-PCR)  will  be  carried  out  for  sterol  22  desaturase  in  order  
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to  performcharacterization (Sequencing). Expression analysis of sterol 22 desaturase gene using 
RT-PCR and real time PCR (qPCR) will be performed.The seeds of Momordica charantia 
Linn were obtained from Tarakeswar in Hooghlydistrict and also from Murshidabad district 
of West Bengal. The seeds were imbibedovernight  in  autoclaved  distilled  water  and  then  
surface  sterilized  by  10%  sodiumhypochlorite. The seeds were thereafter washed with 
autoclaved distilled water 5 times.They were then aseptically .rown in germination medium 
containing 3% sucrose and 0.9%agar. Salicylic Acid was obtained to be used as a chemical 
elicitor to the plants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 
 

 
 
 
Fig:- A map of the state of West Bengal indicating the districts from where theseed 
samples were collected. 

 
Saptaparna Dutta, Sarmistha Raychaudhury(Calcutta University), Anindita Chakraborty 

(UGC-DAE CSR,KC) 
 

2.2.14 Study of the effect of radiation on a variant form of DNA polymerase β gene 
expressed specifically in ovarian tumor 

 
Ovarian cancer is the third deadliest cancer among women. Mortality due to ovarian cancer 
may exceed 62% in women . 80-90% of all ovarian tumors are sporadic, whereas the rest are 
hereditary. In general, ovarian cancer is diagnosed until it is being at late stage. Five-year 
survival rate of the sporadic ovarian cancer patient is estimated to be 25%. Ifdiagnosed and 
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treated while the cancer has not spread outside the ovary, the five-year survival rate is 
95%.We have reported a novel mutation of a DNA repair gene, DNA polymerase beta (Polβ) 
which occurs in more than 89% (63%, 97 out of 152) of the ovarian cancer samples we have 
studied (Sample number = 152). This mutation is ovarian cancer specific. The cDNA 
mutation, has a deletion of exon 11-13 (PolβΔ). This mutation lies in catalytic part of DNA 
polymerase beta. Exon 11 consists of 29 amino acids in the region of 208-236, Exon 12 
consists of 21 amino acids in the region of 237- 258, exon 13 is 45 amino acids which resides 
within amino acid residues 259-304 DNA polymerase β is the smallest enzyme in Base 
Excision Repair (BER) pathway and linked to cancer, which was detected in different cell 
lines and tumor tissue sample of cancer . In a preliminary study from our group has shown 
that this mutant is more sensitive to alkylating agent Ionizing radiation cause oxidation 
damage in abasic site, which is also repaired through BER pathway. Therefore, the question 
is, what will be the effect of radiation on PolβΔ containing cells? To address the question, we 
will create an ovarian cancer specific cell line (PA1) where the wild type Polβ will be 
expressed along with the truncated form of Polβ (PolβΔ). The resultant cell line will be 
treated with radiation different dose of γ-irradiation, and the effect will be assessed with a 
battery of parameters. 
PolβΔ cDNA was cloned into a GFP vector inHinDIII and BamHI site. The insertion of 
the cDNA was confirmed by restriction digestion and sequencing.PA1 cells were 
obtained from National Centre for Cell Science, Pune, India.Stability of the cell line was 
confirmed by Short tandem repeat (STR) profile. Sixteen STR loci were amplified. STR 
profile of the tested cell line was found to 100 % match with ATCC STR profile 
database.PA1 cells werecultured in DMEM medium with 10% fetal calf serum (Gibco) and 
100 U/mL penicillin and 100U/mL streptomycin at 37 °C in a humidified atmosphere with 

5% CO2. Cells were plated at 24 well cultured plated with 2 x 10
5
 number of cells in each 

well, and allowed toattaching for 24 h before transfection. Five hundred ng of plasmid was 
transfected to each well using Lipofectamine 2000 reagent (ThermoFisher, Cat# 
11668030) as per instruction given in the kit. Transfected cells were selected by G418 

(500 μg mL
-1

) containing medium. Initially selective medium was changed thrice a week 
for 2-3 weeks to remove the debris of the dead cell and allow to grow transfected cells. 
After preparing stable cell line, cell lysates were made and western blot was done to 
confirm the transfection. For easy shake, transfected cell line will be denoted as PA1PolβΔ 
here after.For western blot analysis total cell lysates were prepared fromtransfected cells 
and control cells by using lysis buffer containing 10 mM Tris-HCl (PH 8), 1mM EDTA, 
400 mM NaCl, 2 mM β-mercaptoethanol, freshly prepared 1mM PMSF, and protease 
inhibitors. Proteins were denatured at 90 °C with SDS loading dye separated on 12.5 % 
SDS-PAGE gel. Detection of protein was done by using anti-Pol β monoclonal primary 
antibody (Novus) by diluting 1:5000 in Phosphate buffered saline (PBS) containing 
0.05% Tween-20 and 5% nonfat dry milk. After incubation with secondary antibodies 
(1:10,000), the signal was recorded in X-ray film using ThermoFisher Chemiluminescent 
Western Blot Detection kit according to manufacturer’s instruction.Cells were irradiated 

with
60

Co γ-Irradiator at UGC DAE, Consortium forScientific Research facility, Kolkata 
Centre with various doses (0-15 Gy).Both healthy PA1 and PA1PolβΔcells were seeded at 

a density of 10
6
in T25 flask and allow to grow overnight. Next day, cells were irradiated 

after 4 h of serum starvation at mentioned doses. Cells were incubated for 24-72 h with 
complete DMEM medium with 10% FBS and live cells were counted by Trypan Blue 
dye exclusion method. Result are expressed as Mean ± SD of three individual 
experiments.After radiation cells wereplated in a 24 well plate with complete media at a 
density of 200 cells per well. The cells were allowed to grow for 21 days and medium 
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was changed at a frequency of twice per week. Number of colonies were counted by 
Giemsa dye after fixing colonies. 
After preparation of stable PA1PolβΔ cell line (Fig. 1) growth kinetics of PA1PolβΔ cells 
were determined against different dose of γ-irradiations and compared results with 
normal PA1 cells, which contained only wild type DNA Polβ protein. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Schematic presentation of stable cell line preparation. The western blot result 
(B)confirmed both wild type and mutated Polβ were expressed in transfected cells. 

 
The result showed (Fig. 2) PA1PolβΔ cells are more susceptible towards radiation than normal 
PA1 cells, that contained only wild type Polβ protein. It was found that significantly more 
PA1 cells alive than PA1PolβΔ cells after 48 and 72 h at 10 and 15 Gy irradiation dose. In case 
of 5 Gy irradiation dose, significant change was obtained after 72 h of incubation. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2. Cell growth analysis at different irradiation dose by Trypan blue dye 
exclusionmethod. A. irradiation dose is 0 Gy. No significant different obtained between 
PA1 and PA1PolβΔ cells after 72 h of incubation. 
in cell growth between PA1 and PA1
dose (10 and 15 Gy), growth of PA1
cells with in 48 h. The results expressed as Mean ± SD of three 
and P <0.05 consider as significant result. (*, P <0.05; ** P <0.001).
 
Colony forming assay result (
cells against radiation than normal PA1 cells. At higher dose (10 and 15
less colony obtained in case of PA1

 
 
 
 
 
 
 
 
 
 
 
 
 

Cell growth analysis at different irradiation dose by Trypan blue dye 
irradiation dose is 0 Gy. No significant different obtained between 

cells after 72 h of incubation. B. at low dose (5 Gy) significant change 
in cell growth between PA1 and PA1PolβΔ cells was obtained at 72 h. 
dose (10 and 15 Gy), growth of PA1PolβΔ cells were significantly decreased than PA1 
cells with in 48 h. The results expressed as Mean ± SD of three individual experiments, 
and P <0.05 consider as significant result. (*, P <0.05; ** P <0.001). 

Colony forming assay result (Fig. 3) also reflected the more susceptibility of PA1
cells against radiation than normal PA1 cells. At higher dose (10 and 15
less colony obtained in case of PA1PolβΔ cells than normal one. 
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Fig3Colony forming assay at different dose of 
with Giemsa dye. B. Graph shoed significantly less colonies fo
than PA1cells at higher dose (10 and 15 Gy). 
form. (*, P<0.05; ** P<0.001).

 
 
Human DNA Polβ has two domains, one small 8 KDa binding domain, and a large 31 KDa 
catalytic domains. The PolβΔ variant that was identified in our laboratory has a large deletion 
of 97 amino acids in the catalytic part of amino acids residues 208 to 304 [2]. Due to the 
deletion the variant lost nucleotidyl transferase activity dNTPs selection activit
deletion of this part may affect catalyzing activity, but single strand binding and double 
strand binding activity presumed to remain intact.
Excision Repair (BER) pathway which involves
DNA Polβ catalytic activity interrupt BER
in abasic site, which is repair through
colony forming assay studiesindicated that PA1
PA1 cells that only expressed wild type Polβ protein. Previous study established that one 
similar type Polβ, that have deletion in catalytic part, but binding domain is intact, act as 
dominant negative over wild t
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Anindita Chakraborty (UGC-DAE CSR, KC)
 
 
 

Colony forming assay at different dose of γ-irradiations. A. Picture of plate after staining 
Graph shoed significantly less colonies formed in case of PA1

than PA1cells at higher dose (10 and 15 Gy). C. No of colonies at different dose in tabulated 
form. (*, P<0.05; ** P<0.001). 

Human DNA Polβ has two domains, one small 8 KDa binding domain, and a large 31 KDa 
ains. The PolβΔ variant that was identified in our laboratory has a large deletion 

of 97 amino acids in the catalytic part of amino acids residues 208 to 304 [2]. Due to the 
deletion the variant lost nucleotidyl transferase activity dNTPs selection activit
deletion of this part may affect catalyzing activity, but single strand binding and double 
strand binding activity presumed to remain intact.The DNA Polβ is the key enzyme of Base 
Excision Repair (BER) pathway which involvesto repair single nucleotide damage . Lack of 
DNA Polβ catalytic activity interrupt BERpathway. Ionizing radiation cause oxidation damage 
in abasic site, which is repair throughBER pathway. The result of cell growth analysis, and 
colony forming assay studiesindicated that PA1PolβΔ is more sensitive towards radiation than 
PA1 cells that only expressed wild type Polβ protein. Previous study established that one 
similar type Polβ, that have deletion in catalytic part, but binding domain is intact, act as 
dominant negative over wild type protein . DNA PolβΔ might act in similar manner.

Anutosh Patra, Nandan Bhattacharya (Panskura Banamali College Vidyasagar University), 
DAE CSR, KC) 
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Human DNA Polβ has two domains, one small 8 KDa binding domain, and a large 31 KDa 
ains. The PolβΔ variant that was identified in our laboratory has a large deletion 

of 97 amino acids in the catalytic part of amino acids residues 208 to 304 [2]. Due to the 
deletion the variant lost nucleotidyl transferase activity dNTPs selection activity. Hence 
deletion of this part may affect catalyzing activity, but single strand binding and double 
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pathway. Ionizing radiation cause oxidation damage 
BER pathway. The result of cell growth analysis, and 

is more sensitive towards radiation than 
PA1 cells that only expressed wild type Polβ protein. Previous study established that one 
similar type Polβ, that have deletion in catalytic part, but binding domain is intact, act as 

ype protein . DNA PolβΔ might act in similar manner. 

Anutosh Patra, Nandan Bhattacharya (Panskura Banamali College Vidyasagar University), 
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2.2.15  Augmentation of radiation induced oxidative stress in radiosensitive and 
radioresistant tumour cells by Anthocyanins from coloured Phytochemicals 
 
The radiotherapy requires continuous development in terms of efficiency, cure and cost 
effectiveness. Radiotherapy alone was not so rewarding in earlier days registering mortalities 
and co morbidities. On the other hand, introduction of combination therapy enhanced the 
longevity and reduced side effects. Moreover, combinations of radiotherapeutic agents are 
now being introduced at the cost of money and at the cost of huge side effects.Essentially, 
radiation effects by lethal DNA damage in tumor and stromal cells leading to several 
additional burden making the genome unstable. However, it also makes the surrounding 
healthy cells to go in jeopardy. The tumor cell microenvironment alters after radiation alone 
or fractionated radiation doses and in the face of other agents. In this context, introduction of 
some phytochemicals and hypofractionated doses will show more effective promise with 
precision. There are two basic gaps in the background:  These are understanding the nature of 
cancer cell environment in the face of radiation and their cellular metabolic pattern during 
hypofractionated exposures and the role of combination therapies using Phytochemicals 
along with radiation. 
Based on these gaps in the knowledge we hypothesized basic objectives in the current proposal. 
The major hypothesis was to explore and underpin the differential effects of hypo fractionated 
radiation doses and implications of phytochemicals from coloured fruits and vegetables. 
Anthocyanines, derived from various colored plant parts have come in the attention of the in the 
context of health benefits. The purple coloured fruits and vegetableslike grapes jamun, purple 
carrot, brinjal many other multi coloured fruits are enriched with anthocyanines. They have 
many signature compounds some of them have already been validated for physiological or 
health benefits. Many compounds have not been explored for radiation sensitization.This is 
important as failure of treatment in cancer by radio/chemotherapy occurs when tumor 
resistance starts. Thus, alternative strategies to increase cytotoxicity of tumor cells by 
radiation in combination with unique selective cytotoxic agents would remove the road 
blocks optimally.In the current project our major aim was to explore the role of black grapes 
extract and its active anthocyanin components to enhance oxidative stress and subsequent 
cytotoxicity of tumor cells along with radiation under in vitro condition. We proposed a 
cellular strategy pathway modulating mTOR-AMPK-Autophagy-ER stress pathway with the 
help of anthocyanins and radiation. 
 
In this period of the project, we explored the role of anthocyanins from black grapes which 
are known for their colour and sweet flavor and compact with nutrients and antioxidants. 
They are the oldest cultivated fruit in the near East and Europe. It consists of glucose, 
fructose, pectins, lactic acid, acetic acid, malic acid, ethanol, glycerol, phenolics, nitrogenous 
compounds, potassium and anthocyanin. They belong to flavonoid family. 
 
Anthocyanin extracted from Black Grapes is a potent free radical scavenger. These antioxidant 
properties of anthocyanin arise from their high reactivity as hydrogen or electron donors, from 
the ability of the polyphenol derived radicals to stabilize and delocalize the unpaired electron and 

from their ability to chelate transition metal ions. It scavenges the DPPH and ABTS
+
 radical and 

the polyphenol content and flavonoid content are found to be high in the anthocyanin. 
Anthocyanins are also reported to have some therapeutic benefits including vasoprotective, and 
anti-inflammatory properties and anticancer as well as hypoglycemic effects. Anthocyanin 
protect DNA from OH. radical-induced strand breaks and base damage. One of the possible 
defense mechanisms against oxidative damage of anthocyanin is by forming complexes with 
other molecules, which protects the compound. Thus Black Grapes anthocyanin has many 
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potentials in the altered or enhanced oxidative stress situations in cancer cells. Thus, we thought 
to validate theantioxidant potential which is exceedingly important to mediate the 
sensitization of cancer cell death. 
 
Combined treatment of tumor with black grapes extract and its active components and 
radiation enhances oxidative stress and cytotoxicity in tumor cells. On the other hand, black 
grapes extract and its active components protect normal cells against radiation damage. This 
may offer potential therapeutic benefit, which warrants clinical study for application in 
cancer radiotherapy. So, the chief objectives in this study are as follows: 
i)To investigate the role of black grapes extract and its active components in radio resistance 
in cell lines for efficient combination therapy.ii)To validate maximal antioxidant 
characteristics of the above including DNA breakage and binding potential.Iii)To develop the 
radio resistance in cell lines. To achieve this we determined the antioxidant activity of Black 
Grapes Anthocyanin (BGA).followed by determination of protection of DNA against free 
radical by BGA and then to find out the binding ability of BGA to DNA, and dose profile 
study with cell viability experiment by MTT assays. 
The radical scavenging activity of Anthocyanin (Black Grapes) was evaluated by a modified 
DPPH assay. Different concentrations of Quercetin were used as references and absorbance was 
measured at 517 nm and the radical scavenging activity was calculated as % of DPPH radical 
scavenging activity = ( AS-Ai) / A ⅹ 100where AS is the absorbance of pure DPPH, and Ai 
is the absorbance of DPPH in the presence of quercetin.Total polyphenol content of Black 
Grapes Anthocyanin was determined using Folin –Ciocalteu’s (FC) reagent, following the 
method with slight modificationusinggallic acid as standard and absorbance  measured at 725 
nm. The phenolic content was evaluated from a standard curve and expressed as Gallic Acid 
Equivalent (GAE).The total flavonoid content of Black Grapes Anthocyanin was determined 
with aluminum chloride ( 3) using quercetin as a standard. using quercetin as standard and the 
flavonoid content was calculated from a standard curve and expressed as quercetin 
equivalents /mg of Anthocyanin.All tests were performed three times.. ABTS+ scavenging 
activity of Black Grapes Anthocyanin was also estimated. By reaction with potassium 
persulfate overnight in dark to yield ABTS+ radical cation. ABTS+ radical cation was diluted 
with 50% ethanol for an initial absorbance at 734 nm,with temperature control set at 30℃. 
Free radical scavenging activity was assessed bymixing 1ml diluted ABTS+ with a series of 
test samples and monitoring the change in absorbance at 734 nm. Antioxidant activity of 
Anthocyanin was expressed as EC50. 
 
For DNA biding study and protection by anthocyanin Black Grapes Anthocyanin (10, 250 and 
500) µg/ml were added to the plasmid DNA sample eluted in Tris-EDTA (TE) buffer, and 

incubated at 37
0
 for 15 min followed by the addition of Fenton’s reagents as a solution of 0.6 M 

Fe-EDTA was added and the sample mixtures were kept in incubation at 37
0
C for 5 min. The 

damage of plasmid DNA, was observed by agarose gel electrophoresis method. The image was 
captured and analyzed by using BIO –RAD Gel Doc EZ imager.Strand Break Index (SBI) was 

calculated by  (Open circular DNA/ Total Supercoiled DNA) ⅹ 100. Fluorescence Quenching 
Study of DNA Bound EtBr (DNA –EB Complex) by Black Grapes Anthocyanin was 
assessed using  spectrofluorimeter where wavelength of 518 nm was chosen for DNA bound 
EtBr complex. Cell viability assay was done by MTT method.The HepG2 cell were cultured 
with DMEM complete medium in T25 flask. All completemedia contained 10% FBS and 1 
ⅹ antibiotic cocktail. The cells were kept in a CO2 incubator at a temperature of 37℃ with 
5% CO2 pressure. 
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The results presented in Fig.1 (A) and (B) showed that black grapes Anthocyanin has potent 

antioxidant activity in scavenging the DPPH and ABTS
+
 radical inhibition assays with EC50 

values of 150 and 200 respectively. In the Table 1 comparable with the standard quercetin and 
Butylated hydroxytoluene (BHT) respectively. The total antioxidant capacity of black grapes 
Anthocyanin was higher in comparison to the standard quercetin and BHT. EC50 values of black 
grapes Anthocyanin with standard quercetin and BHT. 
 
 
Table 1: EC50 value of the compounds 
 

Assay type Black Grapes Quercetin BHT 

 Anthocyanin (µg/ml) (µg/ml) 

 (µg/ml)   
    

DPPH radical 150 180 - 

Scavenging activity    
    

ABTS
+
 scavenging 200 - 400 

Activity    
    

 
 
For DPPH the concentrations of Black Grapes Anthocyanin used were (10, 100, 250, 375, 

500) µg/ml and for ABTS
+

 the concentrations of Black Grapes Anthocyanin used were 
(0.5, 2, 5, 10, 100, 250, 500, 1000) µg/ml. 
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Figure 1 : In vitro antioxidant of Black Grapes 
 

Grapes anthocyanin in comparison to Quercetin. 
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anthocyanin. (A) DPPH radical scavenging activity of Black 
 

(B) ABTS scavenging activity of Black Grapes anthocyanin 
 

 
 

 
 

The Total polyphenol content is the process to figure out the amount of phenolic content 
in the samples. Phenolic compounds that contained in Black Grapes Anthocyanin have 
redox properties, and the properties allow them acting as antioxidants. A calibration 
curve of standard reference was established using gallic acid Figure 2 (A) (the 
concentration used was 5, 10, 25, 50, 100 and 200) µg/ml. The results in Table 2 and 
Figure 2 (B) showed that with the increase in Black Grapes Anthocyanin concentrations 
the total polyphenolic content is also increasing. 

 
Table 2 : Total Polyphenol Content (TPC) µg/ml of Anthocyanin 

 

Concentration (µg/ml) Total Polyphenol Content (TPC) 

 µg/ml 
  

10 0.51 
  

100 0.53 
  

250 1.75 
  

375 2.08 
  

500 5.08 
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Figure 2 : (A) Standard calibration curve of Gallic acid. (B) Total Polyphenol Content of Black 
GrapesAnthocyanin determined by Follin Ciocalteu assay. (C) Standard calibration curve of Quercetin. (D) Total 
Flavonoid Content of Black Grapes Anthocyanin 

 
 
Flavonoids are one class of secondary plant metabolites that are also known as vitamin P. These 
metabolites are mostly used in plants to produce yellow and other pigments which play an 
important role in the colours of plant. In addition, Flavonoids are readily ingested by humans and 
they seem to display important anti-inflammatory, anti-allergic, and anti-cancer activities. A 
calibration curve of standard reference was established using quercetin in Figure 2 (C) (the 
concentrations used was 10, 100, 250, 375, and 500) µg/ml. The results in the Table 3 and Figure 
2 (D) showed that with the increasing concentrations of Black Grapes Anthocyanin the total 
flavonoid content is also increasing. 
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Table 3 Total Flavonoid Content of Black Grapes Anthocyanin 
 

Concentrations (µg/ml) Total Flavonoid Content (TFC) 

 µg/ml 
  

10 0.60 
  

100 0.80 
  

250 1.32 
  

375 1.76 
  

500 2.36 
  

 
 
 

As shown in lane 2 of Fig. 3(A), incubation of pSIREN – RetroQ plasmid DNA with 
Fenton’s reagent for 20 min resulted in the cleavage of supercoiled DNA into open circular 
(single strand break) and linear forms (double strand break) of plasmid DNA, indicating that 

OH
-
 generated from the iron mediated decomposition of H2O2, produced both single strand 

and partial double strand DNA breaks. Though the addition of Black Grapes Anthocyanin 
(10, 250 and 500) µg/ml respectively, slightly prevented the formation of open circular and 
linear forms but shows a gradual decrease in the formation of open circular form with 
increasing in the concentrations of the Black Grapes Anthocyanin with respect to the only 
Fenton reagents mediated reaction. The gel image shows a better protective effect of 
Anthocyanin towards plasmid DNA damage caused by Fenton reaction. 

 
 

120 
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80 
 

60 
 

40 
 

20 
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control Fenton 10 µg/ml 250 µg/ml 500 µg/ml 
 
 
 

Figure 3 : (A) Effect of Black Grapes anthocyanin on supercoiled pSIREN-RETROQ plasmid DNA damaged caused by OH radical. 
 

Lane 1 : Plasmid DNA+TE, Lane 2 : Plasmid DNA+TE+Fenton’s reagent, Lane 3-5 : Plasmid DNA+TE+Fenton’s reagent and 
Black Grapes anthocyanin ( 10,250,500) µg/ml respectively. (B) Single strand break of DNA plot. 
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The DNA-EtBr which is excited at 518 nm, the Black Grapes Anthocyanin showed 
increase in activity around (500-700) nm wavelength. The emission peak was observed 
around (595-600) nm of Anthocyanin.To further elucidate the quenching mechanism of 
Black Grapes Anthocyanin, the fluorescence quenching data were analyzed with the 
Stern – Volmer equation.F0/F = 1 + Kqτ0 [Q] = 1 + KSV [Q] (1)where F0 and F are the 
relative fluorescence intensities in the absence and presence of quencher respectively, [Q] 
is the concentration of quencher, KSV the Stern – Volmer dynamic quenching constant, 
Kq the bimolecular quenching rate constant and τ0 the average lifetime of the fluorophore 

in the excited state usually for a biomacromolecule 10
8
 s. The formation of complex was 

further confirmed from the values of quenching rate constants kq.. 

Anthocyanin, its aglycones, anthocyanidine and Quercetin are potential antioxidant 
known to protect the biological system from oxidative stress and DNA damage.Black 

Grapes Anthocyanin scavenged DPPH and ABTS
+
 radical efficiently. The total 

polyphenolic content and the flavonoid content of Black Grapes Anthocyanin has also 
shown to be in good order.To find out the mechanisms of Anthocyanin it was checked 
that whether these compounds can bind to DNA. The interaction of Anthocyanin with 
herring sperm DNA- EtBr complex was analyzed by fluorescence quenching, where the 
fluorescence intensity of herring sperm DNA- EtBr complex was decreased in presence 

of increasing concentration of Anthocyanin. The Ksv value is less than 10
12

 so dynamic 
quenching was observed in which at the ground state the collision between fluorophore 
(EtBr) and the quencher (anthocyanin) is feasible. The binding constant and number of 
binding values of Anthocyanin are 1.32 and 0.0006 respectively.Moreover, the DNA 
protection studies from oxidative damage was also shown visually and digitally 
estimated. The prevention of plasmid DNA from oxidative damage by Anthocyanin was 
measured by Fenton reaction and the open circular form was seen to be decreasing with 
the increase in the concentration of Anthocyanin.so it prevents the formation of nick in 
DNA. 
The cell viability  determined by MTT assay showed 200 µg/ml concentration is 
considered as LD50 dose of Black Grapes Anthocyanin for HepG2 cells. The study helps 
determining the doses for future studies. DNA is an important cellular biomolecule which 
receives both endogenous and exogenous chemicals. Due to its dynamic structure and 
being its crucial role in management of major cellular events the DNA is chosen for 
investigation for interaction with many elements. Many compounds are now being 
investigated as antitumor agents. They may or may not act by binding directly to DNA. 
The major intension of the current study was to evaluate whether the anthocyanins from 
black grapes can bind the DNA structure. In our previous finding we found that the DNA 
was protected from hydroxyl radical damage. The anthocyanins due to their own unique 
structure may have DNA binding capability. To investigate the DNA –EtBr fluorescence 
quenching was adopted. The quenching with titration using anthocyanins indicated that 
some of the anthocyanins have DNA binding capability modifying the intercalation of 
DNA and EtBr. Since this quenching was dose dependent in titration experiments, these 
compounds may be used for further functional studies.  Binding studies of small 
molecules to DNA are very important in the development of new therapeutic agents. 
However, in vitro DNA protection and fluorimetric studies depicted that anthocyanins are 
capable to interact with bare DNA. 

 
Zufa Shireen, Sanjit Dey(Calcutta University) Anindita Chakraborty(UGC-DAE CSR , 
KC) 



85 | P a g e  
 

 
 

2.2.16 Inhibition of fungal biodeterioration of construction materials by low and 
high ionizing radiation 

 
 

Biodeterioration can be defined as “any undesirable change in a material brought about 
by the vital activities of the organisms” (Allsopp 2011). Microorganisms (bacteria, 
cyanobacteria, fungi, algae, and lichens) contribute significantly to the overall 
deterioration phenomena observed in building materials, such as concrete, mortar, 
slurries, and paint coatings, glass and metals used in architecture (Pinar and sterflinger 
2009). Fungi are capable of etching and extending the fungal hyphae into the interior of 
the concrete, resulting in expansion of the damaged area and an increase in porosity (Gu 
et al. 1998). Due to fungal attack concrete specimens lose their physical, chemical and 
mechanical properties. 

 
Today mold growth in buildings is one of the major issues in the construction industry. In 
normal and healthy houses and buildings, the majority of fungi present indoors come from 
outdoor sources (Horner et al. 2004). Fungi usually enter a building through outdoor air 
intakes of the heating, ventilation, and air conditioning system, through doors and windows, 
and as contaminants on building materials and other components of the structure. Work 
carried out by several research teams showed that indoor fungi grown in culture media or 
building materials, and subjected to an air current, can release groups of spores, individual 
spores and fungal fragments. Seepage is the primary cause of mold growth in most of the 
buildings. The cement walls of the constructions with internal seepage either due to rains or 
leakages or air-conditioners also support the indoor fungal growth. 

 
 

 
 

In the early 1980s, rapid deterioration of new sewer systems in Hamburg, Germany, 
renewed interest in the microbial processes involved in concrete pipe degradation (Milde 
et al. 1983). US cities faced similar problems with newly installed concrete sewer 
systems (Kulpa and Baker, 1990; Mansfeld et al. 1990; Padival et al. 1995). It had been 
estimated that bio deterioration related structural problems cost billions of dollars a year 
in infrastructure maintenance and repair (Sanchez-Silva and Rosowsky, 2008). 

 
Electromagnetic radiations are often used for sterilizing micro flora and killing insects, 
especially on organic materials such as paper, parchment and wood (Yoon et al. 2014). A 
dose of 500 Gy is required to kill larvae and to prevent the emergence of adult insects. 
This sterilization treatment directly damages cell DNA through ionization, induces 
mutations, and ultimately kills the cell. Through the radiolysis of cellular water, it also 
promotes the formation of reactive oxygen species (ROS), free radicals and peroxides 
that cause single and double strand DNA breakages (McNamara et al. 2003). Moreover, a 
large quantity of materials can be treated at one time. It then became possible to perform 
irradiations not only for research but also for the sterilization, decontamination and 
disinfestations of various materials: medical supplies, pharmaceuticals, cosmetics, and 
foods (Katusin et al. 2003). 

 
Decision makers have only slowly started to understand that conserving cultural heritage, and 
especially museum, library and archival collections, is a valuable long term investment for 
the culture of citizens and for the national economy. Over the past 15 years gamma radiation 
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has been used also for the protection and conservation of cultural heritage objects by 
irradiation. This technology does not leave any residue or cause any damage to the 
environment. Therefore, there is no risk for conservators/restorers, museum curators and 
registrars, or irradiation facility operators, and there is no risk to the environment. 

 
Research has shown that, depending on their material and on the dose used, objects may 
react differently upon irradiation. For example, irradiation at a high dose not only kills 
mould and insects, but also significantly deteriorates the substrate. To understand the 
behaviour of concrete properties, it is necessary to examine concrete weight, strength, 
water behaviour, volume change of cement paste, elemental composition and presence or 
absence of functional groups under irradiated conditions. Radiation damage process is not 
well understood yet and there is not a unified approach to the practical and predictive 
assessment of irradiated concrete, which combines both physics and structural mechanics 
issues. So it will be our ultimate research goal to find out the change will be taken place 
in the concrete cube (control and infected) after exposure of irradiation. In the present 
investigation, the data generated for this project may be helpful for partial exploration of 
deterioration of concrete structures due to fungal attack in indoor environment and 
examine the physical, chemical and mechanical properties. This finding may also support 
for standardization of some non-destructive method such as application of ionizing 
radiation for reduction of such microbial deterioration. Also, the degradation mechanism 
of concrete against radiation will be investigated and results of gamma ray irradiation 
tests on cement paste samples will be presented to provide a better understanding of the 
interaction between radiation and concrete. 

 
It is addressed to the ionizing radiation community (scientists, engineers and technicians 
working in different field such as environmental technology, radiation technology, 
radiation chemistry and radiation biology) and also to the conservation community 
(curators, conservators, registrars, archaeologists, conservation scientists) active in the 
different fields of cultural heritage (museums, libraries, archive, historical buildings).So 
the main 2 points of concern are evaluation of biodeterioration potential of construction 
materials by most potent fungi.and evaluation of characteristic change of the fungal 
infected construction materials exposed under ionizing radiation for reduction of fungal 
biodeterioration.

 
In the present study fungi selection  sampling site was 200 years old Tagore house at 
Jorasanko, north of Kolkata, West Bengal, India. The wall and floor of the heritage 
building were selected for sampling based on the deteriorated symptoms such as the 
presence of fungal growth. Sterile cotton swabs were wiped on walls and floors of the 
deteriorated building to obtain samples. The highest number of colony in this heritage 
building was found forAspergillus sp. Aspergillus sp. is a prime example;it can be found 
growing on dampwalls.Aspergillus sp. followed by Penicillium sp., Alternaria sp. were the 
most encountered in the different studies (Skora et al. 2015; Sterflinger 2010). Another study 
by Chaudhuri et al. (2019) showed that 8 genera of fungi, mainly members of the genus 
Aspergillus, were isolated from different indoor environments. So, we worked with 
Aspergillus sp. Also, these strains had been identified from Agharkar Research Institute, 
Pune, India.The three fungal strains were Aspergillus niger, Aspergillus tamarii and 
Aspergillus flavus. 

 
We focussed our study on to prevent fungal damage in concrete using gamma radiation. 
Towards this aim, we first investigated the most dominant fungi that were involved in 
biodeterioration. Concrete pieces were inoculated with pure cultures of Aspergillus niger, 
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Aspergillus tamarii and Aspergillus flavus were isolated from historic building. From 
thisstudy, the weight loss (%) of concrete piece, pH and color change of the fungal 
medium, calcium release from EDXRF study after 30 days of observation indicated that 
A. tamarii imparted maximum loss compared to other two species of Aspergillus. 
TheScanning Electron Microscope images displayed fungal colonization and crack 
formation on concrete surface which also supports the present phenomenon. 

 
Main study was performed to find out the physical and chemical change in the fungi 
(A.tamarii) infected concrete cube (5 cm x 5 cm x 5 cm) after exposure of gamma 
radiation(1 KGy). A. tamarii accelerated the process of destruction which reduced the 
mass and compressive strength of the concrete cube after 30 days of 
incubation.Interestingly the weight and strength loss in gamma exposed (1 KGy) concrete 
cubes (infected) were more compared to the biodeteriorated cubes. This observation 
suggested that less than 1 KGy dose was required to damage fungal spore without any 
deterioration of concrete cube caused by gamma radiation. 

 
It is not easy to identify through visual examination the organisms such as bacteria, fungi 
and algae. This study includes the isolation and characterization of the active microbial 
agents in a field sample, re-creation of geomicrobial process under laboratory conditions 
using an enriched / pure culture from the field sample, and characterization of the 
reaction mechanisms of active microbial agents.The collected samples were then 
transferred right onto Czapek Dox plates. The plates were incubated at 27⁰C for 7 days. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Compound Microscope images of a)Aspergillus niger(NFCCI 4464) b) 
 

Aspergillus tamarii c) Aspergillus flavus (NFCCI 4649) 
 

Different fungal species produce different-kind of colony pattern, some colonies either by 
colouration or by different shapes (irregular to circular). Slides were prepared for each colony 
after staining with Lacto phenol Cotton Blue and observed under Compound Microscope 
(40x magnification). The fungi were then identified using its colonial morphology and 
microscopic appearance.The highest number of colony in this heritage building was found for 
Aspergillus sp. followed by Penicillium sp., Curvularia sp., Rhizopus sp. etc.Aspergillus sp. 
followed by Penicillium sp., Alternaria sp. was the mostencountered in the different studies 
(Skora et al. 2015; Sterflinger 2010). Another study byChaudhuri et al. (2019) showed that 
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8 genera of fungi, mainly members of the genus Aspergillus, were isolated from different 
indoor environments.So, we worked with Aspergillus sp.Also, these strains had been 
identified from Agharkar Research Institute,Pune, India.The three fungal strains were 
Aspergillus niger, Aspergillus tamarii andAspergillus flavus(Figure 1).Preliminary study 
was performed to select most potent fungal strain of Aspergillus for further deterioration 
study. Concrete pieces (250 mm2 surface area) were used for this study. and then Slant 
preparation was done.using  Czapek Dox medium. pH of the medium was maintained at 
7.3±0.2 (CyberScan pH 510).. After sterilization, the conical flask was tilted at 45⁰ and 
the medium was cooled at room temperature. After 24 hours, the medium was found to 
be solidified.Fungal spore suspension was prepared by the sterilized inoculating loop 
dipped into the cultures. A loopful of culture for all three species of Aspergillus was 
taken and streaked on the preselected agar slants for that particular species. The slants 
were incubated at growth temperature (27⁰C) of the microbes. After 7 days of incubation 
period, sterile distilled water was mixed with the agar slants and properly shaken in 
laminar airflow chamber. Thus the spore in the agar slants came into the water (1.8 x 105 
spores/ml) and the spore suspensions were put into the fresh sterilize conical flask. The 
spore suspension (Figure 2b) was ready for use. 

 
 
 

Figure 2: a) Set up of test tubes for biodeterioration study b) Fungal spore uspension 
 

Assessment of biodeterioration typically incudes: (i) identification of the leading 
organisms; (ii) microscopic visualisation of the interface biofilm / material and of the 
material itself after removal of the biofilm; (iii) elemental and mineral analysis of 
thedeteriorated material and (iv) a final assessment consisting of the correlation between 
the morphological and metabolic properties of the identified microorganisms, the 
morphology of the decay and the chemistry of the altered material. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Experimental set up of test tube study after 30 days incubation period 
forpreliminary biodeterioration test 

 



 

After 1 month of incubation, heavy fungal growt
tubes. Aspergillus tamarii 
the colorof the Czapek Dox medium within the test tubes for 
from yellowish to yellowish brown compared to 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: pH variation of fungal growth medium after biodeterioration study
 
pH influences the growth of microorganisms. In the present study pH change of the medium for 
Aspergillus flavuswas 9.48 followed b
respectively (Figure 4). pH of the fungal growth medium wasincreased i.e. alkaline because most 
of the fungi like Aspergillus, 
acids which resulted in corrosion of the concrete structures.
acids which dissolved the surface calcium carbonate ofthe concrete sample. Concrete are alkaline 
in nature. Inoculation of the concrete samples with 
throughout the incubation period. Organic acid excreted by fungi combined with free lime 
Ca(OH)2 present in the alkaline concrete to produce highly soluble calcium salts. However, CO
present in the atmosphere reacted with calcium salt
produced soluble CaCO3 salts which were leached from the concrete pieces and precipitated in 
the medium. The pH change of the medium up to 30 days also supported the present 
phenomenon.. 

After 1 month of incubation, heavy fungal growth was observed on all the above test 
Aspergillus tamarii particularly produce yellowish brown pigments. That’s why 

the colorof the Czapek Dox medium within the test tubes for Aspergillus tamarii
from yellowish to yellowish brown compared to other species (Figure 3).

Figure 4: pH variation of fungal growth medium after biodeterioration study 

pH influences the growth of microorganisms. In the present study pH change of the medium for 
was 9.48 followed by Aspergillus tamarii (9.3) and Aspergillus niger 

respectively (Figure 4). pH of the fungal growth medium wasincreased i.e. alkaline because most 
, Penicillium and Fusarium excreted oxalic, fumaric and succinic 

ch resulted in corrosion of the concrete structures.Aspergillus 
acids which dissolved the surface calcium carbonate ofthe concrete sample. Concrete are alkaline 
in nature. Inoculation of the concrete samples with Aspergillus sp.resulte
throughout the incubation period. Organic acid excreted by fungi combined with free lime 

present in the alkaline concrete to produce highly soluble calcium salts. However, CO
present in the atmosphere reacted with calcium saltsin presence of moisture. This reaction 

salts which were leached from the concrete pieces and precipitated in 
the medium. The pH change of the medium up to 30 days also supported the present 
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h was observed on all the above test 
particularly produce yellowish brown pigments. That’s why 

Aspergillus tamarii changed 
other species (Figure 3). 

pH influences the growth of microorganisms. In the present study pH change of the medium for 
Aspergillus niger (9.25) 

respectively (Figure 4). pH of the fungal growth medium wasincreased i.e. alkaline because most 
excreted oxalic, fumaric and succinic 

Aspergillus sp. produced organic 
acids which dissolved the surface calcium carbonate ofthe concrete sample. Concrete are alkaline 

sp.resulted in calcium release 
throughout the incubation period. Organic acid excreted by fungi combined with free lime 

present in the alkaline concrete to produce highly soluble calcium salts. However, CO2 
sin presence of moisture. This reaction 

salts which were leached from the concrete pieces and precipitated in 
the medium. The pH change of the medium up to 30 days also supported the present 
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Table 1: Weight Loss percentage of concrete cubes after 30 days of incubation 
 

 Initial Weight Final Weight Difference 
% Loss 

 

 
(gm) (gm) (gm) 

 

  
 

     
 

 5.71 5.71 0  
 

Control 5.82 5.82 0 0 
 

 5.59 5.59 0  
 

     
 

 6.64 6.53 0.11  
 

Aspergillus niger 6.77 6.63 0.14 1.89 
 

 5.56 5.45 0.11  
 

     
 

 6.46 6.27 0.19  
 

Aspergillus tamarii 5.51 5.37 0.14 2.84 
 

 5.93 5.75 0.18  
 

     
 

 6.16 6.02 0.14  
 

Aspergillus flavus 6.45 6.28 0.17 2.57 
 

 5.66 5.50 0.16  
 

     
 

 
 

Weight loss was considered as an important indicator of different biodeterioration study 
(Grbia and Vukojevia, 2009; Bielefeldt et al. 2010).The weighting process before and 
after the experiment was carried out after drying the pieces as if some water were soaked 
during the inoculation process, it would have been removed during oven-drying. Three 
weight measurements were taken and averaged for each fungal species. 

 
Compared to the control, concrete pieces infected with Aspergillus niger, 
Aspergillustamarii and Aspergillus flavus showed weight losses of 1.89%, 2.84% and 
2.57%respectively after 30 days incubation period (Table 1).So, according to the 
percentage weight loss it was observed that Aspergillus tamarii attributed maximum 
deterioration for concrete. 
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Figure 5: SEM images of a) Control b)Aspergillus nigerc)Aspergillus 
tamariid)Aspergillus flavus concrete samples after 30 days of incubation. 

 
SEM(ZEISS EVO 18)analysis was performed by mounting small broken concrete pieces (10 
mm thickness) on brass stubs using carbon tape.No fungal growth was noted on the control 
specimens.Concrete samples, after exposure to A. niger, A. tamarii and A. flavus were 
examined under scanning electron microscope to determine the extent of colonization by 
microorganisms. In the SEM images (Figure 5), it is seen that spores develop rapidly on 
concrete surfaces. Wiktor et al. (2009) showed that fungal growth occurs since the first week 
of incubation on cement specimens confirmed by SEM observations. 

 
Fungi are capable of etching and extending the fungal hyphae into the interior of the 
concrete, that can result in enlargement of the damaged area and increase in porosity (Gu 

 
77 
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et al. 1998).Interesting results were obtained with the specimens inoculated with A. niger 
and A. tamarii. Fractured crack surfaces of A. niger and A. tamarii infected concrete 
samples were also observed by scanning electron microscope. According to a study by 
Amann et al. (1990), the action of microorganisms on concrete structures can be 
classified based on their effects on concrete surfaces, and its matrices yielding cracking 
and propagating crack growth. Cracks in concrete are obvious because it is porous in 
nature and one of the inherent weaknesses of concrete. Water and other salts percolation 
through these cracks initiate corrosion, and reduce the life of concrete.Fungi are 
ubiquitous in natural environment. When microorganisms settle on a concrete surface, 
they form a biofilm, which is followed by the chemical biodeterioration of concrete. 
EDXRF analysis was also performed to identify the elements present in concrete pieces. 
It was done by mounting small broken concrete pieces (10 mm thickness) and measured 
in triplicates for quantitative elemental analysis of each sample in micro EDXRF (Horiba 
Scientific, XGT-7200)at UGC DAE, Consortium For Scientific Research, Kolkata 
Centre, which consisted of an oil-cooled Rh anode X-ray tube (maximum voltage 50 kV, 
current 1 mA). 

 
The percentage of calcium decreased with time for fungal infected samples. The calcium 
percentage of A.niger, A.tamarii and A.flavus inoculated concrete were decreased to 
48.58%, 50.12% and 49.37% compared to control specimens (72.32%). It was also 
observed that fungal influence helped to leach calcium from the concrete cube (Sanchez 
et al. 2008).The primary elements in concrete found were silicon, and calcium, with 
phosphorous, magnesium and iron present to a lesser extent (Figure 7).In addition, the 
level of other elements like magnesium and iron were slightlyincreased after 30 days of 
deterioration study (Figure 7), but it could not explain why silicon concentration 
increased in both concrete and marble cube deterioration study (Wainwright et al. 
1997).So, according to the weight loss, fungal growth observation,crack formation, color 
change, change in elemental composition and pH, it was concluded that Aspergillus 
tamarii enhanced maximum deterioration phenomena of concrete in different ways. 
Hence, all subsequent investigations in the present research were carried out with 
Aspergillus tamarii only. 

 
 

The primary responsibility of the nation and its people is to conserve the heritage building. 
Physical, chemical and aesthetic damage to a historic building has often been observed. This 
study concentrated on the elimination of microorganisms, with an additional focus on gamma 
radiation, to prevent deterioration. However, in India, till date there is no major report stating 
the using of gamma radiation as a possible fungicidal agent for disinfecting concrete 
structures. Thus, the aim of the present investigation was to determine an appropriate dose of 
gamma radiation for inhibition of fungal biodeterioration of concrete with minimal loss in the 
physical, chemical and aesthetic properties. 
Concrete cube preparation was done using Cement, fine aggregate and course aggregate 
which were weighed in the ratio 1:1.5:3 (M20) and mixed by hand mixingwith water-to-
cement ratio w/c=0.4. First, the cement and sand were mixed thoroughly till a uniform 
colour was achieved. The coarse aggregates were then added and mixed till these 
distributed uniformly throughout the mixture. Water was then added and the entire batch 
was mixed until the concrete appeared homogeneous and had the desired consistency.5 
cm x 5 cm x 5 cm moulds were filled in three approximately equal layers. A compacting 
bar was provided for compacting the concrete. During the compaction of each layer with 
the compacting bar, the strokes were distributed in a uniform manner over the surface of 
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the concrete and each layer was compacted to its full depth. The minimum number of 
strokes per layer required to produce full compaction depends upon the workability of the 
concrete, but at least 35 strokes were necessary except in the case of very high 
workability concrete. After the top layer was compacted, a trowel was used to finish off 
the surface level with the top of the mould, and the outside of the mould was wiped clean. 
The test specimens were stored at a temperature of 27±2⁰C for 24 hours. After this period 
the specimens were removed from the moulds and placed in water and kept there for 28 
days.After this time period the cubes gained 85 to 90% strength. At last the cubes were 
removed from water and dried in hot air oven. Three concrete cubes were taken and 
averaged for each set up. For the control Airtight plastic boxes (30 cm × 20 cm × 15 cm) 
were used for this test. The box was sterilized using surface sterilizing method. Concrete 
cubes were kept in the box for 30 days.For studying BiodeteriorationInitially Czapek Dox 
medium was prepared in conical flask. After sterilization, the boxes were properly 
cleaned. Next the concrete cubes were kept in the box and the media was added in 
laminar airflow chamber (Figure 9). Further the fungal spore suspension (1/10th of 
medium) was included into it and the box was kept into the incubator at 27⁰ C for 30 
days. The Control with radiation set was made by exposing first the concrete cubes  to 
60Co gamma source for irradiation at 20⁰ C using exposure dose of 1 kGy at UGC DAE, 
Consortium For Scientific Research, Kolkata Centre. Next the concrete cubes within the 
box were kept into the incubator at 27⁰ C for 30 days. At the start fungal spore 
suspension was applied on the concrete cubes using paint brush within plastic box. After 
that, sterilized Czapek Dox medium (1/10th height of cube in thebox) was added in laminar air 
flow chamber.Then the box was kept into the incubator at 27⁰ C for 7 days. After 7 days, concrete 
cubes were exposed to a 60Co gamma source for irradiation at 20⁰ C using exposure dose of 1 kGy 
(Figure 10)at UGC DAE, Consortium For Scientific Research, Kolkata Centre. At last the exposed 
cubes were put into the cleaned box which contained fresh sterilized (121⁰C temperature at 15 pounds 
per square inch pressure for 15 minutes) Czapek Dox medium (pH 7.3±0.2).The entire setup was 
incubated at 27⁰C temperature and 75% relative humidity for 30 days..  
Several physical properties were evaluated including weight variation  and comprehensive strength 
variation. 

 
Three weight measurements were taken and averaged for each sample. The weight loss 
variation was calculated using equation. 

∆W= W₁-W₂W₁×100 
 

Where, ∆W is the weight loss variation (%), W₁ = Initial dry weight of each cube before 
test, W₂ = Final dry weight of each cube after test. 
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Table 2: Weight variation of concrete cubes for 4 different experimental set up 
 

 Initial Final 
Difference 

% 
 

 
Weight Weight Loss 

 

  
 

     
 

 299 299 0  
 

Control (cube) 271 271 0 0 
 

 295 295 0  
 

     
 

 317 315 2  
 

Control (cube + gamma ray) 328 328 0 0.21 
 

 328 328 0  
 

     
 

Biodeterioration (cube + medium + 
309 307 2  

 

285 283 2 0.56 
 

spore suspension) 
 

283 282 1 
 

 

  
 

     
 

 
The weight loss in the concrete cubes was studied exposed with Aspergillus tamarii in the 
laboratory condition. After 30 days of incubation, 0.56% weight loss was observed for 
biodeteriorated cubes compared to control specimens (Table 2). A similar observation was 
made earlier by (Gu et al. 1998) using Fusarium sp. in concrete sample, where after 30 days, 
0.4% weight loss were previewed. Organic acids excreted by fungi combined with free lime 
Ca(OH)2 in the alkaline concrete to produce highly soluble calcium salts and following the 
leaching of the calcium salts, the pH in the concrete pores decreased and the binding agents 
of the cement paste were left in an unstable condition.  

 
Interestingly the weight loss in gamma exposed (1 KGy) infected concrete cubes was 
more and less for irradiated control cubes compared to the biodeteriorated cubes (Table 
2). This observation suggested that less than 1 KGy dose was required to damage fungal 
spore without any deterioration of concrete cube caused by gamma radiation.Cement 
products were observed to lose weight during gamma irradiation, probably due to the loss 
of unbound, physically-bound, and chemically-bound water. 

 
The most useful structural property of concrete is its compressive strength as measurable 
parameters.The cube samples were placed between the platens of the Aimil prime 
automatic compression testing machine (AIM317E-MU-1) with the care that the axis of 
cube was aligned with the centre of thrust of the spherically seated platen (Figure 11). 
Load was applied gradually till the cube fails. Load at the failure divided by area of 
specimen gives the compressive strength of concrete cube.Compressive 
Strength=Maximum load (N)Cross sectional area (mm2)After 30 days of incubation 
three cube specimens were taken from the boxes and broken in universal testing machine.  

 
 

Restoration (cube + medium + spore 
324 319 5  

 

280 276 4 1.42 
 

suspension + gamma ray) 
 

305 301 4 
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Table 3: Strength variation of concrete cubes for 4 different experimental set up 
 

 
Load 

Compressive Average 
 

 
Strength Strength 

 

 
(KN) 

 

 
(N/mm2) (N/mm2) 

 

  
 

    
 

 60.1 24.04  
 

Control (cube) 54.4 21.76 21.98 
 

 50.4 20.16  
 

    
 

 51.3 20.52  
 

Control (cube + gamma ray) 49.7 19.88 19.48 
 

 45.1 18.04  
 

    
 

Biodeterioration (cube + medium 
49.8 19.92  

 

43.5 17.40 18.88 
 

+spore suspension) 
 

48.3 19.32 
 

 

  
 

    
 

Restoration (cube + medium + 
41.9 16.76  

 

44.6 17.84 17.10 
 

spore suspension + gamma ray) 
 

41.7 16.68 
 

 

  
 

    
 

 
 

The initial strength of concrete cube after 28 days of curing was 19.74 N/mm2. Here it was 
observed (Table 3) that the average strength of the concrete cube (5cm x 5cm x 5cm), 
decreased to 18.88 N/mm2 for biodeteriorated specimen compared to control specimen (21.98 
N/mm2) after 30 days of incubation period.The results of compressive strengthanalysis can 
be compared with a study of sewer pipe samples, where production of acids by 
microorganism decreased compressive strength (Davis et al. 1998).Present data 
confirmed that the inoculation with A. tamarii accelerated the process of deterioration 
which reduced the compressive strength of the cubes. 

 
The compressive strength of the concrete cubes (control and infected) were also studied 
exposed with gamma radiation (1 KGy) in the laboratory condition After incubation of 30 
days, 19.48 N/mm2 and 17.10 N/mm2of strength were observed (Table 3). It was seen that 
the strength decreased more for irradiated cubes (infected) compared to biodeteriorated 
cubes.The loss of strength could be connected with theevaporation of pore water under 
radiation heat or radiolysis of the water of hydration in the cement as well as pore water. 
A loss of hydrogen and oxygen radiolytic species during irradiation would reduce the 
level of cement hydration and thus the strength of the cement (Soo et al. 2001). The 
mechanism explainedbyVodak et al. (2005) as a series of chemical reactions within the 
material, starting from the radiolysis of water and ending with the formation of calcite 
(CaCO3); crystallites of calcite growing into pores, decreasing their size and destroying 
the tobermorite gel, a calcium silicate hydrate mineral responsible for concrete strength, 
by their crystallization pressure. 



 

The main Chemical property that was evaluated was the pH. 
media for biodeterioration test was 9 after 30 days of incubation period. Whereas for 
restoration study with 1 KGy irradiation exposure, more salts were leached to the 
medium i.e. alkaline (pH 10).

 
The effect of gamma radiation was preliminary examined for fungal biodeteri
concrete under laboratory condition, where the expected gamma dose is <1 KGy. So, 
further research is required to evaluate the appropriate dose without any deterioration of 
physical, chemical and aesthetic properties of concrete due to fungal at
radiation exposure. Also long term biodeterioration and restoration study is also required 
for explaining the process in more rational way.

Anirban Bhattacharya, Subarna Bhattacharya (Jadavpur University) Anindita 

 
2.2.17 Pollution status in urban industry environment of Vishakhapatnam
 
 
Heavy metal contamination is a prime environmental concern that threatens plant, animal, and 
human health, as well as the quality of the environment. Due to their persistence & 
character, heavy metals can't be degraded or destroyed. Heavy metals are bio accumulative and 
gradually spread from environment to plants, animals & human and its effects in food chain. 
Anthropogenic activities have led to increased heavy metal poll
 
Plant and other Samples were collected from different locations ofVisakhapatnam port & 
Gyanapuram area ( sampling station 1 coded as V) (17
),Pendurthi mandal (Sampling station 2 coded a
GITAM ( sampling station 3 coded  as   G) (17.7820
weeds were collected from Mangamarpeta (17
beach and Rushikonda beach (17
Peltophorum pterocarpum, Terminalia catappa 
sianea and  3 different sea weeds like 
compressa  were collected .EDXRF study was done on the leaf samples, & dust samples  and sea 
weeds are ready for EDXRF study. Pigment analysis and enzyme assay were done for sea weeds 
. 

 

a b

d e

The main Chemical property that was evaluated was the pH. The pH of the fungal growth 
ioration test was 9 after 30 days of incubation period. Whereas for 

restoration study with 1 KGy irradiation exposure, more salts were leached to the 
medium i.e. alkaline (pH 10). 

The effect of gamma radiation was preliminary examined for fungal biodeteri
concrete under laboratory condition, where the expected gamma dose is <1 KGy. So, 
further research is required to evaluate the appropriate dose without any deterioration of 
physical, chemical and aesthetic properties of concrete due to fungal at
radiation exposure. Also long term biodeterioration and restoration study is also required 
for explaining the process in more rational way. 

Anirban Bhattacharya, Subarna Bhattacharya (Jadavpur University) Anindita 
Chakraborty(UGC

Pollution status in urban industry environment of Vishakhapatnam

Heavy metal contamination is a prime environmental concern that threatens plant, animal, and 
human health, as well as the quality of the environment. Due to their persistence & 
character, heavy metals can't be degraded or destroyed. Heavy metals are bio accumulative and 
gradually spread from environment to plants, animals & human and its effects in food chain. 

have led to increased heavy metal pollution in soil all over the world.

Plant and other Samples were collected from different locations ofVisakhapatnam port & 
Gyanapuram area ( sampling station 1 coded as V) (17042/59.1372// N ; 83
),Pendurthi mandal (Sampling station 2 coded as P) (17049’59.88’’ N; 83
GITAM ( sampling station 3 coded  as   G) (17.78200 N; 83.37710 E)in Visakhapatnam. Sea 
weeds were collected from Mangamarpeta (17049/31.7// N ; 83024/59.8// E) near to Thotlakonda 
beach and Rushikonda beach (17047/00.4// N ; 83022/47.2// E) . 5 different plant species like 

Terminalia catappa , Pongemia pinnata , Syzygicum cumini 
and  3 different sea weeds like Ulva fasciata ,Mastocarpus stallatus

re collected .EDXRF study was done on the leaf samples, & dust samples  and sea 
weeds are ready for EDXRF study. Pigment analysis and enzyme assay were done for sea weeds 

b c

f
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The pH of the fungal growth 
ioration test was 9 after 30 days of incubation period. Whereas for 

restoration study with 1 KGy irradiation exposure, more salts were leached to the 

The effect of gamma radiation was preliminary examined for fungal biodeterioration of 
concrete under laboratory condition, where the expected gamma dose is <1 KGy. So, 
further research is required to evaluate the appropriate dose without any deterioration of 
physical, chemical and aesthetic properties of concrete due to fungal attack as well as 
radiation exposure. Also long term biodeterioration and restoration study is also required 

Anirban Bhattacharya, Subarna Bhattacharya (Jadavpur University) Anindita 
Chakraborty(UGC-DAE CSR, KC) 

Pollution status in urban industry environment of Vishakhapatnam 

Heavy metal contamination is a prime environmental concern that threatens plant, animal, and 
human health, as well as the quality of the environment. Due to their persistence & stable 
character, heavy metals can't be degraded or destroyed. Heavy metals are bio accumulative and 
gradually spread from environment to plants, animals & human and its effects in food chain. 

ution in soil all over the world. 

Plant and other Samples were collected from different locations ofVisakhapatnam port & 
N ; 83016/21.0108// E 

49’59.88’’ N; 83012’0.00” E)  and  
E)in Visakhapatnam. Sea 

E) near to Thotlakonda 
5 different plant species like 

Syzygicum cumini &Senna 
stallatus , Enteromorpha 

re collected .EDXRF study was done on the leaf samples, & dust samples  and sea 
weeds are ready for EDXRF study. Pigment analysis and enzyme assay were done for sea weeds 
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g    h  
(a. Pongemia pinnata ;  b. Peltophorum pterocarpum ; c. Terminalia catappa ; d. Syzygicum 
cumini ; e. Senna sianea ; f. Enteromorpha compressa  ; g. Ulva fasciata ; h. Mastocarpus 
stallatus) 
 
Sample preparation and Pigment analysis for sea weeds by UV-Vis Spectrophotometry 
Sufficient amount of sea weeds werecollected from Mangamarpeta and Rushikonda beach. The 
Samples were completely washed with seawater and fresh water to eliminate epiphytes, dirt 
particles and shells. Extraction of chlorophyll, carotenoid and other pigments were carried out by 
using DMSO by using Arnon ,1949 method. 
Sample preparation and analysis by EDXRF  
Leaf and sea weeds samples were washed with double distilled water to remove dust and air 
dried. Then leaf samples were lyophilized or freeze dried. After drying, samples were grinded 
with mortar and pestle and sieved through acid washed 63 µm nylon sieve (Ghosh et al., 2016). 
Then, 150 mg of  sieved powder were weighed and pelletized by pelletizer (100-120 kg/cm2). 
Experimental studies were carried out in using Xenemetrix (EX-3600) Energy DispersiveX-ray 
Fluorescence (EDXRF) spectrophotometer.  In case of EDXRF, Peach leaf, Tobacco leaf and 
Apple leaf standards (NIST, USA) were taken as the standard reference materials for plant 
samples. 
Results & discussion: 
The pigments extracted using DMSO were quantified using UV-Visible spectrophotometer 
by reading the absorbance at their respective wavelengths . Seaweeds contain three main 
photosynthetic pigments i.e. chlorophylls, carotenoids and phycobilins. Chlorophyll Chl a 
(µg/ml) ,Chlorophyll Chl b (µg/ml) ,Total Chlorophyll (µg/ml) ,Chlorophyll C1+C2 (mg /g) 
,Carotenoids (μg/ g) ,Fucoxanthin (mg/ g) were calculated for sea weeds . The results showed 
that concentration of chlorophyll a,b ,total and (C1 +C2 ) were high in Ulva fasciata (fig 1 ) .  
concentration of chlorophyll , carotenoids and fucoxanthin were lowest in red weeds  i.e 
,Mastocarpus stallatus than others (fig 1,2) . 
Throughout all locations of convent junction leading Port area conc. of Fe was high. In case of 
Visakhapatnam Port area, conc. of Mn and Ba are high in soil. Conc. of Zn and Cu were high in 
VS 5 location (fig 4).Conc. of Mg was lowest in PS5 location of pendurthi area (fig 5). In 
Pendurthi study area,same types of metal accumulation trends is seen for all study locations - 
Mn> Ba> V > Cr > Zn > Cu >Ni >Pb(fig3 (b)). In case of GITAM, all the three locations follow 
decreasing order for Mn> Ba> V> Cr. (fig 6). Ni >Zn >Cu >Pb is observed for GS1 location & 
Zn>Cu >Ni >Pb for GS2 and GS4 locations (fig 6). 
Elemental analysis for dust samples showed the presence of heavy metal accumulation. Conc. of 
Ni was found to be  high in dust samples collected from PORT area (fig 7), wheras concentration  
of Fe was high in Peltophorum pterocarpum leaves (fig 8) .In case of Terminalia catappa,conc. 
of Zn, was found to be lower in pendurthi compared to Visakapatnam Port  and GITAM samples.  
(P1<P6<V5<V8<V9<G2).  Concentration of Cu was  lower in the Visakapatnam Port  sample ( 
V8) (V8<V5<V9<P6<G2<P1). But conc. of Ni is high in pendurthi .  Mn , Cr concentrations 
were  high in  GITAM, while V, As  concentrations were similar throughout the sample aras.  . in 
Pb concentrations were found to be higher in Visakapatnam Port samples.  of  (fig 9)   . 
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Fig 1: 

 
(sw1,sw2, sw5 = Ulva fasciata ;sw3 = Mastocarpus stallatus ; sw4 = Enteromorpha compressa  
) 
Fig 2: 

 
Fig3: 
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 Fig 4 : Quantification of heavy metals in soil samples collected from Visakhapatnam 
port and Gynapuram area

 Fig 5 : Quantification of metals in soil samples collected from Pendurthi area

 Fig 6: Quantification of  heavy metals in soil samples c

Fig 4 : Quantification of heavy metals in soil samples collected from Visakhapatnam 
port and Gynapuram area 

Fig 5 : Quantification of metals in soil samples collected from Pendurthi area

Fig 6: Quantification of  heavy metals in soil samples collected from GITAM area
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Fig 4 : Quantification of heavy metals in soil samples collected from Visakhapatnam 

 
Fig 5 : Quantification of metals in soil samples collected from Pendurthi area 

 
ollected from GITAM area 



 

Fig 7 : Heavy metal accumulation in dust samples collected from Convent junction and port area 

 Fig 8: Heavy metal accumulation in 
Visakhapatnam 

 
Fig 9 :Heavy metal accumulation in 
Visakhapatnam 

The present work has potentially assessed that photosynthetic pigments are higher in 
fasciata than other seaweeds. 
and Pendurthi area are moderately polluted zone and 
T.catappa, and others have capabilities to accumulate few heavy metals in their leaves.
 
Tanushree Panigrahi, Anima Dadich,(GITAM) A.Chakraborty, M.Sudarshan (UGC
CSR KC) 
 

Fig 7 : Heavy metal accumulation in dust samples collected from Convent junction and port area 

Fig 8: Heavy metal accumulation in Peltophorum pterocarpum leaves in different study area of 

ccumulation in Terminalia catappa leaves in different study area of 

The present work has potentially assessed that photosynthetic pigments are higher in 
than other seaweeds. Convent junction and Visakhapatnam port area and surro

and Pendurthi area are moderately polluted zone and ,  Peltophorum pterocarpum
, and others have capabilities to accumulate few heavy metals in their leaves.

Tanushree Panigrahi, Anima Dadich,(GITAM) A.Chakraborty, M.Sudarshan (UGC
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Fig 7 : Heavy metal accumulation in dust samples collected from Convent junction and port area  

 
leaves in different study area of 

 

leaves in different study area of 

The present work has potentially assessed that photosynthetic pigments are higher in Ulva 
Convent junction and Visakhapatnam port area and surroundings 

Peltophorum pterocarpum  and 
, and others have capabilities to accumulate few heavy metals in their leaves. 

Tanushree Panigrahi, Anima Dadich,(GITAM) A.Chakraborty, M.Sudarshan (UGC-DAE 
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2.2.18 Environmental profiling of waste water hair and soil to understand impact of human 
waste hair reprocessing occupation on environmaental degradation and rural lives.  
 
Reprocessing of human waste hair has a great market value due to its huge demand from 
agricultural sectors to fashion industries. The present study deals with the workers from 
Radhapur village of  PurbaMedinipur district ,West Bengal. The workers involved in this 
occupation develop serious health condition like respiratory problem, skin diseases, lung 
diseases and even cancer. Therefore, our study aimed to investigate the possible impacts of waste 
hair reprocessing activity on workers’ health. Moreover, disposal of waste hair pollute the 
environment. So, it was important to assess the impact on environment as well as on ecosystem 
and on the health of rural India. 
MRP4 is an arsenic transporter gene and any dysfunction of MRP4 protein may lead to 
Arsenicosis and Squamus cell carcinoma. Thus genetic bio-marker identification of MRP4 
through in-silico study is important for skin cancer research. 
 
Methodology: 
About 18 hair samples were also collected which can also be classified into 2 groups such as 
Waste hair industry workers and the control group. Hair CRM was also analysed. Those samples 
were processed usingEDXRF and MicroXRF. In this case, samples were washed according to 
the IAEA recommendation, i.e. acetone-water-water-water-acetone. Washed samples were kept 
for drying overnight at 500 C in a drying oven. Then the washed samples were cut into small 
parts using regular scissor. Then the hair samples were crushed into powder in a morter-pestle 
using liquid Nitrogen. Then for each sample 3 pellets of approximate 150 mg were formed using 
help of a pelletizer and finally were analysed in both EDXRF and MicroXRF.12 Soil samplesof 
that same location was also analysed in EDXRF. 
Composition of trace metal in Waste hair: 
The concentrations of trace metal in waste human hair along with their mass percentages were 
depicted. The concentration of K, Mn, Fe, Cu, Br was significantly (p<0.05) higher in waste hair 
compared to the CRM value (Fig.1) whereas P, S, Zn concentration were significantly lower and 
there was no significant change found in Ca, Se concentration. S concentration was found to be 
maximum (28874.17 + 4349.25 ppm) in waste hair.Mass percentage of metals showed S (~82%) 
as the most dominant element in the composite mixture of waste hair. Followed by this, Ca and 
Si showed similar mass percentage (~6%), Fe ~3% and K ~2%. However, the percentage of Si, 
P, Ti, Cr, Mn, Zn, As and Br were detected. 
Soil quality: 
Our result found the soil as neutral to alkaline (7.03 + 0.86) with an average conductivity of 
2381.75 + 1704.59 µmhos cm-1. In addition to this, an average of 1.84 + 1.37 % TOC as well as 
108 + 44.218 mg/kg available nitrogen, 500.75 + 120 mg/kg phosphorus content and 2356.25 + 
1911.17 mg/kg potassium content were found at the study site. On the other hand, the 
concentrations of trace metal in soil from waste hair dumpsite along with their mass percentages 
were also analysed. It has been observed that the maximum amount of Mg, Ni, Fe, V, Pb, Sr and 
Si was found at the dumpsite S1 and maximum amount of Na, Ca, K, Ti, Cr, Ba and Al was 
found at S2. The other dumpsite S4 contained maximum level of Zn, Cu, Mn and As. However, 
on an average Zn (190.207 + 96.286), Cu (61.452 + 8.282), Ni (60.222 + 4.276), Cr (148.875 + 
7.829), V (134.22 + 9.301), As (6.992 + 0.033), Pb (44.65 + 13.962) and Sr (159.015 + 15.003) 
level was comparatively lower among the overall elemental profile 
 



 

Fig. 1. Elemental profile of the waste hair
 

Fig. 2. Elemental profile of soil from the waste hair dumpsite
 
Results of genetic bio-marker identification of 
SNP annotation is a process to predict the effect of an individual SNP in functional alteration. 
SIFT,SNAP, Polyphene2 and MetaSNP were used to know whether a particular variant might 
cause functional alteration and disease outcome.

Fig. 1. Elemental profile of the waste hair 

Fig. 2. Elemental profile of soil from the waste hair dumpsite 

marker identification of MRP4 protein through in
is a process to predict the effect of an individual SNP in functional alteration. 

SIFT,SNAP, Polyphene2 and MetaSNP were used to know whether a particular variant might 
cause functional alteration and disease outcome. 
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protein through in-silico study: 
is a process to predict the effect of an individual SNP in functional alteration. 

SIFT,SNAP, Polyphene2 and MetaSNP were used to know whether a particular variant might 
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SNP type SIFT SNAP  PolyPhen2 Meta SNP 
C171G Tolerated Disease Possibly 

Damaging 
Disease 

G187W Not Tolerated Disease Probably 
Damaging 

Disease 

K304N Not Tolerated Neutral Benign Neutral 
Y556C Not Tolerated Disease Probably 

Damaging 
Disease 

V776I Tolerated Neutral Benign Neutral 
C956S Tolerated Disease Benign Neutral 
 
To confirm the functional alteration because of structural changes corresponding the single 
nucleotide polymorphisms along with determining structure and function of protein molecules, I-
TASSER (Iterative Threading Assembly Refinement) was 
performed(https://zhanglab.ccmb.med.umich.edu/I-TASSER/, accessed on June-September, 
2019) 

SNPs 

 Sequence Length Taken:71  
SNP Site: 36th Residue 

 Ligand Binding site Enzyme regulation 
Variant Ligand 

Name 
Site C-score EC No. Site C-score 

G187W 

 
G Trp 8,9,12,16 0.09 - 

No 
Active 
Site 

0.325 

 
W Ala 

27, 28, 29, 
30 

0.09 - 
No 
Active 
Site 

0.322 

K304N 

 
K 

CDL 
30,31,34, 
35,38 

0.10 
- 

No 
Active 
Site 

0.323 
and 
0.328 

 
N 

Nuc.Acid 
23,24,27, 
28,31 

0.11 

Y556C 

 
Y ATP 

6,14,15,16
17,18,19, 
44 

0.80 

- 
No 
Active 
Site 

0.349 
and 
0.346  

C ATP 
6,14,15,16
17,18,19, 
       44 

0.78 

V776I 

 
V 2CS 

54,56,57, 
58,60 

0.15 

- 
No 
Active 
Site 

0.327 
and 
0.295 

 
I IBQ 

 24,25,27, 
      28 

0.16 

 
NKG 

11,13,36, 
39,41,42, 
52 

0.14 

C956S 
 
C 

PEPTID
E 

40,43,44, 
47,48,51 

0.14 3.1.-.-  

No 
Active 
Site 

0.344 
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S CLA 

33,34,37, 
38 

0.15 2.7.13.3 36 0.358 

C171G 

 
C 

MG 13,14 0.14 
- - - 

 
G 

MG 11,12,13 0.11 

C171G 

 
C 

Nuc.Acid 
  26,29,30, 
    32,33 

0.12 

2.7.13.3 34 0.331  
    CLA 

30,31,33, 
34,35,37, 
   38,39 

0.12 

 
G 

CLA 37,40 0.12 2.7.13.3 34 0.321 

 

In-silico prediction: 

G187W, Y556C and C956S-these variants of MRP4 could be considered as early biomarker of 
disease occurrences. Hence, further studies are required to validate the association of these novel 
SNPs with skin cancer risk. 
Suvam Banerjee, Pritha Bhattacharjee, (University of Calcutta), M.Sudarshan(UGC-DAE CSR, 
KC) 
 
 
2.2 .19 Protective role of Zinc in case of Arsenic toxicity: A metal-protein interaction study 
 
Arsenic (As), a toxic metalloid and its exposure through drinking water is one of the major 
global concerns.The problem of arsenic contamination is prevalent in several countries 
throughout the world e.g. Argentina, Bangladesh, Chile, China, Mexico, the United States of 
America and India [1]. In India alone, about 239 million people across 153 districts in 21 states 
drink water that contains unacceptably high levels of arsenic (TOI, Dec 24, 2017).Binding of 
As(III) with thiol moiety of protein/peptide is central to the mechanisms related to its toxicity. 
Due to inhibition of important enzymes, arsenic can alter multiple cellular processes. Zinc (Zn), 
a redox-inactive metal, helps to maintain cellular functions because of its prominent role in 
antioxidant network through multiple mechanisms. Therefore, it is worth investigating the role of 
dietary zinc in combating the chronic arsenic toxicity. 
Animal treatment and tissue sampling 
Adult Male Wistar rats (250-350 g of body weight) were procured, from the Central Animal 
House, Panjab University, Chandigarh and divided randomly into two groups.In the proposal we 
have planned to study for four groups. But, initially the protocol for fractionation and PIXE 
analysis is standardized for two groups.  i.e. control group (C, n=8) and arsenic supplemented 
group (A, n=10). Dose administration to the animals was performed through oral route with 
assistance of gavage tubes. Group A animals received a dosage of 102.5 µg per kg body weight 
of sodium arsenite dissolved in distilled water once a day whereas, the group C animals received 
only distilled water for 9 months. The dosage and duration of arsenic administration to the 
animals are equivalent to an average adult human (70 kg) exposure to arsenic contaminated 
drinking water for 16 years [1]; considering a consumption of 3 litres of drinking water per day 
containing 200 µg/l of arsenic [2].  



105 | P a g e  
 

After the treatment period, animals were sacrificed by cervical dislocation under anaesthesia 
(Isoflurane) and perfused with 10 mM citrate buffer of pH 6.8. Liver tissue was excised, flash 
frozen in liquid nitrogen and stored at - 80°C until further processing. 
Molecular weight fractionation of PMF 
2 g of the cryoground tissue was suspended to prepare 20% tissue homogenate. The tissue 
homogenate was centrifuged at different rpm for particular time period to retrieve the PMF. 
The PMF was dispensed in the upper sample reservoir of the centrifugal filter having membrane 
of 50 kDa cut-off. After centrifugation, the retentate was preserved as first fraction (F1 = ≥ 50 
kDa). The filtrate was then centrifuged using 10 kDa centrifugal filters, from which second 
fraction (F2 = 10 - 50 kDa) was retained. Similarly, by performing serial centrifugation steps 
using filters of 3 and 1 kDa, three more fractions were obtained i.e. F3 = 3 - 10 kDa, F4 = 1 - 3 
kDa and F5 = ≤ 1 kDa. The retrieved fractions (PMF and F1 to F5) were stored at – 80°C until 
further processing.  
PIXE analysis 
For elemental analysis, PIXE experiments were performed using a 3.0 MV pelletron at the 
Institute of Physics (IOP), Bhubaneshwar, India. Targets were irradiated with a proton beam of 
3.0 MeV with a beam spot of 2 mm diameter defined by a tantalum collimator. Targets were 
placed at an angle of 45° with respect to the incoming proton beam.  A 5 mm diameter graphite 
collimator was placed after the 2 mm diameter tantalum collimator, before targets, in order to 
stop the beam halo from hitting the aluminium target holders which was causing 2-3% of beam 
attenuation. X- rays were detected by a Si(Li) detector (ORTEC®) with an energy resolution of 
140 eV at 5.9 keV. The Si(Li) crystal, with an active depth of 5 mm was secured with 12.7 µm 
Be window. The detector was positioned at 90° angle with respect to the incident beam. The 
chamber window was sealed with a 34 µm thick Mylar.  
Thick targets were loaded on an octagonal aluminium ladder, which had the capacity to 
accommodate 40 pellets at a time [3]. Data were collected both with and without the 49 µm thick 
aluminium absorber placed between the targets and the detector. Total charge collected from the 
target ladder while irradiating targets was 15 µC, without absorber and 50 µC, with absorber. 
With the application of Al absorber, the spectra in the energy range where X-rays of As lies gets 
enhanced relative to the low energy spectra. Thin targets were mounted on a rectangular ladder 
and were irradiated for 15 µC of charge. The charge was collected from the Faraday Cup placed 
behind the targets.  
Elemental analysis by PIXE  
The PIXE spectra shows the presence of P, S, Cl, K, Ca, Mn, Fe, Cu, Zn and Rb in the liver 
tissue of the control animals (Figure 1). As was only detected in case of arsenic exposed animals, 
whereas its concentration was below the detection limit in control animals. Out of these detected 
elements, the concentration of S, Ca, Mn, Fe, Cu, Zn and As were evaluated (Figure 2). PIXE 
analysis depicts that As is accumulated in the liver of arsenic exposed animals at a concentration 
of about 6 ppm. Moreover, on comparing the concentration profile of essential elements in 
control and arsenic treated animals, a significant decrease in the concentration of S, Ca and Zn 
was found (Figure 2). 
PIXE spectra of PMF extracted from the liver tissue and its molecular weight fractions F1 and F2 
are shown in Figure 3, and Figure 4 depicts the spectra obtained from fractions F3, F4 and F5 for 
both the control and arsenic treated groups. With PIXE, P, S, Cl, K, Ca, Mn, Fe, Cu, Zn and Rb 
were detected in ≥ 50 kDa, 10 - 50 kDa, 3-10 kDa molecular weight fractions. In fractions of 
molecular weight, 1-3 kda and ≤ 1 kDa mainly, P, S, Cl and K, and, only traces of Ca, Mn, Fe, 
Cu, Zn and Rb were detected. It was difficult to quantitate absolute concentrations of the 
elements in thin targets because with the same volume of liquid samples, a uniform thickness of 
the dried sample spot could not be achieved. Therefore, a comparison in the elemental status in 
these samples was made in terms of concentration ratios of the elements (S, Ca, Mn, Fe, Cu and 
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As) with respect to the concentration of Zn (in ng/cm2) per mg of protein content in the sample 
(Figure 5). 

 

Figure 1. Typical PIXE spectra of the liver tissue samples of Control (a, c) and arsenic 
supplemented animals (b, d). Spectra (a) and (b) were recorded without any absorber and, 
spectra (c) and (d) were recorded with a 49 µm aluminium absorber positioned in front of the x-
ray detector. 

 

Figure 2. Concentration in ppm (mean + SD), of different elements obtained from the PIXE 
analysis of the liver tissue samples from control (n = 8) and arsenic (n = 10) supplemented 
animals. The concentration of all the elements except S and Ca, were determined from the PIXE 



 

spectra recorded with absorber. For S and Ca, the PIXE spectra recorded without any absorber 
were used to quantitate their concentration.
 

 
Figure 3. Typical PIXE spectra of the PMF and molecular weight fractions of proteins,
kDa) and F2 (10-50 kDa) extracted from the liver tissue from control and arsenic supplemented 
animals. 
 
 

 
Figure 4. Typical PIXE spectra of the molecular weight fractions F3 (3
and F5 (<1 kDa) extracted from the liver tiss
 

spectra recorded with absorber. For S and Ca, the PIXE spectra recorded without any absorber 
were used to quantitate their concentration. 

Typical PIXE spectra of the PMF and molecular weight fractions of proteins,
extracted from the liver tissue from control and arsenic supplemented 

Typical PIXE spectra of the molecular weight fractions F3 (3-10 kDa), F4 (1
and F5 (<1 kDa) extracted from the liver tissue from control and arsenic supplemented animals.
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spectra recorded with absorber. For S and Ca, the PIXE spectra recorded without any absorber 

 

Typical PIXE spectra of the PMF and molecular weight fractions of proteins, F1 (≥ 50 
extracted from the liver tissue from control and arsenic supplemented 

 

10 kDa), F4 (1-3 kDa) 
ue from control and arsenic supplemented animals. 



 

Figure 5.Concentration ratios (mean + SD), of S, Ca, Mn, Fe, Cu and As with respect to Zn per 
milligram of protein in PMF and protein molecular weight fractions F1 (
kDa) and F3 (3-10 kDa) extracted from the liver tissue for control (n = 8) and arsenic (n = 10) 
supplemented animals. 
 
 
Arsenic was only found in the molecular weight fraction (F1), indicating that in case of a chronic 
arsenic exposure, proteins involved in Arsenic sequest
The present results indicate that only a small fraction of the total arsenic found in the tissue was 
present in proteins of molecular weight 
residing in the subcellular fractions of the nucleus, cell
order to trace arsenic in these subcellular fractions, further PIXE experiments along with 
molecular weight fractionation in the same animal model needs to be performed.
As concentration would have been below the detection limit of our experimental setup (Figure 
3).The change in the concentration of elements in different fractions in arsenic treated group with 
respect to control is within the standard deviation (Figure 5), howeve
the mean concentration levels increased with respect to control, whereas in F1 and F3, the mean 
concentration are decreased with respect to control, except for Fe in fraction F2 where it also 
increases with respect to control.
The combination of the molecular weight fractionation procedure along with elemental analysis 
of the whole liver tissue of arsenic exposed animals ensured the role of high molecular weight 
proteins (≥ 50 kDa) in the sequestration of arsenic on chronic expos
duration equivalent to which onset of arsenic poisoning may occur to human population. 
Molecular weight determination and cellular location for As binding proteins:
The identification of arsenic binding proteins
determining the mechanism by which arsenic achieves its toxicity. Also, for the development of 
any therapy against it the knowledge of the proteins that interact with arsenic is must. Keeping in 
view the above facts, the exercise was

Concentration ratios (mean + SD), of S, Ca, Mn, Fe, Cu and As with respect to Zn per 
milligram of protein in PMF and protein molecular weight fractions F1 (

kDa) extracted from the liver tissue for control (n = 8) and arsenic (n = 10) 

Arsenic was only found in the molecular weight fraction (F1), indicating that in case of a chronic 
arsenic exposure, proteins involved in Arsenic sequestration are of molecular weight 
The present results indicate that only a small fraction of the total arsenic found in the tissue was 
present in proteins of molecular weight ≥ 50 kDa which indicates that rest of the arsenic must be 

subcellular fractions of the nucleus, cell-membrane and mitochondria. Thus, in 
order to trace arsenic in these subcellular fractions, further PIXE experiments along with 
molecular weight fractionation in the same animal model needs to be performed.

entration would have been below the detection limit of our experimental setup (Figure 
3).The change in the concentration of elements in different fractions in arsenic treated group with 
respect to control is within the standard deviation (Figure 5), however, in PMF and F2 fractions, 
the mean concentration levels increased with respect to control, whereas in F1 and F3, the mean 
concentration are decreased with respect to control, except for Fe in fraction F2 where it also 
increases with respect to control. 

he combination of the molecular weight fractionation procedure along with elemental analysis 
of the whole liver tissue of arsenic exposed animals ensured the role of high molecular weight 

≥ 50 kDa) in the sequestration of arsenic on chronic exposure at the dosage and 
duration equivalent to which onset of arsenic poisoning may occur to human population. 
Molecular weight determination and cellular location for As binding proteins:
The identification of arsenic binding proteins after its chronic exposure
determining the mechanism by which arsenic achieves its toxicity. Also, for the development of 
any therapy against it the knowledge of the proteins that interact with arsenic is must. Keeping in 
view the above facts, the exercise was done to identify the novel arsenic-binding proteins. 
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Concentration ratios (mean + SD), of S, Ca, Mn, Fe, Cu and As with respect to Zn per 
milligram of protein in PMF and protein molecular weight fractions F1 (≥ 50 kDa), F2 (10-50 

kDa) extracted from the liver tissue for control (n = 8) and arsenic (n = 10) 

Arsenic was only found in the molecular weight fraction (F1), indicating that in case of a chronic 
ration are of molecular weight ≥ 50 kDa. 

The present results indicate that only a small fraction of the total arsenic found in the tissue was 
≥ 50 kDa which indicates that rest of the arsenic must be 

membrane and mitochondria. Thus, in 
order to trace arsenic in these subcellular fractions, further PIXE experiments along with 
molecular weight fractionation in the same animal model needs to be performed. 

entration would have been below the detection limit of our experimental setup (Figure 
3).The change in the concentration of elements in different fractions in arsenic treated group with 

r, in PMF and F2 fractions, 
the mean concentration levels increased with respect to control, whereas in F1 and F3, the mean 
concentration are decreased with respect to control, except for Fe in fraction F2 where it also 

he combination of the molecular weight fractionation procedure along with elemental analysis 
of the whole liver tissue of arsenic exposed animals ensured the role of high molecular weight 

ure at the dosage and 
duration equivalent to which onset of arsenic poisoning may occur to human population.  
Molecular weight determination and cellular location for As binding proteins: 

osure is essential for 
determining the mechanism by which arsenic achieves its toxicity. Also, for the development of 
any therapy against it the knowledge of the proteins that interact with arsenic is must. Keeping in 

binding proteins.  
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We have found some literature in which the Zhang et al.,2015, published a list of around 360 
proteins which directly interact with arsenic [5]. The cellular location of these various proteins 
that whether these proteins are present in nucleus or in any other organelle present in cytoplasm 
was enlisted. This was done by the help of Universal Protein Resource (Uniprot) database 
(https://www.uniprot.org). Uniprot provides comprehensive, high- quality and freely accessible 
resource of protein sequence and functional information. From this database, the molecular 
weight information was also collected. Further, these proteins were divided according to their 
molecular weight, which ranges from less than 1 Da to more than 100 KDa. 
The arsenic binding proteins identified represent a broad range of biological functions and are 
involved in a variety of cellular signaling pathways, such as, apoptosis, protein acetylation/ 
deacetylation, and protein kinase signaling. Most of these proteins play key roles in biological 
processes [5].  
Now, further; 

I. the expression of particular protein in specific tissue or organ, 
II. the key role performed in specific biological processes and cellular signaling pathway is 

being enlisted. 
The findings by correlating the proteomic data with biological functional studies will shed light 
on the mode of action with these different proteins, and the information we are working on, may 
serve as a rich source for further studies. 
 
IAEC approval: 
The approval has been by the Institutional Animal Ethics Committee (IAEC) Panjab University 
Chandigarh, for animals use in the experimental protocols to be performed for the study. 
 

 
2.2.20 Development of sustainable heavy metal bioremediation system with microbes 
isolated from Mumbai mangroves. 
 
Mumbai is one city which has a widespread cover of mangroves. They are integral to the 
ecosystem and pose many benefits for the environment. Recent efforts to preserve the mangroves 
and increase the coverage area have not been very useful due to negligence by authorities and 
common people. Another major reason for failure is the presence of numerous pollutants in the 
sediments. This study was conducted to find out the presence of metal contamination in the 
mangrove sediments. Since Mumbai is ranked second in India, in terms of industrialization, the 
effluent generated from such industries contributes to the contamination in the sediments. The 
screening of metal presence was done across five different places across the Mumbai city to get a 
good representative of the entire place which are near to industrialization as well as urbanization. 
The map below shows the places from where samples were collected: 
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The screening of metal presence was done using Energy dispersive X ray fluorescence 
(EDXRF). The physical parameters of the collected soil such as pH, moisture content, organic 
carbon content, texture analysis were performed as physical parameters have been shown to 
influence adsorption of metals into the sediments. Metal presence in the sediments harms the 
growth of the mangroves and hampers restoration activities. Not only mangroves, the microbial 
diversity of such metal contaminated sediments are also significantly affected. The microbes 
which thrive in such sediments are the ones which have developed some survival mechanism and 
are resistant to the pollutants. The microbial diversity was also checked from the five different 
sites to see the changes across different sites, The total bacterial count was obtained first and 
then the count of multimetal resistant bacteria was determined. The metal toxicity index of the 
bacteria against a multimetal mixture (Pb. Ni. Mn. Cu, Zn) at a final concentration was 
determined. 
Since Mumbai receives continuous heavy rains for four months in monsoon, the metal 
distribution and quantification studies were done before (pre mosoon) and after (post monsoon) 
the rains. The results would suggest the effect of heavy rains on physical parameters of soil, 
metal retention in the soil and changes in microbial diversity too. Few of the results obtained are 
shown below: 
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A total of 34 and 9 bacterial strains have been isolated post and pre monsoon respectively. The 
metal toxicity index of the multimetal resistant bacteria was found to be increased by 34.2% in 
the post monsoon samples indicating a change in the bacterial species too. Further analysis on 
microbial characterization, extent of resistance to single heavy metals and multimetals will be 
carried out. Statistical analysis to establish a relation between physical parameters and metal 
concentration are being done too 
Srimoyee Banerjee, Sourav , Ghosh, (D Y Patil Deemed University, M.Sudarshan (UGC-
DAeECSR, KC) 
 
2.2.21.Application of Electroremediation coupled with Phytoremediation techniques for the  
      removal of trace elements in sewage sludge 
 
Sewage is generated from almost all the household and residential sectors. Sewage is usually 
considered to be hazardous,as there are several compounds and contaminants present in it which 
implies risk to public health, therefore treatment of this waste is required. Although there are 
several systems for treatment of this type of waste, all of them generate a sub product called 
sewage sludge or bio-solids, where all compounds and contaminants removed from the sanitary 
sewage will be present. The most common solution is the use of landfills for disposal of sewage 
sludge; however, this implies several hazards. Electroremediation has been found to be one of 
the cost effective and efficient technique in the removal of contaminants and trace metals. 
Electroremediation is a technique in which low intensity Direct Current (DC) helps in enhancing 
the bioavailability of metals. Combining use of electreoremediation technique with 
phytoremediation (with hyperaccumulators) helps in the removal of trace metals present in 
bioavailable form is the proposed technique in the current study.  
The main objectives of this study were  
 To optimize the mechanism of electroremediation process to enhance the bioavailability of 

trace metals in sewage sludge.  
 To conduct field studies on electroremediated sewage sludge amended with soil to assess the 

phytoremediation potential of metals by hyperaccumulator Brassica juncea (Indian mustard) 
and vegetable crops.  
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 To assess the removal efficiency of trace metals from sewage sludge through the combined 
process of electroremediation-phytoremediation based on metal extraction ratio, bio-
concentration, bioaccumulation and translocation factors.  

 Evaluation of remediated sludge for land applications and its potential for economic use.  
 

The process of Electroremediation has been conducted as per protocols. Sewage sludge samples 
were collected on alternative days from Day 1 to Day 11 on every alternate day i.e Day 1, Day 3, 
Day 5, Day 7, Day 9 and Day 11 The collected samples were dried, powdered and sieved 
through fine mesh for analysis through ED-XRF using the Xenemetrix EX 3600 EDXRF 
spectrometer at the Kolkata Center  
 The analysis results are discussed as below:  
 The values of Ca, K, S, P, Al, Ti, Zn, Cu, Ni, Fe, Cr, V and Sr were found to be higher in 

sewage sludge than the background levels.  
 Highest removal efficiency in treated sewage sludge has been observed for the following 

trace metals. Zn (24.6% at anode and 21.6% at cathode), Cu (31.2% at anode and 25.3% at 
cathode), Ni (26.8% at anode), Pb (29% at cathode), Sr (20.7% at cathode) and Na (20.8% at 
cathode).  

 Moderate removal efficiency in treated sewage sludge has been observed for K (16.6% at 
cathode) and Mn (14.8% at cathode). 

 Lowest removal efficiency in treated sewage sludge has been observed for Cr and As with 
2.6% and 2.4% at cathode respectively.  

 Trace metals like K (10%), Si (6.6%), Al (5.14%) and Se (9.2%) were found to be 
bioavailable slightly higher than the control sewage sludge samples.  

 The electroremediated sludge amended with soil would be subjected to phytoremediation 
with the use of hyperaccumulators. Plant and soil samples would be processed for trace metal 
analysis.  
N.Srinivas, K.Suresh Kumar,(GITAM),  M.Sudarshan (UGC-DAE CSR, KC 
 

2.2.22 Validation of the efficacy of treated dairy effluent as biofertilizer for cultivation of 
economic crops. 
 
Fresh water scarcity and increasing pollution in water reserves is a burning concern across the 
globe. Agriculture is a major contributor to it which utilizer lion’s share (89%) of the fresh water 
drawn each day as well as pollutes the water reserves due to leaching out of unutilized chemicals 
from fertilizer and pesticides (agricultural runoff) into water bodies. As an attempt to minimize 
the loss of fresh water for non-potable applications, a process had been developed in the 
laboratory to convert dairy waste water into liquid biofertilizer. This project aims at validating 
the effect of the biofertilizer on the soil and the economic crops produced using the biofertilizer.  
 
Results and Discussion: 
A biofilm reactor with tailor made microbial consortium produced biofertilizer containing 
96.01mgL-1and 298.79 mgL-1ammonia when running at a flow rate of 360Lh-1and 456 Lh-1 
respectively. The process was scaled up to 8.64 m3 and 10.94 m3 per day processing capacity at 
ambient temperature with associated reduction of nitrate (42.71 to 73.72%), phosphate (72.46 to 
84.80%), Biological Oxygen Demand (BOD) (61.30 to 89.55%) andChemical Oxygen Demand 
(COD) (57.23 to 76.68%).  
The influent and the effluent quality were assessed (Table 1) and reflected conversion of 
nitrogenous pollutant into ammonia which in turn can be picked up by plants easily. There is no 
hazardous component that might have an adverse effect. 
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Table 1. Data of elemental and heavy metal content analysis of untreated (influent) and treated 
(effluent) dairy wastewater. 
In case of Mung bean, Black gram and Maize field trial, a yield enhancement (Fig. 1) of 
1.56,1.04 and 1.19 fold was observed for biofertilizer treatment as compared to chemical 
fertilizer application. Previous study (Haldar et al., 2020) showed decrease in root nodulation due 
to application of this biofertilizer during pot trial at laboratory scale suggesting the ready access 
of nutrients (ammonia, phosphate and nitrate) in the root zone ensuring reduced association with 
rhizospheric bacteria.  

 
 

Fig.1: Graph representing the yield (Kgha-1) in terms of seed weight of Mung bean (A), Black 
gram (B) and Maize (C) from the field trial using biofertilizer from Reactor A as compared to 
chemical fertilizer. 

Sl. No. Test Parameters Influent Effluent 
1 pH 7.91 7.37 
2 Calcium (as Ca) 23.93  mgL-1 25.92  mgL-1 
3 Magnesium (as Mg) 4.23  mgL-1 4.24  mgL-1 
4 Iron (as Fe) 1.04  mgL-1 0.57  mgL-1 
5 Copper (as Cu) NIL NIL 
6 Manganese (as Mn) NIL NIL 
7 Sulphate (as SO4) 16.23  mgL-1 8.77  mgL-1 
8 Zinc 1.57  mgL-1 1.40 mgL-1 
9 Total Nitrogen (as N) 43.75  mgL-1 42.50  mgL-1 
10 Total Phosphorous (as P) 11.93 mg L-1 6.02 mg L-1 
11 Total Carbon (as C) 205.72 mg L-1 19.91 mg L-1 
12 Total Potassium (as K) 27.0 mg L-1 20.50 mg L-1 
13 Available Nitrogen (as N) 27.02 mg L-1 34.45 mg L-1 
14 Available Phosphorous (as P) 5.75 mg L-1 4.35 mg L-1 
15. Available Carbon (as C) 29.86 mg L-1 2.89 mg L-1 
16. Available Potassium (as K) 23.50 mg L-1 16.40 mg L-1 
17. Sodium (Na) 230.80  mgL-1 198.40 mg L-1 
18. Lead 0.097  mgL-1 0.036  mgL-1 
19. Cadmium <0.001  mgL-1 < 0.001  mgL-1 
20. Mercury < 0.001  mgL-1 < 0.001  mgL-1 
21. Nickel 0.077  mgL-1 0.032 mgL-1 
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The p value obtained using ANOVA at 5% level of significance for weight of maize, mung bean 
and black gram were 0.0042, 0.0197 and 0.0334 indicating sufficient statistical evidence of 
significant variation among the treatments.  
Analysis of the protein, carbohydrate and mineral content  (Table 2) of the seeds clearly revealed 
maintained quality of the seeds along with higher yield in all three cases. However, the 
carbohydrate (p value: 0.037) and protein (p value: 0.002) content of mung bean seeds were 
higher in biofertilizer treated plants as compared to the chemical fertilizer treatment. For these 
crops, the quantity of the produce enhances with maintained quality while ensuring no wastage 
of fresh water and chemical fertilizer for irrigation. Insignificant variation of soil pH pre and post 
cultivation (p value: 0.7362) was observed upon biofertilizer application indicating maintained 
soil health using this cultivation process. 
Table2: Nutritional as well as elemental content analysis of Black gram, Maize and Mung bean 
seeds produced from biofertilizer treated plants (Bio) and chemical fertilizer treated plants 
(Chemical). 
Content 
  

Unit 
  

Black Gram Maize Mung bean 
Bio Chemical Bio Chemical Bio Chemical 

Carbohydrate g100g-1 65.33 65.8 73.84 72.65 34.51 17.14 
Protein g100g-1 22.44 22.63 10.5 11.27 20.08 11.54 
Total fat g100g-1 0.78 0.84 4.42 4.39 - - 
Crude Fibre g100g-1 4.95 4.98 1.85 1.3  -  - 
Energy content Kcal100g-1 358.1 361.28 377.14 375.19 356 357.2 
Mineral content g100g-1 3.65 3.52 2.8 3.3 -  - 
Sodium mg100 g-1 23.93 24 8.83 16.34 6.46 5.26 
Potassium mg100 g-1 816.46 798.21 216.75 335.85 1385 1249.4 
Calcium mg100 g-1 82.1 79.61 29.08 35.84 40.95 58.6 
Magnesium mg100 g-1 18.26 14.73 8.82 9.2 11.46 7.48 
Iron mg100 g-1 12.55 11.13 13.96 11.38 19.63 12.36 
phosphorous mg100 g-1 12.51 32.44 11.35 8.46  -  - 
Copper mg100 g-1 0.95 0.7 0.6 0.4  -  - 
Vitamin A IU100 g-1 22.9 23.8 2.75 2.95 111.8 109.2 
Vitamin C mg100 g-1 0.03 0.025 0.06 0.1 3.88 3.79 
Thiamine mg100 g-1 0.263 0.274 0.238 0.246  -  - 
Riboflabin mg100 g-1 0.243 0.259 0.15 0.19  -  - 
*Vitamin B (mg100 g-1) of mung bean Bio and Chemical is 0.33 and 0.35 respectively. 
*Vitamin D (mg100 g-1) of mung bean Bio and Chemical is 0.05 and 0.033 respectively. 
Hence the biofertilizer is effective for these three varieties of crop and can easily replace use of 
fresh water and chemical fertilizer for agriculture. The soil health is also maintained. 
Mandakini Gogoi, Shaon Roychaudhri, (Tripura University) M.Sudarshan (UGC-DAE CSR, 
KC) 
 
2.2.23 XRF based profiling of essential minerals in native and bio-processed pigmented rice 
varieties 
 
Addressing mineral malnutrition termed as ‘Hidden hunger’ has become a priority in recent 
times. This type of hunger is a result of chronic lack of minerals and is called “hidden” because 
the symptoms are not immediately visible; hence large populations are affected by this form of 
malnutrition but are often untreated. Overcoming micronutrient malnutrition is a prerequisiteto 
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ensure holistic development. The common and traditional approaches to alleviate mineral 
malnutrition include identification and recommendation of mineral rich foods;food 
fortification;increasing mineral bioavailability and supplementation. This study  centers on 
finding a cost effective dietary measure for preventing and managing mineral malnutrition.The 
primary objective of the proposed study is to use EDXRF to carry out mineral profiling in Indian 
pigmented rice to identify varieties rich in essential minerals.Soaking and germination changes 
the levels of antinutrients such as phytate, thereby improving the mineral availability from 
cereals and legumes. However, loss of minerals in the soak solution poses a problem. Agronomic 
biofortification i.e., germinating in mineral solutions is an effective bioprocess to overcome the 
loss and enhance the mineral content in sprouted rice grains. The second objective would be to 
evaluate the effect of the bioprocess chosen on the mineral profile of germinated pigmented rice 
using XRF. Subsequently, the in vitro mineral availability and stable isotope-based human 
bioavailability studies will be carried out. 
 
Sample preparation for XRF analysis: 

Twenty-four different Indian pigmented rice varieties from the states of Tamil Nadu (20), 
Andhra Pradesh (2), West Bengal (1) and Rajasthan (1) were obtained. The rice samples were 
cleaned and oven-dried at 40°C overnight. The dried samples were ground using agate mortar 
and pestle to obtain a size reduction to ˂2mm. The ground samples were then homogenized 
using planetary ball mill (Pulverisette, Premium line, Fritsch, Germany). All the samples were 
homogenized under similar standardized parameters such as ball to sample ratio (4.5: 1), rpm 
(700), total run time (10 min) etc., Care was taken to use agate sample holders as well as balls to 
avoid any kind of mineral contamination. 
Germination and Agronomic Biofortification trial:  

The soaking and germination conditions as well as the type and concentration of mineral 
elicitor solutions were standardized with few selected pigmented rice varieties. The samples 
were soaked in mineral elicitor solution (Fe III-EDTA) of different concentrations for 8 hrs. 
After which the samples were germinated(48 & 96 hours). A control was soaked in RO/portable 
water instead of mineral elicitor solution and was also germinated. The germinated samples were 
processed for XRF analysis as mentioned above. 
XRF analysis 

The homogenized rice samples (0.2 g) were made into pellets of 13 mm diameter using 
KBR pelletizer. Each of the samples were then analyzed in triplicate for mineral concentrations 
using ED-XRF. The samples were analyzed for nine essential elements and for heavy metals 
such as arsenic, lead and aluminum. The concentrations of the elements were calculated based on 
the calibration curve obtained from Standard Reference Materials. 
Results and Discussion: 
XRF analysis in native/unprocessed pigmented rice varieties 
 
 The trace elements like Fe, Zn, Cu, Se, Cr, Mn, Co and some macro-minerals like K and 
Na which are of great importance in human health and function were quantified in all the 24 
pigmented rice varieties.The range of the above minerals and the rice variety with the highest 
respective mineral content are given in Table 1.The Iron content of these Indian pigmented rice 
varieties are significantly higher than the iron content of polished rice as mentioned in Paltridge 
et al, 2012 (3.3 10.1 ppm) and in Rao et al, 2014 (7.5 – 24.4 ppm), as well as some of the red 
pigmented rice varieties (Arunachal Pradesh) as mentioned in Samyor et al, 2015 (14.5 – 17.2 
ppm) and six aromatic rice varieties (U.P, Assam, Bihar, Odisha and West Bengal) as reported 
by Verma and Srivatsav, 2016 (2.40 – 31.50). The zinc content of these rice varieties is also 
significantly higher than polished rice as mentioned in Paltridge et al, 2012 (12.3 – 24.4) and 
some of the red and aromatic rice varieties. Therefore, the analysis helped in identification of 
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rmination, a decrease in iron content was observed in 48 h germinated sample. 
However, after 96 h germination, the iron content was found to become similar to the raw 
sample. In the biofortified rice gains, both 48 h and 96h germinated samples showed 11% a
% increase compared to the raw un-germinated sample. This indicates the use of agronomic 
biofortification with minerals as a simple strategy to enhance essential mineral content in 
germinated rice grains. This strategy would be furthertested in few other rice samples with 
essential minerals of public health concern. 
Sai Sruthi Shree KK, N.Srividya (Sri Sathya Sai Institute of Higher Learning (Deemed to be 
University)), M.Sudarshan (UGC-DAE CSR, KC) 

Raw – Unprocessed Pigmented Rice (PR) sample
48-GC – 48 h germinated PR sample 
48-GF - 48 h germinated & biofortified PR sample
96-GC - 96 h germinat
96-GF - 96 h germinated & biofortified PR sample
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2.2.24 Evaluation of available trace elements and methane emission from OCP at Raniganj-
Asansol coal field areas, Paschim Bardhaman 
 
Extraction of energy resources and consumption in excess lead to serious environmental 
degradation. The electricity consumption in industry sector and domestic sector has been 
increasing at a much faster pace compared to other sectors. So, efforts to be made to reduce 
the consumption of energy by using less of an energy service and using ecological means like 
restoration and reclamation, after extraction of the sources, which can be resulted in an 
increased environmental quality, national security, personal financial security and higher 
savings.  
India is the world's third largest producer and third largest consumer of electricity. India's 
electricity sector is dominated by fossil fuels, in particular coal. The maximum consumption of 
raw coal is in electricity generation, followed by steel industry. So, coal mining industry is 
posing a serious threat to the quality of our environment. Coal mining follows two conventional 
processes: surface mining and underground mining; surface mining or called as opencast coal 
mining is causing more environmental degradation, even considering its easy and economical 
approaches; and results into voids locally called as khadan. These abandoned opencast coal pits, 
gradually become a resource of water, pisciculture, and recreational sources after reclamation or 
ecological restoration, etc. Now, these OCPs are containing different contaminants, varieties of 
heavy metals, trace elements and many organic compounds. Therefore, to study of these 
waterbodies and water resources can offer a unique opportunity to explore these huge water 
resources for its vertical uses like pisciculture, where the horizontal expansion is limited. 
Actually, a number of core groups of people are directly dependent on these water resources 
using for pisciculture as a means for income. 
Present project is focused on evaluating the available trace elements and heavy metals present in 
the soil, water and biological organisms, including fish species from some selected opencast coal 
pits (OCPs) at Raniganj Coalfield Areas of Paschim Bardhaman and to analyze their impacts. 
 
Methods developed for experimentation:  
Initially, experimental spots are detected through geographical mapping followed by subsequent 
adopted-methodology for this project based on different physicochemical parameters (APHA, 
2005), heavy metals and trace elements (XRF and AAS), Uranium (Lead Fluorimeter), 
radioactivity (Gamma Ray Spectrum GM Counter), biochemical parameters (Flame photometric, 
Colorimetric, Spectrophotometric), and zooplankton estimation (Plankton net of mesh size 22 
µm). A part of the analyses was done in DAE Lab at Kolkata Centre. 
2a. Description of sampling and collection spots: During this period samples were collected 
twice from different sampling sites (Table 1). The water samples including thermal stratification 
were collected in replica (spots a, b & c) from four selected OCPs (Sites 1, 2, 3, & 4) and Control 
(C), soil samples from the regions of agriculture (Ag), sediment (Sd) and overburden (Ob) of the 
same experimental sites of OCPs, and one biological parameters, i.e., estimation of zooplankton 
were collected and preserved accordingly for necessary analysis. 
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Results are presented in Tables 2 & 3 
Table 1. Description of the sampling sites & spots 
Sr. 
No
. 

Name of Site Sampling sites Location of Sample Spots 

1 Site 1: Samdi 
Colliery 

Lohat region of Asansol-
Raniganj Coalfields 

Spot a: 23°47’06.5”N and 
86°55’39.3”E 
Spot b: 23°47’06.02”N and 
86°55’37.8”E 
Spot c: 23°47’06.05”N and 
86°55’40.04”E 

2 Site 2: Seetalpur 
Colliery 

Sodepur region of Asansol-
Raniganj Coalfields 

Spot a: 23°39’49.7”N and 
87°13’17.4”E 
Spot b: 23°39’51.5”N and 
87°13’16.3”E 
Spot c: 23°39’48.3”N and 
87°13’18.7”E 

3 Site 3: Nabgram 
Colliery 

Bankola region of Asansol-
Raniganj Coalfields 

Spot a: 23°39’59.7”N and 
87°15’14.6”E 
Spot b: 23°39’58”N and 
87°15’15.3”E 
Spot c: 23°39’56.9”N and 
87°15’15.1”E 

4 Site 4: 
Kumardihi 
Colliery 

Pandabeshwar region of 
Asansol-Raniganj Coalfields 

Spot a: 23°39’54.7”N and 
87°15’28.9”E 
Spot b: 23°39’56.6”N and 
87°15’28.8”E 
Spot c: 23°39’56.9”N and 
87°15’29.1”E 

5 Control Site: 
(C) Domkata 
Pond 

Shankarpur region of Chhora 
Gram Panchayat 

Spot a: 23°39’39.5”N and 
87°13’35.6”E 
Spot b: 23°39’40.3”N and 
87°13’37.4”E 
Spot c: 23°39’37.9”N and 
87°13’35.6”E 

 
3. Results and Observations 
The available results of water and soil are tabulated in attached Table 2 & 3 and photographs of 
sampling from experimental spites are attached as Photos a, b, c, & d 
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Table 2. Analysis of Water parameters 
Water parameters S1a S1b S1c S2a S2b S2c S3a S3b 
Temp (°C) 29.1 28.9 29.3 31.2 31.5 30.8 32.5 33.1 
pH 8.12 8.11 8.12 8.49 8.5 8.48 8.56 8.56 
EC (µS/cm) 532 529 536 342 333 341 490 492 
DO (mg/l) 7.54 _ _ 7.37 _ _ 8.1 _ 
Combined CO2 (mg/l) 171.3 _ _ 125.6 _ _ 186 _ 
Hardness (mg/l) 260 _ _ 171.2 _ _ 210 _ 
Alkalinity (mg/l) 180 _ _ 241.33 _ _ 240 _ 
M-Acidity (mg/l) 11.2 _ _ 10.6 _ _ 8.6 _ 
P-Acidity (mg/l) 106 _ _ 70.6 _ _ 76 _ 
Chloride (mg/l) 16.99 _ _ 12.34 _ _ 19.99 _ 
Salinity (mg/l) 0.0318 _ _ 0.0313 _ _ 0.0345 _ 
TDS (mg/l) 413 390 254 204 230 190 201 210 
TSS (mg/l) 1391 2738 836 330 336 308 286 264 
N-Nitro (mg/l) 0.807 0.5 1.615 0.961 0.449 0.412 0.317 0.385 
A-Nitro (mg/l) 0.253 0.212 0.222 0.412 0.243 0.271 0.156 0.207 
Phosphate (mg/l) 4.5 4.2 4.5 3.5 4.5 4.5 2.25 2.5 
Sulphate (mg/l) 81.21 98.68 100 45.95 48.78 49.19 49.59 48.28 
Sodium (mg/l) 7.7 8.6 8.4 7.6 8.8 7.4 4.8 5.3 
Potassium (mg/l) 1.27 2.6 2.57 2.56 2.26 2.69 1.13 1.83 
Uranium(µg/l) 13.76 14.52 14.39 3.41 4.9 5.19 6.38 7.34 
Plankton (counts/ml) 8 _ _ 7 _ _ 8 _ 
Water parameters S3c S4a S4b S4c Ca Cb Cc 
Temp (°C) 32.7 32.9 32.6 32.3 34.5 33.7 34.5 
pH 8.57 8.79 8.78 8.77 8.9 8.87 8.88 
EC (µS/cm) 501 408 413 419 418 398 410 
DO (mg/l) _ 8.43 _ _ 7.95 _ _ 
Combined CO2 (mg/l) _ 191.6 _ _ 135.6 _ _ 
Hardness (mg/l) _ 152 _ _ 152 _ _ 
Alkalinity (mg/l) _ 209.2 _ _ 174.66 _ _ 
M-Acidity (mg/l) _ 10.6 _ _ 9.2 _ _ 
P-Acidity (mg/l) _ 79.2 _ _ 90 _ _ 
Chloride (mg/l) _ 14.49 _ _ 15.49 _ _ 
Salinity (mg/l) _ 0.0324 _ _ 0.0341 _ _ 
TDS (mg/l) 206 198 200 224 280 290 280 
TSS (mg/l) 281 311 308 307 676 514 399 
N-Nitro (mg/l) 0.38 0.412 0.319 0.422 0.371 0.285 0.538 
A-Nitro (mg/l) 0.246 0.284 0.207 0.217 0.249 0.185 0.225 
Phosphate (mg/l) 2.5 2.5 2.5 2.25 1.5 2 2 
Sulphate (mg/l) 47.57 37.37 37.77 37.67 25.45 24.04 24.74 
Sodium (mg/l) 5.8 5.5 6.8 6.3 4.8 4.4 4.4 
Potassium (mg/l) 1.09 2.99 2.89 2.71 1.92 1.59 1.15 
Uranium(µg/l) 6.82 4.12 3.94 4.22 5.97 6.24 5.93 
Plankton (counts/ml) _ 23 _ _ 13 _ _ 
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Table 3. Analysis of Soil parameters 

...contd 
 
 
 
 
 
 
 
 
 
 

Abbreviations:  For water samples:: S1: OCP1; S2: OCP2; S3: OCP3; S4: OCP4; C: Control :: 
Sampling spots:  a, b, c 
For soil samples:: Ag: Agricultural soil; Sd: Sediment soil; Ob: Overburden soil 
NB. (-): Not done initially 
 
Amit Kumar Dey; PI: Prof. Apurba Ratan Ghosh, Dept. of Environmental Sc., The University of 
Burdwan, Burdwan, WB 
 
2.2.25 Development of detection technology to trace early warning signal of metal 
contamination in the soil around Kolkata Leather Complex using earthworm as 
monitoring species 
 
Introduction: Kolkata Leather Complex (KLC), West Bengal, India has been designated asan 

industrially active zone with 4.5 km
2
 area. The soil of this region is heavily contaminated by 

chromium (Banerjee et al., 2018), cadmium, lead and mercury (Ray et al., 2019) due to leather 
processing in 400 active tannery units. Tannery industry has been identified as a major source of 
toxic metals which routinely contaminates the adjoining soil and waterbodies. Bioaccumulation 
and biomagnification of these toxic metals can cause a physiological hazard in the organisms of 
higher trophic level. Earthworms, the common soil organisms of tropical regions, are involved in 
soil structure formation, water regulation, nutrient cycle, primary production, and bioremediation 
of toxins. They are designated as active vermicomposting organisms for their key role in the 
conversion of organic components into vermicompost which is beneficial for sustainable 
agricultural practices (Suthar, 2014). They are continuously exposed to these toxic metals 
through dermal and digestive pathway and are capable of accumulating heavy metals into their 
body (Goswami et al., 2014). 
Field survey from 4 contaminated sites of KLC, cell biological analysis, morphometric analysis, 
standardization of method of collection of coelomocytes, viability testing, enumeration, 

Soil parameters S1Ag S1Sd S1Ob S2Ag S2Sd S2Ob S3Ag S3Sd 
pH 8.59 8.6 7.7 7.92 7.86 9.31 9.43 8.8 
Conductivity (mS/cm) 2.9 2.6 2.7 2.3 2.2 2.3 2.3 2.3 
Organic Carbon (% Of 
C) 

2.93 0.28 1.991 0.632 0.316 1.643 1.801 1.517 

Phosphorus (kg/ha) 0.353 0.1962 0.187 0.306 0.2 0.311 0.232 0.259 
Sodium (Kg/ha) 1473 1900.41 1119.55 406.11 379.9 369 1382.75 1395.29 
Potassium (Kg/ha) 511.3 475.3 357.75 313.2 320.1 351.6 399.45 359.05 

Soil parameters S3Ob S4Ag S4Sd S4Ob Ca Cb Cc 
pH 8.72 8.23 8.1 8.63 8.7 8.95 9.25 
Conductivity (mS/cm) 2.2 0.7 0.5 0.4 0.4 0.4 0.3 
Organic Carbon (% Of 
C) 

2.275 1.137 1.422 0.726 1.0114 0.979 3.065 

Phosphorus (kg/ha) 0.224 0.215 0.208 0.246 0.288 0.336 0.306 
Sodium (Kg/ha) 218.24 1363.04 245.05 224.89 432.09 453.08 439.23 
Potassium (Kg/ha) 362.8 384.8 262.85 211.15 262.45 262.95 260.25 



 

preparation of coelomocyte suspension and staining of coelomocytes were carried out during the 
study period. 
 
Survey of experimental fields:
The experimental specimens were collected from four sites (Site 1, 2, 3 and 4)
near KLC which is designated as tannery industrial zone by Government of West Bengal, India. 
These four sites bear the history of intensive industrial activity for the commercial production of 
leather and leather goods and remain active 
 
 

preparation of coelomocyte suspension and staining of coelomocytes were carried out during the 

Survey of experimental fields: 
The experimental specimens were collected from four sites (Site 1, 2, 3 and 4)
near KLC which is designated as tannery industrial zone by Government of West Bengal, India. 
These four sites bear the history of intensive industrial activity for the commercial production of 
leather and leather goods and remain active throughout the year 
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preparation of coelomocyte suspension and staining of coelomocytes were carried out during the 

The experimental specimens were collected from four sites (Site 1, 2, 3 and 4) of tannery wastes 
near KLC which is designated as tannery industrial zone by Government of West Bengal, India. 
These four sites bear the history of intensive industrial activity for the commercial production of 
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Collection of soil, earthworms and vegetation were carried out from September 2019 to March 
2020 in every fortnight at day light condition from around 10am to 1pm.  Entire field survey was 
carried out following the method of Zaborski, 2003. 
Earthworm: 
Earthworms belong to the phylum annelida are free-living terrestrial invertebrates distributed in 
the highly vegetated regions of soil. They are protostomian organisms with a true coelom 
(Ratcliffe et al, 1985) and considered as ‘farmer’s friend’ due to their key role in modification of 
soil (Darwin, 1881). They are directly involved in the maintenance of soil structure, modification 
of seedbed condition, water filtration and nutrients availability to plants (Omouri et al, 2018) and 
are designated as ‘keystone detritivores’ (Frelich et al., 2006). Earthworms are utilized as 
potential vermicomposting species involved in the conversion of waste materials into 
mineralized form and are capable of accumulating heavy metals into their body (Goswami et al., 
2014).Earthworms inhabit different ecophysiological layers of soil. Depending on their food 
habit and burrowing activity earthworms are divided into several groups. Epigeic earthworm 
feeds on the upper surface of soil and feed on plant debris. They are responsible for breaking 
down complex organic residues and mineralize nutrients. Anecic earthworms reside near 
subsurface soil region. Endogeic earthworm made the permanent deep burrows in soil and 
involved in microbial activities around their burrows (Ojha and Devkota, 2014). 
 
Materials and methods: 
Selection and description of study sites: Following study sites were selected for fieldsurvey 
and collection of experimental earthworms. Description of these study sites are as follows: 
Site 1: Site 1 is geographically located at22.501° N, 88.517° E, 15 min walkingdistance from 
KLC Gate no. 2. Soil of this area is semidry and mostly covered ingrass and bushes. 

Site 2: This Site is 2 min walking distance away from the site 1 (22.501° N, 88.518°E). This 
partially shaded area has high moisture content containing soil and acontaminated canal is 
located beside this site. 

Site 3: Location of the Site 3 is22.497° N, 88.510° E which is 30 in walking distancefrom KLC 
Gate no. 1. A large water body is located besides this site and leathers aretanned in the soil of 
this region. Soil is mostly dry, and trees are present. 
Site 4: Site 4 is geographically located at22.498° N, 88.518° E which is 15 minwalking distance 
from Site 1 towards core tannery complex. (Figure 1 and Figure 2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 1: Satellite view (A) and Gate no. 2 (B) of KLC. 
 

Collection and enumeration of earthworm population following quadrat method: 



 

 
Soil samples and adult clitellated earthworms from each site were collected by digging t
upto a depth of 30 cm from the surface. Earthworms were collected from each of three quadrates 
measuring 30x30 cm from each sampling sites. The earthworms were separated by hand sorting 
method  
Transportation: Adult healthy earthworms from each sit
container containing adequate pore for aeration with their native soil average of earthworms per 
500g of soil. Collected specimens rapidly transported to laboratory at the department of Zoology, 
Calcutta University within 2h of collection.
Laboratory acclimatization: 
containers measuring 12x6x4 cm in batches at the density of 8 earthworms per container 
supplied with collected native soil. in control moist con
length were acclimatized for 7
experimental soil moist, water was sprinkled at regular basis (Figure 1).
 
 
 
 
 
 
 

Fig 2 Acclimatization of live earthwo
earthworm prior to extrusion of coelomocytes (B). Earthworm coelomocytesare being extruded 
from live earthworm by employing 9V of electric current for 30 sec
 
Taxonomic identification of collected earth
fixed in 10% formalin solution (aqueous) and forwarded to Zoological Survey of India, Kolkata 
for taxonomic identification. 
Recording of the length and weight of live earthworm specimen: 
thoroughly to remove the adherent soil and the measurement of their length and weight were 
recorded (Figure 2). 
Standardization of method of collection of coelomocytes from live earthworm specimen:
Ethanol extrusion method: 
method (Eyambe et al., 1991). Each animal was rinsed in cold PhosphateBuffered Saline (PBS) 
and placed on a tissue paper. One
of the lower gut. Each worm was placed for 3 
extrusion medium. The extrusion medium contained 5% ethanol, 2.5 mg/mL EDTA, 10 mg/mL 
of the mucolytic agent guaifenesin, and was adjusted to pH 7.3 with 1M NaOH. After 3 min, the 
worm was removed and the volume wa
1.5mM NaCl, 4.8mM KCl, 1.1mM MgSO4 7H2O, 0.4mM KH2PO4, 0.3mM Na2PO4 H2O, and 
4.2mM NaHCO3 adjusted to pH 7.3.

Soil samples and adult clitellated earthworms from each site were collected by digging t
upto a depth of 30 cm from the surface. Earthworms were collected from each of three quadrates 
measuring 30x30 cm from each sampling sites. The earthworms were separated by hand sorting 

Adult healthy earthworms from each site were kept in a separate darkplastic 
container containing adequate pore for aeration with their native soil average of earthworms per 
500g of soil. Collected specimens rapidly transported to laboratory at the department of Zoology, 

hin 2h of collection. 
Laboratory acclimatization: Collected earthworms were transferred to the wide mouthglass 
containers measuring 12x6x4 cm in batches at the density of 8 earthworms per container 
supplied with collected native soil. in control moist condition at 25° C. Earthworms with uniform 
length were acclimatized for 7-10 days 22° C throughout the experimental period. To keep the 
experimental soil moist, water was sprinkled at regular basis (Figure 1). 

 

Fig 2 Acclimatization of live earthworm in controlled laboratory condition (A).Clitellated 
earthworm prior to extrusion of coelomocytes (B). Earthworm coelomocytesare being extruded 
from live earthworm by employing 9V of electric current for 30 sec

 

Taxonomic identification of collected earthworm: The collected earthworm specimenwas 
fixed in 10% formalin solution (aqueous) and forwarded to Zoological Survey of India, Kolkata 

Recording of the length and weight of live earthworm specimen: Earthworms werewashed 
ughly to remove the adherent soil and the measurement of their length and weight were 

Standardization of method of collection of coelomocytes from live earthworm specimen:
Ethanol extrusion method: Earthworm coelomocytes were collected 
method (Eyambe et al., 1991). Each animal was rinsed in cold PhosphateBuffered Saline (PBS) 
and placed on a tissue paper. One-fourth of the posterior part was massaged to expel the content 
of the lower gut. Each worm was placed for 3 min in a 15mL tube containing 3mL of cold 
extrusion medium. The extrusion medium contained 5% ethanol, 2.5 mg/mL EDTA, 10 mg/mL 
of the mucolytic agent guaifenesin, and was adjusted to pH 7.3 with 1M NaOH. After 3 min, the 
worm was removed and the volume was made up by adding 12mL of chilled PBS containing 
1.5mM NaCl, 4.8mM KCl, 1.1mM MgSO4 7H2O, 0.4mM KH2PO4, 0.3mM Na2PO4 H2O, and 
4.2mM NaHCO3 adjusted to pH 7.3. 
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Soil samples and adult clitellated earthworms from each site were collected by digging the soil 
upto a depth of 30 cm from the surface. Earthworms were collected from each of three quadrates 
measuring 30x30 cm from each sampling sites. The earthworms were separated by hand sorting 

e were kept in a separate darkplastic 
container containing adequate pore for aeration with their native soil average of earthworms per 
500g of soil. Collected specimens rapidly transported to laboratory at the department of Zoology, 

Collected earthworms were transferred to the wide mouthglass 
containers measuring 12x6x4 cm in batches at the density of 8 earthworms per container 

dition at 25° C. Earthworms with uniform 
10 days 22° C throughout the experimental period. To keep the 

rm in controlled laboratory condition (A).Clitellated 
earthworm prior to extrusion of coelomocytes (B). Earthworm coelomocytesare being extruded 

The collected earthworm specimenwas 
fixed in 10% formalin solution (aqueous) and forwarded to Zoological Survey of India, Kolkata 

Earthworms werewashed 
ughly to remove the adherent soil and the measurement of their length and weight were 

Standardization of method of collection of coelomocytes from live earthworm specimen: 
 using a non-invasive 

method (Eyambe et al., 1991). Each animal was rinsed in cold PhosphateBuffered Saline (PBS) 
fourth of the posterior part was massaged to expel the content 

min in a 15mL tube containing 3mL of cold 
extrusion medium. The extrusion medium contained 5% ethanol, 2.5 mg/mL EDTA, 10 mg/mL 
of the mucolytic agent guaifenesin, and was adjusted to pH 7.3 with 1M NaOH. After 3 min, the 

s made up by adding 12mL of chilled PBS containing 
1.5mM NaCl, 4.8mM KCl, 1.1mM MgSO4 7H2O, 0.4mM KH2PO4, 0.3mM Na2PO4 H2O, and 
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Ultrasound extrusion method: Each worm was placed in a 15mL tube containing3mL of PBS 
after rinsing with PBS and expulsion of gut content. The tube was thenintroduced into an 
ultrasonic bath for a series of B10 exposures of 2–3 s each, until the worm started to wiggle and 
the solution became turbid. The tube was then gently shaken and the worm removed (Hendawi et 
al., 2004). 

By electric shock: Earthworms were stimulated for 30 s with 9 V of electric shockfor extrusion 
of coelomic fluid from their dorsal pores (Plytycz et al., 2009). Eachearthworm was washed with 
tap water to remove soil particle from the body surface followed by dry blotting and placed in a 
25ml glass beaker containing 10ml of chilled extrusion fluid (PBS: 1.37M NaCl, 0.03M KCl, 
0.015M KH2PO4, 0.065M Na2HPO4 supplemented with 2.5 g/L EDTA, pH 7.2) (Figure 4). 

Comment: Out of 3 coelomocytes isolation methods, electric shock mediatedextrusion method 
appeared to be acceptable and yielding better result. Total coelomocyte count is higher in case of 
electric shock extrusion procedure. An undesirable alteration in cellular morphology was 
recorded in coelomocytes collected by ultrasonic extrusion method. 

Viability testing: Examination of coelomocytes viability was carried out employing theprinciple 
of vital dye exclusion. 
Methodology: 100µl of coelomocytes suspension were placed in a 1.5mlmicrocentrifuge tube, 
cells were stained with 0.4% trypan blue for 5min. Examined the cellular viability with 
Haemocytometer under Light microscope for dye exclusion (Mussino et al., 2013). 
Enumerationof live coelomocytes: Total coelomocyte count was determinedmicroscopically by 
Neubauer’s hemocytometer and expressed as 106 cells/ml. Total count of coelomocyte was 
determined from coelomic fluid extruded from single specimen (Figure 5). 
Methodology: A cover glass is placed over both chambers of theNeubauer’shemocytometer. 
With a soft undulating motion, the coelomocyte sample is gentlyinverted appoximately 10-20 
times to ensure the sample is mixed thoroughly. 100 ul of homogenized coelomocytes sample 
was placed in 4 each chamber of the haemocytometer by holding micropipette at a 30 to 45 
degree angle, allowing the pipette tip to touch the slot then slowly expelling a drop of the 
sample. The capillary action will fill the chamber with the sample. It is important to check that 
the sample spreads over the silver- coloured chamber without overflowing. The slide was 
scanned under the light microscope for total coelomocyte count. The slide or a selected number 
of large squares should be counted to obtain a statistically significant number of cells (Andersen 
and Throndsen 2004). Each side of the haemocytometer slide has a grid with nine large 1 mm2 
which are further subdivided depending on the type of haemocytometer. The number of 
coelomocytes and the number of squares counted should both be noted. To avoid counting cells 
twice, it must be determined beforehand to include cells that touch 2 of the 4 sides of each square 
(i.e. the top and left side of each large square while ignoring the cells that touch the bottom and 
right side) . 

Preparation of coelomocytes suspension: Extruded coelomocytes were filteredthrough a 50 μm 
nylon mesh to eliminate soil and other unwanted particles. The filtrate wascentrifuged (Hermle 
Z323K, Germany) at 650g for 10 min and pellets were resuspended in PBS and stored at 4 °C to 
minimize cellular aggregation. 
Staining of coelomocye: Coelomocytes were stained in grease free clean slides torecord the 
structure of various cell types. 100μl of resuspended coelomocytes plated over sterile glass slides 
and the coelomocytes smear was allowed to dry for 1 hour. The cells on the smear were fixed 
with 70% methanol for 5 minutes and air dried. After fixation, the cells were stained with 
hematoxylin (Himedia, India) and eosin (Himedia, India) following standard procedure. Slides 



 

were mounted with DPX. Stained cel
light microscope (BH-2; Olympus, Tokyo, Japan) (Figure 3).
 

 
Fig.3 Bright field microscopic images of polyphenotypic coelomocytes.Amoebocytes (A) and 
Eleocytes (B). Total coelomocytes count of earth

Result: 
Collection of earthworms following quadrat method
number of earthworm species than site 2 and site 4 (Table 1).
 
 Site 1
Earthworm collected 
from quadrant 1 

1 

Earthworm collected 
from quadrant 1 

0 

Earthworm collected 
from quadrant 1 

2 

 
Length and weight of live specimen: 
(Table 2) 
Site Length of 

earthworms (cm)
Site 1 13
Site 2 7.3

were mounted with DPX. Stained cells were microscopically observed and documented using 
2; Olympus, Tokyo, Japan) (Figure 3). 

Fig.3 Bright field microscopic images of polyphenotypic coelomocytes.Amoebocytes (A) and 
Eleocytes (B). Total coelomocytes count of earthworms collectedfrom different sites of KLC (C).

Collection of earthworms following quadrat method: Site 1 and site 3 containsdecreased 
number of earthworm species than site 2 and site 4 (Table 1). 

Site 1 Site 2 Site 3 
 16 3 

 10 2 

 11 5 

Length and weight of live specimen: Length of the earthworm collected from site 1was 13cm 

Length of 
earthworms (cm) 

Weight of 
earthworms (gm) 

13 1.2 
7.3 0.51 
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ls were microscopically observed and documented using 

 

Fig.3 Bright field microscopic images of polyphenotypic coelomocytes.Amoebocytes (A) and 
worms collectedfrom different sites of KLC (C).

 

: Site 1 and site 3 containsdecreased 

Site 4 
10 

14 

10 

Length of the earthworm collected from site 1was 13cm 
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Site 3 7 0.27 
Site 4 8.1 0.8 
 
 

Viability of coelomocytes: viability of coelomocyte is more than 95% in eachsample. 

Total Coelomocyte count: Total coelomocytes count was decreased in theearthworm collected 
from site 3 of KLC (Figure 3). 

Discussion: In India, unrestricted release of toxic metals from tannery industries poses aserious 
ecotoxicological threat for earthworm and selected soil invertebrates. In recent years, 
earthworms have been gaining a special scientific importance for their significant role in 
ecology, agriculture and health monitoring of soil. The concentrations of toxic metals were likely 
to be recorded higher in the soil adjacent to tannery activities. This contamination resulted in 
physiological toxicity in the earthworms and faunal community of tannery soil. Till now the 
findings are supportive to physiological stress in earthworms distributed in tannery soil. 
 
2.2.26 Trace Elemental Profile Variation in relation to Charantin content in fruits of 
Momordica charantia Linn using Proton Induced X-Ray Emission (PIXE) 
 
Diabetes is one of the rapidly increasing prevalent diseases.Various plants showing 
hypoglycemic activities are reported to be effective against diabetes. Momordica charantia, a 
member of the cucurbitaceae family, has health benefits such as hypoglycemic, hypolipidemic, 
hypocholesterolemic effects etc. They contain antidiabetic factor Charantin which is a 1:1 
mixture of two compounds, i.e., sitosteryl glucoside and stigmasteryl glucoside. We have studied 
the tissue culture of M. charantia and estimated the charantin content. As the steryl compounds 
of charantin are products of Phytosterol biosynthesis, we have also studied expression of 
squalene synthase gene, the key enzyme of the above mentioned pathway. Methyl jasmonate has 
been found to induce the triterpene and sterlol content in different plants. Therefore our target is 
to find whether MeJA can elevate charantin content in M. charantia callus. 
Tissue Culture: Plants were grown for 14 days in agar sucrose media and explant was 
transferred in MS media containing hormones such as NAA and BAP. MeJA was added in 
increasing concentrations (control, 1µM, 10µM, 50µM and 100µM). The passage length is 21 
days. 
Charantin Estimation: Charantin was estimated using HPLC 
Molecular Biology Experiments: RT PCR and quantitative Real time PCR is being performed 
now. 
In silico Studies:Primary sequence of the partial McSQS protein was obtained using ExPasy 
tool and the following studies were performed: 
a. Finding intrinsically disordered region of Mc Squlaene Synthase (McSQS) 
b. Hydropathy Plot of Mc Squlaene Synthase (McSQS) 
c. Homology Modeling of Mc Squlaene Synthase (McSQS) 
d. Ramachandran Plot Determination 
 
Result 
Charantin was variably accumulated in the callus from different dosage of MeJA. Charantin was 
increasingly accumulated till 50µM but in 100µM content was found to be deceased. 
 



 

 
 

 

 

 

 

 

 

RP-HPLC 
chromatogram 

 
Silico Studies: 

 IUPred2A to identify disordered prot
regions. 

 Hydropathy plots to visualize hydrophobicity over the length of a peptide sequence.

14 days old 
seedling

 

IUPred2A to identify disordered protein regions using IUPred2 and disordered binding 

Hydropathy plots to visualize hydrophobicity over the length of a peptide sequence.

14 days old 
seedling 

MeJA treated 
callus 
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Hydropathy plots to visualize hydrophobicity over the length of a peptide sequence. 
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 MODELLER to perform homology or comparative modeling of protein three-
dimensional structures and Ramachandran Plot validation. 
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2.2.27 Perceptible exciton-to-trion conversion and signature of defect mediated vibronic 
modes and spin relaxation in nanoscale WS2 exposed to γ-rays 
In this work, we report manifested optical, optoelectronic and spin–spin relaxation features of a 
few layered tungsten disulphide (WS2) nanosheets subjected to energetic γ-photons (~1.3 MeV) 
emitted from a Co60 source. Upon intense irradiation (dose = 96 kGy), a slight departure from the 
pure hexagonal phase was realized with the introduction of the trigonal phase at large. Moreover, 
in the Raman spectra, as a consequence of the radiation-induced effect, an apparent improvement 
of the E-to-A mode intensity and a reduction in phonon lifetimes have been realized, with the 
latter being dependent on the linewidths. The emergence of the new peak (D) maxima observable 
at ~406 cm−1 in the Raman spectra and ~680 nm in the photoluminescence (PL) spectra can be 
attributed to the introduction of defect centres owing to realization of sulphur vacancies (V S) in 
the irradiated nanoscale WS2. Additionally, neutral exciton to charged exciton (trion) conversion 
is anticipated in the overall PL characteristics. The PL decay dynamics, while following bi-
exponential trends, have revealed ample improvement in both the fast parameter (0.39 ± 0.01 ns 
to 1.88 ± 0.03 ns) and the slow parameter (2.36 ± 0.03 ns to 12.1 ± 0.4 ns) after γ-impact. We 
attribute this to the finite band gap expansion and the incorporation of new localized states 
within the gap, respectively. A declining exciton annihilation rate is also witnessed. The isotropic 
nature of the electron paramagnetic resonance spectra as a consequence of γ-exposure would 
essentially characterize a uniform distribution of the paramagnetic species in the system, while 
predicting a three-fold improvement of relative spin density at 96 kGy. Exploring defect 
dynamics and spin dynamics in 2D nanoscale systems does not only strengthen fundamental 
insight but can also offer ample scope for designing suitable components in the areas of 
miniaturized optoelectronic and spintronic devices.((Hemanga Jyoti Sarmah1, Dambarudhar 
Mohanta(Tezpur University) and Abhijit Saha (UGC-DAE CSR)) 
 
2.2.28 Radiosensitizing effects of CuII&ZnII complexes of Ornidazole under γ-irradiation: 
Role of NO2

. 
 

Malignant cells become radio-resistant since O2, a natural radiosensitizeris depleted. To 
compensate deficiency in O2 there is the need for agents that enhance radiation-induced damage 
(radiosensitizers). Efficiency of 5-nitroimidazoles as radiosensitizersis based on their ability to 
generate NO2

that interact with the strands of DNA in cells damaging or modifying 
them,leading to cell death.Since generation of NO2

is linked to neurotoxic side effects which is 
regulated through complex formation, the study looks at a possibility of two monomeric 
complexes of Ornidazole with CuII and ZnII to be better radiosensitizers and/or hypoxic 
cytotoxinsas compared to Ornidazole. The study revealed although there is decrease in NO2

for 
the complexes, such decrease does not hamper their radiosensitizing ability. Nucleic acid bases 
(thymine, cytosine and adenine) and calf thymus DNA were used as targets and irradiated with 
60Co γ rays either in the absence or presence of Ornidazole and its monomeric complexes. 
(Durba Gabguly, Ramesh Chandra Santra, Swagata Mazumdar, Parimal Karamakar, Saurabh 
Das (Jadavpur University); Abhijit Saha (UGC-DAE CSR)  
 
2.2.29 Gamma Irradiation Studies on Lead–Free Piezoelectric Polymer-Ceramic 
Composites 
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Gamma ray irradiation studies on lead-free piezoelectric ceramic powders and their polymer 
composites were investigated. K0.5Na0.5NbO5 (KNN) and ZnO, lead-free piezoelectric ceramic 
nano/micro rods were prepared using simple techniques. KNN nano/micro rods were synthesized 
by molten-salt synthesis technique whereas ZnOnano/micro rods were prepared by controlled 
heating of Zn precursor, zinc acetate. The phase formation and microstructure of the samples 
were studied using X-ray diffraction (XRD) and Scanning Electron Microscope (SEM). 
Polyvinylidene fluoride (PVDF) polymer-ceramic (KNN and ZnO) composite films were 
prepared by solution cast method. The β-phase PVDF/KNN and PVDF/ZnO is confirmed 
through XRD and FTIR studies. The KNN and ZnO nano/micro rod powders and their polymer 
composite films were exposed to gamma radiation at 5 different dosages of 5, 10, 24.5, 62 and 
78.48 kGy. The irradiated samples showed no change in the structure. The effects of gamma 
irradiation on the optical and electrical properties were studied.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
The band gap of the samples decreased with increasing irradiation rate. This is attributed to the 
creation of defects in the samples. The electrical properties like dielectric constant, PE loop and 
d33 coefficient were studied and it was found that with respect to the dosage rate, changes in the 
properties were noticed. More irradiation studies are required and planned to understand the 
electrical properties of the samples due to gamma irradiation studies in the near future. 
(Paramesh Gadige, Dr. R.Gowri Shankar, K.Vijay Sai (Sri Sathya Sai Institute of Higher 
Learning); J.B.M.Krishna, A. Saha (UGC-DAE CSR)) 
 

Gamma ray  
dosage 
   (kGy) 

KNN                 
Direct Bandgap  
       (ev) 

ZnO Direct 
Bandgap  
      (ev) 

 3.32      3.23 
5 3.29          - 
10 3.27       3.22 
24.5 3.25       3.19 
62 3.28       3.16 
78.48 3.23         - 



 

2.2.30 Vis-NIR luminescence of GdVO
enhanced by γ-radiation 
γ-radiation effects on structure, morphology and optical behaviour of 
GdVO4:RE3+/SiO2 (RE3+ = Er
synthesized products were examined by X
spectroscopy (FTIR), Scanning electron microscopy (SEM), Transmission electron microscopy 
(TEM) and Photoluminescence spectra (PL). After photoexcitation of 
GdVO4:Er3+/SiO2, GdVO4:Yb
rare-earth ions from phosphors emits red and NIR luminescence at 617 nm
 

          Schematic description of effects of gamma radiation on spectroscopic properties 
 
(2P3/2→ 4F9/2) and 690 nm (
(4F9/2→ 4I9/2) and 798 nm (4F
escalated on increasing the RE
irradiation at 150 and 300 kGy, the luminescence intensity had gone up 2
respectively. On the other hand, the optical band gap was observed to have decreased with 
increasing luminescence intensity before and γ
luminescence is very useful for LEDs, display and biomedical applications. ((Vema Reddy 
Bheeram, Saratchandra Babu Mukkamala, Anima S. Dadhich (GITAM University); Abhijit Saha 
(UGC-DAE CSR)) 
 

NIR luminescence of GdVO4:RE3+/SiO2 (RE = Er3+, Yb3+, Nd

radiation effects on structure, morphology and optical behaviour of 
Er3+, Yb3+, Nd3+) nanophosphors have been evaluated. The 

synthesized products were examined by X-ray diffraction (XRD), Fourier
spectroscopy (FTIR), Scanning electron microscopy (SEM), Transmission electron microscopy 
(TEM) and Photoluminescence spectra (PL). After photoexcitation of 

:Yb3+/SiO2, GdVO4:Nd3+/SiO2 at 462, 487 and 532
earth ions from phosphors emits red and NIR luminescence at 617 nm

Schematic description of effects of gamma radiation on spectroscopic properties 

nm (4F9/2→ 4I15/2); 640 (5F5/2→ 5I8/2) and 731 nm (
F5/2→ 4I9/2). It was observed that the luminescence intensity had 

escalated on increasing the RE3+ content from 1 mol% to 5 mol%. Furthermore
kGy, the luminescence intensity had gone up 2–

respectively. On the other hand, the optical band gap was observed to have decreased with 
increasing luminescence intensity before and γ-irradiation. This enhanced red and NIR 
luminescence is very useful for LEDs, display and biomedical applications. ((Vema Reddy 
Bheeram, Saratchandra Babu Mukkamala, Anima S. Dadhich (GITAM University); Abhijit Saha 
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radiation effects on structure, morphology and optical behaviour of 
) nanophosphors have been evaluated. The 

urier-transform infrared 
spectroscopy (FTIR), Scanning electron microscopy (SEM), Transmission electron microscopy 
(TEM) and Photoluminescence spectra (PL). After photoexcitation of 

at 462, 487 and 532 nm, the respective 
earth ions from phosphors emits red and NIR luminescence at 617 nm 

 
Schematic description of effects of gamma radiation on spectroscopic properties  

nm (5F4/2→ 5I7/2); 680 
). It was observed that the luminescence intensity had 

mol%. Furthermore, after γ-
–5 folds and 5–9 folds, 

respectively. On the other hand, the optical band gap was observed to have decreased with 
This enhanced red and NIR 

luminescence is very useful for LEDs, display and biomedical applications. ((Vema Reddy 
Bheeram, Saratchandra Babu Mukkamala, Anima S. Dadhich (GITAM University); Abhijit Saha 
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2.3 Collaborative Research at Indus synchrotron RRCAT: 
 
Work described below utilized the beamline for photoelectron spectroscopy and Soft X-ray 
absorption spectroscopy  set up by UGC-DAE CSR at RRCAT. 
 
2.3.1 XPS study of Co-doped ZnO nanoparticles  

 
Co-doped ZnO nanoparticles (Zn1-xCoxO, x = 0.0, 0.01, 0.02, 0.03, and 0.04) were prepared by 
using solution method. To find out oxidation state of doped element cobalt in ZnO high reolution 
XPS was performed for the sample Zn1-xCoxO (x = 0.04) using the Scientaomicron work station. 
The XPS spectrum for the  sample, x = 0.04, is shown in Fig. 1(a and b). Fig. 1(a) shows full 
scan and Fig. 1(b) shows Co 2p high resolution XPS spectrum for same sample. Co 2p3/2 and 
2p1/2 peaks are centered at binding energy 782 eV and 797.7 eV along with their satellites as 
shown in Fig. 1(b). These energies (782 eV and 797.7 eV) are similar to the binding energy of 
photoelectrons for Co2+in Co3O4 and CoO. Therefore, these peak positions (782 eV and 797.7 
eV) indicate the presence of Co ions in sample x = 0.04 with oxidation state 2+. The binding 
energy difference for peaks Co 2p3/2 and Co 2p1/2 is calculated to be 15.5 eV which is similar to 
that reported in literature. This binding energy difference (15.5 eV) excludes the formation of Co 
cluster in prepared sample because if Co is present as metal cluster in our sample then binding 
energy difference should be 15.05 eV. This binding energy difference (15.5 eV) also confirms 
the existence of Co ions in sample with x = 0.04 in the form of oxidized state with oxidation 
number +2. The work has been published in https://doi.org/10.1016/j.ijleo.2019.163966. [User 
Report from Dr. M. K. Roy, IIITDM, Jabalpur] 
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Fig. 1. (a and b) Full scan XPS spectrum and high-resolution Co 2p XPS spectrum for x 
= 0.04 Co doped ZnO sample. 

 
 

2.3.2 Characterization of Ni-Fe catalyst by XPS spectroscopy 
The chemical states of Ni and Fe elements in the bimetallic Ni-Fe catalysts by using high 
resolution measurements using the Scientaomicron workstation. As shown in figure 1, Ni 2p3/2 
spectrum were fitted in two peaks bands at 852.5 eV and 853.1 eV which are assign as a metallic 
Ni0 and Ni2+ states, respectively. Similarly, Fe 2p3/2 spectrum were also fitted in three peaks 
706.7 eV, 708.7 eV and 711.4 eV which are assign as  metallic Fe0, Fe2+and Fe3+ species, 
respectively,  in the Ni-Fe bimetallic catalysts. This XPS spectra clearly inferred that co-
existence of both Ni and Fe metal present in alloy form in the bimetallic catalysts. However, 
presence of higher oxidation state of Ni and Fe in the catalysts are coming due to the sample 
preparation during XPS analysis. After establishing the chemical structure, we were able to 
successfully explored these bimetallic NiFe catalysts for the semihydrogenation reaction of 



 

alkynes to alkenes. This wor
Report from Dr. S. Singh, IIT, Indore]
 

Figure 2: Ni 2p and Fe 2p XPS spectra of bimetallic Ni

 
2.3.3 UPS and XPS analysis of Tungsten and Alumin
 
As the first project, we studied carbon doped alumina has become a noble material in radiation 
dosimetry as it shows low dose thermoluminescence and optically stimulated luminescence 
sensitivity besides having its effective atomic number of about
desirable for personal dosimetry. However, the exact role of carbon and its related physics are 
not clearly understood yet. To shed some lights in this direction, a comprehensive depth 
dependent XPS measurements have bee
porous alumina. The importance of the depth dependent study was to follow the role of carbon in 
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chemical and Fermi level electron density like the one observed in W β phase. Here we focused 
on the role of oxygen (O) impurity in modifying chemical property of electron beam deposition 
and dc magnetron sputtering grown Tungsten (W) films by XPS, where the surface electronic 
properties have been characterized by UPS. In all cases, XPS analysis was carried out by Al Kα 
radiation (ℏω =1486.6eV), whereas UPS was performed by both He-I/He-II radiation.  The XPS 
and UPS results have also been compared with a standard W foil. Interestingly, it was found 
impossible to remove oxygen from the surface by in-situ ion beam sputtering process by detailed 
XPS studies, though the relative concentration of O was reduced. However, electron population 
at the Fermi level was found to be increased with lowering film thickness. A part of the analysed 
data has been commutated for publication.   [User Report from Dr. A. Kanjilal, SNU, 
Noida] 
 
2.3.4 XPS study of pyridine based iron complexes 
Tiny single crystals of 4-(4-(methoxy)phenyl)-2,6-di(1H-pyrazol-1-yl)pyridine based Iron 
complex have been adhered together on a copper block to prepare the sample for XPS. The 
spectra were recorded with MgKa source using a hemispherical electron energy analyzer. The 
molecular crystal has been characterised extensively to know the individual binding energies of 
the atomic orbitals and their overlap. The oxidation state of the central metal ion has been 
reaffirmed by the XPS data. The data is being analyzed at present. [User Report from Dr. 
Chandrasekhar Rajadurai, Unv of Hyderabad] 
 
2.3.5 X-ray photoelectron spectroscopy study of  β-Ga2O3 based Schottky diodes 
The changes in Ga 3d core level spectra in β-Ga2O3 based Schottky diodes as well as the Hf 4f 
and O 1s core levels have been studied in HfO2/β-Ga2O3 metal-oxide-semiconductor devices 
before and after ion irradiation (120 MeV Ag7+ ions). β-Ga2O3pristine sample, Ga 3d peaks have 
been deconvoluted into two peaks centered at 20.2 eV and 19.9 eV and correspond Ga+3 and 
Ga+2 states respectively.  The O 2s peak is at 23.5 eV. Moreover, O 1s peak can be fitted with 
O(I) (530.7 eV) and O(II) (531.8 eV) peaks, which corresponds to lattice oxygen of β-Ga2O3, 
and surface adsorbed/lattice oxygen of GaO, respectively. In the irradiated sample, defect 
creation causes significant change in the intensity and broadening of the peaks as evident in Ga 
3d, O 1s and O 2s spectra. Ga3+ and Ga2+ states were fitted with the same energies centered at 
20.2 eV and 19.9 eV.  There is an increase in the peak broadening observed of these acceptor 
states. O 2s associated with these two peaks slightly shifted to 23.7 eV with an increased 
intensity and peak broadening. O(I) peak is centered at 531.5 eV. More importantly, there is 
significant change in the intensity O(II) peak centered at 533 eV after ion irradiation.[User 
Report from Dr. Manikanthbabu, IGCAR] 
 

2.3.6 Temperature-dependent (300-485 K) photoemission study on AgI thin film 
 
High-quality thin films of coordination polymer comprised of Ag(I) and 7,7,8,8-
tetracyanoquinodimethane (TCNQ) (Ag-TCNQ) were fabricated on sunctionalized Au substrate 
by layer-by-layer (LbL) approach. Ag-TCNQ thin films were exposed to vapors of iodine (I2) for 
carrying out a solid-gas interfacial reaction. Interestingly, upon exposure to I2 vapors, we have 
observed a chemical transformation of Ag-TCNQ into β-phase of AgI. XPS  was used to study 
this remarkable chemical transformation. Variable temperature XRD patterns recorded on AgI 
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Figure 3: XPS spectra of I-3d (a) and valence band (b) in Ag
film. XPS spectrum of Ag-3d recorded on AgI thin fi
    (c). Variable temperature (300K to 485K) I
    collected from AgI thin film.
 

2.3.7 Structural, photo-emission and Raman studies on MnCr
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emission and Raman studies on MnCr2O4  based compounds

Spinel oxide materials with AB2O4 structure (Mn1-xCuxCr2O4 (x=0, 0.2, 0.4), Mn
CoxCr2O4 (0, 0.2, 0.4, 0.6) are synthesized by solid state reaction 

method through suitable heat treatment at 1100C to enhance crystallinity and homogeneity of 
the compounds. The Crystal structure is Cubic with the space group Fd-3m:2, determined using 

Ray diffractometer. The phase confirmation and variation in lattice parameters are 
analyzed using Rietveld whole pattern fitting procedure. Surface morphology and elemental 
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analysis are confirmed by Scanning electron microscope along with energy dispersive X-ray 
spectrum (SEM-EDAX). The exact weight loss, endothermic and exothermic action of annealed 
samples are identified through Thermo gravimetric analysis (TGA). The A1g, T2g, modes are 
identified by Raman spectrum.  X-ray Photo emission spectroscopy (XPS) studies on 
Mn0.8Cu0.2Cr2O4, Mn0.6Cu0.4Cr2O4 confirmed the oxidation states as: Cu2+, Mn3+, O2-, Cr2+ 

bystudying the Cu 2p, Mn 2p, O 1s and Cr 2p core-levels, respectively (Figure 4). [User 
Report from Dr. U. Devarajan, Madras University, Chennai] 
 

 
Figure.4. Mn1-xCuxCr2O4 (x=0, 0.2, 0.4) samples (a) XRD pattern with cubic, XPS of (b) O2--1S 
orbital of x=0.2, (c) Cr2+-2P orbital of x=0.2, (d) Cr2+ 2P wide of x=0.4, (e) Mn3+ -2P of x=0.4 
and (f) Raman spectrum of x=0, 0.2, 0.4.        
 
2.3.8 Ensuring origin of intrinsic magnetism from structural studies in Cu0.945Fe0.055-

xMnxO 

CuO is considered as an excellent candidate for numerous applications including in optical and 
electronic devices because of its unique physical properties such as low resistivity, oxygen 
vacancy mediated room temperature ferromagnetism, and low bandgap. Here, the role of 
additional Mn doping on the electronic and magnetic properties of Cu0.945Fe0.055-xMnO has 
been investigated. Le Bail profile analysis of x-ray diffraction data emphasizes on the single-
phase monoclinic C2/c symmetry for all samples. The Mn addition in CuxO modifies the 
magnetic properties. Highest saturation moment is observed for x =0.012 sample. X-ray 
absorption studies hint at a proper substitution of Mn4+ and Fe 3+ ions in CuO and emphasize 
on the intrinsic origin of ferromagnetism in all the samples.  
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Fig. 1 SXAS spectra across (a) Fe L2,3-edges with reference to Fe2O3 (b) Mn L2,3 edges with 
reference to MnO2, and (c) the O K-edges for Cu0.945Fe0.055-xMnxO samples.  

(Mohammad Nasir, Sunil Kumar, N. Patra, Md. A. Ahmed, D. K. Shukla, E. G. Rini, D. 
Bhattacharya, S. N. Jha, Somaditya Sen, Ceramics International, 46 4191 (2019)). 

 

2.3.9 Structural, electronic, transport and magnetic studies of LaCo1 − xNixO3 (x = 0, 0.3) 
thin films 

We present here a study on structural, electronic, transport, and magnetic properties of single-
phase (001) oriented compressively strained thin films of LaCoO3 (LCO) and LaCo0.7Ni0.3O3 
(LCNO). The films were deposited on the LaAlO (001) single crystal substrate using pulsed laser 
deposition. Electronic structure investigations by x-ray absorption spectroscopy (XAS) 
measurements at various edges (Co-L3, Ni-L3, and La-M ) confirm +3 charge states for Co, Ni, 
and La ions in all samples. The XAS study also reveals a transition in the spin state of Co +3 
(low spin to intermediate/high spin), which is attributed to induced strain and Ni substitution. 
Electrical transport measurements suggest the semiconducting behavior for LCO and LCNO thin 
films in the measured temperature range. We found a drastic change in resistivity (ρ) and 
magnitude with Ni substitution. An in-depth analysis of the conduction mechanism governing 
the transport behavior in thin films has been done using various theoretical models. Different 
conduction mechanisms (Arrhenius law and Effros-Shklovski-type variable range hopping) have 
been observed to govern conduction in different temperature ranges, suggesting disorder 
controlled transport in these films. The magnetization measurements show a magnificent increase 
in saturation magnetization for LCNO and ferromagnetic ordered states, which persists even up 
to room temperature. 
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Fig. 2 (a) ln (ρ)vsT-1and (b) ln (ρ)vsT-1/2 plots for LCO and LCNO thin films.  

(Ashok Kumar, Vinod Kumar, Dinesh Shukla, Rajesh Kumar, Ram Janay Choudhary, Ravi 
Kumar, Journal of Applied Physics, 126 235103 (2019)). 

 

2.3.10 Stiffening of phonons with enhanced hybridization and structural phase 
transformation upon Pr-doping in BiFeO3 

Pr doped BiFeO3 samples were synthesized and their structural study was carried out using X-ray 
diffraction which manifests structural phase transformation for x > 0.15 from rhombohedral 
(R3c) to orthorhombic (Pnma) crystal symmetry, which is further confirmed by micro-Raman 
spectroscopy. The stiffening of phonon modes with increasing Pr-doping fraction has been 
attributed to the development of local stress in the lattice, reduction in bond length in the 
framework of the bond-order-length-strength correlation mechanism. Electronic structure studies 
carried out using soft x-ray absorption spectroscopy shows that O 2p orbitals exhibit enhanced 
hybridization with neighboring atoms. Moreover, the +3 valence states of Fe and Pr are also 
confirmed using Fe L-edge and Pr M-edge spectra and found to agree with Raman studies. These 
investigations provide evidence of the correlation between the bond–length and hybridization on 
such structural phase transformation in multiferroic materials. 
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Fig. 3 Normalized (a) Fe L3,2 edge XAS spectra of Pr-doped BFO samples along with 
reference Fe2O3 spectrum and (b) O K-edge XAS spectra of pure and Pr-doped BFO samples and 
(c) Pr M- edge XAS spectra of pure and Pr-oped BFO samples. 

(Priyanka Trivedi, Fouran Singh, Brinda Vyas, Hetal Kundalia, D K Shukla, Sudhindra 
Rayaprol, D G Kuberkar, Physica B: Condensed Matter 571 247 (2019)). 
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2.4 Collaborative Research at Indore Centre 
 
2.4.1.  Interface driven electrical and magneto-transport properties of (100 – x)% 

La0.7Sr0.3MnO3– x% Paraffin wax (0 ≤ x ≤ 1) hybrid nanocomposites 
 
Electrical and magneto-transport properties of La0.7Sr0.3MnO3(LSMO)/Paraffin wax 
nanocomposites prepared through low temperature chemical pyrophoric reaction process are 
studied. A core shell structure is expected to be formed having a ferromagnetic LSMO core and a 
spin disordered shell of paraffin wax. Enhanced charging energy due to coulomb blockade 
contribution with increasing paraffin wax is observed for the composites attributing enhanced 
intergranular distance between LSMO grains. Effective spin-polarized tunneling of conduction 
electrons resulting in sharp low field magnetoresistance (MR) of the composites is due to 
reordering of spin disorder at paraffin wax shell with magnetic field. Further observation of 
enhanced magnetoresistive hysteresis with decrease in temperature has been attributed to 
increased blocked states at LSMO grain surface.  Following figures show the normalized 
resistivity as a function of temperature and isothermal magnetoresistance at various 
temperatures. 

 
 
Debajit Deb, Sanjay K. Mandal ,Archana Lakhani , AparnaNath , and Puja Dey 
 

 
2.4.2 Diffuson contribution to anomalous Hall effect in disordered Co2FeSi thin films 
 

A large variation in the disorder strength is achieved by growing Co2FeSi Huesler alloy films on 
Si(111) substrates at different substrate temperatures ranging from room temperature to 600◦C as 
inferred from the order of magnitude variation in the longitudinal resistivity (ρxx). A detailed 
study of the influence of disorder on anomalous Hall resistivity (ρxy), ρxx and magnetoresistance 
reveals that the side-jump mechanism is the dominant contribution to anomalous Hall resistivity 
in the CFS thin films, regardless of the degree of disorder present whether they are in the 
amorphous (high-resistivity) or crystalline (low-resistivity) state). A novel contribution to both 
longitudinal and anomalous hall resitivity characterized by the logarithmic temperature (−lnT) 
dependence at temperatures below the minimum (T<Tmin) originates from the scattering of 
conduction electrons from the diffusive hydrodynamic modes associated with the longitudinal 
component of magnetization, called ‘diffusons’. Following figures (a,b) shows the temperature 
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variations of the individual scaling terms along with the theoretical fit (continuous curves) for the 
RT and TS550 films. (c), (d) shows the Scaling with ρxxT along with the theoretical fits. 

 
 

Binoy Krishna Hazra, S. N. Kaul, and S. Srinath, M. Manivel Raja, R. Rawat, Archana Lakhani 
 
2.4.3 Unusual Conductance Fluctuations and Quantum Oscillation in Mesoscopic 

Topological Insulator PbBi4Te 7 
 
A thorough study of Shubinikov-de-Haas (SdH) oscillations and conductance fluctuations in a 
mesoscopic topological insulator PbBi4Te7 system has been carried out. SdH oscillations 
demonstrate a clear evidence of π Berry phase and Dirac fermions. Two main Fermi wave 
vectors determined experimentally are correlated with two surface Dirac cones buried one inside 
the other of layered topological insulator PbBi4Te7. The root mean square amplitude of the 
observed conductance fluctuations is much higher than the usual universal conductance 
fluctuations observed in nanometer size sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
Priyanath Mal, Bipul Das, Archana Lakhani, Ganesh Bera, G. R.Turpu, Jong-Ching Wu, 
C.V.Tomy,  Pradip Das 
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2.4.4 A comparative study in different rare earth ions in multiferroicnanocomposites: 
Low temperature resistivity minima and low field magnetoresistance 

 
A systematic resistivity and magnetoresistance study is carried out for the rare earth based 
multiferroicnanocomposites La0.7Sr0.3MnO3-TMnO3 (T = Er, Ho). Resistivity as a function of 
temperature exhibits a metal-insulator transition. At very low temperatures, a sharp upturn in 
resistivity is observed, which is suppressed with the application of magnetic field. The upturn in 
resistivity is characterized by spin fluctuations present in the system and ensures the progress of 
the electrons tunnelling. Reduction of the spin fluctuations with field plays a significant role in 
defining the magneto resistive behaviour. Experimental data are analyzed using a 
phenomenological model to provide an insight on the physical mechanism behind the low 
temperature transport phenomena. The multiferroicnanocomposites exhibit the magnetoelectric 
coupling, which arises due to the strain mediated magnetostrictionbehavior in 
La0.7Sr0.3MnO3nanocomposites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Papia Dutta,   S.K.Mandal, P.Dey, ArchanaLakhani, S.M.Yusuf 
 
 
2.4.5 Effect of interface on temperature dependent magnetoresistance and room 

temperature magnetoimpedance of La0. 7Sr0. 3MnO3/Polyvinyl Alcohol 
nanocomposites 

 
Interface effect on magnetotransport properties have been studies by tuning the Polyvinyl 
Alcohol concentration of 0.5%(S1), 1%(S2) and 1.5%(S3) in La 0.7Sr0.3 MnO3 (LSMO)-
Polyvinyl Alcohol nanocomposites, prepared by solid state reaction method. Polyvinyl Alcohol 
chemisorbed grain boundaries (GB) of LSMO lead to distortion of Nyquist semicircles indicating 
non Debye type electrical relaxation process in the system. Decrease in GB resistance with 
magnetic field, indicates depinning of GB domain walls from GB pinning centres. Very small 
inter granular distance in clustered LSMO grains, seem to attribute minimum low frequency 
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impedance in S3, amongst all the samples. Magnetoresistance (MR) studies indicate significant 
variation of MR with Polyvinyl Alcohol concentration at low temperature regime where efficient 
SPT in S3 due to cluster formation is strongly reflected. Following figures show 
theMagnetoresistance at various temperatures in the range of 5K to 300K for samples (a) S1 
(b)S2 (c) S3. (d) shows the variation of MR with PVA concentration in the temperature between 
5-300K. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Debajit Deb, Rajesh Debnath , S. K. Mandal , Archana Lakhani , A. Nath , P. Dey 
 

2.4.6 Evaluation of tungsten as divertor plasma-facing material: results from ion 
irradiation experiments and computer simulations 

 

The effect of Primary Knock-on Atom (PKA) spectrum on the damage creation and subsequent 
deuterium trapping at the defects has been investigated using computer simulations and surrogate 
ion-irradiation experiments. The PKA spectrum generated by light ions resembles close to 14 
MeV neutrons. Ion-irradiation experiments have been carried out with ions of Au, W, B, He and 
D of energies ranging from 100 keV – 80 MeV for a fluence range of 1.3 x 1014 ions-cm2 to 
5x1017 ions-cm2 . While 80 MeV-gold ions produced dense clusters of defects and dislocation 
loops, boron produced predominantly dislocation lines and dislocation loops. Molecular 
dynamics simulations show that at large PKA energies (>150 keV) the fragmentation of the 
cascade takes place which tend to limit the size of individual defect cluster. Transmission 
electron microscopy studies have shown that 80 MeV Au-irradiation which has significant 
fraction of PKA energies above fragmentation threshold has produced dense cluster of smaller 
defects. 
 

P.N. Maya, P. Sharma, A. Satyaprasad, S. Mukherjee, A.K. Tyagi, S.S. Vala, P.V. Subhash, A. 
Attri, P. Kulriya, P.K. Bajpai, P.M. Raole, V. Karki, M. Singh, R. Kumar, Archana Lakhani, P. 
Kikani, P. Rayjada, M.Abhangi, Kedar Mal, S.P. Patel, T. Trivedi, K. Saravanan, S. Kannan, C. 

David, P.K. Pujari, M. Warrier, S. Khirwadkar and S.P. Deshpande 
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2.4.7 Structural and magnetic properties of the as-cast V1−xZrx alloy superconductors 
We report here the structural, electrical, thermal, and magnetic properties of the as-cast V1xZrx 
alloys (x ¼ 0–0.4) at low temperatures. We observe that all the alloys undergo successive 
peritectic and eutectic reactions during cooling from the melt, which leads to the formation of 
five phases, namely, a body centered cubic β-V phase, two phases with slightly different 
compositions having a face centered cubic ZrV2 structure, a hexagonal closed packed α-Zr 
phase, and the β-Zr precipitates. The amount of each phase is found to be dependent on the 
concentration of zirconium in vanadium. The β-V and ZrV2 phases show superconductivity 
below 5.2 K and 8.5 K, respectively. We show that the critical current density is large for the V-
rich V1xZrx alloys with x . 0:1. The grain boundaries generated from the eutectic reaction and 
the point defects formed due to the variation in the composition are found to be responsible for 
the pinning of flux lines in low and high magnetic fields, respectively. Our studies reveal that the 
choice of the composition and the heat treatment, which leads to eutectic reactions are important 
in improving the critical current density in this alloy system. 

 
 
 
 
 
 

 
 
 
 
 

L. S. Sharath Chandra, Sabyasachi Paul, Ashish Khandelwal,, Vinay Kaushik, ArchnaSagdeo, . 
K. Chattopadhyay (RRCAT), R. Venkatesh, Kranti Kumar, A. Banerjee,  

 
2.4.8 Influence of quaternary alloying addition on transformation temperatures and 

shape memory properties of Cu–Al–Mn shape memory alloy coated optical fiber 
Copper based Shape Memory Alloy (SMA) coated optical fiber sensors have been developed for 
temperature dependent applications. Cu-Al-Mn-Ni (79.6%-11.9%-5%-3.5%) shape memory 
alloy has been coated over optical fiber using flash evaporation based physical vapour deposition 
technique. In order to obtain uniform coating and introduce strain during fiber fabrication 
process, an in-situ fixture with rotating drive assembly had been designed. SEM, XRD and DSC 
results have confirmed the uniformity, crystallinity and phase transformation of the SMA coated 
optical fiber. Phase transformation has been confirmed using DSC at 350 C. The developed 
sensor has been characterized for the entire working range of 250 C to 350 C with a resolution of 
0.5 C. Losses in optical fiber signal during actuation have been measured indirectly using 
equivalent displacement obtained against change in temperature profile. Application of the 
developed smart optical fiber sensor for condition monitoring of additive manufacturing machine 
has been explored. 
 



146 | P a g e  
 

 
S. Karthick, Singh Shalini, S.S. Mani Prabu , Khan Suhel , Agarwal Vandan , ChitkariyaPuneet , 

, I.A. Palani (IIT Indore) Saxena Manoj Kumar(RRCAT) R. VenkateshMeasurement 153 (2020) 107379 
 
2.4.9 Metamagnetism in itinerant ferromagnetic CeCrGe3 Kondo system 
Magneto-resistance (MR), isothermal magnetization M (H) and specific heat (CP) of heavy 
fermion, dense Kondo and itinerant ferromagnetic compound CeCrGe3 (TC ~ 70 K) at low 
temperatures and high magnetic fields is being reported. Phase purity and elemental analysis 
were done by XRD and EDX. Electrical resistivity, ρ (T) vs. field H curves show hysteresis 
above 5 T and below 15 K. Hystersis was also observed in the M vs. H curves. This hysteresis in 
MR and M (H) is attributed to the magnetic field induced metamagnetism. The metamagnetismin 
CeCrGe3 occurs probably due to the peculiar density of states (DOS) with the Kondo resonance 
peak and the enhancement of DOS at the Fermi level as a result of the partial Kondo breakdown. 
(Physica B: Condensed Matter, 575, art. no. 411701) 

 
Singh, D(IIT Bombay)., Suresh, K.G (IIT Bombay), Patidar, M.M, Ganesan, V. R.Venkatesh 

 
 
2.4.10 Ferromagnetic ordering in nickel doped BiFeO3 nanostructured thin films 
The study has made on Ni-doped BiFeO3 (BFO) thin films principally its magnetic properties. 
BiFe1−xNixO3 (Ni = 0.025,0.05, 0.075 and 0.10) films were synthesized by the indigenously 
developed novel hot-wall spray pyrolysis system. It is evidenced from field-emission scanning 
electron microscopy (FESEM) that Ni doping tremendously modified the shape of the particles 
from individual rod structure to grouped nanocrystalline grains. M–H curve reveals that Ni 
doping lead to increase in saturation magnetization and remanent magnetization values of BFO 
at room temperature (RT) and low temperature (LT). These changes are unveiled due to the 
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structural disorder evidenced from Grazing Incidence X-ray Diffraction (GIXRD) and oxygen 
vacancy evidenced from X-ray photoelectron spectroscopy (XPS), which are responsible for the 
magnetic exchange interactions between Fe–O–Fe and Fe–O–Ni. The study of coercivity and 
blocking temperature with M–H and M–T curves showed that incorporation of Ni decreases the 
anisotropic energy and coercivity values. These results confirmed that Ni doping modifies the 
canting structure order which breaks the domains into multi-domains. High retentivity with 
optimum coercivity makes Ni doped BFO as a good soft magnetic material which finds 
applications in magnetic data storage devices. (Journal of Materials Science: Materials in 
Electronics, 30 (20), pp. 18306-18314) 

 
Razad, P.M (RCAS Tamilnadu).,Saravanakumar, K(KASC Coimbatore)., Mahalakshmi, K (PCW 
Coonoor) ., Jeyadheepan(SASTRA univ.), K Ganesan, V., Reddy, V.R., Choudhary, R.J.,. (2019)  

 
2.4.11 Investigations on transport properties and charge conduction mechanisms of 
various mixed valent manganite compounds: 

 
Manganites exhibits interesting phenomena like parmagnetic to ferromagnetic phase transition, 
insulator to metal phase transition, phase coexistence.  These phenomena are accompanied by 
charge ordering, spin ordering, orbital ordering and their interlay interesting physical properties 
like large magnetic field induced change in magnetoresistance, electroresistance, and electric 
pulsed induced resistance (EPIR) change. Since structure of manganites is one of a key factors to 
govern their all physical and chemical properties, different forms of these manganites play an 
important role including polycrystalline bulk, nanostructure, single crystal, thin film, device, 
heterostructure, multilayer, powder composite, core–shell composite, thin film composite, etc. 
All these forms of the manganites possess various interesting ground states which can easily be 
altered by external parameters such as pressure, temperature, magnetic field, electric field, 
current, voltage, irradiation, implantation, etc. By considering these general but interesting 
aspects of manganites, two sets of manganite samples have been prepared, namely, (i) two 
heterostructures of ZnO / Pr0.6Sr0.4MnO3 / SrTiO3 and ZnO / Pr0.55Sr0.45MnO3 / SrTiO3 and (ii) 
nanostructure and polycrystalline bulk of La0.85Sr0.15MnO3 manganite. In order to identify 
various possible transport behaviors, charge conduction mechanisms and MR nature of all these 
four samples understudy, temperature and magnetic field dependent resistivity have been 
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recorded on the 16T PPMS system. For the two heterostructures, we have performed R–T (H) 
and R–H (T) measurements for, both, current in plane geometry as well as current perpendicular 
to plane geometry. Interesting results have been obtained which are being analyzed.Some of the 
experimental results are plotted below. 
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Himanshu Dadhich, Piyush Solanki(Saurashtra University), Devendra Kumar (UGC DAE CSR 
Indore) 

 
2.4.12 Study of FeVO4 based magneto-electric materials (CRS entitled “Study of lattice 

dynamics ……… through Mossbauer Spectroscopy” sanctioned to Dr. T. 
Goverdhan Reddy of Guru Ghasidas Vishwavidyalaya, Bilaspur) 

 
A detailed account of magneto-lattice coupling, magnetic frustration, and magneto-electric 
effects in Fe1−xCrxVO4 (x = 0 − 1.0) studied by temperature-dependent synchrotron x ray 
diffraction (SXRD), temperature- and magnetic-field-dependent dielectric permittivity ε, and 
magnetization measurements are studied where progressive Cr doping leads to structural 
transitions from triclinic (T)—monoclinic (M)—orthorhombic (O) symmetries. SXRD data 
shows an intricate relationship between magnetic, ferroelectric, and lattice degrees of freedom in 
these systems. FeVO4 reaches a magnetically ordered state with two successive 
antiferromagnetic orderings at TN1 (21.85 K) and TN2 (15.65 K), having collinear and non-
collinear natures, respectively, as evidenced in DC magnetization measurements. Progressive 
Cr3+ incorporation at the Fe3+ site in Fe1−xCrxVO4 shifts these transitions to higher temperatures 
in T phase (x = 0.0 and 0.10). At x = 0.175 [in (T + M) phase], these transitions become closer to 
each other. Beyond this concentration, a single broad antriferromagnetic transition is observed in 
M (x = 0.20 − 0.30) and O (x = 0.90 − 1.0) phases. A nonlinear behavior in isotherm M-H curves 
below TN2 indicates field-induced spin-reorientation transitions at higher magnetic field. In 
dielectric permittivity ε a sharp peak at TN2 in T and near M regions with a minimal suppression 
because of applied magnetic field is found and no such peak is observed in far M phase. A 
discontinuity evidenced in electromagnetic susceptibility indicates magneto-electric effect at the 
polar to nonpolar transition regions. The structural incongruence in progressive transformation 
from T to M to O symmetries plays a vital role in controlling the nature of magnetic interactions. 
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The results indicate a strong correlation between structural transitions, magneto-lattice coupling, 
magnetic frustrations, and magneto-electric effect in Fe1−xCrxVO4.  The results are published in 
Phys. Rev. B 100 (2019) 014436. (Ganesh Bera, Akash Surampalli, Aradhya Mishra, P. Mal, V. 
R. Reddy, Alok Banerjee, Archna Sagdeo, Pradip Das and G. R. Turpu). 
 
2.4.13 Electronic properties in itinerant ferromagnet SrRu1-xTixO3 
(A K Pramanik, JNU, Delhi) 
Electrical transport and specific heat in of SrRu1−xTixO3 (x ≤ 0.7) is investigated. The SrRuO3 is 
a metal and shows itinerant ferromagnetism with transition temperature Tc ∼ 160 K. The 
nonmagnetic Ti4+ (3d0) substitution would not only weaken the active Ru-O-Ru channel but is 
also expected to tune the electronic density and electron correlation effect. A metal to insulator 
transition has been observed around x ∼ 0.4. The nature of charge transport in paramagnetic-
metallic state (x ≤ 0.4) and in insulating state (x > 0.4) follows modified Mott’s variable range 
hopping model. In ferromagnetic-metallic state, resistivity shows a T2 dependence below Tc 
which though modifies to T3/2 dependence at low temperature. In Ti substituted samples, 
temperature range for T3/2 dependence extends to higher temperature. Interestingly, this T3/2 
dependence dominates in whole ferromagnetic regime in presence of magnetic field. This 
evolution of electronic transport behaviour can be explained within the framework of Fermi 
liquid theory and electron-magnon scattering mechanism. The negative magnetoresistance 
exhibits a hysteresis and a crossover between negative and positive value with magnetic field 
which is connected with magnetic behaviour in series. The decreasing electronic coefficient of 
specific heat with x supports the increasing insulating behaviour in present series. High 
Kadowaki-Woods ratio (x ≤ 0.3) for SrRuO3, increases further with substitution. This signifies 
an increasing electronic correlation effect with substitution concentration 

 
Figure: The temperature dependent electrical 
resistivity for SrRu1−xTixO3 series with (a) x = 
0.0, 0.1, 0.2, 0.3, 0.4 and (b) x = 0.5 and 0.7 in 
temperature range from 5 K to 300 K. 

 
Figure: Temperature dependence of 
specific heat/Temperature (C/T) are shown 
for SrRu1−xTixO3. For clarity, curves are 
shifted vertically by amount 0.02 for x = 
0.1, 0.2, 0.3, 0.4, and 0.7 samples. 

 
R Gupta, R Rawat, AK Pramanik, Journal of Physics: Condensed Matter 2020 
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2.4.14 Anomalous magnetoresistance and magnetocaloric behaviour in layered 
intermetallic compound NdRu2Si2 
(B Bandyopadhyay, SINP, Kolkata) 
 The magnetoresistance (MR) and magnetocaloric properties of naturally occurring layered 
compound NdRu2Si2 with a Neel temperature TN= 24 K have been investigated in the 
temperature range 60 ≥ T ≥1.8 K. It has been shown that a high external magnetic field greatly 
modifies the MR properties of the compound which in its low temperature ferromagnetic state (T 
<10 K) exhibits an unusual positive MR instead of being negative. Although, the magnetocaloric 
investigations at this field and temperature range further indicates that the compound is in a 
predominantly ferromagnetic state. With the lowering of temperature, the MR value changes 
from a negative 34% near TNto a positive 5% at 5 K. Magnetocaloric (MCE) investigations on 
NdRu2Si2 exhibit two well defined peaks corresponding to the magnetic transitions. A table like 
MCE behaviour has been observed in the temperature range from 5 K to 45 K. 

 
Figure: Temperature dependence of 
normalized resistivity (ρ/ρ(150K)) in various 
magnetic fields (H = 0, 1, 3, 5, and 8 T) in 
NdRu2Si2. 

 
Figure: Field dependence of 
magnetoresistance at different temperatures 
in NdRu2Si2. 

 
RR Chowdhury, S Dhara, B Bandyopadhyay, R Rawat, Physica B 586 (2020) 412103 

 
2.4.15 Structural response to the magnetic pre-ordering in LiFeSi2O6 
(R Bindu, IIT Mandi) 
The temperature evolution of the structural parameters of potential ferrotoroidic LiFeSi2O6 
compound across structural and magnetic phase transitions is invetigated. The structural 
transition, TS is 230 K and the paramagnetic to antiferromagnetic transition, TN is ~18 K. The 
lattice parameters exhibit unusual temperature dependence and based on its behaviour, the 
experimental results can be divided into 3 regions. In region I (300K to 240 K), the cell 
parameters are mainly governed by mere thermal effect. As the compound enters region II 
(below 240K to 30 K), the lattice parameters show non-linear behaviour. In this region, the 
exchange pathways that lead to the magnetic interactions within and between the Fe-Fe chains do 
not show significant response. The region III (below 30 K) is dominated by the magnetic 
contribution where we observe setting up of both intra and inter-chain magnetic interactions 
which could be the possible reason for the ferrotorodic behaviour observed in this compound. 



151 | P a g e  
 

We believe that the present results will be helpful in understanding the evolution of spin rings 
that gives rise to net toroidal moment and its consequent properties. 

 

 
Figure: Temperature dependence of isothermal entropy change (Sth) (inset adiabatic 
temperature change (Tad) and magnetic contribution to heat capacity (Cmag) in the form 
Cmag/T vs T (inset: Total entropy S and red line is extrapolation of S above 25 K). 
 

R K Maurya, P Sharma, R Rawat, R S Singh and Bindu R, Eur. Phys. J. B 92 (2019) 162 
 
 
2.4.16 Structural, magnetic and electric-polarization properties of geometrically frustrated 
YBaCo4O7 and DyBaCo4O7 cobaltites 
(A Venimadhav, IIT Kharagpur) 

In the RBaCo4O7 (R = Ca, Y and rare earth) cobaltite family, only CaBaCo4O7 shows 3D 
long-range ferrimagnetic and spin-driven electric-polarization properties. We investigated the 
structural, magnetic and electric polarization properties in YBaCo4O7 and DyBaCo4O7 members 
of this family and the obtained results are compared with the CaBaCo4O7. The compound 
YBaCo4O7 showed a series of magnetic transitions in agreement with the reported literature, 
additionally, a cluster glass behaviour below 5 K is observed. Powder neutron diffraction studies 
on DyBaCo4O7 cobaltite showed an orthorhombic Pbn21 symmetry and signature of short-range 
120◦ magnetic correlations of kagome layer and a spin glass behaviour below 65 K. Dielectric 
measurements on both the samples showed strong frequency dispersion at high-temperature and 
frequency-independent behaviour at low temperature without dielectric anomaly. Pyroelectric 
current measurement showed a broad peak around 50 K in both the samples; however, a careful 
analysis relates the peak to thermally stimulated depolarization current. This study signifies that 
the giant structural distortions and cobalt charge ordering at the kagome layer are the key factors 
to drive both long-range magnetic ordering and spin-driven electric polarization in this cobaltite 
family. 

C Dhanasekhar, AK Das, A Das, SK Mishra, R Rawat, A Venimadhav 127 (2019) 67001 
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2.4.17 Diffusion contribution to anomalous Hall effect in disordered Co2FeSi thin films 
(S Srinath, University of Hyderabad, Hyderabad) 

An exhaustive study of the influence of disorder on anomalous Hall (AH) resistivity 
( ), longitudinal resistivity (ρxx), magnetoresistance and magnetization of Co2FeSi (CFS) 

Heusler alloy thin films of fixed (50 nm) thickness, deposited on Si (111) substrate, reveals the 
following. Regardless of the degree of disorder present, the side-jump mechanism gives a 
dominant contribution to  . A new and novel contribution to both ρxxand   , characterized 

by the logarithmic temperature (− lnT) dependence at temperatures below the minimum 
(T<Tmin), exclusive to the amorphous CFS films, originates from the scattering of conduction 
electrons from the diffusive hydrodynamic modes associated with the longitudinal component of 
magnetization, called ‘diffusons’. The electron-diffuson, e − d, scattering and weak localization 
(WL) mechanisms compete with the inelastic electron-magnon, e − m, scattering to produce the 
minimum in ρxx(T), whereas the minimum in   (𝑇)is caused by the competing contributions 

from the e − d and e − m scattering, as WL does not contribute to   . Another novel finding is 

that the e − d scattering contributions to   and ρxx(T)scale with each other. In sharp contrast, in 

crystalline films, enhanced electron-electron Coulomb interaction (EEI), which is basically 
responsible for the resistivity minimum, does not contribute to   with the result that no 

minimum in   (𝑇)is observed. The conventional   = f(ρxx)scaling breaks down completely 

in the present case. However, when   (𝑇)is corrected for the e−d contribution and ρxx(T) for 

both e − d and WL contributions (only EEI) in the amorphous (crystalline) films, the AH 
coefficient, RA(T)=  (𝑇)/ 4πMs(T), (calculated from the corrected   and spontaneous 

magnetization, Ms), perfectly scales with ρxxT, the temperature-dependent part of the corrected 
ρxx, for all the CFS thin films. 

BK Hazra, SN Kaul, S Srinath, MM Raja, R Rawat, A Lakhani, Journal of Magnetism and 
Magnetic Materials 481 (2019) 194-202 

 
2.4.18 Structural and electronic effects in GdCu alloy (R Bindu, IIT Mandi) 
 
We have studied structural and electronic phenomena in GdCu using x-ray diffraction (xrd), 
photoemission spectroscopic (PES) techniques and band structure calculations. Our structural 
studies show that the as prepared GdCu sample does not stabilize completely in cubic CsCl 
phase even at room temperature (RT). The thermal hysteresis is observed in the lattice parameter 
that appears to be due to strain and dislocations at the surface. The behaviour of the intensity of 
the most intense xrd peak suggests phase coexistence and structural link with magnetic 
properties. After undergoing thermal cycling to RT, with increase in polishing depth, the GdCu 
sample shows different surface and bulk crystal structures at RT. The surface is predominantly 
cubic while the bulk exposes more its hidden orthorhombic FeB phase with increase in the depth 
of polishing. To understand the manifestation of phase separation on the electronic structure, we 
have used DFT and DFT+U calculations and PES studies. Our results show the importance of 
on-site Coulombic interaction in Gd 4f and Cu 3d orbitals. At the Fermi edge, in addition to the 
significant contribution of Gd 5d and Cu 3d there is also contribution of Cu 4p states. The PES 
studies exhibit chemical potential shift as one compares the as prepared GdCu and the GdCu 
that has undergone thermal cycling. We believe our results will be helpful in providing insight 
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into the generic property displayed by systems that exhibit strain dominated phase separation. To 
be published in J. Phys.: Condens. Matter 2020 

Priyamedha Sharma, Jaskirat Brar, Bharath Mand R. Bindu 
 

2.4.19 Study of magnetotransport and low temperature anomaly in half doped lanthanum 
calcium manganite nanoparticle (Dr. V. Dayal, Maharaja Institute of Technology, Mysore) 

 
Electronic and magneto transport properties of nano particles of La0.5Ca0.5MnO3 synthesized 
using citrate route have been studied. The sample exhibits metal to insulator transition (TMI) at 
89 K in the absence of magnetic field. With the application of magnetic field the resistivity 
decreases significantly over a wide temperature range e.g. from lowest temperature of 
measurement to ∼250 K. This indicates that FM interaction starts dominating well above 
observed TMI. This is further supported by isothermal magnetoresistivity measurement which 
shows paramaganetic like behaivour at 300 K and ferromagnetic like below 200 K. At 250 K 
magnetoresistivity seems to be typical of paramagnetic and ferromagnetic behaviour. The lower 
TMI appears to be due to nano-particle nature of the sample where surface could be insulating. 
The evidence of metallic core is also seen in isothermal magnetoresistivity data which shows low 
field magnetoresistivity of about 30% and is expected due to spin polarized tunneling between 
two ferromagnetic grains. These results are published in Ajay Kumar Saw, Ganesha 
Channagoudra, Shivakumar Hunagund, Fu Hao, Ravi L. Hadimani, and Vijaylakshmi 
Dayal, , AIP Conference Proceedings 2115 (2019) 030437. 
 
2.4.20 Study of Transport, Magnetic and Magnetocaloric Properties in Sr2+ substituted 
Praseodymium Manganite 

The magnetotransport, magnetic and magnetocaloric properties in the polycrystalline Pr1-

xSrxMnO3 (0.2≤x≤0.40) have been studied. The X-ray diffraction peaks for the composition 
x=0.20, 0.33 and 0.40 have been indexed with orthorhombic structure having Pnma space group, 
whereas x=0.25 composition has been indexed to R-3c space group having 
rhombohedralsymmetry. Both metal-insulator transition temperature (TMI) and ferromagnetic 
ordering temperature (Tc) i.e Curie temperature increases with increase in Sr2+ concentration at 
Pr3+site shows an increase in and. Magnetic measurements revealed that all the compositions 
undergo a second order magnetic transition with the PM–FM transition near room temperature. 
The magnetocaloric behaviour also suggests typical second order transition in all the studied 
compositions. The composition, x = 0.25 shows the higher isothermal magnetic entropy change, 
|∆S | = 2.84 J/kgK with RCP = 116.33 J/kg at ∆H = 3 Tesla. The high RCP value (=151.16 
J/kg) with |∆S | = 2.41 J/kgK at ∆H = 3 Tesla for the composition, x = 0.40, implies that  
𝛿𝑇  plays a significant role. The compositions with Sr2+concentration x=0.25 and x= 0.40 
show good magnetocaloric effect, indicating its potential application for refrigerant applications. 
These results are published in Ajay Kumar Saw, Ganesha Channagoudra, Shivakumar 
Hunagund, Ravi L. Hadimani and Vijaylakshmi Dayal, Materials Research Express 7 
(2020) 016105. 

 

2.4.21 Low Temperature Spin Polarized Tunnelling Magneto-resistance in La1-xCaxMnO3 
(x=0.375 & 0.625) Nanoparticles 
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The structural, electrical and magneto-transport properties of the La1-xCaxMnO3 (x=0.375 and 
0.625) nanoparticles (~50nm) synthesized by the sol-gel citrate method have been reported. The 
samples crystallize in orthorhombic perovskite structure indexed to pbnm space group. The 
crystalline size calculated using Debye scherrer formula is found to be ~50 nm in the samples. In 
the absence of magnetic field, a metal to insulator (MI) transition is observed in x=0.375 sample 
at 172K (TMI), while the x=0.625 sample shows a charge ordered (CO) behaviour at temperatures 
below 150 K (TCO). Both samples show a substantial negative magneto-resistance (MR). The 
fitting of the field dependent MR isotherms by scaling law displays linear variation below TMI-

/TCO and quadratic above TMI/TCO. The fitting result suggests that a significant negative MR at 
low temperature is due to inter-grain spin polarized tunnelling across grain boundary and domain 
contribution. A substantial negative MR at low temperature can be attributed to the inter-grain 
spin polarised tunnelling across the grain boundary and domain wall. Scaling law fitted to the 
field dependent MR is found to be reliable as it shows linear behaviour at low-temperature (
TMI/TCO) and quadratic nature at high-temperature side (>TMI/TCO). These results are published 
in Ganesha Channagoudra, Ajay Kumar Saw & Vijaylakshmi Dayal, Emergent 
Materials volume 3 (2020)  45. 

 

2.4.22 Ph.D. Thesis titled, “Investigation on synthesis, structural and superconducting 
properties of Fe(Te,Se) superconductors” by Rohit Kumar under the supervision of Dr. G 
D Varma submitted to IIT Roorkee 

The thesis deals with structural and superconducting properties of Fey(Te1-xSex) in bulk single 
crystal with varying x and y, as well as in thin film with varying thickness and substrate. The 
study of Se substitution in FeTe (i.e. FeTe1-xSex with x=0.10, 0.20, 0.40 and 0.60) single crystals 
shows that activation energy and upper critical field are the highest for FeTe0.40Se0.60 sample. 
Therefore, FeTe0.60Se0.40 is selected to study the effect of change in Fe stoichiometry by studying 
single crystalline samples of FexTe0.60Se0.40 with x=0.970, 0.985, 1, 1.015 and 1.030. These 
studies show that deviation from stoichiometry deteriorates superconducting properties. The 
analysis of magnetoresistance data shows a crossover from the single vortex pinning regime to 
collective vortex pinning regime at H = 2T. The vortex phase diagram deduced from 
magnetoresistance measurement shows transitions from unpinned vortex liquid – pinned vortex 
liquid and vortex liquid - vortex glass transitions. The study of Fe(Te, Se) thin films on MgO, 
LAO, STO and YSZ substrates shows that thicker film on MgO substrates has better 
superconducting properties. It can be correlated with c/a ratio which is found to be higher for this 
film. The upper critical field is also found be very high ~248 T. The activation energy for the 
magnetic fields H ≤ 2T and H ≥ 3T, suggests the transition from the single vortex - collective 
vortex pinning regime for all the thin films and the power law relation suggests the presence of 
planer and point defects dominating regions. The vortex phase diagram for all the thin films 
reveals the transition from the vortex melting region to the vortex glass region. It also reveals the 
transition from the unpinned vortex - pinned vortex liquid state - vortex glass state. Some of 
these results are published in R. Kumar et al., J. Appl. Phys. 125 (2019) 193902; AIP 
Advances 9 (2019) 125128; Phys. Status Solidi B 2019 (doi: 10.1002/pssb.201900552; J. 
Supercond. Nov. Magn. 32 (2019) 3715; AIP Advances 8 (2018) 055819. 
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Figure: Vortex phase diagrams for the FeSe thin films S1 (78nm) and S2 (177nm) 
deposited on MgO. 
 
 

2.4.23 Temperature dependent structural, magnetic and vibrational behaviour of Bi-Mn 
doped SmFeO3 
Samarium orthoferrite is an interesting candidate for spintronic applications because it exhibits  
intriguing physical properties such as spin-phonon coupling, spin reorientation transition at high 
temperature and magnetization reversal at low temperature. We have studied the thermal 
dependence of structural, vibrational and magnetic behaviour of solid-state synthesized 
Sm0.9Bi0.1Fe0.9Mn0.1O3 compound. In order to confirm the oxidation states of the constituent 
elements, XPS measurement has also been performed. Structural analysis revealed that this 
studied compound exhibit orthorhombic structure with pnma space group. In addition to this, no 
structural transition is observed in the measured temperature range (300-500 K). Temperature 
dependant magnetic measurements unveil the weak ferromagnetic-paramagnetic transition 
around 620 K.  Raman measurements performed in the temperature range (300-800 K) shows 
that Ag(3) phonon mode which is related to vibrations of FeO6 octahedra exhibits anomaly below 
transition (magnetic) temperature. This anomalous behaviour is attributed spin-phonon coupling. 
From XPS analysis, two intense peaks of Sm (Sm3d5/2 and Sm3d3/2 at 1082.5 and 1109.5 eV)and 
Bi (Bi4f7/2 and Bi4f5/2 at 158.7 and 164 eV) ions with Binding energy separation of 27 eV and 
5.3 eV, respectively clearly confirms the 3+ valence state of Sm and Bi, respectively. However, 
the emergence and absence of satellite peak at higher binding energy of ~8 eV, than that of the 
Fe2p3/2 peak and at ~ 647 eV, respectively clearly shows that Fe and Mn ion exhibits 3+ 
oxidation states. Thus it is reasonable to say that the observed oxidation states of the constituent 
elements are in agreement with the expected one and hence is in correlation with the magnetic 
interpretation. A paper related to this worh is under review in JMMM. [User Report from Dr. 
A. Patra, Central Univeristy of Rajasthan] 
 

2.4.24 Study of Sn films on decagonal quasicrystal Al-Ni-Co  

Although quasicrystals have been discovered in 1984, until date, the quasicrystalline phase could 
not b e identified within single-elemental systems, and even metastable elemental quasicrystal 
phase did not appear possible.  The chemical complexity of quasicrystals discovered so far 
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hinders their applicability and basic understanding of their unusual properties. An elemental 
quasicrystal would 
be best suited for this purpose, but a single-element bulk quasicrystal has not been yet observed.  
In this work, we observed that Sn deposited on i-Al-Pd-Mn surface retains pentagonal symmetry 
up to maximal achievable coverage leading to nearly 4 nm thickness, indicating the existence of 
the first intrinsic - although apparently metastable - monoatomic realization of a quasicrystal.  
The effective potential of a solid including the exchange interaction term perpendicular to the 
surface is almost zero beyond unity Fermi wavelength. Al and Mn that form the top layer of i-
AlPd-Mn both have Fermi wavelengths of about 0.36 nm, which is almost an order of magnitude 
less than the thickness of the quasiperiodic Sn layer. Thus, Sn retains quasicrystallinity up to a 
thickness where the influence of the substrate potential is negligible, and our DFT results 
indicate that its role is solely to suppress initial formation of any stable crystalline forms of Sn.  
The motifs observed in scanning tunneling microscopy and the low energy electron diffraction 
patterns show specific structural signature, distinct from i-Al-Pd-Mn. Photoemission 
spectroscopy reveals the existence of the pseudogap around the Fermi energy up to the maximal 
Sn thickness. We model the structure of the Sn layer as a novel form of quasiperiodic clathrate, 
and bring forward multiple supporting evidences. Firstly, the cluster-cluster separations observed 
on the i-Al-Pd-Mn surface are within 1% of the cage-cage separations in the Sn clathrate. 
Secondly, from ab-initio total energy evaluation, the energy of bulk Sn clathrate is lower than the 
high temperature metallic β-Sn phase, but higher than the low temperature α-Sn phase. The bulk 
clathrate exhibits gap opening near Fermi energy, while the free slab form exhibits a pronouced 
pseudogap. Finally, a comparative study of the free slab energetics shows that surface energy 
clearly favors clathrate over α-Sn up to about 4 nm layer thickness, and matches β-tin for narrow 
window of slab thickness of 2-3 nm. [In house/Collaborative research] 
 
(i)  Epitaxial layers of Au-Sn surface alloys grown on Au(111) 
Since the discovery of graphene, fabrication of atomically thin two dimensional (2D) materials 
with nontrivial band topology has attracted enormous attention primarily because of their 
dissipationless conduction. This led to the discovery of a family of 2D quantum materials with 
exotic properties; We demonstrate formation of thin AuSn and Au2Sn surface alloy layers at 
room and elevated substrate temperatures (Ts = 413-493 K), respectively by the deposition of Sn 
on Au(l11) using core-level X-ray photoelectron spectroscopy and scanning tunneling 
microscopy. Low energy electron diffraction patterns show different surface structures: p(3×3) 

R15° at room temperature for AuSn, (2 1
1 3

)  phase at Ts= 413 K , and    (3×3 ) R30° phase at 

Ts= 493 K for Au2Sn.  Angle resolved photoemission spectroscopy (Fig. 4)  reveals evolution of 
bands from an electron-like surface state to appearance of a hole-like band structure 

corresponding to AuSn and Au2Sn. The (2 1
1 3

) phase of Au2Sn, which has a unit cell of oblique 

symmetry, exhibits an interesting linear band (D)  that meets at the Fermi level in the zone-center 
and have Fermi velocity of 1.05×106 m/s, which is very similar to that of graphene (1×106 m/s).   
The D band is also observed at a different photon energy of 23 eV and is very similar to that 
obtained with 21.2 eV photon energy. Moreover, as expected for a Dirac cone, the D band is 
unaffected by the variation of the azimuthal angle. However, the important differences with 
graphene is that the structure is non-honeycomb and the linear band is observed at the zone 
center instead of K point.  Thus, our study establishes that Au-Sn bimetallic surface alloys have 
interesting electronic properties with potential for future applications. 
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Figure 5. The ARPES band structure of the 

(2 1
1 3

) phase of Au2Sn showing the D band 

[reproduced from P. Sadhukhan et al., Appl. Surf. 
Sci. 506, 144606 (2020).] 
 
 
Ultra-violet photoemission study of Co/Alq3/Fe/Si organic spin valve (OSV) thin film 
 
Ultra violet photoelectron spectroscopy (UPS) and X-ray photoelectron spectroscopy (XPS)  
measurements were performed on different OSV thin films for example Alq3 on Si substrate 
(Alq3/Si), TiO2/Alq3/Si, Co/ TiO2/Alq3/Si and Co/Alq3/Si. This study was aimed at 
understanding the interfacial electronic structure of Co/Alq3 interface with a barrier layer of TiO2 

transition metal oxide. XPS and UPS experiments were carried out in the analysis chamber at a 
base pressure of    10-10 mbar, using monochromatized Al (Kα) x-rays at hν = 1486 eV and He I 
radiation at hν = 21.2 eV, respectively. All the samples were held at negative 9V bias to observe 
the shift in secondary electron cut-off region.    
Fig. 6 represents the UPS spectrum of as-deposited Alq3/Si and TiO2/Alq3/Si OSV thin films 
respectively. As-deposited Alq3/Si film shows clear evidence of HOMO-1, HOMO-2, HOMO-3, 
HOMO-4 and HOMO-5 peaks at 3.959 eV, 6.428 eV, 8.488 eV, 10.740 eV and 12.812 eV 
respectively with an accuracy of 0.025 eV.   
 
 
 

 
 
 
 
Fig. 6. Ultra-violet photoemission 
spectra of Alq3/Si and TiO2/Alq3/Si 
OSV thin films. 
 
After deposition of 0.1nm TiO2 on 
Alq3 layer, HOMO peaks broadens and 
shifts towards higher binding energy. 
The work function of Alq3/Si and 
TiO2/Alq3/Si OSV thin films were 
calculated to be 3.517±0.025 eV and 
2.655±0.025 eV respectively. The 
work function of as-deposited Co film 
is 5.0 eV as already calculated by 
many research groups. It is clear that 

adding a layer of transition metal oxide of TiO2 on Alq3 reduces the work function. This will help 
to reduce the energy barrier between metal electrode Co and Alq3 organic semiconducting layer. 
Thus, TiO2 layer plays an important role in solving the conductivity mismatch between Co and 
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Alq3. Analysis of XPS data is still going on and the comparative study of Co/ TiO2/Alq3/Si and 
Co/Alq3/Si OSV thin films is under progress. [User Report from Dr V. Phatak Londhe, 
CSIR-NEIST, Assam] 
 
2.4.25 In-situ LEED, STM and STS study of  Sn on UHV cleaved WS2 surface: 
 
Low dimensional structures of group IV elements have attracted a great deal of attentiondueto 
their fundamentalapplications.Agraphene like single layer of Tin (Sn) atoms, commonly called 
staneneis of special interest dueto its outstanding properties. However, experimental growth of 
stanene remained elusive for a long time. It is required tostabilize the Sn layers ontoasubstrate to 
understand its structure, stability and local electronic interaction of Sn with the substrate. Room 
temperature (RT) growth of Sn under ultra-high vacuum (UHV) conditions on mechanically 
cleaved tungsten disulfide (WS2) surfaces has been carried out at UGC-DAE Consortium for 
Scientific Research Indore in the STM laboratory of Dr. Sudipta Roy Barman. In-situ low energy 
electron diffraction (LEED) and scanning tunneling microscopy (STM) investigations performed 
onbareWS2 surfaces show a perfect 2H phase of WS2 with hexagonal symmetry, whereas, LEED 
and STM studies on the Sn grown surfaces indicate a commensurate adsorption of Sn on WS2 [1, 
2]. Bare WS2 displays an atomic periodicity of lattice constant 0.34 nm. Growth of Sn reveals 
monomer like single atom or un-paired (U) and dimer like- or paired (P) adsorptions on the top 
(`T’) sulfur (S) sites of the trigonal prismatic sublattice within the honeycomb lattice of WS2 [1, 
2]. The lateral distance between two nearest adsorbed monomers is found to be 0.34 nm which is 
exactly similar to the atomic periodicity of the underneath WS2 substrate crystal. For the case of 
dimer like- adsorption, the separation between two adspecies is 0.293 nm. Bond length of the 
adsorbed Sn with the top surface S atoms is estimated from the height profiles taken on the STM 
images which is around 40 10 pm [1, 2]. We do not find any evidence of Sn adsorption on the 
bridge (`B’) or hollow (`H’) site of the WS2 lattice. Analysis of the LEED spots and the FFT 
images of the STM micrographs after Sn deposition disclose a stretched hexagonal surface which 
is most likely due to overall consequence of perfectly commensurate monomer and nearly 
commensurate dimer like- adsorptions of the Sn atoms on the WS2 surface [1, 2]. STSstudies 
performed onbareWS2 surface reveal abandgap of ~2.1 eV;indicatingabandgap value which isin 
the 2D regime [3]. Sn deposited surface reveal surface local electronic structures which  seem to 
be almost similar to that of bareWS2associated  with slight shifts. This might be related to 
hybridization of Sn with WS2 or formation of sulfide phases in the system upon Sn deposition. 
{[1] Atomic Adsorption of Sn on Mechanically Cleaved WS2 Surface at Room Temperature;  
Manu Mohan, Vipin Kumar Singh, Reshmi S., Sudipta Roy Barman, K. Bhattacharjee; Under 
Review, Surf. Sci. (2020);[2] Adsorption of Sn on UHV Cleaved WS2 Surface: Signature of 
Nearly Commensurate Growth; Manu Mohan, Vipin Kumar Singh, S Reshmi, Sudipta Roy 
Barman, K Bhattacharjee; AIP Conf. Proc., 2020, 64th DAE- SSPS, IIT Jodhpur, 18-22 Dec, 
2019 (in press); Local Electronic Structure of UHV Cleaved WS2 surface: Insitu STM and STS 
Studies; Manu Mohan, Vipin Kumar Singh, Sudipta Roy Barman, K. Bhattacharjee; AIP Conf. 
Proc. 2115 (1), 030411 (2019)} [User Report from Dr. K. Bhattacharya, IIST, 

Thiruvananthapuram] 
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2.4.26 Unfolding femto-meter ionic movement in CuO through angle resolved polarized 
Raman spectroscopy 
Binoy Krishna De, V.G. Sathe et al.under Review 
 
In this study, we present our discovery of a new experimental method to detect the directional 
atomic displacements at femtometer scale which is two orders more sensitive than normally used 
techniques. Atomic displacement along a direction affects the position as well as intensity of the 
Raman modes due to modification in the specific Raman tensor element. Probing the specific 
Raman tensor element through angle resolved polarized Raman spectroscopy (ARPRS) on CuO 
single crystal provided direct experimental evidence of the atomic displacement along baxis to 
be the microscopic origin of ferroelectricity shown by this compound in the magnetically 
incommensurate ordered state. The amount of displacement obtained from the position of Raman 
mode using mode Gruneisen parameter is in the order of 10-5Å.  
 

 
Figure 1: Polarized Raman measurement on CuO single crystal and Origin of 
ferroelectricity. (a)Schematic of the D-M interaction induced polarization in the 
incommensurate ordering state of CuO. (b) The displacement of the oxygen from its 
centrosymmetric position and corresponding change in polarizability ellipsoid. (c) Angle 
resolved Raman spectra collected in different experimental configurations shown in (d), (e) and 
(f), respectively. The direction normal to the (11-1) plane of the crystal is along the Z-axis of the 
laboratory frame. 
 

Binoy Krishna De and V.G. Sathe 
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2.4.27 Phonon Invisibility Driven by Strong Magneto-Elastic Coupling in AlFeO3 Thin 
Film 

Shekhar Tyagi et alJ. Appl. Phys. 126, 085302 (2019) 
 
Thin films of lead free magneto-electric compound AlFeO3 have been deposited using pulsed 
laser deposition technique. X-ray diffraction, X-ray absorption spectroscopy and reflectivity 
measurements established the orthorhombic structure and material density of 4.5g/cm3, which is 
comparable to the bulk AlFeO3. The polycrystalline AlFeO3 film showed strong magnetoelastic 
coupling. The Raman study carried out at variable temperatures and under applied magnetic field 
at room temperature showed spectacular results. One of the Raman mode corresponding to the 
AlFeO3 was found to vanish completely when magnetic field of 0.08 Tesla was applied at room 
temperature. The mode was also found to vanish between the temperature windows of 280K-
236K in temperature dependent studies. The observation was further supported by the detailed 
analysis of magnetization studies which showed a change in magnetic order in the same 
temperature interval. The invisibility of Raman phonon mode has been attributed to the lattice 
deformation caused by the magnetoelastic effect. Additionally, the phonon frequencies showed 
renormalization below 200 K demonstrating strong spin-lattice coupling. 
 

 

Figure1:(a) Temperature dependent Raman spectra of AlFeO3/SrRuO3/LSAT(001) film. 
Rectangle and circle indicates absence and re-entrance of the Raman mode corresponding to 
AFO, respectively. (b) The Raman mode wavenumbers as a function of temperature. Vertical 
lines indicate transition region. 
 

Shekhar Tyagi and V.G. Sathe 
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2.4.28 Temperature dependent Raman investigations of few-layered WS2 nanosheets 
Collaborative work with Centre for Nanoscience and Nanotechnology, Panjab University, 
Chandigarh[Solid State Communications 298 (2019) 113626] 
 
We studied the temperature dependent phononic response of few-layered liquid phase exfoliated 
WS2 nanosheets using Raman spectroscopy over a wide temperature range from 80 to 600 K. 
We find that the E1

2g (in-plane) and A1g (out-of plane) modes follow a systematic red shift with 
increase in temperature and exhibits weak non-linear temperature dependence in the temperature 
range of 350–600 K. The first-order temperature coefficients are found to be −0.0111 cm−1 K−1 
and -0.0103 cm−1 K−1 for E1

2g and A1g modes, respectively. From our analysis which is based on 
a semi-quantitative model, we find that at higher temperatures the non-linear temperature 
dependence of E1

2g and A1g modes primarily originates from the an-harmonic effects of three-
phonon process as a consequence of creation of S vacancies in the WS2 nanosheets. The thermal 
expansion contribution is mainly dominant in low temperature region. 
 

 
Figure: Raman spectra of the WS2 nanosheets at different temperatures ranging from 80 to 600 
K. 
 

Vasant Sathe, Sunil K. Arora 
 
 
2.4.29 Environmental photochemistry by plasmonic semiconductor decorated GO 
nanocomposites: SERS detection and visible light driven degradation of aromatic dyes 
Collaborative work with Mother Teresa Women’s University, Kodai Kanal 
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 Environmental process such as toxic dye sensing and degradation can be stepped up 
through photochemical process such as surface enhanced Raman scattering (SERS) and light 
induced catalytic degradation. In this work, Titanium dioxide/silver/graphene oxide 
nanocomposites (TAG) were studied as ideal dual substrates for SERS sensing and visible light 
driven degradation of Congo red (CR) and crystal violet (CV). On addition of TAG, typical 
SERS bands corresponding to the azo nature of CR were clearly exhibited by C-N symmetric 
bending modes and C-N stretching modes in the 1160 cm-1-1200 cm-1 region. For CV, the aryl 
backbone represented by C-C bridge between two phenyl molecules at 1298 cm-1 was recorded 
in the SERS spectra. Visible light driven degradation of CV and CR in the presence of TAG 
resulted in high rate constants of 1.09 x 10-2/min and 1.26 x 10-2/min respectively. The reactive 
oxidative radical species in the photo-degradation reaction of dye was studied by using various 
scavengers. The observed augmented SERS detection and photocatalytic degradation arises from 
the synergistic effects of plasmonic properties Ag NPs, anatase TiO2 and π-π stacking nature of 
GO. This study suggests that TAG can offer the right 00path way towards an ideal commercial 
pollutant detection and degradation system. 

 

 

Fig.1 (a) Raman spectra, (b), (c) SERS spectra of CR and CV on TA and TAG 
respectively;SERS spectra of CV on TAG substrate for (d) day 1, (e) day 2 and (f) day 
3respectively. 
 

 
2.4.30 Band Structure and Diode Characteristics of Transparent pn- Homojunction    
Using Delafossite CuInO2  
 
Here we report some of the results obtained from XPS studies carried out at ESCA Lab, UGC-
DAE CSR, Indore. In this we report the technologically important work on the successful 
fabrication of transparent homo junction diode having high forward to reverse current ratio 
around 62 times higher than that reported till date in a delafossite p-n homo junction. This work 
includes fabrication of diodes with pure Copper Indium Oxide (CIO) deposited over FTO as n 
layer and Ca doped CIO as p layer. The XPS data was recorded from the UGC-DAE Consortium 



 

for Scientific Research, Indore with Dr. Uday Deshpande. The band structure for the transparent 
delafossite diode is deduced for the first time by the combined analysis of valence band spectra 
from XPS and optical data. The characteristics are studied for two different categori
heavily doped and moderately doped Ca:CIO as p layer.
 

XPS spectra of Calcium (Ca 2p3/2) in p
XPS spectra of Cu, In and O peaks.
 

By the fitting of XPS data, we obtained the B.E positions 
and p-type layers. Small shifts are observed in the peak positions in comparison with elemental 
positions indicating binding of elements on compound formation and the bond strength 
variations on doping. From the representati
S1,we found that, the oxygen peak upon de
to lattice oxygen or metal bonded oxygen (O

h, Indore with Dr. Uday Deshpande. The band structure for the transparent 
delafossite diode is deduced for the first time by the combined analysis of valence band spectra 
from XPS and optical data. The characteristics are studied for two different categori
heavily doped and moderately doped Ca:CIO as p layer. 

XPS spectra of Calcium (Ca 2p3/2) in p-Ca.CIO films with 2% (S1) and 7 %( S2) Ca doping & 
XPS spectra of Cu, In and O peaks. 

By the fitting of XPS data, we obtained the B.E positions for Ca, Cu, In and O for the n
type layers. Small shifts are observed in the peak positions in comparison with elemental 

positions indicating binding of elements on compound formation and the bond strength 
variations on doping. From the representative XPS spectra of Cu2p3/2, In3d
S1,we found that, the oxygen peak upon de-convolution have three components, corresponding 
to lattice oxygen or metal bonded oxygen (O-M), adsorbed hydrocarbons (O
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h, Indore with Dr. Uday Deshpande. The band structure for the transparent 
delafossite diode is deduced for the first time by the combined analysis of valence band spectra 
from XPS and optical data. The characteristics are studied for two different categories including 

 

 
Ca.CIO films with 2% (S1) and 7 %( S2) Ca doping & 

for Ca, Cu, In and O for the n- 
type layers. Small shifts are observed in the peak positions in comparison with elemental 

positions indicating binding of elements on compound formation and the bond strength 
, In3d5/2 and O1s peaks of 

convolution have three components, corresponding 
M), adsorbed hydrocarbons (O-C, O-H), and water 
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vapor (H2O).In addition, by the careful evaluation of VB XPS we observed that, the valence 
band edge shifts more towards the Fermi level in p-CIO.Ca as compared to the valence band 
edge in n-CIO. The valence band edge shifts coupled with optical data are used to get an insight 
into the band structure of the junction. The work has been published as “Band structure and 
diode characteristics of transparent pn-homojunction using delafossite CuInO2” in J. Phys. 
D: Appl. Phys[1]. 
 
[1]  Hilal Rahman, Chinnu Esthan, Bindu G Nair, P R Sreeram , V K Shinoj, Prakash 
Behera, Uday Deshpande, Rachel Reena Philip J. Phys. D: Appl. Phys. 53, 015102, 2020. 
 

(Reena Philip, U.C. College, Aluva) 
 
2.4.31 Brief note on the XPS measurements carried out at CSR Indore on CZSTe thin 
films 
 
Cu2ZnSnS4 (CZTS) and Cu2ZnSn(SSe)4 (CZTSSe) thin films have emerged as the most potential 
alternative absorber layer in inorganic thin film solar cells due to their excellent optoelectronic 
properties and less-expensive earth-abundant constituents. Although significant progress has 
been made in recent years, the highest device efficiency has stagnated at ~12.6%, compared to 
>20% efficiency exhibited by CuInGaSe2 based solar cells. While intensive research is being 
pursued globally, phase purity and positive surface potential at grain boundaries in a large-
grained microstructure are identified to be critical parameters that govern the electron-hole 
recombination mechanisms and hence, the efficiency. Considering the narrow chemical potential 
window of phase stability of CZTS and CZTSSe, during processing of these films, undesired 
binary and tertiary phases are often reported. Hence, it is of high importance to identify an 
optimized set of the process parameters that yield phase pure films, yet the processing remains 
scalable and inexpensive. 
 
 Recently, we have prepared CZTS and CZTSSe thin films in a direct solution coating 
method using non-toxic chemicals without making use of any complexing/chelating agent. We 
have found that post-sulfurization at 500 C yields phase pure kesterite CZTS thin films, 
however, with small grains. To improve the average grain size, sulfurization has been carried out 
at higher temperatures in the range of 500 to 575 C. XPS measurements were carried out at 
CSR Indore to determine the oxidation state of the elements.  



 

The film dip-coated from the above precursor solution (without MEA) and dried at 130 
min had a black coloured appearance. The XRD measurement of this film showed a 
pattern while the Raman spectrum is character
468 cm-1 corresponding to the Cu
the presence of the Cu2+ in the precursor solution, as discussed above. 
carried out at ESCA lab, UGC
prominent peaks centered at ~932.3 and 952.2 eV and a broader one at ~946.2 eV. The former 
two with a splitting of 19.9 eV are indicative of +1 oxidation state and correspond to the Cu 
and 2p1/2 peaks, respectively. On the other hand, the peak at ~946 eV is a satellite feature arising 
due to the presence of Cu+2 
species with Cu +1 and +2 states, supporting the above
 
The results, however, were very contrasting when the films were grown without the 
complexing/chelating agent MEA. A milky
precursor solutions were mixed against the milky
solutions. This clearly indicates the reduction of Cu
Compared to the films with MEA, there was no difference in the XRD pattern; however, the 
peak at ~468 cm-1 observed in the Raman spectrum was a
clear peaks with a splitting of ~19.8 eV corresponding to the Cu 2p
importantly, the satellite feature corresponding to +2 oxidation state of Cu completely 
disappeared, which supports the above 
absence of MEA.   
 
 

 
coated from the above precursor solution (without MEA) and dried at 130 

min had a black coloured appearance. The XRD measurement of this film showed a 
pattern while the Raman spectrum is characterized by a broad hump superimposed with a peak at 

corresponding to the Cu2-xS phase. This peak associated with the Cu
in the precursor solution, as discussed above. XPS measurements were 

SCA lab, UGC-DAE CSR, Indore. The XPS core level Cu spectrum shows two 
prominent peaks centered at ~932.3 and 952.2 eV and a broader one at ~946.2 eV. The former 
two with a splitting of 19.9 eV are indicative of +1 oxidation state and correspond to the Cu 

peaks, respectively. On the other hand, the peak at ~946 eV is a satellite feature arising 
 species. The results clearly indicate the simultaneous presence of 

species with Cu +1 and +2 states, supporting the above discussion. 

The results, however, were very contrasting when the films were grown without the 
complexing/chelating agent MEA. A milky-white slurry was obtained when the Cu and Sn 
precursor solutions were mixed against the milky-green slurry observed for 
solutions. This clearly indicates the reduction of Cu2+ to Cu+ and oxidation of Sn
Compared to the films with MEA, there was no difference in the XRD pattern; however, the 

observed in the Raman spectrum was absent. The Cu 2p spectrum showed two 
clear peaks with a splitting of ~19.8 eV corresponding to the Cu 2p3/2 and 2p
importantly, the satellite feature corresponding to +2 oxidation state of Cu completely 
disappeared, which supports the above argument of  reduction of Cu2+ to Cu
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XPS measurements were 
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The above figure shows the typical high resolution core level spectra acquired in the Cu 2p, Zn 
2p, Sn 3d and S 2p regions for the sample grown without MEA and sulfurized at 500 C. The Cu 
2p spectrum is characterized by two symmetric peaks corresponding to Cu 2p3/2 and 2p1/2 
separated by 19.9 eV, consistent with the reported values for CZTS. The Zn 2p core level 
spectrum showed the Zn 2p3/2 and Zn 2p1/2 peaks at 1021.3 and 1044.3 eV, respectively with a 
peak splitting of 23 eV, confirming the +2 state of Zn. In the Sn 3d region, the peaks 
corresponding to 3d5/2 and 3d3/2 were observed at 485.8 and 494.3 eV, respectively. With the 
separation between the peaks of about 8.5 eV, the +4 state of Sn species is established. The core 
spectrum of the S 2p showed binding energies for S 2p3/2 and S 2p1/2 peaks of 161.4 and 162.5 
eV, which is in agreement with the 160-164 eV range expected for S in the sulfide phase. The 
binding energy values for Cu, Zn, Sn and S agrees well with those reported previously. A portion 
of the data was used in the paper [1].  
 
[1] Eliminating secondary phases: Understanding kesterite phase evolution of Cu2ZnSnS4 thin 
films grown from ethanol based solutions with high photosensitivity,  
I. Gupta, B. C. Mohanty, Solar Energy 181, 214-221 (2019). 
 
(I. Gupta, B. C. Mohanty, Department of Physics, Thapar Institute of Engineering and 
Technology, Patiala) 
 
2.4.32 Role of Dy/Ni co-substitution on structural, optical,dielectric and multiferroic 
properties of BiFeO3 nanostructures 

In order to investigate the impact of Dy and Ni co-substitution on the structural, optical, 
dielectric and multiferroic properties of BiFeO3 (BFO), we have synthesized Bi1-

xDyxFe0.95Ni0.05O3 (0x0.06) samples via sol-gel process. Rietveld refinement of the XRD data 
and Raman active modes present in the samples affirm the single-phase nature with the R3c 
space group in the rhombohedral crystal structure. A decrease in the crystallite size with an 
increase in doping content has been observed estimated by Scherrer’s equation and found to be 
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in the range of 19-51 nm. The UV-visible-DRS data analysis reveals a systematic increase in the 
optical bandgap and a decrease in the Urbach energy (Eu) as Dy/Ni content increases in BFO. 
The frequency dependent dielectric measurements performed at room temperature exhibit the 
general trend of decrease in dielectric constant with an increase in frequency for all the samples, 
and the highest value of dielectric constant has been observed for Bi0.96Dy0.04Fe0.95Ni0.05O3 
sample. Further, the real part of dielectric constant of all the samples has been analyzed through 
the universal dielectric response (UDR) model. XPS measurements were carried out at ESCA 
lab, UGC-DAE CSR, Indore. The peaks present in the XPS spectra reveal the mixed valence 
state of Fe3+/Fe2+. The room temperature hysteresis (M-H) loops display the saturation in 
magnetization at higher magnetic fields except for pristine BFO. The result reveals an influence 
on the saturation magnetization with the Dy/Ni co-doping in BFO and enhancing the 
ferromagnetic nature of the samples. The P-E hysteresis loops display ferroelectric behavior with 
higher values of maximum polarization and coercive field in the doped samples. Thus, the co-
substitution of Dy/Ni in BiFeO3 leads to enhance the dielectric as well as multiferroic properties. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure: The XPS survey spectra of BiFeO3 and Bi0.94Dy0.06Fe0.95Ni0.05O3 samples. 
 

(M. Nadeem, Shakeel Khan, and Wasi Khan, Aligarh Muslim University, Aligarh) 
 
2.4.33 XPS studies on Iron doped Cerium Chromite 
 
In order to reveal the chemical composition, state ofthe surface atoms and oxygen vacancies, X-
ray photoelectron spectroscopy (XPS)measurements were done of the Iron doped Cerium 
Chromite (CeCr1-xFexO3, x = 0,0.05,0.1).The XPS measurements were carried out at ESCA lab, 
UGC-DAE CSR, Indore.The charging of samples was corrected by referringall spectra to the 
binding energy of the carbon (C 1s) at 284.4eV. All the recorded XPS spectra of Ce, Cr, Fe and 
O elements present in these three compounds were analyzed by using XPS peak 4.1 software. 
The XPS spectrum ofCe 3d reveals theexistence of Ce3+3d has two pairscorresponding to the spin-
orbit splitting of 3d3/2 and 3d5/2, although the appearance of two extra peaks at 898 and 916 eV 
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indicates the formation of Ce4+at the surface of this sample as a minorvalence state. The fitted Ce 
3d spectra of x = 0.05 using XPS peak 4.1 are shown in fig 1(b).  
The Cr (2p) core level binding energy spectra ofCeCr1-xFexO3contain two peaks around 576.3 
and586.2 eV due to the characteristic spin-orbit splitting in the 2plevel (2p3/2 and 2p1/2). Cr (2p) 
peaks were further resolvedinto four peaks situated at 576, 579, 586 and 587 eV.The peak at a 
binding energy 576 and 579 eV can be correlated to the presence of the Cr3+ and Cr6+ states, 
respectively. The presence of Cr6+ state in all the compound is very less. The ratio of Cr3+/Cr6+is 
in order with increasing x. 
 
Asymmetric O1s XPS spectra are observed ofCeCr1-xFexO3, O1s XPS spectrawhich 
wereresolved into two peaks at 529.7 and 531.5 eV. The peak at 529.7 eV usually denotes 
thepresence of structural oxide (O2) and a peak at 531.5 eV related to the surfaceadsorbed 
oxygen species in the form of hydroxide (OH-). However, a small oxygen peak also observed 
around 532 corresponding to oxygen in adsorbed water at the surface. Since Fe concentration is 
too low, it is quite difficult to find its oxidation state in the compound.  
 

 
 

Figure 1 (a) Full scan XPS spectra of CeCr1-xFexO3(x  = 0, 0.05, 0.1) compound. (b)Ce 3d 
spectra of x = 0.05, fitted with XPS peak 4.1 software. (c) and (d) shows the Cr 2p and O1s 
spectra respectively  of x = 0.1. 

(Manish Yadav and Chandana Rath, Department of Physics, IIT-BHU, Varanasi) 
 
2.4.34 Synthesis of Mo2C nanoparticles for efficient hydrogen evolution reaction in a single 
step  
 
The increasing population of the world demands more efficient and renewable energy sources as 
our energy sources are limited. Hydrogen is a renewable, environment friendly and cost-effective 
energy source which can replace our traditional energy sources such as fossil fuels. 
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Electrochemical water splitting is a very cost-effective way to produce hydrogen on a large scale 
by hydrogen evolution reaction (HER). However, a highly active catalyst is required for this 
reaction to perform. Till date, platinum (Pt) is the most active catalyst towards HER however the 
high cost and low abundance limits its large-scale applications. Scientists are trying to develop a 
new alternative catalyst having high performance, high stability, and low cost. Molybdenum 
based compounds such as molybdenum carbide (Mo2C) has a similar structure as that of 
platinum and can be used as an alternative catalyst for HER. In this study, pure phase Mo2C has 
been synthesized in a single step. XPS measurements were performed at ESCA lab, UGC-DAE 
CSR, Indore to investigate the chemical composition of the as-synthesized samples. The XPS 
results indicated the presence of Mo, C and O elements within the sample. The high resolution 
XPS spectrums have been deconvoluted and the oxidation states of Mo have been estimated to 
be Mo6+ 3d3/2 Mo+6 3d5/2 and Mo4+ 3d3/2. The high-resolution spectra of C1s revealed the 
formation of the carbide phase. The morphological, structural and surface characteristics have 
been investigated for the pure phase of Mo2C. Also, the electrochemical HER activity has been 
studied in detail for the as-synthesized compound. 
 
(Sanjay Upadhyay and Om Prakash Pandey*, Functional Materials Lab, School of Physics and 
Materials Science, Thapar Institute of Engineering and Technology, Patiala) 
 
2.4.35 X-ray Photoelectron Spectroscopy of Cu1-xSnxSe (x = 0.0, 0.2, 1.0) ternary alloy 
 
The X-ray photoelectron spectroscopy (XPS) was carried out at ESCA Lab, UGC-DAE CSR, 
Indore, to examine the binding energy and the oxidation states of the constituent elements. Also, 
the change in the oxidation state as the dopants are added or substituted by the atoms in the host 
lattice can also be well studied. Figure 1(a) shows the survey scan of XPS spectra for synthesized 
Cu0.2Sn0.8Se compound, indicating the presence of Sn 3d, Se 3d and Cu 2p, energy states, 
without any energy states of other elements except O (532 eV) and C (286 eV). The high-
resolution scans of XPS spectra for core level Sn 3d, Se 3d and Cu 2p; from which both Sn and 
Se atoms present one valence states is presented in Figure 1(b, c, d) respectively. A pair of peaks 
for Sn is observed corresponding to Sn-3d3/2 at 496 eV and Sn-3d5/2 at 487.6 eV. They are 
singlet; there is no presence of secondary binding energy peaks, demonstrating the divalent 
characteristic of Sn ions (Sn+2). For Se, a binding energy peak at 55.8 eV is observed. For Cu, as 
shown in Figure 1(d), strong peaks corresponding to Cu-2p3/2 and Cu-2p1/2 were observed at 
932.5 eV and 952.3 eV, indicating the successful doping in SnSe confirming the Cu+1 state. The 
results are well matched with the previously published reports. 
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Figure 1(a) Survey scan of XPS spectra for synthesized products with x = 0.2 (Cu0.2Sn0.8Se). 

High-resolution scans of XPS spectra for core level (b) Sn 3d, (c) Se 3d, and (d) Cu 2p. 
 

(Kunjal Pateland G. K. Solanki*, Dept. of Physics, Sardar Patel Univ., Vallabh Vidyanagar) 
 
2.4.36 Defects engineered CVD grown graphene 
 
The purpose of this study is to understand the effect of growth parameter on defects in bi-layer 
and multi-layer graphene grown on Cu-foil by RTP-CVD. The kinetics of parameter was 
explored to engineered the defects and optimize the quality of graphene. After pre-annealing and 
growth process, foil was extensively characterized by optical microscopy imaging, field emission 
scanning electron microscopy, Raman spectroscopy, and X-ray photoelectron spectroscopy 
(XPS).  XPS measurements carried out at ESCA lab, UGC-DAE CSR are very interesting and 
showing the trends in the intensities and areas between the Carbon, Copper, and Oxygen peaks. 
The intensity ratios are strongly related to the number of graphene layers grown by CVD 
method. XPS results show that as we increase the argon concentration, the quality improved and 
number of layers decreases. The functional groups like phenol, carbonyl, and carboxyl groups 
are getting down upon the increment of argon, sp2 carbon content and quality of graphene 
improved which is confirmed by XPS characterization.  
 
From Fig 1 (a) it is clear that sp2 carbon peak (284.84 eV) is very symmetrical with less number 
of functional groups which have low intensity. In Fig 1 (b), the high resolution XPS spectrum of 
O1s is somewhat distorted due to high phenolic (O-C) content. The O 1s peak at 530.82 eVis due 
to the absorption of the O atom in the Cu2O. The peaks at 530.82 eV and 532.11 eV are 
attributed to lattice oxygen in CuO and Cu2O that can be seen in Fig 1(c). In the Fig 1 (d), all the 
expected signatures are available and also some satellite peaks of copper are present. 
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Fig 1. XPS spectra of (a) C 1s, (b) O 1s, (c) Cu 2p, and (d) whole spectrum of as grown CVD 
graphene on copper foil at 80 sccm Argon. 
 
(Satendra Kumar,1,2 Surender Kumar,1,2* and N. Sathish1,2    1Academy of Scientific and 
Innovative Research (AcSIR), Bhopal2CSIR - Advanced Materials and Processes Research 
Institute (AMPRI), Bhopal) 
 
2.4.37 Effect of precursor concentration on  structural and gas sensing properties of 
nanostructured V2O5 thin films 

 
Vanadium pentoxide(V2O5) thin films were prepared by the spray pyrolysis technique on cleaned 
glass substrates at the deposition temperature of 325°C. The XRD patterns revealed that the 
crystallinity of the V2O5 films was increased with the increase of precursor concentration. SEM 
analysis illustrated that the well-defined nano structured morphology was observed at 0.075M. 
The crystal size of the thin films varies from 12nm to 25 nm, with the increase of concentration 
of the precursor solution. XPS measurements were performed at ESCA lab, UGC-DAE CSR, 
Indore. XPS analysis confirms the presence of V5+ oxidation state of vanadium in V2O5 film. The 
sensing properties of V2O5 films towards acetone, methanol, toluene and xylene vapours were 
observed. V2O5 thin film deposited at the concentration of 0.075M, shown high response and 
recovery times towards 100ppm of toluene gas. The effect of precursor (ammonium vanadate) 
concentration on structural and gas sensing properties of the films have been investigated and 
discussed. 
 
(Ravinder Gandasiri, C.J. Sreelatha*  Mat. Res. Lab., Dept. of Physics, Kakatiya Univ., 
Warangal) 
 



 

2.4.38 XPS Analysis of 2D Cr
 
The surface chemistry and surface engineering can be understood from the surface analysis by 
electron spectroscopy for chemical analysis (ESCA) or X
UGC-DAE CSR, Indore. The scan was taken in the binding energy range of 0 to 1400 eV .F
shows the wide scan XPS spectra of Cobalt ferrite
Cr2O3. As depicted, the samples contain elements Fe, Co, O, Cr and no impurity elements   
except carbon was observed in the sample at 285 eV. The binding energy
samples were located at 531eV and that for Co 
occupation of Co2+ ions in the octahedral and tetrahedral site. The binding energy ofFe 
2p3/2andFe 2p1/2   are located at 710 eV and 72
the octahedral sites.The binding energy of Cr 2p
respectively, binding energies corresponds of Cr2p indicates 3+ oxidation state of Cr. XPS 
results suggests that the surfaces of the sample contain both CoFe
(Praveena M.G. and M R Ananthraman, Department of Physics, Cochin Univ. of Science and 
and Technology (CUSAT) 
 
2.4.39 Influence of Surfactants on the Synthesis of Aluminum Oxide Nanoparticles
 
Aluminum oxide nanoparticles of  were synthesized by microwave irradiation technique and the 
influence of the surfactants cetyl trimethyl ammonium bromide (CTAB), sodium dodecyl 
sulphate (SDS) and Tween 80 were studied on the morphology and size of the aspr
nanoparticles. The nanoparticles were characterized by X
technique field-emission scanning electron microscopy (FESEM), energy dispersive X
spectroscopy (EDS), transmission electron microscopy (TEM), Fourier transfor
spectrometry (FTIR),  thermogravimetric analysis (TGA) and X
(XPS). 
The surface stoichiometry characterization was performed by XPS
CSR, Indore. XPS spectra of Al 2S, Al 2p and O 1s, taken on t
and γ Al2O3 (Figure 1) samples synthesized in the presence of a different surfactants. The 
binding energy of Al 2p and O 1s is 74.3 eV and 531.8 eV, respectively, corresponding to 
characteristic regions of aluminum oxide. 
synthesized samples in presence of different surfactants. For all the samples investigated the XPS 
survey spectra showed Al, O and C to the main elements.

 

Fig. 1. XPS spectra of γ Al
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istry and surface engineering can be understood from the surface analysis by 
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Praveena M.G. and M R Ananthraman, Department of Physics, Cochin Univ. of Science and 

Influence of Surfactants on the Synthesis of Aluminum Oxide Nanoparticles

luminum oxide nanoparticles of  were synthesized by microwave irradiation technique and the 
influence of the surfactants cetyl trimethyl ammonium bromide (CTAB), sodium dodecyl 
sulphate (SDS) and Tween 80 were studied on the morphology and size of the aspr
nanoparticles. The nanoparticles were characterized by X-ray powder diffraction (XRD) 

emission scanning electron microscopy (FESEM), energy dispersive X
spectroscopy (EDS), transmission electron microscopy (TEM), Fourier transfor
spectrometry (FTIR),  thermogravimetric analysis (TGA) and X-ray Photoelectron Spectroscopy 

The surface stoichiometry characterization was performed by XPS at ESCA Lab, UGC
. XPS spectra of Al 2S, Al 2p and O 1s, taken on the surface of the β Al

(Figure 1) samples synthesized in the presence of a different surfactants. The 
binding energy of Al 2p and O 1s is 74.3 eV and 531.8 eV, respectively, corresponding to 
characteristic regions of aluminum oxide. Only a small change is observed in the values of the 
synthesized samples in presence of different surfactants. For all the samples investigated the XPS 
survey spectra showed Al, O and C to the main elements. 

Fig. 1. XPS spectra of γ Al2O3 synthesized by non-ionic surfactant (Tween 80)
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(Sapana Gurua, A.K. Bajpaia, S.S. Amritphale b, a Bose Memorial Research Lab, Dept. of 
Chemistry, Govt. Autonomous Sci. College, Jabalpur, bLouisiana Tech University Ruston, LA 
71270, United States) 
 
2.4.40 Characterization of copper intercalated Mg-Al hydrotalcite samples by X-ray 
photoelectron spectroscopy 
 
X-ray photoelectron spectroscopy (XPS) analysis of synthesized materials was carried out at ESCA 
Lab, CSR, Indore. The samples were copper intercalated in Mg-Al hydrotalcites (Mg/Al ratio of 2 and 
3), which are catalytic materials for alcohol activation reaction. The XPS analysis was required to 
understand the nature of intercalated copper ions in hydrotalcites. The result of the XPS analysis is 
summarized below. 
 

The Cu 2p XPS spectra of three samples exhibited a 2p3/2 peak at ~933.5 eV, which can 
be assigned to CuO, which is reported in literature. CuO is possibly formed from Cu(OH)2 on 
heating the samples. The spectra of sample containing 5% copper, i.e., Cu-HT-2(5A) shows an 
additional 2p3/2 peak at 934.4 eV, which can be attributed to (OH)Cu(CO3) copper species, this 
species was reported by us in an earlier work by FTIR. In spectra of samples containing more 
copper, i.e., Cu-HT-2(7.5A) and Cu-HT-3(5A), the additional peak observed at ~935 eV can be 
for Cu(CO3)2. Thus, from XPS analysis we found that CuO present in hydrotalcite is catalytically 
active copper species for the reaction. Higher Cu content in Cu-HT-2(7.5A) and higher Mg/Al 
ratio in Cu-HT-3(5A) [Note: increase in Mg/Al also enhances Cu loading] produce CuO along 
with CuCO3 of bigger size, observed in TEM & XRD studies. Due to larger size of copper 
species (CuO and CuCO3) in these two samples, they showed reduced activity. Cu-HT-2(5A), 
highly active catalyst, possesses finely dispersed small size of copper species [CuO & 
(OH)Cu(CO3)] in interlayer of hydrotalcite, evident from TEM & XRD.We are preparing the 
manuscript for communication. 
 
(Manish Kumar Mishra1*, Naresh Vala1, U.P. Deshpande2, 1Dept. of Chem, Sardar Patel Univ. 
Vallabh Vidhyanagar, 2UGC-DAE CSR, Indore) 
 
2.4.41 XPS investigation of the composites of SnSe/SnSe2 thermoelectric materials 
 
Varying the ratio of Sn:Se at stage of synthesis, we have prepared composites of SnSe/SnSe2. 
The presence of two separate crystallographic phases of SnSe and SnSe2 has been 
demonstrated using crystallographic techniques like X-ray diffraction and Raman 
spectroscopy. The XPS measurements were performed at ESCA lab, UGC-DAE CSR, Indore. 
The valence state of constituent ions and overall electronic structural characterization has been 
carried out using the X- ray photoelectron spectroscopy. 
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Besides having distinct crystallographic arrangement, the cation valence state in SnSe and 
SnSe2phasesarealsoquitedifferent;whileSnisinthe2+stateintheformer,it'svalencychangesto4+in 
the latter phase. X-ray photoelectron spectroscopy (XPS) performed using the Al K radiation, 
helps bring out this difference. Figure below compares the XPS spectra for pure SnSe and 
SnSe/ SnSe2 compositions. For the least Se rich phase, i.e. SnSe, the peaks corresponding to 

Sn 3d5/2 and 

Sn3d3/2seemtohavebindingenergiesat484.9eVand493.3eV,respectively.AstheSntoSe ratio 
moves towards Se rich side, the same peaks systematically shift to higher energy and for the 

composition with maximum Se content (and highest amount of SnSe2 phase), the Sn 3d5/2 and 

Sn 3d3/2 peaks move to 486.1 eV and 494.6 eV, respectively. Similar shifts in the binding 
energy of the peaks associated with Sn 4d and Se 4d peaks are also observed from the other 
panels of the figure. Such a positive shift in binding energy implies stronger screening of the 
electrons present in the corresponding orbital that takes place as a consequence of higher 
valence state of the corresponding ion. It is worth noticing the changes seen in the valance 
band spectra of the two extreme compositions, compared in panel(d) of the figure. The spectral 
features show distinct 
changesthatindicateincreaseinthedensityofstatesattheFermilevelwithincreasingSecontent. 

 
(S. Gowthamarajua, and P. A. Bhobe,Dept. of Physics, IIT, Indore) 

 
2.4.42 XPS studies on Polymer-metal nanocomposites 
 
Polymer-metal nanocomposites are gaining attention of scientists for their various novel 
properties which make them potential candidates for future technology. In the present work we 
have prepared polymer –metal nanocomposites by sputtering 3d transition metals (Fe, Co, Ni) 
onto polymer films using IBS technique. MOKE magnetometric study of the films reveals 
ferromagnetic behavior in case of all the films. To understand the metal-polymer interaction we 
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have undertaken XPS study of the films: The XPS measurements were performed at ESCA lab, 
UGC-DAE CSR, Indore. PVA/Fe50nm, PMMA/Co40 nm,and PMMA/Ni40nm. XPS spectra were 
recorded in ESCA Lab at UGC-DAE-CSR, Indore, using Al K alpha x-rays. Survey scans of the 
samples showed well defined peaks of carbon, oxygen and metal. Detail scans of the peaks were 
recorded. The carbon and oxygen peaks match well with those of the polymer films. Well 
defined metal peaks can be seen in the spectra which show presence of metals along with some 
interaction of metal with oxygen. This may be due to surface oxidation of metals or interaction 
of metals with oxygen of polymers. The detailed analysis is underway to understand the metal-
polymer interaction. 

(Mandira Banerjee*, Aruna Joshi, Swati Nagar, and Aakanksha Chaudhari, School of Physics, 
Devi Ahilya Univ., Indore) 

 
2.4.43 Structure dependent Magnetic and Dielectric Properties CuFe2O4 Spinel Ferrites 
 
We have examined the structural dependent magnetic and dielectric properties of CuFe2O4 spinel 
ferrites synthesized by solid-state reaction method. CFO prepared in both cubic and tetragonal 
structure by different heat treatment. After high temperature sintering, slow cooling leads to 
tetragonal phase while sudden quenching leads to cubic phase. Structural phases were confirmed 
by X-ray diffraction techniques, no extra peak observed in XRD pattern samples exhibit single 
phase structure. XRD pattern fitted with Rietveld refinement technique, indexing cubic phase by 
Fd3m space group and tetragonal phase by I41/amd space group. In order to understand the 
morphology, grain shape and chemical compositions of as synthesized samples, field-emission 
scanning electron microscopy (FESEM) attached with energy dispersive X-ray absorption 
spectroscopy (EDAX) was carried out. Formation of metal-oxygen bonding in the CFO samples 
studied by FT-IR spectroscopic measurement. The observed two peaks (υ1 and υ2) in spectrum 
confirm the formation of spinel ferrites structure in our specimens. The two prominent broad 
peaks corresponding to metal-oxygen (M-O) bonds are generally seen in spinel ferrites in the 
range 400-600 cm-1. In order to understand the microstructure of the materials down to nano-size 
domain employed the Raman spectroscopy. Raman spectrum of cubic and tetragonal CFO 
sample recorded at room temperature in the frequency range 100-1000 cm-1. Mossbauer spectra 
of CFO recorded at room temperature revealed the magnetic property and inversion parameter of 
the spinel structure. For CFO, the Mossbauer spectra are two sextets of normal Zeeman splits, 
which are attributed to occupation of Fe3+ ion at both A- and B-sites, indicating the ferrimagnetic 
properties of the sample. The magnetic hysteresis loop of the cubic and tetragonal CFO samples 
was measured at room temperature and magnetic field up to 2T. The values of saturate 
magnetization (MS) and remenant magnetization (MR) of cubic CFO are larger compare to 
tetragonal structure due to small inversion parameter of the tetragonal structure. The dielectric 
properties of the CFO can be described as a function of frequency of applied electric field and 
crystal structure. The real component of dielectric constant of both the samples is large in low 
frequency region and decays exponentially with the increasing the frequency. The observed 
dielectric behaviour can be explained using Maxwell-Wagner’s type interfacial polarization in 
accordance with the Koop phenomenological theory. Preparation of manuscript is under progress 
and will be communicated within 30th April 2020. We gratefully acknowledge Dr. Mukul Gupta 
(XRD), Dr. U. P. Deshpande (FTIR), Dr. Vasanth Sathe (Raman), Dr. R. Venktesh (FESEM), 
Dr. Alok Banerjee (M-H loop), Dr. Dinesh Shukla (Dielectric Properties). 

(Vijaylakshmi Dayal, Dept. of Physics, MIT, Mysore) 
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2.4.44 Y0.9Eu0.10-x BixO3 (x-0, 0.01, 0.02, 0.04, 0.06, 0.08, 0.10) nano phosphor security ink 
application 
 
The multicolor emissions observed from luminescent materials have attracted a lot of research 
attention due to their several advantageous applications in displays, lighting, sensing, security, 
and biomedical applications. Rare-earth (RE)-doped luminescent materials are of particular 
interest for getting up conversion emission because of the abundant energy levels present in RE 
ions. Y0.9Eu0.10-x BixO3 (x-0, 0.01, 0.02, 0.04, 0.06, 0.08, 0.10) nano phosphor synthesized by the 
citrate route has been characterized by XRD, SEM, UV Visible, Raman and FTIR analysis. 
Intense red emission has been observed upon excitation under UV light. We gratefully 
acknowledge Dr. Mukul Gupta (XRD), Dr. U. P. Deshpande (FTIR and UV visible), Dr. Vasanth 
Sathe (Raman). 

(Ganesha Channagoudra, Dr. Vijaylakshmi Dayal*, Dept. of Physics, MIT, Mysore) 
 
2.4.45 Magnetoelectric properties of (1-x) PMN-0.33PT-xCoFe2O4 (0-3) particulate 
composites. 
 
Particulate composites (1-x){0.67Pb(Mg1/3Nb2/3)O3-0.33PbTiO3):xCoFe2O4 with composition 
ratio 90:10, 85:15, 80:20 and 70:30 were synthesized by conventional solid-state method was 
studied. Presence of ferroelectric 0.67Pb(Mg1/3Nb2/3)O3-0.33PbTiO3 (PMN-0.33PT) and 
ferromagnetic CoFe2O4 (CFO) phases in the composites was confirmed using x-ray diffraction 
technique. The Rietveld refinement technique has been employed to calculate the structural 
parameters. It can be observed that the value of c/a ratio is slightly higher in composites as 
compared to individual PMN-0.33PT sample. The result indicates that the strain occurs in 
constituent phases in the composites. In order to understand the morphology, grain shape and 
chemical compositions of as synthesized composites, field-emission scanning electron 
microscopy (FESEM) attached with energy dispersive X-ray absorption spectroscopy (EDAX) 
was carried out. Temperature dependent dielectric constant and dielectric loss of (1-x)PMN-
0.33PT–xCFO composites with compositions 90:10, 85:15, 80:20 and 70:30 at frequency 1 kHz. 
The dielectric anomaly appears around 1850–1950C with varying CFO concentration from 10–
30%. This temperature corresponds to phase transition temperature of PMN-0.33PT from 
ferroelectric to paraelectric phase. Increase in dielectric constant with increasing ferrite content 
could be attributed to increasing interfacial polarization. A sharp decrease in the dielectric 
constant (< 1kHz) suggests the dispersive nature of all composites and can be described by the 
Maxwell-Wagner interfacial polarization in agreement with Koop’s phenomenological theory. 
The high value of dielectric constant at the low frequency region is mainly due to the space 
charge polarization at the electrode-dielectric material interfaces as well as the presence of 
defects such as impurities, porosity, and grain boundaries.In order to characterise the 
ferroelectric properties for all the composites P-E hysteresis loop and leakage current density 
were measured at room temperature. The observed P-E hysteresis loop reveals the polarization 
switching behaviours of the composites. The saturated polarization (PS) and remenent 
polarization (Pr) of PMN-0.33PT are 22 μC/cm2 and 15 μC/cm2 respectively, The magnetic 
hysteresis loops of (1-x)PMN-0.33PT–xCFO composites measured at room temperature and the 
obtained hysteresis behaviour is basically due to the presence of CFO phase in the composite 
samples. Saturation magnetization (Ms) and coercivity (HC) of CFO were observed to be 76 



 

emu/gm and 530 Oe, respectively, which are in good agreement with earlier reported values of 
CFO. It can also be seen that M
the ferrimagnetic CFO phase in compositions from x = 10
under progress and will be communicated within 30
Dr. Mukul Gupta (XRD), Dr. R. Venktesh (FESEM)
Shukla (Dielectric Properties).

(Ganesha Channagoudra, Vijaylakshmi Dayal
 
2.4.46 Piezoelectric and ferroelectric properties of perovskite based lead
Na) NbO3 
Currently, lead zirconium titanates are widely used because of their superior piezoelectric 
properties. Considering the environment and human health, environmental regulations restricted 
the use of hazardous substances, especially, consumption of the lead in the piezocera
replace PZT, many alternatives were suggested.   Specifically, K0.5 Na0.5 NbO3 (KNN) with 
MPB (morphotropic phase boundary) shows the magnificent piezoelectric and ferroelectric 
properties. In the past two decades, researchers reported gracious pr
and explored various potential applications. The factors, high transition temperature, high 
remnant polarization and high electromechanical coupling coefficient made KNN as the priority. 
In the current study, Samples were prepared 

To study the characterization, we have used XRD for phase confirmation, SEM for 
morphological studies and also FTIR spectroscopy for all the samples to study the chemical 
composition and bonding. For FTIR studies,
DAE CSR, Indore. The sample Pure KNN (Sodium potassium niobate) was doped with 
Dysprosium, Gadolinium and Praseodymium in different compositions. We have added very less 
percentage (1%-2%) of prepared powders
made thin pallets using palletizer. FTIR performed for all the samples in the range 500 cm
5500 cm-1. Measurements done for all the samples. Plotted the graphs for all samples with 
respect to the composition. Comparing the collected data that composition wise and doping wise 
as well with literature, we found all the desired peaks as expected. 
presence of multiple peaks in the 1000
KNN sample. Here I’m attaching the plots of the sample pure KNN and 0.1 percent composition 

emu/gm and 530 Oe, respectively, which are in good agreement with earlier reported values of 
CFO. It can also be seen that MS value increases from 3 emu/gm to 15 emu/gm w
the ferrimagnetic CFO phase in compositions from x = 10–30%. Preparation of manuscript is 
under progress and will be communicated within 30th April 2020. We gratefully acknowledge 
Dr. Mukul Gupta (XRD), Dr. R. Venktesh (FESEM), Dr. Alok Banerjee (M
Shukla (Dielectric Properties). 

(Ganesha Channagoudra, Vijaylakshmi Dayal*, Dept. of Physics, MIT, Mysore)

Piezoelectric and ferroelectric properties of perovskite based lead

zirconium titanates are widely used because of their superior piezoelectric 
properties. Considering the environment and human health, environmental regulations restricted 
the use of hazardous substances, especially, consumption of the lead in the piezocera
replace PZT, many alternatives were suggested.   Specifically, K0.5 Na0.5 NbO3 (KNN) with 
MPB (morphotropic phase boundary) shows the magnificent piezoelectric and ferroelectric 
properties. In the past two decades, researchers reported gracious properties of (K, Na) NbO3 
and explored various potential applications. The factors, high transition temperature, high 
remnant polarization and high electromechanical coupling coefficient made KNN as the priority. 
In the current study, Samples were prepared in molten salt synthesis method (MSS).

To study the characterization, we have used XRD for phase confirmation, SEM for 
morphological studies and also FTIR spectroscopy for all the samples to study the chemical 
composition and bonding. For FTIR studies, we have used Bruker, Germany, Vertex 70

. The sample Pure KNN (Sodium potassium niobate) was doped with 
Dysprosium, Gadolinium and Praseodymium in different compositions. We have added very less 

2%) of prepared powders in Potassium bromide (KBr) and mixed properly, 
made thin pallets using palletizer. FTIR performed for all the samples in the range 500 cm

. Measurements done for all the samples. Plotted the graphs for all samples with 
tion. Comparing the collected data that composition wise and doping wise 

as well with literature, we found all the desired peaks as expected. FTIR studies reveal the 
presence of multiple peaks in the 1000-1600 cm–1 region due to Na-O, K-O vibrations in the

Here I’m attaching the plots of the sample pure KNN and 0.1 percent composition 
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emu/gm and 530 Oe, respectively, which are in good agreement with earlier reported values of 
value increases from 3 emu/gm to 15 emu/gm with increasing 
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Piezoelectric and ferroelectric properties of perovskite based lead-free ceramics (K, 
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the use of hazardous substances, especially, consumption of the lead in the piezoceramics. To 
replace PZT, many alternatives were suggested.   Specifically, K0.5 Na0.5 NbO3 (KNN) with 
MPB (morphotropic phase boundary) shows the magnificent piezoelectric and ferroelectric 

operties of (K, Na) NbO3 
and explored various potential applications. The factors, high transition temperature, high 
remnant polarization and high electromechanical coupling coefficient made KNN as the priority. 

in molten salt synthesis method (MSS). 

 
To study the characterization, we have used XRD for phase confirmation, SEM for 
morphological studies and also FTIR spectroscopy for all the samples to study the chemical 

we have used Bruker, Germany, Vertex 70 at UGC-
. The sample Pure KNN (Sodium potassium niobate) was doped with 

Dysprosium, Gadolinium and Praseodymium in different compositions. We have added very less 
in Potassium bromide (KBr) and mixed properly, 

made thin pallets using palletizer. FTIR performed for all the samples in the range 500 cm-1 to 
. Measurements done for all the samples. Plotted the graphs for all samples with 

tion. Comparing the collected data that composition wise and doping wise 
FTIR studies reveal the 
O vibrations in the pure 

Here I’m attaching the plots of the sample pure KNN and 0.1 percent composition 
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with pure KNN. Remaining are still in progress. We will submit the full analysis report as early 
as possible. 
 
2.4.47 Investigation of Magnetoelectric Response in Different Forms of La2NiMnO6 
Samples 
Free standing and flexible multiferroic polymer composites thick-films of La2NiMnO6 and 
poly(vinylidene fluoride) (PVDF) were synthesised via solution casting method. Another disc 
shaped polymer composites were formed using a two-step method. The structural 
characterization and the surface morphology of the composites (both thick-films and discs) were 
analysed using X-ray diffraction (XRD) and field emission scanning electron microscope 
(FESEM). Detailed structural analysis revealed the monophasic (R-3c) nature of the thick-film 
samples whereas biphasic (P21/n + R-3c) nature of La2NiMnO6 nanoparticles in the disc 
samples. Fourier transform infrared (FTIR) spectra were recorded at UGC-DAE CSR, Indore, 
which reconfirm the formation of electro-active β-phase of PVDF, which is found to be 
maximum (~37%) in thick-film sample with zero porosity (estimated via FESEM). The 
magnetoelectric properties of all the samples, investigated over wide range of temperature, 
indicates that maximum value of first-order ME coefficient of 9.6mV/cm.Oe is found in the 
thick-film sample which is nearly two orders higher than that of the La2NiMnO6 pellet.  
 

Thin film of polycrystalline La2NiMnO6 was deposited successfully on platinum coated 
SiO2/Si substrates using pulsed laser deposition technique. The deposited film was found to be 
single phase with P21/n space group (via analysis of XRD and Raman spectra). The indication of 
Mn4+ obtains in X-ray photoelectron spectroscopy hints towards the formation of ordered double 
perovskites. And significant magnetoelectric voltage is observed up to 400K, which indicates 
these samples could be a good candidate for utilization in the device applications and thus makes 
it technologically viable for ME based applications. 

 

 
 
 
(Sweta Tiwary1, S. Kuila1, M. R. Sahoo1, A. Barik1, R. Ghosh1, P. D. Babu2, R.J Choudhary3, U. 
P. Deshpande3 and P. N. Vishwakarma1,a) 

1Department of Physics and Astronomy, National Institute of Technology, Rourkela, 2UGC- DAE 
CSR, Mumbai Centre, 3UGC-DAE CSR, Indore Centre) 
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2.4.48 Active Targeted Drug Delivery of Functionalized Colloidal Silver for Cancer 
Treatment  

 
Today’s scenario, in the field of medicine for the treatment of various types of cancer, requires 
an urgent need to explore new alternatives. Present day treatments are associated with toxic side 
effect profile, high cost and excessive pain. Green nanotechnology has provided a new 
dimension in this field. A new approach of “Targeted Drug delivery” has recently given amazing 
results, though it is still under trial. Delay in wide acceptance of this approach may be due to 
complexities involved in this approach for e.g., directing magnetic nano shells to the target inside 
the body using outer magnetic field or using IR sources to drive temperature sensitive 
nanostructures towards targets inside body etc. 
 

With the aim to develop a patient and environment friendly and cost effective targeted 
green drug with reduced complexities, green nanotechnology is used in present research work for 
targeted delivery of functionalized silver nanoparticles for He-La cervical cancer treatment. As 
folate receptors are expressed at He-La cervical cancer cells, colloidal silver consisting of silver 
nanoparticles, 10-15nm in size, was prepared by in-house set up using freshly prepared green 
spinach leaves extract, rich source of folic acid, as functionalizing agent.  
 

In order to determine the efficacy of the formulation, FTIR measurements of as-
synthesized colloidal solution/Formulation is an essential prerequisite. This measurement is 
extremely significant in the process of developing highly specific drug/formulation for cancer 
treatment as it shows the presence of the characteristic groups at the surface of the functionalized 
NPs that would conjugate with folate receptors. FTIR measurements were done at UGC-DAE 
CSR, Indore to ensure proper capping of silver nanoparticles present in as-synthesized colloidal 
silver. FTIR spectra of functionalized colloidal silver, thus obtained is given below:  
 

 
 
The spectrum was compared with the standard FTIR spectra of green spinach leaves (GSL), it 
was observed that the peak corresponding to -OH and C-O functional group in FTIR of colloidal 
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silver shifted towards higher wavenumber as compared to FTIR spectra of GSL. This indicates 
reduction in bond length and confirms interaction between as-synthesized silver nanoparticles 
and surfactant. Therefore, this formulation is presently under use as a targeted formulation for 
He-La cervical cancer treatment for in-vivo studies at ACTREC, Mumbai. This formulation is 
expected to exhibit significant anti-cancer activity as folic acid functionalized silver 
nanoparticles are likely to get transported across cells by receptor-mediated endocytosis.  
 
(Shweta Rajawat, M.M. Malik, Dept. of Physics, MANIT, Bhopal)  
 
2.4.49 Study of the structural and mechanical properties of the Metal Matrix nano-
Composites synthesized using nanosilica extracted from natural ceramic Rice husk ash for 
industrial applications 
 
Metal matrix composites reinforced with nano-particles are very promising materials, suitable for 
a variety of applications. These composites consist of a metal matrix reinforced with nano-
particles featuring physical and mechanical properties very different from those of the matrix. 
The reinforcement of nano-particles improves the base metals in terms of mechanical strength, 
wear resistance and damping properties. The objective of the present work is to extract Nano 
silica and micro silica from Rice Husk Ash, study the effect of process parameters such as 
incineration temperature, duration of heating, method of cooling of RHA on the microstructural, 
mechanical properties of extracted silica and use it as reinforcement material for the synthesis of 
\metal matrix nanocomposites for industrial applications. Rice hush ash (RHA) is obtained from 
complete combustion of Rice Husk, which contains about 90% to 98% silica. Several million 
tons of rice husks is obtained each year and is discarded as agriculture waste product.  
 

In the proposed study, pure silica is extracted from rice husk ash using alkali extraction 
method followed by extraction of nanosilica using refluxing method. The synthesized silica and 
nanosilica were characterized to study the structural properties by techniques such as SEM, 
Energy Dispersive X-ray (EDX), FTIR, Raman spectroscopy and UV spectroscopy. 
 
The data was recorded using Bruker, Germany Model: vertex 70 with wavenumber range:  50 
cm-1 and 15000cm-1 at UGC-DAE CSR, Indore. Polarized infrared reflectance spectra recorded 
on a textured crystalline silica sample using 80 degree reflectance attachment of the FTIR 
spectrometer. A relative analysis was done by plotting spectrograph of the samples. The 
functional group present in SiO2 was identified by FTIR spectra (Figure). In the mid-IR range 
from 4000 to 400 cm-1 a spectrum was recorded with a resolution of 1 cm-1. Wide band observed 
around 3454 cm-1 occurs because of stretching vibration of Si-O-H bonding and silica surface 
adsorbed water molecule of O-H vibration. Band between2900-3900cm-1 indicates existence of 
OH groups and Si- OH group adsorbed on the adsorbent surface. Characteristics peak observed 
at mainly around 1633.44cm-1 and 1112.74cm-1 which attributed to stretching of –C=O 
(carbonyl) & -C-OOH (carboxyl) groups from ketones and aldehydes.  
 
It shows asymmetric stretching vibration of siloxane bond Si-O-Si, respectively. The band at 
808.04 cm-1 indicates Si-H stretching. Similarly, O-Si-O network shows bending vibration 
modes around 464.77cm-1 peak and peak corresponding to 619.05 cm-1 associated with Si-O 
bending vibration. It specifies functional groups at these wave numbers participate in the 
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absorption and confirms that characterized sample is SiO2.FTIR Spectroscopy on Silica samples 
was performed at UGC-DAE CSR, Indore.  

(Meena Laad, Dept. of Applied Science, Symbiosis Institute of Technology, Pune) 
 
2.4.50 Insight into the Physicochemical Performance of Plastic phase crystal based quasi-
solid electrolyte: Combined Computational and Experimental studies 
 
In the present research article, the detail insight of vibrational and chemical properties for quasi-
solid electrolytes based on plastic phase crystal, succinonitrile (SCN), ionic liquid and nano 
porous silica matrices are investigated using experimental approaches. Experimentally, SCN 
based quasi-solid electrolytesare synthesized using one-pot non-hydrolytic sol-gel process and 
further the vibrational properties have been investigated.  
FTIR studies of quasi-solid electrolytes: 
The FTIR spectra were recorded at UGC-DAE CSR, Indore. Experimental vibrational study of 
quasi-solid electrolytesis shown in Figure 1 and Figure 2. In Figure 1, vibrational bands (in cm-1) 
at 964.25 and 1635.34 confirm the presence of SiO2matrix and related bands while the two 
activefrequencies (cm-l) at 1078.31 and 488.62 peaks have been interpreted for the tetrahedral 
SiO4. Active peaks at 605.55, 819.61, 964.25, 1426.60, and 1635.34 (in cm-1) conform the 
existence of succinonitrile and peak at 2254.61 (in cm-1) exists for -C≡N (nitrile) group. 
Vibrational frequency at 2853.88, 2926.60, 2951.38 and 2991.18 (in cm-1) is due to multi-phase 
of quasi-solid electrolyte. In Figure 2, saturated region after 1637.38 (in cm-1) is obtained due to 
confinement of ionic liquid. Vibrational bands at 740.54, 1135.83, 1355.73, 1477.23 and 1575.53 
(in cm-1) shows the confinement of ionic liquid within inorganic matrix.  

 
Figure 1. FTIR spectra of inorganic matrix 
based quasi-solid electrolyte from 4000-400 
cm-1. 

Figure 2. FTIR spectra of confined ionic liquid 
inside inorganic matrix based quasi-solid 
electrolyte from 400-400 cm-1. 

 
(Sarvesh Kumar Gupta and Abhishek Kumar Gupta*, Dept. of Physics and Mat. Sci., Madan 

Mohan Malaviya University of Technology, Gorakhpur) 
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2.4.51 ZnO-PVP Nanocomposite Coating on 304-SS for Corrosion Control 
This manuscript presented the successful application of ZnO/polyvinylpyrrolidoine (ZnO-PVP) 
nanocomposite for corrosion protection of 304-SS in 4% NaCl solution. The ZnO Nanoparticles 
were synthesized by Sol-gel method and PVP nanocomposites were prepared with the help of an 
ultrasonic mixing process. The composite coating was applied on 304-SS substrate by using dip 
coating. The nanoparticles and composite coatings were characterized by Fourier transform 
infrared spectroscopy at UGC-DAE CSR, Indore, X-ray photoelectron spectrometer, scanning 
electron microscopy. The corrosion protection efficiency were determined by using a series of 
electrochemical measurements of corrosion potential (Ecorr), polarization resistance (Rp), 
corrosion current (Icorr), and electrochemical impedance spectroscopy. 
 
FT-IR Analysis: Fourier transform infrared (FTIR) of Polyvinyl pyrolidoine and ZnO 
nanoparticles were recorded using Bruker Vertex 70 FTIR spectrometer. The FTIR spectra were 
recorder between about 4000- 350 cm-1 at room temperature 

 

FT-IR Spectra of ZnO-PVP Composite & ZnO Nanocrystals. 
 

S. No. ZnO-PVP 
Composite 

ZnO 
Nanoparticle 

Analysis 

1 3465 3467 O-H stretching vibration 

2 2360  CO2 stretching (from Air) 
3 2071  Asymmetric vibration of CO2 
4 1636 1630 C=O stretching, OH bending of water 
5 1462  CH2 wagging 
6 1291  Ring C-N stretching 

7 533 585 Stretching vibrations of ZnO 
nanoparticles 
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FT-IR data for ZnO-PVP Composite and ZnO Nanocrystals 
 
The FT-IR spectra of PVP-ZnO composite in KBr matrix showed band at 3465 cm-1 which is 
indicate the presence of starching vibrations of hydrogen bonding [jeetendra bhawsar(2016)]. The 
broad peaks were observed at 2071 cm-1 and 2360 cm-1 due to the presence of atmospheric CO2 
[Jaleh B (2016)]. The starching vibration of Carbonyl group (C=O) showed the vibrational band 
at 1636 cm-1. The peaks of 1291 cm-1 and 1462 cm-1 were representing C-N starching in 
Pyrolidoine ring and CH2 wagging vibrations respectively [Kamaruddin et al]. The another band 
appeared at 533 cm-1 therefore the starching vibration of ZnO and also confirm the formation of 
ZnO nanocrystals due to appeared the distinct sharp peaks [Nagaraju G. (2017)]. The FT-IR 
spectra of ZnO showed two peak at 3467 cm-1 and 1630 cm-1 which is indicated the stretching 
and bending vibration of hydrogen bonding due to absorbance of water from atmosphere by the 
ZnO nanocrystals surface. [jeetendra bhawsar (2018), Katumba G. (2008)].  A strong band 
observed at 585 cm-1 for ZnO nanocrystals [Nagaraju G. (2017)].  

(Preeti Jain*, Jeetendra Bhawsar, Balram Patidar, Medi-Caps University, Rau, Indore) 
 
2.4.52  β-Ga2O3Thin Films by RF Sputtering Technique 
Monoclinic gallium oxide (β-Ga2O3) is an important wide band gap (4.9 eV) semiconductor with 
high chemical and thermal stability. Therefore, it is suitable for the applications in solar-blind 
ultraviolet detectors, transparent field-effect transistors, high-power devices [1], etc. 
In the present work, Ga2O3 thin films were deposited by radio frequency magnetron sputtering 
technique. Structural and optical properties of the films were studied before and after annealing. 
Absence of XRD peak indicated the amorphous nature of as-grown Ga2O3films [Fig.1(a)]. When 
the samples were annealed at different temperature (600 – 1000 ℃), diffraction peaks located at 
29.42°,44.43° corresponding (400), (600) planes of -Ga2O3wereemerged. Similar results have 
been reported in literature[2]. 
 

 
Fig. 1(a) XRD pattern of as-grown film and annealed β-Ga2O3 films.(b) UV-vis absorbance 
spectrum of the β-Ga2O3thin film with the plot of (αhν)2 versus hν for the sample in inset. 
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The optical absorption spectra of the films are shown in Fig. 1(b).The optical band gap (Eg) was 
determined by extrapolating the linear region of the plot (αhν)2 versus hν and taking the intercept 
on the hν-axis [Inset to Fig.1(b)].The Eg values were obtained to be 4.87, 4.92, 5.15, 4.75 eVfor 
as grown thin films, and those annealed at 600⁰C,800⁰C and 950⁰C, respectively. The absorption 
edge shift to shorter wavelengths as the annealing temperature was increased from 600 to 800 
°C.This result indicates that the optical energy gap is enhanced [3]. The increase of the optical 
band gap can be attributed to the decrease in density of defect states. 
Fig. 2(a) reveals no change in the positions of the Raman peaks at 432.4 cm−1, 619.3cm−1, and 
671.5cm−1 with increasing annealing temperature.The peak432.4 cm−1between 300 and 500 cm−1 
relate to themid-frequency deformation of Ga2O6 octahedra. The peaks619.3cm−1 and 
671.5cm−1between 600 and 800 cm−1 are attributed to thehigh-frequency stretching and bending 
of GaO4 tetrahedra.Peaks 432.4 cm−1and 671.5 cm−1 could be associated with the bulk 
frequencies blue shifted from 415 cm−1 and 652 cm-1 respectively. A redshift is seen for the 628 
cm−1 vibrational line of the bulk sample to a 619.3 cm−1 location in the thin films[4]. Blue and 
red shifts can be attributed to the presence of impurities and point defects, twins, and crystallite 
aggregation, besides that originating from the expected phononic effects of size-confinement 
[5].In the FTIR spectra [Fig.2(b)], absorption bands were observed at 647.05, 806.08 and 
2334.24 cm-1. Strong bands centered at 647.05 cm-1 is associated with the Ga–O vibrations. It 
indicates that gallium is present in the sample with Ga–O bonding. The peak at 806.08 cm−1is the 
characteristics of Si–O–Si vibrational mode. A strong band at 2334.24 cm–1 could be due to an 
adsorbed atmospheric CO2, which results from the preparation and processing of FTIR samples 
in the ambient atmosphere [6]. 

 
Fig. 2(a) Raman spectra of thin films of β-Ga2O3 thin films.(b) FTIR spectra of the β-Ga2O3 thin 
films. 
(Amit Kumar Singh1, Mukul Gupta2, Uday Deshpande2,V. Sathe2, and Y.S.Katharria1 
1PDPM Indian Institute of Information Technology, Design and Manufacturing Jabalpur, 
Jabalpur-482005, M. P. India, 2UGC-DAE CSR, Indore) 
 
2.4.53 UV-Vis analysis of B-site Chromium (Cr3+) doped Barium Titanate material 

 
UV-Visible absorption spectra of Cr modified BTO materials were measured in the range of 200-800 
nm at UGC-DAE CSR, Indore. The strong absorption edge in the UV spectrum shifts to a shorter 
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wavelength side as Cr3+ levels increase in BTO materials. For BTC5O, BTC10O, BTC15O, and 
BTC20O, the wavelength is 391, 385, 383 and 387 nm respectively. The direct and indirect optical 
band gap values were presented in Fig 2.The optical band gap of synthesized Cr3+ doped BTO material 
is generated through a Tauc plot. A Tauc plot can be developed on the basis of a spectrum of optical 
absorption that displays the quantity hν (energy of light) as the X-axis and the quantity (αhν)n as the Y-
axis (α is the material absorption coefficient). The band gap of that material is a tangent of the 
transition region in the resulting plot that crosses the X-axis. The optical properties of the BTO and 
BZTO material were measured with Eg values, which indicate that, a linear increase with Zn doping. 
The addition of Cr3+ to BaTiO3 enhances the indirect wide band gap (Eg) values from 2.96 eV, 3.06 eV, 
2.72 eV, 3.00 eV and direct wide band gap values from 3.09 eV to 3.15 eV. It is obvious that Eg 
increases with the increasing concentration of dopants in BTO. The prepared Cr-modified material 
clearly shows that their energy band gap values reveal insulating behavior. 

(Supriya Bisen, Ashutosh Mishra*, School of physics, Devi Ahilya University, Indore) 
 
2.4.54 The optical properties of prepared Co1-xZnxFe2O4 
 
In the year of 2019-2020 I prepared Co1-xZnxFe2O4(x=0.0,0.3,0.5,0.7 and 1.0) nanoparticles by 
chemical co-Precipitation method. Prepared Co1-xZnxFe2O4 ferrite powder was sintered at 900 Cͦ 
for 4 h after TG-DTA thermal studies. Variation of energy band-gap with increasing zinc 
concentration in cobalt ferrite was studied by UV-Vis. Spectroscopy at UGC-DAE CSR, Indore.  
 
The optical properties of prepared Co1-xZnxFe2O4(x=0.0,0.3,0.5,0.7and1.0)nanoparticles were 
investigated by UV-Vis. Spectroscopy. UV-Vis. Study reviled that the absorbance normally 
depends on the factor such as impurity centers, grain size, band gap, lattice parameter and 
surface roughness. The absorption spectra indicates the higher absorption peak shift towards 
higher wavelength with increasing zinc concentration, this shift indicates that the change in 
optical band gap due to effect of quantum confinement. Theopticalbandgapof samples was 
calculated by using Tauc plot also the energy band gap of all samples was calculated using direct 
band gap expression. The energy band gap decreases from 2.8306 eV to 2.258 eV with 

increasing zinc concentration in cobalt ferrite which is show in below table.  
 
(Andhare Deepali Dattatraya, K. M. Jadhav*,Dept. of Physics, Dr. Babasaheb Ambedkar 
Marathwada University Aurangabad)  
 
2.4.55 Impact of crystallites on enhancement of bandgap of Mn1-xZnxFe2O4 (1 ≥ x ≥ 0) 
nanospinels 
 
Zinc substituted manganese ferrite Mn1-xZnxFe2O4(x = 0.00, 0.20, 0.40, 0.60, 0.80, 1.00) 
magnetic nanoparticleswere synthesized using low cost and environmental friendly co-
precipitation method. The structural,infrared and optical properties of synthesized material were 
characterized by XRD, TEM, FTIR, EDX and UV–Visspectroscopy respectively. The XRD 
result confirmed the formation of good crystallization with a single-phasecubic spinel structure 

Composition CoFe2O4 Co0.7Zn0.3Fe2O4 Co0.5Zn0.5Fe2O4 Co0.3Zn0.7Fe2O4 ZnFe2O4 

Band gap (eV) 2.830 2.566 2.447 2.326 2.258 
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and Fd3m space group. Also determined crystallite size decreases from (20–10 nm). TheFTIR 
spectra confirmed the formation of ferrite phase and tetrahedral and octahedral vibrations. The 
UV–Visspectroscopy determines the direct energy bandgap which increases from ~2.26 to ~2.63 
eV. 
 

Optical Properties were studied using UV visible spectroscopy at UGC-DAE CSR, 
Indore. The UV–visible spectra which is used to studyoptical properties of Mn1-xZnxFe2O4 (x = 
0.0, 0.2, 0.4, 0.6, 0.8 and 1.0)nanoparticles in the wavelength range of 400–800 nm. The higher 
absorbancepeak of all samples was observed in the ultraviolet (UV) region.It can be seen that the 
optical absorption spectrum is an importantmethod for obtaining the optical energy band gap of 
crystalline andamorphous materials. All compositions were possessed a continuousabsorption 
spectrum in the whole range as well as exhibited a goodabsorption in the visible light region. 
Thevalues of bandgap energy (Eg) of the samples are determined by thelinear extrapolation of the 
plot of (αhν)2 against (hν) to the energy axis.The analysis of the absorption coefficient (α) in the 
fundamental absorptionedge indicates that all the ferrite samples are characterized bydirect band-
to-band electronic transition. Also according to a literaturerelated report has been found for 
similar samples and result confirms adirect bandgap material. In the present samples, thebandgap 
energy increases with an increase in Zn2+ concentration. Itcan be attributed to the decreases in 
lattice constant with increased Zn2+content. In addition, there are more electrons contributed 
byZn2+ dopants that have lower energy affinity for Zn2+ compared toFe3+, which places the 
energy level at the base of the carrier band. Thelattice constant, crystallite size, charge carrier 
concentration, stoichiometry,lattice strain and purity affect the band gap values. Inother words, 
the direct energy bandgap is increased from 2.26 to2.63 eV with increasing nonmagnetic zinc 
substitution. The previousreport by Elangbam Chitra Devi1 et al. on the investigation on 
theoptical band gap and AC conductivity of Mn-Zn nanoferrites reveals theestimated optical 
band gap slightly increased with the increase in zincconcentration and crystallite size were found 
to decrease. The similartrend we get in the present work. The photoluminescencespectra of the 
prepared ferrite nanoparticles in the range of 450 to750 nm. A major emission peak observed at 
560 nm wavelength rangewhich corresponds to the bandgap value of ~2.33 eV and 
closelymatches the UV–Vis results discussed above. Also, we have seen theminor emission at 
~530 nm which suggests the oxygen vacancies arepresent in the prepared samples. For, further 
higher wavelength side~570 nm showed a minor emission, which confirms the yellow 
emissionand which may be due to the interstitial oxygen defects present in the sample. 

(Supriya R. Patade, K.M. Jadhav, Dept. of Physics, Dr. Babasaheb Ambedkar Marathwada 
University, Aurangabad) 

 
2.4.56 UV-DRS Spectroscopy of Pure and Doped YMnO3 Manganites 
The UV-DRS Spectroscopy of pure and doped YMnO3 samples in bulk form has been successfully 
carried out by Perkin Elmer Lambda 950 spectrophotometer in the wavelength range of 200 nm– 850 
nm at UGC-DAE CSR, Indore. Barium sulphate (BaSO4) powder was taken as the reference 
material. Here all the obtained spectra of corresponding samples are resulted from transition of 
electrons from valance band to conduction band. For UV-DRS analysis, Kubelka – Munk method has 
been applied in order to obtain the optical energy band gap of the respective samples. So using 
Kubelka – Munk approach, the graphs have sketched between the absorption coefficients [F(R).hn] 2 
versus photon energy (hn). And on extrapolating the linear region of the entire curves, the 
corresponding optical band gaps of all the samples have been found. 
Here, the optical band gap of YMnO3 is found to be 1.53 eV as shown in the given figure.  
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FIGURE. Kubelka – Munk Plot of YMnO3 

Various dopants such as Barium (Ba2+), Titanium (Ti4+) and Zirconium (Zr4+) have been doped on 
both Y - and Mn - sites in different stoichiometric concentrations. With the substitution of dopants, 
the band gap of doped YMnO3 has increased indicating that the dopants enhanced the insulating and 
ferroelectric behaviour in the pristine sample.We sincerely acknowledge Dr. Uday Deshpande for 
providing us the measurement facility and for his valuable suggestions and guidance to carry out the 
analysis of measurement.  
(Jyoti Shukla and Ashutosh Mishra, School of Physics, Devi Ahilya University, Indore) 
 
2.4.57 Study of optical response shifting of Cu/S co-doped TiO2 nanoparticles 

 
The UV-Vis absorption spectra of synthesized undoped TiO2 and nanoparticles of Cu/S co-doped 
TiO2 were recorded at UGC-DAE CSR, Indore to analyze their optical response. The Tauc plots 
were obtained from UV-Vis spectra by using Kubelka-Munk function and were used to calculate 
band gap energies of synthesized nanoparticles. The band gap energies were found to be 3.16 
and 2.72 eV for undoped TiO2 and optimized co-doped nanoparticles of Cu/S in TiO2 
respectively. These results clearly indicate that Cu/S co-doping shifted band gap energies of TiO2 
towards longer wavelength region and it could enhance its photo response effectively under 
visible light irradiation. Based on these results, a paper is communicated to ‘Solar Energy’. 
 
(Anuradha  Gupta,  V.V.S. Murty*, Dept. of Physics, Govt. Holkar Science College, Indore) 
 
2.4.58 UV-Vis analysis of Sb doped GeSe ternary alloys. 

 In order to produce high-performance optoelectronic devices, alloy engineering has been 
exploited in ternary transitional metal chalcogenides and dichalcogenides. Amongst various 
TMC materials GeSe is a promising candidate because it is a simple binary compound having 
stable orthorhombic phase at ambient conditions. Is band gap is suitable for photovoltaic and 
photodetection applications. Moreover, it has a very high absorption coefficient in visible region 
along with a chemically stable structure. Several researchers have reported fabrication of FETs, 
solar cells, photodetectors based on monolayers to few layers of GeSe.  Here we are exploring 
the modifications in the structural, electronic, optical and optoelectronic properties of GeSe by 
doping Sb in the crystal structure of pristine GeSe. We have synthesized SbxGe1-xSe (x = 0, 0.1, 



188 | P a g e  
 

0.3, 0.5, 0.7, 0.9 and 1.0) ternary alloy compounds by direct vapour transport (DVT) technique. 
To study the variation in band gap with doping of Sb, we carried out the UV-Vis characterization 
of our powdered samples at UGC-DAE CSR, Indore using the Perkin Elmer Lamda 950 UV-Vis 
spectrophotometer in diffused reflectance mode during the duration of 26th and 27th November, 
2019. Out of the 9 samples which were characterized, samples at the start of series were showing 
results as expected. The indirect band gap calculated using the data for pristine GeSe is found to 
be 1.11eV which is in close agreement with the reported band gap of 1.12eV for GeSe and it 
increases to 1.14 for Sb0.1Ge0.9Se but the results of subsequent samples of the series were not as 
we expected.This may be due to the presence of more than one phase in the material with 
increasing concentration of Sb. A graph of Kubelka-Munk’s function (F (hν)) vs Energy (E (eV)) 
is used for this purpose.Further analysis of the data obtained is under way to look in to the 
variation of optical properties with increasing Sb content into the host lattice network of GeSe. 
At the same time we have tested few of the grown samples for photodetection properties and 
trying to correlate optical properties with photodetection ability of these materials. We are 
currently working on a manuscript based on the effect of Sb doping on photoresponse of GeSe 
crystals in which these results will be used. 
(K. D. Patel* and Chaitanya Limberkar, Dept. Physics, Sardar Patel Univ., Vallabh Vidyanagar) 
 
2.4.59 Study of Optical properties of Cu1-xSnxSe (x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) ternary alloy 
compound by UV-Vis DR Spectroscopy 
 
The optical properties of the SnSe single crystal are explored with the assistance of UV-DRS 
spectroscopy at UGC-DAE CSR, Indore. The spectrum exhibits an absorption edge in the 
spectral range of 1000nm to 1400 nm. The band gap of the grown crystals is determined via 
Tauc's plot of indirect allowed transition (ahv)1/2 and direct allowed transitions (ahv)2 versus 
photon energy (hv), and the extrapolation of the linear portion corresponding to the fundamental 
absorption edge gives an energy band gap which is calculated for all samples.  The presence of 
sharp band edges in crystals consequences in a sharp increase in the absorption coefficient when 
the photon energies exceed the optical gap. In transition metal chalcogenides, the presence of 
energy band tails results in significant absorption even at photon energies below theoretical gap. 
A detailed study of this spectra indicates that the inter-band transition is associated with 
absorption and emission of phonons. 
 
(Kunjal Patel and G. K. Solanki, Dept. of Physics, Sardar Patel Univ. Vallabh Vidyanagar) 
 
2.4.60 Study of structural, magnetic properties and bandgap of spinel Co1-xFe2+xO4 ferrite# 
 
Co1-xFe2+xO4 (x = 0.0 – 0.8) spinel nano ferrite dry gel powders were synthesized by sol gel auto-
combustion method. Synthesized samples were investigated by using X-ray diffraction (XRD), 
magnetic measurements, Ultraviolet–visible (Uv–Vis); Fourier transform infrared (FTIR) 
spectroscopy. XRD validates the formation of spinel phase, and incorporation of Co, Fe in spinel 
lattice. Results reveal that compositional variation leads to: i) cationic re-distribution; ii) 
allowing fine-tuning of bandgap with strong correlation among Bandgap – Fe3+ ions on B-site; 
iii) changes in degree of inversion; iv) variation of disorder; v) shows better soft magnetic 
behavior; vi) surface spin disorder leads to reduction of saturation magnetization; vii) observed 
changes in Debye temperature suggest modification of lattice vibrations. Representative TAUC 



189 | P a g e  
 

plot for Co0.2Fe2.8O4sample is shown in Fig. 1(a), while dependence of bandgap on Fe3+ ions on 
B site is displayed in Fig. 1(b). In the studied samples the compositional variation (changes in x), 
alters the cationic distribution, modifying the population of Fe3+ ions on B site (and 
corresponding variation of Co2+ ions on B site), thus affecting the bandgap, as was observed in. 
This fact is demonstrated in Fig. 1(b), where linear increase of bandgap is observed, and based 
on observed variation between bandgap and Fe3+ ions on B-site, an empirical relation can be 
given as: [Bandgap] = A [Fe3+ ions on B-site] + C, where A, C are fitting constants. It is to be 
noted that, the mentioned empirical relations is to show linear relation between Bandgap and 
Fe3+ ions on B-site. It is of value to note that in studied samples, via changes in ’x’, fine-tuning 
of bandgap (range between 1.57 eV - 1.74 eV) can be done, useful for fabrication of 
semiconductor devices. 
 

 
Fig. 1: (a) Representative TAUC plot for Co0.2Fe2.8O4 sample, (b) Variation of bandgap with Fe3+ 
on B-site. Continuous line is linear fit to the experimental data. 
 
(S.N. Kane a, P. Tiwari a,b, Deepti a, R. Verma a, U.P. Deshpande c, F. Mazaleyrat d 
a Magnetic Materials Lab, School of Physics, Devi Ahilya Univ. Indore, b Dept. of Physics, 
Prestige Institute of Engg Management and Res., Indore, c UGC-DAE-CSR, Indore, d SATIE, 
ENS Universite Paris-Saclay, 61 Av. Pdt. Wilson, 94230 Cachan, France) 
 
2.4.61 Ni addition induced modification of structural, magnetic properties and bandgap 
of Ni-Zn nano ferrites# 
 
We report synthesis, characterization of Zn1-xNixFe2O4 (x = 0.0–1.0) nano ferrites, by using x-ray 
diffraction ’XRD’, vibration sample magnetometery, UV–Vis spectroscopy. XRD validates the 
formation of fcc spinel structure. Ni-addition leads to: grain diameter modification; linear 
decrease of lattice parameter; un-equal distribution of both Ni2+, Zn2+, Fe3+ ions on A, B sites; 
changes in the degree of inversion, and oxygen parameter showing changes in disorder; linear 
variation of bandgap; significant reduction of coercively with simultaneous increase of saturation 
magnetization. Results clearly demonstrate that Ni-addition in Ni-Zn ferrite can be effectively 
used to tune magnetic properties, bandgap. With increase of Ni content in the sample, there is 
linear variation of bandgap (fig.1), ascribed to changes in structure, are consistent with observed 
lattice parameter values. Results clearly indicate that Ni-addition can be utilized for tuning band 
gap (range between 1.85 eV - 1.95 eV) in the studied samples. 
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Fig. 1: Ni-content dependence of bandgap. Straight line is linear fit to the experimental data. 
#R. Verma, F. Mazaleyrat, U.P. Deshpande, S.N. Kane*, Mater. Today: Proc. (In-Press)  
 
(R. Verma a, F. Mazaleyrat b, U.P. Deshpande c, S.N. Kane a* 
a Magnetic Materials Lab, School of Physics, Devi Ahilya Univ. Indore, bSATIE, ENS Universite 
Paris-Saclay, 61 Av. Pdt. Wilson, 94230 Cachan, France), c UGC-DAE-CSR, Indore) 
 
2.4.62 Composition assisted tuning properties of CoCrxFe2-xO4spinel nano ferrites# 
 
Structural, magnetic properties, bandgap of sol gel auto-combustion synthesized single phase 
CoCrxFe2-xO4 (x = 0.0–1.0) nano ferrites, were studied by x-ray diffraction, vibration sample 
magnetometer, ultra violet visible spectroscopy. Linear decrease of lattice parameter with 
increasing Cr-content is ascribed to difference between ionic radii of Cr3+ (0.064 nm), Fe3+ 
(0.067 nm). Linear decrease of grain diameter with increasing Cr-content, shows presence of Cr 
in spinel lattice which hinders grain growth. Results show bandgap tenability; reveal that Cr-
addition is effective in determining coercivity, saturation magnetization of studied samples. 
Results illustrate effectiveness of compositional variation for structural modification, leads to 
tuning of magnetic properties, bandgap. Fig. 1 a shows diffuse reflectance spectra of the studied 
samples, while Fig. 1 b depicts the representative TAUC plot for the sample with x = 0.5. TAUC 
plots were used to obtain bandgap in the studied samples, and the variation of bandgap with Cr-
content in the studied samples is shown as inset of Fig. 1b. Perusal of Fig. 1 b inset depicts that 
with increase of Cr-content optical energy bandgap gets modified, it increases almost linearly till 
x = 0.5 and beyond this value it saturates for higher Cr-content. Compositional changes are 
known to affect bandgap. Observed Cr-content dependence of bandgap is ascribed to: i) changes 
in crystallite size; structural changes consistent with observed lattice parameter values. Observed 
bandgap variation shows its tuning, which is very important for using these materials for 
fabrication of semiconductor devices. 
 



 

 
Fig. 1: (a) Diffuse reflectance spectra of the studied samples
representative TAUC plot for sample with x = 0.5, Inset: Variation of bandgap with Cr
line connecting points is guide to the eye.
 
(P. Tiwari a,b, S.N. Kane a*, 
Institute of Engg Management and Res., Indore, 
Devi Ahilya Univ. Indore, cSATIE, ENS Universite Paris
Cachan, France, dUGC-DAE-
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Fig. 1:(a) diffuse reflectance spectra; (b–f) Tauc plots of the studied samples. 
 
(P. Tiwaria,b, S. N. Kanea, U. P. Deshpandec, Tetiana Tatarchukd, F. Mazaleyrate, and B. 
Rachiyfa Magnetic Materials Lab, School of Physics, Devi Ahilya Univ. Indore, bDept. of Physics, 
Prestige Institute of Engg Management and Res., Indore, c UGC-DAE-CSR, Indore, d Dept. of 
Chemistry, Vasyl Stefanyk Precarpathian National Univ., Ivano-Frankivsk, Ukraine,  e SATIE, 
ENS Universite Paris-Saclay, 61 Av. Pdt. Wilson, 94230 Cachan, France, f Dept. of Mat. Sci. and 
New Technol., Vasyl Stefanyk Precarpathian National Univ., Ivano-Frankivsk, Ukraine) 
 
2.4.64 Effect of nitrogen doping in TiO2 cathode for Zn-ion battery   
 
A N-doped (N-TiO2) and un-doped (TiO2) mesoporous titania have been prepared through sol-
gel method where amphiphilic block copolymer was used as a templating agent. These materials 
were used as cathode in aqueous Zn-ion battery. In order to see the effect of nitrogen doping on 
charging-discharging mechanism of battery, UV-visible measurements (in diffuse reflectance 
mode) have been carried out at UGC-DAE CSR, Indore. The summary of the measurements is 
provided below in Table 1. 
 

Sample TiO2 N-doped TiO2 
Bare Film (0.0 V) 3.31  0.01 3.27  0.01 
Full charge (2.0 V)  3.26  0.02 3.19  0.01 
Full discharge (0.7 V) 3.22  0.01 3.12  0.02 

 
Table 1: Optical bandgap obtained from UV-Vis measurements 
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 From the above data, it is clear that presence of nitrogen reduce the band gap of titania. This is 
due to available lone pair on nitrogen atom. However, during full charging and dis-charging of 
Zn-ion battery, the band gap variation is observed as per the lone pair of nitrogen take part in 
holding the Zn-ion during the process. This result will help us for understanding the mechanism 
of charging-discharging of aqueous Zn-ion battery.  

(Siddharth Desai, Hiren Machhi, Sanjay Baria, Saurabh Soni*, Dept. of Chem., Sardar Patel 
Univ., V. V. Nagar) 

 
2.4.65 UV-Vis results on ZnO/SnO2 composite for photocatalysis 
The samples include composites which consist of Zinc Oxide and Tin Oxide in varying 
concentration prepared using sol gel technique and are labelled according to the concentration of 
oxides present in them.  UV-Vis diffuse reflectance measurements were carried out in spectral 
range 200-850 nm, at UGC-DAE CSR, Indore. The band gap values (Eg) of the composites were 
estimated by extrapolation of the linear part of the plots. The calculated Eg values of ZnO and 
SnO2 were 3.20 and 3.91 eV, respectively. The band gap values of the samples containing ZnO 
and SnO2varied with varying the concentration of ZnO and SnO2. The values were found to be 
3.90 eV, 3.85 eV and 3.60 ev for ZnO25: SnO275, ZnO50: SnO250 and ZnO75: SnO225 samples 
respectively. The bandgap values decreased with decreasing SnO2 content since the samples 
having greater concentration of SnO2 revealed arelatively low intensity absorbance probably due 
to its poor crystallinity.  
 

The SnO2/ZnO samples can be used for photocatalytic purposes as these show higher 
photocatalytic activity than pure SnO2 and ZnO, which can be attributed to the SnO2-ZnO 
interface, the pore structure, and a higher surface area of the sample. The SnO2-ZnO interface 
improves the separation of photogenerated electron-hole pairs, thus enhancing the photocatalytic 
activity. Furthermore, the SnO2/ZnO sample might possess more surface reaction sites and 
adsorb and transport more dye molecules due to the highersurface area and many pore channels, 
also leading to higher photocatalytic activity [1]. 
 
[1] .Z., Lirong, Z., Yuanhui, C., Chongqi, Z., Yingying, L., Xingyi, Z., Qi, W., Kemei& Z., 
Jiefang. (2009). Network Structured SnO2/ZnO Heterojunction Nanocatalyst with High 
Photocatalytic Activity, Inorg. Chem. doi/10.1021/ic802293p. 

(Arzoo Sheikh, N. Lakshmi, Mohanlal Sukhadia Univ., Udaipur) 

2.4.66 Magnetic Measurements of  NdMn1-xCoxO3 (0.0 ≤ x ≤ 0.7)  

Doping of a transition metal like cobalt (Co) at Mn site induces ferromagnetism (FM) in LaMn1-xCoxO3  

where the parental compound LaMnO3 is a type-A antiferromagnetic insulator with a Neel temperature 
TN ~140 K. Therefore, it will be intriguing to study the substitution of nonmagnetic La by Nd, as it is 
said to conserve the electronic configuration of the Mn ions in LaMnO3 system and an AFM ground 
state of type-A (which is orbitally ordered) is established. Since Nd is magnetic it is to be seen how the 
magnetic properties are modified with replacement of La by Nd in LaMn1-xCoxO3 system. 
NdMn1-xCoxO3 (0.0 ≤ x ≤ 0.7) samples are prepared by solid state reaction method by mixing and 
grinding stoichiometric amounts of oxides of the respective compounds. X-ray diffraction (XRD) 
measurements of NdMn1-xCoxO3 (0.0 ≤ x ≤ 0.7) at room temperature reveal single phase orthorhombic 
structure. Magnetization is measured as a function of temperature at field strength of 0.05 and 1 Tesla in 
the field cooled (FC) and zero field cooled (ZFC) mode from 10 to 325 K temperature as shown in Fig. 
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1. The depicted temperature dependent magnetization behavior is considered to be arising from 
coexistence ferromagnetic (FM) and antiferromagnetic (AFM) states. Further,  magnetization versus 
magnetic field measurements was done upto 8 T at different temperatures of 10 & 150 K for the NdMn1-

xCoxO3 (0.0 ≤ x ≤ 0.7) samples shown in Fig.2. At the temperature of 10 K the hysteresis increases upto 
the 50 % Co concentration (x=0.5). At 150 K no hysteresis is seen in any of the samples; indicating only 
the AFM character is present in the samples at higher temperature. As already mentioned the system is 
expected to show the existence of an inhomogeneous mixture of a ferromagnetic and antiferromagnetic 
state or canted type of ferromagnetism; therefore the saturation of magnetization is not seen in any the 
samples.   

 

                                 Fig.1 M Vs T                                                Fig.2  M vs H 

[Farooq Hussain Bhat (IUST, Awantipora, Kashmir), Kranti Kumar and A. Banerjee] 
 
2.4.67 Temperature induced interface roughness and spin reorientation transition in 
Co/Au multilayers thin films 

 
Spin reorientation transition (SRT) due to high temperature has been studies in Co/Au 
multilayers thin films. Two multilayered thin films with a composition Si(100){Cr(200 Å)/Au(100 

Å)[Co(x Å)/Au(30 Å)]10 for x = 12 Å and 25 Å were prepared using dc-magnetron sputtering and the 
effect of temperature on structural and magnetic properties were investigated. Film thickness and 
interface roughness were studied by measuring X-ray reflectivity. Multilayers are 
thermodynamically stable, and thickness of the layers and interface roughness remains 
unchanged over longer periods of time and up to 300 °C temperature.  
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FIGURE: MOKE hysteresis loops of (a) 12 Å and (b) 25 Å thick Co layer samples taken at room 
temperature using Ex-situ and in-situ technique. Ex-situ hysteresis loop recorded by applying magnetic 
field out-of-plane (black solid squares), in-plane (red solid circle) direction and in-situ hysteresis loop 
recorded by applying magnetic field in-plane (blue solid triangle) direction. (c) MOKE hysteresis loops of 
25 Å thick Co layer sample taken at different temperatures using in-situ technique by applying magnetic 
field in-plane direction. 
An increase in interface roughness at higher temperatures showed the intermixing of Co and Au 
into each other. Behavior of coercive field in both the samples is quite different. However, the 
spin reorientation transition occurred in both samples around 350 °C. Perhaps this would be the 
first report on temperature induced spin reorientation transition in Co/Au multilayers. We found 
that, at 350 °C, 12 Å thick Co layer sample shows a spin reorientation from out-of-plane to in-
plane direction and vice-a-versa transition is observed in 25 Å thick Co layer sample. Results 
were obtained using ex-situ and in-situ Magneto-Optic Kerr Effect (MOKE) measurements.   

 
(Balaji Rakesh, Brajesh Pandey, Dept of applied science, SIT, Pune) 

 

2.4.68 Investigating interlayer exchange coupling in FePt/MgO/CoFeB by ferromagnetic 
resonance 
Exchange bias in Co/CoO thin films deposited onto self-assembled nanosphere arrays 

  
Looking at the importance of exchange bias (EB) studies in novel magnetic systems, magnetic 
nanocaps consisting of antiferromagnetic (AF)/ferromagnetic (FM) layers were synthesized 

using nanosphere lithography, followed by ion beam sputtering. For this, CoO/Co/Si and 
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CoO/Co/polystyrene nanosphere (PS) (800 nm dia-meter) ultra-thin and thick films were 
prepared by in-situ oxidation. Room temperature magnetization measurements exhibit a clear 
distinction between the films on PS and those on plane base Si substrate (reference films). Low 

temperature field cooled measurements on CoO/Co(5 nm)/PS film show a negative EB in both 
original (−37.4 mT) and trained hysteresis loops (−31.4 mT).  

 

 
FIGURE 2: 2d AFM images of Co (100 nm) films deposited on (a) PS and (b) plane Si substrate 
respectively. A model showing different growth of the Co film on plane and polystyrene substrates.Low 
temperature (5 K) measurements done on CoO/Co (5 nm and 100 nm)/thin films deposited on PS and 
CoO/Co (5 nm and 100 nm)/thin films deposited on plane Si substrates. Inset shows the saturated 
hysteresis loop. 
 
However, corresponding reference films show larger EB values in comparison with those of PS 
substrate counter parts. Due to   a higher Co layer thickness, the CoO /Co(100 nm)/PS film 

shows a lower EB value (−18.2 mT) in comparison with its corresponding CoO /Co(5nm)/PS 

ultra-thin film (−37.4mT). However, for the corresponding reference films, the ultra–thin films 
shows higher EB (−68.5 mT) than the thick film (−12.6 mT), which is a generally observed 

behavior. The overall results are discussed in terms of the curvature induced modifications in the 
microstructural properties, which cause drastic changes in the magnetic properties of such 
nanostructure. The obtained exchange bias values show drastic modifications in both ultra-thin 

and thick films, where the under lying substrate was changed from base plane Si to curved 800 
nm diameter PS nanospheres, which provide curvature induced roughness to the over-layer. The 

hexagonal symmetry in the film deposited on PS asobserved by AFM is in agreement with the concept of 
magnetic nano-caps as also reported in literature. Due to this curved behavior, nano-sphere impart very 

high surface/interface roughness on CoO/Co/PS films. The magnetic properties are also discussed in 
terms of their film thickness dependency. The observed variations, mainly the exchangebias values are 

correlated with the curvature induced variations instructural properties.  
 

(Anupam Sharma and Yogesh Sharma, Department of physics, Manipal university, Jaipur ) 
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2.4.69 Study of magnetism in Fe doped CoCr2O4 using magnetic Compton scattering and 
first-principles computations.  
 

Temperature dependent spin momentum densities of polycrystalline CoCr2-xFexO4 (x=0.4 and 1) 
with inverse spinel structure have been measured using magnetic Compton spectrometer. 
Estimated site specific and absolute spin moments are compared with the magnetization 
measurements to deduce the orbital magnetic moments. To supplement the present magnetic 
Compton scattering data, spin-polarized relativistic band structure calculations employing 
Korringa-Kohn-Rostoker Green’s-function formalism have also been performed. Ferri-magnetic 
nature of CoCr2-xFexO4 (x=0.4 and 1) systems have been explained on the basis of distribution of 
Fe and Co atoms between tetrahedral and octahedral sites. The suggested mixed spinel structure 
arrangement is supported by experimentally observed spin magnetic moments and minimum 
ground state energies which shows the potential of magnetic Compton spectroscopy in resolving 
the structural states of such oxides. 

With Dr.AlpaDashora (M.S. University Baroda) and Prof. BL Ahuja (MLS University, Udaipur). 
 
2.4.70 Surface and spectral investigation of Sm3+ doped MgO-ZrO2 phosphor. 

Trivalent Sm (0.5−6 mol. %) doped mixed magnesium-zirconyl phosphor is synthesized by low 
temperature solution combustion method using urea as fuel. Phase formation, surface, and optical 
studies of the synthesized powder is characterized by X-ray diffraction (XRD), X-ray 
photoelectron spectroscopy (XPS), field emission scanning electron microscope (FESEM), 
photoluminescence (PL) spectroscopy, and ultraviolet visible (UV–Vis) spectroscopy. XRD result 
reveals the formation of mixed MgO-ZrO2 (cubic-tetragonal) phase. XPS technique is employed to 
examine the elemental composition of the synthesized material and results confirm the presence of 
Mg, Zr, O and Sm on the surface of the sample. The photoluminescence study shows that the 
synthesized phosphor gives four emission peaks at 567 nm, 602 nm, 651 nm, and 713 nm due to 
the electronic transitions of Sm3+ ion when excited under 403 nm. The photometric results reveal 
that the phosphor emits in the orange-red region of the color gamut and can be used as a warm 
light phosphor.  

With Ms. Ruby andDr. Ram Prakash (SMVD University, Katra) 
 
2.4.71 Cobalt ferrite decorated multiwalled carbon nanotubes as the electrode for 
efficient field electron emission. 
Cobalt Ferrite (CF) nanoparticles with different weight concentrations were successfully 

decorated on Multi-Walled Carbon nanotubes (MWCNT) using a simple glycol assisted chemical 
route. The physicochemical and electronic properties of CF decorated MWCNTs (MWCNT-CF) 
were accomplished with the help of different techniques such as X-ray Diffraction (XRD), Raman 
Spectroscopy, Transmission Electron Microscopy (TEM), X-ray Photo-electron Spectroscopy 
(XPS) and Fourier Transform Infrared Spectroscopy (FTIR). Further, the effect of CF 
concentration on Field Emission (FE) characteristics of MWCNT-CF is investigated. The FE 
studies revealed that, CF decorated MWCNT emitter (MWCNT-CF; 1:1) exhibits lower turn on 
(0.52 V/μm, at 10 μA/cm2) and threshold fields (0.62 V/μm, at 100 μA/cm2) in contrast to pristine 
CF, MWCNT, and MWCNT-CF (1:0.5 and 1:2). Interestingly, from the MWCNT-CF (1:1) 
emitter, very high emission current density ~10,408 μA/cm2 has been extracted at a relatively 
lower applied field of 1.18 V/μm. The enhancement in FE characteristics of MWCNT-CF emitters 
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is attributed to lowering of work function measured from the UPS analysis and increased number 
of emitting sites.  

With Mr. BaluThombare and Prof SI Patil (SP Pune University, Pune) 
 
2.4.72 Electron and gamma irradiation effects on Al/n‒4H‒SiC Schottky contacts. 
The Al/n‒4H–SiC Schottky contacts were prepared and studied their contact properties by 

current‒voltage (I-V) characteristics and X‒ray photoelectron spectroscopy (XPS) technique. The 
results have shown localized Fermi‒level pinning (FLP) due to grown‒in defects in n‒4H–SiC. 
The electron and gamma irradiation on Schottky contacts have shown zero‒bias offset in the I -V 
characteristics. The XPS studies revealed that the observed behaviour was mainly attributed to 
irradiation‒induced defects in n‒4H–SiC bulk and their role in tunneling mechanism rather than 
contribution from the surface or interface chemical features alone. 

With Mr. Indudhar Vali and Dr.Pramoda  Shetty (Manipal University)  
 
2.4.73 Structural, dielectric and magnetic properties of Bi–Mn doped SmFeO3. 
The intriguing physical properties of SmFeO3 such as spin-phonon coupling and spin 

reorientation transition (~ 480 K), make SmFeO3, a suitable candidate for fundamental application 
as well as oxide based spintronic applications. In this context, we have studied temperature 
dependent structural, Raman, magnetic, optical and electronic properties of Bi and Mn substitution 
in SmFeO3, i.e., Sm0.9Bi0.1Fe0.9Mn0.1O3. X-ray diffraction data reveals that the prepared 
polycrystalline sample is phase pure and it is crystallized in an orthorhombic structure. However, 
the obvious thermal expansion of lattice parameters obtained from Rietveld analysis is noticed. In 
addition to this, temperature dependent Raman data manifest an anharmonicbehavior including an 
anomaly in the anharmonicity of the mode around ~ 230 cm-1 . This anomaly suggests the 
presence of spin-phonon coupling in this sample. Temperature dependent magnetic measurements 
exhibit a weak ferromagnetism with transition temperature of ~ 620 K. The results (oxidation 
state) obtained from XPS data corroborates with the magnetic analysis. 

With Ms. Nancy andAjit Patra (Central University ofRajsthan) 
 
2.4.74 Magneto-dielectric effect in relaxorsuperparaelectric Tb2CoMnO6 film.  
Magneto-dielectric properties of partially B-site ordered monoclinic Tb2CoMnO6 double 

perovskite thin film epitaxially grown by metalorganic aerosol deposition technique was studied. 
Transmission electron microscopy and electron energy loss spectroscopy mapping showed the 
presence and distribution of both Co2+ and Co3+ ions in the film, evidencing a partial B-site 
disorder, which was further confirmed by the observation of reduced saturation magnetization at 
low temperatures. The ferromagnetic Curie temperature, TC=110 K, is slightly higher as compared 
to the bulk value (100 K) probably due to an in plane tensile strain. Remarkably, a short range 
ordering of spins at T*~190 K>>TC was established and assigned to the B-site disorder in the film. 
Two different dielectric relaxation peaks have been observed; they merge at the same temperature 
T* of short range spin correlations. Moreover, an unexpected high temperature dipolar relaxor-
glass-like transition at T~T* was observed, at which a coupling to short range magnetic 
correlations results in a 4% MD coupling. 

In collaboration with Mr. Rajesh Mandal (IISER Pune). 
 
2.4.75 Effect of high energy electron beam irradiation on the structural properties, 
electrical resistivity and thermopower of La0.5Sr0.5MnO3 manganites 
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Bulk samples of La0.5Sr0.5MnO3 manganite have been subjected to electron beam 
irradiation of different dosages. As a consequence, the structural and electronic transport 
properties viz resistivity and thermoelectric power are affected to some extent. The A systematic 
study on the modification of the properties of LSMO manganites as result of electron beam (EB) 
irradiation has been carried out. The structural properties were evaluated by undertaking Rietveld 
refinement of XRD data. EBR does not produce any change in crystal structure or symmetry. 
Pristine samples as well as the ones which were subjected to EB are observed to be single 
phased. Electrical resistivity and thermopower were analyzed by choosing different conduction 
models in different temperature regimes. The pristine as well as EB-irradiated LSMO samples 
behave as insulator in the chosen temperature range of investigations. High temperature analysis 
of ρ(T) with small polaron hopping (SPH) model validate that small polarons are accountable for 
conduction in pristine as well as EB irradiated LSMO samples. Variable range hopping(VRH) 
model has been employed to analyze ρ(T) at low temperatures. This analysis affirms that variable 
range polarons governs the conduction at low temperatures. The predominance of electrons is 
established by the negative values of TEP in the entire range of temperature for pristine and EB 
irradiated samples (Fig. 1). However with increase in EB dosage, a reduction in the absolute 
value of S at low temperatures is apparent. Both SPH and VRH model at high and low 
temperature, respectively, are also validated through the analysis of temperature dependent 
thermopower data. The power factor is observed to increase with increasing dosage of electron 
beam. 

 
Fig. 1. Temperature dependent 
thermoelectric power behavior for pristine 

and electron beam irradiated La0.5Sr0.5MnO3 
samples. 
 
(P. Chettri, et al. Physica B 585, 412119 
(2020)). 
P. Chettri, U. Deka, (Sikkim MIT, Sikkim 
Manipal University, Sikkim), A. Rao, K.K. 
Nagaraja (Manipal Institute of Technology, 
Manipal, Karnataka); G. S. Okram (UGC-
DAE Consortium for Scientific Research, 
Indore); V. C. Petwal, V. P. Verma, J. 
Dwivedi(Raja Ramanna Centre for 
Advanced Technology, Indore) 

2.4.76 Investigation of the effect of electron beam irradiation on the structural and 
transport properties of half doped Nd0.5Sr0.5MnO3(NSMO) manganites  

The effect of electron beam irradiation (EBI) on NSMO manganites has been evaluated by 
undertaking systematic studies on their structural and transport properties viz; electrical 
resistivity and thermopower (TEP). The Rietveld refinement of the XRD data shows that the 
samples remain single phased and there is no change in crystal structure post EBI. The 
temperature dependent resistivity data shows that the pristine NSMO samples exhibit insulating 
behavior in the entire temperature range. This behavior is retained even after EBI. Analysis of 
resistivity data provides us an insight in the conduction mechanism in the entire temperature 
regime. The fitting of small polaron hopping (SPH) model with the experimental values of 
resistivity leads us to conclude that small polarons are responsible for conduction in the high 
temperature zone. However, at low temperatures, it is seen that variable range polarons are 
responsible for the conduction. The TEP data indicates n-type conductivity in the samples under 
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investigation (fig. 1). Further, at high temperatures it is seen that the absolute value of S 
decreases with increase in EBI dosage. The existence of small polarons in the high temperature 
zone is reaffirmed from the TEP data analysis. 
 

 

Figure 1 Variation of thermopower with 
temperature for pristine and electron beam 
irradiated Nd0.5Sr0.5MnO3 samples at different 
dosage. Physica B 560, 220-227 (2019). 

P. Chettri, U. Deka (Sikkim Manipal 
University, Sikkim); A. Rao, R. Thomas 
(Manipal Institute of Technology, 
ManipalKarnataka);G.S. Okram (UGC-DAE 
Consortium for Scientific Research, 
University Campus, Khandwa Road, Indore); 
V. C.  Petwal, V. P. Verma, J. Dwivedi(Raja 
Ramanna Centre for Advanced Technology, 
Indore); B. S. Nagaraja(NNAM Institute of 
Technology, Nitte, Karnataka)

 
2.4.77 Ultrasound-assisted synthesis of 1, 8-dioxodecahydroacridine derivatives in 
presence of Ag doped CdS nanocatalyst 

CdS and Ag-doped CdS (Cd1-xAgxS, x = 0.02, 0.04 and 0.06) nanoparticles (NPs), denoted 
as CdS0, CdS2, CdS4 and CdS6, with averageScherer’s sizes 9.9 nm, 9.6 nm, 10.5 nm and 12.8 
nm, respectively, were successfully synthesized andsystematically characterized using various 
experimental techniques (figs 1 and 2). The catalytic activities of theseNPs have been evaluated 
by an ultrasound assisted synthesis of fourteen 5(a-n) types of 1,8-dioxodecahydroacridine 
(DODHAs) derivatives via multi-component reaction among dimedone(2 mmol), aryladehyde (1 
mmol) and ammonium acetate (1 mmol) or aniline (1 mmol) or p-toluidine(1 mmol) in deionized 
water at room temperature just in 15 min (fig. 3). Excellent yields and reusability of the catalyst 
up to six consecutive runs were remarkably obtained in each case; 89% beingthe highest yield 
for x = 0.06 compared to 20% yield of x = 0, indicating vividly the importance of Agdoping in 
CdS. Ag doping helps to increase the number of acidic sites enhancing the acidity as confirmed 
from NH3-TPD, zeta potential, conductivity and surface area of the catalysts. This 
methodologyillustrates clearly a very facile procedure, with wide applicability, extending the 
scope to aliphatic andaromatic compounds as source for nitrogen in the synthesis of these 
acridines. 

 
Figure 1. Intensity distribution of the hydrodynamic diameter of (a) CdS0, (b) CdS2 (c) 

CdS4 and (d) CdS6 NPs at pH = 7 for two consecutive runs. 
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Figure 2. Intensity distribution of the zeta potential of (a) CdS0, (b) CdS2, (c) CdS4 and (d) 

CdS6 NPs at pH = 7 for two consecutive runs 

 
 

Figure 3. UV-Vis absorption spectra recorded for synthesis of DODHAs using dimedone, 
aniline and 4-chlorobenzaldehyde (a) without a catalyst, (b) with CdS0 NPs, (c) with CdS2 NPs 
(d) with CdS4 NPs (e) with CdS6 NPs and (f) with CdS6 under ultrasound at RT. The peak 
position wavelength kmax = 231 nm of each spectrum is also indicated. Insets show the respective 
reactions (right, top) and the percentage yield of the product (right, bottom). 

J. Dispersion Sci. Technology.DOI: 10.1080/01932691.2019.1614460 
D. Verma, S. Jain (Vikram University, Ujjain, India);V. Sharma, G. S. Okram (UGC-

DAEConsortium for Scientific Research, University Campus, Indore)  
 
2.4.78 A simple method to fabricate metal doped TiO2 nanotubes  

A simple electrochemical method for effective doping of TiO2 nanotubes (fig. 1) with 
metals is presented here. Thedoping is done in a two-stage cost effective process and is found to 
result in uniform doping concentration,without any surface layer formation, in the nanotubes. 
Detailed structural, compositional, optical and electricalanalyses are done on the nanotubes 
doped with copper metal. The cu metal doping is found to produce tuning ofthe electrical and 
optical properties. The doped tubes with increased conductivity are better suited in dyesensitized 
solar cells whereas enhanced visible light absorbing capacity makes them better candidates 
forphotocatalytic applications. Further the success of this method in doping TiO2 nanotubes with 
any metal ofchoice is demonstrated by testing aluminum metal doping in the nanotubes. 
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Fig. 1. SEM images of the undoped (A) and copper metal doped (B) of TiO2 nanotubes.John 

et al. Chemical Physics 523, 198–204 (2019).  
 

A. John K.,R. R. Philip (Union Christian College, Aluva, Kerala);J. Naduvath(St. Thomas 
College, Thrissur, Kerala); S. K. Remillard, P. A. DeYoung, Z. T. Kellner (Hope College, 
Holland, MI, USA), S. Shaji(Autonomous University of Nuevo León, Facultad de 
IngenieríaMecánica y Eléctrica, Mexico); S. Mallick(Indian Institute of Technology, Bombay); 
M. Thankamoniamma(Sankara College, Kalady, Kerala);G. S. Okram(UGC DAE CSR, Indore) 

2.4.79 Calcium incorporated copper indium oxide thin films-a promising candidate for 
transparent electronic applications 

This paper reports the possibility to fabricate transparent diodes with the configuration: 
Fluorine doped TinOxide/n-type copper indium oxide/p-type calcium doped copper indium 
oxide/Silver with better rectificationratio than that of the diodes with Sn-doped Copper Indium 
Oxide as the n-counterpart of p- calcium dopedcopper indium oxide. The ideality factor and turn 
on voltage of the former diodes are determined as ~1.1 and ~0.68 respectively while for the latter 
types they are ~2.38 and ~ 0.5 V respectively. In addition to this, the paperdetails the structural, 
morphological, optoelectronic and electrical properties of delafossite crystalline p-typecalcium 
doped copper indium oxide thin films deposited by activated reactive evaporation in oxygen 
plasmafollowed by post air annealing. The temperature of crystallization of the films obtained 
here is the lowestcrystallization temperature reported for the delafossite formation of this 
compound till date. Electrical transportmechanisms governing conductivities in the temperature 
range 55 – 430 K are also investigated (fig. 1). 
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Fig. 1. Electrical conductivity mechanisms of CIO:Ca filmsover the temperature range 55 –430 
K. (I) Resistivityversus Temperature curve of a typical CIO:Ca film (C01).Fits on the curve in 
the temperature range (i) 55 –116 Kshowing Mott's variable range hopping mechanism (ii) 123 –
185 K showing Mott’s nearest neighbor hopping mechanism (iii) 123 –185 K showing Seto's 
GrainBoundary conduction and (iv) 299 –427 K showingArrhenius thermally activated 
conduction.B. G. Nair etal. Thin Solid Films 693, 137673 (2020). 

B. G. Nair, H. Rahman, A. John, K. Keerthi, R. R. Philip (Union Christian College, Aluva, 
Kerala);S. ShajiUniversidad Autónoma de Nuevo León, Av. Pedro de Alba S/N, Cd. 

Universitaria, San Nicolás de los Garza, Nuevo León,66455, México);G. S. Okram, V. Sharma 
(UGC-DAE CSR, Indore).  

 
2.4.80 Al doping for bipolarity induction in transparent conducting CuInO2 and its 
application in diode fabrication 

Al doping is used in transparent conducting CuInO2 (CIO:Al) thin films for producing 
bipolar electrical conductivity. The doped thin films of electrical conductivity ~2 to 4 S/cm and 
mobility 100 to 101 V/cm2 aredeposited by oxygen plasma assisted reactive evaporation 
technique (fig. 1). The change in conductivity from n-to p-type with the variation in Al doping 
atomic percentage is confirmed by multiple techniques like hot probe, Hall andSeebeck 
measurements (fig. 2, left panel). The as-deposited amorphous films are found to assume 3R 
poly type delafossite structureafter air annealing at 673 K. The suitability of the doped films in 
transparent device fabrication is verified byconstruction and characterization of a diode with 
configuration FTO/n-CIO:Sn/p-CIO:Al/Ag (fig. 2, right panel). 

 
Fig. 1. Resistivity (ρ) – Temperature (T) plots of A1, A2 and A3. Inset of each graph 

represents ρ –T plots of A1, A2 and A3 above room temperature (303 K to ~435 K). 
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Fig. 2. Left panel: (I) Arrhenius plot of air annealed CIO:Al film-A21 and (II) 
Thermopower versus temperature curves of A1, A2 and A3. Righ panel: (i) I-V curve and (ii) 
semilog plot of n-CIO:Sn/p-CIO:Al junction. 
B. G. Nair, et al. Materials Science & Engineering B 255, 114520 (2020). 

B. G. Nair, H. Rahman, R. R. Philip (Union Christian College, Aluva, Kerala);V. Sharma, G. S. 
Okram, U. Deshpande, V. Ganesan (UGC-DAE CSR, Indore).  
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2.5 Collaborative Research at Kolkata Centre 

2.5.1   Magnetic measurement of Bi2Te3 based magnetic topological insulator 
Magnetic measurement of pristine Bi2Te3 and Cobalt (Co) doped Bi1.9Co0.1Te3 samples divulges 
signature of Topological Insulator (TI) phase. It has been observed that for |Field| > 0.5T the 
response is diamagnetic, consistent with decades-old magnetic susceptibility measurement. Both 
the samples, viz., pristine Bi2Te3 and Bi1.9Co0.1Te3 depicts ferromagnetic like loop in the lower 
field region [Fig 1a and 1b]. Interestingly, the magnetic susceptibility (χ=M/H) vs. Field (H) plot 
depicts a large cusp in near-zero-field (~from -0.6T to +0.6T) region in both the samples, 
indicating that TI phase is retained with Co doping. However, in depth characterisation indicates 
improvement in Thermoelectric (TE) property with Co doping. Details analysis is in progress. 

 

 

Fig 1.(a)Magnetization vs Field for pristine Bi2Te3. (b) Magnetization vs. Field               
for Bi1.9Co0.1Te3 

 

[P. Singha, Subarna Das, Aritra Banerjee (University of Calcutta), A. K. Deb(Raiganj 
University), andS. Chatterjee(UGC-DAE CSR Kolkata)] 

2.5.2 Magneto transport property study of thermoelectric Bi2Se3 Single crystal 

We have carried out Magneto-resistance measurement of single crystal Bi2Se3 using the facility 
of cryogen-free 15T superconducting magnet available at UGC-DAE CSR, Kolkata Centre.We 
have applied the magnetic field both perpendicular and parallel to the crystal plane (0 0 l) 
direction. The maximum MR ~2% (at 15T) obtained at the perpendicular direction [Fig 1a], 
whereas MR of ~1.3% (at 15T) is obtained at parallel direction [Fig 1b] to the crystalline plane. 
Anisotropy in MR is thus revealed. The low temperature and low field MR curve depicts 
signature of TI phase in the synthesized Bi2Se3 single crystal. The MR at 2K and 5K shows very 
small peak near zero fields. As temperature increases, the intensity of the peak starts to diminish. 
The appearance of positive MR in topological insulators can be attributed to weak anti-
localization (WAL) effect. Efforts are being made to correlate the MR data with magnetic 
measurement. Details analysis is in progress. 
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Fig 1.MR vs. T graph with (a) magnetic field perpendicular to crystal plane, (b) 
magnetic field parallel to crystal plane 

[P. Singha, Subarna Das, Aritra Banerjee (University of Calcutta), andS. Chatterjee(UGC-
DAE CSR Kolkata)] 

2.5.3 Multiferroic studies of doped CaBaB4O7 “114” oxides (B = Co/Fe/Mn) 

We have prepared three families of compounds (see Table 1 below) using solid state reaction – 
based on the parent compounds CaBaCo4O7, CaBaFe4O7 and CaBaMn4O7. CaCO3, BaCO3, 
Co3O4, Fe2O3 and Mn(II) acetate tetrahydrate were used as the main starting materials. Further, 
NiO and Cr2O3 , Dy2O3, Nd2O3, V2O5 and SrCO3 were used for doping. All the starting materials 
were procured from Sigma-Aldrich (now Merck) and are of purity above 99.95%. Stoichiometric 
ratios of the materials were weighed up to an accuracy of 0.1 mg and thoroughly mixed. The 
mixture was initially calcined at 1000 C. After this the materials were thoroughly ground and 
pressed into pellets and heated again at 1100 C for 12 hours. For the Co based materials, the 
final pellets were quenched to room temperature from 1100 C. The last step was repeated once 
for homogeneity. For the Fe based materials, the pellets were furnace cooled and then reduced at 
1000 C in 4% Hydrogen in Helium gas mixture. 

Family Doping Compounds 

CaBaCo4O7 
Sr-doping SrBaCo4O7, Ca0.95Sr0.05BaCo4O7 

Dy-doping Ca0.9Dy0.1BaCo4O7 

CaBaFe4O7 

No doping CaBaFe4O7 

Dy-doping Ca0.99Dy0.01BaFe4O7, Ca0.97Dy0.03BaFe4O7, Ca0.95Dy0.05BaFe4O7 

Nd-doping Ca0.98Nd0.02BaFe4O7, Ca0.95Nd0.05BaFe4O7 

V-doping CaBaFe3.88V0.12O7 

CaBaMn4O7 No doping CaBaMn4O7 

 

X-ray diffraction study was performed for all the samples in BRUKER AXS D8 ADVANCE 
diffractometer. Up to now, Rietveld refinement was done for CaBaCo3.96Ni0.04O7, 
CaBaCo3.96Cr0.04O7 and Ca0.97Dy0.03BaFe4O7 to ascertain the phase formation. The remaining 
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refinements will be done shortly. Although, CaBaCo3.96Cr0.04O7 and CaBaCo3.96Ni0.04O7 were 
prepared in the previous academic year, the complete work is being finalized this year. Rietveld 
analysis is presently being used for a comparative study of the Cr and Ni doped specimens along 
with other data as described below. Figure 1(a) indicates the Rietveld refinement fits of the three 
samples CaBaCo3.96Ni0.04O7, CaBaCo3.96Cr0.04O7 and Ca0.97Dy0.03BaFe4O7. The fits are quite 
satisfactory. A comparison of the lattice parameters is summarized below. 

CaBaCo3.96Ni0.04O7: a = 6.3580 Å, b = 11.0105 Å, c = 10.3865 Å 

CaBaCo3.96Cr0.04O7: a = 6.2916 Å, b = 11.0118 Å, c = 10.1943 Å 

Ca0.97Dy0.03BaFe4O7: a = 6.2883 Å, b = 11.0089 Å, c = 10.1934 Å 

Figure 1(b) shows a comparison of the structural distortion evident in the two samples 
CaBaCo3.96Cr0.04O7 and CaBaCo3.96Ni0.04O7 with same doping concentration, the difference 
being only the dopant variant although of similar ionic size. Doping with two different elements 
Cr and Ni produces widely different structural distortions in the CoO4 tetrahedra. The triangular 
layer shows a larger distortion in the Co1-O4 tetrahedra in the Cr-doped specimen while stronger 
rotations of the tetrahedra are observed in the kagomé layer of the Ni-doped specimen. 

 

 

Extensive magnetic studies were done on CaBaCo3.96Cr0.04O7 and CaBaCo3.96Ni0.04O7. We have 
measured magnetization (M) with temperature (T) at different high and low magnetic fields (H), 
isothermal MH loops, ac susceptibility (χ), elementary exchange bias and recorded preliminary 
data for examining magnetocaloric effect. Some of the data are being utilized for the ongoing 
comparative study of CaBaCo3.96Cr0.04O7 and CaBaCo3.96Ni0.04O7 while others will be published 
subsequently. Figure 1(a) and (b) show the MT data of CaBaCo3.96Ni0.04O7 and 
CaBaCo3.96Cr0.04O7, respectively, and plotted in logarithmic scale. Both the curves show strong 
irreversibility. The magnetization and irreversibility are much higher in CaBaCo3.96Cr0.04O7 
compared to CaBaCo3.96Ni0.04O7. The ZFC curves of both the samples show antiferromagnetic 
peaks at 59 K with additional hump at 83 K in CaBaCo3.96Ni0.04O7. The antiferromagnetic nature 
was also confirmed by ac susceptibility data which showed no shift in the peaks with frequency 
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in both samples. Figure 1(c) shows MH loops of the samples at 5 K. The loops do not close or 
saturate even at 15 T magnetic field. Antiferromagnetic nature of the materials is also evident in 
the basic nature of the MH loops along with indications of field induced transitions and disorder 
induced coercivity in CaBaCo3.96Cr0.04O7. 

 

Fig. 2: (a) Magnetization with temperature ofCaBaCo3.96Ni0.04O7. (b) 
Magnetization with temperature ofCaBaCo3.96Cr0.04O7. (c) Magnetic hysteresis 

curves up to 15 T magnetic field 

 

Detailed dielectric studies were performed on CaBaCo3.96Cr0.04O7, CaBaCo3.96Ni0.04O7 and 
CaBaCo3.8Ni0.2O7. Figure 2(a) shows the real part of dielectric permittivity () with temperature. 
CaBaCo3.96Cr0.04O7 shows a single step-like feature at 62 K while CaBaCo3.96Ni0.04O7 shows two 
signatures, one at 64 K and the other at 82 K, all representative of electric order. Pyroelectric 
current was measured for CaBaCo3.96Cr0.04O7 and CaBaCo3.96Ni0.04O7 as shown in Fig. 2(b) and 
(c), respectively. Clearly, with increasing electric field poling, the pyroelectric current increases, 
indicative of ferroelectric nature of the samples. Pyroelectric current of CaBaCo3.96Ni0.04O7 in 
Fig. 2(c) also shows pronounced signatures corresponding to the second magnetic hump and 
dielectric peak around 82 K. Apart from this, we have measured magnetodielectric percentage 
over temperature at different magnetic fields. We have also measured several isothermal 
hysteresis loops of dielectric permittivity with magnetic field at different temperatures exhibiting 
considerable magnetodielectric effect. The graphs are not shown here for brevity. The maximum 
magnetodielectric percent observed is in the range 6 – 7.5 % near the transition temperatures. 

 

Fig. 3: (a) Real part of dielectric permittivity () with temperature at 100 kHz 
frequency of CaBaCo3.96Cr0.04O7 and CaBaCo3.96Ni0.04O7. (b) and (c) show 
pyroelectric current with temperature under different poling electric fields for 
CaBaCo3.96Cr0.04O7 and CaBaCo3.96Ni0.04O7, respectively. 

[ArindamKarmakar(Surya Sen Mahavidyalaya, Siliguri),D. De (The Neotia University)] 



 

 

2.5.4 BiOCl - Carbon Nanostructured Based Supercapacitor

The plate-like BiOCl was synthesized using Bi(NO
160°C for 24 h in a static state. Whereas, flower
synthesized by simple solvothermal method using Bi(NO
(EG) at 160°C for 12 h. After that allowed it to air cooled to room temperature both the resulting 
white particles were collected and successively washed with ethanol and deionized water and 
finally dried at 60°C in air. Surface morphology of the prepared samples was characterized by 
FESEM and TEM analysis. Fig 1(a) and (c) shows the plate like and flower like 
BiOCl, whereas fig (b) and (d) represent the low magnification TEM images of the as prepared 
nano plate and nano flower of the BiOCl.

Notably the size of the obtained nano
TEM images. FESEM image of the nano flower revels that the diameter of the nanoflower is 
about 1µm which is well match to the TEM result.
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Figure 1 FESEM (a),(c) and TEM (b), (d) of the BiOCl nano plate and nano flower 
respectively. 

The crystallographic natures of the prepared samples were characterized by X
(XRD). Fig. 2 shows the XRD pattern of the obtained BiOCl samples in the 2θ range from 10° to 
60°. The observed diffraction peaks of the sample at 12°, 24°, 26°, 32°, 33°,
48°, 50°, 53°, 54°, 55°, 58°, are assigned to the (001), (002), (101), (110), (102), (111), (003), 
(112), (200), (201), (113), (202), (211), (104), (212),planes, which is well matched the reference 
BiOCl crystal structure (JCPDS No.06e
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like BiOCl was synthesized using Bi(NO3)3,5H2O and KCl by hydrothermal method at 
state. Whereas, flower-like bismuth oxychloride (BiOCl) were 

synthesized by simple solvothermal method using Bi(NO3)3,5H2O, KCl and ethylene glycol 
(EG) at 160°C for 12 h. After that allowed it to air cooled to room temperature both the resulting 

rticles were collected and successively washed with ethanol and deionized water and 
finally dried at 60°C in air. Surface morphology of the prepared samples was characterized by 
FESEM and TEM analysis. Fig 1(a) and (c) shows the plate like and flower like 
BiOCl, whereas fig (b) and (d) represent the low magnification TEM images of the as prepared 
nano plate and nano flower of the BiOCl. 

Notably the size of the obtained nano- plate is about 500 nm to 1µm from both of FESEM and 
SEM image of the nano flower revels that the diameter of the nanoflower is 

about 1µm which is well match to the TEM result. 
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(d) 
Figure 1 FESEM (a),(c) and TEM (b), (d) of the BiOCl nano plate and nano flower 

tallographic natures of the prepared samples were characterized by X
(XRD). Fig. 2 shows the XRD pattern of the obtained BiOCl samples in the 2θ range from 10° to 
60°. The observed diffraction peaks of the sample at 12°, 24°, 26°, 32°, 33°, 
48°, 50°, 53°, 54°, 55°, 58°, are assigned to the (001), (002), (101), (110), (102), (111), (003), 
(112), (200), (201), (113), (202), (211), (104), (212),planes, which is well matched the reference 
BiOCl crystal structure (JCPDS No.06e0249). 
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For the electrochemical study we have prepared BiOCl nanoplates and MWCNT composite thin 
film on the flexible PET substrate. Electrochemical performance of flexible solid state 
supercapacitor was systematically studied by cyclic voltammetry and galv
discharging technique. Fig3 (a) and (b) shows the CV and GCD curves of BiOCl 
nanoplates/MWCNT based supercapacitors respectively. Flexible symmetric solid state 
supercapacitor delivered specific capacitance of 421 F/g at 5 mV/s with a hi
14.62 Wh/kg at power density 947.5 W/kg.

 

Figure 2. XRD patterns of the BiOCl nano plate and nano flower respectively

 

Figure 3. (a) CV curves at different scan rates.(b) GCD curves at different current 

 

We have also fabricate BiOCl nanoflower rGO hybrid symmetric solid state supercapacitor  
using PVA/KOH and PVA/KOH+KI gel electrolyte, which delivered maximum specific 
capacitance of 611 F/g at 5 mV/s scan rate in presence of PVA/KOH+KI gel electrolytes, 
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For the electrochemical study we have prepared BiOCl nanoplates and MWCNT composite thin 
film on the flexible PET substrate. Electrochemical performance of flexible solid state 
supercapacitor was systematically studied by cyclic voltammetry and galvanometric charging 
discharging technique. Fig3 (a) and (b) shows the CV and GCD curves of BiOCl 
nanoplates/MWCNT based supercapacitors respectively. Flexible symmetric solid state 
supercapacitor delivered specific capacitance of 421 F/g at 5 mV/s with a high energy density of 
14.62 Wh/kg at power density 947.5 W/kg. 

 

Figure 2. XRD patterns of the BiOCl nano plate and nano flower respectively

Figure 3. (a) CV curves at different scan rates.(b) GCD curves at different current 
densities. 

fabricate BiOCl nanoflower rGO hybrid symmetric solid state supercapacitor  
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fabricate BiOCl nanoflower rGO hybrid symmetric solid state supercapacitor  
using PVA/KOH and PVA/KOH+KI gel electrolyte, which delivered maximum specific 
capacitance of 611 F/g at 5 mV/s scan rate in presence of PVA/KOH+KI gel electrolytes, 



 

increasing by 8.75 % compared to the PVA/KOH based supercapacitor at the same scan rate. 
The energy density and power density of the supercapacitor in presence of PVA/KOH+KI were 
reached 21.21 Wh/kg and 1.37 kW/kg respectively.

Figure 4. (a) (a) CV curves ,(b) GCD c

 

Figure 5. (a) CV curves of BiOCl/rGO hybrid at different scan rates with 
PVA/KOH+KI electrolytes, (b) the rate performance of BiOCl/rGO hybrid at 
different scan rate, (c) GCD curves of BiOCl/rGOat d
PVA/KOH+KI electrolytes. 

 

2.5.5 NaCMC:NaNO3 solid polymer electrolyte with high ionic conductivity for solid
state sodium-ion battery applications

Na+ ion-conducting polymer electroly
casting technique. FTIR measurement confirmed the polymer
of intermolecular hydrogen bonding of 
matrix and its impact on the polymer structure was further confirmed by XRD. XRD 
measurements showed that NaCMC is amorphous in nature and its interaction with salt modifies 
its amorphousness, this in turn increases the free volume size of the polymer matrix.

 

8.75 % compared to the PVA/KOH based supercapacitor at the same scan rate. 
The energy density and power density of the supercapacitor in presence of PVA/KOH+KI were 
reached 21.21 Wh/kg and 1.37 kW/kg respectively. 

(a) CV curves ,(b) GCD curves of BiOCl/rGO hybrid with PVA/KOH 
electrolytes. 

(a) CV curves of BiOCl/rGO hybrid at different scan rates with 
PVA/KOH+KI electrolytes, (b) the rate performance of BiOCl/rGO hybrid at 
different scan rate, (c) GCD curves of BiOCl/rGOat different current densities with 

[Sukanta De (Presidency University, Kolkata)

solid polymer electrolyte with high ionic conductivity for solid
ion battery applications 

conducting polymer electrolyte of NaCMC: NaNO3 has been prepared by solution 
casting technique. FTIR measurement confirmed the polymer-salt complexation and formation 
of intermolecular hydrogen bonding of  with hydroxy and methylene group of NaCMC 

the polymer structure was further confirmed by XRD. XRD 
measurements showed that NaCMC is amorphous in nature and its interaction with salt modifies 
its amorphousness, this in turn increases the free volume size of the polymer matrix.
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solid polymer electrolyte with high ionic conductivity for solid-

has been prepared by solution 
salt complexation and formation 

with hydroxy and methylene group of NaCMC 
the polymer structure was further confirmed by XRD. XRD 

measurements showed that NaCMC is amorphous in nature and its interaction with salt modifies 
its amorphousness, this in turn increases the free volume size of the polymer matrix. 



 

Fig. 1.  Probable schematic representation of the interaction between anion and 
hydroxyl functional group. 

Fig. 2. Frequency-dependent conductivity spectra of the electrolyte films.

Impedance spectroscopy was adapted in order to study conductivity and dielectric re
phenomena of the polymer-salt complex, and it was noticed that conductivity, as well as 
dielectric properties of the polymer electrolytes, depends on the degree of salt dissociation in the 

host polymer matrix as formulated in the equation, 
dependent conductivity follows Jonscher’s power law explained by jump relaxation model. 
Dielectric study showed relaxation peak attributed to α
Enhancement in the dielectric permittivity and ionic
was due to the increase in carrier concentration and showing the one
the dielectric constant and conductivity. The conductivity may also be due to the increase in the 
free volume size of the polymer, which assist the easy diffusion of Na
The conductivity of ̴ 3 x 10-3 S/cm for polymer electrolyte with the ultimate mechanical strength 
of 30.12 MPa suitable for the solid
30 wt% NaNO3 at ambient temperatur
electrolytes tells that ions are predominant carriers. The percentage ion
about 98% with low electronic conductivity was achieved which makes it an appropriate 
candidate for the solid-state electrochemical cell application.
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dependent conductivity spectra of the electrolyte films.

Impedance spectroscopy was adapted in order to study conductivity and dielectric re
salt complex, and it was noticed that conductivity, as well as 

dielectric properties of the polymer electrolytes, depends on the degree of salt dissociation in the 

host polymer matrix as formulated in the equation, 
dependent conductivity follows Jonscher’s power law explained by jump relaxation model. 
Dielectric study showed relaxation peak attributed to α-relaxation above room temperature. 
Enhancement in the dielectric permittivity and ionic-conductivity with an increase in salt content 
was due to the increase in carrier concentration and showing the one-to-one correlation between 
the dielectric constant and conductivity. The conductivity may also be due to the increase in the 

polymer, which assist the easy diffusion of Na+ ions within the matrix
S/cm for polymer electrolyte with the ultimate mechanical strength 

of 30.12 MPa suitable for the solid-state electrochemical cell was attained for sample containing 
at ambient temperature. The transference number obtained for the polymer 

electrolytes tells that ions are predominant carriers. The percentage ion-transference number of 
about 98% with low electronic conductivity was achieved which makes it an appropriate 

state electrochemical cell application. 

[Supriya K Shetty, Ismayil(Manipal Institute of Technology
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2.5.6 Magnetic Measurement of Star Shaped α

Magnetic measurements of novel star shaped α
at UGC-DAE Consortium. The measurement show that both α
Fe2O3/Au nanocomposites are weakl
respectively, 0.99 emu/g and 0.36 emu/g at a magnetizing field of 50 kOe. 
(M) vs. field (H) graph shows that the both the α
nanocomposites have hysteresis 
kOe respectively. Saturation in magnetic moment is not achieved even at H = 50 kOe and the 
values of magnetization of α-Fe2

emu/g and 0.37 emu/g for H = 50 kOe, but no saturation has been observed. This indicates weak 
ferromagnetic magnetisingbehaviour of α
The MT curves taken after cooling the α
curve taken when the sample was been cooled in a field of 1000 Oe (FC). The ZFC curve has a 
maximum at, showing blocking temperature equal to, ~ 71 K which is consistent with literature.

[Debasish Aich, Satyajit Saha, TapanenduKamilya

 

2.5.7 Structural, dielectrical and magnetic studies of HoFeO
nanoparticles 

The HoFeO3 and HoFe0.8Sc0.2O
using mixture of fuels as carbamide and glucose to understand the st
magnetic properties. Rietveld refined XRD patterns confirms the single
orthorhombic structure having space group 
is in nanometer for both the samples. 
volume were estimated. Surface morphology of the samples was estimated by Scanning electron 
microscopy. The elemental composition was determined
routine and spectrometer’s software package and electron probe microanalysis.XPS data 
confirms the holmium in both samples was trivalent, iron in both samples was trivalent and 
scandium in HoFe0.8Sc0.2O3 sample was trivalent. The temperature dependent dielectric 
properties  such as real part of dielectric constant, dielectric loss tangent and AC conductivity  
was studied with  different frequency and temperature .  The real part of dielectric constant is 
high at lower frequencies and it is constant at higher frequency region. Thi

Measurement of Star Shaped α-Fe2O3/Au Nanocomposites

Magnetic measurements of novel star shaped α-Fe2O3/Au nanocomposites have been measured 
DAE Consortium. The measurement show that both α-Fe2O3 nanoparticles and α

/Au nanocomposites are weakly ferromagnetic, having values of magnetization, 
respectively, 0.99 emu/g and 0.36 emu/g at a magnetizing field of 50 kOe. 
(M) vs. field (H) graph shows that the both the α-Fe2O3 nanoparticles and α

 at room temperature with the coercivity HC

kOe respectively. Saturation in magnetic moment is not achieved even at H = 50 kOe and the 
2O3 nanoparticles and α-Fe2O3/Au nanocomposites become 0.99 

emu/g for H = 50 kOe, but no saturation has been observed. This indicates weak 
ferromagnetic magnetisingbehaviour of α-Fe2O3 nanoparticles and α-Fe2O3/Au nanocomposites. 
The MT curves taken after cooling the α-Fe2O3 nanoparticles at zero field (ZFC) and t
curve taken when the sample was been cooled in a field of 1000 Oe (FC). The ZFC curve has a 
maximum at, showing blocking temperature equal to, ~ 71 K which is consistent with literature.

 

Debasish Aich, Satyajit Saha, TapanenduKamilya(Narajole Raj

Structural, dielectrical and magnetic studies of HoFeO3 and HoFe

O3 nanoparticles prepared by the solution combustion method 
using mixture of fuels as carbamide and glucose to understand the structural,
magnetic properties. Rietveld refined XRD patterns confirms the single-phase formation with 
orthorhombic structure having space group Pbnm (D2h

16). The average crystallite size observed  
is in nanometer for both the samples. The lattice parameters, interplanar spacing and unit cell 
volume were estimated. Surface morphology of the samples was estimated by Scanning electron 
microscopy. The elemental composition was determined via the XPS method using a standard 

r’s software package and electron probe microanalysis.XPS data 
confirms the holmium in both samples was trivalent, iron in both samples was trivalent and 

sample was trivalent. The temperature dependent dielectric 
as real part of dielectric constant, dielectric loss tangent and AC conductivity  

was studied with  different frequency and temperature .  The real part of dielectric constant is 
high at lower frequencies and it is constant at higher frequency region. Thi
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/Au Nanocomposites 

/Au nanocomposites have been measured 
nanoparticles and α-

y ferromagnetic, having values of magnetization, 
respectively, 0.99 emu/g and 0.36 emu/g at a magnetizing field of 50 kOe. The magnetisation 

nanoparticles and α-Fe2O3/Au 
C ~ 2 kOe and ~ 3 

kOe respectively. Saturation in magnetic moment is not achieved even at H = 50 kOe and the 
/Au nanocomposites become 0.99 

emu/g for H = 50 kOe, but no saturation has been observed. This indicates weak 
/Au nanocomposites. 

nanoparticles at zero field (ZFC) and the MT 
curve taken when the sample was been cooled in a field of 1000 Oe (FC). The ZFC curve has a 
maximum at, showing blocking temperature equal to, ~ 71 K which is consistent with literature. 

Narajole Raj College)] 
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confirms the holmium in both samples was trivalent, iron in both samples was trivalent and 
sample was trivalent. The temperature dependent dielectric 

as real part of dielectric constant, dielectric loss tangent and AC conductivity  
was studied with  different frequency and temperature .  The real part of dielectric constant is 
high at lower frequencies and it is constant at higher frequency region. This type of dielectric 



 

behavior can further be explained on the basis of different polarization mechanisms occurring in 
different frequency ranges. The dielectric loss tangent increases with increase in the temperature. 
For both samples the AC conductivity  
TheMössbauerspectraofthe HoFeO
723 K.TheMössbauerspectrumofthe HoFe
723 K
temperaturedependencesofthehyperfinemagneticfieldsofthesextetsoftheMössbauerspectra
s the temperaturesofmagneticphasetransitions
HoFeO3and HoFe0.8Sc0.2O
oftheMössbauerspectracorrespondto Fe
transitions and magnetic parameters were studied through the temperature dependent 
susceptibility and field dependent magnetization. For HoFeO
Neel temperature transition at 5 and 8 K 
The M-H (field dependent magnetization) loop confirms the antiferromagnetic nature at 5 K for 
both the samples. Overall, it confirms the transition from antiferromagnetic nature to 
ferromagnetic nature after substitution of Sc

[V. JagadeeshaAngadi (P.C. Jabin Science College, Hubballi)
University, Bengaluru), S.P. Kubrin (Scientific Research Institute of Physics at Southern Federal 
University, Russia), ShidalingMa

2.5.8 Inverse exchange bias effect in cationic disordered Gd

Ferrimagnetic double perovskite Gd
well as negative magnetization 
structure (space group P21/n) and undergoes a long
order to relate these intriguing magnetic features, GCRO sample were prepared in two different 
cooling protocols, fast cooled (S
confirm that these two samples have different degrees of anti
Co and Ru mixed valency. Observed variation in the magnetic properties
can nicely be accounted for the difference in their local structures.

 

Fig. 1: depicts the temperature dependent magnetization of GCRO and the inset shows the 
comparison between S-1 and S-2.   Fig. 2: represents the inverse exchan
1 [Fig.(a)] and S-2 [Fig.(b)]. 

behavior can further be explained on the basis of different polarization mechanisms occurring in 
different frequency ranges. The dielectric loss tangent increases with increase in the temperature. 
For both samples the AC conductivity  increases with temperature and frequency. 
TheMössbauerspectraofthe HoFeO3sample are a paramagnetic doublet at temperatures of 643

TheMössbauerspectrumofthe HoFe0.8Sc0.2O3sampleconsistsoftwoparamagneticdoubletsat 
723 K

yperfinemagneticfieldsofthesextetsoftheMössbauerspectra
temperaturesofmagneticphasetransitions around at TM1≈640K and 

O3samples respectively. Isomericshifts (δ) 
oftheMössbauerspectracorrespondto Fe3+ionsinanoctahedraloxygenenvironment
transitions and magnetic parameters were studied through the temperature dependent 
susceptibility and field dependent magnetization. For HoFeO3 and HoFe0.8Sc
Neel temperature transition at 5 and 8 K which is characterized to the antiferromagnetic nature. 

H (field dependent magnetization) loop confirms the antiferromagnetic nature at 5 K for 
both the samples. Overall, it confirms the transition from antiferromagnetic nature to 

e after substitution of Sc3+ on HoFeO3. 

[V. JagadeeshaAngadi (P.C. Jabin Science College, Hubballi), K. Manjunatha
S.P. Kubrin (Scientific Research Institute of Physics at Southern Federal 

ShidalingMatteppanavar (Basavaprabhu Kore Arts, Science and Commerce 

Inverse exchange bias effect in cationic disordered Gd2CoRuO6 

Ferrimagnetic double perovskite Gd2CoRuO6 (GCRO) shows inverse exchange bias effect as 
 at low temperature. The compound crystallizes in monoclinic 

/n) and undergoes a long-range magnetic ordering below T
order to relate these intriguing magnetic features, GCRO sample were prepared in two different 

ng protocols, fast cooled (S-1) and slow cooled (S-2) samples. X-ray absorption studies 
confirm that these two samples have different degrees of anti-site disorders and also comprise of 
Co and Ru mixed valency. Observed variation in the magnetic properties of these two samples 
can nicely be accounted for the difference in their local structures. 

Fig. 1: depicts the temperature dependent magnetization of GCRO and the inset shows the 
2.   Fig. 2: represents the inverse exchange bias effect in both S
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behavior can further be explained on the basis of different polarization mechanisms occurring in 
different frequency ranges. The dielectric loss tangent increases with increase in the temperature. 
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Sc0.2O3 observed the 

which is characterized to the antiferromagnetic nature. 
H (field dependent magnetization) loop confirms the antiferromagnetic nature at 5 K for 

both the samples. Overall, it confirms the transition from antiferromagnetic nature to 

, K. Manjunatha(Presidency 
S.P. Kubrin (Scientific Research Institute of Physics at Southern Federal 

tteppanavar (Basavaprabhu Kore Arts, Science and Commerce 
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Fig. 1: depicts the temperature dependent magnetization of GCRO and the inset shows the 
ge bias effect in both S-
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[M. Das, P. Dutta, S. Giri, and S. Majumdar, A. Bandyopadhyay (IACS Kolkata), A. K. Yadav#, 
S. N. Jha#, and D. Bhattacharyya# (BARC, Mumbai), G. Das and V. Rajaji (JNCASR, 

Bangalore)] 

 

2.5.9 Negative magnetoresistance in rare earth based binary intermetallic alloy Dy3In 

In the last two decades, there is a renewed interest in rare-earth (RE) intermetallic compounds 
for their practical applications in the field of magnetic refrigeration, magnetic memory devices, 
permanent magnets, hydrogen storage and so on. The sizeable amount of magnetocaloric effect 
present in Dy3In makes it suitable for the application of magnetic refrigeration. Dy3In has 
tetragonal structure with space group P4/mmm. The sample shows multiple magnetic transitions 
at 125 K and 25 K. The transition at 125 K is ferromagnetic in nature. On the other hand, the 
transition at 25 K is due to some spin reorientation. It has been previously argued that Dy3In 
shows double transitions due to the presence of two inequivalent crystallographic sites. The 
Ruddermann-Kittel-Kasuya-Yosida (RKKY) interaction (J) between rare-earth atoms is damped 
oscillatory as a function of the distance between two atoms. The higher value of magnetic 
transition temperatures in Dy3In is also connected to the shorter Dy-Dy distance in these 
compounds. The signature of magnetic ordering is also clearly visible in the resistivity data. The 
sample shows an almost linear T dependence of ρ well above the magnetic ordering temperature. 
Clear thermal hysteresis is present between the heating and cooling curves, and it matches well 
with the similar thermal hysteresis observed in the M (T) data. It indicates that the para to ferro 
transition is first order in nature. Around the transition we get small amount of negative 
magnetoresistance (MR). MR almost vanishes below the temperature 50 K. 

 

Fig1.Variation of resistivity with temperature in heating and cooling cycle. Inset 
shows the variation of resistivity with temperature at 0 and 50 kOe field. Fig.2. 
Variation of resistivity with temperature in heating and cooling cycle. Inset shows 
the variation of resistivity with temperature at 0 and 50 kOe field. 

[S. Mondal, P. Dutta, S. Giri, S. Majumdar(IACS, Kolkata), S. Chatterjee (UGC-DAE CSR, 
Kolkata)] 
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2.5.10 Transport measurements performed in intermetallic compounds Mn3In, GdPd2Bi 
and DyPd2Bi. 

Mn3In: 

Spin glass (SG) has attracted much interest in the past several decades, and the SG theory has 
been applied to several fields beyond its original scope, such as combinatorial optimization, 
associative memories and information theory, and the design of new analytical, experimental, 
and computer simulation techniques. In this study, a metallic SGL state is discovered in a 
stoichiometric binary transition-metal compound Mn3In by using various kinds of magnetic and 
transport characterizations. Furthermore, a prominent metal-insulator transition is observed that 
is investigated in details using Hall transport measurements.  

 Polycrystalline sample of Mn3In was prepared by standard arc melting technique. The sample 
crystallizes in the cubic D8 structure. Magnetization studyshows that this compound is 
ferrimagnetic in nature with Curie temperature around 100 K accompanied with a spin-glass-like 
state below 80 K. The spin glass state is further confirmed by measurements like magnetic 
relaxation and ZFC memory. Most interesting feature in the sample is the observation of a 
semiconductor tometal transition, which interestingly is close to the long-range magnetic 
ordering temperature. To further clarify the matter, we performed Hall measurement in the 
above sample. Isothermal field variation with a maximum applied field of 40 kOe (both positive 
and negative) were recorded for various constant temperatures., As given in the Fig 1. transverse 
resistivity (also called Hall resistivity) ρxy is linear upto H= 40 kOe for all the measured 
temperatures. From the slope of the ρxy vs H curve we obtain the carrier concentration for 
various temperatures. It is clear that electronsare the majority carrier both above and below the 
semiconductor-metal transition. Also, it is worth mentioning that theelectronic carrier density 
shows a large change at the semiconductor to metal transition temperature, hinting towards the 
presence of existence of some gap in the electronic structure in the paramagnetic phase. 

 

Fig 4. (a) shows the field (H) variation of ρ for different constant temperatures for 
Mn3In. (b) shows the temperature variation of carrier concentration as obtained 
from the slope of ρxyvs H. 

GdPd2Bi and DyPd2Bi: 

Heusler compounds having general formula XYZ and XY2Z, where X and Y stand for d- or f-
electron transition metals and Z denotes a p-electron element, continuously attract much 
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attention due to their remarkable magnetic and electrical transport properties The system of our 
research interest include the Rare-earth and bismuth based ternary Heusler compounds, RPd2Bi. 

Polycrystalline samples RPd2Bi were prepared by arc melting under argon atmosphere. The 
samples crystallize in the cubic L21 structure. Electrical Transport measurements show complex 
behaviour of ρ vs T for the RPd2Bi alloys. At high temperatures the resistivity linearly decreases 
with decreasing temperatures as expected for simple metals. Then, below a certain temperature 
the resistivity undergoes a metallic to semiconductor transition upon cooling and again regains 
metallicity at low temperatures. The above interesting results in the ρ measurements prompted us 
to perform Hall measurements to identify the nature of charge carrier(s) present in these two 
systems and also to find out the carrier density. Fig. 2(a b) represents the field variation of ρxy(H) 
measured upto H = 70 kOe at different constant temperatures for the samples GdPd2Bi and 
DyPd2Bi respectively. At 300 K for both the samples ρxy(H) was found to be linear and positive 
indicating hole to be the dominant carrier. However, as the temperature is lowered the nature of 
ρxy(H) becomes slightly non-linear hinting towards the presence of more than one type of carrier 
in these systems. For GdPd2Bi, it is clearly evident from Fig. 2(a) that ρxy vs H increases with 
decrease in temperature upto 110 K. On further cooling, ρxy vs H gradually decreases upto 8 K. 
However, in case of DyPd2Bi ρxy(H) gradually increases with decrease in temperature. Due to 
the slightly non-linear nature of ρxy vs H two band model can be used to get an idea of the carrier 
concentration present in the both samples. 

Insets of Fig. 2(a,b) shows the temperature variation of ρxy /H for the samples GdPd2Bi and 
DyPd2Bi respectively, measured at H = 50 kOe. It is clearly evident that below the structural 
phase transition temperature ρxy rapidly increases and shows a saturating tendency for GdPd2Bi, 
whereas decreases slightly at low temperature below 50 K for the sample DyPd2Bi. 

 

Fig 2. (a,b) shows the field (H) variation of ρ for different constant temperatures 
for GdPd2Bi and DyPd2Bi. The insets show the temperature variation of carrier 
concentration for both the samples measured at H = 50 kOe 

[S. Chatterjee, S. Majumdar(IACS, Kolkata)] 

2.5.11 Magnetic investigation on ferrimagnetic Cu2OSeO3 

Since the discovery of a "skyrmion or A-phase" in MnSi alloy in 2009, the research interest in 
chiral magnetic systems has gained considerable attention due to their enrich physics as well as 
practical application in magnetic storage devices. Recently, skyrmion phase is also observed in 
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Fe1−xCoxSi, FeGe alloys and Cu2OSeO3 oxide systems. The physics behind the observed 
skyrmion phase in Cu2OSeO3 is much more complex and interesting than the alloy system. For 
our present study, the polycrystalline sample with nominal composition Cu2OSeO3 was prepared 
by the standard solid state reaction method. Room temperature powder X-ray diffraction pattern 
indicates that the sample is in single phase with cubic symmetry (space group: P213). The lattice 
parameter is found to be 8.92 Å. The dc magnetization (M) was measured using a Quantum 
Design superconducting quantum interference device magnetometer (MPMS XL 7, Evercool 
model).  Thermal variation of M data recorded at 50 Oe of applied magnetic field (H) indicates 
that the sample undergoes a paramagnetic to ferrimagnetic transition at around 59 K (see main 
panel of fig.1a). Isothermal M-H curve at 3 K shows that a small applied field of 2.5 kOe is 
enough to drive the system to saturation with a value of 1.073 μB/f.u. (see inset of fig.1a). 
Observing the sharp change in the M(T) data, we have investigated the magnetocaloric effect 
(MCE) of this system. Change in the magnetic entropy (ΔS) with the application of H is a 
measure of MCE. The sample shows moderate value of ΔS (-1.3 J/kg-K) for a small change in H 
(see fig.1b). 

 

[P.Dutta(IACS, Kolkata)] 

2.5.12 Surface Driven Exchange Bias Effect in Nanocrystalline CoCr2O4 

Exchange bias (EB) phenomenon, manifested by loop shift followed by increase in coercivity, 
after cooling the sample in static magnetic field is reported here in nanocrystalline Cobalt 
Chromite CoCr2O4. Face-centered Fd-3m structure with crystallite size ̴ 35 nm is verified by 
powder X-ray diffraction pattern (XRD) fitted using MAUD software. From Transmission 
Electron Microscopy (TEM) image a distribution of particle size is noticed with average particle 
size  ̴ 35-40 nm. Good crystallinity up to the edge of the particles is noticed in high resolution 
TEM image (HR TEM). Thermal variation of magnetization data (MT) in zero field cooling 
(ZFC) and field cooling (FC) modes depict long range order at lock in temperature state at TF   ̴
12 K, spiral spin state at TS  ̴  27 K and collinear short range ferrimagnetic state at TC  ̴  103 K. 
Magnetic hysteresis loops are recorded at 2 K in ZFC mode and after cooling the sample in 
presence of different cooling fields (Hcool). Also hysteresis loops are recorded in FC mode for a 
wide temperature range from 2 K to 80 K. In both the cases, clear signature of conventional EB 
effect is observed. At 2 K, with increase in Hcool the coercivity (HC) and exchange bias field (HE) 
increase, reach a maximum around 10 kOe then get saturated [Fig. (1. a)]. HE and HC decrease 
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systematically with increase in temperature and HE vanishes after 80 K [Fig. (1. b)]. Here 
CoCr2O4 nanoparticles’ surface spins play important role in controlling its magnetic properties 
for various applications. Training measurement in magnetic hysteresis loop and frequency 
independent ac susceptibility, point towards the existence of two types of magnetic spin 
(rotatable and frozen) configuration at the surface, which enhances the EB effect in collaboration 
with competition between spiral spin and long range ferrimagnetic ordering. 

 

 

Figure 1: (a) TEM image of CoCr2O4 
nanoparticles, show well dispersed 
CoCr2O4 nanoparticles with a 
distribution of particle size. (b)Magnetic 
hysteresis loops at different temperatures 
for CoCr2O4, measured in same cooling 
field Hcool=10 kOe. (c) X-ray diffraction 
pattern (symbols) at 300 K of CoCr2O4 

nanoparticles. Solid continuous curve is 
the fit using Rietveld refinement. 

Figure 2: [a] Magnetic hysteresis loops 
of CoCr2O4 at 2 K for different cooling 
field and inset [ii] shows the same in full 
scale. [b] Magnetic hysteresis loops of 
CoCr2O4 after field cooling at 10 kOe at 
different temperatures and inset [v] 
shows the same in full scale. [i] & [iv] 
and [iii] & [vi] variation of HC and HE 
with cooling field and temperature, 
respectively 

 

[S. Goswami, M. Chakraborty, D. De (The NeotiaUniversity), P. K. Manna, S. Bedanta (NISER, 
Bhubanesar),S. K. Dey (Purulia Polytechnic)] 

2.5.13 Exchange Bias and Magnetic Memory Effect in Nanocrystalline CoCr2O4 

This article reports exchange bias (EB) effect in nanocrystalline CoCr2O4 with detailed 
understanding of the origin of the same after following the characteristics of three samples. 
CoCr2O4 with particle size 15 nm is synthesized in sol-gel route which shows conventional EB 
effect like variation of EB field with cooling field and measurement temperature. To study the 
effect of decrease in surface effect and interparticle interaction, another nanocrystalline sample 
of CoCr2O4 embedded in amorphous silica host is also prepared with particle size 8 nm. For both 
the samples, EB field sharply decreases with temperature and vanishes over the spiral ordering 
temperature of the sample. However, a bulk sample of the same composition is also prepared 
with particle size more than 100 nm, which also reproduces the similar characteristics like the 
others. From the ac-chi measurement, absence of glassy surface was proved, but the 
measurement points towards the creation of spin glass like phase for the sample CoCr2O4 
embedded in amorphous silica host. Studies of magnetic memory effect in time and temperature 
dependent magnetization confirms glass like freezing. Exchange bias despite lack of interparticle 
interaction and surface effect is proposed to be present because of inherent magnetic 
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inhomogeneity: interaction between spiral spin order and collinear ferrimagnetic spins below the 
spin spiral transition temperature. 

  

Figure 1: (a) PXRD pattern of 
CoCr2O4−8@SiO2. Inset shows plot of 
βcos vs. sin . (b) and (C) TEM images 
of CoCr2O4−8@SiO2, show well 
dispersed CoCr2O4 nanoparticles. Inset 
of (b) depicts the histogram of particle 
size, fitted with the log-normal 
distribution function with average 
particle size 7.5 nm. (d) HR TEM image, 
highlighting single phase particle 

Fig. 2 Thermal variation of (a) real part 
χ′(T) and (b) imaginary part χ ′′(T) of χac 
for CoCr2O4−8@SiO2 at different 
frequencies. Inset (1) and (2) revels the 
revels no peak shift with increase in 
frequency in real and imaginary part of 
χac respectively. (c) Fit of the peak shift 
by VF law. (d) Linear fit of the peak shift 
with DS law. 

 

[S. Goswami,M. Chakraborty,and D. De(The Neotia University), P. Gupta,P. K. Manna, S. 
Bedanta (NISER, Bhubanesar),S. K. Dey(Purulia Polytechnic),S. Goswami,P. D. Babu(UGC-

DAE CSR Mumbai),S. C. Das,S. Chatterjee(UGC-DAE CSR Kolkata)] 

2.5.14 Interface Induced Magnetic Anisotropy in ultra-thin ferromagnet/transition metal 
heterostructure 

Here, we investigate the surface magnetism in ion-beam and magnetron sputtered ferromagnetic 
multilayer films of Co (Sample S1) and Ni (Sample S2) with different capping layers (MgO, Ta 
and Mo). Crystallinity of 5nm cobalt film (with and without 2nm MgO) capping layer was 
investigated using grazing incidence X-ray diffraction [Fig. 1(a)]. Depth profile of these films 
were confirmed using X-ray. The fitted data is corroborated well with the supposed MgO 
capping layer (~ 1.3 nm) and the cobalt layer (~ 5.1 nm). [Fig. 1(c) & (d)]. In addition, for 
multilayers of Ni and Co, polarized neutron reflectivity study could resolve the layers through 
different level of magnetization (not shown here).Figure 1b depicts the hysteresis loop (as 
normalized by the saturation magnetization) recorded for the sample S1 (studies on sample S2 
not shown here) in MOKE study. Film S1 exhibits a square loop with a coercive field (Hc) of 
0.056 ± 0.005 kG. It is important to note that, when an additional MgO layer is deposited on 
pristine S1 film, coercivity remains almost the same. In future, this technique can be used to 
investigate low dimensional magnetism such as magnetization of two-dimensional films and 
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heterostructures (main objective of the project). It can further be extended to tune their 
magnetization and possible in spin/magnon transport and magnetic sensors. 

 

 

Figure 1: Characterization of Cobalt thin film with MgO capping layer: (a) GI-
XRD of the Co film; (b) MOKE hysteresis loop; (c) X-ray reflectivity measurement 
and (d) Fitted XRR data shows thickness MgO and Co layer ~1.3 nm and ~ 5.1 nm 
respectively. 

[S. Datta (IACS, Kolkata)] 

2.5.15 Synthesis and Magnetic Characterization of Perovskite Samples 

We have prepared NdCr0.5Fe0.5O3 and Y0.5Nd0.5CrO3 compounds using high temperature 
Carbolite chamber furnace. As solid-state reaction method was adopted, the ingredients were 
grounded and mixed homogeneously before placing them into the furnace in alumina crucible. 
Synthesis were carried out in two temperature stages: (i) 1200⁰C for 20 hr with intermediate 
grindings and (ii) final heating at 1400℃ for 20 hr. Both temperature and field dependent 
magnetization measurements were performed in SQUID-VSM for NdCr0.5Fe0.5O3 which gives us 
an interesting result of negative magnetization in FC mode. Also, MH curves measured at three 
different temperatures (10K, 150K and 300K) confirm the presence of weak ferromagnetic 
component along below antiferromagnetic ordering temperature ( 276K). Measurement data are 
illustrated in Figure.1. 

 



 

Figure.2: Temperature and field depe
are shown in (a) and (b) respectively.

Temperature dependent magnetization measurement for Y
cycle measured at 100Oe(Figure.2(a)) gives a paramagnetic to antiferromagnetic orde
temperature at 224K. With further decrease in temperature, magnetization gradually increases 
before suffering another magnetic transition i.e. spin reorientation transition at 72K. Then the 
ordering of rare earth, Nd below 25K slightly incr

Figure.2(b) illustrates the isothermal magnetization data taken at different temperature. 
Reasonable magnetic hysteresis along with strong antiferromagnetic contribution, proves the 
presence of weak ferromagnetic component arising f
of transition metal sublattice. 

 

2.5.16 Magnetostructural Transition and large magnetocaloric effect in MnNiSi based 
system 

The stoichiometric MnTX (T = Co, Ni and X = Ge, Si) ba
to undergo a structural transition, beyond the second order magnetic transition temperature, from 
orthorhombic TiNiSi-type structure to a hexagonal Ni
which is not suitable for room temperature magnetic refrigeration and it is desired to lower the 
structural transition to room temperature in the magnetically ordered ferromagnetic (FM) state. 
Magneto-responsive properties such as temperature induced magneto
(MST), magnetic shape memory effect and magnetocaloric effect (MCE) of these compounds 
are related to change in magnetization across their phase transitions. These aforementioned 
properties cannot be observed in these stoichiometric compounds as the stru
occurs in PM region. Therefore it is crucial to couple the magnetic and structural transition to 
achieve giant magnetocaloric effect in these alloys. 

MnNiSi system exhibits second order FM to PM transition at T
temperature, a structural transformation from TiNiSi
structure at a high temperature of about T
MnNiSi system with Fe/Co, Ga, both the magnetic as well as struc
room temperature and for a nominal composition, coupled magnetostructural transition is 
achieved at around room temperature. Isothermal magnetic entropy change (

Figure.2: Temperature and field dependent magnetization data for Y0.5Nd
are shown in (a) and (b) respectively. 

Temperature dependent magnetization measurement for Y0.5Nd0.5CrO3 in field cooled heating 
cycle measured at 100Oe(Figure.2(a)) gives a paramagnetic to antiferromagnetic orde

224K. With further decrease in temperature, magnetization gradually increases 
before suffering another magnetic transition i.e. spin reorientation transition at 72K. Then the 
ordering of rare earth, Nd below 25K slightly increase the magnetization. 

Figure.2(b) illustrates the isothermal magnetization data taken at different temperature. 
Reasonable magnetic hysteresis along with strong antiferromagnetic contribution, proves the 
presence of weak ferromagnetic component arising from the canted antiferromagnetic ordering 

[S Bandyopadhyay (University of Calcutta)]

Magnetostructural Transition and large magnetocaloric effect in MnNiSi based 

The stoichiometric MnTX (T = Co, Ni and X = Ge, Si) based intermetallic compounds are found 
to undergo a structural transition, beyond the second order magnetic transition temperature, from 

type structure to a hexagonal Ni2In-type structure in the paramagnetic state 
or room temperature magnetic refrigeration and it is desired to lower the 

structural transition to room temperature in the magnetically ordered ferromagnetic (FM) state. 
responsive properties such as temperature induced magneto-structural transitio

(MST), magnetic shape memory effect and magnetocaloric effect (MCE) of these compounds 
are related to change in magnetization across their phase transitions. These aforementioned 
properties cannot be observed in these stoichiometric compounds as the structural transformation 
occurs in PM region. Therefore it is crucial to couple the magnetic and structural transition to 
achieve giant magnetocaloric effect in these alloys.  

MnNiSi system exhibits second order FM to PM transition at TC = 622 K and beyond th
temperature, a structural transformation from TiNiSi-type orthorhombic to Ni
structure at a high temperature of about TM = 1210 K. Herein, it is observed that by alloying 
MnNiSi system with Fe/Co, Ga, both the magnetic as well as structural transitions shift towards 
room temperature and for a nominal composition, coupled magnetostructural transition is 
achieved at around room temperature. Isothermal magnetic entropy change (
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Nd0.5CrO3 

in field cooled heating 
cycle measured at 100Oe(Figure.2(a)) gives a paramagnetic to antiferromagnetic ordering 

224K. With further decrease in temperature, magnetization gradually increases 
before suffering another magnetic transition i.e. spin reorientation transition at 72K. Then the 

Figure.2(b) illustrates the isothermal magnetization data taken at different temperature. 
Reasonable magnetic hysteresis along with strong antiferromagnetic contribution, proves the 

rom the canted antiferromagnetic ordering 

(University of Calcutta)] 

Magnetostructural Transition and large magnetocaloric effect in MnNiSi based 

sed intermetallic compounds are found 
to undergo a structural transition, beyond the second order magnetic transition temperature, from 

type structure in the paramagnetic state 
or room temperature magnetic refrigeration and it is desired to lower the 

structural transition to room temperature in the magnetically ordered ferromagnetic (FM) state. 
structural transition 

(MST), magnetic shape memory effect and magnetocaloric effect (MCE) of these compounds 
are related to change in magnetization across their phase transitions. These aforementioned 

ctural transformation 
occurs in PM region. Therefore it is crucial to couple the magnetic and structural transition to 

= 622 K and beyond that 
type orthorhombic to Ni2In-type hexagonal 

= 1210 K. Herein, it is observed that by alloying 
tural transitions shift towards 

room temperature and for a nominal composition, coupled magnetostructural transition is 
achieved at around room temperature. Isothermal magnetic entropy change (∆SM) as large as 



 

~23.8 Jkg-1K-1 is observed due to a magnetic f
doping in MnNiSi system the saturation magnetization is found to enhance from that of the 
parent compound. Large ∆SM with obtained significantly large relative cooling power can make 
this transition metal based alloy a very promising refrigerant material for room temperature 
nature-friendly magnetic refrigeration technology.

Figure 1: (a) Isothermal M
process method (b) Magnetic entropy change as a function of tempe
different field changes. 

[Subrata Ghosh, Kalyan Mandal(SNBNCBS, Kolkata), 
(VECC, Kolkata)] 

2.5.17 Study of magnetic and dielectric properties of double perovskite 

We are investigating perovskites wit
taken at B site allow, to understand, the correlated variation in properties.
been particularly in attraction with unprecedented advancements both in experimental synthesis 
and in first-principles computational methods for predicting their properties. The functional 
materials have been attaining attention particularly with a variety of structural or electronic 
phases with distinct properties that can be adjusted by application 
fields, or strain. There are still many possible cation combinations yet to be investigated. We 
have investigated the magnetic properties via FC/ZFC/MH curve (as shown in figure 1). The 
analysis, other supporting experiments an

Figure 1- (a) M-H curve and (b) M

is observed due to a magnetic field change of ∆H = 50 kOe. With Fe/Co, Ga 
doping in MnNiSi system the saturation magnetization is found to enhance from that of the 

with obtained significantly large relative cooling power can make 
loy a very promising refrigerant material for room temperature 

friendly magnetic refrigeration technology. 

(a) Isothermal M-H curves measured in cooling mode obeying loop 
process method (b) Magnetic entropy change as a function of temperature for the 

(SNBNCBS, Kolkata), Arup Ghosh (SINP, Kolkata),Pintu Sen

Study of magnetic and dielectric properties of double perovskite La

We are investigating perovskites with transition metal cations at B site. The different cations 
taken at B site allow, to understand, the correlated variation in properties. These materials have 
been particularly in attraction with unprecedented advancements both in experimental synthesis 

principles computational methods for predicting their properties. The functional 
materials have been attaining attention particularly with a variety of structural or electronic 
phases with distinct properties that can be adjusted by application of electric fields, magnetic 
fields, or strain. There are still many possible cation combinations yet to be investigated. We 
have investigated the magnetic properties via FC/ZFC/MH curve (as shown in figure 1). The 
analysis, other supporting experiments and some experiments are completed;  

H curve and (b) M-T curve for double perovskite- La2NiFeO
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∆H = 50 kOe. With Fe/Co, Ga 
doping in MnNiSi system the saturation magnetization is found to enhance from that of the 

with obtained significantly large relative cooling power can make 
loy a very promising refrigerant material for room temperature 

 

H curves measured in cooling mode obeying loop 
rature for the 

Arup Ghosh (SINP, Kolkata),Pintu Sen# 

La2NiFeO6 

h transition metal cations at B site. The different cations 
These materials have 

been particularly in attraction with unprecedented advancements both in experimental synthesis 
principles computational methods for predicting their properties. The functional 

materials have been attaining attention particularly with a variety of structural or electronic 
of electric fields, magnetic 

fields, or strain. There are still many possible cation combinations yet to be investigated. We 
have investigated the magnetic properties via FC/ZFC/MH curve (as shown in figure 1). The 

 

 

NiFeO6 
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[Jashandeep Singh, Dr. Ashok Kumar (NIT Kurukshetra), R. Mondal, S. Chatterjee (UGC-DAE 
CSR, Kolkata)] 

2.5.18 Double Perovskite of Gd- Manganites Based on Fe/Cr as Potential Multiferroic 
Material 

Single phasic Gd2FeMnO6 and Gd2CrMnO6 are synthesised for the first time by Pechini method 
and Solgel method respectively and phase formation is obtained via XRD. Both samples 
possessed monoclinic structure with the space group, p121/n1. FE-SEM analysis revealed the 
evident grain-grain boundary effect in Gd2CrMnO6 than that in Gd2FeMnO6. The EDX analysis 
confirmed the compositional analysis of both samples. UV Vis spectroscopy determined the 
direct band gap in both samples.  The dielectric permittivity’s obtained for Gd2CrMnO6 and 
Gd2FeMnO6 is found to be larger, when compared to other reported double perovskites based on 
Fe/Cr.  P-E loop study concluded the existence of ferroelectric signature and switchable 
polarisation in both samples. The magnetic studies of Gd2FeMnO6 revealed paramagnetic 
hysteresis, while for Gd2CrMnO6 the unsaturated rise in magnetisation curve (fig1) determined 
at 5K indicates the ferrimagnetic nature. MH measurements at 5K and temperature dependent 
FC - ZFC measurements with an applied filed of H=100 Oe for Gd2CrMnO6 were carried out 
from UGC-DAE Consortium for Scientific Research, Kolkata Centre.  With increase in 
temperature the ZFC curve shows a decreasing nature, and at a particular temperature (Tcusp= 
19K) ZFC increases. The FC magnetisation curve (fig2) rises with decreasing the temperature, 
after reaching a maximum value, it lowers to negative values by intercepting zero. The 
phenomenon of Magnetic reversal is seen in Gd2CrMnO6. With co-existence of ferroelectric and 
magnetic behaviour Gd2CrMnO6 is found to be a better multiferroic than Gd2FeMnO6. 

 

 

Figure 1: Isothermal magnetization 
curve at 5 K 

Figure2: FC-ZFC Magnetization at 100 
Oe 

[Rosmy Jose, Athira Maria, R.S Arun Raj, Lija K Joy (Bishop Moore College, Kerala)] 

2.5.19 Multiferroic nature of Fe-doped ZnO nanoparticles 

Fe-doped ZnO nanoparticles were synthesized through easy and inexpensive sol-gel technique.  
The average diameter of pure and doped powders is found to be around 17.5 nm.  The doped 
samples exhibit enhanced luminescence emission at 367 nm relating to near band edge emission.  
The studied samples show dielectric and ferroelectric properties.  The magnetic property of Zn1-

xFexO (x = 0.03, 0.09 and 0.15) samples have been studied through SQUID at 5K and applying 
magnetic field of 4 Tesla.  The variation of magnetization with the magnetic field for these 
samples has been shown in the following figure.  We have found a signature of unsaturated 



 

ferromagnetic behavior from the magnetic hysteresis loop of all these samples.  The samples 
with x = 0.03, 0.09 and 0.15 are found to have 
3.16×104 emu/gm and 1.07×10

samples are 231.9 Oe, 13.6 Oe and 78.9 Oe respectively.  The ferroelectric and ferromagnetic 
character of the iron doped ZnO nanoparticles as dilute
potentiality for application in multiferroic devices.

M-H curve of iron doped ZnO nanoparticles

[AninditaSamanta(Vidyasagar University)

2.5.20 Studies of magnetic behaviour of nanocrystalline Li

Nanocrystalline Li-Zn-Co ferrite of two different particle sizes is prepared by sol
For structural analysis XRD patterns are recorded and analysed by Rietveld refinement method. 
Morphological analysis is performed using HRTEM. Initially a rough estimation of the magnetic 
behaviour of the nanoparticles is calculated by ac magnetic measurements carried out at our 
departmental laboratory. For detail investigation of the magnetic properti
measurements are carried out at UGC

1. M-H loops of two samples of Li
maximum field of 5 Tesla. 

2. FC-ZFC magnetization curves of two samples are recorded in th
10 – 300 K at an applied field of 5000 Oe.

3. Half of the M-H loops of the samples are also recorded at different temperatures for a 
maximum field of 0.5 Tesla.

Some representative data are as below:

ferromagnetic behavior from the magnetic hysteresis loop of all these samples.  The samples 
= 0.03, 0.09 and 0.15 are found to have remnant magnetization 

3 emu/gm respectively.  The coercive field obtained for these 
samples are 231.9 Oe, 13.6 Oe and 78.9 Oe respectively.  The ferroelectric and ferromagnetic 
character of the iron doped ZnO nanoparticles as diluted magnetic semiconductor has 
potentiality for application in multiferroic devices. 

 

H curve of iron doped ZnO nanoparticles 

(Vidyasagar University), M. N. Goswami (Midnapore College),
Mahapatra (SOA University, Bhubaneswar)]

ies of magnetic behaviour of nanocrystalline Li-Zn-Co ferrite 

Co ferrite of two different particle sizes is prepared by sol
For structural analysis XRD patterns are recorded and analysed by Rietveld refinement method. 

hological analysis is performed using HRTEM. Initially a rough estimation of the magnetic 
behaviour of the nanoparticles is calculated by ac magnetic measurements carried out at our 
departmental laboratory. For detail investigation of the magnetic properti
measurements are carried out at UGC-DAE CSR, Kolkata Node using VSM: 

H loops of two samples of Li-Zn-Co ferrite are recorded at 300, 200 and 100 K for a 
maximum field of 5 Tesla.  

ZFC magnetization curves of two samples are recorded in the temperature range of 
300 K at an applied field of 5000 Oe. 

H loops of the samples are also recorded at different temperatures for a 
maximum field of 0.5 Tesla. 

Some representative data are as below: 
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ferromagnetic behavior from the magnetic hysteresis loop of all these samples.  The samples 
magnetization of 0.021 emu/gm, 

emu/gm respectively.  The coercive field obtained for these 
samples are 231.9 Oe, 13.6 Oe and 78.9 Oe respectively.  The ferroelectric and ferromagnetic 

d magnetic semiconductor has 

M. N. Goswami (Midnapore College), P. K. 
(SOA University, Bhubaneswar)] 

 

Co ferrite of two different particle sizes is prepared by sol-gel method. 
For structural analysis XRD patterns are recorded and analysed by Rietveld refinement method. 

hological analysis is performed using HRTEM. Initially a rough estimation of the magnetic 
behaviour of the nanoparticles is calculated by ac magnetic measurements carried out at our 
departmental laboratory. For detail investigation of the magnetic properties following 

 

Co ferrite are recorded at 300, 200 and 100 K for a 

e temperature range of 

H loops of the samples are also recorded at different temperatures for a 
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M-H loop of Li-Zn-Co ferrite Half of the M-H Loop of Li-Zn-Co ferrite 

[M. Dalal (B. N. Mahavidyalaya)] 

2.5.21 Magnetic properties studies of FeSex 

Transition metal monochalcogenides show interesting properties like superconductivity and 
magnetism. The bulk FexSe (x >1.0) superconductor has a superconducting transition 
temperature (Tc) of 8 K and it can be enhanced to 37 K at high pressure. And bulk FeSex (x > 
1.0) shows some interesting properties in crystal structure, transport and magnetism due to 
crystal defects, such as grain boundaries, dislocation, vacancies widely exist in material. Because 
of these peculiar properties we performed magnetic measurements on FeSex in order to 
understand its magnetic properties. We had performed the following magnetic measurements at 
the UGC-DAE Kolkata using the sophisticated SQUID facility.  

We had measured field cooling (FC) and zero field cooling (ZFC) magnetization as a function of 
temperature (M-T curves) from 5 K to 350 K. We used 1000 Oe magnetic field for these studies. 
Some of the representative data are shown in the left panel of below figure. 

From these studies (M-T), we found three phase transitions in ZFC and two-phase transitions in 
FC. That means, the phase transition observed at 12 K in ZFC is not observed in FC. However, 
the other two transitions at 55 K and 128 K are observed in both ZFC and FC.To further 
elucidate the nature of magnetic behaviour of this system, we had taken M- H curves at sample 
temperature of 5 K, 100 K, 130 K, and 300 K. The data are shown in the right panel of figure. 
From the M-H data, one can clearly notice that as we go down with sample temperature from 
300 K to 5 K, the coercivity increases. That means, the system is getting more and more 
magnetic in nature with decreasing the temperature.  
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[Shubham Purwar and S. Thirupathaiah(SNBNCBS, Kolkata)] 

2.5.22 Flexible Radar Absorbing Material for Enhanced EMI Shielding Effectiveness of 
Hexaferrite-Poly(vinylidene fluoride) heterojunction composite materials 

Magnetic hexaferrite nanoparticles incorporated PVDF heterojunction composite materials with 
different loading percentages of hexaferrite nanofillers were prepared by solution casting 
method. Various properties of these composite materials such as structural, morphological, 
chemical, magnetic, dielectric and microwave absorption properties of all the hexaferrite 
nanofillers-PVDF heterojunction composite materials were investigated. Detail investigations 
reveal the improvement of the polar -phase of PVDF matrix by the modulation of the internal 
polymeric structure of the PVDF. Variation of magnetic responses against magnetic field reveals 
the presence of ferromagnetic ordering and high magnetic moment in the hexaferrite nanofillers-
PVDF heterojunction composite materials. Dielectric response study shows the significant 
change of dielectric response of the hexaferrite nanofillers-PVDF heterojunction composite 
materials. High value of EMI shielding effectiveness of the composite materials within the range 
of 8-18 GHz was measured and significantly large shielding effectiveness due to absorption, 
reflection and the total shielding effectiveness of hexaferrite nanofillers-PVDF heterojunction 
composite materials have been observed. These all make the composite materials most suitable 
for the applications in microwave devices. 

[Tanmoy Chakraborty, Tanumoy Debnath, SomashreeBhowmick, 
SoumyadityaSutradhar(Amity University Kolkata), Abhik Sinha Mahapatra (JIS University), 

Sukhen Das (Jadavpur University), Atul Bandyopadhyay, Arup Karmakar (University of Gour 
Banga)] 

2.5.23 Synthesis, xrd, dielectric and magnetic measurement of some rare earth oxide 
materials 

Samples were heated at 1400⸰C for 24 hours with 2⸰C/min heating rate in the box furnace and 
then the samples were furnace cooled with natural cooling rate.To understand the structural 
purity of the prepared samples, XRD data was collected in the 2θ range 20⸰-80⸰. 

Magnetization vs Temperature (M-T) measurement was done in squid magnetometer (5T 
system) in 2K-300K range in both FC and ZFC mode for two samples. M-H data were recorded 
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in the temperature range 12K-60K with 4K interval.Multiferroic polycrystalline samples Gd1-

xLixMnO3 (with x=0.05,0.10 &0.15) were prepared by using conventional solid-state reaction 
method and Structural characterizations were done by using powder XRD. The complex 
dielectric permittivity as a function of temperature was measured at different frequencies 
f=10,30,50,100,400,800kHz in the temperature range 80K to 180K during warming cycle. The 
measurement was done by using 15T Magnetic System. We have measured the real part of the 
capacitance and loss(tanδ) as a function of temperature at different frequencies and dielectric 
constant is derived from capacitance by using the thickness and area of the capacitor.Fig-1 & 
Fig-2 shows temperature dependence of real part(ɛʹ) & imaginary part(tanδ) of the complex 
dielectric permittivity at different frequencies. 

 

 

[Sudipta Pal (Kalyani University)] 

2.5.24 Investigation of Magnetocaloric effect in ferrites and monovalent doped perovskite 
manganites systems 

The Li-doped Pr0.75Li0.25MnO3 and Na-doped Pr0.75Na0.25MnO3 samples were synthesized by the 
wet-chemical mixing route. As an alkali metal is volatile, the wet chemical mixing route has 
been chosen as it requires low sintering time as well as temperature for the preparation of the 
samples. The final sintering temperature was maintained at 10000C in an oxygen atmosphere to 
rule out the oxygen deficiency in the sample. For the preparation of GdFe1-xAlxO3 ferrite system, 
standard solid-state reaction method was employed and the final sintering temperature was kept 
at 14000C. X-ray diffraction (XRD) patterns for the samples were recorded in the range of 10°-
80° and the crystal structure was refined by the Rietveld method using the FULLPROF 
refinement program. 

For both Pr0.75Li0.25MnO3 and Pr0.75Na0.25MnO3 samples, temperature-dependent magnetization 
measurement (M-T) was done using Vibrating Source Magnetometer (VSM) within the 
temperature limit 2-275K under the magnetic field, H = 100Oe. The M-H isotherms were 
recorded at various temperatures ranging from 20-60K with 4K interval. The magnetocaloric 
behavior of the samples was studied using Arrot plot derived from the M-H data.The results will 
be published in due time. 

[SubhrangshuTaran (Kalyani Mahavidyalaya)] 
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2.5.25 Synthesis and characterizationofgraphene supported bi-metalliccatalyst for 
enhancement ofhydrogen generation rate fromammonia borane 

In twenty-first Century, to meet the global demand of eco-friendly sustainable energy, the 
production of renewable energy i.e. hydrogen, has receivedgreat focus. Hydrogen, the most 
promising alternative to traditional (i.e. oil, fuel, natural gas) fuel, that it can be used directly in a 
fuel cell and IC engine. Direct hydrogen fuel cell needs “on-board” hydrogen generation and 
storage to meet the instantaneous demand of hydrogen. In the case of practical “on-board” 
application, safety and control of hydrogen generation, high generation rate, hydrogen storage 
capacity are the key issues. In this context, boron-nitrogen-based (B-N) hydride compounds such 
as ammonia borane (AB, NH3BH3), has drawn attention due to their high hydrogen generation 
and storage capacity. While most B-N based compounds such as hydrazine borane (N2H4BH3) or 
any other metal borohydrides such as sodium borohydride (NaBH4) suffer from self-hydrolysis 
in water, AB, being the simplest B-N compound, has a high hydrogen content (19.5 wt.%), low 
molecular weight (30.9 g mol-1), non-toxic nature, and particularly high stability in both aqueous 
solutions and air. Hence, AB has a great potential for practical on-board applications in fuel cell. 
So far, hydrolysis has been the most effective method to achieve all 3 atoms of H2 from 1 atoms 
of AB even inroom temperatures, although catalysts are often required to enhance the generation 
rate. 

Since its discovery, Graphene and its composites havedrawn attention to a lot of researchers as a 
supporting material due to its electronic, mechanical, optical, thermal properties and very high 
surface to volume ratio.In the present study,Graphene supported transition metal (i.e. Cu, Co, 
Mn, Cr, Fe and Ni) based mono and bi-metallic nano-hybrids are synthesized using different 
ratios of Graphene and metal, characterized using SEM, EDAX, FESEM, HRTEM, XRDand 
FTIR. These nano-hybrids are tested as low cost catalyst for enhanced hydrogen generation 
through hydrolysis of ammonia borane. The catalytic stability and activity of the nano-hybrids 
are analyzed. The kinetic study of the hydrolysis of Ammonia Boren using G-Co-Cu catalyst, 
reveals that a modified Langmuir Hinshelwood (L-H) model consisting of an extra exponential 
decay term with respect to time is fitted well with the experimental data. The value of activation 
energy calculated using the best fitted model.The turn over frequency (TOF) evaluated based on 
total metal content of G-Co-Cu catalyst which is remarkably greater than the earlier reported 
values in the literature. 

Graphite Oxide was synthesized by Improved Hummers method. Graphene based Co-Cu 
Nanocatalysts were synthesized usingPolyol method.In our experiments, 0.1 gmAmmonia 
Borane (NH3BH3) was dissolvedin 5 mL water and the hydrolysis reaction was carried out 
at300C starting withcatalyst loading 30mg.In order to obtain the activation energy,the hydrolysis 
of 0.1gm AB catalyzed by 30mgG-Co-Cu wasperformed at various temperatures (30, 40, 50 and 
60 0C).Figure-1 shows thevolume of Hydrogen generated versus time during the 
catalytichydrolysis of (0.1 gm) NH3BH3 solution in the presenceof Graphene based nano-hybrid 
catalysts i.e. G-Co-Cuof the same amount (30 mg) at the temperature of 300C, 400C,500C and 
600C respectively. From this figure it has been shown that as the temperature is increase reaction 
rate also increasing. 



 

Figure-1: Hydrogen generation from the hydrolysis of Ammonia Borane, catalyzed 
by G-Co-Cu NPs under different temperatures

X-ray diffraction (XRD) was performed on a Bruker D8 Advanced diffractometer with Cu 
Karadiation (λ = 1.5418 °A) and illustrated in 
10.8(pattern of GO) corresponds to the (001) reflection of GO, that indicated GO forms a
ordered layered structure. XRD patterns confirm the presence ofmetallic Co and Cu 
nanoparticles along with graphene. Three diffraction peaks observedat 44.20, 51.50 and 75.80 
correspond to (111), (200) and (220) planes of Co, while the(111), (200) and
nanocrystal Cu can be confirmed by the peaks at 43.30,50.40 and 74.10.

Figure-2 & 3: XRD Patterns of GO and G

In summary, we have synthesis rGO
ofhydrogen generation with time in different temperature ranges in the catalytichydrolysis of 
Ammonia Borane are analyzed by plotting a graph. It shows that astemperature is increased the 
rate of reaction also increased. From XRD analysis we can confirm the presence of me
and Cu along with Graphene. 

2.5.26 Magnetic behaviour of C

We have prepared two complex materials namely, 
C23H23N5O4Mn (complex 2).Complex 

 

1: Hydrogen generation from the hydrolysis of Ammonia Borane, catalyzed 
Ps under different temperatures 

ray diffraction (XRD) was performed on a Bruker D8 Advanced diffractometer with Cu 
Karadiation (λ = 1.5418 °A) and illustrated in Figure2&3. The sharp peak at around 
10.8(pattern of GO) corresponds to the (001) reflection of GO, that indicated GO forms a
ordered layered structure. XRD patterns confirm the presence ofmetallic Co and Cu 
nanoparticles along with graphene. Three diffraction peaks observedat 44.20, 51.50 and 75.80 
correspond to (111), (200) and (220) planes of Co, while the(111), (200) and
nanocrystal Cu can be confirmed by the peaks at 43.30,50.40 and 74.10. 

 

2 & 3: XRD Patterns of GO and G-CO-CU Nano composites

In summary, we have synthesis rGO-supported Cu-CoNPs using polyol method. The volume 
ation with time in different temperature ranges in the catalytichydrolysis of 

Ammonia Borane are analyzed by plotting a graph. It shows that astemperature is increased the 
rate of reaction also increased. From XRD analysis we can confirm the presence of me

[Anirban Mukherjee, KajariKargupta (Jadavpur 

C25H21N7O6S2Mn and C23H23N5O4Mn complex

We have prepared two complex materials namely, C25H21N7O6S2Mn (complex 
).Complex 1 is a pentagonal bipyramidal Mn(II) complex. 
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1: Hydrogen generation from the hydrolysis of Ammonia Borane, catalyzed 

ray diffraction (XRD) was performed on a Bruker D8 Advanced diffractometer with Cu 
. The sharp peak at around 

10.8(pattern of GO) corresponds to the (001) reflection of GO, that indicated GO forms awell-
ordered layered structure. XRD patterns confirm the presence ofmetallic Co and Cu 
nanoparticles along with graphene. Three diffraction peaks observedat 44.20, 51.50 and 75.80 
correspond to (111), (200) and (220) planes of Co, while the(111), (200) and (220) planes of 

 

CU Nano composites 

CoNPs using polyol method. The volume 
ation with time in different temperature ranges in the catalytichydrolysis of 

Ammonia Borane are analyzed by plotting a graph. It shows that astemperature is increased the 
rate of reaction also increased. From XRD analysis we can confirm the presence of metallic Co 

(Jadavpur University)] 

Mn complex 

Mn (complex 1) and 
is a pentagonal bipyramidal Mn(II) complex. 



 

Magnetization studies on polycrystalline samples of 
field of 1000 Oe between 2-300 K. Figure 1 depicts the variation of χ
At 300 K, the χMT product for 1 
than the expected χMT product of 4.375 cm
considering S = 5/2 and g = 2.0. On lowering the temperature, the χ
upto 56 K and on further lowering, χ
decrease in χMT product at higher temperature for compound 
hydrogen bonding mediated antiferromagnetic interactions or r
in compound 1. 

Isothermal field dependence of magnetization for compound 
depicted in Figure 2. Magnetization increases linearly with the increase in field strength for 
The saturation magnetization Ms= 5 μB (for S = 5/2 and g = 2.0) was observed at a field strength 
of 5 T. The magnetization plots at different temperatures do not superimpose on each other and 
this indicate that the presence of magnetic anisotropy in the mononuclear Mn(II) complex 

Figure 1: Temperature dependence of 
χMT between 2-300 K for 1

Complex 2 is a pentagonal bipyramidal Mn(II) complex. Magnetization studies on 
polycrystalline samples of 2 were performed un
300 K. Figure 3 depicts the variation of χ
for 2 is found to be 3.49 cm3 K mol
4.375 cm3 K mol-1 for a magnetically isolated Mn(II) center considering S = 5/2 and g = 2.0. On 
lowering the temperature, the χM

χMT decreases to reach 3.23 cm3 

3.43 cm3 K mol-1 at 2 K. 

Isothermal field dependence of magnetization for compound 
depicted in Figure 4. Magnetization increases linearly with the increase in field strength for 
The saturation magnetization Ms= 
strength of 5 T. The magnetization plots at different temperatures do not completely 
superimpose on each other and this indicate that the presence of magnetic anisotropy in the 
mononuclear Mn(II) complex 2. 

Magnetization studies on polycrystalline samples of 1 were performed under a constant static 
300 K. Figure 1 depicts the variation of χMT between 2

1 is found to be 4.61 cm3 K mol-1.  This value is slightly higher 
T product of 4.375 cm3 K mol-1 for a magnetically isolated Mn(II) center 

considering S = 5/2 and g = 2.0. On lowering the temperature, the χMT produc
upto 56 K and on further lowering, χMT decreases to reach 4.06 cm3 K mol

T product at higher temperature for compound 1 can be either attributed to 
hydrogen bonding mediated antiferromagnetic interactions or relatively larger zero field splitting 

Isothermal field dependence of magnetization for compound 1 was measured between 2
depicted in Figure 2. Magnetization increases linearly with the increase in field strength for 

= 5 μB (for S = 5/2 and g = 2.0) was observed at a field strength 
of 5 T. The magnetization plots at different temperatures do not superimpose on each other and 
this indicate that the presence of magnetic anisotropy in the mononuclear Mn(II) complex 

 

Temperature dependence of 
1. 

Figure 2: Field dependence of 
magnetization between 0-5 T for 

is a pentagonal bipyramidal Mn(II) complex. Magnetization studies on 
were performed under a constant static field of 1000 Oe between 2

300 K. Figure 3 depicts the variation of χMT between 2-300 K for 2. At 300 K, the χ
K mol-1.  This value is lower than the expected χ

r a magnetically isolated Mn(II) center considering S = 5/2 and g = 2.0. On 
MT product remains constant upto 76 K and on further lowering, 
3 K mol-1 at 13 K. Upon further lowering, χMT increases 

Isothermal field dependence of magnetization for compound 2 was measured between 2
depicted in Figure 4. Magnetization increases linearly with the increase in field strength for 

= 5 μB (for S = 5/2 and g = 2.0) was not achieved even at a field 
strength of 5 T. The magnetization plots at different temperatures do not completely 
superimpose on each other and this indicate that the presence of magnetic anisotropy in the 
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was measured between 2-10 K is 
depicted in Figure 2. Magnetization increases linearly with the increase in field strength for 1. 

= 5 μB (for S = 5/2 and g = 2.0) was observed at a field strength 
of 5 T. The magnetization plots at different temperatures do not superimpose on each other and 
this indicate that the presence of magnetic anisotropy in the mononuclear Mn(II) complex 1. 
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superimpose on each other and this indicate that the presence of magnetic anisotropy in the 



 

Figure 3: Temperature dependence of 
χMT between 2-300 K for 2

2.5.27 Rare Earth (Er3+) Doped Nickel Zinc Ferrite: Additiona
Dielectric Properties 

Erbium (Er3+) dopednickel zinc ferrites with generic formula Ni
0.025, 0.05) were synthesized by citric acid mediated sol
Structural and morphological characterization of the samples was respectively done by X
diffraction and transmission electron microscopic techniques. Fourier transform infrared 
spectroscopic studies of the samples were also done. Effect of Er
dielectric properties of the samples at room temperature over a wide frequency range (100 Hz
MHz) were studied by a LCR meter.Sample with erbium (x) = 0.025 percentage doping with 
relatively higher dielectric constant and lower dielectric loss value with respec
zinc ferrite showed a good possibility in high frequency applications.

[Sanchayita Nag, SampadMukherjee

 

 

Temperature dependence of 
2. 

Figure 4: Field dependence of 
magnetization between 0-5 T for 2.

[Anup Choudhury, NayanmoniGogoi (Tezpur University

) Doped Nickel Zinc Ferrite: AdditionalEffects in Structural and 

) dopednickel zinc ferrites with generic formula Ni0.5Zn0.5ErxFe
0.025, 0.05) were synthesized by citric acid mediated sol-gel auto-combustion method. 

al characterization of the samples was respectively done by X
diffraction and transmission electron microscopic techniques. Fourier transform infrared 
spectroscopic studies of the samples were also done. Effect of Er3+ ion incorporation on the 

ic properties of the samples at room temperature over a wide frequency range (100 Hz
MHz) were studied by a LCR meter.Sample with erbium (x) = 0.025 percentage doping with 
relatively higher dielectric constant and lower dielectric loss value with respec
zinc ferrite showed a good possibility in high frequency applications. 

Sanchayita Nag, SampadMukherjee(IIEST Shibpur), Dipankar Das (UGC
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Fe2-xO4 (with x = 0, 
combustion method. 

al characterization of the samples was respectively done by X-ray 
diffraction and transmission electron microscopic techniques. Fourier transform infrared 

ion incorporation on the 
ic properties of the samples at room temperature over a wide frequency range (100 Hz-10 

MHz) were studied by a LCR meter.Sample with erbium (x) = 0.025 percentage doping with 
relatively higher dielectric constant and lower dielectric loss value with respect to the pure nickel 

(UGC-DAE CSR Kolkata 
Centre] 
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2.6 Collaborative Research using In-house Facilities: Mumbai Centre 

2.6.1 Magnetic ordering of the martensite phase in Ni-Co-Mn-Sn-based FSMA 

The magnetic state of low temperature martensite phase in Co-substituted Ni-Mn-Sn-based (such 
as Ni45Co5Mn38Sn12 andNi44Co6Mn38Sn10) ferromagnetic shape memory alloys (FSMAs) has 
been investigated, in view of numerous conflicting reports of occurrences of spin glass (SG), 
superparamagnetism (SPM) or long range anti-ferromagnetic (AF) ordering. Combination of DC 
magnetization, AC susceptibility and small angle neutron scattering (SANS) studies provide a 
clear evidence for AF order in martensitic phase of Ni45Co5Mn38Sn12 alloy and rule out SPM and 
SG orders. Identical studies on another alloy of close composition of Ni44Co 6 Mn44Sn10 point to 
presence of SG order in martensitic phase and absence of SPM behavior, contrary to earlier 
report. SANS study has revealed presence of nanometric clusters in Ni45Co5Mn38Sn12 that grow 
in size with increasing temperature and persist right up to martensitic transformation, ruling 
them out to be spin clusters.These nanometric clusters are likely to be of structural origin and 
related to martensitic transformation. Two different sizes of nanometric clusters (3-4 nm and 11-
13 nm) are recorded, where the bigger clusters are seen to grow at the expense of the smaller 
ones.  

Sudip Sarkar, A. Biswas (MPD, BARC), S.D. Kaushik and P. D. Babu 

2.6.2 Magneto-resistance studies in pristine and irradiated NbAs2 semimetal 

The resistance in transition di-pnictide NbAs2 shows large increase (~105 %) under an applied 
magnetic field, resulting in resistivity minima and upturns in the temperature variation, similar to 
many other semimetals of recent focus. Single crystals of NbAs2 were synthesized via chemical 
vapor transport and characterized by Raman spectroscopy. Magneto-resistance and Hall 
resistance measurements were carried out across a temperature range of 300 K to 2.5 K with 
magnetic fields (B) up to 14 T. Apart from experiments on the as grown pristine crystals, 
magneto-transport have also been studied in NbAs2 crystals after introducing controlled arsenic 
vacancies using argon ion (Ar+) irradiation.  

The peculiar upturns in the temperature variation of magneto-resistance (MR) have been 
analyzed using Kohler’s rule MR = α(B/ρ0)

m, an empirical scaling rule (in which ‘α’ and ‘m’ are 
constants while ρ0 is zero field resistivity) to understand magneto-resistance in metals. The 
Kohler plot from the transverse magneto-resistance (TMR) in the pristine sample is given in 
Fig.2.6.4a. It shows that temperature dependent MR measured at various constant magnetic 
fields across the 300 K - 2.5 K range collapse on to a single curve, thus validating Kohler’s 
scaling law remarkably well in NbAs2. This implies that magneto-transport in the material is 

 
  

Fig.2.6.1: Zero-field cooled 
(ZFC), field-cooled cooling 
(FCC) and field-cooled 
warming (FCW) curves for 
Ni45Co5Mn38Sn12. 

Fig.2.6.2: M vs H/T plot for T 
just above Tf . Arrott plot in 
the Inset indicates 
spontaneous magnetization. 

Fig.2.6.3: Fitted SANS profiles 
at selected temperatures (30-
300 K). considering spherical 
clusters for Ni45Co5Mn38Sn12 

alloy  
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governed by the same physics both at the low temperatures/high MR region, where upturns 
appear and at high temperatures where MR is low. The scattering mechanisms do not change in 
the whole temperature interval by the application of magnetic field. Hence the resistivity upturns 
are not due to a probable magnetic field induced metal to insulator transition (MIT) or any such 
phenomenon. It could be further understood that resistivity minima and upturns are a natural 
consequence of the opposing temperature dependencies of zero field resistivity ρ (0, T) and field 
resistivity ρ (B, T). The investigations on the irradiated sample supported these findings. 

  
Fig.2.6.4: (a) The Kohler plot generated from the transverse magneto-resistance in pristine 
NbAs2 showing collapse of MR into a single curve in agreement with Kohler’s scaling rule. 
(b) The temperature variation of normalized MR, mobility and carrier density in pristine 
NbAs2. Note the identical temperature behavior of MR and mobility 

The isothermal Hall resistance measurements showed non-linear behavior at low temperatures 
and high magnetic fields, indicating the role of multiple types of charge carriers - electrons and 
holes - in the transport. The positive Hall coefficient suggested holes as the majority carriers. 
Quadratic MR in semimetals varies as a function of magnetic field and carrier mobility. Hence a 
single band model was adopted to obtain the average charge carrier density and their mobility. 
The results are shown in Fig.1b. It reveals that the NbAs2 is a low carrier density system (~ 1026 
m-3) and carriers attain very large mobilities (~ 106 cm2.V-1.s-1) at low temperatures. On the left 
panel of Fig.1b, normalized MR measured at various magnetic fields is given, showing a 
collapse to a single curve. It is observed from the figure that the normalized magneto-resistance 
has identical temperature variation with that of carrier mobility. In the irradiated sample, the 
magnitude of MR was found lower than that of the pristine sample and so also the carrier 
mobility. But the temperature variation of MR was exactly reproduced in that of the carrier 
mobility. Hence it can be surmised that the extremely large magneto-resistance in the NbAs2 
semimetal has its origin in the ultra-high mobilities of low-density carriers. 

Further, with careful measurements supported by angular dependent magneto-resistance 
experiments it has been confirmed that negative longitudinal magneto-resistance (NLMR) was 
absent in both pristine and irradiated samples. This suggests that NbAs2 cannot be considered as 
a conventional Weyl semimetal. 

V. Harimohan, C.S. Sundar (IGCAR), A Barathi and P.D. Babu 

2.6.3 Interplay of quantum magnetism and insulating state in 5d Iridate Sr2IrO4 

The 5d layered Iridate Sr2IrO4 has been greatly acknowledged recently, after the pioneering 
experiments claiming spin-orbital Mott state and isotropic 2D quantum pseudospin-1/2 
Heisenberg AFM excitations, despite of weak electronic correlations and large spin-orbit 
interaction, respectively in 5d systems. Nevertheless, these unconventional observations make 
Sr2IrO4 analogous to the novel 3d layered high-TC superconducting (HTSc) cuprates. This led to 
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theoretical prediction of HTSc in doped- Sr2IrO4; however, recent studies introduce new 
complexities, and alternatively suggest “moderated” Mott-Slater gap formation and anisotropic 
2D XY interactions through critical exponent study. Nevertheless, recently observed HTSc 
signatures in surface-doped Sr2IrO4 recommend reinvestigation of the system. 
 

Fig. 2.6.5:(a) The temperature dependence of 1/χT at 100 Oe with Bray model fit in GP regime 
(red line) and Curie-Weiss law fit (orange line). The inset show 1/χT (T) at 10 kOe along with 
Curie-Weiss law fit. (b) The temperature dependence of electrical resistivity, ρ(T) along with 
high temperature linear fit (red line). The inset shows the specific heat, Cp (T) at very low 
temperatures (2-10 K) with theoretical model fit.  

The temperature-dependent dc magnetization, m(T) shows the magnetic ordering at TN∼ 221 K, 
however, the 1/χ (T) is not fully described by Curie-Weiss behavior, χT = χ - χ0 = C/(T-θCW) 
down to TN, but shows negative downturn at much higher temperature, TG∼ 285 K [see Fig. 
2.6.5a]. Meanwhile, the high-temperature downturn in 1/ χT is suppressed at high magnetic field 
of 10 kOe [see inset of Fig. 2.6.5a]. These observations suggest the presence of short-range 
AFM ordering (or equivalently, finite spin-canted clusters sustained by a strong basal-plane 
anisotropy) in microscopically phase-separated regions much above the expected bulk TN. This 
is a signature of Griffiths singularity that can be associated with the irregular octahedral rotation 
and the competing intralayer canted AFM (in basal-plane) and interlayer AFM (along c-axis) 
interactions in Sr2IrO4.  

More importantly, the Bray model in Griffiths Phase regime yields a critical exponent, β = 0.19 
(1) [see Fig. 2.6.5a], which falls between that expected for 2D Ising and 2D XY interactions, and 
indicates highly anisotropic 2D XY interactions (XYh4 universality class). The picture is well 
supported by specific heat, Cp (T) measurements that on theoretical model fit at low 
temperatures (2-10 K) gives a large spin gap ∆ = 2.2 meV at zero magnetic field (due to large 
magnetic anisotropy), while a negligible ∆ = 0.034 µeV for H = 90 kOe, which clearly indicates 
the suppression for large magnetic anisotropy (at low fields) in high magnetic fields [see inset of 
Fig. 2.6.5b]. We next measure the electrical resistivity, ρ(T) for Sr2IrO4 in a temperature range of 
4-320 K [see Fig. 2.6.5b] that shows resistivity increases in an exponential manner (on linear on 
logarithmic scale) at high temperatures above T* ∼ 275 K (near TG∼ 285 K). This suggests a 
non-band gap like insulating behavior in the high temperature range, which is a signature of 
Anderson Localization. Furthermore, the Griffiths Phase above TN suggest the onset of gap 
formation (from short-range AFM ordering) above the expected bulk TN, which explains the 
pseudo-gap above TN, bad metallic behavior in PM state and continuous nature of “Slater” 
metal-to-insulator (MIT) transition, as observed in earlier studies. The study suggests a new 
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insulting picture with high temperature contribution from Griffiths singularity and Anderson 
Localization above TN, along with low-temperature Slater-type behavior.  

A. Rathi, G. A. Basheed (NPL, New Delhi) and P. D. Babu 

2.6.4. Magnetic transitions in spin and orbital-frustrated NiCr2O4 

The spinel chromites, ACr2O4 with Cr3+ ions on frustrated pyrochlore lattice have recently 
emerged as great platform for “spiral multiferroicity” as in cubic CoCr2O4 upon spiral ordering 
below Ts ∼ 27 K and fully developed at ‘lock-in’ transition at Tf∼ 15 K. However, the picture is 
still unresolved for NiCr2O4 due Jahn-Teller (JT) active Ni2+ ions, leading to cubic-tetragonal 
transition at TJT = 310 K and expected to relieve the spin frustration.  

 
Fig.2.6.6:(a) ZFC-FC curves of NiCr2O4 at H = 1 kOe and Curie-Weiss plot is shown in the 
inset. (b) M vs. H Isotherms at selected temperatures. The inset shows the real part of ac-
susceptibility (χac). 

The temperature dependence of dc magnetization, m(T) for bulk NiCr2O4 measured in “field-
cooled” (mFC) and “zero-field-cooled” (mZFC) modes at 1 kOe applied magnetic field is shown 
in Fig. 2.6.6(a). The mFC show three major transitions, JT distortion at TJT = 310(1) K (as 
reflected in the thermomagnetic data, re-plotted in inset graph), ordering of longitudinal FiM 
component at TC = 73(1) K and transverse AFM component at TS = 31(1) K, respectively. 
Meanwhile, the mZFC data do not follow the mFC path, but show bifurcation from mFC just below 
TC, then sharply falls consecutively below TS′ ≃ 26 K (slightly lower than TS) and T0≃ 17 K, 
and finally saturates (or the moment locks in) at very low-temperatures below Tf ≃ 8 K and 
suggest “lock-in” of spiral component. The blocking-like transition at Tf≃ 8 K is further 
supported by ac susceptibility (χac) measurement [see inset of Fig 2.6.6(b)]. To specify this 
anomaly, we measured the m(H) isotherms [see Fig. 2.6.6b], which reveal that moment at 3K 
(below Tf) increases gradually with applied magnetic field below 4 kOe, after which it increases 
readily. Furthermore, for 10 and 15K (below TS′) also, the moment hardly increases below 1.2 
and 0.5 kOe, respectively; this blocking feature disappears for higher temperatures. Thus, our dc 
magnetization [m(T) and m(H)] results on bulk NiCr2O4 show a strikingly similar magnetic 
transitions to established multiferroic, CoCr2O4, making NiCr2O4 a strong candidate for type-II 
multiferroic. 

A. Rathi, G. A. Basheed (NPL, New Delhi) and P. D. Babu 

2.6.5 Large MCE and critical behavior in Mn5Ge3 near room temperature 

Intensive research in the field of near room temperature magnetocaloric effect (MCE) based 
refrigeration technology is progressed to reduce fluorinated gas impact on environment in 
conventional gas-compression based technology and getting better efficiency in present, highly 
expensive rare-earth metal (Gd) and its alloys are used for near room temperature magnetic 
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Lalita, G. A. Basheed (NPL New Delhi) and P. D. Babu
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Fig.2.6.8: (a) MH) loops of Mn3Ga measured at different temperatures. Inset shows the thermal 
variation of coercivity (Hc). (b) The MH loops at RT for difference compositions of Mn
(0 ≤ x ≤ 0.03) The inset shows the variation of coercivity (H
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More importantly, the partial Gd-doping significantly enhances the room temperature hard 
magnetic properties i.e. squareness ratio (mr/ms), coercivity (Hc) and energy product (
from 0.43, 2.73 kOe and 0.39 MGOe (Mn3Ga) to 0.57, 4.25 kOe and 0.5 MGOe 
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analysis reveals the nucleation hardening mechanism for the magnetization reversal. The study 
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S. Perween, G. A. Basheed (NPL, New Delhi) and P. D. Bab

Electrical and Magnetic studies of La0.85-xBixNa0.15MnO3 

The temperature dependent electrical resistivity ρ(T) was measured for all the bulk samples 
MnO3. (x=0, 0.1, 0.15, 0.2, 0.25, 0.3). Substitution of Bi (x = 

0.1) results in metal insulator transition around 290K, which gets progressively suppressed with 
application of magnetic field. Below 290K, ρ(T) decreases continuously before levelling off at 
very low temperatures. The same behaviour was found for x = 0.15 concentration also. For x = 

lator transition shifts to 160K and field suppression is much more drastic. For 
≥ 0.25, the peak in resistivity shifts to 65K and suppression of peak with field is observed to 

much lower extent. For highest Bi doping, i.e., ρ(T) seem to approach an insul
below 50K, as ρ(T) saturates due to instrumental limit of maximum measurable resistance 

Low filed (H = 100Oe) magnetic moments of the sample measured over the temperature 
range of 4K to 360K, in zero field cooled (ZFC) and field cooled (FC) mode show decrease in 
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The temperature dependent electrical resistivity ρ(T) was measured for all the bulk samples 
. (x=0, 0.1, 0.15, 0.2, 0.25, 0.3). Substitution of Bi (x = 

nd 290K, which gets progressively suppressed with 
application of magnetic field. Below 290K, ρ(T) decreases continuously before levelling off at 
very low temperatures. The same behaviour was found for x = 0.15 concentration also. For x = 

lator transition shifts to 160K and field suppression is much more drastic. For 
≥ 0.25, the peak in resistivity shifts to 65K and suppression of peak with field is observed to 

much lower extent. For highest Bi doping, i.e., ρ(T) seem to approach an insulating behaviour 
below 50K, as ρ(T) saturates due to instrumental limit of maximum measurable resistance 

Low filed (H = 100Oe) magnetic moments of the sample measured over the temperature 
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Curie temperature with increase in bismuth content, lowering of TC with bismuth substitution 
indicates that the Bi3+ existence in the crystal system tends to weaken the magnetic interaction 
in the system. The samples with smaller bismuth concentrations are likely to exhibit 
ferromagnetic ordering behaviour with small coercive force (HC) and remanence (MR), however 
with increase in the bismuth concentration the hysteresis is found to vanish and the 
magnetizations is found to decrease may be because of the growing anti-ferromagnetism in the 
system. 

 
  

   

Fig.2.6.9: Variation of resistivity with temperature for difference concentrations at different 
magnetic fields up to 9T 

Lozil Denzil Mendonca, Mamatha Daivajna (MIT, Manipal) and P D Babu 

2.6.8 Multiferroic behaviour in B-site Cr-doped hexagonal YInO3 perovskites 

New phase pure multiferroic oxides, YIn1-xCrxO3 (x = 0.1, 0.3, 0.5), are synthesized by glycine-
aided sol-gel combustion technique using binary oxides and nitrates. These samples are 
investigated using x-ray diffraction, elemental analysis (EDAX), dc magnetization and 
polarization studies. Crystal structure analysis reveals that the sample with 10% Cr3+ (x = 0.1) 
crystallizes in hexagonal P63cm space group with a = 6.2804 and c = 12.533 Å. The samples 
with higher concentration of Cr3+ (x = 0.3 and 0.5) crystallize with a mixture of hexagonal and 
orthorhombic phases.  
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From the detailed magnetic measurements, the compounds are found to exhibit dominating 
antiferromagnetic behaviour with Neel temperatures of 140, 130 and 125 K for x = 0.1, 0.35 and 
0.5 concentrations, respectively. The Curie-Weiss fittings provide different  values and the 
effective magnetic moment (µeff) (2.6µB to 4.2µB), gradually increases with increasing Cr3+ 
concentration. The observed values indicate that the spins are not perfectly aligned antiparallel, 
rather the system exhibits canted antiferromagnetic (AFM) behaviour with weak ferromagnetic 
interactions. The existence of magnetic ordering is also confirmed by the presence of hysteresis 
loop below the Neel temperature. The room temperature ferroelectric polarization loops are 
indicative of the multiferroic nature of the synthesized compounds. The work reveals the 
significant role of Cr3+ substitution for structural evolution and enhanced multiferroic behaviour 
in YIn1-xCrxO3.  

Kumari Naveen, Avijit K Paul (NIT, Kurukshetra), P.D. Babu and V. Siruguri 

2.6.9 Magnetic and dielectric properties of Bi-Mn doped SmFeO3 

  
Fig. 2.6.12: M vs T and 1/χ for 
Sm0.9Bi0.1Fe0.9Mn0.1O3 with Curie-Weiss 
fitting; Inset: dM/dT to obtain magnetic 
transition temperature. 

Fig.2.6.13:  M-H loops of SFO, SBFO and 
SBFMO at room temperature. Inset: Fit to 
high field linear region 

The intriguing properties such as magnetization reversal at low temperature, spin-reorientation 
transition, particle size dependent dielectric constant, low dielectric loss and ferroelectricity 
exhibited by Rare-earth orthoferrites make them potential candidate for future applications. We 
have studied the structural, magnetic, dielectric and impedance properties of solid-state 
synthesized polycrystalline samples of Sm1-xBixFe1-yMnyO3 SmFeO3 [(SFO), Sm0.9Bi0.1FeO3 
(SBFO), Sm0.9Bi0.1Fe0.9Mn0.1O3 (SBFMO)]. X-ray diffraction patterns analyzed using Rietveld 
refinement revealed that these samples exhibit orthorhombic structure with Pnma/Pbnm space 
group. Field dependent magnetization (shown in Fig. 2.6.13) data measured at room temperature 
(RT) for Bi-doped sample manifests that the weak ferromagnetic nature increases, which 
suggests the magnetic contribution arises from Rare-earth-Fe interaction sustains even at RT. 
However, for co-doped sample (see Fig. 2.6.13), dilution of Fe-Fe interactions due to Mn ions 
leads to the decrease in the magnetization. The values of magnetization determined from M-H 
loop for SFO, SBFO and SBFMO are 1.51 emu/g, 2.87 emu/g and 0.7 emu/g respectively. 
Dielectric and impedance properties have been explained using equivalent circuit model and the 
observed value of dielectric constant for the studied samples ranges from ~103-104. Detailed 
study of temperature dependent magnetization and phonon behavior of SBFMO sample has also 
been performed. M-T data (see Fig. 2.6.12) measured in the temperature range of 300 K ≤T≤750 
K reveal the weak ferromagnetic-paramagnetic transition at 620 K. The calculated value of 

Fig.2.6.10: ZFC-FC curve for 
x = 0.1 

Fig.2.6.11: Polarization (P) vs. electricl field (E) for x = 0.1(a) 
and 0.3(b) 
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effective magnetic moment from Curie-Weiss fitting in the paramagnetic region is found to be 
1.4 μB. The behaviour of phonon modes investigated using Raman spectroscopy in the 
temperature range 300-800 K (not shown here) confirms that Ag(3) phonon mode corresponding 
to FeO6 vibrations exhibits anomalous behaviour below magnetic transition temperature, which 
is ascribed to spin-phonon coupling. 

Nancy, A K Patra (Central Univ. Rajasthan), Ramjanay Choudhary and P D Babu 

2.6.10 Structural and Magnetic Properties of Ni1-xZnxO Nanoparticles 

Effect of Zn doping on the structural and magnetic properties of NiO nanoparticles was 
investigated. The fcc structure of NiO is not affected with Zn doping up to the highest doping 
concentration (5%) as used in the present study. Rietveld refinement of XRD data indicated that 
lattice parameter NiO increases from 0.4177 nm to 0.4182 nm with increasing Zn concentration 
from 0 to 5%. NiO nanoparticles exhibit ferromagnetic like hysteresis loop at room temperature 
but magnetization does not saturate, which could possibly arise due to interaction between 
antiferromagnetic core and ferromagnetic surface spin of NiO in forming core-shell structure. 
The formation of core-shell structure in NiO is confirmed from transmission electron microscope 
study. The value of remnant magnetization (Mr) and coercivity (HC) of NiO decreased when 
doped with 1% Zn due to the substitution of more amount of Zn at surface of NiO. Both the 
parameters increased with further increasing Zn doping concentration in NiO to 3%. It is, 
therefore, believed that in addition to surface substitution, some amount of Zn also replaces at Ni 
in the core of NiO as a result of which the magnetic property is improved at this doping 
concentration. The values of HC and Mr decreased again at the highest doping concentration 
(5%). This could be due to the consequence of the competition between Zn substitution at the 
surface and core of the NiO matrix. The effective photon energy of the samples calculated from 
the RAMAN spectra revealed that the Zn doping minimizes the non-radiative loses in NiO.  

U K Panigrahi, P.Mallick (North Odisha Univ.), V. Sathe and P.D. Babu 

2.6.11 Enhancement of thermoelectric performance of In doped 
Bi2Te2.7Se0.3compounds 

Thermoelectric properties of (Bi1-xInx)2Te2.7 Se0.3 were investigated over temperature region of 4 
K to 350 K using thermal transport option (TTO) of Quantum Design DynaCool PPMS. The 
powder XRD analysis shows that the crystal structure is hexagonal with the space group of  
𝑅3m. The surface morphology shows there is a decrease in porosity and volatilization of 
selenium in the sample. The electrical resistivity reveals that all the samples are showing quasi-
degenerate semiconductor behavior due to differences in the fermi-level. The results show that 
SPH and VRH models are valid for high and low-temperature regimes respectively. Thermal 
conductivity of the samples decreases with increase in the electrical resistivity at 300 K. Thermal 
conductivity is reduced by 2.25 times in the Indium doped with x = 0.02 in comparison with the 
pristine sample. It is observed that electronic component of thermal conductivity is lowest for 
the temperature range of 10 - 200 K. Seebeck and Hall effect measurements confirms n-type 
semiconductor nature of the material. The highest value of ZT is 0.6 at 350 K was observed for 
(Bi0.98In0.02)2Te2.7Se0.3. Because of high ZT value of (Bi0.98In0.02)2Te2.7Se0.3near room 
temperature, it can perhaps be used for Peltier cooling applications.  
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Fig.2.6.14:Temperature dependent Power 
factor of (Bi1-xInx)2Te2.7Se0.3 samples 

Fig. 2.6.15: Temperature dependent Power 
factor of (Bi1-xInx)2Te2.7Se0.3 

Ganesh S. Hegde, A.N. Prabhu, Ashok Rao (MIT Manipal) and P. D. Babu 

2.6.12 Morphology, electrical and magnetic study of α-Fe2O3 coated carbon fabric  

Metal-coated synthetic fiber reinforced polymer composites have been recently used for many 
electrical and electronic applications. Due to low weight, noncorrosive, and excellent structural 
properties, the carbon fabric reinforced polymer composites are in high demand. For 
electromagnetic interference (EMI) shielding applications demands magnetic materials coated or 
impregnated fabric is in great demand. In this work, we developed Fe2O3 film on bi-axial 
oriented plain viewed carbon fabric by spray pyrolysis at various thicknesses using FeCl2.H2O 
solution. XRD study revealed that the film consisted of α-Fe2O3 and no other crystalline phase 
was observed. The Fe3+ concentration was varied and the samples was characterized for 
electrical, magnetic properties and morphology studies. The coating on the fabric surface was 
found to be uniform and covered the entire fiber surface when the spray volume was 40 ml. The 
Fe3+ content on the fabric increased with the increase in the solution concentration. It was 
noticed that α-Fe2O3 coated on the fabric surface increased the conductivity and magnetic 
property making this may be suitable for Electromagnetic interference (EMI) shielding 
applications (appeared in Mater. Res. Express 2019) 

B. Jagadeesh Chandra, B. Shivamurthy (MIT Manipal) and P. D. Babu 

2.6.13 De-stabilization of charge-order state through in-homogeneity in random 
ionicdistribution in the particles of polycrystalline Eu0.2La0.3Sr0.2Ca0.3MnO3 sample 

In this study the perovskite manganite Eu0.2La0.3Sr0.2Ca0.3MnO3 batch integrated sample is 
studied, with special modification done to introduce localized structural strain without micro-
level (grains) modification. This consequence successfully generates opposite nature of high 
orthorhombic strain along b-axis in these samples, although the general structure is same for 
both with Pnma space group. The sharp magnetic transitions (both Curie temperature and 
charge-order transition) are reported to be mixed in presence of random ionic distribution in its 
structure. The diffused insulator-metal behavior, de-stabilization of magnetic state and phase 
transitions associated with inherent anisotropic strain is discussed and is explained based on 
chemical disorder-induced structural strain in the present system.  

Kalyanshis De (Neotia Institute of Technology, Management and Science, West Bengal), and                     
Sudip Mukherjee 

2.6.14 Charge transport mechanisms and MR behavior studies of 
La0.6Pr0.1Ca0.3MnO3manganite 



243 | P a g e  
 

Structural properties and charge conduction mechanisms in La0.6Pr0.1Ca0.3MnO3 (LPCMO) 
manganite has been studied, synthesized by using solid- state reaction method. Structural studies 
using X-ray diffraction (XRD) measurement at room temperature confirm single phase 
orthorhombic unit cell without any impurity. A methodical investigation of electrical resistivity 
was undertaken, for both, as a function of temperature as well as magnetic field. It is observed 
that LPCMO sample shows metal to insulator transition at TP with a low resistivity upturn 
around 30K. Various models and mechanisms have been studied to verify the charge transport 
properties for low temperature upturn, metallic behavior as well as insulating/ semiconducting 
behavior. Magnetoresistance (MR) behaviors have been theoretical understood on the bases of 
contributions from grain and grain boundaries. 

Nikesh A. Shah (Saurashtra University, Rajkot)and Sudip Mukherjee 

2.6.15 Device characteristics of manganite based heterostructures 

Manganites are interesting functional materials which exhibit tremendous behaviors such as 
colossal magnetoresistance (CMR), colossal electro-resistance (CER), charge ordering (CO), 
spin ordering (SO), orbital ordering (OO), phase separation (PS), etc. All these aspects are 
strongly affected by the external perturbating parameters or operators such as temperature, 
magnetic field, electric field, voltage, current, pressure, light illumination, artificial defect 
through irradiation and implantation, etc. Aim of the alterations in these behaviors through 
above mentioned perturbating parameters is to shape the manganites (i.e. their properties) in 
their form of devices (i.e. heterostructures) for their better practical applications in different 
potential fields. By consider this aim of the study, it was planned to prepare field effect 
configured thin film devices consist of two layers of manganites. In this regard, thin film 
heterostructures, consist of LaMnO3– (LMO) high resistive antiferromagnetic manganite thin 
(50nm) layer (as gate layer) and La0.85A0.15MnO3 (LAMO) manganite thin (100nm) layer (as 
channel layer), were prepared using low cost chemical solution deposition (CSD) technique. X–
ray diffraction was performed using Cu-Kα radiation which confirms the parallel in phase growth 
of the two layers. Slight separation between the peaks of these two layers and SrTiO3 (STO) 
substrates in both the prepared heterostructures suggest presence of structural / lattice strain at 
the interface between the substrate and LAMO layer. Various transport and magneto-transport 
characterizations including I–V (T, H), R–T (H, I, V) and R–H (T, I, V) will be performed on 
these two thin film heterostructures at UGC–DAE CSR, Mumbai. 

Piyush Solanki (Saurashtra University, Rajkot)and Sudip Mukherjee 

2.6.16 Study of the effect of doping and grain size on the Magnetization and dielectric 
properties in RTmO3 (R=rare earth, Tm=Cr/Mn) 

The sample Gd1-xLixMnO3 with orthorhombic perovskite structure was synthesized by 
conventional solid-state reaction method to study the effect of mono valent cation doping on 
magnetic properties of GdMnO3. The x values were 0.05, 0.10 and 0.15. Structural 
characterizations were done by using powder X-ray diffraction (XRD) measurements using Cu-
Kα radiation. Till date, for Gd1-xLixMnO3 sample (with x=0.15 and x=0.10), temperature and 
field variation magnetic measurements were done using Squid and VSM magnetometer, and for 
x=0.05 is under measurement process. Magnetic measurement study on the polycrystalline 
sample Gd0.85Li0.15MnO3 shows some interesting properties such as magnetic phase transition, 
field dependent Griffith phase etc. For sample Gd0.90Li0.10MnO3 same measurements were done 
with different magnetic field and Temperature. Similarly, Gd1-xNaxMnO3 (with x=0.05, 0.10, 
0.15) samples were prepared and characterized in the same way. Dielectric property 
measurement will be done. 

Sudipta Pal (University of Kalyani)and Sudip Mukherjee 
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2.6.17 Investigation of dielectric response around magnetic transition temperatures in the 
charge ordered manganites: In search of Magnetoelectric coupling 

Polycrystalline charge ordered Pr0.5Ca0.5MnO3 (PCMO) system for the doping of Vanadium at 
the Mn site with two different amounts (5% and 10%) have been put under detailed structural 
and magnetic properties study. The magnetic measurements have been done in the magnetic 
field range 0-3T and temperature range 5-300K using the Vibrating Sample Magnetometer 
(VSM). 

Esa Bose (B. P. Poddar Institute of Management and Technology, Kolkata)and Sudip Mukherjee 

2.6.18 Transport and magnetoresistance of La0.7Ca0.3MnO3: BiFeO3 micro: nano 
composites 

La0.7Ca0.3MnO3 (LCMO) micronized matrix was prepared by solid state reaction route whereas a 
BiFeO3 (BFO) nanoparticles were synthesized by sol-gel method. Different content of BFO 
nanoparticles was added into LCMO micronized matrix to prepare their composites. X-ray 
diffraction (XRD) measurement was performed to understand the crystalline phases present in 
these composites. Structural investigation suggests the single-phase nature of the composites. 
Transport and magneto transport properties have been studied by temperature and magnetic field 
dependent resistance of the composites. Resistivity behavior shows that all the composites 
exhibit metal to insulator transition at TP. values of resistivity and TP as highly affected by the 
BFO content of the composites. Since, all three composites with different BFO content (i.e. 0, 
10% and 20%) exhibit low temperature resistivity minimum behavior, various theoretical models 
and mechanisms have been employed to understand the responsible charge conduction across the 
composite lattices. All composites exhibit negative magnetoresistance (MR) which has been 
discussed in detail on the basis of role of high resistive nanoparticles of BFO within the LCMO 
micronized matrix. 

Nikesh A. Shah, Piyush Solanki (Saurashtra University, Rajkot)and Sudip Mukherjee 

2.6.19 Temperature dependent specific heat measurement of Sb2Te3 samples and to 
evaluate the role of defect density on its thermoelectric performance 

Sb2Te3 is a well-known thermoelectric (TE) material. Sb2Te3 samples are particularly interesting 
due to its high TE figure of merit, ZT (= S2T/ρκ), where S, ρ and κ is Seebeck coefficient, 
resistivity and thermal conductivity, respectively with κ=κe+κL, where κe is the electronic 
contribution to κ and κL is lattice thermal conductivity. High ZT (~ 1) owes to its low κL. Several 
factors, e.g., soft bonds, heavy atomic masses, and strong anharmonicity contribute to this low 
κL. κL and Specific heat is related by the equation: κL=1/3 (Cννg

2τ), where Cν is Specific heat, νg 
is Group velocity of phonons and τ is phonon relaxation time. Thermal conductivity (κ) of 
Sb2Te3/graphite nanocomposite system is studied and a huge, around 40% reduction in κL with 
graphite incorporation is reported. The role of graphite in thermal transport mechanism is 
addressed. Raman spectroscopy measurement compliments X-Ray diffraction data and confirms 
the presence of graphite as separate phase in the composite sample. Modeling of experimental 
Specific heat data indicates the role of Einstein oscillator modes towards explaining the low κL 
observed in Sb2Te3 based system. Graphite introduces effective scattering sources, i.e., defects 
of different dimensionalities in the synthesized nanocomposite sample: 0D point sources scatter 
high frequency phonons, 1D dislocations target mid frequency phonons, 2D heterointerfaces 
effectively scatter low frequency phonons. Dislocation density and Phonon anharmonicity of the 
synthesized samples are estimated from in depth analysis of temperature dependent synchrotron 
powder diffraction and Raman spectroscopic data. κL value, as low as 0.8 Wm-1K-1 achieved 
with graphite dispersion in Sb2Te3 based composite system makes the present study important 
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from application perspective and would help in obtaining better thermoelectric material with 
improved performance. 

Aritra Banerjee (University of Calcutta) and Sudip Mukherjee 

2.6.20 DC magnetization studies(1-x)Pb(Fe2/3W1/3)O3-(x)BiFeO3 (x=0.2 and 0.3) 

The DC magnetic susceptibility (χ vs. T) was presented in Fig. 2.6.20 (a and b) measured in the 
temperature range of 300 – 800K at the 500Oe field for PBFW solid solutions.The observed χ 
(T) curves are not like that of typical antiferromagnetic materials. The typical antiferromagnetic 
materials exhibit the magnetic transition peak at the TN in spite of that, PBFW ceramics show a 
continues increasing of magnetization below the transition temperature. Similarly, which can be 
observed in the ferromagnetic, ferrimagnetic or canted antiferromagnetic systems. Especially, Pb 
(Fe2/3W1/3)O3 belongs to the disorderedB site cations in A(B'B'')O3 perovskites and both B' and 
B'' cations are arranged  in 1:1 (Fe3+ and W6+) ordered manner in the B-site of few nanometer 
range. This kind of sub nano region results the ferrimagnetic ordering in the 
antiferromagnetically interacting Fe3+ spins. I. P. Raevski et.al explains theoretically, the 
possible different chemical ordering of the nano regions, in which PFB2 superstructure has close 
energy to the PFB5 ground state. R.O. Kuzian, et al. explains the magnetic properties of the 
PFB2 structure in which Fe ion has 2 inequivalent positions Fe1 (up spin) at center and Fe2 
(down spin) shared in corner sites of the superstructure and other sites are filled with the non-
magnetic W ion. These nano-size PFB2 ferrimagnetic ground state structure interacting with 
superexchange interaction produce the uncompensated moment with the magnetic moment of 
2.5μB/Fe ion, this is well matched with our magnetic moment obtained in the Neutron diffraction 
data. Hence, we conclude that the obtained temperature variation of magnetization is fallowing 
the ferrimagnetic kind of behavior. Due the nonmagnetic B'' cation causes the magnetic dilution 
arising from breaking the infinite long-range antiferromagnetic ordering and forms the nanoscale 
magnetic clusters have more probability to exhibits the ferrimagnetic behavior. One can observe 
the larger magnetic transition temperature TC(as shown by the green arrow marks in Fig.2.6.21 
(a and b) from ferrimagnetic to paramagnetic order around 735 and 720K for x = 0.2 and 0.3 
respectively. Due to the dominance of ferrimagnetic behavior we observed small anomaly of 
antiferromagnetic transition temperature TN (as shown by the block arrow marks at 435K and 
505K for x = 0.2 and 0.3 respectively) in the bulk magnetic measurement.  The field cooled 
curve shows the increasing trend of magnetization also involving canted antiferromagnetic 
behavior and destruction of spiral spin order in the BFO. 
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Fig.2.6.16: Temperature dependence of ZFC and FC magnetic susceptibility curves at H=500 
Oe for (a) x = 0.2 and (b) x = 0.3. Temperature vs inverse susceptibility ZFC curves for (c) x = 
0.2 and (d) x = 0.3 solid solution and red solid line correspond to the Curie-Weiss law fit. 

The measured ZFC and FC curves show the larger difference in the magnetic moments which 
can be attributed to the magnetic irreversibility associated with the magnetocrystalline 
anisotropy of the materials.  The applied magnetic field is larger than the coercive field (HC) 
shown hence, the magnetic moment rises as lowering the temperature below the magnetic 
transition temperature in the ZFC curve hence χFC α 𝐻 (𝑇). 

The inverse magnetic susceptibility varies with temperature as shown in Fig. 2.6.16 (c and d). 
one can observe the region around 740-800K is a paramagnetic region fitted with Curie Weiss 
law as given below obtained the Curie- Weiss constant (C) from which we calculated the Curie –
Wiess temperature (θP) and magnetic frustration (F).  

 

𝜒 = 𝐶
𝑇−𝜃𝑃

… … …(1) 

The negative value of θPindicates the antiferromagnetic nature of the materials and the 
frustration “F” value less than 1 reveals the presence of frustration originating from the 
competitive interaction between the canted antiferromagnetism and ferrimagnetism of the PBFW 
multiferroic material.  

Fig.2.6.17 (a and b) depicts the isothermal magnetization variation with the magnetic field of 
±90kOe at 300, 450 and 600K. The M vs. H hysteresis curve shows the opening of loops only at 
the lower applied field as shown in the inset of Fig. 2.6.17 (a and b) and non-linearity in the 
magnetic moment will be associated with ferrimagnetic spin ordered evolved from the chemical 
ordering. Hence, this ferrimagnetic contribution depends on temperature at lower field only due 
to the complete alignment of ferrimagnetic spins and their motion is forbidden.As in the higher 
applied magnetic field hysteresis loops shows the linear and no saturation kind of behavior 
which is attributed to the Fe3+-O-Fe3+ antiferromagnetic interaction of the samples. The 
measured values of coercive field (HC), saturation magnetization (Ms) and remnant 
magnetization (Mr) listed. In that coercive field remains constant at all temperature is responsible 
for the ferrimagnetic behavior at lower field whereas Ms and Mr slightly reduces as increasing 
the temperature and linear portion at higher field shows the presence of antiferromagnetism in 
both x = 0.2 and 0.3.  
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Fig. 2.6.17: M-H hysteresis curves at a selected temperature for (1-x)Pb(Fe2/3W1/3)O3 – 
(x)BiFeO3 (a) x = 0.2 and (b) x = 0.3 solid solutions and insets show the magnified images of the 
M-H curves. 

 
Shivaraja I, B. Angadi (Bangalore University), and S. Rayaprol, P. D. Babu  

2.6.21 Synthesis and Characterization of Multiferroic Magnetoelectric and 
Magnetodielectric        Composites based on Lead free Ferroelectric and Magneto-
strictive Phase  

In the present work we have synthesized parent dielectric and magneto-strictive materials such 
as Ba0.7Ca0.3TiO3 (BCT), BaZr0.2Ti0.8O3 (BZT) and Co0.9Ni0.1Fe2O4 (CNFO) by hydroxide co-
precipitation method and its composites x(CNFO)-1-x(0.5BCT-0.5BZT) with x=0,0.3,0.4,0.5. 
The XRD patterns reveal formation of perovskite structure with tetragonal and rhombohedral 
phases, with no impurity peaks.  The dielectric spectra of these compounds were measured over 
frequency range of 100Hz to 10MHz over temperatures from room temperature to 250C.  

Significant variations in the dielectric spectral features were found depending upon the 
composition. The spectra reveal presence of relaxations due to the individual magneto-strictive 
and ferroelectric components. These relaxations originate in the polar dynamics and ion hopping 
in the material, as well as the space charge polarization at interfaces. Variations in the relaxation 
spectra suggest that significant changes take place in these dynamical processes based on 
composition. 

The conductivity spectra were also studied for these materials. From the ac conductivity spectra 
𝜎 (𝜔), the dc conductivity was extracted using the Universal Dielectric Response (UDR) model: 

𝜎 (𝜔) = 𝜎 + 𝐴𝑓  
 

where 𝜎 is the dc conductivity, f is the frequency (ω = 2πf), and 𝐴 and s are fitting parameters. 
Further analysis of the temperature dependence of the dc conductivity is in progress. In addition 
to this, the temperature and frequency dependence of the modulus spectra is also being 
analysed.The magnetization versus magnetic field (M-H) behaviour was also measured for 
x[CNFO]-(1-x)[0.5BCT-0.5BZT], x = 0.1, 0.2, 0.3, 0.4, 0.5 and 1 at different temperatures.  

The small values of remanent magnetization and saturation magnetization are observed in the 
composites as compared to the CNFO ferrite, also the smaller values of coercive magnetic field 
is a prominent indication of easy magnetization characteristic of ferromagnetic phase in 
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ferroelectric matrix. The saturation magnetization, magnetic moment, and coercive field of the 
composites increase with increase in CNFO content. In
ferrite concentration indicates that the magnetization becomes harder. This may be due to the 
change in the total magnetocrystalline anisotropy energy due to the ME coupling resulted from 
the disordered arrangement of lattices between the CNFO and BCT
to the distribution of ferrite particles in the composites. The increase in saturation magnetization 
and magnetic moment with increasing CNFO content may be due to the fact that each grain of 
the CNFO contributes in the saturation magnetization as a centre of magnetization and the total 
saturation magnetization is a vector sum of all these individual contributions. Also, it is noted 
that the ferroelectric grains in the ferrite phase act as pores
field and break the magnetic circuit. Increase in CNFO concentration results in decrease in the 
pores and interaction between the CNFO increases with reduction in domain wall. Further 
analysis is in progress. 

Fig. 2.6.18:Frequency dependent dielectric permittivity of x(CNFO)
x=0.3, 0.4 and 0.5 respectively 

Fig.2.6.19:Variation of tangent loss with frequency for x(CNFO)
x=0.3, 0.4 and 0.5 respectively 

ferroelectric matrix. The saturation magnetization, magnetic moment, and coercive field of the 
composites increase with increase in CNFO content. Increase in the Hc value with increase in 
ferrite concentration indicates that the magnetization becomes harder. This may be due to the 
change in the total magnetocrystalline anisotropy energy due to the ME coupling resulted from 

f lattices between the CNFO and BCT-BZT ferrites or may be due 
to the distribution of ferrite particles in the composites. The increase in saturation magnetization 
and magnetic moment with increasing CNFO content may be due to the fact that each grain of 
he CNFO contributes in the saturation magnetization as a centre of magnetization and the total 

saturation magnetization is a vector sum of all these individual contributions. Also, it is noted 
that the ferroelectric grains in the ferrite phase act as pores in the presence of applied magnetic 
field and break the magnetic circuit. Increase in CNFO concentration results in decrease in the 
pores and interaction between the CNFO increases with reduction in domain wall. Further 

Frequency dependent dielectric permittivity of x(CNFO)-(1-x)(0.5BCT

Variation of tangent loss with frequency for x(CNFO)-(1-x)(0.5BCT
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Fig. 2.6.20:Hysteresis curve at different temperature of x(CNFO)
x=0.1, 0.2, 0.3, 0.4, 0.5 and 1 respectively

S.B.Kulkarni (Institute of Science, Mumbai) and S.K.Deshpande 

2.6.22 Determination of Dielectric constant of Polyimide f
Silane (TEOS) and Polyethylene Glycol (PEG)) in Varying concentration

In the microelectronics industry, significant advances have been made in lithographic and related 
technologies. These advances have translated into fabri
However, the extent to which these technologies can be implemented is limited by the dielectric 
constant of the insulating medium used in the devices. The signal propagation speed along a wire 
in a chip is inversely proportional to the square root of the dielectric constant of the surrounding 
insulator. Therefore, a decrease in the dielectric constant will result in faster propagation speeds. 
The dimensions of a device are also affected by the insulator dielectric const
a relatively large dielectric constant will cause more noise to be heard between adjacent wires 
phenomena referred to as "cross
reduces the amount of “cross-talk”, and thu
smaller dimensions allow for shorter wire lengths, which directly translates into a faster cycle 
time for a device. Therefore, a decrease in the dielectric constant of the insulating medium both 
increases the overall speed of a device, as well as decreasing its dimensions. 
approach to lower dielectric constants has been to switch from using 
(dielectric constant of 4.5 - 11) to or
polymer of choice (dielectric constant of 3.2 
usually have inferior mechanical properties, such 
lower thermal conductivities, compared to their in
have been todevelop polyimides with even lower dielectric constant 
of the polymer chain. Typically, Fluorinated substituen
associated with these newer polyimides is that they tend to have lower thermal stability than the 
classical ones.  

Our work has involved developing 
without sacrificing the mechanical thermal and water sorption properties of th
polyimide insulating layers for a microelectronic device
structures in the polyimide films. 

Due to the porosity, a significant amount of the film will be filled with 
constant of air is close to 1, the film will have a substantially reduced dielectric constant.
foam structure will have a smaller overall thermal expansion coefficient than its solid 

Hysteresis curve at different temperature of x(CNFO)-(1-x)(0.5BCT
x=0.1, 0.2, 0.3, 0.4, 0.5 and 1 respectively 

S.B.Kulkarni (Institute of Science, Mumbai) and S.K.Deshpande 

Determination of Dielectric constant of Polyimide films with Modifiers (Tetraethoxy 
Silane (TEOS) and Polyethylene Glycol (PEG)) in Varying concentration

In the microelectronics industry, significant advances have been made in lithographic and related 
technologies. These advances have translated into fabrication of smaller and faster devices. 
However, the extent to which these technologies can be implemented is limited by the dielectric 
constant of the insulating medium used in the devices. The signal propagation speed along a wire 

oportional to the square root of the dielectric constant of the surrounding 
insulator. Therefore, a decrease in the dielectric constant will result in faster propagation speeds. 
The dimensions of a device are also affected by the insulator dielectric constant. A material with 

e dielectric constant will cause more noise to be heard between adjacent wires 
phenomena referred to as "cross-talk". A lower dielectric constant in the insulating medium 

talk”, and thus allows the wires to be place closer together. These 
smaller dimensions allow for shorter wire lengths, which directly translates into a faster cycle 
time for a device. Therefore, a decrease in the dielectric constant of the insulating medium both 

es the overall speed of a device, as well as decreasing its dimensions. 
approach to lower dielectric constants has been to switch from using inorganic type insulators 

11) to organic type insulators, with polyimides 
ielectric constant of 3.2 - 4.0). However, polyimides suffer in that they 

y have inferior mechanical properties, such aslarger thermal expansion coefficie
vities, compared to their inorganic counterparts. More specific efforts 

develop polyimides with even lower dielectric constant by breaking up the linearity 
of the polymer chain. Typically, Fluorinated substituents are used. The problem usually 

polyimides is that they tend to have lower thermal stability than the 

Our work has involved developing a technique that will both reduce the dielectric 
without sacrificing the mechanical thermal and water sorption properties of th
polyimide insulating layers for a microelectronic device. Our approach is to make porous 
structures in the polyimide films.  

Due to the porosity, a significant amount of the film will be filled with air.Since the dielectric 
ose to 1, the film will have a substantially reduced dielectric constant.

foam structure will have a smaller overall thermal expansion coefficient than its solid 

249 | P a g e  

 

x)(0.5BCT-0.5BZT) where 

S.B.Kulkarni (Institute of Science, Mumbai) and S.K.Deshpande  
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counterpart because of less material present, and it will also be able toreduce the surface stress 
felt by the substrate, and thus cause fewer interface failures. 

The dielectric measurements were performed on the below mentioned 7 samples. The samples 
were prepared by blending Polyimide precursor PAA (Polyamic acid) with two different 
modifiers namely Tetraethoxy Silane (TEOS) and Polyethylene Glycol (PEG) in various 
concentrations.The prepared blend samples after hand casting on glass plate (ASTM D823) were 
subjected to subsequent curing profile of 70oC 2hrs, 100oC 2hrs ,150oC 2hrs, 200oC 2hrs,250oC 
2hrs and 300oC 2hrs. They are designated as Neat PI (no modifier), PI-TEOS (1), PI-TEOS (5), 
PI-TEOS (10), PI-PEG (1) PI-PEG (5), and PI-PEG (10) the no. in parenthesis represents the 
respective modifier concentration. The study was done on the samples with thickness determined 
by indigenous optical interferometer mentioned in the Table 2.6.1. 

Table 2.6.1 

S. No Sample designation Thickness 

1 Neat PI 
 

50µm 

2 PI-TEOS (1) 100 µm 
3 PI-TEOS (1) 103 µm 
4 PI-TEOS (1) 100 µm 
5 PI-PEG(1) 50µm 
6 PI-PEG(5) 73 µm 
7 PI-PEG(10) 60µm 

The dielectric constant of neat solid polyimide is reported to be 3.2 for 350oC 2hr Cured films, 
but we obtained a higher value around 6.5 possibly due to residual solvent in the film. The other 
possibility is that there is a significant amount of water adsorbed.The value for the dielectric 
constant was determined to be 1.17 for PI-PEG (1) and for dielectric loss was 0.002 (at 1 kHz) as 
shown in Table 1. This result indicates that the presence of the PEG in polyimide matrix s 
significantly reduces the dielectric constant of the film. As a rough approximation, a dielectric 
constant can be estimated assuming a linear relationship between a system with 100% air and 
one with 100% polymer. On this basis, a micro porous film with 68% porosity should have a 
dielectric constant of 1.69. More accurate models would predict an even lower value. 

Table 2.6.2 

Frequency PI-TEOS 
(1) 

PI-TEOS 
(5) 

PI-TEOS 
(10) 

PI-
PEG(1) 

PI-
PEG(5) 

PI-
PEG(10) 

5Mhz 2.17 2.66 2.13 1.20 2.49 1.28 

1Mhz 2.09 2.57 2.06 1.15 2.38 1.24 

100KHz 2.11 2.60 2.08 1.16 2.40 1.26 

10 KHz 2.12 2.62 2.10 1.16 2.41 1.27 

1 KHz 2.13 2.63 2.12 1.17 2.42 1.29 

100Hz 2.14 2.64 2.13 1.17 2.45 1.32 

The observed values for the rest of the samples are lower than the values of Neat polyimide 
imply the higher packing of the polymeric chains in matrix. PEG modifier in 1% and 10% 
concentration showing the lowest values i.e. 1.17 and 1.29 respectively obtained compared to 
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other samples at the same frequency. This may be attributed to the fact that decomposition of 
PEG is possibly starts at 2500C to 300oC leaving the micro porous structures in the matrix. It is 
assumed that TEOS modifier require higher temperature say 350oC and above for conversion of 
TEOS to silica.The accurate thickness measurements also play a crucial and prominent effect on 
determination of dielectric constant and loss factor (Tan delta) hence it is very much required to 
prepare the samples with accurate thickness for further studies and also the determination of 
dielectric constant of the samples at different stages of their curing profiles. This task will be 
undertaken subsequently.  

Deepali Srivastav (Pillai college of Engineering, Panvel, Navi Mumbai) S.K.Deshpande 

2.6.23 Effect on morphology of assembled nanostructure owing to change in electro-
kinetic potential of nano suspension during evaporation induced assembly 

The correlation of assembled nano-structure depends on many physicochemical parameters, like 
volume fraction, size and shape of colloids, rate of drying, colloidal interaction etc. Among such 
parameters, the electro-kinetic potential of a colloidal suspension may have an important role to 
play to tune their correlation during solvent evaporation and may have direct impact on the 
morphological transition of the assembled nano-structure. It is worth to investigate the effect of 
the integrity of the colloids in randomly jammed structure owing to its final morphology. In this 
regard, colloidal suspensions at different pH have been prepared. The effect of pH on the size of 
the colloids (Fig. 2.6.25 a) has been monitored using dynamic light scattering data. The stability 
of the colloids has also been monitored by measuring the zeta potential (Fig. 2.6.25b).  

The colloidal suspensions at different pH have been allowed to spray drying resulting into 
random jamming of the colloids due to evaporation induced assembly. The morphological 
transition from spherical to doughnut shape of the assembled micro-granules has been observed 
(Fig. 2.6.25(c) & (d)) at higher (due to isotropic jamming) to lower pH (due to anisotropic 
jamming/shell formation) value. 

Fig. 2.6.21: (a) The graphs show the estimated size distribution of colloids and (b) the variation 
of zeta potential and conductivity of colloids at different pH. (c) and (d) depict the scanning 
electron micrographs of spray-dried microgranules at pH 9 and pH 3, respectively. 

Avik Das, Debasis Sen (SSPD, BARC) and Goutam Ghosh 
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2.7 Collaborative Research using in-house facilities at Kalpakkam Node 

1. Optimising the process of oxidation in graphene oxide and studies in 
corrsive atmosphere 

 
Graphene oxide was synthesised using modified Hummers method with various power of 
oxidation level and oxidation period. Eencompassing the process optimization of oxidizing 
agent’s weight and oxidation period for the synthesis of tailored graphene oxides was also 
done. The generations of different functional group on GO at various oxidation level and 
their effect on structural analysis and chemical analysis was evaluated. The HR-TEM 
study shows the folding in GO sheet and some thick and non-transparent region due to 
more number of stacked sheet with oxygen functionality. FE-SEM results are 
corroborating with HR-TEM studies. 4.5 g of KMnO4 oxidation level is proven to be the 
optimized oxidation level. Moreover, 4 h of oxidative reaction is found to be sufficient to 
generate all the oxygen functionalities on GO. Raman scattering results are validating the 
findings of FTIR studies. The UV-Visible analysis of completely oxidized GO and the GO 
oxidized with 4.5 g power(weight) of oxidation level were compared. Both show almost 
the same absorption peak at 318 nm for n-π* indicating the generation of carbonyl 
functionality on GO. A better thermal stability possessed by fully oxidized GO-9 and 
optimized GO-7 were confirmed from the TGA investigation. GO-7 has shown good 
dispersibility in polar solvents such as Methanol, Ethanol, DMF, Acetone, Ethylene glycol 
and Water which can be used in future application in various fields 
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Prof Debasis Behera, Manipal University, Jaipur and Shamima Hussain,  
 

2. Investigations on Rare earth metal doped metal molybdate nanocomposites 
prepared by microwave assisted combustion method for catalytic and Energy 
storage applications,   
 

  Orthorhombic nanostructured bismuth molybdate (Bi2MoO6) were effectively 
prepared by microwave assisted combustion method, a prompt synthetic method for nano 
metal oxide preparation, which notably reduces the time of reaction.This method can 
suppress the by-products during synthesis. These are valuable for nanostructured 
materials growth which depends on the reaction condition. These advantages could be 
endorsed to prompt homogeneous nucleation and easy dissolution of the gel.  Bismuth 
nitrate pentahydrate, Sodium molybdate dehydrate and Urea were dissolved together in 
50 mL of DD water by stirring at room temperature. Later the mixture solution was 
shifted separately into a domestic microwave oven (IFB-20PG3S) with microwave 
vitality in a 2.45 GHz multimode cavity at 1000 W for 10 minutes. Consequently, within 
this time the solution reaches the spontaneous combustion, vaporizes and solidifies 
instantly. After the reaction, the precipitate was isolated and washed numerous times 
with DD water and ethanol, followed by an overnight drying process in an oven at 70 °C. 
The as-prepared sample underwent different analytical techniques. The XRD pattern 
exposed orthorhombic koechlinite Bi2MoO6 system with an average crystallite size of 
28.9 nm. SEM pictures were delineates nanoplates morphology and the presence of 
appropriate components was in EDS. FT-IR spectrum were utilized for the recognition of 
structural coordination. XRD, EDS and FT-IR authenticate the prepared Bi2MoO6 is 
impurity free sample.The sample resistance (Rs) due to its static charge carrier is 
measured to be 0.60Ω at lower frequency. Charge-transfer resistance (Rct) is measured 
within the region of semicircle in the frequency region and found to be 0.05Ω. The 
electrochemical performance was studied and exhibited the faradaic pseudocapacitive 
profile.The capacitance retention almost remains constant up to 900 cycles (98.7%) and 
behaves little drop to 92.3% after 1500 cycles. It might be because of the better contact 
between the sample and electrolyte. The as-synthesized dynamic material acts as a novel 
electrode material for supercapacitor.  
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Fig.1. (a) powder XRD plots of Bi2MoO6 nanoparticles with JCPDS number, (b) CV 

measurements of prepared sample at a scanning rate of 5 - 75 mV s-1 in 3M KOH electrolyte and  
(c) Cycling performance of the Bi2MoO6 nanoplates at 3 A g-1 and (d) EIS Nyquist plots of 

active Bi2MoO6. 
  

Higher Critical Current Density in Lithium Garnets at Room Temperature by 
Incorporation of Li4SiO4 Related Glassy Phase and Hot Isostatic Press 

 
Inorganic solid electrolytes have received a revered position in modern battery technology. 
Garnet structured inorganic fast lithium-ion conductor is an exceptional solid electrolyte 
candidate due to its numerous advantages. However, on repeated cycling at high current 
densities, the growth of lithium dendrite through grain boundaries has turned to be a major 
impediment towards the application of metallic lithium as an anode. This work shows 
theapplication of hot isostatic press (HIP) treatment on Li4SiO4 (LS) added lithium garnet 
solid electrolyte Li6.16Al0.28Zr2La3O12 (LLZA), results into the dense microstructure of the 
electrolyte along with LS related glassy phase formation at the grain boundaries. This 
approach is substantiated to enhance the electrochemical performance of 
Li|LLZA+LS(H)|Li symmetric cell at room temperature by improving interfacial contact, 
effectively suppressing lithium dendrite penetration and attainment of higher critical 
current density (CCD) of 0.35 mA/cm2. The cycling performance achieved here represent 
a significant advancement towards demonstrating plating/stripping rates in lithium garnet 
with relevant to practical applications. 

Fig. (a) Electrochemical impedance spectrum of Li|LLZA+LS(H)|Li symmetric cell. (b) 
Galvanostatic lithium stripping-plating for Li|LLZA+LS(H)|Li symmetric cell. (c-e) 
Magnified voltage versus time profile showing highly stabilized voltage patterns of (b) at 
0.06, 0.12 and 0.35 mA/cm2. (f) Electrochemical impedance plots after cycling at 0.06, 
0.12 and 0.35 mA/cm2measured at 25 °C. 
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Srabani Patra, Janani Narayanasamy, Ramaswamy Murugan (Pondycherry University) 
& Sujay Chakravarty (CSR Kalpakkam Node) 

 

3. Chemical pressure induced substantial negative exchange bias on zero field cooled 
nanocrystalline LaFeO3 

 

We report a distinctly different zero feld cooled negative exchange bias(EB) effect in Ni 
doped LaFeO3 nanoparticle where the EB field is both temperature and concentration 
dependent. Nanoparticles of Ni substituted LaFeO3 is prepared by a sol-gel process. The 
broadening of diffraction peaks with Ni is due to the combined effect of octahedral 
distortion and reduction in particle size while ruling out any structural phase change. A 
substantial EB is acquired below spin reorientation effects. Present study also aimed to 
explore the spin and oxidation state of Fe vis a transitions which further reduces with 
higher chemical pressure of Ni. EB field is found to be ~5.71 kOe at 5 K, revealing a large 
value compared to similar zero field cooled EB systems. A simple model is proposed 
based on tunable shell-core magnetic phases to explain these unique EB vis magnetic 
ordering in LaFeO3 together with consequence of Ni doping. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.M vs H at (a) 300 K and (b) 5 K showing exchange bias effect. The respective exchange bias 
field and coercive field w.r.t doping concentrations at (c) 300 K and (d) 5 K. 
 
T Lakshmana Rao, M. K. Pradhan, S. Dash (NIT Rourkela) & Sujay Chakravarty  
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3.  In-house Research activities 

3.1 Research activities at Indore Centre  
 
3.1.1 Structural and transport studies of Antimony crystal.  
Structural and transport characterization of the Antimony crystal has been carried out. The 
grown crystal is cleaved and characterised by XRD, HRXRD and FESEM measurements. Our 
crystal is in single phase with preferred orientation along (003) direction and has small angle 
grain boundaries. A non-saturating MR of 43000% and 70% is observed at 2K and 300K 
respectively at 9T. The observed room temperature MR attains one of the largest value among 
the XMR family. The Hall measurements reveal a strong temperature dependence of carrier 
concentration and carrier mobility. The detailed magnetotransport analysis confirms the classical 
origin of Linear magnetoresistance (LMR) in our Sb crystal. Following figures reveal (a) XRD 
pattern of the cleaved crystal with W-H plot in the inset, (b) magnetoresistance at various 
temperatures (c) carrier concentration and mobility as a function of temperature. 
 
 

 
 
 
 

 
Mukesh Kumar Dasuandhi, Indu Rajput, Devendra Kumar and Archana Lakhani 

 

 
3.1.2 Scaling Analysis of Anomalous Hall Resistivity in the Co2TiAl Heusler Alloy 

 
A detailed magneto-transport and magnetization study on the Heusler alloy Co2TiAl is carried 
out. Longitudinal resistivity, isothermal magnetoresistance (MR) and Hall resistivity (ρxy) have 
been measured in the temperature range of 2-300K and upto 9T and magnetization 
measurements are performed in 16T PPMS. Temperature dependent ρxx in the presence of fixed 
magnetic fields shows a T2 dependence and magnetoresistance decreases with increase in 
magnetic field below the Curie temperature suggesting the electron-magnon scattering. Hall 
resistivity isotherms clearly demonstrate the Anomalous Hall Effect (AHE) below the Curie 
temperature (TC ), and ordinary hall effect above TC . The anomalous hall resistivity (AHR) 
scales with the longitudinal resistivity (ρx) which reveals that skew scattering and side-jump 
contribute to anomalous hall resistivity and skew scattering is the dominant scattering 
mechanism. Following figures show (a) Resistivity showing TC at 125K, (b) Magnetoiresistance 
and (c) Hall resistivity at various temperatures.  
 

 
 
 
 
 
 
 
 
 
 

 
Rudra Prasad Jena, Devendra Kumar and Archana Lakhani 
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3.1.3  Synthesis, Structural Characterization and Transport studies of BiSbTe3 Topological 
Insulator Single Crystal 
 
In Bi2Te3, the Fermi level (EF) is situated in the bulk conduction band due to electrons being  
bulk carriers from Te vacancies; while in Sb2Te3, Fermi level lies in the bulk valance band due 
to hole being bulk carriers from Sb-Te antisite defects. The ratio of bismuth (Bi) to antimony 
(Sb) can shift the Fermi level (EF) from bulk conduction band to bulk valance band by adjusting 
the composition of these compounds, which can provide an opportunity to realize ideal 
topological insulator with insulating bulk. In BiSbTe3 the Fermi level lies in the bulk gap which 
is ideal for probing topological surface states using transport measurements. We have grown 
good quality single crystals of BiSbTe3 using modified Bridgman method. The X-ray diffraction 
analysis, SEM and EDX confirms the single crystal formation, phase purity and stoichiometric 
atomic ratio of the prepared crystal. The resistivity, magnetoresistance and Hall measurements 
are performed and data is analysed. Magneto conductance reveals the 2D WAL effect.  
Following figures show (a) the X-ray diffraction pattern confirming c-axis  orientation of 
BiSbTe3 single crystal, (b) -2 from HR-XRD (c) temperature dependent resistivity and (d) 
magnetoconductance and HLN fit.  
 
 
 

 
 
 
 
 
 
 
 
Indu Rajput, Archana Lakhani 

 
 
3.1.4 Structural and Magnetotransport studies of SnTe Crystalline Topological Insulator 
Tin Telluride (SnTe) is a crystalline topological insulator where topological properties are 
protected by mirror symmetry rather than time reversal symmetry. The grown single crystal is 
structurally  characterized using XRD, HRXRD, SEM and EDX. XRD pattern shows the 
orientation of crystal along (200) direction as shown in figure (a) and rocking curve (given in 
inset of fig.1(a)) shows a single peak confirming good quality of the flake. Temperature 
dependent resistivity measurement in the absence of magnetic field shows a metallic behaviour 
up to 2K. Isothermal magneto resistance (MR) shown in figure (b), reveals linear MR of ~42%. 
According to PL model linear magneto resistance (LMR) occurs due spatial inhomegenties and 
is proportional to the mobility.  The same type of linear dependence is found in our sample as 
shown in figure (c). Thus, in SnTe mobility fluctuation plays a vital role for observing LMR. 
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(a)  

(b) 

 
(c) 

Figure  (a) XRD of cleaved crystal showing (200) family of planes. Inset: Rocking curve of 
(200) plane. (b)  Magnetoresistance at various temperatures. (c) MR% Vs mobility and straight 
line shows a linear fit. 
     Sonali Baral, Devendra Kumar andArchana Lakhani 
 
3.15A-phase, field-induced tricritical point, and universal magnetocaloric scaling in EuPtSi 
Precise heat capacity C(T,H) and electrical resistivity ρ(T,H) down to 0.1 K and magnetic fields 
up to 10 T on EuPtSi is presented in detail. A detailed (H−T) phase diagram constructed, based 
on the C(H) and ρ(H) data, shows the presence of the A phase in EuPtSi, below a paramagnet-to-
antiferromagnet/helimagnet transition TN ∼ 4.1 K. A clear entropy minimum across the A phase 
confirms the thermodynamic stability of the phase. Universal scaling performed using the 
change in magnetic entropy curves evidences the first-order transition below TN for magnetic 
fields lower than H< 2.75 T. The scaling analysis further suggests a field-induced second-order 
transition from paramagnet to a field-polarized state above H> 3 T, indicating a possible 
tricritical point at the boundary between a first-order and the field-induced second-order phase 
transition at HTCP∼2.75 T and TTCP∼3.2 K. The critical exponents β∼0.5 ± 0.05, γ∼ 0.97 ± 0.04, 
and δ ∼ 3.23 ± 0.14 suggest that the EuPtSi belongs to a mean-field universality class, different 
from MnSi, which belongs to the universality class of the tricritical mean-field model. 

 
Fig. C(T) as a function of T down to 0.1 K on the semi-log scale for different field up to 10 T 
and H–T phase diagram constructed using C(H) and ρ(H). Red dashed circle marks the tri-
critical point. 

Ashish Kumar Mishra and V. Ganesan,Phys. Rev. B 100, 125113 (2019) 
 
3.1.6 Survival of Topological Surface States in Cobalt Doped Sb2Te3 
Sb2-xCoxTe3 (x = 0,0.05,0.3) nanostructures have been synthesized using microwave-assisted 
solvothermal synthesis technique. The x = 0 and x = 0.05 samples show a semiconducting like 
resistivity with an upturn in the low temperature (T<20 K) region and a gradual drop at the high 
temperature region. A metal-like resistivity at high temperature along with an upturn at low 
temperature is observed as the concentration of cobalt is increased to x = 0.3. Resistivity upturn 
of the samples is evaluated as the competition between electron-electron interaction (EEI) effect 
and quantum interference effect (QIE). Magnetoresistance (MR) of the x = 0 and x = 0.05 
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samples at the very low magnetic field and at low temperatures show disorder-induced weak 
localization (WL) which disappears at high temperature, whereas x = 0.3 sample shows only 
weak anti-localization (WAL). The high field MR of x = 0 and 0.3 samples exhibits power law 
dependency at 2 K. High field MR reveal the existence of the surface state as well as bulk state 
conduction in the materials. Thermoelectric power measurement of the nanostructures exhibits 
positive Seebeck coefficients denoting p-type carriers which vary quasilinearly with temperature 
and decrease with the incorporation of cobalt in the systems. An enhancement in power factor of   
47% is observed near room temperature when the concentration of cobalt is increased from x = 0 
to x = 0.3. 

 
] 
XRD pattern of the materials. Inset shows the shift of the main peak with doping concentration. 
b. black and blue curves show the resistivity of and Sb2Te3 and Sb1.95Co0.05Te3 , respectively. c. 
Resistivity of Sb1.7Co0.3Te3 

Sumit Bera, , Prakash Behera, A. K. Mishra, M. Krishnan, M. M. Patidar, R. Venkatesh, and V. 
Ganesan. Journal of Superconductivity and Novel Magnetism (2019): 1-7. 

3.1.7 Enhancement of The Upper Critical Field  in Nb2Pd(S0.9Te0.1)5 Superconducting 
Fibers 
The superconducting fibers of Nb2Pd(S0.9Te0.1)5 has been successfully synthesized via 
solid state route in a glove box furnace with an inert argon atmosphere. Due to high 
vapor pressure of S/Te, the elemental mixture has been taken in a ratio of 2:1:6, so that 
the loss has been compensate during heat treatment. The resultant sample consists of 
solid chunks along with mesh of fibers which are thin long rod shapes having length in 
several millimeters with cross-sectional area around 5x3 μm2 as shown in fig. (1).The 
normal state of this new superconductor changes drastically after Te doping, in high 
temperature region (T>125K) it follows the power law whereas, its parent analog 
(Nb2PdS5) shows metallicity i.e. linear behavior . Apart from this as we lower the 
temperature a broad peak appears around T* ≈ 62K, followed by a dip at T’ ≈ 23K 
which finally results into the superconducting transition at Tconset ≈ 6.7K..The upper 
critical field value Hc2(0) ≈ 52T, enhances in these superconducting fibers compared to 
its parent analog (Nb2PdS5) which is shown in fig. (2), and it can be fruitful for future 
applications. 

 
 
 
 
 
Fig. 1:FESEM 
image of the as 
  
grown fibers which 
are in rod shapes. 

 

Fig. 2: Variation of upper critical field Hc2 vs temperature (T) curve 
of Nb2Pd(S0.9Te0.1)5, Inset shows the parent (Nb2PdS5) data  
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Vinay Kaushik, D. Venkateshwarlu, R. Venkatesh and V. Ganesan 
 

3.18 Transport properties of a modified CDW insulator - Cox:TiSe2 
Polycrystalline samples of Cox:TiSe2 have been prepared by solid state reaction and 
characterized by X-ray diffraction, SEM/EDX and XPS. Resistivity data indicate systematic 
changes upon the addition of cobalt with broad peaks due to Charge Density Wave (CDW) 
transitions. Clear features seen in thermoelectric power indicate the presence of CDW state in all 
the samples and are in line with the electrical transport data. Analysis based on a two band 
model for thermoelectric power could explain the results well. Addition of 1% Co in TiSe2 
results in an enhancement of Weak Anti Localization (WAL) effect and supported by Hikami-
Larkin-Nagaoka fit. Classical quadratic dependence along with an embedded weak localization 
(WL) feature at low fields is observed for 6% Co in TiSe2 that could be explained using a 
Khosla-Fischer fit due its close proximity for a magnetic transition. 
 
 
 
 
 
 

FESEM images of Cox-TiSe2 microflakes    
 

Prakash Behera, Sumit Bera, M. M. Patidar, A. K. Mishra, M. Krishnan, R. Venkatesh, 
U.P.Deshpande, M. Gangrade and V. Ganesan 

 
3.1.9Correlation between magnetic ordering and Crossover from Weak Anti-localization 
(WAL) to Weak Localization (WL) in Cobalt and Manganese doped Bi0.94Sb0.06 topological 
insulator nanoparticles 
The discovery of magnetically doped topological insulators (TIs) provides a strong platform for 
investigating the correlation between long range ferromagnetic/antiferromagnetic (FM/AFM) 
ordering and low temperature electron interference phenomena like Weak Anti Localization 
(WAL) or Weak Localization (WL). One such TI material Bi1−xSbx, which has recently been 
realised as a potential topological material for spintronics, has been studied in the present work. 
Influence of magnetic doping such as cobalt (Co) and manganese (Mn) in structural, 
morphological and magneto transport properties on Bi0.94Sb0.06nanoparticles has been 
investigated. The focus was on studying the correlation between magnetic ordering and 
WAL/WL. In undoped sample for temperatures up to 5K, field dependent magneto resistance 
(MR) shows a prominent WAL dip around zero field demonstrating the presence of surface 
states. In both the Co and Mn doped samples, the WAL feature is destroyed indicating the 
absence of time reversal symmetry (TRS) in the system on doping. Interestingly, in the case of 
49% manganese (Mn) doping, a clear crossover from WAL to WL has been observed in the MR 
alongside magnetic ordering and is evident from Magnetic Force Microscopy as well.  

HLN fits to excess conductivity vs 
B for  Cox-TiSe2 



 

Afzal, Sumit Bera, A.K. Mishra, M. Krishnan, Manju Mishra Patidar, R. Venkatesh and V. 
GanesanJournal of 

 
3.1.10Facile and Fast, Microwave Assisted Solvothermal Synthesis of Sb
Nanostructures for Thermoelectric Applications
Sb2Se3 nanostructures has been prepared by fast and facile microwave assisted solvotherm
process by two routes with different solvents such as Oleylamine and 1
were named as S1 and S3  respectively. Structural properties of S1 shows an orthorhombic 
polycrystalline nature while highly (211) oriented structures has been o
(diameter) of the as prepared S1 sample of the nanorods were found to be as ~ 600nm (~ 50nm). 
Interestingly, morphology of S3 showed polypod (spider) kind of shape as similar to 
commercially available Field Effect transistor (FET)
nanorods as 1-3 μm and diameter as ~150 nm. Temperature dependent resistance measurements 
indicates thermal activation behavior with activation energy ~ 4.4 meV at high temperature and 
3D VRH mechanism in the moderate temperature. Temperature dependent thermopower shows a 
value of S = 21.08 μV/K and with the obtained electrical coductivity (σ =124.50 Sm
thermoelectric power factor was calculated to be (P.F.) = 0.06 μW/ mK
temperature. 

Sushil Kumar, Sumit Bera, Vinay Kaushik, Satyendra Singh, M. Krishnan, Mohan Gangrade, D. 

3.1.11 Preparation of single crystals of Er doped Yb

The polycrystalline samples were prepared by solid
of Yb2O3, Er2O3 and TiO2 were mixed thoroughly for several hours and pressed into rods and 
sintered. The phase purity of polycrystalline samples were verified using powder X
diffraction technique.   Single crystals were prepared successfu
japan made image furnace using floating zone technique in UGC DAE CSR Indore centre after 
optimizing the various growth parameters. Laue X
using tungsten x-ray tube indicates the forma
these systems are well known frustrated magnetic systems that depict various quantum phase 

Afzal, Sumit Bera, A.K. Mishra, M. Krishnan, Manju Mishra Patidar, R. Venkatesh and V. 
Journal of Superconductivity and Novel Magnetism

Facile and Fast, Microwave Assisted Solvothermal Synthesis of Sb2Se
Nanostructures for Thermoelectric Applications 

nanostructures has been prepared by fast and facile microwave assisted solvotherm
process by two routes with different solvents such as Oleylamine and 1-5 pentane diol which 
were named as S1 and S3  respectively. Structural properties of S1 shows an orthorhombic 
polycrystalline nature while highly (211) oriented structures has been observed in S3. The length 
(diameter) of the as prepared S1 sample of the nanorods were found to be as ~ 600nm (~ 50nm). 
Interestingly, morphology of S3 showed polypod (spider) kind of shape as similar to 
commercially available Field Effect transistor (FET) and transistor devices with length (legs) of 

3 μm and diameter as ~150 nm. Temperature dependent resistance measurements 
indicates thermal activation behavior with activation energy ~ 4.4 meV at high temperature and 

oderate temperature. Temperature dependent thermopower shows a 
value of S = 21.08 μV/K and with the obtained electrical coductivity (σ =124.50 Sm
thermoelectric power factor was calculated to be (P.F.) = 0.06 μW/ mK2 around the room 

Sushil Kumar, Sumit Bera, Vinay Kaushik, Satyendra Singh, M. Krishnan, Mohan Gangrade, D. 
Kumarand R.Venkatesh

Preparation of single crystals of Er doped Yb2Ti2O7 pyrochlores  

The polycrystalline samples were prepared by solid-state reaction. The stoichiom
were mixed thoroughly for several hours and pressed into rods and 

sintered. The phase purity of polycrystalline samples were verified using powder X
diffraction technique.   Single crystals were prepared successfully by using  Quantum design 
japan made image furnace using floating zone technique in UGC DAE CSR Indore centre after 
optimizing the various growth parameters. Laue X-ray pattern taken in Proto Laue COS system 

ray tube indicates the formation of single crystals. It is pertinent to note that 
these systems are well known frustrated magnetic systems that depict various quantum phase 
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Afzal, Sumit Bera, A.K. Mishra, M. Krishnan, Manju Mishra Patidar, R. Venkatesh and V. 

Superconductivity and Novel Magnetism (2020): 1-8. 

Se3 

nanostructures has been prepared by fast and facile microwave assisted solvothermal 
5 pentane diol which 

were named as S1 and S3  respectively. Structural properties of S1 shows an orthorhombic 
bserved in S3. The length 

(diameter) of the as prepared S1 sample of the nanorods were found to be as ~ 600nm (~ 50nm). 
Interestingly, morphology of S3 showed polypod (spider) kind of shape as similar to 

and transistor devices with length (legs) of 
3 μm and diameter as ~150 nm. Temperature dependent resistance measurements 

indicates thermal activation behavior with activation energy ~ 4.4 meV at high temperature and 
oderate temperature. Temperature dependent thermopower shows a 

value of S = 21.08 μV/K and with the obtained electrical coductivity (σ =124.50 Sm-1), the 
around the room 

 
Sushil Kumar, Sumit Bera, Vinay Kaushik, Satyendra Singh, M. Krishnan, Mohan Gangrade, D. 

Kumarand R.Venkatesh 

state reaction. The stoichiometric powders 
were mixed thoroughly for several hours and pressed into rods and 

sintered. The phase purity of polycrystalline samples were verified using powder X-ray 
lly by using  Quantum design 

japan made image furnace using floating zone technique in UGC DAE CSR Indore centre after 
ray pattern taken in Proto Laue COS system 

tion of single crystals. It is pertinent to note that 
these systems are well known frustrated magnetic systems that depict various quantum phase 



 

transitions including spin liquid. Investigations down to mK temperatures are being analyzed to 
unravel these fascinating aspects of QPT. *Work carried out while in service. VG acknowledges 
Dr. Manju Mishra Patidar for her contributions in setting up and optimization of the single 
crystal furnace and Dr. R. Venkatesh for his support. 

 

M. Krishnan, P. Saravanan,

3.1.12 Observation of multichannel quantum coherent transport and electron
interaction in Bi2Te3 single crystal:

The transport in topological insulators is complex due to multiple contributions within t
as well as surface states. The large defect induced conduction in the bulk usually dominates the 
overall transport, and hides the signature of the other conduction mechanisms. Here we 
investigate the bulk conduction in a Bi
Our results uncover the presence of three transport regimes which are dominated by thermal 
activation across bulk band gap, defect state charge conduction, and quantum coherent transport. 
The low temperature conductance and ma
two dimensional quantum coherent transport in the bulk. These transport channels exhibit two 
dimensional electron-electron interaction effect causing electron dephasing whereas the defect 
state bulk conduction exhibits three dimensional electron

transitions including spin liquid. Investigations down to mK temperatures are being analyzed to 
ascinating aspects of QPT. *Work carried out while in service. VG acknowledges 

Dr. Manju Mishra Patidar for her contributions in setting up and optimization of the single 
crystal furnace and Dr. R. Venkatesh for his support.  

M. Krishnan, P. Saravanan, Dr. Indranil Bhaumik (RRCAT, Indore) and V.Ganesan

Observation of multichannel quantum coherent transport and electron
single crystal: 

The transport in topological insulators is complex due to multiple contributions within t
as well as surface states. The large defect induced conduction in the bulk usually dominates the 
overall transport, and hides the signature of the other conduction mechanisms. Here we 
investigate the bulk conduction in a Bi2Te3 crystal having reduced defect induced conduction. 
Our results uncover the presence of three transport regimes which are dominated by thermal 
activation across bulk band gap, defect state charge conduction, and quantum coherent transport. 
The low temperature conductance and magnetoconductance reveal the presence of multichannel 
two dimensional quantum coherent transport in the bulk. These transport channels exhibit two 

electron interaction effect causing electron dephasing whereas the defect 
uction exhibits three dimensional electron-electron interaction effect.
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Fig: (a) Plot of ln() vs T-1; T-1/2; T-1/3, and T-1/4 for sample S1. (b) Conductivity vs temperature 
for samples S1 (red triangles) and S2 (blue squares). (c) Low field magnetoconductance vs field 
for samples S1 (squares) and S2 (triangles) at 2 K. (d) Temperature dependence of the 
dephasing length Land a for samples S1 (Lsolid squares, a open squares) and S2 (Lsolid 
triangles, a open triangles). 

Archana Lakhani and Devendra Kumar 

3.1.13 Study of weak antilocalization effect in thin films of topological insulator Bi2Se3 
Bi2Se3 is one of the popular three dimensional topological insulator having spin momentum 
locked robust topological surface states. The transport of Bi2Se3 is usually dominated by the bulk 
effects and the material in thin film form can be used to minimize the bulk effects. Here we 
present the growth, characterization and the transport studies of Bi2Se3 thin films on Si/SiO2 

substrate grown by thermal evaporation technique. The topological properties of Bi2Se3 thin 
films on Si/SiO2 substrate are not much explored. Here we have grown  Bi2Se3 thin films of 
different thicknesses and have characterized these films through  R-ray diffraction, Energy 
dispersive X-ray analysis (EDX), and scanning electron microscopy (SEM) measurements. The 
thickness of these films was determined by X-ray reflectivity (XRR) measurements using Parrat 
formulation.  The characterization results show that films are fully oriented along (003) plane 
and having Selenium deficiency. The resisitivty measurements of these films are carried on the 
newly installed 16T PPMS and the Hall measurements have been performed on the 9T PPMS. 
The films show n-type behaviour with high charge carrier density  ̴1019cm-3. The resistivity 
exhibits an upward turn at very low temperatures pointing towards the existence  of weak-
antilocalization (WAL) effect. Magnetoresistance data confirms the presence of two-dimensional 
WAL in the system which is a clear signature of surface state transport in topological insulators.  
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Megha, Shivam Rathod, Archana Lakhani and Devendra Kumar 

3.1.14 Crystal growth, characterization, and the study of crytalline defects on the transport 
properties of  ferromagnetic Weyl semimetal Co3Sn2S2: 
 
We have grown single crystals of ferromagnetic Weyl semimetal Co3Sn2S2 and have 
characterized these crystals through energy dispersive X-ray analysis, powder x-ray diffraction, 
and high resolution x-ray diffraction.The results of these characteriation show that single crytsals 
are stoichiometric, homogeneoious, and high crystalline quality. The existence of Weyl phase 
properties depends on the Fermi level which is higly senstive to crystalline quality. Our results 
show that a high temperature mixing gives better crystalline quality in comparison to the 
intermediate mixing. The results of resistivity measurements show that ferromagnetic ordering 
sets in crystals grown by intermediate temperature mixing at the higher temperature and these 
crystals also exhibit large positive magneto resistance at low temperatures. 
 

 
Single crystals of Co3Sn2S2 

 
Shivam Rathod, Megha, Archana Lakhani, and Devendra Kumar 

 
3.1.15 Evidence of structural modifications in the region around the broad dielectric 
maxima in barium titanate (BaTiO3) based relaxors 
 
The structural and dielectric characterization of 30% Sn-doped BaTiO3 (BaSn0.3Ti0.7O3) as a 
function of temperature is studied combining, complementary probes to reveal structural 
modifications associated to the relaxor behavior. Dielectric data confirms the existence of 
relaxor-type behavior in BaSn0.3Ti0.7O3. The local and average structural changes as a function 
of temperature have been investigated in the region of broad changes of dielectric response. 
Local probes, such as x-ray absorption fine structure spectroscopy and Mössbauer spectroscopy 
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reveal a special trend of the lattice related to the diffuse dielectric phase transition as observed 
from dielectric data. The analysis of Raman spectra as a function of temperature reveals a 
peculiar behavior in the temperature region corresponding to the dielectric transition. The 
analysis of x-ray diffraction patterns points out a pseudo-cubic structure throughout the 
temperature range while the volume exhibits a negative thermal expansion in the region of broad 
dielectric maximum. Our results suggest structural modifications occurring in the system 
throughout a wide temperature range, interestingly, associated with changes in macroscopic 
properties of relaxors such as dispersion in dielectric constants and raising of dipole moments.  
The results are published in Phys. Rev. B 100 (2019) 134104. (Akash Surampalli and V. R. 
Reddy) 

 
Left: Representative temperature-dependent 119Sn Mössbauer spectra of BaTi0.7Sn0.3O3.  

Right: Temperature variation of width of 119Sn Mössbauer spectra, considered to be 
proportional to the electric field gradient. 

 
3.1.16 Magneto-optical Kerr effect and nuclear resonant scattering study of uni-directional 
anisotropy in hard-soft magnetic bilayers 
The unconventional exchange bias (EB) phenomena and its tunability is observed in an 
exchange-coupled hard and soft magnetic bilayer system (L10 FePt/Fe). The nuclear resonant 
scattering measurements clearly reveal the development of unidirectional anisotropy in the soft 
magnetic (Fe) layer, when the hard magnetic layer is under the remanent state. The 
magnetization reversal process is investigated by measuring two in-plane orthogonal 
components of magnetization, i.e., parallel (Mll) and perpendicular (M) to the applied field 
using the magneto-optical Kerr effect (MOKE). When the magnetic field is applied parallel 
(antiparallel) to the biasing field direction, (HSAT) magnetization reversal is non-uniform, and on 
the other hand, the rotation of magnetization is observed when the magnetic field is applied 
away from the HSAT direction. In addition, the sign inversion of the M component is observed 
when the magnetic field is applied at the same angle on either side of the HSAT direction, which 
clearly imply the change in handedness of the chirality of spin structure during the magnetization 
reversal of the soft layer. Further, it is observed that the EB decreases with the increase of soft 
magnetic (Fe) layer thickness, demonstrating the tunable nature of EB phenomena even in these 
unconventional systems. The results are published in J. Appl. Phys., 126 (2019) 043905. (Zainab 
Hussain and V. R. Reddy) 
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Fig: Nuclear resonant scattering (NRS) temporal beat patterns of the FePt/Fe sample in the 

biased condition (HSAT ~ 2.5 T) for different azimuthal orientations ( NRS). Symbols represent 
the experimental data points, and the solid line is the best fit to the data. Corresponding images 

on the right side panels indicate the schematic of the measurement. 
 

3.1.17 Study of tilted orthorhombic twins and leakage current in epitaxial SmFeO3 thin 
films 
The effect of oxygen partial pressure (OPP) during deposition on the structural and ferroelectric 
properties of epitaxial SmFeO3 (SFO) thin films is studied. The thin films are deposited using 
the pulsed laser ablation method. Two (00l) oriented substrates, viz., LaAlO3 (LAO) and 
niobium doped SrTiO3 (Nb:STO), are used for the deposition of films with 35 and 170 nm 
thicknesses at different OPP values. The prepared films are found to be of single phase and grow 
in the out-of-plane configuration SFO(hh0)/LAO(00l) using x-ray 2θ-ω and  scans. The 
epitaxial relationship between the substrate and the film, domain twinning, is confirmed by 
reciprocal space map measurements. Films of higher thickness exhibit tilted twin structures, 
more prominently for the films prepared at lower OPP. A significant change in the leakage 
current is observed as a function of OPP, and the results are explained in terms of the 
microstructure of the films.  The results are published in J. Appl. Phys., 125 (2019) 234102.  
(Anjali Panchwanee and V. R. Reddy) 
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Fig: Reciprocal space maps (RSM) of the SmFeO3 (SFO) films measured around the (002) 
reflection of the LaAlO3 (LAO) substrate. The bottom two maps are the same as that of the 

middle one, but with an in-plane () rotation of 45o (c) Schematic of lattice modulation/domain 
tilting as observed in the RSM data. Λ is the modulation wavelength; F is the normal to the tilted 

twins with  rotation. 
 
3.1.18 An evidence of local structural disorder across spin-reorientation transition in 
DyFeO3: an extended x-ray absorption fine structure (EXAFS) study  
Local atomic structure modifications related to the spin reorientation transition (SRT) in DyFeO3 
(DFO) orthoferrite using x-ray absorption fine structure (XAFS) spectroscopy is carried out. For 
this purpose, we studied by XAFS the evolution of the local atomic structure around Fe and Dy 
as function of temperature (10-300 K) in a DFO sample having the SRT around 50-100 K. For 
sake of comparison we studied a YFeO3 (YFO) sample having no SRT. The analysis of the 
extended region has revealed an anomalous trend of Fe-O nearest neighbour distribution in DFO 
revealing (i) a weak but significant compression with increasing temperature above the SRT and 
(ii) a peculiar behavior of mean square relative displacement (MSRD) of Fe-O bonds showing an 
additional static contribution in the low temperature region, below the SRT. These effects are 
absent in the YFO sample supporting these anomalies related to the SRT. Interestingly the 
analysis of Dy L3-edge data also reveal anomalies in the Dy-O neighbor distribution associated 
to the SRT, pointing out a role of magnetic Re ions across TSRT,Fe. These results point out micro-
structural modification at both Fe and Dy sites associated to the magnetic transitions in DFO, it 
can be stated in general terms that such local distortions across Fe3+ and magnetic Re3+ may be 
present in other orthoferrites exhibiting multiferroic nature. The results are published in J. Phys.: 
Condens. Matter 31 (2019) 345403. (Anjali Panchwanee, Carlo Meneghini and V. R. Reddy).  
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Fig: Examples of EXAFS data analysis at the Fe-K (DFO and YFO samples) and Dy-L3 edges. 
The k-weighted Fourier transform (FT) moduli |FT| and the Imaginary part of experimental data 
(green dots) and best fit curves (black lines) are presented. The partial contribution used in the 

analysis are shown (orange lines), vertically shifted for sake of clarity. 
 

 
3.1.19 Low temperature and magnetic field dependent ferroelectric behaviour of four-
layered Aurivillius Bi5FeTi3O15 film prepared by spin coating  
Detailed low temperature and magnetic field dependent ferroelectric properties of thin films of 
four–layered Aurivillius Bi5FeTi3O15 compound prepared using spin coating method are studied. 
Phase purity of the sample is confirmed via X–ray diffraction and Raman spectroscopy 
measurements. Ferroelectricity in the prepared film is established from polarization versus 
electric field (P–E) loop measurements. The remnant and saturation polarization obtained from 
low temperature P–E measurements reveal a peculiar temperature dependence viz., decreasing 
on lowering the temperature. Apart from this, a development of an internal field in the system is 
observed towards lower temperatures which is reflected as biasing in the loops. Further, 
temperature dependent leakage current measurements have been performed and the analysis into 
conduction mechanisms shed light into the possible defect related mechanisms responsible for 
the aforementioned peculiar low temperature ferroelectric behavior. Also, the possibility of 
multiferroicity in the prepared film is explored with external magnetic field dependent P–E 
measurements and the results show very weak coupling between polarization and magnetic field. 
The results are published in Thin Solid Films 708 (2020) 138122. (Deepak Prajapat, Akash 
Surampalli and V. R. Reddy) 
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Fig: Temperature dependent ferroelectric data of Bi5FeTi3O15 thin film prepared by spin-coating.  
 

3.1.20 Mössbauer and magneto-optical Kerr effect study of polycrystalline gadolinium iron 
garnet film prepared by spin-coating technique 
Polycrystalline gadolinium iron garnet (Gd3Fe5O3, GdIG) film is prepared by spin-coating 
technique and subsequent annealing. The structural and magnetic measurements of the prepared 
films are studied. Room temperature magneto-optic Kerr effect measurements in longitudinal 
and polar configuration indicate the oblique magnetic anisotropy. Quantitative information about 
the oblique magnetic anisotropy is estimated from the conversion electron 57Fe Mössbauer 
spectroscopy measurements. Signature of magnetic compensation is observed from temperature 
dependent bulk magnetization measurements.  The results are published in Thin Solid Films 691 
(2019) 137593. (Manik Kuila and V. R. Reddy) 
 

 
 
Fig: (Left) Room temperature conversion electron Mössbauer spectra of (a) as deposited and (b) 
annealed Gd3Fe5O3 (GdIG) thin film. (Right) MOKE hysteresis loops measured in longitudinal 

and polar geometries of GdIG film prepared by spin-coating. 
 

3.1.21 First-Principles Modeling of LaVO3 Under Strain 

Electronic structure of monoclinic LaVO3 is being studied to understand the correlation between 
electron correlation and magnetism under the application of strain using density functional 
theory (DFT) calculations. The exchange-correlations are treated within the generalised gradient 
approximation (GGA) and the correlations between the d-electrons of vanadium are treated 



 

explicitly using a Hubbard-U term by employing the simplified rot
introduced by Dudarev et. al. Energetics and electronic structure of different magnetic 
configurations namely, ferromagnetic (FM), A
alignments have been computed under the applicati
range of -5% to +5%. Our calculations show that application of bi
significantly alters the electronic structure, in terms of the band gaps and band dispersions. The 
magnetic ground state of the system and the amount of spin polarisation even in the AFM state 
also change under different strain conditions. 
  

 
 

 

Figure 1: Potential energy surface of MC LaVO

 
3.1.22 History dependent resistivity relaxation behaviour of FeRh
Our earlier study has shown large magnetoresistance in 
transition from high temperature AFM to low temperatu
relatively high kinetic arrest temperature T
magnetization behaviour in the presence of 8 tesla magnetic field measured during zero field 
cooled warming (ZFCW), field cooled cooling (FCC) and field cooled warming (FCW). ZFCW 
curve shows the transformation of kinetically arrested AFM phase to stable FM phase at low 
temperature.  
 

 

U term by employing the simplified rotationally invariant approach 
introduced by Dudarev et. al. Energetics and electronic structure of different magnetic 
configurations namely, ferromagnetic (FM), A-, C- and G-type antiferromagnetic (AFM) spin 
alignments have been computed under the application of bi-axial and hydrostatic strain in the 

5% to +5%. Our calculations show that application of bi-axial or hydrostatic strain 
significantly alters the electronic structure, in terms of the band gaps and band dispersions. The 

ate of the system and the amount of spin polarisation even in the AFM state 
also change under different strain conditions.  

  

Figure 1: Potential energy surface of MC LaVO3 under the application of bi
Mr. Anupam Jana, Dr. Ram J. Choudhary and

History dependent resistivity relaxation behaviour of FeRh0.46Pd0.54

Our earlier study has shown large magnetoresistance in FeRh0.46Pd0.54. It also showed that the 
transition from high temperature AFM to low temperature FM state is kinetically arrested with 
relatively high kinetic arrest temperature TK.  Figure (a) and (b) shows the resistivity and 
magnetization behaviour in the presence of 8 tesla magnetic field measured during zero field 

cooled cooling (FCC) and field cooled warming (FCW). ZFCW 
curve shows the transformation of kinetically arrested AFM phase to stable FM phase at low 
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Figure: (a) Temperature dependence of 
resistivity () and magnetization (M) 
measured in the presence of 8 Tesla 
magnetic field (ZFCW, FCC and FCW) 
shows first order AFM austenite to FM 
martensite transition in FeRh0.46Pd0.54. (b) 
relaxation measurement measured at 
labelled temperature shows that relaxation 
rate is maximum around 75 K during 
ZFCW and around temperature of 
maximum of d/dT in the FCW, FCC 
hysteresis region. (c)-relaxation in the 
absence of applied magnetic field, which 
shows one order of difference in relaxation 
rate during warming and cooling. 

Resistivity relaxation during these measurement protocol i.e. ZFCW and FCC are measured at 
various temperatures. Some of these relaxation curves are shown in figure (c) and (d). All these 
relaxation curves can be fitted with lograthmic time dependence indicating a broad distribution 
of activation energy. The relaxation rate measured under ZFCW protocol is maximum around 75 
K. On the other hand, within the hysteresis region of FCC-FCW curves, the relaxation rates are 
maximum at temperatures where, temperature derivative of resistivity shows maximum. This 
indicate that in this temperature region relaxation rate depends on the available phase fraction for 
transformation. In addition to it, relaxation rate during in this region are smaller during warming 
than that measured during cooling. Similar asymmetry in relaxation behaviour is observed in the 
absence of applied magnetic field as shown in figure (e) and (f). Here, relaxation rates are one 
order smaller for superheated state than that observed for supercooled states, indicating athermal 
nature of transformation during warming.   

Pampi Saha, R.Rawat,  
 
3.1.23 Magnetic phase transition in Mn1+xFe4−xSi3 ( 0≤x≤1) 
The nature of the magnetic transition, critical scaling of magnetization, and magnetocaloric 
effect in Mn1+xFe4-xSi (x = 0 to 1) are studied in detail. Our measurements show that earlier 
reported thermal hysteresis across paramagnetic (PM)-ferromagnetic (FM) phase transition 
around room temperature in MnFe4Si is a measurement artefact of Quantum Design make 
Vibrating Sample Magnetometer. This is verified by the presence of hysteresis in the measured 
magnetization across second order PM-FM transition in Gd. No such thermal hysteresis is 
observed when measurements are repeated with Quantum Design make SQUID Magnetometer.    
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Curve 1-3 shownormalized 
magnetization (M/Mmax) as a function 
of temperature at H = 500 Oe for 
MnFe4Si3 sample measured during 
cooling and warming using (1) VSM 
with 1K/min in sweep mode, (2) VSM 
with 1K/min in settle mode, (3) SQUID 
magnetometer with 1K/min in sweep 
mode. Curve 4 is for Gd polycrystal 
using VSM with 1K/min in sweep mode. 
Inset shows the absence of hysteresis in 
isothermal magnetization of MnFe4Si3 at 
310 K. 

 
 
The PM-FM transition in Mn1+xFe4-xSi could be tuned continuously from 328 K to 212 K with 
Mn substitution at the Fe site. The Mn substitution leads to a linear increase in the unit cell 
volume and a slight reduction in the effective moment. A detailed critical analysis of the 
magnetization data for x = 0.0 and 0.2 is performed in the critical regime using the modified 
Arrott plots, Kouvel-Fisher plot, universal curve scaling, and scaling analysis of magnetocaloric 
effect. The values of the critical exponents are found to be same for both the parent and doped 
samples which do not fall under any of the standard universality classes. The exchange 
interaction decays as J(r)~r-3.41following the renormalization group theory and the observed 
critical exponents correspond to lattice dimensionality d = 2, spin dimensionality n = 1, and the 
range of interaction σ = 1.41. This value of σ(<2) indicates long-range interaction between 
magnetic spins. 

Vikram Singh, Pallab Bag, R Rawat and R Nath,  
 

3.1.24 Enhancement of magnetoelectric coupling in Cr doped Mn2O3 

The effect of Cr doping has been undertaken to investigate its effect on structural, magnetic, 
dielectric and magnetoelectric properties of newly discovered multiferroics material α-Mn2O3. 
The Cr doping modifies the room temperature crystal symmetry i.e. transforms from 
orthorhombic to cubic symmetry. Similar to α-Mn2O3, two magnetic transitions have been 
observed in all Cr doped samples. The effect of Cr doping manifested on the low temperature 
transition. The lower magnetic transition shifted toward higher temperature (25 K for pristine to 
40 K for Cr = 10%) whereas the high temperature transition decreases slightly with increasing 
Cr content. A clear frequency independent transition is observed in temperature dependent 
complex dielectric measurements for Mn2−xCrxO3 (0 _ x _ 0.10) samples around high 
temperature magnetic ordering ∼80 K which corroborate the magnetoelectric coupling in these 
samples. Interestingly, the magnetodielectric value enhanced significantly with Cr doping and 
maximum increase ∼21% is observed for 10% Cr doped sample at 5 K around 70 kOe magnetic 
field. 
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(a) Isothermal magnetodielectric of different 
compositions of Cr doped Mn2O3 at 5 K. 
(b) Magnetodielectric for x = 0.10 at 5 and 
100 K. Inset shows the temperature 
dependent magnetodielectric for x = 0.10 at 
50 kHz extracted from temperature 
dependent dielectric at 0 and 80 kOe. (c) 
Temperature dependent remnant 
polarization for x = 0.10 at different 
magnetic fields, inset shows remnant 
polarization for 
x = 0.05. 

 
M Chandra, S Yadav, R Rawat, K Singh,  

 
3.1.25 Effect of thermal annealing on transport properties of Fe0.3Co0.7S2 
Electrical resistivity and magnetoresistance studies of polycrystalline Fe0.3Co0.7S2 samples 
prepared under different thermal treatment showed wide distribution of Fe/Co ratio over sample 
volume. High temperature annealing for longer period improves the homogeneity to certain 
extent. The sample prepared with thermal treatment at lower temperature shows metallic 
behavior typical of that observed for CoS2 compounds. Whereas, resistivity increases with 
decrease in temperature below magnetic transition, for sample prepared at higher temperature 
with excess sulphur. Resistivity studies in the presence of magnetic field suggest that non-
metallic behavior at low temperature may be a consequence of distribution of transition 
temperature over sample volume on microscopic length scale.  

S Karmakar, R Sharma, R Rawat, AIP Conference Proceedings 2162 (2019) 020074 
Collaborative Research Work 
 
3.1.26 Role of V-V dimerization in the insulator-metal transition and optical transmittance 
of pure and doped VO2 thin films 
An insulator to metal (IMT) transition (Tt~ 341 K) in the VO2 accompanies a transition from an 
infrared (IR) transparent to IR opaque phase. Tailoring of the IMT and associated IR switching 
behavior can offer potential thermochromic applications. Here we report on effects of the W and 
the Tb doping on the IMT and associated structural, electronic structure, and optical properties 
of the VO2 thin film. Our results show that the W doping significantly lowers IMT temperature 
(~292 K to ~247 K for 1.3% W to 3.7% W) by stabilizing the metallic rutile, R, phase while Tb 
doping does not alter the IMT temperature much and retains the insulating monoclinic, M1, 
phase at room temperature. It is observed that the W doping albeit significantly reduces the IR 
switching temperature but is detrimental to the solar modulation ability, contrary to the Tb 
doping effects where higher IR switching temperature and solar modulation ability is observed. 
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The IMT behavior, electrical conductivity, and IR switching behavior in the W and the Tb-doped 
thin films are found to be directly associated with the spectral changes in the V 3d|| states. 

 
Fig. 4 (a)–(f) Temperature-dependent variation of the insulating phase fraction (IPF) obtained 
from optical transmittance measurements and monoclinic phase fraction (MPF) obtained through 
the ω0 Raman mode in the pure and the W-/Tb-doped VO thin films. Data shown in these graphs 
are from the cooling cycles. 
(S. S. Majid, S. R. Sahu, A. Ahad, K. Dey, K. Gautam, F. Rahman, V. G. Sathe, and D.K.Shukla,  
 
3.1.27 Symmetry breaking and spin lattice coupling in NdCrTiO5 

 
The origin of multiferroicity in NdCrTiO5 has been examined. A first-order phase ransition, due 
to breakingof the inversion symmetry, near the low-temperature antiferromagnetic ordering (T∼ 
21 K) where spontaneous electric polarization also appears, is confirmed. From synchrotron x-
ray powder diffraction measurements, the structure at low temperatures is found to be 
noncentrosymmetric (space group Pba2), justifying the polar behavior of this compound below 
TN. Temperature-dependent Raman measurements reveal that the lattice is strongly coupled with 
the spins, pointing to the spin lattice correlations in a non-centro symmetric space group being 
responsible for invoking the ferroelectricity below 21 K. Through time-of-flight neutron powder 
diffraction experiments, it is confirmed that the magnetic sublattices, both Nd and Cr, 
simultaneously order at TN, and at temperatures below 15 K the Cr moments are found to be 
saturated while the Nd moments continue to grow until 6 K. 



275 | P a g e  
 

 
Fig. 5 (a) and (b) Rietveld refinements of the neutron diffraction data of NdCrTiO5 at 100 K 
using Pbam. (c) and (d) Rietveld at 6 K using the Pba2 space group. (e) Magnetic structure of 
NdCrTiO5 refinements of the neutron diffraction pattern of NdCrTiO5 in the Pba2 space group. 
(f) Magnetic moment as a function of temperature at Nd and Cr sites in NdCrTiO5.  
 

(K. Gautam, A. Ahad, K. Dey, S. S. Majid, S. Francoual,  Ivan da Silva, D. K. Shukla,  
 
3.1.28 Growth and Thermal stability of Ni-N thin films 
Ni-N compounds are potentially important metallic compound as they have been reported to 
serve as negative electrodes in energy storage devices and solar cells. In addition, recently, Ni4N 
has also been predicted to have spin polarization ratio and tunneling magneto résistance at  52.5 
and 1514%, respectively, which are higher than pure metals and many other materials. 
Notwithstanding the active experimental research work, relatively less information about the 
intrinsic properties of Ni-N is available. The relatively less experimental work available on the 
Ni4N compound may be due to the complexity in its synthesis that may be due to its high 
enthalpy of formation at about -13.5kJmol-1.This also becomes evident from the fact that even 
the phase diagram of Ni-N family of compounds is not yet established. 

In view of this, we studied the implications of substrate temperature (Ts) on the Ni4N 
phase formation. Thermal stability of Ni-N system is also investigated by measuring the N self-
diffusion using secondary ion mass spectroscopy (SIMS) measurement. 
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Figure:XRD patterns of Ni-N thin films deposited (partial pressure of nitrogen = 20%) at 
different substrate temperatures (Ts) (A). SIMS depth profiles of 15N of a 
Si(substrate)[NinatN(100nm)/Ni15N(2nm)/NinatN(100nm)] trilayer after annealing at different 
temperatures (B). Inset shows a comparison of N self-diffusion in Ni-N with FeN and CoN. 
 
 
The XRD patterns of Ni-N films deposited at different Ts = 80, 300, 475 and 575K (under the 
optimized value of partial pressure of nitrogen at 20%) are shown in fig. A. The variation in Ts 
reveals that the lattice parameter (LP) decreases as the Ts increases and also depicted the 
energetic instability of Ni4N compared to a mixture of Ni and Ni3N. Such reduction in LP may 
be related to the N out-diffusion from the Ni4N lattice and therefore, it was found that the nearly 
ideal stoichiometric Ni4N films can be obtained at low Ts (300 K). N out-diffusion from the Ni-
N system has also been studied in detail by measuring the self-diffusion of N using SIMS 
measurement (fig. B). A correlation between N self-diffusion and Ts can be seen. It is interesting 
to note that, above 475K, N diffusion started significantly in the Ni-N. A similar observation was 
also obtained for Ts, at high Ts, LP decreases which indicate the N out-diffusion from the lattice. 
The diffusivity of N in the Ni-N system is compared with the Fe-N and Co-N systems and found 
that N out diffuses above 525K (shown in the inset of fig. B). However, the diffusion coefficient 
values were found to be smaller than the Co-N and higher than the Fe-N system.  

(Nidhi Pandey and Mukul Gupta) 
 
3.1.29 Chemical bonding of Fe3C/a-C thin films  
Iron carbide (Fe-C) embedded in amorphous (a) carbon matrix show interesting mechanical, 
tribological, magnetic, electrical and chemical properties. By tuning the size of carbide grain 
these properties can be controlled. In such systems, the interfaces affect the chemical properties 
significantly which has already been reported in several systems such as nano-crystalline TiC/a-
C1, a-Fe-C2, and a-CrC3. We studied the role of interfaces on the chemical properties of Fe3C/a-
C thin films.  
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Fig.1X-ray diffraction pattern of 
Fe3C/a-C thin films deposited with 
varying grain sizes. 

Fig.2X-ray absorption near-edge spectra of 
Fe3C/a-C thin films with different grain sizes 
measured at Fe L2,3-edge in total electron 
yield mode (TEY). 

 
We deposited Fe3C thin films with the grain size of 29, 22, 15 and 5 nm by varying the carbon 
concentration (fig. 1). The Fe L2,3-edge core-shell x-ray absorption near-edge spectroscopy 
measurements are carried out at BL-01 of Indus synchrotron source at Indore in TEY mode (fig. 
2). The spectrum shows two sub-spectrum L2 and L3 due to spin-orbit splitting. Further, each sub 
spectrum splitted in two sub-components due to ligand field splitting generally observed in the 
presence of a smaller atom (C, N, and O) at the interstitial site of the metal. The spectra show 
that the total intensity of the spectrum is increased by reducing the grain size. The XANES 
measurements are capable to probe the unoccupied 3d states of Fe. Therefore, increasing 
intensity reveals the effect of charge transfer from Fe to C at the Fe3C/a-C interfaces. The 
obtained results are similar to those observed for nanocrystalline TiC1 thin films. 

(Prabhat Kumar and Mukul Gupta) 

3.1.30 Effect of buffer layers on structure and magnetization of Fe4N thin films 
We prepared Fe4N thin films at a substrate temperature (Ts) = 673K using reactive direct current 
magnetron sputtering process. As Fe4N phase formation is sensitive to nitrogen gas flow, first we 
optimized the gas flow at which Fe4N phase formation occurs in the deposition chamber. At 
optimized value of N2 flow, we deposited 60 nm Fe4N film on amorphous quartz substrate. Fe4N 
film was also deposited on three different buffer layers, Cu, Ag and CrN. The buffer layers (50 
nm) were deposited in-situ before Fe4N at room temperature.  
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Fig. 1 XRD data of Fe4N films 
deposited on different buffer layers 

Fig. 2 AFM data of Fe4N thin films deposited 
without (a) and with Cu (b), Ag (c) and CrN (d) 
buffer layer. 

The effect of different buffer layers on structure and magnetic properties have been studied using 
XRD, AFM, S-VSM and SIMS. Fig. 1 shows XRD data of all Fe4N thin films. It can be seen 
that in all the films the (111) and (200) peak position of Fe4N phase remain unchanged. 
Therefore, the presence of buffer layer does not affect the lattice of Fe4N. To observe the effect 
of buffer layers on surface morphology of Fe4N films, fig. 2 shows the AFM images of films. All 
films show well defined AFM images and the grain size distribution is moreuniform in the film 
deposited without and with the CrN buffer layer ascompared to Cu and Ag layered films. The 
root mean square roughnesscalculated from AFM images was found to be minimum for Fe4N 
film with CrN buffer layer indicating that CrN buffer layer act as a smooth template for growth 
of Fe4N film. 
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Fig. 3 (a) S-VSM data of Fe4N thin films 
deposited without and with buffer layers. 
Inset of (a) compares Ms and Hc value. 
(b) and (c) compares Ms value at 300 and 
5 K. 

Fig. 4  SIMS data of Fe4N thin films deposited 
with different buffer layers Cu (a), Ag (b) and 
CrN (c) showing extent of film-substrate 
intermixing.  
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Fig. 3 (a) shows the saturation magnetization (Ms) of Fe4N films and it was found that highest 
Ms = 1160 emu/cc was achieved for Fe4N film with CrN buffer layer. Also, the coercivity value 
(Hc) is retained to 15 Oe. To investigate temperature dependence on Ms, we measured Ms of 
Fe4N film without and with CrN buffer layer at 5 K. An enhancement in Ms value has been 
observed as expected in both the films. To find the possible reasons behind the Ms enhancement, 
the chemical depth profile of Fe4N films was measured using SIMS (fig. 4). It has been observed 
that a substantial amount of Si interdiffusing into the Fe4N film at high Ts is the reason for 
reduced value of Ms. Out of all three buffer layers used, the Si profile width was found to be 
sharpest for CrN. Therefore, the CrN buffer layer due to its diffusion barrier characteristicsis the 
most suitable buffer layer of Fe4N films for suppression of interfacialintermixing. 

(Seema and Mukul Gupta) 
3.1.31 Structural and Superconducting Properties of Nb2N Thin Film  
Single phase Nb2N thin film was synthesized by utilizing the ultra-high vacuum (UHV) rapid 
thermal annealing (RTA) of a nanocrystalline (nc) interstitial Nb(N) thin film. The interstitial 
Nb(N) phase was obtained by reactive sputtering of Nb using a very small amount of N2(1 %) in 
a mixture of Ar and N2 gases. As compared to a reference Nb sample, the nc Nb(N) phase 
exhibited broadening in the XRD profile, though still retaining the bcc Nb structure. Further, 
UHV-RTA of Nb(N) at 1023 K results in the formation of single-phase crystalline β-Nb2N 
phase. All the peaks are well matched with the literature and indexed in figure 1. (a) (JCPDS 
#75-0952).The β-Nb2N has a Fe2N type hexagonal crystal structure having space group P-3m1 
(164). The LP calculated from (002) and (101) plane are c = 4.958(5) and a = 3.075(5) Å and 
they are very close to the bulk LP of Nb2N with c = 4.994 and a = 3.055 Å (JCPDS# 75-0952). 

 
 

Figure 1.  XRD patterns (a) and temperature dependent resistivity (b) of as-deposited 
and annealed (at 1023 Kusing UHV rapid thermal annealing. 

 
Figure 1. (b) shows the temperature dependent resistivity data of as deposited and annealed 
sample. We cannot observe any transition down to 3 K in as deposited sample. Although this 
sample has a structure similar to Nb. Here the suppression of the superconducting ground state 
can be attributed to the reduction of crystallite size below the coherence length of Nb (size 
induced quantization/opening of Kubo gap). Further, the reentrant transition was observed at 
4.23 K in the UHV annealed sample due to formation on Nb2N.    
 

(Shailesh Kalal, Rajeev Rawat and Mukul Gupta) 
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3.1.32 Phase formation and x-ray absorption study of manganese mononitride thin film 
Manganese mononitride crystallizesin the θ phase of the Mn-N phase diagram, which hasthe 
tetragonal face-centered variant of the NaCl structure witha = 4.256 and c = 4.189 Å.MnN is a 
collinear I-type antiferromagnet with a high Neel temperature of 640 K. A large exchange bias 
has also been observed in MnN/CoFe polycrystalline bilayers. Therefore, MnN is considered to 
replace typical AFMs such as IrMn and PtMn in exchange biased systems.  
In this work, phase formation of MnN thin film was studied by varying the partial pressure of 
nitrogen (RN2) in the reactive sputtering process. A 3-inch diameter Mn target was reactively 
sputtered with a mixture of Ar and N2 gases. Figure 1(a) shows the x-ray diffraction (XRD) 
patterns of Mn-N films deposited at various RN2.  For 0 % RN2 a sharp peak corresponding to 
Mn(411) appeared at about 42.9˚. With increase in RN2,peak corresponding to Mn4N(200) 
appeared along with Mn(411) at 10 % RN2. MnN phase was obtained at 55 % RN2 as two peaks 
corresponding to MnN(111) and (222) can be clearly seen at about 36.8˚ and 78.2˚, respectively. 
Further increase in RN2 resulted in broadening and shift of the XRD peaks toward lower angle 
indicating a decrease in crystallite size and an increase in lattice parameter which can be resulted 
from the oversaturation of N.  
N K-edge XANES measurement was performed in order to further explore the local structure. 
Figure 1(b) shows N K-edge XANES spectra of Mn-N thin films. In spectra, features a and b 
correspond to transition from N 1s to hybridized states of Mn 3d and N 2p, and features e and f 
appear due to electronic transition from N 1s to hybridized N 2p and Mn 4sp states. 
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Figure 1: XRD patterns (a) and XANES spectra at N K-edge (b) of Mn-N films 
deposited at various RN2. 
 
The additional feature c in the spectra is due to trapped molecular N2 in the films. It can be seen 
that while all other features remained almost unaltered, intensity of feature c increased with 
increase in RN2 indicatingincrease in molecular N2 which was also seen in the XRD. So, it can 
be concluded that 55 % RN2 is optimum for MnN phase formation.   

 
(Yogesh Kumar and Mukul Gupta) 

 
 
 



 

3.1.33 In-situ investigation of Ion beam induced crossover in magnetic anisotropy of 
polycrystalline Fe film on SiO2/Si (001) substrate
 
Evolution of magnetic, morphological and structural properties of e
polycrystalline Fe film grown on SiO
several cycle of ion beam erosion (IBE) process. While in
diffraction (RHEED) and X-ray diffuse scattering (XDS) provided information about surface 
structure and morphology after each step of erosion, in
anisotropy simultaneously. A preferential crystallographic orient
the direction of ion beam erosion is observed after few cycles of ion beam erosion, resulting a 
well-defined magneto-crystalline anisotropy (MCA) with easy axis of magnetization along the 
direction of erosion. After 50min of 
develop normal to the direction of ion beam erosion, causing development of 
anisotropy due to modified induced dipolar interactions. 
The dominating type of anisotropy changes from magnetocry
film thickness close to 4nm, which leads to a switch of the easy axis by 90° direction. A
attempt has been made to correlate the magnetic properties with the morphology and surface 
structure by combining all in-situ mea
modification along with the anisotropic morphology patterns may allow one to induce tunable 
increased strength in magnetic anisotropy in the polycrystalline films.
 

 
FIGURE:(a) Schematic illustration of X
respect to the ion beam direction and surface morphology (b) Representation of in
and out of plane (qz) wave vector in non

function of sputtering time along (

Hc vs  of pristine (A in region

minutes (C in region-III) of erosion.
 
 

situ investigation of Ion beam induced crossover in magnetic anisotropy of 
polycrystalline Fe film on SiO2/Si (001) substrate 

Evolution of magnetic, morphological and structural properties of e
polycrystalline Fe film grown on SiO2/Si (001) substrate has been investigated in
several cycle of ion beam erosion (IBE) process. While in-situ reflection high

ray diffuse scattering (XDS) provided information about surface 
structure and morphology after each step of erosion, in-situ MOKE provided magnetic 
anisotropy simultaneously. A preferential crystallographic orientation of <100> direction along 
the direction of ion beam erosion is observed after few cycles of ion beam erosion, resulting a 

crystalline anisotropy (MCA) with easy axis of magnetization along the 
After 50min of erosion, correlated morphology on the surface start to 

develop normal to the direction of ion beam erosion, causing development of 
anisotropy due to modified induced dipolar interactions.  
The dominating type of anisotropy changes from magnetocrystalline to shape anisotropy near a 
film thickness close to 4nm, which leads to a switch of the easy axis by 90° direction. A
attempt has been made to correlate the magnetic properties with the morphology and surface 

situ measurements unambiguously.  Controlling surface texturing 
modification along with the anisotropic morphology patterns may allow one to induce tunable 
increased strength in magnetic anisotropy in the polycrystalline films. 
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(Anup Kumar Bera, Dileep Kumar)
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3.1.34 Interface Resolved Magnetism at Metal-Organic (Fe/Alq3) Interfaces under X-ray 
Standing Wave Condition 

Organic spintronics is one of the latest and most interesting developments, where organic 
semiconductors (OSC) such as Alq3 are sandwiched between two ferromagnetic (FM) layers 
(such as Fe and Co) to get a spin-polarized electron transport.In the present work, grazing 
incidence nuclear resonant scattering (GI-NRS) and fluorescence (XRF) is combined with XSW 
techniques, adding extra dimensions to measure interface resolved magnetism at Fe-Alq3 
interface. Theoretical results have been shown first to bring out the potential of the GI-NRS 
under XSW conditions and then the feasibility of doing such experiments have been 
demonstrated by probing the depth resolved information of Fe layer in Fe/Alq3 bilayer structure. 
Isotope selective GI-NRS technique, which is time analogue to Mössbauer spectroscopy, is made 
depth resolved to probe the magnetism of diffused Fe (Fediffused) and bulk Fe (Febulk) part of the 
layer in Fe/Alq3 (Ferromagnetic-FM/organic semiconductor-OSC) bilayer structure. On the basis 
of theoretical simulations, it is demonstrated that the antinode regions of X-ray standing waves 
(XSW) generated through wave guide structures allows one to measure Fediffused and Febulk part 
independently, providing evidence of diffused layer with reduced electron density and hyperfine 
fields. Due to possible small isolated clusters of Fe in diffused layer, Fe moments are found with 
random orientations while in Febulkmoments are aligned in the film plane due to shape 
anisotropy. GI-NRS under XSW is suitable for FM/OSC structures to get interface resolved 
magnetic information, which is otherwise difficult with any other available lab based 
conventional methods. 

 D. Kumar &Avinash,   

 

FIGURE: (a) Represents the simulated XRR for Si/Pt/Alq3/Fe(diffused)/Fe(bulk)Alq3/Pt as a 
function of q. (b) Simulated contour plot for the Si/Pt/Alq3/Fe (diffused)/Fe(bulk)/Alq3/Pt.  
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The XSW modes are clearly visible inside the wave guide structure. The shaded region 
represents the bulk and diffused Fe layers.(c) Simulated XRF for varying electronic parameters 
for (i) ρbulk=7.874 g/cm3 and ρdiffused=4.170g/cm3, (ii) ρbulk=5.748g/cm3 and ρdiffused=4.170g/cm3 
and (iii) ρbulk=7.874 g/cm3 and ρdiffused=6.290 g/cm3. (d) Simulated NFS spectra for same 
electron densities of diffused and bulk Fe layer with (i) different hyperfine fields and same spin 
orientations of bulk and diffused layer, (ii) Different moment orientation and same hyperfine 
field of bulk and diffused layer (iii) different hyperfine field and same spin orientations without 
XSW condition. 

(AvinashKhanderao, Dileep Kumar) 
 
3.1.35 Oblique angle deposition on patterned substrate: a method to induce strong 
magnetic anisotropy in 2D nanostructured materials  
 
Self-organized nano structuring on solid surface is one of the most important field of research, 
which provide thin films and multilayers having desired functionally with controllable strength 
and symmetry in the field of applied nanoscale magnetism, plasmonics, surface chemistry, 
photovoltaics, magnetic recording media, transport and structural properties as well as 
exemplary for basis elementary studies of coupling and ordering phenomena. Potential 
applications of such nanofabricated surface topographical features, such as etch pits, ordered 
arrays of dots wavelike and ripple like structures, and conical protuberances extends to diverse 
applications which are widely reported in the literature. In the present work, both the methods 
have been combined in an intriguing way such that the strong in-plane magnetic anisotropy, as 
compared to either of the individual methods, has been obtained in polycrystalline Co film. 
Sample has been prepared by subsequent deposition of Co film at oblique incidence on pre-
patterned glass substrate ion beam erosion (IBE). Under this condition inhomogeneous 
nucleation due to self-shadowing and self-masking effect induced by the height of wrinkled 
surface topography used to control magnetic anisotropy in the film.  In contrast to the 
conventional characterization where patterned film structures were probed by local direct 
imaging techniques like AFM, FESEM, STM, TEM over an area 1μm2 or even less, in the 
present study, nano structural analysis by synchrotron based GISAXS are used to extract crucial 
information of the surface, sub-surface region and even from buried interface with good spatial 
resolution and statistical accuracy. We demonstrated that the films exhibit UMA which are 
interpreted as the consequence of two contributions: in-plane organization and shape anisotropy. 
Finally, effects of thermal annealing upon the morphology and magnetic properties of these self-
organized nano-dimensional features are investigated in detail. 
 
 



 

FIGURE:Experimental 2D-GISAXS spectra taken with 
along and (b,d) across ripple direction for the 1
at αi = αr and the Yoneda peak are indicated in (b). 1
around Yoneda peak from figures 6(a)
(blue line) and φ= 90° (black line). q
peak are included as insets in the left and right side of panel respectively.

 
3.1.36 Temperature driven Mott
hexagonal Sr0.6Ba0.4MnO3:  
 

Hex-Sr0.6Ba0.4MnO3 (SBMO) is shown to reveal ME effect with incipient FE behavior below 
TC ~355 K and magnetic anomaly at ~325K
magnetic anomaly leads to the transition of dynamic FE to static FE behavior inducing short
range FE correlations. We examined the electronic structure across the ferroelectric transition 
temperature (TC= 355 K) of hexagonal Sr
effect at room temperature. The valence band and conduction bands are characterized by resonant 
photoemission and X-ray absorption spectroscopy measurements, respectively. The valence 
spectrum is found to be hugely modified across T
Hubbard insulator, whereas at 300K, it shows charge transfer type insulator like behavior.
Schematics are shown below: 

  

GISAXS spectra taken with an incidence angle of α
along and (b,d) across ripple direction for the 1st and 2nd geometry. The secularly reflected beam 

and the Yoneda peak are indicated in (b). 1-d in-plane intensity profile extracted 
igures 6(a)–(d) are plotted in fig (e, f)for both orientations, φ = 0° 

(blue line) and φ= 90° (black line). qz line scan around Yoneda peak and along 1
peak are included as insets in the left and right side of panel respectively. 

 (Anup Kumar Bera, Dileep Kumar)

Temperature driven Mott-Hubbard to charge transfer insulator transition in 

(SBMO) is shown to reveal ME effect with incipient FE behavior below 
~355 K and magnetic anomaly at ~325K associated with short-range AFM correlations. This 

magnetic anomaly leads to the transition of dynamic FE to static FE behavior inducing short
e examined the electronic structure across the ferroelectric transition 

355 K) of hexagonal Sr0.6Ba0.4MnO3 (SBMO) which shows magneto
effect at room temperature. The valence band and conduction bands are characterized by resonant 

ray absorption spectroscopy measurements, respectively. The valence 
spectrum is found to be hugely modified across TC. Above TC, SBMO behaves like a Mott
Hubbard insulator, whereas at 300K, it shows charge transfer type insulator like behavior.
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an incidence angle of αi = 0.4° (a,c) 
geometry. The secularly reflected beam 

plane intensity profile extracted 
(d) are plotted in fig (e, f)for both orientations, φ = 0° 

line scan around Yoneda peak and along 1st right satellite 

umar Bera, Dileep Kumar) 

Hubbard to charge transfer insulator transition in 

(SBMO) is shown to reveal ME effect with incipient FE behavior below 
range AFM correlations. This 

magnetic anomaly leads to the transition of dynamic FE to static FE behavior inducing short-
e examined the electronic structure across the ferroelectric transition 

(SBMO) which shows magneto-electric 
effect at room temperature. The valence band and conduction bands are characterized by resonant 

ray absorption spectroscopy measurements, respectively. The valence band 
, SBMO behaves like a Mott-

Hubbard insulator, whereas at 300K, it shows charge transfer type insulator like behavior. 
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Fig : Combined VBS and XAS spectra obtained at (a) 360K and (b) 300K.   
 
 
 Modulation in hybridization of Mn-3d and O-2p orbitals due to local structural variations with 

temperature unravels the rational for the observed electronic structure transition vis a vis magnetic 
and electrical behavior of SBMO. 

Ritu Rawat, R. J. Choudhary, and D. M. Phase. 
 

3.1.37 Thermo-remanent magnetization assisted switching response:  
 
We examined the prototype for precisely scaled temperature assisted magnetic recording 

scheme utilizing the characteristics of thermo-remanent magnetization (TRM) in bulk SmCrO3 as 
a memory media. The TRM response can be exploited in completely reversible bipolar switching 
performances either by tuning the temperature only across a sharp thermal window Tw = 10 K, or 
annealing isothermally with a single pulse of field  0.1 T by flipping the direction of 
magnetization from 0 to 180 Oe. The microscopic mechanism of TRM in SmCrO3 is explored by 
means of diffuse scattering using high energy 0:4997Å neutrons and thermal variation of 
coercivity in the vicinity of TN. It is noticed that the huge heterogeneity reflected by the estimated 
average spin-spin correlation length of the fluctuations in microscopic spin configuration being 
≤90 Å and efficient domain wall pinning effect as the defect dimensions are approximately twice 
to the domain wall width, governs the peculiar characteristic of TRM in SmCrO3. 

Malvika Tripathi1, R. J. Choudhary, and D. M. Phase  
3.1.38 Probing the effect of Ferroelectric to Paraelectric Phase Transition on the Ti-3d and 
O-2p hybridization in BaTiO3: 

We studied the modification in electronic properties of single phase polycrystalline BaTiO3 due 
to ferroelectric to paraelectric phase transition by performing the temperature dependent 
synchrotron based x-ray absorption and valence band spectroscopy (VBS). VBS reveals strong 
temperature dependent Ti-3d and O-2p hybridized states around the phase transition, as shown in 
following Fig. 

 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
Fig.: Valence band spectra of BTO recorded at 47 eV in Tetragonal phase (100 

Cubic phase (150 ˚C). 
 
 
Ti-O hybridization is found stronger in paraelectric phase which is also supported by multiple 

calculations (CTM4XAS) at the Ti
phase than ferroelectric phase caused by the volume expansion and reduction in tetragonal 
distortion in paraelectric phase. 
 
3.1.39 Ag-Nanoinclusion-Induced Enhanced Thermoelectric Properties of Ag2S

The effects of Ag-nanoinclusions on thermoelectric properties of Ag
nanostructures, synthesized by a novel one
The resulting products are characterised by powder XRD, EDAX, XPS and UV
images reveal the formation of disc
and diameter ranging from 50 nm to few hundreds of nm
reduction in electrical resistivity with increasing Ag
coefficient (α) values for the Ag nanoparticle (NP)
notably high near 300 K (fig. 1) due to low energy charge carrier filtering effect which arises due 
to preferential scattering of low energy electrons at the barrier potentials set up at metal
semiconductor interfaces. The th
level towards conduction band edge with increasing Ag
significantly improved thermoelectric 
range of Ag-nanoinclusions of 15.4 to 23.5 % volume fraction in these Ag

Figure 1 High thermoelectric power for nanostructured ductile semiconductor Ag
Ag nanoparticles. 

Fig.: Valence band spectra of BTO recorded at 47 eV in Tetragonal phase (100 

stronger in paraelectric phase which is also supported by multiple 
calculations (CTM4XAS) at the TiL-edge. We also find reduced crystal field value in paraelectric 

aused by the volume expansion and reduction in tetragonal 

Induced Enhanced Thermoelectric Properties of Ag2S
nanoinclusions on thermoelectric properties of Ag

tures, synthesized by a novel one-pot facile polyol method, have been investigated. 
The resulting products are characterised by powder XRD, EDAX, XPS and UV
images reveal the formation of disc-shaped Ag2S nanoparticles with average thickness
and diameter ranging from 50 nm to few hundreds of nm (fig. 1). All samples show a systematic 
reduction in electrical resistivity with increasing Ag-content in the composites. The Seebeck 
coefficient (α) values for the Ag nanoparticle (NP)-incorporated Ag2S nanocomposites are 

due to low energy charge carrier filtering effect which arises due 
to preferential scattering of low energy electrons at the barrier potentials set up at metal
semiconductor interfaces. The theoretical fitting of α data reveals a systematic shift of Fermi 
level towards conduction band edge with increasing Ag-content in the composites. A 
significantly improved thermoelectric figure of merit at 300 K (Fig. 2) is observed for a wide 

noinclusions of 15.4 to 23.5 % volume fraction in these Ag2S nanostructures

 

Figure 1 High thermoelectric power for nanostructured ductile semiconductor Ag2S with introduction of 
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Fig.: Valence band spectra of BTO recorded at 47 eV in Tetragonal phase (100 ˚C) and 

stronger in paraelectric phase which is also supported by multiple 
edge. We also find reduced crystal field value in paraelectric 

aused by the volume expansion and reduction in tetragonal 

Induced Enhanced Thermoelectric Properties of Ag2S 
nanoinclusions on thermoelectric properties of Ag2S semiconducting 

pot facile polyol method, have been investigated. 
The resulting products are characterised by powder XRD, EDAX, XPS and UV-visible. FESEM 

S nanoparticles with average thickness of 52 nm 
. All samples show a systematic 

content in the composites. The Seebeck 
S nanocomposites are 

due to low energy charge carrier filtering effect which arises due 
to preferential scattering of low energy electrons at the barrier potentials set up at metal-

eoretical fitting of α data reveals a systematic shift of Fermi 
content in the composites. A 

is observed for a wide 
S nanostructures. 
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Figure 2 (b) Hallcoefficient (left axis) and charge concentration (right axis) of ASA3 at different T, and 
(c) thermoelectric figure of merit of ASA2, ASA3, and ASA5. 

Tarachand, B. Mukherjee, M, Saxena, G. S. Okram, A. Lakhani, S. Dam,Shamima Hussain  
 

3.1.40 Dominant role of trioctylphosphine on the particle size and various properties of 
CoO nanoparticles 

The dominant role of trioctylphosphine (TOP) on the particle size and various properties of 
CoO nanoparticle (NP) samples having Scherrer size in the range 9.4 to 42.8 nm is reported; 
samples have been characterized in detail systematically. (CoO prepared in 0.25 ml TOP and 8 
ml oleylamine (OA) at 230 oC for 5.5 h was coded as CoO3; those prepared in 0.25 ml, 1 ml, 3 
ml and 12 ml  TOP with 8 ml OA each at 230 oC for 1.5 hwere coded as CoO4, CoO5, CoO6 
and CoO8, and CoO8-coated with silica as CoO@SiO2.) Remarkably, while nanosized CoO or 
CoO/Co nanocomposites with monoclinic or face-centered cubic (fcc) phase can be prepared 
depending on the synthesis conditions and particle size systematically decreases with increase in 
concentration of TOP, there is an increase in optical band gap and electrical resistivity with 
decrease in particle size. The highly semiconducting electrical resistivity is explained with the 
variable range hopping and small polaron hopping models that indicate in turn enhanced 
localized density of states, but decrease in Debye temperature (θD) as the particle size decreases 
(fig. 1). Curiously, 25.9 nm sample shows anomalous behavior. Moreover, the silica-coated 9.4 
nm CoO NP and bare 10.8 nm CoO NP samples exhibit ferromagnetism at 300 K even though 
their bulk counterpart is antiferromagnetic (fig. 2), with attractive indications of possible 
potential biomedical applications of the former. 

 
Figure 1 (a) Temperature dependence on electrical resistivity of CoO3, CoO5, CoO6 and CoO8; 
inset: resistivity in natural log scale. (b) Fitted resistivity in natural log scale of CoO3 using 
Arrhenius equation. 
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Figure 2 Magnetization versus applied magnetic field of (a) CoO3, (b) CoO8 and (c) CoO8@SiO2, 
at 300 K. 
V. Sharma, et al. J. Magnet. Magnetic Mater. 497, 166000 (2020). 

 
V. Sharma.a, G. S. Okram, R. J. Choudhary, N. P. Lalla, D. Kumar,V Verma  

3.1.41 Influence of surfactant, particle size and dispersion medium on surface plasmon 
resonance of silver nanoparticles. 

Clear influence of particle size, surfactants and dispersion medium on surface plasmon 
resonance (SPR) features of Ag nanoparticles (NPs), synthesized in thermal decomposition 
method, in the broad range of ultraviolet (UV) radiation (fig. 1), critical for many potential 
applications such as a photocatalyst, UV-sensor and detector, has been demonstrated here. It 
involves adsorbate coverage, interparticle distance or agglomeration, surface charge density and 
solvent refractive index (μ). NP agglomeration and surface charge density in solvents of varying 
μ have been studied systematically through zeta-potential (ζ) and hydrodynamic diameter (HD) 
using dynamic light scattering (DLS). The main SPR feature found at 316 nm in 31.5 nm NPs 
shifts to 320 nm in 15.1 nm NPs. The peak at 320 nm in air shifts to 259, 261 and 277 nm in 
polar solvent methanol, deionized water and ethanol, respectively and to 255, 275 and 282 nm in 
non-polar solvent n-hexane, benzene and toluene, respectively (fig. 2). In general, the decrease 
in particle size and increase in µ of solvents show red-shift. Curiously, a number of peaks up to 
seven in these solvents that are attributed to charge-transfer mechanism and change in inter-
particle interaction of the NPs turning from a single peak of SPR in air has been observed for the 
first time. A model for re-adjustment of Fermi level (EF) of Ag NP and the highest occupied 
molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) to explain them 
has also been used. Moreover, the Drude model for shift in the position of SPR in these NPs is 
only applicable in non-polar solvents, not in polar solvents (fig. 3). Such novel features will be 
potential candidates for various applications.   
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Figure 1 Diffused reflectance spectra in air of (a) Ag1, (b) Ag2, (c) Ag3, (d) Ag4, (e) Ag5, (f) 
Ag6, (g) Ag7, corresponding absorbance spectra of these samples (h) and (i) wavelength at peak 
λmax versus particle size plot. Insets: expanded portion of each spectrum for clarity. 
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Figure 2UV-Visible absorbance spectra of Ag4 on dispersion in (a) methanol, (b) DIW, (c) 
ethanol, (d) n-hexane, (e) benzene and (f) toluene. 
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Figure 3 Electronic energy levels at metal/adsorbate interface. (a) Interface dipole directed 
towards adsorbate and (b) interface dipole directed towards metal, due to vacuum level (VL) 
mismatch. (c) Upper panel: Interaction of NP-coated with OA-TOP with solvent molecules and 
lower panel: effect of interparticle interaction or agglomeration of NPs on surface plasmon 
polariton. (d) Negatively-charged and (e) positively-charged metal NPs in the medium 
corresponding to (a) and (b), respectively.   

Vikash Sharma, G. S. Okram Divya Verma 
 
3.1.42 Effect of Different Surfactants on Thermoelectric Propertiesof CuS Nanoparticles 

We report here the thermoelectric (TE) properties of CuS nanoparticles (NPs), synthesized 
by a facile polyolmethod using CTAB and PVP as surfactants. Systematic characterizations 
using powder XRD, Rietveld refinement ofXRD and Raman spectroscopy confirm their single 
phase, hexagonal-closed structure with space group P63/mmc andstoichiometric composition, 
respectively (fig. 1). The presence of surfactants during synthesis of CuS NPs seemingly 
preventsthe volatility of S, making the capped samples a little S-rich and hence enhanced 
electrical conductivity andthermopower. Consequently, a significant improvement of more than 
50% in thermoelectric power factor at 300 K isobserved for CTAB and PVP capped CuS NPs as 
compared to pure one (fig. 2). 

 
Fig. 1 (a) FESEM of CSP nanoparticles and (b) Raman spectra of CuS synthesized with 

different capping agent. 

 
Fig. 2Temperature dependence of (a) Seebeck coefficient S, (b) electrical resistivity ρ, and 

(c) thermoelectric power factor (S2σ) of compacted CSP, CSPV and CSCT nanoparticles. 
B. Mukherjee, Tarachand, G. S. Okram (UGC-DAE CSR, Indore); S. Hussain  
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3.1.43 Thermoelectric Properties of Polyol Synthesized CopperTelluride Nanoparticles 
Cu7Te4 nanoparticles (NPs) have been successfully synthesized indiethylene glycol. X-ray 
powder diffraction(XRD) andfield emission scanning electron microscopy (FESEM) are 
employed to characterize the products. The averagesize of the particles about 35 nm using 
Scherrer formulais smaller than that~50 nm disc-type particles from FESEM. Boththe electrical 
conductivity and Seebeck coefficient data exhibit metallic nature showing possible energy 
filtering at thegrain boundaries, enhanced electronic density of states, hole-type conduction and 
degenerate semiconductor behavior.Finally, the power factor found at 300 K is encouragingly 
large. 

 
Fig. 1(a) XRD patterns with JCPDS data, and (b,c) FESEM images at two different scales 

of Cu7Te4 NPs. 

 
Fig. 2 (a) Electrical conductivity and (b) thermopower and (c) power factor of compacted 

Cu7Te4NPs. 
C. Chotia, Tarachand,V. Sharma, R. Venkatesh and G. S.Okram  

3.1.44 Thermoelectric Properties of Nanocrystalline Leadtelluride 
Nanocrystalline (NC) lead telluride (PbTe) was successfully synthesized by polyol method 

andcharacterized thoroughly using various techniques. Much more significant impurity phase of 
Te was found in PbTefor preparation at ~ 180 oC than that prepared at 235 oC. With enhanced 
electrical resistivity ρ ~ 6.8 × 10-3 Ω-m,Seebeck coefficient S ~ 445 µV/K and power factor S2/ρ 
~ 29 µW/m-K2 at 300 K compared to those of bulk (fig. 1), theyreveal semiconducting nature 
and holes as majority charge carriers of NC PbTe. They are attributed to quantumconfinement 
effect, enhanced grain boundaries (GBs) and other crystal defects. 

 
Fig.1 temperature dependent (a) electrical resistivity, (b) Seebeck coefficient and (c) 

power factor of PbTe2. 
V. Sharma, M. Saxena, G. S. Okram  



 

3.1.45 Enhanced Thermoelectric Performance o
We have demonstrated a simple strategy for improvement of thermoelectric 

of Ag2S basedcomposites by modifying reaction conditions in polyol method. The existence of 
two-phased heterostructure inAg2

refinement of its powder X-ray diffraction. TheFESEM images confirmed the formation of 
nanodisks of average thickness 80 nm and width in few hundreds of nm. Asystematic reduction 
in electrical resistivity with increasing Ag
inpower factor. The values of Seebeck coefficient are positive or negative depend on fraction of 
Ag-content in Ag2Smatrix. Finally, a significantly high power factor is obtained for Ag
nanocomposites synthesized at 245 
resistivity of resistive Ag2S and hence improved its thermoelectricefficiency.

Fig.1 (a) FESEM image of Ag
magnification), (b) temperature dependenceof thermopower and (c) electrical resistivity of 
Ag2S@Ag composites (AgS9 &AgS10).

3.1.45 Preparation of single crystals of Er doped Yb
The polycrystalline samples werepr
Yb2O3, Er2O3 and TiO2 were mixed thoroughly for several hours and pressed into rods and 
sintered. The phase purity of polycrystalline samples were verified using powder X
diffraction technique.   Single crystals were prepared successfully usi
made image furnace using floating zone technique after optimizing the various growth 
parameters. Laue X-ray pattern taken in Proto Laue COS system using tungsten x
indicates the formation of single crystals. It is pertinent to note that these systems are well
known frustrated magnetic systems that depict various quantum phase transitions including spin 
liquid. Investigations down to mK temperatures are being analyzed to u
aspects of QPT.   

 

M. Krishnan, P. Saravanan, Dr.Indranil Bhaumik and V.Ganesan
 
 

Enhanced Thermoelectric Performance of Ag2SNanoparticles by Ag
We have demonstrated a simple strategy for improvement of thermoelectric 
S basedcomposites by modifying reaction conditions in polyol method. The existence of 

2S@Ag nanocomposites is confirmed from dual phase Rietveld 
ray diffraction. TheFESEM images confirmed the formation of 

nanodisks of average thickness 80 nm and width in few hundreds of nm. Asystematic reduction 
with increasing Ag-content is observed which leads an enhancement 

inpower factor. The values of Seebeck coefficient are positive or negative depend on fraction of 
Smatrix. Finally, a significantly high power factor is obtained for Ag

nanocomposites synthesized at 245 oC. Thiswork open a new way for reduction of electrical 
S and hence improved its thermoelectricefficiency. 

 
(a) FESEM image of Ag2S (AgS1) NPs (Inset: FESEM image with different 

cation), (b) temperature dependenceof thermopower and (c) electrical resistivity of 
S@Ag composites (AgS9 &AgS10). 

Tarachand, R. Venkatesh, 

Preparation of single crystals of Er doped Yb2Ti2O7pyrochlores. 
The polycrystalline samples wereprepared by solid-state reaction. The stoichiometric powders of 

were mixed thoroughly for several hours and pressed into rods and 
sintered. The phase purity of polycrystalline samples were verified using powder X

ue.   Single crystals were prepared successfully using  Quantum design, J
made image furnace using floating zone technique after optimizing the various growth 

ray pattern taken in Proto Laue COS system using tungsten x
ates the formation of single crystals. It is pertinent to note that these systems are well

known frustrated magnetic systems that depict various quantum phase transitions including spin 
liquid. Investigations down to mK temperatures are being analyzed to unravel these fascinating 

 
M. Krishnan, P. Saravanan, Dr.Indranil Bhaumik and V.Ganesan
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f Ag2SNanoparticles by Ag-nanoinclusions 
We have demonstrated a simple strategy for improvement of thermoelectric performance 
S basedcomposites by modifying reaction conditions in polyol method. The existence of 

anocomposites is confirmed from dual phase Rietveld 
ray diffraction. TheFESEM images confirmed the formation of 

nanodisks of average thickness 80 nm and width in few hundreds of nm. Asystematic reduction 
content is observed which leads an enhancement 

inpower factor. The values of Seebeck coefficient are positive or negative depend on fraction of 
Smatrix. Finally, a significantly high power factor is obtained for Ag2S@Ag 

C. Thiswork open a new way for reduction of electrical 
 

 

S (AgS1) NPs (Inset: FESEM image with different 
cation), (b) temperature dependenceof thermopower and (c) electrical resistivity of 

, R. Venkatesh, G. S. Okram  
 

pyrochlores.  
state reaction. The stoichiometric powders of 

were mixed thoroughly for several hours and pressed into rods and 
sintered. The phase purity of polycrystalline samples were verified using powder X-ray 

ng  Quantum design, Japan 
made image furnace using floating zone technique after optimizing the various growth 

ray pattern taken in Proto Laue COS system using tungsten x-ray tube 
ates the formation of single crystals. It is pertinent to note that these systems are well-

known frustrated magnetic systems that depict various quantum phase transitions including spin 
nravel these fascinating 

 

M. Krishnan, P. Saravanan, Dr.Indranil Bhaumik and V.Ganesan 
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3.1.46 Production of liquid Nitrogen 

 
 

Production / utilisation of Liquid helium. 
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3.2 Research Activity at Kolkata Centre 

3.2.1.1 Anisotropic magnetic properties of single crystalline RAuAl4Ge2 (R = Pr, Gd) 
 

We have made a detailed study on the structural, magnetic and magnetocaloric properties of 
single crystalline RAuAl4Ge2 (R = Pr, Gd) compounds. The single crystals of rare earth based 
quaternary compounds RAuAl4Ge2 (R = Pr, Gd) were grown by self-flux method. Flat platelet 
type shiny single crystals with dimension of about a few mm were obtained. From the Laue 
diffraction pattern we confirmed that the flat plane of the crystals correspond to the ab-plane. 
These compounds crystallize in the trigonal crystal structure with the space group R-3m (No. 
166). In the crystal structure, the rare earth ions form the infinite triangular nets in the basal ab-
plane which are separated by about 10 Å. This kind of arrangement of magnetic ions may lead to 
geometric frustration of magnetic spins in the system. Temperature and field variation of 
anisotropic magnetization was measured for both the compounds using MPMS SQUID 
magnetometer and high field magnetization was measured in a vibrating sample magnetometer 
attached to a Cryogenic system. The temperature variation of magnetization in an applied 
magnetic field of 3 kOe along the ab-plane and c-directions, clearly revealed that the basal plane 
is the easy plane of magnetization for both the single crystals. The single crystalline PrAuAl4Ge2 
showed a distinct slope change at ~12 K (TN) in the magnetization vs temperature data revealing 
an paramagnetic to antiferromagnetic transition, as the temperature is reduced. The temperature 
dependence of inverse paramagnetic susceptibility data of PrAuAl4Ge2 for both crystallographic 
directions obey the Curie-Weiss law and the obtained effective magnetic moment is very close to 
the theoretically calculated moment of Pr3+ (3.58 μB). The field dependence of magnetization 
measured at 2 K revealed an antiferomagnetic like behaviour with a magnetization reaching a 
value of about 0.9 μB/Pr3+ at 50 kOe along the easy magnetization direction. The temperature 
dependence of magnetization of GdAuAl4Ge2 revealed multiple magnetic ordering at ~14 K, 
~16.2 K and ~18 K. The evolution of magnetic transitions with different applied field were 
studied which is quite interesting. The temperature dependence of inverse paramagnetic 
susceptibility data of GdAuAl4Ge2 for both crystallographic directions obey the Curie-Weiss law 
and the obtained effective magnetic moment is very close to the theoretically calculated moment 
of Gd3+ (7.94 μB). The field dependence of magnetization of GdAuAl4Ge2 measured at 2 K 
revealed a sharp field induced metamagnetic transition in ~19 kOe field and an additional slope 
change at ~100 kOe field. The magnetization showed a saturation in a field of ~110 kOe or 
above with a saturation of magnetization of ~6.66 μB/Gd3+ in 149 kOe along the easy 
magnetization direction which is close to the expected saturation magnetization for Gd3+ (7 μB). 
To investigate the magnetic ordering, we have estimated the magnetocaloric effect of 
GdAuAl4Ge2 in terms of isothermal magnetic entropy change (ΔSm) near the magnetic ordering 
temperatures. The temperature and the field variations of ΔSm showed some features around the 
magnetic transitions of GdAuAl4Ge2 with a maximum value, ΔSm

max of ~-16 J/kg-K in 149 kOe 
field. Further investigations via different physical properties are planned for the future. 
 

[Rajib Mondal (UGC-DAE CSR, Kolkata Centre), A. Thamizhavel (TIFR, Mumbai)] 
 

3.2.1.2 Observation of inverted hysteresis loop and thermomagnetic irreversibility in the 
antiferromagnetic Mn5Si3 alloy 

 
Mn5Si3 crystallizes in hexagonal D88 type structure (space group P63/mcm) with two distinct 
crystallographic sites for Mn atoms. It undergoes two first-order phase transitions during cooling 
from paramagnetic to collinear antiferromagnetic phase around 100 K and subsequently to 
noncollinear antiferromagnetic phase around 66 K. Detailed investigation by dc magnetic 
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measurements probe the presence of inverted hysteresis loop below 66 K. In addition, 
thermomagnetic and field-induced arrest are the two key features of this alloy. Such arrest of 
high temperature phase plays the pivotal role toward the observation of inverted hysteresis loop 
behavior. The robustness of the arrested states was checked by magnetic relaxation 
measurements. 
 

[S. C. Das, K. Mandal, S. Pramanick, and S. Chatterjee (UGC-DAE CSR, Kolkata Centre), P. 
Dutta (IACS Kolkata)] 

 
3.2.1.3 Effect of non-magnetic Ag-doping on magnetic and magnetofunctional properties of 
MnNiGe alloy 

 
Systematic investigations on Ag-doped MnNiGe alloys of nominal compositions MnNi1-xAgxGe 
(x = 0.10, 0.15 and 0.20) have been performed through dc magnetic measurements in ambient as 
well as in high pressure conditions. All the Ag-doped alloys undergo martensitic type structural 
phase transition with a monotonic decrease in transition temperature with increasing Ag 
concentration. Room temperature x-ray powder diffraction data confirm the presence of both 
hexagonal and orthorhombic phase for 10% Ag-doped alloy whereas, 15% and 20% Ag-doped 
alloys are found to be purely hexagonal in nature. Gradual incorporation of ferromagnetic 
interaction with increasing Ag-concentration in otherwise antiferromagnetic alloy is clear from 
the magnetic investigations. Application of external hydrostatic pressure further favors 
ferromagnetism. In addition, these Ag-doped alloys also show a reasonably high magnetocaloric 
effect around the magnetic and structural transition temperatures which makes these alloys 
important for magnetic cooling applications. The robustness of the observed magnetocaloric 
properties have also been checked by high pressure measurements. 
 

[K. Mandal, S. C. Das, S. Pramanick, and S. Chatterjee (UGC-DAE CSR, Kolkata Centre), P. 
Dutta (IACS Kolkata)] 

 
3.2.1.4 Structural and magnetic investigations on Cu-doped MnV2O6 compound: 
Experiment and theory 

 
Effects of Cu-doping on the structural and magnetic properties of spin chain compound MnV2O6 
have been investigated through experimental and theoretical techniques. Significant change in 
magnetic properties with Cu-doping have been observed. Increasing defects and disorders with 
Cu-doping which often results in a breaking of infinite chains along b-axis into finite segments 
play pivotal role towards the decrease in the intrachain exchange interaction. Defects, disorders 
and hence the chain breaking also affects the magnetic susceptibility of the compound and an 
increasing Curie tail has been observed. In addition, increasing contribution of orbital moment 
has been observed with doping. Observation of metamagnetism in both pure and doped 
compounds is the another key feature observed. First principles electronic structure calculations 
have been employed to understand the observed increase in the effective magnetic moment as 
well as metamagnetism in both pure and doped system. 
 

[N. Khamarua, S. De, A. Das, D. Das, S. Chatterjee (UGC-DAE CSR, Kolkata Centre), P. 
Dasgupta (Jadavpur University), Vijay Singh, Dan Thomas Major (Bar-Ilan University, Israel)] 
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3.2.2  Radiation and Macromolecular Chemistry research work 
 
3.2.2.1Comparative assesment of chemical and radiolytic synthesis of nir emitting lead 
sulfide quantum dots 

 
Near infra-red (NIR) light emitting nanomaterials had shown great promise in clinical imaging 
in view of negligible absorption by skin or tissue of mammalian. The present work presents 
synthesis of luminescent near-IR emitting lead sulfide quantum dots through an aqueous route 
using glutathione as surface capping agent. Lead sulfide quantum dots was also synthesized by 
radiolytic method.The most significant advantage of the radiolytic synthesis technique over other 
conventional chemical and photochemical methods is that it embraces a controlled reduction of 
metal ions only by the solvated electrons and secondary radicals without introducing any other 
interfering entity into the synthesis mixtures.Near infra-red (NIR) emitting lead sulfide quantum 
dots were synthesized in water environment at room temperature with a glutathionecoating. The 
PbS quantum dots of three sets were synthesized in varying ratio of Pb2+ and S2- and also at 
different temperatures. Further, PbS QDs was synthesised through radiolytic method. The 
characterization of PbS quantum dots was analysed by UV-VIS spectroscopy, 
Photoluminescence spectroscopy, Dynamic Light scattering, FTIR spectroscopy. The complex 
of GSH with lead ion (GSH-Pb) was formed when GSH binds with lead (II) in aqueous solution.  
 
 

 
 
Figure. (a) Absorption spectra of GSH-coated PbS QDs synthesized in a typical experiment. (b) 
Inset graph shows magnification of the absorption spectra at 800 to 1200 nm. (c) PL spectra of 
synthesized PbS QDs (d) FTIR images of pure GSH and GSH-Pb complex 
 
The formation of GSH-Pb was confirmed by FTIR spectra. Pure GSH shows a strong band at 
2552 cm-1 due to V-SH, which is absent in the spectra of the GSH-Pb complex. The results 
indicates the deprotonation and coordination of the thiol group, suggesting the binding of lead 
ion through sulfur. The band of GSH at 1719 cm-1 assigned to the >C=O stretching vibration of 
the -COOH group of the glycine residue, is shifted to lower frequency and merged into a big 
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band. The band shift indicates coordination of -COOH group of glycine with lead ion in the 
GSH-Pb complex. The band at 1657 cm-1 in the GSH, which is assigned to the >C=O stretching 
of the peptide bonds, has been shifted to lower frequency at 1587 cm-1, indicating the 
coordination of the >C=O group with lead ion. The N-H stretching frequency at 2950 cm-1 in a 
hydrogen bonded NH3+ in zwitter ion of the amino acid moiety does not show any considerable 
shift in GSH-Pb, indicating the non-participation of this N-H group. 

(T. K. Das, S. Karmakar and A. Saha (UGC-DAE CSR) 
 
3.2.2.2 Physico-chemical Understanding of Protein-bound Quantum Dots based Sensitive 
Probing of Bilirubin: Validation with Real Samples and Implications of Protein 
Conformation in Sensing 
 
Precise and rapid determination of free bilirubin (BR), a key biomarker of pathological 
conditions of liver, is important clinical issue. The present work demonstrates that the 
amalgamation of the strong specific affinic properties of protein, bovine serum albumin (BSA), 
towards bilirubin with luminescence of well-characterized semiconductor quantum dots (QDs) 
can offer a simple, fast and sensitive technique for the determination of free bilirubin through 
quenching analysis. Here, BSA molecule not only stabilizes the quantum dots in aqueous 
environment but also helps bring BR closer to QDs during the interactions of CdSe with BR. 
Further, it is revealed in the present work that the conformation of protein molecule may play an 
important role in biomolecular sensing considering bilirubin as a model target molecule.  

The luminescence of CdSe QDs was highly responsive towards bilirubin, where nearly 
90% of emission intensity was quenched on adding only 40 µM bilirubin suggesting strong 
interactions involved between synthesized QDs and bilirubin. Solvent polarity dependence on 
luminescence changes confirms strong electrostatic interaction between the QDs and BR. The 
applicability of the synthesized quantum dots in sensing bilirubin has been checked in the 
presence of different possible interfering agents and also with plasma isolated from real blood 
samples of both normal and hepatitis patient. Thus, the proposed strategy being able to measure 
free BR even at least two orders of magnitude lower than bilirubin level in normal blood may 
provide a reasonable protocol to determine BR in the pathophysiology of many critical human 
diseases, like hepatitis,etc. in near future.  

Fluorescence decay data of CdSe-BSA in the absence and in the presence of 
different concentrations of bilirubin were fitted by tri-exponential and presented in 
Figure. 

𝑓(𝑡) = 𝐴 𝑒 / + 𝐴 𝑒 / + 𝐴 𝑒 /  
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Figure.  Time-resolved fluorescence spectra of CdSe QDs in the presence of different 
concentrations of bilirubin. 

 
To understand the thermodynamics of interactions between CdSe-BSA QDs and 

bilirubin, isothermal micro-calorimetric measurement was carried out. 

 
Figure. Typical ITC thermogram of the interaction of CdSe-BSA QDs and bilirubin 

 
In the interaction of QDs and bilirubin, change in entropy is also negative. This indicates 
the complex formation leads to a more ordered arrangement of the molecules. The 
Negative value of free energy change supports the fact that complex formation is a 
spontaneous process. The large negative value of enthalpy change of the interaction 
indicates the binding process is mainly enthalpy driven and entropy change is 
unfavorable for it.  

(Sudip Karmakar, Tushar Kanti Das, Somashree Kundu, Susmita Maiti and Abhijit Saha  
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3.2.2.3 Synthesis and spectroscopic characteristics of Eu3+ doped graphene quantum dots 
 
Graphene quantum dots (GQDs) have shown great promise in various applications in recent 
years due to its unique structure-related properties, such as optical, electrical and optoelectrical 
properties. The GQDs is basically graphene lattice inside the dots, and these dots are smaller 
than 100 nm in size and less than 10 layers thick.It possess excellent features such as large 
diameter, high surface area, and good surface grafting using conjugated π-π network. These 
properties include highly tunable photoluminescence, remarkable UV-blocking property, good 
biocompatibility, unique spin property, and high photo stability. It has a wide range of 
applications in ion detection, bio-imaging, photo catalysts, photo detectors, electrochemical 
luminescence, optical sensors and photovoltaic devices. Recently, doping of different elements 
in GQDs is found to be promising strategy to modulate chemical, electronic, and structural 
functionalities for their outstanding properties. 

The current work focuses on aqueous synthesis of lanthanide doped GQDs. We have 
chosen Europium ion as a dopant. Previously we have reported synthesis of GQDs by using 
perchloric acid as oxidising agent. Doping in GQDs has been carried in the similar approach. In 
a typical synthesis, Graphene oxide and EuCl3.6H2O was dissolved in water and then sonicated 
for 1hr. Then the mixture was transferred to a round bottom flask. Perchloric acid was added to 
it and the solution was mixed vigorously for 10 mins. Then it was reflasked for 24 hrs at 100 OC. 
As synthesized Eu3+ doped GQDs was characterized using different spectroscopic techniques.  
The technique used for doping is simple and efficient.Both GQDs and Eu3+ have emission at 
different wavelength. Hence it would be very interesting to study the photophysical properties of 
GQDs-Eu3+.  

(Sudip Karmakar, Tushar Kanti Das, Abhijit Saha  
 
3.2.2.4 Synthesis and antibiofilm activity starch capped AgCu bimetallic nanoparticles 
 
Starch encapsulated bimetallic nanoclusters was prepared using the co-complexation method, 
which used to be achieved with the aid of preloading starch with two types of suitable metal ions 
and then chemically reducing this composite in situ.Figure 1 shows the UV-vis spectra of starch 
capped Ag, Cu and Ag-Cu bimetallic nanoparticles. There is a strong absorption peak at about 
409 nm of silver nanoparticles due to surface plasmon absorption (SPR). The copper 
nanoparticles shows absorption band at 575 nm. It can be seen from the UV−vis spectra that Ag-
Cu bimetallic nanoparticles show a double peak spectral line pattern.SPR for the Ag–Cu 
bimetallic NPs is slightly blue shiftedand is appeared at 398 nm.The different characteristics of 
the spectra of bimetallic nanoclusters strongly suggested that starch capped bimetallic 
nanoclusters were formed. 
 
 
 
 
 
 
 
 
 
 
Figure. UV-vis absorbance spectra of starch capped Ag, Cu and Ag-Cu bimetallic nanoparticles 
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Thermodynamics of the formation of starch capped AgCu bimetallic nanoparticles was 
investigatedby carrying out ITCmeasurements. From this experiment we get the thermodynamic 
parameters like binding constant (Ka), change in enthalpy (ΔH), entropy changes (ΔS), and 
changes in free energy (ΔG) due to the growth of AgCu bimetallic NPs and number of binding 
sites (n) of a macromolecule.A typical ITC result illustrating the raw calorimetric data obtained 
during titration (thermogram) for the starch capped AgCu, Ag and Cu nanoparticle formation 
and binding isotherm is shown in Figure. 
 

 
         Figure. The thermogram for evolution of starch capped AgCu bimetallic particles  
 

Biofilm formation poses a major challenge to antibacterial treatments as biofilms provide 
the bacteria with increased tolerance to conventional antibiotics.Several explanations have been 
proposed for the tolerance exhibited by biofilms. First, the bacteria in biofilms exist in a 
physiologically stationary phase, which significantly reduces the intake of nutrients and slows 
cellular processes, thus making antibiotics less effective against stationary bacteria. Second, the 
biofilm’s exopolymeric matrix and dead bacterial cells can serve as a physical barrier that 
adsorbs or otherwise inactivates antibiotics, thus protecting the living bacteria. The antibiofilm 
activity of the synthesized bimetallic nanoparticles was determined by two ways using multidrug 
resistant V. Cholerae (SG24) as model bacteria. In the first process the effect of starch capped 
AgCu bimetallic nanoparticle on biofilm formation by bacteria was examined by 96-well 
polystyrene flat bottom microtitre plate assay.AgCu bimetallic nanoparticle showed an 
inhibitory effect on the formation of biofilm produced by V. Cholerae (SG24) in dose dependent 
manner as illustrated in the figure.  
 
 
 
 
 
 
 
 
 
 
                                     Figure. Dose dependence biofilm formation  

                (D. Ghosh, S. C. Bhattacharya (Jadvapur Univ); A. Saha   



 

3.2.2.5 Biotinylated Multivalent Dendrimer Semiconductor Nanocomposites and Physico
Chemical Aspects of their Binding with Avidin: Implications for Immuno
Applications 
 
It is challenging to design and characterize molecular recognition 
targeting and imaging property and it is also of particular interest to inquire into the limits 
of the affinity that can be achieved with designed bio
functionalization of luminescent quantum dots (QDs)
molecules conjugated with biotin as targeting moiety and photo
thermodynamic behavior of this bio
avidin. Synthesis of Biotin-dendrimer conjugated cadmium sulfi
was developed (Scheme). We have synthesized a fluorescent biotinylated quantum dot 
conjugate system using dendrimer as encapsulating agent. Biotin is first conjugated to 
dendrimer molecule employing EDC chemistry and cadmium sulfide q
been synthesized thereafter using the conjugate for encapsulation. Successful conjugation 
of biotin to dendrimer surface and the formation of QDs have been monitored using UV
VIS, Photoluminescence, FTIR, Circular dichroism spectroscopy, T
 

Scheme. Synthesis of Biotin-Dendrimer conjugate and Biotin
 
 

 
Figure Emission spectra of avidin in the presence of different concentrations of dendrimer (a), 
biotinylated dendrimer (b) dendrimer encapsulated CdS Q
CdS QDs conjugate (d). 

Biotinylated Multivalent Dendrimer Semiconductor Nanocomposites and Physico
Chemical Aspects of their Binding with Avidin: Implications for Immuno

It is challenging to design and characterize molecular recognition pair consisting of both 
targeting and imaging property and it is also of particular interest to inquire into the limits 
of the affinity that can be achieved with designed bio-conjugate. This work presents 
functionalization of luminescent quantum dots (QDs) employing multivalent dendrimer 
molecules conjugated with biotin as targeting moiety and photo
thermodynamic behavior of this bio-conjugate in terms of highly affinic binding with 

dendrimer conjugated cadmium sulfide (CdS) quantum dots 
We have synthesized a fluorescent biotinylated quantum dot 

conjugate system using dendrimer as encapsulating agent. Biotin is first conjugated to 
dendrimer molecule employing EDC chemistry and cadmium sulfide q
been synthesized thereafter using the conjugate for encapsulation. Successful conjugation 
of biotin to dendrimer surface and the formation of QDs have been monitored using UV
VIS, Photoluminescence, FTIR, Circular dichroism spectroscopy, TEM. 

Dendrimer conjugate and Biotin-Dendrimer-CdS QDs Conjugate

Emission spectra of avidin in the presence of different concentrations of dendrimer (a), 
biotinylated dendrimer (b) dendrimer encapsulated CdS QDs (c), and biotinylated dendrimer
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Biotinylated Multivalent Dendrimer Semiconductor Nanocomposites and Physico-
Chemical Aspects of their Binding with Avidin: Implications for Immuno-Histochemical 

pair consisting of both 
targeting and imaging property and it is also of particular interest to inquire into the limits 

conjugate. This work presents 
employing multivalent dendrimer 

molecules conjugated with biotin as targeting moiety and photo-physical and 
conjugate in terms of highly affinic binding with 

de (CdS) quantum dots 
We have synthesized a fluorescent biotinylated quantum dot 

conjugate system using dendrimer as encapsulating agent. Biotin is first conjugated to 
dendrimer molecule employing EDC chemistry and cadmium sulfide quantum dots have 
been synthesized thereafter using the conjugate for encapsulation. Successful conjugation 
of biotin to dendrimer surface and the formation of QDs have been monitored using UV-

EM.  

 
 
 
 
 
 

CdS QDs Conjugate 

 

Emission spectra of avidin in the presence of different concentrations of dendrimer (a), 
Ds (c), and biotinylated dendrimer-
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Through spectroscopic and micro-calorimeric measurements, it is demonstrated that 
fluorescence intensity of QDs remained almost unaffected when synthesized conjugate 
interacts with avidin and this is considered to be an important requisite for applications in 
imaging and sensing. The observed changes in average emission lifetime as well as 
values of lifetime components of avidin indicate the binding of biotin with tryptophan 
moiety of avidin. Calorimetric investigation reveals that binding of avidin with biotin-
dendrimer conjugate is exothermic process accompanied with favorable enthalpy (ΔH = -
21.6 kcal/mol) and unfavorable entropy (ΔS = -43.7 cal/mol/deg). These findings may 
help design of multiplexed assays where dendrimer conjugated QDs based probe 
molecules are immobilized via the avidin-biotin interactions which can have implications 
in development of immuno-histochemical techniques simultaneously. 

(S. Kundu, S. Maiti, T. K. Das, S. Karmakar and A. Saha  
 
3.2.2.6A Detailed Investigation on Photophysical and Thermodynamic Phenomena 
Involved in Interactions of Graphene Quantum Dots with DNA and its Components 
 
Interaction of DNA with nanoparticles has generated interest in a number of applications due to 
the specificity, programmability, and reproducibility. The experimental results presented a trend 
of relative binding strength in the order ofguanine (G)>adenine (A) >cytosineC ∼thymine (T). 
On contrary, calculation based on ab-initio density functional theory (DFT) showed slightly 
reverse trend like C > G>A>T. Still there is no explanation available for this discrepancy. 
However, both experimental and theoretical results demonstrate that single-stranded DNA 
(ssDNA) or RNA can be preferentially adsorbed onto the graphene surface through the 
hydrophobic and π-stacking interactions between the ring atoms of the nucleobases and 
thecarbon rings of the graphene surface. In contrast, the affinity of double-stranded DNA 
towards graphene is comparatively lower becauseof the efficient shielding of the end base pairs 
within thenegatively charged sugar−phosphate backbone of double-stranded DNA (dsDNA). To 
investigate the thermodynamics of interactions between GQDs and DNA – components by 
isothermal micro-calprimetry, we considered various sets of DNA components like nucleobases 
(A, T, G, C), nucleosides, nucleotides (AMP, ATP), poly A, poly G and ssDNA. 

A closer look of the thermodynamic parameters obtained from the experiment reveal that 
binding of GQDs with DNA and its components are favored by enthalpy change (ΔH<0) entropy 
change (ΔS> 0) for nucleobases except adenine. According to the earlier literature, when ΔH< 0, 
ΔS> 0, the main binding force was electrostatic force; when ΔH< 0, ΔS< 0, the mainbinding 
force was van der Waals force or hydrogen bond and when ΔH> 0, ΔS> 0, the main binding 
force was hydrophobicforce . So, the results indicate that electrostatic and π-π interactions are 
the main binding force in case of T and C and van der Waals force or hydrogen bond formation 
is the main binding force in case of adenine. Density functional theoretical (DFT) calculations 
confirm the trend on binding of  DNA components on grapheme quantum dots as observed from 
experimental thermodynamic measurements.   
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DFT model of ATP: Orange, Blue, Black and Violet represents Oxygen, Phosphorus, Carbon 
and Nitrogen. 

 
 
 
 
Attachment model of DNA components on grapheme quantum dots  
 
Table. The trend showing energy changes on binding of  DNA components on GQDs 
determined through micro-calorimetric and DFT calculations   
 

 
System ∆G( eV) ∆G Experimental 

(eV) 
Adenine -0.36 -0.19 

Adenosine -0.51 -0.25 
ATP -0.42 -0.22 

 
 

Also further from thermodynamic parameters determined in the present calorimetric 
titrations for T and C due to the interaction with GQDsreveal that the negative enthalpy change 
(ΔH) is accompanied by a favorable entropy change (ΔS> 0), contributing overall negative free 
energy changes (ΔG). In case of nucleobases A, T and C it is observed that the contribution of 
ΔH to the free energy ΔG is greater than that of TΔS. Therefore, we may conclude that binding 
of nucleobases with graphene quantum dot (GQDs) are enthalpy driven processes. The trend in 
the relative interaction energies in terms of enthalpy change is (adenosine> 
thymidine>guanosine>cytidine), is same as that of nucleobases. Also the binding parameters 
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reveal that the contribution of ΔH to the free energy ΔG is greater than that of TΔS. So, the 
interaction between nucleosides and GQDs are enthalpy driven process. In case of nucleotides 
adenosine mono phosphate (AMP) binds more strongly than adenosine tri phosphate (ATP).  

(S. Maiti, S. Kundu, T. K. Das and A. Saha B. Chakraborty (BARC) 
 
3.2.2.7 Aqueous synthesis of copper nanoparticles through radiolytic method and its 
catalytic applications towards reduction of para nitro phenol 
 
Copper nanoparticles were synthesized by irradiating copper sulphate solution with high energy 
γ-radiation. Soluble starch, which is actually the amylose component of starch, is a linear 
polymer formed by α-(1 → 4) linkages between D-glucose units that adapt a left-handed helical 
conformation in aqueous solution.The following provisional mechanism for gamma-ray 
fabrication of starch-stabilized AgNPs has been reported earlier, which is consistent with the 
irradiation reduction of copper ions in our case (Equation (1)–(14))- In a primary effect with the 
interaction of γ-radiation solvent molecules get excited and ionized in the following manner, 
equation (1) 

𝐻 𝑂 ⎯⎯⎯⎯ 𝑒 ,  𝐻 𝑂 ,  𝐻.,  𝑂𝐻.,  𝐻 ,  𝐻 𝑂  
The as-synthesized copper nanoparticles have been characterized by the experimental technique, 
transmission electron microscopy (TEM). TEM image of CuNPs (Figure 1a) ascertain the nearly 
spherical shape of copper nanoparticle having size nearly 8 nm, synthesized at higher irradiation 
dose i.e. 83.6 kGy. A concomitant analysis of HRTEM image of CuNPs (Figure 1b, c) reveal the 
higher crystallinity with the interplanar spacing (dhkl) of MNPs is 2.8 A0 of face centered cubic 
lattice of (111) plane of Cu0 (JCPDS data card no. 02-1225). SAED (Figure 1d) pattern shows 
clear reflection, which suggests crystalline nature of as-synthesized copper nanoparticles. 
 

 
 
 

Figure (a) TEM image of as-synthesized CuNPs, (b) HRTEM image of CuNPs, (c) HRTEM 
image and interplanar spacing of CuNPs and (d) SAED pattern of CuNPs. 

The process of borohydride ion adsorption on nanoparticle surfaces has been investigated 
in the earlier literature. Subsequently, a PNP molecule adsorbs on the nanoparticle surface, and 
like the adsorption of borohydride, this process is fast and reversible. The rate determining step 
is the reaction between the adsorbed PNP molecule and surface hydrogen species to form PAP. 
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The PAP then dissociates and the catalytic site can be further occupied by reactants. As a result, 
the rate of PNP reduction is dependent on the nanoparticle surface coverage by PNP and 
𝐵𝐻 .47But the increase in PNP concentration also caused a decrease in the apparent rate constant 
as the surface of the nanoparticle becomes saturated with PNP molecules. This leads to a 
significant decrease in the reaction of 𝐵𝐻  with the surface of the nanoparticles and 
consequently a decrease in the rate of electron transfer to the nanoparticle surface.47The 
nonlinear behavior of the apparent rate constant values with increase in 𝐵𝐻  and 4-Nitro Phenol 
concentration suggests competitive adsorption of substrate and reactant on the nanoparticle 
surface. 

 

 
Figure  (a) Successive UV-Vis absorption spectra of catalytic reduction of PNP to PAP by 
NaBH4 in the presence of copper nanoparticle. (b) First order plots of ln(A400) versus reaction 
time for the reduction of p-nitrophenol catalyzed by copper nanoparticle. 
 
The rate constant for this catalytic reduction reaction is evaluated from diffusion-coupled first 
order reaction kinetics using the slopes of the straight lines. The value of Kapp is 3×10-3 sec-1 for 
the as-synthesized copper nanoparticle by taking the solution containing 4.6 ×10-3 M of copper 
sulphate with 0.05 wt.% starch and irradiated at 83.6 kGy. It was found that the catalytic 
efficiency of CuNPs is higher than the previous literature. 
(Chandranath Roy, Somashree Kundu, Susmita Maiti, Tushar K. Das and Abhijit Saha  
3.2.3 Nuclear  Structure 
3.2.3.1 Multi-detector Array for Gamma-ray Spectroscopy Measurements at VECC. 
The Nuclear Physics Group at the Kolkata Centre has been pursuing nuclear structure studies 
based on in-beam gamma-ray spectroscopic measurements along with the associated 
instrumentation for more than two decades now. The group has been actively contributing in the 
efforts to set up large detector arrays for such experiments at the different accelerator centers in 
the country. One of the principal output of these collaborative endeavours has been the Indian 
National Gamma Array (INGA) that the in-house group has facilitated with resources as well as 
with the expertise necessitated for setting up and sustained operation. 
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Fig.(Left) The detector array consisting of Compton suppressed HPGe clover and 
LaBr3 scintillator detectors, set up in Cave # 2 of the Room Temperature Cyclotron 
(RTC) at VECC. (Right) The digitizer based pulse processing and data acquisition 
system, of the Kolkata Centre, used with the array.  

 
One of the recent accomplishments of the group in this context has been a multi-detector array, 
for gamma-ray spectroscopic measurements, that was setup in the Room Temperature Cyclotron 
(RTC) facility at VECC, Kolkata. The array consisted of twelve Compton suppressed HPGe 
clover detectors along with  three LaBr3 scintillators and was hitherto the most comprehensive 
setup for gamma-ray spectroscopy experiments at VECC.  The pulse processing and the data 
acquisition system associated with the array was a digitizer based one that has been 
conceptualized by the Kolkata Centre [Das et al. Nucl. Instr. Meth. Phys. Res. A893, 
138(2018)]. It may be noted that the same digital system has also been used in the previous 
campaign of the INGA facility at VECC, albeit the firmware on the system for the recent setup 
was an updated one with respect to the previous usage. The principal hardware constituting the 
data acquisition system is 12-bit 250 MHz PIXIE-16 digitizer module each of which can support 
three Compton suppressed clover detectors. One such module was used to support the three 
scintillator detectors.  The data acquired with the digital DAQ system was processed using the 
IUCPIX package, also developed by the Nuclear Physics Group of the Kolkata Centre. 
 
The setup has been used to implement four experiments led by different user groups. The RTC 
provided alpha and proton beams for the purpose. One of these experiments required that the 
data be entirely acquired under the singles condition on the HPGeclovers,. This implies the 
minimum detector multiplicity (M) required for generating an acquisition trigger is one (any 
detector firing) and consequently leads to extremely high event rates that cannot be sustained by 
the conventional analog pulse processing electronics. However, the digital DAQ system of the 
Kolkata Centre, merited with the fast recursive algorithms characterizing the digital signal 
processing and operating on a Compton suppressed trigger, could be successfully used to acquire 
data under the aforementioned M >= 1 condition for the entire duration of the experiment. The 
operation also required judicious disk space management and the size of the acquired data 
totalled to ~ 1 TB which, to the best of our knowledge, is hitherto the highest in the domain of 
gamma-ray spectroscopy measurements that have been pursued in the country. 
 
The analysis of the data acquired from the campaign is currently in progress. Physics results of 
interest to the community are envisaged to emerge therefrom.  
 
(UGC-DAE CSR, Kolkata Centre; VECC, Kolkata; SINP, Kolkata; Presidency University, 
Kolkata; Victoria Institution (College), Kolkata; IEM, Kolkata; Government General Degree 
College, Kalimpong) 
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3.2.3.2Software Developments for Data Processing. 
Development of software tools for processing of the acquired data, in gamma-ray spectroscopy 
measurements, has long been one of the principal programmes of the Nuclear Physics Group at 
the Kolkata Centre.  In recent years, the group has developed the IUCPIX package for pursuing 
reduction of data acquired with the digital data acquisition system of the Centre. The package 
has catered to a large community of users who have carried out experiments using the digital 
DAQ system. The component programs of the package have been continuously updated to 
accommodate the varied requirements of the user community as well as to facilitate the data 
reduction exercise with extended options for construction of gamma-gamma matrices and 
gamma-ray energy and time correlation spectra. These efforts have been continued through the 
past year and the current version of the package is also merited with detailed diagnsostic outputs 
to ascertain the quality of data and aid any required troubleshooting. Of particular pertinence is 
the modification of the PIXSORT code, in the IUCPIX package, for sorting of data acquired 
from the array of Compton suppressed HPGe clover detectors and LaBr3 scintillators, that was 
setup at VECC as has been documented elsewhere in this report. The different types of detectors 
in the setup along with the difference in the trigger conditions of their operation have 
necessitated appropriate modification of the code and the efforts are in progress to finalize the 
same.  

(UGC-DAE CSR, Kolkata Centre) 
 
3.2.3.3 Development of a zero-cost multichannel analyser based on digital signal processing 
for γ -ray spectroscopy using the PC sound card. 
A zero-cost multichannel analyser (MCA) system based on the digital signal (pulse) processing 
(DSP)convenient for γ -ray spectroscopy with conventional detectors such as scintillators and 
high-purity germanium(HPGe) has been implemented. The in-built high-performance analog-to-
digital converter (ADC) in the sound card,an integral component of the present day personal 
computers, was used to digitise the signals from the radiationdetectors. These pulses were then 
shaped using the established digital signal processing recursive algorithms. This methodology 
hasbeen successfully applied to process the pulses fromthe scintillator as well as the 
semiconductor detector. 

 
 

Fig: Spectrum acquired using Scintillator detector (left panel) and HPGe detector 
 
The system has been tested at around 500 cps, whichshould satisfy the requirements for typical 
undergraduate experiments. The developed system combines the performance ofthe sound card 
hardware with the flexibility allowed by the DSP to achieve a versatile MCA. This 
implementation does attempt to circumvent the overheads of commercial systems and providea 
basic acquisition hardware for teaching laboratoriesthat may be plagued by limited resources. 
 

(UGC-DAE CSR, Kolkata Centre, Jadavapur University) 
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3.2.4 Stress Biology Research Activities  
3.2.4.1 Radiation induced alterations in bystander cellular dynamics  
In radiation biology, the term ‘bystander effects’ denotes the plethora of effects generated in 
radiation non-targeted cells adjacent to the radiation targeted cells. The presence of an intricate 
system of communications and interactions between targeted and non-targeted cells is 
responsible for the radiation-induced alteration in bystander cell dynamics. Thus, the actual 
biological impact of ionizing radiation comprises the responses of both radiation targeted and 
bystander cells. Several factors like radiation dose, linear energies, cell type, etc have a 
regulatory influence on the generation of radiation-induced effects. In this context, γ radiation-
induced bystander effects have been studied in radio-resistant HepG2 cell lines at doses up to 10 
Gy. Irradiated cells, post-incubation (1, 2 or 24 hrs) release mediators in the culture media, and 
this conditioned media (ICCM) have been transferred to un-irradiated cells (bystander cells) on 
which experiments have been performed post-incubation (1, 2 or 24 hrs). To discern whether the 
stress signals from irradiated cells affect redox homeostasis in bystander cells, the generation of 
reactive oxygen species (ROS), lipid peroxidation and the activity of antioxidants like 
superoxide dismutase (SOD) were evaluated.  
ROS generation has been studied using DCFDA (2′, 7′-Dichlorofluorescin diacetate) dye whose 
oxidation by free radicals generates fluorescent 2’, 7’ – dichlorofluorescein (DCF). Flow 
cytometry study has shown that γ-rays induce the generation of free radicals like peroxy-nitrite, 
hydroxyl radical and superoxide anions in both irradiated and bystander cells. Increased free 
radical production leads to oxidative stress generation causing damage to cellular 
macromolecules like DNA, proteins, and lipids. To understand the induction of oxidative stress 
in bystander cells compared to the irradiated cells, lipid peroxidation has been assessed by 
measuring the concentration of its product malondialdehyde (MDA). The reaction of MDA with 
thiobarbituric acid (TBA) forms a product that is measured using a spectrophotometer (532 nm). 
A dose-dependent increase in MDA concentrations is observed in irradiated and bystander cells 
indicating a dose-dependent increase in lipid peroxidation compared to control. Under normal 
conditions, the activity of pro-oxidants is balanced by antioxidant. However, in the case of 
oxidative stress, antioxidants fail to detoxify the excess of free radicals. To understand the 
scenario in bystander cells, the activity of antioxidant enzyme SOD has been assessed 
spectrophotometrically (450nm) by using Dojindo’s highly water-soluble tetrazolium salt, WST-
1 (2-(4-Iodophenyl)- 3-(4-nitrophenyl)-5-(2,4-disulfophenyl)- 2H-tetrazolium, monosodium salt) 
that produces a water-soluble formazan dye upon reduction with a superoxide anion. A dose-
dependent decrease in SOD activity has been observed in both irradiated and bystander cells 1 
and 2 hrs post-irradiation. The decrease is time-dependent as well; SOD activity at different 
radiation doses (2Gy, 5Gy, 8Gy) is lower in bystander cells at 2 hrs post-irradiation compared to 
1 hr post-irradiation. Decreased antioxidant activity with increased generation of ROS and lipid 
peroxidation indicates that ionizing radiation alters the redox equilibrium not only in irradiated 
cells but in bystander cells as well. 
Scanning electron microscopic (SEM) studies have been performed to delineate the structural 
alterations in bystander cells compared to irradiated cells.. The results indicate dose-dependent 
as well as incubation time-dependent complexities in bystander cells. These studies highlight 
that the stress factors from irradiated cells mediate their action by stimulating free radical 
generation in bystander cells. These ROS induce oxidative attack on poly-unsaturated lipids, 
resulting in a well-defined chain reaction with the production of end products such as MDA. 
Lipid peroxidation has been shown to perturb the bilayer structure and modify 
membrane properties such as fluidity, permeability, and bilayer thickness. This may be one of 
the factors affecting the cellular surface topography in irradiated and bystander cells. Disruption 
of redox homeostasis is a key phenotype of many pathological conditions. Such a multitude of 
effects in this radio-resistant cell line makes the studies of radiat ion-induced bystander effects in 



310 | P a g e  
 

radiosensitive cell lines indispensable. 

                                                                                         Sharmi Mukherjee Anindita Chakraborty 

Study of ROS generation in control, irradiated and 
bystander cells at 2, 5, 7.5 and 10 Gy dose of γ ray 

Dose dependent decrease in SOD activity in 
irradiated and bystander cells (2, 5 & 8 Gy) 

Time dependent decrease in 
SOD activity in bystander 

HepG2 cells 

SEM studies on control, irradiated and bystander 
cells (2 & 24 hrs) at doses of 2, 5 & 8 Gy 

Dose dependent increase in MDA 
concentration in irradiated 

&bystander cells (2Gy, 5Gy, 8Gy) 
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3.2.4.2 Radiation in combination with tropical spice component in controlling cell 
proliferation and apoptosis induction  
Cytotoxicity evaluation of one of the active components of Cinnamon, namely ethyl cinnamate 
(EC) on HepG2 cells (a hepatocellular carcinoma cell line) was carried out through MTT assay. 
Cells exposed to EC and/or gamma radiation to determine the IC50 and LD50 dose of the 
respective treatments. 75 μg/ml EC was considered as the IC50 dose of EC for HepG2 cells and 
7.5 Gy was considered to be the LD50 dose for γ-irradiation. After selecting the dose of 
irradiation, EC, the cells were divided into four groups. Control group: HepG2 cells were 
treated with 0.1% DMSO, the vehicle. Irradiation group: HepG2 cells were treated with 0.1% 
DMSO vehicle. After 24 h of vehicle treatment, the cells were exposed to 7.5 Gy dose of γ-
irradiation. EC (75μg/ml)-treated group: HepG2 cells were treated with 75μg/ml of EC for 
24h. EC (75μg/ml) + Irradiation group: HepG2 cells were treated with 75μg/ml of EC for 24 h 
followed by 7.5 Gy γ-irradiation. This combination showed upregulated generation of reactive 
oxygen species. The mitochondrial membrane potential was observed to be significantly 
decreased in the combination treatment.This excess generation of reactive oxygen species (ROS) 
initiated apoptotic and inflammatory events, diminished the antioxidant system and induced 
oxidative processes.. 
Alterations in the levels of lipid peroxidation and antioxidants status: 
The level of MDA was measured post 24 h irradiation. The level was gradually increased in case 
of compound treatment (0.1068±0.00154), radiation exposure (0.1523±0.0053) and combination 
treatment (0.2434±.0029). The individual treatments showed higher level of lipid peroxidation as 
compared to control HepG2 cells.  

 

 
The antioxidant enzyme SOD activity was significantly downregulated in HepG2 cells treated 
with the combination of EC+IR (27.24 ± 0.43%) as compared to the control (84.49 ± 0.29%) 
which further stimulated the free radical generation in the EC+IR group. However, both in the 
EC treated cells (64.72 ± 0.64%) and irradiated cells (40.01 ± 0.89%) the SOD activity were 
observed to be reduced than control which indicated their pro-oxidant nature in the tumor cells. 
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Analysis of the apoptotic enzyme caspase activity: 
 

The level of prime apoptotic enzymes caspase 3 and caspase 9 were determined by flow 
cytometric methods. The combined treatment remarkably increased the activity level of both the 
caspases 3 and 9 which indicate its potential as an apoptosis inducer. Both the individual 
applications of radiation (79.44 ± 3.12%) and EC (93.46 ± 3.03%) upregulated the activity of 
caspase 9 than control (57.2 ± 6.37%). However, EC in combination with radiation greatly 
amplifies their individual effects on HepG2 cells by significantly inducing (196.79 ± 7.88%) the 
activity of caspase 9. 

 
 

 
 

Similar trend has been observed in case of caspase 3 expression. The activity of caspase 3 
gradually increased in the irradiated (56.85 ± 3.64), compound treated (112.53 ± 9.65) and 
combined treated group (190.19 ± 12.03) than untreated cells (38.76 ± 1.23). This also 
highlighted the potential of EC in sensitizing radiation towards HepG2 cells through a 5 folds 
increase in the activity of the prime apoptotic enzyme caspase 3.  
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Determination of the p53 levels: 
The tumor protein p53 acts as a tumor suppressor by preventing the division of cells with 
damaged DNA and signals it to undergo apoptosis. Both radiation exposure (65.8 ± 5.73%) and 
EC (61.29 ± 2.63%)treatment upregulated the level of p53 as compared to the control cells 
(29.57 ± 1.68%). But the expression level remarkably increased (almost 10 folds) in case of the 
combination treatment (251.91 ± 11.65%).      

 
 
The VEGF level analysis: 
The level of VEGFexpression in HepG2 cells were measured using flowcytometry. VEGF 
(Vascular endothelial growth factor) is a well-known angiogenic factorenhancing invasiveness. 
Gamma irradiation raised the level of VEGF expression (170.77 ± 11.53) as compared to the 
untreated cells (125.72 ± 9.67). Downregulation in the expression of VEGFwas observed in EC 
treated group (93.13 ± 7.45), with significant decrease in the combination treated group (64.75 ± 
4.43). Therefore, the combination treatment effectively reduces the angiogenic growth factor 
expression in the HepG2 cells thus limiting its survival response and angiogenic pathway 
activation. 
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Scanning Electron Microscopic analysis:
The untreated cells (control) appeared to be slightly flattened and attached to the substratum. 
The surface of the control cells was homogenous and cells were symmetric. Control cells 
appeared to be healthy with no membrane blebbing, and there was distinc
number of microvilli was appeared to be very low, and which observed to be distributed along 
the margins. But in case of EC treated cells the number of microvilli increased and which was 
distributed more towards the ends. The cell surface 
became slightly asymmetric with EC treatment, but there was no membrane blebbing. Irradiation 
increased the number of microvilli distributed throughout the cellular surface. The combined 
treatment distorted the shape of the cells, and they became shrivelled and fragile. There was 
damaged filopodia and highly increased number of microvilli distributed throughout the surface 
of the cells. The cell surface was very heterogenous with completely asymmetric cells and ther
was remarkable membrane blebbing.
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Scanning Electron Microscopic analysis: 
The untreated cells (control) appeared to be slightly flattened and attached to the substratum. 
The surface of the control cells was homogenous and cells were symmetric. Control cells 
appeared to be healthy with no membrane blebbing, and there was distinc
number of microvilli was appeared to be very low, and which observed to be distributed along 
the margins. But in case of EC treated cells the number of microvilli increased and which was 
distributed more towards the ends. The cell surface was observed to be heterogenous and cells 
became slightly asymmetric with EC treatment, but there was no membrane blebbing. Irradiation 
increased the number of microvilli distributed throughout the cellular surface. The combined 

pe of the cells, and they became shrivelled and fragile. There was 
damaged filopodia and highly increased number of microvilli distributed throughout the surface 
of the cells. The cell surface was very heterogenous with completely asymmetric cells and ther
was remarkable membrane blebbing. 

Anindita Dutta Anindita Chakraborty

IR+EC

314 | P a g e  

 

The untreated cells (control) appeared to be slightly flattened and attached to the substratum. 
The surface of the control cells was homogenous and cells were symmetric. Control cells 
appeared to be healthy with no membrane blebbing, and there was distinct filopodia. The 
number of microvilli was appeared to be very low, and which observed to be distributed along 
the margins. But in case of EC treated cells the number of microvilli increased and which was 

was observed to be heterogenous and cells 
became slightly asymmetric with EC treatment, but there was no membrane blebbing. Irradiation 
increased the number of microvilli distributed throughout the cellular surface. The combined 

pe of the cells, and they became shrivelled and fragile. There was 
damaged filopodia and highly increased number of microvilli distributed throughout the surface 
of the cells. The cell surface was very heterogenous with completely asymmetric cells and there 

 

 
Anindita Dutta Anindita Chakraborty 
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3.3. Research activities at Mumbai Centre 

3.3.1 Transition metal doping effect on NiO based ceramics: Existence of internal 
domains in LixTiyCuzNi1-x-y-zO and effects on dielectric behavior 

 
The influence of additionally doped transition metal ion (Cu2+) also tune the microstructure 

of (Li, Ti)-doped NiO ceramics, leading to dramatic changes in its electrical, magnetic and 
dielectric properties. Thus, thorough investigation of the effects of transition metal doped 
Li0.3Ti0.02Cu0.02Ni0.66O systems may be useful for the future applications, but also be able to 
provide the important clues about the underlying mechanism governing the intriguing dielectric 
behavior under magnetic fields of ceramics. Frequency and temperature dependent dielectric 
measurements under magnetic fields were carried out in conjunction with cytostatic arrangement 
integrated to the cryogen free magnet system (Cryogenics systems, UK).  

Souvik Chatterjee (UGC-DAE CSR, Kolkata Centre) and Sudip Mukherjee 

3.3.2 Synthesis of 2-deoxy-D-glucose coated Fe3O4 nanoparticles for applications in 
targeted delivery of Pt(IV) prodrug of cisplatin - a novel approach in chemotherapy 

Pt(IV) prodrug of cisplatin was synthesized by oxidation of cisplatin and further treated with 
succinic anhydride to achieve easily reducible ester linkage at axial positions. This modification 
of cisplatin was expected to render better physicochemical and biological properties to prodrug 
of cisplatin and overcome its detrimental side effects. This prodrug was conjugated with 2-
deoxy-D-glucose functionalized over the silica coated Fe3O4 nanoparticles. It was envisaged to 
enhance the potency of a formulation due to synergistic effect of 2-deoxy-D-glucose to inhibit 
glycolysis, chemothepeutic property and drift to cancer cells due to structural similarity with D-
glucose, eventually rendering faster internalization of Fe3O4 magnetic nanoparticles (MNPs) in 
tumor cells. We have evaluated the anticancer activity of this formulation against MCF-7 human 
breast cancer cell lines which demonstrate its potency (IC50 = 25 µM). Although it is equivalent 
to cytotoxicity of cisplatin; the formulation is anticipated to nullify the detrimental side effects of 
cisplatin and useful for site specific delivery of Pt(IV) prodrug to cancer cells. It is indicative 
that this formulation is a potential candidate for applications in targeted delivery of Pt(IV) 
prodrug of cisplatin. 

Prasad P. Phadnis (Chemistry Division, BARC) and Sudip Mukherjee 

3.3.3 Studying crystal and magnetic structure and physical property correlation of 
langasite compound by employing Neutron diffraction 

 
Quest for multifunctional nature in a single-phase material are being investigated intensively in 
last decade due to potential technological applications and unrevealing intriguing physics behind 
such phenomenon. Such understanding may assist in identifying mechanism behind the 
coexistence of multifunctionality in these compounds which are popularly known as multiferroic 
materials. The co-existence of order parameters like electrical and magnetic properties are of 
prime interest and drawing the researcher’s attention across the world. Many compounds have 
been tested in polycrystalline, thin film, nano, and composite form. However, the exploitation of 
prospective polycrystalline material with superior phase stability and strong coupling between 
these orders parameters is still an open challenge to researchers across the world.  

Out of many series of materials being studied, langasite type compounds are recent series of 
compounds which are being explored; some of the compounds of this series show interesting 
piezoelectric behavior and some member in single crystal form are reported to be multiferroic. In 
the above-mentioned time period, the temperature dependent magnetization and neutron 



 

diffraction study of one such langasite compound Ba
sample was prepared by solid state reaction route. 

Fig. 3.3.1: Room temperature
diffraction analysis of Ba3NbFe3Si

 
The analysis of neutron diffraction pattern (shown in 
position depicted in Table 3.3.1
Dhruva, Mumbai, India using the neutrons of wavelength 1.48 Å, shows that it crystallizes in 
hexagonal non-centrosymmetric 
The structure is composed of isolated triangular unit of Fe
stacked in 2D layers along the c-direction of the trigonal lattice, as shown in 
 
 

Fig. 3.3.2:The crystal structure of Ba

The temperature dependent magnetization study (at 100Oe and 1kOe) of polycrystalline 
Ba3NbFe3Si2O14 reveals the magnetic ordering taking place at ~26 K. The Curie
a negative Weiss temperature p 
at much lower temperature. Higher value of geometric frustration parameter 
title compound is typical geometrically frustrated systems. Isothermal magnetization confirms 
the ordering to be antiferromagnetic type.

diffraction study of one such langasite compound Ba3NbFe3Si2O14 in polycrystalline form. The 
sample was prepared by solid state reaction route.  

 

 

Room temperature neutron 
Si2O14  

Table 3.3.1: The elemental the 
crystallographic position in Ba
unit cell. 

The analysis of neutron diffraction pattern (shown in Fig.3.3.1 and elemental crystallographic 
3.3.1) measured at room temperature on PD-3 diffractometer at 

Dhruva, Mumbai, India using the neutrons of wavelength 1.48 Å, shows that it crystallizes in 
centrosymmetric P321 structure and no evidence of secondary phase are found. 

ucture is composed of isolated triangular unit of Fe3+ ions in ab plane which are further 
direction of the trigonal lattice, as shown in F

 
he crystal structure of Ba3NbFe3Si2O14 

e dependent magnetization study (at 100Oe and 1kOe) of polycrystalline 
reveals the magnetic ordering taking place at ~26 K. The Curie

 (-120K) indicating that Fe3+ spins on the triangular lattic
at much lower temperature. Higher value of geometric frustration parameter f
title compound is typical geometrically frustrated systems. Isothermal magnetization confirms 
the ordering to be antiferromagnetic type. 
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in polycrystalline form. The 

: The elemental the 
crystallographic position in Ba3NbFe3Si2O14 

and elemental crystallographic 
3 diffractometer at 

Dhruva, Mumbai, India using the neutrons of wavelength 1.48 Å, shows that it crystallizes in 
structure and no evidence of secondary phase are found. 

plane which are further 
Fig.3.3.2. 

 

e dependent magnetization study (at 100Oe and 1kOe) of polycrystalline 
reveals the magnetic ordering taking place at ~26 K. The Curie-Weiss fit gives 

spins on the triangular lattice order 
f ~ 5 points out that 

title compound is typical geometrically frustrated systems. Isothermal magnetization confirms 



 

Fig. 3.3.3:The magnetic properties
 
Temperature dependent neutron diffraction shows evolution of new peak below ordering 
temperature thus pointing out magnetic nature to be antiferromagnetic. The magnetic structure 
could be fitted with propagation
magnetic structure. The Fe3+ moments have noncolinear arrangement with ab plane, thus spin 
exchange between Fe3+ ion (through O) are frustrated. Temperature dependent cell parameter 
and Fe-O3 bond length show temperature induced decrease.

we further intend to take up this study with characterizing the dielectric behaviour, and further 
understand the role of various constituent ions in correlating and tailoring the physical properties 
for the application in the devices.

Fig. 3.3.4:Temperature dependent neutron diffraction 
patterns of Ba3NbFe3Si2O14 compound

 
magnetic properties of Ba3NbFe3Si2O14 compound 

Temperature dependent neutron diffraction shows evolution of new peak below ordering 
temperature thus pointing out magnetic nature to be antiferromagnetic. The magnetic structure 

ropagation vector, k = (0 0 1/7), which shows incommensurate nature of 
moments have noncolinear arrangement with ab plane, thus spin 

ion (through O) are frustrated. Temperature dependent cell parameter 
O3 bond length show temperature induced decrease. 

we further intend to take up this study with characterizing the dielectric behaviour, and further 
understand the role of various constituent ions in correlating and tailoring the physical properties 

the application in the devices. 

 
Temperature dependent neutron diffraction 

compound 
Fig. 3.3.5:(Top) Variation of unit 
cell parameters and (bottom) Spin 
structure of Ba3NbFe

S. D. Kaushik, S. Mukherje
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Temperature dependent neutron diffraction shows evolution of new peak below ordering 
temperature thus pointing out magnetic nature to be antiferromagnetic. The magnetic structure 

, which shows incommensurate nature of 
moments have noncolinear arrangement with ab plane, thus spin 

ion (through O) are frustrated. Temperature dependent cell parameter 

we further intend to take up this study with characterizing the dielectric behaviour, and further 
understand the role of various constituent ions in correlating and tailoring the physical properties 

 

 
(Top) Variation of unit 

cell parameters and (bottom) Spin 
NbFe3Si2O14. 

S. D. Kaushik, S. Mukherjee and S. Rayaprol 
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3.3.4 Study of magnetic structure of ferrimagnet Holmium iron garnet by neutron 
diffraction at room temperature 

The growing demand of miniaturization of the devices with functionality for higher data storage 
capacity have propelled the research community to look for the alternative materials, which 
could be useful for storage and various other application such as data storage, sensors, 
spintronics etc.  

 

Fig. 3.3.6: The Rietveld fitted XRD pattern of 
Ho3Fe5O12 ceramic. 
 

 

This has led to flurry of research in experimental as well as theoretical condensed matter physics 
as it involves captivating physics to understand such materials meticulously. Many materials, 
where electrical properties have bearing on magnetic properties, so as to give extra order 
parameter requisite for such application, are being suggested.  Oxide materials are being 
intensively studied for such potential multifunctional application where electric and magnetic 
property may co-exist thus to design smart devices.  Many oxide materials have already been 
proposed like BiFeO3, double perovskite-based manganite materials, Rare earth manganite 
(RMnO3) etc., but due to week coupling between electric and magnetic properties have made it 
difficult to use it for true application. 

Polycrystalline ferrimagnetic holmium iron garnet (Ho3Fe5O12) was prepared by ball mill 
assisted solid state reaction method. The phase purity of the prepared sample was verified by X-
Ray diffraction study. The temperature and field dependent magnetization confirm the 
ferrimagnetic nature of the title compound at room temperature and also reveals that the 
compensation takes place ~ 150 K.  

 

Fig. 3.3.7: The temperature dependent dc 
susceptibility (M/H) of Ho3Fe5O12 ceramic 
in zero field cooled condition recorded at 
100 Oe measuring DC magnetic field. The 
isothermal magnetization at 3K (with black 
symbol) and 300K (by blue symbol) are 
also shown in the inset. 
 



 

Further, the compound was studied by neutron diffraction (ND) in ambient condition to 
understand the crystal and magnetic structure in details. The obtained ND data was analyzed by 
Rietveld method, it is confirmed that the Ho
(space group # 230) with cell parameter 12.369Å. 

Fig. 3.3.8 (a) The Rietveld fitted neutron diffraction pattern of Ho3Fe5O12 ceramic in ambient 
condition.  The observed data are shown by open symbol, while the solid red line through the 
data point shows the calculated data. The difference in these is given by blue line, the Bragg 
peaks are represented by green ticks. The goodness of fitting parameters is also mentioned. (b) 
the magnetic spin arrangement of Fe ions at 300K are shown

The magnetic Bragg peaks in the ND data could be indexed with propagation vector 
The results presented in this paper, enable us to understand the magnetism of the title compound 
more comprehensively. We are in process of carrying out the low temperature neutron 
diffraction; with Ho itself ordering may influence the magnetic structure further.
dielectric and other studies will enable us to understand the magnetic ordering in the title 
compound more convincingly. Part of this work was accepted and presented in DAE
held at IIT Jodhpur and will be publish

S. D. Kaushik, S. Mukherjee, S. Rayaprol, and S. Bhattacharya, (TPD, BARC, Mumbai)

3.3.5 Magneto-dielectricity induced by coexisting incommensurate conicalmagnetic 
structure and cluster glass

Indium doped barium hexaferrite BaFe
below 110 K wherein there is a coexistence of a long
cluster spinglass-like state. Temperature dependent dc magnetization measure
the system exhibits an anomaly around 110 K. Temperature dependent neutro
measurements measured in the Q
a longitudinal conical magnetic state from the fer
susceptibility and thermoremanent 
existence of cluster spin-glass like behavior 
magnetic order. The lattice parameters determined from 
change at ~110 K which is also ref
dependent Raman phonon modes around this temperature. This gives a clea
lattice coupling in the system. Due to coexistence of two magnetic phases, a small exchange bias 
is also observed in the system. A clear evidence of the 
conical magnetic structure was also found and 
indicates that the MDE is intrinsic. However, pyroelectric current studies show that
not associated with the ferroelectricity in the compound.

Further, the compound was studied by neutron diffraction (ND) in ambient condition to 
e crystal and magnetic structure in details. The obtained ND data was analyzed by 

Rietveld method, it is confirmed that the Ho3Fe5O12 crystalizes in cubic space group 
(space group # 230) with cell parameter 12.369Å.  

 
fitted neutron diffraction pattern of Ho3Fe5O12 ceramic in ambient 

condition.  The observed data are shown by open symbol, while the solid red line through the 
data point shows the calculated data. The difference in these is given by blue line, the Bragg 
eaks are represented by green ticks. The goodness of fitting parameters is also mentioned. (b) 

the magnetic spin arrangement of Fe ions at 300K are shown 

The magnetic Bragg peaks in the ND data could be indexed with propagation vector 
ults presented in this paper, enable us to understand the magnetism of the title compound 

more comprehensively. We are in process of carrying out the low temperature neutron 
diffraction; with Ho itself ordering may influence the magnetic structure further.
dielectric and other studies will enable us to understand the magnetic ordering in the title 
compound more convincingly. Part of this work was accepted and presented in DAE
held at IIT Jodhpur and will be published in AIP conference proceedings. 

S. D. Kaushik, S. Mukherjee, S. Rayaprol, and S. Bhattacharya, (TPD, BARC, Mumbai)

dielectricity induced by coexisting incommensurate conicalmagnetic 
structure and cluster glass-like states in polycrystallineBaFe10In2O

doped barium hexaferrite BaFe10In2O19 is shown to exhibit complex magnetic behaviour 
110 K wherein there is a coexistence of a long-range conical magnetic order along with a 

like state. Temperature dependent dc magnetization measure
the system exhibits an anomaly around 110 K. Temperature dependent neutro

measured in the Q-range 0.28e7.35 Å-1 characterize this anomaly as a transition to 
magnetic state from the ferrimagnetic state at room temperature. Ac 

sceptibility and thermoremanent magnetization relaxation measurements also reveal the 
glass like behavior below 110 K, indicating coexistence with conical 

meters determined from the analysis of ND data show a sharp 
change at ~110 K which is also reflected in the anomalous changes seen in the temperature 
dependent Raman phonon modes around this temperature. This gives a clear 

Due to coexistence of two magnetic phases, a small exchange bias 
system. A clear evidence of the MDE associated with the 

structure was also found and dc resistance measurement under 
indicates that the MDE is intrinsic. However, pyroelectric current studies show that

the ferroelectricity in the compound. 
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Further, the compound was studied by neutron diffraction (ND) in ambient condition to 
e crystal and magnetic structure in details. The obtained ND data was analyzed by 

crystalizes in cubic space group Ia-3d 

 

fitted neutron diffraction pattern of Ho3Fe5O12 ceramic in ambient 
condition.  The observed data are shown by open symbol, while the solid red line through the 
data point shows the calculated data. The difference in these is given by blue line, the Bragg 
eaks are represented by green ticks. The goodness of fitting parameters is also mentioned. (b) 

The magnetic Bragg peaks in the ND data could be indexed with propagation vector k (= 0 0 0). 
ults presented in this paper, enable us to understand the magnetism of the title compound 

more comprehensively. We are in process of carrying out the low temperature neutron 
diffraction; with Ho itself ordering may influence the magnetic structure further. The detailed 
dielectric and other studies will enable us to understand the magnetic ordering in the title 
compound more convincingly. Part of this work was accepted and presented in DAE-SSPS 2019 

S. D. Kaushik, S. Mukherjee, S. Rayaprol, and S. Bhattacharya, (TPD, BARC, Mumbai) 

dielectricity induced by coexisting incommensurate conicalmagnetic 
O19 

omplex magnetic behaviour 
range conical magnetic order along with a 

like state. Temperature dependent dc magnetization measurements reveal that 
the system exhibits an anomaly around 110 K. Temperature dependent neutron diffraction (ND) 

characterize this anomaly as a transition to 
rimagnetic state at room temperature. Ac 

magnetization relaxation measurements also reveal the 
below 110 K, indicating coexistence with conical 

the analysis of ND data show a sharp 
seen in the temperature 

r indication of spin 
Due to coexistence of two magnetic phases, a small exchange bias 

MDE associated with the incommensurate 
dc resistance measurement under magnetic field 

indicates that the MDE is intrinsic. However, pyroelectric current studies show that the MDE is 
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Hence, substitution of Fe3+ by In3+ ion not only greatly influences the magnetization and 
magnetic ordering of the compound at low temperature, but also induces changes in crystal 
structure at local level as well as magnetic structure which lead to induction of magneto-
dielectricity in the compound. 
 
 

  
Fig.3.3.9: Rietveld analysis of NPD pattern 
recorded for BFIn2O at (a) 120 K, (b) 50 K and (c) 
3 K at 2.315 Å wavelength. The arrows indicate 
the new magnetic peak. 

Fig. 3.3.10: Schematic magnetic structure of 
BFIn2O (a) Ferrimagnetic structure model 
associated with the k = (000) propagation 
vector obtained from the refined NPD data 
at 300 K, (b) longitudinal conical magnetic 
structure at 3 K associated with 
incommensurate propagation vector k = (0 
0.28 0.39), (c) schematic of conical 
magnetic structure making an angle a = 
29.33° with c-axis, (d) spin structure as 
viewed along c-axis with 10 unit cells and 2 
unit cells along a- and b-axes. (Fe1: red, 
Fe2: green, Fe3:yellow, Fe4: blue and Fe5: 
orange).  

Surbhi Gupta, V. G. Sathe (CSR Indore) and V. Siruguri 

3.3.6 Effect of scandium substitution on magnetic and transport propertiesof the M-type 
barium hexaferrites. 

Polycrystalline M-type barium hexaferrite compounds with scandium doping BaFe12-xScxO19(0 ≤ 
x ≤ 2.5) were prepared by the solid-state route. Rietveld analysis of room temperature neutron 
diffraction measurements show that the prepared samples are in single phase and exhibit a 
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ferrimagnetic structure at room temperature. Temperature and field dependent magnetization 
study show that due to doping of scandium, TC is lowered from 696 K in the undoped compound 
to 428 K for x = 2.5. The transport properties were investigated by ac conductivity 
measurements. Our results indicate that the temperature dependence of dc conductivity for x = 
2.5 does not follow Arrhenius behaviour but rather closely follows the Mott variable range 
hopping mechanism (VRH) of polarons. And for the parent compound and with for Sc doping x 
= 1.5 compound it was found that the overlapping large polaron tunneling (OLPT) is the 
dominant conduction mechanism. Thus, it was concluded that the doping of scandium in 
BaFe12O19has a large effect on the magnetic as well as transport properties, and the mechanism 
of conduction is also significantly affected by changes in the dopant concentration. 

 

Fig. 3.3.11: (a) Temperature dependence of 
specific magnetization of BFO, BFSc1.5O, and 
BFSc2.5O, (b) the inverse of the ZFC 
susceptibility χ-1 (T) as a function of 
temperature with the Curie-Weiss fit, (c) room 
temperature hysteresis loop of BFO, BFSc1.5O 
and BFSc2.5O. 

Fig. 3.3.12: Temperature dependence of the 
dc conductivity of (a) BFO, (b) BFSc1.5O and 
(c) BFSc2.5O. Solid red line is the fit of 
Arrhenius model and solid blue line is the fit of 
VRH model. 

Surbhi Gupta, S. K. Deshpande,V. G. Sathe (CSR Indore) and V. Siruguri 
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3.3.7 Spin-phonon coupling mediated magneto-dielectricity in indium dopedbarium 
hexaferrite (BaFe10.5In1.5O19). 

 

 

 
Fig. 3.3.13: The field-cooled cooling (FCC) 
magnetization as a function of temperature of 
BaFe10.5In1.5O19. Upper inset shows the 
derivative of DC magnetization (dχ/dT), and 
lower inset shows the χ−1 as a function of 
temperature with the Curie-Weiss fit. 

Fig. 3.3.14: The temperature dependence of 
(a) dielectric constant (ε′) and (b) loss factor 
tanδ of BaFe10.5In1.5O19 measured at 
different selected frequencies. 

Detail investigation of magnetic, spin lattice coupling and the electrical properties in the 
polycrystalline indium doped barium hexaferrite (BaFe10.5In1.5O19) were investigated using room 
temperature neutron diffraction, temperature dependent magnetization, Raman spectroscopy and 
dielectric studies of the. Room temperature neutron diffraction measurement shows that the 
prepared sample is in single phase and possesses a ferrimagnetic structure. The magnetization 
versus temperature (χ-T) measurement revealed that the sample undergoes paramagnetic to 
ferrimagnetic transition at around 410 K. High temperature Raman spectroscopy shows distinct 
changes in the modes around the magnetic ordering temperature establishing the presence of 
strong spin phonon coupling. Dielectric studies also showed the anomaly around the magnetic 
transition, which indicates that there must exist a coupling between magnetic and electrical 
properties i.e. magnetodielectric coupling. Field dependent studies of dielectric constant are 
expected to throw more light on the magnetodielectric coupling in this compound. The system 
thus shows coupling between magnetic and dielectric properties mediated through the spin-
phonon coupling. Field dependent studies of dielectric constant are expected to throw more light 
on the magnetodielectric coupling in this compound.  

Surbhi Gupta, S. K. Deshpande, V. Siruguri and Gaurav Sharma, V. G. Sathe (CSR Indore), 
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3.3.8 Coexistence of magnetic glassy state with long range non-collinear magnetic order 
inTb3Co  

Rare earth rich intermetallic compounds of the type R3T (R = rare earth, T = transition metal) are 
found to be crystallize in Fe3C type of orthorhombic crystal structure with Pnma space group 
and T atoms do not carry any magnetic moment in these types of alloys. In these R3T type of 
alloys, Tatoms occupy the center of prisms formed by R atoms with typical interatomic distance 
between T atoms as large as ∼4 Å along with a significant hybridization between 5d of R and 3d 
of T atoms. Tb3Co is one such compound which orders below TN = 84 K (Fig. 3.3.15) and goes 
through a first order magnetic transition of order to order type at ~72 K. [2] Despite of several 
previous studies on this compound the reason behind the low temperature transition like feature 
was remain unexplained. Hence, detailed and systematic study of Tb3Co, using dc 
magnetization, neutron powder diffraction, and linear and non-linear ac-susceptibilities were 
carried out in this compound. 

Our neutron diffraction study shows that the magnetic structure remains more or less the same 
except for a decrease in moment values in the temperature range of 2 K–70 K and rules out any 
phase transition around 30 K. However, it reveals sharp changes in structural parameters around 
30 K, (Fig. 3.3.16) which indicates the presence of strong spin-lattice coupling in low 
temperature region. Further, magnetic field dependent neutron diffraction data and the 
refinement analysis performed over the high angle data of these patterns confirms that there 
exists a change in strength of this spin-lattice coupling which is stronger at low temperature and 
getting weaker at higher temperature as can be seen from the variation of lattice parameters and 
volume with magnetic field, shown in Fig. 3.3.16. This change in strength of spin-lattice 
coupling is responsible for the observed increase in ZFC magnetization on warming around 30 
K. 

Another important result of this study is the strong frequency dispersion in linear and non-linear 
(higher order harmonics) ac-susceptibilities below Tf ~ 72 K. The analyses in terms of various 
spin glass theoretical formalisms, (like value of Mydosh parameter, critical slowing down 
model, Vogel-Fulcher analysis), and even stronger frequency dispersion in non-linear 
susceptibilities (Fig.3.3.17) provide evidence for the presence of a spin glass like state in Tb3Co, 
where magnetic glass temperature is found to coincide unexpectedly with the first order 
transition temperature at 72 K.The final picture that emerges out of this study is that a spin glass 
like state coexists with the complex non-collinear or modulated antiferromagnetic (AFM) order 
below 72 K. 
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Fig. 3.3.15: ZFC-FC magnetization 
of Tb3Co 

 

  

Fig. 3.3.16: The left panel shows the variation 
of lattice constants and volume with temperature 
whereas the right panel shows the same with 
field. Dashed lines are guides to the eye. 

Fig. 3.3.17: Real and imaginary parts of ac 
susceptibilities at several frequencies with 
insets showing zoomed portion near the 
peaks 

Srikanta Goswami, P. D. Babu and R. Rawat 

3.3.9 Effect of high pressure on magnetism of Tb3Co 

In R3T type of alloys, T atoms occupy the center of prisms formed by R atoms with typical 
interatomic distance between T atoms as large as ∼4 Å along with a significant hybridization 
between 5d of R and 3d of T atoms. It is quite fascinating to explore how external pressure will 
modify the interatomic distances, which in turn alter the exchange interactions as well as strong 
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spin-lattice coupling, etc., in Tb3Co. Apart from the changes that might be seen in magnetic 
structure, it would be interesting to see whether glassy behavior found in this compound sustains 
under external pressure. Thus, Tb3Co, were studied under external pressures up to ∼1.21 GPa. 
The application of external pressure results in a decrease of the transition temperatures, TN 
(paramagnetic to modulated antiferromagnetic) by about 6 K, and the order to order transition 
that coincides with a glass transition at 72 K by about 15 K, respectively, as can be seen from 
Fig.3.3.18. 

The low temperature drops in the zero-field cooled magnetization signifying the strengthening of 
spin–orbit coupling remains more or less unaffected (shifts only by 3 K) by the external 
pressures but significant changes in the magnetic behavior were observed above 40 K. The rate 
of decay of TN (dTN/dP) is found to be linear with −7.2 K GPa−1 up to ∼0.9 GPa and then it 
deviates from linearity. The overall long range non-collinear magnetic order coexisting with 
glassy behavior (below 72 K) is sustained even at ∼1.07 GPa pressure. 

The magnetic relaxations (Fig.3.3.19) and their fitting to the stretched exponential equation 
along with the memory effects studied under different measurement protocols confirm the 
presence of glassiness right up to the highest pressure, although the glassy behavior is weakened 
to some extent with increasing pressure as reflected by faster relaxations. 

 

Srikanta Goswami, P. D. Babu and R. Rawat 

 
  

 

 

 

Fig. 3.3.18: (a) ZFC curve of Tb3Co measured 
at several external pressures of 0.09, 0.13, 0.39, 
0.55, 0.69, 0.77, 0.90 and 1.21 GPa. Inset shows 
ZFC-FC data for selected pressures. (b) dM/dT 
vs T. Variation of TN with P (inset). 

Fig. 3.3.19: Magnetic relaxation of Tb3Co 
at different pressures and the inset shows 
the relaxation curves for ambient pressure. 
Solid lines are fits to the stretched 
exponential equation. 
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3.4 Research Activity at Kalpakkam Node 
 

1. Valence band studies of electrodeposited MoS2 thin films 

Valence band studies on electrodeposited thin films of MoS2on ITO, usingsinglesource 
precursor were carried out. The films were annealed at 500°C for 10 minutes in inert 
atmosphere. 
Figure 1(a) shows the XRD pattern of the as deposited and annealed films with the XRD 
pattern of bare ITO coated glass substrate as reference. It can be seen that the asdeposited 
films show no peaks corresponding to MoS2 indicating their amorphous nature. The 
annealed films show a strong peak ~14° corresponding to (002) plane of hexagonal MoS2. 
Thus it is confirmed that annealing is required for long range ordering and crystallinity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1(b) shows the Tauc’s plot for determining the optical band gap of the MoS2 thin 
films. It can be seen that the optical band gap was found to be 1.81eV. Figure 1(c) shows 
the valence band spectra of the film using XPS. The valence band maximum was found to 
be 0.76eV. Using the valence band maximum and optical band gap, the band alignment of 
the MoS2 thin film and ITO was deciphered as shown in figure 2(a). It can be seen that the 
ITO/MoS2 heterjunction is a type 1 heterojunction. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2(b) shows the I-V characteristics of the ITO/MoS2 heterojunction. It can be seen 
that the junction shows a linear, non-rectifying behaviour which is consistent with the band 
alignment. Thus such junction can be used as window layers of solar cells and 
supercapacitors. 

Siddhartha Dam and  Shamima Hussain, Materials Today: Proceedings, (in press) 

Figure2:(a)Valence band 
alignment of the ITO/MoS2 
heterojunction,(b)I-V 
characteristics of the ITO/MoS2 
heterojunction. 

(a) 
(b) 

Figure 1: (a) XRD Pattern of the as deposited and annealed films, (b) Tauc’s Plot 
to calculate band gap of the films, (c) Valence band maxima d 

(a) (b
) (c) 



 

 
2. Probing the effect of CdS loading on crystallinity and morphology of free 

standing thin films of CdS/PVDF.

Free standing thin films of CdS/PVDF (cadmium sulphide/p

probed using x-ray photoelectron spectroscopy.
 
 

Figure 1FESEM images of (a) pristine PVDF, (b) pol
thin films. 

 
The figure 1 shows the morphology of the representative thin films. It can be concluded 
from figure the fibrous length decreases and films morphology to rough. The increment in 
ferroelectric phase (FEA) was confirmed by XRD and FTIR. The fraction of ferroelectric 
fraction was calculated using FTIR spectra. The increment in F
Table 2: Fraction of (Fβ)β phase in different samples.

 
Abhishek Thakur and Shamima Hussain, Materials Today: Proceedings, (in press)

 
3. Effect of Isothermal annealing on magneti

deposited carbon thin film.

We have successfully deposited magnetic
keeping RF power at 50W. In the present work, we have investigated the effect of 
Isothermal annealing on the magnetic properties of above 

isothermally annealed at 250
for a fixed time interval of 2 hours each. Raman Spectroscopy & X
spectroscopy (XPS) was used to characterize the microstructure, while X
(XRR) is used to determine the change in density after annealing. The magnetic 
measurements were carried out using SQUID

 
As shown in the inset figure, the net saturation magnetizati
annealing at 250oC, and finally the film transforms to diamagnetic carbon after thermal 
annealing at 650oC. Furthermore, the calculated volume of the particle
resultant magnetisation remains same (63 nm
resulting in the decrease in net magnetization. The observed transformation in magnetic 
properties of carbon film with thermal annealing is found to be well correlated with the 
change in sp2/sp3 fraction as well as dens

S.No Sample Name 

1 

2 

3 

4 

Pure PVDF 

Poled PVDF 

CdS/PVDF 

Poled CdS/PVDF 

Probing the effect of CdS loading on crystallinity and morphology of free 
standing thin films of CdS/PVDF. 

Free standing thin films of CdS/PVDF (cadmium sulphide/poly vinylidene fluoride) 
were synthesized using spin coating. The samples were 
electrically poled in high vacuum under high tension.The 
repost discusses about the effect of CdS loading in polymer 
thin films by using x-ray diffraction and infrared 
spectroscopy techniques. While the morphology was studied 
using scanning electron microscopy technique. Also the 
bonding nature and formation of the new species were 

ray photoelectron spectroscopy. 

Figure 1FESEM images of (a) pristine PVDF, (b) poled PVDF,(c) CdS/PVDF and (d) CdS/PVDF poled     

The figure 1 shows the morphology of the representative thin films. It can be concluded 
from figure the fibrous length decreases and films morphology to rough. The increment in 

) was confirmed by XRD and FTIR. The fraction of ferroelectric 
fraction was calculated using FTIR spectra. The increment in FEA is summarized in table1.

phase in different samples. 

Abhishek Thakur and Shamima Hussain, Materials Today: Proceedings, (in press)

Effect of Isothermal annealing on magnetic properties of RF magnetron sputter 
deposited carbon thin film. 

We have successfully deposited magnetic carbon thin films using RF magnetron sputtering 
keeping RF power at 50W. In the present work, we have investigated the effect of 

n the magnetic properties of above carbon thin 

isothermally annealed at 250oC, and 650oC, respectively in a vacuum close to 2E
for a fixed time interval of 2 hours each. Raman Spectroscopy & X

as used to characterize the microstructure, while X
(XRR) is used to determine the change in density after annealing. The magnetic 
measurements were carried out using SQUID-VSM. 

figure, the net saturation magnetization decreases after thermal 
C, and finally the film transforms to diamagnetic carbon after thermal 
C. Furthermore, the calculated volume of the particle

resultant magnetisation remains same (63 nm3) whereas their number decreases drastically 
the decrease in net magnetization. The observed transformation in magnetic 

properties of carbon film with thermal annealing is found to be well correlated with the 
as well as density of the film. It is concluded from present study 

Fraction Fβ  (%) 

66.4 

74.9 

59.2 

68 
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Probing the effect of CdS loading on crystallinity and morphology of free 

oly vinylidene fluoride) 
were synthesized using spin coating. The samples were 
electrically poled in high vacuum under high tension.The 
repost discusses about the effect of CdS loading in polymer 

ray diffraction and infrared 
opy techniques. While the morphology was studied 

using scanning electron microscopy technique. Also the 
bonding nature and formation of the new species were 

ed PVDF,(c) CdS/PVDF and (d) CdS/PVDF poled     

The figure 1 shows the morphology of the representative thin films. It can be concluded 
from figure the fibrous length decreases and films morphology to rough. The increment in 

) was confirmed by XRD and FTIR. The fraction of ferroelectric 
is summarized in table1. 

Abhishek Thakur and Shamima Hussain, Materials Today: Proceedings, (in press) 

c properties of RF magnetron sputter 

carbon thin films using RF magnetron sputtering 
keeping RF power at 50W. In the present work, we have investigated the effect of 

carbon thin film.The film was 

C, respectively in a vacuum close to 2E-6 mbar 
for a fixed time interval of 2 hours each. Raman Spectroscopy & X-ray photoelectron 

as used to characterize the microstructure, while X-ray reflectivity 
(XRR) is used to determine the change in density after annealing. The magnetic 

on decreases after thermal 
C, and finally the film transforms to diamagnetic carbon after thermal 
C. Furthermore, the calculated volume of the particles contributing the 

s their number decreases drastically 
the decrease in net magnetization. The observed transformation in magnetic 

properties of carbon film with thermal annealing is found to be well correlated with the 
It is concluded from present study 
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that the magnetic properties of carbon film depend on the microstructure & sp2/sp3 
fraction. A change in sp2/sp3 fraction and density occurs in carbon thin film depending 
upon the annealing temperature and time, which destroys the magnetic ordering. 

Balaram Thakur & Sujay Chakravarty  
 

4. Study the effect of dilute Nitrogen incorporation on magnetic properties of 
sputter deposited AlNO thin film 

We have deposited AlNO thin film on quartz substrate using reactive RF magnetron 
sputtering of Al target using mixture of 95% Ar and 5% nitrogen. The base pressure was 
5E-6 mbar and the process pressure during deposition was 5E-3 mbar. The film was 
characterized using GIXRD showing no Bragg peak indicating that the microstructure of 
the film is amorphous. The elemental concentration of Al, N & O in the surface and the 
bulk of the film is determined using XPS and EDX, respectively. The ratio of Al and O in 
the film is maintained close to 2:3 from surface to bulk indicating formation of Al2O3in 
whole film. The formation of Al2O3 is due to presence of residual oxygen in the chamber. 
We have not deliberately mixed any oxygen in gas mixture. The nitrogen concentration 
varies from 0.8% to 6.5% from surface to bulk indicating dilute nitrogen incorporation in 
Al2O3 matrix in the film. The magnetic properties of the film was measured using QD 
SQUID-VSM magnetometer. The measured M-H curve after subtracting diamagnetic 
contribution from quartz substrate exhibits contribution from both paramagnetic and 
ferromagnetic part in the film. The saturation magnetization (Ms), Coercivity (Hc) and 
remanance magnetization (Mr) of ferromagnetic part  as well as susceptibility cpara of 
paramagnetic part obtained by fitting the M-H curve is 11383.615 ±85.9 (J/T/m3), 48.6 ± 
6.94 Oe, 801.24 ± 82.96 (J/T/m3)&6.92E-6 ± 3E-10, respectively.  
 

In order to understand the origin of observed para and ferromagnetic 
contribution observed in the film we have simulated effect of single nitrogen 
incorporation in Al2O3 unit cell using First Principles calculation based on DFT with 
generalized gradient approximation in the form of  perdew-Burke-Ernzerhof (PBE), which 
confirms that nitrogen sites incorporated in Al2O3 is responsible for observed magnetic 
properties. Furthermore, the incorporation of nitrogen in Al2O3also reduces the band gap 
significantly. 

Deena Nath & Sujay Chakravarty  



 

4. New facilities acquired/developed: 
 
4.1 16T Physical Property Measurement System for resistivity, magnetoresistance 

measurements and integration of thermal expansion setup:
 
16T physical property measurement (16T PPMS) system from Quantum Design has been 
installed at UGC DAE CSR Indore. The system has standard resistivity option and can 
perform temperature and field dependent resisti
range of 2-350 K and magnetic field range of ±16T.  We have integrated and automated a 
dilatometer cell for performing thermal expansion and magnetostriction measurement in 
this system. Some of the representative experi
magnetoresistance, and thermal expansion are shown below.
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1. (a) Image of 16T PPMS system (b) Temperature dependence of the resistivity of DyCu
change at the magnetic ordering temp
magnetoresistance of Sb2Te3 single crystal at different temperatures. (d) Relative thermal length change 
DyCu2 showing multiple transitions below 40K. (e) Thermal length change 
magnetic phase transition ~ 122K. 

 
4.2 XPS: 
 
Facility to perform XPS at high temperatures up to 600 C has been opened for users through 
fabrication of a heater in the sample stage in the inverse photoemission spectroscopy chamb
The heating element is tungsten wire wound such that the magnetic field produced by the flow of 
direct heating current during measurement is nullified.  
 
Moreover, a heater to treat a sample up to 1000 C has been installed in the preparation chamber 
of the ARPES/XPS work station. This  has been fabricated using a pyrolytic boron nitride heater 
with facility of sample transfer to and from the manipulator.

 
4.3 A setup for Seebeck coefficient measurement through controlled heat pulses:
 

New facilities acquired/developed:  

16T Physical Property Measurement System for resistivity, magnetoresistance 
nd integration of thermal expansion setup: 

16T physical property measurement (16T PPMS) system from Quantum Design has been 
installed at UGC DAE CSR Indore. The system has standard resistivity option and can 
perform temperature and field dependent resistivity measurements in the temperature 

350 K and magnetic field range of ±16T.  We have integrated and automated a 
dilatometer cell for performing thermal expansion and magnetostriction measurement in 
this system. Some of the representative experimental results from resistivity, 
magnetoresistance, and thermal expansion are shown below. 

  

 

Figure1. (a) Image of 16T PPMS system (b) Temperature dependence of the resistivity of DyCu
change at the magnetic ordering temperature (TN~27K). (c) Shubnikov–de Haas (Sd.H) oscillations in 

single crystal at different temperatures. (d) Relative thermal length change 
showing multiple transitions below 40K. (e) Thermal length change L of CoS2 single crystal exhibiting the 

Facility to perform XPS at high temperatures up to 600 C has been opened for users through 
fabrication of a heater in the sample stage in the inverse photoemission spectroscopy chamb
The heating element is tungsten wire wound such that the magnetic field produced by the flow of 
direct heating current during measurement is nullified.   

Moreover, a heater to treat a sample up to 1000 C has been installed in the preparation chamber 
f the ARPES/XPS work station. This  has been fabricated using a pyrolytic boron nitride heater 

with facility of sample transfer to and from the manipulator. 

A setup for Seebeck coefficient measurement through controlled heat pulses:
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16T Physical Property Measurement System for resistivity, magnetoresistance 

16T physical property measurement (16T PPMS) system from Quantum Design has been 
installed at UGC DAE CSR Indore. The system has standard resistivity option and can 

vity measurements in the temperature 
350 K and magnetic field range of ±16T.  We have integrated and automated a 

dilatometer cell for performing thermal expansion and magnetostriction measurement in 
mental results from resistivity, 

Figure1. (a) Image of 16T PPMS system (b) Temperature dependence of the resistivity of DyCu2 showing a slope 
de Haas (Sd.H) oscillations in 

single crystal at different temperatures. (d) Relative thermal length change L/L of 
single crystal exhibiting the 

Facility to perform XPS at high temperatures up to 600 C has been opened for users through 
fabrication of a heater in the sample stage in the inverse photoemission spectroscopy chamber. 
The heating element is tungsten wire wound such that the magnetic field produced by the flow of 

Moreover, a heater to treat a sample up to 1000 C has been installed in the preparation chamber 
f the ARPES/XPS work station. This  has been fabricated using a pyrolytic boron nitride heater 

A setup for Seebeck coefficient measurement through controlled heat pulses: 
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A setup is designed for measuring the Seebeck coefficient (S) of materials in the form of thin 
films, bars, and wires. The main feature of this setup is its control in heating and cooling cycles. 
In this setup, a heat pulse is used to generate the temperature gradient. To demonstrate the 
capabilities of this setup, S versus T of standard wire samples such as Au–Fe (0.07%), chromel, 
Pt, and thin films of Pt and F doped SnO2 are presented. The standard uncertainty of the 
repeatability in the S measurement is found to be ∼±0.056 μV/K while the temperature stability 
is ∼±10 mK (at 320 K), estimated for a chromel wire sample. We have tested the setup in the 
temperature range 100 K–320 K, while it does not have any intrinsic limitations in going down 
to liquid He temperatures. For temperatures above 320 K, the limitation is due to gluing 
materials such as varnish. 
 

 
Fig. 6 (a) Variation of the ΔT with time. (b) Profile of base temperature during heating and 
cooling cycles along with the ΔT profile in respective cycles. The inset shows the zoomed-in 
view of the heating cycle. (c) The zoomed-in ΔT profile with the shaded regions when the heat 
pulse is ON and a typical fitting range (dt) and (d) corresponding differential voltage. (e) Linear 
fitting of ΔV vs ΔT for the calculation of S. (Reference: Rev. Sci. Instrum.90, 116101 (2019)). 

 
4.4 Development of a high vacuum thermal annealing system 
A high vacuum- thermal annealing system was developed from the scratch components available 
in the lab. This system provides options for thermal annealing up to 1000K and thebase pressure 
is down to 5×10-7 mbar (limited by the rubber O-ring). It is planned thatby replacing the heating 
chamber with a UHV chamber, it will be possible to do annealingexperiments under UHV 
conditions as well. 
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Fig. 1: A photograph of high vacuum thermal annealing system. 

 
Detailed description of this system are: 
Specifications: 
Chamber 

 Chamber volume: ~ 2000 cm3  
 200KF (at the top) for opening the chamber for ease of sample handling. 
 Base pressure: < 5 ×10-7 Torr. 

Heater 
 2-inch × 2-inch size made of Pyrolytic Boron Nitride (PBN) with an embedded Pyrolytic 

Graphite layer with 2-foldNb foil cover heat shielding. 
 Heating range: 50⁰C to 750 ⁰C. 
 Automatic cooling. 

Controller: 
 PID temperature controller. 
 Power supply: 230 VAC/50 Hz. 

K-type thermocouple. 
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A modified PLD system employing ultra high vacuum (UHV) and reflected high
energy electron diffraction (RHEED) to grow layer-by-layer epitaxial thin film which 

We have deposited a few oxides films and heterostructures for in-house as well as external users. 
A few representative results are shown below: 

A new SQUID magnetometer (MPMS3-XL) with He3 option, pressure cell and facility to 
measure effect of light on magnetization is installed in December, 2019.

In house
Rajesh Mandal, S.B. Ogale et al. IISER, Pune. 
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Tyagi, R.J. Choudhary, and Vasant Sathe. Cer. Int.46, 3663 (2020). 
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11 Dominant role of trioctylphosphine on the particle size and various properties of CoO 
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Processing, 125 (8), art. no. 539 (2019).https://doi.org/10.1007/s00339-019-2825-0 
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Welter and V. Raghavendra Reddy., Phys. Rev. B 100, 134104 (2019) 
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23 Griffiths phase-like behavior and origin of spin-phonon interaction in Eu0.75Y0.25MnO3S 
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27 History dependent resistivity relaxation behavior of FeRh0. 46Pd0. 54 in HT spacePampi Saha 
and R Rawat, Journal of Magnetism and Magnetic Materials 509 (2020) 166859. 

28 Influence of cooling field on field induced magnetic states in Ca3Co2O6 compound. Santanu 
De and A. Banerjee. Physica B: Condensed Matter, 572, 125 (2019). 

29 In-situ growth of iron mononitride thin films studied using x-ray absorption spectroscopy 
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Ghanta*, Sudhindra Rayaprol, Partha P Jana*, J. Alloys Compd.,786 (2019) 225-231. 

43. Evidence of weak ferromagnetic and antiferromagnetic interaction at low temperature in 
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Magn. Mater.,477 (2019) 83 - 87. 
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Sharma#, S Mitra#, AIP Conference Proceedings, 2115 (2019) 030040. 
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Drugs56(2019) 54-60. 

47. Substitution induced magnetic phase transitions and related electrical conduction 
mechanisms in LaFeO3 nanoparticle, T Lakshmana Rao*, M K Pradhan*, U K 
Goutam*, V Siruguri, V R Reddy, S Dash, J. Appl. Phys., 126 (2019) 064104. 
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7. Role of graphite on the thermoelectric performance of Sb2Te3/graphite nanocomposite : 
Subarna Das, P. Singha, A. K. Deb, S. C. Das, S. Chatterjee, V. A. Kulbachinskii, V. 
G. Kytin, D. A. Zinoviev, N. V. Maslov, Sandip Dhara#, S. Bandyopadhyay, and Aritra 
Banerjee, Journal of Applied Physics125 (2019) 195105. 
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pentagonal bipyramidal Ni(II) complexes : Mamon Dey, Prashurya Pritam Mudoi, 
Anup Choudhury, BipulSarma and NayanmoniGogoi, Chemical Communications55 
(2019) 11547. 
 

10. Exitance of Griffiths Phase and magnetocaloric effect in electron doped 
Ca0.85Gd0.15MnO3 :Bidyut Sarkar, Rinku Sarkar, Ripan Nag, Sudipta Pal, Applied 
Physics A125 (2019) 775. 
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Ankita Das, Pritha Bhattacharjee, Anindita Chakraborty, Mathummal Sudarshan, 
Ansuman Chattopadhyay.Ecotoxicol. Environ. Safety (Accepted June 2020) 

34. Nabanita Halder, MandakiniGogoi, JaweriaSharmin, Manjila Gupta, Srimoyee Banerjee, 
Tethi Biswas, Basant Kumar Agarwala, Lalit Mohan Gantayet, MathummalSudarshan, 
Indranil Mukherjee, Arindam Roy, Shaon Ray Chaudhuri. 2020. Microbial consortium-
based conversion of dairy effluent into biofertilizer. Journal of Hazardous, toxic, and 
radioactive waste. 24(1):04019039-1to7. 

35. ShashiBhushan, MandakiniGogoi, Abhispa Bora, Sourav Ghosh, Sinchini Barman, Tethi 
Biswas, MathummalSudarshan, AshokeRanjan Thakur, Indranil Mukherjee, Subrata 
Kumar Dey, Shaon Ray Chaudhuri. 2019. Understanding bacterial biofilm stimulation 
using different methods – a criterion for selecting epiphytes by plants. Microbiology and 
Biotechnology Letters. 47(2), 1–7. 

36. The impact of human waste hair reprocessing occupation on environmental degradation – 
A cas study from rural West Bengal , India : Kaushik Kr Mondal, Shuvam Banerjee, 
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1. Tunable degree of oxidation in graphene oxide: cost effective synthesis, characterization 

and process optimization, Shubhra Pareek, Deepti Jain, Rahul Shrivastava, Siddhartha 
Dam,  Shamima Hussain  and Debasis Behera, Materials Research Express, Volume 
6, Number 8 (2019)085625-39 

2. Surface-enhanced Raman scattering and quantum chemical studies of 2-
trifluoroacetylpyrrole chemisorbed on colloidal silver and gold nanoparticles: A 
comparative study,R.Premkumar, Shamima Hussain, T.Mathavan, K.Anitha, A. 
Milton Franklin Benial,Journal of Molecular Liquids, 290, 15 September 2019, 
111209 
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Futuristic Bandage Applications, D Das, R Dey, S Das, S Hussain, AK Ghosh, AK Pal, 
Journal of Polymers and the Environment, 28:1(2020) 284-294 

4. Ferromagnetic properties in CuO-nanocrystals embedded in PVDF matrix, S Dolai, R 
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Materials 495 (2020), 165903 

5. Nonlinear optical and photocatalytic dye degradation of Co doped CeO2 nanostructures 
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L.K. Joy, A. Aravind, D. Sajan, A. Thakur, S. Hussain, G. Vinitha#, , Ceram. Int. 
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dendrite growth and negate interfacial resistance for all solid state battery applications, 
Srabani Patra, Vaishnavi Krupa B R#, Sujay Chakravarty, Ramaswamy Murugan,  
Electrochimica Acta Vol. 312, (2019) pp. 320 – 328 

7. Chemical pressure induced substantial negative exchange bias on zero field cooled 
nanocrystalline LaFeO3, T Lakshmana Rao, M K Pradhan, Sujay Chakravarty, S Dash,      
Mater. Res. Express Vol. 7, (2020) pp. 016108 

8. Higher Critical Current Density in Lithium Garnets at Room Temperature by 
Incorporation of Li4SiO4 Related Glassy Phase and Hot Isostatic Press,  Srabani Patra, 
Janani Narayanasamy, Sujay Chakravarty, Ramaswamy Murugan,ACS Appl. Energy 
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1. Spin-Lattice Coupling in the (1-x)Pb(Fe2/3W1/3)O3-(1-x)BiFeO3 (x=0.1 and 0.4) 
SolidSolutions, Shivaraja I*, Shidaling Matteppanavar*, P. S. R. Krishna#, Sudhindra 
Rayaprol, P D Babu, Jagadeesha Angadi V*, S P Kubrin*, Basavaraj Angadi*, Poster 
presented at 47th National Seminar on Crystallography held during 18-22nd June 2019 at 
BARC, Mumbai.  

2. Dr. Ajay Semalty(HNBG University, Garhwal) gave an awareness lecture about UGC 
DAECSR and its research collaborative services were well addressed in a 
lecturerecorded for SWAYAMPRABHA DTH Channel 15 of MHRD Govt. of India 
(The link ofvideo: https://tinyurl.com/ugcdae; Timeline: 0.12.00 to 0.17.35.                  

3. Dr. Ajay Semalty (HNBG University, Garhwal) gave awareness lecture about SANS 
and other facilities were introduced in a lecture recorded for SWAYAMPRABHA DTH 
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4. Development and Characterization of Acyclovir Nanoparticles for Improved Drug 
Delivery, Sukirti Dobriyal*, Lokesh Adhikari*, VK Aswal#, Mona Semalty*, Ajay 
Semalty*, International Conference On Material Science and Applications (ICMSAA), 
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5. Preparation and Characterization of Naringenin Loaded Nanoparticles,Nitin Kumar*, 
Lokesh Adhikari*, VK Aswal#, Ajay Semalty*, Mona Semalty*, International 
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Presentation) 

6. Cyclodextrin Based Biocompatible Nano systems for Improving Drug Delivery, Nitin 
Kumar*, Lokesh Adhikari*, VK Aswal#, Ajay Semalty, Mona Semalty, International 
Conference on Material Science and Applications (ICMSAA), 25-27 November 2019, 
Department of Physics Chauras Campus, HNBGU Srinagar Garhwal. (Oral 
Presentation). 

7. Understanding formation of chitosan-gold gels using Small Angle Neutron Scattering 
Radha Perumal Ramasamy* and Vinod K. Aswal# - Oral presentation - MRS fall 
meeting, Boston – USA, 1-7 Dec 2019. 

8. Non-Collinear Magnetic Structure in Gallium Substituted Barium Hexaferrite,Surbhi 
Gupta, V G Sathe and V Siruguri, Oral presentation during 3rd Asia-Oceania 
Conference on Neutron Scattering (AOCNS-2019) held at Kenting, Taiwan during 16th-
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Dar#, Soumik Bhattacharya#, S. Bhattacharyya#, R. Banik#, S. Nandi#, G. Mukherjee#, S. 
Das Gupta, Sajad.Ali#, S. Chatterjee, S. Das, A.Dhal#, S. S. Ghugre, A. Goswami#, D. 
Mondal#, S. Mukhopadhyay#, S. Pal#, D. Pandit#, R. Raut, P. Ray# , S. Samanta ; Proc 
DAE Symp. Nucl. Phys. Vol. 64, 152 (2019). 
 

2. Spin assignment of a dipole band in 104Ag :  Kaushik Katre, K. Suryanarayana, A. 
Tejaswi, M. Kumar Raju, M. Ratna Raju, D. Vijaya Lakshmi, T. Seshi Reddy, J. 
Matta, A. D. Ayangeakaa, U. Garg, R. Bhattacharjee, S. S. Bhattacharjee, S. Samanta, S. 
Das, N.Ghosh, R. Raut, S. S. Ghugre, A. K. Sinha, S. Mukhopadhyay#, L. Dhanu#, B. K. 
Nayak#, D. C. Biswas#, A. Y. Deo, S. K. Tandel, N. Kaur, Ashok Kumar, S. Saha#, J. 
Sethi#, R. Palit#, S. Chattopadhyay#, S. Chakraborty, S. Muralithar, and R. P. Singh ;  
Proc DAE Symp. Nucl. Phys. Vol. 64, 192 (2019). 
 

3. Spectroscopy of 126Te :  Atreyee Dey, Anwesha Basu, A.K Singh, S.Nag, G. 
Mukherjee#, S.Bhattacharyya#, R. Banik#, S. Nandi#, S. Bhattacharya#, R. Raut, S. S. 
Ghugre, S. Das, S. Samanta, S. Chatterjee, A.Goswami#, S. Ali#, H. Pai#, and S. 
Rajbanshi ; Proc DAE Symp. Nucl. Phys. Vol. 64, 248 (2019). 
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4. High Spin Spectroscopy of 90Zr :  P. Dey#, R. Palit#, Md S. R. Laskar#, F. S. Babra#, S. 
Biswas#, N. Chaudhury#, B. Das#, Biswajit Das#, R. Gala#, C. S. Palshetkar#, L. P. 
Singh#, P. Singh#, R. P. Singh, S. Muralithar, E. Ideguchi, K. Raja, S. Kumar, K. 
Rojeeta Devi, Neelam, T. Trivedi, S. Bhattacharya#, G. Mukherjee,# S. Nandi#, S. 
Sihotra, A. Sharma, R. Raut, S. S. Ghugre, S. Nag, A. K. Singh, and P. C. Srivastava ; 
Proc DAE Symp. Nucl. Phys. Vol. 64, 258 (2019). 
 

5. Spectroscopy of 196Hg  : S. Das, S. Chatterjee, S. Samanta, R. Raut, S. S. Ghugre, A. K. 
Sinha, S. Ali#, P. Ray#, A. Goswami#, S. Nandi#, R. Banik#, S. Bhattacharya#, S. 
Bhattacharyya#, G. Mukherjee#, S. Rajbanshi, S. Das Gupta, and H. Pai #; Proc DAE 
Symp. Nucl. Phys. Vol. 64, 274 (2019). 
 

6. Near-yrast exotic structure in 199Hg :Soumik. Bhattacharya#, S. Bhattachrayya#, S. Das 
Gupta, R. Banik#, G. Mukherjee#, A. Dhal#, S. Nandi#, Md. A. Asgar#, T. Roy#, R. Raut, 
S. S. Ghugre, S. K. Das, S. Chatterjee, S. Samanta, Shabir Dar#, A. Goswami#, Sajad 
Ali#, S. Mukhopadhyay#, Debasish Mondal#, S. S. Alam#, T. Bhattacharjee#, A. Saha#, 
Deepak Pandit#, Surajit Pal#, S. R. Banerjee# and S. Rajbanshi ; Proc DAE Symp. Nucl. 
Phys. Vol. 64, 276 (2019). 
 

7. Barrier distribution for the 28Si + 150Nd system through quasi-elastic excitation function 
measurement : Saumyajit Biswas, A. Chakraborty, A. Jhingan, D. Arora, B.R. Behera, 
Rohan Biswas, Nabendu Kumar Deb, S. S. Ghugre, Pankaj K. Giri, K.S. Golda, G. 
Kaur, A. Kumar, M. Kumar, B. Mukherjee, B.K. Nayak#, A. Parihari, N.K. Rai, S. 
Rai, R. Raut, Rudra N. Sahoo, and A.K. Sinha ; Proc DAE Symp. Nucl. Phys. Vol. 64, 
440 (2019). 
 

8. Back angle quasi-elastic scattering & Fusion Excitation function and studies for the  
12,13C+197Au : N K Ghosh, S Chatterjee, R Raut, S S Ghugre , Anjali Rani, S Mandal, 
Devinder Kaur, Amit, B R Behera,A Vinayak, M MHosamani, C Bhattacharya#, A 
Roy#, I Mazumdar#, Rohan Biswas, A Parihari, J Gehlot, S Nath, N Madhavan, A K 
Sinha ;  Proc DAE Symp. Nucl. Phys. Vol. 64, 558 (2019). 
 

9. Revisiting the high-spin states in 54Mn reveals its new structure  : S. Basu#, G. 
Mukherjee#, S. Nandi#, A. Dhal#, R. Banik#, S. Bhattacharya#, S. Bhattacharyya#, C. 
Bhattacharya#, S. Kundu#, D. Paul#, Sajad Ali#, S. Rajbanshi, H. Pai#, P. Ray#, S. 
Chatterjee#, S. Das, S. Samanta, A. Goswami#, R. Raut, S.S. Ghugre , S. Biswas : Proc 
DAE Symp. Nucl. Phys. Vol. 66, 558 (2019). 
 

10. Presence of transverse and longitudinal wobbling in 183Au  : S. Nandi#, G. Mukherjee#, 
Q.B. Chen, R. Banik#, S. Bhattacharya#, Shabir Dar#, S. Bhattacharyya#, C. 
Bhattacharya#, S. Rajbanshi, Sajad Ali#, H. Pai#, S. Chatterjee, S. Das, S. Samanta, R. 
Raut, S.S. Ghugre, S. Das Gupta, P. Chowdhury ; Proc DAE Symp. Nucl. Phys. Vol. 66, 
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11. High-K states and band structures in Yb isotopes  : Saket Suman, S.K. Tandel, S.G. 
Wahid, Poulomi Roy, A. Chakraborty, K. Mandal, A.K. Mondal, G. Mukherjee#, S. 
Bhattacharyya#, Soumik Bhattacharya#, R. Banik#, S. Nandi#, Shabir Dar#, A. Asgar#, S. 
Samanta, S. Das, S. Chatterjee, R. Raut, S.S. Ghugre, A. Sharma, Sajad Ali#, and P. 
Chowdhury ; Proc DAE Symp. Nucl. Phys. Vol. 66, 226 (2019). 
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12. Measurement of 2+ 1 level lifetime in 120Sn by DSAM  : A. Kundu#, S. Santra#, A. Pal#, 
D. Chattopadhyay#, R. Raut , R. Palit#, Md. S. R. Laskar#, F. S. Babra#, C. S. Palshetkar#, 
B. K. Nayak#, and S. Kailas#  ; Proc DAE Symp. Nucl. Phys. Vol. 66, 84 (2019). 
 

13. Spectroscopic study of 197Hg :  S. Das Gupta, Soumik Bhattacharya#, S. Bhattachrayya#, 
R.Banik#, G. Mukherjee#, R. Raut, S. Ghugre, S. Das, S. Samanta, S. Chatterjee, S. 
Rajbanshi, S. Nandi#, Shabir Dar#, Sneha Das#, A. Goswami#, Sajad Ali#, Sudatta Ray, 
RupsaBanik and Sangeeta Majumdar ; Proc DAE Symp. Nucl. Phys. Vol. 66, 182 
(2019). 
 

14. Measurement of reaction cross-section for 197Au(n,2n)196Au reaction VibhutiVashi,  R. 
Makwana, S. Mukherjee, B. Soni, M. H. Mehta, S Parashari, R.K. Singh, S.V. 
Suryanarayana#, B.K. Nayak#, S.C. Sharma#, H. Naik#, and Taraknath#; Proc DAE Symp. 
Nucl. Phys. Vol. 66, 382 (2019). 
 

15. Study of fusion hindrance via cold configuration within SIII Skyrme force Shivani 
Jain,Raj Kumar, and Manoj K. Sharma;Proc DAE Symp. Nucl. Phys. Vol. 66, 408 
(2019). 
 

16. Rare Earth (Er3+) Doped Nickel Zinc Ferrite: Additional Effects in Structural and 
Dielectric Properties :Sanchayita Nag, Dipankar Das,Sampad Mukherjee, AIP 
Conference Proceedings2142 (2019) 040003. 
 

17. Interactions of luminescent graphene quantum dots with vasodialator bradykinin, Sudip 
Karmakar, Tushar Kanti Das, Somashree Kundu, and Abhijit Saha, 15th DAE-BRNS 
Biennial Trombay Symposium on Radiation & Photochemistry (TSRP-2020) on January 
5-9, 2020 at Bhaba Atomic Research Centre, Mumbai.  
 

18. Comparative assesment of chemical and radiolytic synthesis of NIR emitting lead sulfide 
quantum dots, Tushar Kanti Das, S. Karmakar and A. Saha, 15th DAE-BRNS Biennial 
Trombay Symposium on Radiation & Photochemistry (TSRP-2020) on January 5-9, 
2020 at Bhaba Atomic Research Centre, Mumbai.  
 

19. Shamali Basu, Debashree Das and Kamalika Sen, Surface Enhanced Raman 
Spectroscopy using Selenium Nanoparticles for Sensing of Cancer Biomarker. 
International Seminar (ICBS-2020) on Innovation, Expansion, Impacts and Challenges in 
Chemical and Biological Sciences, January 8-9, 2020, Surendranath College, Kolkata. 
 

20. Radiosensitizing effect of Ethyl cinnamate on Hepatocellular carcinoma cells: an in vitro 
study”. A. Dutta, S. Mukherjee & A. Chakraborty. Paper selected for poster presentation 
at ICRR 2019:International Congress of Radiation Research Manchester, United 
Kingdom. August 25-29, 2019. 
 

21. “Radiation Induced Bystander Effects and Cellular Dynamics: A Study on Radio-
Resistant Human Hepato-cellular Carcinoma Cells”. Paper selected for oral presentation 
at ICRR 2019:International Congress of Radiation Research Manchester, United 
Kingdom. August 25-29, 2019 
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22. Radiosensitization by Ethyl Cinnamate”. A. Dutta & A. Chakraborty. Paper selected for 
oral presentation at 2nd World Congress on Toxicology and Applied Pharmacology, 
Prague, November, 2019. 
 

23. Radiosensitizing effect of Ethyl cinnamate on growth and functional dynamics of 
Hepatocellular carcinoma cells”. A. Dutta, S. Mukherjee & A. Chakraborty. National 
Conference on Environmental Radiation: Impact on Society & its Implications 
(ERISI-2019), Jadavpur University, Kolkata, 15-16 November, 2019. 
 

24. Evidence of Altered Cellular Dynamics in Bystander Cells: A Preliminary Study on 
Radio-resistant Cancer Cell Line”. S. Mukherjee, A. Dutta & A. Chakraborty. National 
Conference on Environmental Radiation: Impact on Society & its Implications 
(ERISI-2019), Jadavpur University, Kolkata, 15-16 November, 2019.  
 

25. Pollution assessment using Radiation based atomic techniques 
Shamayita Banerjee, Anindita Chakraborty, Nabakanta Jana, A. Mukhopadhyay and M. 
Sudarshan. National Conference on Environmental Radiation: Impact on Society & 
its Implications (ERISI-2019), Jadavpur University, Kolkata, 15-16 November, 2019. 
(Awarded Best Poster). 

 
26. Photon as a tool for evaluation of metal burden in industrial belt of Visakhapatnam, 

India Tanushree Panigrahi , Anindita Chakraborty , M.Sudarshan , Anima Sunil 
Dadhich National Conference on Environmental Radiation: Impact on Society & its 
Implications (ERISI-2019), Jadavpur University, Kolkata, 15-16 November, 2019. 

 
27. Element profiling in epiphytic lichens: an emerging biomonitoring technique for 

evaluating air pollution status, One day Seminar organised on the completion of 20 
years of Department of Environmental Science, University of Calcutta February 27, 
2020.  

 
Kalpakkam Node: 
 
1. Preparation and characterization of pristine bismuth molybdate by facile single pot 

microwave-combustion method,” A. Shameem, P. Devendran, V. Siva, A. Murugan, 
Shamima Hussain, S. Asath BahadurProceedings of the 5th National Conference on 
Technologically Important Crystalline and Amorphous Solids (TICAS-2019) ISBN978-
81-909237-4-3 P: 67 – 70. 

2. Rapid Synthesis of Bismuth Molybdate Nanoplates for Supercapacitor Applications 
by Microwave Combustion Method,A. Shameem, V. Siva, A. Murugan, Shamima 
Hussain, S. Asath Bahadur,International Journal of Engineering and Advanced 
Technology (IJEAT) ISSN: 2249 – 8958, Volume-9, Issue-1S4, December 2019, P: 324-
328 in Kalasalingam Global Conference (KGC-2019), International conference of 
sustainable energy.  

3. Facile preparation and characterization of copper molybdate nanostructures for 
photocatalysis via novel microwave combustion technique, A. Shameem, V. Siva, A. 
Murugan, Shamima Hussain, S. Asath Bahadur,International Journal of Engineering 
and Advanced Technology (IJEAT) ISSN: 2249 – 8958, Volume-9, Issue-1S4, December 
2019, P: 383-386 in Kalasalingam Global Conference (KGC-2019), International 
conference of sustainable energy. 
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Indore Centre: 
 
1 Transport evidence of Dirac dispersion in PbBi2Te4 3D topological insulatorP.Mal, G. Bera 

B. Das, Archana Lakhani, G Turpu, C Tomy, P das Bulletin of the American Physical 
Society, APS  Meeting 2020 Denver, Colorado 

2 Non-saturating Linear Magnetoresistance in SnTe Single Crystal ,   (2019). Sonali Baral, 
Archana Lakhani* Presented and accepted for publication in AIP Conference proceedings 
of the 3rd International Conference on Condensed Matter & Applied Physics (ICC 2019) 
held at Bikaner. 

3 Magnetic Field Induced Resistivity Upturn and Plateau in Antimony Crystal ,    Mukesh 
Kumar Dasuandhi , Archana Lakhani* Presented and accepted for publication In AIP 
Conference Proceedings of 64th DAE Solid State Physics Symposium, December 18-22, 
2019  

4 Structural and Transport studies of thermally evaporated Bi2Se3 Thin Film on Si/SiO2 
substrate  Megha, Shivam Rathod, Archana Lakhani and Devendra Kumar,  64th DAE 
Solid State Physics Symposium (DAE-SSPS 2019) held at Indian  Institute of Technology 
Jodhpur, Rajasthan during December 18-22, 2019. 

5 Crystal Growth and Characterization of Novel Magnetic Half-Metallic Semimetal Co3Sn2S2 

Shivam Rathod, Megha, Archana Lakhani, and Devendra Kumara, 3rd International 
Conference on Condensed Matter and Applied Physics (ICC 2019) Bikaner, 14-15 October, 
2019. 

6 Structural and Transport studies of thermally evaporated Bi2Se3 Thin Film on Si/SiO2 
substrate Megha, Shivam Rathod, Archana Lakhani and Devendra Kumar, 64th DAE Solid 
State Physics Symposium (DAE-SSPS 2019) held at Indian Institute of Technology 
Jodhpur, Rajasthan during December 18-22, 2019. 

7 Crystal Growth and Characterization of Novel Magnetic Half-Metallic Semimetal Co3Sn2S2 

Shivam Rathod, Megha, Archana Lakhani, and Devendra Kumara, 3rd International 
Conference on Condensed Matter and Applied Physics (ICC 2019) Bikaner, 14-15 th 
October, 2019. 

8 Study of Antiferromagnetic-Ferromagnetic transition in FeRh0.46Pd0.54 using resistivity 
relaxation measurementsPampi Saha and R Rawat, poster presentation at  IEMPHYS-19: 
International Conference on Condensed Matter Physics held at Institute of Engineering & 
Management, Kolkata, November 14-16, 2019 

9 Study of Magnetoresistance in Polycrystalline Fe Intercalated TaS2R Sharma, S Karmakar 
and R Rawat, Poster presentation at 3rd International Conference on Condensed Matter and 
Applied Physics held at Engineering College Bikaner, Bikaner, Rajasthan, India, October 14-
15, 2019. 

10 Effect of thermal annealing on transport properties of Fe0.3Co0.7S2 Suman Karmakar, Rohit 
Sharma and R. Rawat poster presentation at International Conference on Advanced 
Materials, held at Department of Physics, Nirmalagiri College, Kannur, Kerala, India-
670701, June 12-14, 2019. 

11 Evidence of Multiferroicity and magnetoelastic coupling in α-Mn2O3Mohit Chandra et al., 
Poster presentation at International Conference on Strongly Correlated Electron Systems 
2019, held at Okayama, Japan, Sep 23-28, 2019. 

12 Local electronic structure of UHV cleaved WS2 surface: In-situ STM and STS studies, M. 
Mohan, V.K. Singh, S.R. Barman, K. Bhattacharjee, AIP Conference Proceedings 2115, 
030411 (2019).  

13 Quasiperiodic Sn monolayer on 10-fold Al-Ni-Co quasicrystal surface at room temperature, 
V.K. Singh, P. Sadhukhan, S.R. Barman, AIP Conference Proceedings 2115, 030275 (2019) 
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14 X-ray resonant magnetic scattering on multiferroic  Ho0.5Nd0.5Fe3(BO3)4',  K. Gautam, A. 
Tripathy, S. Francoual, C. Mazzoli, J. Strempfer, I. A. Gudim and D. K. Shukla, 17 to 21 
June 2019 at  National Synchrotron Light Source II, Brookhaven National Laboratory, New 
York, USA,  4th International conference on Resonant elastic X-ray scattering. 

15 Dielectric and Raman spectroscopic measrements across structural phase transition in 
multiferroic HoFe3(BO3)4 single crystal’A. Tripathy, K. Gautam, K. Dey, A. Ahad, I. A. 
Gudim, V. G. Sathe and D. K. Shukla, 12-14 June 2019, International Conference on 
Advanced Materials (ICAM 2019) at Nirmalagiri College, Kannur, Kerala, India 

16 Insulator to metal transition in VO2 M1+B phase on silicon substrate’ S. R. Sahu, S. S. 
Majid, K. Gautam, R. J. Choudhary, V. G. Sathe, D. K. Shukla, 12-14 June 2019, 
International Conference on Advanced Materials (ICAM 2019) at Nirmalagiri College, 
Kannur, Kerala, India. 

17 Temperature dependent phononic response of liquid phase exfoliated few layered 
WS2 nanosheetsS Sinha, SK Arora, V SatheAIP Conference Proceedings 2115 (1), 030197 
(2019) 

18 Phonon anomalies in magnetoelectric Cr2O3V Dwij, G Sharma, S Tyagi, B Krishna De, VG 
SatheAIP Conference Proceedings 2115 (1), 030342 (2019) 

19 Pressure induced re-entrant order-disorder like structural phase transition in spinel ferrite 
nanoparticlesS Tyagi, AK Rathore, G Sharma, BK De, V Dwij, HS Kunwar, VG SatheAIP 
Conference Proceedings 2115 (1), 030003 (2019) 

20 Dielectric and Raman spectroscopy measurements across structural phase transition in 
multiferroic HoFe3 (BO3) 4 single crystalA Tripathy, K Gautam, K Dey, A Ahad, IA 
Gudim, VG Sathe, DK ShuklaAIP Conference Proceedings 2162 (1), 020062 (2019) 

21 Insulator to metal transition in VO2 M1+B phase on silicon substrateSR Sahu, SS Majid, K 
Gautam, RJ Choudhary, VG Sathe, DK ShuklaAIP Conference Proceedings 2162 (1), 
020103 (2019) 

22 Investigation of electrical and magneto-transport properties in half doped cobaltite 
Eu0.5Sr0.5CoO3 
HS Kunwar, G Sharma, S Tyagi, AK Rathore, R Rawat, GS Okram, V G Sathe 
AIP Conference Proceedings 2115 (1), 030425 (2019) 

23 Enhanced zeta potential of polyol method synthesized PVP-capped Sb2S3 nanoparticles 
M Saxena, Tarachand, VG Sathe, GS OkramAIP Conference Proceedings 2100 (1), 020083 
(2019) 

24 Synthesis and structural characterization of FeS2 nanoparticles using rietveld refinementGS 
Chandrawat, J Singh, J Tripathi, A Sharma, M Gupta, V Sathe,S TripathiAIP 
Conference Proceedings 2100 (1), 020023 (2019) 

25 Possible evidence for topological surface states in nanocrystalline Bi2Te3(2019), Bera, S., 
Behera, P.,Mishra, A.K., Krishnan, M., Gangrade, M., Deshpande, U.P., Venkatesh, 
R.,Ganesan, V. AIP Conference Proceedings, 2115 (2019) 030144. 

26 Signatures of trivial to topological phase transition in Bi1- xSbx nanocrystals synthesized 
bymicrowave assisted solvothermal method, Afzal, H., Bera, S., Mishra, A.K., Krishnan, M., 
Deshpande, U.P., Venkatesh, R., Ganesan, V.AIP Conference Proceedings, 2115 (2019) 
030161 

27 Structure, optical bandgap and luminescence studies of SrAl2O4:Eu3+,Dy3+ 
nanophosphors, Riya Neema, M. Saleem, P. K. Sharma, and M. Mittal, AIP Conf. Proc. 
2220 (1) (2020) 020159. 

28 Study of structural and optical properties of barium zirconate titanate prepared throughsol – 
gel auto combustion method, AIP Conf. Proc.,Jyoti Shukla, Supriya Bisen, Mehjabeen Khan, 
and Ashutosh Mishra, 2115 (2019) 030194  
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29 Analysis of optical property of pure and zirconium doped barium titanate synthesized by sol-
gel auto combustion route, Jyoti Shukla1,a), Anshu Shrivastava, Supriya Bisen, Mehjabeen 
Khan, and Ashutosh Mishra, AIP Conf. Proc. 2142, 160013 (2019). 

30 Structural,vibrational and optical properties of Eu2+ and Dy 3+ doped SrAl2O4. Structure 
and photoluminescent studies of SrAl2O4:Dy3+,Ce3+ phosphors, R. Neema, M. Mittal, AIP 
Conf. Proc. 2100 (2019) 020189 

31 Synthesis and initial characterization of PS-PMMA blend film for annealing induced phase 
mixing study, S.Tripathi, P. N. Rao, and S. N. Jha,  AIP Conference Proceedings 2115 
(2019) 030296 

32 Nonlinear refraction in NiO thin films, Romita Chouhan, Mukul Gupta, and Pratima Sen, 
AIP Conference Proceedings 2220 (2020) 090016 

33 Structural and optical properties on Na doped BaTiO3, M. Sonia), M. Saleemb), N. Bajpai, 
S. Chouhan, Meenu Dinesh Varshney, and A. Mishra, AIP Conference Proceedings 2100 
(2019) 020185 

34 Structural and optical studies of nano-blue Co1-xCuxAl2O4 (x = 0.0, 0.5) pigment, P. 
Choudhary, A. Yadav, V. N. Rai, M. Varshney, D. Varshney, and A. Mishra, AIP 
Conference Proceedings 2115 (2019) 030148,  

35 Cd content dependent structural and magnetic properties of Cd-Ni nano ferrite,R. Verma, S. 
N. Kane, P. Tiwari, and F. Mazaleyrat, AIP Conference Proceedings 2142 (2019) 160001 

36 Cd content dependent magnetic properties of Li0.5-x/2 Cdx Fe2.5-x/2O4 nano-ferrite 
prepared without post preparation thermal treatment, R. Verma, S. N. Kane, P. Tiwari, S. S. 
Modak, and F. Mazaleyrat,AIP Conference Proceedings 2142 (2019) 160015 

37 Synthesis, structural and magnetic properties of cadmium substituted Li-ferrite, R. Verma, S. 
N. Kane, P. Tiwari, S. S. Modak, and F. Mazaleyrat, AIP Conference Proceedings 2142 
(2019) 160006 

38 Synthesis, structural and magnetic properties of CoCrxFe2-xO4 (0.0≤ x ≤ 1.0) nano-ferrite, 
AIP Conference Proceedings, P. Tiwari, S. N. Kane, R. Verma, and F. Mazaleyrat, 2142 
(2019) 160016 

39 Jyoti Sahu, Sudhish Kumar, P.A. Alvi, D.M. Phase, Mukul Gupta and S. Dalela, Study of 
Structural, Optical and Electronic Structure Properties of Sm2O3-ZnO Nanomaterials, DAE 
SSPS 2019, IIT Jodhpur, Rajasthan 18-22 Dec 2019. 

40 M. A. Basha, Harsh Bhatt, Yogesh Kumar, C. L. Prajapat, Mukul Gupta, S. Basu and 
Surendra Singh, Annealing Driven Interface diffusivity in Fe/Pt Multilayer, DAE SSPS 2019, 
IIT Jodhpur, Rajasthan 18-22 Dec 2019. 

41 Surendra Singh, M. A. Basha, C. L. Prajapat, Harsh Bhatt, Yogesh Kumar, Mukul Gupta, C. 
J. Kinane, J. Cooper, M. R. Gonal, S. Langridge and S. Basu, Antisymmetric 
Magnetoresistance and Helical Magnetic Structure of Gd/Co Multilayer at Compensation 
Temperature, DAE SSPS 2019, IIT Jodhpur, Rajasthan 18-22 Dec 2019. 

42 Vivek Dwij, Binoy Krishna De, Mukul Gupta, Niti, V. G. Sathe, Study of Local Structure of 
Sr0.95Pr0.5TiO3 Thin film: Absence of Antiferrodistortive Phase, DAE SSPS 2019, IIT 
Jodhpur, Rajasthan 18-22 Dec 2019. 

43 P. Jegadeesan, S. Amirthapandian, Kitheri Joseph, D. K. Shukla, Mukul Gupta, B.K. 
Panigrahi, XAS and EELS analysis on ion irradiated iron phosphate glass, DAE SSPS 2019, 
IIT Jodhpur, Rajasthan 18-22 Dec 2019. 

44 Shailesh Kalal and Mukul Gupta, Synthesis of Nb2N by Rapid Thermal Annealing of 
Interstitial Nb(N) Thin Film, DAE SSPS 2019, IIT Jodhpur, Rajasthan 18-22 Dec 2019. 

45 Rachana Gupta, Seema, D.M. Phase and Mukul Gupta, Preparation and Characterization of 
(111) and (100) Oriented CrN Thin Films, DAE SSPS 2019, IIT Jodhpur, Rajasthan 18-22 
Dec 2019. 
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46 Yogesh Kumar and Mukul Gupta, Effect of Process Parameters on Phase Formation of 
Cobalt Mononitride Thin Films, DAE SSPS 2019, IIT Jodhpur, Rajasthan 18-22 Dec 2019. 

47 Ananya Sahoo, Maheshwari Mohanta, S. K. Parida, Mukul Gupta, V. R. Reddy, Rajeev 
Rawat and V.R.R. Medicherla, Magnetoresistance of Fe-Ni Invar Alloy, and Cu Trilayer, 
DAE SSPS 2019, IIT Jodhpur, Rajasthan 18-22 Dec 2019. 

48 Layanta Behera, Nidhi Pandey and Mukul Gupta, Synthesis and Characterization of AlN 
Thin Films Deposited using dc and rf Magnetron Sputtering, DAE SSPS 2019, IIT Jodhpur, 
Rajasthan 18-22 Dec 2019. 

49 Sushmita Chowdhury, Rachana Gupta, Shashi Prakash, Layanta Behera, D.M. Phase and 
Mukul Gupta, Study of Scandium Nitride Thin Films Deposited using Ion Beam Sputtering, 
DAE SSPS 2019, IIT Jodhpur, Rajasthan 18-22 Dec 2019. 

50 Romita Chouhan, Mukul Gupta amd Pratima Sen, Oxygen Partial Pressure Dependent 
Refractive Optical Nonlinearities in NiO Thin Films, DAE SSPS 2019, IIT Jodhpur, 
Rajasthan 18-22 Dec 2019. 

51 Unfolding the temperature induced dual bandgap in TiO2 nanotubes with improved 
photocatalytic application, Sangita Bhowmick, Chetan Saini, Saif Khan, Mukul Gupta, 
Rahul Singhal, Raja Sen, Aloke Kanjilal, Bulletin of the American Physical Society, APS 
March Meeting 2020, March 2–6, 2020; Denver, Colorado 

52 Effect of different surfactants on thermoelectric properties of CuS nanoparticles. B. 
Mukherjee, Tarachand, S. Hussain and G. S. Okram. AIP Conf. Proc.2100, 020091 (2019). 

53 Enhanced zeta potential of polyol method synthesized PVP-capped Sb2S3 nanoparticles. M. 
Saxena, Tarachand, V. Sathe and G. S. Okram. AIP Conf. Proc.2100, 020083 (2019). 

54 Synthesis and dispersion medium-dependent stability of cadmium sulfide nanoparticles, 

Monika Saxena, Tarachand, Vikash Sharma and Gunadhor S. Okram, AIP Conf. Pro.2162, 
020090 (2019). 

55 Polyol Synthesized Indium doped Tin Sulfide Nanoparticles Thermoelectric Performance. 
M. Saxena, S. Hussain, C. Chotia, Tarachand andG. S. Okram, DAE SSPS  at IIT Jodhpur, 18-
22 Dec2019. 

56 Thermoelectric properties of nanocrystalline lead telluride. V. Sharma, M. Saxena and G. S. 
Okram. AIP Conf. Proc.2100, 020081 (2019). 

57 Enhanced thermoelectric performance of Ag2S nanoparticles by Ag-nanoinclusions. 
Tarachand, R. Venkatesh and G. S. Okram.AIP Conf. Proc.2100, 020126 (2019). 

58 Investigation of electrical and magneto-transport properties in half doped cobaltite 
Eu0.5Sr0.5CoO3. H. S. Kunwar, G. Sharma, S. Tyagi, A. K. Rathore, R. Rawat, G. S. 
Okram, R. J. Choudhary, and V. G. Sathe. AIP Conference Proceedings 2115, 030425 
(2019); https://doi.org/ 10.1063/1.5113264 
 

 



 

7. Workshops and Seminar organized 
 
7.1 Workshop on Characterization of Magnetic Materials held at National Institute of 

Technology – Nagaland, Dimapur
 

A group photograph with participants of Workshop on Characterization of Magnetic Materials

UGC-DAE Consortium for Scientific Research Mumbai Centre (CSR
workshop on characterization of magnetic materials in association with National Institute of 
Technology – Nagaland at Dimapur during November 27 

The call for the workshop got tremend
for the workshop and 70 applicants were selected for the workshop. Thirty
were selected for the workshop from various universities and institutes in various parts of 
Nagaland and neighboring states of Assam, Mizoram and Meghalaya. There were 34 local 
participants from NIT-Nagaland and other institutes / colleges within Dimapur. Among all the 
participants, 5 were faculties in University / Colleges and rest were research scholars. Lecture
during the workshop were focused on 
characterizing magnetic materials, Rietveld refinement of powder neutron diffraction data using 
FullProf, magnetic structure determination, etc

The workshop was held at
workshop was inaugurated on 27
M). Dr. Roselin Jamir (Guest Faculty at DNSH and CVO, NIT
participants and resource persons to NIT
gave a brief overview of the workshop. 
participants and gave a brief overview of NIT
briefed the participants about the details regarding the organization of the workshop, selection of 
participants etc. Vote of thanks was proposed by 

The first talk of the day was given 
“World of Neutrons”. Dr. A. Saha

7. Workshops and Seminar organized by UGC-DAE, CSR 

Workshop on Characterization of Magnetic Materials held at National Institute of 
Nagaland, Dimapur 

articipants of Workshop on Characterization of Magnetic Materials
 

entific Research Mumbai Centre (CSR-M) organized a three
workshop on characterization of magnetic materials in association with National Institute of 

Nagaland at Dimapur during November 27 – 29, 2019.  

The call for the workshop got tremendous response. Over 100 applications were received 
for the workshop and 70 applicants were selected for the workshop. Thirty-six (36) participants 
were selected for the workshop from various universities and institutes in various parts of 

boring states of Assam, Mizoram and Meghalaya. There were 34 local 
Nagaland and other institutes / colleges within Dimapur. Among all the 

participants, 5 were faculties in University / Colleges and rest were research scholars. Lecture
during the workshop were focused on fundamentals of magnetism, different methods of 
characterizing magnetic materials, Rietveld refinement of powder neutron diffraction data using 
FullProf, magnetic structure determination, etc.  

The workshop was held at National Institute of Technology – Nagaland, Dimapur. The 
workshop was inaugurated on 27th November 2019 by Dr. V. Siruguri (Centre Director, CSR

(Guest Faculty at DNSH and CVO, NIT-Nagaland) welcomed all the 
e persons to NIT-Nagaland. Dr. Siruguri addressed the audience and 

gave a brief overview of the workshop. Dr. J. P. Borah (NIT, Nagaland) welcomed the 
participants and gave a brief overview of NIT-Nagaland. Dr. S. Rayaprol

ants about the details regarding the organization of the workshop, selection of 
participants etc. Vote of thanks was proposed by Dr. Amrit Puzari (NIT, Nagaland). 

The first talk of the day was given Dr. Siruguri (CSR-Mumbai), who gave a talk on 
A. Saha (Centre Director, CSR-Kolkata) gave a talk on “
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Workshop on Characterization of Magnetic Materials held at National Institute of 

 
articipants of Workshop on Characterization of Magnetic Materials 

M) organized a three-day 
workshop on characterization of magnetic materials in association with National Institute of 

ous response. Over 100 applications were received 
six (36) participants 

were selected for the workshop from various universities and institutes in various parts of 
boring states of Assam, Mizoram and Meghalaya. There were 34 local 

Nagaland and other institutes / colleges within Dimapur. Among all the 
participants, 5 were faculties in University / Colleges and rest were research scholars. Lectures 

fundamentals of magnetism, different methods of 
characterizing magnetic materials, Rietveld refinement of powder neutron diffraction data using 

Nagaland, Dimapur. The 
(Centre Director, CSR-

Nagaland) welcomed all the 
Nagaland. Dr. Siruguri addressed the audience and 

(NIT, Nagaland) welcomed the 
Dr. S. Rayaprol (CSR-Mumbai) 

ants about the details regarding the organization of the workshop, selection of 
(NIT, Nagaland).  

Mumbai), who gave a talk on 
Kolkata) gave a talk on “Overview of 



 

the experimental facilities at UGC
Director, CSR-Indore) gave an “
Indore Centre”. He also gave a detailed presentation on “
Indus Synchrotron sources”. The final talk of the day was given by 
Nagaland) regarding an “Overview of the research activities of Department of 
Humanities, NIT-Nagaland”.  

Dr. V. Siruguri and Dr. J. P. Borah 
workshop. 

Dr. S. Rayaprol and Dr. Amrit Puzari 
 

The first talk of second day was given by 
talk on “Magnetism: Basics and Experimental Characterization
and tutorial on “Structural properties from the analysis of Neutron diffraction data
D. Kaushik (CSR-M). Dr. J. Bhattacharya
Experiments and Data Analysis
her group.  

the experimental facilities at UGC-DAE CSR Kolkata Centre”. Dr. Alok Banerjee (Centre 
Indore) gave an “Overview of Magnetization characterization facilities at 
. He also gave a detailed presentation on “Materials characterization using 

”. The final talk of the day was given by Dr. J. P. Borah 
verview of the research activities of Department of 

 
Dr. V. Siruguri and Dr. J. P. Borah addressing the gathering during the inaugration of the 

 
Amrit Puzari during the inaugration of the workshop.

day was given by Dr. P. D. Babu (CSR-Mumbai), who gave a 
Magnetism: Basics and Experimental Characterization”. This was followed by talk 

Structural properties from the analysis of Neutron diffraction data
Dr. J. Bhattacharya (NIT-Nagaland) gave a talk on “

Experiments and Data Analysis” and also briefed the audience about the research activities of 
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Third and final day of the workshop started with a talk by Dr. S. Rayaprol on “Magnetic 
structures from the analysis of Neutron diffraction data (along with tutorial)”. Dr. V. 
Siruguri gave a brief summary of the proceedings of the workshop and encouraged all 
participants to use the state-of-the-art facilities of the consortium for adding value to their 
research. All the participants were given certificates at the end of the valedictory program. Dr. S. 
Rayaprol gave vote of thanks.  

 
7.2 2nd National Science Day at Kalpakkam Node: 
 
The 2nd National Science Daywas celebrated at the Node on Feb 28,2020. The theme of present 
year National Science Day celebration was “Women in Science”.  MSc students and faculties 
from various colleges and institutes from Namakkal District in Tamilnadu as well as from in and 
around Chennai, participated in the program. Dr. N. V. Chandra Shekar (Scientist-in Charge, 
UGC-DAE CSR, Kalpakkam Node), delivered welcome address to all the participants. Dr. A. K. 
Bhaduri, Director IGCAR delivered the inspiring presidential address. After the presidential 
address, Dr. G. Amarendra, the chief guest of honour, delivered the key note lecture on the topic 
“Radiation effect on materials” giving an excellent coverage to the various aspects of radiation 
effects on materials to young participants. The first invited talk delivered by Dr. T. S. Lakshmi 
Narasimhan on topic “scope for higher education and jobs for science students”. The second talk 
was delivered by Dr. N. V. Chandra Shekar on “High pressure science”.  After the talks, the lab 
visit was arranged to demonstrate the various high end facilities available at UGC DAE CSR, 
Kalpakkam Node and explain their application. Project presentation was scheduled in third 
session after the lunch. In this session students of UGC DAE CSR, Kalpakkam Node and 
IGCAR presented various in-house built scientific projects and explained nicely the underlying 
principle of physics based on electromagnetic induction, diffraction of laser light, magnetic 
levitation in superconductor, sterling machine, change in band gap of LED upon cooling, smart 

sensors, etc.  
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7.3 Signing of MoU between IGCAR and UGC-DAE CSR, Kalpakkam Node and 

inauguration of the 200kV accelerator at UGC-DAE CSR, Kalpakkam Node on 
March 11th, 2020 
A memorandum of understanding (MoU) between IGCAR and UGC-DAE CSR, 

Kalpakkam Node was signed by the Director , IGCAR , Dr. A. K. Bhaduri and the 
Director , UGC-DAE CSR, Dr. A .K. Sinha on March 11, 2020. On this day, inauguration 
of the 200kV accelerator at UGC-DAE CSR, Kalpakkam Node was also done. Dr. N. V. 
Chandra Shekar, the Scientist In-charge of the Node, welcomed the gathering. The 
Director, IGCAR, Dr. A. K. Bhaduri and the Director, UGC-DAE CSR, Dr. A. K Sinha 
addressed the gathering and signalled for future collaborations between the two 
organisations. Other dignitaries from IGCAR and the Centre Directors of UGC-DAE CSR, 
Indore Centre and Kolkata Centre, Dr. A. Banerjee and Dr. A. Saha were witness to the 
event.  

The meeting started with the scientist In-charge, Dr. N. V. Chandra Shekar, welcoming 
the gathering and briefing everyone present about the agenda. Following the welcome 
address, Dr. A. K. Sinha addressed the gathering by highlighting how the MoU is 
beneficial for not only in house researchers but also across all universities. Dr. A. K. 
Bhaduri then in his address also pointed out the future plans and collaborative efforts 
between the IGCAR and UGC-DAE CSR, Kalpakkam Node. This was followed by the 
formal signing of the MoU by the two directors and Dr. A Banerjee, Centre Director, 
UGC-DAE CSR, Indore Centre and Dr. S. K. Albert, Director, MSG, IGCAR signing as 
witnesses. Thereafter, the 200kV accelerator was inaugurated by the two Directors. The 
accelerator, installed in the UGC building in September of 2018, had recently received the 
AERB clearance and hence is fully operational now. The accelerator is a low energy ion 
implanter system, which will help in studying radiation effects and damages, ion 
implantation, doping of material, etc, and is also a user facility like all other facilities of 
the Node.  
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MoU renewal  by Director, UGC-
DAE CSR and Director, IGCAR 
 
 
 

 
 

 
 
 
  
Throwing open of the 200kV 
accelerator facilty, jointly,  by Director, 
UGC-DAE CSR and Director, IGCAR 
 

 

 

 

7.4  Workshop on Innovative Experiments for UG Physics Students, Government Holkar 
Science College, Indore,September 16th – 17th 2019. 

 
UGC-DAE Consortium for Scientific Research, Kolkata Centre, under the guidance of Dr A K 
Sinha, Director, UGC DAE CSR, has initiated a program which utilizes routinely available open 
source resources for development of innovative experiments for UG Physics students. Such 
experiments centered around computer based digital techniques are the need of the hour, so as to 
cultivate the correct aptitude and attitude desired of a research scholar.  
 
The Department of Physics, Government Holkar Science College, Indore expressed an intention 
to host a workshop,on September 17th – 18th2019, in collaboration with the Kolkata and Indore 
Centre of the Consortium. Dr. KauravNetram of Holkar Science College, Indore and Dr. V.G. 
Sathe, Scientist, UGC-DAE CSR, Indore Centre were the local convenors for the event. The 
Workshop was intended primarily for the UG & PG faculty members in an around Indore, with 
an aim to share with them some excitements in understanding and analyzing physical concepts 
from the perspective of using open source resources and programming. It is expected that these 
efforts would help in developing a technology enabled educational eco-system. 
 
The participation to this workshop was by invitation only, wherein the colleges were requested 
to nominate the names of two faculty members, from their respective Department. Accordingly 
around 30 faculty members, from different Colleges from Indore, Ujjain, Dewas, Bhopal, 
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Gwalior, Sagar, Pune, Morena, Pichore (Shivpuri), Jabalpur to name a few and 20 in-house 
members from Physics Department participated in this Workshop.The inaugural session was 
addressed by Dr. Renu Jain (Vice Chancellor , DAVV, Indore ), Dr S Silawat (Principal, 
Government Holkar Science College, Indore) Dr A K Sinha (Director, UGC DAE CSR, Indore), 
Dr A Saha (Center Director, UGC DAE CSR, KC), Dr A Banerjee (Centre Director, UGC DAE 
CSR, Indore Centre). 
 

 

 

 
Dr. S. S Ghugre & Shri Mukesh Kumar, from the Kolkata Centre and Dr J V Joshi from the 
Mumbai Centre, of the Consortium, were the principal resource personnel for this endeavor. Shri 
Ajay Rathore and Shri N K Godke of Indore Centre helped the participants during the laboratory 
sessions. The participants were introduced to the basics of Python Programming along with a 
novel use of sound card for digital recording. This was followed by a brief explanation regarding 
the experiments, with emphasis on the modifications, using technology, which extensively 
contributed in the understanding of the basics of the subject. The lectures were complimented by 
hands on experience with the experiments during the laboratory sessions. The faculty members 
could easily relate the need for technological analysis to understand physical concepts in a 
structured manner, apart from rejuvenating the fun factor in the learning process. 
 



 

Highlight of the workshop was that at the end of the workshop faculty from Holkar College 
requested, that one of their specific experiment, for the UG 
to the sound card, which was successfully implemented during the validatory session.
 
7.5 Faculty Development Program on Innovative Experiments Using Open Source 

Resources for UG Physics Students, R.D and S.H National College, Mumbai 
February 6th – 7th 2020. 

UGC-DAE Consortium for Scientific Research, Kolkata Centre, has initiated a program which 
utilizes routinely available open source resources  for development of innovative experiments for 
UG Physics students. The idea was initiated by the D
was felt that there is a need to upgrade the existing experiments in the curriculum, to include 
computer based digital techniques, so as to transform the routine experiments into open ended 
endeavor.  
 
R.D and S.H National College, Mumbai, National Bethune College expressed an intention to 
host a workshop, under the DBT Star College scheme, on February 6
to share with faculty members some excitements in understanding and analyzing physical 
concepts from the perspective of using open source resources and programming, thus to learn, 
teach and promote methods in creating a sustained culture for innovative experimentation. Dr 
Namrata Ajwani and Dr Seema Shinde were the local convenors for the work
 
The participation to this workshop was by invitation only, wherein the colleges were requested 
to nominate the names of two faculty members, from their respective Department. Accordingly 
38 faculty members (from 17 from different Colleges in Mumbai 
Physics and Mathematics Department) participated in this Workshop.The inaugural session was 
addressed by Dr. Neha Jagtiani (Principal, R D National College) Dr A K Sinha (Director, UGC 
DAE CSR, Indore), Dr A Saha (Center Directo
Director, UGC DAE CSR, Mumbai Centre) and Prof A ARangawal,(Emeritus Professor, 
Department of Physics, University of Mumbai).
 

Highlight of the workshop was that at the end of the workshop faculty from Holkar College 
requested, that one of their specific experiment, for the UG viz. Maxwell’s Bridge, b
to the sound card, which was successfully implemented during the validatory session.

Faculty Development Program on Innovative Experiments Using Open Source 
Resources for UG Physics Students, R.D and S.H National College, Mumbai 

 
DAE Consortium for Scientific Research, Kolkata Centre, has initiated a program which 

utilizes routinely available open source resources  for development of innovative experiments for 
UG Physics students. The idea was initiated by the Director, UGC-DAE CSR, Dr. Sinha as it 
was felt that there is a need to upgrade the existing experiments in the curriculum, to include 
computer based digital techniques, so as to transform the routine experiments into open ended 

onal College, Mumbai, National Bethune College expressed an intention to 
host a workshop, under the DBT Star College scheme, on February 6th and 7th

to share with faculty members some excitements in understanding and analyzing physical 
ncepts from the perspective of using open source resources and programming, thus to learn, 

teach and promote methods in creating a sustained culture for innovative experimentation. Dr 
Namrata Ajwani and Dr Seema Shinde were the local convenors for the workshop.

The participation to this workshop was by invitation only, wherein the colleges were requested 
to nominate the names of two faculty members, from their respective Department. Accordingly 
38 faculty members (from 17 from different Colleges in Mumbai and 8 in-house members from 
Physics and Mathematics Department) participated in this Workshop.The inaugural session was 
addressed by Dr. Neha Jagtiani (Principal, R D National College) Dr A K Sinha (Director, UGC 
DAE CSR, Indore), Dr A Saha (Center Director, UGC DAE CSR, KC), Dr V Siruguri (Centre 
Director, UGC DAE CSR, Mumbai Centre) and Prof A ARangawal,(Emeritus Professor, 
Department of Physics, University of Mumbai). 
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Dr. S. S Ghugre & Shri Mukesh Kumar, from the Kolkata Centre of the Consortium,
principal resource personnel for this endeavor.  Dr Ghugre &Prof. Dinesh Himathsinghani, 
introduced to the participants the basics of Python Programming along with the novel use of 
sound card for digital recording. The participants were encourage
software on their personal laptops or the computers that were made available by the college for 
this workshop. The lectures were complimented by hands on experience with the experiments 
during the laboratory sessions. The experi
timing methods, Study of Lissajous pattern, determination of co
few.  The faculty members could easily relate the need for technological analysis to understand 
physical concepts in a structured manner. Some of the members discussed the possibility to 
include these experiments in their respective colleges for the laboratory session. 
 
Dr Radha Srinivasan, Department of Physics, University of Mumbai, presided over the 
validetary session. As a follow up of this workshop, one of the experiments on Lissajous pattern 
has been installed in the UG laboratory of the College, and the experiment has been included in 
the curriculum.  
 
The National Science Day was celebrated at the Kolkata 
The academic programme principally consisted of the two Science Day Lectures by Dr. 
DebiprosadDuari and Prof. SoumitraSenGupta. Dr. Duari is the Director of Research and 
Academics at the M.P. Birla Institute of Fundame
"Advances and Challenges in Astronomy and Astrophysics", wherein he enlightened the 
audience with some of the recent findings in our solar system that have been facilitated by the 
availability of the state-of-the-art probes. The lecture spanned discussions on the search for 
water in the solar system as well as  description of the stellar evolution and the different physical 
and chemical processes that shape our cosmic environment. The speaker of the second lecture
Prof. SoumitraSenGupta, is Senior Professor & Chair at the School of Mathematical & 
Computational Sciences in the Indian Association for Cultivation Of Science, Kolkata. His 

Dr. S. S Ghugre & Shri Mukesh Kumar, from the Kolkata Centre of the Consortium,
principal resource personnel for this endeavor.  Dr Ghugre &Prof. Dinesh Himathsinghani, 
introduced to the participants the basics of Python Programming along with the novel use of 
sound card for digital recording. The participants were encouraged to install the associated 
software on their personal laptops or the computers that were made available by the college for 
this workshop. The lectures were complimented by hands on experience with the experiments 
during the laboratory sessions. The experiments included determination of “g” using digital 
timing methods, Study of Lissajous pattern, determination of co-efficient of friction to name a 
few.  The faculty members could easily relate the need for technological analysis to understand 

pts in a structured manner. Some of the members discussed the possibility to 
include these experiments in their respective colleges for the laboratory session. 

Dr Radha Srinivasan, Department of Physics, University of Mumbai, presided over the 
session. As a follow up of this workshop, one of the experiments on Lissajous pattern 

has been installed in the UG laboratory of the College, and the experiment has been included in 

The National Science Day was celebrated at the Kolkata Centre on the 28th of February, 2020. 
The academic programme principally consisted of the two Science Day Lectures by Dr. 
DebiprosadDuari and Prof. SoumitraSenGupta. Dr. Duari is the Director of Research and 
Academics at the M.P. Birla Institute of Fundamental Research, Kolkata. His talk was titled 
"Advances and Challenges in Astronomy and Astrophysics", wherein he enlightened the 
audience with some of the recent findings in our solar system that have been facilitated by the 

art probes. The lecture spanned discussions on the search for 
water in the solar system as well as  description of the stellar evolution and the different physical 
and chemical processes that shape our cosmic environment. The speaker of the second lecture
Prof. SoumitraSenGupta, is Senior Professor & Chair at the School of Mathematical & 
Computational Sciences in the Indian Association for Cultivation Of Science, Kolkata. His 
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Dr. S. S Ghugre & Shri Mukesh Kumar, from the Kolkata Centre of the Consortium, were the 
principal resource personnel for this endeavor.  Dr Ghugre &Prof. Dinesh Himathsinghani, 
introduced to the participants the basics of Python Programming along with the novel use of 

d to install the associated 
software on their personal laptops or the computers that were made available by the college for 
this workshop. The lectures were complimented by hands on experience with the experiments 

ments included determination of “g” using digital 
efficient of friction to name a 

few.  The faculty members could easily relate the need for technological analysis to understand 
pts in a structured manner. Some of the members discussed the possibility to 

include these experiments in their respective colleges for the laboratory session.  

Dr Radha Srinivasan, Department of Physics, University of Mumbai, presided over the 
session. As a follow up of this workshop, one of the experiments on Lissajous pattern 

has been installed in the UG laboratory of the College, and the experiment has been included in 

Centre on the 28th of February, 2020. 
The academic programme principally consisted of the two Science Day Lectures by Dr. 
DebiprosadDuari and Prof. SoumitraSenGupta. Dr. Duari is the Director of Research and 

ntal Research, Kolkata. His talk was titled 
"Advances and Challenges in Astronomy and Astrophysics", wherein he enlightened the 
audience with some of the recent findings in our solar system that have been facilitated by the 

art probes. The lecture spanned discussions on the search for 
water in the solar system as well as  description of the stellar evolution and the different physical 
and chemical processes that shape our cosmic environment. The speaker of the second lecture, 
Prof. SoumitraSenGupta, is Senior Professor & Chair at the School of Mathematical & 
Computational Sciences in the Indian Association for Cultivation Of Science, Kolkata. His 
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lecture was titled "Gravitational Wave - The Cosmic Song" that  led the audience through the 
intriguing journey of the discovery of gravitational wave, that, apart from vindicating a century 
old prediction of Einstein’s General Relativity, has ushered a new horizon in the area of 
communications.  

   

Photographs from the National Science Day Celebrations at the Kolkata Centre. (From Left 
to Right) The Centre-Director, Dr. Abhijit Saha, addressing the audience. Dr. Debiprosad 

Duari delivering the Science Day Lecture - I. Prof. Soumitra SenGupta delivering the Science 
Day Lecture - II. 

 
The celebrations also included short invited presentations by the research scholars working in 
different projects under the Collaborative Research Scheme (CRS) of the Kolkata Centre and/or 
are using one of the facilities hosted by the Centre. The talks covered a range of topics from 
nuclear physics, chemical sciences, environmental studies, biology and material science. Some 
of the research scholars working in-house at the Kolkata Centre also made presentations on their 
respective pursuits. 
 

7.6 Visit of DAVV Refresher course (in Nano Physics and electronics) participants to 
UGC-DAE CSR, Indore (9th September, 2019) 

About 30 participants of refresher course in Nano Physics and electronics, organized by the 
School of Physics DAVV in association with Human Resource Development Centre of DAVV 
visited UGC-DAE CSR, Indore on 9th September 2019.  
Day-long program was conducted for the participants consisting the lectures by the faculty of the 
Consortium and visit to various labs of the Consortium. Dr. Ajit Sinha, Director CSR, Indore 
welcomed the participants and emphasized the necessity of novel teaching methods to motivate 
students at the undergraduate level and also elaborated the role of consortium in higher 
education of Indian Universities. In his opening remarks, Dr. Alok Banerjee, Centre-Director, 
Indore centre mentioned about the unique experimental facilities of the consortium in the area of 
condensed matter physics and urged the participants to explore such experimental facilities.  Dr. 
V. R. Reddy delivered a talk on “Overview of CSR, Indore facilities” in which the details of 
major research activities of the Indore Centre of the Consortium were highlighted with some 
representative examples.  Er. M. P. Saravanan delivered a talk on “Cryogenics: Production of 
low temperatures” consisting the historical developments of liquefaction of gases & production, 
storage and utilization of cryogenics were discussed.  The participants asked various questions 
that were addressed by the speakers and experts present during the seminar.  After the lectures, 
the participants visited various labs of the Consortium and interacted with the respective 
scientists of the labs.  Dr. R. Venkatesh, Dr. Dinesh Shukla and Dr. R. Rajamani coordinated the 
lab visits of the participants.  
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7.7 Visit of Dept. of Nanoscience and Advanced Materials, Saurashtra University, Rajkot 
students to CSR, Indore 

Postgraduate and graduate students (about 40) along with the faculty members of Department of 
Nanoscience and Advanced Materials,Saurashtra University,Rajkotvisited UGC-DAE CSR, 
Indore on 10th February 2020 as a part of their academic trip.  One-day program was organized 
for the students.  The program consisted of lectures in the morning session and CSR lab visits in 
the second session.  
The program started with a brief welcome address by Dr. V. R. Reddy. Dr. N. P. Lalla delivered 
a talk on “Electron Diffraction and Microscopy” in which he emphasized the basics of 
diffraction and the use of electron microscopy in the study and visualization of nano-materials.  
Er. M. P. Saravanan delivered a talk on “Cryogenics: Production of low temperatures” consisting 
the historical developments of liquefaction of gases & production, storage and utilization of 
cryogenics were discussed.  The participants asked various questions that were addressed by the 
speakers during the seminar.   
After the lectures, the participants visited various labs of the Consortium and interacted with the 
respective scientists of the labs.  Dr. V. R. Reddy, Dr. Satish Potdar and senior research students 
Mr. Deepak Prajapat, Mr. Yogesh Kumar coordinated the lab visits of the participants. 
In the concluding session, Dr. Alok Banerjee, Centre Director, UGC-DAE CSR Indore Centre 
interacted with the participants and also explained the mandate of the Consortium.  He motivated 
the students to pursue higher education in experimental condensed matter physics and mentioned 
the importance of basic concepts in pursuing the same.  For example, the importance of length-
scales in defining the nano-materials etc., are emphasized in his address.  
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7.8 Visit of Ramnarain Ruia Autonomous College (Mumbai) students to CSR, Indore 
About 40 Postgraduate and graduate students of Bioanalytical Sciences from 
RamnarainRuia Autonomous College, Mumbai visited UGC-DAE CSR, Indore on 28th January 
2020 as a part of their academic trip.  A half day program was organized for the students.  The 
program consisted of a brief interaction at Bhide Hall of CSR and lab visits of CSR, Indore.  
Dr. Alok Banerjee, Centre Director, UGC-DAE CSR Indore Centre welcomed the students.  Dr. 
Banerjee explained the mandate and also about the stare of the art in-house facilities of the 
Consortium.  He also elaborated the use of various spectroscopic techniques that are present at 
the Consortium in the field of bio-sciences.  The students also visited various labs of the 
consortium.  The students asked various questions during the interaction session and lab visit, 
which were answered by the respective faculty. 
Dr. V. R. Reddy, Mr. Mohan Gangrade, Mr. Anil Gome and Mr. LayantBehracoordinated the 
lab visits of the participants. 
 

 
 

7.9 Visit of undergraduate students to CSR, Indore 
Second year B.Sc students from Shree Adarsh B.Sc. College (BOTAD, Gujarat) visited UGC-
DAE CSR, Indore on 19th September 2019 as a part of their academic trip.  A half day program 
was organized for the students.  The program consisted of a lecture and lab visits at CSR, Indore.  
Dr. Alok Banerjee, Centre Director, UGC-DAE CSR Indore Centre welcomed the students.  Dr. 
Banerjee also interacted with the students and asked about their ambitions and has given advices 
to excel in their academics.  Dr. R. J. Choudhay delivered a lecture on “photoelectron 
spectroscopy” and explained the subject pedagogically.  He also explained basics and 
applications of pulsed laser deposition, thin films etc., in order to ignite scientific temper in the 
students.  The students also visited various labs of the consortium that include pulsed laser 
deposition, cryogenics etc.  The students asked various questions during the lecture and lab visit, 
which were answered by the respective faculty. 
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7.10 2 weeks mentorship program to the univestiy students 
It was contemplated to initiate a training/outreach programme of about two weeks for 2nd and 
3rdyear research scholars from the universities of the country to familiarize them of the potential 
of CSR, Indore for their research carrer.  It was decided to focus region wise of the nation, with a 
special emphasis on the areas with less user community representation.  In this direction, the 
CSR Indore Centre contacted the Physics department HOD’s of different universities of north-
eastern region of our county to nominate research scholars working in experimental Condensed 
Matter Physics/Materials Scienceas a part of the program to familiarize the potential of CSR, 
Indore to the University researchers.  

As per the recommendation of the respective HOD’s about 11 students were invited to 
participate in the two weeks’ mentorship program, starting from 2nd March 2020.  Dr. Ajit Sinha, 
Director UGC-DAE CSR and Dr. Alok Banerjee, Centre Director, Indore Centre welcomed the 
students and explained the activities of the Consortium and emphasized the role of Consortium 
in promoting culture of achieving scientific excellence by sharing and working together.  

The participants, based on their area of research work and interest were assigned to a faculty 
member as mentor to engage her/him intimately with the advanced facilities of the Centre.   
Lectures were delivered by the faculty members of the consortium in the morning session and 
the afternoon sessions were devoted to the lab activity.  About 18 lectures were delivered by the 
faculty covering various aspects of condensed matter. The participants also visited various labs 
of the consortium and RRCAT, Indore during their stay.   

 

7.11 Report of the in-house research scholars workshop (RSW) Nov 19-22, 2019 
An in-house research scholars workshop was organized by the Academic Committee during 
November 19-22, 2019 at Bhide Hall of UGC-DAE CSR, Indore. The in-house research students 
of Consortium Indore Centre, who have completed two or more years presented their research 
work by giving presentations in the workshop. Presentations were classified depending on the 
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proposed thesis titles of the students.  The students presented their research work in the presence 
of respective supervisors, fellow students, faculty members and other scientific staff of the 
Consortium.  The research scholars presenting their PhD research plan/activities were advised to 
put efforts for bringing out the scientific aspects of thesis related experiments/theory while 
touching only briefly on any general introduction etc.  Accordingly, the students presented their 
research work.   
Subject experts were also invited to chair the sessions and give suggestions to the students.   
During the workshop evening lectures were also arranged by the eminent scientist of the 
country. Dr. Praveen Chaddah, former Director UGC-DAE CSR delivered a talk on Physics of 
glass formation. Dr. Aveek Bid, IISc, Bangalore delivered a talk on Quantum Phase Transition 
in atomically-thin layers of NbSe2; Dr. SaibalBasu, BARC, Mumbai delivered a talk on Exotic 
Magnetism at the interfaces with Polarized Neutron Reflectometry; Dr. Vilas Shelke, 
Barkatullah University, Bhopal delivered a talk on Research paper writing and scientific 
presentation; Dr. S. D. Kaushik, CSR, Mumbai Centre delivered a talk on Neutron diffraction: 
An unique probe to study magnetism in bulk materials.   
The subject experts, faculty members and fellow research students asked various questions to the 
students about their research work results during the presentations and useful suggestions were 
given to the in-house research scholars.  Further, the Academic Committee noted that the 
contents of the scientific talks of all the students were of good quality. 
 

 

 

7.12  Thematic workshop on  “Physics at Low Temperature and High Magnetic Field” (29-
30 May 2019) UGC-DAE Consortium for Scientific Research, Indore 

 
UGC-DAE Consortium for Scientific Research, Indore has organized a thematic workshop 
on “Physics at Low Temperature and High Magnetic Field (LTHM)” in association with 
Indian Physics Association (IPA), Indore chapter during May 29-30, 2019. 
Since its inception, Consortium has been active in the field of Low Temperature Physics & 
Cryogenics, in seeking in-depth knowledge and out of box ideas in research on variety of 
materials having rich fundamental Physics including Superconductors, Heavy Fermion 
Materials, Shape Memory Alloys, Magnetocaloric materials, Manganites, Multiferroics, 
Chalcogenides, Intermetallic alloys, Strongly Correlated Systems etc. 
There are various state of art LTHM measurement systems in the consortium like Resistivity, 
Magnetoresistance, Specific heat, Thermopower, Hall effect, Magnetization, ac-Susceptibility, 
Dielectric, Mössbauer, MOKE, MFM, XRD, XMCD LT STM, ESCA and Raman measurements 
etc. These advanced facilities are utilized by a large number of users from various universities 
and higher education institutes countrywide. 
This thematic workshop focused on the developmental and current research work using the low 
temperature and high magnetic field facilities at UGC-DAE CSR centres. In this workshop, 
invited lectures were delivered by experts and CSR users of LTHM facilities, highlighting the 
work done using these facilities.  
The workshop started with an overview of CSR facilities by Dr. V. Ganesan, Centre-Director, 
Indore Centre. There were about 130 participants and 30 speakers of eminence. He continued to 



 

dwell on the evolutionary perspective of LTHM facilities since 1992 and emphasized the need of 
developmental work by highlighting some of the notable efforts in creating low temperatures 
and high magnetic fields using the suppo
CSR itself. He also dwelled with land mark events and publications through in
developments and the need for such a culture on instrumentation for sustainable progress. He has 
also touched upon the progress on LTHM front at other CSR Centres at Mumbai, Kolkata and 
Kalpakkam Node. Dr. A. Banerjee continued this spirit in his lectures and then focused on 
evolution of magnetic measurements and the new protocols and discovered followed later 
including the concepts like Kinetic Arrest and CHUF. 
Dr. V. Siruguri, Centre-Director of Mumbai Centre elaborately explained the need for Neutrons 
as the probe for condensed matter and highlighted the various magnetic structures solved using 
the neutron beam line developed by CSR. Low temperature and high field Mössbauer and 
Nuclear Resonance Scattering Studies has been dwelt with zeal by Prof. Ajay Gupta, Former 
Centre-Director and presently from Amity University. Prof. M.R.Anatharaman, from CUSAT, 
Cochin gave an interesting talk on nano
of collaborative work of CUSAT, CSR and other institutions. He also surveyed the contributions 
by his group in “Advent of new non vanderwalls materials”.
Prof. Bhavtosh Bansal, from IISER Kolkata gave a nice talk on the needs of pulsed fields for 
futuristic extensions of LTHM. He is kind enough to touch upon the development scenario as 
well as advanced physics with pulsed fields. His topic was “Pulsed Magnets: Large fields in a 
small laboratory”. Dr.P.K.Kush has given an extensive lecture on the need of cryogenics, he 
went on to dwell with “Cryocoolers and their useful boundaries” while Er.P.Saravanan gave an 
interesting talk on “Cryogenic facilities at UGC

 

 

 
Glimpses of the LTHM conference and associated events

 
Magnetoelectricity in Bi-doped Strontium Hexaferrites is discussed by Prof. P.N.Viswakarma of 
NIT, Rourkela while the usefulness of LTHM in nanotechnology was dealt lucidly by Dr. Ajay 
Soni, IIT mandi. Prof. O.P.Sinhain his discussion on R&D activities at Amity University in 
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collaboration with CSR, he highlighted the need of irradiation facilities in creating the controlled 
nanostructures.  
Dr. S.B.Roy, formerly from RRCAT, gave an interesting talk on “Quest for Quantum Spin 
Liquids”, a topic of current interest, while Dr. Vijay Dixit from RRCAT gave a talk on 
“Magneto-Optical effects on semiconductor quantum structures”. Prof. S.N.Kane of DAVV 
elaborated the “Use of low temperatures and high magnetic fields to study spinel nano ferrites” 
while Dr. D.M.Phase covered the synchrotron activities at Indus especially the XMCD beam 
line, that is of more relevant to LTHM scenario. Dr. R.J.Choudhary dealt the impact of LT-
AIPES with Indus 1 beam line while "Morphology and electronic states of nano-structures and 
adlayers" were covered by Dr. S.R.Barman, with few LT-STM results as well. Dr. G.S.Okram 
covered the thermoelectricity of nano-structures while Dr. Y. Sankararao covered the 
experimental aspects of thermoelectric power measurements at low temperatures. Dr. R. Rawat 
highlighted the importance of calorimetry while Dr. V. Sathe enumerated the need for LT-
Raman spectroscopy.  
“Soft Phonon Modes and Thermal Transport Properties of Doped Tin Telluride” has been dealt 
by Dr. Ajay Soni from IIT Mandi while Dr. Durgesh Singh gave few hints on QCP while Dr. 
S.S.Samatham described “Critical magnetic properties of Fe doped MnNiGe: Magnetization, 
specific heat and resistivity”.  “Neo-patterns in vitreous Magneto Electrics” was dealt with Dr. 
A.M.Awasthi while the need for LTHM XRD was dealt with interesting results by Dr. N.P.Lalla. 
Dr. V.R.Reddy covered the LT-MOKE experiments while Magneto transport of topological 
systems were covered by Dr. Archana Lakhani.  Dr. L.S.Sharath Chandra from RRCAT have an 
interesting talk on “Superconductivity in Ti-Fe alloys”.  
Some of the notable user presentations include the need for low temperature measurement in the 
nano-magnetic systems by Dr. Deepshika Rathore and a jubilant talk by Dr. K. Saravanakumar, 
Coimbatore on “LT Lab for Students in Colleges”, wherein he highlighted the results of how the 
understanding that he learned on low temperature instrumentation and automation learned 
through CSR Indore helped him to set up the systems with low cost at his own places.  
The workshop concluded with a summary by Dr. V. Ganesan and a feedback session from 
participants who are derived across our country, demographically distributed as well as from 
RRCAT, DAVV and local colleges and institutions. They appreciated the efforts of speakers 
from various prestigious institutions who have come all the way to Indore and delivered the 
lectures in such pedagogical fashion so that even a beginner can understand the need of LTHM 
in current scenario.  
The event was concluded by Dr. Ajit K Sinha, Director, UGC-DAE CSR Indore who have 
appreciated the efforts made by CSR Indore for the last three decades and the need to further it 
in terms of higher magnetic fields as well.  Dr. Ganesan thanked the UGC-DAE CSR, DAVV, 
RRCAT, IPA Indore chapter and all the participants for their efforts and support.   
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8. Theses and Student Projects 

Ph.D. Theses 
 
Ph.D. Thesis submitted under CRS scheme at Mumbai Centre 

1. Mr. Sunil Kasyapobtained his Ph.D. degree from G. N. D. University, Amritsar. The tile 
of his thesis is “Preparation and Characterization of mixed Perovskite Solid Solutions 
for Multiferroic Properties”. He has been regularly using neutron diffraction, VSM 
facilities at Mumbai Centre. 

2. Mr. Bharatkumar Babanbhai Kanoje successfully defended his thesis entitled, 
“Micellization behavior of Conventional and Dimeric Surfactant in aqueous solution 
and their Applications” for the award of Ph.D.  degree from Sardar Vallabhbhai National 
Institute of Technology (SVNIT), Surat under the guidance of Dr. Ketan C. Kuperkar (PI 
of CRS project CRS-M-234). 

 
Indore Centre: 

1. Ms. Anjali Panchwanee has been awarded Ph.D. degree from DAVV, Indore for her thesis 
titled “Preparation and study of RFeO3 based functional oxide materials”, January 2020 
under the supervision of Dr. V. Raghavendra Reddy.   

2. Mr. Saroj Kumar Mishra has been awarded Ph.D. by DAVV, Indore for his thesis titled, 
“Magneto-transport and calorimetric studies of magnetic transitions in cobalt 
dichalcogenides and related systems” December, 2019. 

3. Dr. Suhail Majid (CRS student from Dept. of Physics, AMU., Aligarh), 2019 
Title of the thesis: “Study of insulator to metal transition in doped and undoped Vanadium 
oxide thin films”. 

4. Shri Gaurav Sharma 
5.  Shri Shekhar Tyagi 
6. Mr. Tarachand, Thermoelectricity of some nanostructures, (Degree awarded 28 February, 

2020). 
 

Kolkata Centre: 

1. Dr.Prasenjit Maji, Jadavpur University:- Degree awarded on January 2020. Thesis 
title:-“Study on electrical,optoelectronic and electrochemical Properties of inorganic 
halideperovskite materials” Supervisors:-  Dr.Sachindra Nath Das (Jadavpur 
University) and Dr.Souvik Chatterjee (UGC-DAE CSR Kolkata Centre) Degree 
awarded by:- Jadavpur University 

2. Ms. Sanchayita Nag, IIEST Shibpur:- Thesis Submitted. Thesis title:-“Synthesis and 
characterization of different magnetic oxides and their nanocomposites” Supervisors:- 
Dr.Sampad Mukherjee (IIEST Shibpur) and Dr. Dipankar Das (UGC-DAE CSR Kolkata 
Centre)University/Institute:- IIEST 

3. Thesis entitled ‘Synthesis, Photophysical Aspects of Graphene Oxide and its Derivatives 
with Particular Reference to Interactions with Biomolecular Systems’ is submitted by 
Ms. Susmita Maiti for the Ph.D. degree of the University of Calcutta under the 
supervision of Dr. Abhijit Saha. 

4. Thesis entitled ‘Group II-VI Semiconductor Nanoparticles and Graphene-based Hybrid 
Materials: Synthesis, Characterization and Physico-chemical Interactions with 
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Biomolecular Systems’is submitted by Ms. Somashree Kundu for the Ph.D. degree of the 
University of Calcutta under the supervision of Dr. Abhijit Saha. 

 
Student Projects 

Indore Centre: 

1) Ms Ishu Jain:  Summer project student under INSPIRE (SHE program) from Holkar 
Science College, Indore, Title of the project: Transport Properties of Solid at Low 
Temperature. Supervised by Dr. Archana Lakhani, Duration: 2 months  

2) Mr. Saurav Joshi: Summer project student under INSPIRE (SHE program) from from 
Holkar Science College, Indore Title of the project: “Low Temperature Transport 
Measurements and Introduction to Superconductors”. Supervised by Dr. Archana 
Lakhani, Duration: 2 Months 

3) Mr. Haydar Hussain Mollah from Physics Department, University of Science & 
Technology, Meghalaya 793101 was supervised by Dr. Archana Lakhani during the two 
weeks Mentorship programme for university research scholars from North east region 
conducted at CSR Indore in 2-13 March 2019.  

4) Mr. Rishi Raj Rathore, Amity University, Jaipur, Rajsthan M.Sc. project titled, 
“Synthesis and Study of Electrical Transport Properties of Intermetallic Compound 
Gd7Pd3” July, 2018. 

5) Ms. Mahima Seth,B. Tech. II year, Manipal Institute of Technology, Mangalore summer 
trainee July 2018. 

6) Ms. Debsmita Dalai, Barkatullah University, Bhopal did project trainee, Jan 2020. 
7) Mr. Pranjal Nath, research scholar from Dept. of Physics, Guwahati University, was 

given laboratory training under two week mentorship program of consortium during 
March 2-13, 2020.  

8) Mr. Malvia, Graduate student of Holkar Science college did his training for Inspire 
fellowship project titled “Surface enhanced Raman spectroscopy” in RAMAN laboratory 
under Dr. V. Sathe. 

9) Arpita Vipat, M. Sc (Phy) III Sem SOP, DAVV did one-year project under supervision 
of Dr. Mukul Gupta 

10) Deeksha Pate M. Sc (Phy)III Sem SOP, DAVV did one-year project under supervision of 
Dr. Mukul Gupta 

11) Kshama Agrawal, B.Sc 2nd Year, Govt. Holkar Science College,Indore did half-year 
project under supervision of Dr. Mukul Gupta 

12) Harsh Sharma, M. Sc (Phy) II Sem SOP, DAVV did 4 weeks’ project under supervision 
of Dr. Mukul Gupta 

13) ChanchalaAgrawal M. Sc (Phy) II Sem SOP, DAVV 4 weeks’ project under supervision 
of Dr. Mukul Gupta 

14) Srishti Dewangan, M. Sc (Phy) III Sem SOP,DAVV did one-year project under 
supervision of Dr. Mukul Gupta 

15) Tanay Shukla, M. Sc (Phy) III Sem SOP, DAVV did one-year project under supervision 
of Dr. Mukul Gupta 

16) Ms. Raksha Yadav B.Sc. PCM, Government, Holker science college, Indore “ Stress in 
thin film and measurements using MOSS” under the supervision of Dr. Dileep Kumar 

17) Ms. TRIVENEE KANSARE B.SC. PCM, Government, Holker science college, Indore  
18) “Growth of Fe thin film on Si (111):  In-situ study using magneto-optical Kerr effect” 

under the supervision of Dr. Dileep Kumar 
19) PoonamMathur, MSC, Physics, SOP, DAVV, Indore under the supervision of Dr. 

Dileep Kumar 



389 | P a g e  
 

20) KomalChugwani, MSC, Physics, SOP, DAVV, Indore under the supervision of Dr. 
Dileep Kumar 

21) Ms Tanooja Pathak, Department of Physics, Govt. Holkar Science College, Indore, 1 
July- 25 August 2019: Synthesis and Structural Characterization of Bismuth Sulfide 
(Bi2S3) Nanoparticles. 

22) Mr. Tarundeep Sahu, Department of Physics, Govt. Holkar Science College, Indore, 1 
July- 25 August 2019: Structural Characterization and Synthesis of CuS-InCuS2 
Nanocomposites under the supervision of Dr. G.S. Okram. 

23) Mr. Akshay Kumar Sonwane, Department of Physics, Govt. Holkar Science College, 
Indore, 5 January- 18 February 2020:  Synthesis and Characterization of Bismuth 
Nanoparticlesunder the supervision of Dr. G.S. Okram. 

24) Mr. Sandeep Sonwane, School of Chemistry, DAVV, Indore: February - April 2018. To 
Synthesize Novel Study of particle size and zeta potential of Nanocrystalline 
Bi2Te3under the supervision of Dr. G.S. Okram. 

25) Mr. Ram Krishna Namdev, Department of Physics, Govt. Holkar Science College, 
Indore, 1 July- 25 August 2019: Synthesis and Characterization of CuInS2 Nanoparticles 
under the supervision of Dr. G.S. Okram. 

26) Miss Pradipti Rao, School of chemical Sciences, DAVV, Indore, March -April 2019: 
Synthesis and zeta potential study of CuS Nanoparticles synthesized by polyol method 
under the supervision of Dr. G.S. Okram. 

27) Miss Prachi Shukla, School of chemical Sciences, DAVV, Indore, March -April 2019: 
Study of nanocrystalline Cu7Te4under the supervision of Dr. G.S. Okram. 

28) Mr. Nikesh Nayak, School of chemical Sciences, DAVV, Indore, March -April 2019: 
Synthesis and characterization of cobalt oxide nanoparticles under the supervision of Dr. 
G.S. Okram.  

29) Ms. Divya Soni, School of chemical Sciences, DAVV, Indore, March -April 2019: Study 
of copper telluride nanoparticles under the supervision of Dr. G.S. Okram.  

30) Miss Anjali Tanwar, School of chemical Sciences, DAVV, Indore, March -April 2019: 
Study of Tellurium Nanoparticles under the supervision of Dr. G.S. Okram. 

31) Miss Deepika Lonare, M.Sc. in Chemistry, School of Chemical Sciences, DAVV, Indore, 
Feb-April 2019: Synthesis and zeta potential study of Mn doped Cu2Te Nanoparticles 
synthesized by polyol method under the supervision of Dr. G.S. Okram. 

32)  Mr. M. Sai Prasanna, M.Sc., Annal University did project on Microstructural 
Characterization of Thin films using X-Ray under Dr. Sujay Chakravarty, Scientist-F, 
UGC DAE CSR Kalpakkam Node during April – July, 2019.  Project submitted to Anna 
University. 

33)  Ms. Revathy Rethnappan, Synthesis and Characterization of thin films of Carbonunder 
Dr. Shamima Hussain, Scientist-F, UGC DAE CSR Kalpakkam Node during March – 
June, 2019.  Project submitted to Kerala University. 

34) Ms B PrajnaM.Tech(Mat. Science),University of Mysore, Mysuru did project entitled 
“Chemical bath deposition synthesis of thin films of MoS2” under Dr. Shamima Hussain, 
Scientist-F, UGC DAE CSR Kalpakkam Node during February – May, 2019.  Project 
submitted to University of Mysore. 
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9. Seminar, Workshop lecture delivered by UGC-DAE CSR 
Scientists/Personnel: 

Dr. V. Siruguri 

1. Gave talk on “Scope of the workshop. Overview of the experimental facilities at UGC-
DAE CSR Mumbai Centre” during the Workshop on Characterization of Magnetic 
materials held at NIT-Nagaland, Dimapur during November 27 – 29, 2019.  

2. Invited Talk at 7th National Conference on Condensed Matter Physics and Applications 
CMPA-2019), September 27-28, 2019, Manipal Institute of Technology, Manipal 
Academy of Higher Education, Manipal, India 

3. Keynote Lecture at National Conference on Recent Advances in Energy, Environment 
and Health for Sustainable Development (RAEEHSD-2019),Oct 18-19, 2019, ITER, 
Siksha ‘O’Anusandhan, Odisha. 

 

Dr. P. D. Babu 

4. Gave lecture and tutorial on “Magnetism: Basics and Experimental Characterization” 
during the Workshop on Characterization of Magnetic materials held at NIT-Nagaland, 
Dimapur during November 27 – 29, 2019. 

5. Delivered Invited talk on “Advanced Research in Material Science” at one day workshop 
on Research Methodology and Collaboration at Kurukshetra University, Kurukshetra, 14 
Dec. 2019 under aggies of TEQIP-III (MHRD/World bank sponsored) Project. 

 

Dr. Sudhindra Rayaprol 

6. Gave talk and tutorial on “Magnetic structures from the analysis of Neutron diffraction 
data” during the Workshop on Characterization of Magnetic materials held at NIT-
Nagaland, Dimapur during November 27 – 29, 2019. 

7. Lecture on “Neutrons as probes for materials science Research” duringShort Term 
Course on Advanced Functional Materials at Department of Physics, Dr. B. R. Ambedkar 
National Institute of Technology, Jalandhar from 30th Dec. 2019 to 3rd Jan. 2020. 

8. Conducted tutorial on “Structure Refinement from Diffraction Data Using Rietveld 
Refinement Method” duringShort Term Course on Advanced Functional Materials at 
Department of Physics, Dr. B. R. Ambedkar National Institute of Technology, Jalandhar 
from 30th Dec. 2019 to 3rd Jan. 2020. 

 

Dr. S. D. Kaushik 

9. Gave talk and tutorial on “Structural properties from the analysis of Neutron diffraction 
data” during the Workshop on Characterization of Magnetic materials held at NIT-
Nagaland, Dimapur during November 27 – 29, 2019. 

10. Invited lecture in National Conference on Advanced Materials: theory and applications 
held at Hansraj college, Delhi University during September 26-28, 2019. 

11. Lecture at Research Scholar workshop at UGC-DAE CSR Indore during November 19-
21, 2019. 
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Dr. S.R. Barman 
 
12. Invited talk:  “Self assembled 2D quasicrystals”, at  Materials Research Society of India 

Conclave, CGCRI, Kolkata,     11th –14th February, 2020. 
13. Invited talk:  “Morphology and electronic states of nano-structures and adlayers”, at  

Workshop on Physics at Low Temperatures and High magnetic field,  UGC-DAE CSR, 
Indore 29-30 May, 2019. 

 
Dr. R.J. Choudhary 
 
14. “Thin film growth of different materials and their characterization using photoemission 

and X-ray absorption spectroscopy.” at Short Term Course on Advanced Functional 
Materials at Dr. B. R. Ambedkar National Institute of Technology, Jalandhar from 30th 
Dec. 2019 to 3rd Jan. 2020. 

15. “Growth and properties of magnetic oxides thin films and their characterization.” at Short 
Term Course on Advanced Functional Materials at Dr. B. R. Ambedkar National Institute 
of Technology, Jalandhar from 30th Dec. 2019 to 3rd Jan. 2020. 

16. 5 lectures on “Magnetism and magnetic materials” in UGC-HRDC Refresher Course in 
Physics at Patna University during 21-22nd January 2020. 

17. “Probing electronic structure of functional magnetic oxides thin films” Short term course 
on Material Science and Engineering at Mahila  Engg. College, Ajmer during 9-13 Dec. 
2019. 

18. “Importance of Photoelectron Spectroscopy” at Patna Science College on 11 Dec. 2019. 
19.  “Electronic and magnetic properties of Fe3O4 nanostructures grown on GaAs” at 

National Workshop on “Science and Technology of Low Dimensional Systems” 
during 1st-3rd, November 2019 at Siksha ‘O’ Anusandhan, Bhubaneswar -2019. 

20.  “Photoelectron Spectroscopy” Refresher course in Physics and Electronics at DAVV 
Indore on 11 Sep. 2019. 

21. “Synthesizing Nano-patterns Using Thin Film Techniques” Refresher course in Physics 
and electronics at DAVV Indore on 8 Sep. 2019. 

22. “Resonant Photoemission Studies of Sr2CoO4 thin films”Thematic workshop on 
“Physics at Low Temperature and High Magnetic Field” (29-30 May 2019) at UGC DAE 
CSR, Indore. 

 
Dr. M. Gupta 
23. Thin Film Deposition & Characterization facilities at 

 UGC-DAE CSR, Indore, Bhilai Institute of Technology, Durg, Aug. 30, 2019.   
24. Synthesis, Structure, and Magnetization of Cobalt Nitride Thin Films, 

INTERNATIONAL CONFERENCE ON MATERIAL SCIENCE AND 
APPLICATIONS (ICMSAA-19), H. N. B. Garhwal University, Srinagar, Garhwal, 
Uttarakhand, November 26, 2019. 

25. Thin Film Deposition & Characterization facilities at UGC-DAE CSR, Indore, NIT 
Srinagar, Garhwal, Uttarakhand, November 26, 2019. 

26. Thin Film Deposition & Characterization facilities at UGC-DAE CSR, Indore, National 
Workshop ON Emerging Technologies for Synthesis and Characterization of 
Nanostructured Materials, MANIT Bhopal, December 03, 2019.   

27. Synthesis & Depth Profiling of Thin Films: An Introduction, Shri Vaishnav Vidyapeeth 
Vishwavidyalaya, Indore SANMANTRANA – 2020, 3-5 February, 2020. 
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Dr. A. Lakhani 
 
28 “Multi-channel Transport study of Bi2Te3 Single Crystal” Talk at International 

Conference on Advanced Materials, during 12-14 June 2019 held at Nirmalagiri College, 
Kerala. 

29 Invited talk “Topological Materials at the interface of Physics and Technology” at 
National Conference on Emerging Trends in Advanced Materials at Vikram University 
Ujjain, 29 August 2019. 

30 “Magneto-transport studies at LTHM” Talk during Conference on Low temperature and 
High Magnetic Fields organized at CSR Indore during 29-30 May 2019. 

31 Presentation on “Ethics in Publication and How to use Urkund for plagiarism detection” 
at CSR Indore on 10 October 2019. 

32 Presentation in General User review committee meeting at CSR Indore on 5th November 
2019. 

33 Talk on ‘The Hall Effect” during mentorship program for North East students at CSR Indore 
during March 2020. 

 
 
Dr. G.S. Okram 
 
34 Outlooks of nanotechnology, 8th International Conf. Innovative Research Practices in 

Pharma, Science, Management, Agriculture and Technology, Swami Vivekananda 
University, Sagar, MP 28 February 2020.  

35 Perspectives of nanotechnology, National Conference on Physical and Biological Sciences, 
Patel Group of Institutions, Indore, 29 Nov 2019. 

36 Thermoelectric Properties of Some Nanostructures, 26 September 2019, IIT, Delhi. 
37 Why should one study BSc? 3 September 2019, Induction programme, IPS Academy, Rao, 

Indore. 
38 Thermoelectricity in nanostructures, Thematic workshop on “Physics at Low Temperature 

and High Magnetic Field”, 29-30 May 2019, UGC-DAE Consortium for Scientific Research, 
Indore. 

 
 
Dr. R. Rawat 
 
39. “Calorimetry”delivered at “Thematic workshop on Physics at low temperature and high 

magnetic field” held at CSR, Indore 29-30 May 2019. 

 
Dr. V.R. Reddy 
40. Dr. V. Raghavendra Reddy delivered one invited talk on “Magneto-optical Kerr effect 

(MOKE) microscopy – Technique to study magnetism of thin films” at CSIR-NIIST 
(National Institute for Interdisciplinary Science and Technology), Thiruvananthapuram 
during 2nd Dec 2019.  

41. Dr. V. Raghavendra Reddy delivered three (03) invited talks on “Experimental methods for 
structural and magnetic characterization of thin films” at Refresher Course in Nano Physics 
and Electronics conducted by Human Resource Development Centre (Academic Staff 
College), DAVV Indore during 29th Aug to 11th Sept 2019.  
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Dr. V. Sathe 
 

42. Invited talk at Indo-Italian Elettra Beamline Workshop: Application in Crystallography 
and Drug Discovery jointly organized by All India Institute of Medical Sciences, 
Jawaharlal Nehru University, “High pressure x-ray diffraction and Raman spectroscopy 
studies on Sr1-xCaxTiO3” held at AIIMS, New Delhi on 11-12 November 2019. 

43. Invited talk at DAE-SSPS-2019 “Unfolding Femo-Scale Displacement in CuO Using 
Angle Resolved Polarized Raman Spectroscopy (ARPRS)” at IIT, Jodhpur 18-22 
December, 2019. 

44. Invited talk on “Scientific Facilities at UGC-DAE CSR, Indore centre” at Department 
of Physics, Savitri Bai Phule University, Pune in Raman memorial conference (RMC-20) 
on 15th February 2020. 

 
Dr. D.K. Shukla 
 

45. Delivered a special lecture, “Physics of the insulator to metal transition: Vanadium 
dioxide as an example” on November 20, 2019 at BBAU (baba bhim rao ambedkar 
university) Lucknow, UP. 
 

Dr.D.M.Phase 

46. Invited talk on Beamlines on Indus synchrotron and its use for materials characterization 
at Punyashlok Devi Ahilya University, Solapur on Aug.2019 

47. Invited talk on “An overview of Indus synchrotron facility with special emphasis on 
XMCD measurement facility” at Rajasthan Science Congress MLSU, Udaipur on 16 
Oct.2019 

48. Invited talk on “Materials science research using Indus synchrotron radiation sources” at 
National Conference on "Multifunctional Materials and Instrumentation for Emerging 
Applications (MMIEA-2020)  at SPPU, Pune on 18th Jan, 2020. 

49. Invited talk given on ”Indus synchrotron related research activities of UGC-DAE CSR 
Indore”  at one day workshop at BAMU, Auranagabad, 16th March, 2020  

 
Dr. Dileep Gupta 

50. “Magnetic characterization of thin films using MOKE”   international webinar on material 
characterization and the analysis, May 25-31, 2020, IWMCA 2020, IPS, Indore, INDIA 

 

 

Kalpakkam Node: 

51. Invited talk delivered at ICMS 2020 held at Tripura University during 4-6 March, 2020 by 
Dr. Shamima Hussain on “Materials for flexible devices” 

52. Invited talk delivered on “ Microscopy as a surface analytical tool” at Kongu Engineering 
College, Erode , during 15 October, 2019 

53. Talk on “Facilities at Kalpakkam Node and how to avail them” at Kongu Engineering 
College, Erode, October 15, 2019 

54. Invited talk on “Analysing XPS data” at SVSNS College Madurai, September 7, 2019 
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Dr A Saha  
 
55. Semiconductor and Graphene Quantum Dots: From A Perspective of Biological Interfacing in 

the Fourth International Conference on Nanomaterials (ICN 2019) held at Mahatma Gandhi 
University, Kerala on April 12-14, 2019 (Plenary talk).   

56. Functional Quantum Dots for Investigating Nanobio Interactions in Symposium on Molecular 
Diagnostics & Therapeutics held at College of Medicine & JNM Hospital, WBUHS on June 21-
22, 2019.  

57. Synthesis and Optical Characterization of Semiconductor and Graphene Quantum Dots in 
‘Refresh 

58. er Course in Application of Nano Sciences in modern day research and technology’ held at 
UGC-Human Resource Development Centre, Burdwan University on July 08, 2019.  

59. An Overview of Experimental Facilities at UGC-DAE CSR, Kolkata Centre, in ‘Workshop 
on Characterization of Magnetic Materials’ at NIT-Nagaland, Dimapur on November 27-29, 
2019 

60. A Glimpse of Nanosurface Manipulation for Biological Applications, in ‘International Seminar 
on Interface of Chemical and Biological Scienc’ held at Cooch Behar Panchanan Barma 
University, on November 29-30, 2019.  

61. Chairperson on technical session entitled ‘Creating Technology Enabled Learning Ecosystems’ 
at East Zone Vice Chancellors’ Meet -2019-20 on ‘Towards Global Best Teaching-learning 
Process in Indian Higher Education’ held at  Central University of Jharkhand, Ranchi, on 
December 19-20, 2019 

62. Semiconductor and Graphene Quantum Dots for Biological Applications: A Spectroscopic 
Approach, in ‘National Conference on New Frontiers in Chemistry–From Fundamentals to 
Applications-III” (NFCFA 2019) held at Birla Institute of Technology and Science, Pilani, K K 
Birla Goa Campus on December 20-22, 2019 (Keynote Talk) 

 
Dr S S Ghugre: 
 
63. “A Computer Away : Teaching Science under Resource Challenges”, at the East Zone 

Vice Chancellors Meet, on “Towards Global Best Teaching Learning Process in Indian 
Higher Education”, oraginzed by central University of Jharkhand, Ranchi, December 19 
– 20, 2019. 

64. “The Digital Highway to Nuclear Excitations: Of Milestones Covered & the Miles 
Ahead” Plenary Talk at DAE BRNS Symposium on Nuclear Physics December 23-27, 
2019. 
 

Dr A. Chakraborty: 
 
65. “Flow cytometry: a tool in life science research” Dept. of Biophysics Molecular Biology 

and Bioinformatics, Calcutta University  
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10. Other Activities 
Annual Science Day 2020 

 
UGC-DAE Consortium for Scientific Research, Indore celebrated its Annual 
Science Day on 15th February, 2020.  On this occasion, 
Prof. Avinash Chandra Pandey, Director, Inter University Accelerator Centre, New 
Delhi was the Chief Guest. The function started with Dr. A. Banerjee, Centre-
Director, UGC-DAE CSR, Indore Centre, welcoming the guests. This was 
followed by the annual report presentation by Dr. A. K. Sinha, Director, UGC-
DAE CSR, Indore. He informed the major achievements of the Consortium such as 
utilization and development of various facilities and its research activities, 
specifically the role of Consortium in providing the access to the big science 
facilities of the country to the University researchers. Dr. D. M. Phase introduced 
the Chief Guest to the gathering, highlighting his scientific achievementsand 
recognitions. Prof. Avinash Chandra Pandey on this occasion delivered an Annual 
Science Day Lecture on “Climate Change and Global Warming”. In his lecture he 
gave an overview ofthe science, ethics and sustainability issues in view of global 
warming due to climate change. He emphasized that the scientific community has 
been prolific in its dissemination of information on climate change to prevent 
further damage to the fragile atmosphere with a firm belief that action is required 
now.  

 

 
He offered a flavour of accelerator driven exposure dating for providing an insight 
that the data set can be used as a whole to gain valuable insight into regional and 
global paleoclimate dynamics from the perspective of dating uncertainties, which 
appear to be geographically and temporally unbiased. 
After the Chief Guest's address, Dr. R J Choudhary, Scientist- UGC DAE CSR, 
Indore Centre, proposed vote of thanks. The function was attended by members of 
Scientific Advisory Committee, scientists and academicians from RRCAT, DAVV 
and other institutions and scientists and students of CSR. Prof. Pandey also visited 
different laboratories of the CSR Indore Centre and interacted with the research 
scholars.  
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िहंदी पखवाड़ा ा ान-2019 
 
इस अवसर पर डॉ. िनरंजन साद लाला, जो सी.एस.आर. इंदौर के व र  वै ािनक ह, ने &quot;ए -रे और 
ए -रे िववतन की खोज का संि  इितहास&quot; िवषय पर िहंदी म ा ान िदया। ा ान के दौरान उ ोनें 
ए -रे और ए -रे िववतन की खोज से संबंिधत कुछ रोचक संगो का वणन िदया। उनके ा ान का सारांश इस 

कार है। 
 

ए -रे और ए -रे िववतन की खोज का संि  इितहास 
 

ए -रे की खोज आक क प से ड ूए. एच. रोनजेन ारा कैथोड-रे-उपकरण के साथ उनके योगो ंके दौरान 
आ। 8 नवंबर 1895 को ो. रोनजेन ने देखा िक बे रयम ैिटनो साइनाइड ेट, जो की कैथोड-रे- उपकरण से 

कुछ दूरी पर राखी थी, जब भी िबजली का िनवहन वाह कैथोड-रे-उपकरण नलीका के मा म से पा रत िकया 
जाता था तो ूिमनस हो जाित थी। बे रयम ैिटनो साइनाइड ेटो ंसे उ िजत चमक कैथोड िकरणो ंके कारण 
नही ंहो सकती थी ोिंक कैथोड िकरणे कैथोड-रे-उपकरण ारा तथा अपने चारो ंओर की वायु ारा पूरी तरह से 
अवशोिषत हो सकती थी। वष 1895 के अंत तक वह अपने आक क खोज की वा िवकता से पूरी तरह से आ  
हो चुके थे । उ ोनें अंत म िन ष िनकाला िक ेटो ंसे उ िजत कािशए चमक िकसी अ ात “ए ” िकरण के 
कारण था, जो िक िड चाज ूब से उ  आ था। इसीिलए उ ोनें इसे ए -रे नाम िदया। उ ोनें यह भी कहा िक 
ए -रे अ िधक अवशोषक व ुओ,ं जैसे की पीतल, की छाया बनाने म स म है। जैसा िक बाद के िव ान और 
तकिनकी के िवकास ने सािबत िकया, ए -रे की खोज एक मील का प र था। इस योगदान के िलए ड ू. एच. 
रोनजेन को नोबेल पुर ार से स ािनत िकया गया। ए रे िकरणो ंके िववतन की तकनीक का योग ि ल- 
संरचना के अ यन के िलए अ र उपयोग िकया जाता है। ए -रे िववतन की संभावना सबसे पहले मै  वान लावे 
(1879-1960) ने  की थी। वन लावे ने अपनी पीएच. डी. 1903 म मै  क के साथ समानांतर सतहो ं( ेटो)ं म 

ितकरण के िस ांत पर की थी। समानांतर सतहो ंम ितकरण के उनके सै ांितक ान ने ए -रे िववतन के 
खोज म महान भूिमका िनभाई। िजस ण उ  ए -रे िववतन के िवचार का बोध आ वह संग बड़ा ही रोचक है. 
इसका िवचार उ  पी. पी. ऐवा  के साथ एक चचा के दौरान आया. पी. पी. ऐवा , जो की सोमरफे  के साथ 
पीएच. डी. कर रहे थे, ुवीयकृत परमाणुओ ंके जालक से काश तरंगो ंके सार की गिणतीय िविध के िवकास के 
बारे म मदद पाने के िलए वान लावे के पास आये थे . ि लीय ठोस म परमाणुओ के िनयिमत पसे व थत होने 
की जानकारी मै  वान लावे के िलए नई थी। वान लावे को जैसे ही ये जानकारी िमली उ ीने परमाणुओ के बीच की 
दुरी के बारे म पूछा। इसके िलए पी. पी. ऐवा  ने उ र िदया िक यह काश तरंगो ंकी तरंग दै  का लगभग 1/500 
से 1/1000 था। यह फरवरी 1912 का वह ण था िजसने ए -रे िववतन के िवचार को ज  िदया। पी. पी. ऐवा  का 
जवाब सुनकर मै  वैन लावे ने कहा िक िकसी को छोटी तरंगो,ं यानी ए -रे के साथ िकसी ि ल का िविकरण 
करना चािहए। यिद परमाणुओ ंने िकसी जालक का िनमाण िकया है, तो ए -रे को कािशए-झंझरी से काश-तरंग 
िववतन के समान िववतन पैटन का उ ादन करना चािहए। ए -रे िववतन के वान लावे के िवचार को , सॉमरफे  
जैसे भौितकिवदो ंके इनकार का सामना करना पड़ा । हालांिक, मै  वान लावे ने ूिनख म अपने युवा भौितक 
िव ानी दो ो,ं वा र े ड रक और पॉल िनिपंग, की मदद से अपने िवचार का परी ण िकया। उ ोनें ई र 1912 
म तूितया-ि ल पर &quot;ए -रे टांसिमशन&quot; का योग िकया और िवस रत ध ेदार िववतन पैटन ा  
िकये, जो बाद म &quot;लाओ पैटन&quot; के प म िस  आ. ZnS ि ल पर एक बेहतर लावे पैटन िलया 
गया था। मै  वान लावे ने ए -रे िववतन के गिणतीय िस ांत की भी खोज की और िववतन-मै मा के िलए िनयम 
िदए, जो की बाद म &quot;ए -रे िववतन के िलए तीन लावे-शत &quot; के प म िस  आ। जब पी. पी. 
ऐवा  ने लावे, े ड रक और िनिपंग ारा ए -रे िववतन के योग के बारे म सुना , तो उ ोनें िववतन- थितयो ंपर 
भी काम िकया और &quot;पार रक-जाली&quot; और &quot;ईव - गोले&quot; की अवधारणा के िस ांत का 

ितपादन िकया, जो की ए -रे िववतन के िस ांत का एक अिभ  अंग बन गया। बाद म ए -रे िववतन की 
तकनीक को ड ू.एच. ैग ारा बेहतर ढंग से प र ृ त िकया गया। ड ू.एच. ैग ने ए -रे े ोमीटर (या 
िड े ोमीटर) और ै -लॉ िदया, िजसने ि ल संरचनाओ ंके साथ योगा क मापदंडो ंको सीधे संब  िकया। 
ड ू.एल. ैग ने 1912 के नवंबर म ि ल संरचना िव ेषण की िविध िवकिसत की और ब तेरे ि लीये पदाथ  
की संरचना की खोज भी की। ड ू.एच. ैग और ड ू.एल. ैग दोनो ंको ही नोबेल पुर ार से स ािनत िकय 
गया।  
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Foreign Visits by Faculty and Students of CSR 
 
 
S. 

No. 
NAME PLACE PERIOD 

1. Mr. Mohit Chandra 
attended International 
Conference on Strongly 
Correlated Electron 
Systems 2019 

Okayama, Japan 23-28 Sep 2019 

2. Mr. Mohit Chandra P65 beamline at 
PETRA III, 
Hamburg, Germany 

1-5 Dec. 2019 for low temperature 
EXAFS experiments 

3. Dr. R Rawat  P65 beamline at 
PETRA III, 
Hamburg, Germany 

1-5 Dec. 2019 for low temperature 
EXAFS experiments 

4. Mr. Mohit Chandra visited ISIS-RAL, 
UK 

muon-spin rotation experiments 14-
16 July 2019 

5. Dr. S. R. Barman Visit to  ISA, 
Aarhus, Denmark 

photoemission experiments at the 
SGM3 beamline from 19th  to 26th  
August, 2019 

6. Mr. S. Sarkar Visit to  ISA, 
Aarhus, Denmark 

photoemission experiments at the 
SGM3 beamline from 19th  to 26th  
August, 2019 

7. Ms. P. Sadhukhan   Visit to  ISA, 
Aarhus, Denmark 

photoemission experiments at the 
SGM3 beamline from 19th  to 26th  
August, 2019 

8. Mr. Abinash Tripathy Kirenskey Institute 
of Technology, 
Siberian Academy 
of Sciences, 
Krasnoyarask, 
Russia 

October 14-21, 2019, under Indo-
Russian collaborative project 
RFBR/P-269 

9. Dr. D. K. Shukla Kirenskey Institute 
of Technology, 
Siberian Academy 
of Sciences, 
Krasnoyarask, 
Russia 

October 14-21, 2019, under Indo-
Russian collaborative project 
RFBR/P-269 

10. Ms. Kamini Gautam 4th International 
Conference on 
Resonant Elastic X-
ray Scattering 

June 17-21, 2019 
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(REXS-2019) 
organized by 
Brookhaven 
National Laboratory 
at New York, USA, 

11. Mr. Shekhar Tyagi Elettra-Synchrotron 
radiation Source, 
Trieste, Italyon 
XPRESS beamline 

20thto 24th May 2019 for carrying 
out experiments under the 
beamtime project “Pressure 
dependent x-ray diffraction studies 
of Sr1-xCaxTiO3' 

12. Mr. Gaurav Sharma Elettra-Synchrotron 
radiation Source, 
Trieste, Italyon 
XPRESS beamline 

20thto 24th May 2019 for carrying 
out experiments under the 
beamtime project “Pressure 
dependent x-ray diffraction studies 
of Sr1-xCaxTiO3' 

13. Dr. Vasant Sathe Elettra-Synchrotron 
radiation Source, 
Trieste, Italyon 
XPRESS beamline 

20thto 24th May 2019 for carrying 
out experiments under the 
beamtime project “Pressure 
dependent x-ray diffraction studies 
of Sr1-xCaxTiO3' 

14. Dr. Mukul Gupta PSI Switzerland to carry out low energy (LE)- muon 
spin rotation (μSR) experiment 20-
22 July 2019 

15. Mr. Yogesh Kumar PSI Switzerland to carry out low energy (LE)- muon 
spin rotation (μSR) experiment 20-
22 July 2019 

16 Dr. V. Siruguri ISIS-RAL during 
October 2019 

to carry out Muon spin resonance 
experiments 

17 Dr. S. Rayaprol Photon Factory 
(Japan) from 
25thFebruary 2020 
to 4thMarch 2020 

to carry out synchrotron X-ray 
diffraction experiments on Indian 
beamline (BL-18B) 

18 Ms. Swati Pandey ISIS-RAL during 
October 2019 

to carry out Muon spin resonance 
experiments on some cerium 
intermetallics 

19 Ms. Surbhi Gupta 3rd Asia-Oceania 
Conference on 
Neutron Scattering 
(AOCNS-2019) held 
at Kenting, Taiwan 
during 16th-21st 
November, 2019 

Oral presentation of her 
paperNon-Collinear Magnetic 
Structure in Gallium Substituted 
Barium Hexaferrite 
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20 Dr. Souvik Chatterjee PF KEK Japan 
during May 19-26, 
2019 

perform experiments at Indian 
Beamline 

21 Mr. Sambhu Charan Das PF KEK Japan 
during May 19-26, 
2019 

To perform experiments at Indian 
Beamline 

22 Mr. Sambhu Charan Das Rutherford Appleton 
Laboratory, UK 
during August 12-
24, 2019 

attend International advance school 
in muon spectroscopy 2019 

23 Dr. Souvik Chatterjee ISIS facility, 
Rutherford Appleton 
Laboratory, UK 
during December 
14-22, 2019 

To perform experiments at WISH 
diffractometer 

24 Mr. Sambhu Charan Das ISIS facility, 
Rutherford Appleton 
Laboratory, UK 
during December 
14-22, 2019 

To perform experiments at WISH 
diffractometer 

25 Ms. Somashree Kundu June 16-21, 2019, 
Les Diablerets, 
Switzerland 

presented paper entitled 
‘Biotinylated Multivalent 
Dendrimer Semiconductor 
Nanocomposites and Physico-
Chemical Aspects of Their Binding 
with Avidin: Implications for 
Immuno-Histochemical 
Applications”, by S. Kundu, S. 
Maiti, T. K. Das, S. Karmakar, C. 
N. Roy and A. Saha, in ‘Clusters 
and Nanostructures Gordon 
Research Conference’ 

 
 

 
 

 
Honours, Recognitions 
 

1) MRSI (Kolkata chapter) Young scientist award 2019 to Mr. Ganesh Bera (a project student 
working in CRS sanctioned to Dr. T. Goverdhan Reddy of Guru Ghasidas 
Vishwavidyalaya, Bilaspur) 

2) Ms. Kamini Gautam received the ‘student travel award’ for presenting her work in REXS 
2019 at Brookhaven National Laboratory. 



 

3) Ms. Anita D Souza (Department of Physics, Manipal Institute of Technology, MAHE, 
Manipal) received the Best Oral Presentation award
Materials and Device for Future Application (NMDFA 
Aloysius College, Mangalore.

4) Mr. Vipin Kumar Singh was awarded the Second Prize in the 35
Congress held on 28-29th February, 2020 at SGITS, Indore.

 
Appointments 
 

 

(Department of Physics, Manipal Institute of Technology, MAHE, 
Best Oral Presentation award in National Conference on Novel 

Materials and Device for Future Application (NMDFA - 2020)held on 18th Feb 2020 at St. 
Aloysius College, Mangalore. 
Mr. Vipin Kumar Singh was awarded the Second Prize in the 35th M.P. Young Scientist 

February, 2020 at SGITS, Indore. 

Shri. Pawan Kumar joined UGC-DAE CSR Mumbai 
Centre as Administrative Officer – I on 6th 

Prof. E. V. Sampathkumaran joined Mumbai Centre as 
Honorary Professor Emeritus from 1st January 2020.
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(Department of Physics, Manipal Institute of Technology, MAHE, 
in National Conference on Novel 

on 18th Feb 2020 at St. 

M.P. Young Scientist 

DAE CSR Mumbai 
 June 2019.  

joined Mumbai Centre as 
January 2020. 
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11 List of Collaborative Research Schemes 
 
11.1  Kolkata Centre 
 
11.1  Utilizing VECC, Kolkata 
 
 

Sl.
No 

Name & Affiliation Title of the project Year of 
Sanctio

n 
1 Dr A M Ansari 

Department of  
Aligarh Muslim 
University 

“.Investigation of Entrance Channel 
Effects on Incomplete Fusion 
Dynamics of Heavy Ion below 8 
MeV/nucleon”. 

2014 

2 Dr. M.M. Musthafa 
Department of Physics 
Calicut University 

Investigation of the dependence of 
Isomeric cross section ratio on various 
factors”. 

2014 

3 Dr. Angha Chakraborty 
Deptt of Physics 
Viswabharathi 

“Search for Non-yrast Collective States 
in 150Nd”. 

2014 

4 Dr. Ranjana Goswami, 
Department of Physics 
B.P.Poddar Institute of 
Management & 
Technology 

Spectroscopic study of nuclear near 
proton  dripline-109.111 I 

2014 

5 Dr Pushan Banerjee, 
Jadavpur University  

Ion beam induced modification of the 
structural and optoelectronic properties 
of Sns thin films 

2014 

6 Dr Sudipto Banerjee, 
Dept of Physics, 
University of Calcutta 

Study of Fe and Ni doped ZnO samples 
and the effect of Ar and Ne ion 
implantation on the As – prepared 
samples 

2014 

7 Dr Pabitra Chakraborty,  
Dept of Physics   
Burdwan University  

Studies of Magnetic mossbauer and 
microwave absorption properties of 
iron rich oxide nanopartcles 
incorporated in carbon 
nanotubes(CNT) 

2014 

8 Dr.Sarmistha Ray 
chaudhuri,  
Department of 
Biophysics, Molecular 
Biology Genetics & 
Bioinformatics,  
University of Calcutta 

Radioprotection by metallothioneins in 
plants 

2014 

9 Dr. Sanjit Dey,  
Dept. of Physiology, 
University of Calcutta 

Enhancement of radiation induced 
oxidative stress in tumor cells by tea 
polyphenols 

2014 

10 Dr Keka Sarkar 
Department of 

Use of radiation technology for 
synthesis of biocompatible 

2014 
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Microbiology 
Kalyani University  

nanomaterials  for potential biomedical 
application 

11 Dr Maitree 
Bhattacharyya, Dept of 
Biochemistry, 
University of Calcutta  

Alteration of Protein conformation by 
ionizing radiation and possible 
protection by antioxidants 

2014 

12 Dr. Nandakumar 
Kalarikkal, Centre for 
Nanoscience and 
Nanotechnology, 
Mahatma Gandhi 
University 

Nanoparticle Aggregation Behaviour in 
Polymer Nanocomposites 

2014 

13 Dr.Geeta K Sharma, 
Department of 
Chemistry, University of 
Pune. 

Development of Surfactant based 
templates for   fabrication of 
nanostructured-polymeric materials 

2014 

14 Dr. Kamalika Sen, 
Department of 
Chemistry, University of 
Calcutta 
 

Radiation Mediated Sustainable 
Synthesis of Magnetic Nanoparticles 

2014 

15 Prof. K. K. Mukherjea, 
Department of 
Chemistry, Jadavpur 
University 

Studies on Radiation and Chemical 
induced DNA Damage and protection 
of Damaged DNA by Chemical 
molecules 

2014 

16 Dr. Amiya Priyam, 
Department of 
Chemistry, Central 
University of Bihar,  

Gamma radiolytic synthesis of tunable 
plasmonic nanomaterials for biosensing 
and photothermal therapy 

2014 

17 Prof.M. Saratchandra 
Babu, Department of 
Chemistry, GITAM 
University 

Influence of gamma radiation on 
photoluminescent properties of Tb3+, 
Dy3+ and Sm3+ doped nano phosphors 

2014 

 
 
11.2  Utilizing 3 MV Pelletron at IOP, Bhubaneswar 
 
 
1 Dr. Punarbasu 

Choudhury, Dept of 
Environmental Science, 
University of Calcutta.  

Effect of Climate change on 
Mobilization of Trace Elements from 
Acid Sulfate Soils in Coastal Mangrove 
Habitats of Sundarban and its 
Management Using Geoinformatics 

2014 

3 Dr..Nabakanta Jana,  
Dept of Zoology, 
Charuchandra College, 
Kolkata  

Studies on some aspects of 
biodiversity, elemental profile and 
physiological response of epiphytic 
lichens in different geographical areas 
of West Bengal 

2014 

4 Dr. Debashis Das,   
Dept of Chemistry,  

Distribution and speciation studies of 
toxic metals in sea food samples using 

2014 
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Burdwan University EDXRF, PIXE and fluorescence 
spectroscopy: Potential bio-indicator of 
heavy metal pollution in marine 
ecosystems 

5 Prof.Mohan 
Bhattacharya,  
Department of Anatomy 
&  Histology, 
AssamAgriculture 
University 
 

Hair tissue Mineral analysis in Cattle 2014 

6 Prof.Moushumi P. 
Sarkar,   
Deptt of Botany,  
University of Calcutta 

Study on altitude based multielemental 
profiling of Eastern Himalayan 
Bryophytes for Eco-restoration 
purposes 

2014 

7 Professor Ansuman 
Chattopadhyay 
Department of Zoology 
Visva-Bharati 

Studies on the anticancer activity of 
graphine oxide based gold 
nanoparticles and modulation of trace 
elements in normal and cancer cells. 

2015 

8 Dr.Shilajit Barua 
Dept of Microbiology 
Vijaygarh Jyotish Ray 
college 

Study of Heavy metal Biosorption by 
PIXE on Extra cellular polymeric 
substances(EPS) of bacterial biofilm 
community  enriched from sewage 
water 

2015 

9 Pritha Bhattacharjee,  
Department of Env 
Science 
University  of Calcutta 
 

Comparative Study of Trace Elements 
in the Blood and Buccal Saliva of 
Arsenicosis and Cancer Patients using 
PIXE & Its Relation with DNA 
Damage Progression 

2015 
 

11 Prof Sharmista 
Raychaudhuri 
Dept. of Biophysics, 
Molecular Biology & 
Bioinformatics 
University of Calcutta 

Trace Elemental profile variation in 
relation to charantin content in fruits of 
Momordica charantia Linn using 
proton induced X Ray Emission ( PIXE 
). 

2015 

14 
 
 

Dr. Sasmita Nayak 
Assistant Professor-II 
School of 
Biotechnology, 
Department of 
Microbiology, KIIT 
Univ 

“Elemental Mapping and its use in 
regulation of mycobacterial SufB 
splicing by 
metals and its possible use as metal 
sensor 

2015 

15 Dr. Anima S. Dadhich 
Department of 
Chemistry 
Gitam University 
 

Heavy Metals Accumulation Pattern 
and Anti-oxidative Response of 
Selected Plant Species in Urban 
Industry Environment of 
Visakhapatnam Using Proton Induced 
X-Ray Emission 

2015 

16  Dr.Pubali Dhar  
Assistant Professor  

Application of Green Technology for 
fabrication of biogenic flavonoid 

2015 
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Food and Nutrition 
Division  
Department of Home 
Science  
University of Calcutta, 
Kolkata 

coated silver nanoparticles  

17 Dr.Krishna Das Saha 
Cancer Biology & 
Inflammatory Disorder 
Division, IICB 

Modulatory role of quercetin on 
radiation-induced oxidative stress in 
human colorectal carcinoma cells: 
Assessment of possible role of certain 
trace elements 

2015 

18 Dr. Shaon 
Raychaudhury 
Department of 
Microbiology 
Tripura University , 
Agartala 

 Understanding the impact of 
phytochemical elemental content on 
biofilm stimulation by epiphytic 
bacteria 

2015 

19 Dr..Bidhan Mohanta 
Deptt of Physics 
Assam University 

 Study of impaired trace element 
metabolism in different types of cancer 
 

2015 

20 Dr. Sandeep 
K.Chaudhuri 
Centre for Applied 
Physics, Central 
University of Jharkhand,  

Realization of physical Frisch Grid 
using ion implantation in high-Z 
semiconductor based nuclear 
detectors 

2015 

21 Dr Umananda M Bhatta 
Centre for Emerging 
Technologies, Jain 
University, Karnataka 

In-situ TEM study of nucleation and 
growth of embedded Ge nanostructures 
in SiO2 and Si3N4 matrices 

2015 

22 Dr.Muthukumaran 
Deptt of Chemistry 
Mizoram University 

Trace Metal Analysis of Raw 
Materials of Tuibur and Evaluation 
of Its Induced Oxidative Stress 

2015 

23 Dr.SachindraNath Das 
Department of 
Instrumentation Science, 
Jadavpur University,  

Tuning the thermoelectric figure of 
merit of conducting polymers by 
incorporating metal nano clusters 

2015  

 
Collaborative research program with support for beam time and travel 
 
S.N
o 

Name & Affiliation Title of Project Year of 
sanctio
n 

1 Dr. S. De,  
Department of 
Chemistry, University of 
Kalyani, 

Synthesis of Novel TiO2 Nanomaterials 
and Nanocomposites Employing -
irradiation and other Techniques 

2014 

2 Dr. U. K. Sur,  
Department of 
Chemistry, Behala 
College,  

Synthesis of metal nanoparticles and 
chemically modified graphene by 
chemical, electrochemical and radiation 
based methods and their use as 

2014 
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effective surface-enhanced Raman 
scattering (SERS) active substrates 

3 Dr. P. K. Samanta,  
Department of Physics,  
Ghatal Rabindra 
Satabarsiki 
Mahavidyalaya,  

Effect of Gamma (Co-60) Irradiation 
on Microstructure and Optical 
Properties of Zinc Oxide 
Nanostructures 

2014 

4 Dr.Subhajit Sarkar,  
Department of Physics 
West Bengal  State 
University  

Effect of Disorder on the properties of 
BaTiO3 based multiferroics 

2014 

5 Dr. Anulipi Aich  
Govt. College of 
Engineering and Leather 
Technology 
WBUT 
 

Investigation on the trace element 
accumulation, tolerance, adaptation 
strategies and prospection of 
phytoremediator plant species growing 
in East Calcutta Wetland Ecosystem (A 
Ramsar Site; no 1208) 

2015 
 

6  Dr. Jaya 
Bandyopadhyay, Dept. 
of Biotechnology  
WBUT,  
 

Investigating the neuroprotective roles 
of Capsaicin and Quercetin through 
stabilization of PIN1/HIF1α axis during 
Iron (Fe3+) overload in mammalian 
cells and nematodes  

2015 
 

7 Dr. Buddhadeb 
Chattopadhyay 
Govt College of Leather 
Technology , WBUT 

Quantative elemental analysis in 
plankton of tannery wastewater fed fish 
ponds of east Kolkata wetlands 
(Ramsar site 1206) using PIXE and 
MicroPIXE Spectroscopy. 

2015 

8 
 
 

 Bijaya Kumar Padhi,  
Center for 
Environmental Health  
Asian Institute of Public 
Health Bhubaneswar 

Assessment of trace metal composition 
of airborne particulate matter using 
PIXE 

2015 

9 Dr.S.V.S.Nageswara 
Rao 
School of Physics,  
University of 
Hyderabad,  

Ion beam studies of Hf based high-k 
dielectric materials for metal oxide 
semiconductor device applications 

2015 

10 Dr. Avijit Ghosh 
Centre for Applied 
Physics, Central 
University of Jharkhand,  

Investigation of core-shell bimetallic 
nanostructures by ion beam irradiation 
for optical limiters 

2015 
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11.2      Indore Centre 
 

11.2.1 List of on-going Collaborative Research Schemes (CRS) at UGC-DAE CSR, Indore 
Centre  

 
1. Dr.G.T.Lamdhade 

Associate Professor, Vidya Bharathi 
Mahavidyalaya, Amravati 

Impact of UV irradiation on (PS-PVAc) 
polyblends thin films 

2. Dr.R.S.Dubey 
Associate Professor, Swarnaandhra 
College of  Engg and Technology,  
West Godawari Dist, 
Seetharampuram, Narsapur-534280. 
A.P 

 Electrochemical synthesis and 
characterization of highly ordered and 
vertical TiO2 nanotube arrays for DSSCs 
& Fabrication & characterization of 
multilayer stacks of TiO2/SiO2 solar cell 
applications 

3. Dr. Seema Sharma 
Assoc. Professor, Dept. of Physics, 
AN College, Boring Road, Patna-800 
013. Bihar 

Lead free sodium potassium niobate thin 
films: synthesis and study  

4. Dr.T.Goverdhan Reddy   Guru 
Ghasidas Vishwavidyalaya, , 
Bilaspur  

Study of lattice dynamics in Fe doped 
VO2 through Mossbauer Spectroscopy 

5. Dr. Vijaylakshmi Dayal 
Dept. of Physics, Maharaja Inst. Of 
Tech,  

Magnetic and transport studies in 
Ferromagnetic metallic/insulating 
manganite nanocomposite 

 
 

11.2.2 List of Beamline Collaborative Research Schemes (CRS) at UGC-DAE CSR, Indore 
Centre  

6. Dr.Suman Kundu, Delhi University Understanding the structure of 
LeishmaniamajorPhosphopantetheinyl 
Transferase (Lmj PPTase) and its 
interaction with cognate ACP 

7. Dr.B.L.Ahuja, M.L.S. University, 
Udaipur 

Electrical and Magnetic Properties Of 
Spinel oxides 

8. Dr.Sunil Deshpande, BA 
Marathwada University, Aurangabad 

Pair Distribution Function Studies of X 
ray Filament Materials 

9. Dr.Patil S.I., Pune University, Pune Studies on structural, electrical, magnetic 
and electronic properties of MFe2O4 
(M=Fe, Co, Ni, Zn)nanoparticle 

10. Dr.Suresh Gosawi, Pune University, 
Pune 

Development of self developable PDMS 
Resist Platform for High Aspect Ratio 
micro/nanostructure Fabrication using 
Direct-Write X- ray Lithography 

11. Dr.S.K.Arora, Punjab University, 
Chandigarh 

Strain induced modification in the spin-
polarized transport  of Fe3O4/MgO 
epitaxial heterostructures 

12. Dr. Faiyazur Rahman, Aligarh 
Muslim University 

Electronic structure studies of PLD grown 
VO2 based thermochromic smart window 
materials 

13. Dr. Sanjeev Gautam Electronic structure investigation of 
mixed Cu-Co ferrospinels (Mfe2O4-type): 
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XAFS Study 
14. Dr.Ajay Gupta, Amity Univ.Delhi Soft x-ray absorption and XMCD study of 

thin films on MgO(001) with 
perpendicular magnetic anisotropy 

15. Dr.N.G.Deshpande, Shivaji 
University, Kolhapur 

Thickness-dependent and strain effects on 
the atomic and electronic structures of 
epitaxially grown electron doped 
LaMnO3 thin-films 

16. Dr.Bindu Radhamani, IIT, Mandi Effect of dimensionality on the electronic 
structure of some novel transition metal 
oxides 

17. Dr. K. N. Uttam, Allahabad 
University 

Investigation of Plant Tissue Using 
Synchrotron Radiation X-Rays  

18. Dr.. A. Mishra, DAVV, Indore Role of composition and buffer layer in 
crystallization ehavior of ultra-thin 
amorphous (Co1-xFex)yB1-y films 

19. Dr. D. Varshney, DAVV, Indore Structural (Lattice and geometrical) 
properties as probed by synchrotron 
radiation spectroscopy of some 
multiferroic materials 

20. Dr. Ratnesh Gupta, DAVV, Indore Study of Resistance switching properties 
of metal-oxide thin films prepared by 
Pulsed laser deposition 

21. Dr. S. N. Kane, DAVV, Indore Study of magnetic and structural 
properties of amorphous and 
nanocrystalline metallic glasses 

22. Dr. Mohd. Ikram, NIT, Srinagar Effect of Synchrotron Radiation   on   the 
Photoemission Spectroscopy (PES) 
Studies of Double Perovskite 

23. Dr.A.B.V.Kiran Kumar 
Amity Institute of Nanotechnology, 
Amity University, Noida  

Development of suitable transducer for 
sensing application based on reduced 
graphene oxides 

24. Dr.Ajit Kumar Patra, Central 
University of Rajasthan, 
BanderSindri, Rajasthan  

Probing electronic structure of cobaltite 
thin films 

25. Dr.Aloke Kanjilal, Department of 
Physics, Shiv Nadar University, 
Dadri, UP  

Tailoring Ge doping in GaSb film for 
phase change memory applications 

26. Dr.Amarjeet Singh, Department of 
Physics, Himachal Pradesh 
University, Shimla  

Investigation of internal morphology of 
composite medium of conducting 
polymers (P3HT/PCBM)     

27. Prof.Anshuman Dalvi, Department of 
Physics, BITS Pilani, Rajasthan  

EXAFS investigations on ion conducting 
polymer nanocomposites for conductivity 
structure corelation 

28. Dr. Brajendra Singh, Centre of 
Materials Science, University of 
Allahabad, Allahabad  

To determine mixed valence state of Mn, 
Fe and Ru in CaMnFeO and LiMnRuO 

29. Prof.D.G.Kuberkar, Department of 
Physics, Saurashtra University, 
Rajkot   

Investigations on electronic structure 
modifications in Ca-doped BiFeO3 films 
using photoelectron spectroscopy. 

30. Dr.Krishnan Hajela, School of Life 
Sciences, DAVV, Indore 

Studies on the structure of serine protease 
domain of MASP-1 mutant with its 
cognate substrate PAR-4 peptides. 

31. Dr.Adamilli Veeraiah, DNR College, Spectroscopic investigation of Benzofuran 
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Bhimvaram, WGDT AP 
avru@rediffmail.com  

and coumarin derivatives of biological 
importance using theoretical and 
experimental techniques 

32. Dr.Mahendra More, Department of 
Physics, S.P. University of Pune, 
Pune  

PES studies of novel hierarchical 
heterostructures for field emission based 
applications 

33. Dr.Mandira Banerjee, School of 
Physics, DAVV, Indore  

Study of structural and magnetic 
properties of metal polymer 
nanocomposites 

34. Dr.Monalisa Mukherjee, Amity 
Institute of Click Chemistry 
Research, Noida, UP  

Metal oxide decorated doped carbon 
nanosheet for detection of Arsenic in 
ground water 

35. Dr.P.Sarita, GITAM University, 
Visakhapattam AP  

Multi elemental mapping of blood serum 
of diabetes mellitus patients using SR 
based flurescence spectroscopy 

36. Prof.Pratima Sen, Dept of Physics, 
DAVV, Indore  

Band offset measurements in II-VI 
semiconductor thin films for making 
hetrostructures 

37. Dr.Rachana Gupta, IET, DAVV 
Indore      

Electronic structure and physical 
properties of early transition metal nitride 
thin films 

38. Dr.G.RameshKumar, University 
College of Engineering Arni, 
Thatchur Arni  

Exploration of optical properties on 
irradiation induced defects in some amino 
acid single crystals 

39. Dr.Richa Krishna, Amity University, 
Noida  

A study of Al:ZnO nanostructures for 
transparent conductive oxide application 

40. Dr.Rupesh Devan, Central University 
Punjab, Bathinda, Punjab  
shifted to IIT, Indore 

Role of Boron passivated 1D NiO 
nanostructures in the next generation 
charge/energy 

41. Prof.M.Shirsat, Babasaheb 
Ambedkar University, Aurangabad   

Characterisation of metal organic 
framework before and after chemiresistive 
sensing 

42. Dr.Sangesh Zodape, Dept of 
Chemistry, VNIT, Nagpur  

Synthesis characterization of mixed 
ferrites and its applications 

43. Prof.Santosh Krishna Haram, 
Department of Chemistry, S.P. Pune 
University, Pune  
Transferred to 
University of Mumbai, Vidyanagari, 
Kalina, Santacruz€, Mumbai-400098 

Voltametry and electron spectroscopy 
investigations on CXTS nanocrystals for 
determination of cation dependent band 
edge parameters 

44. Dr.Saurabh Dalela,/ Dr.Swati Soni 
Dept. of Physics, University of Kota, 
Rajsthan  

Soft x-ray absorption spectroscopy studies 
of Sm doped CeO2 nanomaterials 

45. Dr.Siddharth Joshi, NIE Mysuru,   Synchrotron based x-ray diffraction 
studies of various layers in perovskite thin 
film based solar cells. 

46. Dr.T.Mathvan, NMSS Veiaichmy 
Nadar College, Madurai  

Characterisation of pure and passivated 
CeO2 catalyst using XAS 

47. Dr.Umesh Palikundwar, RTM 
Nagpur University  

Design and development of X-ray 
detectors using X-ray lithography facility 

48. Dr.Vandana Rathore, Jagran 
University, Bhopal  

To study valence band structure, magnetic 
and optical properties of TM doped TiO2 
and SnO2 thin films 

49. Dr.Ankush Vij, Amity School of Development of nanophosphors for solid 
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Applied Sciences, Amity University, 
Gurgaon, Haryana   

state lighting Electronic structure and 
luminescence study 

50. Prof.Ramphal Sharma, Babasaheb 
Ambedkar University, Aurangabad  

Effect of SHI irradiation on 
nanocrystalline ZnMgS thin film for 
photovoltaic applications 

51.  Dr. Jhimli Dasgupta Assistant 
Professor, Department of 
Biotechnology St. Xavier’s College, 
Kolkata 30 Park Street, Kolkata 
700016 

Investigating the molecular mechanism of 
heme uptake and translocation by ABC 
transporter system HutB-CD of Vibrio 
cholerae 

52.  Prof. Atul Khanna, Professor,  Guru 
Nanak Dev University, Amritsar-
143005, Punjab   

Study of short-range structure of tellurite 
and borotellurite glasses by EXAFS  

53. Pawan Tyagi Assistant Professor, 
Delhi Technological University, 
Shahbad, Daulatpur, Bawana Road, 
Delhi< 

Study of the chemical structure and 
bonding in CuO nanowire by using 
Synchrotron radiation 

54. Prof.ManSingh, Central University 
of Gujrat, Gandhinagar-382030  

Development of graphene based advanced 
functional electrocatalysis for energy 
applications 

55. Dr.R.Thangavel, Dept. of Applied 
Physics, Indian School of Mines, 
Dhanbad  

Development of hole transport materials 
for application of pervskite solar cells 

56. Dr.Ajay Singh Verma, Department of 
Physics, Banasthali University, 
Rajasthan  

Surface and interface morphological study 
of perovskite nanoparticles hetrostructure 

57. Prof.Abhijit Chanda, Dept. of 
Mechanical Engineering, Jadavpur 
University, Kolkata  

Investigations of crystallographic 
structure and structural transition for 
perovskite BaSrCoFeO ceramic 

 
11.2.3: List of Focused Research Projects using newly established advanced 

research facilities at Indore Centre: 
 

58. Dr. C. Rajadurai, University of 
Hyderabad 

Scanning Tunneling Microscopy/ 
Spectroscopy investigations of Spin 
Cross-2Over Fe(II) Coordination 
Polymers 

59. Dr. S.Behra, Amity Univ. Noida UP Growth behavior and evolution of 
magnetic properties in Organic spin-valve 
thin films 

60. Dr.Anupam Sharma, Manipal 
University, Jaipur 

In-situ exchange bias study of magnetic 
nanocaps deposited onto self-assembled 
polystyrene nanospheres 

61. Prof. S. Kane  SOP, DAVV, Indore Study of magnetic field induced structural 
changes in spinel ferrites 

62. Dr. R. Nagalakshmi Department of 
Physics, NIT, Tiruchirappalli 

Magnetic field induced structural 
transition studies on some rare earth and 
non- rare earth giant MCE compounds 
exhibiting first order magnetic transitions 

63.  Dr. Sudipta Pal, Dept. of Physics, 
Univ. of Kalyani 

Study of the correlation between magneto 
structural phase transition and Griffith 
Phase in some electron doped manganites 

64. Dr. Mrs. K. Bhattacharya , IIST, To investigate the growth and the local 
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Thiruvanantapuram electronic properties of two dimensional 
stanene on transition metal dichalcogenide 
(TMDC) and on topological insulator (TI) 
surfaces by LEED, STM and STS” 

65. Dr. Jitendra Tripathy IPS, Indore To study high quality ultra-thin metal 
islands sandwiched between thin Pt, Au or 
Ag layers via multilayer deposition 

66. Dr. M. A. Shaz  Dept. of Physics  
BHU, Varanasi 

Physical and Structural Study of 
Multiferroic TbMnO3 using Low 
temperature High Magnetic Field X-ray 
Diffraction”  

67. Dr. Brajesh Pandey SIT, Pune In-situ investigation of the interface 
structure and spin orientation at the 
interface of magnetic and non magnetic 
layers  

68. Dr.Jyoti Ranjan Mohanty, IIT,  
Hyderabad 

Investigation of room temperature 
exchange bias in thin films  

69. Dr. Ratnesh Gupta DAVV 
University, Indore 

Study of Exchange coupling in 
hard/softmagnetic multilayer films with 
spacer layers 

70. Dr. J. Suryanarayana, IIT Hyderabad Scanning tunneling microscope studies on 
magnetostrictive FeGa thin films; LTHM; 
In-situ magnetic and structural studies on 
ferromagnetic (FM)/Spin glass (SG) and 
FM/anti-ferromagnetic bilayers 

71. Dr. A. Dixit  Dept. of Physics,  IIT,  
Jodhpur 

Magnetic field induced lattice-spin 
correlation in ReCrO3 (Re = Rare earth) 
chromate systems in bulk and 
nanogeometries 

 

11.2.4 New Collaborative Research Schemes (CRS) on Materials Science Resarch of Societal 
Relevance (MSRSR) at UGC-DAE CSR, Indore Centre  

 
72. Vaibhav Kulshrestha 

9408545887 
Synthesis  and  Characterization  of  
Nanostructured  Proton  Exchange 
Membranes (PEMs) for Fuel cell 
Applications 

73. Dr. Netram Kaurav, Holkar Science 
College, Indore, 9425957755 

Synthesis and characterization of 
monodisperse nickel nanoparticles 
assisted carbon membranes and their 
application in gas separation 

74. Dr. I. Prakash , SASTRA 
University,Thanjavur, TN 
Mobile: 09486199353 

Doped polyanion Li2MXFe1-XSiO4/C 
(M= La,Zn, Ca) aerogel cathode materials 
for lithium ion battery applications 

75. Prof. S. Arumugam, Bharathidasan 
University, Tiruchirapalli 
sarumugam1963@yahoo.com 
095009 10310 

Synthesis, characterization and 
Magnetocaloric  studies on  Heusler alloys   
at extreme conditions of pressure, 
temperature and magnetic field 

76. Dr. Nayan Mishra  
Patanjali Research Institute of 
Ayurvedic Science 
Haridwar,  
M-7088414664, 

Cellular Uptake of Traditional Indian 
Medicine (Bahamas) As Nanoparticles for 
Cancer 
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77. DR. PREETI JAIN  
Medi-Caps University, Indore, Mob:  
9827061982 

SYNTHESIS AND 
CHARACTERAZATIONS OF 
NANOPARTICALES FOR 
CORROSION CONTROL 

78. Dr. Bibhu Prasad Swain CMSNT, 
Sikkim Manipal Institute of 
Technology, Majitar. East Sikkim 
 Mobile: 8016574105 

Investigation of Silicon 
Nanowire/graphene oxide heterojunction 
for photovoltaics applications 

79. Dr. Shalendra Kumar  
Dept Applied Physics, Amity 
University Haryana, Manesar 
Mob. 9717220279 

Development of Lead Free Piezoelectric 
Materials for Energy Harvesting 
Applications 

80. Dr. Stephen Rajkumar  
Head, Dept Applied Scicence  
The American College Madurai  
 
Mobile :  +91-9442752733 

Synthesis, Structure and Properties of 
Graphene-Metal Oxide composites for  
dye degradation 

81. Dr.  Deepshikha  Rathore  
NIIT University, Alwar Dist., 
Neemrana, Rajasthan 
M-08386985540 

PES  Studies  of  BaTiO3/CNT/CoFe2O4  
Nanocomposites  at  Indus-I  Synchrotron 
Radiation Source for Printed E-nose 
Arrays as Gas Sensor 

82. Mahesha M G 
 Dept. of Physics 
Manipal Institute of Technology 
Manipal University, Manipal 
E-mail:  Mobile: +91-9449452341 

Characterization of II – VI compound 
ternary 
semiconductors for photodetector 
applications 

83. Dr. Santosh Kumar  
Dept. of Physics, College of 
Commerce,Arts and Science, Patna  
mail: Mobile : 9431023686, 
9470032269 

Use of Magnetic Nanoparticles for Water 
Treatment 

84. Dr.Sanjay D. Dhole/Dr. Shailendra 
Dahiwale 

Studies on advanced oxidation processes 
for the degradation of Pollutants in textile 
effluents and wastewater using hard X- 
Rays from the Synchrotron source. 

85. Dr. Kiran P Adhi  
Email:  

Photoelectron spectroscopy (XPS and 
VBS) using synchrotron radiation of 
amino acid incorporated zinc oxide 

86. Dr. Pragati Thakur  
Department of Chemistry, SP  Pune 
University, Pune,  
 
Mob: 7720003492 

Synthesis of Semiconductors and their 
ternary composites with range of Ferrites 
nanoparticles  and  graphene  to  study 
Optical  and  Magnetic  properties  for  
visible  light driven photocatalytic 
applications. 

87. Dr Meena Laad  
Symbiosis Institute of Technology, 
Pune 
 
09561944499 

Study of the structural and mechanical 
properties of the Metal Matrix nano-
composites synthesized using nanosilica 
extracted from natural ceramic Rice husk 
ash for industrial applications. 

88. Dr. Bhushankumar Jagnnath 
Patil/Pravin Dusane MES Abasaheb 
Garware College, Pune 
9823217284 

Synthesis of MoS2 carbon composite: As 
an anode of high performing Lithium Ion 
Batteries 
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89. Prasanna S. Ghalsasi 
MS University of Baroda,  

Generating Novel Materials for 
Technological Applications from    
Environmental Pollutants. 

90. Dr. Padmakar G Chavan  
NM University,  Jalgaon,  
9689976793, e-mail:  

Work  function  Measurement  Studies  of  
2-Dimensional  Cd(OH)2  Nanostructures  
for  Field Emission Application  

91. Dr. K.V.Gunavathy  
Department of Physics, 
KEC, Perundurai. 
Mobile No. 9894947763,  

DEVELOPMENT OF SOLUTION 
PROCESSED ECONOMICAL CZTS 
BASED ABSORBER THIN FILM FOR 
SOLAR PHOTOVOLTAIC 
APPLICATIONS 

92. Dr. P. Nagaraju  
CMR Technical Campus, Medchal 
Road, Hyderabad, Telangana,  
9985501602 

Co- doped ZnOthin films of toxic VOC 
sensing 

93. Dr. Pradip Das/ Dr. T. G. Reddy 
Guru Ghasidas University Koni, 
Bilaspur 495 009, Chhattisgarh,  
P Das 9407734453 

Topological Insulator Based Energy 
Efficient and  thermoelectrical power 
generation Materials 

94. Dr. Manoj Kumar/ Dr. Kamlendra 
Awasthi/ Dr. Balram Tripathi,  
MNIT, Jaipur 
mobile: +91-9549659761 

Nanostructured Bismuth Chalcogenides 
for Energy Storage Devices 

95. Dr. Rahul M Shrivastava  
Dept Biological Sciences & 
Engineering, Maulana Azad National 
Institute of Technology, Bhopal 
Ph-+91-9981753702 

Green synthesis of bi-metallic nano 
particles using leave extract of common 
arrowhead houseplant and its anticandidal 
and antibiofilm activity 

96. Dr. Niloo Chouhan 
Department of Pure and Applied      
Chemistry, University of Kota-Kota,  
7442471722 

Synthesis, Characterization and 
Application of Metal core-shell  
Nanoparticles for various Applications 

 

11.2.5 New Collaborative Research Schemes (CRS) on Techniques & Instrumentation in 
Materials Research (TIMR)  at UGC-DAE CSR, Indore Centre  

 
144 Dr. Manoj Kumar (Asst. Prof.) 

Department of Physics, Malaviya 
National Institute of Technology, 
Jaipur 

Development of high pressure cells for 
magneto-transport studies at UGC-DAE 
CSR, Indore.   

145 Dr. Vinod Kumar (Asst. Prof.) 
Deenbandhu Chhotu Ram University 
of Science & Technology, Murthal, 
Sonepat, Haryana 

Magnetic properties of Nano-Spinel 
Ferrite and Multi-ferroic Composites 

146 Dr. Dinesh Varshney 
(Prof.) 
SOP, DAVV, Indore 
Transferred to 
Prof. A. Mishra, DAVV 

Development of the setup for resistivity 
measurement down to liquid nitrogen 
liquefaction temperature 

147 Dr. Gagan Sharma 
(Asst. Prof.) 
Amity University 

Development of a sputtering system for 
deposition of graded samples  

148 Dr.Sanjay Singh Elastocaloric effect measurement setup to 
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(Asst. Prof.) 
IIT BHU Varanasi 

study caloric effect in shape memory 
alloys 

149 Dr. Mamatha D Daivajna                   
(Asst. Prof.) 
Department of Physics, Manipal 
Institute of Technology,Manipa 

To setting up facility of direct 
measurement of magneto-caloric effect 
(MCE) on manganites using direct 
method at different magnetic fields. 

150 Dr. Kambale Rahul Chandrakant, 
Savitribai Phule Pune University 

Grain-oriented Lead-free Piezoelectric 
Ceramics with Piezoelectric 
Enhancement by Domain Engineering 

151 Dr. Anu Rana 
(Asst. Prof.) 
SRM University, Sonepat, Haryana 

Effect of annealing temperature on size, 
structural, dielectric, magnetic and 
thermal properties of nano-spinel ferrites. 

152 Dr. Gyaneshwar Sharma (Asst. Prof.) 
Applied Science Department, PEC 
University of Technology, 
Chandigarh  

Modulation of Magnetic Ordering for 
Gigantic Spin-Mediated-Polar Dynamics 
in Improper Multiferroics 

153 Dr. Suchi Tiwari (A. P) 
(Asst. Prof.) 
VNR Vignana Jyothi College, 
Nizampet, Hyderabad 

   Synthesis, Characterization and 
Potential Applications of 
Nano-dithiocarbamate complexes   

154 Dr. Chetna Chauhan  
(Asst. Prof.) Institute of Technology,  
Nirma University.  
Ahmedabad 

 Synthesis and characterization of 
magnetically hard/soft – SrM/Ni ferrite 
nanocomposites  

155 Dr. K. Senthilkumar (Asst. Prof. & 
Head) Department of Physics 
Technology, Meghalaya  

Defect induced electron-phonon 
interaction in ZnO nanoparticles by low 
temperature Raman   

156 Dr. Siddharth Joshi (Asso. Prof.) 
Centre for Nano-Technology, 
Department of Mechanical 
Engineering, 
National Institute of Engineering 
(NIE),  
MYSORE  

Surface-Interface studies of 
Nanostructured Metaloxide 
thin films towards the 
Photovoltaic/Sensors 
applications  

157 Dr. B. Suresha Centre for Composite 
Materials Research  
Dept of ME, NIE, Myusru  

Polyamide alloyed with thermoplastic 
elastomer fibrillar reinforced with nano 
fillers multi phased composite for bearing 
applications 

158 Dr. R. Arun Balaji , VNR Vignana 
Jyothi College        of Engineering 
VNR VJIET,                                                   
Bachupally, Nizampet, Hyderabad-
500090  

fluorine substituted derivatives for making 
TADF OLED devices  

159 Dr. Noor Danish Department of 
Electrical and  Electronics 
Engineering 
Eternal University,  Dist. Sirmour, 
HP  

EM radiation  absorbance  study 
of nano hexaferrite and  barium  titanate 
embedded conducting  polymer  for de 
fense application  

 

11.2.6 New Collaborative Research Schemes (CRS)  at UGC-DAE CSR, Indore Centre  

 
160 Dr. L. Robindro Singh,  Preparation of processble oxide 
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Asst. Professor, Dept. of 
Nanotechnology,NEHU, Shillong, 
Meghalaya 

nanoparticles doped with lanthanide ions 
and their luminescence study  

161 Prof. N. Satyanarayana 
Dept. of Physics, Pondicherry 
University,Puducherry 

Development of all solid state thin film 
lithium-ion rechargeable batteries by 
RF/DC magnetron sputtering 

162 Dr. S. Stephen Rajkumar Inbanathan, 
Asst. Professor of Physics, Post 
Graduate and Research Dept of 
Physics,The American College, 
Madurai 

Synthesis, structure and properties of 
grapheme nanosheets with 
semiconductors 

163 Dr. (Mrs.) Pratima Sen, School of 
Physics, DAVV, Indore  

Study of transport and nonlinear optical 
properties of II-VI semiconductor thin 
films for making diode and optical 
limiters 

164 Dr. Sudha D Kamath 
Associate Professor 
Manipal Institute of Technology  
Manipal University, Manipal 

Irradiation effects in Er and Yb doped 
BaO-ZnO-B2O3 glasses   

165 Dr. O.P. Pandey, 
Senior Professor & Dean Research 
and Sponsored Projects, 
Thapar University, Patiala 

Synthesis and characterization of 
molybdenum carbide nanoparticles for 
electrochemical applications 

166 Dr. M. Mahendran 
Associate Professor, Dept. of 
Physics, Thiagarajar College of 
Engineering, Madurai  

Porosity dependent structure and magnetic 
properties of polycrystalline 
ferromagnetic shape memory alloys 
foams. 

167 Dr. Madhavaprasad Dasari, Asst 
Professor, Gitam Institute of 
Technology, Gitam University, 
Visakhapatnam-45, AP  

Ferroelectric and piezoelectric properties 
of perovskite based lead-free ceramics: 
(K,Na)NbO3 

168 Dr. Mitesh Sarkar, Dept. of Physics, 
Faculty of Science, The M.S. 
University of Baroda, Vadodara   

Structural and Magnetic Studies of Dilute 
Magnetic semiconducting alloys and 
compounds 

169 Prof. Ch. Gopal Reddy, Professor of 
Physics, Dept. of Physics, Osmania 
University, Hyderabad  

Low Temperatures and High Magnetic 
Field 57Fe Mossbauer and Electrical 
studies of nano-sized multiferroic 
hexaferrites 

170 Dr. S. Srinath 
School of Physics, University of 
Hyderabad 

Investigation of structural, magnetic and 
transport properties of Heusler alloy and 
Inverse Heusler alloy thin films 

171 Dr. R.N. Bhowmik, Asst. Professor, 
Dept. of Physics, Pondicherry Univ 

Magnetic and Magnetoelectronic 
properties…..system 

172 Dr. K. Ravichandran, Associate 
Professor, Dept. of Nuclear Physics, 
University of Madras, Chennai 
 

Investigations on Structural, Magnetic and 
Electrical properties of Fe2CoSi based 
heusler alloy thin films for spintronics 
applicatons 

173 Dr. C. Venkateswaran, Head, Dept. 
of Nuclear Physics, University of 
Madras 

Investigation on the properties of the 
multiferroic GdMnO3 thin films 
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174 Dr. Shailaja Mahamuni 
Department of Physics, 
University of Pune, Pune  

Phase transition and electronic structure 
studies on perovskite nanocrystals using 
(temperature dependent XRD and 
Variable energy photoelectron 
spectroscopy facilities at UGC-DAE CSR 

175 Dr. Yatramohan Jana, Dept. of 
Physics, University of Kalyani, 
Kalyani – 741 235.  

Synthesis, structural analysis and study of 
magnetic, specific heat and crystal-field 
properties of geometrically-frustrated 
pyrochlore RMO compounds 

176 Dr Bibhu Prasad Swain, Assoc 
Professor, CMSNT, Sikkim Manipal 
Institute of Technology, Sikkim-737 
136  

Investigation of Silicon nanowire / 
grapheme oxide heterojunction for 
photovoltaics applications 

177 Dr. P.S. Solanki, Dept. of Physics, 
Saurashtra University, Rajkot – 360 
005   

Investigations on pulsed laser deposited 
manganite devices for spintronic 
applications 

178 Dr. Swati Dubey, Reader, School of 
Studies in Physics, Vikram 
University, Ujjain  

Surface Modification Induced Effects in 
Semiconductors 

179 Dr. Ajai Kumar Gupta, Asst. 
Professor, Dept. of Pure and Appl. 
Physics, Guru Ghasidas 
Vishwavidyalaya, Bilaspur  

Synthesis and study of structural phase 
transition using temperature dependent 
Raman and Infrared Spectroscopy of 
NiCr2O4 and CoCr2O4 and their solid 
solutions Co1-xNixCr2O4 (x = 0 to 1) 

180 Dr. Shweta Chaure, Asst. Professor, 
College of Engineering, Pune  

Development of ordered one dimensional 
nanostructured CdS/CdTe solar cell 
nanoarray 

181 Dr. Simanchalo Panigrahi, Senior 
Professor on Higher academic grade, 
NIT, Rourkela  

Investigation of the structural, magnetic, 
ferroelectric properties and magneto-
electric correlations in YFeO3 modified 
systems, in bulk and in nanomaterials. 

182 Dr. S. Shanmukharao Samantham, 
Asst. professor, Dept of Physics, 
MVGR College of Engineering, 
Chitalavalasa, Vizianagaram.  

Designing Heusler compounds for 
Magnetic refrigeration and spintronics 
application 

183 Dr. Tapan Kumar Nath 
Dept of Physics, IIT Kharagpur  

Investigation of electronic – and 
Magneto-transport, Magnetic properties, 
magnetocaloric effect and Critical 
behavior in Ni based disordered full 
Heusler alloys 

184 Dr. P. Pallavi Ghalsasi, Associate 
Professor, School of Science and 
Engineering, Navrachana University, 
Vasna-Bhayli Road, Vadodara 

Exploring Thermal Expansion Properties 
of Metal Coordinated Compounds  

185 Prof. R.G. Sonkawade,  
Dept. of Physics, Shivaji University, 
Kolhapur  

Synthesis and characterization of 
ZnxCo3-xO4 flexible thin film for 
supercapacitor application and its 
performance studies using synchrotron 
radiation 



416 | P a g e  
 

186 Dr. K. Senthil Kumar, Head and Ast. 
Professor, Dept. of Physics, National 
Institute of Technology, Meghalaya, 
Shillong – 793 003  

Defect induced electron-phonon 
interaction in ZnO nanoparticles by low 
temperature Raman 

187 Dr. Karthik Senapati, Reader F, 
School of Physical Sciences, NISER, 
Bhubaneshwar, Jatni, Khurda, Orissa  

Observation of Triplet Supercurrent using 
Singlet Superconductor / Ferromagnet 
hybrid systems 

188 Dr. Yashpal Singh Katharria, Asst. 
Professor, Dept. of Natural Sciences, 
PDPM Indian Institute of 
Information Technology, Design and 
Manufacturing Jabalpur, Dumna 
Airport Road, Khamaria, Jabalpur  

Study of resistive switching in gallium 
oxide thin films for non-volatile memory 
application 

189 Dr. Soumya Jyoti Ray, Asst. 
Professor, Dept. of Physics, Indian 
Institute of Technology Patna, Bihta  

Novel spin-triplet superconductivity using 
ferromagnetic superconducting 
heterostructures 

190 Dr. Arun Gulabrao Banpurkar, Asst. 
Professor, Dept. of Physics, SP 
University, Ganeshkhind  

Analyzing liquid and ion dependent 
failure in electrowetting insulators using 
scanning probe microscopy 

191 Dr. Sanjay S. Ghosh, Asst. Professor, 
Dept. of Physics, North Maharashtra 
University, Jalgaon 

Study of varied stoichiometry 
organometallic metal halide perovskite 
materials to improve their stability: 
Research and Technology 

192 Prof. Prafulla Kumar Jha, Deopt. Of 
Physics, Faculty of Science, The 
Maharaja Sayajirao University of 
Baroda, Vadodara  

Probing structural, electronic and 
magnetic properties of ZnCo2O4 thin 
films 

193 Dr. Abhinav Pratap Singh, Asst. 
Professor, Physics Department, Dr. 
B.R. Ambedkar National Institute of 
Technology, Jalandhar  

Electrical and optical properties of Zinc 
and Strontium Stannate thin films 
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11.3 At Mumbai Centre 
 

Sr
N
o 

CRS-M- Principal Investigator Affiliation Title of the project 

1. 196 
Dr. R. Nirmala, 
IIT-Madras, Chennai (TN) 

Tracking structural and magnetic 
transitions in electron doped manganite 
oxides by powder neutron diffraction 
 

2. 203 
Dr. K. K. Patanakar 
Raja Ram College, Kolhapur 
(MH) 

Synthesis and characterization of rare 
earth doped cobalt nano-ferrites for their 
applications in electronic and biomedical 
devices 
 

3. 207 
Dr. Radha Srinivasan 
University of Mumbai, 
Mumbai (MH) 

Structural, dielectric and mag-netic 
studies of some substituted perovskites 
and composites in bulk and nano-
formulations: BixLa1-xFeyZn1-yO3 and 
(Bi,La) FeO3-(Ba,Sr)TiO3 composites 
 

4. 215 
Prof. Atul Khanna 
G. N. D. University 
Amritsar (PB) 

Study of structural transitions in borate 
and tellurite glasses and crystalline 
phases by X-ray and neutron diffraction 
 

5. 216 
Dr. R. Ramasamy 
Anna University, Chennai (TN) 

Investigation of Graphene-
polymersnanoparticlessystem using 
Neutrons and dielectric spectroscopy 
 

6. 217 
Dr. M. B. Lawrence 
St. Xavier’s College, Goa (GA) 

Structural Studies of Magnetic Field 
Sensitive Gels using Neutron Diffraction 
and SANS 
 

7. 218 
Dr. Reshma R Dessai 
St. Xavier’s College, Goa (GA) 

Mesoscopic Structural Investigation on 
Magnetic Porous Materials By SANS 
 

8. 220 
Prof. A. Srivastava 
Punjab University, Chandigarh 
(CH) 

Study of the mobilization of toxic 
elementsin Beas and Sutluj rivers using 
neutronactivation analysis 
 

9. 221 
Dr. Ambesh Dixit 
IIT-Jodhpur, (RJ) 

Probing magnetic structure and spin flop 
transition in bulk and nanostructured 
FeVO4 multi-ferroic systems 
 

10. 223 
Dr. P. N. Vishwakarma 
NIT-Rourkela (OD) 

Magnetic and dielectric studies of 
multifunctional composite oxides 
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11. 224 
Dr. Nalini G Sundaram, 
PPISR, Bengaluru (KA) 

Phase Transitions in BiMWO6 (M = Ce, 
Fe, Cr) Smart Functional Nanomaterials 
 

12. 225 Dr. Anil K. Singh 

Structural, magnetic and microscopic 
correlation in magneto-electric Fe2Te1-

xRxO6 (R = Nb, Ta) 
 

13. 226 
Dr. S. Dash 
NIT-Rourkela (OD) 

Neutron diffraction investigation of the 
magnetic structure and phase transitions 
in doped LaFeO3 nanocrystals 
 

14. 227 
Dr. Saroj L. Samal 
NIT-Rourkela (OD) 

Investigation of the magnetic structure of 
three gold based intermetallic 
compounds and FeSb2Se4 
 

15. 228 
Dr. Vivek M. Malik 
IIT-Roorkee (UK) 

Investigation of magnetism in 
NdMn0.5Fe0.5O3 and Nd2MnFeO6 
 

16. 229 
Dr. Indrajit Naik 
North Odisha University, Baripada 
(OD) 

Studying effect of non-magnetic element 
(A = Ti, Zn) substitution in spinel 
CuMn2O4 by employing Neutron 
diffraction 
 

17. 230 
Dr. A. Pal 
INST-Mohali (CH) 

SANS study to probe collapse of the 
singlechain polymer into discrete 
nanoparticles 
 

18. 231 
Dr. P. Prabhu 
University of Madras, Chennai 
(TN) 

Fluorescent carbon quantum dots 
derivedfrom food waste and its ionic 
liquidmodified ITO electrode as a dual 
probe forcancer diagnosis 
 

19. 232 

Dr. Ajay Semalty 
H. N. B. Garhwal University, 
Srinagar, Garhwal (UK) 
 

Small angle neutron scattering study of 
theinteraction between drug and 
lodextrins indrug cyclodextrincomplexes 

20. 233 
Dr. D. K. Satapathy, 
IIT-Madras, Chennai (TN) 
 

Effect of alcohols and polymers on 
bending modulus of reverse micro-
emulsions and Swelling dynamics of 
biopolymer thin films: Effect of 
confinement and solvent ‐polymer 
interaction 
 

21. 234 
Dr. K. Kuperkar 
S V NIT-Surat (GJ) 

Aggregation of amphiphilic copolymers 
in deep eutectic solvent‐water mixed 
systems 
 

22. 235 
Dr. A. Ballabh 
M. S. University, Baroda (GJ) 

Probing the supramolecular assembly of 
low molecular mass gelators (LMOGS): 
A SANS Study 
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23. 236 
Dr. K. Geethalakshmi 
P. C. College of Engineering, 
Verna (GA) 

SANS and SAXS investigations of 
severe plastic de-formation processed 
com mercial purity titanium and Ti6Al4V 
machining chips 
 

24. 238 
Dr. D. Sajan 
Bishop Moore College Mavelikara 
(KL) 

Growth, optical studies, Vibrational 
spectral investigations and hydrogen 
bond studies of semi organic NLO 
crystals for Laser applications 
 

25. 239 
Dr. J. P. Borah, 
NIT-Nagaland, Dimapur (NL) 
 

Development of CNT/ metal ferrite 
nanocomposites for biomedical 
applications 

26. 240 
Dr. M. Daivajna 
MIT-Manipal (KA) 

Study of magneto caloric effect in                                   
Pr0.6-xBixSr0.4MnO3(0<x<0.3) andLa0.7-

xBixSr0.3MnO3(0 < x < 0.3) 
usingmagnetization and study of kinetic 
arrestinsome of these compounds 
 

27. 241 
Dr. P. Mallick 
North Orissa University, Baripada 
(OD) 

Probing into the evolution of magnetic 
structure in Ni1-xAxO (A=Zn, Mg) by 
neutron scattering 
 

28. 242 
Dr. N. A. Shah 
Saurashtra University, Rajkot (GJ) 
 

Investigations on Manganite – BiFeO3 
Multiferroic Composites 
 

29. 243 
Dr. C. S. Yadav 
IIT-Mandi, (HP) 

Exploring the tunability of 
magneticstructure in multiferroic 
compoundsYBa1-xSrxCuFeO50<x<0.6 
andLnBaCuFeO5(Ln = Dy, Ho, Yb) 
byemploying temperature 
dependentneutrondiffraction 
 

30. 244 
Dr. V. L. Mathe 
S. P. Pune University, Pune (MH) 

Use of neutron diffraction as a probe to 
understand the magnetic properties of 
iron-based invar alloys synthesized using 
thermal plasma route 
 

31. 245 
Dr. N. Mohapatra 
IIT-Bhubaneshwar (OD) 

Study of hybrid improper 
ferroelectricityinlayered perovskites by 
high resolutionneutron diffraction 
techniques 
 

32. 246 

Dr. S. M. Patange, 
ShrikrishnaMahavidyalaya,Gunjoti 
(MH) 
 

Structural and magnetic study of 
Na0.5Bi0.5TiO3/ BiFeO3composite by 
neutron scattering 
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33. 247 

Dr. S. K. Ghosh, 
Shiv Nadar University, G. B. 
Nagar (UP) 
 

Toxicity of ionic liquids: investing with 
model cellular membrane 

34. 248 
Dr. B. G. Ankamwar,  
S. P. Pune University, Pune (MH) 

Synthesis of magnetic metamaterials and 
twin magnetic nanomaterials for 
potential electronic andbiomedical 
applications 
 

35. 249 
Dr. P. Deb 
Tezpur University, Assam (AS) 

Small angle scattering based study 
onhierarchical mesoporous assemblies 
ofnanoparticles 

36. 250 
Dr. S. Asthana 
IIT-Hyderabad (TS) 

Investigations of the electric field 
driveneffects on structural, ferroelectric 
andphotoluminescence properties in 
Rareearthsubstituted lead free 
piezoceramics 
 

37. 251 
Dr. S. Bandhopadhyay 
University of Calcutta, Kolkata 
(WB) 

Neutron diffraction study of noncollinear 
magnetic structures in copper and rare 
earth metal based 
FrancisitesCu3R(SeO3)2O2Cl(R –Rare 
Earth) 
 

38. 252 
Dr. R. N. Bhowmik 
Pondicherry University, 
Puducherry (PY) 

Insight of the correlation between lattice 
structure and magnetic order in Co rich 
spinel ferrites through Neutron 
diffraction and magnetization study 
 

39. 254 
Dr. K. De 
Neotia Institute of Technology, 
Management and Science (WB) 

Effect of A‐site sophisticated disorder on 
the electro-magnetic properties of A‐site 
ordered RBaMn2O6 (R=rare earth) 
perovskite 
 

40. 255 

Dr. N. G. Deshpande 
Shivaji University, Kolhapur 
(MH) 
 

Magnetic, transport and neutron 
diffraction studies of electron‐doped 
perovskite manganite systems for 
spintronic applications 
 

41. 256 

Dr. B. N. Dole 
Dr. B. A. Marathwada University, 
Aurangabad (MH) 

Neutron scattering studies to probe the 
role of Cr substitution on structural and 
physical properties of ZnS nanowires 

42. 257 
Dr. R. S. Joshi, 
Central University of Karnataka, 
Kalburgi (KA) 

Investigation of charge screening 
onmagneto electro coupling 
usingpolarized neutrons in 
heterostructures 
 

43. 258 
Dr. S. Kumar 
Punjab Engineering College, 

Investigations on structural, dielectric 
and magnetic properties of transition 
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Chandigarh (CH) 
 

metal doped GaFeO3 
 

44. 259 

Dr. M. Mahendran 
Thiagarajar College of 
Engineering, Madurai (TN) 
 

Magnetic and structural properties of Co 
and Fe substituted Ni‐Mn‐Sb using 
neutron diffraction and first principles 
calculations 
 
 

45. 260 
Dr. M. K. Niranjan 
IIT-Hyderabad (TS) 
 

Experimental and theoretical 
investigation of structural and property 
relations in Ag(M)Nb(N)O3 ceramic (M 
= Li, V) 
 

46. 261 
Dr. T. Patri 
RGUKT-RK Valley Campus, 
Kadapa (AP) 

Exploring magnetic structure and 
spindynamics in doped bismuth 
titaniteBi4Ti3O12multiferroics:From nano 
tobulkcrystallites 

47. 262 

Dr. Avijit Paul 
NIT-Kurukshetra (HR) 
 
 

Detailed investigations on crystal 
andmagnetic structures offrustrated 
doubleperovskites Ca2BRuO6(B = Ga, 
In, Y, Sc)and their lanthanum 
composites 
 

48. 263 

Dr. Goverdhan Reddy Turpu 
G.G. Vishwavidyalaya, 
Bilaspur (CG) 
 

Neutron diffraction studies 
intostructuralchanges and 
magneticinteractions inFe1-xMxVO4(M = 
Cr, In,and Al) solid solution 
 

49. 264 
Dr. Anupinder Singh 
G. N. D. University, 
Amritsar (PB) 

Detailed study of magneto-
electriccouplingusing neutron scattering 
andmagnetic toolsin NdFeO3-
PbTiO3solidsolutions 
 

50. 265 

Dr. P. K. Chakrabarti 
Burdwan University, Burdwan 
(WB) 
 

Investigations of correlation between 
magnetic properties with neutron 
diffraction observations of some 
nanocrystalline multiferroics and dilute 
magnetic dielectrics 
 

51. 266 
Dr. J. Bhattacharya 
NIT-Nagaland, Dimapur (NL) 

Drug Gold nano particle bio-
conjugates:Synthesis, characterization 
andapplicationsunder dilute & 
molecularcrowdingconditions 
 

52. 268 
Dr. Ashim Kumar Pramanik, JNU, 
New Delhi (DL) 
 

Investigation of microscopic magnetic 
order and spin structure in double 
perovskite A2FeIrO6 where A (La, Sr, 
Ca) by neutron powder diffraction 
experiment 
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53. 269 
Dr. S. Jammalamadaka,  
IIT-Hyderabad (TS) 
 

Probing spin structure in Ho1-

xRxFe0.5Cr0.5O3 compounds 

54. 270 
Dr. R. S. Dhaka 
IIT-Delhi, New Delhi (DL) 

Temperature and pressure 
dependentneutron scattering study 
ofLa0.7Sr0.3Co1-xNbxO3 across the metal-
insulator 
 

55. 271 
Dr. S. Hussain 
AMU-Aligarh (UP) 

Influence of Co doping on 
microstructural,electrical and magnetic 
properties ofnanocrystallineNd0.7Pr0.3Fe1-

xCoxO3(0 ≤ x ≤ 0.6)perovskites 
 

56. 272 
Dr. C. S. Gadre 
VIIT, Pune (MH) 

Investigation of A3BZx systems 
forInterplaybetween superconductivity 
andmagnetismand novel superconductors 
 

57. 273 
Dr. Kamlesh Prasad 
CSIR-CSMCRI, Bhavnagar (GJ) 

Small angle neutron scattering studies 
onmicellization of surface-active bio 
basedionic liquids and deep eutectic 
solvents 
 

58. 274 
Dr. Rahul Singhal,  
Malaviya NIT - Jaipur (RJ) 
 

Investigations on ion track diameter in 
Fullerene and Fullerene derivatives for 
solar cell applications using SANS 
measurements 

59. 275 
Dr. R. Mukherjee,  
IIT-Kharagpur (WB) 
 

Interfacial interactions of polymer chains 
on the walls of graphene and fullerene 

60. 276 
Dr. N. A. I. Malek 
S. V. NIT-Surat (GJ) 

Microstructural aggregates in the Task-
Specific, Biodegradable Surface 
ActiveGreener Ionic Liquids 
 

61. 277 
Dr. Ratan DasTripura University, 
Suryamaninagar (TR) 

Study of the magnetic structure in a 
fewsynthesized metal doped spinel 
ferritenanocrystals using neutron 
scatteringmethod 
 

62. 278 
Dr. P. K. Shetty 
MIT-Manipal (KA) 

Effect of neutron irradiation 
onMechanical,Electrical and 
ThermalProperties of SiliconBased 
Materials 
 

63. 279 
Dr. S. Datta 
IACS-Kolkata (WB) 
 

Probing the Interaction 
betweenMolecularSpins on Graphene 
byNeutron Scatteringand 
ComplementaryFacilities 
 

64. 280 
Dr. Esa Bose 
B. P. Poddar Inst. M&T (WB) 

Investigation of dielectric response 
aroundmagnetic transition temperature in 
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 CO manganite: In search ofMagneto-
electric coupling 
 

65. 281 
Dr. P. Solanki 
Saurashtra University, Rajkot (GJ) 
 

Device Characteristics of 
ManganiteBasedHeterostructures 

66. 282 

Dr. Sudipta Pal 
University of Kalyani (WB) 
 
 

Study of the effect of doping and 
grainsizeon the Magnetization and 
dielectricproperties in RTmO3(R=rare 
earth,Tm=Cr/Mn) 
 

67. 283 
Dr. S. B. Kulkarni 
Inst. Science, Mumbai (MH) 

Synthesis and characterization of 
multiferroic magnetoelectric and 
magnetodielectric composites based on 
lead free ferroelectric and magneto-
strictive phase 
 

68. 284 
Dr. H. K. Bagla 
K. C. College, Mumbai (MH) 
 

Utilization of nuclear analytical 
techniques for forensic applications 

69. 285 
Dr. V. N. K. Putta 
GITAM University, Vizag (AP) 

Studies on lanthanides, actinides (U and 
Th) and toxic elements using nano-
particle based solid adsorbents and 
neutron activation analysis (NAA) 

70. 286 
Dr. Sugata Ray 
IACS-Kolkata (WB) 

Anionic doping in magnetic oxides: 
arouteto break structural symmetry 
andachievemultifunctionality 
 

71. 287 
Dr. M. C. Verma,  
GITAM University, Vizag (AP) 

Study of effects of particle size 
andmagnetic anisotropy in 
Enhancingmagnetization in NiZn ferrites 
 

72. 288 
Dr. Bholanath Pahari, 
Goa University (GA) 

To rationalize the 
compositionstructurepropertyrelationship 
inNa3+xSc2(SiO4)x(PO4)3-x: 
newpromisingNASICON materials for 
sodium-ionbatteries 
 

73. 289 
Dr. B. Sattibabu 
GITAM University, Vizag (AP) 
 

Structural, Magnetic and 
Dielectricproperties of doped NiFe2O4 

74. 290 
Dr. S. S. Soni 
S. P. University, V. V. Nagar (GJ) 

Effect of various metal salts on micelles 
of amphiphilic block copolymers for 
energy storage applications 
 

75. 291 
Dr. Paresh Y. Parekh 
V. N. South Gujarat University, 
Surat (GJ) 

SANS characterization of core-shell 
micelles from chemically modified 
amphiphilic copolymers as potential 
nanocarriers for drug delivery systems 
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76. 292 
Dr. Binita Nanda 
Inst. Tech. Edu & Res., S’O’A 
University, Bhubaneshwar (OD) 

Structural determination 
offunctionalizedporous metal oxide 
modified MCM-41nanocomposites: 
ASANS/SAXS study forenergy and 
environment 
 

77. 293 
Dr. Ashok Kumar 
Tezpur University,  
Suryamaninagar (TR) 

Study of interactions of Ionic Liquid 
ionswith unsaturated metal centers in 
MOFrameworks based Polymer 
Electrolytenanocomposites incorporated 
with IonicLiquids through Neutron 
scattering andRaman Spectroscopy 
 

78. 294 

Dr. P. Balaji Bhargav 
SSN College of Engg. 
Kalavakkam (TN) 
 

Functionalization of graphene for 
theirapplication as transparent 
conductingelectrode 

79. 295 
Dr. Sudhir Cherukulappurath 
Goa University, Goa (GA) 

Reduced Graphene Oxide-
GoldNanoparticle Composite based 
SurfaceEnhanced Raman Spectroscopy 
for SensingEnvironmental Pollutants 
 

80. 296 
Dr. J. R. Mohanty 
IIT-Hyderabad (TS) 

Depth Resolved Magnetism in 
MagneticHeterostructure Using 
Polarized NeutronReflectivity 
 

81. 297 

Dr. P. Ganga Raju,  
Inst. Tech. Edu & Res., S’O’A 
University, Bhubaneshwar (OD) 
 

Study of PVDF based 
magnetoelectricnanocomposites 

82. 298 
Dr. Neeraj Panwar 
Central Uni. Rajasthan, Jaipur (RJ) 

Size dependent magnetic properties 
ofMn dopedRE orthochromites: A 
neutronpowder diffraction study 
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11.4 Kalpakkam Node 
 
List of Projects sanctioned by Kalpakkam Node under Collaborative Research Schemes: 
 
Sl. 
No. 

Collaborators Name 
and Affiliation 

Title of the CRS Collaborator 
from UGC 
DAE CSR, 
Kalpakkam 

Node 

Year of 
Sanction 

1 Dr. B. Jebasingh 
Karunya University, 
Coimbatore, T.N. 

Development of Covalent 
Intercalation of Graphene Oxide with 
Polyamine Tagged Fluorescent Probes 
for Energy Harvesting Applications 

Dr. Gopal  M. 
Bhalerao 

2016 

2. Dr. A. Leo Rajesh 
Assistant Professor 
Department of 
Physics,St. Joseph’s 
College,Tiruchirappall 

Eco friendly and cost effective 
fabrication of photovoltaic cell with an 
optimised Cu2ZnSnS4 material 

 
Dr. Sujay 

Chakravarty 

2015 

3. Dr. K. Sivakumar 
Associate Professor & 
Head,Department of 
Chemistry, Faculty of 
Science, SCSVMV 
University, Enathur, 
Kanchipuram, (T.N.) 

Synthesis and characterization of 
cyclodextrin inclusion complexes and 
its application as chemo sensors for 
the selective detection of heavy 
metals. 

 
 
 

Dr. Sujay 
Chakravarty 

2015 

4. Dr. Ramaswamy 
Murugan, Professor, 
Department of 
Physics,  Pondicherry 
University 

Pinhole free dense hot-pressed lithium 
garnet membrane for all solid lithium 
battery 

 
Dr. Sujay 

Chakravarty 

2016 

5. Dr. Sandip Chakrabarti,  
Assistant Professor,  
Amity Institute of 
Nanotechnology, 
Amity University  
Noida (U. P.) 

Hetero-Structured nanocomposite 
Photo Catalyst with enhanced 
capability for the selective conversion 
of CO2 to Methanol under Visible 
Light 

Dr. Sujay 
Chakravarty 

2016 

6. Dr. Neeraj Shukla, 
Assistant Professor, 
NIT Patna 

Exploring ferromagnetism in carbon 
based and other 2D materials using 
microbeam 

 
Dr. Sujay 

Chakravarty 

2018 

7. Dr. P. Kathirvel 
Assistant Professor 
PSG College of 
Technology, 
Coimbatore 

Flame synthesized metal oxide 
nanoparticles for photoanode in dye 
sensitized solar cells and perovskite 
solar cells 

 
Dr. Sujay 

Chakravarty 

2018 
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8. 
 

Dr. Pabitra Kumar 
Charkrabarti,  
Professor, Dept of 
physics, Burdwan 
University, Burdwan   

Studies of Magnetic behaviour of 
some Nanocrystalline multiferroics/ 
ferrites incorporated in different non-
magnetic matrices 

 
Dr. Sujay 

Chakravarty 

2018 

9. Dr. K. Vishishta, 
Associate Professor, 
Department of 
Physics, Anna 
University 

Tuning of Optical, Electrical Properties 
and Fabrication of Graphene-Ternary 
Copper Semiconductor 
Nanocompositesfor Next Generation 
Photovoltaics 

Dr. Shamima 
Hussain 

2015 

10. Dr. Debashish Behera, 
Asst. Professor, 
MIT, Jaipur 

Efficient and eco-friendly 
hydrophobic anticorrosion coating of 
nanocomposites formed by polymeric 
matrix and nitrogen  rich heterocyclic 
molecules-grafted grapheme oxide as 
nanofiller. 

Dr. Shamima 
Hussain 

2016 

11 Dr. Milton Franklin 
Benial, 
Associate Professor, 
NMSSVN College, 
Madurai 

Surface Enhanced Raman 
Spectroscopic Studies on Bioactive 
Pyrrole Derivatives. 

Dr. Shamima 
Hussain 

2016 

12. Dr. Asath Bahadur, 
Professor & Dean, 
Kalasalingam 
University, 
Srivilluputthur. 

Investigations on Rare earth metal 
doped metal molybdate 
nanocomposites prepared by micro-
wave  assisted combustion method for 
catalytic and Energy storage 
applications 

Dr. Shamima 
Hussain 

2018 

13. Dr. Arun Kumar Sarma, 
Professor, 
VIT, Chennai 

Cu based Chalcogenide materials for 
efficient solar Cell applications 

Dr. Shamima 
Hussain 

2018 
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12. Utilisation of in-house facilities of UGC-DAE CSR: User List 

12.1  Indore Centre 

In-situ Thin Film Lab: 
 
1. Mr. Kali Prasanna C/o 

Dr.SambhunathBehra 
Amity University, Noida 

2. Mr. Devisharan C/o Dr.Sumalay Roy Delhi University, Delhi 
3.  Ms. PoonamMathur,  MSC, Physics, SOP, DAVV, Indore 
4. Dr.AnjuAhlawat RRCAT, Indore 
5. SubhamitaSengupta/ Prof  A.K. 

Raychaudhuri 
Kolkata  

6. Mr. Kali Prasanna C/o 
Dr.SambhunathBehra 

Amity University, Noida 

7. Ms. KomalChugwani, MSC, Physics, SOP, DAVV, Indore 
8. SubhamitaSengupta/ Prof  A.K. 

Raychaudhuri 
Kolkata  

 
9T PPMS: 

9. Dr. Shanmukh Maharaj Vijayaram Gajapathi Raj 
College of Engineering, Andhra Pardesh 

10. Dr. Sharath Chandra RRCAT, Indore 
11. Mr. Shashikant, C/o Dr. Ratnesh Gupta DAVV , Indore 
12. Ms. Nisha Shahi, C/o Dr. Sanjay Singh Indina Institute of Technology, BHU, 

Varanasi 
13. Dr. Shwetha,, C/o. Dr. Anil Kumar Indian Institute of Sciences, Bangalore 
14. Mr. Mithun, C/o. Prof. Anil Kumar Indian Institute of Sciences,  Bangalore 
15. Mr. Shashi Ranjan, C/o Dr. Ratnesh Gupta DAVV Indore 
16. Mr. Hasan Afzal, C/o Dr. Venkatesh and 

Dr. Ganesan 
CSR Indore 

17. Ms Jyoti, C/o Dr. Ajay Shukla National Physical Laboratory, New 
Delhi 

18. Dr. Sanjay Singh Indina Institute of Technology, BHU, 
Varanasi 

19. Mr Sangeth, C/0 Dr. Ratnesh Gupta DAVV Indore 
20. Ms Romita, C/o Dr. Pratima Sen DAVV Indore 
21. Ms.Megha, Dr. Devendra Kumar CSR Indore 
22. Dr. Tarachand, C/o Dr. Okram CSR Indore 
23. Ms Himanshu, C/o Dr. Piyush Solanki Saurashra University, Gujrat 
24. Dr. Shanmukh Maharaj Vijayaram Gajapathi Raj 

12.1 Indore Centre 

Indore Centre has been attracting large number of users, and its state of art instruments have been widely used by the 
university researchers. The number of users is less for the more advanced facilities because of the time required and also 
because the usage is more specialized. 
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College of Engineering, Andhra Pardesh 
25. Dr. Sharath Chandra RRCAT, Indore 
 

DSC: 

26. Dr. M. Roy M.L,S. UNIVERSITY, Udaipur 
27. Dr. Goverdhan Reddy  GGV, Bilaspur 
28. Dr. A.Mishra  SoP,DAVV, Indore 
29. Dr. Sanjit Konar  Chemistry Dept. IISER Bhopal 
30. Dr. V.V.Murty (02)  Holker Science College, Indore 
31. Dr. A.Dalvi (02)  BITS, Pilani 
32. Dr.S.M.Giripunje  VNIT, Nagpur 
33. Dr. Anju Dixit  DoP,CSJM, Kanpur 
34. Prof. K.Shiv Kumar  DoP, Osmania University 
35. Prof. Nagesh Thakur  DoP, H.P.U.,Shimla 
36. Dr. Abhishek Kumar Gupta  MMMUT,Gorkhpur 
37. Dr. Shailesh N. Sharma  NPL,Delhi 
38. Dr. R.C. Dixit Holker Science College, Indore 
 

Impedence Spectroscopy 

39. Prof. A.K. Bhatnagar Hyderbad Central University, A.P. 
40. Dr. S.Panigrah  NIT, Rourkela 
41. Dr. A.Mishra  SoP,DAVV, Indore 
42. Dr.Avjit Ghosh Central Uni. Of Jharkhand, Ranchi 
43. Dr. Lija K. Joy  Bishop Moore College, Kerla 
44. Dr.G.A. Basheed CSIR-NPL, New Delhi 
45. Dr. Sagar S DoP, Govt. College for Woman, Kerla 
46. Dr. Lakwant Singh DoP, GNDU, Amritsar 
47. Dr. Subhadeep Datta  SoPhysical Sciences, IACS, Kolkata 
48. Dr. Poustin APIIIT, R.K. valley, A.P. 
49. Dr. Avijit Ghosh Central university of Jharkand,Ranchi 
50. Dr. Abhishek Kumar Gupta MMMUT,Gorkhpur 
51. Dr.M.A.Shaz BHU,Varanasi 
52. Dr.T.K.Nath IIT,Khargpur 
53. Dr.Vijaylakshmi Dayal DoP,MIT,Mysore 
54. Prof.Ranveer Kumar DoP,DHSGU,Sagar 
55. Dr.Swapan K. Mandal  DoP, VISA Bharati,Shantiniketan,WB 
56. Prof.S.B.Ogale IISER,Pune 
57. Dr.P.N.Vishwakarma NIT,Raukela 
58. Dr.S.M.Giripunje Hyderbad Central University, A.P. 
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Room temperature Mossbauer spectroscopy 
 

59. Mr. M. Manendar Osmania Univ., Hyderabad 
60. Prof. S. Srinath University of Hyderabad, Hyderabad 
61. Ms. Sumalatha JNTU, Hyderabad 
62. Mr. Shymal Das Annamalai Univ., Chennai 
63. Mr. Avinash Madras Univ., Chennai 
64. Prof. N. Lakshmi Udaipur Univ., Udaipur 
65. Dr.Vijay Kumar IISc.,  Bangalore 
66. Mr. Indrajit K Ghosh CSIR lab, Dehradun  
67. Prof. Ashis Bhattacharjee Visva-Bharati University, Santiniketan 
68. Prof. Siddharth Das IIT Kharagpur  
69. Ms. Thomas Baby SB College, Kerala 
70. Prof. V. M. Jali Gulbarga Univ., Gulbarga 
71. Ms. Prajyothi P G Desai Goa Univ., Goa 
72. Dr. Prakash Viswakarma NIT Rourkela 
73. Prof. S. N. Kane DAVV, Indore 
74. Prof. Annapoorni Delhi Univ., Delhi 
75. Prof. K. M. Jadhav Dr. B. A. M. University, Aurangabad 
76. Ms. Chanda Kumari  BHU, Varanasi 
77. Prof. Samudranil Pal School of Chemistry, University of 

Hyderabad 
78. Mr. Ganesh MIT, Mysore 
79. Mr. Vishal Tandon Holkar Science College, Indore  
80. Ms. Neha Ghodke Pune Univ., Pune  
81. Mr. A. Raja Pondicherry Univ., Pondicherry 
82. Dr. Aishwarya Bhaskar CSIR, Electrochemical Research lab, TN 
 

Low temperature / high field Mossbauer spectroscopy  

83. Dr.Vijay Kumar IISc.,  Bangalore 
84. Ms. Sumalatha JNTU, Hyderabad 
85. Dr. Sanjay Kumar Upadhyay IISc., Bangalore  
86. Mr. Ganesh Bera GG Univ., Bilaspur 
87. Mr. M. Manender Osmania Univ., Hyderabad 
88. Mr. Shymal Das Annamalai Univ., Chennai 
89. Prof. S. N. Kane DAVV, Indore 
90. Prof. Annapoorni Delhi Univ., Delhi 
91. Prof. K. M. Jadhav Dr. B. A. M. University, Aurangabad 
92. Prof. Ashis Bhattacharjee Visva-Bharati University, Santiniketan 
 

HRXRD  

 

93. Mr. Rajesh Mandal IISER Pune 
94. Mr. Govind  MNIT Jaipur 
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95. Dr. Sayandeep dutta IACS Kolkata 
96. Mr. Pankaj Das North Orissa University, Orissa 
97. Mr. Ajay Saw MIT Mysore 
98. Mr. Ravinder Singh SN Bose Centre, Kolkata 
99. Mr. Rohit Raj IIT BHU 
100. Mr. Shiva Kumar Bharathiar Univ.TN 
101. Ms. Pooja Karma SOI,  DAVV, Indore 
102. Ms.Priyanka Mitra Pondicherry University 
103. Ms.Priyanka Bhoraskar DAVV Indore 
104. Mr.Manender Osmania University 
105. Mr.Gourav Sidharath IIT Indore 
106. Ms. Nisha Shahi IIT BHU 
107. Ms. Susmita IET Indore 
108. Ms. Azraharoon AMU Aligarh 
109. Mr. Ganesh MIT, Mysore University 
110. Ms. Shujala DAVV Indore 
111. Mr. Arvindam  RRCAT Indore 
112. Ms. Swati Parmar IISER Pune 
113. Ms. Suniksha MNIT Jaipur 
114. Ms. Reenu IIT Roorkee 
115. Ms. Aruna Joshi DAVV Indore 
116. Ms. Akansha Choudhari DAVV Indore 
117. Ms. Jagruthi Dwivedi DAVV Indore 
118. Ms. Ananya Shivnadar University, Delhi 
119. Ms. Shaona Das IIT Guwahati 
120. Mr.Ravi kiran IIT Guwahati 
121. Ms. Sweta Tiwari NIT Raurkela 
122. Mr. K. Saravanan Kumar Kongunadu Arts and Sci College, 

Coimbatore 
123. Mr. Kapil Dev Delhi University 
124. Ms. Moditma Delhi University 
125. Dr. Joyita Nayak IIT Kanpur 
126. Mr. Abhishek Kumar  NPL Delhi 
127. Mr. Devisaran Delhi University 
128. Mr. Sachin Yadav NPL Delhi 
129. Prof. S.N.Kane DAVV Indore 
130. Mr. Jarnail Singh NIT Hamirpur 
131. Dr. Vaishali CSIR Assam 
132. Mr. Ravinder  Kakatiya Univ.,  Warangal 
133. Mr. Chander Rao Kaktiya Univ.,  Warangal 
134. Mrs. Priyanka Singh SOI DAVV Indore 
135. Ms. Romita Chouhan DAVV Indore 
136. Dr. Shilpam Sharma RRCAT Indore 
137. Mr. Rushikesh IISER Pune 
138. Ms. Saroj Bala  Kurukshetra Univ.,  
139. Mr. Lanuakum A Longchar Hyderabad Central Univ., Hyderabad 
140. Mr. Afroz Khan AMU Aligrah 
141. Ms. Anshu Sight GKV Hardwar 
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142. Mr. Ganesh Hegde Manipal Inst., Karnataka 
143. Mr.Ashok Kumar  NIT Hamirpur 
144. Ms. Leela  NIT Hamirpur 
145. Dr. Ajay Shukla  NPL Delhi 
146. Mr. Sanjay Kumar  IIT Indore 
147. Mrs. Rekha Yadav IGU Meerpur Haryana 
148. Mr. Arjit Tiwari IIT Dhanbad 
149. Mr. Ravi Choudhary VNIT Nagpur 
150. Ms. Megha VNIT Nagpur 
151. Prof. Ajay Gupta  Amity Univ., Noida 
152. Dr. Gagan Sharma Amity Univ., Noida  
153. Dr. Kavita Sharma  Amity Univ., Noida  
154. Dr. S. Bera Amity Univ., Noida 
155. Mr. Sashika Naidu Vikarm Univ., Ujjain 
156. Mr. D. Sunil Gawaskar Osmania University 
157. Ms. Swati Nagar DAVV Indore 
158. Dr. Anjali Deodutta IPS Academy Indore 
159. Dr. Usha Singh IPS Academy Indore 
160. Mr. Rahul Punjab Univ. 
161. Mr. Sidharth Suman IIT Indore 
162. Ms. Arzoo MSLU Udaipur 
163. Mr. Yogesh Manipal Univ., Jaipur 
164. Mr. Mansa Ranjan Sahoo NIT Raurkela 
165. Mr. Bhagav  Saurashtra University, Rajkot 
166. Dr. Ramesh Jumde Osmania Univ., Hyderabad 
167. Dr. Abhijeet Biswas IISER Pune 
 

Ferroelectric (P-E) loop tracer  

 

168. Ms. Pooja Dubey c/o Prof. A. Mishra DAVV, Indore 
169. Mr. Kunal Dutta Hyderabad Univ., Hyderabad 
170. Ms. Madhuri Soni c/o Prof. A. 

Mishra 
DAVV, Indore  

171. Ms. Priya Gangrade c/o Prof. A. 
Mishra 

DAVV, Indore  

172. Dr. Basavaraj Angadi Bangalore Univ., Bangalore  
173. Mr. J. Pravin Kumar  R.G. Univ., Kadapa, AP 
174. Dr. Lakhwant Singh GND Univ., Amritsar 
175. Prof. S. Sen IIT Indore 
176. Ms. M.G.Praveena c/o Prof. 

Anantharamn 
CUSAT, Cochin 

177. Dr. P. Sarah Vignan Coll. Of Engg., Hyderabad 
178. Dr. Oroosa Subhi NIT Nagpur 
179. Ms. Sumalatha JNTU, Hyderabad 
180. Dr. Vijayalakshmi Dayal MIT, Mysore 
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RAMAN: 

181. Mr. Shaik Babujani C/o Dr. G Hema 
Chandra VNIT, Nagpur 

182. Mr. Animesh MandalC/o Dr. S K 
Adhi Savitribai Phule Pune University, Pune 

183. Ms. Madhuri Soni C/o Dr. A Mishra DAVV, Indore 
184. Dr. P K Yadav C/o RRCAT, Indore 
185. Mr. Piyush Rajput, Mr. Hiteshkumar 

R Bhoi C/o Prof. M P. Deshpande 
Sardar Patel University, Vallabh 
Vidyanagar 

186. Ms. Supriya Patade, Ms. Deepali 
Andhare C/o Dr. K M Jadhav Dr. B. A. M. University, Aurangabad 

187. Ms. Ritambhara Dwivedi C/o Dr. R 
Prasad DAVV, Indore 

188. Mr. Bhoopendra Yadav C/o Prof. R 
A Yadav Banaras Hindu University, Varanasi 

189. Mr. Arun Kumar Singh C/o Prof. 
Ashish Verma Dr. H S Gour University, Sagar 

190. Mr. K S K R Chandra Sekhar C/o 
Prof. K Chandra Mouli Andhra University, Visakhapatnam 

191. Ms. Laxmi J Hathiya C/o Prof. Hiren 
Joshi Sourashtra University, Rajkot 

192. Mr. Shantanu K Chutia C/o Dr. 
Pankaj Mishra RRCAT, Indore 

193. Ms. M Sumalatha C/o Dr. Sreenath 
Reddy M Osmania University, Hyderabad 

194. Mr. Sushil Bhavsar C/o Dr. Anil Bari North Maharashtra University, Jalgaon 
195. Ms. Neelu Rathore C/o Prof. Asita 

Kulshrestha Amity University, Lucknow 
196. Ms. Jyoti Shukla C/o Dr. A Mishra DAVV, Indore 
197. Mr. Govind Singh C/o Dr. Jitendra 

Tripathi IPS Academy, Indore 
198. Mr. Radhe Shyam C/o Dr. N 

Srinivasa Rao 
Malaviya National Institute of Technology, 
Jaipur 

199. Mr. K R Vignesh C/o Dr. Sudha D 
Kamath MIT, Manipal 

200. Mr. Pankaj Kumar Das C/o Dr. 
Pravanjan Mallick North Orissa University, Odisha 

201. Ms. Gitanjali Tabhane C/o Dr. S M 
Giripunje VNIT, Nagpur 

202. Mr. Kunal Dutta C/o Dr. A K 
Bhatnagar University of Hyderabad, Hyderabad 

203. Dr. Srinibas Satapathy RRCAT, Indore 
204. Mr. Mukurala Nagaraju C/o Dr. Ajay 

K Kushwaha IIT, Indore 
205. Mr. Arun Kumar Singh C/o Prof. 

Ashish Verma Dr. H S Gour University, Sagar 
206. Ms. Rajveer Kaur C/o Dr. S S 

Ghumman 
Sant Longowal Institute of Engineering & 
Technology, Longowal 
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207. Dr. Anthony Arulraj Sastra University, Thanjavur 
208. Dr. Anupinder Singh Guru Nanak Dev Univesity, Amritsar 
209. Mr. Nagaraja T C/o Dr. Basavaraj 

Angadi Bangalore Univesity, Bangalore 
210. Mr. P Sivakumar C/o Dr. Y L 

Jeyachandra Bharathiar University, Bangalore 
211. Mr. P Murali Mohan C/o Prof. K 

Sivakumar Osmania University, Hyderabad 
212. Mr. M Manendar C/o Prof. Ch. 

Gopal Reddy Osmania University, Hyderabad 
213. Mr. Rahul A Aher Savitribai Phule Pune University, Pune 
214. Mr. Shyamal Das C/o Dr. C 

Manoharan Annamalai Univesity, Annamalai Ngar 
215. Ms. Sushmitha P Rao C/o Dr. 

Vijaylakshmi Dayal MIT, Mysore 
216. Dr. Ashim Kumar Pramanik JNU, New Delhi 
217. Ms. Supriya Bisen C/o Dr. Ashutosh 

Mishra DAVV, Indore 
218. Mr. Mritunjay Prasad Ghosh C/o Dr. 

Samrat Mukherjee NIT, Patna 
219. Mr. Sujan Maity C/o Dr. Subhadeep 

Datta IACS, Kolkata 
220. Mr. Abhijit Biswas C/o Prof. Satish 

Ogade IISER Pune, Pune 
221. Dr. Poorva Nuaa C/o Dr. Poorva 

Nuaa 
University of Auronautics & Astronautics, 
China 

222. Ms. Mehjabeen Khan, Ms. Jyoti 
Shukla C/o Dr. A Mishra DAVV, Indore 

223. Ms. Suniksha Gupta C/o Dr. 
Kanupriya Sachdev MNIT, Jaipur 

224. Mr. Jyoti Shukla C/o Dr. A Mishra DAVV, Indore 
225. Mr. Vishal Tandon C/o Dr. Netram 

Kaurav Holkar Science College, Indore 
226. Mr. Rohit Sharma C/o Dr. O P Sinha Amity University, Noida 
227. Mr. J Praveen Kumar C/o Dr. P 

Justin 
Rajiv Gandhi University of Knowledge 
Technologies, Kadapa 

228. Ms. Niketa Bajpai C/o Dr. A Mishra DAVV Indore 
229. Ms. Sneha Sinha C/o Dr. Sunil K 

Arora Panjab University, Chandigarh 
230. Mr. Tulshi Shiyani C/o Dr. I. 

Banerjee Central University of Gujarat 
231. Mr. Ram Kumar C/o Dr. Neeraj 

Shukla NIT, Patna 
232. Ms. Deepika Tripathi C/o Dr. Vikas 

Shelke Barkatullah University, Bhopal 
233. Mr. Abdul Ahad C/o Dr. Faiyazur 

Rahman Aligarh Muslim University, Aligarh 
234. Mr. Afroz Khan C/o Dr. Faiyazur 

Rahman Aligarh Muslim University, Aligarh 
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235. Ms. Asha C/o Prof. N L Singh The M S University of Baroda 
236. Ms. K Swetha C/o Dr. Y Kalyana 

Lakshmi Osmania University, Hyderabad 
237. Ms. Narayani M Gosavi C/o Dr. S R 

Gosavi Gov. College of Engineering, Jalgaon 
238. Ms. Pragya Joshi C/o Prof. Sudhish 

Kumar Mohan Lal Sukhadia University, Udaipur 
239. Ms. Saroj Bala C/o Dr. Suman 

Mahendia Kurukshetra University, Kurukshetra 
240. MR. Azam Ali Khan C/o Dr. 

Srinibas Satapathy RRCAT, Indore 
241. Ms. Ritu Jangir C/o Dr. Suman 

Mahendia Kurukshetra University, Kurukshetra 
242. Ms. Rinku B Datkhile C/o Dr. 

Meena Laad Symbiosis International University, Pune 
243. Ms. Anshu Singh C/o Dr. Richa 

Saini 
Gurukul Kangari Vishwavidhalya, 
Haridwar 

244. Ms. Sachin Dev C/o Prof. Man Singh Central University of Gujarat, Gandhinagar 
245. Ms. C Deva Sucharitha C/o Dr. 

Madhavaprasad Dasari Gitam University, Visakhapatnam 
246. Dr. Kunal Dutta University of Hyderabad, Hyderabad 
247. 

Dr. Mandar M Shirolkar 
Symbiosis Centre for Nanoscience and 
Nanotechnology, Pune 

248. Mr. Sandeep Chaterjee IIT (BHU), Varanashi 
249. Ms. Praveena M G C/o Prof. M R 

Anantharaman 
Cochin University of Science and 
Technology, Cochin 

250. Ms. Himani Bhoi C/o Prof. Sudhish 
Kumar Mohanlal Sukhadia University, Udaipur 

251. Ms. Niharika Chourasiya C/o Prof. 
Ashish Verma Dr. H S Gour University, Sagar 

252. Mr. Ganesh Channagoudra C/o Dr. 
Vijaylakshmi Dayal Maharaja Institute of Technology, Mysore 

253. Mr. Gurupada Maithy C/o Dr. 
Shivpoojan Patel Guru Ghasidas Vishwavidyalaya, Bilaspur 

254. Mr. Manish Yadav C/o Dr. 
Chandana Rath IIT - BHU, Varanasi 

255. Ms. Priyanka Gupta C/o Dr. Vandan 
Rathore Jagran Lakecity University, Bhopal 

256. Ms. Rekha Yadav C/o Dr. D P Goyal Indira Gandhi University, Meerpur 
257. Prof. Rajeev Ranjan C/o Prof. Rajeev 

Ranjan IISc Bangalore 
258. Mr. Ketan Deshmukh Holkar Science Gollege 
259. Mr. Sumit Mukesh C/o Dr. Abhay T 

Sangamwar NIPER, Mohali 
260. Mr. Amit Kumar Singh C/o Dr. 

Yashpal Singh Katharria IIITDM, Jabalpur 
261. Mr. Kunjal S Patel C/o Prof. G K 

Solanki 
Sardar Patel University, Vallabh, 
Vidyanagar 

262. Ms. Shruti Chaitanya C/o Dr. DAVV, Indore 
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Mandira Banerjee 
263. Ms. Nikita Karma C/o Dr. H S Dager Govt. Holkar Science College, Indore 
264. 

Mr. Sachin Dev C/o Prof. Man Singh 
Central University of Gujarat, 
Ghandhinagar 

265. Mr. Sagar A More, Mr. Rajendra 
Halor C/o Dr. S S Ghosh 

Kavayitri Bhahinabai Chaudhari North 
Maharashtra University, Jalgaon 

266. Mr. Rahul Guleria C/o Dr. S K Arora Panjab University, Chandigarh 
267. Ms. Soni Kumavat, Ms. Arzoo 

Shekh C/o Dr. N Lakshmi Mohan Lal Sukhadia University, Udaipur 
268. Ms. Riya Neema C/o Dr. Mithilesh 

Mittal Holkar Science College, Indore 
269. Mr. K Chandra Sekhar C/o Dr. Md. 

Shareefuddin Osmaniya University, Hyderabad 
270. Ms. Deepika Geedkar C/o Dr. Ashok 

Kumar Sharma DAVV, Indore 
271. Md. Nadeem C/o Prof. Shakeel Khan Aligarh Muslim University, Aligarh 
272. Mr. Eliyash Ahmed C/o Dr. K. 

Senthilkumar NIT Meghalaya 
273. Ms. Sadhana Rai, Ms. Rabina Bhujel 

C/o Dr. Bibhu P Swain 
Institute of Technology, Sikkim Manipal 
University, Majhitar 

274. Ms. Aashna Jain C/o Dr. Pallavi 
Ghalsasi Navarachana Univesity, Vadodara 

275. Mr. Sunil Gavaskar C/o Prof. M V 
Ramana Reddy Osmania University, Hyderabad 

 

TEM: 

276. Mr. ḌeepakTonpe 
C/o Prof. Ramphal Sharma 

BabasahebAmbedkarMarathwadaUniversity,Aurangabad 

277. Mr. Piyush Rajput 
C/o Prof. M. 
P.Deshpandey 

Dept. of Physics 
Sardar Patel Univ., Gujrat 

278. Mr. RinkuDatkhile 
C/o Dr. MeenaLaad 

Symbiosis Inter University, Pune 

279. Ms. NeetuRathore 
C/o Prof. AsitaKulshrestha 

Amity University, Lucknow 

280. Ms. JyotiSarihe 
C/o Dr. ShaileshN.Sharma 

CSIR,NPL, New Delhi 

281. Ms. DeepikaGeedkar 
C/o Dr. Pratibha Sharma 

DAVV, Indore 

282. Mr. Vedant Jain 
C/o Dr. Ritu Gaur 

IPS, Indore 

283. Mr. M. Jarnin 
C/o Dr. Stephen R. 
Inbanathan 

MK Univ., Madurai 

284. Ms. SoniKumavat 
C/o Prof. N. Lakshami 

MLS, Univ. Udaipur 

285. Ms. Pragya Joshi 
C/o Prof. Shudhish Kumar 

MLS, Univ. Udaipur 
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286. Mr. Vijay Sarode 
C/o Dr. Ravindra Patel 

JTM College of Engineering, Faizpur 
North Maharashtra Univ. Jalgaon 

287. Mr. Rahul 
C/o Dr. Sunil Arora  

Panjab University 

288. C/o Prof. M. P. 
Deshpandey 

Dept. of Physics 
Sardar Patel Univ., Gujrat 

 

FTIR 

 

289. Ms. Jyoti Yadav IIS Univ. Jaipur 
290. Ms. Roshani Varma 

C/o Prof. S N Kane 
DAVV, Indore 

291. Mr. C. Ganesh 
C/o Dr. VijayalaxmiDayal 

Maharaja Inst. of Technol., Mysore 

292. Mr. Murali Mohan Osmania Univ., Hyderabad 
293. Dr. VijayalakshmiDayal Maharaja Inst. of Technol., Mysore 
294. Prof. S N Kane DAVV, Indore 
295. Ms. Deepti 

C/o Prof. S N Kane 
DAVV, Indore 

296. Ms. Deva Sucharitha C.  
C/o Dr. MadhavaprasadDasari 

Gitam Univ., Vishakhapattanam 

297. Mr. Vishal Tandon 
C/o Dr. R C Dixit 

Holkar Sci. College, Indore 

298. Mr. Gurav Pandey  
C/o Dr. Abhijit Joshi 

IIT, Indore 

299. Ms. Shweta Tiwari  
C/o Dr. P. N. Vishwakarma 

NIT, Raurkela 

300. Dr. Shweta Rajawat MANIT, Bhopal 
301. Ms. RinkuDatkhile 

C/o Prof. MeenaLaad 
Symbiosis Inst., Pune, 

302. Ms. RituJangra Kurukshetra Univ., Kurukshetra 
303. Ms. SarojBala Kurukshetra Univ., Kurukshetra 
304. Mr. Savesh Gupta  

C/o Dr. A. K. Gupta 
MMMUT, Gorakhpur 

305. Dr. Jayanti Mukherjee Shri Bherulal Pharmacy Institute, Indore 
306. Ms. Rekha Yadav 

C/o Dr. D. P. Goyal 
Indira Gandhi Univ., Rewari, 

307. Mr. BalramPatidar 
C/o Dr. Preeti Jain 

Medicaps Univ., Indore 

308. Ms. AmrutaLohar 
C/o Prof. ShailajaMahamuni 

Pune Univ., Pune 

309. Mr. Amit Kumar Singh  
C/o Dr. Yashpal Singh Katharria 

IIIT, Jabalpur 

310. Ms. Shweta Tiwari  
C/o Dr. P. N. Vishwakarma 

NIT, Raurkela 
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UV-VIS SPECTROMETER 

311. Ms. RinkuDatkhile 
C/o Dr. MeenaLaad 

Symbiosis Inst., Pune 

312. Ms. JaishriJadham Vikram Univ., Ujjain 
313. Ms.SupriyaBisen 

C/o Prof. A. Mishra 
DAVV, Indore 

314. Miss RitambharaDwivedi 
C/o Prof. Rajendra Prasad 

DAVV, Indore 

315. Ms. DeepaliAndhare 
C/o Prof. K. M. Jahdav 

BAMU, Aurangabad 

316. Ms. SupriyaPatade 
C/o Prof. K. M. Jadhav 

BAMU, Aurangabad 

317. Ms. Shujala Shaikh  
C/o Prof. Pratima Sen 

DAVV, Indore 

318. Ms. Riya Neema 
C/o Prof. Mithilsh Mittal 

Holkar Sci.College, Indore 

319. Ms. MadhuriSoni 
C/o Prof. A. Mishra 

DAVV, Indore 

320. Dr. Vijaylakshmidayal,  Maharaja Inst. of Technol. Mysore 
321. Ms. Mehejaben Khan 

C/o Prof. A Mishra 
DAVV, Indore 

322. Ms. Jyoti Shukla 
Prof. A Mishra 

DAVV, Indore 

323. Ms. Shujala Shaikh 
C/o Prof. Pratima Sen 

DAVV, Indore 

324. Ms. RomitaChouhan 
C/o Prof. Pratima Sen 

DAVV, Indore 

325. Ms. Anuradha Gupta 
C/o Dr. VVS Murty 

Holkar Sci. College, Indore 

326. Mr. Vishal Tandon 
C/o Dr. R.C Dixit 

Holkar Sci. College, Indore 

327. Ms. Riya Neema 
C/o Prof. Mithilsh Mittal 

Holka Sci. College, Indore 

328. Mr. Ravinder G. 
C/o Dr. C.J. Srelatha 

Kakatiya Univ., Warangal 

329. Mr. Gowthama Raju  
C/o Dr. PreetiBhobe 

IIT Indore 

330. Ms. Pragya Joshi 
C/o Prof. Sudhish Kumar 

MLS Univ., Udaipur 

331. Ms. Sitara Menon  
C/o Dr. Mitesh Sarkar 

M.S. Univ., Baroda 

332. Ms. Rekha Yadav 
C/o Dr. D. P. Goyal 

Indira Gandhi Univ., Rewadi 

333. Mr. Chaitanya Limbedkar 
C/o Prof. K. D. Patel 

Sardar Patel Univ., Anand 

334. Ms. NiharikaChourisa 
C/o Prof. Ashish Verma 

Sagar Univ., Sagar 

335. Ms. Dev Sucharita Gitam Univ., Vishakhapattanam 
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C/o Dr. Madhav Prasad Dasari 
336. Ms. AmrutaLohar 

C/o Prof. ShailajaMahamuni 
Pune Univ., Pune 

337. Ms. Pragya Mittal 
C/o Dr. B. K. Mehta 

VikramUniv, Ujjain 

338. Mr. Amit Kumar Singh 
C/o Dr. Yashpal Singh Katharria 

IIIT, Jabalpur 

339. Ms. Rachana Sharma  
C/o Dr. Uma Sharma 

Vikram Univ., Ujjain 

340. Ms. RomitaChouhan 
C/o Prof.Pratima Sen 

DAVV, Indore 

341. Ms. PrityankaBaraskar 
C/o Prof.Pratima Sen 

DAVV, Indore 

342. Mr. Kunjal Patel 
 C/o Dr. G. K. Solanki 

Sardar Patel Univ., Anand 

343. Prof. Saurabh Soni Sardar Patel Univ., Anand 
344. Ms. SoniKumavat 

C/o Prof. N. Lakxhmi 
MLSU, Udaipur 

345. Ms. Arzoo Sheikh   
C/o Prof. N. Lakxhmi 

MLSU, Udaipur 

346. Dr. PragyaPandit AMD, New Delhi 
347. Dr. Shuchi Tiwari VNR-VJIET, Hyderabad 
348. Mr. ChandrashekharKotgiri 

C/o Dr. Md. Shareefuddin 
Osmania Univ., Hyderabad 

349. Mr. Kunjal Patel 
C/o Dr. G. K. Solanki 

Sardar Patel Univ.,Anand 

350. Ms. Roshani Varma  
C/o Prof. S. N. Kane 

DAVV, Indore 

351. Ms. Deepti 
C/o Prof. S N Kane 

DAVV, Indore 

352. Ms. Priyanka Tiwari 
C/o Prof. S. N. Kane 

DAVV, Indore 

 

ESCA 

353. Mr. Tahir Yaahoob 
C/o Prof. MandiraBanarjee 

DAVV, Indore 

354. Dr. Rachel Reena Phillip U.C. College, Aluva 
355. Dr. Sarang Dev G Doon Univ., Dehradoon 
356. Mr. AkshyayKumkarni 

C/o Dr. ShridharMathad 
KLEIT, Hubali 

357. Dr. Harihar Rashid Rajib Gandhi Univ., Itanagar 
358. Dr. K. Jayadeepan SASTRA Deemed Univ. Thanjavur 
359. Prof. O. N. Srivastava BHU, Varanasi 
360. Mr. R. Stanley 

C/o Dr. S. Manisha Vidyavathi 
Anna Univ., Chennai 

361. Ms. Aruna Joshi 
 C/o Prof. MandiraBanarjee 

DAVV, Indore 

362. Ms. Pravena M.G. CUSAT, Cochin 
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C/o Prof. M.R. Anantharaman 
363. Ms. AmrutaLohar 

C/o Prof. ShailajaMahamuni 
Pune Univ., Pune 

364. Dr. NandakumarMandalik Ferguson college, Pune 
365. Mr. Manish Yadav 

C/o Prof. ChandanaRath 
IIT- BHU, Varanasi 

366. Dr. Manish Kumar Mishra Sardar Patel Univ., Anand 
367. Dr. Sapna Guru 

C/o Dr. A. K. Bajpai 
Govt. Sci. College, jabalpur 

368. Mr. SatendraJumarPrajapati 
C/o Dr. Surendra Kumar Janagal 

AMPRI, Bhopal 

369. Mr. Gautam Raju 
C/o Dr. PreetiBhobhe 

IIT, Indore 

370. Mr. Sanjay Upadhyay 
C/o Dr. O. P. Pandey 

Thapar Univ., patiala 

371. Dr. M. P. Deshpande Sardar Patel Univ., Anand 
372. Mr. Kunjal Patel 

C/o Prof. G. K. Solanki 
DOP, Sardar Patel Univ., Anand 

373. Dr. MandarShirolkar Symbiosis Inst., Pune 
374. Mr. Rahul Galeria 

C/o Dr. Sunil Kumar Arora 
Panjab Univ., Chandigarh 

375. Prof. Saurabh Soni Sardar Patel Univ., Anand 
376. Ms. Priyanka Baraskar 

C/o Prof. Pratima Sen 
DAVV, Indore 

377. Mr. Sachin Dev 
C/o Prof. Man Singh 

Central Univ. of Gujarat, Gandhinagar 

378. Mr. ManasRanjanSahu 
C/o Dr. PrakashnathVishwakarma 

NIT, Raurkela 

379. Mr. Md. Nadeem 
C/o Prof. Shakeel Khan 

AMU, Aligarh 

380. Ms. Sujala Shaikh 
C/o Prof. Pratima Sen 

DAVV, Indore 

381. Mr. Vishal Tondan 
C/o Prof. R.C. Dixit 

Holkar Sci. College, Indore 

382. Ms. RomitaChouhan 
C/o Prof. Pratima Sen 

DAVV, Indore 

383. Mr. Shashiranjan Kumar 
C/o Prof. Ratnesh Gupta 

DAVV, Indore 

384. Ms. Priyanka Baraskar 
C/o Prof. Pratima Sen 

SOP, DAVV 

385. Dr. M. P. Deshpande Sardar Patel Univ., Anand 
386. Dr. P. Nagaraju CMR, Hyderabad 
 

PPMS (16T-VSM) 

387. Prof. S.N. Kane DAVV Indore 
388. Dr. N. K. Gaur B. U. Bhopal 
389. Dr.Lakhwant Singh GNDU Amritsar 
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390. Dr.JayitaNayak IIT Kanpur 
391. Dr.Avijit Ghosh CUJ Ranchi 
392. Dr. V.M.S. Verenkar Goa University 
393. Dr. Vijay Lakshmi Dayal MIT Mysore 
394. Dr.SudeshnaChattopadhyay IIT Indore 
395. Dr. Vijay Lakshmi Dayal MIT Mysore 
396. Dr. C. Manoharan Annamalai University 
397. Prof.Manzoor Kashmir University 
398. Dr. Suresh Kumar Kurukshetra University 
399. Dr.Samrat Mukherjee NIT Patna 
400. Dr.Tomlaljose SB College KottyamKerla 
401. Dr.Pabitra Kumar Chakraborty 

(ChondiCharanDey) 
Burdwan University West Bengal 

402. Dr.Pabitra Kumar Chakraborty 
(Pawan) 

Burdwan University West Bengal 

403. Dr.Pabitra Kumar Chakraborty 
(Sukhenda) 

Burdwan University West Bengal 

404. Dr. A Mishra DAVV Indore 
405. Prof. Anil K Bhatnagar University Of Hyderabad 
406. Dr. G.R. Turpu BilaspurCental University 
407. Dr. K M Jadhav               

(DeepaliAndhare)) 
Dr. B. A. M. U. Aurangabad 

408. Dr. K M Jadhav               
(SupriyaPatade) 

Dr. B. A. M. U. Aurangabad 

409. Dr. GS Shohane Solapur University 
410. Dr.AshimPramanik JNU Delhi 
411. Dr.AshimPramanik JNU New Delhi 
412. Prof. M. R. Anandaraman CUSAT Kerala 
413. Dr. T. K. Nath IIT Kharagpur 
414. Dr.ChandnaRath IT BHU  
415. Dr. Vijay Lakshmi Dayal MIT Mysore 
416. Dr.Sarath Chandra RRCAT Indore 
417. Dr. V.L. Mathe ACS College Maharashtra 
418. Dr.AshimPramanik JNU New Delhi 
419. Prof. S. N. Kane DAVV Indore 
420. Prof.Madhava Prasad GITAM University A. P. 
421. Dr. R. N. Vishwakarma NIT Rourkela 
 

 

MPMS (SQUID) 

422. Prof. O N Shrivastava BHU Varanasi 
 

MPMS 3 (New System installed in Dec. 2019) 

423. Dr. D.K. Rai IIT Indore 
424. Dr.Swapan S Nair Central University of Kerala 
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425. Dr. P. Sharma DAVV Indore 
 

SURFACE PHYSICS LAB: 

426. Ms. Kavita/  Dr. R. B. Waghulde KBC North Maharashtra University, Jalgaon 
427. Dr. U. Devarajan Univ. of Madras, Chennai 
428. Dr. Mukesh Kr. Roy IIITDM, Jabalpur 
429. Dr. Sanjay Singh IIT, Indore 
430. Dr. A. Kanjilal Shiv Nadar University, Noida 
431. Dr. Ajit Kr. Patra Central University, Rajasthan 
432. Dr. D. Topwal IOP, Bhubaneshwar 
433. 

Dr. V. Pathak Londhe 
CSIR-NEIST, 
Jorhat, Assam 

434. Dr. S. Bandyopadhyay Calcutta University 
435. Mr. S. Rana/ Dr. N. Ballav IISER Pune 
436. Ms. M. Gupta/ Dr. S. Singh Ghumman SLIET Punjab 
 

Mini XRD 

437. ANITA MURUGKAR DR. B.A. MARATHWADA UNIV. 
438. BALU  PINE UNIVERSITY 
439. Md. KASHIF  A.N. COLLEGE PATNA 
440. TANVEER AHMAD LASER BHAWAN DAVV 
441. NIKKI BANASTHALI 

UNIVERSITY,RAJASTHAN 
442. SHARVAN REDDY OSMANIA HYDERABAD 
443. PRIYAMEDHA SHARMA  IIT MANDI 
444. SUHAIL A.M.U ALIGHAR 
445. POOJA KARMA SOP DAVV 
446. MEHJBEEN KHAN  SOP DAVV 
447. PREETI  SOP DAVV 
448. DINESH SAINEE MNIT JAIPUR 
449. PRIYANKA DAVV 
450. ARJUN S.P. PUNE 
451. SANDEEP S.M.V.D JAMMU 
452. SUNIL KUMAR  R.B.S COLLEGE AGRA  
453. ROMITA LASER BHAWAN DAVV 
454. KARAMVEER SINGH  GSU  HISAR 
455. MANGLA NAND RRCAT INDORE 
456. NANCY C.U.RAJASTHAN 
457. AHAD A.M.U ALIGHAR 
458. KOMAL BAPNA MLSU UDAIPUR 
459. PREETI JUWAL KAUR SOP DAVV 
460. ARJUN PUNE UNIVERSITY 
461. INDUDHAR  VALI MIT MANIPAL 
462. YOGESH KUMAR BARC 
463. PAVAN KUMAR NIT KURUKHSTRA 
464. ANJARA S DESHAI SIT PUNE 
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465. SAMIA AMU 
466. PANKAJ NORTH ORISSA UNIV. 
467. S.D.SINGH RRCAT INDORE 
468. ASMITA N.S. COLLEGE BHADEAWALI 
469. GOPI CHANDRA RAMTAKA DR. AMBEDKAR COLLEGE 

CHANDRASAGAR 
470. PANKAJ MOHANTY UNIV. OF JOHANNESBERG 
471. PALLVI SAXENA SOP DAVV 
472. KANAKA JARABANA SOP DAVV 
473. MOINUDDIN  P.U. CHANDIGHAR 
474. VINAY.P.P. MIT MAYSORE  
475. SHALINI RATHOD SOP DAVV 
476. AMODNI JNU DELHI 
477. HAMENDRA CHAUHAN LASER BHAWAN DAVV 
478. ALKA  SOP DAVV 
479. Dr. DINESH VARSNEY SOP DAVV 
480. ZUBEDA NIT SHRINAGAR 
481. RUBEYA KASHMIR UNIV. 
482. NAZIMZ NAZIR NIT SHRINAGAR 
483. ARIF  NIT SHRINAGAR 
484. RICHA SOP DAVV 
485. KEKEDE SHARKAR  S.P. PUNE UNIV 
486. ANUP MD  NIT JAIPUR 
487. Dr.S.N.KANE SOP DAVV 
 

SEM/EDAX 

488. Reena Mathi BIT,Durg 
489. Pooja Joshi MLSU,Udaipur 
490. Deepika, Mali. MLSU,Udaipur 
491. Lekhraj Meena MLSU,Udaipur 
492. Ananya Sahoo SOA, 

University, 
Bhuvaneshwar 

493. Gunjagude G. SRTM University,Nanded 
494. Nitesh Parmar IPS,Academy,Indore 
495. Shamal Sen IPS,Academy,Indore 
496. Govind Singh 

 
IPS,Academy,Indore 

497. Mumal Singh Manipal University, 
Jaipur. 

498. Amit K. Naiya CSR, Indore. 
499. Ashita Singh. UIT,RGPV, 

Bhopal 
500. Shujala,Sheikh DAVV,Indore 
501. Devesh M. Sirotiya DAVV,Indore 
502. Pramod R. Nadiag Manipal Institute of 

Technology,Manipal 
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503. Roshani Verma DAVV,Indore 
504. Sonali Beral CSR, Indore. 
505. Ganesh C. MIT, Mysore 
506. S.N. Kane DAVV,Indore 
507. Rohit Sharma CSR, Indore. 
508. Sudip Malik IIT, Kanpur 
509. Monika CSR, Indore. 
510. Shusheel Patel DAVV,Indore 
511. Shailendra Patidar. IPS,Academy,Indore 
512. Niahe Sulani IIT,Banaras Hindu  

University. 
513. Chandra Bhan 

Chotia 
CSR, Indore. 

514. Susmita P. Rao VTU,MIT,Mysore 
515. Vivek Dwiz. CSR, Indore. 
516. Thomas Beb MG-University, 

Kottayam 
517. Yogesh Kumar CSR, Indore. 
518. Hrishikesh  

Shahane. 
SV-NIT,Surat 

519. Ria Neema Holkar Science College,DAVV, 
Indore 

520. Indu Rajput CSR, Indore. 
521. Vikash Sharkes CSR, Indore. 
522. Rudra Prasad 

Jana, 
CSR, Indore. 

523. Su Charita Gitam University, 
Vishakhapattanum 

524. Vishal Tandon Holkar Science,College, 
DAVV,Indore. 

525. Reenu Sagwan IIT,Roorke 
526. Shaswat Nigam Maharaja Ranjeet Singh College, 

DAVV,Indore 
527. Anita Chowdhari Govt.PG College,Dhar,DAVV, 

Indore 
528. Ravinder Chowdhari Kakatiya University 
529. Meenu Khan  Amity University,Jaipur 
530. Rinku Datkhile, Symbiosis Institute of 

Technology,Pune 
531. Garima Dukariya DBT,DAVV, Indore 
532. Shivani Khoware DAVV, Indore 
533. Vijay Sarode North Maharashtra University, 

Jalgaon. 
534. Nikita Vajpayee. SOP,DAVV, Indore 
535. Mehjabeen Khan SOP,DAVV,Indore 
536. Joyti Shukla SOP, DAVV, Indore 
537. Sachin Dev CUG, Gandhinagar. 
538. Rachana Sharma DOC,Vikram University, Ujjain 
539. Sheetal Sen. DOP, HolkarSci.College, 
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, DAVV, Indore 
540. Abhijeet Ramteke DOP, HolkarSci.College, 

,DAVV, Indore 
541. Deepali Shrivastave Pillai College of Enginnering, 

Panwel, 
Mumbai University. 

542. Shabanam Khan Swamidayan and College of 
Pharmacy, DAVV, Indore 

543. Deepika Geetkar SOC,DAVV, Indore 
544. Deva Sucharita. Geetam University, 

Vishakhapattanum 
545. Riya Neema DOP, Hooker Science College 

DAVV, Indore. 
546. Devashis Rathod School of Pharmacy, 

DAVV,Indore. 
547. Ekta Yadav. Swamidayanand College of 

Pharmacy, DAVV, Indore 
 

AIPES beamline Indus-1 

548. Yogesh Kumar C/o Dr. Abhinav 
Singh NIT Jalandhar 

549. Dr.S.D Singh RRCAT Indore 
550. Mr. Manglanand C/o Dr. S Jha BARC 
551. Gourav Sidharth  IIT Indore 
552. Dr.Ganeshan RRCAT Indore 
553. Prof. Patil P.P.N.M.V., telangana 
554. Dr.Farookh Islamic Univ. Srinagar 
555. Dr.Surjeet Sing IISER, Pune 
556. Ms. Priyanka Gupta C/o Dr. 

Vandana J. Lake View Univ. Bhopal 
557. Ms. Kiranjot RRCAT Indore 
558. Yashwanth H J REVA Univ. Bangalore 
559. Romita Chouhan C/o Dr. S Kane SOP  DAVV Indore 
560. Ms. Sudeshna IIT Indore 
561. Neetu KandaC/o Dr. Abhinav Singh NIT Jalandhar 
562. Rubby Mahajan C/o Dr. Ram 

Prakash SMVD University Katra 
563. Pooja Khajuriya  C/o Dr. Ram 

Prakash SMVD University Katra 
564. SaileshKalal C/o Dr. Mukul Gupta UGC-DAE CSR INDORE 
565. Rizulkumar RRCAT Indore 
566. Deepak Prajapati UGC-DAE CSR INDORE 
 

SXAS Beamline on Indus-2 

567. Aakansha Chodhary SOP, Davv 
568. Aloke Kanjilal Shiv Nadar University, New Delhi 
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569. Ajay Gupta AMITY, Noida 
570. Ajay Kumar IIT Delhi 
571. Ajay Kumar Saw MIT, Mysore 
572. Ananya Chatterjee Shiv Nadar University New Delhi 
573. Anju Alhwat RRCAT 
574. Anshu Singh GKV Haridwar 
575. Aruna Joshi SOP, Davv 
576. B.K. Shivaram JNCASR 
577. Beena Jain RRCAT, Indore 
578. Binay Sahoo IGCAR, Kalpakam 
579. Chetan Prakash Saini Shiv Nadar University, Noida 
580. Debmalya Roy  DMSRDE-Kanpur 
581. Devendar Pandey Barktullah University, Bhopal 
582. Dhurba Das IIT, Madras 
583. Dinachandra Singh BITS, Pilani 
584. Farouk Hussain AMU 
585. K.G. Suresh IIT Bombay 
586. Madhusmita Baral RRCAT, Indore 
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988. SupriyaPatade BA Uni Aurangabad 
989. Pooja SMVDV Katra 
990. Ruby SMVDV Katra 
991. Anuradha Gupta Holkar collage,Indore 
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992. NeeluChohan Kota 
993. Abdul AMU 
994. Premkumar SVN Tamil nadu 
995. Priyanka  Symbiosis institute,Pune 
996. Syamal Das Andaman  
997. Dr.Mohan kant NIT Nagpur 
998. Pragya Jain VikramUni Ujjain 
999. Ganesh MIT karnataka 
1000. Ritambara SOP,DAVV,Indore 
1001. Karthick IIT Indore 
1002. Ajay MIT Karnataka 
1003. Gitanjali VNIT Nagpur 
1004. Padmashree Osmania university,Telengana 
1005. Sanjay Thapar university patiala 
1006. Sanjay Pandit Ravishankar univ.CG 
1007. Balram Patidar Medicaps university Indore 
1008. Atul Tiwari Amity university 
1009. Shubadita C/O AKR S.N.Bose  
 

AFM/SPM 

1010. Ms. Jyoti Yadav  
C/o Dr. Rimpy Sukla 
 

ITS University  
Jaipur (RJ) 
 

1011. Mr. R. Prem kumar  
C/o Dr. Mathavan 
 

NMSS Vellaichamy Nadar College, 
Madurai (TN) 

1012. Mr. Savan K. Raj  
C/o Dr. Vaibhav Kulshreshtha  

CSIR-CSMCRI,  
Bhavnagar, Gujarat 

1013. Dr. Suman Mahendia  
 
 

Kurukshetra University, Kurukshetra (HR) 
 

1014. Ms. Susmita Chowdhury  
C/o Dr. Rachana Gupta  

IET-DAVV, Indore (MP) 
 

1015. Mr. Pankaj Kumar Das  
C/o Dr. Pravanjan Mallick  North Orissa University, Baripada, Odisha 

1016. Mr. P. Sivakumar  
C/o Dr. Y.L. Jeyachandran  
 

Dept. of Physics, Bharathiar University, 
Coimbator (TN) 

1017. Ms. Romita Chouhan  
C/o Prof. Pratima Sen  
 

School of Physics, DAVV, Indore (MP) 
 

1018. Mr. Sarang Dev 
C/o Dr. Neeti Tripathi Doon University, Dehradun (Uttarakhand) 

1019. Ms. Priyanka Mitra  
C/o Dr. R. N. Bhowmik  
 

Pondicherry University, Puducherry 
 

1020. Ajay Kumar Saw  
C/o Dr. Vijaylakshmi Dayal 

Maharaja Institute of Mysore, Mysore 
(Karnataka) 



457 | P a g e  
 

 
1021. Ms. Kalyani Dhabekar  

C/o Dr. K. Mohanty 
 

Dept. of Physics, VNIT, Nagpur (MS) 
 

1022. Dr. K. Sarvanakumar  
 
 

Kongunadu Art & Science College, 
Coimbatore (TN) 

1023. Dr. K. Mahalakshmi  
 

Providence college for women, Coonoor 
(TN) 

1024. Ms. Leelavati  
C/o Dr. Rajesh Kumar  
 

NIT, Hamirpur (HP) 
 
 

1025. Mr. Sudip Malick  
C/o Dr. Joyita Nayak  

IIT, Kanpur (UP) 
 

1026. Mr. Sachin Yadav  
C/o Dr. Sangeeta Sahoo 

CSIR, NPL, New Delhi  
 

1027. Ms. Shujala  
C/o Dr. Pratima Sen 
 

SOP, DAVV, Indore (MP) 
 

1028. Dr. Sanjay Ghosh 
 

KBC, NMU,  
Jalgaon (MS) 

1029. Mr. Sai Prasanna Kumar P. C/o Prof. 
R. Chandrasekar  University of Hyderabad, Hyderabad 

1030. Dr. Dontula Venkatesh  
C/o N. A. Shah Saurastra University, Rajkot (GJ) 

1031. Mr. Sachin Dev  
C/o Prof. Man Singh 
 

Central University of Gujrat, Gandhinagar 
(GT) 

1032. Ms. Bharavi Hirpara  
C/o Dr. Nikesh Shah  Saurastra University, Rajkot (GJ) 

1033. Ms. Sapana Solanki  
C/o Dr. Nikesh Shah  Saurastra University, Rajkot (GJ) 

1034. Mohd. Nadeem  
C/o Prof. Shakeel Khan  

AMU, Aligarh (UP) 
 

1035. Ms. Nazima Nazir  
C/o Prof. Mohd. Ikram  

NIT, Srinagar (J & K)  
 

1036. Ms. Anshu Singh  
C/o Dr. Richa Saini 
 

G.K.V. Haridwar, Uttrakhand 
 

1037. Ms. Shabeeba P.  
C/o Dr. Moh. Shahin Thayyil University of Calicut, Kerala 

1038. Ms. Shilpa Bhavsar  
C/o Prof. N. L. Singh  M. S. University, Baroda, Gujrat  

1039. Mr. Mahesh Waran  
C/o Prof. D. K. Kanchan 

The M. S. University of Baroda, Vadodara 
(GJ) 

1040. Mr. Bhargav Rayaguru  
C/o Dr. Piyush Solanki Saurastra University, Rajkot (GJ) 

1041. Mr. Jyoti Kaundal  
C/o Dr. Y. C. Goswami 

ITM University 
Gwalior (MP) 
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1042. Mr. Nehal H. Rathod  
C/o Dr. Vaibhav Kulshrestha  EMP, CSIR-CSMCRI, Bhanagar (GJ) 

1043. Mr. Yogesh Kumar  
C/o Dr. Anupam Sharma 
 

Dept. of physics, Manipal University, 
Jaipur (RJ) 

1044. Mr. Sangeeth K.  
C/o Dr. Ratnesh Gupta  

DAVV, Indore (MP) 
 

1045. Ms. K. Swetha  
C/o Dr. Y. Kalyana Lakshmi  Osmania University, Hyderabad  

1046. Ms. Aruna Joshi  
C/o Dr. Mandira Banerjee 

DAVV, Indore (MP) 
 

1047. Ms. Aakanksha Choudhary 
C/o Dr. Mandira Banerjee 

DAVV, Indore  
 

1048. Ms. Swati Nagar 
C/o Dr. Mandira Banerjee 

DAVV, Indore  
 

1049. Mr. Tahir Yaqoob  
C/o Dr. Mandira Banerjee  

DAVV, Indore  
 

1050. Ms. Praveena M.G.  
C/o Prof. M.R. Anantharaman  Cochin University of Sc. and Tech., Kerala  

1051. Mr. Ananya Sahoo  
C/o Prof. V. Rama Rao 
 
 

Siksha 'O' Thusandhan deemed to be Uni.,, 
Bhubaneswar (Odisha) 
 

1052. Mr. M. Manendar  
C/o Prof. CH. Gopal Reddy  Osmania University, Hyderabad (TS) 

 

1053. Dr.Shanmukh MaharajVijayaramGajapathi Raj College of 
Engineering, Andhra Pardesh 

1054. Dr.Sharath Chandra RRCAT, Indore 

1055. Mr. Shashikant, C/o Dr.Ratnesh 
Gupta 

DAVV , Indore 

1056. Ms. NishaShahi, C/o Dr. Sanjay 
Singh 

Indina Institute of Technology, BHU, Varanasi 

1057. Dr.Shwetha,, C/o. Dr. Anil 
Kumar 

Indian Institute of Sciences, Bangalore 

1058. Mr. Mithun, C/o. Prof. Anil 
Kumar 

Indian Institute of Sciences,  Bangalore 

1059. Mr. Shashi Ranjan, C/o 
Dr.Ratnesh Gupta 

DAVV Indore 

1060. Ms Jyoti, C/o Dr. Ajay Shukla National Physical Laboratory, New Delhi 

1061. Dr. Sanjay Singh Indina Institute of Technology, BHU, Varanasi 

1062. Mr Sangeth, C/0 Dr.Ratnesh 
Gupta 

DAVV Indore 
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1063. Ms Romita, C/o Dr.Pratima Sen DAVV Indore 

1064. Ms Himanshu, C/o Dr.Piyush 
Solanki 

Saurashra University, Gujrat 

1065. Dr.Shanmukh MaharajVijayaramGajapathi Raj College of 
Engineering, Andhra Pardesh 

 

RTA 

1066. Ananya Sahoo SOA University, Bhubaneswar 
1067. Anshu Singh GKV Haridwar 
1068. Devi Sharan University of Delhi 
1069. Pawan Kumar IIT, Indore 
1070. Prof. Ajay Gupta Amity University 
1071. Radhe Shyam MNIT Jaipur 
1072. Reenu IIT Roorkee, UP 
1073. Sudip Malick IIT Kanpur 
1074. Sushil Bhavsar North Maharashtra Univ.,Jalgaon 
1075. Susmita Chowdhary IET, DAVV, Indore 
1076. Umesh Gaur IPR Gandhinagar 
 

HV-Thermal Annealing (HV-TA) system (since Aug. 2019 ) 

1077. Yasmin Jafri Amity University 
1078. Azra Haroom AMU, Aligarh 
1079. Devisharan University of Delhi 
1080. Shyamlal SRM University 
1081. Sudip Mallick IIT, Kanpur 
1082. Jagrati Dwivedi SOP DAVV, Indore 
1083. V. Saraswathi CIT Coimbatore 
 

Laser Scanning confocal Optical microscope 
 
1084. Dr.Akhilesh Vajpayee PIMS,Loni 
1085. Dr.Aparna Palekar Rural Dental college,Ahmednagar 
1086. Dr. Monica Jain MRSCPS, Indore 
1087. Dr.Mainak Kanti Saha CDSH,Rau, Indore 
 

16T PPMS 
 

1088. Himanshu Dadhich/Piyush Solanki Saurashtra University Rajkot 
 

Utilisation of 16T/0.1K system 
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1089. Mr.Sudipto Banerjee, 
Prof.A.K.Raychaudhuri 

SNBNCBS, Kolkatta 

1090. Mrs.Swati Pandya 
Dr.R.Rawat/Dr.V.Siruguri 

CSR, Indore/Mumbai 

1091. Mr.Apurba Dutta 
Prof.Indranil Das 

SINP, Kolkatta 

1092. Dr.SangeetaSahoo NPL,N.Delhi 
1093. Mrs.PampiSaha CSR, Indore 
1094. Mr.Sudip Pal CSR, Indore 
 

12.2  Kolkata Centre 

High Magnetic Field (15 Tesla) 
 

SL NO NAME OF USER AFFILIATION 
01 Manjil Das 

c/o Prof Subham Majumdar 
IACS, Kolkata 

02 Bidyut Sarkar 
c/o Dr Sudipta Pal 

Kalyani University 

03 Rinku Sarkar 
c/o Dr Sudipta Pal 

Kalyani University 

04 Anupam Banerjee 
c/o Prof Subham Majumdar 

IACS Kolkata 

05 Pintu Singh 
c/o Dr Aritra Banerjee 

University of Calcutta 

06 Nabakumar Rana 
c/o Dr Aritra Banerjee 

University of Calcutta 

07 Subarna Das 
c/o Dr Aritra Banerjee 

University of Calcutta 

08 SuchandraMukhi 
c/o Dr Aritra Banerjee 

University of Calcutta 

09 Debasmita Chakra borty 
c/o Dr Yatramohan Jana 

Kalyani University 

10 Anwesha Biswas 
c/o Dr Yatramohan Jana 

Kalyani University 

11 TnishitModak 
c/o Dr Yatramohan Jana 

Kalyani University 

12 Saikat Nandi 
c/o Dr Yatramohan Jana 

Kalyani University 

13 Dr Bapa Sona Kar PansuoraBanamali college 
14 M Islam 

c/o Dr Arindam Karmakar 
Surya Sen Mahabidyalaya, Silliguri 

15 Abhishak Thakur 
c/o Dr ShamimaHussian 

UGC-DAE CSR, Kalpakkam Node 

16 Siddhartha Dam 
c/o Dr ShamimaHussian 

UGC-DAE CSR, Kalpakkam Node 

17 Raktim Dutta 
c/o Prof S K De 

IACS Kolkata  

18 Souvik Das University of Burdwan 
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c/o Dr P K Chakraborty 
19 SukhenduSadhukhan 

c/o Dr P K Chakra borty 
University of Burdwan 

20 Dr Samrat Mukherjee NIT Patna 
21 Snehashish Chatterjee 

c/o Prof Subham Majumdar 
IACS Kolkata 

22 Suman Mondal 
c/o Prof Subham Majumdar 

IACS Kolkata 

23 SuchandraGowsami 
c/o Dr Debajyoti De 

The Neotia University 

24 Debasish Aich 
c/o Dr TapanenduKamilya 

Narajole Raj College 

25 Dr MadhumitaDalal B N Mahabidyalaya, Hooghly 
26 Dr Prabir Datta J N Centre For Advanced scientific 

Research, Bangalore 
27 Dr Kalyanashis De The Neotia University 

 
High Magnetic Field (SQUID) 

 
28.  Sourav Kanthal 

c/o Dr SudiptaBandopadhyay 
University of Calcutta 

29.  Pintu Singha 
Dr Aritra Banerjee 

University of Calcutta 

30.  Jashandeep Singh 
c/o Dr Ashok Kumar 

NIT Kurukhatra 

31.  Dr Arindam Karmakar Surya Sen Mahavidyalaya, 
Jalpaiguri 

32.  Dr Samrat Mukherjee NIT Patna 
33.  Yasin Sikdar 

c/o Dr SanchitaGowsami 
University of Calcutta 

34.  Debasish Aich 
c/o Dr TapanenduKamilya 

Narajole Raj College 

35.  Anudeepa Ghosh 
c/o Dr Subhadeep Datta  

IACS Kolkata 

36.  Krishna Sundar Das 
c/o Raju Mondal 

IACS Kolkata 

37.  Tanmoya Kumar Ghosh 
c/o Prof Ashutosh Ghosh 

University of Calcutta 

38.  Sabarni Dutta 
c/o Prof Ashutosh Ghosh 

University of Calcutta 

39.  Anup Debnath 
c/o Prof Shyomal K Saha 

IACS Kolkata 

40.  Sanghamitra Baidya 
c/o Dr Subhadeep Datta  

IACS Kolkata 

41.  Raktim Datta 
c/o Prof S K De 

IACS Kolkata 

42.  Tanmoy Chakraborty 
c/o Dr S Sutradhar 

Amity University , Kolkata 

43.  PapiyaSaha Amity University , Kolkata 



462 | P a g e  
 

Dr. SoumyadityaSutradhar 
44.  Dr Lija K. Joy Bishop more College 
45.  MsRosmi Jose St Barchans College 
46.  Anup Choudhary 

c/o Dr NayanmoniGogoi 
Tezpur University 

47.  Gayatri Mondal 
c/o Dr Makhanlal Nanda Go swami 

Midnapur Coiiege 

48.  Subrna Das 
c/o Dr Aritra Banerjee 

University of Calcutta 

49.  Irshad Ahmed 
c/o Dr P N Sarun 

IIT(ISM) Dhanbad 

50.  P Sivaprakash 
c/o Dr S Arumugam 

Bharathidarshan University 

51.  Subrata Ghosh 
c/o Prof Kalyan  Mondal 

S N Bose National Centre for 
Basic science 

52.  Prosenjit Sarkar 
c/o Prof Chandan Mukherjee  

IIT Guwahati 

53.  Reena Goyal 
c/o Prof T Setti 

S N Bose National Centre for 
Basic science 

54.  SubhamPurwan 
c/o Prof T Setti 

S N Bose National Centre for 
Basic science 

55.  Ayana 
c/o Prof T Setti 

S N Bose National Centre for 
Basic science 

56.  Souvik Das 
c/o Pabitra K Chakraborty 

Burdwan University 

57.  DhandiCharan Dey 
c/o Pabitra K Chakraborty 

Burdwan University 

58.  Mintudebnath 
c/o Dr Sudipta Pal 

Kalyani University 

 
Pelletizer  

 
59.  M Islam 

c/o Dr AriandamKarmakar 
Surya Sen College 

60.  Dr L Dhal Dum Dum Motijheel College 
 
ARC Furnace 

 
61.  Snehashish Chatterjee 

c/o Prof Subham Majumdar 
IACS Kolkata 

62.  Dr Swarup Neogi ADAMAS university 
63.  Suman 

c/o Dr Kartik Mallick 
Vidyasagar Metropolitan 
college 

 
XRD  

 
64.  Dr Sidharth Sankar Ram IOP , Bhubaneswar 
65.  Anirban Mukherjee 

c/o Dr KajariaKargupta 
Jadavpur University 
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66.  Dr Kalyanashis De The Neotia University 
67.  Shibsankar Dutta 

c/o Dr Sukanta De 
Presidency University 

68.  Soumili Sahoo 
c/o Dr Sukanta De 

Presidency University 

69.  Siddhartha Dam 
c/o Dr Shamima Hussain 

UGC-DAE CSR, Kalpakkam 
Node 

70.  Abhishek Thakur 
C/o Dr Shamima Hussain 

UGC-DAE CSR, Kalpakkam 
Node 

71.  Rahul M.T. 
C/o Dr Raneesh B 

Dept .of Physics , Catholicate 
College, Pathanamthitta , Kerala 

72.  TanusreePanigrahi 
 

Gitam University 

73.  BarnaliGhatak 
c/o Dr RajibBandopadhyay 

Jadavpur University 

74.  Shreya Nag 
c/o ProfRunu Banerjee Roy, 

Jadavpur University 

75.  SuchandraGowsami 
c/o Dr Debjyoti De 

The Neotia University 

76.  M Islam 
c/o Dr Arindam Karmakar 

Surya Sen Mahavidyalaya, 
Jalpaiguri 

77.  Rinku Sarkar 
c/o Dr Sudipta Pal 

Kalyani University 

78.  Gouravmondal 
(C/o Dr Abhijit Saha , Summer 
project) 

UGC-DAE CSR, Kolkata 
Centre 

79.  Dr Subhajit Sarkar West Bengal State University 
80.  SoumikKumar  Kundu 

c/o Dr G S Taki 
Institute of Engineering & 
Management, Kolkata 

81.  SamitKarmakar 
c/o Dr G S Taki 

Institute of Engineering & 
Management, Kolkata 

82.  Dr Anindita Chatterjee  Raghu Engineering College (A) 
83.  Anima Sunil Dadich Gitam University 
84.  Rohit Barman  

c/o Dr Abhijit Saha 
Haldia Institute of Technology, 
Haldia 

85.  Dr Debashish Sarkar University of Calcutta 
86.  DrPrasanthaKarmakar VECC, Kolkata 

 
Box Furnace  

 
SL NO NAME OF USERS AFFILIATION 

87.  Sourav Kanthal 
c/o Dr SudiptaBandopadhyay 

University of Calcutta 

88.  Suman Mondal 
c/o Prof Subham Majumdar 

IACS Kolkata 

89.  Bhaskar Biswas 
c/o Dr Sudipta Pal 

Kalyani University 

90.  Rinku Sarkar 
c/o Dr Sudipta Pal 

Kalyani University 
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91.  Dr Arindam Karmakar Surya Sen Mahavidyalaya, 
Jalpaiguri 

92.  Bidyut Sarkar 
c/o Dr Sudipta Pal 

Kalyani University 

93.  Manjil Das 
c/o Prof Subham Majumdar 

IACS Kolkata 

 
 
 

CCR- 4K  
 

94.  Abhishak Thakur 
c/o Dr ShamimaHussian 

UGC DAE CSR, Kalpakkam  
Node 

95.  Siddhartha Dam 
c/o Dr ShamimaHussian 

UGC DAE CSR, Kalpakkam  
Node 

96.  Anupam Banerjee 
c/o Prof Shubham Majumdar 

IACS Kolkata 

97.  Swarup Sutar 
c/o Dr Maller Roy 

IIEST Shibpur 

98.  DebasmitaKarmakar 
c/o Dr Maller Roy 

IIEST Shibpur 

 
Gamma Irradiation Facility 
 
 

99.  Sri.Pritam Singh,  Dr. Kamalika Sen Calcutta University 
100.  Sri. Hemanga Jyoti Sarmah, Dr. D. Mohanta Tezpur University 
101.  Ms. Debasree Das,  Dr. Kamalika Sen Calcutta University 
102.  Ms. Promita Nandy, Prof. Sourabh Das Jadavpur University 
103.  Ms. Alivia Mukherjee, Prof. Sourabh Das Jadavpur University 
104.  Shri. Abhishek Maity, Dr. Barnali Ghosh (Saha) S. N. Bose National Centre 

for Basic Sciences 
105.  Sri Jit Karmakar, Prof. Sourabh Das Jadavpur University 
106.  Shri. Tatan Gope  Dr. G. Parmesh, Sri Satya Sai Institute of 

Higher Learning 
107.  Shri Anirban Choudhuri, Dr. Subarna 

Bhattacharyya 
Jadavpur University 

108.  Ms. Shalmali Basu,,  Dr. Kamalika Sen Calcutta University 
109.  Sri Chiranjit Pradhan, Prof. Sourabh Das Jadavpur University 
110.  Sri. Amitava Biswas, Prof. Sourabh Das Jadavpur University 
111.  Shri. Shreyan Ghosh, Dr. R.N. Jana Haldia Institute of 

Technology 
112.  Shri. Ganesh Das, Dr. S. Chattopadhaya Variable Energy Cyclotron 

Centre 
113.  Sharmi Mukherjee, Dr. A. Chakraborty UGC-DAE, CSR, Kolkata 

Centre 
114.  Dr. Vinod Singh Negi Variable Energy Cyclotron 

Centre 
115.  Shri. Rohit Barman, Dr. R.N. Jana Haldia Institute of 
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Technology 
116.  Shri. Asim Debnath, Prof. Pradip K Mondal  University of North Bengal 
117.  Shri T. K. Das Calcutta University 
118.  Shri Debarghya Goswami, Prof. Pradip Kumar 

Mondal 
University of North Bengal 

119.  Shri. Arghajit Biswas, Dr. C. Saha Maulana Abul Kalam Azad 
University of Technology 

120.  Shri Uttam Das, Dr. Subir Kumar Das Kalyani Medical College 
121.  Ms. Anindita Dutta., Dr/ A Chakraborty UGC-DAE, CSR, 

KolkataCentre 
122.  Shri Monojit Sarkar, Prof. Swati De University of Kalyani 
123.  Prof. M. Sarat Chandra Babu Gitam University 
124.  Shri Mukesh Kumar, Dr. S.S. Ghugre UGC-DAE, CSR, Kolkata 

Centre 
125.  Shri Indranil Choudhury, Dr. Nandan 

Bhattacharyya 
Panskura Banamali College 

 
 
UV-VIS NIR Spectrophotometer  
 

126.  Ms. Ruchismita Mondal, Dr. K.  Banerjee Variable Energy Cyclotron 
Centre 

127.  Shri. Rohit Barman, Dr. R Jana 
 

Haldia Institute of 
Technology 

128.  Dr. Debasmita Ghosh, Prof. S. C. Bhattacharya Jadavpur University 
129.  Shri. Debashish Majumdar, Dr. C. Saha Maulana Abul Kalam Azad 

University of Technology 
130.  Shri. Shreyan Ghosh, Dr. R. Jana Haldia Institute of 

Technology 
131.  Shri. Gaurav Mondal, Dr. Anindita Chatterjee Raghu Engineering College, 

Vishakapatnam 
132.  Shri. T. K. Das Calcutta University 
133.  Ms. S. Roy Jadavpur University 
134.  Shri. Arghajit Biswas, Dr. C. Saha  
135.  Ms. S. Kundu Calcutta University 
136.  Dr. Rajib Bandhopadhyay  Jadavpur University 
137.  Shri. Sidhartha Dam, Dr. Shamima Husain UGC-DAE, CSR, 

Kalpakkam Centre 
138.  Dr. Lopamudra Bhattacharjee Amity University Kolkata 

 
Luminescence Spectrometer 
 
 

139. Sri. Deepak Bhoumik, Dr. Prasanta Karmakar,  Variable Energy Cyclotron 
Centre 

140. Dr. Mallar Ray Indian Institute of 
Engineering Science and 
Technology, Shibpur (IIEST) 

141. Shri. Aftab Ansari,  Dr. D. Mohanta Tezpur University 
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142. Shri. Abu Bakar Siddique Indian Institute of 
Engineering Science and 
Technology, Shibpur (IIEST) 

143. Shri. T. K. Das Calcutta University 
144. Dr. Debasmita Ghosh, Prof. S. C. Bhattacharya Jadavpur University 
145. Shri. Chandra N Roy 

 
Calcutta University 

146. Sri.Pritam Singh,  Dr. Kamalika Sen Calcutta University 
147. Dr. Amiya Priyam Central University of Bihar, 

Gaya 
148. Shri Argha Das, Dr. C. Saha Maulana Abul Kalam Azad 

University of Technology 
149. Shri. Sidhartha Dam, Dr. Shamima Husain UGC-DAE, CSR, Kalpakkam 

Centre 
150. Sri. Hemanga Jyoti Sarmah, Dr. D. Mohanta Tezpur University 
151. Shri. Rohit Barman 

 
Haldia Institute of 
Technology 

152. Shri. Debashish Majumdar Maulana Abul Kalam Azad 
University of Technology 

153. Shri. Shreyan Ghosh, Dr. R Jana  Haldia Institute of 
Technology 

154. Shri. Arghajit Biswas, Dr. C Saha Maulana Abul Kalam Azad 
University of Technology 

155. Shri. Gaurav Mandal, Dr. Anindita Chatterjee  Raghu Engineering College, 
Vishakapatnam 

156. Prof. M. Sarat Chandra Babu Gitam University 
157. Dr. Veema Reddy Gitam University 
158. Dr. Ashoke Mondal Jadavpur University 
159. Ms. Swatilekha Roy Jadavpur University 
160. Prof. Sabyasachi Chakraborty SRM University, Amravati  

 
 
Fourier Transform Infra-red Spectrometer 
 
 

161.  Shri. Sidhartha Dam,  Dr. Shamima Husain UGC-DAE CSR, Kalpakkam 
Centre 

162.  Ms. Sana Javid, Dr. Soumyaditya Sutradhar,  Amity University Kolkata 
163.  Ms. Mousumi Deb, Himarati Mondal  Government College of 

Engineering & Leather 
Technology 

164.  Shri. Rohit Barman 
 

Haldia Institute of 
Technology 

165.  Shri. Abhishek Thakur, Dr. Shamima Husain UGC-DAE CSR, Kalpakkam 
Centre 

166.  Shri. Shreyan Ghosh Haldia Institute of 
Technology 

167.  Shri. Anirban Mukherjee, Prof. Kajari Kargupta Jadavpur University 
168.  Arghajit Biswas, Dr. Chabita Saha Maulana Abul Kalam Azad 
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University of Technology  
169.  Shri. Gaurav Mondal, Dr. Anindita Chatterjee  Raghu Engineering College, 

Vishakapatnam 
170.  Dr. Amiya Priyam Central University of South 

Bihar, Gaya 
171.  Shri. T. K Das Calcutta University 
172.  Dr. Debasmita Ghosh, Prof. S. C. Bhattacharya Jadavpur University 
173.  Shri. Chandra Nath Roy 

 
Calcutta University 

174.  Ms. R. Mondal Saha and Dr. K. Banerjee  Variable Energy Cyclotron 
Centre 

 
 
Dynamic Light Scattering 
 

175.  Ms. Zarina Ansari, Dr. Kamalika Sen Calcutta University 
176.  Shri. Arko Chatterjee, Prof. Samir Kumar Pal S. N. Bose National Centre 

for Basic Science 
177.  Shri Sumanta Kumar Ghatak, Dr. Pabitra 

Chattopadhyay  
Burdwan University 

178.  Shri. Amita Dhara, Shri. Souvik Mondal, Dr. C. 
Saha 

Maulana Abul Kalam Azad 
University of Technology, 
West Bengal 

179.  Shri. Arnab Sarkar, Dr. Pabitra Chattopadhyay Burdwan University 
180.  Shri. Arghajit Biswas, Dr. C. Saha Maulana Abul Kalam Azad 

University of Technology,  
181.  Shri. Shreyan Ghosh, Dr. R. Jana Haldia Institute of 

Technology 
182.  Ms. Asmita Das, Dr. C. Saha Maulana Abul Kalam Azad 

University of Technology 
183.  Shri. Rohit Barman 

 
Haldia Institute of 
Technology 

184.  Shri. T K Das Calcutta University 
185.  Shri. Gaurav Mondal, Dr. Anindita Chatterjee Raghu Engineering College, 

Vishakapatnam 
186.  Shri. Debashish Majumdar, Dr. C. Saha Maulana Abul Kalam Azad 

University of Technology, 
187.  Dr. Arunangsu Banerjee West Bengal State University 
188.  Ms. Swatilekha Roy Jadavpur University 
189.  Dr. Rajib Bandhopadhyay  Jadavpur University 
190.  Shri. S. Karmakar Calcutta University 
191.  Dr. Debasmita Ghosh, Prof. S. C. Bhattacharya Jadavpur University 

 
 
Laser Raman Spectrometer 
 

192.  Sri. Argha Das,  Dr. C. Saha Maulana Abul Kalam Azad 
University of Technology 

193.  Shri. Gaurav Mondal, Dr. Anindita Chatterjee Raghu Engineering College, 
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Vishakapatnam 
194.  Ms. Ashmita Das, Dr. C. Saha  Maulana Abul Kalam Azad 

University of Technology 
195.  Ms. Debosmita Ghosh, Prof. S.C. Bhattacharyya Jadavpur University 
196.  Shri. Chandra N Roy Calcutta University 
197.  Ms. S Maiti Calcutta University 
198.  Shri. Samit Karmakar, Dr. S. K. Bandyophyay Institute of Engineering and 

Management 
 

Isothermal Micro-Calorimeter 

199.  Ms. Dipti Singharoy,   Jadavpur University 
200.  Prof. S.C. Bhattacharyya Jadavpur University 
201.  Arghajit Biswas, Dr. C. Saha Maulana Abul Kalam Azad 

University of Technology 
202.  Shri. S Karmakar Calcutta University 
203.  Shri. Tushar Kanti Das UGC-DAE, CSR, Kolkata 
204.  Shri. Aftab Ansari, Dr. D. Mohanta Tezpur University 

 
 
Time Correlated Single Photon Counting 
 

205.  Prof. Debashish Das Burdwan University 
206.  Sri. Dulal Murib, Dr. Mithun Roy NIT Manipur 
207.  Ms. Anindita Delia Saha Institute of Nuclear 

Physics  
208.  Shri. Aftab Ansari, Dr. D. Mohanta Tezpur University 
209.  Arghajit Biswas, Dr. C. Saha Maulana Abul Kalam Azad 

University of Technology 
210.  Shri. S Karmakar Calcutta University 
211.  Shri. Tushar Kanti Das Calcutta University 
212.  Dr. Mallar Ray, Sri. Abu Bakar Indian Institute of 

Engineering Science and 
Technology, Shibpur 

213.  Shri. Abhishek Maity, Dr. Barnali Ghosh (Saha) S. N. Bose National Centre 
for Basic Sciences 

214.  Shri. Deepak Bhoumik Variable Energy Cvclotron 
Centre 

215.  Shri Hemanga Jyoti Sarmah, Dr. D. Mohanta Tezpur University 
216.  Shri Joy Mukherjee Variable Energy Cvclotron 

Centre 
217.  Prof. Sabyasachi Chakraborty SRM University, Amravati  
218.  Ms. Madhurima Chakraborty Jadavpur University 

 
EDXRF 

219.  Tethi Biswas Tripura University 
220.  MandakiniGogoi Tripura University 
221.  Pallab Show VishwaBharati  University 
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222.  ParitoshMondal VishwaBharati  University 
223.  Aditya Benerjee St. Xavier's College Kolkata 
224.  MadhuraGhoke PatilUniversith 
225.  Kajal Singh PatilUniversith 
226.  DipannitaBhattacharjee Tripura University 
227.  ParitoshMondal VishwaBharati  University 
228.  Amit kumarDey BurdwanUniversity 
229.  Shuvam Banerjee Calcutta University 
230.  Dr. Shidharth S Ram AIPH University Bhubaneswar 
231.  Shilpa D The National College 
232.  SathaNarayana P The National College 
233.  Sai Sruthi Shree K K Sri Sathya Sai Institute Of 

Higher Learning 
234.  A Ram Sailesh Gitam University 

Freeze Dryer 
235.  Santanusamanta St. Xavier's College Kolkata 
236.  Pallab Show VishwaBharati  University 
237.  ParitoshMondal VishwaBharati  University 
238.  Pinki Khan Calcutta University 
239.  TanushreePanigrahi Gitam University 
240.  Amit kumarDey BurdwanUniversity 
241.  Shuvam Banerjee Calcutta University 
242.  Shilpa D The National College 
243.  Satha Narayana P The National College 

Pelletiser 
244.  Ankur Singh St. Xavier's College Kolkata 
245.  SudipKarmokar UGC DAE CSR (KC) 
246.  Shrayan Ghosh UGC DAE CSR (KC) 
247.  Rohit Barman UGC DAE CSR (KC) 
248.  Tethi Biswas Tripura University 
249.  Sumit Manna Calcutta University 
250.  MandakiniGogoi Tripura University 
251.  Pallab Show VishwaBharati  University 
252.  ParitoshMondal VishwaBharati  University 
253.  Aditya Benerjee St. Xavier's College Kolkata 
254.  MadhuraGhoke PatilUniversith 
255.  Kajal Singh PatilUniversith 
256.  DipannitaBhattacharjee Tripura University 
257.  ParitoshMondal VishwaBharati  University 
258.  Amit kumarDey BurdwanUniversity 
259.  Shuvam Banerjee Calcutta University 
260.  Dr. Shidharth S Ram AIPH University Bhubaneswar 
261.  Shilpa D The National College 
262.  Satha Narayana P The National College 
263.  Sai Sruthi Shree K K Sri Sathya Sai Institute Of 

Higher Learning 
264.  A Ram Sailesh Gitam University 
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Flow cytometer 
 

265.  Ujjal Das University of Calcutta 
266.  SamratSaha University of Calcutta 
267.  Saswata Chakraborty University of Calcutta 
268.  Sharmi Mukherjee UGC-DAE CSR 
269.  Anindita Dutta UGC-DAE CSR 

 
 
UV-Visible Spectrophotometer 
 

270.  Shamayita University of Calcutta 
271.  TanushreePanigrahi GITAM University 

 
 
Cell / Tissue Culture Facilities/ (CO2 incubator, Bio-safety cabinet, Inverted 
microscope, Cell counter, Autoclave and Waterbath) 
 

272.  Ujjal Das University of Calcutta 
273.  SamratSaha University of Calcutta 
274.  Saswata Chakraborty University of Calcutta 
275.  Sharmi Mukherjee UGC-DAE CSR 
276.  Anindita Dutta UGC-DAE CSR 

 
Centrifuges /Sonicator/deep freezers 

277.  Ujjal Das University of Calcutta 
278.  SamratSaha University of Calcutta 
279.  Saswata Chakraborty University of Calcutta 
280.  Sharmi Mukherjee UGC-DAE CSR 
281.  Anindita Dutta UGC-DAE CSR 
282.  ShamayitaBanerjeee University of Calcutta 
283.  TanushreePanigrahi GITAM University 

 
 

Detector Laboratory& Computational facility 
 

284.  Dr. T R Routray Sambalpur University 
285.  Dr. Sanjay Kumar Jadavpur University. 
286.  Dr. Dharmendra Singh Central University of Jharkhand 
287.  Shri Parag De Jadavpur University 
288.  Dr Amitava Gupta Jadavpur University 
289.  Shri Shakti Shankar Panigrahi, Sambalpur University 
290.  Shri S A Dar HBNI 
291.  Dr Subendu Rajbanshi Presidency University 
292.  MrRanabirBanik HBNI 
293.  MrSomenNandy HBNI 
294.  Dr Tumpa Bhattacharjee VECC 
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295.  Dr Soumik Bhattacharya VECC 
296.  Dr Sudatta Ray University 
297.  Dr. Pradip Dutta Ananda Mohan College 
298.  Dr H Pai SINP 
299.  Ms P Ray SINP 
300.  MsAninditaKarmakar SINP 
301.  Mr K Mandal Visva Bharati 
302.  Dr S DasGupta Victoria Institute 
303.  Ms S Sharma SINP 
304.  Mr Saket Suman CBS 
305.  Dr. Ananya Kundu HBNI 
306.  Dr Gopal Mukherjee VECC 
307.  Dr R Chakrabarti University of Mumbai 
308.  Dr Somsundar Mukhopadhyay NPD, BARC 
309.  Mr Shabir Dar VECC 
310.  Mr A Adhikari IIEST 
311.  MrUmakantLamani IIT Mumbai 
312.  Ms Anwesha Basu IIT Kharagpur 
313.  Ms. Atreyee Dey IIT Kharagpur 
314.  Dr S Muralithar IUAC 
315.  MsAnupriya Sharma Himachal Pradesh University 
316.  Dr S Santra NPD, BARC 
317.  MsTiyasa Mishra Bethune College 
318.  Ms Arna Sikdar Bethune College 
319.  MsDebdatta Banerjee Bethune College 
320.  MsSrijita Chakraborty Bethune College 
321.  Ms Rina Mondal Bethune College 
322.  Ms Shalini Maji Bethune College 

Teaching Resources  
323.  Shri. Rohan Lal Kshetry Jadavpur University 
324.  Shri. Anjan Nandi Jadavpur University 
325.  Shri. Ankit Ghosh Jadavpur University 
326.  Shri. Joydeep Chakraborty Jadavpur University 
327.  Shri. Debasish Panigrahi Jadavpur University 
328.  Shri. Deepayan Kar Jadavpur University 
329.  Shri. Sovan Dutta Jadavpur University 
330.  Ms. Sangeeta Kundu Jadavpur University 
331.  Shri. Saibal Chakraborty Jadavpur University 
332.  Sri. SajanSaha Jadavpur University 
333.  Shri. Sandip China Jadavpur University 
334.  Shri. SudiptaSaha Jadavpur University 
335.  Md. Habib Ahsan University of Calcutta 
336.  Shri. Sishir Jana University of Calcutta 
337.  Ms. PurbaliSaha University of Calcutta 
338.  Ms. Aayushi Paul University of Calcutta 
339.  Ms. Debaroti Chakraborty University of Calcutta 
340.  Ms. Nilasha Ghosh University of Calcutta 
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341.  Shri. Sayantan Roy University of Calcutta 
342.  Shri. SaikatAuddya University of Calcutta 
343.  Shri. Sudipto Barman University of Calcutta 
344.  Shri. Samarpan Das University of Calcutta 
345.  Shri. Kuntal Halder University of Calcutta 
346.  Shri Shakti Shankar Panigrahi, Sambalpur University 
347.  Shri Subhendu Kumar Meher Sambalpur University 
348.  Shri Suraj Kumar Pradhan Sambalpur University 
349.  Ms K. Maduri Sambalpur University 
350.  Shri Santanu Kumar Padhihari Sambalpur University 
351.  Ms Parveen Bano Sambalpur University 
352.  Shri Torish Kumar Kalo Sambalpur University 
353.  Shri Nilakantha Pradhan Sambalpur University 
354.  Ms Monica Pradhan Sambalpur University 
355.  Gajendra Kalo Sambalpur University 
356.  MsDivyaSoreng Sambalpur University 
357.  Shri Chandra Sekhar Panda Sambalpur University 
358.  Shri Braja Mohan Jerai Sambalpur University 
359.  Ms Asha Panda Sambalpur University 
360.  Anitya Suman Sahu Sambalpur University 

INGA@ VECC Users 
361.  Dr Soumik Bhattacharya VECC 
362.  Shri Devesh Kumar VECC 
363.  Ms Shefali Basak VECC 
364.  Shri Piyush Pallav Victoria Institution (College) 
365.  Dr Maitryee Nandi SINP 
366.  Ms Sneha Das VECC 
367.  Dr Tumpa Bhattacharjee VECC 
368.  Dr Sarmistha Bhattacharjee VECC 
369.  Dr Gopal Mukherjee VECC 
370.  Shri Ranabirbanik IIEM 
371.  Shri SafikulAlam   
372.  Prof U Pramanik SINP 
373.  Dr S DasGupta Victoria Institute 
374.  Shri Soumen Nandi HBNI 
375.  Dr Sudatta Ray University 
376.  Shri Shabir Dar HBNI 
377.  Shri SaptansakBasu HBNI 
378.  Dr Indrani Ray SINP 

 

12.3 Kalpakkam Node 

Sl.No Name of 
Student/Scientist 

University /College/Institution 
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FESEM 
1. Dr.B.Srinatha R V College of Engineering, Bangalore 
2. Dr. S.O Manjunatha Ramaiah University of Applied Sciences, Bangalore 
3. Mr. A P Shameem Kalaslingam Univeristy, Krishnankoil 
4 Mr. M Avinash University of Madras 
5 Mr. Kamalanathan University of Madras 
6 Mr. Bodhoday 

Mukherjee 
UGC-DAE CSR, Indore 

7 Ms. Monika Saxena UGC-DAE CSR,Indore 
8 Mr. Tarachand Patel UGC-DAE CSR, Indore 
9 Ms. Shrabani Patra Pondicherry University 
10 Diksha Nagpal NIT Kurukshetra 
11. Prof.Shameem Bano  B.S Abdur Rahman Institute of technology  
12 Dr. Saikat  MIT  Jaipur 
13 Dr. Sajan  Kerala University 

14 Ms Ashika Salma BSAU, Vandalur 

15 Dr. P Kathirvel PSG College, Coimbatore 

16 Mr. K. Karthick PSG College, Coimbatore 
17 Ms Athira Bishop Moore College, Mavelikkara 

18 Ms Rosemy Bishop Moore College, Mavelikkara 
19 Dr. Lisa K Joy Bishop Moore College, Mavelikkara 
20  Dr. D. Sajan  Bishop Moore College, Mavelikkara 

21 Ms. B. Prajna Mangalore University, Mangaluru 

22  Ms R. Revathy Bishop Moore College, Mavelikkara 
23 Mr Chanderbhan Chotia UGC-DAE CSR, Indore 
24 M. Jarvin American College, Coimbatore 

25 Dr. Stephen Inbanathan American College, coimbatore 
26 P. Anilkumar NIT,Warangal 
27  V. Vetrivendan IGCAR, Kalpakkam 
28 Mr. V K Gobinath Kongu Engineering College 
29 Mr. Vaibhav Amity University, Noida 
30 Ms V Suganya University of Madras 
31 Mr. Abhinav Das Hindustan College of Engineering, Chennai 
Raman 

32.  Satyajit Jena North Orissa University,Takatpur, Baripada, Odisha 
33.  A P Shameem Kalaslingam Univeristy 
34.  M Avinash Univeristy of Madras 
35.  Kamalanathan Univeristy of Madras 
36.  Mr Subhajit Rout NIT, Rourkela 
37.  Dr. Saikat  MIT jaipur 
38.  Dr. Sajan  Kerala University 
39.  Mr. M. Jarvin American College, Coimbatore 
40.  Dr. Stephen Inbanathan American College, coimbatore 
41.  Dr. Lisa K Joy Bishop Moore College, Mavelikkara 
42.  Dr. D. Sajan  Bishop Moore College, Mavelikkara 
43.  Ms. B. Prajna Mangalore UniversityMangaluru 
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12.4 Mumbai Centre 
 
FCD Neutron Diffractometer 

S.N. User Name Affiliation 
1.  Prof. S. Patnaik JNU, New Delhi 
2.  Dr. D. Pandey IIT-BHU 
3.  Dr. Radha S Mumbai University, Mumbai 
4.  Dr. P. P. Jana IIT-Kharagpur 
5.  Dr. A. Dixit IIT-Jodhpur 
6.  Dr. J. P. Borah NIT-Nagaland, Dimapur 
7.  Dr. Sugata Ray IACS, Kolkata 
8.  Dr. G. Turpu Guru Ghasidas University, Bilaspur 
9.  Dr. Parnika Das VECC, Kolkata 
10.  Dr. D. Sajan Bishop Moore College, Kerala 
11.  Dr. R. N. Bhowmik Pondicherry University, Puducherry 
12.  Dr. A. V. Mahajan IIT-Bombay, Mumbai 
13.  Dr. V. Polshettiwar TIFR, Mumbai 
14.  Dr. B. Sattibabu GITAM, Vishakhapatnam 
15.  Dr. S. Ghosh JNU, New Delhi 
16.  Dr. S. D. Tiwari Thapar University, Patiala 
17.  Dr. M. Daivajna MIT, Manipal University – MAHE, Manipal 
18.  Dr. S. C. Peter JNCASR, Bengaluru 
19.  Dr. Sanjeev Kumar PEC, Chandigarh 
20.  Dr. C. S. Yadav IIT-Mandi 

44.  Ms R. Revathy Bishop Moore College, Mavelikkara 
45.  Mr. Abhinav Das Hindustan College of Engineering, Chennai 

AFM 
46.  Dr. B. Jebasingh Karunya University, Coimbatore 
47.  Prasanna Ram Vel Tech Rangarajan Dr Sagunthala R&D Institute 

of Science and Technology, Avadi, Chennai 
XRD 

48.  Sruthi Mohan IGCAR, Kalpakkam 
49.  Renjith R IGCAR, Kalpakkam 

Hall Resistivity 
50.  Shilna K V Central University of Kerala, Kasaragod 
51.  Debarati Pal IIT BHU Varanasi 
52.  R. Sarathkumar Thiagarajar College of Engineering, Madurai 
53.  Dr. Manjunatha S O Ramaiah University of Applied Sciences, Bangalore 

SQUID-VSM 
54.  Debarati Pal IIT BHU Varanasi 
55.  Ms. Khyati Anand IIT BHU Varanasi 
56.  Mr. Satyajeet Jena North Orissa University,Takatpur, Baripada, Odisha 
57.  Pintu Singha University of Calcutta, Kolkata 
58.  Mr.Kapil Salkar Goa University, Goa 
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21.  Dr. I. Naik NOU, Baripada 
22.  Dr. Jagadeesha Angadi Presidency University, Bengaluru 
23.  Dr. Shahid Hussain Aligarh Muslim University, Aligarh 
24.  Dr. A. K. Paul NIT-Kurukshetra 
25.  Dr. A. K. Singh NIT-Rourkela 
26.  Dr. D. Bhattacharya CGCRI, Kolkata 
27.  Dr. Saroj L. Samal NIT-Rourkela 
28.  Dr. A. Verma BARC, Mumbai 
29.  Dr. K. K. Patankar Rajaram College, Kolhapur 
30.  Dr. P. K. Chakraborty Burdwan University, Burdwan 
31.  Dr. Yogesh Kumar BARC, Mumbai 
32.  Dr. V. R. Reddy CSR, Indore 
33.  Mr. Srikanta Goswami CSR, Mumbai 
34.  Ms. Surbhi Gupta CSR, Mumbai 
35.  Ms. Swati Pandey CSR, Mumbai 

 
9 T PPMS with VSM, ac Susceptibility, heat capacity and Resistivity 

S.N. User Name Affiliation 
36.  Prof. A. K Bhatnagar Univ. of Hyderabad 
37.  Prof. S. Ghosh JNU, New Delhi 
38.  Dr. Reshma Raut Gao Univ. Goa 
39.  Dr. Tirupathi Pathri RGKUT, Kadapa, A.P. 
40.  Dr. Radha Srinivasan Mumbai University 
41.  Prof. D. Ravinder Osmania Univ., Hyderabad 
42.  Dr. Anupinder Singh Punjab Univ. 
43.  Prof. S. C. Garde Vishwakarma Inst. of IT, Pune 
44.  Dr. P.N. Vishwakarma NIT Rourkela 
45.  Dr. D. Pradhan NIT Rourkela 
46.  Prof. R.N. Bhowmik Pondicherry Univ. 
47.  Dr. D. Madhav Prasad GITAM Univ. Vishakhapatnam AP 
48.  Dr. A. K. Singh NIT Rourkela 
49.  Dr. J. P. Borah NIT Nagaland 
50.  Ms. Namitha Saxena Gujarat Centre Univ. 
51.  Dr. M.K.Amshumali Vijayanagar Sri Krishnadevaray Univ. 
52.  Dr. Mamatha Daivajna MIT, Manipal University (MAHE), Manipal 
53.  Dr. Indrajit Naik North Orissa University, Orissa  
54.  Dr. N. Goswami JIIT, Noida 
55.  Prof. S. Panigrahi NIT Rourkela 
56.  Dr. Basavaraj Angadi Bangalore University, Bengaluru 
57.  Dr. Jagadeesha Angadi Presidency University 
58.  Dr.S. Srinath Univ. of Hyderabad 
59.  Ms. Joselin Xavier Assumption College, Changanacherry, Kerala 
60.  Dr. D. Sajan Bishop Moore College, Mavelikara, Kerala 
61.  Dr. Satish Pinninti Univ. Eng. College, Vizianagaram, JNTU AP 
62.  Dr. Pravanjan Mallick North Orissa Univ. Baripada 
63.  Dr. P.G. R Achary SOA University, Odisha 
64.  Mr. Sandeep Vansutre S.I.W.S College, Wadala, Mumbai 
65.  Dr. N. Harish Kumar IIT Madras 
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66.  Prof. K.G. Suresh IIT Bombay 
67.  Dr. D. Bansal IIT Bombay 
68.  Prof. G. Markandeyulu IIT Madras 
69.  Dr. Saikat Chatterjee Manipal University, Jaipur 
70.  Dr. G. A. Basheed NPL, New Delhi 
71.  Dr. A. Rathi NPL, New Delhi 
72.  Ms. Sonam Perween NPL, New Delhi 
73.  Ms. Lalita NPL, New Delhi 
74.  Mr. Pradeep NPL, New Delhi 
75.  Ms.Manaswini Sahoo NPL, New Delhi 
76.  Dr. S.N. Achary Chemistry Division, BARC 
77.  Dr. Ramjanay Choudhary UGC-DAE CSR Indore 
78.  Mr. Sudip Sarkar GAMD, BARC 
79.  Ms. Sarita Ahlawat GAMD, BARC 
80.  Dr. D Bhattacharya A&MPD, BARC 
81.  Mr. N Patra A&MPD, BARC 
82.  Mr. K. Buddhadev FCD, BARC 
 

14T PPMS with Heat Capacity, Resistivity, Thermal Transport and VSM 

S.N. User Name Affiliation 
83.  Prof. R.N. Bhowmik Pondicherry Univ.  
84.  Prof. S. C. Garde Vishwakarma Inst. of IT, Pune 
85.  Dr. Anupinder Singh Punjab Univ. 
86.  Dr. Mandeep Singh Punjab Univ. 
87.  Prof. Hiren H Joshi Saurashtra Univ. Rajkot 
88.  Dr. Tirupathi Pathri RGKUT, Kadapa, A. P 
89.  Dr. P.N. Vishwakarma NIT Rourkela 
90.  Dr. Reshma Raut Gao Univ. Goa 
91.  Dr. Satish Pinninti Univ. Eng. College, Vizianagaram, JNTU AP 
92.  Prof. Ashok Rao MIT, Manila Univ. 
93.  Dr. B.S. Nagaraja Vijaya College, Bengaluru 
94.  Dr. Mamatha Daivajna MIT, Manila Univ 
95.  Dr. Indrajit Naik North Orissa University, Orissa  
96.  Dr. (Mrs.). K. K. Patankar Rajaram College, Kolhapur 
97.  Dr. Hiral Shah Saurashtra Univ. Rajkot 
98.  Dr. PiyushSolanki Saurashtra Univ. Rajkot 
99.  Mrs. Smitha Joseph BCM College, Kottayam 
100. Dr. R Perumal Ramasamy Anna University Chennai 
101. Dr. Pavan Kumar Naini DMRL, Hyderabad 
102. Dr.(Mrs.) Esa Bose Poddar Inst. Management Technology, Kolkata 
103. Dr. Sudipta Pal Kalyan Univ, WB 
104. Dr. Pramod Kumar Shetty MIT, Manipal 
105. Dr. B. Shivamurthy MIT Manipal 
106. Dr. Saikat Chatterjee Manial Univ. Jaipur 
107. Prof. Anil Kumar IISc Bangalore 
108. Dr. J R Mohanty IIT Hyderabad 
109. Dr. N. Harish Kumar IIT Madras 
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110. Prof. G. Markandeyulu IIT Madras 
111. Mr. Jadupati Nag IIT Bombay 
112. Prof. K.G. Suresh IIT Bombay 
113. Dr. Shampa Aich IIT Kharagpur 
114. Dr. G. A. Basheed  NPL, New Delhi 
115. Ms. Lalita  NPL, New Delhi 
116. Mr. Pradeep NPL, New Delhi 
117. Ms. Manaswini Sahoo NPL, New Delhi 
118. Ms. Sonam Perween  NPL, New Delhi 
119. Dr. P K Mishra TPD, BARC 
120. Dr. S.N. Achary Chemistry Division, BARC 
121. Dr. D. Bhattacharya A&MPD, BARC 
122. Mr. Nimelendu Patra A&MPD, BARC 
123. Mr. Sudip Sarkar GAMD, BARC 
124. Ms. Sarita Ahlawat GAMD, BARC 
125. Mr. K. Buddhadev FCD, BARC 
126. Dr. R. Mishra Chemistry Division, BARC 
127. Mr. Hari Mohan CSR-K/IGCAR, Kalpakkam 
 

X-ray Diffractometer 

S.N. User Name Affiliation 
128. Dr. M. Daivajna MIT, Manipal University (MAHE), Manipal 
129. Dr. Patil Pillai College, Rasayani 
130. Ms. Anita Dsouza MIT, Manipal University (MAHE), Manipal 
131. Ms. Surbhi Gupta CSR, Mumbai 

 
 

Material Preparation Lab (Furnaces, Ball-mill, Mini-Arc Melter) 

S.N. User Name Affiliation 
132. Mr. Ravindra Nikam Pillai Engineering College, Panvel 
133. Dr. S. Bhattacharya TPD, BARC 
134. Ms. Anita Dsouza MIT, Manipal University (MAHE), Manipal 
135. Mr. Vinay Soni NIT-Raipur 
136. Mr. Pritam Sarkar TPD, BARC 
137. Ms. Vaishnavi Khade VIT, Vellore 
138. Mr. Jasman Singh SRM University, Chennai 
 

Dielectric Spectrometer 

S.N. User Name Affiliation 
139. Mr. Ravindra Nikam Pillai Engineering College, Panvel 
140. Dr. I. Naik North Odisha University, Baripada 
141. Dr. K. De Neotia Inst. Tech. Management and Sci, WB 
142. Ms. Surbhi Gupta UGC-DAE CSR, Mumbai Centre 
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Impedance Analyzer (Broadband Dielectric Spectroscopy) 

S.N. User Name Affiliation 
143. Dr. S. B. Kulkarni Institute of Science, Mumbai 
144. Dr. Sandeep Sharma RCD, BARC 
145. Dr. Deepali Shrivastav Pillai’s College of Engineering, Panvel 
146. Dr. P. S. Goyal Pillai’s College of Engineering, Panvel 
147. Mr. Rakesh Shukla Chem.Div., BARC 
148. Ms. Surbhi Gupta UGC-DAE CSR Mumbai Centre 
149. Dr. S. N. Achary Chem. Div., BARC 
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13. General information on staff position (as on March 31, 2020) 

Sl. No. Designation A B C 
 

01 Director of the Consortium 1 1 I (1) 
 

02 Centre-Director 3 3 I (1), M (1), K (1),   
 

03 Scientist 35 31 I (18), K (5), M (5), KN (3)  
 

04 Engineer 6 6 I (4), K (1), M (1) 
 

05 Junior Engineer / Scientific Assistant / Technician 44 43 I (24), K (14), M (5) 
 

06 AO – II 1 - I (-) 
 

07 AO – I 6 6 I (3), K (2), M (1) 
 

08 Section Officer 
 

1 1 M(1) 

09 PS (to Director) 1 1 I (1) 
 

10 PA (to Centre-Director) 3 1 I (1) 
 

11 Assistant -II 1 1 I (1) 
 

12 Assistant; Grade-I 3 1 I (1) 
 

13 Typist/Steno-Typist/ Typist-cum-Clark/ Clerk-Typist 7 6 I (4), K (1), M (1) 
 

14 Scientific Assistant (Library) 2 2 I (1), K (1) 
 

15 Caretaker  1 1 I (1)  
 

16 Guest House Attendant 
 

1 1 K (1) 

17 Driver-cum-Aux. Staff 2 2 I (2)  
 

18 Driver 4 4 I (1), K (2), M (1) 
 

19 Attendant-cum-Auxiliary Staff 2 1 M (1) 
 

20 Helper / Lab. Attendant / Aux. Staff / Attendant 12 11 I (8), K (4) 
 

TOTAL 
 

137 124  

 
A : Approved.  
B : Filled-up as on 31-Mar-2020. 
(I), (M), (K), (KN) : Present posting at Indore (I), Mumbai (M), Kolkata (K), Kalpakkam (KN). 
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14.  Specializations and research facilities of our Scientists/Engineers 

Name, 
Designation 

Specialization Facility 

A. K. Sinha, 
Director 

Experimental nuclear and accelerator 
physics 

Director and overall in-charge of Head 
Office and facilities at the Centres 

   

V. Siriguri,  
Centre-Director 

Structure and magnetism of strongly 
correlated electron systems, disordered 
systems; neutron  and high pressure X-
ray diffraction 

In-charge of facilities at Mumbai Centre 

   

P.D. Babu,  
Scientist-G 

Magnetism and magnetic materials, 
Chemical and Magnetic structures 

Focusing Crystal Powder Neutron 
Diffractometer (FCD), Vibrating Sample 
Magnetometer (VSM) 

Alok Banerjee,  
Centre-Director 

Electron transport and magnetic 
properties of materials, synchrotron 
radiation  

Ac-susceptibility setup, vibrating sample 
magnetometer, dielectric measurement 
setup, SQUID magnetometer. 

S. R. Barman,  
Scientist-G  

Surface electronic structure Photoemission and low energy electron 
diffraction (LEED) experimental station  

G.M. Bhalerao 
Scientist-E 

Nanomaterials, electron and x-ray 
crystallography techniques 

TEM 

A. Chakraborty,  
Scientist-F 

Radiation biology Fluorescent microscope, ultra centrifuge, 
electrophoresis set up, ultra freezer, CO2-
incubator, Flow Cytometer 

Sujoy Chakravorty 
Scientist-E 

Thin film Deposition and 
Characterization using X-Ray and 
Neutrons, Atomic Diffusion in Thin 
Films. 

XRD 

Souvik Chatterjee 
Scientist -D 

Magnetic investigation of 3d transition 
metal based intermetallic alloys, phase 
separated manganites and iron based 
superconductors.   

High Magnetic and Low Temperature 
facility,  X Ray Diffraction 

R.J. Choudhary 
Scientist – F 

Thin Films, Pulsed Laser Deposition, 
Functional Magnetic Materials 

PLD, SQUID-VSM 

D. Das,  
Scientist-G  

Condensed matter physics, 
magnetic materials, 

Mössbauer spectrometer, positron 
annihilation spectrometer, Low 
Temperature High Magnetic Field Facility, 
XRD, DLTS 

S.K. Deshpande, 
Scientist-G 

Dielectric and  X-ray characterization of 
materials 

Broadband Dielectric Spectroscopy and X-
ray diffractometer 

U. P. Deshpande, 
Scientist-D 

Optical properties, X-ray photoelectron 
spectroscopy,  metal oxide nanomaterials 

UV-VIS spectrometer, FTIR spectrometer, 
X-ray photoelectron spectroscopy.  

 
G. Ghosh,  
Scientist-F 

 
Soft matter and nanomaterials 

 
Static and dynamic light scattering 

S. S. Ghugre,  
Scientist-G  

In-beam gamma ray spectroscopy, 
nuclear physics 

Clover array, radiation detectors and 
associated nuclear instrumentation, 
computational laboratory 
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Dileep Kumar 
Gupta 
Scientist –E 

Condensed Matter Physics, magnetic 
ultra thin films and multilayers 

In-situ MOKE set up 

Mukul Gupta,  
Scientist –F 

Thin films deposition, processing and study 
of surface, interfaces and depth profiling in 
thin film multilayers 

Thin film deposition using sputtering (IBS, 
dc/rf MS, HiPIMS); Processing using 
RTA/TA, low energy ion beam; 
Characterization using XRD& SIMS; Soft x-
ray absorption spectroscopy beamline at 
Indus-2 SR.  

Shamima Hussain 
Scientist-E 

Thin Film Synthesis and 
characterisations,Nanomaterials, 
Photoluminescence 

FESEM and the material synthesis 
facilities 

Bhushan Jain 
Engineer D 

Electrical Engineer  

Som Datta Kaushik 
Engineer –E 

Magnetic Materials and magnetic 
structures 

FCD, Cryocooler, Material synthesis 

Devendra Kumar, 
Scientist E 

Condensed Matter Physics, Low 
Temperature Physics 

Magnetization measurements by PPMS 
and MPMS, AC susceptibility setup. 

Archana Lakhani 
Scientist – E 

Condensed Matter Physics, Low 
Temperature Physics, Imaging techniques 

Low temperature and High Field 
Magnetisation. 

N.P. Lalla,  
Scientist-G 
 

Stuctural characterisation of materials 
using XRD and TEM, s, phase 
transformation, quasicrystals and 
perovskites 

TEM facility, Powder XRD facility (with 
low-temperature-90K and high-
temperature-1400K attachments), LTHM 
XRD. 

T. K. Mishra,  
Engineer F 

Mechanical engineer, heat and mass 
transfer simulations 

Mechanical workshop, vacuum systems  

Sudip Mukherjee 
Scientist – D 

Strongly correlated electron systems, 
Nanomagnetism , Impedance 
spectroscopy 

Low temperature resistivity, Material 
synthesis 

G. S. Okram, 
Scientist/Engineer 
– E  

Low Temperature Thermoelectricity  Dc electrical resistivity and thermoelectric 
power set up (5-300K). 

D. M. Phase,  
Scientist –H 

Synchrotron beamline design, thin films, 
bilayers and multilayers, low and high 
energy implantation, surface and 
interface physics, vacuum technology 

Beamline for photoelectron spectroscopy 
at Indus-1 and Polarised light Soft X-ray 
absorption spectroscopy on Indus-II 
PLD land SEM-EDX 

V. Raghavendra 
Reddy, Scientist-F 
 

Experimental condensed matter physics Mössbauer Spectroscopy,  thin film x-ray 
diffraction, MOKE, Ferroelectric loop 
tracer 

R. Raut 
Scientist – E 

Experimental  Nuclear Structure Indian National Gamma Array 

R. Rawat,  
Scientist-F 

Magneto-transport and magnetocaloric 
and microscopic properties of magnetic 
materials at low temperature.   

Resistivity / magnetoresistance set up (1.5-
325 K, 0-8 Tesla), heat capacity set up (3-
300 K, 0-8 Tesla), Low temperature high 
field scanning probe microscope (5-300 K, 
0-9 Tesla) 

S. Rayaprol 
Scientist –E 

Structure-property correlations in quasi 
1D spin-chain systems, novel mixed 
oxide compounds  

FCD, VSM, Material Synthesis lab 

A. Saha,  
Scientist-G 

Radiation Chemistry,  
Macromolecular chemistry 

Luminiscence Spectrometer,FTIR 
spectrometer, Radio-chemistry, micro –
Raman, Calorimetry, DLS, UV-VIS-NIR 
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P. Saravanan,  
Engineer-G 

Electronics and communications 
Cryogenics 

Cryogenic Facilities and Instrumentation  

V. G. Sathe,  
Scientist-G 
 

X-ray and neutron diffraction, EXAFS 
spectroscopy, Raman spectroscopy and  
nano-materials 

Raman spectrometer 

D. K. Shukla  
Scientist – D 

Strongly correlated electron 
systems,multiferroics, Resonant X-ray 
diffractions, X-ray absorption spectro. 

Polarized light soft x-ray absorption 
spectroscopy beamline on  Indus-2 

M. Sudarshan,  
Scientist-F 
 

Trace elements Studies Proton Induced X-ray Emission,  Energy 
dispersive X-ray fluorescence 
spectrometer, atomic absorption 
spectrometer,   Target Preparation 
facilities - freeze drier, vacuum coating 
system, pelletiser, vacuum filtration 

S. S. Thakur, 
Engineer-F 

Civil engineer  

R.Venkatesh 
Scientist – D 

Low temperature electric and magnetic 
transport in Nano/Bulk materials 

 

Dr. Rajamani 
Raghunathan 
Scientist – D 

Condensed Matter Theory    

Dr.Arvind Yogi 
Scientist-D 

Crystal growth  
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15. List of staff at UGC-DAE CSR (AS ON 31.03.2020) 

 
Sl.No. Dr./Mr. Name Designation 

1 Dr. A.K. Sinha      Director  
2 Dr. Vasudeva Siruguri Centre-Director  
3 Dr. Abhijit Saha Centre-Director 
4 Dr. Alok Banerjee Centre-Director 
5 Dr. D.M. Phase Scientist – H 
6 Dr. N.P. Lalla Scientist – H 
7 Dr. S.R. Barman Scientist – G 
8 Dr. S. S. Ghughre Scientist – H 
9 Dr. P.D. Babu Scientist – H 
10 Dr. S.K. Deshpande Scientist – G 
11 Dr. Vasant Sathe Scientist – G 
12 Mr. P. Saravanan Engineer – G 
13 Mr. Tapas Kumar Mishra Engineer – G 
14 Dr.  M. Sudarshan Scientist – G 
15 Dr. Rajeev Rawat Scientist – G 
16 Dr. V.R. Reddy Scientist – G 
17 Dr. A. Chakraborty Scientist – G 
18 Dr. G.S. Okram Engineer-G/Scientist-G 
19 Dr. Gautam Ghosh Scientist – G 
20 Mr. Sanjay Singh Thakur Engineer – F 
21 Dr. R.J. Choudhary Scientist – F 
22 Dr. Mukul Gupta Scientist – F 
23 Dr. S. Rayaprol Scientist – F 
24 Dr. ArchanaLakhani Scientist – F 
25 Dr. Dileep Kumar Gupta Scientist – F 
26 Dr. SomDattaKaushik Engineer – F 
27 Dr. G.M. Bhalerao Scientist -  F 

28 Dr. SujoyChakravorty Scientist-   F 

29 Dr. ShamimaHussain Scientist-   F 

30 Dr. Devendra Kumar Scientist-  E 

31 Dr. RajarshiRaut Scientist-  E 

32 Mr. U.P. Deshpande Scientist-  E 

33 Dr. Souvik Chatterjee Scientist-  E 

34 Dr. Sudip Mukherjee Scientist-  E 
35 Dr. R. Venkatesh Scientist-  E 
36 Dr. Dinesh Kumar Shukla Scientist-  E 
37 Dr.  RajamaniRaghunathan Scientist-D 
38 Dr. GoutamPramanik Scientist-D 
39 Dr. RajibMondal Scientist-D 
40 Dr. Arvind Kumar Yogi Scientist-D 
41 Mr. Bhushan Jain Engineer –E 
42 Dr. J.B.M. Krishna SA-F/JE-F 
43 Mr. Suresh Bhardwaj SA-F/JE- F 
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44 Mr. J.V. Joshi SA-F/JE- F 
45 Mr. S.C.Das SA-F/JE- F 
46 Mr. Nandkishore L. Ghodke SA-F/JE-F 
47 Mr. Avinash Wadikar SA-F/JE-F 
48 Mr. Satish R. Potdar SA-F/JE-F 
49 Mr. B.R. Mendole Scientific Assistant-F 
50 Mr. P.V. Rajesh SA-F/JE-F 
51 Mr. Pinaki Das SA-F/JE-F 
52 Mr. M.K. Verma SA-F/JE-F 
53 Mr. N. Vijayakumar Junior Engineer-F 
54 Ms. Aparna Datta/Basu Scientific Assistant-F 
55 Mr. S. Selvaraj Scientific Assistant-F 
56 Mr. Kranti Kumar Sharma Junior Engineer-F 
57 Mr. Vinay K. Ahire Junior Engineer-F 
58 Mr. Mohd. Imran Junior Engineer-F 
59 Mr. Munshi Venugopal Junior Engineer-F 
60 Mr. Kaushik Basu Scientific Assistant-F 
61 Mr. Mohan Kumar Gangrade Scientific Assistant-F 
62 Mr. Mukesh Kumar Scientific Assistant-F 
63 Mr. A.K. Rathore Scientific Assistant-F 
64 Ms. Preeti Mahajan/ Bhradwaj Junior Engineer-E 
65 Mr. Anil Gome Junior Engineer-F 
66 Ms. Mahua Kar (Ghosh) Scientific Assistant-F (Library) 
67 Mr. Vinod Savaner Scientific Assistant-E 
68 Mr. Jaganmoy Biswas Scientific Assistant-D 
69 Mr. Rakesh Kumar  Sah Scientific Assistant-E 
70 Mr. Layanta Behera Scientific Assistant-E 
71 Mr. S.Thilakaraj Kumar Scientific Assistant-D 
72 Mr. C.K Modak  Junior Engineer-D 
73 Mr. Sachin Kumar Junior Engineer-E 
74 Mr. Manoj Kumar Junior Engineer-E 
75 Mr. B.K. Behera Junior Engineer-E 
76 Mr. Sharad Karwal Junior Engineer-D 
77 Mr. Ashish K. Deshmukh Junior Engineer-D 
78 Ms. Madhulika Sinha Scientific Assistant-B (Library) 
79 Mr. Ms. M. Pal Technician- J 
80 Mr. K. Dey Technician –J 
81 Mr. Nitin Patil Technician –K 
82 Mr. D.H. Raju Technician – H 
83 Mr. Prabir Kumar Das Technician – H 
84 Mr. Sanjay Srivastava Technician – J 
85 Mr. Rakesh Kumar Technician-F 
86 Mr. Ravindra P. Bhimgade Technician-E 
87 Mr. R.P. Chattopadhyay Administrative Officer- I  
88 Mr. Sanjay Kumar Sinha Administrative Officer -I  
89 Mr. Ashish Upadhyay Administrative Officer –I 
90 Mr. Rajeev Bhagwat Administrative Officer –I 
91 Mr. Devendra Singh Administrative Officer –I 
92 Mr. Pawan Kumar Administrative Officer –I 
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93 Mr. Sourav Sarkar Section Officer 
94 Mr. Arjun R. Sanap PS (to Director) 
95 Mr. J. Viswanadha Sarma PA (to Centre-Director) 
96 Ms. Rugma Menon Steno-Typist 
97 Mr. Utpal Sarkar Assistant-II 
98 Mr. C.L. Dwivedi Assistant –I 
99 Mr. S.C. Chaudhury Clerk-cum-Typist 
100 Mr. Vishnu Kaushal Clerk-Typist 
101 Ms. Meenakshi Gupta Clerk-Typist 
102 Ms. Pranita Anant Bandarkar Clerk-Typist 
103 Mr. Bireswar Pradhan Guest House Attendent 
104 Mr. Ambrose Joseph Caretaker 
105 Mr. Arun Yadav Driver 
106 Mr. Joyanta Dhar Driver 
107 Mr. Khokan Mitra Driver 
108 Mr. Dilip Kaushal Driver-cum-Aux. Staff 
109 Mr. Anil Rao Jadhav Driver-cum-Aux. Staff 
110 Mr. Namdev Suryavanshi Driver 
111 Mr. T.B. Thapa Helper 
112 Mr. Iqbal Hussain Lab Attendent 
113 Mr. Ram Chandra Baniya Lab Attendent 
114 Mr. Kapil Nayak Lab Attendent 
115 Mr. N.K. Reddy Lab Attendent 
116 Mr. Ram Chandra Maity Lab Attendent 
117 Mr. Prafulla Chandra Das Aux. Staff 
118 Mr. Nitin J. Patil Attendent/Aux.Staff 
119 Mr. B.R.Behra Attendent 
120 Mr. Manoj Kumar Sarwan Attendent 
121 Mr. Sushil Kumar Sharma Attendent 
122 Mr. Prakash Shinde Attendent 
123 Mr. Kamlesh Verma Attendant 
124 Mrs. Shobha Yadav Auxiliary Staff 
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1. Committees 

Governing Council 
(As on 31st March 2020) 

 
1 Prof. D.P. Singh, 

Chairperson, University Grants Commission,  
New Delhi 110 002 
 

 
President 
 

 Ex-Officio Members: 
 

 

2 Prof. S.K. Joshi 
Chairman, Governing Board of UGC-DAE CSR 
JNCAR Vikaram Sarabhai Professor 
NPL, New Delhi 
 

 
Member 

3 Vice-Chairman, 
University Grants Commission, 
New Delhi – 110 002. 
 

 
 
Member 

4 Secretary, Department of Atomic Energy, 
and Chairman, Atomic Energy Commission 
Government of India, 
Mumbai – 400 039.  
or his/her nominee 

 

 
 
Member 

5 Secretary, 
University Grants Commission, 
New Delhi – 110 002. 
 

 
 
Member 

6 Secretary, 
Department of Science & Technology, 
or his/her nominee 
Government of India, 
New Delhi 110 016 
 

 
 
Member  
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7 Director General, 
Council for Scientific & Industrial Research, 
or his/her nominee 
Government of India, 
New Delhi 110 001. 
 

Member  

8. Director General, 
Indian Council for Medical Research, 
or his/her nominee 
New Delhi 110 029 
 
 

 
Member  

9. Director General, 
Indian Council for  Agricultural Research, 
or his/her nominee 
New Delhi 110 001. 

Member  

 
10. 

 
Vice-Chancellor, 
Devi Ahilya University, 
Indore – 452 001. 
 

 
 
 
Member 

11 Dr. Ajit Kumar Mohanty 
Director, 
Bhabha Atomic Research Centre 
Or his/her nominee 
Mumbai – 400 085. 
 

 
 
Member 

12. Shri. Devashish Das 
Director, 
R.R. Centre for Advanced Technology, 
Indore – 452 013. 
 

 
Member 

13. Dr.Sumit Som 
Director, 
Variable Energy Cyclotron Centre, 
Kolkata – 700 064. 
 

 
Member 
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14. Joint Secretary [LTE] 
Ministry of Human Resource Development, 
New Delhi – 110 001. 
 

Member 

15.    Prof. Arup Kumar Raychaudhuri 
   Distinguished Professor Emeritus and J. C. Bose 
Fellow,   JD Block, Sector-III, Salt Lake, 
   Kolkata-700 098. 

 

 
Member 

16. Dr. A.K. Sinha, 
Director 
UGC-DAE Consortium for Scientific Research, 
INDORE – 452 001. 
 

Member-
Secretary 

17 Dr. (Mrs.) Manju Singh 
Joint Secretary 
Bureau Head (IUC), UGC 
 

Member 

 Nominated Members:   
 
Two eminent scientists  
(nominated by UGC) 
 

 

18 VACANT 
 

Member  

19. VACANT 
 

Member  

 
 

Member of UGC  
(nominated by Chairperson, UGC) 
 

 

20 Prof.Jagdish Kumar 
VC, JNU, New Delhi 

 
Member 
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Two Vice-Chancellors of Universities/Directors of 
Institute of higher learning and research 
(nominated by President of the Council)  

 
 

 
21. 

 
Prof.V.K.Jain 
VC, Tezpur University, Tezpur 

 
Member 

 
22. 

 
Prof. Nand Kumar Yadav Indu’ 
VC, Central University, Jharkhand 
Ranchi 

 
Member 

 
 

 
One Director of an I.I.T.  
(nominated by President of the Council) 

 

 
23 

 
Prof.Pradeep Mathur,  
Director, IIT, Indore 
 

 
Member 

 Two eminent Scientists from Physical Sciences 
(nominated by President of the Council)  
 

 
 

24 Prof. S.K.Singh 
Former VC, HNBG University 
Aligarh 

Member 

 
25. 

 
   Prof. H.P.Garg 

Former Director MPCST, Bhopal 

 
Member 

 
 

 
One Agricultural Scientist  
(nominated by President of the Council) 
 

 
 

26. Prof. D.S.Rathore 
Former VC Central Agri University, Ne Delhi 

 
Member 
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One Medical Scientist  
(nominated by President of the Council) 
 

27. Prof. (Ms.) Saroj Chooramani Gopal 
Former VC, KGM Univ. Lucknow 

 
Member 

 
 

 
Scientist 
(nominated by MHRD) 

 
 

 
28. 

 
VACANT 
 

 
Member 
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Governing Board 
(As on 31st March, 2020) 

1 Prof. S.K. Joshi 
JNCAR Vikram Sarabhai Professor  
NPL, New Delhi 
 

Chairman 

 Ex-Officio Members: 
 

 

2 Secretary,  
Department of Atomic Energy, 
Government of India, 
Mumbai – 400 039. 
 

Member 

3 Prof. Rajnish Jain 
Secretary, 
University Grants Commission, 
New Delhi – 110 002. 
 

Member 

4. Dr.Renu Jain 
Vice-Chancellor, 
Devi Ahilya University, 
Indore – 452 001. 
 

Member 

5. Dr. Ajit Kumar Mohanty 
Director, 
Bhabha Atomic Research Centre,  
Mumbai – 400 085.  
Or his/her nominee 
 

Member 

6. Shri. Devashish Das 
Director, 
R.R. Centre for Advanced Technology, 
Indore – 452 013. 
 

Member 

7. Dr.Sumit Som 
Director,  
Variable Energy Cyclotron Centre, 
Kolkata – 700 064. 

Member 
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8. Joint Secretary [LTE], 

Ministry of Human Resource Development, 
Government of India, 
New Delhi – 110 001. 
 

Member 

9. Prof. Arup Kumar Raychaudhuri 
Distinguished Professor Emeritus and J. C. Bose 
Fellow, 
Ex-Director, S. N. Bose National Centre for Basic 
Sciences, 
JD Block, Sector-III, Salt Lake, 
Kolkata-700 098. 
 

Member 

10 Dr. A.K. Sinha 
Director 
UGC-DAE Consortium for Scientific Research, 
Indore – 452 001. 
. 

Member-
Secretary 

 
 
11 

 
 
Dr. (Mrs.) Manju Singh 
Joint Secretary 
Bureau Head (IUC), UGC 
 

 
 
Member 

 
 

 
Nominated Members: 
 
Member of UGC  
(nominated by Chairperson, UGC) 

 

 
12. 

 
Prof.Jagdish Kumar 
VC, JNU, New Delhi 
 

 
Member 
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Two Vice-Chancellors of Universities/Directors of 
Institute of higher learning and research  
(nominated by President of the Council) 

13. Prof.V.K.Jain 
VC, Tezpur University, Tezpur 

Member 

14 Prof. Nand Kumar Yadav Indu’ 
VC, Central University, Jharkhand 
Ranchi 

Member 

  
One Director of an I.I.T.  
(nominated by President of the Council) 

 

15 Prof.Pradeep Mathur, Director IIT, Indore Member 
 
 

 
Two eminent Scientists from Physical Science  
(nominated by President of the Council) 

 
 

16. Prof. S.K.Singh 
VC, HNBG University, Aligarh 

Member 

17. Prof. H.P.Garg 
Former Director MPCST, Bhopal 

Member 

  
One Agricultural Scientist  
(nominated by President of the Council) 

 
 

18. Prof. D.S.Rathore 
Former VC Central Agri University, Ne Delhi 

Member 

 
 

 
One Medical Scientist  
(nominated by President of the Council) 

 
 

19. Prof. (Ms.) Saroj Chooramani Gopal 
Former VC, KGM Univ. Lucknow 

Member 

 
 

 
Scientist  
(nominated by MHRD) 

 
 

20. Vacant Member 
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Finance Committee 
(As on 31st March 2020) 

 
1 Prof. S.K. Joshi 

Chairman, Governing Board, UGC-DAE CSR 
Chairman 

  
EX- OFFICIO 

 

 
2. 

 
Secretary, 
University Grants Commission,New Delhi – 110 
002. 

 
Member 

 
3. 

 
Financial Advisor, 
University Grants Commission,New Delhi – 110 
002. 

 
Member 

 
4. 

 
Bureau Head, 
Plan  Budget Section, 
University Grants Commission,New Delhi – 110 
002. 

 
Member 

 
5. 

 
Dr. A. K. Sinha, 
Director 
UGC-DAE Consortium for Scientific Research, 
Indore – 452 001 
 

 
Member  

6. Dr. V. Siruguri, 
Centre-Director, 
UGC-DAE CSR, Mumbai Centre,Mumbai – 400 085. 
 

Member 

7. Dr. Alok Banerjee 
Centre-Director, 
UGC-DAE CSR, Indore Centre,Indore – 452 001. 
 

Member  

8. Dr. Abhijit Saha 
Centre-Director, 
UGC-DAE CSR, Kolkata Centre,Kolkata 
 

 
Member 
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9. 
 

Dr. (Mrs.) Manju Singh 
Joint Secretary 
Bureau Head (IUC), UGC 
 
NOMINATED: 
Member of GB, UGC-DAE CSR 
 

Member 

10. Shri. Devashish Das 
Director, 
Raja Ramanna Centre for Advanced 
Technology,Indore 
 

Member 

 External Member 
(nominated by UGC) 
 

 

11. Prof. V.K. Jain 
VC, Doon University,Dehradun. 

Member 

 
12. 

 
Shri Ashish Upadhyaya, 
Administrative Officer-I,UGC-DAE CSR, Indore. 
 

 
Non-Member 
Secretary 
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Scientific Advisory Committee 
(As on 31st March 2020) 

 
1. Prof. Arup Kumar Raychaudhuri 

Distinguished Professor Emeritus and J. C. 
Bose Fellow,Ex-Director, S. N. Bose National 
Centre for Basic Sciences,JD Block, Sector-III, 
Salt Lake, Kolkata-700 098. 
 

Chairman 

 EX-OFFICIO 
 

 

2. Director (or his nominee), 
Bhabha Atomic Research Centre, 
Mumbai – 400 085 
 

Member 

3. Director (or his nominee), 
Variable Energy Cyclotron Centre, 
Kolkata – 760 064 
 

Member 

4. Director (or his nominee) 
R.R. Centre for Advanced Technology, 
Indore – 452 013 
 

Member 

5. Dr. V. Siruguri, 
Centre-Director,  
UGC-DAE CSR-Mumbai Centre, 
Mumbai. 
 

Member 

6. Dr. Alok Banerjee 
Centre-Director,  
UGC-DAE CSR-Indore Centre, 
Indore 
 

Member 

7. Dr. Abhijit Saha 
Centre-Director, 
UGC-DAE CSR, Kolkata Centre, 
Kolkata 
 

Member 
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8. Dr. A.K. Sinha,  
Director  
UGC-DAE CSR, Univ. Campus 
Khandwa Road, Indore – 452 001. 
 

Member - 
Secretary 

 NOMINATED 
 

 

9 
 

Dr.Tapas Ganguly 
Head, ISUS, Raja Ramanna Centre  
for Advanced Technology (RRCAT), 
Indore. 
 

Member 

10 
 
 
 
11 
 

 
 
12 
 

 
13 
 
 
14 

Dr. G. Amarendra, 
Material Science Group, IGCAR, Kalpakkam, 
Chennai. 
 
Dr. S.M.Yusuf,  
SSPD, Bhabha Atomic Research Centre, 
Mumbai.  
 
Dr.D.K.Aswal 
Director, NPL, N.Delhi 
 
Prof.Satyajit Saha 
RR Fellow, SINP, Kollkata. 
 
Prof.K.G.Suresh 
IIT, Mumbai. 

Member 
 
 
 
 
Member 
 
 
Member 
 
 
Member 
 
 
Member 
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Editorial: Dr. D. M. Phase, Dr. R. Venkatesh,and Mr. J. V. Sarma 

Visit Our website: www.csr.res.in 


