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Dr. Soumendu Datta’s research focuses on 
the study and understanding of material 
properties from microscopic electronic 
structure calculations using DFT-based 
first principles analysis. The materials 
which he deals with in his research include 
both the crystalline bulk as well as finite 
nano-sized systems. His present research 
involves mainly three kinds of materials, 
namely organic-inorganic hybrid 
perovskites for photocatalytic hydrogen 
fuel production, bimetallic nano-alloys 
for catalytic applications and exploring 
the possibility of graphene systems as 
suaitable hydrogen storage medium.

Supervision of Research / Students
Ph.D. Students
Sangita Dutta; Electronic structure 
calculaions for (a) bimetallic nano-
clusters for catalytic application; (b) 
Semi-conducting nano-particles for 
photocatalytic water-splitting; Ongoing.

Projects of M.Sc./ M.Tech./ B.Tech./ Post B.Sc. students
1.  Lalit Kumar Sahoo from ISM, Dhanbad completed his summer project 

titled “An overview of some promising materials for photocatalytic water-
splitting”.

Teaching activities at the Centre
I conducted the IphD course PHY202 titled “Quantum Mechanics II” along 
with Prof. Rabin Banerjee . The batch had total 9 students.

Publications in Journals
1.  S. Datta, A. K. Raychaudhuri, T. Saha-Dasgupta; First principles study 

of bimetallic Ni13-nAgn nano-clusters (n = 0–13): Structural, mixing, 
electronic, and magnetic properties; J. Chem. Phys.; 2017; 146; 164301.

Other Publications
1.  Soumendu Datta, “Properties of nano-clusters involving 3d late transition 

metal elements : Role of magnetization versus hybridization interplay”,  
accepted in Advanced Scinence Letter (as conference proceeding for 
ICMST2016)

Lectures Delivered
1.  Gave an invited talk in “ICMST2016” conference at St. Thomas College 

Pala, Kerala  during 5-8 June, 2016

Membership of Committees
Internal Committee
Included in the selection committee for selecting IPhD and PhD students 
admission-2017

Fellow / Member of Professional Body
1. Regular member of Material Research Society, USA

Sponsored Projects
1. INSPIRE Faculty

Collaborations including publications (Sl. No. of paper/s listed in 
‘Publications in Journals’ jointly published with collaborators)
National
1.  Dr. Tilak Das, IISER-Pune

International
1.  Prof. Karsten W. Jacobsen, DTU - Copnhagen, Denmark
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Significant research output / development during last 
one year
General research areas and problems worked on
During this period, I have worked on two main projects: (I) 
study of equilibrium structure and mixing behavior of the 
bimetallic nanoalloyed clusters involving silver and transition 
metal atoms, and (II) study of the materials for photocatalytic 
watersplitting for the production of hydrogen fuel. I performed 
density functional theory (DFT) based electronic structure 
calculations for these systems.

Interesting results obtained
I.  Bimetallic nano-alloyed clusters of silver and transition 

metal atoms: The Ag-related bimetallic alloyed nano-
clusters are promising for their catatlytic and optical 
properties. Being of finite sized nano-systems, they are 
usually associated with highly size-dependent properties 
which render them for various applications including 
catalysis. The properties of the bimetallic nano-alloys 
can be tuned further by varying their composition and 
chemical ordering. During the period, I have worked 
on the bimetallic NiAg and CuAg nano-clusters. The 
challenging issues for bimetallic nano-clusters are the 
determination for their globally optimized structures, 
trend in the mixing versus segregation pattern and 
understanding it from their electronic properties.

 For the NiAg nano-clusters of 13 atoms, the adopted 
equilibrium structural patterns show the tendency 
towards the formation of core-shell like structural 
patterns, favorable mixing for all compositions with 
the magic composition of the highest mixing for the 
NiAg12 alloy cluster. I studied the microscopic origin 
of the favorable mixing, in which the Ni-Ag inter-facial 
interaction is found to play role. This work is published 
in JCP (2017) The bimetallic CuAg nano-clusters with 
13 atoms cluster size, also show favorable mixing for 
all compositions with the magic composition for the 
Cu5Ag8 cluster. The binary CuAg nano-clusters show 
weak mixing due to small degree of charge transfer 
between the two species of atoms. In order to enhance 
the mixing property of the Cu-Ag nano-clusters, I 
performed substitutional doping with Cd atom and 
Cr atom separately in place of Ag atom of the Cu-Ag 
clusters. It shows that both the Cd-doping as well as the 
Cr-doping have enhanced the mixing of Cu with Ag with 
the magic compositions for the  CdCu5Ag7  cluster and  
CrCu12 clusters.

II.  Study of stability, electronic structure and optical 
properties of Bismuth oxyhalides for photo-catalytic 
water-splitting: Materials of photo-catalytic water-
splitting for hydrogen fuel  production using the sunlight 
is another part of my project. The overall merits of the 
water-splitting reaction relies on light collection in 
semiconducting materials with appropriate bandgaps 
that match the solar spectrum in order to obtain high 
energy conversion efficiency. High stability, optimal 
bandgap and suitable band edges positions are the 
desired criteria for a good photocatalyst. Band structure 
engineering of semiconducting materials is very 
demanding in this respect. 

 Bismuth Oxy-halide (BiOX ; X = F, Cl, Br, I) is a new 
class of promising layered materials with outstanding 
photo-catalytic activity. The bulk BiOX with tetragonal 
crystal structure consists of [X-Bi-O-Bi-X] slices stacked 
together by van der Waals interaction through halogen 
atoms along the c-axis. The strong intra-layer covalent 
interaction and weak inter-layer van der Waal’s interaction 
give rise to unique physico-chemical properties. The 
band-structure of this materials is also interesting. The 
band-edges are highly dispersive as they are consist of 
s and p orbitals of the constituent atoms and it results in 

 lower effective mass of the carriers.  However, a detailed 
microscopic understanding about the enhanced photo-
activity of this system is lacking.

 Using  DFT calculations, I have studied the effects of 
compressive strain (on the in-plane lattice parameters)  
on the energy  landscapes, bandgaps, bandedges  and 
optical properties of BiOX systems. The effects of quasi-
particle self-energy correction, spin-orbit interaction, van 
der Waal’s dispersion correction have been considered 
in the calculations. It is to be noted that the effects of 
the compressive strain is significant for the BiOF. We 
find that the unstrained BiOF with the experimental 
lattice parameters is unstable, while compressive strain 
of 4% for the in-plane lattice parameters, converts 
the BiOF system into a thermodynamically stable 
phase. Furthermore, the compressive strain of 2% is 
also sustainable for the other BiOX systems, which is 
confirmed by the phonon band structure analysis.  As 
expected, band gap increases with the compressive 
stain. Figure 1 shows the plots of calculated joint 
density of states and comparison with related electronic 
projected density of states of the BiOX (X: F, Cl, Br, I), 
and hence estimation of optical conductivity (s).
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Proposed research activities for the coming year
My future research activity will focus mainly on three 
categories of materials as mentioned below. Organic-
inorganic halide perovskites have emerged in recent time 
as promising solar-cell materials for their low-cost, flexible, 
solution-based synthesis and unique opto-electronic 
properties. The challenges for practical application of these 
materials are stability under experimental conditions, detailed 
structural analysis, synthesis of toxic-lead free environment 
friendly analogues. Therefore, more DFT analysis on the 
structure-property relationship for this class of materials will 
be useful. The second one is related to ultra-thin 2D nano-
materials. The past decade has seen an enormous increase 
in research progress on ultra-thin two-dimensional nano-
materials after the ex-foliation of graphene from graphite in 
2004. The unprecedented physical, electronic, chemical and 

optical properties of the ultra-thin 2D nano-materials arising 
from their unique structural features offer great potential 
for numerous applications. Various 2D layered structures 
possessing versatile properties  have been explored. Further 
exploration and identification of 2D nano-systems is very 
desirable for new promising applications.  The last but not the 
least area of my future research is related to functionalized 
nano-structures as hydrogen storage materials.  The primary 
requirement for a good hydrogen storage material is that 
it can store hydrogen reversibly with high gravimetric and 
volumetric density and operate under moderate temperature 
and pressure.  An ideal storage system would be one where 
hydrogen binds molecularly but with a binding energy that 
is intermediate between physisorbed and chemisorbed 
states. Much research is still needed to identify appropriate 
catalyst, study the existence of stable intermediate phases, 
their crystal structures and understand the kinetics.

Figure 1 : Calculated joint density of states (JDOS) [middle panels] and comparison with related electronic projected density 
of states (pDOS) [top panels] of BiOX (X: f, Cl, Br, I), and hence estimation of optical conductivity (s) [bottom panels]. In the 
pDOS plot, the Bi(s), Bi(p), X(p) and O(p) are denoted with black, red, green and blue solid lines. The electronic and optical 
band-gap is marked with color shaded (blue for direct and magenta for indirect transitions) in the top and bottom panels. 
Possible low energy optical transition is marked with both sides headed black solid line arrow.
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