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UKIERI DST Thematic Partnership 

The report should be completed and submitted jointly by project leaders from India  

and UK . However separate financial report needs to be submitted by UK and India 

institutions. 

Please complete the report in full and submit by email to 

Lakshyata.sinha@britishcouncil.org 

 

 

UKIERI project details 

Project title Hybrid Quantum Mechanics/Molecular Mechanics 

Calculation on Palladium Supported TiO2 for CO Oxidation 

Project Code  DST/INT/UK/P-35/2012 

Names of partner 

universities/institutions  

Tezpur University, Assam, India and University College 

London, UK 

Name of Principal 

Investigators 

completing the form 

Ramesh Ch. Deka and Richard Catlow 

Time Period for 

reporting  

March 2014 to January 2015 

Project website/link to 

social networking 

page(if applicable) 

 

 

Project Statistics 

Number of academic staff involved in & 

benefiting from related activities   

4 

Number of students involved in & benefiting 

from related activities  

3 
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Provide details of staff/student exchange    1. Prof. Ramesh Ch. Deka, Department 

of Chemical Sciences, Tezpur 

University, Napaam, Tezpur – 784 

028, Assam India. 

2. Prof. Richard Catlow, University 

College London, UK 

3. Dr. Andrew Logsdail, UCL 

4. Dr. Scott Woodley, UCL 

Details of PhD students  1. Mr. Debajyoti Bhattacharjee, Tezpur 

University 

2. Ms. Subhi Baishya, Tezpur 

University 

3. Ms. Pakiza Begam, Tezpur 

University 

 

 

Project Outreach and Impact 

 

Number of research papers published in 

national & international journals 

3 

Title of paper Catalytic Activities of Au6, Au6
−
, and 

Au6
+
 Clusters for CO oxidation: A 

density functional study, Int. J. Quant. 

Chem. 114, 1559-1566 (2014) 

Catalytic Activity of Anionic Au-Ag 

Dimer for Nitric Oxide Oxidation: A 

DFT Study, New. J. Chem., DOI: 

10.1039/C4NJ01328J  

A theoretical insight on NO adsorption 

on neutral and charged Pdn (n=1-5) 

clusters, Int. J. Quant. Chem. (under 

review) 

Date of publication 2014 

2015 
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Journal (Volume / Number) Int J Quant Chem, 114 (22); New J 

Chem (DOI: 10.1039/C4NJ01328J) 

No of citations of these papers 1 

Media Coverage (newspaper, magazine 

articles, newsletters etc.)  

The visit of Prof. Catlow to Tezpur 

University was published in leading 

news papers like Assam Tribune, 

Amar Asom, Dainik Asom etc. on 22
nd

 

January, 2015. 

Could these publications be made 

available for UKIERI communications? 

YES 

Has the project received funding from any 

other source? Provide name of funding 

body / company sponsoring the project. 

Mention both India and UK  

NO 

Amount in GBP/INR Rs. 23,27,000/- (for Indian partner) 

Please provide details of any additional 

sources of support in cash or in kind  

N/A 
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PROJECT OUTCOMES 

 

1. Please detail your progress against the objectives stated in the proposal (from your 

Work plan, Outcomes and exchanges section in the Proposal). 400 words 

Progress of the Work 

 

Ramesh Ch. Deka, Subhi Baishya, Pakiza Begum and Debajyoti Bhattacharjee 

Department of Chemical Sciences, Tezpur University, Assam, India 

C. Richard A. Catlow, Andrew Logsdail and Scott Woodly,  

Department of Chemistry, University College London, UK 

 

 Our main work focused on catalytic study of bare and metal oxide supported 

nanoclusters using computational methods. In this regard, the mechanistic details of C-H 

activation of methane over faujasite supported Au metal were studied in due course. Hybrid 

quantum mechanics/molecular mechanics method was implemented to study the 

mechanistic details using GULP code. The main aim of this work was to study the 

conversion of methane to a value added product-methanol. The oxidation process from 

methane to  methanol proceeds via a pathway involving three transition states-first is the 

detachment of one hydrogen of methane, second is the formation of OH and third one is the 

formation of CH3OH during the reaction. Our results revealed that faujasite supported gold 

can effectively catalyzed the oxidation of methane. 

 One important feature that distinguishes clusters from the bulk is the interesting 

property that their structures can change abruptly with the addition of a single atom.  Thus, 

determination of the global minimum structures of the higher size clusters has become one 

of the forefronts of the current day research.  Therefore, using the collaboration between 

UCL and Tezpur, we have implemented KLMC code within the GULP interface to 

generate various starting geometries for gold clusters such as Au16 and Au25.  Our 

calculations generated 20 different isomers which will be further optimized without 

symmetry constraint using density functional theory in the DMol
3
 program.  

 The catalytic activity of metal clusters adsorbed on oxide surfaces can be explored 

systematically by using model catalysts.  Therefore, we construct a parabolic shaped 

surface of SnO2 with 3359 atoms. On the oxide surface we anchored a single palladium 

atom on top of which we studied the adsorption properties a CO molecule using hybrid 

quantum mechanical/molecular mechanical (QM/MM) simulations in the ChemShell 
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program package. The adsorption of CO is a fundamental process in CO oxidation. 

Fig. Optimised structure of SnO2 surface. 

 Considering the wide use of metal oxide nanoclusters in catalysis, we have studied 

the structure, electronic properties and stabilities of manganese oxide nanoclusters by using 

global optimization method and DFT. For the global optimization, we have used the KLMC 

code developed by Woodley et al of UCL. Our study targeted on MnmOm clusters with 

m=1-12. After global optimization we have obtained different geometries for a particular 

cluster and choose the most stable one for further DFT calculations. The DFT calculations 

are carried out using DMol
3
 code. Spin unrestricted calculations are carried out using DNP 

basis set and BLYP functional for different possible spins of the oxide clusters. This work 

is still under process. But from the DFT study of the clusters for m=2 and 3, it reveals that 

strong antiferromagnetic coupling are present in the MnO clusters.  

 

 

 

 

 

Fig. Global optimized structures for Mn2O2 and Mn3O3  

List of Publications: 

 

1. D. Bhattacharjee, B. K. Mishra, A. K. Chakrabartty and R. C. Deka, New. J. Chem., 

DOI: 10.1039/C4NJ01328J. 
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2. P. Begum, P. Gogoi, and R.C. Deka, Int. J. Quant. Chem. (Under Review) 

3. S. Baishya and R. C. Deka, Int. J. Quant. Chem. 114, 1559-1566 (2014). 

Exchange Visits: 

To date there have been the following three visits: 

1. Prof. Ramesh Ch. Deka visit to UCL (27.04.2014 to 03.05.2014) 

2. Prof. Ramesh Ch. Deka, Subhi Baishya, Pakiza Begum and Debajyoti Bhattacharjee 

visit to UCL (15. 06.2014 to 06.07.2014) 

3. Prof. Richard Catlow and Dr. Andrew Logsdail visit to Tezpur University 

(18.01.2015 to 23.01.2015)  

 

 

2.  Financial performance against expenditure in the proposal. Please provide information 

in the attached spreadsheet against the planned and actual  expenditure and any 

comments. Also mention the commitment of funds for the coming year. The sheet 

should be authorised by the delegated authority in Finance/research department of the 

Institution/College/University.   

 

3. Review of progress towards the achievement of the UKIERI objectives – Long term 

sustainability, Mutuality and Complementarity, Inclusion and Capacity Building   

 

We are jointly work on reaction mechanisms of CO oxidation, NO oxidation and 

methane oxidation using metal nanoclusters supported in zeolites and metal oxides.  

These works are helping in developing trained man power for performing high quality 

research particularly to the Indian counterpart.  Thus this UKIERI scheme will help in 

achieving long term sustainability and capacity building.    

   

4. Involvement with corporate sponsors outside the UKIERI programme. Are there any 

organisations or companies involved in the project which are assisting with the 

funding?  N/A 

 

5. Please provide narrative detail on any particular success stories/highlights .  

 

Molecular modelling and quantum chemical software like GULP, KLMC, NWChem, 

GAMESS-UK, ChemShell etc. have been installed with the UK partners at Tezpur 
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University, Assam, India. 

 

6. Please provide detail on the impact of project activities to date and evidence used to 

measure this, particularly with regard to the collaboration.  

 

With the help of this collaborative project following activities are carried out at Tezpur 

University: 

i. QM/MM calculations for zeolite have been set up and used for catalysis purpose. 

ii. ChemShell QM/MM calculations are performed for SnO2 surface. 

iii. Oxidations of CO, NO and methane have been performed in Au, Pd and Pt 

supported zeolites. 

 

7. Issues arising from the UKIERI process which can be used as lessons learned for 

improvement in the future. N/A 

 

 

Signature of Lead PI (India/UK)  

 

(Online submission of report will be taken as signed off copies)   

 

Notes 

 UKIERI team may use information from the report for further dissemination of the 

project as a whole.  

 The  financial sheet needs to be signed off by a delegated authority from Finance 

department from the institution/College/University 
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Press releases during visit of Prof. Richard Catlow to Tezpur University, Assam 

1. The Assam Tribune, 22
nd

 January, 2015 

 

2. Amar Asom, 22
nd

 January, 2015 
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3. Dainik Asom, 22
nd

 January, 2015 

 



 
 

 

1 

 

UKIERI PROJECT CLOSURE REPORT 
 
 
 
 
 
 
 
 
 
 
 
 
Project Details 
 

Project Title Hybrid Quantum Mechanics/Molecular Mechanics Calculation on 

Palladium Supported TiO2 for CO Oxidation   

Project Reference number DST/INT/UK/P-35/2012 
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India Project Leader Prof. Ramesh Ch. Deka 

UK Institutions University College London, UK 

Indian Institutions Tezpur University, Assam, India. 
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Project Completion Date 29 February, 2016 

Project Closure Report Submission 

Date 
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1 PROJECT PERFORMANCE 

 
1a. Provide very brief information on the objectives of the project with focus on key five 
highlights.  
 
 
 
1b. Provide specific details of deliverables and outcomes in the table below.  

 
 
1c. Provide project statistics in the table below. 
 

Project Statistics 

Total number of faculty directly benefitted  
through the project and related activities since 
its inception  

4 

Total number of faculty benefitted indirectly 
through the project and related activities since 
its inception 

3 

Deliverables included in 

the Work Plan 

Outputs Milestone and 

Achievements 

Global optimization search 

of (SnO2)n    using KLMC and 

FHI-aims. 

Successfully investigated the 

global optimization search of 

(SnO2)n, n=1-20 nanoclusters and 

study their  different structural 

properties such as band gap, IE, 

EA, frequency etc. 

Manuscript under 

preparation. 

Global optimization search 

of (CeO2)n  using KLMC and 

FHI-aims. 

The global optimization of (CeO2)n,  

n=1-20 nanoclusters has also 

been done successfully and 

studied different properties. 

Manuscript under 

preparation 

An investigation on (NiO)n 

n=2-7 and their magnetic 

parameter calculations using 

KLMC and ORCA program. 

Global optimization along with 

magnetic parameter calculation 

has been done successfully on 

(NiO)n, n=2-7 and investigated 

different properties. 

Manuscript under 

communication. 

CO oxidation over Au/FAU 

using ChemShell software 

Role of Water on the Adsorption of 

CO and O2 on Zeolite Supported 

Au Atom: Hybrid Density 

Functional Theory and Molecular 

Mechanics Study 

Manuscript under 

preparation 

CH4 to CH3OH conversion 

on Pt/FAU using ChemShell 

Software 

Oxidation of methane by atomic 

oxygen: A QM/MM study 

Manuscript under 

preparation 
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Total number of students benefitted directly 
through the project and its related activities 
since its inception (Masters/PhD and Post-
Doctoral students)  

5 

Total number of students benefitted indirectly 
through the project and its related activities 
since its inception(Masters/PhD and Post-
Doctoral students) 

3 

Number of any other external 
individuals/institutes (outside of Partner 
Institutions) involved in & benefiting from the 
project or related activities. Please include 
details of the individuals/institutes. 

N/A 

Details of staff and student exchanges from 
the UK to India and India to the UK  since 
inception of the project  

1. Prof. Ramesh Ch. Deka visit to UCL (27.04.2014 to 

03.05.2014) 

2. Prof. Ramesh Ch. Deka, Subhi Baishya, Pakiza 

Begum and Debajyoti Bhattacharjee visit to UCL (15. 

06.2014 to 06.07.2014) 

3.     Prof. Richard Catlow and Dr. Andrew Logsdail visit to 

Tezpur University (18.01.2015 to 23.01.2015)  

4.     Prof. Ramesh Ch. Deka, Pakiza Begum and Plaban 

Jyoti Sarma visit to UCL (11.10.2015 to 26.10.2015). 

5.     Prof. Richard Catlow and Dr. Andrew Logsdail visit to 

Tezpur University (18.11.2015 to 25.11.2015). 

6.     Ms. Pakiza Begum and Mr. Plaban Jyoti Sarma visit 

to UCL (21.02.2016 to 29.02.2016). 

7.     Dr Scott M Woodley visit to Tezpur University 

(21.12.2015 to 27.12.2015) 

 

Any joint agreements/MoUs   Continue the collaboration 

Number of PhD Thesis submitted  1 

Details of Curriculum development / Course 
development  

Molecular modelling course of Tezpur University has been 
modified 

 
Details of Train the Trainer modules, 
resources and actual training beneficiaries 

Dr. Subhi Baishya (QM/MM calculations 
Ms. Pakiza Begum (Global optimization) 
Mr. Debajyoti Bhattacharya (Global optimization) 
Mr. Plaban Jyoti Sarma (Global optimization) 
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1d. Provide details of project outreach activities. 
 

Project Outreach 

Details of Media Coverage (newspaper, 
magazine articles, newsletters etc.)  with 
online links or as attachments 

The visit of Prof. Catlow to Tezpur University was published in 
leading newspapers like Assam Tribune, Amar Asom, Dainik 
Asom etc. on 22nd January, 2015 

Details of additional support from both the 
institutions in cash and in-kind (Do not 
mention the in kind support already mentioned 
in budget proposal)  

DST Nanomission 

Details of leveraged funding received during 
the course of the project 

SR/NM/NS-1023/2011 (G) dated 3.1.2013 Fund: Rs. 52,93,200 
 
 
 
 
 

Joint Research papers published in journals 
(mention title of paper and name of the 
Journal and no. of citations )  

Title of Paper  
Journal  
No of citations  

Joint Research papers presented at  
international conference/seminars 
 

Title of Paper: Global Optimization Study of metal oxide 

nanocluster and Their Application in Catalysis 

 

Name of Conference/Seminar : The 6th AICS International 
Symposium, RIKEN, Japan 

Project workshops  
 

Title of the workshop 
Date /Place  
No. of participants  
Relevance of workshop to the project/how did workshop 
proceeding contribute to project   

Any Corporate support to the project in-cash 
or in -Kind  

N/A 

Has project work contributed to work of any  
Corporate/SME  
 

N/A 

Has project work led to formation of any SME 
or creation of jobs? If yes please provide the 
details  

N/A 
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1e. UKIERI Objectives 
Include an evaluation of the project’s deliverables against the following criteria to ensure 
the investment made has been justified 

 

Dissemination and Impact Knowing the work culture of UK by the Indian students has 
significant impact in the society as they are the torch bearer of 
the society. We also learned the art of collaborative research 
and how quality of research improves through collaboration.   

Mutuality and Complementarity The project gave us an opportunity to visit and exchange our 
ideas across the table.  The Indian team have learned the work 
culture of UK scientists.  The UK scientists also got an 
opportunity to execute scientific activities through Indian 
scientists and students and saw how better Indian could do in 
science. 

Contribution to Step Change N/A 

Sustainability  The project was sustainable for long term as nanomaterial 
research is emerging. After a total visit of eight from both sides 
we have understand each other and also learned the 
techniques used in both the laboratories.  The focus of India 
team is to learn the techniques used in ChemShell and KLMC 
and use the methods in our research for a very long time. 

Achievement of Outcomes We have successfully learned the global optimization 
technique so called KLMC. We got a solid knowledge on both 
KLMC and FHI-aims and by applying them in our research 
work, we successfully studied the structural properties of both 
(SnO2)n and (CeO2)n. where n=1-20. As an outcome we have 
prepared manuscript for both the work and soon we are going 
to communicate both of them. 

 
 

1f.   PROJECT OUTCOMES 

• Provide details of benefits to UK and Indian Institutions  accrued through the 
project 
During the project we have gain much knowledge on KLMC and ChemShell program. 
The Indian team got an opportunity to learn ideas and work culture of UK scientists. The 
UK team saw the India’s progress in Science and how better Indian could do in science. 

• Provide details of  impact that the output/activity has created or is expected to 
create 
1. Global optimization search of (SnO2)n using KLMC and FHI-aims. We have 

Successfully investigated the global optimization search of (SnO2)n, n=1-20 
nanoclusters and study their  different structural properties such as band gap, IE, EA, 
frequency etc. 

2. Global optimization search of (CeO2)n  using KLMC and FHI-aims. The global 
optimization of (CeO2)n,  n=1-20 nanoclusters has also been done successfully and 
studied different properties. 

3. An investigation on (NiO)n n=2-7 and their magnetic parameter calculations using 
KLMC and ORCA program. The global optimization along with magnetic parameter 
calculation has been done successfully on (NiO)n, n=2-7 and investigated different 
properties. 

4. CO oxidation over Au/FAU using ChemShell software. We did detailed study the Role 
of Water on the Adsorption of CO and O2 on Zeolite Supported Au Atom. We used a 
hybrid Density Functional Theory and Molecular Mechanics Study for investigation of 
different properties of the reaction. 
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5. CH4 to CH3OH conversion on Pt/FAU using ChemShell Software. Oxidation of 
methane has been done by atomic oxygen. Here we have used hybrid QM/MM study 
which is very useful for this kind of support system. 

2 STATEMENT OF EXPENDITURE 

Provide signed-off Statements of Expenditure. These should be in same format as 
project proposal.  

Please note that reports without signed statement of expenditure would be not be 
accepted. 
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3. IMPORTANT LESSONS LEARNED  

 
3a. Lessons learned for future reference: We have learned detail about different 
software like KLMC, FHI-aims and ChemShell.  Currently, we are using these 
methodologies in our research.  We are constantly in touch with the UK group and 
updating our research activities.  We are also jointly writing a couple of manuscripts using 
the KLMC software. 
 

Provide information on any important lessons learned that would be useful for future 
reference for UKIERI. This could include information on the project approach, the 
resources, the technology, stakeholders, management organisation structure, 
management processes and benefits. 

 
 
3b. Comments on UKIERI 
 

Please include any comments on the UKIERI management process. 
Excellent 
 

 
 
4. WAY FORWARD 
 
4a. Sustainability 
  

• Provide details on how partnership is going to continue after UKIERI funding is over? 
Mention any additional funding already being secured, proposals in pipeline etc.)  
 
We have submitted another proposal to UKIERI for funding and submitting another 
UK-India joint project from NEWTON Fund. 
 

• Provide details of any future work on this theme 
 
We are planning to use KLMC software for various other metal oxides such as NiO, 
MgO, MnO etc.  The ChemShell software will be used for CO2 reduction. 
 

• Include details of possible revenue generation mechanism, MOU’s joint courses etc. 

• N/A 

• Include details of future opportunities for institutions involved -  Sectorial & nationally  
 

Student exchange  
Joint Ph. D. program 
Collaborative projects 
 

• What has been the prosperity benefit through this collaboration to both countries  
 
Work culture, mutual exchange of Ideas 

 
 
5. Additional Information 
 

     Publications: 
1. Sarma, P. J., Dowerah, D., Gour, N. K., Logsdail, A. J., Catlow, C. R. A., & Deka, R. C. 

(2021). Tuning the transition barrier of H 2 dissociation in the hydrogenation of CO2 to 
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formic acid on Ti-doped Sn2O4 clusters. Physical Chemistry Chemical Physics, 23(1), 
204-210. 

2. Sarma, P. J., Dey Baruah, S., Logsdail, A., & Deka, R. C. (2019). Hydride pinning 
pathway in the hydrogenation of CO2 into formic acid on dimeric tin 
dioxide. ChemPhysChem, 20(5), 680-686. 

 
 










