
http://www.tifr.res.in/~dcs/

Welcome! Research in the Department of Chemical Sciences at TIFR spans traditional
areas of chemistry such as organic, inorganic, physical, analytical, and biochemistry.
However, being a modern chemistry department, these traditional research lines have
been redrawn to place emphasis on interdisciplinary areas of research.

http://www.tifr.res.in/~dcs/


The people and the science

A motley mix of Chemists, Biophysicists, and Structural Biologists

Broad areas of research:

Molecular Biophysics

Nanoscience and Catalysis

Chemical Physics and Dynamics

Chemical Biology and Synthetic Chemistry

Bioinorganic and Bio-mimetic Chemistry

Systems Biology

Theoretical and Computational Chemistry



Molecular Biophysics and Imaging

We are investigating structure, dynamics, and function of biomolecules in physiological and

in-vitro settings while developing techniques to follow physicochemical processes at

molecular, cellular, and organism scale. Research groups at TIFR possess expertise in an array

of different experimental techniques such as NMR (solution and solid state), Fluorescence

spectroscopy, Ultrafast spectroscopy, Atomic Force Microscopy, and synthetic

labeling/tagging strategies. High performance computational methods are also routinely used

to study molecular/biomolecular properties. Areas of research include studies on protein

aggregation, biomolecular structure determination, protein allostery, and development of

“turn-on” small molecule sensors to follow physicochemical processes in-vivo.

Associated Faculty

K.V. R. Chary [http://www.tifr.res.in/~chary/]

Sudipta Maiti [http://www.biophotonics.co.in/]

R. V. Hosur [http://www.tifr.res.in/~hosur/]

A.S.R. Koti [http://www.tifr.res.in/~koti/]

P. K. Madhu  [http://www.tifr.res.in/~madhu/]
Ankona Datta [http://www.tifr.res.in/~ankona/]

Jyotishman Dasgupta [http://jdgroup.webs.com/]

Ravi Venkatramani [http://venkatramanilab.weebly.com/]
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Theoretical/Computational Chemistry 

Theoretical and computational chemistry research in the department combines concepts

from classical, quantum, and statistical mechanics with high performance computational

methods to study molecular/biomolecular properties and reactions. The department

possesses Teraflop scale, GpGPU enabled, high performance computing facilities. Areas of

research include studies on biomolecular structure-function relationships, spectroscopic

properties of molecules, Enzymatic catalysis, charge transfer in biology and through organic

frameworks, hard-soft matter interactions, and protein allostery.

Associated Faculty

Ravi Venkatramani  [http://venkatramanilab.weebly.com/]

S. J. Wategaonkar  [http://www.tifr.res.in/~sanwat/]

K.V. R. Chary  [http://www.tifr.res.in/~chary/]

http://venkatramanilab.weebly.com/
http://www.tifr.res.in/~sanwat/
http://www.tifr.res.in/~chary/


Nanoscience and Catalysis 

One of the stimulating features of nanotechnology is its potential use in almost any field. The

discovery of nanoparticles with varied size, shape and composition has stretched the limits of

technology in ways that scientists would never have dreamt of a century ago.

In the nanoscience and catalysis group, we are designing and synthesizing various nano-

materials (silica, metal oxides, metals, MOF) with specific shapes, sizes and morphologies.

The applications of interest currently being followed are emerging trends in formation of

hybrid/dye-sensitized solar cells, hydrogen production, and an application with substantial

interest is nanocatalysis. Nanoparticles can substitute conventional materials and serve as

active and stable heterogeneous catalysts or support materials for catalytic groups. Due to

their small sizes, catalytic active nanoparticles have higher surface area and increased

exposed active sites, and thereby improved contact areas with reactants, akin those of

homogeneous catalytic systems. At the same time, nanostructured catalysts can behave as

heterogeneous catalysts, and they can therefore be easily separated from the reaction

mixture. Of special interests are nano-catalysts for the development of sustainable protocols

for various challenging reactions like C-H activation, C-C coupling, oxidation, metathesis,

hydrogenolysis, hydrogenation, CO2 capture and conversion to fine chemicals, photocatalysis

and environmental remediation. In addition, molecular catalysis in the homogenous phase is

also pursued with emphasis on oxidation reactions e.g. water oxidation both in the chemical

and photocatalytic variants.

Associated Faculty

Deepa Khushalani  [http://www.tifr.res.in/~khushalani/]

Jyotishman Dasgupta  [http://jdgroup.webs.com]

Vivek Polshettiwar  [www.nanocat.co.in]

http://www.tifr.res.in/~khushalani/
http://jdgroup.webs.com/
http://www.nanocat.co.in/


Chemical Biology /Synthetic Chemistry 
Research in Synthetic Chemistry at TIFR merges the fields of organic chemistry, coordination

chemistry, and materials to create novel molecules and platforms for a variety of applications

ranging from sensors for in vivo imaging to dyes for solar cells.

An important thrust area is Chemical Biology which combines the fields of synthetic

chemistry, molecular biology, and molecular imaging, to create novel chemical tools for

probing biological systems. Visualizing bio-molecules in vivo allows early non-invasive

diagnosis and more importantly brings forth most sought insights into disease onset

mechanisms. Our department has a unique confluence of teams working on synthetic

chemistry, materials, and spectroscopy focusing on developing new optical imaging

techniques. This allows us to bring in synthetic chemistry insights to develop strategic

chemical probes for molecular imaging and also test them for in vivo imaging applications.

Another approach for imaging crucial biomarkers is to directly visualize bio-molecules in a

label-free manner. We have been able to directly excite neurotransmitters with multiphoton

excitation, and have been able to observe their dynamics in living cells and in brain tissue.

Associated Faculty

Ankona Datta [http://www.tifr.res.in/~ankona/]

Sudipta Maiti  [http://www.biophotonics.co.in/]

Jyotishman Dasgupta  [http://jdgroup.webs.com/]

Deepa Khushalani  [http://www.tifr.res.in/~khushalani/]

http://www.tifr.res.in/~ankona/
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Bioinorganic/Biomimetic Chemistry 
Research in Bioinorganic and Biomimectic chemistry at TIFR focuses on understanding the

fundamental mechanisms underlying the role of metal ion cofactors in enzymes and

developing metallo-enzyme inspired chemistry for applications in catalysis and sensing.

Studies in Bioinorganic Chemistry delineate the effects of active site amino acids on the

structure, stability, electronic properties, and functions of metal ions in metalloproteins and

metalloenzymes. Molecular modeling and docking analyses are used to rationally design

novel mutant proteins with new functions of the metal center in a metalloenzyme. The

designs are experimentally validated using various spectroscopic and kinetic techniques

including circular dichroism, mass spectrometry, direct electrochemistry, and stopped-flow

kinetics along with EPR and NMR techniques. In a Biomimetic approach towards the

development of catalysts and sensors we carefully scrutinize coordination geometries of

metal ions in metallo-enzymes and metallo-regulatory protein, to design selective ligands for

metal ion complexation.

Students in the Bioinorganic program learn a confluence of techniques ranging from bio-

engineering and synthesis, to spectroscopy, and develop a fundamental understanding on the

crucial role of metal ions in biology.

Associated Faculty

S. Mazumdar  [ www.tifr.res.in/~shyamal ]

Ankona Datta  [ http://www.tifr.res.in/~ankona/]

http://www.tifr.res.in/~shyamal
http://www.tifr.res.in/~ankona/


Systems Biology 

Research in Systems Biology at TIFR is geared towards probing the effects of chemical and

metabolic processes in biological systems at an organism level. NMR spectroscopy of tissue

and biofluids collected from animal systems and clinical patients is being used to study the

host-parasite interaction during infection by malarial parasites. This is achieved through

metabolomics - the newest of all the omics techniques that utilizes multivariate statistical

analyses of the spectral data. Such an approach provides the most downstream information

on the complex biological networks, as affected by environmental stressors, on a global scale.

A more targeted approach using specific labeling strategies of metabolic intermediate

followed by spectral profiling using 13C NMR provides information on mechanistic changes

during parasitic infection. The global and targeted approach together, provide a holistic

physiological picture of the host response and host-parasite interaction.

Associated Faculty

H. M. Sonawat  [http://www.tifr.res.in/~dcs/dcs_faculty_hms.htm]

http://www.tifr.res.in/~dcs/dcs_faculty_hms.htm

