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Keynote and Invited Talks 

No. Speaker Name Title of Talk 

IL 1 Biman Bagchi Ions' motion in water 

IL2 R. Baer 
Stochastic Methods for Electronic Structure and 
Dynamics 

IL3 S.N. Datta 
The variation method in relativistic quantum 
chemistry and a coupled-cluster approach based on 
electrodynamics 

IL4 Ramesh Deka 
Single gold metal atom supported on faujasite for 
oxidation of co: a QM/MM approach 

IL5 Ramachandran C N 
Structure, stability and properties of mixed gas 
hydrates and the melts 

IL6 Biman Bandyopadhyay 
Isomerization of methoxy radical in the troposphere: 
competition between acidic, neutral and basic 
catalysts 

IL7 K.R.S. Chandrakumar 
Chemical concepts based design of nanomaterials for 
energy and environmental applications 

IL 8 Y. Sajeev Low energy electron (LEE) as a catalyst 

IL 9 Anoop Ayyappan 
Automated methods for exploring prebiotic 
chemistry, molecular aggregation, and nanocluster 
formation. 

IL 10 Eldhose Iype 
Machine learning models for estimating molecular 
properties: (a potential alternative to DFT) 

IL 11 Kumar Vanka Computational studies of small molecule activation 

IL 12 Sandip Paul 
Hydrotrope-induced enhancement in aqueous 
solubility of sparingly soluble drug molecules 

IL 13 Kausik Samanta 
Multi-reference electronic structure methods to 
investigate scattering resonances 

IL 14 Manabendra Sharma 
Implementation of local complex potential based 
time dependent wave approach in electron induced 
chemistry 

IL 15 Anjan Chattopadhyay 
Oxaziridine and lactam conversion pathways of some 
cyclic nitrone systems 

IL 16 Prabhakar Bhimlapuram Estimation of rates of transitions 

IL 17 Arnab Mukherjee 
Internal friction or just the memory effect? 
Investigating the viscosity dependence of rate using 
model systems 

IL 18 R.K. Hazra 
Multi-carrier systems in lateral (electrical) and 
transverse (magnetic) Confinements by multi-pole 
expansion: atoms, molecules to superlattices. 

IL 19 Ashwani Tiwari 
Effects of mode-mode coupling on the dissociation 
dynamics of h2o and ch4 on metal surfaces 

IL 20 
Raghunathan 
Ramabhadran 

Density functional theory and implicit solvation 
models as black boxes to study open shell organic 
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molecules 

IL 21 Rajarshi Chakrabarti Dynamics of polymer in active bath 

IL 22 Biswajit Maiti 
Roaming dynamics in photodissociation of small 
hydrocarbon molecules 

IL 23 Hemant  Kashyap 
Understanding capillary evaporation of ionic liquids 
in nanoscale solvophobic confinement using 
molecular dynamics simulations 

IL 24 Raman K Singh 
Long-Range Corrected Density Functional Study On 
The Bimetallic nimcun-M (M = 1, 2; N = 3-13) 
Clusters: Comparison With Pure Copper Clusters 

IL 25 Rajesh Murarka 
Towards understanding the effect of lipid 
composition on membrane-bound -synuclein 

IL 26 Sumana Dutta 
Pinning and unpinning of chemical excitation waves 
around anatomic obstacles 

IL 27 E. D. Jemmis 
Nature Plays Dice with Boron: Inevitability of 
Uncertainties 

IL 28 S. Pal 
Fock space coupled cluster theory for excited states: 
Singlet- Triplet decoupling 

IL 29 M. Shoji 
Water insertion reactions of the oxygen-evolving 
complex of photosystem ii  
revealed by qm/mm calculations 

IL 30 S. Mahapatra 
Symmetry and Vibronic interactions in Chemical 
Systems 

IL 31 K. R. Shamasundar 
Diagonal Born-Oppenheimer Correction and Non-
Adiabatic Couplings from excited state electronic 
coupled-cluster methods 

IL 32 P. Balanarayan 
Quantum systems on barrier tops: reconfiguring 
electrons with a high intensity high frequency laser 

IL 33 Ayan Dutta 
Singlet Fission in Organic Chromophoric 
Aggregates: A Tool to Expand the Limit of Solar 
cells 

IL 34 Padmesh Anjukandi Unwinding Mechanism of a α-Helix in a Denaturant 

IL 35 Tapan Ghanty 
A New Perspective on the Width of the f-blocks in 
the Periodic Table 

IL 36 Rama Kant 
Complexities in modeling of electrochemical 
processes 

IL 37 Rahul  Kar TBA 

IL 38 
Padmakumar 
Padmanabhan 

Fast ion transport in solids: insights from molecular 
dynamics and metadynamics simulations 

IL 39 Sukanta Mondal 
Selective host-guest organization in the initial stage 
of si methane hydrate nucleation 

IL 40 Niharendu Choudhury 

How Different Are the Characteristics of Aqueous 
Solutions of tert-Butyl Alcohol and 
Trimethylamine‑N‑Oxide? A Molecular Dynamics 
Simulation Study 
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IL 41 Srabanti Chaudhury 
Non equilibrium effects of translocation dynamics 
through a nanopore 

IL 42 Mausami Chattopadhyaya 
Tuning Intermolecular Interactions with Nano-
structured Environments 

IL 43 Subhash Pingale 
Electrostatic Potential Topographical Insights For 
Π-Conjugated Molecular Electronic Devices 

IL 44 Biswarup Pathak 
Functionalized solid nanopore based electrodes for 
rapid dna sequencing 

IL 45 Kaustubh Rane 
Studying the effect of mutations on the motion of 
kinesin motors by using the generalized ensembles 

IL 46 Vivek Yadav 
First principle simulation study of two-dimensional 
molecular films for opto-electronic applications 

IL 47 Sandhya Rai 
Tailoring Ca2Mn2O5 Based Perovskites for Improved 
Oxygen Evolution Reaction 

IL 48 Shridhar Gadre 
Molecular tailoring approach: harmonizing accuracy 
and efficiency 

IL 49 M. D. Prasad TBA 

IL 50 S. Adhikari 
Beyond born-oppenheimer theories on molecular 
processes and phase transitions in solids 

IL 51 Debashree Chakraborty Effect of Cosolvents in Protien Solvation 

IL 52 Milind Deshmukh 
Theoretical Prediction of Novel Ni(I)-Catalyst for the 
Hydrosilylation Of Pyridine and Quinoline: 
Exploration of Full Catalytic Cycle 

IL 53 Varadharajan Srinivasan 
Real-time tddft based simulations of photo-induced 
phenomena in molecular and nano-scale systems 

IL 54 Tapta Roy 

Determination and Validation of the Intrinsic 
Structure of Pentapeptide Leu-enkephalin by 
Comparison of VSCF-PT2 Calculations with Cold 
Ion Spectroscopy 

IL 55 Vijay Kumar (INTEL) TBA 

IL 56 Pradipta Bandyopadhyay 
Can two like-charged molecules attract each other in 
different environments: investigation with integral 
equation theory and computer simulation 

IL 57 Divya Nayar 
Computational microscopy of cosolvent and 
solvation effects on hydrophobic collapse 

IL 58 U. Deva Priyakumar 
Rise of the Machines: Chemistry with Machine 
Learning 

IL 59 Supriya Saha 
Quantum Chemical Simulation of Carbon Nanotube 
Nucleation on Al2O3 Catalysts via CH4 Chemical 
Vapor Deposition 

IL 60 Susmita De 
Molecular level understanding of metal ion protein 
interaction in transport of ion in K+-ion channel and 
development of Chronic Beryllium disease 

IL 61 Pradeep Kumar 
Revisiting the reaction energetics of CH3O•+O2(3Σ−) 
reaction: Crucial role of post-CCSD(T) corrections: 

IL 62 Ananya Debnath Dynamical Heterogeneities of Chemically Confined 
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Hydrated Water near Lipid Membranes at room 
temperature 

IL 63 R. Subramanian 
Theoretical Study of Hydrogen Abstraction in Gas 
Phase Reaction of 
N (2D) + HOX (Cl, Br) 

IL 64 S. Daschakraborty 
Decoupling of Self Diffusion from Viscosity of 
Supercooled Water: Role of Translational Jump-
diffusion 

IL 65 Debasis Koley 
Computational study in understanding the unique 
isomerization activity of dinuclear palladium(i) 
catalyst 

IL 66 S.  Bulusu TBA 

IL 67 M. Sairam 
Phosphorylation versus O‐glcnacylation: Differential 
Influences of the Two Competitive Post- 
Translational Modifications 

IL 68 Parameswaran Pattiyil 
Rule breaking main group compounds stabilized by 
donor-acceptor interactions 

IL 69 S. Lakshmipathi 
Interaction of CO2 and H2O Molecules with 
Functionalized Magnesium and Scandium 
Phthalocyanines - A DFT study 

IL 70 S. K. Reddy 
Understanding the sum-frequency generation spectra 
of Interfacial Water on Model Sea-Spray Aerosols 

IL 71 Rahul Maitra 
Dressed coupled cluster theory for non-covalent 
interactions 

IL 72 Madhurima Jana Effects of Alcohols on Chymotrypsin Inhibitor 2 

IL 73 Sanjay Kumar 
Nonadiabatic processes in low-energy resonant 
electron-molecule and ion-molecule collisions 

IL 74 Y. Shigheta 
Theoretical studies on triplet-triplet annihilation up-
conversion processes in solution and solid phases 

IL 75 T. Stein 
Exploring molecular formation and growth upon 
ionization of vanderwaals clusters using ab-initio 
molecular dynamics 

IL 76 Tapas Sahoo 
Estimation of ground state entanglement entropy for 
continuous rotational degrees of freedom: a path 
integral replica trick approach 

IL 77 Lisa Roy 
Theoretical Insights into The Nature of Oxidant and 
Mechanism in Bioinspired Non-Heme Iron 
Catalyzed 
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Poster 
No. 

Presenting Author Title 

P001 Mr. Aman Jindal 
A Neural Network Approach to Analyze MD 
Trajectories 

P002 Ms. Sarmishtha Adhikari 
Transport Properties Of A Liquid Binary Mixture Of 
Asymmetric Molecules: A Quantitative Exploration 
Of Hydrodynamic Predictions 

P003 Mr. Bhupendra Dandekar 
Study Of Protein Ligand Binding Using MD 
Simulations 

P004 Mr. Kathiresan Ramasamy 
A Comprehensive Study On Interaction Of Graphene 
Quantum Dot With Selected Amino Acids 

P005 Ms. Manonmani Gunasekaran 
Hydrolysis of HNSO2: A Potential Route for 
Atmospheric Production of H2SO4 

P006 Ms. Meera Cheviri 
Adsorption Properties of Lithium Polysulfides on 
Buckybowls 

P007 Mr. Sayantan Mondal 
Dramatic Acceleration of Bimolecular Reaction Rate 
in Aqueous Microdroplets: Role of Surface Charges 

P008 Ms. Shyama Muraledharan KP 
Interaction between Amino Acid-based Ionic Liquids 
with Water Molecules (H2O) n=1-10 

P009 Mr. Haobam Kisan Singh 

Investigation Of The Interaction Of The Different 
Groups Modulated Galantamine Drug With Acetyl 
Cholinesterase By Molecular Docking And Oniom 
Model 

P010 Mr. Suresh S M 
Transition Metal Doped Bimetallic Manganese Oxide 
Clusters for the Oxidation Reactions of CO and NO – 
A DFT Study 

P011 Mr. Rahul Suresh 
Assessment Of 2-D And 1-D Arrays of Metal 
Porphyrins in Application of Synthetic Signaling 
Pathways 

P012 Mr. Abhayram Balakrishnan 
DFT Approach on Stability and Conductance of Nine 
Different Polyyne and Cumulene Molecules 

P013 Ms. Indumathi Karunakaran 
Temperature Replica Exchange Molecular Dynamics 
Simulations on Dna Containing Unnatural 
Hydrophobic Base Pairs                                            

P014 Ms. Pavithra Jayachandran 
Sn(IV)tetrakis(4-pyridyl) Porphyrins as 
Photosensitizers 

P015 Mr. Mahabir Prasad 
Structural Analysis of First Coordination Shell of 
Liquid Water from Molecular Dynamics Simulation 

P016 Ms. Meenakshi Joshi 
Stability of Metal Doped Metalloid Clusters with 
Broken Aromaticity 

P017 Mr. Saumyak Mukherjee 
Origin of the Exotic Non-exponential Solvation 
Dynamics of DNA 

P018 Mr. Subhasis Dey 
Computational Study of the Mechanism of Water 
Oxidation  by the Single-site Ru Catalysts 

P019 Ms. Lazumla Tshering Sherpa HCN/HNC Isomerization in their Molecular Clusters 

P020 Ms. Maya Khatun 
Exploring Geometries of Small Size (N=2-15) 
Palladium Nanocluster Using Tabu-Search Based 
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Cluster Building Algorithm 

P021 Ms. Anuja Ware 
Stuctural, Energetic and Electrochemical DFT 
Analysis of Li, Na, and K Ions Binding to Quinones 
for Battary Application 

P022 Mr. Aabid Hamid 

A density functional reactivity theory (DFRT) based 
study on the correlation of pKa with stabilization 
energy 

P023 Ms. Mohanapriya Subramani 
Kinetics and Degradation Mechanism of Chlorine 
Initiated Reaction of Isoprene (C5H8): A Theoretical 
Study 

P024 Ms. Shobhna Shobhna 
A Coarse Grained Model of Dimethyl Sulfoxide for 
Molecular Dynamics Simulations 

P025 Ms. Vinnarasi Saravanan 
Insights into the Structural Stability and Electronic 
Properties of Stacked G-Tetrad with D-Block 
Elements 

P026 Mr. Sorakayala Thripati 
The Interstellar Conversion of Formaldehyde to 
Glycolaldehyde -  The Role of Metal-Ions and 
Hydrogen Bonding 

P027 Mr. Prabhash Mahata 
Investigation of Photodissociation Dynamics of 
Methyl Hydroperoxide at 193 nm 

P028 Mr. Satyajit Mandal 
Photo-Induced Self-Repair of CPD Lesion in T=Tag 
DNA Sequence 

P029 Mr. Viral Solanki 
In-Silico Separation of Hexane Isomers Using Nano-
Porous Adsorbent Materials 

P030 Ms.  Bijoya Das 
Ground State Intramolecular Proton Transfer (GSIPT) 
Process In Model Schiff Bases: Effect Of Electron 
Withdrawing Groups 

P031 Ms. Pallavi Sarkar 
Computational Studies on The Electronic and Optical 
Properties of Doped MXene (M2CO2, M = Ti, Zr, Hf) 
Systems. 

P032 Dr. Mir Showkat 

First principles study of hydrogen evolution reaction 
activity on two-dimensional borocarbonitride in 
waste-water: a comparative study with graphene and 
hexagonal boron-nitride 

P033 Ms. Jagrity Chaudhary 
Reliable prediction of optical spectra via optimal 
tuning of range separated hybrid functionals 

P034 Mr. Sagar Ghorai 
Structure and Bonding in [L]M(µ-CCR)2M[L] and 
[L]M(µ-RC4R)M[L] Across the Periodic Table 

P035 Ms. Madhulika Mazumder 
Exploring Nasicon Type Na(3+X)MnxV(2-X)(PO4)3 
Series as Contenders for Sodium Ion Battery 
Cathodes, Using First Principles Analyses  

P036 Ms. Rinkumoni Chaliha 
Overlap of Radial Dangling Orbitals Controls the 
Relative Stabilities of Polyhedral BnHn-x Isomers (n = 
5 To 12, x = 0 to n-1) 

P037 Ms. Anjali S Nair Dynamics of Linear Molecules in Water 

P038 Ms. Sarabjeet Kaur 
Radical-Operated Pathways for Prebiotic Formation of 
Nucleobases 

P039 Ms. Bina Kumari Study of Phase Coexistence for Square Well Potential 
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by the Gibbs Ensemble Monte Carlo Method 

P040 Mr. Dinesh Kumar 

Analytical Dipole Moments and Dipole 
Polarizabilities of Doublet radicals using Cholesky 
Representation of Constrained Variational response to 
Fock-space Multi-reference Coupled Cluster method 
with Single and Double substitutions 

P041 Mr. Arul Kumar R 
Carbon  Carbon and CarbonHalogen Coupling in 
the Reductive Elimination of Organometallic Ni(III), 
Pd(III) and Pt(III) Complexes 

P042 Mr. Subhajit Acharya 
Dielectric Properties and Solvation Dynamics of 
Dipolar Fluids inside Nano-Cavity 

P043 Mr. Koteswara Rao Gorantla 
Exploring the Catalytic Water Oxidation Process of 
Iron Macrocyclic Complex with Aid of First Principle 
Metadynamics Simulations 

P044 Mr. Rakesh Srivastava 
Attraction Between Like-Charged Proteins: A 
Theoretical Study of β-Lactoglobulin Dimer 

P045 Mr. Thejus Kartha 

Lithium Perchlorate in Mixtures of Sulfolane and 
Propylene Carbonate as Electrolytes for Rechargeable 
Lithium-Ion Batteries: Conductivity and Ionic 
Association from Molecular Dynamics Simulations 

P046 Ms. Krati Joshi Au26: A Case of Fluxionality/Co-Existence 

P047 Dr. Rajeshwari Appadurai 
An Improved Solute Tempered Replica Exchange 
Method to Efficiently Sample the Conformational 
Landscape of Large Intrinsically Disordered Proteins 

P048 Mr. Vikas Dubey 
Influence of Glycerol on the Cooling Effect of Pair 
Hydrophobicity in Water: Relevance in Protein’s 
Stabilization at Low Temperature 

P049 Mr. Sourav Dey 
Role of Covalency in Influencing the Magnetic 
Anisotropy in Uranium Molecular Magnets 

P050 Mr. Kaushik Talukdar 
Nuclear Parity and Time-Reversal Invariance 
Violation in Molecules: A Relativistic Coupled-Cluster 
Investigation 

P051 Ms. Bipasa Samanta Ligated Aluminium Clusters as O2 Bond Activators 

P052 Ms. Divya Tripathi 
How Many Electron Attached States DNA Base Pairs 
Can Have? 

P053 Ms. Gayatree Barik 
Defective MoS2 as a High Potential Anode Material 
for Li- and Na-Ion Batteries 

P054 Ms. Soumi Haldar 
Local density embedding scheme for EOM-CCSD: 
Theory, Implementation and Examples 

P055 Ms. Suhita Basumallick 
Study of Shape Resonance of Sulfur Dioxide Anion 
Exicited States Using CAP-CIP-FSMRCC Method 

P056 Mr. Alkit Gugalia 

An Implementation of the (t,t’) and (t,t’,t’’) Methods 
for Time Dependent Schrödinger Equation with Time 
Varying Fields in Multiple Time Scales with an 
Analytical Block Diagonalization of the Floquet 
Propagator 

P057 Mr. Avik Ghosh 
H2-Release from Diamine Borane and Amine-Borane 
Alcohol Leading to Cyclization, Catalyzed by 1-
Lithio-2-Alkyl-1,2-Dihydropyridine and Its Na & K 
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Analogues : DFT Analysis of the Reaction Mechanism 

P058 Mr. Naveen Kumar 

Time Dependent Shannon Information Entropies in 
Conjugate Spaces of a Rapidly (Periodically) Driven 
Symmetric Double Well: Barrier Localization Of 
Wave Packet Densities 

P059 Ms. Anjana George 
A DFT Study on the Mechanism of Glycosidation 
Reaction Catalyzed by N-Heterocyclic Carbene 
Supported Coinage Metal-Benzene Complex 

P060 Ms. Mishu Paul 
Topography of Momentum Densities for Molecules in 
Linear and Homogeneous Weak Electric Fields 

P061 Ms. Shakkira E 
Checking Compatibility of Different Model of Water 
with a United Atom Model of Lipid Membrane 

P062 Ms. Muhasina P. V. 
Chemical Bonding and Reactivity of a Heterocyclic 
Amino (phosphanylidene-4-phosphorane) Germylene 

P063 Mr. Mohammed Sadik Nk 
Binary Six-Membered Sulphur Nitrogen Compounds 
– Are They Benzene Analogue? 

P064 Ms. Gopika Sabu 
Understanding the Effect of Be-MHC Protein Binding 
in Beryllium Toxicity 

P065 Ms. Baishakhi Tikader 
A Nucleation-Dependent Growth Model Of  Amyloid 
Fibril Formation 

P066 Mr. Nitin Kumar Singh 
A Computational Investigation of the Solvent-
Dependent Enantioselective Intramolecular Morita-
Baylis-Hillman Reaction of Enones 

P067 Ms. Priyam Bharadwaz 
Metal-Free Activation of Enthalpically Strong Bonds: 
Unraveling the Potential of Hitherto Unexplored 
Singlet Carbenes 

P068 Mr. Soham Sarkar 
Salt Induced Structural Collapse, Swelling and 
Signature of Aggregation of Two ssDNA Strands: 
Insights from Molecular Dynamics Simulation 

P069 Ms. Sumitra Godara Dissociation Chemistry of Halons in the Gas Phase 

P070 Mr. Saptarshi Sarkar 
Ammonolysis of Ketene as a Potential Source of 
Acetamide in the Troposphere: A Quantum Chemical 
Investigation 

P071 Mr. Abhinav Gupta 
New Method to Explore High Dimensional Free 
Energy Landscape: Parallel Bias Temperature 
Accelerated Sliced Sampling 

P072 Mr. Manendra Chauhan 
Effect of Ce-Doping and Oxygen Vacancies on the 
Photocatalytic Properties Of BaZrO3 

P073 Mr. Sagarmoy Mandal 
Enhanced Sampling and Free Energy Calculations 
With Hybrid Functionals and Plane Waves for 
Chemical Reactions 

P074 Ms. Monika Dhankhar Heteroepitaxial Quantum Dots on Patterned Substartes 

P075 Ms. Ramsha Javed 
Efficient Sampling of Reaction Pathways by 
Temperature Accelerated Sliced Sampling 

P076 Ms. Razia Shabnam 
Surface Stress and Surface Reconstruction: An Ab-
Initio Study on the Polar GaN (0001) Surface 

P077 Mr. Manish Kumar 
Theory for Impedance of Two Step Electron Transfer 
Process at Rough and Fractal Electrodes 
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P078 Mr. Banshi Das 

Effects of tert-Butyl and Stearyl Alcohol on the 
Structure, Dynamics and Vibrational Sum Frequency 
Generation Spectra of Water at Air-Water Interface: A 
Molecular Dynamics Study 

P079 Ms. Deepika Gautam 
Molecular Simulations of Structure, Dynamics and 
Spectral Properties of Aqueous Solutions using 
Polarizable Forcefields 

P080 Ms. Nidhi Sorout 
Effects of Boron Nitride Nanotube on the Secondary 
Structure of Aβ(1-42) Trimer: Inhibitory Effect on 
Amyloid Formation 

P081 Ms. Prerna 
Study of Ice Nucleation on Silver Iodide Surface With 
Defects 

P082 Ms. Aparna G Nair 
Protein Disulfide Switches and the Role of Proton 
Transfer 

P083 Ms. Erum Gul Naz 
Direct  Chemical Dynamics Simulations of 
Unimolecular Dissociation of Thiophene in Gas-Phase 

P084 Ms. Komal Daipule 
Computational Study of Conformationally Restricted 
Peri-Dichalcogenide Based Glutathione Peroxidase 
Mimetic 

P085 Ms. Sahithya S. Iyer 
Degeneracy in Molecular Scale Organization of 
Biological Membrane and Consequences of Lipid 
Diversity: A Statistical Mechanics Perspective 

P086 Ms. Subasini T 
E345K Mutation Alters PIP Lipid Specificity of the 
GRP1 PH Domain 

P087 Ms. Vrushali Hande 
Structure and Dynamics of Interfacial Water: Effect of 
Surface Charges, Specific Interactions, and Distance 
Dependence 

P088 Dr. Paramita Halder 
Molecular Simulation of Long Time Structural 
Evolution in Nanomaterials 

P089 Ms. Nivedita Kenge 
The Nature of Electrophilic Oxygen: Insights from 
Periodic Density Functional Theory Investigations 

P090 Ms. Sheena Agarwal 
Catching the Essence of Hohenberg- Kohn’s First 
Theorem with Machine Learning 

P091 Ms. Siddhanta Nikte 
Structural Basis of Reduced Agonist Affinity in  
Thr164Ile: A Clinically Important Β2-Adrenergic 
Receptor Variant 

P092 Mr. Sayan Dutta 
Donor−Acceptor Interactions in Early Transition 
Metal Halides and Group-14 Compounds: A 
Theoretical Insight 

P093 Mr. Nimish 
Molecular Dynamics Study of CO2 Sorption in 
Carbazole-(p-Diethynylphenylene)-Carbazole Rotor 
Crystal [1] 

P094 Mr. Sriman De 
Computational Investigation of B(C6F5)3-Catalyzed 
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Ions are omnipresent in nature and play essential role in chemical, biological and industrial 
processes. Over the decades, a great deal of attention has been focused on the solvation and 
transport properties of  small rigid monatomic ions like  Na+, K+, Li+, Cl-, Br- while much less 
attention has been devoted to polyatomic ions, although many polyatomic ions (nitrate, acetate, 
sulphate, ammonium) are of great importance[1,2]. While the translational diffusion of smaller 
rigid ions shows the remarkable non-monotonic dependence on inverse ion size (known as the 
“breakdown of Walden product”), the intermediate to large sized ions (like nitrate, acetate, sulfate) 
also show several different anomalies pointed out recently [3, 4] how rotational and translational 
diffusion of these ions themselves are coupled to translational and rotational motions of water 
molecules. We demonstrate how diffusion of polyatomic ions is different from that of monatomic 
ions due to the rotational self-motion of the former that enhances diffusion in specific cases because 
of symmetry. While a continuum hydrodynamic model fails to describe the motion of polyatomic 
ions, we discuss how a mode-coupling theory (MCT) approach can capture many aspects of this 
coupling between solute ion and solvent water [5,6]. We explore how the usual thinking on the 
relation between diffusion and entropy needs to be modified in the case of ion diffusion. 

 
References: 

1. B Bagchi, “Molecular Relaxation in Liquids” (Oxford, NY, 2012). 
2. B. Bagchi, and R. Biswas, Accounts of chemical research 31 (1998) 181. 
3. P. Banerjee, S. Yashonath, and B. Bagchi, Coupled jump rotational dynamics in aqueous nitrate 

solutions, J. Chem. Phys., 145, 234502 (2016) . 
4. P. Banerjee, S. Yashonath, and B. Bagchi, Rotation driven translational diffusion of polyatomic ions 

in water: A novel mechanism for breakdown of Stokes-Einstein relation, J. Chem. Phys., 146, 
164502 (2017). 

5. P. Banerjee and B. Bagchi, A mode-coupling theory analysis of the observed diffusion anomaly in 
aqueous polyatomic ions, J. Chem. Phys., 147, 124502 (2017). 

6. P Banerjee, B Bagchi, Rotational dynamics of polyatomic ions in aqueous solutions: From 
continuum model to mode-coupling theory, aided by computer simulations J. Chem. Phys. 148, 
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I will discuss two topics concerning stochastic approaches to electronic structure. First, for open-
system time-dependent density functional theory (TD-DFT): the development of a stochastic 
approach for evolving in real time non-interacting Fermions in open quantum systems under the 
influence of a Boson bath. The method is based on the unraveling procedure of the Lindblad 
equation and uses a Hubbard-Stratonovitch transformation to remove the bath-induced electron-
electron interaction. Next, I will discuss stochastic density functional theory for warm dense matter 
using finite temperature Kohn-Sham DFT (FT-KS-DFT). The complexity scales as  to be 
contrasted with the O(N3T3) scaling of deterministic approaches, where  is the system 
size and  is the temperature. I will show equations of state as well as conductance calculations. 
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The variation problem associated with the solution of Dirac’s relativistic electron equation 
is reviewed here. Derivations of min-max and max-min theorems are discussed. A special 
observation is that the spurious roots of negative energy satisfy a max-min theorem. Min-max 
principle (MMP) for the solution of Dirac equation, extendable to the Dirac-Fock case, is concisely 
inspected and illustrated. MMP for two-electron Dirac-Coulomb equation is also demonstrated. The 
min-max relation is physically interpreted for both Dirac and Dirac-Coulomb problems. 
Applications to chemical systems are investigated. Mathematical advances are reviewed. 
Limitations of MMP are spelt out and recent mathematical developments are collated. An outline of 
the missing items, namely, the associated theoretical and computational developments, is given in 
this lecture. For a complementary purpose, the variation method of solving the wave equation for a 
spin-zero boson is briefly examined. Advances in understanding the Dirac fermions in nanoscience 
are also discussed. Relativistic DFT and relativistic CCA are examined in the light of the relativistic 
variation method. 

An electro-dynamical coupled-cluster methodology, starting from a covariant formalism and 
an equal time approximation, is presented here. It is based on a specific physical picture of the 
electron and positron fields. The formalism leads to the realization of different physical 
interactions, and subsequently gives rise to a systematic evaluation of the relativistic many-body 
effects. 

 

The Variation Method in Relativistic Quantum Chemistry and A Coupled-Cluster Approach 
Based on Electrodynamics 



IL-4 

TCS-2019 

4 

 

 

Satyajit Dey Baruah1, Andrew J. Logsdail2 and Ramesh C. Deka1* 
1Department of Chemical Sciences, Tezpur University, Tezpur, Assam, India. 

2School of Chemistry, Cardiff University, United Kingdom. 
*Corresponding Author Email: ramesh@tezu.ernet.in 

 
Carbon Monoxide (CO) is an environmentally polluting gas that has a significant global warming 
effect. In order to identify new, efficient catalysts for the removal of CO from emitting streams, we 
present here a systematic investigation of CO oxidation over an Au single atom catalysts (SAC), 
embedded in a zeolite framework, using state-of-the-art quantum mechanical/molecular mechanical 
(QM/MM) computational modelling techniques [1]. The proposed mechanism of CO oxidation on 
Au/FAU is observed to be the conventional Langmuir-Hinshelwood (L-H) mechanism, proceeding 
via a stable CO3 intermediate (*O-C-O=O*) to deliver the two CO2 molecules. Thus, our study with 
SACs possesses great potential to conquer key challenges in the field of the catalysis. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure: CO and O2 co-adsorbed intermediate involved in the oxidation of CO on Au supported 
faujasite. 
References: 
[1] P. Sherwood, A.H. de Vries, M.F. Guest, G. Schreckenbach, C.R.A. Catlow, S.A. French, A.A. 
Sokol, S.T. Bromley, W. Thiel, A.J. Turner, and S. Billeter, J. Mol. Struct.: THEOCHEM. 2003, 
632, 1. 

Single Gold Metal Atom Supported On Faujasite For Oxidation Of Co: A Qm/Mm Approach 
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Gas hydrates are naturally occurring crystalline compounds consisting of light weight gas 
molecules encapsulated in water cages formed by hydrogen bonds.  Due to complex hydrogen bond 
topology, modeling of gas hydrates is a challenge and the available studies are limited to single 
cages.  Recently, we modeled various fused water cages by extending the concept of strong-weak 
effective hydrogen bond model (SWEB) originally proposed by Kirov et. al..  The structure, 
stability and spectroscopic properties of the complexes formed by encapsulating small gas 
molecules such as H2, CH4 and CO2 inside water cages of different size and shape are studied using 
dispersion corrected density functional theoretical methods. The studies revealed that the 
interactions between the guest species and water molecules of a neighboring cage depend on the 
size of the guest species.  For large guest species, the interaction extends beyond a cage.  The 
interaction between guest species of neighboring cages was also found to be significant only for 
large guest species. The studies on the structure and stability of the mixed gas hydrates of 
tetrahydrofuran and hydrogen showed that both types of molecules can be occupied in large 
hexakaidecahedral water cages thereby increasing the hydrogen storage capacity at moderate 
temperature and pressure. In addition, the findings of the classical molecular dynamics simulations 
performed for various gashydrate melts will be also discussed. 
References: 
[1] Kirov, M. V. J. Struct. Chem.2006, 47, 683. 
[2] Shilpi, V., Kaur, S. P., Ramachandran, C. N. Chem. Phys. Lett., 2015, 626, 39. 
[3] Shilpi, V., Kaur, S. P., Ramachandran, C. N. RSC Advances., 2015, 5, 74270. 
[4] Kaur, S. P., Ramachandran, C. N. Comp. Theor. Chem., 2016, 1092, 57. 
[5] Sujith, K. S., Ramachandran, C. N. Phys. Chem. Chem. Phys., 2016, 18, 3746. 
[6] Sujith, K. S., Ramachandran, C. N. J. Phys. Chem. B, 2017 121,153. 
[7] Kaur, S. P., Ramachandran, C. N. Mol. Phys., 2018, 114, 54. 
[8] Kaur, S. P., Sujith, K.S., Ramachandran,C.N. Phys. Chem. Chem. Phys. 2018, 20, 9157 
[9] Kaur, S. P., Ramachandran, C. N., Int. J. Hyd. Energy., 2018, 49, 19559. 

Structure, Stability and Properties of Mixed Gas Hydrates and the Melts 
Surinder Pal Kaur, Sujith K. S and C. N. Ramachandran* 
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A comprehensive investigation of the roles of acidic, neutral and basic catalysts in isomerization of 
methoxy radical in the troposphere has been carried out by quantum chemical calculations at the 
MP2 and CCSD(T) levels of theory. The effect of basic catalysts, namely ammonia and an 
ammonia-water complex, on the isomerization process has been studied for the very first time. In 
terms of rate coefficients ammonia was found to be a better catalyst than a water monomer whereas 
the ammonia-water complex was found to be more efficient over a water dimer but marginally less 
efficient than formic acid. Based on the effective rate constants under various tropospheric 
conditions, it was found that at 0 km altitude water dimers and ammonia-water complexes could 
compete with acid catalysts but at higher altitudes the acid catalysts would dominate their neutral 
and basic counterparts by a long distance. 

Isomerization of methoxy radical in the troposphere: competition between acidic, neutral and basic 
catalysts 
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Designing molecules and materials with desirable as well as tunable properties have been one of 
the primary goals of research within the scope of theoretical modeling and simulation.   In the 
present talk, the applicability of the simple concepts like electrostatics, aromaticity, curvature of 
molecules and locally confined pressure will be briefly summarized for tuning the reactivity of 
molecular systems and designing materials with tailored properties.  In particular, some of the 
thrust areas of materials towards energy-related research dealing with hydrogen storage and 
catalytic pathways for water splitting, etc. will be focused.  The issue of the applicability of 
different theoretical methods will also be discussed. Thus, design of molecules and materials based 
on simple concepts especially for the purpose of understanding the properties related to the 
materials which are useful in energy and environmental applications will form the subject matter of 
the talk. 

Chemical Concepts based Design of Nanomaterials for Energy and Environmental Applications 
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Y. Sajeev 
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BARC, Mumbai 
 

Recent theoretical and experimental studies have revealed the catalytic ability of a low 
energy free-electron [1, 2, 3, 4, 5, 6]. By tuning the kinetic energy of a low energy electron 
(LEE) to the resonant electron attachment energy of the target molecule, the LEE efficiently 
catalyses a chemical transformation in the target molecule. 

 
 
 
 
 
 
 
 
 
 
This remarkable catalytic property of the free-electron is manifested in the electronic 
metastability of the resonantly created electron-molecule (e-M) adduct. In my talk, shall 
present an overview of this recently discovered free-electron catalysis. 

 
References 

1) D. Davis, V. Vysotskiy, Y. Sajeev and L. Cederbaum Angew. Chem. 50 4119-
 8007 (2011) 

2) D. Davis, S. Kundu, V.S. Prabhudesai, Y. Sajeev, E. Krishnakumar J. Chem. 
 Phys. 149, 064308 (2018) 

3) D. Davis, V. Vysotskiy, Y. Sajeev and L. Cederbaum Angew. Chem. 51 8003-
 8007 (2012) 

4) D. Davis and Y. Sajeev Phys. Chem. Chem. Phys. 18, 27715 (2016). 
5) D. Davis and Y. Sajeev J. Chem. Phys. 146, 081101 (2017). 
6) D. Davis, K. G. Bhushan,Y. Sajeev, and L. S. Cederbaum, J. Phys. Chem. Lett. 
 9,6973-6977 (2018). 

                                Low Energy Electron (LEE) as a catalyst 
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A recent trend in computational chemistry is the development of automated workflows for carrying 
out complex tasks.  We have developed an automated method for exploring the possible reaction 
pathways and for predicting the geometries of molecular aggregates.[1] The method has been 
extended for the study of emergent complexity in chemical evolution by studying a critical step in 
prebiotic chemistry, the oligomerisation of HCN and HNC to form complex organic molecules.[2] 
Currently, we are analysing the properties of molecular clusters of HCN or HNC, and the 
spontaneous isomerisation and oligomerisation in the aggregates.  Application of the same 
automated workflow to build-up homometallic nanoclusters turned out to be a simple method for 
modelling nanoclusters and obtaining their global minimum structures. 

 
References 

1. S Nandi, SR McAnanama-Brereton, MP Waller, A Anoop, A tabu-search based strategy for 
modelling molecular aggregates and binary reactions, Computational and Theoretical Chemistry, 
2017, 1111,  69-81 

2. S Nandi, D Bhattacharyya, A Anoop, Prebiotic Chemistry of HCN Tetramerization by Automated 
Reaction Search, Chemistry - A European Journal 2018, 24, 4885 

Automated Methods for Exploring Prebiotic Chemistry, Molecular Aggregation, and Nanocluster 
Formation. 
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DFT has been the buzz word for computational chemists for the last couple of decades. Although 
this method offers a reliable and an efficient way to estimate electronic structure properties such as 
atomization energies, energy levels, free energies etc., it is still not fast enough for our day to day 
computation, especially for larger molecules. Molecular mechanics (MM) method are faster, 
however reliability depends on the force field. A potential alternative method which offers DFT 
accuracy at MM speed is Machine Learning (ML) algorithms [1–3]. The idea behind ML methods 
is to learn from data (supervised learning). This has been used in the literature to estimate 
molecular properties such as atomization energies, HOMO & LUMO levels, potential energy 
surfaces, infrared spectra etc. [4–6] The prediction accuracy for most of these models have reached 
“chemical accuracy” limit (<1kcal/mol) with a speed of less than 1 sec [3]. In this work, authors 
first present a kernel based ML model to predict HOMO LUMO levels of upto (10k) molecules 
taken from clean energy project of Harward database. The representations used includes Bag of 
Bonds (BoB) [7], Coulomb Matrix (CM) [2] and many-body tensor representation (MBTR) [8] . 
Secondly, authors used non-equilibrium structures of a bunch a simple molecule (water, methane 
ethane, propane, butane and pentane) and trained a kernel based ML model using BoB 
representation [9]. Finally, a set of simulated annealing runs are performed to arrive at the 
equilibrium structures and energies for each molecule. 
References: 
[1] Varnek A, Baskin I. Machine Learning Methods for Property Prediction in 

Chemoinformatics: Quo Vadis? J Chem Inf Model 2012. 
[2] Rupp M, Tkatchenko A, Müller K-R, Lilienfeld V, Anatole O. Fast and Accurate Modeling of 

Molecular Atomization Energies with Machine Learning. Phys Rev Lett 2012;108:58301. 
doi:10.1103/PhysRevLett.108.058301. 

[3] Faber FA, Hutchison L, Huang B, Gilmer J, Schoenholz SS, Dahl GE, et al. Prediction 
Errors of Molecular Machine Learning Models Lower than Hybrid DFT Error. J Chem 
Theory Comput 2017;13:5255–64. doi:10.1021/acs.jctc.7b00577. 

[4] Von Lilienfeld OA. First principles view on chemical compound space: Gaining rigorous 
atomistic control of molecular properties. Int J Quantum Chem 2013;113:1676–89. 
doi:10.1002/qua.24375. 

[5] Kolb B, Marshall P, Zhao B, Jiang B, Guo H. Representing Global Reactive Potential Energy 
Surfaces Using Gaussian Processes. J Phys Chem A 2017;121:2552–7. 
doi:10.1021/acs.jpca.7b01182. 

[6] Rupp M. Machine learning for quantum mechanics in a nutshell. Int J Quantum Chem 
2015;115:1058–73. doi:10.1002/qua.24954. 

[7] Hansen K, Montavon G, Biegler F, Fazli S, Rupp M, Scheffler M, et al. Assessment and 
validation of machine learning methods for predicting molecular atomization energies. J 
Chem Theory Comput 2013;9:3404–19. doi:10.1021/ct400195d. 

[8] Huo H, Rupp M. Unified Representation of Molecules and Crystals for Machine Learning. 
Http://ArxivOrg/Abs/170406439 2017. doi:10.1007/BF02295737. 

[9] Iype E, Urolagin S. Machine Learning model for non-equilibrium structures and energies of 
simple molecules. J Chem Phys n.d. 

 

Machine Learning Models For Estimating Molecular Properties: (A Potential Alternative To Dft) 
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Computational Studies of Small Molecule Activation 

Kumar Vanka,1 Subhrashis Banerjee1 and Shailja Jain1 
1Physical and Materials Chemistry Division, National Chemical Laboratory, Dr. Homi Bhabha 

Road, Pashan, Pune, Maharashtra, India 
 
The activation or cleavage of bonds in small molecules is an important problem, with relevance in 
biological processes, as well as to important new areas of research such as hydrogen storage. 
Transition metal complex systems have, by and large, held a monopoly in this field. However, 
methods that employ systems that move away from transition metals hold special interest, because 
main group systems have the advantage of being cheaper and, often, greener than transition metal 
systems. What will be discussed in my talk will be computational studies (employing density 
functional theory, DFT) investigating small molecule activation by main group systems. 
Specifically, the real role of boron based Lewis acid compounds in catalytic processes will be 
investigated [1]. Also discussed will be computational studies with low valent aluminum systems 
systems [2], and the hidden role that the solvent plays in making these systems efficient. 

 
 
Figure 1. How do boron based compounds really act in "catalytic processes"? 
 
References: 

[1] Banerjee, S.; Vanka, K. ACS Catalysis 2018, 8, 6163. 
[2] Jain, S.; Vanka, K. Chem. – Eur. J. 2017, 23, 13957.
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Drug Molecules 
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2Department of Chemistry, IIT Guwahati, Assam, India-781039 
E-Mail: sandipp@iitg.ac.in 

 
Hydrotropes are important class of molecules that enhance the solubility of an otherwise insoluble 
or sparingly soluble solute in water [1]. Besides this, hydrotropes are also known to self-assemble 
in aqueous solution and form aggregates [2]. It is the hydrotrope aggregate that helps in solubilizing 
a solute molecule in water [3]. In view of this, we try to understand the underlying mechanism of 
self-aggregation of different types of hydrotropes in water by using classical molecular dynamics 
(MD) simulation. We further extend our study to explore the hydrotropic action of these hydrotrope 
molecules towards the solubility of different sparingly soluble orally administered drugs in water 
[4-6]. 

References: 

[1] C. Neuberg  Biochem. Z. 76 (1916), 107. 

[2] S. Das, S. Paul J. Phys. Chem. B, 119 (2015), 3142. 

[3] S. Das, S. Paul J. Phys. Chem. B, 120 (2016), 3540. 

[4] S. Das, S. Paul J. Chem. Inf. Model., 57 (2017), 1461. 

[5] S. Das, S. Paul J. Phys. Chem. B, 121 (2017), 8774. 

[6] S. Das, S. Paul PLoS One, 13 (2018), e0190209. 
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Multi-Reference Electronic Structure Methods To Investigate Scattering 
Resonances 

Kousik Samanta 
School of Basic Sciences, Indian Institute of Technology Bhubaneswar, Argul, Odisha 752050, 

India. Email: kousik@iitbbs.ac.in 
 
Molecular resonances are important transient intermediate states during scattering processes. A 
proper understanding of these states shines light on the outcomes of various diverse processes, e.g. 
electron transport, energy exchange between electronic and nuclear motions, in vibrational 
excitation of molecules or molecular ions by electron impact, and dissociative attachments and 
recombination. Complex scaling method (CSM) paves the way for the well-established bound-state 
electronic structure tools to investigate these temporarily-bound states. CSM is an analytical 
continuation technique in which the electronic coordinates are scaled by a complex parameter. The 
eigenstates of the Hamiltonian corresponding to the bound states remain unchanged upon complex 
scaling. The eigenstates representing the scattering states change as the complex-scaling parameter 
changes. The resonance state behaves initially as a typical scattering state upon complex scaling; 
but, once uncovered, it remains invariant upon further variations in the scaling parameter. Thus the 
resonance state stands out among the myriads of scattering eigenstates of the complex-scaled 
Hamiltonian. For atomic resonances, CSM boils down to scaling of integrals by a complex number. 
However, application of CSM for the molecular resonances under Born-Oppenheimer 
approximation (BOA) is not so straightforward. Special care needs to be taken to evaluate the 
electron-nuclear integrals in case of molecular resonances under BOA. Multi-configuration based 
methods are one of the computationally efficient and theoretically sound tools to investigate 
correlated atomic and molecular systems. The development of multiconfigurational methods based 
on CSM for molecular resonances, under BOA and beyond, will be discussed. 
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Electron induced chemistry or electron – molecule scattering has garner more attention of late due 
to its profound applications in Chemistry. There are many processes which can be seen in electron 
molecule scattering. Along this line, vibrational excitation (VE) and dissociative attachment (DA) 
are two such processes which are of fundamental importance. We have developed and implemented 
a method viz., local complex potential based time dependent wave packet (LCP-TDWP) approach 
[1-3] to gain more insights in the above mentioned two processes. Our LCP – TDWP approach was 
successful to decipher VE and DA from small to large biomolecules [1-14]. Some of these results 
will be presented in my talk. 
 
REFERENCES 
[1]  M. Sarma, S. Adhikari, M. K. Mishra, J. Chem. Phys. 126 (2007) 044309. 
[2]  R. K. Singh, M. Sarma, A. Jain, S. Adhikari, M. K. Mishra, J. Chem. Sci. 119 (2007) 385. 
[3]  R. K. Singh, M. Sarma, M. K. Mishra, Indian J. Phys. 81 (2007), 983. 
[4]  M. Sarma, S. Adhikari, M. K. Mishra, Int. J. Quantum Chem. 108 (2008) 1044. 
[5]  Renjith B., S. Bhowmick, M. K. Mishra, M. Sarma, J. Phys. Chem. A 115 (2011) 13753. 
[6]  B. K. Shandilya, M. Sarma, S. Adhikari, M. K. Mishra, J. Chem. Sci. 124 (2012) 141. 
[7]  S. Bhowmick, Renjith B., M. K. Mishra, M. Sarma, J. Chem. Phys. 137 (2012) 064310. 
[8]  B. K. Shandilya, M. Sarma, S. Adhikari, M. K. Mishra, Int. J. Quantum Chem. 113 (2013) 130. 
[9]  R. Bhaskaran, M. Sarma, J. Chem. Phys. 139 (2013) 045103. 
[10]  R. Bhaskaran, M. Sarma, J. Chem. Phys. 141, (2014) 104309. 
[11]  R. Bhaskaran, M. Sarma, Phys. Chem. Chem. Phys. 17 (2015) 15250. 
[12] R. Bhaskaran, M. Sarma, J. Phys. Chem. A 119 (2015) 10130. 
[13]    H. Barsiwal, A. Anand, S. Goswami, M. Sarma (unpublished). 
[14]    M. Bhattacharjee, K. Talukdar, S. Goswami, M. Sarma (unpublished). 

Implementation Of Local Complex Potential Based Time Dependent Wave Approach 
In Electron Induced Chemistry 
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Photochemical reactions of nitrones have been studied extensively in the last six decades [1-4]. 
Most of these nitrones were found to form oxaziridine which is a terminal heterocyclic species with 
a CNO ring. The stability of the oxaziridine ring was found to depend on the substituents. Electron-
donating groups on nitrogen were found to stabilize the oxaziridine while the presence of electron-
withdrawing groups led to the amide formation. However, the exact photochemical paths of these 
reactions were not known. In the last five years, our group has been thoroughly involved in 
understanding the mechanism of this conversion through computational studies. As a result of these 
investigations we were able to successfully track the steps involved in the nitrone-oxaziridine 
photo-conversion for several acyclic nitrone systems [5-8]. Our recent attempts include similar 
investigations on the cyclic nitrone systems [9]. Two nitrones those are experimentally well-studied 
in this category are 5,5-dimethyl-1-pyrroline 1-oxide (DMPO) and its methyl substituted (at 2-
position) analogue. Both are known to form oxaziridines on photo-irradiation; however, the 
oxaziridine obtained from DMPO was reported to form cyclic amide (pyrrolidone) while the same 
does not happen for the other one, unless it is heated at very high temperatures. Our investigations 
mostly based on the CASSCF and CASPT2 level of theories have justified these experimental 
observations. The study has revealed the presence of low-lying conical intersections (S0/S1) in the 
nitrone to oxaziridine reaction path in both the systems. In case of DMPO, the photoproduct is less 
stable due to the less number of methyl groups adjacent to the nitrogen atom. This oxaziridine has 
to overcome a barrier of 35 kcal/mol to form lactam through [1,2]-H shift. In contrast, its highly 
stable counterpart obtained from the 2-methyl-substituted DMPO system has to face a much higher 
barrier (~55 kcal/mol) and the corresponding transition state indicates the possibility of breaking of 
the C-CH3 bond adjacent to the nitrogen atom. 
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1. J. S. Splitter, T.-M. Su, H. Ono, M. Calvin,  J. Am. Chem. Soc. 93 (1971) 4075. 
2. K. Koyano, I. Tanaka,  J. Phys. Chem. 69 (1965) 2545. 
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4. E. Lipczynska-Kochany,  J. Kochany,  J. Photochem. Photobiol. A 45 (1988) 65. 
5. P. Saini, A. Chattopadhyay,  Chem.Phys.Lett. 633 (2015) 6. 
6. P. Saini, M. Banerjee, A. Chattopadhyay,  J. Phys.Chem A 120 (2016) 396. 
7. P. Saini, A. Chattopadhyay,  RSC Adv. 5 (2015) 22148. 
8. P. Saini, A. Chattopadhyay,  RSC Adv. 4 (2014) 20466. 
9. S. Sen, Y. Oruganti, A. Chattopadhyay,  J. Phys.Chem A 123 (2019) 163. 

Oxaziridine and Lactam Conversion Pathways of Some Cyclic Nitrone Systems 
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For biomolecules, conformational changes underlie their functional activity; these changes could 
be intricate, with multiple parts of biomolecule coopera-tively moving a ecting the 
conformational change. This feature makes modeling such conformational changes highly di cult. 
Once a reasonably model (identi-cation of a small number of collective variables involved in the 
conformational change of interest) has been identi ed, recent advances in enhances sampling 
methods, like metadynamics (and its various variants), can be used to extract free energy pro les 
and kinetic rates; these quantities are of primary interest in most computational studies. The 
present contribution to the Symposium is an set of connected advances over existing methods: 
increase the computation speed of estimating the rate of the modelled processes estimate the free 
energy differences. 
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Internal Friction or Just the Memory Effect? Investigating the Viscosity 
Dependence of Rate Using Model Systems 

Arnab Mukherjee 
 
Deviation from the Kramers’s inverse viscosity dependence of rate, , is often attributed to 
the presence of internal friction in proteins after Ansari et al. in 1992 showed that the rate could fit 
the modified empirical equation, , where  is considered as internal friction. Several 
experimental and computational studies thereafter used fit to Ansari’s equation or extrapolated the 
rate to  to estimate the internal friction in proteins and attributed its origin to various internal 
interactions such as ruggedness, dihedral rotation, and salt bridges. Here, we show that the above 
method to calculate internal friction is incorrect since the rate in a simple model system without any 
internal friction yields a non-zero . Further investigation reveals that  correlates with the relative 
deviation from Kramers rate at different viscosities, where the deviation itself is caused due to 
absence of full friction rather than the presence of internal friction. 
 

 
Reference: 
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Multi-carrier system is a generic unit of atoms, molecules and quantum dots. Interactions have 
enormous role in dictating electronic structures and dynamics under various ambients. As 'N' i.e., 
the number of charge carriers increases, correlations (N(N-1)/2 factors) supersede the impacts of 
lateral (electrical) and transverse (magnetic) confinements in respective moderate fields which 
simultaneously gives rise to non-triviality of Schrodinger equations. Reduction of such differential 
equations into self-adjoint Whittaker-M functions lodges the simplest, analytical and easily 
calculable technique of coulomb (exchange) correlations in terms of finitely single-summed form 
of Lauricella functions via Chu-Vandermonde identity. Especially for higher 'N' (N≥3), coordinate 
expansion of individual particle in neighborhood of other coordinates resulting into fascinating 
multi-pole (order of pole, P) expansion occurs with dipole- and coulomb-type of integrals. The 
competitive role among confinement strength, magnetic field, mass of the carrier and dielectric 
constant of the medium is registered on energy level diagram, level-spacing statistics, heat 
capacities (Cv at 1 K) and magnetization (T~(0-1)K) as a function of magnetic field for the systems 
spanning over wide range of materials (He, SiO2 and BN etc). Moreover, monitoring chemical 
potential (μ) by magnetic field acknowledges the enhancement of bosonic character of the 
unusually stabilized composite fermions. It is also noted that at the most, the order of the pole up to 
P=2 (quadrupole) and P=3 (octopole) suffice the convergence of the bound states for atoms, 
molecules and quantum dots. 

Publications 
1) H. Kaur, S.Sharma, P. Aggarwal and R. K. Hazra, Physica E: Low-dimensional Systems and 

Nanostructures. 2019, 10.1016/j.physe.2018.11.023 (in press) 
2) H. Kaur, S. Singh, P. Aggarwal, S. Sharma, S. Yadav, and R. K. Hazra, ACS Omega 2, 7410 

(2017). 
3) S. Singh, H. Kaur, S. Sharma, P. Aggarwal, and R. K. Hazra, Physica E: Low-dimensional 

Systems and Nanostructures 88, 289 (2017). 
4) S. Sharma, P. Aggarwal, H. Kaur, S. Yadav, and R. K. Hazra, Physica E: Low-dimensional 

Systems and Nanostructures 104, 206 (2018). 
5) S. Sharma, P. Aggarwal, H. Kaur, and R. K. Hazra, AIP Advances 8, 095116 (2018). 
6) P. Aggarwal, S. Sharma, H. Kaur, S. Singh, and R. K. Hazra, Physica E: Low-dimensional 

Systems and Nanostructures 85, 56 (2017). 
7) P. Aggarwal, S. Sharma, S. Singh, H. Kaur, and R. K. Hazra, Physica E: Low-dimensional 

Systems and Nanostructures 88, 26 (2017). 
 

Multi-carrier systems in Lateral (Electrical) and Transverse (Magnetic) 
Confinements by Multi-pole Expansion: Atoms, Molecules to Superlattices. 
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Effects of Mode-Mode Coupling on the Dissociation Dynamics of H2O and CH4 
on Metal Surfaces 

Ashwani K. Tiwari 
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H2O and CH4 dissociations on metal surfaces are rate-limiting step in many industrially important 
reactions. In a few recent experiments, it has been observed that dissociations of H2O and CH4 on 
metal surfaces are mode-selective. In other words, these reactions are not statistical in nature and 
therefore, one cannot use transition state based theory to get insights of these reaction. Our 
quantum dynamical calculations show that mode-mode coupling along reaction path is the key 
factor in deciding the quantum of mode-selectivity in these reactions. 
 
References 
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Characterizing open shell organic molecules is challenging for both experimentalists and theorists. 
This is particularly true in the solution phase. Theoretically, the way of doing it from first principles 
sometimes requires heavy-duty computations not always easy for a non-expert. Using density 
functional theory (DFT) and implicit solvation models built upon the Poisson equation is an 
alternate ad hoc approach, which can potentially be used even by a novice user of computations. In 
this talk, we shall expound upon our efforts to understand how some important properties of open-
shell organic molecules such as the geometries, magnitude of spin-contamination, and the singlet-
triplet gaps etc. vary between the gas-phase and the solution-phase for a carefully chosen test-set 
with popular density functionals and implicit solvent models. We hope that our results will be 
useful for the scientific community to gauge the merits and the pitfalls of using "black-boxes" to 
model open-shell systems. 
 

Density Functional Theory and Implicit Solvation Models as Black Boxes to Study Open Shell 
Organic Molecules 
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A prime example of non-equilibrium or active environment is a biological cell. In order to 
understand in-vivo functioning of biomolecules such as proteins, chromatins, a description beyond 
equilibrium is absolutely necessary. In this context, biomolecules have been modelled as Rouse 
chains in Gaussian active bath [1, 2]. However, these non-equilibrium fluctuations in biological 
cells are non-Gaussian [3, 4]. This motivates us to take a Rouse chain subjected to a series of pulses 
of force with finite duration, mimicking run and tumble motion of a class of micro-organisms 5. 
Thus by construction, this active force is non-Gaussian. Our analytical calculations show that the 
mean square displacement (MSD) of centre of mass (COM) grows faster and even shows 
superdiffusive behaviour at higher activity. The MSD of a tagged monomer in active bath also 
shows superdiffusion at an intermediate time unlike a monomer of a Rouse chain. In case of short 
chain length, reconfiguration is slower and reconfiguration time of a chain with N monomers scales 
as Nσ with σ ≈1.6-2. In addition, the chain swells. We compare this activity-induced swelling with 
that of a Rouse chain in a Gaussian active bath [2]. In principle, our predictions can be verified by 
future single molecule experiments. 
 
REFERENCES 
 
1. D. Osmanovic, Y. Rabin, Soft Matter, 13 (2017) 963. 
2. N. Samanta, R. Chakrabarti, J. Phys. A, 49 (2016) 195601. 
3. O. Pohl, M. Hintsche, Z. Alirezaeizanjani, M. Seyrich, C. Beta, H. Stark, PLoS Comp. 
Biol. 13 (2017) 1005329. 
4. E. Ben-Isaac, Y. Park, G. Popescu, F. L. Brown, N. S. Gov, Y. Shokef, Phys. Rev. Lett. 106 (2011) 

238103. 
5. S. Chaki, R. Chakrabarti, arXiv:1811.06226 (2018). 



IL-22 

TCS-2019 

22 

 

 

Biswajit Maiti 
Department of Chemistry 

Institute of Science, Banaras Hindu University, Varanasi 221005 
 

Roaming mechanisms normally observed when the system passes through a loose (flat) transition 
state region in the ground electronic state. In the excited state however, due to conical intersection 
with higher electronic states roaming mechanism may initiate. In this poster presentation we are 
going to demonstrate the roaming atom mediated non-adiabatic dynamics through conical 
intersection. Specifically, we are going to present the non-adiabatic roaming dynamics for the 
photodissociation of small hydrocarbon molecules of open and cyclic chain. In the 
photodissociation of propane two minor channels (1,2-H2 and 1,3-H2 elimination) exclusively 
follow excited state roaming [1]. A similar excited state roaming mechanism is also observed in 
photodissociation of methane. Very recently we find that for cyclopentane photodissociation, 
excited state roaming is quite significant. 
 
Reference: 
1. Rauta, A. K.; Maiti, B., Roaming mediated nonadiabatic dynamics in molecular hydrogen elimination 

from propane at 157 nm. Chem. Phys. Lett. 2016, 661, 83-88. 

 
Roaming dynamics in photodissociation of small hydrocarbon molecules 
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Due to the wide variety of unique properties, ionic liquids (ILs) have gained enormous applications 
in basic research and industry. More recently, ILs have garnered attention for controlling the 
mechanism of nanoscale assembly [1]. Nanoscale solutes, such as graphene sheets, form stable 
dispersions in ILs, and these dispersions have been used to improve the characteristics of electrical 
double-layer capacitors (EDLCs) [2]. Understanding capillary evaporation in ILs also sheds light 
on the relevant pore sizes in nanoporous carbon electrodes. In particular, one can envision 
combining capillary evaporation in nanopores with electrowetting to enhance capacitance. Here, we 
have utilized molecular dynamics simulations to characterize the dewetting thermodynamics of IL 
[EMIM][BF4] in nanoscale confinement between model solvophobic surfaces [3]. We find that 
enhanced density fluctuations at the surface of solvophobic plates can reduce free energy barriers to 
capillary evaporation, similar to previous investigations involving water. Our findings additionally 
suggest that confinement-induced changes in interfacial structure can significantly impact the free 
energy barrier to capillary evaporation [3]. 
 
(1) T. L. Greaves, C. J. Drummond, Chem. Soc. Rev. 42 (2013)1096. 
(2) S. Kondrat, P. Wu, R. Qiao, A. A. Kornyshev, Nat. Mater. 13 (2014) 387. 
(3) G. Shrivastav, R. C. Remsing, H. K. Kashyap, J. Chem. Phys. 148 (2018) 193810. 

Understanding Capillary Evaporation of Ionic Liquids in Nanoscale Solvophobic Confinement 
Using Molecular Dynamics Simulations 
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Abstract: Nowadays researchers envisioned that copper clusters doped with nickel atoms will be a 
new kind of molecular architecture to provide the desired structural, electronic, magnetic, optical 
and catalytic properties for potential applications in nanotechnology, materials science, 
microelectronics, biology, medicine and solid-state chemistry. However, a systematic study of the 
structural evolution and properties of Ni-doped copper clusters are still lacking. This study is, 
therefore, urgently warranted for designing cheaper and more efficient Ni-Cu catalyst.  In this 
work, a long-range corrected density functional theory (LC-DFT) in conjunction with LANL2DZ 
basis sets was applied to study the geometric structures, relative stabilities, electronic structures, 
reactivity descriptors and magnetic properties of the bimetallic NiCun-1 and Ni2Cun-2 (n = 3-13) 
clusters. The optimized geometries revealed that the lowest energy structures of the NiCun-1 and 
Ni2Cun-2 clusters favor the Ni atom(s) situated at the most highly coordinated position of the host 
copper clusters. The averaged binding energy, the fragmentation energies and the second-order 
energy differences signified that the Ni doped clusters can continue to gain an energy during the 
growth process. The electronic structures revealed that the highest occupied molecular orbital 
(HOMO) and the lowest unoccupied molecular orbital (LUMO) energies of the LC-DFT are 
reliable and can be used to predict the vertical ionization potential and the vertical electron affinity 
of the systems. The reactivity descriptors such as the chemical potential, chemical hardness and 
electrophilic power, and the reactivity principle such as the minimum polarizability principle are 
operative for characterizing and rationalizing the electronic structures of these clusters. Moreover, 
doping of Ni atoms into the copper clusters carry most of the total spin magnetic moment as shown 
in the Fig. A. [1] 

 
Reference: [1] R. K. Singh, T. Iwasa and T. Taketsugu, Insights into the Geometries, Stabilities, Electronic, 
Reactivity Descriptors, and Magnetic Properties of the Bimetallic NimCun-m (m=1, 2; n=3-13) Clusters: 
Comparison with Pure Copper Clusters, J. Comput. Chem., 39 (2018) 1878-1889, 
https://doi.org/10.1002/jcc.25361 
 

Long-Range Corrected Density Functional Study on the Bimetallic NimCun-m (m = 1, 2; n = 3-13) 
Clusters: Comparison with Pure Copper Clusters 

Fig. A: Size dependence 
of the total spin magnetic 
moment per atom of the 
lowest energy structure 
for of the Cun, NiCun-1 
and Ni2Cun-2 (n = 3-13) 
clusters. 
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A prominent hallmark of Parkinson’s disease is the presence of cytoplasmic inclusions known as 
Lewy bodies, which are abnormal aggregates of the protein α-synuclein inside the nerve cells of the 
infected individuals. In its physiological form, α-synuclein is intrinsically disordered, but the 
aberrant misfolding and aggregation of α-synuclein is considered as a crucial step in the 
pathogenesis of Parkinson’s disease. Both the physiological and the pathological roles of α-
synuclein involve binding to lipid membranes. It has been proposed that a significant fraction of α-
synuclein is localized with membrane fractions, especially in the pre-synaptic terminals, where it is 
associated with synaptic plasticity, vesicle fusion, and neurotransmitter release. A large body of 
research on the other hand has indicated that membrane acts as a catalytic site that significantly 
enhances the kinetics of α-synuclein fibrillization and promotes disease propagation. Our objective 
is to elucidate the structural, functional and toxic consequences of α-synuclein due to age and/or 
disease related alterations in the brain lipid composition. Using extensive multiscale simulations, 
we have elucidated the membrane binding and insertion affinity of α-synuclein as well as its ability 
to perturb the membrane structure, as a function of change in lipid-protein interactions with the 
change in membrane lipid composition. We have employed enhanced sampling molecular 
dynamics simulation to characterize the stable conformational states of α-synuclein on the 
membrane surface and aggregation propensities. Our results suggest the important role of 
membrane lipids in the early onset of Parkinson’s disease. 
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Pinning and unpinning of chemical excitation waves around anatomic obstacles 

Sumana Dutta 

The interplay of reaction and diffusion can often give rise to elegant patterns. These can be 
understood as self-organized dynamic structures in non-equilibrium systems. The natural laws 
underlying the dynamics of these chemical patterns are also applicable to many other systems 
across biology, geology, physics and ecology. One interesting subgroup of these chemical waves 
are rotating two-dimensional spiral waves and their three-dimensional counterparts, the scroll 
waves. Such waves have been observed ubiquitously in layers of excitable media like aggregating 
slime molds, nervous, retinal and cardiac tissues, yeasts extracts, etc. Spirals and scrolls of 
electrical activity are among the mechanisms responsible for cardiac arrhythmias, instabilities of 
which may further lead to ventricular fibrillation, which in the modern world is the leading cause of 
heart failure [1]. This makes the understanding and control of the spiral and scroll waves a subject 
of interest to physicians, and scientists, alike. Current methods of cardioversion employ the 
application of high-voltage electric shocks, that may lead to tissue damage and pain. Hence, it is 
required to control the chemical waves by milder techniques, which will not have such undesirable 
side effects. 
Scroll waves get anchored to heterogenous anatomic obstacles. This phenomenon is called pinning, 
which increases their life-time several folds. Such pinning of scroll waves to scar tissues within the 
cardiac muscle leads to further complicacies of the patient. The effective treatment of such 
conditions requires the complete knowledge of these waveforms and their possible control. We use 
the unstirred Belousov Zhabotinsky (BZ) reaction as a table-top model for the observation and 
study of these wave-forms [2]. Though it has several dissimilarities with the cardiac system, due to 
the latter’s heterogenous nature and the differences in wave properties, however the physical laws 
that govern the spiral and scroll waves in both systems are the same. 
In this talk, we try to share some of our results on the pinning of scroll waves to heterogenous 
obstacles of different topology, and their possible unpinning from such anchors with the help of 
mild external gradients. Our experimental results are explained by numerical simulations using 
simple mathematical models. 
References 
[1] J. Jalife, M. Delmar, J. Anumonwo, O. Berenfeld, J. Kalifa, Basic Cardiac Electrophysiology for the 
Clinician, 2nd edn. (Wiley-Blackwell, Oxford, UK, 2009). 
[2] A.T. Winfree, Science 1972, 175, 634. 
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After 150 years of the Periodic Table of Elements, one would imagine that the structure of  
common individual elements are known. While this is true for most elements, there are some that 
has defied understanding. The certainty with which the structures of the allotropes of familiar 
elements such as carbon are known, makes us feel that this should be true for the neighboring 
element boron as well. However, nature continues to play dice: structures of boron 2D allotropes 
(borophenes) depend on many variables.[1-4] The 3D allotropes are also not known with the 
certainty we desire.[5-10] These are not necessarily due to the limitations of the measurement, but 
inherent in the nature of the electronic structure which results in “one” set of position of atoms in 
one experiment and “another” set of positions in another experiment. Have we reached the limit of 
understanding, or do we have to redefine “understanding”. Does reproduction of experiment by 
artificial intelligence and neural networks based algorithms constitute understanding? 
 

  
References: 
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[3] N. Karmodak and E. D. Jemmis, Angew. Chem. 2017, 56, 10093. 
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We present Fock space coupled cluster theory for energies and decay of excited states of closed 
shell systems as well as anions. The decay can be described by addition of complex absorbing 
potential. In particular, for excited states of closed shell systems, we show that it is possible to have 
partial decupling of triplet states from singlet states. Recent results of excited state decay of anions 
will also be presented. 
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Photosystem II (PSII) catalyzes a light-driven water oxidation reaction. The reaction, also known as 
water-splitting reaction, can be expressed as  2H2O + 4 hv -> O2 + e– + 4H+. This reaction is 
essential not only for biology but also for developing novel artificial photosynthesis. Recently, 
experimental technologies such as time resolved free-electron laser and high-resolution 
spectroscopy have been developed, and the detailed structural changes during the S state transitions 
can be observed directly (Figure 1). Therefore, detailed reaction mechanisms are very difficult to be 
determined but are very attractive topics to be discussed. 
We have investigated the reaction pathways based on the quantum mechanics/molecular mechanics 
(QM/MM) calculations. Complex chemical reactions are expected in the second and third S state 
(S2 -> S3 and S3 -> [S4] -> S0) transitions as the substrate waters are inserted with the chemical 
reactions in the Mn4CaO5 cluster. We have revealed how the substrate water molecule is inserted 
into the active site and how the O2 is formed and released efficiently.1, 2 In the present presentation, 
both reaction mechanisms are discussed in comparisons with recent experimental reports. Our 
QM/MM calculation will provide one clear explanation for the efficient catalytic reactions of PSII 
and role of the Ca ion in the Mn cluster, which have been evolutionally improved by PSII taking 
several hundred million years. 
 
Keywords: water-splitting reaction, reaction mechanisms, energy profile, electronic structure 
changes 
 
 
 
 
 
 
 
 
 
Figure 1. (A) Three-dimensional structure of photosystem II (PSII) and (B) the QM/MM sphere 
model used, where the MM atoms are schematically drawn in a ribbon representation and the QM 
atoms in the center are drawn in a licorice representation. 
 
References 
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Vibronic interaction i.e. interaction of electronic and nuclear motion has emerged as an essential 
ingredient to understand chemistry and physics at a molecular level [1]. Such interactions lead to a 
breakdown of the celebrated Born-Oppenheimer (BO) approximation [2] in molecular quantum 
chemistry and opens up numerous complex paths for the nuclei to move on the electronic potential 
energy surfaces [3]. Higher symmetry leads to orbital degeneracy and the latter split on suitable 
perturbation of the molecular geometry [4,5]. Breaking of symmetry leads to a breakdown of BO 
approximation. In this presentation I shall discuss on the transition from system of axial symmetry 
to the system where the axial symmetry is absent but still the system belongs to a point group of 
very high symmetry. Representative results illustrating variety of examples studied by us during the 
past years in particular, spectroscopy of molecules and their internal conversion dynamics will be 
presented [6,7]. 
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H. Kӧppel (Eds.), World Scientific , Singapore, 2004. 
[4] R. Renner, Z. Physik. 92, 172 (1934); G. Herzberg and E. Teller, Z. Physik. Chem. 21, 410 (1933). 
[5] H. A. Jahn and E. Teller, Proc. Roy. Soc. Lond. Ser. A, 161 220 (1937). 
[6]  R. Sarkar, S. Rajagopala Reddy, H. Kӧppel and S. Mahapatra, Chem. Phys. 482, 39 (2017). 
[7] A. Ghosh, S. Nagaprasada Reddy, S. Rajagopala Reddy  and S. Mahapatra, J. Phys. Chem. A120, 7881 
(2016); K. Rajak, A. Ghosh and S. Mahapatra, J. Phys. Chem. A 122, 8612 (2018); A. Ghosh, K. Rajak and 
S. Mahapatra, J. Compu. Theor. Chem. (in press). 
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Symmetry and Vibronic interactions in Chemical Systems 
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We consider some formal issues that arise when coupled-cluster (CC) electronic wave-functions are 
used to account for non-adiabatic effects in quantum and trajectory based nuclear dynamics 
methods. The reason for the difficulties reported in the literature [1,2,3] for consistent definition of 
Diagonal Born-Oppenheimer Correction (DBOC) and Non-Adiabatic Couplings (NAC) is 
identified to be not to include the natural geometry-dependent normalization of CC wave-functions 
within a dynamics treatment. 
Here, we discuss our recently published analysis[4] of how geometry-dependent normalisation 
freedom of electronic wave-functions affects the extraction of a meaningful DBOC to the ground-
state Born–Oppenheimer potential energy surface (PES). By viewing this freedom as part of the 
gauge-freedom of non-adiabatic dynamics, it is argued that DBOC and the resulting associated 
mass-dependent adiabatic PES are best thought of as gauge-invariant quantities. This allows a sum-
over-states (SOS) formula for DBOC which explicitly exhibits this invariance to be derived. A 
biorthogonal formulation suitable for DBOC computations using standard unnormalised coupled-
cluster (CC) wave-functions is presented. This is shown to lead to a biorthogonal version of SOS 
formula with similar properties. On this basis, alternative computational schemes for evaluating 
DBOC using approximate CC wave-functions are derived. One of this agrees with the formula used 
in current literature. 
Further, it is also argued that adiabatic-to-diabatic transformations (ADT) can not be used to fully 
eliminate the NAC matrix arising in non-adiabatic dynamics when using CC wave-functions. This 
is shown to be linked to the non-Hermitian nature of CC method [4]. 
 
[1] O. Christiansen, J. Chem. Phys., 110., 711 (1999). 
[2] J. Gauss, A. Tajti, M. Kallay, J.F. Stanton, and P.G.Szalay, J. Chem. Phys. 125, 144111 (2006) 
[2] A. Tajti, P. G. Szalay J. Chem. Phys. 131., 124104 (2009). 
[3] K. R. Shamasundar, Mol. Phys., 116., 1483 (2018). 
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Electronic configurations in the presence of a high intensity high frequency laser are quite counter-
intuitive. Driving the electrons of  an atom with a high frequency oscillating field which is off-
resonant can result in states which are quasi-stationary and metastable for certain sets of laser 
parameters. These states have been named Kramer-Henneberger (KH) states, the formation of 
which plays in an important role in stabilising quantum systems. Recently, experiments have found 
evidence of these long lived states in Helium and Argon. In this talk, we present our investigations 
of these states in a three-dimensional double well quantum system with two electrons, water 
molecule and benzene in a circularly polarised light.  In the case of two electrons in a double well, 
the KH state enables pairing and localisation of the quantum system on top of the double well 
barrier. This paired up state finds importance in  achieving temporal control of ionization. In the 
case of water molecule, evidence is found for the linear geometry being favoured over the usual 
bent geometry. 
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Singlet Fission (SF) is a multi-exciton generation (MEG) pathway where in a pair of triplet exciton 
is formed between two neighbouring chromophores staring from a singlet excitation on a molecule. 
This spin allowed SF process opens a new avenue for increasing the solar energy conversion 
efficiency for solar cells. Production of two correlated triplet states from one single exciton attracts 
significant attention due to its ability to harness the higher energy photons into a photovoltaic cell 
rather than losing this excess energy for low band gap semiconductors. Though there are several 
experimental reports in polyaromatic hydrocarbons (PAH) for SF, a rational design for choice of the 
molecular systems still remains at infancy. This lecture would address the theoretical challenges in 
this area namely (a) Choice of molecules which satisfy the three thermodynamic conditions of SF 
and (b) Crystal engineering of molecular forces in aggregates of chromophores for maximizing the 
SF yield. We present few studies from our laboratory on logical design of singlet fission (SF) in 
aggregates. 
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It is well known that the denaturants like urea and guanidinium chloride [1] are dessisive in 
repturing the native structure of proteins and this is one off the effective means of getting the 
protein ready for analysing its stability in vitro. The key point of debate ever has been the modus 
operandi of these denaturants towards the mechanism of protein denaturation.[2, 3] Herein, with the 
help of classical molecular dynamics (MD) simulations and first principle calculations, we 
completly unfold mechanism of the denaturation of a α-Helical protein in the presence of urea.[4] 
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The modern periodic table is evolved after considering important contributions from various 
scientists over a long period of time. Despite this, positions of various elements in the periodic table 
are not unanimously settled. In particular, the positions of lanthanum (La), actinium (Ac), lutetium 
(Lu) and lawrencium (Lr) in the periodic table remain controversial for quite some time, and thus 
there have been various possibilities for the placement of the beginning and the end elements in the 
two f-blocks. These elements may potentially be placed in the d−block, p−block or all four in 15 
element f−block based on various studies reported in the literature. Our work looks into this issue 
from a new perspective, which involves encapsulation of these four elements into Zintl ion clusters, 
Pb12

2− and Sn12
2−, followed by determination of structural and electronic properties of these 

endohedral M@Pb12
2− and M@Sn12

2− clusters (M = Lrn+, Lun+ with n = 0, 1, 2, 3) using density 
functional theory. Various properties of these endohedral clusters are compared with La3+ and Ac3+ 
ions encapsulated clusters. All the calculated parameters for Lr encapsulated clusters are very 
similar to the corresponding parameters of Lu encapsulated clusters, which confirms the similarity 
between Lr and Lu metal atoms at various oxidation states, though their atomic ground state 
valence electronic configurations are different. All M@Pb12

+ and M@Sn12
+ (M = Lr and Lu) 

clusters form stable 18 bonding electron magic number systems with shell closing. It is interesting 
to find that La and Ac showed striking similarities to Lr and Lu with respect to all the properties 
investigated and have formed the stable 18–electron system. In my talk I will present the rationale 
behind placing La-Lu and Ac-Lr in two fifteen-element f-blocks in the periodic table, which is 
contrary to the recommendation of American Chemical Society and Royal Society of Chemistry but 
in line with the IUPAC proposition. 
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Abstract 

 
Metal surface defects, viz. steps, kinks, vacancies, dislocations, impurities, and nano-structures 
cause non-uniform distribution of work function over the electrodes. We have developed theory for 
the bare and solvated metal work function of such curved structures under Thomas-Fermi 
approximation. Modified work function of the solvated electrode strongly influence the local 
heterogeneous electron transfer, adsorption and electric double layer formation rates. Theory 
obtained for the outer sphere electron transfer rates as the exchange current density of the 
nanoparticle and nano-structured metal electrodes furhther extends contemporary theory. We 
estabilish that the surface kinetics is altered through texture and shape of the electrode (for feature 
size <10nm). Similarly, large morphologically irregularities (>10nm) causes constraining 
environment for electroactive species which leads to anomalous diffusion. Most surface disorder 
has multi-length scales irregularities and usually possess fractal nature. Interactions of multiscale 
morphological structures (in roughness or porosity) on electrodes with various phenomenological 
governing length scales originating from electrochemical processes are known to anomalously alter 
these processes and overall transient response of the electrode.  We have extensively developed 
theories to understand these influences in dynamic response under various electrochemical reaction 
schemes to elucidate kinetics and electrochemical quantities. 
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and R. Kant,  J. Electroanal. Chem. 2010, 641, 78; M. B. Singh and R. Kant,  J. Phys. Chem. C, 2014, 
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7164-7174. J. Kaur, R. Kant, J. Phys. Chem. C 2017, 121, 13059-13069. R. Kumar and R. Kant, 
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Complexities in Modeling of Electrochemical Processes 
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Fast ion conducting solids find important technological application, as solid electrolytes for use in 
batteries and fuel cells. Understanding the factors governing the mobility of ions in these solids are 
critical for the development of all-solid-state batteries that promise higher energy density, better 
safety and longer lifecycles. Molecular dynamics is a very powerful tool to explore microscopic 
nature of ion transport, including the mechanism, energy barriers, and other possible factors 
controlling the mobility of ions, but in highly (ionic-) conducting materials (say of,  > 10-2 S/cm, 
typically). However, the technique often fails to yield in many systems of practical interest (or, of 
industrial tenacity), having intermediate ionic conductivity (  10-3 S/cm) due to the short periods 
of simulation (~ of a few hundred nanoseconds, at best) dictated by the computational cost. We 
prescribe a partial solution to this problem based on judicial implementation of metadynamics 
techniques [1], besides discussing some fresh insights on the nature of ion transport in solids 
derived from this renewed approach. 
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Fast Ion Transport in Solids: Insights from Molecular Dynamics and Metadynamics Simulations 
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It is reported that in sI methane hydrate, CH4 encapsulation occurs in small dodecahedron 
(512) cavities in the initial stages of hydrate nucleation [1], although, the total number of 
tetrakaidecahedron (51262) cavity (in the developed sI crystal) and  radius of 51262 are greater than 
that of 512. To know the cause behind such a fact, stability of sI methane hydrates is studied using 
dispersion corrected density functional theory [2], with sI cluster where encapsulation of one 
methane molecule takes place in 512 and 51262 cavities. It is noticed that sI methane hydrate is more 
stable in the case when methane is encapsulated in 512 cavity. A systematic inspection, together 
with electron density analysis and energy decomposition analysis (EDA) [3] discloses that the 
relative stability and equilibrium structure of 512 and 51262 cages, particularly, geometry of small 
(H2O)5 and (H2O)6 clusters, presence of CH4 guest, integrity and cavity radius of (H2O)20 and 
(H2O)24, weak stabilizing interactions between cavity wall and methane, as well as spatial fit of the 
CH4 molecule in 512 and 51262 voids with a limited host-guest interaction, play significant roles in 
directing the initial formation of CH4@512 units instead of CH4@51262 in sI methane hydrate 
nucleation (CH4@512, CH4@51262, indicate the methane encapsulated 512 and 51262 cavities, 
respectively) [4, 5]. 
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Selective Host-guest Organization in the Initial Stage of sI Methane Hydrate Nucleation 
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Abstract: 

The two organic molecules, tert-butyl-alcohol (TBA) and trimethylamine-N-oxide (TMAO), are 
structurally very similar and amphiphilic in nature. These two molecules differ from each other 
only because the polar part of TBA is constituted of C−OH group, whereas the same for TMAO is 
formed by N=O group. However, their behavior in aqueous solutions and action toward protein 
structure and stability are markedly different. We use atomistic molecular dynamics simulation to 
investigate differences in the characteristics of the aqueous solutions of these two structurally 
similar, biologically important molecules. By analyzing radial distribution functions, preferential 
solvation factors, and the number of nearest neighbors, structural characteristics of the two aqueous 
solutions are found to be dramatically different. By examining the distribution of nearest neighbor 
solute and solvent molecules in these two solutions, it is found that the aqueous solution of TMAO 
is homogeneous, whereas that of TBA is not. Further scrutiny of TBA−TBA radial distribution 
function at a high concentration by splitting the surrounding TBA molecules into two hemispheres 
demonstrates that the TBA aggregation occurs not only from the side of methyl moieties of TBA as 
expected in hydrophobicity induced aggregation, but also from the side of the polar C−OH group. 
To analyze the effect of concentration of the two solute molecules (TBA and TMAO) on the local 
structure of water, tetrahedral order parameter and distributions of tetrahedral angles and hydrogen-
bonding angles have been calculated for both the solutions. It is surprising to see that at high 
concentrations, the local water structure in the TMAO solution is more disrupted compared to the 
same in the TBA solution. Finally, the action of these two solutes on the folding−unfolding 
behavior of Trp-cage miniprotein has been analyzed. 
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The transport of a polymer through a nanopore plays an important role in several biological 
processes, such as the translocation of DNA and RNA across nuclear pores, transport of protein 
through membrane channels, and virus injection. The basic question concerns the dependence of 
the translocation time on the system parameters such as the polymer chain length, sequence, pore 
length and pore width, external driving force, and polymer pore interaction. Driven translocation 
can be of two types: pore-driven translocation and end- pulled translocation. Due to the long 
relaxation time of the polymer chain, driven translocation is a far-from-equilibrium phenomenon. 
In our work we investigate the influence of polymer-pore interactions on the pore driven 
translocation dynamics using Langevin dynamics simulations[1]. We vary the strength of the 
polymer-pore interaction either by incorporating electrostatic traps within the pore lumen or by 
changing the pH of the medium that tunes the charge decoration on the polymer and pore. Our 
simulation results are qualitatively explained by free energy calculations. In our work on end pulled 
translocation we employ extensive molecular dynamics simulations to present a theoretical 
treatment of end pulled translocation dynamics by generalizing the iso-flux tension propagation 
theory.[2] Our studies have been extended to study the translocation dynamics of folded polymer 
chains which is relevant to experimental studies on polymer translocation through solid state 
nanopores. 
 
[1] B. Ghosh and S. Chaudhury J. Phys. Chem. B 122 (2018) 360. 
[2] J. Sarabadani, B. Ghosh, S. Chaudhury and Tapio Ala-Nissila EPL 120 (2017) 38004 

Non Equilibrium Effects of Translocation Dynamics Through A Nanopore 
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It is known that interactions between molecules may change in the presence of nanostructures. 
However, the exact mechanisms that dictate the tuning of intermolecular interactions remain largely 
unexplored in computational studies. Here, we employ density-functional calculations with the 
recently developed many-body dispersion (MBD) method to investigate intermolecular three-body 
interaction energies (where bodies can be molecules or nanostructures) in a set of nanocomposites. 
We analyze three representative complexes that display distinct behavior in their interaction 
profiles, and unravel the physical reasons behind the observed differences. We demonstrate that 
many-body van der Waals (vdW) interactions can be repulsive, attractive, or neutral with respect to 
a pairwise treatment of vdW dispersion interactions. Our results indicate that vdW interactions in a 
given complex can be tuned by suitably choosing its environment. Such tuning may lead to either 
stabilization or destabilization of the complex, establishing many-body interactions as a useful 
mechanism for designing novel nanomaterials with desired properties. 
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The prospect of finding an improved method for rapid genome sequencing might offer a completely 
new way of preventive health care. Recently solid-state nanopores (Figure) have generated lot of 
interest for rapid DNA sequencing. However, the main challenge is to slow down the DNA 
translocation process to achieve a single-nucleobase resolution. Functionalization of electrodes is a 
promising approach for this. We have used a range of computational tools in an attempt to study the 
electronic structure and transport properties of individual nucleotides and short DNA strands in 
several model systems. Functionalizations [1-4] of electrodes are done to achieve a single-
nucleobase resolution. 
Here we will present a critical overview of some of the benefits that the covalent attachment of 
various probe molecules might offer in the context of DNA sequencing with nanopore-embedded 
electrodes. 
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023701. 
[2] J. Prasongkit, A. Grigoriev, B. Pathak, R. Ahuja, R. H. Scheicher, Nano Lett. 11 (2011), 1941-1945. 
[3]J. Prasongkit, A. Grigoriev, B. Pathak, R. Ahuja, R. H. Scheicher, Journal of Physical Chemistry C. 117 
(2013), 15421-15428. 
[4] R. L. Kumawat, P. Garg, S. Kumar, B. Pathak, ACS Applied Materials and Interfaces, 11 (2019), 219-
225. 
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Kinesins belong to the family of microtubule-based motor proteins that participate in the 
intracellular transport of substances. Studying the effect of mutations on the function of Kinesins 
has therapeutic applications because some of these mutations are associated with neurological 
disorders. The computational investigation of the effects of mutations requires analysis at different 
spatial scales because the size of the motor is about two orders of magnitude larger than that of a 
single amino acid residue. In this presentation, we will describe our efforts to study the effects of 
mutations in the region of the motor that is close to the microtubule by using molecular simulations 
[1] and stochastic models of biological motors [2]. The stochastic models work at the scale of 
complete motors and help us to relate the free-energy landscape of the motor across the chemical 
states and positions along the microtubule. Molecular simulations are used to predict the effect of 
molecular-scale changes accompanying a mutation on the above free-energy landscape. We use the 
framework of generalized ensembles [3] to make the above prediction. We discuss the results 
obtained by applying the above strategy to the monomeric kinesin motor KIF1A. The observed 
trends comply with the experimental results from the mutagenesis-studies. We also discuss the 
molecular-scale insights about the in vitro motility assays that are gained from the generalized-
ensemble-based approach. 
Keywords: KIF1A, molecular simulations, generalized ensembles 

 

Figure 1: Generalized-ensemble-based approach to study the effect of mutations on the speed of 
Kinesin motor. 
[1] S. Chakraborty, W. Zheng. Decrypting the structural, dynamic, and energetic basis of a monomeric 
Kinesin interacting with a tubulin dimer in three ATPase States by all-atom molecular dynamics simulation, 
Biochemistry 54 (2015) 859-869. doi:10.1021/bi501056h 
[2] D. Chaudhary, Modeling Stochastic Kinetics of Molecular Machines at Multiple Levels: From Molecules 
to Modules, Biophysical Journal 104 (2013) 2331-2341. doi:10.1016/j.bpj.2013.04.042 
[3] E. T. Jaynes, Information theory and statistical mechanics, Physical Review 106 (1957) 620-630. doi: 
10.1103/PhysRev.106.620 

Studying The Effect Of Mutations On The Motion Of Kinesin Motors By Using The Generalized 
Ensembles 
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Development of economical and efficient electrocatalyst device is essential for clean energy 
production. The molecular organization leading to two-dimensional (2D) materials on substrates 
offers an attractive route for many applications including electronic, magnetic, and photonic 
applications. The chemical and electronic structural properties can be productively tuned by 
introducing the defects in the electrocatalyst. However, fundamental understanding of modulation 
of the functional group of the molecules leading to a desired structure having suitable properties is 
still lacking. We performed the first-principles simulations to the investigation of two-dimensional 
van der Waals (vdW) heterostructures that are of considerable interest for next-generation 
nanoelectronics due to their unique interlayer coupling, as well as electrical and optical properties 
[1]. 
In another work, we reported the analysis of thermal stability, phonon frequency and thermal 
conductivity over a wide range of temperature and several other electronic properties such as 
adsorption, bandgap engineering in hexagonal borocarbonitrides (BCN), which display excellent 
catalytic activity for water splitting [2]. Besides the promising role of BCN in water splitting, our 
results show that in contrast to graphene and boron nitride monolayers, the out-of-plane phonons in 
BCN monolayer induce asymmetry in the phonon density of states at all temperatures [3]. Also, 
phonon results show the possibility of expanding the use of BCN in thermal management 
applications and thermoelectrics. Furthermore, our ab initio calculation shows that merely 
switching the position of chemically doped B and N in BCN significantly influences the bandgap, 
which opens new avenues towards the tunable behavior of the 2D sheet [4]. Recently, we also 
explored the optoelectronic properties of the imine based covalent organic framework [5]. 
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First Principle Simulation Study Of Two-Dimensional Molecular Films For Opto-Electronic 
Applications 
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The commercialization of numerous electrochemical energy systems is inhibited by the sluggish 
kinetics of oxygen evolution reactions (OER) and oxygen reduction reactions (ORR). OER 
catalysts should be stable, active and cheap for their application in electrochemical reactions. 
Recently, Mn based double perovskites have emerged as suitable catalysts for the OER. We present 
a density functional theory based comprehensive study on the pristine and doped Ca2Mn2O5 , where 
Ca is replaced with inexpensive alkaline earths, main group elements and lanthanides to elucidate 
how the electronic structure can aptly be tuned by doping, for the best catalytic performance. The 
catalytic performance has been assessed based on the theoretical overpotential calculated for each 
case. Doping assisted modification of the eg filling of the metal centre is observed which affects the 
catalytic activity. 30% Ce doped Ca2Mn2O5 shows the best activity in terms of the lowest 
overpotential value of 0.14 V. We have developed a simple predictive model using 4 electronic 
structure based descriptors. This study suggests Ce0.7Ca1.3Mn2O5 as an efficient, cost effective 
catalyst for OER. 
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Quantum mechanical methods are invaluable for understanding the electronic properties of 
molecules/clusters. The computational cost of such methods, however, increases sharply with the 
system size, precluding their applicability to spatially extended molecular systems. This calls for 
exploring new economical yet quite accurate approaches. 

A brief introduction to fragmentation-based methods developed in the literature for this purpose 
will be given. In particular, the principle and some details of the indigenously developed fragment-
based molecular tailoring approach (MTA) methodology1 facilitating such calculations will be 
presented. 

 

 

 

A crucial segment of MTA procedure is the generation of quality fragments leading to 
accurate results with substantial gain in computer time. An algorithm for automatic generation of 
fragments achieving this delicate balance between accuracy and efficiency within MTA framework 
will be discussed along with some benchmark calculations.2 The talk will also cover the process of 
making a priori judgment of the goodness of a fragmentation scheme. Finally the talk will 
showcase the performance (in terms of energetics and vibrational IR/Raman spectra) of MTA with 
some prototype calculations on large molecules and clusters employing desktop computers.3 
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The beyond Born-Oppenheimer (BBO) treatment is briefly presented from first principle for the 
construction of highly accurate diabatic potential energy surfaces (PESs) both for spectroscopic [1-
3] (Na3, K3, NO2, NO3, C6H6

+ and C6H3F3
+) and scattering [4] processes (D+ + H2). Jahn-Teller (JT) 

and Renner-Teller (RT) types of conical intersections (CIs) along with Pseudo Jahn-Teller (PJT) 
couplings in those systems and semi-circular CI seam (rather than a CI point) between the ground 
and first excited states of H3

+ moeity are the new interesting findings. The nuclear dynamics is 
performed on the diabatic PESs of Na3, NO2 and NO3 to compute the photoelectron spectrum, 
which shows a good agreement with the experimentally observed ones. Moreover, we carry out 
reactive scattering dynamics [4,5] on the diabatic surfaces for H3

+ system in hyperspherical 
coordinates for total angular momentum zero and non-zero situation to reproduce experimental 
cross sections and rate coefficients for reactive non-charge and charge transfer processes. Optical 
spectra of REMnO3 (RE = La, Pr, Nd, Sm, Eu, Gd, Tb, Dy) exhibits anomalous temperature 
dependence around the Neel temperature [6]. This behavior could be due to Jahn-Teller effect both 
in ground and excited state. Such observations have been investigated [7] theoretically to illustrate 
the experimental spectra due to the excitations of the quantum rotors. 
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The effect of cosolvents has a profound effect on the protein solubility. Urea and salt solutions are 
found to denature the biomolecules [1] whereas; TMAO has a stabilising effect [2]. Studies shows 
that the structuring of the water molecules have direct and indirect effect on the stability of the 
biomolecules. Water is a unique liquid. It has many anomalous properties which are beneficial for 
the existence of living organisms. These anomalous properties of the water can be explained on the 
basis of existence of High Density and Low density water [3]. Proteins have both hydrophobic and 
hydrophilic residues which can induce High density water and Low density Water. In this present 
work, we will like to focus on the fact how the presence of these High density and low density can 
explain the stability of a simple biomolecule. We have chactergorized the High Density and Low 
density water on the basis of number hydrogen bond present in the water molecules. Molecular 
dynamics simulation was performed on simple amino acid at different salt solution, namely LiCl 
and KCl. Lithium salts are found to have more salting in effect than the other Group I cations[4]. 
The water structure near the hydrophobic group in presence of LiCl is found to be more Low 
density water compare to KCl . This structured water molecules are found to give more stability 
towards the amino acid water interaction. We have also performed a molecular dynamic simulation 
in presence of TMAO to validate our results. 
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Department of Chemistry, Dr. Harisingh Gour Vishwavidyalaya (A Central University), Sagar, 
470003, India. 

Synthesis of dihydropyridines by transition-metal catalyst is one of the important research targets, 
recently. Here, we report the first theoretical prediction that a unique nickel(I) hydride complex 
NiIH(bpy) (bpy = 2,2'-bipyridine) 1 is an efficient catalyst for hydrosilylation of both quinoline and 
pyridine. Two possible reaction pathways were explored (cf. Figure 1); in Path 1, intermediate Int1 
is formed by reaction of substrate with 1. In the next step, N3-C1 bond of substrate inserts into Ni-H 
bond of 1 via TS1 to afford N-coordinated 1,2-dihydroquinoline Int2 with the Gibbs activation 
energy (∆Gº‡) of 21.8 kcal mol-1. On reacting with hydrosilane, Int2 form a hydrosilane -complex 
Int3; this is named as Path 1A. In the other route (Path 1B), Int1 reacts with phenylsilane in 
concerted manner via hydride-shuttle transition state TS2 to afford Int3. In TS2, Si atom takes 
hypervalent trigonal bipyramidal structure. Formation of hypervalent structure is crucial for the 
stabilization of TS2 (∆Gº‡ =17.3 kcal mol-1). The final step of Path 1 is metathesis between Ni-N 
bond of Int3 and Si-H bond of phenyl silane to afford N-silylated 1,2-dihydroproduct and 
regenerate 1, which needs ∆Gº‡ of 6.5 kcal mol-1 relative to Int2. In Path 2, 1 reacts with 
hydrosilane to form Int5, which then forms adduct Int6 with substrate through Si-N interaction 
between substrate and hydrosilane. The N-silylated 1,2-dihydroproduct is produced via hydride-
shuttle transition state TS5 with ∆Gº‡ of 18.8 kcal mol-1. The use of 6,6-dimethyl,2,2-bipyridine 
(dmbpy) stabilizes both transition states and intermediates in Path 1 and Path 2 to a similar extent, 
and therefore the ∆Gº‡ value is similar to that of bpy case. The absence of N-coordination of 
substrate to NiI in TS5 is important reason why Path 2 is less favorable than Path 1B. Quinoline 
hydrosilylation occurs more easily than pyridine. This is because quinoline has LUMO at lower 
energy than that of pyridine to enhance charge transfer (CT) from silane to substrate. Also, 
(bpy)NiIH is more reactive than recently reported (NacNac)MgIIH and (NacNac)ZnIIH 

(NacNac=[ArʹNC(Me)CHC(Me)NArʹ]−, Arʹ=2,6-Me2C6H3). The significant difference in 

reactivity of these species is discussed in terms of frontier orbital energies. 

 

Figure 1: Proposed Catalytic cycle for the hydrosilylation of N-heteroarenes 

References: 
[1] He, Y.; Cai, Y.; Zhu, S. J. Am. Chem. Soc. 2017, 139, 1061. 
[2]  Lortie. J. L.; Dudding, T.; Gabidullin, B. M.; Nikonov, G. I. ACS Catal. 2017, 7, 8454. 
[3]  Singh V.; Sakaki S.; Deshmukh, M. M. Organometallics 2018, 37, 1258-1270. 
[4]  Singh V.; Sakaki S.; Deshmukh, M. M. Organometallics 2018 (submitted) 

Theoretical Prediction of Novel Ni(I)-Catalyst for the Hydrosilylation 
of Pyridine and Quinoline: Exploration of Full Catalytic Cycle 
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Real-Time Tddft Based Simulations Of Photo-Induced Phenomena In Molecular 
And Nano-Scale Systems 
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There is a growing need to understand the fundamental excited state processes occurring in photo-
induced phenomena in biological systems, opto-electronic materials, photovoltaics and photo-
catalysis. Time-dependent density-functional theory (TDDFT) based approaches offer a 
computationally efficient way to investigate the details of such processes. Particularly in large 
molecular systems and at the nano-scale, ab initio non-adiabatic molecular dynamics simulations 
based on TDDFT are emerging as the new standard for studying early events after light absorption. 
A large part of our current research is dedicated to exploring the applications of real-time TDDFT 
(RT-TDDFT) based simulations to systems excited by light, and developing tools for analyzing the 
ensuing excited state dynamics. In this talk I will discuss a few examples of our on-going work 
related to optical properties of 2D materials, photo-induced DNA repair, and energy transfer 
processes. 
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Determination and Validation of the Intrinsic Structure of Pentapeptide Leu-
enkephalin by Comparison of VSCF-PT2 Calculations with Cold Ion 

Spectroscopy 
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Intrinsic structure of an opioid peptide [Ala2, Leu5]-leucine enkephalin (ALE) has been investigated 
using first-principles based vibrational self-consistent field (VSCF) theory and cold ion 
spectroscopy. The IR-UV double resonance spectroscopy revealed the presence of only one highly 
abundant conformer of the singly protonated ALE, isolated and cryogenically cooled in the gas 
phase. High-level quantum mechanical calculations of electronic structures in conjunction with a 
systematic conformational search allowed for finding a few low-energy candidate structures. In 
order to identify the observed structure, we computed vibrational spectra of the candidate structures 
and employed the theory at the semi-empirical harmonic level and at the first-principles based 
anharmonic VSCF levels. The best match between the calculated “anharmonic” and the measured 
spectra appeared, indeed, for the most stable candidate. An average of two spectra calculated with 
different quantum chemical potentials is proposed for best match with experiment. The match thus 
validates the calculated intrinsic structure of ALE and demonstrates the predictive power of the 
first-principles theory for solving structures of such large molecules. 
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Can Two Like-Charged Molecules Attract Each Other In Different 
Environments: Investigation With Integral Equation Theory And Computer 

Simulation 

Pradipta Bandyopadhyay* 

School of Computational and Integrative Sciences 

Jawaharlal Nehru University, New Delhi 

 

Interaction between particles having charges with same sign (like-charged particles) is complicated 
by the presence of counterions and salts. Although the celebrated Debye-Hückel theory predicts 
repulsion between the like charges, there have been cases where two like-charged molecules can 
attract each other. For instance, there has been evidence of like charge attraction between colloids 
and DNA molecules with multivalent counterions. In the current talk, our on-going investigation on 
like-charged interaction between two spherical macroions and also between two protein molecules 
will be described. Both liquid state integral equation theory and computer simulation techniques 
have been used to understand the intricacies of the like-charged interaction. 

Reference: 

[1] Kanduč M, Moazzami-Gudarzi M, Valmacco V, Phys Chem Chem Phys. 2017;19: 10069–10080. 
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The cellular environment comprises of water, small osmolytes (or cosolvents) and large 
macromolecular crowding solutes that are known to affect biomolecular stability and biochemical 
processes. The underlying molecular mechanisms and associated solvation effects are, however, not 
well-understood. Molecular simulations act as a computational microscope for deriving a 
molecular-level understanding of biomolecular and macromolecular processes in silico. One of the 
interesting problems in biophysical sciences has been to understand how cosolvents and the 
chemical environment modulate the hydrophobic effect, regulating the protein folding process and 
water solubility of macromolecules. Using solvation theories such as of Kirkwood-Buff theory and 
Widom potential distribution theorem, the underlying molecular mechanisms and thermodynamic 
driving forces can be elucidated. Our recent work has proposed a new entropic osmolyte stabilizing 
mechanism, which explains the thermodynamic driving forces underlying the action of urea in 
weakening or strengthening the hydrophobic effect in stimuli-responsive polymers. Such effects of 
urea modulate the aqueous solubility and conformational equilibria of these polymers. We will 
discuss how molecular simulations combined with thermodynamic solvation theories can provide 
an efficient tool to obtain a microscopic understanding of the hydrophobic collapse process, that 
underlies crucial biological and chemical processes. Towards the end of the talk, the scope of 
molecular simulations with the exascale computational efficiency, will be highlighted to show how 
cellular-level systems can be mimicked using simulations, to understand the biological processes as 
they occur in vivo. Mimicking the living cell environment in silico is accompanied with challenges 
related to accurate modeling of crowding effects and efficient simulation methods for large-scale 
systems. Such challenges and perspectives will be discussed. 

Computational Microscopy of Cosolvent and Solvation Effects on Hydrophobic Collapse 
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Rise of the Machines: Chemistry with Machine Learning 
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Recent advances in deep learning methods seemed to have resulted in resurgence of their 
applications in natural sciences during the last few years. Fundamentally, these data driven methods 
can broadly be classified as supervised and unsupervised methods. In the first part of the 
presentation, we will discuss the use of artificial neural network for predicting energies of small 
molecules. The ANN model was obtained based on a novel molecule featurization inspired by 
additive force fields (BAND: bag of Bonds, Angles, Nonbonds and Dihedrals). We will show that 
this model is applicable not only to the class of molecules that were used for the training, but also 
to more complex molecules. While there is certainly room for improvement, the apparent potential 
energy function can also be used to perform geometry optimization. In the second part of the talk, 
we will present the use of unsupervised machine learning along with graph theory to extract folding 
pathways from replica exchange molecular trajectories. A suitable vector representation was chosen 
for each frame in the macromolecular trajectory and dimensionality reduction was performed using 
PCA. The trajectory was then clustered using a density-based clustering algorithm, where each 
cluster represents a meta-stable state on the energy surface of the biomolecule. A graph was created 
with these clusters as nodes. We hypothesize that the most probable path of (un)folding from a 
starting to an ending state is the widest path (path which has maximum minimum edge weight) 
along the graph. Our method makes the understanding of the mechanism of unfolding in RNA 
hairpin molecule more tractable. As this method doesn’t rely on temporal data it can be used to 
analyse trajectories from Monte Carlo sampling techniques and replica exchange molecular 
dynamics (REMD). 
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Quantum Chemical Simulation of Carbon Nanotube Nucleation on Al2O3 
Catalysts via CH4 Chemical Vapor Deposition 
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The chemical vapor deposition (CVD) of CH4 on Al2O3 surface leading to the nucleation of single 
walled carbon nanotube (SWCNT). Quantum chemical simulations reveal the reactive chemical 
pathway and the manner of formation of SWCNTs on the surface of Al2O3 nanoparticles, is 
fundamentally different from that observed using “traditional” transition metal catalysts. These 
simulations demonstrate that SWCNT nucleation mechanism is not directly mediated by the 
catalyst surface. Instead, nucleation proceeds via the cross-linking of extended polyyne chains that 
are only anchored to the catalyst surface via C-Al -bonds. This is a significant deviation from 
established “vapor-liquid-solid” (VLS) and “vapor-solid-solid” (VSS) mechanisms, commonly 
accepted in describing nucleation on transition metal and nonmetal catalysts, respectively. This 
unusual nucleation sequence is due to two factors. First, the π interaction between graphitic carbon 
and Al2O3 is extremely weak, such that graphitic carbon is expected to desorb at typical CVD 
temperatures. Second, hydrogen present at the catalyst surface actively passivates dangling carbon 
bonds preventing a surface-mediated nucleation mechanism. This prevents catalyst poisoning and 
allowing SWCNT nucleation to take place. This detail investigation of the simulations will assist in 
understanding the solid phase “catalyst” such as Al2O3 can be exploited toward chirality-controlled 
SWCNT growth. 

 

References: 
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Molecular level understanding of metal ion protein interaction in transport of 
ion in K+-ion channel and development of Chronic Beryllium disease 

Susmita De 
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Kochi, Kerala, India – 682 022. 
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ABSTRACT 
 

The metal ions exhibit different types of interactions with proteins and in turn play a wide range of 
functional roles in biology.  On one hand some of the metal ions are essential for life and on the 
other hand certain metal ions are highly toxic.  Thus, detail molecular level understanding of 
different metal-protein interactions is very crucial.  Two specific problems concerning metal-
protein interactions in K+-ion transport in ion channel and development of chronic beryllium 
disease will be discussed using hybrid multi-scale QM/MM method and molecular dynamic 
simulations. 
The roles of different amino acid residues towards binding and selective transport of K+-ion in the 
selectivity filter of the bacterial K+-ion channel, KcsA, will be 
explored.  Each amino acid viz. threonine (THR-75), valine 
(VAL-76), glycine (GLY-77) and tyrosine (TYR-78) from 
intracellular to extracellular region in the selectivity filter 
plays distinctive role towards binding and transport of K+-ion 
through KcsA.1 
The role of beryllium towards development of chronic 
beryllium disease will be discussed.  Beryllium as well as 
specific peptide stabilizes the HLA II proteins, which in turn 
binds to T-cell receptor (TCR) protein to trigger the onset of 
chronic beryllium disease.2  The specificity of the disease is related to the special coordination 
chemistry of bridged Be2+ in the active site.  The binding of Be2+ at the active site creates a 
secondary binding site for Na+-ion, which interacts with the amino acid residues situated at the 
periphery of HLA proteins to facilitate TCR binding. 

 
 

 

 

 

References: 
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Revisiting the reaction energetics of CH 3 O • + O 2 ( 3 Σ − ) reaction: Crucial 
role of post-CCSD(T) corrections: 

Subhasish Mallick, Amit Kumar, and Pradeep Kumar 

Department of Chemistry, Malaviya National Institute of Technology Jaipur 

The CH3O • + O2 reaction has been studied by means of high level ab initio calculations to predict 
the reaction energy and barrier height in its chemical accuracy. We have employed post-CCSD(T) 
corrections in terms of the partial quadratic excitations at coupled cluster level, along with 
relativistic, spin-orbit and diagonal Born-Oppenheimer corrections to estimate the barrier height 
and energetics for title reaction. After including all the corrections, the reaction energy and barrier 
height were found to be -27.44 and 2.21 kcal mol −1 , respectively, which is in good agreement 
with the corresponding experimentally derived values. Using these information, we have also 
calculated the rate constants for the title reaction employing transition state theory (TST) in 
conjunction with zero curvature tunneling (ZCT) within a temperature range 250 to 900 K 
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An all atom molecular dynamics simulations of fully hydrated dimyristoylphophatidylcholine 
(DMPC) bilayer is carried out at 308K using TIP4P/2005 water model. Water residing continuously 
in the hydration layer of DMPC bilayer are identified as interface water (IW). IW hydrogen bonded 
among themselves and concertedly to other moieties of lipid heads such as carbonyl (CO), glycerol 
(Glyc) and phosphate (PO), are further classified as IW-IW, IW-CO, IW-Glyc and IW-PO 
respectively [1].  Mean square displacements of all classes of IW follow sub-diffusive behavior till 
a time scale when the non-gaussian parameters (NGP) show a structural arrest. At a time scale 
when IW leave the hydration layer, the NGP decays due to hopping transition and relaxation from 
the cage of hydrogen bonded neighboring IW. The radial and translational van Hove correlation 
functions of all IW calculated at the time interval where the NGP is maximum, show non-Gaussian 
behavior where the bulk water follow Gaussianity. Self intermediate scattering functions (SISF) of 
IW decay slower than the bulk water with distinct time scales of short time ballistic regime 
followed by cage relaxation (β) and longer time relaxation (α) which disappears for the bulk water. 
The longer relaxation arises due to the coupling dynamics of lipid heads to the hydrogen bonded 
IW. Our findings reveal that the retardation in dynamics of chemically confined IW is originated 
from dynamical heterogeneities at the temperatures above supercooling. This will be useful for 
mimicking the bio-protection mechanism under freezing stresses but at room temperature in the 
future. 

References 
[1] Srivastava, A. & Debnath, A., J. Chem. Phys. 148, pp. 094901 (2018). 
[2] Debnath,  A. and  Ayappa, KG, Maiti, Prabal and Lin, Shiang-Tai, J. Chem. Phys. 133, pp. 174704 
(2010). 
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Abstract 

The doublet potential-energy surface for the reaction, N (2D) + HOX (X=Cl, Br) is done employing 
both second-order Møller-Plesset and density-functional theory.  The energies of the involved 
species have been refined using the complete basis set and coupled-cluster singles and double 
(triples) methods.  Angular momentum-resolved (i.e., J-resolved) microcanonical variational 
transition state theory rate constant calculations are carried out to gain insight into the dynamics of 
this reaction.  The minimum energy path of N (2D) + HOX reaction occurs predominantly via the 
insertion-dissociation mechanism.  The energetically most favorable product channels lead to the 
formation of HNO + X and NO + HX.  The results indicate that the reaction shows positive 
temperature dependence in the temperature range of 200-500 K. 
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Decoupling of Self Diffusion from Viscosity of Supercooled Water: Role of 
Translational Jump-diffusion 

Snehasis Daschakraborty1 

Department of Chemistry, IIT Patna, India 

Abstract: Some experiments have witnessed increasing decoupling of viscosity from the 
translational self-diffusion of supercooled water with decreasing temperature. While theory and 
computer simulation studies indicated the jump translation of the molecules as a probable origin of 
the above decoupling, a precise quantitative estimation is still lacking. Through a molecular 
dynamics (MD) simulation study, along with careful consideration of translational jump motion, we 
have connected the observed decoupling with translational jump-diffusion of the water molecules. 
By separating out the jump-only diffusion contribution from the overall diffusion of the water, we 
obtain the residual diffusion coefficient, which remains coupled with the viscosity of the medium at 
the whole temperature range including supercooled regime. These new findings can help to 
elucidate many experimental studies featuring molecular transport properties, where strong 
diffusion-viscosity decoupling comes into the picture. 
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Computational Study In Understanding The Unique Isomerization Activity Of 
Dinuclear Palladium(I) Catalyst 
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Enol esters are considered as one of the most valuable precursors in a variety of organic 
transformations.[1] Due to their importance in organic transformations, several studies have been 
performed towards the development of enol ester synthesis.[2] Recently, Gooβen and coworkers 
have developed an olefin isomerization reaction strategy for the formation of enol esters with the 
help of highly active dimeric [Pd(µ-Br)(PtBu3)]2 catalyst Pd1Br.[3] Our calculations reveal that the 
dimeric pre-catalyst undergoes ligand-based C-H activation to provide dimeric, cyclometalated 
species B1Br, which then dissociates to the monomeric Pd-H species C1Br (Scheme 1). The 
isomerization of propene follows the most favorable “pathway C” with an overall energy span of 
22.0 kcal/mol. The study also includes the possible deactivation routes for the active catalyst giving 
rise to the double-cyclometalated Pd intermediate Pd2Br. 
Furthermore, our investigation also considers a systemic development of catalyst showing higher 
isomerization activity and lower deactivation route. This development along with the calculated 
results gains strong correspondence with the experimental observations.[4] 

Dinuclear PdI Catalysis Dinuclear Pd-H Catalysis Mononuclear Pd-H Catalysis
Pathway A Pathway B Pathway C  

Scheme 1. Overview over isomerization pathways accessible from the pre-catalyst [Pd(µ-
Br)(PtBu3)]2 
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Phosphorylation and O-GlcNAcylation are rapidly cycling intracellular protein post-
translational modifications (PTMs) that can compete for the same serine (S) and threonine (T) 
sites.  NMR and CD studies show that these competitive-PTMs can have the same or 
differential influence on the overall secondary structure of the proteins. In Tau derived peptide 
fragments, it was found that phosphorylation stabilized PPII conformations while O-
GlcNAcylation destabilized the same. While in -helices it was found that both the PTMs 
destabilized the conformations. However limited crystal structure information is available on the 
direct influence of these PTMs on the underlying protein structure, especially for O-
GlcNAcylation. 

In the absence of substantial structural information, we performed a systematic 
computational study utilizing PDB analysis, QM calculations, and MD simulations to identify key 
structural trends upon PTM. I will discuss the influence of these PTMs on model α-helices and Tau 
derived fragments. We found that both phosphorylation and O-GlcNAcylation destabilized the 
helix; however, the destabilization was governed by H-bonding and electrostatic interactions in the 
former, while the latter was controlled by hydrophobic collapse and steric interactions. The 
presence of lysine in close proximity of phosphate leads to potentially stable salt bridge 
interactions, which can influence the structure on the basis of the relative placement of the lysine 
with respect to the PTM site. Similar strong lysine−phosphate contacts were observed in the model 
Tau peptides, which steers the conformations toward PPII geometries, highlighting the direct 
influence of the PTM on function. 
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Rule Breaking Main Group Compounds Stabilized By Donor-Acceptor 
Interactions 
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The coordination chemistry at the main group elements has attracted growing research interest over 
the last two decades.1  The stabilization of rather unusual geometries, which in turn leads to the 
unusual reactivities, is one of the major factors contributing to this growing interest.  Consequently, 
traditional bonding concepts have been expanded to account for the unusual coordination chemistry 
of the main group elements.  The bonding and reactivity of several rule breaking compounds of  
beryllium, aluminum, and group-14 elements will be presented.2-3  The variation of the bonding 
pattern as a function of the oxidation state of the central main group element will be illustrated.  
The rationalization of differential reactivities of β-diketiminate aluminum compounds and the 
detailed reaction mechanism will be presented.2 The β-diketiminate aluminum compound (1Al) 
with an exocyclic double bond undergoes stoichiometric reactions with two equivalents of 
benzophenone and 2-benzoylpyridine to generate macrocyclic complexes of aluminium.  On the 
other hand, the β-diketiminate aluminum compounds without an exocyclic double bond (2Al and 
3Al) function like a transition metal complexes in catalysis. 
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Abstract 

The rising level of atmospheric CO2 due to anthropogenic sources necessitates the need to 
decrease this greenhouse gas, either through organic or inorganic materials [1]. In this context, 
metal Phthalocyanines (M-Pcs) that are structurally analogous to biological molecules such as 
chlorophyll and hemoglobin [2] are being explored as potential materials for capturing CO2. In this 
work we have studied the interaction of CO2/H2O with Mg and Sc substituted phthalocyanines 
additionally with functionalization at hexadeca position with functional groups such as amine, 
methyl, hydroxyl, aldehyde, and carboxyl using density functional theory. The structures are 
optimized using the B3LYP-D3 [3] hybrid functional, with the metal atoms (Mg and Sc) being 
treated with LANL2DZ [4] basis set while for other atoms (C, N, H, O), 6-31g(d,p) basis set is 
used. The results show that Sc doped sheet has a stronger interaction with gas molecules. Moreover, 
between the two gas molecules (CO2/H2O) water is preferred over carbon dioxide among all the 
functionalized M-Pcs. The average interaction distance for CO2 with sheets is 2.4 Å while for H2O 
it is 2.2 Å. Besides, the gas molecules are physisorbed on the M-Pcs, and the adsorption process is 
exothermic. Furthermore, the functional groups such as CHO and COOH substituted in M-Pcs are 
stronger gas adsorbing sites. 
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Vibrational sum-frequency generation (vSFG) spectroscopy has become a promising technique to 
study aqueous interfaces providing insight on molecular orientation and hydrogen bonding 
networks. While the measured SFG spectrum contains information on molecular structure, it is 
often difficult to assign the peaks to the underlying molecular signatures. Moreover, a non-zero 
third-order contributions increase the complexity of analyzing the vSFG spectrum. Here, both 
experimental and computational vSFG spectroscopy are utilized to understand the molecular 
structure of water at the interface of a model sea-spray aerosol interface. Both measured and 
calculated spectra display specific features due to third-order contributions to the vSFG response 
which are associated with finite interfacial electric potentials. We demonstrate that theoretical 
modeling enables to separate the third-order contributions, thus allowing for a systematic analysis 
of the strictly surface-sensitive, second-order component of the vSFG response. This study provides 
fundamental insights into the interfacial molecular organization and hydrogen-bonding structure of 
water, which mediate heterogeneous processes on sea-spray aerosols. Our results emphasize the 
key role that computer simulations can play in interpreting vSFG spectra and revealing microscopic 
details at complex aqueous interfaces, which can be difficult to extract from experiments due to the 
mixing of second-order, surface-sensitive and third-order, bulk-dependent contributions to the 
vSFG response. Further, the decomposition of the vSFG spectrum provides deeper insights into the 
relationship between the vibrational signatures and the underlying molecular motifs. 
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Non-covalent forces are ubiquitous in nature. The existing ab-initio theories often require very 
large basis set and high computational scaling to account for the same in a qualitatively correct 
manner. This restricts the applicability of these methods to small sized systems. In order to 
circumvent this problem, I shall propose a dual exponential Ansatz based recursive similarity 
transformed Coupled Cluster methodology, which accurately captures non-covalent interactions in 
an inexpensive manner. The superior accuracy of the proposed method is ensured by the inclusion 
of high rank correlation effects and a balanced treatment of screened Coulomb interactions. Our 
method strikes the right balance between computational cost and accuracy, and thus promises to be 
a black-box electronic structure tool in near future. We shall demonstrate the efficacy of the 
formulation with a number of numerical examples on difficult systems with arbitrarily complex 
electronic configurations. 
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Abstract 

The folded native structure of a protein is highly sensitive towards the nature of solvent under 
specific environmental conditions. With the change of solvent’s physicochemical properties 
protein’s native structure can be disrupted.1,2 Among several organic solvents water-alcohol binary 
mixtures have been of interest among biologists, physicists, chemists and engineers due to their 
relevance in many areas such as the pharmaceutical industry, biofuels, and protein aggregation. 
Further, monohydric alcohols are widely used as cosolvents in biology due to their unusual 
behavior at various concentrations. 
In this meeting, I shall discuss the behavior of a small enzymatic protein, Chymotrypsin Inhibitor 2 
(CI2) in various monohydric alcohol-water binary mixtures at several alcohol concentrations under 
thermal stress.3,4 In our work an emphasis has been taken to identify the origin of the protein’s 
conformational disorder in water-alcohol mixed solutions.5 Our study in general reveals that the 
presence of alcohols accelerates the unfolding process of CI2 which further depends on the 
concentration and nature of the alcohols used. The fluorinated alcohol is noted to speed up the 
unfolding time scale at low concentration whereas the reverse trend is noted at higher 
concentration. Our study further reports that the alcohols have mixed direct and indirect effects on 
the denaturing process.4-6 
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The nonadiabatic phenomena are ubiquitous in nature. They occur whenever there is a mixing of 
electronic and nuclear motions. In both the electron and ion collisions the electronic charge cloud of 
the neutral molecular target is significantly perturbed and therefore these collisions invariably 
proceed through the breakdown of Born-Oppenheimer approximation. 

In low-energy electron collisions, they result into interesting processes: (i) formation of resonances 
(temporary bound molecular anions) at certain collision energies yielding unusually large amount of 
electronic/vibrational-rotational excitation of the target molecule, and/or (ii) decay of resonances 
into neutral and anionic fragments. On the other hand, in ion-molecule collisions, particularly in 
case of protons or positive ions, the ions can penetrate into the molecular electronic charge cloud 
much more deeply and effectively leading to rich interactions among the ground electronic-state the 
low-lying excited sates.  Such interactions again lead to interesting dynamics of energy transfer 
processes. 

A brief account of ab initio structural and quantum dynamics studies will be presented for electron 
collisions with NO and O3 molecules and for proton collisions with H2, CO and O2 molecules. These 
systems are of fundamental importance in view of their relevance to astrophysical environments and 
atmospheric chemistry in the stratospher 

Nonadiabatic Processes In Low-Energy Resonant Electron-Molecule And Ion-Molecule Collisions 
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The triplet-triplet annihilation (TTA) based photon up-
conversion (UC) process has been extensively studied as 
a possible device that utilizes solar power because TTA-
UC generates high-energy photon emission from 
absorptions of lower energy photons. In many 
experiments, platinum or octaethyl porphyrin (PtOEP) 
and 9,10-diphenylanthrance (DPA) have been selected as 
the sensitizer and emitter, respectively, and achieved the 
high TTA-UC quantum yield (QY) (26%) in solution. The 
present study focuses on the clarification of TTA 
processes using theoretical methods based on Marcus 
theory. 

TTA is driven by an electron exchange mechanism 
generated charge separation between two triplet emitters 
as shown in Figure 1. For each step in Figure 1, the electron transfer (ET) rate, kX, can be estimated 
by the Marcus formula. To evaluate electron coupling matrix element, TDA, for the TTA, we have 
adopted the fragment molecular orbital (FMO) method and FMO-liner combination molecular 
orbital (FMO-LCAO) methods [1]. We have developed the calculation methods for TTA processes 
in solution based on Marcus theory [2] and analyzed TTA rate constants [3]. We also used the same 
methodologies for TTA processes in solid phase [4]. For the solution phase, the TTA reaction time τ 
(the inverse of the TTA rate) of the dimer models of 9,10-diphenylanthracene (DPA) and the alkyl-
strapped derivatives (Cn-sDPAs) was evaluated. The τ for the Cn-sDPAs were much shorter 
compared to that of DPA even at long distances and at various mutual orientations of the dimers. 
These shortened τ were due to the large electron coupling matrix elements through the pseudo-π-
orbital that was extended to the alkyl chains in the singly occupied orbitals. This finding supports 
the observed superior performance of TTA upconversion obtained with Cn-sDPAs [3]. For the solid 
phase, the TTA reaction time τTTA and triplet-triplet energy transfer (TTET) time τTTET of all 
neighboring pairs of DPA and C7-sDPA were compared. It was found that the dimensionality of 
them is of great importance in the efficiency of the TTA up-conversion process in the solid phase 
compared to those in the solution phase, since the molecular packing in crystalline is almost 
unchanged and the orientation of molecules is fixed in the solid phase [4]. 
References 
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Figure. 1 An electron exchange mechanism for 
the triplet-triplet annihilation processes. First 
step is the electron transfer in a triple pair (T1-T1) 
state, resulting in a charge separated (CS) state. 
The second step is the electron transfer from the 
CS state, resulting in a pair of one singlet excited 



IL-75 

TCS-2019 

75 

 

Exploring molecular formation and growth upon ionization of van der Waals 
clusters using ab-initio molecular dynamics 
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Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous in the interstellar medium (ISM)1. The 
mechanism for their formation in the low temperature environment of the ISM is, as of yet, 
nonetheless a mystery. Understanding the mechanism of formation of complex molecules such as 
PAHs and nitrogen-based PAHs (PAHN) is a long-standing challenge which has been drawing 
much attention for the past several decades. 

Formation of the building blocks of PAHs and PAHNs upon ionization of van der Waals clusters 
will be presented. Results on small (up to 6 acetylene/HCN units) van der Waals clusters, indicate 
that, due to the fact that the clusters possess a large amount of extra energy after ionization, a rich 
chemistry can occur2. For example, after ionization, structures on the C6H6

+ potential energy 
surface (PES) are accessible without barriers. Moreover, the formation of the basic building block 
of PAHs, namely the benzene cation, has been demonstrated by means of ab-initio molecular 
dynamic. The presence of spectator molecules has been proven to change the PES as well as to 
partake a catalytic role in the formation of the benzene cation2. 

1. Ehrenfreund, P.; Sephton, M. A., Farad. Discuss. 2006, 133 (0), 277-288. 
2. Stein, T.; Bandyopadhyay, B.; Troy, T. P.; Fang, Y.; Kostko, O.; Ahmed, M.; Head-Gordon, 

M., Proc Natl Acad Sci U S A 2017, 114 (21), E4125-E4133. 
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Entanglement is one of the most important phenomena of quantum mechanics. It occurs when 

particles interact with each other in such a way that the quantum state of each particle can not be 
described independently of the others, even when they are separated by a large distance. Instead, 
the quantum state must be described for the system as a whole, due to non-local correlations. The 
goal of our study is to see the effect of interaction strength on the second Renyi entropy as a 
measure of entanglement for continuous rotational degrees of freedom. To compute the purity of a 
subsystem in a bipartite system, we have developed a “Swap+Unswap grand ensemble” 
methodology [1] by employing Path Integral Ground State (PIGS) based on a replica method 
previously developed by Hastings et al. [2,3]. In this model study, the many-body system is 
composed of linear rotors fixed on a regular lattice in one dimension and the rotors interact with 
each other by an anisotropic dipole–dipole potential. The entanglement entropies computed by 
PIGS agree with the results obtained by Density Matrix Renormalization Group (DMRG) [4] 
calculation for various numbers of rotors as well as different interaction strengths. 
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Selective and efficient C-H activation and C=C bond oxidations are fundamental processes in 
Nature and are much desirable in the domain of organo-catalysis as well. Cytochrome P450 or 
Methane monooxygenases are heme and non-heme iron enzymes respectively carrying out strong 
C-H bond activation in nature with high efficiency and substrate selectivity.[1] Other relevant 
examples include Rieske[2] dependent naphthalene 1,2-dioxygenase which utilize NADH to 
catalyze the regio- and sterospecific cis-dihydroxylation of substrate arene C=C bond through O2 
activation, when both the oxygen atoms are inserted into the diol product.[1] Taking inspirations 
from non-heme iron-oxygenases, biomimetic non-heme iron-oxo and other metal complexes are 
devised that are capable of oxidation of varied substrates. Incidentally, most bioinspired non-heme 
iron complexes utilize H2O2 to oxidize alkanes or alkenes via the formation of a postulated FeIV=O 
or FeV(O)OH species. We have carried out DFT studies and CASSCF analysis to underline the 
nature of the oxidant in alkane and alkene oxidation and understand the mechanism in detail. For 
instance, we found that in the course of the reaction, an FeIIIOOH undergoes a “water-assisted” O-
O bond homolysis to generate a transient FeIV(O∙)OH species (Figure 1) that performs the efficient 
cis-dihydroxylation and epoxidation of alkenes. Mulliken spin population of 1.02 on the –oxo 
moiety[3] of Fe(O)OH in the most stable quartet conformer of 2 (Figure 1, inset) underlines the 
covalent nature of the iron-oxo bond.[4] This feature is in agreement with our earlier prediction of 
an oxyl radical that intrinsically cleaves C-H bond in alkanes mediated by iron(IV)oxo 
complexes.[4] Furthermore, our theoretical analysis reveals that the barrier for product (diol) release 
is too high for a tpa (tpa = tris(2-methylpyridyl) amine) based metal complex which is curtailed by 
~14 kcal/mol in presence of sterically encumbered scaffolds and synergistic assistance from Lewis 
acids.[5] Our study therefore highlights the crucial role of ligand modification and additives which 
can be further engineered to achieve enzyme-like optimum activity. 

 
Figure 1. Unrestricted singly-occupied natural orbitals after “water-assisted” O-O bond homolysis. 
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Computer simulations allow us to study the properties of many-particle systems, but not all the 

properties can be directly measured in a simulation. For example, in a molecular dynamics (MD) 

simulation of liquid (in this case ethylene glycol), we can measure the instantaneous positions of all 

the atoms in the liquid that should be efficiently analyzed to gain insight to the structural and 

dynamic features of the system. Further analysis of this data can be, however, a tedious task. 

Traditional approach is to visualize the molecules frame-to-frame and analyze the conformations by 

calculating some structural features. Artificial neural network based approach is used to handle 

complex multidimensional data in many fields of science and technology [1]. Self-Organizing Map 

(SOM) is one such data-analysis tool used for the visualization of high-dimensional data. We will 

briefly introduce SOM and its application to analyze complex conformational data especially in 

case of large molecules such as lipids, peptides and proteins [2]. 

As a case study, we have considered a simple example of ethylene glycol in liquid state simulated 

using ab initio MD. It is a typical rotor molecule with the three dihedral angles that allow for a 

number of possible conformers [3]. In crystalline and gas phase, the most stable conformer is tGg′, 

but in the liquid state due to presence of both inter- and intramolecular interactions it shows a 

complex behavior and the conformation is not yet confirmed [4]. Here, we report a conformational 

analysis of liquid ethylene glycol by using the SOM approach. 
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Non-spherical shaped molecules are the most abundant compared to spherical molecules found in 

nature. Unfortunately, only small numbers of theoretical studies address the effects of molecular 

shapes on the transport properties of molecules in dense liquids. Even less number of studies 

explored the validity of the hydrodynamic predictions of rotational and translational diffusion of 

such molecules in liquids. We study a model liquid consisting of a binary mixture of prolate and 

oblate (80:20 mixture) ellipsoidal molecules with interactions governed by a modified Gay-Berne 

potential for a particular aspect ratio with respect to various temperatures and pressures. 

Interestingly, for our model binary mixture, both the stick and the slip hydrodynamic predictions 

are found to break down remarkably, for both prolates and oblates and especially for rotation. 

Additionally, prolates and oblates exhibit dissimilar dynamical features in the mean square 

displacement and in orientational time correlation functions. 

 

 

 

 

 

 

 

 

(a) Representative snapshot of the simulation for a liquid binary mixture of prolate and oblate  

(80:20 mixture); (b) Diffusion constant of the system as a function of temperature. 
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Protein ligand binding is a dynamic process and can have single or multiple binding pathways. 
Understanding the thermodynamics as well kinetics of these binding processes is essential and can 
be then used either to enhance the binding (for example in case of protein-drug binding) or to 
inhibit the binding (in case of protein-inhibitor binding). But gaining these understandings merely 
form experiments and that to with great atomic detail is not only difficult but also challenging. 
Here, the MD simulations can play the important role in providing the understanding of binding 
processes in not only in great detail but also with experimental accuracy. In the present work we are 
going to provide such detail understanding for binding processes of tow protein ligand systems 
namely T4lysozymeL99A-Benzene binding and CytochromeP450-Camohor binding. 
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In the recent years, coupling of nanomaterials with biological molecules is playing a vital 

role in biomedical applications. Carbon-based nanomaterials have received significant attention due 

to their excellent optical, electronic and mechanical properties. Among them, graphene quantum 

dot (GQD) is being focused in various biological applications, such as bioimaging, biosensing, drug 

delivery and so on1, 2. Hence, it is necessary to explore the nature of interaction between GQD and 

biological molecules. Here, in the present work, quantum chemical methods based on density 

functional theory are used to study the interaction of GQD with two amino acids, Histidine and 

Phenylalanine. We have constructed and studied the GQD with 24 and 42 numbers of carbon atoms 

to study the effect of size on their interaction with amino acids. Binding energy, density of states, 

bader charge analysis, electron density difference plot and spectroscopic properties are used to 

characterize the interaction between the GQD and amino acids. 
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The hydrolysis of sulfonylamine (HNSO2) results in the formation of sulfuric acid along 

with ammonia, and is of significant interest due to their negative impact on environment 

and life on earth 1. The formation of H2SO4 through the reaction of HNSO2 with (H2O)n, 

where n=2-4 was studied using density functional theory and coupled cluster methods. This 

hydrolysis reaction is a step-wise process, in which one H-atom from H2O is transferred to 

the N-atom of HNSO2 and followed by the elimination of NH3 and the formation of H2SO4 

in the next step. The results show that energy barrier associated with the formation of 

intermediates and product complexes is reduced by 7 to 10 kcal/mol when the number of 

water molecules is increased from 2 to 4 2. The rate constant was calculated using canonical 

variational transition state theory (CVT) with small curvature tunnelling (SCT) correction 

over the temperature range of 200-1000 K. At 298 K, the calculated rate constant for the 

formation of intermediate is 0.51 x 10-17, 6.94 x 10-15 and 1.68 x 10-11 cm3molecule-1s-1 with 

water dimer, trimer and tetramer, respectively. The calculated enthalpy and free energy 

show that the reaction corresponding to the formation of H2SO4 is highly exothermic and 

exoergic in nature. 
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Lithium-sulfur batteries are the most promising next-generation battery because of its high 
theoretical capacity and cost-effectiveness. Despite these promising features, the dissolution 
of lithium polysulfide leads to shuttle effect which consequently affects the charging-
discharging cycle in lithium-sulfur batteries [1,2]. Planar carbonaceous materials are 
introduced in lithium sulfur battery to avoid this problem due to its reversible adsorption 
capability. Apart from the conventional planar surfaces, non-planar surface like buckybowls 
has more affinity to bind metals [3]. In this study, Corannulene, Sumanene, mono -
indenocorannulene (mono-IC) and Ortho-diindenocorannulene (o-di-IC) are selected to study 
the polysulfides adsorption properties on these non-planar surfaces using Density functional 
theory method at CAM-B3LYP/6-31G* level of theory. Each of these carbon structures varies 
in number of carbon atoms and the curvatures. The concave surface of O-di-IC shows higher 
adsorption for all smaller chain lithium polysulfides Li2Sn  and for longer chain 
polysulfides the adsorption is low. This result is encouraging since in Li-S batteries the 
dissolution is mainly due to smaller chain lithium polysulfides. Further, from the X-ray 
absorption spectroscopy studies the K-edge spectra for lithium atom indicate that smaller 
chain lithium polysulfide interacts strongly with the buckybowls. 
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Aqueous droplets are omnipresent in nature. Several recent fusion mass spectrometry experiments have 
revealed an unusual enhancement of reaction rate of bimolecular reactions in aqueous microdroplets. This 
enhancement has been tentatively attributed to the accumulation of excess charge in the surface which in 
turn can give rise to lowering of activation energy of the bond cleavage. We have modelled reactions on 
droplets as a three step process as follows- (i) diffusion of a reactant from the core to the surface of the 
droplet, (ii) diffusion of the reactant on the surface in order to find a reactive target, and (iii) the intrinsic 
reaction leading to bond breaking and product formation. We assume the timescales of the three steps are 
separable. We derive analytic expressions for the mean search time (MST) for a target situated on the surface 
by a reactant in case of two and three-dimensional droplets by solving the Smoluchowski equation with 
proper boundary conditions. Analytical results show a quantitative agreement with Brownian dynamics 
simulations performed. We show that the MST scales as R2/D, where R is the radius of the droplet. From ab-
initio calculations we find that, presence of a hydronium/hydroxide ion, generated by auto-ionisation of 
water, in the vicinity can substantially weaken the bond and hence can lower the activation barrier. We 
observe a similar facilitation of bond breaking in the presence of a static dipolar electric field along any of 
the three Cartesian axes. If the intrinsic reaction is faster compared to the mean search time involved, it 
becomes primarily a diffusion controlled process. Because of the reduction in the configurational space of 
diffusion, target search on the surface becomes faster compared to that of the bulk which eventually results 
in accelerated kinetics. 
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Ionic liquids (IL)[1] are salts that are liquid below 100ºC of temperature. These are 

promising solvents due to their remarkable chemical and physical properties exhibited. Being 

recyclable and easily tunable they are used as alternatives for various applications in energy and 

biomolecular studies. Interaction of ILs with water is of great importance due to their ubiquity 

in modern science[2]. Here, we present a systematic study on the interaction of amino acid-

based ionic liquids (AAILs) and water molecules ([H2O]n=1-10, [3] using PBEPBE/6-311++G(d, 

p) level of theory. Eight different ILs are studied with increasing the number of water molecules 

from 1 to 10. The anions are the most preferred sites for the water interaction within ionic 

liquids [4] rather than the cation. In most of the complexes, water and IL interact directly via C-

H∙∙∙O and O-H∙∙∙O hydrogen bonds up to (n=2) two water molecules. On further addition of 

water molecules (n=3-10), water-water interactions are dominant than IL-water interactions. 

Further, the large number of hydrogen bonds formed between the water molecules and the 

anion has weakened the intermolecular cation-anion interactions within the ionic liquids. The 

many-body analysis reveals the contribution of each water molecule to the total interaction 

energy between IL and water molecules[4]. 
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Alzheimer’s disease (AD) is one of the neurodegenerative disorder diseases. The damage of nerve 
cells, loss of memory and other abnormal functions characterized the disease. The senile plaque and 
tangle formation in the brain are the main important components of this disease. The acetyl 
cholinesterase (Ache) protein interaction with the molecules and inhibits the protein is also one of 
the key part for the development of drugs against the Alzheimer’s disease (AD). Galantamine is one 
of the anti Alzheimer drug approved by FDA. In our work we design by introducing electron 
donating, electron withdrawing and halo phenyl groups in the Galantamine molecule to inhibit 
acetyl cholinesterase protein. The optimization of the design molecules has been computed by 
using density functional theory (DFT). The HOMO, LUMO energies, softness and hardness of the 
design molecules are also calculated at the same theoretical accuracy. Further, we have also 
calculated the dipole moments of the molecules which is important in analysing the non-bonded 
interaction between the molecules and acetyl cholinesterase. The binding energies of interactions of 
the design molecules with acetyl cholinesterase is calculated by molecular docking and ONIOM 
model. 
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Catalytic oxidations of CO and NO have been extensively studied not only because of its 
industrial importance, but also for the environmental protection [1,2]. Engineering a bimetallic 
system with complementary chemical properties can be an effective way of tuning catalytic activity 
[1]. In this work, we have investigated the reactivity of transition metal doped bimetallic 
manganese oxide clusters MnMdO3-4 (Md = Ti, V and Cr) for the oxidation reactions of CO and NO 
using density functional theory (DFT). In the case of CO oxidation by MnMdO3, the MnTiO3 and 
MnVO3 shows slightly endothermic (0.04 eV) whereas MnCrO3 shows exothermic (-0.88 eV) 
reaction. Among the MnMdO4, the MnTiO4 and MnVO4 are thermodynamically and kinetically 
favourable with negative ORB of -0.01 eV and -0.13 eV while MnCrO4 shows positive ORB (0.82 
eV) for the oxidation of CO. In the case of NO oxidation, all the studied clusters show endothermic 

reaction except MnTiO4. The overall reaction of MnTiO4 + NO  MnTiO3 + NO2 is exothermic (-
0.48 eV). From this study, it is concluded that the titanium supported manganese oxide will be a 
suitable catalyst for the CO and NO oxidation in the condensed phase. 
 

 

 

 

 

 

(a) CO oxidation by MnTiO4                                      (b) NO oxidation by MnTiO4 
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Abstract 
The present living scenario of human beings are conductive to the development of several 

mutations, diseases and traumas in the cell microenvironment. Cell engineering has come into lime 
light for its vast applications as monitoring the cell environment, sensing input signals, and 
executing diverse custom response programs. Henceforth the generation of artificial cells capable 
of performing pre-programmed abilities has gained utmost importance in the current scenario. 
Though several engineered pathways using carbon nanotubes have already been reported over the 
past few years, the aftermath of these synthetic pathways due to its physicochemical properties are 
well known. Single-walled and Multi-walled carbon nanotubes are used as nano transducers in 
bioelectronics due to their spontaneous response on exposure to factors such as light, gas and many 
others. Here we have framed a structure from a biomolecule with several biological applications 
and benefits to be used as a signaling pathway based on previously available data. The abundantly 
existing natural biomolecule porphyrin is contrived to sheet and rolled into tubes to be used as 
signaling pathway. The chelated metal-porphyrin can be used as an optical transducer, reducing 
agent of divalent molecules (oxygen) and in transporting ions between the cell environment. The 
stability and efficiency of the material is investigated using molecular dynamics simulation and 
density functional theory. 
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Polyyne chains have very attractive electron transport properties due to their almost cylindrical 
conjugation over the alternating single and triple bonds of the one dimensional sp-backbone, 
leading to proposed applications as molecular wires, switches and non-linear optical 
components.[1] Cumulene chains with lesser bond length alternation (BLA) than polyynes is 
predicted to have improved conductance than polyynes. Also the electronic properties of the 
polyyne and cumulene chains is highly influenced by the terminal substitution.[2] Using DFT 
methods a comparative study of the transport properties of 3 polyyne chains and 6 cumulene chains 
were made. Linear carbon chain (LCC) molecules of n core carbon atoms (n=4-12) with nine 
different terminal groups substitution such as hydrogen terminated polyynes (H[n]), phenyl 
terminated polyynes (Ph[n]), pyridine-capped polyynes Py[n], 3, 5-diphenyl pyridyl terminated 
polyynes (Py*[n]) their protonated forms (H-Py[n] and H-Py*[n]), oxygen substituted phenyl 
terminated LCC, (O=Ph[n]), bora benzene substituted LCC(BB[n]) and 2, 4, 6-trimethylphenyl 
capped cumulenes (Mes[n]) were considered in this study.  The BLA values, transport barrier, 
excitation energy, reorganization energy, energy gap and vertical and adiabatic ionization energy 
were analyzed to find the suitable molecule for molecular wires. From the analysis BB[n] along 
with O=Ph[n] chains have found better choices for molecular wires due to low BLA values, 
improved stability, relatively lower electron reorganization energies combined with a lower 
transport barrier for LUMO. 
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Abstract:  Hydrophobic DNA nucleobases that lack hydrogen bonding between paired bases have 
recently been synthesized by Romesberg and coworkers [1], and shown to be capable of acting as 
templates for DNA replication and transcription [2]. However, the physicochemical properties of 
such nucleobases pairs in DNA are not well understood. In this context, our previous quantum 
chemical study [3] have analyzed conformational preferences and stacking interactions of four 
different hydrophobic pairs with neighboring nucleobases in DNA duplexes, which play vital role 
in stabilization of hydrophobic nucleobases. In the present contribution, results of our preliminary 
molecular dynamics studies on DNA systems containing hydrophobic base pairs (FEMO:5SICS, 
MMO2:5SICS, NaM:5SICS and TPT3:NaM) will be discussed. Apart from using conventional MD 
simulations, the present work comprises of conformational sampling of DNA with hydrophobic 
base pairs using T-Replica Exchange Molecular Dynamics (T-REMD) simulations or ‘Parallel 
Tempering’. Our results reveal that the hydrophobic base pairs which adopt stacked conformations 
in conventional MD simulations exhibit planar conformations in T-REMD simulations. The 
tendency of hydrophobic base pairs to adopt planar conformation inspite of the lack of interbase 
hydrogen bonding explains the high replication fidelity of DNA containing hydrophobic base pairs. 
Additional salient structural features of associated DNA analyzed from T-REMD simulations will 
be discussed. 
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Porphyrin related materials, inspired by natural photosynthesis and due to their attractive characteristics 
are being widely used as efficient light harvesting centres in DSSCs [1, 2]. Considering the importance of 
axially ligated porphyrins [3, 4], the photosensitizing property of Sn porphyrins as a function of axial ligation 
will be made. This study explores the DSSC properties of SnTP molecules namely SnTP and (OH-1)Sn(OH-

1)TPyP using TDDFT technique optimized at B3LYP/6-31+G* level of theory employing LANL2DZ basis set for 
Sn metal. The optimized geometries were later used in calculating single point energies using the same 
level of theory in Gas, THF and DMF phases with the C-PCM model using Gaussian 09. The obtained EHOMO 
and ELUMO, calculated electron injection and regeneration values indicate that (OH-1)Sn(OH-1)TPyP tend to 
take part in effective electron transfer from the excited state of SnTP to the conduction band of TiO2. Such a 
study in turn would highlight the importance on the choice of axial ligands of Sn porphyrins for effective 
improvisation on the photosensitizing property of Sn porphyrins. 

 

 

 

 

 

 

SnTP               (OH-1)Sn(OH-1)TPyP 

 

Figure: Representation of SnTP molecules 
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When liquid water is sufficiently cooled to very low temperature, it expands, becomes more 
compressible and less viscous when compressed. In supercooled condition, it has two different 
structural forms – a low-density form and a high-density form which is responsible for its unusual 
thermodynamic properties. It is found that response functions like isothermal compressibility, 
isobaric heat capacity and coefficient of thermal expansion in liquid water increases sharply upon 
cooling. The increase becomes much more pronounced at lower temperatures. This anomalous 
behaviour of liquid water is of great interest to scientists and till date no clear picture has been 
sorted out from both theoretical and experimental studies.[1] Supercooled liquid water below 
melting point is in a metastable state and small perturbations may convert it into a stable crystalline 
phase. Study of supercooled liquid water will help us to quantify its anomalous behaviour in detail 
which will further enhance our understanding about its occurrence in clouds that plays an important 
role in the processing of solar and terrestrial energy fluxes.[2] Supercooled liquid water is also 
important for life at subfreezing conditions and for the commercial preservation of protein and 
cells. It is observed that in supercooled conditions structural arrangement of water molecules play 
an important role in determining its thermodynamic and dynamic properties.[1] We perform 
Molecular Dynamics (MD) Simulations of 2048 water molecules with periodic boundary 
conditions in isothermal-isobaric (NPT) ensemble. Water molecules are modeled using TIP4P/2005 
potential and simulations are carried out in the temperature range 280-230 K at 1, 1000 and 10000 
bar. We analyze structural order parameters and identify molecular arrangement of water molecules 
in these conditions. With a spherical cut-off based analysis we found that at the state points 
mentioned there is an interesting change in the fraction of 4 coordinated/low density and 5 
coordinated/high density water. Hydrogen atom planarity in hydrogen bonded dimers in local 
coordinations shows a significant temperature and pressure dependence. At all temperatures and 
pressures similarly coordinated water molecules have similar orientations. We find that structural 
order parameters quantify ordering in water molecules and help us to understand its anomalous 
behaviour in supercooled conditions. 
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For a long−time the concept of aromaticity is 
used for explaining the stability of mainly 
organic and to lesser extent of inorganic 
compounds. Recently, two different groups 
have synthesized [U@Bi12]

3− and [Ln@Sb12]
3– (Ln 

= La, Y, Ho, Er, Lu) systems and characterized 
them using quantum chemical calculations. In all 
these systems, all the three Sb4

2− and Bi4
2− 

rings lose their aromaticity on binding with metal ion while forming [U@Bi12]
3− and [Ln@Sb12]

3– 
systems. The produced [U@Bi12]

3− and [Ln@Sb12]
3– systems are found to be stable even after the 

loss of the aromaticity of the Sb4
2− and Bi4

2− rings. To understand this unusual behaviour, we 
studied similar type of actinides (An = Th4+, Pa5+, U6+, Np7+) and lanthanides (Ln = La3+, Ce4+, 
Pr5+, Nd6+) containing M@Sb12

6– and M@Bi12
6– clusters using density functional theory. All the 

M@Sb12
6– and M@Bi12

6– clusters are optimized in D3h symmetry (Fig 1) at PBE/def−TZVPP level 
of theory. We found that the planarity of the Sb4

2− and Bi4
2− rings decreases as we move from La3+ 

to Nd6+ and Th4+ to Np7+ containing M@Sb12
6– and M@Bi12

6– clusters. Moreover, with the increase 
in the non−planarity of these rings, the strength of bonding of the rings with Ln (An), as well as 
bonding between rings increases. However, in the absence of metal ion, almost no interaction is 
observed between the rings. The binding energy of all the clusters is negative and its value 
increases from La3+ to Nd6+ and Th4+ to Np7+ containing clusters. We found that in spite of loss of 
planarity of rings the high stability of these clusters is due to the fulfilment of 32−electron count in 
case of all the studied Ln and An containing clusters except La3+ and Th4+, for which 26−electron 
count is satisfied. 
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Figure 1. Lanthanide and actinide containing 
M@Sb12

2− and M@Bi12
2− systems. 
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Experiments reveal that the solvation dynamics of DNA is characterized by multiple timescales 

ranging from a few picoseconds to hundreds of nanoseconds, even microseconds in some cases. 

The later part of this relaxation can often be described by a power law, the origin of which is yet to 

be clarified. In this work we address this issue using multiple theoretical approaches based on time 

dependent statistical mechanics and computer simulations. We find that the long-time power law 

decay can not be explained by water dynamics, which, at its slowest, lies in the ~100 ps time 

regime. The continuum model of Bagchi-Oxtoby-Fleming and the Oosawa theory of 

polyelectrolytes also fail to explain this behavior. However, an extension of the latter theory using 

the continuous time random walk technique of Scher-Montroll-Lax shows that the primary 

candidate responsible for the exotic relaxation could be the collective response of counterions. We 

use molecular dynamics simulation to establish the random walk of counterions along the 

phosphate backbone of DNA. We perform kinetic Monte Carlo simulations on a model system and 

find that the movement of the ions can indeed account for the power-law nature of solvation 

dynamics of DNA. From MD simulations we also show that a lognormal distribution of time scales 

of hydration water can account for the initial nonexponential relaxation. Furthermore, we find that 

the observed faster solvation of groove bound probe can originate from its self-motion. 
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In search of alternative energy resources, significant advances are seen in the development of 
molecular water oxidation catalysts (WOCs) for artificial photosynthesis. One category of 
promising WOCs with high catalytic activity and relatively simple structures are mononuclear 
ruthenium complexes with polypyridine ligands. For improving the efficiency by designing better 
catalysts, it is crucial to understand the mechanism. In this work, we have considered two recently 
developed WOCs,1 1 and 2 (see Figure) and carried out a thorough computational investigation of 
the mechanism of water oxidation with these two WOCs using Density Functional Theory 
(B3LYP/def2-TZVP) calculations. The first step in the catalytic cycle is a one-electron oxidation by 
ceric ammonium nitrate (CAN). Two sequential proton-coupled electron-transfer processes  
(PCET) afford [RuV=O]3+. Further one electron oxidation leads to [RuVI=O]4+, the active species 
triggering the key O-O bond formation. The water nucleophilic attack (WNA) at the metal oxo site 
accompanied with a proton transfer to solution results [RuIV-OOH]3+ + H3O

+. The activation energy 
barrier for this crucial step is 8.9 kcal/mol for 1 and 2.3 kcal/mol for 2. The [RuIV-OOH]3+ on 
oxidation followed by deprotonation gives end-on superoxo [RuV-OO]3+ in doublet state. A second 
WNA at quartet state of [RuV-OO]3+ provides an easy, barrier-less channel for the release of triplet 
O2. From the overall reaction profile, the OO bond formation is found to be the rate determining 
step. 
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Hydrogen cyanide (HCN) is a molecule of interest in prebiotic chemistry2. Its less stable isomer, 
hydrogen isocyanide (HNC), is often found along with HCN in the interstellar medium, even 
though HNC is higher in energy than HCN by more than 10 kcal/mol. The formation of HNC 
through a single step, intramolecular isomerization of HCN has a large activation energy barrier of 
47.8 kcal/mol. There are other proton transfer pathways reported which has lower barriers3,4. In this 
work, we explored the possibility of isomerization in the molecular clusters of HCN and HNC. We 
have generated several optimized geometries of (HCN)n and (HNC)n clusters using our tabu-search 
based cluster building algorithm5. Cyclic geometries were found to be the most stable ones for for 
all aggregates for n>3. The various isomers of (HCN)6  can be seen in Figure 1.  While HCN 
clusters were found to be stable with high barrier for isomerization to HNC clusters, the HNC 
clusters were found to undergo structural transformations such as isomerization or dimerization, for 
the clusters containing more than six monomers. We have analyzed the pathways for these 
processes and also studied the variation of binding energies, cooperativity, bonding analysis upon 
increasing the cluster size. 
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We have used a Tabu-search based algorithm to explore the geometries of homometallic clusters of 
palladium,  Pdn (n=2-15).  In this method, the  minimum energy structures  of Pdn cluster is located 
by the optimization of several  trial geometries of random relative orientation between Pdn-1 and Pd. 
Initial  set  of  minimum  energy  structures  for  the  clusters  were  generated  using semi-empirical 
(GFN2-xTB)[1]  method  with  xtb  package  interface  with  our  PyAR  program[2]. The selected 
unique  structures  were  further  optimized  using  Density  Functional Theory (PBE0/def2-TZVP) 
method  with  ORCA  program[3]. The increase of cluster size causes a gradual evolution of 
properties towards the bulk phase and opens new possibilities for tunable materials.[4] Important  
properties  (HOMO-LUMO gap, binding  energies, geometric features etc.) of the most stable 
structures for each n were analyzed. Most of the reported global   minimum   structures were found 
with our   algorithm.  The method is found to   be a   conceptually simple algorithm for 
systematically building the homometallic nanoclusters. 
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The raising demands of energy for the economy development of the society require 

designing of sustainable and efficient energy storage devices.  Li/Na/K ion batteries are emerged as 

reliable high performance rechargeable electrical energy storage systems.[1] Generally inorganic 

materials have been used for preparing the electrodes of these batteries which have certain 

environmental issues.  Quinone, due to its unique redox properties, grabbing attention as an organic 

electrode material for energy storage purposes in the ion batteries [1,2] Quinone moieties can 

undergo two electron reduction processes furnishing anionic intermediate redox states.[3] In the 

present study we have studied and compared the structural and electrochemical response of quinone 

and its intermediate redox states for the reversible binding of Li, Na and K ions.  1,4-benzoquinone 

(BQ) is chosen as a prototypical example of quinones.  The molecular electrostatic potential 

(MESP) insights are employed for guiding the interaction sites for Li, Na, K ions. The 

computational calculations are done using B3LYP/6-311+G(d,p) level of density functional theory 

(DFT).  The ionic size dependency on reversible binding to quinones and their electrochemical 

properties are observed. 
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In the present study, stabilization energy in the process of Lewis acid-base adduct formation is 

carried out through density functional reactivity theory (DFRT). The model systems chosen are the 

adduct formation processes between methyltrioxorhenium (MTO) and different ligands in which 

nitrogen atom(s) acts as a donor site(s). Methyltrioxorhenium (MTO) acts as a Lewis acid 

(acceptor) while as 26 different mono and bi-dentate ligands act as Lewis bases (donors). The 

ligands are segregated and arranged in different classes on the basis of their common chemical 

structure and increased order of their experimentally reported pKa values. Chemical potentials ( ) 

of all the ligands are calculated and correlated with their experimentally reported pKa values. It has 

been found that in most of the cases as the pKa value (Bronsted basicity) of a donor (ligand) 

increases, there is an increase in its Lewis basicity which is confirmed by calculating chemical 

potential ( ) values of all the ligands. Apart from chemical potential ( ), charge transfer from the 

donor to the acceptor  as well as stabilization energy  in the adduct formation 

process also confirms strength of Lewis acidity of different ligands. Thus, the present study focuses 

on the correlation of Bronsted basicity (pKa) of a ligand with its Lewis basicity as well as 

stabilization energy  in the process of adduct formation through DFRT. 
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In this present study, atmospheric reaction of isoprene (C5H8) initiated by chlorine atom at various 

channels and subsequent reactions were 

investigated by using quantum chemical 

methods. The electronic structure of reactants, 

transition states, intermediates and products were 

optimized with M06-2X/6-311+G* level of theory 

and their corresponding single point energy were 

carried out by using CCSD (T). The most 

reactive site of the initial and subsequent 

structures were found out by using condensed 

Fukui function analysis. Thermodynamic and kinetics of Cl initiated isoprene were investigated at 

the same level of theory. The rate coefficient for the formation of primary and secondary 

intermediates and products was measured over the temperature range of 278K-348K at 1 atm 

pressure. The rate coefficient of the Cl addition reaction is found to be 3.07⨯10-11 cm3/molecule/sec 

at 298 K and it is compared with the experimental rate coefficient of 5.5⨯10-10 cm3/molecule/sec at 

298K [1]. The reaction force were calculated to find the maximum point for the transition state 

between two critical points  and . The chlorine (Cl) addition at C1, C3, C4 and C5 positions, 

the structural rearrangement occur with the yield percentage of 29%-30%, 29%, 27%-30% and 

27%-29% respectively. The reaction electronic flux for the Cl-isoprene adduct radical were 

calculated and its positive values of 0.328, 0.321, 1.120 and 1.121 are  well correlated with the 

thermodynamical properties which indicates the reactions are more spontaneous and feasible. 

Further the subsequent reaction of Cl-isoprene adduct radical helps for the development of ozone 

layer during daytime [2]. 
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Fig. Scheme for the isoprene initiated 
by chlorine atom (Cl) 
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Considerable efforts have been given in past few years to develop coarse-grained (CG) molecular 
models to study the complex systems like polymers, bio-membranes, surfactants etc. CG model is a 
simplified description of a complex molecular arrangement, contains fewer interaction sites than its 
atomic counterpart thus utilizes less computational resources than all-atom molecular dynamics 
(MD) simulation method. These benefits of CG modelling motivate us to use CG approach to 
explore the structural and dynamical properties of lipid cell membranes in different solvent 
environment. Aqueous DMSO has been found to show important pharmaceutical properties like it 
causes cell fusion, alters membrane permeability1 and serves as important cryoprotectant and 
radioprotectant. With this in mind, we have systematically build a CG model of DMSO to study its 
effect on the structure and stability of lipid bilayer membranes. Our CG model of DMSO is 
comprised of two beads, b1 and b2, bead b1 represents -S=O group and bead b2 represents two –
CH3 groups bonded covalently to Sulphur in DMSO. The initial values of bonded and non-bonded 
parameters needed to simulate this two bead DMSO model under CG force field2 are guessed from 
the parameter values of similar groups reported in literature.3 The final values of these parameters 
can be accepted only by reproducing molecular properties essential for the reliability of CG model. 
Thus, the non-bonded parameters of bead b1 and b2 are fixed first by reproducing experimental 

density. Then the bonded parameter are fixed by matching the center of mass intra-molecular radial 
distribution function (RDF) between the group –S=O and two –CH3 (calculated from all-atom 
DMSO trajectory) with that between bead b1 and b2 of CG DMSO. After having an acceptable CG 
DMSO model, its aqueous solution is prepared at different concentrations by mixing it with the CG 
water.2 The adjustment of bonded and non-bonded parameters for this system is in process.       
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Guanine-rich oligonucleotides of DNA, which 
appears at important regulatory of human genome and 
it is involved in many biological activity [1] such as 
drug target for cancer therapy and anti-aging therapy 
[2]. Thus, the present work is focused on the 
interaction between “Sandwich” models of the G-
tetrad with transition metal cation (Cu+, Ag+, Fe2+ and 
Zn2+) complexes has been calculated at the DFT level 
of theory. The result shows that the complex 
structures can adopt the normal tetraplex Hoogsteen 
H-bonded structure and no bifurcated H-bonds are 
occurred. The substitution of metal cation within the 
G-tetrad can disturb the structural geometries and 
their charge distribution. The high interaction energy 
and metal ion affinity in the gas-phase order was found to be Cu+ > Ag+ and Fe2+ > Zn2+. This result 
suggest that smaller radius of metal cations are strongly interacted with G-tetrad which leads to the 
highest interaction energy and metal ion affinity. The result of topological parameter revealed that 
the metal coordination distance (M O6) increases, the electron density and Laplacian electron 
density values decreases due to the increase in ionic radius. In Electronic Absorption Spectrum, 
metal cation-G-tetrad complexes are subjected to UV-Visible analysis, the complexes are having 
higher wavelength for the monovalent Cu+ (254.1 nm) and divalent Fe2+ (269.16nm), it exhibits 
bathochromic shift for the metal interaction. From the obtained result we have concluded that the 
G-tetrad has been stabilized by metal cations which leads to prevent the cell apoptosis and 
mutation. 
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Fig. Non-covalent interaction map 
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How can matter transition from the non-living to the living state? The answer is essential for 
understanding the origin of life on Earth and search for life other than Earth1. In this 
context, the formose reaction plays an important role. It explains how a 
simple molecule formaldehyde gets converted into complex sugars. It has been extensively 
investigated for more than 250 years. The first step is extremely slow and the mechanism is 
still unclear to-date2. In this poster presentation, electronic structure theory is used to 
evaluate an unintuitive mechanistic possibility for the conversion of formaldehyde to 
glycolaldehyde3. 
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Methyl hydroperoxide (MHP) is one of the simplest organo peroxide.  The role of this peroxide is 
very important in atmospheric as well as radical chemistry. It is reservoir/source of HOx radical   in 
the atmospheric lower and upper region [1, 2]. The possible product channels after photo excitation 
of the MHP molecule   at 193 nm in the gas phase   are [ref 3]: 

 

CH3OOH   → CH3O + OH      (44.1 kcal/mol)           (1) 

                → CH3OO + H       (88.4 kcal/mol)          (2) 

→ CH3 + OOH       (69.4 kcal/mol)         (3) 

→ CH3OH+ O        (42.7 kcal/mol)         (4) 

We have investigated the photodissociation of CH3OOH at 193 nm. A total of 138 trajectories were 
propagated with the help of NEWTON-X [5] software which is interfaced with COLUMBUS suits 
of program [4] for computing potentials and nonadiabatic couplings. Our trajectory simulation is 
based on MRCIS [6, 7] method using aug-cc-pVDZ basis set. From the trajectory propagation we 
find that the photodissociation can occur through adiabatic as well as  nonadiabatic pathways. We 
are going to represent our recent findings in this poster presentation. 
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Photochemistry of nucleobases has a long history and is widely studied in the context of damage 
and photostability of DNA. DNA bases absorb in solar radiation in the UV range, leading to several 
photophyisical and photochemical processes resulting in formation of mutagenic and carcinogenic 
photoproducts like cyclobutane pyrimidine dimer[1] (CPD) and 6-4 photolesion [1]. Nature has 
developed several self-defence mechanisms against photo damage. Some sophisticated enzymes, 
such as photolyase [2], developed by nature during chemical evolution, are very selective for a 
particular repair and operate via electron transfer mechanisms. An oligonucleotide sequence 
(T=TAG) having inherent capability to repair lesions was first reported by Bucher et al [3].The 
authors proposed a sequence specific sequential electron transfer mediated repair mechanism which 
was recently theoretically supported by Szabla et al [4]. However, the details of the mechanisms are 
yet to be elucidated and the sequence specificity has yet to be rationalized. By using a judicious 
combination of linear-response and real-time time-dependent density functional theory (TDDFT) 
methodology we present a detailed description of the mechanism including the states involved at 
the various stages, factors influencing the rates of forward and backward electron transfer as well as 
the driving force of the CPD repair. Our results indicate that in addition to sequence dependence of 
the repair the mechanism might depend on the conformations adopted by the oligonucleotide as has 
been previously suggested. 
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Separation of hydrocarbons from each other is long been a challenging problem among the 
petrochemical industries. Fossil fuel such as diesel and petrol contain significant percentage of 
isomers of pentane, hexane, and heptane. The quality and anti-knocking characteristics of such fuel 
depends on research octane number (RON). Higher the octane number, better is the anti-knocking 
property. In the present investigation, we are focussing on separation of the hexane isomers, 
namely, n-hexane, 2-methylpentane, 3-methylpentane, 22-dimethylbutane, 23-dimethylbutane with 
RON 30, 74, 75, 94 and 105 respectively [1]. Separation of di-branched isomers from others 
becomes crucial to achieve high octane fuel. Adsorption based separation is highly preferable 
compared to conventional techniques such as distillation which is highly energy expensive. Metal 
organic frameworks (MOF) have appeared as potential candidate for such adsorption based 
techniques [2] . MOFs are highly porous crystalline materials with large surface area and tuneable 
pore sizes and shapes. In the present study, we collected around 4000 materials from CoRE 
(Computation Ready Experimental MOFs) database and set up screening procedure to sieve out 
best performing MOF for separation. We considered pore-limiting diameter (PLD) as first 
parameter of screening and extracted 905 materials with PLD larger than 6.2 Å in order to make 
sure 23-dimethylbutane which have largest kinetic diameter among hexane isomers can pass 
through the channels of MOFs. We performed simulations on 905 MOFs to calculate Henry’s 
constant with widom-insertion method. Based on the Henry constant’s ratio for various binary 
mixtures (n-hexane/22DMB, n-hexane/22DMB, 22DMB/23DMB), we selected top 13 materials 
which have Henry’s constant selectivity ratio 20 and more for further analysis. Grand canonical 
Monte Carlo (GCMC) simulations were performed on selected materials for calculating adsorption 
selectivity at ambient (298 K) and reactor temperature (433 K). Simulations of five component 
mixture show good hierarchy of adsorbed amounts of the isomers in most of these materials 
indicating good separation of the isomers. We probed the self-diffusion of the hexane isomers at 
room temperature and at a typical reactor temperature of 433 K. We employed molecular dynamics 
simulations to compute the diffusivities at infinite dilution, at one of the intermediate pressures, and 
at saturated pressures for single components and binary mixtures of the isomers. The linear isomer 
diffuses faster in most of the MOFs we studied. Diffusivity as a function of PLD, void fraction, and 
density of the MOFs show interesting behaviours. 
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Model Schiff base molecules have been used as a probe to study solvent induced enol-keto 
tautomerism in the electronic ground state. The ground state population distribution in enol and 
keto tautomers have been altered either by changing polarity or proton donating ability of the 
solvent. Moreover, substitution on salicylaldehyde ring does effect the tautomeric equilibrium. The 
main attention is given to understand the effect of different substituents on the aromatic ring which 
facilitates the GSIPT process even in the aprotic solvent. Three Schiff bases CP, CNP, and NP have 
been studied which contains electron withdrawing group (EWG) as substituents. These molecules 
are investigated using UV-VIS absorption spectroscopy in different solvents. Molecular structures, 
energies, and potential energy surfaces have been calculated using the density functional theory 
(DFT) calculations to characterize the solvent-mediated proton transfer process in the ground 
electronic state. The tautomerization mechanism of the isolated enol and keto and their solvated 
clusters (where no. of solvent molecules, n=1-3) have been investigated at B3LYP/cc-pvdz level. 
The effect of solvation on the proton transfer from enol-imine form to the keto-enamine form have 
been investigated to understand the GSIPT process. The equilibrium is shifted towards keto 
conformer in higher order solvated clusters. The barrier heights for methanol-assisted proton 
transfer process are significantly lower than that of unassisted tautomerization process in the gas 
phase. The lowering of barrier heights in higher order solvated clusters for enol-keto tautomerism 
also supports the GSIPT process. Equilibrium shifted towards keto conformer due to substitution of 
EWG on salicylaldehyde ring. Natural bond orbital (NBO) analysis has been carried out to estimate 
the extent of charge transfer from nitrogen lone pair to σ*O-H in different Schiff bases for the 
enol/keto tautomerism. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Optimized Model Schiff bases (CP, CNP and NP) 
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‘‘MXene'', a new class of two-dimensional materials, has attracted considerable research interest 
due to its fantastic geometry and extraordinary electronic configuration as well as promising 
technological applications. Where most of the MXenes are metallic system Ti2CO2, Zr2CO2 and 
Hf2CO2 are semiconductors in nature. Presence of appropriate band gaps (0.92-1.75 eV) and as 
well as visible light absorption, the high redox potential of photo-induced holes, efficiently 
separated e-h pairs make Ti2CO2, Zr2CO2, Hf2CO2 as potential photocatalysts. In the current work, 
our aim is to tune the energy gap of the systems, which is highly desirable for some technological 
applications. Therefore doping of these systems may allow tuning the band gap. We present a 
density functional theory based systematic study for the pristine and doped MXene systems where 
Metal (M) atom is replaced by V, Cr, Mn, Mo and Carbon (C)  atom is replaced by Si, Ge, Sn 
respectively.  Our electronic structure calculation and absorption property studies reveal that the 
electronic and optical property of these systems vary with the doped atoms in general and therefore 
doping can be an efficient method to tune the electronic and photocatalytic property of MXene 
systems. 

 

 
 
 

 



TCS-2019 

110 

 

 

First principles study of hydrogen evolution reaction activity on two-dimensional 
borocarbonitride in waste-water: a comparative study with graphene and 

hexagonal boron-nitride 
 

Showkat H. Mir1, Vivek K. Yadav2, and Jayant K. Singh2 
 

1Department of Chemistry, IIT Kanpur, India-208016 
2Department of Chemical Engineering, IIT Kanpur, India-208016 

email:mirshowkat07@gmail.com 
 

 

We explored the behaviour of boron carbon nitride (BCN) sheets towards water purification and 

hydrogen evolution reaction (HER) activity in waste-water using density functional theory[1,2]. 

Our findings reveal that the newly designed BCN sheets show superior performance to remove 

pharmaceutical traces from waste-water as compared to graphene and hexagonal boron nitride (h-

BN) and graphene (GRAP) sheets[3]. We found that a drug molecule exhibits strong affinity (~ 

35% more) towards BCN (h-BN) than graphene and the strength of binding energy on different 

sheets follows the order as BCN ∼ h-BN > GRAP.  Also,  band structure calculations showed that 

drug adsorbed BCN straddle HER potential which is essential for water splliting. The results also 

reveal that upon drug adsorption, the band gap of h-BN is reduced by a maximum of 33 % whereas 

the band gap of graphene and BCN remains unaltered and hence, makes BCN a potential candidate 

for HER in waste-water. 
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Donor-Acceptor (D-A) type of organic dyes with fluorescence emission in the near-infrared NIR region 
(650–1000 nm) have attracted considerable attention in the biomedical and bioimaging fields due to their 
high cell penetration, better spatial resolution, and negligible auto-fluoroscence. However, currently 
reported organic NIR fluorophores are still limited and there is great demand to develop more novel NIR 
fluorophores. Despite its obvious importance, there is a lack of an appropriate level of theory 
capable of providing both efficient and accurate predictions of optical and electronic properties of 
these molecules. 
In this work, we have designed and synthesized a new D-A kind of NIR molecule with successful 
application of time-dependent density functional theory (TDDFT) using optimally-tuned range-
separated hybrid (RSH) functional ω*B97XD for calculations of both absorption and fluorescence 
spectral properties. That has been demonstrated and compared with the experimental data. 
Optimally tuned RSH functionals with smart choice of basis set provide very good prediction for 
these types of molecules and significantly outperform conventional functionals. 
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IUPAC has declared 2019 as the Year of the Periodic Table of Elements, the most important 
organizational tool for understanding chemistry. Elements of the Table are categorized into four 
major blocks: main group (MG) elements, transition metals (TM), lanthanides (Ln) and actinides 
(An). In general, these present largely different chemistries. However, chemists traditionally 
attempt to compare the chemistry of the Lanthanides and the Actinides. How far is this true? Is 
there any relation between the chemistry of MG with that of Ln or An? Is it possible to see a 
specific reaction which spans the four blocks of the periodic table so that more insight is obtained 
on the issue? We probe these general questions by focusing on a particular class of molecules, di-
acetylide bridged bimetallic complexes [L]M(µ-CCR)2M[L] and their C-C coupled products 
[L]M(µ-RC4R)M[L], where M represents selected elements from the MG, TM, Ln and An.[1-4] 
The geometric and electronic structure analysis reveals how the central (µ-CCR)2 and (µ-RC4R) 
units traverse across the periodic table. In this context transition metal and actinide complexes are 
similar in nature while Lanthanide and main group complexes show great similarity. The ground 
state electronic configuration and thus the metal oxidation state control these striking differences. A 
strategy is made to make a cross connection. The approach we follow here leads to several new 
avenues. 
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With the emergent competition between growing energy demand and development of proficient EES 
(Electrical Energy Storage) Systems, Sodium-Ion Batteries(SIB) have drawn great attention on grounds of 
abundance and low expense. However, the architecture for large-scale application and commercialization is 
yet to overcome pitfalls of poor specific capacity, output voltage etc. In recent years, polyanionic 
NASICON(Na-Super-Ionic-Conductors) frameworks are being extensively explored for their long-term 
cyclability and high Na+ mobility. 
This work focuses on Na(3+x)MnxV(2-x)(PO4)3 NASICON systems as candidates for SIB cathode and 
correlates their electronic structure with observed electrochemical performance. First-Principles Density-
Functional-Theory has been employed to predict the ground state stability and activity of aliovalently doped 
NMV (Na-Mn-V) species. The difference in the coordination environment of V/Mn is reflected in the 
preferential geometry as well as electrochemistry of the configurations. It is observed that the configuration 
where x = 0.75, shows maximum stability and electrochemical activity, thus promising its potential as an 
SIB cathode material. 
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Figure: The removal of the H atoms opens up the icosahedral structure to the quasi-planar geometry 
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While the crystal structures of Boron are dominated by polyhedral structural units, small clusters of 
it are found to be either Planar or Quasiplanar[1]. Consecutive removal of H atoms from polyhedral 
boranes leads to a smooth structural transformation towards flat structures by destabilizing the 
polyhedral one as shown in the figure [2,3]. On the other hand, the reverse happens on the addition 
of H atoms to planar boron clusters. When one exohedral B-H bond breaks, the remaining electron 
resides in a radial dangling orbital. That electron tends to go to the skeletal bonding molecular 
orbital when needed to fulfill Wade’s rule. On the further removal of H atoms, the additional 
electrons occupy a linear combination of the newly formed dangling orbitals. When the electrons 
start to fill up the antibonding combination of the dangling orbitals or the skeletal antibonding 
orbitals, the structure prefers a planar one. The tipping point of the transformation from the 
polyhedral to the flat structure depends on the splaying out nature of the radial dangling orbitals 
and its overlap with itself. The hypothesis can be further proved by replacing BH with Si [4]. 
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Despite a large number of theoretical studies that have been devoted to the study of translational 

diffusion of spherical molecules in solvents, no detailed study has been carried out on the important 

class of small linear molecules in water. Complex dynamics of water was also studied in detail 

recently. The present work focuses on the coupled water-solute dynamics of linear molecules like 

cyanide, nitric oxide and carbon monoxide in water. We find that the dynamics of these linear 

molecules display dynamical features that are very different from those of the spherical ions or 

molecules. An important point is that coupling of water to the small molecules can give rise to 

exotic dynamics which has not been studied. We explore the detailed mechanism of coupled jumps 

of the solvent and solute and calculate the orientational time correlation function to study the 

dynamics of orientation. 
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The formation of building blocks of life from simple and abundantly-available precursors under 
prebiotic conditions is a long standing riddle. In this context, the present study proposes and 
investigates plausible free radical pathways for nucleobase formation from starting precursors such 
as cyanoacetaldehyde, cyanoacetylene and cyanamide in the presence of ammonia. Particularly, we 
use density functional theory to obtain optimized geometries and zero-point vibrational energy 
corrected electronic energies of reactants, transition states, intermediates and products along the 
reaction pathways in the gas phase at B3LYP/6–311G(d,p) level, as well as in the water (dielectric 
constant of 78.3) and ammonia (dielectric constant of 22.4) using the IEFPCM-B3LYP/6–
311G(d,p) framework. Our proposed mechanisms are characterized by a smaller number of 
precursors and relatively lower barriers compared to previously reported reactions with other 
prebiotic precursors [1-3]. The proposed mechanisms are observed to be more plausible in 
environments like prebiotic earth and present-day Titan where radical reactions are rendered 
feasible by continuous influx of UV and cosmic radiations. Overall, our analysis suggests 
kinetically accessible routes to nucleobases formation, and will hopefully contribute towards 
understanding the relevance of these precursors in prebiotic reactions. 
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Gibbs Ensemble Monte Carlo method proposed by Panagiotopoulos is used for direct determination 
of phase coexistence in fluids with interaction given by the square-well potential. Since it involves 
only a single simulation for each coexistence point it reduces computer time required for phase 
equilibrium calculation very significantly. This method is based on performing a simulation in two 
distinct regions in such a way that the conditions of phase coexistence are satisfied. Simulation in 
the Gibbs Ensemble allows for fluctuation in the number of particles and the volume of each sub 
systems with the total volume and the total number of particles being held constant. Here the 
simulations are very long so that fluctuation in density is reduced and more precise result is 
obtained -- especially near the critical temperature. 
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We present analytical dipole moment and dipole polarizabilities of some open shell doublet radicals using 
Cholesky decomposed (CD) Fock-space (FS) Multi-reference (MR) Coupled Cluster (CC) constrained-
variational approach (CVA) with single and double (SD) substitutions. We compare our results with those 
obtained by the conventional CVA-FSMRCCSD. 
The doublet radicals may be considered as electron-attached (EA) states of the corresponding closed shell 
cations or ionized states (IP) of closed shell anions. Maximum absolute error of CD-CVA-FSMRCCSD 
relative to CVA-FSMRCCSD is 0.001 a.u. for dipole moments and 0.02 a.u.  for polarizabilities. 
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The reductive elimination of [(tBuN4)MIII(PhF)R]+ (M=Ni, Pd, Pt and R= Me, Et, iPr, tBu, Cl, Br) 
complexes  have been investigated using Density Functional Theory. 
While reactions of Ni complexes are known those of Pd and Pt are new.1,2  Among Ni, Pd and Pt, 
Ni complexes are the most reactive. In all these reactions with Ni, Pd and Pt uniformly 
C-C coupling is favoured than C-halogen atom coupling.  Within C-C coupling reactions,  
CFPh-CtBu coupling reaction is most favourable for Ni and Pt complexes (∆G‡ = 8.9 and  
27.6 kcal/mol respectively).  Whereas reductive elimination for Pd complex favours the 
CFPh-CEt and CFPh-CtBu coupling reactions (∆∆G‡ = 0.3 kcal/mol). During the reductive elimination 
the nature of bonds have been analysed using AIM parameters. Higher electron density at BCP and 
covalent nature of the cleaving bonds led to higher activation barrier. 

In all the complexes the AIM results indicate that the bonds around the metal atom 
(Ni, Pd and Pt) exhibit partial ionic and covalent characters.  Analysis of spin surface involved in 
the reaction of Pt complexes show that doublet surface is most favourable than quartet surface. 
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Study of polarisation properties, solvation dynamics and charge transfer in confined fluids is 
important for several practical applications; for example, reactions in micro-droplets, reverse 
micelles, carbon nanotubes, biological systems and more. In spite of the increasing importance no 
comprehensive study seem to exist. Here, we study dielectric behaviour and solvation dynamics of 
nano-confined fluids namely, water (SPC/E) and Stockmayer fluid. We perform atomistic classical 
molecular dynamics simulations of nano-cavities of different radii that ranges from 1 nm to 4 nm. 
In order to investigate the effects of encapsulating surface on the structure and dynamics of 
confined fluid, we model the walls with three different potentials - (i) atomistic LJ-12,6, (ii) LJ-9,3 
and (iii) LJ-10,4,3. However, the walls are non-polarisable and latter two are virtual walls. We 
compute static dielectric constant by using Clausius-Mossotti (CM) equation which is exact for 
spherical samples suspended in vacuum. We find that dielectric constants exhibit a slow 
convergence toward the bulk value. We also observe that CM expression possess sensitivity to the 
volume of the sample. Surprisingly, we find that the total dipole moment autocorrelations decay 
approximately twenty times faster than that in the bulk. This observation is irrespective of the size 
of the nano-cavity. We explain this anomaly using self- and cross-correlations among different 
regions. We also employ a previously developed kinetic Ising model-Glauber dynamics description 
to explain the observed fast decay. However, other structural and dynamical properties show a 
much faster convergence with size. The use of different surface-fluid interaction potential slightly 
modulates the values of dielectric constants but do not affect the general trends in other structural 
and dynamical properties. 
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The catalytic water oxidation method is one of the major events in the water-splitting process, and 
here, the oxygen-oxygen bond formation is the bottleneck task. Inspired by the Photosystem-II, 
many researchers have developed the water oxidation catalysts (WOC)[1]. In this present study, we 
examine the mechanism of the water oxidation process of Iron-based tetra amine complex [2] with 
the help of first principle metadynamics simulations. We consider [FeV(cyclam)(O)2]

+and 
[FeV(cyclam)(OH)(O)]+2 as the catalytic active species in the water oxidation process. Before going 
to study the free energy profile through metadynamics, equilibrated the system through both 
quantum and classical mechanical molecular simulations. From the metadynamics study of oxygen-
oxygen bond formation, it is observed that the transfer of hydrogen of the water molecule as the 
proton to the cis-oxo or hydroxide of the catalytic active species requires higher energy than the 
transfer of the hydroxide to the Fe=O moiety. In comparing these two catalytic species, the 
[FeV(cyclam)(OH)(O)]+2 requires less activation energy than the [FeV(cyclam)(O)2]

+
.The partial 

charge analysis on the atoms involved in the reaction, tells that the partial charge (Lowdin and 
Mulliken) on the oxygen of the Fe=O moiety becomes positive after transfer of the proton to the 
cis-oxo or hydroxide. This observation gives the evidence of the nucleophilic addition of hydroxide 
to the Fe=O moiety for oxygen-oxygen bond formation. This step leads to the formation of the 
hydroperoxo iron complex [Fe(cyclam)(OH2)(OOH)]+2. This hydroperoxo complex is converted to 
superoxide [Fe(cyclam)(OH2)(OO.)]+2 complex through the proton-coupled electron transfer 
procedure in presence of a sacrificial oxidant. The release of dioxygen with the addition of water 
molecule is studied through the metadynamics as a ligand exchange mechanism. The overall 
observation of our mechanism that the transfer of hydrogen of the water molecule as a proton to 
cis-oxo or hydroxide is the rate determined step. Comparing these two catalytic species 
[FeV(cyclam)(O)2]

+ and [FeV(cyclam)(OH)(O)] +2, the second one is the more favorable active 
species in the water oxidation process. 

 
Free energy profile for the formation of the oxygen-oxygen bond formation through 
[FeV(cyclam)(OH)(O)]+2 
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Like charge attraction in an aqueous medium containing salt is known to be important in various 
molecular interactions in biological systems e.g. DNA condensation, liposomal aggregation, like 
charged protein subunits binding etc. In the absence of any salt at pH 3.0, β-lactoglobulin exists 
predominantly in monomeric form carrying +13e charge but dimerization gets favored as a salt is 
added to the system. In this work, binding free energy variation of β-lactoglobulin dimerization as a 
function of NaCl concentration at pH 3.0 has been studied using molecular mechanics-three 
dimensional reference interaction site model (MM-3DRISM) theory. RISM is an Ornstein-Zernike 
equation based integral equation theory, developed by Chandler et al(1972) for molecular liquids 
firmly based on statistical mechanics. The 3D-RISM theory is an extension of RISM proposed by 
Beglov et al(1997), in which pair correlation function of solvent-solute sites are determined for 
fixed solute geometry and from the pair correlation function, thermodynamic quantities can be 
calculated. We have combined 3D-RISM and Molecular dynamics (MD) simulation to get the 
solute fluctuation. Free energy of binding between two monomers was calculated using the 3D-
RISM method on selected snapshots from our MD trajectory. Our results show that the binding free 
energy of β-lactoglobulin dimerization initially decreases with increasing salt concentration and 
then gets saturated. This qualitative finding is in agreement with the earlier experimental work of 
Sakurai et al(2001). It has also been found that the Cl- ions are responsible for supporting the dimer 
formation and Cl- ion density around monomers increases in the dimer as compared to around 
monomeric forms before dimerization which suggests that the Cl- ions screen the electrostatic 
repulsion between monomers in the dimer. Further, the Na+ and Cl- ion density near the binding 
interface remain almost similar before and after binding. Moreover, this study also reveals that the 
hydrogen bonds between the β-strands of two monomers at the binding interface, water-mediated 
hydrogen bonds near the binding interface and hydrogen bonds between the two loops containing 
Asp33 of monomers play important role in dimer stabilization. 
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Electrolytes for energy storage applications and the development of newer ones with improved 
capabilities are of great importance to various industries. As of now, the Li-ion batteries being 
widely used in our day-to-day devices hold notoriety for being hazardous and have been reported of 
being a primary cause in fire accidents for few cases due to used electrolyte.[1] Whenever such 
shortcomings appear, a common method to negate it is by adding another component to the 
electrolyte that is fire retardant in nature. Sulfolane (tetramethylsulfone or TMS) has gained 
popularity in this regime. A study following this idea[2] was carried out in which TMS was 
employed as a major component of the cell electrolyte (80%) in addition to the common propylene 
carbonate (PC). This mixture was reported to be quite conductive in nature. Moreover, it had the 
advantage that it remained in a liquid phase till -20oC, when used with a 0.5 M lithium perchlorate 
(LiClO4) electrolyte. For a better understanding of the molecular arrangements in this mixture, its 
ion dynamics and conductive property, we approached this problem through the perspective of 
molecular dynamics. After simulations of substantial time periods, we investigate the distributions 
of the different components and find the formation of ion pairs in this system. This effect is 
observed to be faster and more intense with temperature. Apart from reporting the conductivities of 
this system through diffusion coefficients via Einstein relation[3] and equation of mutual 
conductivity[4] at various conditions, the nature of aggregation and the possible reason behind it, 
change in dielectric constant, are also investigated in this study. 
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Au26 cluster is one of the widely 
studied gold cluster in the size 
range of n = 21-30 [1-3]. It has 
been proposed in a more recent 
combined experimental and 
theoretical study that, the neutral 
Au26 cluster is fluxional [4]. The 
fluxionality of a cluster is 
relevant to its catalytic 
applications. In this context, to 
explore the extent of fluxionality, 

Born Oppenheimer Molecular Dynamical (BOMD) simulations are carried out on experimentally 
and theoretically proposed fluxional Au26 conformations (three compact or core-shell structures and 
a high symmetry cage structure). The simulations reveal that, the high energy golden tube 
outperforms the ground state structure (compact C2v conformation) as well as the other two low-
symmetry compact conformations in terms of thermal stability. The enhancement in the thermal 
stability is explained on the basis of structural integrity imposed by the open skeleton of shortest 
bond distances within Au 26 -Tube. In addition to this, the homogeneous distribution of charges 
and a strong s-d hybridization exhibited by FMOs are seen to play a pivotal role in increasing the 
stability of Au26-Tube. The present investigation also reveals that, the characteristic fluxionality 
proposed to exist in the Au26 system is noted only above 400 K and it is missing at room 
temperature. The simulations also bring-forth a question as to how relevant a ground state 
conformation is at working temperatures. 
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Sampling conformational landscape of biomolecules is of fundamental interest in protein 
biophysics, but notoriously difficult owing to the associated high energy barriers between the 
conformations. Generalized-ensemble algorithm such as temperature replica exchange molecular 
dynamics (TREM) [1] is one of the successful methods to sample across these free energy barriers. 
However, the requirement of large number of replicas to achieve efficient sampling limits the 
application of TREM to peptides and smaller proteins. Replica exchange solute tempering (REST) 
[2] is an advanced variant of TREM, which scales the Hamiltonians differentially for solute and 
solvent and offers a way to study conformational transitions for larger proteins. However, the 
discrepancies in energy compensations between the solute and solvent lead to trapping of 
conformations and the barriers are generally entropic in nature and hence difficult to surmount. In 
this work, we have devised a protocol that combines the TREM and REST methods for effective 
conformational sampling. We employed this protocol on ~130 amino acids long cytosolic tail 
domain (CTD) of TREK-1 K2P channel [3], an unusually long intrinsically disordered motif in a 
channel protein and compared the results with that obtained by employing REST alone. The 
application of REST on such large protein suffers with low diffusion of replicas over state space 
and compromises the realization of detailed balance leading to conformational trappings. Whereas, 
the combined application of TREM and REST though increases the number of replicas moderately, 
allows for efficient diffusion of replicas over the state space. In our work, we also show that by 
enhancing the conformational sampling, we are able to capture the large-scale transition of TREK1-
CTD from a largely alpha helical conformation to a fully beta sheet conformations. The work 
allows us to explore the molecular origin of the poly-modal sensitivity of the K2P channels, which 
has its roots in the ability of the C-terminal domains to take up different conformations that are 
environmentally dependent.References: 
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Glycerol, as a cosolvent of water, stabilizes protein at extreme conditions (both at high and low 
temperatures). However, the mechanism of stabilization of protein by glycerol at low temperature is 
still elusive. Because the decrease of hydrophobic interaction at a lower temperature is one of the 
crucial factors for the cold denaturation, we ask here whether glycerol retains the hydrophobic 
interaction upon cooling and thereby acts against the cold denaturation. Here, we have performed 
potential of mean force (PMF) calculation, using the umbrella sampling technique, between a pair 
of methane hydrophobic solutes either in pure water or in binary mixtures of water and glycerol for 
two different compositions and each of them at four different temperatures. We have found that 
glycerol increases the pair hydrophobic interaction at all the temperatures studied and that the 
enhancement is more prominent at the lower temperatures studied here. Decomposition of the PMF 
into the enthalpic and the entropic components and detailed molecular structural analyses give 
insight into the above observation. We have found that the enhancement of hydrophobic interaction 
with increasing glycerol concentration occurs primarily due to the strengthening of the glycerol-
water interaction near the associated methane solute pair and making tetrahedral ordering of H-
bonding network uniform around the solute by the added glycerol molecules. These results 
indirectly justify the efficacy of glycerol for the preservation of protein against cold denaturation at 
low temperature. 
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Role of Covalency in Influencing the Magnetic Anisotropy in Uranium 
Molecular Magnets 
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Theoretical investigation on actinide based nanomagnets is of paramount interest in the field 
of molecular magnetism because of difficulty to understand its electronic structure using 
other probes. The magnetic property of actinide can be fine tuned by modulating the ligand 
field just like lanthanides, however due to its larger covalency, the effects are expected to be 
more dramatic. It has the best of both worlds combining the strong anisotropy like that found 
in lanthanides and tuneable metal-ligand covalency like that are attributed to transition metals 
complexes.1These inherently enhance the exchange coupling constants in polymetalllic 
Uranium based SMM. Not only SMMs but also SIMs of actinides displays better magnetic 
properties than analogues lanthanides.2Theoretical study on actinide based SMM is rare due 
to the complicated nature of its magnetic relaxation mechanism and the associated electronic 
structure. The complex electronic structure arises from the open shell 5f electrons and strong 
relativistic effects which makes the actinide chemistry very interesting. Due to the 
comparable energy of the 7p, 7s, 6d, 5f orbitals, the ground state electronic structure is 
inherently multiconfigurational in nature and to get a complete understanding of the 
electronic structure those orbital needs to take into consideration. Here using ab initio 
CASSCF calculations will be utilized to understand the nature of magnetic anisotropy. The 
choice of the active space is crucial in ab initio study of actinides and we have taken into 
consideration the 5f and 6d orbitals in our active space. The magnetic exchange between {3d-
ff} pair has been explored by DFT methodology. To reveal the physical nature of bonding and 
agostic interaction we have also performed quantum theory of atoms in molecules (QTAIM) 
and natural bond orbital (NBO) analysis. 
 

 

 

 

 

 

Figure 1: (a) Anisotropy axis of 
U(BcMe)3 (b) Anisotropy axis of U(BpMe)3 (c) The computed magnetic susceptibility with varying 
the size of the active space. 
References: 
1.Chatelain, L.; Walsh, J. P.; Pécaut, J.; Tuna, F.; Mazzanti, M. Angew. Chem.2014, 126, 13652. 
2.Meihaus, K. R.; Minasian, S. G.; Lukens Jr, W. W.; Kozimor, S. A.; Shuh, D. K.; Tyliszczak, T.; Long, J. R. 
J. Am. Chem. Soc.2014, 136, 605



 

1 
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Nuclear magnetic quadrupole moment (MQM) arises due to simultaneous violations of the 

parity (P) and time-reversal (T) invariance. It can help to unravel the 'new physics' (i.e., the 

physics beyond the Standard Model of elementary particles) in the hadron sector of matter. 

Also, the P and T violation beyond the Standard Model can shed some light on the matter-

antimatter asymmetry of the universe. We have performed the four-component relativistic 

coupled-cluster calculation of the molecular parameter (WM) associated with the interaction 

of nuclear MQM with electrons in various paramagnetic molecules (MgF, CaF, SrF, BaF, 

RaF, HgF, HgH, and PbF). Accurate value of WM is necessary to extract the nuclear MQM 

from the results of the P,T-odd frequency shift experiment. The correlation effects of 

electrons play a significant role in the accurate calculation of the WM. The systematic effects 

of electron-correlation in the molecular calculations are also studied in this work. Finally, we 

propose PbF, HgH, HgF, BaF and SrF as the possible candidates for the experimental search 

of the nuclear MQM. 
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Nanoclusters have gained wide popularity in fields of optics [1], catalysis, electronics and 

sensors [2]. From the activation of bond to the removal of gases, clusters are playing their 

significant role in each field. Modification of the atomic clusters by addition or removal of 

atoms or by the introduction of functional groups (ligation) is now a common procedure to 

achieve the desired properties for their improved application in respective fields. Removal of 

harmful gases like CO and their oxidation by oxygen pre-adsorbed materials is now a 

captivating field. Herein, in this work we have tested the potential of aluminium clusters as 

adsorbent for gases like CO and O2 and improved the stability of metastable pristine cluster 

by ligation with amino acids. Further, we have check the potential of the ligated cluster for 

O2 adsorption and activation. We have adopted density functional theory for the entire study. 

Our results confirms that aluminium clusters have potential for acting as good adsorbent for 

gases like CO and O2 [3]. When ligated, the adsorbing potential has retained and even 

improved in certain cases. Further, we have showed that aluminum clusters can also act as 

sensor for amino acids detection [4]. We believe that this may open up further applications 

and opportunities in the field of biotechnology etc. 
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HOW MANY ELECTRON ATTACHED STATES DNA BASE PAIRS 
CAN HAVE? 
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DNA is one of the major type of macromolecule vital to functioning of each cellular process 

in all known forms of life. DNA structure undergoes disruption upon exposure to high energy 

radiation leading to potent mutation of cells which sometimes leads to cancer. Electron 

attachment step is recognized as one of the key step in the mechanism of radiation based 

DNA damage.[1] Understanding of the number of electron attached states that DNA base 

pairs can have is of crucial importance. Our study demonstrates that the DNA base pairs can 

have at least two stable anionic states, one is dipole bound in nature and the other one is 

valence bound. Dipole bound state is vertically stable whereas the valence bound states only 

bound adiabatically. A balanced description of both kind of anionic state requires accurate 

electronic structure method and extended basis set with sufficient number of diffuse 

functions.[2]  Our study suggests that the initial electron attachment always lead to dipole 

bound state in the gas phase. Consequently this dipole bound state evolves to stable valence 

bound state which leads to structural distortion and breaking of hydrogen bonds. 
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Defect engineering is a broadly utilized and intensive strategy to modify physical properties 

of two-dimensional (2D) TMDs like molybdenum disulphide (MoS2). In this work, existence 

of various types of defects in MoS2 have been utilized to propose and implement their 

importance in improving the Li/Na-ion storage performance of MoS2 monolayers as 

electrode materials in LIBs/SIBs. Our study shows that sulphur vacancy defects are 

vivaciously supportedand most abundant defects because of their low defect formation 

energy whereas anti-site defects are only occasionally observed defects. For all types of 

defects, we found that mid-gap states are induced by the defects and these mid-gap states in 

the band gap close to the valence or conduction band creates free charge carriers and hence 

upgrades the conductivity. Our study reveals that presence of defects enhances the Li/Na 

adsorption energies both at the defective site and top site to a large extent. In most of 

defective structures, Li likes to be adsorbed at top site whereas Na prefers to be adsorbed at 

defective site. NEB simulation results show that the energy barriers in the vicinity of the 

defect are relatively larger than that of pristine MoS2. However, to cross the defective sites 

are comparatively smaller, which demonstrates that presence of vacancies could be expected 

to improve the performance of MoS2 by reducing energy barriers which are essential 

requirements for LIBs and SIBs. The present study may provide a new opportunity to 

improve the Li/Na ion storage performance of MoS2 monolayers as electrode materials in 

LIBs/SIBs, with structural defects being contemplated. 
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Three layer approach for studying the effect of bulk water on the IP & EA of Thymine 

Most of the important chemical and biological processes take place in excited states. In the 

condensed phase, the surrounding environment plays a very crucial role in controlling and 

modulating such processes. However, a proper modeling of such environmental effects has 

always been a challenging task when it comes to the excited state instead of ground state as 

the excitation process involves a significant rearrangement of the wave function of the 

central fragment and the environment. We have developed a density embedding scheme for 

multilayer modeling within the framework of EOM- CCSD method. The present scheme 

relies on the orbital localization to distinguish between different fragments within the system. 

The method is free from traditional problems of QM/MM method like over-polarization and 

cutting through the bonds. The resulting implementation is near black box and easy to use 

and is incorporated in a freely available quantum chemistry software. The accuracy and 

efficiency of the method is demonstrated by calculating ionization energies and electron 

affinities of solvated thymine, and DNA strand. 
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We have studied the shape resonance of excited states of sulphur di-oxide (SO2) anion 

by implementing the complex absorption potential augmented by correlated independent 

particle Fock space multi-reference coupled cluster (CAP-CIP-FSMRCC) method. These 

resonant states have been trapped experimentally in recent years by electron collision. Using 

CAP-CIP-FSMRCCSD method, we have studied the resonance of the above two excited 

states of the SO2 anion. 
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The (t,t’) method [1], used for solving the Time Dependent Schrödinger Equation with time-

dependent Hamiltonians, is exact yet expensive to implement. The time evolution operator in 

this case requires a large storage space and the propagation has a large number of operations. 

Here, a new method is suggested which uses block diagonalization of the Floquet-type 

Hamiltonian [2] based on Chebyshev polynomials of the second kind [3]. This is combined 

with a Split operator (SO) method [4] (of chosen order) as an approximation to evaluate the 

full evolution operator. The number of operations are reduced to that of a matrix vector 

multiplication which recursively repeats as the number of Floquet channels. The advantage of 

the presented algorithm is that only a matrix of the order of the number of spatial grid points 

in space needs to be stored. Thus, the present algorithm is an effective tool for solving the 

(t,t’,t’’) problem which is applicable in the case of time evolution in systems with multiple 

time scales such as a) two color lasers, b) explicit pulse envelope form, etc. The method has 

been tested by comparing it with several illustrated examples from the literature such as the 

forced harmonic oscillator, the adiabatic switch function, the Morse oscillator, the Xenon 

model potential, etc. Properties such as the adiabaticity, populations, average energies and 

average positons etc. have been studied. Real electronic systems such as the Hydrogen atom 

and ammonia have also been investigated for properties such as Harmonic generation 

spectra, survival probabilities and time dependent energies. 
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H2-release from Diamine Borane and Amine-Borane Alcohol leading to 
cyclization, catalyzed by 1-lithio-2-alkyl-1,2-dihydropyridine and its Na & 

K analogues : DFT Analysis of the Reaction Mechanism 

Avik Ghosh, Abhijit K. Das* 

School of Mathematical & Computational Sciences, Indian Association for the Cultivation of 

Science, Jadavpur, Kolkata-700032, India 

Reaction pathways for dehydrogenation and hence cyclization of diamine-monoborane and 

amine-borane alcohol have been explored theoretically using Density Functional Theory 

(DFT). The diamine-monoborane and amine-borane alcohol chosen for investigation in the 

present venture include N-(tert-butyl)(BH3)-N'-tert-butyl-ethylenediamine and α,α-Diphenyl-

2-pyrrolidinemethanol-borane. Alkali metal catalysts, viz., 1-lithio-2-tert-butyl-1,2-

dihydropyridine and its sodium and potassium analogues have been employed for the 

removal of two equivalents of H2. The optimized geometries of all the reactant complexes, 

intermediates, transition states and product complexes have been obtained using wB97xd 

functional in conjunction with 6-31++G(d,p) basis set. The whole assisting phenomena in 

solvent medium has been investigated through the implementation of conductor-like 

screening solvation model (COSMO) considering benzene as the bulk solvent medium. The 

intramolecular and all possible intermolecular (catalytic) pathways have been studied in 

detail. Our study supports previous experimental observations and elucidates key role in the 

catalytic regime of 1-lithio-2-tert-butyl-1,2-dihydropyridine, which is able to store and 

deliver Li-H on demand. 
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Time Dependent Shannon Information Entropies In Conjugate Spaces Of a 
Rapidly (Periodically) Driven Symmetric Double Well: Barrier 

Localization Of Wave Packet Densities 
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In this work, the localization of a wave packet  in the presence of an oscillating electric field for a 

symmetric double well potential is examined via numerical simulations of the time-dependent 

Schrödinger equation. It is shown that an initial state with an equal probability density in both the 

wells can be stabilized atop the barrier.  The  stabilization and localization of the wave packet is 

achieved for a particular driving frequency (ω) and driving amplitude (ε), which vary with the height 

and width of the double well barrier. As the barrier height increases from 0.006 a.u. to 0.016 a.u.,  the 

minimum value of  the classical quiver distance ( α=ε/(mω2) ) for localization goes from 0.721 a.u. to 

0.964 a.u. For such a localized state,  the canonically conjugate position and momentum Heisenberg 

uncertainty product saturates its  lower bound. Shannon information entropy1 in position and 

momentum spaces2 [ Sρ=-∫|ψ|2 ln |ψ|2dx and  Sγ=-∫|φ|2 ln|φ|2dp ]  have been used here as measures of 

localization. The generalized uncertainty3,4 in terms of the Bialynicki-Birula-Mycielski inequality ( 

Sρ+Sγ ≥ 2.145) is also saturated on this minimization when oscillating field intensity is maximum. 

This serves as a experimental signature of the formation of the barrier-atop localized state. 
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Glycosidation reaction is the coupling reaction between a glycosyl donor, which is a 

protected saccharide having a leaving group at the anomeric carbon and a glycosyl acceptor 

(ROH) to produce oligosaccharide.[1,2] Alkynyl glycosyl carbonates are emerging class of 

glycosyl donors.[3] They possess properly positioned alkyne at the anomeric carbon, which 

can be activated by transition metal complexes. Among transition metals, gold complexes 

play a prominent role in many organic transformations.[1–3] We carried out a detailed study 

on the mechanism of glycosidation reaction of alkynyl glycosyl carbonates catalyzed by N-

heterocyclic carbene supported gold-benzene complex at the M06/def2-TZVPP//BP86/def2-

SVP level of theory. The overall glycosidation reaction is highly exothermic and exergonic at 

room temperature. Initial step of the mechanism involves the activation of the alkyne group 

of glycosyl donor by the gold complex to form alkyne-gold complex A. The nucleophilic 

addition of oxygen to the activated alkyne leads to the formation of B. Subsequently, the 

oxocarbenium ion stabilized by a counter anion, C is formed by the cleavage of C–O bond in 

B. The glycosyl acceptor E interacts with the oxocarbenium ion to form oligosaccharide F. 

 

Scheme 1: Pathway of glycosidation reaction. 
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Momentum densities [1] have been previously used in understanding the behavior of 

electrons in the valence region of molecular systems. Electron momentum densities, as a 

property complementary to electron densities have been used to investigate chemical reaction 

mechanisms.[2] Here, the effects of a uniform homogeneous electric field on one-electron 

properties of simple molecules are quantified. Electron momentum densities (EMD), electron 

densities (ED) and molecular electrostatic potentials (MESPs) [3] were used to study the 

response of molecules in an external electric field. The EMDs show a rotation of the 

isosurfaces with increasing field strength for water, hydrogen fluoride and ammonia. A 

greater order of change in EMD than in MESP with increasing electric field strength brings 

out the sensitivity of the EMDs, especially for the valence electronic region, which in the 

momentum-space is mapped onto the vicinity of its origin. The EMD eigenvectors are seen to 

transform via a rotation matrix whose eigenvectors at a given field strength yield the angle of 

rotation. The origin of the rotatory behavior can be traced by invoking spherical harmonics of 

an atom in a linear electric field where the angular distribution reconfigures itself. The 

variation of dipole moments, excited state energies and ground state energies for each 

molecule with field strength relate the topographical changes and a possible field-induced 

ionization, via avoided crossings from time-dependent density functional theory (TD-DFT) 

calculations. 
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Cell membrane of Eukaryotes and Prokaryotes are composed of lipid bilayer- of which 

Phosphatidylcholine and Sphingomyelin are the major components. Structural variations in 

them introduce characteristic changes in their fluidity and diffusive properties. Presence of 

lipids with more unsaturated/short chain /branched fatty acids in the membrane somehow 

provide support for cold adaptation, which is the key for survival of psychrophiles at extreme 

cold condition. Lipid simulations are widely conducted with all atom, united atom and 

coarse-grained models. GROMOS forcefield is widely used in this regard as it reproduces 

many of the structural and dynamical properties of different lipid membrane. However, 

Gromos forcefield is developed to use with SPC water model. But in order to get insight into 

the lipid bilayer and the underlying structure and dynamics at low temperature (generally 

below 0o C) we need to use water models, like TIP4P/2005, which reproduces properties of 

water at low temperatures. This motivates us to check the compatibility of the more advanced 

water model with the existing GROMOS force field of lipid. Here, we have considered of 

DPPC and POPC lipid bilayer with five different models of water, SPC, TIP4P/2005, TIP4P-

FB, TIP3P, and TIP3P-FB. The sensitivity of structure and dynamics of lipids has been 

assessed in our studies and the various simulated results are compared with the available 

experiments. This study, thereby, assist in judging the most suitable water model, except SPC 

model, for simulating lipid membrane at low temperature. 
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Phosphanylidene-4-phosphorane1, generally known as phospha-wittig reagent, is 

phosphorous analogue of phosphonium ylide. The highly polarized PP bond of phospha-

wittig reagent makes it a strong -donor as well as a -donor. Recently, six membered N-

heterocyclic germylene stabilized by phosphanylidene-σ4-phosphorane has been reported.2 

The electronic structure and reactivity of a heterocyclic amino (phosphanylidene-4-

phosphorane) germylene (1) have been carried out at the M06/def2-TZVPP//BP86/def2-SVP 

level of theory. Geometrical, Molecular Orbital (MO) and Molecular Electrostatic Potential 

(MESP) analysis indicate non-planar structure of 1 with two nucleophilic centers, viz 

dicoordinated germanium (Ge) and dicoordinated phosphorous atom (P1). Proton affinity 

values are high at phosphorous center (P1) whereas BH3 affinity and complexation energy 

with W(CO)6 are higher at the germanium center (Ge) (Scheme 1). EDA-NOCV analysis of 

BH3 and W(CO)5 adducts of 1 confirmed the strong bond formation with Ge by donor-

acceptor interaction. 

 

 

 

 

 

Scheme 1. Schematic representation of the reactions of 1 with H+, BH3, and W(CO)6 at the 

germanium and phosphorous centers. Proton affinity, BH3 affinity and complexation energies 

with W(CO)6 are given parentheses. 
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Benzene has played an important role in the development of the ideas concerning 

'aromaticity', as much as that benzene and its derivatives were the best examples of aromatic 

compounds. Despite extensive study, the inorganic aromatic compounds have yet to achieve 

the same understanding enjoyed by organic aromatic compounds.  Although, the inorganic 

aromatic compounds have been found to obey Hückel 4n+2 π e rule, they often possess 

different number of πe as compared to their organic analogues.  One such system is cyclic 

aromatic S3N3
¯, which possess 10 πe[1], but interestingly, a 6 πe benzene-analogue of 

sulphur-nitrogen compound is not reported.  Hence, we have undertaken an extensive 

theoretical investigation of the electronic structure of 6π and 10π e cyclic S3N3
+3 and S3N3

¯, 

based on the EDA-NOCV analysis[2]. We have also compared the results with isoelectronic 

C6H6 and C6H6
4¯ compounds.  Our results indicated increase in the π-contribution and 

decrease in the σ-contribution upon addition of 4π to both C6H6 and S3N3
3+ keeping the 

contribution from orbital interaction energy nearly similar.  However, the major decrease in 

the interaction energy is caused by the drastic reduction of electrostatic component in C6H6
4¯ 

and S3N3
3+, which can be correlated to the instability of these molecules and thus leading to 

electron precise cyclic aromatics in hydrocarbons while electron rich cyclic aromatics in 

binary compounds of sulphur and nitrogen. 
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Chronic Beryllium Disease is a granulomatous lung disease caused by beryllium 

hypersensitivity. CBD is characterized by the accumulation of beryllium-specific, Th1 

cytokine-secreting CD4+ T-cells in lungs causing granulomatous inflammation[1]. 

Approximately 1 million individuals working in Be industries are exposed and potentially at 

risk for developing CBD. However, only certain individuals with beryllium exposure 

progress to CBD. The studies reveal that the genetic susceptibility to beryllium-induced 

disease is strongly associated with HLA-DP alleles possessing βGlu68 and βGlu26 from β-

chain and pAsp4 and pGlu7 from the peptide[2]. In addition, βGlu69 and βArg75 from HLA 

protein plays a crucial role in Be binding and TCR recognition. In order to investigate the 

molecular mechanism of Be binding and its recognition by TCR, a detailed Molecular 

Dynamics (MD) simulation of 1.5μs performed on HLA-Pep-Be, HLA-Pep, HLA-Be 

complexes and HLA protein. The HLA protein and HLA-Be complex are unstable without 

peptide, whereas both the HLA-peptide and HLA-peptide-Be complex seems stable for 1.5µs 

simulations.  The HLA-peptide complex has a primary ion binding site composed of four 

oxygen from four carboxyl groups of amino acid residues viz. β26E and β69E from HLA and 

p7E and p4D from peptide.  Binding of Be2+ at this primary binding site generates a 

secondary ion binding site, which is occupied by Na+-ion.  The Na+-ion binding to the 

secondary binding site is stable and the carboxyl groups of the amino acids are bridged 

between the two metal-ions.  Also, β68E tend to bind to the secondary Na+-ion in HLA-

peptide-Be complex.  The carboxyl group of β68E is involved in hydrogen bonding 

interaction with the guanidinium group of β75R. Thus, both β68E and β75R shows 

movement towards the secondary ion binding site giving a pre-organized conformation 

observed in the crystal structure of HLA-peptide-Be-TCR complex (4P4K).  On the other 

hand, Na+-ion present at the primary binding site of HLA-peptide complex fails to create a 

secondary binding pocket and in turns fails to orient β68E and β75R residues towards it and 

these residues remains at the periphery. 
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Intrinsically disordered proteins (IDP) often get misfolded into highly ordered amyloid 

aggregates and trigger various neurodegenerative diseases in mammals [1][2]. Interestingly, 

the self-assembly of different IDP’s happens in a highly conserved fashion via a typical 

sigmoidal kinetics with certain specific characteristic features. However, the mechanism 

through which the dynamics of self-assembly of IDP’s are orgnized, still remain 

inconclusive. Herein, we propose an experimental data-driven mathematical modeling 

approach to obtain mechanistic insights of amyloidogenesis of IDP’s. By challenging several 

possible self-assembly network architecture of IDP’s with experimental data and subsequent 

statistical analysis, we came up with a most probable model that accounts for the 

characteristic features of amyloidogenesis in the context of -Synuclein [3]. Importantly, the 

best fitted network predicts the dynamics of self-assembly for several mutant conditions and 

provides ways to tune the kinetics of self-organization of IDP’s to generate better therapeutic 

strategies in future. 
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The Intramolecular Morita-Baylis-Hillman reaction of β -mono and β ,β -disubstitued enones 

shows high yields and stereo-selective products when the reaction is performed in the 

presence of 1,1,1,3,3,3-hexafluoroisopropanol (HFIP) as a solvent [1]. In this work, we carry 

out computational study using the density functional Becke 3-(B3) parameter exchange and 

the Lee-Yang-Parr(LYP) and 6-31+G* basis. Two major steps i.e. C-C bond formation and 

proton transfer are looked at using different pathways. Calculations show a very low barrier 

(∆G ‡ = 0.23 kcal/mol) for C-C bond formation in the case of experimentally dominant 

product. For this pathway the subsequent proton transfer via HFIP step has a barrier of 26.98 

kcal/mol. The same has been confirmed using Molecular Electrostatic Potential (MESP) 

which shows a negative region in between C...C in the transition state. In spite of high 

barriers for proton transfer, the intermediate products formed in this reaction pathway are 

thermodynamically more stable in comparison to other pathways. The thermodynamically 

stability of the final product in this pathway is seen to beat all other effects in the presence of 

HFIP, thereby corroborating the experimentally observed enantioselectivity. 
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Density functional theory calculations have been carried out on a number of ambiphilic and 

electrophilic carbenes (both experimentally known and computationally designed) to 

understand their reactivity profile towards the activation of thermally robust bonds. Based on 

the calculated values of activation energy barriers, it was found that for ammonia (NH3), 

most of the molecules favor an electrophilic mode of activation. On the other hand, even 

though the electrophilic pathway is found to be more favorable than the nucleophilic one for 

activation of phosphine (PH2Ph) by majority of the carbenes, the barrier heights for both 

pathways are calculated to be comparable for diamidocarbene (DAC), cyclic amino aryl 

carbenes (CAArCs) and bicyclic alkyl amino carbene (BICAAC). In agreement with their 

better electron donation and acceptance abilities, the hitherto unexplored BICAAC, CAArCs 

and cyclic alkyl amido carbenes (CAAmC) are predicted to be more effective than cyclic 

alkyl amino carbenes (CAACs) towards the activation of both ammonia and phosphine. For 

the activation of silane (SiH3Ph), a hydride transfer pathway is found to be more favorable 

than the proton transfer pathway. Further, the calculated values of total Gibbs free energies 

and activation energy barriers for the splitting of N–H, P–H and Si–H bonds by a majority of 

the molecules are found to be comparable to those of the experimentally evaluated ones, 

implying that these known–yet unexplored–carbenes may be considered as suitable 

candidates for the activation of such enthalpically strong bonds. 
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Presence of metal ions influences the conformational dynamics of RNA/DNA since they 

carry negative charges in their backbone. The ions include simple monovalent ones such as 

Na+ or multivalent ones like Mg2+ [1,2] or different types of polyamines like spermine 

(spm4+), spermidine (spd3+) [3,4] etc. Starting from in-vivo ionic concentration of either Na+ 

or Mg2+, to higher concentrations, all-atom molecular dynamics simulations elucidate the 

structural collapse shown by two ssDNAs of same base sequence. Initially, an increase in ion 

concentration facilitates the structural distortion of individual ssDNA and helps to bring them 

close and for this, Mg2+ is better than Na+. However further addition of ions leads to 

structural re-swelling of the DNA strands and inhibit their proximity. The structural changes 

are found to be guided by the strong interaction of the cations with the Phosphinyl-Oxygen 

(pn_O). Additionally, a significant difference has been noticed in the interaction of the 

cations with Phosphoester-Oxygen (pe_O) depending on the nature of the ion. The sequential 

and non-sequential base-pair stacking is one of the major factors in the structural collapse of 

individual ssDNA. Overall, the present investigation highlights some of the important aspects 

of aggregation of two ssDNA with the same base sequence at varying cationic concentration. 
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Halocarbons are the prominent factor of ozone depletion in the stratosphere, and due to their 

extensive industrial use, it is essential to understand their decomposition pathways. A few 

studies exist in literature where thermal decomposition of CF2Cl2 and CF2Br2 has been 

studied and two different pathways were observed one is radical and other is a molecular 

pathway and the latter pathway is reported via isomerization of halons. In the present work, 

gas phase dissociation chemistry of various Halon molecules viz. CF2Cl2, CF2Br2, CHBr3, 

and CF2BrCl are investigated by electronic structure theory, ab initio classical chemical 

dynamics simulations. Potential Energy Surfaces (PESs) are characterized computationally 

using DFT, MP2, and CCSD (T) methods in combination with triple-zeta basis sets. These 

calculations show that radical channel is barrierless whereas molecular products either can be 

formed via isomerisation or direct pathway. Isomerization pathway has barrier height much 

lower than the direct pathway. The dynamics simulations are performed at two different total 

energies for each system and from the trajectories, vibrational (Evib) and rotational (Erot) 

energies of the reaction products are computed for two different pathways of molecular 

products formation. 
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Quantum chemical calculations at the CCSD(T)/CBS//MP2/aug-cc-pVTZ levels of theory 

have been carried out to investigate a potential new source of acetamide in Earth’s 

atmosphere through the ammonolysis of the simplest ketene. It was found that the reaction 

can occur via the addition of ammonia at either the C=C or C=O bond of ketene. The 

potential energy surface as well as calculated rate coefficients indicate that under 

tropospheric conditions, ammonolysis would occur almost exclusively via ammonia addition 

at the C=O bond with negligible contribution from addition at the C=C bond. The reaction of 

ketene with water has also been investigated in order to compare between hydrolysis and 

ammonolysis, as the former is known to be responsible for the formation of acetic acid. The 

rate coefficient for the formation of acetamide was found to be ~106 to 109 times higher than 

that for the formation of acetic acid from the same ketene source in the troposphere. By 

means of the relative rate of ammonolysis with respect to hydrolysis, it was shown that 

acetamide formation would dominate over acetic acid formation at various altitudes in the 

troposphere. 
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Computing free energy surface (FES) is critical to predict the kinetics and mechanism of a chemical 

process. Enhanced sampling of collective variables (CVs) is used widely to explore the FES. 

Conventional enhanced sampling approaches such as metadynamics (MTD) [1], and umbrella 

sampling [2] are limited to small number of CVs, often one or two. The sampling efficiency of 

these methods depreciates with increasing number of CVs. Many methods have been designed to 

overcome these limitations like bias-exchange MTD, driven-adiabatic free energy dynamics (d-

AFED)/ temperature-accelerated molecular dynamics (TAMD), parallel bias MTD (PBMTD), 

well-sliced MTD, temperature accelerated sliced sampling (TASS) [3]. Here, we propose a new 

method that combines the aforementioned methods to explore the multidimensional FES which we 

named as Parallel bias temperature accelerated slice sampling (PBTASS). This method uses parallel 

bias MTD, which simultaneously applies low dimensional bias along many CVs, instead of MTD 

in the TASS method. This makes PBTASS more useful in exploring multidimensional FES. 
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Among many metal oxides, perovskite family members have shown tremendous advantages 

towards photocatalytic properties. It is largely due to their ability to host a wide varieties of 

foreign elements and tolerance to substoichiometric oxygen vacancies within the framework 

of ABO3 lattice structure. Although, the structure and functionality are quite often hampered 

by the temperature and vacancy defects driven structural instabilities, it has been reported 

that barium zirconate (BaZrO3) can withstand to all such thermodynamic and kinetic 

fluctuations. However, BaZrO3 is a wide band-gap (5.2 eV) material whose absorption onset 

edge is in the ultraviolet regime of the light spectrum and this severely restricts its 

application for the photocatalytic properties. To circumvent this obstruction, here we propose 

engineering band-gap and tailoring oxygen vacancies by doping cerium in its mixed valence 

states in BaZrO3. Indeed, in calculations and together in experiments, it has been shown that 

Ce doped BaZrO3- turned out to be an efficient photocatalyst in the limit of visible-light 

absorption. The results of the detailed modeling and calculations will be presented. Ce 

doping and oxygen vacancies have been modeled by considering supercell and charge 

balance approach. The calculations are carried out using efficient density functional 

theoretical models. The results indicate that on doping cerium in BaZrO3 by about 3% and 

combined with oxygen vacancies of mono-anionic Kröger-Vink type, the structures are 

stabilized with additional energy states resulting in reducing the band-gap from ultraviolet to 

visible region, and therefore increasing the absorption cross-section. 
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Plane wave basis sets offer many advantages in ab initio molecular dynamics due to their 

efficiency and simplicity. In combination with hybrid density functionals, they become 

computationally expensive due to the evaluation of the Hartree-Fock exchange energy. The 

computational cost can be significantly reduced by screening the Kohn-Sham orbital 

products after localizing [1] the orbitals in real space. However, such a procedure introduces 

apparent errors in the wavefunctions and nuclear forces resulting in unstable dynamics. It is 

shown here that a noise-stabilized dynamics approach [2] can overcome this problem, at the 

same time permits using insufficiently converged wavefunctions for evaluating atomic 

forces. In this way, we achieve significant speed up even for a small system containing about 

100 atoms. After benchmarking the accuracy and efficiency of this approach, we use it in 

combination with well-sliced metadynamics to compute the free energy barrier of formamide 

hydrolysis in alkaline aqueous medium. These results provide insight on the error of the PBE 

functional in predicting the free energy barrier for hydrolysis reactions in water. 
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Quantum dots are very small crystals with typical size ranging from 1 nm to 100 nm. In 

heteroepitaxial growth, the elastic strain due to the lattice mismatch leads to spontaneous 

quanutm dot formation. However, these dots, such as the silicon-germanium quantum dots on 

a flat Si(001) substrate, exhibit a large size distrubation and spatial disorder. One approach to 

direct the size and organization of the quantum dot arrays in these systems is to use pre-

patterned substrates as a template for growth. We construct a theoretical framework based on 

continuum mechanics to study the growth of quantum dots on patterned substrates. The 

corresponding numerical resolution is performed using a small slope approximation and a 

pseudospectral method to resolve the elastic problem[1-3]. The competitaion between the 

length scale of the pattern and the intrinsic quantum dot size leads to a rich behaviour where 

localization of dots can be modified with respect to the features of the patterns. In cubic 

elastic materials such as silicon and germainum, the aligment tendancy due to the elasic 

anisotropy also changes the location of the quantum dots. In our work we show that, indeed, 

this elastic anisotopy is crucial in order to reproduce the key experimental results on quantum 

dot formation on substrates that has Gaussian pit-like patterns[4]. 

 

Fig 1: Snapshot showing quantum dot growth  starting with different pattern wavelengths (λpat) 

indicated. The color bar refers to the height of the film in units of the l0  (1l0 = 8.8 nm). The system 

size is 128X128 in units of l0 and the initial thickness of the film above the patterned substrate is ~8 

ML or 2.19 nm 
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Enhanced sampling methods together with molecular dynamics are widely used to compute free 

energy surfaces. In these methods, bias potentials are added along a set of collective variables(CVs). 

However, with increase in the number of these CVs, the computational cost in using these methods 

increases. In this respect, path based CVs are very useful in predicting reaction paths and transition 

states in a computationally efficient way. However, while using these CVs, system can get trapped in 

local free energy minima and accurate sampling of pathways requires boosting the sampling of 

several orthogonal coordinates, and which in turn increase the computational cost. We propose a way 

to overcome these difficulties by combining path-CV sampling with sampling of orthogonal 

coordinates using the temperature accelerated sliced sampling method [1] developed in our group. 

This method will be discussed and some applications will be demonstrated. 

References 

[1] S. Awasthi, N. N. Nair, J. Chem. Phys. 146 (2017) 094108. 



 

34 

Surface Stress And Surface Reconstruction: An Ab-Initio Study On The 
Polar GaN (0001) Surface 

Razia Shabnam and Madhav Ranganathan 

Department of Chemistry, Indian Institute of Technology Kanpur, Kanpur 208016, India 

Email: razia@iitk.ac.in 

The calculation of surface properties of polar surfaces is computationally challenging, due to 

the absence of reflection symmetry along the polar direction. Wurtzite Gallium Nitride 

(GaN) is a semiconductor that is widely used in fabrication of blue light emitting diodes 

(LED). These LEDs are usually fabricated on (0001) surface of GaN, a polar surface having 

alternate Ga and N layers. Investigation shows that the clean GaN (0001) surface is 

characterized by the presence of lattice distortions and can be said to be reconstructed [1,2]. 

Surface stress is a quantity that can be used to understand the origin of these reconstructions, 

however, it is not straightforward to calculate this for a polar surface. We show how this 

surface stress can be estimated using a sequence of ab-initio calculations of carefully chosen 

configurations and calculating their corresponding supercell stress [3]. These stress 

calculations were correlated with the energetics of reconstructed and unreconstructed 

surfaces.  

Schematic diagram showing different configuration for GaN (0001) 
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Theory is developed for electrochemical impedance spectroscopy (EIS) of reversible two 

step electron transfer (EE) process with reactants having unequal diffusion coefficients at 

random rough and fractal electrodes. Power spectrum of roughness is used to incorporate the 

information of various roughness features of electrode on the impedance response. For finite 

fractal model, morphological parameters of roughness viz. fractal dimension (DH), topothesy 

length (lτ) and lower cut-off length (l) influence the admittance response. It is seen that the 

value of admittance increases with increase in the roughness of fractal electrode (by increase 

in value of DH or lτ or decrease in l) for both the electron transfer steps. The plot of 

magnitude of admittance at fixed frequency with variation of DC potential provides clear 

insight into multi-electron transfer process. These plots have two distinct peaks for the two 

electron transfer steps. The roughness of the electrode has marked effect on the peaks and the 

regions around peaks on the admittance-potential plot, obtained at different frequencies. The 

height of the peak enhances for each charge transfer step with the increase in roughness. 

Finally, our current methodology provides advantage of impedance as well as cyclic 

voltammetry technique. 
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Interfacial phenomenon of water is crucial and have a significant role in the area of atmo- 

spheric, chemical and biological processes [1,2]. Alcohols contain a hydrophilic OH and a 

hydrophobic alkyl group. Alcohols with large alkyl group interact with water at air-water 

interfaces via its OH group, while their hydrophobic part is exposed to the vapour. The 

structure [3,4] and dynamics [5] of interfacial water can be selectively studied by vibrational 

sum frequency generation (VSFG) spectroscopy. In the current study, we have investigated 

the effects of tert-butyl alcohol (TBA) on the structure and dynamics of interfacial water. The 

structure of interfacial water has been studied by calculating the VSFG spectra using the 

electronic structure/molecular dynamics (ES/MD) method which can treat the O-H bond of 

water as local oscillator [6,7]. The dangling peak of the VSFG spectra of pure air-water 

interface near ~3700 cm-1 almost disappears in presence of TBA at the chosen concentration, 

which indicates that interfacial region is covered by the solute. The hydrogen bonded peak in 

the VSFG spectra is red shifted by ~100 cm-1 as compared to that of pure air-water interface, 

despite the fact that hydrogen bonding strength of interfacial region is found to be similar as 

that of bulk. This red shifting in the VSFG spectra is a consequence of the cancellation of the 

nonlinear responses from “up” and “down” oriented O-H of water at that region. The local 

structure around the interfacial water is found to be similar as that of bulk where oxygen of 

TBA is giving a similar environment like oxygen of water in bulk. But the dynamical 

properties, like orientational relaxation, vibrational spectral diffusion are observed to be 

slowing down when moving from bulk towards the TBA layer. In addition to the branched 

alcohol (TBA) present at the interface, we have also shown the results for water surface 

covered by the chained unbranched Stearyl alcohol (STA). Similar kind of red shift in the 

VSFG spectra of STA monolayer has been observed as in case of TBA-water system as 

reported in the earlier experimental result [1]. 
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THz spectroscopy is an important tool which can detect solute induced changes of the 

collective water network dynamics [1]. Far infrared or terahertz (THz) spectroscopy offers 

another useful method for probing the structure and dynamics of salt solutions and specific 

ion effects. The usefulness of THz spectroscopy lies partially in the fact that it involves a 

frequency range that is low enough that ion-involving intermolecular modes can be probed, 

but high enough that the modes are still relatively local compared to those probed by, for 

example, microwave (dielectric) spectroscopy [2]. THz spectroscopy is sensitive to the 

motion of cations and their effect on the local water dynamics. In the present work, I have 

shown the theoretical calculations of Terahertz spectroscopy using molecular dynamics 

simulation with polarizable AMOEBA forcefield [3]. Our results show that the THz region is 

mainly governed by the induced dipole moment of the solute and solvent due to the 

collective dynamics. Unlike polarizable model, non-polarizable forcefields like SPC/E, 

TIP4P2005 fail to show the THz spectrum around 200 cm-1. Here we have investigated the 

spectral behaviour for sodium halide solutions in the THz region using AMOEBA forcefield. 

Due to small concentration of the solute (~1 M) there is little difference in the total spectra. 

After dissecting the solvation shell region around the halide ions, we have shown that 

spectral result clearly corresponds to the size and polarizability of the halide ions. This 

suggests that difference in the THz region of the total spectra might be prominent for the 

solutes of higher concentration. 

References: 

1. Heyden, M., Bründermann, E., Heugen, U., Niehues, G., Leitner, D.M. and Havenith, 

M., J. Am. Chem. Soc., 130, 5773 (2008). 

2. Kann, Z. R. and Skinner, J. L. J.Chem. Phys. 144, 234501 (2016). 

3. Ponder, J.W., Wu, C., Ren, P., Pande, V.S., Chodera, J.D., Schnieders, M.J., Haque, 

I., Mobley, D.L., Lambrecht, D.S., DiStasio Jr, R.A. and Head-Gordon, M. J. Phys. 

Chem. C, 114, 2549 (2010). 

 

a)
E-mail: dgautam@iitk.ac.in,  

b)
E-mail: amalen@iitk.ac.in 

 



 

39 

Effects Of Boron Nitride Nanotube On The Secondary Structure Of Aβ(1-
42) Trimer: Inhibitory Effect On Amyloid Formation 

Nidhi Sorouta) and Amalendu Chandrab) 

Department of Chemistry, Indian Institute of Technology Kanpur, India 208016 

 

Alzheimer Disease (AD) is the most common neurodegenerative disorder formed by 

amyloids which are highly ordered cross-β sheet protein aggregates deposits in various parts 

of the human brain [1]. The mechanism underlying the aggregation of amyloid fibrils is not 

fully understood till now. Recent studies indicate that the trimer and tetramer species of 

Aβ(1-42) is the most neurocytotoxic forms of low molecular weight (LMW) oligomers 

which  bound with the neurons and causing their cell death [2]. The ultimate goal in this 

study is to find the ways of preventing Aβ(1-42)-trimerisation process and their fibril 

formation. In many studies people searched for short peptides and proteins or small organic 

molecules to treatment of AD but because of the issue of blood-brain barrier (BBB) 

permeability researchers are not able to use these designed proteins to make therapeutic 

agents. Some of the experimental and theoretical studies showed that carbon nanotubes 

(CNTs), graphene, fluorinated nanoparticles, fullerene prevent the fibril formation. Although 

these carbonaceous nanoparticles are commonly used but there is a huge disadvantage 

because these are cytotoxic for our body [3]. Therefore, a search for safe and biocompatible 

nanomaterial is required. Boron nitride nanotubes (BNNTs) are nontoxic for health and 

environment and biocompatible in living cells [4]. Experimentally we have only a limited 

structural information about the Aβ(1-42) trimer because of their transient nature. Here the 

effect of BNNTs on the structure and dynamics of Aβ(1-42) trimer has been investigated 

through all atom molecular dynamics simulation for 1 µs. Our results indicate that due to the 

polar nature of BNNTs, it keeps the peptides of Aβ(1-42) trimer separated and prevents their 

self-aggregation. It is also stabilized the helical structure of each peptide monomer. Thus here 

our study reflects the inhibition of amyloid aggregation by “kinetically trapped” mechanism 

with the stabilization of the helix as mentioned earlier [5]. 
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Silver Iodide (AgI) is one of the best suited ice-nucleating agents [1], due to which it has 

found applications in glaciogenic cloud seeding, to accelerate precipitation. Additionally, the 

formation of ice affects numerous industrial processes such as transportation, power, and 

agriculture, making the study of nucleation pivotal. Earlier studies [2] have connoted that the 

crystal lattice of ice corroborates with the lattice of AgI, making it an excellent nucleating 

surface. This argument was demurred later on in some of the prior investigations [3], and the 

results showed the cruciality of the detailed atomistic structure of the surface in 

heterogeneous ice nucleation. So far, various experimental, as well as theoretical studies on 

the smooth AgI surface, have been conducted. However, the molecular-level structure of 

water close to the solid-liquid interface is still not completely understood, and the structure 

influences the ice nucleation behavior of supercooled water on the AgI surface. 

In this work, we emphasize the influence of the defect incorporated silver iodide surface on 

the nucleation behavior of supercooled water. The nucleation of water on the β-AgI (001 

plane) surface is investigated through molecular dynamics simulations, at a temperature of 

240 K, corresponding to a supercooling of 30K. The defect in the surface is created by 

removing the silver and iodide atoms from the top layer (i.e., the layer in contact with water) 

of AgI surface. We observe that the formation of water layering near the substrate facilitates 

the layer by layer formation of the ice crystal. We find that the nucleation behavior of water 

is hindered by the presence of the defect on the AgI surface. We also present the effect of the 

defects on the structure of supercooled water. 
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Disulfide bonds are formed between the proximal cysteine residues in native proteins. 

Disulfides offer stability, are functional centres and are involved in regulation of many 

extracellular proteins. Disulfide bonds can switch between the redox states and can even 

reverse the protein functionality at mild physiological conditions [1] and hence the name 

“disulfide switches”. The enzymes that control disulfide bond formation in bacteria are 

known as Disulfide bond proteins (Dsb’s). ‘DsbD’ is one among the five of known Dsb. The 

role of DsbD is proposed to be the functional activation of Dsb isomerases. This is achieved 

by the active cleavage of disulfide bond in DsbD [2]. Proton Transfer involves the relocation 

of proton from one of the bonded atoms to another, accompanied with interchange of charge 

and change in mass. Proton Transfer Reactions are of great significance from biology point of 

view and are found to stabilize the intermediates in enzyme catalysed reactions as well as in 

decreasing the activation energy for transition states [3]. More complex the system gets, more 

will be the complexity and challenges in explaining proton transfer reactions. Herein we 

investigate the scission of disulfide bond in DsbD using computational techniques. Molecular 

Mechanics-Molecular Dynamics simulation methodology was adopted to probe the 

possibilities. DsbD system was simulated for considerable time using OPLSA-AA and TIP4P 

water models. All calculations were performed using Gromacs software [4]. The results 

based on the simulation suggest that the mechanism is mediated via proton transfer. 
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Energy production is one of the most challenging issues of modern time. Fossil fuels are still 

the most widely source of energy in the world. The utilization of alternate forms of energy 

such as shale oils will also need to increase. In order to obtain fuels that will burn cleanly, 

sulfur compounds must be removed. Thiophene is the more abundant aromatic organo-sulfur 

contaminants found in fuels such as petroleum and shale oils. Understanding the thermal 

decomposition of Thiophene is especially important. The thermal decomposition mechanism 

of Thiophene has been investigated both experimentally and theoretically. The pyrolysis 

mechanisms of Thiophene were investigated with the CBS-QB3 method using UB3LYP/6-

311++G (2d,p) level of theory. In particular, these electronic structure methods were used to 

explore pathways for formation of elemental sulfur as well as the formation of H2S and 1,3-

butadiyne. Thiophene was found to undergo unimolecular decomposition by five pathways: 

C4H4S  (1) SCCH2 + HCCH, (2) CS + HCCCH3, (3) HCS + HCCCH2,   (4) H2S + 

C4H2, (5) S + HCC-CHCH2. We are performing direct chemical dynamics simulations of 

thiophene decomposition for understanding the important reaction pathways and dynamical 

mechanisms using density functional (o) B3LYP/6-31+G* level of theory at three different 

energies 200, 250, and 300 kcal/mol. For each energy we generated 200 trajectories and the 

trajectories were analyzed for decomposition pathways and mechanisms and compared to 

existing literature. 
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Glutathione peroxidase (GPx) family of selenoenzymes is a part of human body’s antioxidant 

system, protecting against oxidative stress by reducing harmful peroxides using 

glutathione(GSH) as reducing substance. After the discovery of ebselen [1] as successful 

GPx mimics, there have been growing interest in designing small organselenium compounds 

as functional mimics of GPx. The GPx mimics may or may not follow the same catalytic 

pathway as the original enzyme. For example, the conformationally restricted naphthalene 

peri-diselenides [2] have been found to display significant peroxidase activity but follow a 

totally different catalytic cycle than the enzyme. It is believed that, the destabilization 

introduced due to rigid and nearly planar structure of these peri-diselenides result in lowered 

oxidation potential and more facile oxidation by peroxides. In order to understand some of 

these points, we have used density functional theory to study the electronic structure and 

orbital interactions of the possible intermediates believed to appear in the catalytic cycle of 

substituted naphtho[1,8-cd][1,2]diselenole. All the compounds have been subjected to 

geometry optimization using B3LYP/6-311+G (2df p) basis set. Frequency calculations have 

been performed to check the stationary points (minimum, TS) on the potential energy 

surface. The effect of substituents and solvent on the stability of intermediates will also been 

presented. 
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From lipidomics research, it is now known that there are more that 40,000 lipid structures in 

Eukaryotic cells and the plasma membrane itself has more than 600 different types of lipids. 

Differential molecular interactions among these extremely diverse constituents give rise to 

spatial and dynamic heterogeneities in the membrane structure. These sub-100 nm transient 

sub-structures (patterns), which are generally stabilized far away from equilibrium in cells, 

are believed to be functionally important in various physiological processes. One of the 

fundamental questions in the field is “Why are there so many lipids?” 

In this work, we explore the molecular-origin of the variety in membrane organization using 

tools from simple statistical mechanics theories. We use a lattice model for the lipid mixtures, 

where the lattice Hamiltonian is trained from long microseconds all-atom (AA) simulations1,2 

on lipid bilayer systems that exhibit ordered and disordered fluid phase co-existence. Using 

stochastic optimization process of Monte Carlo simulated annealing, we evolve the 

Hamiltonian for lateral organization and show that model membrane with “realistic” lipid 

constituents (those found in plasma membrane of Eukaryotic cell such as 

PSM/POPC/CHOL) show the ability to form a large range of membrane sub-structure space 

(higher degeneracy and complexity) as compared to “in-vitro” lipids (DOPC/DPPC/CHOL), 

which form only one kind of substructure even with changing composition. We show that the 

disconnectivity graph3 of the potential energy landscape for “in-vitro” systems have distinct 

funnel energy landscape, while physiologically relevant membrane systems have a more 

frustrated glass-like energy landscape, which are capable of higher functional diversity due to 

their ability to form multiple degenerate membrane sub-structure states. 
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3) Becker, O.M., Karplus, M., 1996. The topology of multidimensional potential energy 

surfaces: Theory and application to peptide structure and kinetics. J. Chem. Phys. 106 (4). 



 

46 

E345K Mutation Alters PIP Lipid Specificity of the GRP1 

PH Domain 
 

Subasini T and Anand Srivastava 

Molecular Biophysics Unit, Indian Institute of Science, Bangalore. 

subasinit@iisc.ac.in 

 

Pleckstrin Homology (PH) domain, in AKT1 [1] and GRP1 [2] proteins, is known to target 

plasma membrane via specific binding with the PIP3 lipid. A sentry glutamate residue 

regulates PIP3 specificity of PH domain and excludes binding to the more abundant PIP2 

lipids. Interestingly, a single charge reversal mutation (E345K in GRP1 and E17K in AKT1) 

is known to greatly increase the affinity for PIP2 lipids. In this study, we use atomic-scale and 

mixed-resolution coarse-graining modeling and simulations to explore the molecular 

mechanism behind the loss of PIP3 specificity due to the charge reversal mutation on a single 

residue. 

Towards this, we use molecular dynamics simulations with high-resolution protein structure 

and Highly Mobile Membrane Mimetic Model (HMMM) for lipids with different protonation 

sites on the inositol ring.  While the HMMM mixed-resolution coarse-grained model replaces 

the tail group by organic solvent enabling faster sampling, it preserves the atomistic details of 

head groups. Preliminary analysis of molecular trajectories involving calculation of protein 

insertion depth in membrane show that E345K mutation alters the membrane specificity of 

GRP1. Wild type GRP1 shows selective proximity to membrane with different protonation 

sites while mutant GRP1 is in equal proximity to the membrane with different protonation 

sites. This work is in-progress and we are performing further analysis to explain the 

significant increase of PIP2 binding affinity in mutant systems leading to constitutive plasma 

membrane targeting. 
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The properties of water molecules located near an interface diverge considerably from those 

observed in homogeneous bulk water. The situation becomes more complicated when 

charges are introduced on the surfaces. Surface charges induce an electrostatic field that can 

align the water molecules to certain depth/length-scale into the bulk. But, the depth of the 

interfacial layer of water affected is still a subject of extensive investigations.1 Our earlier 

work on confinement of water in AOT (sodium bis (2 ethyl hexyl) sulfosuccinate; negatively 

charged surfactant) reverse micelles and water-in-oil (in isooctane environment) 

nanodroplets indicates that different structural order parameters of water get perturbed to 

different length scale.2 It would be interesting to see whether the same will be the case when 

we have planar surface rather than curved surfaces, for example, bilayers. The bilayers can 

be constructed using the different kinds of surfaces such as (i) charged, (ii) neutral and 

zwitterionic, and (iii) non-polar. Thus, to understand the depth of the water structural and 

dynamical perturbation due to these kinds of surface, we studied three different surfaces 

constructed using (i) AOT surfactant (ii) neutral and zwitterionic POPC (1-palmitoyl-2-

oleoyl-glycero-3-phosphocholine) lipid, and (iii) non-polar isooctane molecule. Along with 

the length-scale of water perturbation, we aim here to find out the effect of surface charges, 

specific interactions between water and surface. Therefore, using an extensive molecular 

dynamics simulation, we have elucidated the water perturbation length-scales from the 

structural as well as dynamical properties of water. We considered several structural 

properties such as number density (ρ), tetrahedral order parameter (Q) and number of 

hydrogen-bonds (NHB), and dipolar orientation order (P) parameter; and dynamical properties 

such as translational and orientational dynamics of the interfacial water. We observed that 

due to the electrostatic and hydrogen bonding interaction of water with the hydrophilic head-

groups of the surfactant or lipid molecules, the length of water perturbation increases to 

several nanometers and also, this length-scale considerably depends upon the properties 

under consideration for the charged (AOT) and neutral zwitterionic surface (POPC). Next to 

POPC surface; dynamical properties have higher sensitivity to environmental perturbation 

than structural properties.  Near the AOT surface, this length-scale is variable for different 

structural properties; dipolar orientation order parameter shows the highest degree of 

perturbation compared to other three structural as well as the dynamical properties. On the 

other hand, near the hydrophobic surface, the water structure as well as dynamics, shows the 
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similar perturbation length-scale. It would also be interesting to investigate a variation of 

water perturbation length-scale with increasing the charge complexity of the molecule for 

example in the vicinity of biomolecules. 
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During any chemical reaction, the atoms rearrange themselves in a large number of ways. 

This rearrangement, size, shape and catalytic properties of nanoparticle can change over 

time. To understand these kinetic pathways, predictive models are required that can 

systematically determine the relevant pathways. In this work we have developed different 

computational framework to understand the kinetics. We have taken examples of Lithium Ion 

Battery, nanoporous structure and Ag nanoparticle to understand the structural evolution of 

the system. In Lithium Ion Battery the lithiation/delithiation rates can change with strain as 

strain affects the diffusion process. So molecular simulations are required to understand the 

effect of strain on Li diffusion process and the role of molecular interactions between Li and 

Si atoms on the diffusion. We have tried to understand the effect of strain on lithium diffusion 

barrier in diamond cubic Si using nudged-elastic band (NEB) method employing modified 

embedded atom method (MEAM) interatomic potential. Analyzing lithium diffusion in 

crystalline Si in the presence of bulk strain and local strain arising from Li atoms in the 

vicinity of a diffusing Li atom, we find that the presence of a nearby Li atom can 

dramatically change the activation barrier and strain can dramatically affect the Li diffusion 

constant. 

We have developed a technique to calculate the size (length/diameter/area) distribution of 

nanoporous ligaments and facets using connectivity lists for sites, which enables rapid 

quantification of several million-atom large nanoporous structures while being sufficiently 

versatile to handle non-cylindrical cross-sections, detachment of ligaments from the main 

structure, and crystal facet-related quantities. Using this tool, we find that the starting 

geometry, e.g., nanowires, nanocubes and nanoparticles, plays a significant role in the early 

stages of nanoporous structural evolution. Nanoporosity evolution depends on several 

controllable parameters including the temperature, alloy composition, material interactions, 

etchant concentration and overpotential. We have studied a response surface analysis to 

systematically explore the correlations between the experimental parameters during the 

nanoporous evolution are also obtained for nanowires of different diameters. 

For Ag nanoparticles, a computational framework is developed based on basin constrained 

molecular dynamics (MD) calculations and kinetic Monte Carlo (KMC) method to 

determine the relevant pathways required at short timescales and longer times. 
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Increasing demand of ethylene oxide and the cost of versatile chemical ethene has been a 

driving force for understanding mechanism of epoxidation to develop highly selective 

catalytic process. Direct epoxidation is a proposed mechanism which in theory provides 

100% selectivity. A key aspect of this mechanism is an electrophilic oxygen (Oele) species 

forming on the Ag surface. In the past two and half decades, large number of theoretical and 

experimental investigations have tried to elucidate formation of Oele on Ag surface with little 

success. Equipped with this rich literature on Ag-O interactions, we investigate the same 

using periodic DFT calculations to further understand how silver surface and oxygen interact 

with each other from a chemical standpoint. Based on energetics, Löwdin charges, topologies 

and pdos data described in this study, we scrutinizethe established notions of Oele . Our study 

provides no evidence in support of Oele being an atomic species nor a diatomic molecular 

species. In fact, a triatomic molecular species described in this work bears multiple 

signatures which are very convincing evidence for considering it as the most sought for 

electrophilic entity. 
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To date, density functional theory (DFT) is one of the most accurate and yet practical theory to gain 

insight about materials properties. Although successful, the computational cost is the main hurdle 

even today. In recent years, there has been a trend in combining DFT with machine learning (ML) to 

reduce the computational cost without compromising accuracy1,2,3,4. In this work, we have combined 

DFT with  ML to predict the potential energy surface experienced by an adsorbate. Towards this, 

interaction energy of an adsorbate with Al clusters is predicted which is the first step towards 

understanding size specific reactivity of clusters. Our detailed and extensive DFT calculations reveal 

that atoms experiencing identical environment within a cluster have identical interaction energy 

patterns. Further based on these DFT calculations, ML techniques are implemented to predict 

interaction energy between a test atom and cluster. We demonstrate that, based on only interatomic 

distances as descriptors, our ML model predicts interaction energy between an adsorbate and cluster 

with absolute mean error (AME)  0.05 eV (or less) and could reproduce the PES experienced by an 

incoming atom. Our extensive DFT calculations provide the rationale of achieving improved accuracy 

and a proof of concept that our ML model picks up the essence of Hohenberg-Kohn’s first theorem5. 

Finally, this work will help us to understand the size specific reactivity of clusters better. 
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The β2-adrenergic receptor (β2AR) is a member of the GPCR family that is an important drug 

target for asthma and COPD. Patients harboring a polymorphism at the 164th position 

(Thr164Ile) are observed to have a reduced response to agonist based therapy. Biochemical 

studies have confirmed that various agonists bind poorly to the Ile variant as compared to the 

wild type receptor. We present here the structural basis for the reduced agonist affinity of the 

Thr164Ile variant using microsecond time-scale molecular dynamics simulations, docking 

and solvation free energy calculations. Local structural rearrangements due to the variation 

leads to a relay effect that propagates towards the binding site. This results in the reduced 

binding free energy of a series of agonists, which was observed to be closely correlated with 

experimental affinities. A ligand repositioning is observed in which the ligand binds closer to 

the extracellular loops. The ligand binding site of the variant becomes more compact and less 

flexible as compared to the wild type leading to reduced agonist binding. Our study helps 

bridge the gap between genome based predictions and clinical studies and is a starting step 

toward developing potent and selective agonists for the Thr164Ile variant. 

Keywords:  β2-adrenergic receptor, SNP, Molecular dynamics, G protein coupled receptor, 

GPCR, pharmacogenetics 
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During the past two decades, Lewis acid-base chemistry has undergone a profound revolution 

[1]. Though, till date, Lewis acid-base adducts of electron-deficient group 13 halides (ECl3, E 

= B−In) are widely explored [2], very few similar benchmark studies exploiting Lewis acidic 

early transition metal compounds e.g. titanium tetrahalides (TiF4, TiCl4) have been reported 

[3]. In this context, we have investigated the electronic structure and bonding scenarios in 

different cis-TiF4D2 and [TiF5D]– complexes (D = neutral donor ligand), employing DFT 

calculations (Scheme 1a) [4]. Additionally, we have computed the formation energies of 

these complexes for various reaction routes both in the gas phase and solution medium. 

Significant effort has been paid to obtain intrinsic Lewis base strengths of the ligands with 

respect to TiF4 as reference Lewis acid. Furthermore, the isomerism of mixed chloro and 

fluoro titanium complexes supported by neutral ligands is studied. The unique electronic 

feature of the neutral ligands specially carbene results the ongoing “renaissance” in the 

stabilization of various unstable chemical species, radicals and elements in their different 

unusual oxidation states [5]. Since the isolation of the diatomic silicon(0) compound [6] 

employing N-heterocyclic carbene (NHC), the unprecedented chemistry of the diatomic 

group 14 elements has been explored both theoretically and experimentally [7]. Similarly, we 

have made an attempt to explore theoretically the electronic structure and bonding 

perspectives in different bis-donor stabilized E2 (E=C−Pb) compounds (D−E2−D; Scheme 

1b) [8]. The thermodynamic stabilities of these compounds are computed to identify the 

viable targets for synthesis. 
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Scheme 1. (a) Schematic representation of the cis-TiF4D2 and [TiF5D]– complexes. (b) Schematic 

representation of the D−E2−D compounds. 
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Braulio Rodriguez-Molina et al. reported 201.6 cm3 g-1 of CO2 uptake in dense (non-porous) 

Carbazole-(p-Diethynylphenylene)-Carbazole molecular crystal at a temperature of 196 K 

and under a pressure of 1 atm. Restricted motion of the central phenyl ring of the constituent 

molecules at/below 196 K and flexibility of the rotor molecules was proposed to be the 

mechanism of CO2 uptake. Furthermore, it exhibited retention of crystallinity even after three 

sorption-desorption cycles [2]. 

Using Molecular Dynamics (MD), we describe a method to study sorption in dense 

and non-porous sorbents. Volume expansion of the crystal system of interest was inferred to 

be the primary cause for facile CO2 uptake; Which was further confirmed by Grand 

Canonical Monte-Carlo (GCMC) Simulations. We also device a method to corroborate 

retention of crystallinity by simulating PXRD patterns of the system. Analyses of the 

structure of the adsorbed CO2 and the sorbent system along with periodic Density Functional 

Theory (DFT) calculations were elucidates the interaction of the sorbate-sorbent. Dynamics 

of the central phenyl ring and CO2 were also calculated. The developed method was applied 

to compare and contrast another dense molecular crystal in which the central rotating phenyl 

ring is absent [3]. 
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Heterocyclization of N-Tosylhydrazones with anilines affords a powerful strategy for the 

development of biologically and chemically active 1,2,4-triazole complexes [1]. In addition 

to the biological activity, 1,2,4-triazoles show remarkable potential towards metal binding 

due to presence of multiple heteroatoms that can easily coordinate to the metal center. 

Various 1,2,4-triazole derivatives have been described as having a wide variety of uses in 

materials science and in transition-metal complexes or metal-organic frameworks (MOFs). 

However, metal-free 1,2,4-triazole derivatives have also exhibited interesting and useful 

properties as advanced materials [2]. Recently, Maji and co-workers have developed metal 

free Tris(pentafluorophenyl)borane (BCF) catalyzed heterocyclization of N-tosylhydrazones 

with anilines [3]. (Scheme 1a) Based on the experimental findings, we have reported a 

thorough state-of-the-art theoretical analysis of the mechanism employing DFT calculations 

at the B3LYP-D3/TZVP/CPCM(Benzene)//B3LYP/SVP level of theory. Our calculations 

suggest that the overall mechanistic pathway has four consecutive steps viz., Step I: formation 

of aniline assisted BCF coordinated intermediate; Step II: coordination of another N-

tosylhydrazone and elimination of TsNH2; Step III: cyclization and another TsNH2 

elimination step; and finally Step IV: H2 elimination step. In addition, step I remains the rate-

determining step for the overall reaction leading to the triazole formation. (Scheme 1b) 
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Scheme 1. (a) B(C6F5)3 catalyzed heterocyclization reaction. (b) Rate-determining step 
involving intramolecular proton transfer mechanism. 
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Anion and temperature dependencies of dynamic heterogeneity features in the ionic deep 

eutectic solvents, (acetamide+electrolyte), have been investigated via molecular dynamics 

simulations. Electrolytes considered are lithium nitrate, lithium bromide and lithium 

perchlorate. The temperature range covered lies between ~100 K and ~180 K above the 

thermodynamic glass transition temperatures of these deep eutectics (Tg ~190 K).  Simulated 

particle motions reflect substantial dependence of several heterogeneity features on the anion 

identity. Rise of solution temperature, as expected, softens the extent of micro-heterogeneous 

character of these multi-component melts. Simulated anion dependent four-point correlation 

functions suggest ~2-3 times variation in the correlated timescales, which responds rather 

strongly to the rise in solution temperature. Simulated correlated length-scales, on the other 

hand, show a much weaker anion and temperature dependencies with an estimated length of 

approximately a nanometer. This length-scale suggests formation of clusters with 2-3 

acetamide molecules, signifying local structural heterogeneity as the origin for the micro-

heterogeneous nature of these ionic deep eutectics. Some of these results will be presented in 

this poster, and discussed. 
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How life began on early earth is one of the most intriguing, fundamental questions in science. 

It has attracted many path-breaking experimental studies, which have shown how one can 

obtain ribonucleic acid (RNA), protein, as well as lipid precursors when starting from small 

molecules. The current study provides an important addition to this body of work, by 

approaching it from a computational standpoint. We have employed a recently developed 

method, that of ab initio nanoreactor dynamics, pioneered by the group of Todd Martinez1 

(Nature Chemistry 2014, 6, 1044), which can be used to discover new molecules, as well as 

reaction mechanisms, without requiring a pre-defined reaction coordinate. Using this 

approach and further done minimum energy pathway search by high level of quantum 

chemical method (DFT), we have found entirely new pathways for the formation of RNA and 

protein precursors, starting from HCN, the sole source of carbon and nitrogen, and H2O, the 

single source of oxygen. The routes obtained have not required mediation by iron or copper 

based complex catalysts, which had been employed experimentally (Sutherland and co-

workers, Nature Chemistry 2012, 4, 895)2-3 when investigating the role of HCN and H2O in 

prebiotic chemistry. Interestingly, these routes are still seen to be feasible, having low to 

reasonable barriers for almost all of the reaction steps. Hence, the current work indicates that 

HCN and H2O could have been the Adam and Eve of life on earth – leading to all of the 

molecules that formed the basis of life. 

Keywords: prebiotic chemistry, origin of life, ab initio Nanoreactor dynamics, 

ribonucleotides, sugar, protein 
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The aggregation of the amyloid β-peptides has long been associated with the onset of 

Alzheimer’s disease, the most common form of dementia. It belongs to the class of 

Intrinsically Disordered Proteins1 (IDP’s) which poses a threat to the conventional model of 

protein structure: that the protein functionality depends only on a fixed secondary structure. 

The aggregation of the amyloid monomers leads to the fibril formation which is marked by 

the beta structure-based intermolecular interactions arising from their peptide backbone. This 

leads to the cell toxicity which downright undermines the favourable intermolecular 

interaction which also stabilizes the secondary structure of a protein involved in life 

processes. This problem has been classified as “The Clear Face of the Protein Biology” 

(intermolecular interactions which leads to the stability of the secondary structure) v/s “The 

Dark Face of the Protein Biology” (intermolecular interactions which lead to the aggregation 

of the beta-peptide monomers) 2. We present a case study of this fibrillation process using the 

molecular dynamics simulation by targeting the hydrophobicity and the structural changes 

induced by the relatively unstudied Zn2+ ions3. All production simulations were carried out 

using the GROMACS simulation package and the CHARMM36m 4 force field using TIP3P 

water model. This will shed further light on the allosteric (?) regulation of a few sites in the 

beta-amyloid monomer which inhibits certain favourable intermolecular interactions to form 

oligomers and fibrils. 
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Systematic generation1, 2 of a large sized metal cluster, Mn, is done by placing one or 

more M atoms at the minima of the molecular electrostatic potential (MESP)3 of the smaller 

clusters.  The method has been tested out with silver (Ag) atom clusters. The physical basis 

of such a methodology of preparing cluster geometries is the electropositive nature of the Ag 

atom which finds the negative minimum of MESP, a favorable geometric environment. In the 

case of (Ag)n for 5< n < 19 clusters at B3PW91/dgdzvp and B3LYP/aug-cc-pVDZ level of 

theory, the clusters thus generated are shown to be energetically equally or more favorable, in 

comparison with their counterparts reported in the literature. 
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Molecular dynamics simulations in canonical ensemble (NVT) are performed to understand 

size dependent diffusion in metal organic framework such as ZIF-8. All the simulations are 

carried out at two different temperatures, 140K and 300K and three different concentrations 

of the guest. At 140 K, we find a diffusion maximum for guest size, g = 2.55Å whereas at 

300 K, up to g = 2.55Å self-diffusion co-efficient (D) decreases slowly but when g greater 

than 2.55Å, D decreases drastically in flexible ZIF-8 framework. We compute window size 

distribution of ZIF-8 and related properties to understand diffusion characteristic in this metal 

organic framework. 
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Since a significant amount of chemistry takes place in the solvent phase, the role of 

the solvent in chemical reactions is very important. Even though the effect of the solvent in 

the transition states previously reported, but the catalytic role of the solvent through non-

covalent interaction have not reported yet. However, the current computational study, with 

density functional theory (DFT), reveals that an explicit aromatic solvent molecule acts as a 

catalyst through covalently and non-covalently in the small molecule activation by Al-

NacNac (Al(I)) and silacycloheptatriene (silepin) complex respectively. 

The Al(I) chemistry is generally seen to occur in aromatic solvents which give rise to 

an important question: does the aromatic solvent employed play an explicit role in the small 

molecules activation by Al(I) complexes? DFT calculations suggest that an explicit aromatic 

solvent (benzene) molecule acts as a catalyst by converting the Al(I) complex to Al (III) in 

the  bond activation. The efficiency for the  bond activation in the presence of an explicit 

benzene solvent molecule has observed orders of magnitude higher than in its absence. 

Next, the current computational study with static quantum chemical calculations, as 

well as with ab initio molecular dynamics (AIMD) simulations with density functional theory 

(DFT) has been performed in the intramolecular carbon-carbon and CO2 activation. It has 

been shown that the toluene solvent molecule is acting as a catalyst and influencing the rate 

of reaction through C-H/ non-covalent interaction. The efficiency of the CO2 activation by 

silepin was seen to be improved by sixty times due to the presence of the C-H/ interacting 

toluene. 
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The prospect of reduction of nitrogen oxide (NO) emission is one of the major challenges for 

environment protection. The main source for NO pollution is from automobile exhaust due to 

incomplete combustion in the engine [1]. The higher levels of NO in environment for the last 

two decades gained considerable interest due to its severe impact on the environment causing 

photochemical smog formation and acid rain. Recent studies have shown that precious metal 

such as gold (Au), platinum (Pt), palladium (Pd) etc. are competent catalyst for oxidation of harmful 

gases like CO, NO etc [2, 3]. Thus, understanding the adsorption mechanism at molecular level is of 

great importance in designing suitable catalysts. In the present study, we have proposed NO 

oxidation over Au–M- (M=Pt, Pd) bimetallic dimers via Eley-Rideal mechanism using B3LYP functional 

along with 6-311+G(d) basis set for N and O atom and LANL2DZ for Au and Pt atom. NO oxidation 

pathways at both sites of anionic bimetallic dimers including intermediates and transition states are 

shown by potential energy diagram. From our investigation, we observed that NO oxidation pathway 

on Au site of Au–Pt¬ dimer is more preferable than other sites of anionic bimetallic dimers. 
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A coordinatively unsaturated chromium (II)-based {Cr3[(Cr4Cl)3(BTT)8]2 (Cr-BTT; BTT3-=1,3,5-

benzenetristetrazolate)1} metal–organic framework (MOF) has been explored by periodic Density 

Functional Theory to understand the role of its magnetic properties in  potential applications such as 

H2 storage and O2 production. Our studies reveal a switching of magnetic ground state before and 

after the gas binding in case of O2 adsorption. The anti-ferromagnetically coupled pristine MOF has 

shown an improved magnetic coupling upon the addition of oxygen. The J value of -1366 cm-1 was in 

great agreement with the previously reported value for superoxo species.2 In case of oxygen 

adsorbed MOF, the coupling between the nearby chromium centres in MOF is in the range of 3-10 

cm-1. The nature of gas binding can get affected by the magnetic coupling interaction. 

 

Repeating unit of Cr-BTT based Metal organic Framework in O2 bound from 

 

The optimized MOF shows more binding affinity towards O2 gas compared to N2/H2 with 

antiferromagnetically coupled interactions in the ground state. Notably, gas adsorption studies also 

reveal excellent O2 selectivity based on selective electron transfer to form Cr (III) superoxide 

moieties. The theoretical Infrared spectroscopy is confirming this mechanism of selective O2 binding 

to Cr-MOF with an O-O stretching frequency of 1223 cm-1suggesting an end-on superoxo species. 

Comparing the adsorption of O2, N2 and H2, the binding energy toward the MOF follows a trend of 

O2>N2>H2, indicating a selectivity for these gases. The binding energy of -138 kJ/mol for O2 adsorbed 

MOF shows a good binding whereas low binding energy of -13 kJ/mol indicates a weak Van der 

Waals kind of interaction and electrostatic interaction exists between H2 gas and MOF. The analysis 

of Partial Density of State plot and the spin density plot has also confirmed the selectivity in gas 

binding. 
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Ever increasing demand for green and sustainable chemical processes has set up a drive to 

replace transition metals with earth-abundant, nontoxic, and environmentally benign 

alternatives. In this regard, the alkaline earth metal complexes have attracted significant 

attention1. Herein, we have used a β-diketiminato ligand with methyl-pyridine side arm to 

synthesize calcium compound. Further to obtain mechanistic insight, full quantum chemical 

calculations were done with density functional theory (DFT) at the dispersion and solvent 

corrected PBE/TZVP level of theory. It was found that the role of the calcium compound in 

the chemistry is to bind two ligands, each of which is then capable of acting as a catalytic site 

for the hydroboration. Therefore, the calcium enables the formation of a dual site catalyst, 

which would be more efficient than just employing a pyridine moiety as a single site catalyst 

in the reaction. Furthermore, calculations with the energetic span model (ESM), developed 

by Shaik and co-workers,2 provide insight into the relative efficiency values for the reactions 

with and without the calcium catalyst [2.83 × 10 -9 s −1 (with catalyst) vs 5.48 × 10 -12 s −1 

(without catalyst)]. It was found that the efficiency of the reaction is increased by a factor of 

about 500, which shows the distinct effect of the calcium catalyst complex on the efficiency 

of the hydroboration. More work that we have done in the field of hydroboration will also be 

discussed. 
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Polymer bundles such as cytoskeleton, actin filaments in muscle, keratin in skin constitute 

essential components of living systems. Depending on their mechanical properties, polymer 

bundles participate in different biomechanical activities. We studied the mechanical 

properties of polymer bundles using coarse-grained model and molecular dynamics 

simulations. We found that varying the strength of attraction among the polymer chains leads 

to structural transformation in the bundle contributing to polymorphism. The mechanical 

properties such as persistence length are strongly dependent on the internal structure of the 

bundle. We have performed the normal modes analysis to probe how these internal structures 

govern the mechanical properties of bundle.      
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Positive cooperativity in receptor-ligand binding plays an important role in cell signaling as it 

generates ultrasensitive response, a requirement for nonlinear phenomena such as bistability and 

oscillations in feedback regulated reaction networks. On the other hand negative cooperativity 

typically produces hyperbolic response and thus less explored. However recently negative 

cooperativity has been shown to generate ultrasensitive response under the condition of strong ligand 

affinity. In this work, we have used mathematical modelling to investigate the effect of negative 

cooperativity in receptor-ligand interaction on the bistability in a positive feedback regulatory motif. 

We systematically investigated the effect of negative cooperativity, modifying the two equilibrium 

constants of the receptor-ligand binding, on the robustness and tunability of bistability. We show that 

the regime where negative cooperativity exhibits robust bistability, positive cooperativity results poor 

bistability and vice versa. Further we find that the robustness and tunability of bistability depend 

crucially on the stability of singly and doubly engaged receptors. Our modeling highlights the ability 

of negative cooperativity in producing complex phenomena with potential applications in designing 

synthetic devices or in explaining experimental observations in cell biology. 
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The control of electronic population dynamics of the ground state (S0) and first two low- 

lying excited electronic states [i.e., S1 ( 
1B2u ) & S2 ( 

1E1g )] of Hexafluorobenzene (HFBz) has  been 

investigated here, by using Optimal Control Theory and Multi-configuration time-dependent Hartree 

(OCT-MCTDH) approach [1]. The adiabatic potential energy surfaces of the ground state and first 

two singlet excited electronic states developed by Mondal et al. [2] has been used for the purpose. 

The S2 (πσ*) and S1 (ππ*) electronic states undergo crossing and form conical intersection (CI). The 

key role in this picture is played by excited singlet state of πσ* character, which is largely separated in 

the parent benzene (Bz) molecule and comes down in energy drastically due to perfluoro effect in the 

HFBz. The πσ* states trigger an ultrafast internal-conversion process, which is essential for the 

photostability of molecules.  Here we mainly focused on the control of quantum yield of fluorescence 

from S2 state in the presence of conical intersections with S1 along the totally symmetric vibrational 

modes. 
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State-to-state dynamics of the C + OH (v = 0-2, j=0) → CO + H, reaction on the first (12A'') and 

second (14A'') excited states[1] is studied by real wave packet method of Gray and Balint-Kurti [2]. 

Product state-resolved (both vibrational and rotational) and total reaction probabilities are calculated 

for the total angular momentum, J = 0[3]. Product vibrational and rotational distributions are also 

examined at five different collision energies to elucidate the reaction mechanism. Reagent vibrational 

excitation is found to decrease the reactivity on the 12A'' state and enhance the same on the 14A'' 

state. This is due to the presence of late barriers on the 14A'' state which can readily be surmounted 

upon vibrational excitation. While the excess reagent vibrational energy releases mainly as product 

translation on the 12A'' state, the same releases as product vibration and rotation on the 14A'' state.  

The existence of late barriers also implies the formation of collision complex at a very stretched 

configuration which leads to disposal of more energy into product vibration on 14A'' state. The 

product rotational distribution is relatively cold on the 14A'' state. Despite same mass combination 

and same exoergicity, the drastic differences of the dynamics of the reaction on the two excited states 

are related to the 

microscopic topology 

of the 

underlying reaction 

path. Product 

vibrational level 

distributions are 

slightly inverted 

(non-statistical) on 12A'' state and becomes more inverted with reagent vibrational excitation which 

shows a mixture of direct and indirect type of reaction mechanism on 12A'' state. On contrary, the 

distributions are completely non-inverted and statistical on 14A'' PES and becomes inverted with 

reagent vibrational excitation which shows a complete indirect pathway for OH (v = 0, j = 0) and 

somewhat direct type with vibrationally hot reagent. Thus the reaction goes via the direct path more 

readily on the 12A'' PES than on the 14A'' PES. 
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 Fig: Product diatom vibrational distribution in the C + OH (v=0-2, j=0) reaction at five different 

collision energies (0.01 eV, 0.05 eV, 0.1 eV, 0.3 eV, 0.5 eV) on the 12A'' and 14A'' state. 
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Exchange of carbon dioxide with methane in natural gas hydrates is one of the promising 

alternatives that could serve dual purpose of extracting methane as clean fuel and sequestrate 

green gas, carbon dioxide under the sea sediments1. The clathrate nucleation phenomenon 

can be kinetically or thermodynamically enhanced in presence of organic or inorganic 

molecules (e.g. NaCl and methanol) known as hydrate promoters2. Currently, none of the 

reported hydrate promoters are selective towards encapsulation of either methane or carbon 

dioxide gases in the hydrates3. Moreover, CO2-CH4 exchange process slows down gradually 

due to equilibrium between methane and carbon dioxide hydrates with time. The molecular 

dynamics simulations could be a vital tool to gain molecular level insight into the role of 

different factors that affect formation of methane and carbon dioxide hydrates in presence of 

different hydrate promoters. In this work, we report the role of different hydrate promoters in 

CO2-CH4 exchange in natural gas hydrates using molecular dynamics simulation techniques. 

This study would help to develop molecular level tools to design libraries of hydrate 

promoters that would facilitate selective formation of carbon dioxide hydrates during 

exchange of methane with carbon dioxide in natural gas hydrates. 
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Polymorphism occurs when a compound can exist in more than one crystal structure in the solid state. 

Selective crystallisation of pharmaceutical polymorphs plays a crucial role in pharmaceutical industry 

as the physical and chemical properties of polymorphs change due to polymorphism, which can alter 

the bioavailability of drugs. Recently polymers are reported to be useful alternatives in inducing the 

selective nucleation of drug molecules but still there is lack of molecular level understanding into 

factors that control the selective nucleation of polymorphs of drug molecules1. Acetaminophen is an 

analgesic drug and exists as two polymorphs; Form I (stable, monoclinic) and Form II (metastable, 

orthorhombic). The form II polymorph of acetaminophen is industrially desired polymorph due to its 

layered structure that facilitates easy tablet formation. Recent studies have shown that nucleation of 

different polymorphs of acetaminophen can be controlled by changing functionality on polymers 

where polymethacrylic acid and polydiethyl methacrylate polymers exclusively gives form I of 

acetaminophen2. On the other hand, polystyrene and polyethoxy ethyl methacrylate polymers lead to 

nucleation of form II polymorph of acetaminophen. Nucleation is a rare-even phenomenon and is a 

challenge to capture both experimentally and theoretically and currently there are not much studies on 

usage of biocompatible polymers that could enhance nucleation of only form II of acetaminophen. 

The factors that control early stages of nucleation (aggregation) can be correlated with factors that 

control nucleation of different polymorphs of a drug3. In this work, we report usage of direct 

molecular dynamics simulations to gain molecular insight into role of molecular interactions into 

polymer-induced aggregation of acetaminophen polymorphs. The realistic models of all the polymers 

(polystyrene, polydimethyl methacrylate, polyethoxy ethyl methacrylate and polymethacrylic acid) 

were generated using PCFF (Class II) force field. In all the studies, acetaminophen was solvated in 

ethanol. The results from this study would help to design molecular level tools that could help to 

design biocompatible polymers to enhance nucleation of metastable, form II of acetaminophen. 
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Geometry optimization and electronic property calculation of large molecules is prohibitively 

difficult due to high computational cost at ab intio level theory. Moreover, calculation of 

vibrational IR/Raman spectrum for such systems is an arduous task. Surmounting this 

limitation, fragment-based molecular tailoring approach (MTA) method facilitates such 

studies in a proficient manner. 1-2 

The most crucial element of any fragment-based method is the generation of fragments 

leading to efficient and accurate results. For this purpose, an algorithm for the generation of 

automatic fragments has been presented within MTA framework.3 The qualitative assessment 

of generated fragmentation schemes is done considering missed atom-pair interactions, 

retention of chemical environment of each atom and economic ratio. The quantative analysis 

of schemes is done by quick and inexpensive calculations at lower basis set. The algorithm 

has been programmed and benchmarked for several test cases at high level of theory and/or 

basis set employing moderate configuration hardware. 4 

The poster will illustrate this algorithm along with several test cases. The software is ready to 

use for quantum chemist/physicist interested in studying electronic properties on large 

molecular systems. 
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Abstract 

The mechanism of n-BuLi triggered phospha-Brook rearrangement to synthesize organophosphate 

compounds has been studied using density functional theory (DFT) and NMR spectroscopic 

measurements. During the intermolecular rearrangement, Li atom plays a crucial role to form a 5-

membered cyclic transition state which turns out to be the rate-determining step of this reaction. 

Calculated rate coefficients using transition state theory match well with the experimental 

observations for a series of carbonyl compounds with electron donating and electron withdrawing 

substituents. 

Graphical Abstract 

 

Keywords: phospha-brook rearrangement, DFT, reaction mechanism, etc. 
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Aminoacyl tRNA synthetases carry out the aminoacylation reaction within their active site 

[1,2]. In this reaction, an amino acid is attached to its cognate tRNA. This reaction proceeds 

via two steps. In the first step aminoacyl adenylate is formed. In the second step (charging 

step), the 3ʹ-acceptor end of tRNA enters to the active site to take the amino acid from 

aminoacyl adenylate and aminoacyl-tRNA (charged tRNA) is formed via a proton transfer 

event [3]. Despite several crystallographic and kinetic studies, the understanding of the 

proton transfer event in this reaction is not unambiguous. So the objective of the present 

work is to understand the proton transfer event during the charging step and the influence of 

active site residues and active site water molecules in the reaction. To address this problem, 

we have used available crystal structure of class II aspartyl tRNA synthetase from E. coli [3]. 

The classical molecular dynamics simulation is performed using amber force field in 

AMBER16. The CPMD/GROMOS96 package is used to perform the hybrid QM/MM 

simulation in which the QM region will be handled by the Car-Parrinello method. The 

available literature proposed that there is a substrates assisted mechanism for the charging i.e. 

OPα of Aspartyl adenylate takes the proton from 3՛ OH of A76 of tRNA and the deprotonated 

3՛ O makes the nucleophillic attack to the carbonyl carbon of aspartyl adenylate [3]. No 

active site residues or water molecule involves in their proposed mechanism. From the 

classical simulation, we observe that one water molecule is H-bonded with 3՛ OH of A76. 

The residence lifetime for the water molecule to be in that position is 410 ps and is obtained 

from residence time correlation function analysis. Very slow decay of intermittent H-bond 

dynamics of the water molecule with 3՛ OH indicates that water molecule present in that 

position that can participate in the proton transfer. We have also performed hybrid QM/MM 

simulation to understand the water mediated proton transfer in the charging reaction. The 

present work reveals the role of water molecule in the charging step of aminoacylation 

reaction. 
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Despite the fact that monovalent noble metals defy superconductivity at atmospheric 

pressure, it has been proposed recently evidence for room temperature superconductivity at 

ambient temperature and pressure in nanostructures of silver particles embedded into a gold 

matrix [1,2]. The origin of this emergent phenomena in these Ag-Au nanoalloys is unclear. 

The alloys may have different chemicophysical interactions leading to the formation of 

Cooper pair, the bosonic quasiparticle responsible for the superconductivity. To investigate 

this both in theory and computations, knowledge of the alloy structure is necessary. 

Therefore, here we predict crystal structures of Ag-Au alloys (3D crystals and 2D slabs) 

using knowledge and first principles based crystal structure prediction approaches. For the 

most thermodynamically stable and metastable structures resulted, the superconducting 

transition temperatures (Tc) are estimated by carefully calculating electronic structure and 

electron-phonon matrix elements. All the structures investigated are found to be metallic with 

a common fcc-like cuboctahedron Ag-Au structure motif, featuring similar electronic 

densities of states near the Fermi surface. The Tc are estimated within the Bardeen-Cooper-

Schrieffer ( BCS ) formalism; it turns out that in calculations for all the Ag-Au structures we 

have predicted, the transition temperatures resulted in less than one milli Kelvin, 

complimenting the observations of absence of superconductivity in pulsed laser deposited 

Ag-Au modulated nanostructured thin films [3]. Detailed methods, calculations, and results 

of our investigations will be presented [4]. 
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All biogenic volatile organic compounds (BVOCs) have been considered as alternates to the 

fossil fuels due to the immense importance as they cause less CO2 emissions when compared 

to the regular fuels [1].These surrogates present importance in both atmospheric as well as 

combustion regimes. Esters comprise a major class of BVOCs. 

In order to understand the tropospheric fate of these molecular systems, their reaction 

kinetics with atmospheric oxidants such as OH radicals and Cl atoms [2] needs to be well 

investigated. This in turn provides the lifespans and Global Warming Potentials (GWPs) of 

these BVOCs. In this work, the reaction of two such esters (propyl butanoate [3] and 

isopropyl butanoate) with Cl atoms were computationally studied using the CCSD(T)/cc-

pVTZ//BHandHLYP/6-311+G(d,p) level of theory. The kinetics for the various reaction 

routes over the temperature range of 200-2000 K were explored using the Canonical 

Variational Transition State Theory (CVT) along with the Small-Curvature Tunneling (SCT) 

and Interpolated Single Point Energy (ISPE) corrections. The obtained lifetimes, GWPs and 

Ozone Creation Potentials (OCPs) are also reported in this work. The complete mechanism 

for the formation of various stable products in an O2/NO environment for both the esters is 

also included. Based on the kinetics and thermodynamics of the studied reactions, it was well 

understood that the abstraction of the hydrogen (H) atoms by the incoming radical (Cl) 

species is the dominant channel for their tropospheric degradation. Various oxygenated 

products such as acetone, substituted anhydrides and ketones were formed as major products. 
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3-Hydoxychromone (3-HC) and 5-Hydroxychromone (5-HC) are prototype molecules of flavonoids 

which undergo ESIPT.  The rate of proton transfer estimated to be few hundreds of femtoseconds. 

The mechanistic details of ESIPT pathways and associated timescales are lesser known due to the 

rapidity of the process. 

Here we computed ground- and two low-lying singlet excited states of 3-HC and 5-HC based on the 

DFT and TDDFT methods to identify the ESIPT pathways. Various stationary points on PESs were 

evaluated using model potentials generated within the linear vibronic coupling mechanism. We 

identified the presence of conical intersection within the close proximity of Franck-Condon point. 

The wavepacket placed at Franck-Condon point on S2 state reaches the conical intersection very 

rapidly and decays to S1 state. Estimated decay time scale of S2 state is similar to that of ESIPT time 

scale, implying that both processes would occur simultaneously. Based on the energetic and dynamics 

data, we assign the proton transfer taking place via conical intersection as "fast channel" and the other 

channel where the proton transfer occurring on the vibronically relaxed S1

 

state as "slow channel". 
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The catalytic oxidation of CO by molecular oxygen (O2) over graphene, epoxy functionalized 

graphene and sulphur doped graphene surface is investigated theoretically by employing 

dispersion corrected Density Functional Theory. The adsorption of O2 and CO molecules 

over the pristine, functionalized and doped graphene surface has been compared. The channel 

for oxidation of CO to CO2 is elucidated in detail in the presence of aqueous solvent. 

Computations suggest that catalytic cycle of CO oxidation is initiated through the ER-

mechanism, with the formation of a carbonate intermediate, the second pre-adsorbed CO 

reacts with the carbonate intermediate through LH-mechanism whereby, two CO2 molecules 

are released and adsorption surface becomes available for the subsequent reaction. The 

activation barrier for CO oxidation is considerably lowered in the case of oxidation over 

functionalized 12.45kcal/mol and doped 14.52kcal/mol graphene surface in comparison to 

the observed barrier of 23.98kcal/mol for the pristine graphene. 
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The aspect of intermolecular interactions has taken a giant leap from qualitative to 

quantitative analysis. The computation of exact intermolecular interaction energies with 

accuracy has received a lot of attention in the recent years. Its application even involves 

ground state as well as transition state stabilization [1]. Various non-covalent interactions 

(NCI) have been identified over the years viz. halogen bonding, chalcogen bonding, 

pnicogen bonding, etc. The identification of all intermolecular interactions assisted the 

branch of crystal engineering as well[2]. Crystal Explorer (CE) utilize the approach of 

Hirshfeld surface[3] to recognize numerous interactions present both qualitatively and 

quantitatively. CE-B3LYP model energies are regarded as accurate model intermolecular 

interaction energies. A recent study even evaluates lattice energy of different crystal 

structures using CE-B3LYP model energies and experimental crystal structures[4]. The 

numerical values prove its analogy between benchmark estimates derived from sublimation 

energy. 
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Quantum-mechanical mapping of the pathways for stereoinversion in Aspartic acid is 

performed under gas-phase conditions akin to interstellar medium. All the feasible pathways 

explored are observed to proceed through quite high activation barrier. However, the key step 

along the stereoinversion pathway that leads to the inversion of chirality is predicted to have 

a barrier of only 6 kcal mol-1. The thermodynamic feasibility of the pathways is also 

investigated in different regions of interstellar medium. The species explored along the 

pathways are characterized computationally using rotational and vibrational spectroscopy 

including anharmonic effects. The spectroscopic data computed may provide valuable 

guidance towards the detection of Aspartic acid and related isomeric species in outer space. 
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Synthetic oligonucleotides (SNOs) are steadily gaining importance in biological fields due to their 

simplicity, low cost and high specificity [1]. Peptide nucleic acid (PNA) is an important analogue in 

SNOs group because of its unique properties such as high affinity, chemical stability and low toxicity 

[2, 3]. Here we report the global reactivity descriptors (GRD) such as vertical ionization 

potential(VIP), vertical electron affinity(VEA), electronegativity(χ), chemical potential(µ), chemical 

hardness(ղ), chemical softness(S), electrophilicity(ω), HOMO-LUMO gap(Egap) and polarizability (α) 

of PNA dimeric strands such as GG-CC, GC-CG, GA-CT and GT-CA to understand their reactivity 

properties. The considered PNA dimeric strands are constructed through the inclusion of N-(2-

aminoethyl)-glycine units at the respective purine and pyrimidine N sites shown in Figure. All the 

constructed structures are optimized at B3LYP/6-31G* level of theory in gas phase. From the results 

it has been found that G with C combinations of dimeric strands has excellent potential to enhance 

their properties towards bio-nanoelectronics applications. 

 

Figure: Optimized structures of GG-CC PNA dimeric strands at B3LYP/6-31G* level of theory. 
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ZnO is a wide band gap material that has wide range of applications in various 

semiconductor devices. The catalytic activities of different ZnO surfaces are also quite 

fascinating. The ZnO materials facets are generally consist of four main lower order miller 

index surfaces. Amongst them two are polar and rest are non-polar. The polar surfaces are 

formed by cutting the crystal along the c-axis [1]. The surface energy calculations suggest 

that the non-polar surfaces are more stable than the polar surfaces. The surface energy of the 

non-polar surfaces are comparable to each other, thus it could be concluded that the surfaces 

are equally exposed under no external influence [2]. The on-site Coulomb correlation 

correction included Hubbard U parameter was used with the PBE functional for all the DFT 

calculations using VASP code. For the calculation of surface energy an approach designed by 

Ceder et. al [3] was used.  These computational method and model produced most agreeable 

results with respect to experiments amongst the existing computational studies. An additional 

lower order miller plane with index (10 ) has also been investigated meticulously. The 

presence of ionic impurity controls the morphology and hence the surface energy. This was 

also studied in this work. 
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Human Cystathionine β-synthase (hCBS) is a pyridoxal 5-phosphate (PLP) dependent 

enzyme that catalyzes the condensation of serine and homocysteine to produce cystathionine 

and hydrogen sulphide [1,2]. The objective of this work is to identify a selective inhibitor for 

hCBS and to understand how the inhibitor interacts with various protein subdomains. To 

obtain the mechanistic understanding of the catalytic condensation’s reactions, the in-silico 

studies based on the classical molecular dynamics (MD) and molecular docking studies are 

performed. The MD simulations provide novel understandings of the domain motions for 

opening and closing the catalytic domains, which is the crucial step in the catalytic reactions. 

The force field parameters for the heme in hCBS and PLP are developed from the scratch 

taking care of the ground spin-state of heme based on the three prominent functionals in DFT 

i.e. B3LYP, PBE0 and M06. The obtained force fields were validated comparing the 

vibrational spectra, especially the Fe-S stretching obtained from the static calculations as 

well as vibrational density of states (VDOS) that were obtained from MD simulations. 

 

 

Structure of hCBS enzyme (PDB id: 4L0D) Color codes: blue (N-terminal domain), Red 

(Catalytic domain). Green color is linker and orange (C-terminal Domain). 
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Organic magnetic molecules (OMMs) are of current interest due to their potential 

applications in the molecular spintronics.[1] Based on the density functional theory in 

combination with the non-equilibrium Green’s function (DFT-NEGF) method,[2,3] we have 

investigated the molecular spintronic properties of pentacene based magnetic molecules in 

single molecular junctions. Spin-polarization introduced in the pentacene systems due to 

presence of unpaired electron as a radical substituent. Different spin-centers eg. nitonyl 

nitroxide radical (NN) and methyl radical (-CH2) has been introduced in the parent pentacene 

molecules. We realized that the spin-polarized transportation is facilitated by unpaired spin, 

which lifts the spin degeneracy. Thus, opening new spin-dependent conduction channels. 

Futher, the study of finite bias voltage current reveals a decrease of conductance on 

increasing the number of unpaired electrons. The modifications in conductance arises with 

different radical groups has been attributed to magnetic exchange interactions between the 

spin centers which is also demonstrated by spin density distributions. Thus the localized 

magnetic moments could control the spin-selective electron transportations across the organic 

molecular systems. 

 

Figure: Model of the considered Gold-Pentacene-Gold moleculer junction with  sulphur as a 

linker atoms. Au, S, C, and H atoms are represented by the yellow,  green, cyan and  white 

balls, respectively. 
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Intramolecular magnetic exchange interactions of nitroxy diradicals with polyacene couplers were 

investigated applying numerous ab initio calculations. In the density-based approach, the broken-

symmetry (BS-DFT) method was applied using different standard density functionals (e.g. B3LYP, 

PBE0, M06) along with the constrained spin density approach (CBS-DFT) to compute the magnetic 

exchange interactions. The DFT based calculations provide quite large ferromagnetic exchange 

interactions (2J) that exponentially increases with the length of the couplers. This is an unusual 

scenario as 2J inversely varies with the length of the couplers [1-3] either with a slow or fast decay 

constant based on the nature of the couplers. Do the increasing π-conjugations and the ’diradical 

characters’ [4-5] of the coupler moieties responsible for such exponential enhancement of 2J or it’s a 

mere artifact of DFT calculations for polyacene couplers? Here we realized that the low-lying excited 

states, open-shell singlet characters of the couplers and enhanced degeneracies of the frontier 

molecular orbitals indeed incite sever challenges in the DFT estimations of exchange interactions. 

The symmetry adopted complete active space self-consistent (CASSCF) calculations were performed 

to circumvent such issues. However it turned out that the large active space is required to 

comprehensively account the electron correlations for the polyacene systems. All the CASSCF 

calculations including the minimal active space that contains the radical centers in the two magnetic 

orbitals produce unequivocally ferromagnetic exchange interactions that slowly decrease with the 

length of the couplers. 
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Artemisinin is one of the most powerful antimalarial drugs against malaria caused by 

Plasmodium falciparum. It has significant activity against strains of the disease, which are 

resistant to chloroquine. Tu Youyou discovered it in 1970, for which she was awarded the 

Nobel Prize in Medicine (2015). In spite of artemisinin’s tremendous success and popularity 

in malaria therapeutics, the detailed mechanism of artemisinin based molecular medicines is 

still not clear.[1]  The activation of artemisinin (i.e. cleavage of the endoperoxide bond) at the 

infected cell generates radical intermediates and the subsequent chemical process play the 

crucial role in the antimalarial activities[2]. In this work, applying state-of-the-art 

computational techniques based on the density functional theory (DFT) and spin constraint 

density functional theory (CDFT) along with the ab initio thermodynamics, we have 

investigated the mechanism of artimisinin as well as its process of activation. The 

mechanism of action of artemisinin appears to involve the heme-mediated decomposition of 

the endo-peroxide bridge to produce carbon-centred free radicals. We systematically re-

evaluated the energetic of this activation process and the subsequent intermediates, which 

mostly confirm the previous studies. Furthermore, we also realized a novel mechano-

chemical activation process of the artimisinin, which leads to diradical intermediates and the 

diradical mechanistic pathways. The energetic of the diradical intermediates is quite 

encouraging. This alternative activation process indeed supports the experimental EPR 

evidences for diradical intermediates due to homolytic cleavage of the endo-peroxide bond in 

G3 factor and plakortin of the anti-malarial drug[3]. 
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This work applies classical explicit solvent molecular dynamics (MD) simulations to study 

the mutagenicity of two highly potent carcinogens, viz. ochratoxin A (OTA) and aristolochic 

acid I (AAI). The carcinogenic effect of these toxins has been attributed to their ability to 

form bulky DNA adducts, viz. the C8-linked OT-G adduct formed on OTA exposure and the 

ALI-N6-A adduct formed on AAI exposure. To provide molecular level insights into the 

associated mutagenicity, OT-G and ALI-N6-A adducts are considered in the active-site of a 

representative translesion synthesis polymerase (Dpo4). Analysis of the different translesion 

replication stages help us predict the preferred base-substitution mutations and thus provide a 

structural basis for the experimentally-observed mutations that occur on exposure to these 

carcinogens. This could help in future development of a framework for further understanding 

the mutagenesis associated with exposure to these carcinogens. 
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The origin of catalytic activity of noble metals like gold and silver at nano-level is a 

subject of investigation of large number of scientific reports. The problem is of great 

interest because of contrasting reactivity properties exhibited by same material at bulk 

and nano-level. The enhanced reactivity in nano-regime is mainly because of increase 

in number of low coordination sites and strain. In present report, the origin of catalytic 

activity of small clusters of noble metals is explored and rates of CO oxidation at the 

surface of different mixed noble metal clusters are compared. The rates are calculated 

using microkinetic modeling (MKM) and kinetic Monte Carlo (kMC) approaches. 
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Ketones have been identified as products from lignocellulosic biomass conversion, which 

motivates to consider these compounds as biofuel candidates.1 To explore the possibility of 

using 2-pentanone as biofuel, we have investigated the thermochemistry and kinetics for the 

key elementary reactions involved in autoignition and low temperature combustion by 

computational methods. CBS-QB3 method has been used to study the thermochemistry and 

energetics of all the species involved. The present study involves the unimolecular reactions 

of alkylperoxy (ROO•), hydroperoxyalkyl (•QOOH) and hydroperoxyalkylperoxy 

(•OOQOOH) radicals of 2-pentanone, as these radicals are responsible for chain branching at 

low temperature oxidation which can be useful in modeling the autoignition.2 1,6 and 1,5 H-

migration reactions are the most favorable reaction pathways for ROO radicals to form their 

respective QOOH radicals. For •OOQOOH radicals, the peroxy radical interconversion 

(•OOQOOH to HOOQOO•) has lower energy barrier, but the decomposition proceeds with 

either HO•
2-elimination or other H-migration reactions. The temperature dependent rate 

coefficients are studied using the canonical variational transition state theory (CVT) with 

small curvature tunneling (SCT) in the wide temperature range of 400 – 1500 K. 
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Alzheimer’s disease (AD) is the most common form of dementia affecting millions of people 

worldwide and AD causality is multifactorial the known causal factors include genetic, age, 

and sex1. Nevertheless, environmental toxins such as air pollution have also been implicated 

in AD causation2. The region encompassed by residues 13-23 of the amyloid beta peptide 

(Aβ (13-23)) is the active site of interaction of Aβ with many other proteins. Therefore, we 

have performed molecular dynamics simulation analyses to systematically examine the 

structural and thermodynamic characteristics of Aβ1-42 and toxic gases (CO2, OF2, SO2 and 

NO2) in explicit water over 100ns. The major conformation of the monomer (Aβ1-42 peptide) 

of the systems is a flexible folded structure with the minimum RMSD value of 1Å. The 

structure of Aβ1-42 interacted CO2 and NO2 systems exist almost as stable antiparallel β-sheets 

attached at both ends by intermolecular salt bridges between Lys16 of one chain and the C-

terminal residues, Glu22 and Asp23 of the other. In addition to that, the radius of gyration 

(Rg) analysis also supports that the above results as Aβ1-42 interacted CO2 and NO2 complex 

has the minimum value of Rg in the range of 2.7Å and 3.2 Å. It accounted that the Aβ1-42 

interacted CO2 and NO2 has greater compact structure in comparison to Aβ1-42 interacted OF2 

and SO2 complex. Our results conclude that the β-sheet has been formed by the interaction of 

Aβ1-42 on CO2 and NO2 complexes that leads to the aggregation mechanism of AD. 
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In this work, We have investigated the gas phase reactions of 3-chloro-2-methyl-1-propene 

[CH2=C(CH3)CH2Cl] molecule with OH radial using the quantum methods. M06-2X 

hybrid density functional along with 6-31+G(d,p) basis set is chosen for optimization and 

frequency calculations of all the relevant molecular species. Energetic calculations have 

been further refined at the higher level of coupled-cluster CCSD(T) method conjunction  

with cc-pVTZ basis set to obtain more reliable thermo-chemical and kinetic results. Energy 

profile diagram is constructed for all the stationary points of CH2=C(CH3)CH2Cl + OH 

reaction and also reported  thermochemistry ( i.e. ΔHºr and ΔGºr ) of each reaction channels 

(H-abstraction and OH-addition reactions). Canonical Transition State Theory (CTST) has 

been employed to determine the rate constants within the temperature range of 250 K-450 

K and our calculated overall rate constant [1] at 298 K and 1atm is found to be close to the 

reported experimental rate constant [2]. Further, the atmospheric lifetime of the titled 

molecule is reported in this work. Finally, we have discussed briefly the fate of its product 

radicals at the same level of theory. 

 

 

 

 

References: 

[1] S.S. Begum, N.K. Gour, S.D. Baruah, and R.C. Deka, Molecular Physics (2018) 

[doi.org/10.1080/00268976.2018.1509146]. 

[2] C. Rivela, R.G. Gibilisco, and M.A. Teruel, J. Phys. Org. Chem. 28 (2015) 480-484. 



 

101 

Hydration Water Dynamics of a Lipid Membrane: Hydrogen Bond 
Networks and Lipid- Lipid Associations 

Abhinav Srivastava, Ananya Debnath* 

Department of Chemistry, Indian Institute of Technology Jodhpur, Rajasthan, India. 

*Email: ananya@iitj.ac.in 

An all atom molecular dynamics are performed for investigating dynamics of hydration 

layers of dymyristoylphspahtidylcholine (DMPC). Geometric criteria for hydrogen bond 

definition is used for identifying continuously residing interface water molecules which are 

hydrogen bonded solely among themselves and then concertedly hydrogen bonded to 

carbonyl, phosphate and glycerol head groups of DMPC. Interfacial water which are 

hydrogen bonded to lipid head groups show slow relaxation rates for translational and 

rotational dynamics in comparison with bulk water. Interfacial water hydrogen bonded to 

oxygen of carbonyl moiety are buried deep in the hydrophobic core revealing slowest 

translational and rotational dynamics. Intermittent hydrogen bonding auto-correlation 

function is calculated for all classes of interfacial water which show a power law of t-3/2 

which indicates translational diffusion dictated dynamics during breaking and formation of 

hydrogen bond irrespective of the chemical confinement nature of interfacial water.  Reactive 

flux correlation analysis is employed to compute forward rate constant of hydrogen bond 

formation and breaking which is further used to calculate Gibbs free energy of hydrogen 

bond breaking.  Relaxation rates of networks buried deep in the hydrophobic core are slower 

than the networks residing at the lipid-water interface.  Origin of slow relaxation rates of 

interfacial water in locale of lipid heads originates from concerted hydrogen bond networks 

which facilitates the lipid-lipid associations slaved by water. 
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Asymmetric bilayers are important for the vital functioning of the cell by exchanging 

extracellular fluids or ions. We study self-assembly of a surfactant, behenyl trimethyl 

ammonium chloride (BTMAC), a co-surfactant, stearyl alcohol (SA) at a ratio of 2:1 in 

presence of water at 283 K. Subsequent all atom (AA) and coarse-grained (CG) molecular 

dynamics simulations [1] from different random initial configurations result in asymmetric 

bilayers which are stable till nano-seconds to microsecond time-spans. The CG bonded 

potentials are derived from the Boltzmann inversion of their respective AA distributions [2]. 

A good match in the CG and AA bonded distributions confirm the suitability of bonded 

potentials derived for the model. The non-bonded potentials are used from MARTINI [3] to 

obtain the interdigitated (LßI) asymmetric lamellar phase as in the AA simulations.  The 

single chain conformational entropies of both BTMAC and SA reveal that a significant 

number of molecules have relatively higher entropies than the rest of the molecules. This 

results in a co-existence of both ordered and disordered phases within one leaflet where the 

other leaflet remains ordered. The asymmetries across the leaflets are maintained by the 

strong interdigitation dictated by the shorter SA chain-length which allows longer BTMAC to 

stay tilted in the depleted leaflet with an expansion in area per head group restricting 

membrane bending. The compositional asymmetry also induces dynamic heterogeneities 

across the two leaflets. The asymmetry is hindered by a large entropic barrier which can be 

overcome by a huge thermal shock via chain melting. Thus our analysis unveils the 

mechanism of self-assembly of asymmetric bilayer of mixed surfactants and will be useful 

for various applications in the field of biological membranes, pharmaceuticals or industry. 
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Metal nanoclusters consisting of small number of atoms and size typically less than 2 nm, 

have evoked considerable attention due to their highly reactive surface [1]. For understanding 

this high reactive surface, it is essential to explore the underlying potential energy surface 

(PES) of the metal nanocluster. Construction of PES for a metal nanocluster using first 

principle studies is computationally expensive since exploring different minima using 

molecular dynamics (MD) simulations or global optimizations is very time consuming. So, to 

explore the PES we have to use methods which have an accuracy of first principles study and 

which are easy to compute. One of the approach is to represent the atomic environments by 

descriptors[2-8] and then fit the parameters corresponding to ab-initio data of the atomic 

system. We have proposed very efficient method for fitting the potential energy surface of a 

nanocluster using a spherical harmonics based descriptors integrated with an artificial neural 

network (ANN). For single component systems like bare gold nanoparticles (Au30-Au147), we 

have applied second order[6] and third order invariants[7] to ANN. We have used the fitted 

PES for studying the dynamics and structural study of these nanoparticles.  We have also 

designed a new method[8] to fit the energy and atomic forces using a single artificial neural 

network (SANN) for any number of chemical species present in a molecular system. The 

traditional approach for fitting the potential energy surface for a multicomponent system 

using artificial neural network (ANN) is to consider n number of networks for n number of 

chemical species in the system. This shoots the computational cost and makes it difficult to 

apply to a system containing more number of species. We present a new strategy of using a 

SANN to compute energy and forces of a chemical system. Since atomic forces are 

significant for geometry optimizations and molecular dynamics simulations for any chemical 

system, their accurate prediction is of utmost importance. So, to predict the atomic forces, we 

have modified the traditional way of fitting forces from underlying energy expression. We 

have applied our strategy to study geometry optimizations and dynamics in gold-silver 

nanoalloys and thiol protected gold nanoclusters. Also, force fitting has made it possible to 

train smaller sized systems and extrapolate the parameters to make accurate predictions for 

larger systems. Our proposed strategy is termed as transferable due to the model dependence 

on interatomic distances, effective nuclear charges of the chemical species, and reduced mass 

of the bonds involved in a chemical system. 
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The halide-substituted analogues, HXCO (where X = F, Cl, Br and I) of H2CO are transient 

molecules that may play a significant role in a variety of upper atmospheric reactions. The 

dissociation of these halogenated molecules is of importance, as their degradation has 

important consequences for the earth’s protective ozone layer. Moreover, the reaction 

channels which could produce undesirable by-products resulting from the dissociation of 

HXCO, could be eliminated by the information of how substitution effects pathway 

energetics. Several experimental and theoretical studies of HXCO decomposition have been 

reported in the literature[1]. In the present work, we have used electronic structure 

calculations, direct dynamics simulations[2] and RRKM calulations to study the 

unimolecular dissociation of HXCO on the ground-state potential energy surface. The 

calculations were performed at different total energies using open-shell density functional 

B3LYP/6-31g* level of electronic structure theory. The major dissociation products observed 

is HX + CO along with products of few minor dissociation channels. Reactivity, atomic level 

reaction mechanisms, and product branching ratios are examined as a function of total 

excitation energy.  In particular, the goal of the present work is to compare the dissociation 

channels of HXCO at different energies and to know what are the accessible dissociation 

pathways for HXCO to understand the role of these species in subsequent chemistry in the 

atmosphere. A possible roaming mechanism, similar to dissociation of formaldehyde (H2CO), 

is identified with both X. and H. undergoing roaming motion. 
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Carbohydrates are the essential molecules for life. The skeleton of the monosaccharides is 

utilised by metabolic machinery for energy production as well as building several other 

biomolecules like nucleic acids, amino acids, lipids and so forth. Hexose monosaccharides 

are the initial substrates for all these metabolic transformation reactions. Crystal structures of 

carbohydrate-protein complexes reported multiple ring conformations of monosaccharides1-3. 

Along with the associated binding protein water molecules are also found to be present at 

some specific sites on hexoses4. In this pilot study we analyze the high-resolution crystal 

structures containing three major types of aldohexoses; Mannose, Glucose and Galactose. 

Our initial analysis revealed that water is conserved only at some specific sites of a particular 

aldohexose. The localization of “hot-waters” influences the interaction energies and 

spectroscopic signatures. Using QM computations, we calculated the energetics and IR 

spectra for the huge family of aldohexose-water conformations and correlate it with the 

available experimental data. Furthermore, using MD simulations, we are trying to understand 

the role of each conserved water molecule on the dynamics of the hexose ring conformations. 

Our study would provide useful input towards the development of carbohydrate based drugs 

and serve as the foundation towards the study of carbohydrate-protein interactions. 
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Non-covalent interactions between DNA Nucleobases and Graphene sheets have been 

studied extensively in the scientific literature, with applications in the field of bio-sensing 

applications.  However, existing studies show that the polarizability of the DNA bases plays 

an essential role in the physisorption process of DNA bases over Graphene sheets [1,2] along 

with solvent effects, but Additive force fields are ill-equipped to describe the polarizabilities 

of the DNA bases and Graphene Sheets successfully. We herein report a novel study of the 

physisorption process by employing Drude polarizable Force Field, to give a better 

understanding of the underlying mechanisms that come into play during such processes. The 

simulations were performed using CHARMM36 force field [3] in NAMD [4] molecular 

simulation package. The Potential of Mean Force curve for the Adenine shows that the 

Additive Force Field underestimates the binding energy by over 2 kcal mol-1, with the results 

from Additive and Drude force field giving binding energies of 8 and 10 kcal mol-1 

respectively. We also look into the local H-bonding around Nucleobases in an attempt to 

better understand the mechanisms that control the physisorption of Nucleobases over 

Graphene sheet. 
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The stabilizing effect of silicon substitution on sixteen different isomers of dibenzene 

(C12H12) has been investigated using second-order Møller-Plesset perturbation (MP2) theory 

and the cc-pVDZ basis set. While the most stable isomers of Si12H12 have only Si-Si bonds, 

some of the stable isomers have isolated Si=Si bonds and may be amenable to experimental 

observation. Vibrational frequencies were calculated for the optimized geometries at the 

Hartree-Fock level of theory to ensure that they corresponded to true minima on the potential 

energy landscape. Natural bonding orbital analysis confirms the existence of isolated Si=Si 

double bonds in some of the isomers. Dipole moment values were determined to check for 

the presence of Centre of symmetry in certain geometries. 
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The waste heat generated by the daily used electronic devices is a big problem of the present 

time. It not only reduces the efficiency of the device but also contributes largely in global 

warming. To cope up with this situation development of thermoelectric devices, especially 

organic thermoelectric devices is called for as already available inorganic thermoelectric 

devices are not cost effective. To generate an effective thermoelectric device low dimensional 

materials are very effective.1 In this scenario, Kodama et al. have shown that a 40% increase 

in S and 35-55% decrease in k of a carbon nanotube is possible by encapsulating Er@C82 or 

Gd@C82 into its nanocore.2 Our non-equillibrium greens’ functional based DFT study has 

revealed that the thermoelectric properties of a carbon nanotube can be enhanced further by 

encapsulating zig-zag sulphur chain inside its nanocore.3 Such an encapsulation is 

experimentally feasible.4 The S value of this zig-zag sulphur encapsulated CNT is 103 times 

higher than that of CNT. A 90% decrease in its thermal conductance, consequently a 107% 

improvement in ZT is also possible. During the study the molecules are first optimized using 

Slater−Koster method in combination with self-consistent CP2K basis set and the 

thermoelectric calculations are done with ReaxFF potential. 

The elevated Seebeck coefficient of zig-zag sulphur chain encapsulated CNT has been 

attributed to the high transmission gradient of the molecule at the Fermi level as S is directly 

proportional with it. As per as the thermal conductance is concerned it is a combination of 

both electronic and phononic thermal conductance. The electronic thermal conductance has 

reduced due to the decrease in electronic transmission of CNT on zig-zag sulphur 

encapsulation. This decrease is a direct result of electron scattering and destructive 

interference in the molecule. In case of the phononic thermal conductance, the zig-zag nature 

of the sulphur chain leads to high amount of phonon scattering and eventually it leads to low 

thermal conductance of the molecule. 
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The occurrence of aqueous aggregates and aerosols1,2 in the atmosphere was reported by 

many authors previously.  Many studies have been conducted to characterize the stability, 

structure, and enthalpies of such ion−water clusters. In the present work, we have studied 

clusters incorporating a single lithium cation and up through eight waters. The geometries, 

successive binding energies, and vibrational frequencies are calculated for the Li+(H2O)n (n = 

1-8) clusters by ab initio methods. The size dependence of the total binding energies of the 

most stable isomers become progressively larger whereas the successive binding energies 

become progressively smaller and the reducing trend of the successive binding energies with 

cluster size reflects the progressive saturation in bonding properties of the Li+ as well as the 

formation of the first shell at n = 4. Scattering properties of Li+(H2O)n (n = 1-8) clusters are 

numerically calculated. To calculate the light scattering of such clusters we use the DDSCAT 

code3,4 based on the discrete dipole approximation (DDA) technique introduced by Draine 

and Flatau (1994). Clusters are investigated in the optical wavelength range from 400 to 800 

nm. 
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 CO oxidation catalyzed by gold nanostructures is one of the most studied reactions [1-3]. We 

explore the mechanistic details of this reaction catalyzed by Au5 nanocluster. Both Langmuir-

Hinshelwood as well as Eley-Rideal mechanisms has been explored. For the study, the rate 

constants for various steps involved in the reaction are calculated using microkinetic 

modeling (MKM) and kinetic Monte Carlo (kMC) method. The comparison between these 

two approaches has further been discussed. The input parameters required by MKM and 

kMC are calculated through quantum chemical calculations using relativistic effective core 

potential and triple-zeta based basis set. 
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We consider a reaction-diffusion system with linear, stochastic activator-inhibitor kinetics 

where the time evolution of concentration of a species at any spatial location depends on the 

relative average concentration of its neighbours. This self-regulating nature of kinetics brings 

in spatial correlation between the activator and the inhibitor. An interplay of this correlation 

in kinetics and disparity of diffusivities of the two species leads to symmetry breaking non-

equilibrium transition resulting in stationary pattern formation. The role of initial noise 

strength and the linear reaction terms has been analysed for pattern selection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: The spatial profile of the activator concentration for different initial noise 
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The propensity of complex formation of a host, an endo-functionalized naphthotube that has 

bisnaphthalene cleft architecture (host-1b), with four different strongly neutral hydrophilic 

guest molecules, namely 1,4- dioxane (14D), acetone, DMSO and DMF, in water is 

examined using classical molecular dynamics simulations [1]. This type of molecular tube 

has received significant attention recently due to its usefulness as a supramolecular catalyst 

and for its ability to selectively recognise biologically and environmentally important neutral 

molecules in aqueous solution [2]. We sequentially address the role of the different guest 

molecules in the structural change of host-1b, the role of the host–inserted guest and the 

water–inserted guest hydrogen bond properties and the host–guest binding free energies in 

the complex. The derivatives of our findings are: (a) the host changes its shape upon the 

insertion of a guest molecule and the magnitude of the shape change depends on the type and 

the nature of the guest molecule; (b) the complete insertion of a guest into the cavity of host-

1b is only observed for guest 14D; and (c) the complete removal of water molecules from the 

host cavity is observed for guest 14D and the presence of a single water molecule is observed 

for all other guest molecules. The PMF and MM-PBSA calculations reveal that host-1b/14D 

complexation is the most energetically stable and the synergistic host–guest hydrophobic and 

hydrogen bonding interactions play a profound role in the stability of these host–guest 

complexes. Specifically, as the host cavity contains a small hydrophilic part and a large 

hydrophobic part, guest molecules with both these parts can form hydrogen bonds with the 

hydrophilic part of the host as well as forming a favorable hydrophobic interaction with the 

hydrophobic part of the host at the time of complexation. 
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C-terminal tail anchor (CTA) sequence is commonly found in multi-domain Bcl-2 proteins 

which controls the membrane inserted population of the family. Bcl-xl protein, an anti-

apoptotic member of the Bcl-2 family, is also known to target and integrate into mitochondrial 

outer membrane (MOM) using its C-terminal helix (C-tail) as anchor. MOM targeting 

sequences are found to be a length of around 18-20 residue hydrophobic stretch (i.e. the 

transmembrane domain or TMD) with basic amino acid capping at both end of the TMD (1) 

and Bcl-xl follows the trait by placing N211, R212 at the N-terminal and R232, K233 at the 

C-terminal end of the amphipathic C-tail domain. Using a combination of standard molecular 

dynamics and enhanced sampling protocols, the present work provides a quantitative 

understanding of the thermodynamic contribution of these residues on the membrane 

insertion energy landscape and also mechanistic details of insertion. The C-terminal double 

mutation (R232A and K233A) hampered the membrane-embedded states as well as impaired 

the membrane association to some extent, whereas N-terminal double mutant (N211A and 

R212A) faced destabilization only in the membrane-embedded states. Interestingly, the effect 

of the single neutralizing mutations at the C-terminus, i.e. K233A or R232A, is easily 

tolerated by the peptide without impacting the nature of insertion profile. It suggests that at 

least one positively charged residue is critical for the process of insertion, however presence 

of more than one basic capping may be important for other biophysical functions of the same 

peptide. The study also reveals that peptide prefers a horizontal orientation with the 

membrane plane around water-membrane interface and gradually attains vertical orientation 

along depth of the membrane, irrespective of the variants of the peptide (wild or mutants). 

Presence of C-terminal polar residues (in wild peptide) provides aids in such reorientation due 

to its ability to anchor membrane polar head-groups even from center of the hydrophobic 

bilayer. 
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The devices based on carbon nanotubes (CNTs) and boron nitride nanotubes (BNNTs) have 

gained significant interest in the area of nano-electronics [1], [2]. Using the combined density 

functional theoretical and non-equilibrium Green’s function methods, we report the 

electronic and transport properties of various devices composed of BNNT, CNT, B-, Al-, N-, 

BN- and AlN- doped CNTs sandwiched between BNNT electrodes. Unlike BNNT, the doped 

CNTs exhibit a low band gap which make them suitable for semiconductor devices. The 

transport properties such as transmission spectrum, density of states and current-voltage 

characteristics of all the devices are determined. A negative differential resistance (NDR) 

behaviour is observed for doped CNTs, especially at high bias (±1 to ±3 V). It is revealed that 

the NDR region as well as the peak-to-valley ratio of CNT can be tuned by doping B, N, Al, 

BN and AlN. The rectification ratio of CNT also varies with number and types of dopant 

atom. The NDR behaviour in the current-voltage curve along with high rectification ratio 

suggest the potential applications of doped CNTs in nano-rectifiers [3]. 
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Being electrostatic interactions, hydrogen bonded networks formed by water molecules, attributing to 

co-operativity, significantly respond to the externally applied perturbative electric fields. A systematic 

analysis of electric field induced proton-transfer process underlying the renowned acid-base pair 

HCl···(H2O)n; [n= 1-4]  is carried out within the Density Functional Theory (DFT) regime employing 

m062x level of theory and Pople’s 6-311++G(2d,2p) basis set. The geometrical structures when 

exposed to the field depict the hydrogen bonded structures getting converted to hydrated proton 

solvation structures mostly into an equally shared proton by two waters or termed "Zundel cation". 

Charge re-distribution brought about is studied by performing the Quantum Theory of Atoms in 

Molecules (QTAIM) analysis. The local charge concentration or depletion is quantified by the 

Laplacian of electron density thereby characterized the atomic interactions and nature of bonding. 

Also, the Molecular ElectroStatic Potential Surfaces (MESP) reveal the polarization caused and the 

topological characterization of the chemical bonds as well as the altered reactivity sites. Underlying 

co-operative effects and major red shifts for the H–Cl and the O–H bond stretching frequencies 

governed by Zundel configuration are studied through vibrational spectra. Interestingly, donor-

acceptor interactions involved are consistently explained by Natural Bond Orbital (NBO) Analysis. 
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Abnormal misfolding and aggregation of amyloid peptides leads to many neurodegenerative 

diseases. Human islet amyloid polypeptide (hIAPP), which is co-secreated with insulin from 

pancreatic islet β–cells, misfolds into amyloid deposits in pancreatic islets in type 2 diabetes 

mellitus (T2DM). These amyloid deposits contribute to the dysfunction of β–cells, further 

causing apoptotic death of β–cell mass. Inhibition of hIAPP aggregation has been regarded as 

a potential therapeutic approach for T2DM. The search for plausible agents that bind 

specifically to precursor protein conformation and inhibit amyloid assembly is an important 

challenge. Many small molecule polyphenols have been found to inhibit hIAPP 

aggregation.[1,2] However, our current work studies the effect of a new molecule, N-(2-

((4,6-di(1,4,7,10-tetraazacyclododecn-1-yl)-1,3,5-triazin-2-yl)amino)ethyl)-2-oxo-2H-

chromene-3-carboxamide, (molecule I) on the aggregation of hIAPP. The ability of this 

triazine bridged system, containing two cyclen units and an antioxidant coumarin appendage, 

to treat Alzheimer’s disease has been reported elsewhere.[3] Considering the common 

structural  and aggregation features of hIAPP and amyloid-β peptide and the correlation of 

type 2 diabetes and Alzheimer’s disease, herein we examine the inhibition activity of 

molecule I on the aggregation and toxicity of hIAPP using computational approaches. Using 

Tycko’s structure, all-atom molecular dynamics simulations of five hIAPP monomers was 

performed with varying concentrations of molecule1 in an explicit solvent. Secondary 

structure analysis indicates that molecule I reduces the formation of β–sheet in the 

monomers. The radial distribution function, contact map, SASA, non-bonded interaction 

energy and hydrogen bond calculations show molecule I can inhibit the conformational 

transition of hIAPP monomers to β–sheet structures, thus reducing amyloid fibrillization. The 

binding free energy was calculated to provide a comprehensive idea of the mechanistic 

pathway of action of this molecule on hIAPP. This study will serve as a multimodal 

therapeutic of T2DM and further help in the search for more effective agents that can inhibit 

hIAPP fibrillogenesis. 
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Lysozyme is one of the universal proteins that cause various diseases including Alzheimer’s 

disease, Parkinson’s disease, and type II diabetes due to aggregation1. It was found that 

aggregation of hen egg white lysozyme depends on so many factors like temperature, pH, salt 

type, salt concentration, ionic strength, the concentration of the protein, co solutes2. Here we 

have explained the aggregation mechanism and pathway by changing the temperature one at 

lower temperature and another at above denaturation temperature of lysozyme. We report a 

molecular dynamic study with a focus on how secondary structure of proteins changes along 

with aggregation or how aggregation effects on the secondary structure of proteins at both 

temperatures. Our results suggest that after the aggregation changes of secondary structure of 

protein is more at 340K where at 300K the change is much less and also aggregation is not 

formed from fully unfolded proteins but also from the partially folded proteins. 
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Type 2 diabetes mellitus (T2Dm) is a neurodegenerative disease, which occurs due to the self- 

association of human islet amyloid polypeptide (hIAPP), also known as human amylin. It was 

reported experimentally that choline-O-sulfate (COS), a small organic molecule having a tertiary 

amino group and sulfate group, can prevent the aggregation of human amylin without providing the 

mechanism of the action of COS in the inhibition process. In this work, we investigate the influence 

of COS on the full-length hIAPP peptide by performing 500 ns classical molecular dynamics 

simulations. From pure water simulation (without COS) we have identified the residues 11-20 and 23-

36 that mainly participate in the fibril formation but in presence of 1.07 M COS these residues 

become totally free of β-sheet conformation. Our results also show that the sulfate oxygen of COS 

directly interacts with the peptide backbone which leads to the local disruption of peptide-peptide 

interaction. Moreover, the presence of favorable peptide-COS vdW interaction energy and high 

coordination number of COS molecules in the first solvation shell of the peptide indicates the 

hydrophobic solvation of the peptide residues by COS molecules also play a crucial role in the 

prevention of β-sheet formation. Finally, from the potential of mean force (PMFs) calculations we 

observe that the free energy between two peptides is more negative in absence of COS and with 

increasing concentration of COS it becomes unfavorable significantly indicating that the peptide 

dimer formation is most stable in pure water, which becomes less favorable in presence of COS. 
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The tumor suppressor protein, p53 plays a crucial role in the cell cycle regulation. Rescuing 

the function of its mutants is a stimulating therapeutic target in cancer prevention. p53 

structural residue missense mutant protein (SRMMP) p53 R175H is destabilized relative to 

wild-type, shows some loss of function of p53 towards carcinoma cells, mainly in breast 

cancer. The compounds of thiosemicarbazone family were found to restore wild type function 

to mutant p53 but their binding sites and mechanisms of action are elusive. Here we 

employed an All Atom Molecular Dynamics (MD) simulation to investigate whether the 

thiosemirbazones directly bind to mutant p53 to reactivate wild type function and intended to 

assess their mechanical stability within the binding pocket using steered molecular dynamics. 

We have investigated the interactions of four compounds a) 1,3 – 

Dihydrobenzo[f]benzimidazole-2-thione, b) 1-(3-Chlorophenyl)-3-(1,3-thiazole-2-yl)urea, c) 

3-Hydroxy-N-(2-methoxyphenyl)-2-naphthamide and d) N’-(1-Pyridine-2-

yl)ethylidene)azetidine-1-carbothiohydrazide with the wild type and allele specific mutant. 

The primary investigation manifested that all the ligands docked into same cluster of amino 

acids VAL197, GLU198, GLY199, ASN200, LEU201, VAL218, PRO219, TYR220, 

GLU221, THR230, THR231, ILE232 and HSD233 of mutant p53. We are hopeful that 

further investigation of these protein – ligand systems will reveal a target for pharmaceutical 

reactivation of p53 mutants. 
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Lipid components have different organization and distribution within different part of the 

cellular membrane which eventually play an important role in a diverse range of biological 

processes, such as membrane trafficking and signaling. Gangliosides play a major role in a 

number of cellular functions, including cell recognition and adhesion, signal transduction and 

cell growth regulation. Here we present the combined experimental and simulated results to 

elucidate the phase behavioral features of   Ganglioside Monosialo 1 (GM1) containing 

mixed monolayer of the lipids 1, 2-Dimyristoyl-sn-glycero-3-phosphocholine (DMPC) and 

Cholesterol (CHOL). Two monolayers having compositions DMPC/CHOL and 

GM1/DMPC/CHOL are investigated at air-water and air-solid interfaces using Langmuir 

Blodgett experiments and Scanning Electron Microscope (SEM) respectively to ascertain the 

phase behavior change of the monolayers. Surface pressure isotherms and SEM imaging of 

domain formation indicate that addition of GM1 to the monolayer at low surface pressure 

causes a fluidization of the system but once the system attains the surface pressure 

corresponding to its liquid-condensed phase, the monolayer becomes more ordered than the 

system devoid of GM1 and interacts among each other more co-operatively. Apart from 

these, the effects induced by GM1 on the phase behavior of the binary mixture of 

DMPC/CHOL were studied with and without applying liquid expanded (LE)-liquid 

condensed (LC) equilibrium surface pressure using molecular dynamics simulation. Our 

Molecular dynamics (MD) simulation results give an atomistic level explanation of our 

experimental findings and furnish a similar conclusion. Moreover in future we are planning 

to use MD simulation to study the effect of transverse electrical field on DMPC-Cholesterol 

monolayer containing gangliosides. 
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This project is focused on studying the accuracy and efficiency of machine learning (ML) 

based models to predict HOMO, LUMO and E-gap values for very large, multi-ring organic 

molecules obtained from Harvard’s Clean Energy Project Database(Aspuru-Guzik Research 

Group, 2018). 

The investigation is aimed at analyzing and comparing the accuracy and performance of 

different representations and regression models to propose an effective strategy for accurately 

predicting the said three properties of molecules in an attempt to illustrate how ML-based 

regression models could be used to speed up the process of estimating properties. Since 

HOMO and LUMO Energy values are both widely used in a variety of fields ranging from 

organic semiconductors to pharmaceutical drug discovery and are also available for a large 

number of molecules, it was considered to be a good starting point for the project. 

We compared the accuracy and performance of a combination of representations and 

regression models. For representations, Coulomb Matrix and Bag of Bonds were tried and 

compared and for regressors, we implemented RBF and Laplacian Kernel Ridge Regression 

models. All combinations of representations and regressors were tested for the prediction of 

HOMO, LUMO and Energy Gap values for a set of 10k molecular samples. 

The combination of BoB and Laplacian was found to outperform the rest for all 3 features 

with Mean Absolute Errors being <0.1 eV, which is often assumed to be the DFT error for 

DFT-computed Energy values. Additionally, the effect of removing molecules containing 

heavier elements like Silicon, Selenium and Sulphur on the test performance was 

documented as well as that of removing larger molecules, providing additional insights into 

further research in this area. 



 

125 

Molecular Dynamics study of dehydration of salt hydrates 

Sadhya Gulati, Eldhose Iype 

Chemical Department, BITS Pilani Dubai Campus 

Email:  f20160191@dubai.bits-pilani.ac.in 

 

Salt hydrates such as MgSO4.7H2O can be used to store energy. Dehydration of these salt hydrates, 

being an endothermic process, helps in the storage of energy which is then available for future use. 

During dehydration, various changes occur in the crystal. A number of molecular dynamic 

simulations were carried out to understand the changes in the crystal structure and how different 

properties such as volume and potential energy are affected as dehydration occurs. During the process 

of dehydration, water molecules escape out of the crystal of a given salt hydrate by absorbing the 

energy which is provided to the system. The energy provided is the solar energy, which is stored by 

this process and can then be used in future. It is a renewable source of energy which will be useful to 

meet the increasing demand of energy sustainably. The methodology used is molecular dynamics, in 

which all the atoms are allowed to interact. The atoms are considered to be point masses and the 

forces and potential energies between them are calculated using molecular force fields. In our study, 

universal force field (UFF) is used which considers the potentials of all the atoms, and atomic charge 

calculation is carried out using Electronegativity equalization method (EEM). Dehydration of an 

energy minimized periodic crystal, simulated at different temperatures and pressures using NPT 

ensemble (using LAMMPS), shows that by increasing temperature and decreasing pressure, potential 

energy and volume increases and so rate of dehydration also increases. The salts considered for this 

study are MgSO4 and ZnSO4. 
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Boron’s preference for covalence and the semi-conducting nature of its compounds with 

main group stokes synthesizing sp3 hybridized extended networks of boron with transition 

metals with exciting mechanical and electronic properties1. These are invigorated by the 

experimental characterization of several transition metal complexes of diborane(6)2.  

However, the ideal MB2 sp3 network is proved elusive till now but an orthorhombic TmB4 

(Tm=Cr, Mn, Fe etc.) phase with a strained 4-net is known for long indicative of their 

preferences3. This unexpected complexity has its origins in the perceived difficulty in 

cognizing the bonding of diborane with transition metals in molecular complexes.  In fact, 

even the assessment of number of electrons contributed by the diborane to the transition 

metal is uncertain.  Here we explore the nature of bonding between B-B single bonds with 

the transition metals in both the molecular and extended solids in an attempt to understand 

the electronic factors responsible for their stability. We found that the subtle differences in 

the frontier levels of B-B sigma bond have abnormal control by overlap over energy in 

influencing its nature of interaction with the transition metals.  We declare B2H6
2-as an 

innocent ligand despite the competition between the B-B and B-H bonds in coordinate 

bonding and is always a four electron donor irrespective of the nature or the coordination 

environment of the transition metal.  It is also shown that the bonding requirements of 

transition metals unfortunately render it impossible to have a strain free boron network. 

                                                     

The Structures of Cu(CO)4 B2H6,idealized BeB2 and the observed CrB4 (pnnm) 
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Inorganic superhalogens are commonly used as anionic counterparts in Li-ion batteries. In an 

endeavour to prepare better electrolytes, we have modelled the anionic part with different 

organic heterocyclic based superhalogens. First principles calculations on those organic 

superhalogens reveal that the Li-binding energy is at par with that of the Li-salt of a common 

electrolyte. Out of five different halogen free organic heterocycles, Li[C3BN2(NO2)4] and 

Li[C2BNO(NO2)3] are found to be mostly suitable as electrolytes in Li-ion batteries. 

Molecular dynamics simulation studies on [C2BNO(NO2)3]
-, [C3BN2(NO2)4]

-, 

Li[C2BNO(NO2)3] and Li[C3BN2(NO2)4] also reveal that the structures are dynamically 

stable. 
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Based on First Principles calculations, the plausible existence of a super-alkali complex 

consisting of an all-metal aromatic trigonal Au3 core coupled with pyridine (Py) and 

imidazole (IMD) ligands is suggested. The calculated ionization energy (IE) values of the 

subsequent organometallic complexes, Au3(Py)3 and Au3(IMD)3, are low, thereby mimicking 

the usual behavior of a super-alkali. First order hyperpolarizability calculations show the 

existence of non-linear optical properties in some of the complexes, which is also on par with 

the properties of a super-alkali. 
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Catabolite Activator Protein (CAP) is a homodimeric transcription factor that activates 

transcription of many catabolic genes. Two cyclic adenosine monophosphate (cAMP) ligands 

bind to dimeric CAP with negative cooperativity and activate it for DNA binding. 

Experimental studies have suggested that the source of negative cooperativity is largely 

entropic in nature, making CAP a textbook example of dynamic allostery. To examine how 

consecutive binding of cAMP ligands affect the structure and dynamics of CAP, equilibrium 

simulations and free energy calculations were performed to explore the conformation 

landscape of CAP as a function of its ligation state. Our results suggest that a specific set of 

interactions involving cAMP ligands and residues present along the dimer interface 

modulates the population of CAP conformations at different ligation states. Also it was 

observed that the unliganded subunit in the single liganded state exhibits a high degree of 

conformational fluctuation. This hints at a structural rationale for the entropic penalty 

responsible for negative cooperativity. To understand the importance of residues present 

along the dimer interface in stabilising the native conformation of the protein, folding/ 

unfolding transitions of the protein was studied. Thermodynamic and kinetic simulations 

were performed using structure based model. Our result indicates that folding and 

dimerisation of CAP is coupled. Multiple pathways of folding have been detected. 

Backtracking during folding has been observed to involve dimer interface residues and tail 

end residues of each subunit. Backtracking in one subunit assists the folding of the other 

subunit. An understanding of the energetic basis of this backtracking has been attempted. 
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Singlet-Triplet (ST) gap has been studied in the context of singlet fission phenomena[1], 

stable open-shell diradicaloids and polyradicaloids[2], excitation energies, magnetic 

properties  etc. Triplet state may come closer to singlet ground state due to several reasons 

e.g., spin frustration, open-shell character of ground state etc. ST gap in even-membered ring 

compound, polyacenes, has been observed to decrease with the length of the molecule[1]. 

The effect of radical character on ST gap is observed for the case of acene and acene 

derivative, zethrene[2]. Singlet-Triplet gap in azulenes, isomeric molecules of polyacenes, is 

noticed to decrease much faster with the number of fused benzene rings. Then one may 

approach to observe the effect of spin frustration on the ST gap for such molecules.  Spin 

frustration[3] is the situation where a spin (or a number of spins ) in the system cannot find 

an orientation to fully satisfy all the interactions with its neighboring spins in terms of 

antiferromagnetic and ferromagnetic interactions. Spin frustrated systems show properties 

like high ground state degeneracy, existence of several phases in phase diagram, multiple 

phase transition with increasing temperature etc. Frustration in the system may occur due to 

competing interactions or geometrical spin frustration. The simplest example of 

geometrically frustrated system is three antiferromagnetically coupled spin, pointing up or 

down, on the corners of an equilateral triangle.  In this particular case we are interested in ST 

gap some cyclic, conjugated isomers of C18H12,C14H10 and C10H8 molecules and its relation 

to spin frustration along with other factors. 
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The mixture of bio-compatible ionic liquid cholinium glycinate and water has been employed 

in various applications in recent past1, but extensive understanding of their structural and 

microscopic dynamics is scarce in literature. We have carried out all-atom molecular 

dynamics simulations to investigate the effect of water content on structural organization and 

microscopic dynamics of aqueous cholinium glycinate ([Ch+][Gly-]), a bio-compatible ionic 

liquid (IL), using GROMACS. Herein, we have calculated total X-ray scattering structure 

function, S(q), their partial components, and real-space correlation functions for whole 

composition range (xw=0.0 to 0.75). A principal peak in the total structure function of the 

neat [Ch+][Gly-] IL at around q=1.4 Å-1 is observed in S(q) and this peak decreases in 

intensity and shift towards shorter length scales with increase in the water mole fraction. We 

observe that upto xw=0.25 the structure of the mixture is IL-like and further addition of water 

disrupts the IL structure significantly. At xw=0.75 water plays a major role in deciding the 

structure of the system. Subsequently partial S(q)s shows that the origin of principal peak is 

due to correlations between counter ions. Hydrogen bond analysis shows that there is 

competition between water molecules and anions to form hydrogen bond with the cation. 

Also, strong hydrogen bonding is observed between [Gly-] anion and water, which 

depreciates with increase in hydration level. The spatial distribution functions also affirm the 

observations we got from hydrogen bonding analysis and radial distribution functions. We 

have also explored dynamics to see the effect of hydration on transport properties of IL. The 

mean square displacement of the ions and ionic conductivity are also significantly affected by 

water, both showing a non-linear increase with increasing water content. The [Gly-] anion is 

found to show faster dynamics on addition of water as compared to [Ch+] cation. The cation 

is found to exhibit longer VACF relaxation time as compared to anion that further tends to 

get slower by adding water. 
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α-Lactalbumin is a metalloprotein synthesized in the mammary gland, which effectively 

binds with one Ca+2 ion at the binding site. It plays a crucial role in the bio-synthesis of 

lactose by adapting the substrate specificity of galactosyl transferase. It facilitates transfer of 

the galactosyl residue of UDP-galactose to N-acetylglucosamine to form lactose by 

catalyzing galactosyl transferase. Deficiency of α-lactalbumin leads to the disruption of the 

lactation process, which enhances the risk of breast cancer. It acts as an auto-antigen and 

vaccination of α-lactalbumin prevents the growth of breast cancer at the post child-bearing 

stage1. 

It is known that the catalytic activity of an enzyme is correlated with its structural stability, 

which in turn is often guided by the surrounding solvent medium. It has been demonstrated 

that presence of ionic liquids (ILs) can often modify the structural stability of proteins, 

thereby altering their catalytic activities2. In the present study, efforts have been made to 

obtain microscopic understanding of the effect of concentration of an IL on the 

conformational properties of a protein as well as the behavior of the IL and water around it. 

In particular, we have carried out atomistic molecular dynamics (MD) simulations of α-

lactalbumin in presence of the IL 1-butyl-3-methylimidazolium tetrafluoroborate 

([BMIM][BF4]) at different concentrations ranging from 0 to 60 % (v/v). The calculations 

revealed that the stability of the protein in presence of the IL is due to preferential 

reorganization of BMIM+ cations along with depletion of water from the protein surface. It is 

demonstrated that the accumulation of BMIM+ and depletion of water at the protein surface 

occur due to favorable hydrophobic interactions. Importantly, we found that - stacking 

interaction between the imidazolium rings of the IL cations and the aromatic amino acid 

residues of α-lactalbumin plays a crucial role for lower diffusion of the BMIM+ ions from the 

interface. 
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The conception of magnetism in two-dimensional organic conjugated sheets has been 

attracting considerable attention recently because of its potential technological applications1. Among 

the various techniques available for impinging magnetism on graphene lattice, the selective 

introduction of sp3 hybridized carbon atoms in such a way to leave a residual conjugated system with 

polyradical character is gaining attention.  Recently, there were reports of its existence even in room 

temperature by functionalization using fluorine and hydroxyl groups2.  However, the exact physical 

mechanisms underlying the observed unusual magnetic properties are still not clearly identified.  This 

is not surprising considering the complex structure and combinatorial array of isomeric possibilities.  

Here, we present our results on the DFT calculations of selected functionalized graphene systems to 

identify the major factors such as spin delocalization, width of the sp3 boundaries and ideal choice of 

substituents that will enhance the stability of ferromagnetic phases built over the graphene backbone.  

The knowledge available from the existing data on highly radicaloid polycyclic conjugated 

molecules3 were used as a guidance for construction of possible candidates.  Based on our 

calculations, we predict the most potent candidates for possible synthesis and derive empirical rules 

for their stability. 

            

In the figures the black coloured part is radicalized, which won’t antiferromagnetically 

couple, the red and yellow colour signifies atoms which are functionalizing the sp3 carbon in a 

graphene chain. 
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Intrinsically disordered proteins (IDPs) are a class of proteins which lack well-definedtertiary 

structures, and thus can exist in an ensemble of different conformational states under regular 

physiological conditions. Due to lack of well-defined structures,IDPs are often prone to mis-

folding and can self-aggregate to form amyloids [1].Aggregation of α-synuclein (αS) has 

been found to be the major component of Lewy bodies that are hallmarks ofParkinson’s 

disease, a devastating neurodegenerative disorder [2]. 

We have carried out room temperature all-atom molecular dynamics (MD) simulations in 

aqueous environmentwith an ensemble of eight different αS (1-95) monomerconformations. 

Efforts have been made to explore the microscopic conformational characteristics of the 

peptide monomers and their influence on the surrounding solvent environment.The 

calculations revealed that most of the peptide monomers (except S1) exhibit non-uniform 

conformational fluctuations and deviate significantly from their respective initial states. 

Among the seven repeat units of the αS peptide (R1 to R7), R6 was generally found to be the 

least flexible one. Noticeable transitions between different conformational sub-states have 

been observed within the simulation time scale for several monomers. It is observed that the 

peptide monomers tend to remain in random coil like structures with the formation of 

transient α-helical and β-sheet like structures. Importantly, formation of a transient β-strand-

like structure in the aggregation prone R6 region has been revealed. Heterogeneous influence 

of the repeat units on the spatial arrangements and energetics of the interfacial water 

molecules were also investigated. In particular, water molecules around the hydrophobic 

repeat unit R6 have been found to be poorly structured and weakly bound. This is important, 

as such weakly bound water around R6 could trigger the hydrophobic collapse that occurs 

during the fibrillation process by being expelled from the peptide surface at higher 

concentrations. 
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Most theoretical and experimental studies confirm that proteins fold in the time scale of 

microseconds to milliseconds [1], but the kinetics of protein misfolding remains largely 

unexplored. The kinetics of unfolding-folding-misfolding equilibrium in proteins is 

formulated in the analytical framework of the Master equation [2]. The folded, unfolded and 

the misfolded state are characterized in terms of their respective contacts. The Mean First 

Passage Time (MFPT) to acquire the misfolded conformation from the native or folded state 

is derived from this equation with different boundary conditions. The MFPT is found to be 

practically independent of the length of the protein, the number of native contacts and the 

rate constant for the misfolded to the folded state [3]. The results obtained from the survival 

probability are directly correlated to the age of onset and appearance of misfolding diseases 

in humans [3]. 
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The detrimental effects of chlorofluorocarbons (CFCs), hydrochloroflourocarbons (HCFCs) 

and hydrofluorocarbons (HFCs) have been well recognized and are getting phased out via the 

Montreal Protocol. Hydrofluoroalcohols (HFAs) have been suggested as potential new-

generation alternatives for CFC/HCFC/HFCs. The absence of chlorine or bromine atoms in 

HFAs is indicative of zero ozone depletion potential (ODP)[1]. Nevertheless, the presence of 

C-F bonds may contribute to the Global Warming Potential (GWP) [2]. This necessitates the 

evaluation of atmospheric impact of HFAs compounds before commercial and industrial 

applications. 

In this work, quantum mechanical calculations have been carried out at the CCSD(T)/aug-cc-

pVTZ//M06-2X/6-311++G(d,p) level to study the mechanistic and  kinetic aspects of the 

reaction of CHF2CH2OH with OH radical. Three H-abstraction channels have been identified 

in the reaction and H-abstraction from the –CH2– site has been found to be the primary 

reaction channel. The conventional transition state theory (CTST) with Eckart’s tunneling 

correction method [3] has been utilized to evaluate the rate coefficients in the temperature 

range of 250-500 K . At 298 K, the rate coefficient is calculated to be kOH = 2.43×10-13 cm3 

molecule-1 s-1 which is in good agreement with available experimental results. Atmospheric 

lifetime, GWP and degradation pathways of CHF2CH2OH have also been studied. 

 

References 

1. L. Chen, L. K. Fukuda, N. Takenaka, H. Bandow, Y. Maeda. Kinetics of the gas‑phase 
reaction of CF3CF2CH2OH with OH radicals and its atmospheric lifetime, Int. J. Chem. 
Kinet. 32 (2000) 73-78. 

2. P. P. Bera, J. S. Francisco, T. J. Lee, Identifying the Molecular Origin of Global 

Warming, J. Phys. Chem. A 113 (2009) 12694-12699. 

3. H. S. Johnston, J. Heicklen, Tunnelling corrections for unsymmetrical Eckart 

potential energy barriers, J. Phys. Chem. 66 (1962) 532-533. 

 



 

137 

Hydration Water Distribution around Intrinsically Disordered Proteins 

Leena Aggarwal and Parbati Biswas* 

Department of Chemistry, University of Delhi, Delhi-110007 

*pbiswas@chemistry.du.ac.in 

 

The distribution and local structural order of hydration water [1] in the proximity of 

intrinsically disordered proteins/regions [2] are investigated within the frame work of three-

dimensional (3D) reference interaction site model theory [3]. To the best of our knowledge, 

this is the first theoretical study of the 3D hydration water distribution profiles of disordered 

proteins [4]. The analysis of the 3D hydration profiles reveals a nonuniform distribution and 

higher hydration water density around disordered proteins as compared to the globular ones 

because of their noncompact structures with more solvent-accessible surface area and the 

abundance of charged residues. The average tetrahedral order parameter evaluated as a 

function of the water-water distance shows that water molecules are more ordered around 

disordered regions/proteins because of their higher mean net charge facilitating stronger 

water-protein interactions. 
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The behavior of poly(propylene imine) dendrimers at three different solution pH is 

investigated through molecular dynamics (MD) simulations in explicit solvent [1]. The 

internal structure of the dendrimer is quantified in terms of the radial atomic density 

distribution, where the density maxima shift away from the core with a decrease in the pH. 

The scattering intensity characterizes the internal structure of dendrimers such as their size, 

shape, and fractal dimensions [2,3]. Results from the structure factor and scattering intensity 

indicate two types of conformational transitions: (i) as a function of the solution pH, where 

the dendrimer evolves from an expanded structure at low pH to a highly compact one at high 

pH (except for higher generations), and (ii) with increasing generations, where the open 

structure of the dendrimer at lower generations transforms to a compact structure at higher 

generations at both high and low pH, characterized by a change in the fractal dimension [1]. 
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A combined experimental and theoretical study on dissociation of +
2H  leading to the 

generation of proton (H+) due to impact of 6 keV electrons with H2 was performed. The 

experimentally measured distributions of relative yield of the generated protons as a function 

of its kinetic energy ( +H
E ) show two distinct peaks at about 5 and 8 eV of proton energy. The 

5-eV peak is more abundant at smaller θ, whereas the 8-eV peak is more abundant at higher 

θ, where θ is the angle between the spectrometer and the incoming electron beam. The 

excited electronic states of +
2H  are mostly repulsive in nature; thus any transition to one of 

these excited states results in the dissociation of +
2H  into excited H and H+. The kinetic 

energy of dissociated fragments can be calculated from the conservation of energy. We found 

that the 5- and 8-eV protons are generated due to transitions from the ground state (1sσg) of 

H2 at its equilibrium geometry to 2pπu and 2pσu states of +
2H , respectively, under Franck-

Condon approximation. The probability of generation of protons as a function of 

+H
E computed from [1] 

FEEEE )2()(
H0H ++      (1) 

shows two peaks at about 5 and 8 eV of proton energy where E is the incident electron 

energy, 0E is threshold energy and F is the Franck-Condon factor for the transition. Within 

the dipole approximation, the transition probability is proportional to |K . M|2 where K is the 

momentum change vector and M is the transition dipole moment [2]. For small scattering 

angles, computed |K . M|2 values show that the transitions responsible for the generation of 

5-eV protons are more probable for smaller θ, whereas those for 8-eV protons are more 

probable at larger θ. Thus, the transition probabilities clearly points to the anisotropy in the 

angular distribution of 5- and 8-eV protons observed experimentally. 
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Molecular electronics based on Dibenzo[de,mn]naphthacene (zethrene) molecules attract 

considerable research interest in the context of singlet-fission (SF)[1]. SF is a multi-excitonic 

process in which one singlet exciton may give rise to two triplet excitons rendering multiple 

charge carriers in solar cell applications (shown in Fig. 1 schematically ). The SF mechanism 

is intensively observed in conjugated oligoacenes and their derivatives[2]. But the field of 

designing such kind of materials was less explored. Michl and coworkers pioneered the 

method of designing such molecules based on the energy condition provided by Irina 

Paci[3,4]. The energy conditions required to be fulfilled for the SF mechanism are:     E(S0-S1) 

≥2E(S0-T1)  and   E(S0-T2) > 2E(S0-T1)
[4] 

The 1st condition is the basic reason for the SF mechanism to occur while the 2nd condition 

responsible for low recombination rate. In our study we considered zethrene and its 

derivatives (n=0 to n=6) (Fig. 2). We calculated the low-lying excited states of zethrene 

molecules in singlet and triplet subspaces exploiting their inherent symmetries using Density 

Matrix Renormalization Group (DMRG) Technique[5]. Conjugated zethrene and its 

derivatives are described by Pariser-Parr-Pople Hamiltonian[6,7]. Low-lying excited state 

calculation shows that zethrene and its derivatives satisfy the required energy criteria. 

 

 

 

 

Fig. 1: Schematic diagram of SF                             Fig. 2:  Zethrene molecule and their derivatives 

Energy ordering of singlet and triplet excited states shows zethrene and its derivatives are 

promising as SF material in solar cell application. 

Reference: 

[1] Y. Hsieh et al.  Dinaphthozethrene and Diindenozethrene: Synthesis, Structural Analysis, and Properties, 

Org. lett., 18(2016)1868–1871 

[2] S. Singh et al. Laser Generation of Excitons and Fluorescence in Anthracene Crystals, J. Chem. Phys., 

42(1965) 330-342 

[3] M. B Smith, and J. Michl, Recent Advances in Singlet Fission, Annu. Rev. Phys. Chem 64(2013)361-386 



 

141 

[4] I. Paci et al., Singlet Fission for Dye-Sensitized Solar Cells:  Can a Suitable Sensitizer Be Found?, J. Am. 

Chem. Soc. 128(2006)16546-16553 

[5] S. R. White,  Density matrix formulation for quantum renormalization groups, Phys. Rev. Lett. 69(1992): 

2863-2866 

[6] R. Pariser and R. G Parr. A Semi‐Empirical Theory of the Electronic Spectra and Electronic Structure of 

Complex Unsaturated Molecules. II, J. Chem. Phys, 21(1953):767776 

[7] J. A Pople., Electron interaction in unsaturated hydrocarbons, Trans. Faraday Soc., 49(1953)13751385 

.



 

142 

Investigation Of The Photodissociation Of The Simplest Criegee 
Intermediate: A Semi-Classical Approach 

 

Mahesh K Sit *, Subhasish Das, Prashant Kumar, Kousik Samanta 

School of Basic Sciences, IIT Bhubaneswar, Odisha 

*email : mk21@iitbbs.ac.in 

The dissociation of the simplest Criegee intermediate (H2COO) into H2CO and O is very important in 

atmospheric chemistry as the reaction of the nascent O with NO, NO2, SO2, etc. leads to reduction of 

these harmful gases that causes global warming [1]. As a result, the unimolecular dissociation of 

H2COO has attracted a lot of attention. To study the dissociation dynamics of the H2COO, singlet 

electronic potential energy surfaces (PESs) are computed along the O-O dissociation coordinate [2-4] 

. The adiabatic PESs are generated using dynamically-weighted state-averaged complete active space 

self-consistent field method (DW-SA-CASSCF) and cc-pVDZ basis sets. The active space consists of 

14 electrons in 10 molecular orbitals centered at C and O atoms. The average energy corresponding to 

the eight lowest singlet states were minimized in the DW-SA-CASSCF optimization. The transition 

from the ground electronic state (S0) to the second lowest singlet excited state (S2) has a large 

oscillator strength. In our simulation, following a photo-excitation to S2 from S0, the wave-packet was 

allowed to move on S2. The dynamics on S2 was simulated using the Tully's Fewest Switches Surface 

Hopping method (FSSH) [5]. FSSH, a semi-classical method, is widely used to study chemical 

processes where the Born-Oppenheimer approximation breaks down. In the surface hopping 

approach, the nuclei move on a particular PES according to the Newton's equation of motion, while 

the electronic wave-function is propagated in time using the time-dependent electronic Schrödinger 

equation. This methodology is computationally tractable and at the same time gives reasonably good 

result compared to the fully quantum-mechanical treatment. The electronic energies and the relevant 

derivative coupling vectors were calculated at every 0.01 Å along the O-O bond keeping the other 

geometry parameters constant. The FSSH dynamics was simulated using the computed PESs and 

derivative couplings fitted through splines. The nuclear motion following the transition S0 → S2 leads 

to the dissociation of H2COO through two different channels [3]. The passage through the lower 

channel generates H2CO (X 1A1) and O (1D) fragments, while that the upper channel generates H2CO 

(a3 A'') and O (3P) fragments. We ran 2000 trajectories to compute the statistically meaningful 

branching ratios of the dissociation of H2COO through different channels. 
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Anisotropy is inevitable fate of charged excitonic complexes due to difference in dielectric 

constants, effective masses, charges of carriers, magnetic field, applied gate voltage etc along 

in-plane and out-of-plane directions of transition metal dichalcogenides (TMDCs-MX2; M= 

Mo, W; X= S, Se, Te) as well as in anisotropic quantum dots. In the present paper, the multi-

dynamic attractive and scattering  interactions among neutral and charged exciton-complexes 

(N-excitonic, N= 2,3,4,....) amongst the various charge carriers, i.e., e-h, e-e, h-h has been 

elegantly accounted for by the use of Lauricella functions and the subsequent application of 

Chu-vandermonde identity. An exact variational treatment for such complex and intertwined 

interactions in presence of anisotropy has been achieved by employing multi-pole expansion. 

The result of which emerges as a unique single-summed, finite, exact and absolutely 

terminating integrals. The calculated binding energies for various N-excitonic systems have 

been found to be consistent with the previous experimental and computational studies. A 

discussion of energy spectra, chemical potential (µ) and addition energy (Δµ) are presented. 

The results thus obtained indicate increase in binding energy and bosonic character of the 

multi-excitonic complexes with magnetic field. The effects of anisotropy are manifested 

through the interplay between many-body coulomb interactions resulting in the dissolution of 

degeneracy of excitonic states. 
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Two-dimensional superlattices, TMDCs and graphenes exhibit strong coulomb correlations 

among e-e, e-h, electron-phonon and etc. As the number of electron N increases, confining 

gate voltage and transverse magnetic field are superseded by increasing coulomb interactions 

(N(N-1)/2 factors) that composes non-trivial Schrodinger equations. Representing such 

equations in Whittaker-M functions yields a modest alternate formalism, that accommodates 

integrals of coulomb (exchange) correlations in single-summed, finite and exact Lauricella 

functions via Chu-Vandermonde identity. For higher carrier density (N=3,4,5,6,..), the 

multipole expansion is incurred as exact and finitesummed coulomb, coulomb-type and 

dipole-type integrals. Although, fermionic exchange symmetry of many electron systems 

could be included in terms of various two-electron integrals, for the sake of brevity we have 

aimed to reproduce experimental results without spin. Signature of interplay among gate 

voltage, magnetic field, dielectric constant, mass and density of carriers is examined in 

electronic spectra, magnetization, chemical potential for the systems spanning over wide 

range of materials (He, BN, GaAs and etc.). Interestingly, chemical potential and addition 

energy as a function of magnetic field and number of carriers monitor the statistics between 

strongly degenerate to weakly degenerate composite fermions, coulomb blockade and shell 

structure of 2-D superlattices. At the most, quadrapole and octapole suffice the convergence. 
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As the density of electrons (N=2, 3, 4, 5, 6, 7, 8,.) increases, complexity arises due to 

coulomb interactions, inclusion of fermionic exchange symmetry and anisotropy. 

Consequently, Schr¨odinger equations of anisotropic quantum dots become non-trivial. 

Recasting such non-relativistic quantum equations into Whittaker-M basis functions unifies 

coulomb (exchange) correlation and antisymmetric nature of electrons in two centered 

integrals of exact, finite, single-summed, terminated and simplest Lauricella functions (F2) 

via multi-pole expansion and the subsequent Chu-Vandermonde identity. Coulomb 

correlations interplay with in-plane and out-of-plane electrical and magnetic confinements in 

their moderate fields. On the other hand, full-scale fermionic exchange symmetry is 

incorporated through multiple number of Slater determinants, unlike Hartree-Fock method. 

In this context, both open-shell and restricted closed shell configurations are considered for 

trial Hartree-products which are composed of the basis set of oscillator spin-orbitals. Thus 

optimized bound states can easily capture large number of mixed term symbols. 

Consequently, level clustering occur in energy level diagram due to competition among 

strength of anisotropy in electrical confinements, magnetic field, mass of the carrier and 

dielectric constant. It brings about orbital induced paramagnetism (T~(0-1)K), signature of 

fractional quantum Hall effect (FQHE) in chemical potential cusps and formation of different 

shell structures in capacitive energy respectively, spanning over wide dielectric range of 

materials (atomic like quantum dot,ZnO, GaAs, CdSe (Cadmium Chalcogenide) and PbSe 

(Lead Chalcogenide) etc). 
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The use of charge models in studying noncovalent interactions where ab initio methods are 

difficult to employ is impressive – they yield geometries which are similar to those derived 

from quantum mechanics, predict interaction energies of complexes and corresponding 

geometries when subjected to ab initio calculations are found to converge faster [1, 2]. In our 

recent publication [3], we have shown that the topographical features of Molecular 

Electrostatic Potential (MESP) like lone pairs, π bonds etc. are restored when such charge 

models are incorporated with spherical Gaussians (to represent electron density for 

molecules). In this study, the reliability of such models is demonstrated by investigating the 

potential energy surfaces of few molecular systems (examples: water dimer, ammonia dimer, 

benzene dimer, water–ammonia complex, water–benzene complex etc.). Based on these 

studies, some guidelines are proposed for using MESP topography based models to obtain 

minimum energy structures and interaction energies which are in agreement with ab initio 

counterparts. 
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The existence of Dirac point in band structure of pristine graphene is responsible for its most- 

promising property i.e. high carrier mobility and hence graphene in principle can be used for 

the fabrication of high speed electronic and optical devices [1]. The presence of defects either 

in the form of dopant atoms or vacancies is found to significantly influence its electronic as 

well as its vibrational properties [2,3]. From the first principle calculations, we studied the 

effect of different defects on material properties of graphene which include band-gap, density 

of states and work-function. The effect of defect concentration on vibrational properties 

through I.R. and Raman spectra is also studied. 
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The emergence of sulfonamide resistance in pABA binding pocket of dihydropteroate 

synthase (DHPS)[1] has shifted attention to the structurally rigid and conserved pterin 

binding site[2]. Therefore, design and development of newer generation of drug candidates 

mimicking the product analogue of DHPS are essential to cure diseases arising from 

pathogenic Escherichia coli. In this study, six point pharmacophore models were constructed 

using a set of fifty 8-mercaptoguanine conjugates retrieved from recent literatures[3]. The top 

scored hypothesis was considered to understand structural counterparts necessary for DHPS 

inhibition. The hypothesis was tested against 1000 decoy test set in order to validate the 

model[4]. Drug-like databases were screened and a total of 4128 compounds were obtained. 

All the compounds were subjected to molecular docking in order to screen active compounds 

and detect their binding pose. Further 10 molecules were chosen having higher affinity 

towards the DHPS catalytic pocket and their free energy of binding were calculated using 

MM/GBSA method. We found that the interactions are mainly dominated by hydrogen 

bonding and π-π stacking in the region of Asn115 to Ser222. The highest scored compound 

found to make non bonded interactions with Asn 115, Asp 185, Phe 190, Ser 219 and 

exhibited strong binding affinity (ΔGbind = -31.28 kcal/mol) with the catalytic pocket of 

DHPS.  Lastly, the stability of the receptor-ligand complex was confirmed by analysing the 

data obtained from a 20 ns atomistic molecular dynamics simulation[5]. 
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Kohn-Sham density functional theory (KS-DFT) is one of the most popular electronic 

structure methods that make a reasonable impact on the application of quantum mechanics in 

different field of science. The performance of the density functionals mainly depends on the 

proper approximation of exchange-correlation functionals. Long-range corrected (LC) 

functionals are the new edition of DFT which overcome the drawback of conventional 

density functionals in various aspects. In our recent observations, we have seen that LC 

functionals reproduce the orbital energies accurately in presence of external electric field [1], 

but not good enough to do so in solvent medium [2]. Only CAM-B3LYP, which is not a fully 

long-range corrected functional, shows comparatively better result in solvent continuum. In 

this presentation, we will highlight a new scheme where the long-range part of the LC-

functionals in solvent environment can be modified by tuning the HF exchange. This new 

form of the functional reduces the mean absolute deviation for the range separated density 

functionals in various the solvent medium. The oxidation energies of 113 molecules from 

IP131 database [3] in fifteen solvent systems would be presented according to Ionisation 

potential theorem, and compared with the standard CCSD(T) method [4]. 
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There are few areas in chemistry that are generating as much excitement as the field of Lewis 

acid catalysis[1]. One of the most promising recent developments has been the use of the 

metal-free Lewis acid B(C6F5)3, to aid in effecting different chemical transformations[2]. 

However, it has always been challenging for experimentalists to predict its exact role[3]. 

Does B(C6F5)3 behave as a catalyst, or is its role limited to merely being an initiator? An 

important recent work in this context is the recently accomplished, experimental in situ 

generation of SiH4 from surrogates with the aid of B(C6F5)3[4]. The current computational 

investigation, with density functional theory (DFT), reveals that this process is not, in fact, 

catalyzed by B(C6F5)3 at all, but is dominated instead by a series of cationic autocatalytic 

reactions, where the role of B(C6F5)3 is to function more as an initiator. Now, given the 

ambivalence in the behaviour of B(C6F5)3, the obvious question that comes to mind is: can it 

made possible for an experimentalist to determine easily whether B(C6F5)3 is acting as a 

catalyst or initiator in a given reaction? We have employed some very simple computational 

calculations to provide insight in this regard. Depending on the ease of separation of ion-

pairs, we have come to a generalized conclusion for evaluating and separating reactions 

where B(C6F5)3 can act as a catalyst or co-catalyst or initiator.[5] 
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Single molecules capable of retaining their magnetization even after removal of magnetic 

field which gives magnetic hysteresis at molecular level and behaves as magnate below their 

blocking temperature are termed as Single Molecule Magnates (SMMs). Among SMMs 

though the single ion magnets are one of the prominent type, the inheritance of QTM has 

been a significant limitations for practical application. The QTM can be reduced by 

increasing the exchange between the metal centers or between the metal and radical system. 

Here we focused how the exchange can lead to increase in Ueff through reducing the QTM on 

a series of tetra nuclear butterfly complexes [DyIII
2CrIII

2] with molecular formula 

[CrIII
2DyIII

2(L)2(O2CPh)4(mdea)2(NO3)2] and its derivatives where two DyIII is coupled with 

CrIII ion through oxo bridging ligands. 
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Thrombin binding TBA-G-quadruplex aptamer (TBA) plays a major role in blood 

coagulation cascade. The 15-mer TBA sequence tends to form four-stranded TBA-G-

quadruplex structure. In this research work, a series of explicit solvent classical MD 

simulations of the TBA is carried out using different salt (SrCl2) concentrations (0, 50, 100 

and 200 mM). Here we have also testified the effect of salt concentration of divalent cation 

Sr2+ on the conformational change of quadruplex DNA. The structural deviations, 

fluctuations, torsional angles and the affinity of the ion are explored at different salt 

concentrations. It is found that the conformation of TBA-G-quadruplex at 0 mM and 50 mM 

salt concentrations, is very much different than the other salt concentrations (100 mM and 

200 mM). Also observed are as follows: (i) no exchange of Sr2+ ion between inside and 

outside of the channel, (ii) an enhancement in the Sr2+ ion density around the phosphate 

region of the loop residues as salt concentration increases and (iii) the stacking of T3 and T4 

residues of loop-1 that appears up to 50 mM concentration, vanishes as the salt concentration 

is increased further. 
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Recent toxicological assessments of graphene, graphene oxides and some other 2D materials 

have shown them to be substantially toxic at nanoscale where they disrupt biological 

processes. These shortfalls of graphene and analogs have resulted in a quest for novel 

biocompatible two dimensional materials with minimum cytotoxicity. In this article, we 

demonstrate h2D-C2N, a newly synthesized two dimensional porous graphene analog to be 

non-nanotoxic from an “in-silico” point of view through sequence dependent binding of 

different polynucleotide single stranded DNA. The calculated binding energy of nucleobases 

and the free energy of binding of polynucleotides follow the common trait: cytosine > 

adenine > guanine > thymine and are well within the limits of physisorption. Ab-initio 

simulations completely exclude the possibility of any chemical reaction, demonstrating 

purely non covalent binding of nucleobases with C2N through a crucial interplay between 

hydrogen bonding and π – stacking interactions with the surface. Further, we show that the 

extent of distortion inflicted upon ssDNA by C2N is negligible. Analyses of the density of 

states (DOS) of the nucleobase-C2N hybrids confirm minimum electronic perturbation of the 

bases after adsorption. Most importantly, we demonstrate the potency of C2N in nucleic acid 

transportation via reversible binding of ssDNA. The plausible use of C2N as a template for 

DNA repair is illustrated through an example of C2N assisted complementary ssDNA 

winding. We believe our results provide significant in-silico evidence to justify C2N as an 

exotic biocompatible material with minimum toxicological hazards at nanoscale, thereby 

illuminating its future as a replacement of graphene in forthcoming bio – medical 

applications. 
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In order to understand the photoprotection process in eumelanin, it is imperative to 

understand the photoprocesses in its monomers. Eumelanin is a polymeric structure made of 

di-hydroxyindole as the basic motif. There have been studies on the ground and low lying 

excited state potential energy surfaces and a few of the important modes have been identified 

in the eumelanin monomer. However, to properly depict the fate of a molecule after an initial 

photoexcitation, it is important to look at the dynamical picture and in this work, we have 

studied the excited state dynamics of eumelanin monomer. We observe that there are planar 

OH elongation modes that can be important for de-excitation mechanism. There are also non-

planar modes that distort the phenyl ring of the di-hydroxyindole molecule. In the excited 

state dynamics, it is the non-planar modes that are more relevant to non-radiative 

deactivation process of the monomer. We further notice that due to the non-planarity in the 

molecules along the deactivation path, the excited states involved in the processes are mixed 

π-π* and π-σ* in nature.  Furthermore, it is noticed that this deactivation process occurs well 

below a ps timescale. 
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The continuous depletion of lithium resources has derived a great attention towards the 

development of non-lithium rechargeable batteries having electrode material that prove to be 

promising in delivering advantages of cost effectiveness, high rate capacity and high storage 

density. Due to its planar honeycomb structure, a 2-D monolayer of siligraphene SiC7 has 

being explored as an electrode material for Na-ion battery on the basis of its geometric, 

structural and electrochemical properties by employing van der Waals corrected first 

principle calculations based on Density Functional Theory (DFT) for periodic systems as 

implemented in Vienna Ab Initio Simulation Package (VASP). The structural stability of the 

monolayer has been confirmed by phonon dispersion calculations. Direct band gap of 0.7eV 

as given by Density of States calculation, presents it as a semiconductor material effective to 

be used as an electrode. Potential adsorption sites on the surface of SiC7 are studied for 

effective storage capacity. Bader charge analysis revealed the charge transfer between 

monolayer upon adsorption of Na ions. On the basis of different calculations, our work 

demonstrates siligraphene, SiC7 as an effective material for electrode in Na ion batteries. 
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In this study we used nonequilibrium simulation method to investigate the temperature 

dependent divergence of thermal conductivity in one dimensional momentum conserving 

system with asymmetric double well nearest-neighbour interaction potential. We show that 

across all temperatures thermal conductivity exhibits power law divergence with the chain 

length and the value of divergence exponent (α) depends on the temperature of the system. At 

low and high temperatures α reaches close to ⁓ 0.5 and ⁓ 0.33 respectively. Whereas in the 

intermediate temperature the divergence of thermal conductivity with the chain length 

saturates with ⁓ 0.07. Subsequent analysis showed that the estimated value of α in the 

intermediate temperature may not have reached its thermodynamic limit. Further calculations 

of local α revealed that its approach towards the thermodynamic limit crucially dependent on 

the temperature of the system. At low and high temperatures local α reaches its 

thermodynamic limits in shorter chain lengths. On the contrary, in case of intermediate 

temperature it’s progress towards the asymptotic limit is nonmonotonous. 
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The photodetachment spectroscopy of CB9
- is theoretically studied in this paper. 

Extensive ab initio quantum chemistry calculations are carried out to construct the potential 

energy surfaces of the electronic ground and excited states of CB9. With the aid of these 

calculated adiabatic electronic energies, a vibronic coupling model is developed in a diabatic 

electronic basis and in terms of normal coordinates of vibrational modes following the 

standard vibronic coupling theory originally developed by Köppel et al.(1984). Employing 

the developed diabatic electronic model, first principles nuclear dynamics study is carried out 

to calculate the vibronic structure of photodetachment bands of CB9
-. A systematic study is 

performed to elucidate the impact of electronic non-adiabatic effects on the photodetachment 

bands. The vibronic structure of the latter is assigned in terms of excitation of vibrational 

modes and the results are compared with the experimental findings. The internal conversion 

dynamics through conical intersections of electronic states is examined by analyzing the 

time-dependent electronic populations. The theoretical results are found to be in good 

agreement with the experimental data. The detailed theoretical study carried out here 

unambiguously supports the prediction of the global minimum of CB9
-. 

 

       Fig.1. Comparison of theoretical and experimental photodetachment 

spectra of CB9
- 
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Controlled polymorphism is a long lasting challenge and is one of the most demanding issues 

in pharmaceutical industry as different polymorphs of a drug can have different 

bioavailability in-vivo depending on their physical and chemical properties. 

Carbamazepine(CBZ) is an anticonvulsant and mood-stabilizing drug that exists in five 

different anhydrous polymorphs. The form III of carbamazepine is thermodynamically the 

most stable polymorph and form I, II and IV are metastable. The form V is recently reported 

that forms on crystal facets of analogous molecule through technique of template induced 

nucleation1. Recent experimental studies have shown that nucleation of different polymorphs 

of carbamazepine can be induced by modifying the chemical functionality of the templates2-4. 

However, there are no detailed theoretical studies to understand the role of chemical 

functionality and topology in nucleation of all the anhydrous polymorphs of carbamazepine. 

In this work, we report a detailed understanding into role of solvent, topology and chemical 

functionality of material in the homogeneous and heterogeneous nucleation of different 

polymorphs of carbamazepine using molecular dynamics simulation techniques. The systems 

of interest consist of homogeneous nucleation of carbamazepine in two solvents; ethanol and 

2-propanol, heterogeneous nucleation of carbamazepine in porous PEG200DA and 

PEG400DA polymers and functionality induced nucleation of carbamazepine in silane 

polymers. This work will provide atomic level understanding into role of factors that control 

the formation of different polymorphs of carbamazepine and these atomic level tools can be 

beneficial to develop library of materials to enhance nucleation of desired polymorphs of 

carbamazepine. 
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High level ab initio calculations have been performed to predict the reaction energy and barrier height 

for OH • + HCl reaction. After including the effect of full quadratic excitations at coupled cluster 

level, in addition to core, relativistic, spin-orbit and diagonal Born-Oppenheimer corrections, the 

values of reaction energy and barrier height were found to be -15.29 and 2.38 kcal mol−1 , 

respectively. Employing this reaction energy and barrier height, we used variational transition state 

theory in conjunction with small curvature tunneling to calculate the rate constants within a 

temperature range from 138 to 1000 K. The calculated rate constants were found to be in good 

agreement with available experimental results throughout the whole temperature range. 
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DFT and microkinetic modelling studies have been carried out to explore the reaction 

mechanism of newly reported CO2 hydrogenation reaction to methanol [1]. The catalytic 

activity of PNP based Mn (I), Fe (II) and Ru (II) homogeneous complexes for CO2 

hydrogenation to methanol has been explored. The hydrogenation occurs in the presence of 

morpholine co-catalyst via formamide intermediate. DFT calculations performed on the 

demonstrative reaction pathway allow us to suggest a complete reaction mechanism [2-4]. 

The present study finds the multistep transformation of CO2 to methanol. We propose that 

following an initial CO2 hydrogenation to HCOOH by metal catalysts, amidation of HCOOH 

to N-formylmorpholine occurs in the presence of morpholine, which further undergoes 

hydrogenation reaction for the formation of methanol by metal catalysts. The high exergonic 

nature of the amidation step increases the overall rate of the reaction. Remarkably, the N-

formylmorpholine hydrogenation step may follow two different pathways (C=O vs. C–N 

bond hydrogenation) and both the pathways involve comparable reaction free energy barrier 

for hydrogenation, i.e., both the considered reaction mechanisms are competitive in nature. 

Furthermore, our microkinetic modelling results agree well with the previous experimental 

studies, which confirm that the proposed reaction mechanism is the most plausible reaction 

mechanism for CO2 hydrogenation to metha 
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Abstract 

The fast-growing world demands sustainable, efficient, 

economical and environmental friendly energy storage 

and energy conservation technologies [1]. There are many 

energy conservation and conversion technologies but 

rechargeable battery technologies are playing a vital role 

in the field. Specifically, with the environmental crises, 

Metal-Air battery technology can be a better source of 

energy harvesting technology [2]. In Metal-Air batteries, 

particular properties such specific capacity, theoretical 

density and adsorption properties of a battery is critically 

depended on the electrode materials. Recently, silicene, 

borophene and Si2BN two-dimensional sheets have 

proved as an effective electrode material [1]. In our exploration, we derived few Si-B-N 

derivatives for the adsorption of Li-ion and CO2-gas molecule for the potential application of 

Metal-Air batteries using DFT. The electronic properties of newly derived Si-B-N sheets are 

examined and Li adsorption on the Si4B2 ring has the maximum binding energy of -3.9 eV. 

The calculated maximum electromotive force for the newly derived sheets are 0.56 V with 

the maximum theoretical density of 783 Wh/Kg. Similarly, maximum adsorption of CO2 on 

the sheet is -0.106 eV which is considerably higher than graphene and it’s derivate. CO2 

adsorption has carried out with the presence of water molecule to investigate the change in 

CO2 adsorption with the presence of moisture content and the results show no significant 

change in the adsorption of CO2 with moisture. From the obtained results we can conclude 

that the Si-B-N sheets and derivatives can be used as a potential electrode material for the Li-

CO2 battery application. 
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Modeling Plasmonic Excitations in Nanostructure Heterodimers: Interplay 
[5] Carbon allotropes of reduced dimensions, namely fullerenes, carbon nanotubes (CNTs) 

and graphene are well known for their unique properties such as high mechanical and 

thermal stability, flexibility, elasticity, electric conductivity etc., and are currently being 

explored for the design of NEMS devices.[1, 2] Nano-mechanical oscillators based on 

carbon nanotubes (CNTs) are well explored both experimentally and theoretically.[3] An 

oscillation frequency of up to 74 GHz is achieved in case of the motion of C60 inside a 

CNT.[4] The highest oscillator frequency reported among the neutral oscillators is for the 

carbon nanotorus-C60 complex, with a frequency of around 150 GHz.[5] However, the 

absence of mature technology in the terahertz frequency regime region has resulted in a 

gap namely the terahertz gap.[6, 7] The gap lies in the region 0.1 to 30 THz and the 

researchers are attempting to develop NEMS  devices for the detection and generation of 

waves in this region of the electromagnetic spectrum. Herein, we report the theoretical 

design of nanomechanical oscillators based on the permeation of fullerenes through 

various members of the graphyne family.[8] Graphynes are the latest members of the 

family of two-dimensional carbon membranes obtained by replacing the C-C bonds in 

graphene selectively with N-acetylenic carbon linker chains in specific patterns. We 

probe the permeation of a set of fullerenes, namely C20, C42, C50, C60, C70 and C84 through 

GY-N (N=3-5) and rGY-N (N=4-5) by employing electronic structure calculations 

as well as atomistic model potentials. In some selected fullerene-graphyne complexes, we 

report nanomechanical oscillatory response with frequencies in the range of 0.2 to 0.6 

THz, which belongs to the terahertz gap. We find that a discrete atomistic potential of the 

improved Lennard-Jones type can describe the energetics with reasonable accuracy at a 

much less computational cost than the electronic structure calculations. Furthermore, by a 

careful comparison of the potential energy curves obtained from the electronic structure 

calculations and atomistic potentials of the Lennard-Jones (LJ) and the improved 

Lennard-Jones (ILJ) types, we have arrived at the optimal parameters of the model 

potentials that could be useful for researchers performing force field calculations on 

fullerene-graphyne systems. 
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Plasmonic molecules have garnered significant research interest in recent times owing to their 

distinctive plasmonic properties and their futuristic applications. Their optical features have been 

demonstrated to be far more interesting than isolated nanostructures.1−3 Dimers of metal nanoparticles 

have been employed as prototypes by several researchers for explaining the plasmonic features of the 

assemblies.4-5 Despite several advances in the area of plasmonics, surprisingly, the contributions of 

the monomeric unhybridized states to the hybrid states in heterodimers had not been theoretically 

estimated until recently.6  We have employed the Ag−Au nanosphere heterodimers as a model system 

for gaining better insights into the optical extinction features of plasmonic molecules in terms of the 

bonding and the antibonding combinations of the monomeric states. We report a molecular orbital 

theory-like approach for estimating the plasmon coupling strengths and the contributions of the 

unhybridized monomeric states to the hybrid dimeric states in these heterodimers. To achieve this, we 

employ an interplay of the formalisms of Mie theory, Quasi-static (Q-S) approximation, the Finite-

Difference Time-Domain (FDTD) method, and quantum two-state model. In a very original approach, 

we have adopted the Mie theory into this formalism to account for the plasmon resonance shifts for 

particles of increasing sizes. The contributions of the bonding and the antibonding states to the total 

extinction are quantified by deconvoluting the extinction spectra computed using the FDTD 

simulations. Further, the contributions of the monomeric states toward the hybrid states in 

heterodimers and the strengths of plasmon coupling are estimated by employing a quantum two-state 

model. We also propose the applicability of this formalism to other heterodimeric systems, whose 

constituent monomers have exact Mie solutions. This opens up opportunities for novel interpretations 

of plasmonic nanoarchitectures based on plasmon hybridisation theory. Our current study of plasmon 

coupling in Ag−Au heterodimers reveals that they exhibit customized and tunable optical responses, 

well beyond the possibilities offered by the homodimers and also give compelling cognizance into 

coupling in plasmonic molecules. 
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Tiny carbon clusters are challenging to produce and isolate due to their highly reactive 

nature. One possible way to isolate them would be to encapsulate the generated carbon rings 

into carbon nanotubes (CNTs) and desorb them selectively. In this work, the energetics for 

the endohedral as well as the exohedral binding of monocyclic carbon rings (Cn with n = 10, 

12, 14, 16, 18, 20 and 22) into CNTs of various chiral indices are investigated using the 

analytical approaches, developed earlier by Hill and co-workers.[1-3] The encapsulation 

process is driven by the non-covalent interactions between the carbon ring and the CNT. The 

study comprises both the continuum and the discrete-continuum models. First, we have 

analysed the interaction energies and forces for the endohedral binding of carbon rings at 

various orientations of the rings with respect to the axes of CNTs (ϕ = 0̊, 30,̊ 45̊, 60 ̊and 90)̊ 

and positions of the centers of mass of the rings from the opening of the CNTs. The potential 

energy surfaces for encapsulation are analyzed in order to obtain the optimal CNT radii for 

the encapsulation of each of the rings. We find that CNTs with radii of 5.52 Å, 5.92 Å, 6.32 

Å, 6.76 Å, 7.16 Å, 7.56 Å, 7.96 Å can efficiently encapsulate C10, C12, C14, C16, C18, C20 and 

C22 rings, respectively irrespective of their orientation.[4] The equilibrium configurations of 

carbon rings inside the CNTs are further studied removing the restriction of the on-axis 

motion. As the tube radius increases, the carbon rings move away from the CNT axes in 

order to increase the interaction strengths. In the limit of large tube radius, the results lead to 

the results of carbon ring adsorption on graphene.[5] The energetics for the exohedral 

binding of the rings on CNTs show a monotonic increase in the binding energies on 

increasing the CNT radii unlike the case of endohedral binding.[6] Our study shows that 

monocyclic carbon rings prefer endohedral binding compared to exohedral adsorption on 

CNTs. 
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The extent of charge transfer between the cation and the anion in a room temperature ionic 

liquid depends on the basicity of the anion. Ion charges determined in the condensed state via 

density functional theory calculations capture this effect rather well and charges derived in 

such a manner have been employed in force field based molecular dynamics simulations to 

quantitatively reproduce several physical properties of the liquids. However, the issue of 

transferability of cation charges in mixtures of ionic liquids, say with one type of cation and 

two different anion types needs to be addressed. Herein, we demonstrate that the cation 

charge in such a mixture varies linearly with anion composition, a result which ties in rather 

well with X-ray photoelectron spectroscopic experiments [2]. The variation in cation charge 

with bulk anion composition is shown to be a result of changes in its coordination 

environment. Cations surrounded by a higher proportion of more basic anions possess lower 

charges than those surrounded by less basic anions. Timescales for the exchange of anion 

types for the occupation of hydrogen bonding sites around the cation have been determined 

and are seen to be constituted by three processes -- breakage of existing hydrogen bond, 

diffusion to the hydrogen bonding site and displacement of the incumbent anion from its site 

in the cation coordination shell. These timescales explain the differences observed between 

infra-red and NMR spectroscopic experiments in ionic liquid mixtures rather well [3]. 
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Squaraine is a well-known organic functional material in the field of photovoltaics due 

to its energy harvesting characteristics. The aim of the present study is to understand in 

detail the electronic structure of squaraine dye as well as its noncovalent interaction 

with solvent molecules. The structural and electronic features of bis(4-

dimethylaminophenyl)squaraine (1) has been studied using density functional BLYP/6-

31G(d,p) level of theory. The quinoid character of 1 is correlated to partial double bond 

character of C-NMe2 (1.386 Å) and C-O (1.243 Å) bonds which leads to accumulation 

of positive charge on NMe2 groups and negative charge on carbonyl oxygen. Further, 

the diagonal C1C3 (2.089 Å) and C2C4 (2.126 Å) distances of the squaric ring 

indicated a 1,3 type C-C orbital interaction. Molecular electrostatic potential (MESP) 

topographical analysis confirmed the charge separated quadrupolar nature of 1. The 

MESP minimum, Vmin located at the carbonyl oxygen, -63.9 kcal/mol, confirmed its 

highly electron rich character arising from the quinoid structure. The electronic 

structure of 1 revealed from MESP confirmed its quadrupolar nature and suggested the 

location of positive charge on NMe2 groups.  The typically used chemical structure 

drawing of 1 showing +2 charge on the squaraine ring is inaccurate and misleading. 

The solvatochromic behaviour of 1 can be attributed to its quadrupolar electronic 

structure wherein the electron rich carbonyl groups provide room for noncovalent 

interactions with multiple solvent molecules. 
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Study of the interaction between electromagnetic fields and matter is a continuum source of 

novel information. Quantization of these fields into discrete energy levels can be achieved by 

a cavity made by placing two mirrors parallel to each other. These are known as cavity states. 

A molecular excitation (electronic or vibrational) which is in resonance with one of these 

discrete field levels can couple to these cavity state. For strong coupling, the exchange of 

energy between the two is faster than any other deexcitation phenomenon. Such a coupling 

results in a new pseudo particle called Polariton1. 

Analogous to MO theory, when a molecular excitation couples to a cavity state, two new 

states are formed, one with energy level lower and the other with energy higher than the 

original states. Generation of these polaritons results in chemistry different from the case 

where molecules are outside of a cavity.  Many recent experimental studies have shown such 

behavior. Ebbesen and his group have reported many experimental results where the rate of a 

reaction is altered2,3. 

Some of the factors which play a key role in this coupling are the strength of the transition 

dipole moment of the molecules, the position of the transition dipole moments along the 

length of the cavity and their orientation with respect to the polarization of the cavity mode 

fields. Using quantum scattering theory, we theoretically model the system. Starting with a 

complete Hamiltonian we derive an equation for the transfer matrix element using two 

potential formula. To get the final scattering cross section, one needs to perform an average 

over the length of the cavity and orientation of the transition dipole moment. We observe the 

 dependence in the peak separation of the two polaritonic states, where N is the number of 

molecules in the cavity. 
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We focus on the stretch dynamics of polymer nanoparticle under external forces. Earlier, the 

framework of multiscale generalized Gaussian structure (mGGS) is developed which is the extension 

of multiscale Rouse model. Our polymer structure consist a linear chain  and star polymer where 

nanoparticles are connected at different position in polymer structure. Here the size of the 

nanoparticle is greater than the other beads so it affects the dynamics of the polymer structure under 

external step force. With increasing the size of nanoparticle, unfolding dynamics of polymer chain 

shows more stretching. The polymer nanoparticles provide a unique environment, which has been 

exploited for various applications ranging from nanoparticle formation to encapsulation and storage 

of guest molecules. We analyze the behavior of polymer chain with nanoparticles, the mean 

displacement of a specified bead and the time evolution of stretch dynamics under external forces. 

Finally, we highlight how the chain dynamic depends on the number of nanoparticles in polymer 

chain. 
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Adsorption of noble gas atoms on various surfaces has been pursued with great interest as they 

represent prototype systems for understanding the basic aspects of adsorption [1]. The success of 

graphene [2] in gas sensing has also brought interest to other two-dimensional nanomaterials like 

boron nitride sheets. Early attempts towards a theoretical description of the underlying interactions of 

noble gases with graphene and boron nitride sheets relied on simple analytical atomistic potentials [3] 

[4]. Subsequently, continuum approaches were proposed for modelling carbon nanostructures 

possessing high symmetry such as fullerenes, carbon nanotubes and graphene [5]. Recently, more 

reliable electronic structure methods like density functional theory (DFT) are being employed to 

study the energetics of adsorption on various surfaces [6]. In this work, our aim is to assess the 

reliability of the continuum and the atomistic descriptions of graphene and boron nitride sheets in 

modeling the energetics of adsorption of various noble gases on the sheets [7]. In the continuum 

approach, we model graphene and boron nitride as (i) sheets of uniform surface density as well as (ii) 

sets of concentric rings of uniform line density. The total interaction energies are evaluated as 

integrals over surface and line elements on the sheets. In the atomistic approach, the sheets are 

represented by cluster-based model compounds and the total interaction energies between the noble 

gas atoms and the sheets are evaluated as sum totals of all the point-point interactions. Finally, the 

results of continuum and atomistic descriptions are compared with electronic structure calculations on 

a series of cluster-based model compounds. All the three approaches indicate a preference of boron 

nitride over graphene for noble gas adsorption. The trends in the energetics are reproduced well by 

the continuum and atomistic approaches. Further, using the DFT results, we define a new set of 

analytical parameters for each of the gas atom-sheet complexes, that are better suited to describe the 

interactions. The analytical approaches, though approximate, yield results that are comparable to the 

DFT calculations while taking much less computational time and can provide many useful physical 

insights. 
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The geometric and electronic structure analysis of the binding of H2 and CH4 to Ir-complex is 

studied using DFT to provide further insight into methane activation processes [1]. Two 

different methodologies were adopted for the synthesis of these complexes; (a) Direct 

addition of H2 and CH4 to reactive pentacoordinate complex 2 [IrH2((Ph2PC2H4)2N)], (b) 

Protonation and methylation of Ir-trihydride complex 3a [IrH3((Ph2PC2H4)2NH)] using triflic 

acid and methyl triflate respectively. In the case of direct addition, the difference in binding 

of H2 and CH4 is analysed using activation strain model [2]. In the second case, protonation 

and methylation leads to product 5 [IrH2(otf)((Ph2PC2H4)2NH)] through σ-complex 

intermediates. The stability of σ-complex intermediates with respect to product 5 is analysed 

as a function of temperature. Fluxionality of different intermediates were also considered. All 

the results are in agreement with the experimental observations [3]. 
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System(s): 

CC-NDI → Carbonate Cholesterol appended Naphthalene Diimides 

1 → CC-NDI with the NDI core symmetrically disubstituted with ethane thiol groups 

2 → CC-NDI with the NDI core symmetrically disubstituted with ethoxy groups 

1 in toluene/methylcyclohexane solvent mixture self-assembles into red fluorescent 1D 

supramolecular polymers through a sigmoidal nucleation-elongation mechanism. However, 

this self-assembly is accompanied by a lag phase, owing to the presence of an on-pathway 

metastable state. Using molecular dynamics simulations, we characterize this metastable state 

to be a mixture of conformationally locked monomers, dimers, and trimers in the solution. 

Visual inspection of the trajectories along with conformational analysis reveals that locking is 

because of the shielding of aromatic NDI cores by cholesterols, disfavoring the π-π stacking. 

Gas phase geometry optimizations employing quantum chemical theories show that such 

locked monomers and dimers are energetically more stable than the respective growable 

ones. The lag phase is ascribed to the time taken for the conformational rearrangement into 

growable configurations. Additionally, the experimentally observed higher hetero- vs. homo-

recognition of 1 and 2 was examined from the 1-1, 2-2, and 1-2 gas phase binding energies.1 

and 2 have a low structural mismatch and both exhibit kinetically controlled growth due to 

the presence of the metastable state. Using these properties, two component supramolecular 

co-polymerization is achieved, which in turn presents opportunities for the synthesis of axial 

organic heterostructures. 
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Increasing demand for personalized medicine calls for a transformation in our health care system, 

which in turn demands for the development of new generation DNA sequencing based devices. In this 

respect, “$1000 Genome” project introduced by the National Institutes of Health (NIH) aims to 

develop personalized medicines based treatments by reducing the cost of the human genome 

sequence. Nanopore/Nanogap based DNA sequencing is one of the most growing third-generation 

DNA sequencing-based technologies that are presently foremost elegant to encounter such challenges 

as they have been growing rapidly to provide cheaper, faster, and accurate DNA sequencing [1-5]. In 

this respect, nanotechnology has paved the role for the development of advanced DNA sequencing 

techniques including sequencing with solid-state nanopores or nanogaps. Herein, we have explored 

the application of a black phosphorene based nanogap-device for DNA sequencing. Using density-

functional-theory (DFT) based non-equilibrium Green’s function (NEGF) approach, we have 

computed transverse transmission and current-voltage (I-V) characteristics of all the four DNA 

nucleotides (dAMP, dGMP, dTMP, and dCMP) as functions of applied bias voltages. We deduce that 

it is in principle; possible to differentiate between all the four nucleotides by three sequencing runs at 

distinct applied bias voltages, i.e., at 0.2 V, 1.4 V, and 1.6 V, where individual identification of all the 

four nucleotides may be possible. Hence, we believe our study might be helpful for experimentalist 

towards the development of a phosphorene based nanodevice for DNA sequencing to diagnose critical 

diseases. 
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Carbene compounds are very reactive to SO2 which assert their candidature to seize this 

greenhouse gas. Unfortunately, most of the carbenes produce oxathiirane S-oxide as an 

intermediate which easily decomposes to ketone derivate and SO. Thus, the use of carbenes 

for SO2 fixation is not entertained so far. To eradicate this retardation, the stability of different 

oxathiirane S-oxide derivatives obtained from SO2 and 56 carbenes of various structures are 

studied using Density Functional Theory (DFT). It is observed that, among 48 oxathiirane S-

oxide derivatives which are obtained from these carbenes, 33 derivatives are confirmed as 

stable product while only 15 have appeared as highly unstable vibrationally excited 

intermediates. We also found three oxathiirane S-oxide derivatives which have positive G 

value for their decomposition to the respective ketone derivatives. This study corroborates 

that a proper engineering of carbene leads to produce a stable oxathiirane S-oxide derivative 

as the product. We achieved to model a few carbenes which are highly efficient to nab SO2 at 

room temperature as well as lower than room temperature and susceptible to detain it upto a 

temperature range of 25C to 800C. This finding should necessitate the recommencement of 

the use of carbene for SO2 fixation. These carbenes could also be used as the catalyst for 

sulfur transfer reaction within a wide range of temperature and for a pressure and temperature 

tunable SO2 storage. 
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The versatility of Alkyne reactivity comes from the rich π-electron distribution, 

organized in two mutually orthogonal π-molecular orbitals, localized between two 

carbon centers. Aim of the present study is to examine the possibility of stabilization of 

bent form of acetylene (excited state configuration) by chemical modification in the 

ground state. DFT derived molecular electrostatic potential (MESP), 13C NMR 

chemical shift (), bond order and coordination reactions show that alkynes (RCCR) 

attain 1,2-dicarbene nature during CCR angle bending. Alkyne carbon atoms of bent 

structures exhibit MESP features unique to lone-pair bearing atoms,  around 200 ppm 

typical for carbene centers and large reduction in CC triple bond character. Lone pair 

bearing atoms of R substituents enhance the carbene character.  The bent alkynes can 

be trapped with Lewis acids (BH3, BF3, AlF3 and AlCl3) as the lone pairs developed on 

carbon centers provide strong donor type dative bonding.  The dative bond gives a 

formal valence electron count six on carbon and suggests the formation of acceptor 

type dative bonding to carbon from Lewis base (NH3).  Reaction of alkynes with 

(Lewis acidLewis base) systems yield (Lewis acid)2AlkyneLewis base)2 

complexes which are exothermic and exergonic for many cases. These complexes are 

examples of captodative carbon(II) compounds. 
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Substituent chemistry has grown to become an attention-grabbing subject in the field of 

organic synthesis while quantification of substituent effect is considered as very crucial in 

deducing the structure-activity relationships.  In a recent study, the effect of 381 substituents 

were quantified based on their electron donating/withdrawing ability measured using the 

change in Molecular Electrostatic Potential (MESP) value at the para carbon (ΔVC) of a 

substituted benzene with respect to benzene. The aim of the present study is to show that ΔVC 

database is useful for finding structure activity relationships in molecular complexes. Here 

we use ΔVC parameters derived as a measure of substituent effect to assess the coordination 

ability of substituted 1, 10-phenanthrolines(phen*) with Mo(CO)4. The 1,10-phenanthroline 

ligands and the [Mo(CO)4(phen*)] complexes are optimized using the B3LYP level. The 

MESP based analysis of interaction energy suggests that the coordination behavior of a 

phenanthroline ligand to a metal complex is very much predictable provided the substituent 

effect is known for them. Moreover, the electron donation from the phenanthroline ligands to 

metal center can be correlated to the increase in negative character of MESP observed at CO 

ligands or to the decrease in CO stretching frequency. The MESP based approach provides an 

easy way to predict ligand effects before any theoretical or experimental verification and it is 

endowed with the most accessible guidelines for the quantification of electron donating 

power of aromatic N-heterocyclic ligands. 
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Study of the ion conducting electrolytic materials is a very important area from the point of 

view of recent technological demand. The properties of the electrolyte are tuned by varying 

chemical composition to a large extent and hence are adapted to specific needs [1]. An 

alternative approach based on a physical method may be challenging one. In the very recent 

Refs.[2-4], it has been shown that the conductivity of an electrolytic material can be tuned by 

an applied magnetic field. The objective of the present study is to investigate about tuning of 

the barrier crossing rate with the change of strength of the time independent magnetic field 

(TIMF) in the presence of a fluctuating magnetic field (FMF). In this context we have 

considered a simple model that concerns the barrier crossing dynamics of a charged particle 

in the presence of both time independent and FMF along the z-direction. This model system 

has been studied using recently proposed Langevin equation of motion in the presence of the 

FMF [5]. Our investigation shows various kind of non-monotonic behavior in the variation of 

the rate constant as a function of strength of the TIMF. Here following three aspects are 

important. Magnetic field induced coupling may introduce a resonance like effect. Another 

role of the field is that enhancement of its strength reduces the frequency factor of the barrier 

crossing rate constant. Finally, the FMF introduces an induced electric field which activates 

the Brownian particle to cross the energy barrier. As a result of interplay among these aspects 

a tri-turnover phenomenon may appear in the variation of the mean first passage time as a 

function of the strength of the TIMF. 
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We investigate twelve different meta-bisallyal chlobenzene diradicals derived from consecutive 

substitution of replaceable hydrogens of benzene by chlorine atoms.  Following the substitution 

pattern, the diradicals are placed in different nodes of the substitution-reaction network diagram or 

Hasse-diagram [1,2,3].  The ground-state ab-initio total energies and corresponding magnetic 

exchange coupling constant values (J) of all the twelve species are computed using Gaussian 09 

package [4].  We use unrestricted B3LYP methodology with 6-311++G(d,p) basis set for determining 

the triplet state geometries and energies of each diradicals. For determination of J values broken 

symmetry formalism with the same methodology and basis set has been adopted. We find that the 

non-substituted diradical has a triplet ground state whereas ground state of a tetra-substituted diradical 

is a singlet one. It is noted that the calculated triplet energies along with the J values follow a partial 

ordering. Thus the energies and the J values are systematically analyzed by the “poset average” 

method, the cluster-expansion method, and the least-square method. Results obtained from the 

methods are in good agreement with each other and also with that obtained from numerical 

calculations. 
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We intend to study the non-adiabatic interactions among the three lowest adiabatic 

states (1 2A′, 1 2A′′ and 2 2A′) of F + H2 triatomic reactive scattering system in 

hyperspherical coordinates as functions of hyperangles, 0° ≤ θ ≤ 90° and 0° ≤ φ ≤ 360° at 

various hyperradii. The adiabatic potential energy surfaces (PESs) are calculated using 

MRCI level of methodology whereas the non-adiabatic coupling terms between those states 

are calculated from the analytic gradient methods implemented in MOLPRO quantum 

chemistry package. There exists Jahn-Teller type conical intersections and Renner-Teller 

coupling among those three electronic states at various non-linear and linear geometries, 

respectively. In addition, the three states undergo strong spin-orbit coupling which lowers 

the ground state asymptote of this system.1-6 We carry out adiabatic-to-diabatic 

transformation (ADT) by solving ADT equations to obtain ADT angles for constructing 

single-valued, continuous and symmetric 3 X 3 diabatic potential energy matrix.7 

Subsequently, we would add spin-orbit corrections to the obtained diabatic Hamiltonian to 

encapsulate the correct features of the PESs, particularly at the reactant asymptotes. Our 

future work will include carrying out quantum dynamical calculations on the spin-orbit 

corrected accurate diabatic surfaces of F + H2 to calculate the reaction probability and 

integral cross sections of the title system. 
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We have performed five-state multimode non-adiabatic dynamical calculations of NO3 

radical and C6H6
+ (Bz+) radical cation by constructing accurate diabatic potential energy 

surfaces (PESs) using beyond Born-Oppenheimer (BBO) theory.[1-3] An initial study of non-

adiabatic coupling terms (NACTs) and conical intersections among the lowest five doublet 

states of NO3 (  and ) and Bz+ ( ,  and ) is carried out 

employing multi-reference configuration interaction (MRCI) approach and a complete 

thorough dynamical calculation is performed with utmost care. Using the ab initio calculated 

adiabatic PESs and NACTs, we carry out adiabatic-to-diabatic transformation (ADT) in five-

state sub-Hilbert space to obtain ADT angles and thereby, construct single-valued, smooth, 

symmetric and continuous diabatic PESs. Subsequently, we perform nuclear dynamics to 

simulate the photodetachment spectra of NO3
-
 anion and C6H6 molecule. The overall spectral 

profiles for both the cases show reasonably good agreement with the experimental results. 
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The topological structure of graphitic carbon nitride (g-C3N4), though eluded scientists for some 

time, is now reasonably understood as a 2D - network of heptazine units connected through trivalent 

nitrogen atoms.  Molecular dynamics simulations show that the resultant network is not strictly 

planar though the nature and origins behind the distortions are not clearly understood.  Here we 

analyse its electronic structure to identify and characterize the origin of these distortions and the 

various conformational choices for the network to relieve its strain.  We choose a molecular to 

materials approach, starting from molecular models constructed from the g-C3N4 fragments to 

identify the origin of these distortions.  These models show that repulsion between proximate 

nitrogen lone pairs and to a lesser extent the pyramidalization of the linking nitrogen due to its 

remnant sp3 hybridization as the major factors that cause out-of-plane distortion. Guided by the 

symmetry of imaginary frequencies in the planar models, we explore the various conformational 

possibilities to characterise a hitherto unknown  D3 symmetric network with pronounced OOP 

distortion as the most stable isomer, lying ~8 kcal/mol/heptazine than the C1 symmetric network that 

is the de-facto standard.  The corrugation destroys the C3 axis along heptazine and cavity centres but 

retains the one that passes through the linking nitrogen atoms.  The resulting distortions leave a 

definite impact in the frontier, activating the nitrogen lone-pairs for better accessibility.  We also 

present the impact of this distortion in frontier bands and density of states in an attempt to 

understand its photo catalytic reactivity. 

 

 

 

 
 
 

 

Fig.1. DFT (GGA) computed energies (relative, in kcal/heptazine unit) and molecular 

models. 

References: 

1. Gracia, J.; Kroll, P., J. Mater. Chem., 2009, 19 (19), 3013 

2. Azofra, L. M.; MacFarlane, D. R.; Sun, C., Phys. Chem. Chem. Phys., 2016, 18 (27), 18507-14. 



 

189 

On The Origin Of Distortions In Perovskite Materials 

Samapika Sahu, Pattath D Pancharatna and Musiri M. Balakrishnarajan* 

Department of Chemistry, Pondicherry University, Pondicherry 605 014, India. 

 

Perovskites, with the general composition ABX3 are ideally expected to show cubic symmetry.  

However, many of them (especially with sp metals) are known to exhibit a variety of distortions. 

These distortions are sometimes temperature sensitive and undergo phase transformation which may 

or may not be reversible.(1).Traditionally, an empirical index known as tolerant factor, deduced from 

the ionic radius, is used to decipher stability of these phases.  After the advent of solar cell 

applications in perovskites that contain organic cations like CH3NH3
+, there is an increased interest in 

probing the nature of distortions as they are expected to correlate with their efficiency.  It is clear that 

these distortions are not necessarily due   to the tolerance factor arising from the bulkiness of the 

organic ligand.  Excluding the size effect, there are several electronic reasons that can be attributed to 

these distortions such as the N-H…X hydrogen bonding interactions(2) as well as weak interactions 

between non-bonded halogen atoms (~5kcal/mol). Jahn-Teller distortions due to partial oxidation of 

the covalent lattice arising from partial occupancies of the hydrogen atoms are also equally possible. 

In this poster, we present the results of DFT calculations on a variety of main group metal perovskites 

with heavier halogen atoms to probe the electronic origin of these distortions.  Since distortions play a 

major role in the stability and photovoltaic efficiency of the perovskites, our results may lead to better 

control over the design of solar energy perovskites. 

                           

The ideal cubic and the distorted tetragonal and orthorhombic lattices in the CsSnI3 
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In the present study, classical molecular dynamics simulation of eight melamine molecules 

are carried out in water over a temperature range from 300 K to 380 K at ambient pressure to 

examine the molecular details of melamine aggregation along with the impact of temperature 

on the aggregated state of melamine in water. It is found that the hydrogen bonds formed 

between sp3 N-sp2 N, which is mainly responsible for aggregation over the sp3 N-sp3 N, is 

disturbed mainly by the rise of temperature. These outcomes are complemented by the 

consideration of average number of hydrogen bonds per melamine and preferential 

interaction parameter calculations. The impact of temperature is negligible on the 

orientational probability between the triazine cores and π − π stacking interaction plays less 

significant role on melamine aggregation. Dynamical calculations, by considering the cluster 

structure analysis and dimer existence autocorrelation function, strengthen the fact of 

destabilization with the increased solubility of aggregated melamine in water. Free energy of 

solvation, association constant along with the binding free energy between a melamine pair 

give the thermo-dynamical points of view about the impact of temperature on melamine 

aggregation. Interestingly, potential of mean force calculation by the use of umbrella 

sampling explains the reasons, in depth, of how does sp3 N-sp2 N interactions confirm the 

decrease of initial probability of growth of higher order clusters with the increase of 

temperature. 
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2) K. G. Chattaraj, S. Paul, Understanding of Structure and Thermodynamics of Melamine 

Association in Aqueous Solution From a Unified Theoretical and Experimental Approach, J. 

Chem. Inf. Model. 58 (2018) 1610. 



 

191 

Catalytic reduction of SO2 by CO using small mixed carbon-gold clusters 

Mohan Tiwari and C. N. Ramachandran* 

*Email: ramcnfcy@iitr.ac.in, *Phone: +91-1332284773 

Department of Chemistry, Indian Institute of Technology Roorkee, Roorkee, Uttarakhand 247667, 

India 

Sulphur dioxide (SO2) is an environmentally hazardous gas produced during various 

industrial processes such as the combustion of fuels. It is emitted directly to the atmosphere 

leading to air, water and soil pollution. Removal of SO2 and CO from atmosphere is a 

challenge. Keeping this in mind, we studied the catalytic reduction of SO2 by CO in presence 

of different types of mixed carbon-gold clusters using dispersion corrected density functional 

method. The clusters C4Au4, C8Au8 and C16Au16 (at bridge and terminal gold atoms) showed 

good catalytic activity towards the reduction of SO2 by CO with the maximum activation 

energy barrier of 41.85 kcal/mol, 53.87 kcal/mol and 32.12 kcal/mol (bridge) and 33.32 

kcal/mol (terminal), respectively. The desorption energy for the final product COS is lower 

than the above activation energy suggesting that these clusters are free from sulphur 

poisoning. The reduction of SO2 by CO in presence of these clusters is exothermic. The rate 

determining step of the reaction in presence of the above clusters is also determined. 
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Abstract: Formal pericyclic reactions detour high-energy reactive intermediates by 

synchronizing the bond forming and bond breaking steps. This feature accounts for many 

useful properties of these process (stereospecificity, stereoselectivity, functional group 

compatibility etc.), but also imposes limitations by closing the gates to numerous synthetic 

opportunities opened by interception of the putative intermediates.  From this perspective 

“hidden-TS”, “interrupted” and “aborted” pericyclic reactions, i.e., processes where the bond 

formation and bond cleavage processes are fully and partially decoupled, have a special 

appeal. 

In this context, Cycloaddition reaction, a classic pericyclic process, furnishes a remarkably 

rich mechanistic playground. Like ethylene and acetylene, allenes readily undergo thermal 

pericyclic reactions, including Diels─Alder, 1,3-dipolar and [2+2]-cycloaddition reactions. 

There is some evidence that these reactions are stepwise, although few synthetic 

investigations are available. In recent years, allenes are shown to be capable of exhibiting 

several modes of cycloadditions in the presence of transition metal catalyst that is 

unattainable with ethylene and acetylene. Herein, we predict that the [1+2]-cycloaddition 

pathway is accessible in Au(I)-catalyzed reaction of allene with cis-1,3-butadiene. The 

electrophilicity of the central carbon of allene is harnessed using Au(I)-catalyst and 

─COOMe mediated stereoelectronics. A potential energy modification strategy is applied to 

stabilize the diradicaloid intermediates so that they can be trapped. Our simulation results 

establish that the product selectivity of [4+2]- and [2+2]-pathway is steered by dynamical 

effects. Furthermore, bioinspired version of this reaction is shown to afford a plausible 

alternative synthetic pathway for biologically active proline and azepine analogues indicating 

rich prospects for thermal allene-butadiene intramolecular Diels-Alder reactions in 

contemporary synthetic drug designing. 
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Microscopic mechanism of rupture and rebinding dynamics at the single polymer level to 

study the various physical phenomena involving the relative motion of surfaces, has been 

addressed by model system consisting of polymer transducer (modelled as a bead spring 

polymer) connected to a rigid substrate by equidistant interconnecting bonds allowed to  

rupture and rebind stochastically under external stress. We have developed a mean-field 

formalism to obtain further insights into the resulting coupled equations of motion for bead 

and interconnecting bond dynamics. 
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Chiroptical responses of plasmonic chiral nanostructures can be controllably tuned by judicious 

tailoring of their structural parameters. In this work, the chiroptical properties of a newly designed 

plasmon supporting nanostructure, chiral hollow gold nanoprisms (HGNs), has been numerically 

investigated in detail. The most compelling observation is that the CD response and the dissymmetry 

factor (g, which is a measure of the strength of chiroptical responses) of the chiral HGNs are large 

and at the same time, highly structure-specific. Also, finite CD activity is observed not only in 

absorption and scattering but also in the extinction spectra, which is a signature of a typical 3D chiral 

structure. It is shown that the chiroptical responses of HGNs can be exponentially enhanced simply 

by controlling the cavity-position or cavity size. These results reveal that the structure-specific 

chiroptical response is a result of structure dependent interplay between the non-radiative (Ohmic) 

and radiative losses. It is also shown that the CD intensity of a suitably designed chiral HGN is higher 

than other nanoscale metasurfaces of comparable volume. The insights obtained from this 

comprehensive study assert that this unique chiral nanostructure has great potential for being used in 

numerous applications. 
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Density functional theory (DFT) has played a pivotal and unique role for realistic treatment of atoms, 

molecules, solids, clusters for decades. Now it is an essential tool for modern electronic structure 

calculations. The beauty of this method is its ability to account for electron correlation effects in a 

transparent manner which is also computationally feasible. As spatial confinement introduces 

extensive changes in physical and chemical properties of the concerned systems, it is expected to 

provide a wealth of information about the physics behind such phenomena. A method to solve 

Kohn−Sham equation numerically to study the electronic structure of atoms, confined under 

impenetrable spherical boundary is presented. Generalized pseudospectral (GPS) method is used to 

construct the optimized non−uniformly discretized spatial grid for solving the Kohn−Sham 

differential equation within non−relativistic approach. Kohn−Sham model employed here uses 

nonvariational Harbola−Sahni exchange potential in combination with parameterized local Weigner 

and Lee−Yang−Parr correlation potentials. Confinement is imposed by emphasizing the constraint 

that the electron density vanishes at a distance greater than the confinement radius. The exchange 

only results are as accurate as the one obtained from Hartree-Fock method. The present method 

provides a computationally efficient and accurate scheme to study confined atomic systems within 

Density Functional theory. Furthermore, information theoretical tools are used to analyse the effect of 

spatial confinement on the electronic structure of ground and excited states of atoms. Shannon 

entropy(S), R´enyi entropy(R), Tsallis entropy(T), Fisher information(I) and Onicescu energy(E) are 

investigated extensively both in position and momentum spaces. Momentum space wave functions 

are obtained numerically from the Fourier transformation of the respective position space counterpart. 

Detailed systematic study of these information measures at various confining radius reveal many new 

interesting features. 
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Atomic polarizability is an essential theoretical construct to define and correlate many 

physicochemical properties. It exhibits periodicity and has a relationship with other periodic 

descriptors. Though a number of scales are available to compute atomic polarizability, the 

final scale is yet to design. In this venture, we have invoked a new empirical approach to 

compute atomic polarizability of 103 elements of the periodic table, considering the conjoint 

action of other periodic descriptors viz. effective nuclear charge (Zeff) and absolute radii (r). 

The proposed ansatz is as under 

α α a [r3/ {(Zeff) e
2}] +b; 

Where ‘e’ represents electronic charge, Zeff is an effective nuclear charge, r is absolute radii, 

and ssα is polarizability. Our Computed atomic polarizability follows all sine qua non of the 

periodicity. Our model significantly exhibits the relativistic effect too. A close agreement 

between our computed data and other available theoretical and experimental results 

transpires the efficacy of our proposed ansatz. Further, we have established the Polarizability 

Equalization Principle in terms of our computed data. 

Keywords: Atomic radii, polarizability, Effective nuclear charge, Periodicity, Polarizability 

Equalization Principle. 
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Non-heme iron based halogenase enzymes promote selective halogenation of the sp3-C–H 

bond through iron(IV)-oxo-halide active species. During halogenation, competitive 

hydroxylation can be prevented completely in enzymatic systems. However, synthetic 

iron(IV)-oxo-halide intermediates often result in a mixture of halogenation and hydroxylation 

products. Maiti & coworkers have developed a new synthetic strategy by employing non-

heme iron based complexes for selective sp3-C–H halogenation by overriding hydroxylation. 

A room temperature stable, iron(IV)-oxo complex, [Fe(2PyN2Q)(O)]2+ was directed for 

hydrogen atom abstraction (HAA) from aliphatic substrates and the iron(II)-halide 

[FeII(2PyN2Q)(X)]+ (X, halogen) was exploited in conjunction to deliver the halogen atom 

to the ensuing carbon centered radical. Despite iron(IV)-oxo being an effective promoter of 

hydroxylation of aliphatic substrates, the perfect interplay of HAA and halogen atom transfer 

in this work leads to the halogenation product selectively by diverting the hydroxylation 

pathway. Experimental studies outline the mechanistic details of the iron(IV)-oxo mediated 

halogenation reactions. Successful implementation of this new strategy led to the 

establishment of a functional mimic of non-heme halogenase enzymes with an excellent 

selectivity for halogenation over hydroxylation. Detailed theoretical studies based on density 

functional methods reveal how the small difference in the ligand design leads to a large 

difference in the electronic structure of the [Fe(2PyN2Q)(O)]2+ species. Both experimental 

and computational studies suggest that the halide rebound process of the cage escaped radical 

with iron(III)-halide is energetically favorable compared to iron(III)-hydroxide and it brings 

in selective formation of halogenation products over hydroxylation. 

 

 

 

 

References 

1. Rana, S.; Biswas, J. P.; Sen, A.; Clémancey, M.; Blondin, G.; Latour, J.-M.; Rajaraman, G.; 

Maiti, D. Chem. Sci. 2018, 9 (40), 7843-7858. 



 

199 

A Balancing Act Of Two Electrons On a Symmetric Double-Well Barrier In 
a High Frequency Oscillating Field 

Prashant Raj, P. Balanarayan 

Department of Chemical Sciences, IISER Mohali, Sector-81, Mohali, Punjab. 

Email Id :- balanarayan@iisermohali.ac.in 

 

The dynamics of two electrons in a three-dimensional symmetric double-well quantum 

system is controlled using a high frequency oscillating electric field, achieving pairing of 

electrons and barrier-top localization. The field parameters of oscillating electric field 

intensity and frequency which are required to induce such an effect of barrier-top 

stabilization are easily estimated using time-independent Kramers-Henneberger electronic 

structure Full Configuration Interaction(FCI) calculations in an oscillating frame of reference 

with a Gaussian basis set. In the presence of the laser, the energy of the two-electron system 

in the symmetric double-well is found to be minimized when the barrier-top dynamic 

stabilization happens. Furthermore, the barrier-stabilized state finds importance in achieving 

a temporal control over electronic ionization. From approximate timedependent calculations 

in the laboratory frame, the signatures of the barrier stabilized state are realized and it is 

observed that the paired-up state remains stable as long as the continuous wave region of the 

laser pulse is on. Ionization happens as soon as the laser pulse is switched off,because of the 

increased electronic repulsion in the paired up barrier-top state, thus giving a temporal 

control over laser-induced ionization. 
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Electronic resonances are nonstationary metastable states having ample amount of energy to 

break down into its constituents and enough lifetime to be characterised spectroscopically.  

Transient nature of these resonances cannot be well described in Hermitian quantum 

mechanics as they are designated by the formation of density of states in the continuum. The 

resonance states correspond to the nonstationary solutions of time dependent Schrodinger 

equation and cannot be solved by conventional bound state quantum mechanical techniques. 

However, one can solve this problem by logical continuation of the Hamiltonian to the 

complex plane to achieve the square integrability of the resonance wave function using a 

complex absorption potential (CAP). The implementation of the CAP based EA-EOM-CCSD 

approach has already been described1,2 in the literature. However, the high computational 

costs of standard formulation of EOM-CCSD puts severe restriction on the size of the system 

to be studied. We have developed an effective Hamiltonian formulation of the EOM-CC 

method, which can provide an one electron description of the electron attachment process, 

with the higher order terms folded inside the one electron description. This approach can 

reduce the computational cost without significantly compromising the accuracy. We intend to 

use this approach to study the resonance induced radiation damage to genetic materials. The 

one electron picture offered by effective Hamitonian formulation of the EOM-CCSD method 

makes it easy to interpret the calculated electron affininty in terms of physically meaningful 

quantities. We have developed a new energy decomposition scheme based on effective 

Hamitonian formulation of EOM-CCSD method, which allows one to decompose the 

calculated electron affinity into its constituent component. 
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2. Ghosh, A., Vaval, N. & Pal, S. Equation-of-motion coupled-cluster method for the 

study of shape resonance. J. Chem. Phys. 136, 234110 (2012). 

 



 

201 

 

Insulin Monomer in Arginine Solutions 
Santanu Santra and Madhurima Jana* 

Department of Chemistry, 

National Institute of Technology Rourkela, Odisha – 769008 

*Email: janam@nitrkl.ac.in 

 

Change in environmental conditions may lead protein unfolding or misfolding that causes a 

class of diseases termed as proteopathy in medicinal chemistry and thereby disrupt the 

function of cells, tissues and organs of the body.1 A relatively simple and efficient way to 

store protein solution is to use suitable excipients in the formulations. In modern era efficient 

preservation of protein structure constitutes an important area of research. Among several 

excipients, amino acids being a class of natural compounds can be safely used as a class of 

solvent additive in industrial protein formulations to improve the stability of protein 

solutions.2-4 

In this work, an extensive molecular dynamics simulations were performed to explore 

osmolytic action of arginine on a model protein, human insulin monomer over a range of 

temperatures at various arginine concentrations.5 Attempts have been made to probe the 

mechanistic details of such effects. Our detailed analysis of root mean square deviations, 

fraction of native contact solvent accessible surface area, free energy landscape studies infer 

that within our experimental limit, a certain concentration of arginine solution preserves the 

native folded state of the protein in an efficient manner whereas at water/other 

concentrations, insulin is noted to be fully/partially unfolded. Our further study on 

interactions between protein-water and protein-arginine showed that arginine reorganizes the 

properties of water to protect the three dimensional folded state of insulin. 
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Hydrotropes are important class of molecules that enhance the solubility of an otherwise 

insoluble or sparingly soluble solute in water [1]. Besides this, hydrotropes are also known to 

self-assemble in aqueous solution and form aggregates [2]. It is the hydrotrope aggregate that 

helps in solubilizing a solute molecule in water [3]. In view of this, we try to understand the 

underlying mechanism of self-aggregation of different types of hydrotropes in water by using 

classical molecular dynamics (MD) simulation. We further extend our study to explore the 

hydrotropic action of these hydrotrope molecules towards the solubility of different sparingly 

soluble orally administered drugs in water [4-6]. 
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Flavanols are flavonoids abundant in tea, cocoas, blue berries, wine and plants. (+) Catechin 

and (-) Epicatechin are monomeric natural phenols belonging to flavan-3-ols group with high 

antioxidant activity by donating its OHgroup hydrogen atom to scavenge free radicals. The 

three main mechanisms, namely H-atom transfer (HAT), single electron transfer-proton 

transfer (SET-PT) and sequential proton loss electron transfer (SPLET) have been considered 

to recognize the scavenging mechanism between antioxidants and free radicals. Bond 

Dissociation Enthalpy (BDE), Ionisation Potential (IP), Proton Dissociation Enthalpy (PDE), 

Proton Affinity (PA) and Electron Transfer Enthalpy (ETE) have also been calculated to 

study the ability of radical scavenging activity of (+) Catechin and (-) Epicatechin. 

Antioxidant behavior of the compounds were analyzed by global descriptive parameters 

through its chemical reactivity parameters and structural changes. Frontier Molecular 

Orbitals (FMO) of both neutral and analog radical of title species have also been analyzed. 

All the calculations on neutral and radical species of  (+) Catechin and (-) Epicatechin were 

done using density functional theory method, B3LYP/6-311++G (2d, 2p). 
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The variation of the center atom in the cation from an N to a P-atom leads to improved 

physiochemical properties of protic ionic liquids (PILs) which are suitable for electrolyte 

applications. The discussion will be focused on results from an atomistic simulations study to 

compare the effect of an alkyl or aryl group on trioctylammonium triflate ([HN(Oct)3][TFO]) 

and triphenylammonium triflate ([HN(Ph)3][TFO]) with their phosphonium analogues. 

 

Critical aspects of thermal behavior and the electrolytic properties of solid-state Protic 

Organic Ionic Plastic Crystals (POIPCs) are unknown. The discussion will be focused on 

molecular dynamics (MD) simulations on a perfect crystal and a vacancy model to probe 

such physical phenomena in POIPCs using 1,2,4-triazolium perfluorobutanesulfonate 

([TAZ][pfBu]) as an example. The results show the existence of a rotator phase wherein the 

cations, although translationally ordered are disordered rotationally and exhibit a tumbling 

motion which significantly affects hydrogen bond lifetimes. 
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Full quantum chemical calculations have been carried out for two steps for metallocene 

system:  (i) catalyst activation – formation of catalytically active species and (ii) olefin 

polymerization on activated metallocene catalyst. For this study, two different catalyst 

systems, (CpR)2Hf(R’)2 and (CpR)2Zr(R’)2, (here R and R’= alkyl group) with two borate 

activators (B(C6F5)3 and [CPh3]
+[B(C6F5)4]

−) have been considered. For the catalyst 

activation step, the C-H activation of Cp-substituents has also been studied that leads to a 

cyclic intermediate containing active site in order to compare with conventional active site. 

These results indicate that the formation of cyclic active catalyst species through C-H 

activation is the rate determining step which validate the experimental findings. Furthermore, 

a detailed insertion and termination studies have been investigated for both the active sites. It 

has been observed that this cyclic active site could produce the olefin polymerization that 

defines the multisite nature of the catalyst, this is resulted in the broadening of molecular 

weight distribution of LLDPE produced from the supported metallocene catalyst. 

Additionally, the regio- and streoselectivity behavior of the 1-olefin monomer for 

(CpR)2Hf(R)2 catalyst case has also been studied and observed that the cyclic active site also 

improves the stereoselective nature of 1-olefin polymerization. 
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The gauche-anti population distribution of ethanol can be investigated from the O-H 

stretching frequency vibration (νO-H) as the difference in the νO-H vibrations between gauche 

and anti is 18 cm-1 in the gas phase [1]. Conformational population distribution of ethanol has 

been investigated under matrix-isolation and in the molecular beam [1-3]. Energetically anti 

conformer is more stable compared to gauche conformer whereas the gauche conformer is 

more favored by entropy in the gas phase at room temperature. The spectral signature of νO-H 

for both conformers was observed in the supersonic jet expansion. Population of the gauche 

conformer was observed in the N2 matrix and not in Ar matrix. Conversion of population 

from one conformer to the other was carried out by optical energy [3]. Herein, results from 

matrix-isolation infrared studies in Ar and N2 will be presented along with quantum chemical 

calculations. Both the conformers have been observed in the Ar and N2 matrix. 

Interconversion of initial room temperature population distribution from gauche to anti is 

being carried out by thermal energy. Possible dimer and higher cluster conformation based on 

gauche and anti conformation of the monomers will also be discussed. The relative energies 

of gauche and anti conformer, and their transition state is calculated using different level of 

theory (CCSD(T)/def-TZVP and B3LYP/6-311++G(d,p)). Different classes of dimer and 

higher polymer structures are also determined to correlate with their spectral signature.       

  

 

      

                                    Anti conformer                           Gauche conformer 
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