














Wednesday, Jaunary 10, 2018

8.00-9.00  BREAKFAST

9.00-9.30  INAUGURATION

11.15-11.45  TEA BREAK / GROUP PHOTO

13.30–14.30   LUNCH

16.15-17.15             POSTER Session/Tea

   Session 1- Homi Bhabha Auditorium (Chair- Prof. Sanjay Wategaonkar)

9.30-9.55 IL-1 Prof. D. D. Sarma (IISc, Bangalore)
   “Organic-Inorganic Hybrid Perovskite Materials”

10.05-10.30  IL-2 Prof. Bala Subramaniam (University of Kansas, USA)
       “Metal-Incorporated Silicates via Evaporation-Induced Self-Assembly as 
   Superior Catalytic Materials”

10.40-11.05 IL-3 Prof. Bruno Chaudret (Université de Toulouse, France)
   “Nanoparticles for Magnetically Induced Catalysis”

   Session 2- Homi Bhabha Auditorium (Chair- Prof. Ravi Venkataramni)

11.45-12.10 IL-4 Prof. Satish Ogale (IISER, Pune) 
   “Designing New Catalytic Materials and Architectures for Energy Applications”

12.20 -12.45  IL-5 Prof. Rajender Varma (US EPA, Cincinnati) 
   “Sustainable Catalysis using Magnetic and Carbon-based Nanocatalysts” 

12.55–13.20 IL-6 Prof. Teddy Asefa (Rutgers, The State University of N. Jersey) 
    “Heteroatom-Doped Carbon  Nanomaterials and their Composites: Sustainable Catalysts for 
   Fuel Cells and Water Splitting”

   Session 3- Homi Bhabha Auditorium (Chair- Prof. A. K. Tyagi)

14.30-14.55 IL-7 Prof. Arun Chattopadhyay (IIT, Guwahati) 
   “Complexation Reactions of Quantum Dots and Atomic Clusters” 

15.05-15.30  IL-8 Prof. Vivek Polshettiwar (TIFR, Mumbai)  
   “Morphology Controlled Nanomaterials for Sustainable Catalysis”

15.40-16.05 IL-9 Prof. Suresh K Bhargava (RMIT University Melbourne)
   “Building with Bubbles. Is it the Start of a New Generation of Catalysts?”

   Session 4- Homi Bhabha Auditorium (Chair- Prof. Teddy Asefa)

   Session 5- Lecture Theater (Chair- Prof. RV Jayaram)

17.20-17.45 IL-10 Prof. Venkata Krishnan (IIT, Mandi)  
   “Nanostructured Heterogeneous 
   Catalysts for Energy Conversion, 
   Environmental Remediation and 
   Organic Transformations”  

17.55-18.20 IL-12 Dr. Ben Miller (Gatan Inc. USA) 
    “Watching Catalysis: Characterizing 
   the Active State Inside the Transmission  
   Electron Microscope”

18.45-19.45  CULTURAL PROGRAM

20.00-21.00  NETWORKING TIME AND DINNER

IL-11 Prof. C. Subramaniam (IIT, Bombay)  
  “Novel Nanostructured 
  Electrocatalysts for  
  Hydrogen Production”

IL-13 Prof. Olivier Lafon (ENSCL, France) 
 “The NMR Observation of Proximities  
 between Spin-1/2 and Quadrupolar  
 Nuclei Provides New Insights into  
 The  Activity of Catalysts” 



Thursday, Jaunary 11, 2018

8.00-9.00  BREAKFAST

19.00-20.30  BANQUET DINNER

11.20-11.45  TEA BREAK 

16.15-17.15  POSTER SESSION/TEA

13.30–14.30             LUNCH

   Session 6- Homi Bhabha Auditorium (Chair- Prof. S. Mazumdar)
9.00-9.25 IL-14   Prof. T. Pradeep (IIT, Madras) 
   “Reactions between Nanoparticles”

9.35-10.00  IL-15 Prof. Oliver Reiser (Universität Regensburg, Germany) 
    “Iridium-, Ruthenium-, Copper-complexes or Organic Dyes - Which Catalysts are Best for  

Visible-light-mediated Photo Processes?”

10.10-10.35 IL-16     Prof. Amitava Patra (IACS, Kolkata) 
   “Important Issues of Nanomaterials based Light Harvesting Systems”

10.45-11.10 IL-17 Prof. Yong Qin (Chinese Academy of Sciences, China) 
   “Precise Design of Confined Nanocatalysts by Atomic Layer Deposition”

   Session 7-Homi Bhabha Auditorium (Chair- Prof. Bruno Chaudret) 
   Session 8-Lecture Theater (Chair-Prof. K. George Thomas)
11.45-12.10 IL-18 Prof. Audrey Moores (McGill University, Canada) 
    “Recent Development in Sustainable 
   Nanocatalysis: Plasmonic Silver Nanocubes 
   and Cellulose Nanocrystals as Non-innocent 
   Support”

12.20 -12.45  IL-20 Prof. Sebastian C. Peter (JNCASR, Bangalore) 
    “Non-Pt based Nanoparticles as Low Cost, 
   Highly Efficient and Robust Catalysts  
   Alternative to Pt in Fuel Cell Applications”

12.55–13.20 IL-22 Prof. Narayan Pradhan (IACS, Kolkata) 
   “Nano Heterostructure Photocatalysts” 

   Session 9-Homi Bhabha Auditorium (Chair- Prof. Oliver Reiser) 
   Session 10-Lecture Theater (Chair-Prof. Narayan Pradhan)
14.30-14.55 IL-24 Dr. C. S. Gopinath (NCL, Pune) 
   “Some Light on Sunlight Harvesting 
   by Water Splitting Reaction”   

15.05-15.30 IL-26 Dr. B L V Prasad (NCL, Pune) 
    “Novel Synthetic Methods for The 
   Preparation of Nanoscale Hetero-structures 
   and Evaluation of their Electrochemical 
   Characteristics”

15.40-16.05 IL-28 Prof. Jayakannan (IISER, Pune) 
   “Block Copolymer Nano-Platform for 
   Pt-drug Delivery in Cancer” 

   Session 11-Homi Bhabha Auditorium (Chair- Prof. Amitava Patra)
17.15-17.40 IL-30  Dr. Ajit Sapre (Group President, Reliance Industries, India) 
   “Challenges in Developing Sustainable Catalytic Technologies in Petrochemicals and Refining” 

17.40-18.05 IL-31 Prof. Jitendra K. Bera (IIT, Kanpur) “Mechanism-Driven Dehydrogenation Strategies”

18.15-18.40 IL-32 Prof. Balaji R. Jagirdar (IISc, Bangalore) 
   “Catalytic Hydrogenation of Carbon Dioxide using Iridium Pincer Complexes”

IL-19 Dr. Thallada Bhaskar (IIP, Dehradun) 
 “Thermochemical Platform for 
 Valorization of Biomass: Opportunities  
 and Challenges”

IL-21 Dr. Kartick Mondal (Shell Industries)
 “Shell’s Long Range  
 Research – Laying the Foundation  
 for Future Energy Solutions” 

IL-24 Dr. Shubhangi Umbarkar (NCL, Pune) 
 “Ag/Au-Al2O3 An Efficient Catalyst  
 for HC-SCR of NOx from Diesel  
 Engine Exhaust”

IL-25 Prof. Jyotishman Dasgupta    
 (TIFR, Mumbai) 
 “C-H Activation by Light,Water   
 and di-Oxygen”

IL-27 Prof. Rajendra Srivastava 
 (IIT, Roper) 
 “Design, Synthesis, and Applications of  
 C3N4/Metal Oxide based Photocatalysts”

IL-29 Prof. T. N. Narayanan 
 (TCIS, Hyderabad) 
 “Hybrid Nanostructured Electrodes for  
 Heterogeneous Catalysis”



Friday, Jaunary 12, 2018

8.00-9.00  BREAKFAST

11.20-11.45  TEA BREAK 

17.10–17.45  CONCLUSION & PRIZE DISTRIBUTION

17.45-18.00    CERTIFICATE AND REGISTRATION RECEIPT DISTRIBUTION
   TEA AND END

13.15–14.00             LUNCH

   Session 12-Homi Bhabha Auditorium (Chair- Prof. ASR Koti)

9.00-9.25 IL-33   Prof. K. George Thomas (IISER, Thiruvananthapuram) 
   “Quantum Dots for Light Energy Harvesting and Conversion”

9.35-10.00  IL-34 Prof. V. K. Jain (BARC, Mumbai) 
   “Palladium and Platinum Complexes of Chalcogen Ligands as Catalysts in  
   C-C and C-E Bond Formation”

10.10-10.35 IL-35     Prof. P. Selvam (IIT, Madras)
    “Architecting Size- and Shape-controlled Nano- and Nanoporous Materials for 
   Sustainable Catalysis”

10.45-11.10 IL-36 Prof. Shyamalava Mazumdar (TIFR, Mumbai) 
   “Bio-nano Conjugation to Design Novel Redox Enzyme Based Catalysts” 

   Session 13-Homi Bhabha Auditorium (Chair- Prof. Debasis Sen) 

   Session 14-Lecture Theater (Chair-Prof. Venkata Krishnan) 

11.45-12.10 IL-37 Prof. B. M. Bhanage (ICT, Mumbai) 
       “Development of Sustainable Catalysts 
   for Carbon Dioxide Utilization Towards  
   Value Added Products”

12.20 -12.45  IL-39 Dr. Nitin Labhsetwar (NEERI, Nagpur) 
    “Low-cost Catalysts for Diesel Exhaust 
   Emission Control & other Environmental  
   Applications”

12.55–13.10  ST-1 Dr. L Walczak (PREVAC, Poland)
(15 min)  “Novel Systems Toward Ambient 
   Pressure Photoemission Spectroscopy”

   Session 15-Homi Bhabha Auditorium (Chair- Prof. C.S. Gopinath) 

14.00-14.45 IL-41 Prof. Hua Chun Zeng (NUS, Singapore) 
   “Development of Shape Controlled Nanocatalysts”

14.35-15.00 IL-42 Prof. Zhaomin Hou (RCSRC RIKEN, Japan) 
   “Activation and Transformation of Small Molecules by Transition Metal Catalysts

15.10-15.35 IL-43 Prof. Ning Yan (NUS, Singapore) 
   “Single-atom Catalysts: Structure, Stability and Reactivity”

16.05-16.25 IL-44 Prof. Vasudevan P. Biju (RIES, Hokkaido University, Japan) 
   “Semiconductor Quantum Dots Ionized for Energy Harvesting” 

16.35-17.00 IL-45 Prof. A. K. Tyagi (BARC, Mumbai) 
   “Design of Nano-catalysts by Chemical and Crystallographic Concepts”

IL-38 Prof. M. Gawande 
 (Palacky University, Czech Republic) 
 “Sustainable Advanced Nanomaterials  
 for Catalysis”

IL-40 Prof. Deepa Khushalani 
 (TIFR, Mumbai) 
 “Coupling Energy Capture and Storage  
 – Endeavoring to Make a Solar Battery”

ST-2 Dr. Siddulu Naidu Talapaneni 
 (UON, Australia)
 “Nitrogen Enriched Mesoporous Carbon  
 Nitrides for Heterogeneous Catalysis”
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Challenges in Developing Sustainable Catalytic Technologies in Petrochemicals and Refi ning
Ajit V. Sapre
Reliance Industries
ajit.sapre@ril.com

Energy and Materials are the key contributors towards the sustenance and growth of present civilization. Paradigm shift 
in these sectors was seen post Second World War. Energy and petrochemicals was largely shifted to crude oil, and 
polymers became the main stay for many materials applications. Catalysis has played a central role in the emergence of 
new energy and materials options. Today, more than 85% of all chemical products are produced using catalytic processes. 
Emergence of highly selective zeolite based catalysts have contributed in effi cient production of gasoline, diesel and 
lube oils. In refi ning, traditional workhorses like FCC, hydroprocessing and reforming are all continuing to see new 
advent in catalysis and zeolites, e.g. hybrid zeolites, introducing mesorporosity in microporous zeolites, multifunctional 
catalyst for direct cracking of crude to olefi ns, zeolitic catalytic reforming with lower coke and bulk catalyst like Nebula 
applications in hydroprocessing. Similarly, Ziegler-Natta and metallocene catalysts have made huge contribution in 
commercial production of polyolefi ns. During last few decades, world is seeing challenges in eco-friendly chemicals and 
polymers production. Bio-degradibility is becoming more important. Sustainable feedstocks for energy and chemicals 
are also gaining momentum. This necessitates creative catalytic technologies to develop super selective catalysts and 
adsorbent for enhancing green quotient of fuels/ chemicals and polymers and advanced materials. For example, energy 
effi cient CO2 capture from fl ue gas, making useful products from CO2, biomass to energy/ chemicals and eco-friendly 
monomers are current active research topics. Circular economy is opening up new vistas for a broad spectrum of exciting 
new technologies, market segments and businesses. Furthermore, processes which so far remained mostly thermal, 
may also get new catalyst e.g. catalytic cracking replacing steam cracking, catalytic gasifi cation of coal and petcoke and 
even waste plastic conversion to liquid fuels and petrochemicals. These will enable advances in value-added products 
and processes as well as progress towards potentially disruptive technologies. The present talk will provide bird’s eye 
view of elements of advances and innovations in materials, catalysis & processes highlighting some work at Reliance.

Present talk will also cover some of the challenges in scale-up and fast tracking catalytic technologies.

Ajit has more than 35 years of experience in the petroleum refi ning and petrochemicals 
business, technology development and management. He received his PhD from the University 
of Delaware and MBA from Cornell University. His experience includes technical and 
managerial assignments in research, engineering, licensing, business, manufacturing units and 
corporate planning.

Ajit has strong management and technical background in refi ning, petrochemicals 
process development, catalyst development, chemical reaction engineering, optimization 
technologies, computer integrated manufacturing and intellectual asset management. 
He has experience in upstream, downstream (refi ning,  petrochemicals,  polyester,  lubes) 
and  renewable energy sectors. He has published more than 100 technical papers, one 
book and has more than 45 U.S. patents to his credit.
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Design Of Nano-Catalysts By Chemical And Crystallographic Concepts
A. K. Tyagi 
Chemistry Division Bhabha Atomic Research Centre, Mumbai - 400 085, India
aktyagi@barc.gov.in

New catalytic materials can be designed by interplay of synthesis and crystallographic structure. Depending upon the 
catalytic reactions, it is required to fi ne tune various parameters like composition, surface area, particle size, agglomeration, 
band gap, morphology and dispersion. We have prepared a number of catalytic materials by various soft chemical methods 
[1-5]. During the course of this work, crystallographic concepts, coupled with simple-yet-innovative synthesis protocols, were 
used to design these materials. Some typical materials which will be discussed in this talk are La1-xCexCrO3 (materials with 
tunable band gap), CeScO3 (with unusual reversible conversion to fl uorite lattice). CeCrO3 was used for catalytic oxidation of 
secondary benzylic alcohols to the corresponding carbonyls. Ce2Zr2O7+x system was shown to be a promising oxygen 
storage material for various redox reactions. The ease of oxygen intercalation and deintercalation from some of these 
materials, without any structural collapse, was exploited for various applications. Photochemical degradation of toxic 
dyes was performed by using materials with tunable band gap. In addition, several titania based materials were also 
prepared by simple chemical methods, which showed excellent activity for photo-chemical splitting of water. Some of 
these results will be discussed.

References 

1.  S. N. Achary, S. K. Sali, N. K. Kulkarni, P. S. R. Krishna, A. B. Shinde, A. K. Tyagi, Chem. Mater. 2009, 21, 5848. 
2.  K. Bhattacharyya, S. Varma, A. K. Tripathi, A. Vinu, A. K Tyagi, Chemistry- A Eur. Journal 2011, 17, 12310.
3.  F. N. Sayed, V. Grover, K. Bhattacharyya, D. Jain, A. Arya, C. G. S. Pillai, A. K. Tyagi, Inorg. Chem., 2011,50, 2354.
4.  A. S. Burange, R. V. Jayaram, R. Shukla, A. K. Tyagi, Catalysis Commun. 2013, 40, 27.
5.  A. S. Burange, Rakesh Shukla , A. K. Tyagi, C. S. Gopinath, ChemSelect, 2016, 1, 2673.

Dr. A. K. Tyagi is presently heading the Nuclear & Energy Material Section, Chemistry 
Division, BARC, Mumbai, and is also a Professor of Chemistry and Dean-Academic 
(Chemical Sciences) at Homi Bhabha National Institute, Mumbai. His research interests 
are in the fi eld of nanomaterials, functional materials and nuclear materials. He has 
published a large number of papers in international journals, four books and several 
review articles. He has supervised 26 students for their PhD and presently another 10 
students are pursuing PhD under his guidance. He has been conferred with a number of 
prestigious awards such as such as DAE-Homi Bhabha Science and Technology Award, 
MRSI Medal; CRSI Bronze Medal; Gold Medal of Indian Nuclear Society; Rajib Goyal 
Prize in Chemical Sciences; DAE-SRC Outstanding Researcher Award; CRSI-CNR Rao 
National Prize for Chemical Sciences; MRSI-ICSC Materials Science Senior Award; He is 
a Fellow of the Maharashtra Academy of Sciences (FMASc); Royal Society of Chemistry 
(FRSC); National Academy of Sciences, India (FNASc); Indian Academy of Sciences 
(FASc); Asia Pacifi c Academy of Materials (FAPAM). Recently he has been selected for 
CRSI-Silver Medal (2018) and MRSI-CNR Rao Prize in Advanced Materials (2018). 
He is a member of Board of Studies (Chemical Sciences), HBNI, Mumbai; Academic 
Committee, JNU, New Delhi and INSA National Committee for Crystallography. He has 
been a visiting scientist to several countries like Germany, USA, France, Canada, Japan, 
Russia, China, Portugal, Singapore, Australia, Sweden, Italy, Spain, Israel and Malaysia.

Prof. Amitava Patra is currently a Senior Professor at Indian Association for the 
Cultivation of Science. He is a Fellow of the Indian Academy of Sciences (FASc), 
India, the National Academy of Sciences (FNASc), India. He is a recipient of C.N.R. 
Rao National Prize for Chemical Research, DAE-SRC Outstanding Investigator Award, 
A.V. Rama Rao Foundation Prize in Chemistry, AsiaNANO 2010 Award, CRSI Bronze 
Medal, Ramanujan Fellowship, MRSI Medal.  He is an author or co-author of more than 
189 scientifi c papers, 5 book chapters and 2 Indian patents. His research interests 
include decay dynamics, energy transfer, and electron transfer of QD, Au nanoparticles, 
organic nanoparticles and upconverted nanoparticles for light harvesting. His research 
papers have been cited more than 6500 by peers (h-index= 46).  

Important Issues of Nanomaterials based Light Harvesting Systems
Amitava Patra
Department of Materials Science, Indian Association for the Cultivation of Science, Jadavpur 700032, India
msap@iacs.res.in

Here, we will discuss the current status of challenging light harvesting nanomaterials such as semiconducting quantum 
dots (QDs), metal nanoparticles, semiconductor-metal heterostructures, π-conjugated semiconductor nanoparticles, 
organic-inorganic heterostructures, and porphyrin based nanostructures.1-6  The fundamental knowledge of these 
photophysical processes is crucial for the development of effi cient light harvesting systems like, photocatalytic, 
and hotovoltaic. We  will  discuss  about  the  charge transfer process in polymer-GO hybrid structures by ultrafast 
spectroscopy. The infl uence of size of QD in hole transfer process in QD-polymer composite will be illustrated. Finally, 
we will demonstrate the design of CdTeSe−porphyrin−graphene composite for photoinduced electron transfer and 
photocurrent generation.

References

1.  S. Kundu, A. Patra, Chem. Rev. 2017, 117, 712.
2.  M. K. Barman, P. Mitra, R. Bera, S. Das, A. Pramanik, A. Patra, Nanoscale, 2017, 9, 6791.
3.  A. Ghosh, B. Jana, S. Maiti, R. Bera, H. N. Ghosh, A. Patra, ChemPhysChem 2017, 18, 1308.
4.  R. Bera, B. Jana, B. Mondal, A., Patra, ACS Sustainable Chem. Eng. 2017, 5, 3002.
5.  S. Das, B. Jana, T. Debnath, A. Ghoshal, A. K. Das, A. Patra, J. Phys. Chem. C, 2017, 121, 4050.
6.  D. Bain, B. Paramanik, A. Patra, J. Phys. Chem. C, 2017, 121, 4608. 

Speakers Details Speakers Details



6 7

Complexation Reactions of Quantum Dots and Atomic Clusters 
Arun Chattopadhyay
Department of Chemistry and Centre for Nanotechnology, 
Indian Institute of Technology Guwahati, Guwahati 781039; India.
arun@iitg.ernet.in

We are interested in chemical ‘reactions’ involving nanoscale particles such as quantum dots and atomic clusters.1,2 
Thus the redox active surface metal cations of quantum dot reacts with organic ligand leading to the formation of 
inorganic complex on the surface. For example, reaction of 8-hydroxy quinoline with surface Zn2+ ions of ZnS quantum 
dot results in the formation of luminescent zinc quinolate (ZnQ2) complex.3 The dangling sulphide ions help stabilize 
the complex on the surface. We have defi ned this new material as quantum dot complex, which displays combined 
properties of quantum dot and inorganic complex. 

On the other hand, when ligand-stabilized atomic clusters are reacted with Zn2+ ions in a liquid medium, formation of 
well-defi ned three-dimensional crystalline structures take place. Thus ligand-stabilized Au14 clusters upon reaction with 
Zn2+ ions form a crystal, which could be used for reversible storage of hydrogen gas.4 Further, change in the luminescence 
of the clusters also acts an indicator of hydrogen storage.  Additionally, a similar crystals of Au14 clusters with different 
stabilizers could be used for chiral sensing and separation of important biomolecules.5

References

1.  R. Begum, A. Chattopadhyay, J. Phys. Chem. Lett. 2014, 5, 126.
2.  R. Khandelia, S. Bhandari, U. N. Pan, S. S. Ghosh, A. Chattopadhyay, Small 2015, 11, 4075.
3.  S. Pramanik, S. Bhandari, S. Roy, A. Chattopadhyay, J. Phys. Chem. Lett. 2015, 6, 1270.
4.  S. Basu, A. Paul, A. Chattopadhyay, J. Mater. Chem. A 2016, 4, 1218.
5.  S. Basu, A. Paul, A. Chattopadhyay, Chem. Eur. J. 2017, 23, 9137.

Dr. Arun Chattopadhyay is a professor of Chemistry at the Indian Institute of 
Technology Guwahati.  He has been the founder Head of the Centre for 
Nanotechnology (2004-2009) and Head of Chemistry from 2009-2014. He obtained 
his M. Sc. in Chemistry from the Indian Institute of Technology Kanpur (1988) and 
PhD in Chemical Physics from Columbia University in the year 1992. He then went 
on to pursue postdoctoral work at Stanford University (1992-1995). He leads a group 
of scholars interested in pursuing research in nanoscale science and technology.

Audrey Moores is a Tier II Canada Research Chair in Green Chemistry at McGill 
University, where she started her independent career in 2007. She completed her 
PhD from the Ecole Polytechnique, France (2005), and received a Lavoisier fellowship 
for a PDF with Robert Crabtree. She is a leading expert in the fi eld of catalysis using 
metal, metal oxide and biomass-based nanomaterials, with a special emphasis on 
sustainable processes and use of earth abundant starting materials. Her scientifi c 
work has been published in 60 high profi le publications (>2500 citations & h-index 
25). She has served as co-associate director of the Center for Green Chemistry and 
Catalysis (2012-2016), is the scientifi c director in the board of GreenCenter Canada, 
and the associate director of the Facility for Electron Microscopy Research (FEMR) at 
McGill. She is also an associate editor of ACS Sustainable Science and Technology. In 
2011, she was awarded a Science Communication Fellowship for Green Chemistry.

Recent development in Sustainable Nanocatalysis: Plasmonic Silver Nanocubes and Cellulose 
Nanocrystals as non-innocent support
Audrey Moores
Centre for Green Chemistry and Catalysis, Department of Chemistry, McGill University 801 Sherbrooke St West, 
Montreal QC, H3Z 0B8 Canada.
audrey.moores@mcgill.ca

We explored the use of cellulose nanocrystals as a non-innocent support to generate metal/cellulose nanohybrids.1 We showed 
that, with Pd, we could afford active and enantioselective hydrogenation catalysts,2 while with Ru, extremely active and 
recyclable catalysts were accessed for the diffi cult reduction of arenes under mild conditions.3 These nanocrystals in suspen-
sion could allow the direct synthesis of silver nanoparticles without the use of any additional oxidizing or reducing chemical.4 

Besides, we have employed silver nanocubes for hydrogen activation and hydrogenation of ketones and aldehydes via 
irradiation at 405 nm, corresponding to the position of the plasmon band of the nanocubes.5 Exposure to other wavelengths, 
or absence of light failed to provide activity thus proving the plasmonic effect. Compared to other catalytic systems, the 
plasmonically activated catalyst provides access to primary and secondary alcohols using milder conditions, in a highly 
atom economical fashion. Plasmonic catalysis of the oxidation of aldehyde to carboxylic acid was also demonstrated.

References

1.  M. Kaushik and A. Moores, Green Chem. , 2016, 18, 622.
2.  M. Kaushik, K. Basu, C. Benoit, C. M. Cirtiu, H. Vali, A. Moores, J. Am. Chem. Soc., 2015.
3.  M. Kaushik, H. M. Friedman, M. Bateman and A. Moores, RSC Adv., 2015, 5, 53207.
4.  M. Kaushik, A. Y. Li, R. Hudson, M. Masnadi, C.-J. Li and A. Moores, Green Chem., 2016, 18, 129.
5.  M. Landry, A. Gellé, B. Y. Meng, C. J. Barrett and A. Moores, ACS Catal., 2017, 7, 6128.
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Metal-Incorporated Silicates Via Evaporation-Induced Self-Assembly As Superior Catalytic 
Materials
Anand Ramanathan, Jian-Feng Wu, Swarup Maiti, Hongda Zhu, Bala Subramaniam*
Department of Chemical and Petroleum Engineering & Center for Environmentally Benefi cial Catalysis, 
University of Kansas, Lawrence, KS 66047.
bsubramaniam@ku.edu

Development of catalysts that promote resource-effi cient conversion of feedstocks to desired products is highly desirable for 
sustainable growth of the chemical industry.  We have developed novel catalytic materials by incorporating metals such as 
Zr, Nb, W and Mo into mesoporous silicates by Evaporation-Induced Self-Assembly (EISA) technique.1-3 High dispersion of 
metal oxide species (either isolated or oligomeric) is achieved without any detectable bulk M-oxide species even at metal 
loadings up to 15%. The M-EISA materials display relatively low Brønsted acidity compared to those prepared by either 
impregnation or direct hydrothermal synthesis routes.  Applications of M-EISA materials as superior catalysts for industrially 
signifi cant chemical transformations will be presented. Examples include propylene epoxidation with H2O2, wherein 
Nb-EISA materials show exceptional performance yielding nearly total PO selectivity and H2O2 utilization with reduced Nb 
leaching (< 1%). For the cross-metathesis reaction of ethylene and 2-butene, W-EISA2 and Mo-EISA3 catalysts show superior 
propene yields and TOFs compared to traditional WO2/SiO2 catalysts. XPS characterization reveal that most of the active species in 
M-EISA catalysts are present on the catalyst surface and are readily accessible.2 Computational chemistry work that explains 
some of the structure/property-function relationships and hereby guides rational design of these catalysts will also be presented.

References 

1.  H. Zhu, R. Maheswari, A. Ramanathan, B. Subramaniam, Micropor. Mesopor. Mater, 2016, 223, 46. 
2.  J-F. Wu, J. F., A. Ramanathan, B. Subramaniam, J. Catal. 2017, 350, 182.  
3.  A. Ramanathan, J-F. Wu, R. Maheswari, Y. Hu, B. Subramaniam, Micropor. Mesopor. Mater, 2017, 

245,118.

Bala Subramaniam earned his Ph. D. in Chemical Engineering from the 
University of Notre Dame. He has held visiting professorships at ETH, Zürich, 
Switzerland and the University of Nottingham, United Kingdom.  Subramaniam’s research 
interests are in catalysis, reactor engineering and crystallization. He has 180+ 
publications, 28 issued patents and edited 2 books. Subramaniam is the founding 
Director of the Center for Environmentally Benefi cial Catalysis (CEBC), a unique 
university/industry research consortium.  He also founded CritiTech, a pharmaceutical 
company.  Subramaniam is associate editor of ACS Sustainable Chemistry and Engineering 
journal and chair-elect of the 2018 Gordon Research Conference on Green Chemistry. His 
honors include ASEE’s Dow Outstanding Faculty Award, Indian Institute of Chemical 
Engineers’ Chemcon Lectureship Award, and KU’s Higuchi Research Achievement Award.  
Subramaniam is a Fellow of the American Institute of Chemical Engineers, the ACS
Industrial & Engineering Chemistry Division, and the U.S. National Academy of Inventors 

Balaji Jagirdar obtained his M.Sc. in Chemistry from IIT-Bombay in 1989 and 
his Ph.D. degree in Chemistry from Kansas State University in 1994. He had 
a year and a half stint as a postdoc at the University of Colorado, Boulder during 
1994-’95 before returning back to India in Oct 1995 and joined the faculty of the 
Dept of Inorganic & Physical Chemistry at IISc Bangalore. He joined as a lecturer and 
rose to the rank of a full professor in 2011. His research interests include activation of 
small molecules using organometallic compounds, homogeneous and heterogeneous 
catalysis, and materials for hydrogen storage and generation. He is a member of the 
Editorial Advisory Board of Dalton Transactions.

Catalytic Hydrogenation of Carbon Dioxide using Iridium Pincer Complexes
A. Ramaraj, Balaji R. Jagirdar*
Department of Inorganic & Physical Chemistry, Indian Institute of Science, Bangalore 560 012, India.
jagirdar@iisc.ac.in

Increasing energy demand has necessitated continued use of fossil fuels, coal, and natural gas resulting in an increase 
in CO2 levels in the atmosphere. This leads to global warming due to the green-house effect. Among various ways to 
curb the damaging effects of increasing CO2 levels in the atmosphere is to functionalize it and transform into useful fi ne 
chemicals. Although CO2 is a cheap C1 feedstock, it is both kinetically and thermodynamically an inert molecule. Thus, its 
functionalization into value added chemicals such as HCOOH, CH3OH, etc. is quite challenging. In this context, transition 
metal hydride complexes have been found to be extremely useful in bringing about activation and functionlization of CO2
under relatively mild conditions. In our efforts to activate and functionalize CO2 into useful fi ne chemicals, we synthe-
sized certain iridium and rhodium complexes supported by PNP pincer ligand. An iridium hydride complex of the type, 
[Ir(H)3(PNP)] was found to be catalytically active for the hydrogenation of CO2 under relatively mild conditions. In this talk, 
the results of our studies on hydrogenation of CO2 into formic acid using this iridium hydride complex will be discussed.
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Watching Catalysis: Characterizing the Active State Inside the Transmission Electron Microscope
Ben Miller, Stephen Mick
Gatan Inc. 5794 W. Las Positas Blvd. Pleasanton, CA 94588, USA.
bmiller@gatan.com, smick@gatan.com

Linking the structure of catalysts with their performance is one of the primary goals of catalysis science today. 
Transmission electron microscopy (TEM) enables observation of catalyst structure, and in-situ TEM observes the structure 
under conditions similar to those present during reaction1. Operando TEM goes a step further, measuring the 
performance of the catalyst during observation, and thus making a direct link between structure and performance2. 
Operando TEM is complex and challenging, and was successfully demonstrated only recently3,4. To be successful, the 
sample must be prepared, the environment around the sample carefully controlled, the surface structure and bonding 
observed, and the activity measured. Now Gatan provides researchers with cutting edge tools, including cameras, 
spectrometers, and DENSsolutions in-situ holders to enable such experiments on the latest microscopes. While 
challenges remain, signifi cant progress has been made which, in conjunction with other experimental and 
computational techniques, will begin to provide unprecedented insight into the nanoscale structures that drive the 
performance of highly active catalysts5.
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Ben Miller has been working on the development of in-situ techniques since 
2010, when he began a Master’s degree project to illuminate TEM samples inside 
a Tecnai F20 with broadband light, mimicking solar radiation for photocatalysis 
research. His PhD, working in the group of Dr. Peter Crozier at ASU, focused on the 
development of operando ETEM to simultaneously observe catalyst nanostructure and 
measure catalytic activity inside the TEM. In 2016, he joined Gatan as an in-situ 
applications specialist. In this role, Ben collects TEM data demonstrating the 
capabilities of Gatan’s in-situ products and presents this around the world. He also 
provides applications training/support to researchers, and helps to specify the 
capabilities of future in-situ TEM equipment and software.
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Prof. Bhalchandra M. Bhanage obtained his doctorate from Pune University in 1996. 
He spent more than one year at Tohoku University, Japan (1997–1998) as a JSPS 
Fellow, and four years at Hokkaido University, Japan (2000–2003) as a CREST-JST 
fellow with Prof. M. Arai. In 2004, he joined the Institute of Chemical Technology, 
Mumbai, India as Professor of Industrial and Engineering chemistry. Among his 
current interests is catalysis using CO2, CO and H2. He has worked on developing novel 
catalysts for various coupling reactions, carbonylation reactions, Ionic Liquids (ILs) 
catalysis, hydroformylation reactions, amination reactions, etc. He is also working 
on nanomaterials synthesis, enzymatic catalysis, electrocatalysis, nanocatalysis, 
C-H bond activation and the use of non-conventionaltechniques like ultrasound and 
microwaves for various catalytic reactions. He has guided 35 students for doctoral 
degree and published more than 340 papers and 33 patents.  He has received more 
than 8000 citations with an H-index of 46. He is a Fellow of Maharashtra Academy of 
Sciences (FMASc) and the fellow of the Royal Society of Chemistry, and Fellow of the 
Biotech Research Society of the India.
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Development of Sustainable catalysts for Carbon Dioxide utilization towards Value Added products
Vitthal B. Saptal and Bhalchandra M. Bhanage*
Department of Chemistry, Institute of Chemical Technology, Mumbai, India.
bm.bhanage@ictmumbai.edu.in

Carbon dioxide (CO2) is one of the major greenhouse gas and on the other hand it is also inexpensive C1 source.  It’s 
application for the development of value added product using catalysis has gained considerable attention. In view of this, 
we have developed the sustainable catalysts based on bi-functional Ionic Liquids (ILs) derived from the bio-renewable 
sources and bi-functional ILs hydroxyl and tertiary amine (DABCO) functionalized ILs.1-2 These ILs are found to be 
highly active towards the fi xation of CO2 in to epoxide to cyclic carbonates at the mild pressure and fi x the CO2 into the 
2-aminobezonitrile to quinazoline-2,4(1H,3H)-diones and also in the synthesis of dimethyl carbonate. N-heterocyclic 
olefi ns (NHOs) are emerging as a new class of organocatalysts and we have investigated it for the fi xation of CO2 
through reactions with aziridines to form oxazolidinones and the N-formylation of amines with polymethylhydrosiloxane 
(PMHS) or 9-borabicyclo[3.3.1]nonane (9-BBN) as the reducing agents under mild conditions.3 The development of 
sustainable porous catalysts such as hybrid amine functionalized graphene oxide (APGO)4 and catechol porphyrin COF5 
as an organocatalysts for the CO2 fi xation at the atmospheric pressure to synthesis the cyclic carbonates is also studied. 
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Nanoparticles for Magnetically Induced Catalysis
Bruno Chaudret
Laboratoire de Physique et Chimie des Nano-Objets - Institut National des Sciences Appliquées, 
135 avenue de Rangueil , 31077 Toulouse  (France) 
chaudret@insa-toulouse.fr

The development of renewable energies is an essential requirement for a future sustainable world. However, both solar 
and wind power energies are intermittent and raise questions regarding their real effi ciency since energy production can 
oscillate between shortage and over-production. The power-to-gas approach developed in particular in Germany is an 
alternative to the smart grid and local electrical storage. It transforms CO2 into methane using hydrogen produced by 
electrolysis. However, to-date large production units are required which take a long time to start and stop and are therefore 
not well fi tted to intermittence. One idea to circumvent this problem is to use magnetic and catalytic nanoparticles which 
could be heated by magnetic induction. Thus magnetic heating is instantaneous, in principle the best way to transform 
electrical energy into heat and therefore well adapted to intermittence. For this purpose we have developed in Toulouse 
a new generation of iron carbide and iron/cobalt nanoparticles of unprecedented heating power. The former one consist 
essentially of crystalline Fe2.2C, display a SAR (heating power) of up to 3.3 kW/g and the later ones of bcc alloy FeCo. Both 
are able to hydrogenate CO2 into methane in a fl ow reactor after addition of a catalytic Ru or Ni layer and excitation by an 
alternating magnetic fi eld. The lecture will present the synthesis of the particles, their magnetic properties, their surface 
modifi cation to deposit a catalytic layer and the development of a fl ow reactor for selective hydrogenation of CO2 into methane.
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Bruno Chaudret is “Directeur de Recherche CNRS” and director of the “Laboratoire 
de Physique et Chimie des Nano-Objets” in Toulouse. He is a Member of the French 
Academy of Science and Academia Europae. He is a specialist of Organometallic 
and Nanochemistry. His recent research interest concerns precise surface studies of 
nanoparticles, magnetic properties, selective and enantioselective catalysis, inter alia 
for C-H activation. His present research is dedicated to the coupling of the physical and 
chemical properties of nanoparticles for catalysis. He is co-author of 450 publications 
and over 20 patents and recipients of several prizes including Silver Medal of CNRS 
(1997), Miguel Catalan (RSEQ, 1999), Gay-Lussac-Humboldt (2006), Wilkinson 
(Royal Society, 2008), Pierre Sue (SCF, 2010), Paolo Chini (CS Italy, 2013) and 
Wittig-Grignard (DGCH, 2015).
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C. Subramaniam worked under the supervision of Prof. T. Pradeep at Indian 
Institute of Technology Madras towards his Doctoral Degree in 2008, involving 
correlating the electronic transport and vibrational properties of nanocarbons and 
nanoparticle-nanocarbon hybrids. The understanding was subsequently used to 
develop a range of sensors. Subsequently, he worked as a postodoctroal researcher 
at National Institute of Advanced Industrial Science and Technology (AIST) Japan 
with Prof. S. Iijima. He was involved in developing electrically conducting composite 
of carbon nanotubes and copper that exhibited the highest current carrying capacity 
of all known materials. He is currently looking into the energy-storage and generation 
aspects using nanostructured materials. Besides peer-reviewed, high impact scientifi c 
publications and international patents, he is also a recipient of IUMRS-ICA Young 
Scientist Gold Award and IIjima Gold Medal, to name a few. 
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Novel Nanostructured Electrocatalysts For Hydrogen Production
Jayeeta Saha, Vishwanath Kalyani, Chandramouli Subramaniam *
Department of Chemistry, Indian Institute of Technology Bombay, Powai, Mumbai, India.
csubbu@chem.iitb.ac.in

Affordable, sustainable and non-noble metal based catalysts for generation of hydrogen is critical to achieve energy 
security for a nation. To this end, I will illustrate a few nanostructured materials as potential candidates to address 
this quest for non-metallic, hydrogen-evolution electro-catalysts. Specifi cally, we nanostructure transition metal 
carbides1 and oxides in to two-dimensional layers and one-dimensional nanorods. Tuning the dimension of these 
materials is seen to have a signifi cant effect on the overpotential and the electro-catalytic mechanism of hydrogen 
production. Interestingly, the one-dimensional Ti3C2 exhibits electrocatalytic activity for both hydrogen-evolution 
and oxygen reduction reactions, unlike conventional materials like Pt, Au and MoS2 that are active to only either 
HER or ORR. The electrocatalytic activity initially increases, followed by saturation after 15 min. Accordingly, the 
Tafel slop for HER reduces from an initial value of 83 mV/dec to 60 mV/dec. X-ray photoelectron spectroscopy 
and Raman analysis are carried out to ascertain the site and mechanism of the electrocatalytic pathway.2,3
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Some Light On Sunlight Harvesting By Water Splitting Reaction
Kshirodra Kumar Patra and Chinnakonda S. Gopinath*
Catalysis Division, National Chemical Laboratory (NCL), Pune, India.
cs.gopinath@ncl.res.in 

Reference works defi ne a HOLY GRAIL as an “eminently desirable and ultimate object of extended 
effort”, or a “knightly quest”. Solar hydrogen production by water splitting is one of a “holy grail” of chemistry 
(long-standing problems) listed in a special issue published by the Accounts of Chemical Research1 on 1995 by 
Allan Bard et al. Water splitting to hydrogen being one route to a non-fossil fuel and a potential source of clean 
energy. It is essential to use a non-polluting energy source to drive the reaction and one way is to utilize sunlight 
energy, combined with a way to overcome the kinetic limitations of the reaction. The production of hydrogen by the 
photocatalytic cleavage of water can possibly overcome these energetic hurdles. Quasi artifi cial leaf approach was 
employed to address the water splitting reaction with a signifi cant success and will be presented in detail; pre-
liminary results are just published in ref. 2. Many more challenges are ahead and some of them to be discussed.
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Dr. Chinnakonda Gopinath (Gopi) is a Senior Principal Scientist at the National 
Chemical Laboratory (NCL), Pune, and Head, Center of Excellence on Surface Science 
at NCL, Pune. His research interests include surface science, heterogeneous catalysis, 
solar to chemical energy conversion, new catalytic materials by simple methodology 
and nanomaterials. So far 14 students got Ph. D. from his group and currently eight 
PhD students are working at different stages. 

Gopi is an elected fellow of the Indian Academy of Sciences, Bangalore. He is 
a recipient of few awards, including the Alexander von Humboldt (AvH) fellowship 
(1995-97), CNRS visiting Professor at Univ. Lille on 2010, CRSI Bronze Medal on 
2008, Teaching in Erasmus-Mundus sponsored courses. He served as an Editorial 
Board member of Journal of Chemical Sciences and currently serving in the Indian 
Journal of Chemical Technology.
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Organic-Inorganic Hybrid Perovskite Materials
D. D. Sarma
Solid State and Structural Chemistry Unit, Indian Institute of science, Bengaluru 560012, India.
sarma@iisc.ac.in and sarma.dd@gmail.com

There is an enormous excitement in photovoltaic research community with hybrid perovskites, APbX3 (A = CH3NH3, 
CH(NH2)2, or Cs; and X = I, Br, or Cl), achieving effi ciencies competing with and even surpassing that of Si based devices. 
While a large part of the international effort is aimed at further improving the effi ciency or to improve other technological 
aspects, such as the stability or to replace toxic Pb, there is also an intense effort in understanding the intrinsic properties 
of these compounds. Curiously enough, there does not appear to be any universally accepted understanding of even 
the most basic properties of these materials. For example, an intensely debated issue concerns the ability of permanent 
dipoles on organic moieties to give rise to polar fi elds, either in the normal state (as in any ferroelectric material) or in the 
photo-excited state, contributing to its spectacular photovoltaic properties. Even estimates of the excitonic binding 
energy in these materials have proven to be controversial with estimates ranging from less than 10 meV to more 
than 100 meV. I shall present results of our detailed experimental and theoretical investigations and address these 
contentious issues to establish intrinsic material properties of these interesting compounds.
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D. D. Sarma obtained a Ph.D. Degree in 1982 from Indian Institute of Science (IISc), 
Bangalore. He worked in Kernforschungsanlage, Jülich, Germany, as a Visiting Scientist 
during 1984-1986. Since 1986, he has been a faculty member at Solid State and 
Structural Chemistry Unit of IISc. His current research interest spans the science of 
strongly correlated electron systems, primarily based on transition metal compounds, 
and semiconductor nanocrystals using a wide range of experimental as well as theoretical 
tools. He has published more than 450 scientifi c papers and holds several patents. 
He is a Fellow of Indian Academy of Sciences, Indian National Science Academy, The 
National Academy of Sciences India, Indian National Academy of Engineering, The 
World Academy of Sciences (TWAS) and American Physical Society. He has received 
many national and international awards and recognitions, including multiple Honoris 
Causa Doctorate degrees. He has held a number of academic positions outside of 
his parent organisation (IISc), including many Honorary/Guest/Visiting Professorships, 
such as University Professor of “Computational Material Physics”, University of Vienna 
(May 2017), Guest Professor of Physics, Uppsala University (2011-2016),Visiting 
Professor at Department of Complexity Science and Engineering, University of Tokyo 
(2001-2002), Distinguished Scientist of CSIR (2011-2016), MLS Chair Professor 
at IACS (2006-2009), Adjunct Professor at TIFR (2003-2009 and 2011-2014), 
Honorary Professor at JNCASR (2003-2017), and Distinguished Visiting Professor at 
IACS (2009 – 2014).
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Coupling Energy Capture and Storage – Endeavoring to make a solar battery
Deepa Khushalani
Materials Chemistry Group, Department of Chemical Sciences, Tata Institute of Fundamental Research (TIFR), 
Mumbai, India.
khushalani@tifr.res.in

Devising energy schemes that merge energy capture with energy storage have gained momentum over the last few 
years. The impetus stems from utilizing solar radiation effi ciently in terms of not only capturing it but also viably 
storing it in the form of either solar fuels or as electrical storage. The latter technology is still emerging especially in 
terms of evolving the conceptual idea of directly storing solar radiation as opposed to forming devices that consist 
of independent batteries/supercapacitors that are separately coupled with solar cells. Hence it can be considered 
that the integrated system is composed of two kinds of materials: light harvesting and a storage component. Light 
harvesting component consists of materials that are capable of absorbing light and generating extractable charge 
carriers, while, energy storage component consists of materials that can trap the charges and store them during periods 
of illumination, and subsequently release them under discharge conditions. The  talk  will  present  some  concepts 
that are currently available in literature as to how to form such integrated systems and I  will  also  discuss  our  work  
where  we  have  used  an  alternate  strategy  for  coupling  energy  capture  and  storage  in  that the aim has 
been to create a strategy that minimizes interfaces and so in principle can lead to better performance and charge 
transport effi ciency.

Deepa Khushalani received her Phd from University of Toronto in 1998 and 
subsequently worked as a Postdoc in University of Bristol. From 2001-2004 she 
worked as a lecturer in University of Kent before returning to India in 2004 where she 
has been working at TIFR.  Her area of specialization involves materials chemistry. 
A large portion of her current research is based on fi nding alternate sources of clean 
energy involving photovolatics and energy storage devices. Primarily she works on 
synthesis, characterization and application of a variety of oxides such that (1) the 
morphology, phase, and size are carefully manipulated and, (2) the ensuing materials 
are applied in areas such as heterogeneous photocatalysis, biosensors, components 
in solar cells and in energy storage devices and also in devising novel inorganic drug 
delivery vehicles.

Speakers Details

Sustainable Advanced Nanomaterials for Catalysis
Manoj B. Gawande
Regional Centre of Advanced Technologies and Materials, Faculty of Science, Department of Physical Chemistry, Palacky 
University, Olomouc, Šlechtitelů 11 , 783 71, Olomouc, Czech Republic.
manoj.gawande@upol.cz; mbgawande@yahoo.co.in

Advanced nanomaterials have gained substantial popularity among the chemists as they can be used in a variety 
of catalytic protocols and enviormentally benign transformations.1,2 The nanocatalysts designated would include 
magnetic-supported nanocatalysts, graphene-supported nanocatalysts, core-shell (Pd@Pt) catalysts and 
morphology-dependent iron oxides. Advanced nanotechnology improvements over the years have allowed important and 
exceptional series of advances in the evolvement of greener heterogeneous nanocatalysts.3 Notably, nanomaterials for 
catalysis can now be designed and synthesized with need for precise catalytic applications. Core-shell nanocatalysts, 
morphology- dependent iron oxide and metal supported nanoparticles can be prepared via more sustainable pathways 
with unique structure, morphology and composition. Our recent research activity on the use of nanomaterials/nanocatalyst 
and its catalytic applications will be highlighted.4-5
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Dr. Manoj B. Gawande received his Ph.D. degree in Chemistry in 2008 from Institute 
of Chemical Technology, Matunga, Mumbai, India. After several research stints in 
Germany, South Korea, Portugal, Singapore, and England. Presently, he is working 
as an Associate Professor and Head of nanocatalysis group at RCPTM, Faculty of 
Science, Palacky University, Olomouc, Czech Republic. His research interests include 
nanocatalysis and advanced nanomaterials and their applications. He is currently 
supervising several doctoral students and postdoctoral workers. He has published over 
90 scientifi c publications, including reviews, patents, editorials, and articles. In 2017, 
he was admitted as a Fellow of Royal Society of Chemistry (RSC), United Kingdom.
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Development of Shape Controlled Nanocatalysts
Hua Chun Zeng
Department of Chemical and Biomolecular Engineering, Faculty of Engineering National University of Singapore, 
Singapore 119260  
chezhc@nus.edu.sg

Systems of heterogeneous catalysis can be viewed as dispersed solid-liquid or solid-gas fl ows. Therefore, the geometric 
shape of particulate catalysts is fundamentally important, because an optimal shape confi guration of catalysts can 
promote the transport processes and thus enhance catalytic activity in fl uid-related reactions or environments. 
For example, a streamline body represents a superior geometry since it experiences minimum fl uid resistance. However, 
utilization of streamline-shaped catalysts has remained an unexplored area due to the lack of easy-to-use techniques to 
produce such shaped catalysts, especially in the small length scale of submicron to micron regime. In this presentation, 
we will report our recent development of a class of prototype nanocatalysts with streamline shapes and complex chemical 
compositions.1 Advantages related to the streamline morphology of catalysts will be demonstrated with a number of 
solid-solution systems such as alcohol oxidation, olefi n hydrogenation, and Suzuki-Miyaura coupling. Signifi cantly, 
such streamline-shaped nanocatalysts indeed can reduce fl uid resistance and provide structural benefi ts in catalytic 
applications compared to other commonly used counterparts. We envision that future development of streamline-based 
composite materials, in combination with various functional nanostructured materials, will play a greater role in design 
and synthesis of new generation catalysts or sorbents for multiphase processes.
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Professor Hua Chun Zeng obtained his B.Sc. in Chemistry from Xiamen University 
in 1982 and Ph.D. in Physical Chemistry (with Professor Keith A. R. Mitchell) from 
University of British Columbia in 1989. Following postdoctoral work (with Professor 
John C. Polanyi, Nobel Laureate in Chemistry, 1986) at University of Toronto, he joined 
the faculty at National University of Singapore in 1991. His research interests are, 
at present, focused on the exploratory design and synthesis of inorganic nanostructures, 
with an emphasis on catalysis. Prof Zeng was ranked among the Top 100 Chemists 
over the period of 2000-2010 by Thomson Reuters and Times Higher Education. In 
recent years, Prof Zeng was also listed among Highly Cited Researchers by Thomson 
Reuters in 2014 and among Most Cited Researchers by Shanghai Ranking in 2016, 
respectively.  
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Block Copolymer Nano-Platform for Pt-drug Delivery in Cancer
Manickam Jayakannan
Professor & Chair, Department of Chemistry
Indian Institute of Science Education and Research, Pune 411008, Maharashtra, India
jayakannan@iiserpune.ac.in; website: http://www.iiserpune.ac.in/~jayakannan

Polymer nano-scaffolds are emerging as important classes of biomaterials for delivery of anticancer drugs or genes in 
cancer treatment. From our group, new efforts have been taken to engineer functional biodegradable block copolymer 
nano-assemblies as effi cient intracellular enzyme-responsive nano-carriers in cancer treatment. New carboxylic substituted 
polycaprolactones were tailor-made and employed them as pH responsive oral drug delivery under gastrointestinal tract 
conditions1or enzyme-responsive intracellular drug delivery vehicles of both hydrophilic and hydrophobic drugs. The 
drug release mechanism was understood in greater depth by developing hydrogen-bonded polycaprolactone diblocks2

and fully random and block copolymers topologies3. Fluorescent π-conjugated chromophores were introduced to study 
their cellular entry and also develop PCL based luminescent nano-probes for bioimaging4. These carboxylic PCL block 
copolymer provided unique opportunity to address the problem of Pt-drug resistance in breast and ovarian cancers.  
Di- and tri-block PCL-copolymers were conjugated with cisplatin residues to produce PCL-cisplatin produgs5 that 
exhibited synergistic combination therapy for antagonistic drugs in the breast cancer treatment7. These unique triple 
block nanoparticles showed excellent saline stability and selective rupturing in the presence of lysosomal esterase 
enzyme. The triblock nanoparticle design was engineered in such a way so as to shield cisplatin detoxifi cation against 
GSH which was very crucial for the inhibition of breast cancer cell growth. Further, this novel design facilitated the 
stitching of cisplatin and physical loading of DOX simultaneously in a single nanoparticle and led to synergistic killing 
of breast cancer cells. The presentation will be focused on the recent developments in our research group in the above 
topic and will also demonstrate the need for the systematic approaches to improve the cancer treatment effi cacies.
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Professor Manickam Jayakannan is currently holding the Chair position in the 
department of chemistry, Indian Institute of Science Education and Research, Pune 
(IISER-Pune), INDIA. His research interests are: (i) developing synthetic polymer 
nano-carriers for drug administration for cancer therapy, and (ii) self-assembled 
conducting polymer nano-assemblies for electronics/photonics. Twelve students 
have graduated and currently 10 students are pursuing Ph.D.in his group. He has 
published more than 90 articles in international journals. His Ph.D. work was done 
under the supervision of Professor S. Ramakrishnan at Indian Institute of Science 
(Bangalore, India). Subsequently, he moved to Eindhoven University of Technology, 
The Netherlands to carry out his post-doctoral work under the supervision of Prof. 
Rene Janssen. Prior to his current academic position at IISER-Pune; he worked as 
polymer scientist in GE plastics and scientist at CSIR-NIIST Trivandrum
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Mechanism-Driven Dehydrogenation Strategies
Jitendra K Bera
Department of Chemistry, Indian Institute of Technology Kanpur, Kanpur 208016, India.
jbera@iitk.ac.in

Dehydrogenation essentially involves removal of two hydrogens from a substrate in the form of dihydrogen. Recent 
interest on dehydrogenation chemistry stems from their potential applications in hydrogen production, activation 
of inert substrates through unsaturation and accessing valuable chemicals via dehydrogenative coupling.1,2 Several 
bifunctional catalysts have been developed for acceptorless dehydrogenation under homogeneous conditions.3,4 
Metal-ligand cooperation clearly offers low-energy pathway and better substrate selectivity over classical mechanism. 
Ligand design is crucial in controlling the reaction pathway.5 The position of proton responsive unit in ligand skeleton may 
alter the mechanism and the reaction condition as well. This talk would focus on mechanistically driven dehydrogenation 
strategies for alcohols and amines.
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Professor Jitendra Bera received his M. Sc. from University of Kalyani in 1993 and 
his Ph. D. from Indian Institute of Science, Bangalore in 1999. After a couple of 
postdoctoral stints at Purdue University and at Texas A&M University, he joined the 
faculty at IIT Kanpur in 2003 where he is presently Chair Professor in the department 
of Chemistry. He is the fellow of the Indian Academy of Sciences (FASc) and National 
Academy of Sciences (FNASc). He recently received the DAE Outstanding Investigator 
award. He is the recipient of the Ramanna fellowship and the Swarnajayanti fellowship 
from DST, India. He has also received the CRSI bronze medal in the year 2011. 
He is editorial advisory board member of ACS journal Organometallics and recipient of 
the C. N. R. Rao National Prize in Chemical Sciences 2018. Bera's research interests 
span synthetic, structural and mechanistic organometallic chemistry. Recent efforts 
are directed toward bifunctional activation of small and abundant molecules and their 
catalytic transformations to useful and value-added chemicals.
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C-H activation by Light, Water and Di-Oxygen
Ankita Das, Imon Mandal, Ravindra Venkatramani, Jyotishman Dasgupta*
Department of Chemical Sciences, Tata Institute of Fundamental Research (TIFR), Mumbai, India.
dasgupta@tifr.res.in

Natural photosynthesis provides the blueprint for solar energy conversion technologies. Mimicking such a process in 
the laboratory or at industrial scale will ensure organic processes to operate in water and under ambient conditions. In 
this talk I will show that using bio-inspired principles we  can devise new photocatalytic methodologies for synthesizing 
oxidized aromatic hydrocarbons from unfunctionalized substrates. Our method relies on self-organizing electron-rich 
hydrocarbons-1-2 inside hydrophobic cavities which are redox complementary to form photoactivable host-guest charge 
transfer complexes in water. Visible light excitation leads to controlled oxidation of C-H bonds which is highlighted by 
demonstrating the fi rst selective benzaldehyde formation from toluene by using light, water and di-oxygen. At the end I will 
discuss how a new perspective on photocatalysis emerges from our work.

References

1.  R. Gera, A. Das, A. Jha and J. Dasgupta*; J. Am. Chem. Soc. 2014, 136, 15909.
2.  A. Das, I. Mandal, R. Venkatramani, J. Dasgupta*; submitted.

Dr. Jyotishman Dasgupta received his undergraduate degree in chemistry from Indian 
Institute of Technology, Kharagpur in 2000.  He carried out his Masters thesis under 
the guidance of Prof. Amit Basak in the chemistry department. Here Jyotishman 
spent time in understanding active site reactivity by synthesizing organic binders 
with different stereochemistry.  Subsequently he moved to Princeton University as 
a Hughes Stott Taylor graduate fellow where he carried out his Ph.D. work in the fi eld 
of oxygenic photosynthesis under the supervision of Prof. Charles Dismukes. The major 
focus of his dissertation work was on elucidating the mechanism of photoactivation 
reaction of the Mn4Ca-cluster in photosystem II, the enzyme that oxidizes water into 
di-oxygen gas. In 2006, he moved to UC Berkeley where he did his postdoctoral 
work with Prof. Richard A. Mathies. During his stay at Berkeley, he used femtosecond 
stimulated Raman spectroscopy to study light-triggered conformation changes in 
photoactive proteins. Since 2010, he is an Assistant Professor at the Tata Institute of 
Fundamental Research, Mumbai. The central theme of his research group is to probe 
dynamical structural events leading upto charge generation in molecular materials, 
in order to fabricate bio-inspired molecule-based devices for photocatalysis and solar 
electricity generation.
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Quantum dots for light energy harvesting and conversion
K George Thomas
School of Chemistry, Indian Institute of Science Education and Research, Thiruvananthapuram, 695 016, India
kgt@iisertvm.ac.in

Unique properties of semiconductor nanocrystals include their ability to generate long lived excitons, transport charge 
carriers with high mobility, and reduce the number of interparticle hops required for electron extraction. The fi rst part 
of the talk will provide an overview on various approaches adopted in our laboratory for tuning the energy as well as 
electron transfer processes in II-VI and III-V semiconductor quantum dots. Photoinduced energy and electron transfer 
from QDs to surface bound molecules are investigated using steady state as well as time resolved absorption and 
emission spectroscopic techniques. Compared to CdSe, the hole trap states are buried deep in InP which prevents the 
rapid recombination of charge separated states. Our results indicate that InP is a versatile material for light harvesting 
and charge transport applications, meeting various photophysical and biological requirements. Excitons in heterojunction 
nanoscale systems (semiconductor-semiconductor and semiconductor-metal) possess novel properties that are 
fundamentally different from those of individual components. Examples of designing various types of heterojunctions 
and their charge transfer properties will be discussed in the second part of the presentation.
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K George Thomas has made signifi cant contributions in several areas of photosciences 
and nanomaterials and his group is currently focusing on the studies related to light-
matter interactions at nanoscale. He worked as a senior scientist in the Photosciences 
& Photonics section of the CSIR-NIIST, Thiruvananthapuram during 1994 - 2010. In 
2010, he accepted an invitation from the newly established IISER Thiruvananthapuram 
and joined as a Professor. He is an elected fellow of Indian National Science Academy, 
New Delhi and Indian Academy of Sciences, Bangalore and Honorary Professor of 
the JNCASR, Bangalore. He is the recipient of several distinctions which include the 
J C Bose National Fellowship and Shanti Swarup Bhatnagar Prize. He has published 
around 110 research articles, and eighteen students completed doctoral studies under 
his guidance. 
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Shell’s Long Range Research – Laying the Foundation for Future Energy Solutions
Kartick C Mondal
Emerging Technologies, Shell Technology Center, Bangalore
Kartick.Mondal@Shell.Com

Energy is essential to the global economy. From fuels to fertilizers, and manufacturing to transportation, energy enables 
the lifestyles that many enjoy today. Access to reliable energy can transform lives and enables economic growth. 
However, around 20% of the global population lives in OECD countries but uses 40% of the world’s energy. Billions of 
people still lack access to energy that many take for granted: modern, affordable energy for heating, lighting, cooking, 
refrigeration and sanitation. 
The world’s primary energy demand, driven by a growing population and rising living standards, is expected to rise 
by 30% between 2015 and 2040, according to the main scenario in the International Energy Agency’s World Energy 
Outlook 2016. At the same time, there is a critical need to address environmental stresses, from local air pollution to 
climate change. Despite the tremendous progress in new energy technologies, we still do not have a comprehensive 
solution for a future energy carrier which is low cost, abundant, dense, clean and safe. Current options such as solar 
PV, wind, bio-mass, 1G/2G bio-fuels or hydrogen – while having signifi cant commercial potential due to climate change 
concerns – still face signifi cant compromises preventing them to be the ubiquitous, low-cost back-bone of the future 
energy system. So concentrate effort is essential to handle the energy challenges and low carbon economy. Shell 
introduced a new platform as “The Long Range Research (LRR). The objective of the Long Range Research (LRR) 
platform is the identifi cation of 1) technologies that unlock business opportunities in new energies and 2) new pathways 
to economically and sustainably convert methane to products. This platform have three main pillars. • Dense Energy 
Carriers (DEC) • Advanced Energy Storage (AES) • Methane to Products (M2P) 
The selection of its three program areas has been driven by materiality of their associated business areas. Furthermore, 
select “enabling capabilities” will be utilized to support across the platform; these are: computational material science & 
chemistry, bio-sciences & bio-engineering and exploratory experimentation. This means longer and deeper collaborations 
with academia, national labs and research institutes and actively investing in people. Shell ‘open innovation’ helps to 
ensure a healthy infl ux of new ideas and speeds the deployment of Future Energy Technologies. 
Shell will play its role in a way that is commercially competitive as well as environmentally and socially responsible, in 
oil and gas, as well as in low-carbon and renewable energy sources.

Dr. Kartick, has joined Shell on 2015 as Researcher in Emerging Technologies group 
Bangalore. He has more than 12 years of experience (after PhD) in the area of 
heterogeneous catalysis. Prior to joining Shell, he worked with SABIC, Bangalore. 
He received his PhD in Chemistry from National Chemical Laboratory, Pune. After 
fi nishing his doctoral research, Dr. Mondal joined as Nano material research scientist 
at University of Witwatersrand, Johannesburg, South Africa. After that he Joined 
RWTH, Aachen University, Germany as Humboldt fellow.

Kartick has co-authored 25 publications, 1 Book chapter and holds 11 US patents in 
his credentials.
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Nano Heterostructure Photocatalysts 
Narayan Pradhan
Indian Association for the Cultivation of Science, Kolkata, India 700032
camnp@iacs.res.in

The plasmon-exciton coupling in gold-semiconductor heterostructures can affect the electronic properties of the 
materials. Even this has been studied for decades; but the heterostructures of Au with low bandgap semiconductors, 
particularly multinary nanostructures where both the materials have overlapping absorption window, are emerged as 
a new class of light absorbing materials having several new and upcoming materials properties. Moreover, the size 
of gold coupled with the semiconductors also plays a crucial role in altering the materials properties as its nature 
changes from metal to semiconductors when the size reduced to certain dimension.  Keeping these in mind, the 
formation chemistry of series of heterostructures of Au-CZTS (Cu-Zn-Sn-S), Au-CIS (Cu-In-S), Au-Cu3P, Au-SnS, 
Au-BiSbSx etc., would be presented and their photo- and photoelectrocatalytic activities would be discussed. Details 
of the chemistry for both nucleation and growth of these nanostructures, and their interface physics would also be 
presented. 

Dr Pradhan completed his PhD from IIT Kharagpur in 2001, did his post doc at 
Ben Gurion University, Israel and University of Arkansas and in 2007, he joined at 
Indian Association for the Cultivation of Science, Kolkata. He received LNJ Bhilwara 
Research Fellowship in Nanoscience, DST Swarnajayanti Fellow, DST Nanoscience 
young career award, CRSI Bronze model, Oxford Young Nanoscientist Award. Currently 
he is working as a Senior Editor, The Journal of Physical Chemistry A/B/C. His working 
area is semiconductor nanomaterials. 
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Single-atom Catalysts: Structure, Stability and Reactivity
Ning Yan
Department of Chemical & Biomolecular Engineering, National University of Singapore, Singapore.
ning.yan@nus.edu.sg

Single-atom metal catalyst offers a promising way to utilize the precious noble metal elements more effectively, provided 
these isolated atoms are catalytically active and suffi ciently stable. In coordination chemistry, catalytically active metal 
complexes in zero or low valent state often adopt four-coordinate square-planar or tetrahedron geometry. By applying 
this principle, we have developed stable, high loading (close to 1 wt%), Pt1 single-atom catalyst on phosphomolybdic 
acid (PMA) modifi ed active carbon (AC), by anchoring Pt atoms on the four-fold hollow sites on PMA.1 Each Pt atom is 
stabilized by four surrounding oxygen atoms in a distorted square-planar geometry, with Pt slightly protruding from the 
oxygen planar surface. Pt is positively charged, easily absorbs hydrogen, and exhibits excellent activity and selectivity 
in the hydrogenation of nitrobenzene and cyclohexanone. Following that, we briefl y discuss the extension of the strategy 
to several other stable SACs with superior catalytic activities.2 Finally, we introduce our recent work on the development 
of a synthetic strategy for Pt single-atom catalyst with outstanding thermal stability under working conditions, in which 
the Pt atoms are fi rmly embedded in the internal surface of mesoporous Al2O3 that are enriched with coordinatively 
unsaturated pentahedral Al3+ centers.3
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Ning Yan obtained his bachelor and PhD degrees from Peking University in 2004 
and 2009, respectively. Thereafter, he worked as a Marie-Curie Research Fellow 
at Ecole Polytechnique Federale de Lausanne, Switzerland. He joined the National 
University of Singapore (NUS) as an Assistant Professor and established the Lab 
of Green Catalysis in 2012. His major research interest includes catalytic biomass 
conversion, green chemistry & engineering, and catalyst development. He won the 
RSC Environment, Sustainability and Energy Division Early Career Award in 2017, 
and the Young Investigator Award from NUS in 2015.
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Low-cost Catalysts for Diesel Exhaust Emission Control & other Environmental Applications
Rohini Khobragade, G. Saravanan and Nitin Labhasetwar
Energy and Resource Management Division, CSIR-National Environmental Engineering Research Institute (CSIR-NEERI), 
Nagpur, India 440020.
nk_labhsetwar@neeri.res.in

Vehicular emission control is one of the major areas for catalyst applications in environmental point of view, and 
responsible for consumption of sizable fraction of noble metal production in the world. Although, well established noble 
based catalyst technologies have been used in India, the durability of such catalysts under close-to “No Maintenance” 
conditions of vehicles is less studied. The overall environmental returns on investment also need a critical view, unless 
steps are taken to improve vehicle maintenance and other issues. Low cost, non-noble metal based catalysts can show 
good potential for their applications, mainly due to lowering of sulphur content in fuel, as well as due to the higher cost 
of noble metals. Although, their activity and stability cannot be often compared with those noble metal based catalysts, 
efforts are ever increasing to explore the possibility of their applications for both automobile and stationary applications. 
We are exploring perovskites and other transition metal/mixed oxide based catalysts for diesel soot oxidation. Substitution 
and promotion in perovskite compositions can improve their activity substantially and we have recently tested one such 
substituted perovskite on engine dynamometer with encouraging results on PM mass and number reduction.
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Dr. Nitin Labhsetwar is a Ph.D. in Chemistry with 31 years of research experience in 
environmental and energy related research. He has worked as STA/JSPS Fellow and 
Visiting Overseas Researcher at NIMS, Tsukuba, Japan and as a Visiting Professor at 
Kyushu University, Japan under the GCOE programme. He has also worked at other 
International Laboratories on development of materials and processes including low 
cost and nano-materials for their applications in energy & environmental applications, 
vehicular emissions, photocatalysis, GHG emission control, cleaner energy generation, 
heterogeneous catalysis etc. He has over 155 research publications with over 3800 
citations and 22 international patents in addition to a few contributions in books. He 
has received 9 awards for excellence in research and also received various fellowships 
in India and abroad. He is a reviewer for more than ten SCI journals and supervised 
PhD of 14 students. He is currently involved in more than 10 R&D projects.
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Iridium-, ruthenium-, copper-complexes or organic dyes - which catalysts are best for 
visible-light-mediated photo processes?
O. Reiser
Department of Organic Chemistry, University of Regensburg, 93053 Regensburg, Germany
oliver.reiser@chemie.uni-regensburg.de

Visible light mediated processes can be catalyzed 
by a number of transition metal complexes or 
organic dyes. Reduction potential and excited state 
lifetimes are the key parameters of photocatalysts. 
It is less recognized that certain photocatalysts 
have the additional ability to interact with 
sub¬strates beyond electron or energy transfer, 
thus opening up unique opportunities for the 
development of novel transformation. Selected 
examples from our laboratory will be discussed.
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Oliver Reiser studied chemistry at the universities of Hamburg, Jerusalem and Los 
Angeles (UCLA). He obtained his PhD in 1989 at the university of Hamburg in the 
group of Prof. Dr. A. de Meijere. After 2.5 years as a postdoctoral fellow with Dr. R. 
Miller, IBM Research Center, San Jose, USA and with Prof. Dr. D. A. Evans, Harvard 
University, Cambridge, USA, he moved in 1992 to the Universität Göttingen as 
assistant professor, and in 1996 to the Universität Stuttgart as associate professor. 
In November 1997 he became professor at the Universität Regensburg, where he 
also held the position of Dean of the Faculty of Chemistry and Pharmacy and Vice 
President (Research) of the University of Regensburg. Together with his group he has 
published >250 papers in the area of synthesis and catalysis, sustainable chemistry 
and peptide foldamers.

Speakers Details



28 29

The NMR observation of proximities between spin-1/2 and quadrupolar nuclei provides new 
insights into the activity of catalysts  
Julien Trébosc1, Frédérique Pourpoint1, Jean-Paul Amoureux1,2, Olivier Lafon1,3*

1 Univ. Lille, CNRS, ENSCL, UCCS, Lille, France.
2 Bruker BioSpin, Wissembourg, France. 3 Institut Univ. de France, Paris, France.
olivier.lafon@univ-lille1.fr 

The development of improved heterogeneous catalysts can be undertaken in a rational way by a better understanding 
of their structures. We show here how the solid-state NMR observation of proximities between spin-1/2 (1H, 13C…) 
and quadrupolar (27Al, 67Zn, 45Sc…) nuclei can provide unique insights into the activity of heterogeneous catalysts. 
We have notably used 1H→27Al cross-polarization experiment enhanced by Dynamic Nuclear Polarization (DNP) to 
probe the surface structure of γ-alumina nanoparticles.1 More recently, 1H-27Al dipolar-mediated HMQC (D-HMQC) 
2D experiments at 18.8 T has allowed the fi rst observation of Brønsted acid sites based on pentacoordinated Al sites in 
amorphous silica alumina (ASA).2 Furthermore, 67Zn and 1H-67Zn NMR experiments have demonstrated the presence of 
Zn2+ ions bound to the framework of zinc-modifi ed zeolites and their close proximity with Brønsted acidic protons.3 
Such proximity generates synergetic effect for the activation of methane C-H bond. Similarly 13C-27Al NMR experiments 
have permitted to probe interactions between reagents and active sites in dealuminated HY zeolites loaded with 
2-13C-acetone.4

References

1.  D. Lee, N. T. Duong, O. Lafon, G. De Paëpe, J. Phys. Chem. C 2014, 118, 25065.
2.   Z. Wang, Y. Jiang, O. Lafon, J. Trébosc, K. D. Kim, C. Stampfl , A. Baiker, J.-P. Amoureux, J. Huang, Nat. Commun. 2016, 7, 

13820.
3.  G. Qi, Q. Wang, J. Xu, J. Trébosc, O. Lafon, C. Wang, J.-P. Amoureux, F. Deng, Angew. Chem. Int. Ed. 2016, 55, 15826.
4.   S. Li, F. Pourpoint, J. Trébosc, L. Zhou, O. Lafon, M. Shen, A. Zheng, Q. Wang, J.-P. Amoureux, F. Deng, J.Phys. Chem. Lett. 

2014, 5, 3068.

Olivier Lafon graduated from ENS Lyon in 2002 and obtained his PhD at the University 
of Paris-South in 2006. He then worked as a postdoc at CEA. In 2007, he became 
assistant professor at ENSCL and obtained his habilitation in 2010. In 2011, he was 
recruited as professor at the Univ. of Lille. He has published nearly 90 articles with 
h-index 22. He was admitted as a junior member of Institut Universitaire de France 
in 2016. He has also received the Magnetic Resonance in Chemistry award for young 
scientist in 2013 and the Chinese Academy of Sciences President’s international 
fellowship in 2015. He is the PI in charge of 1.2 GHz NMR equipment to be installed 
in Lille. He is also responsible of transnational access to spectroscopy within EUSMI 
infrastructure.
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Building with bubbles. Is it the start of a New generation of Catalysts?
Suresh K Bhargava
Deputy Pro Vice Chancellor (Int)
College of Science, Engineering and Health
Director - Centre of Advanced Materials & Industrial Chemistry (CAMIC)
RMIT University, Melbourne, Australia, 3001.
suresh.bhargava@rmit.edu.au

While the evolution of hydrogen gas is often a troublesome process accompanying electrodeposition, this feature can 
be exploited to template the growth of highly porous surfaces. This process, known as the dynamic hydrogen bubble 
template (DHBT) method, can be utilized to create a wide range of macroporous fi lms with nanostructured pore walls. 
This seminar presents an overview of the status of the DHBT technique, highlighting preparation techniques and 
emerging applications. Particular emphasis will be given to catalysis, where the high surface area and multifunctional, 
active surface is ideally suited to effi ciently catalyze reactions, but still hasn’t been fully exploited. The Centre of 
Advanced Materials and Industrial Chemistry (CAMIC) at RMIT has been designing and using these materials in a range 
of applications.
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Professor Bhargava is a world-renowned interdisciplinary scientist and is recognised 
for delivering research excellence that underpins signifi cant industrial applications. As 
a passionate advocate in the application of technological science and engineering to 
innovation, he provides consultancy and advisory services to many government and 
industrial bodies around the world including BHP Billiton, Alcoa World Alumina, Rio 
Tinto and Mobil Exxon. He was also a member of the independent board of directors of 
one of the Aditya Birla group of industries. Out of his 7 patents, 5 have been adopted 
by the industrial partners and one has been licenced for commercialization.

His pioneering and entrepreneurial spirit has also seen him champion innovation 
through the  Academic Sharp Brain event at the 2017 Royal Australian Chemical 
Institute Congress, as well as discussing the ‘Missing Half of Innovation’ on ABC 
Radio’s  Ockham's Razor.
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Morphology Controlled Nanomaterials for Sustainable Catalysis
Vivek Polshettiwar
Department of Chemical Sciences, Tata Institute of Fundamental Research (TIFR), Mumbai, India.
ayan.maity@tifr.res.in, vivekpol@tifr.res.in

Energy and environment are two of our critical societal challenges. The use of morphology controlled hybrid nanomaterials 
to harvest solar energy as well as capture and convert CO2 seems to be the best way combat climate change. 
We recently reported the synthesis of a new class of fi brous nano-silica (KCC-1).1-5 Fibrous morphology observed in 
these nanospheres has not been seen before in silica materials. Uniqueness of KCC-1 is, its high surface area is by 
virtue of its fi brous structure instead of pores (unlike MCM-41 and SBA-15 silicas), and hence easily accessible. We also 
showed successful utilization of KCC-1 for range of important catalytic applications such as metathesis, hydrogenolysis, 
oxidation, hydrogenation, coupling reactions etc as well as for CO2 capture.4 We have also developed a new method of 
fabricating active photocatalysts by TiO2 coating of KCC-1.5
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Dr. Vivek Polshettiwar after his Ph.D. in 2005 worked as a postdoc in France and 
USA for few years, before starting his own independent group at KAUST. In 2013, 
he moved to TIFR, Mumbai and his group here working on development of novel 
nanomaterials for catalysis and CO2 capture-conversion. He has published nearly 
90 articles with h-index 47 and around 8000 citations in reputed journals. He is 
recipient of prestigious ORISE Research Fellowship at US-EPA and several other 
esteemed postdoc fellowships. He was awarded as Top-25 cited author in 2011 by 
Tetrahedron and Young Scientist Award at DSL-2012. He also received Asian Rising 
Star lectureship at 15th Asian Chemical Congress (ACC), Singapore (2013), from 
Nobel Laureate Professor Ei-ichi Negish. In 2015, he was admitted as a Fellow of 
Royal Society of Chemistry (RSC), United Kingdom and also recognized as one of the 
175 Faces of Chemistry by RSC. Recently he was awarded Bronze medal by CRSI, 
India.
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Novel synthetic methods for the preparation of nanoscale hetero-structures and evaluation of their 
electrochemical characteristics
B. L. V. Prasad
Physical and Material Chemistry Division, CSIR-National Chemical Laboratory, Dr. HomiBhabha Road, Pashan, 
Pune – 411008, India.
pl.bhagavatula@ncl.res.in

In this talk we will present the salient features of our research activities on the synthesis of nanostructured materials 
and their electrocatalytic activities. Briefl y, we have developed the synthetic strategy to make bi-metallic and metal-
semiconductor nano-hetero structures by novel synthetic methods and demonstrated their effi cient catalytic/electro-
catalytic activity for industrially or environmentally important processes. More precisely, we developed scalable 
synthesis procedures for the preparation of nickel based materials, that include, pure Ni3S2 and Ni3S2-Ni composite 
nanosheets/nanodisks and Ni-Pt alloy nanoparticles. We probed their effi ciencies in electrochemical hydrogen evolution. 
Interestingly, the Ni3S2-Ni composites exhibited electrochemical induced structural transformation from nanosheets to 
nanodisks. The fi nal nanodisk architectures revealed much lower overpotential values as compared to the micron sized 
nanosheets. Similarly the electrochemical characteristics of Ni-Pt alloy nanoparticles were comparable to pure platinum 
based systems. We will discuss the attempts made by us to make these materials in a continuous fl ow manner so that 
large amounts of these materials would be accessible.
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Physical/Materials Chemistry Division
National Chemical Laboratory (CSIR-NCL)
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Email: pl.bhagavatula@ncl.res.in
Web: http://academic.ncl.res.in/ncl_1/pl.bhagavatula

Dr. B. L. V. Prasad obtained a Ph.D. in Chemistry (1997) from University of Hyderabad. 
After two post-doctoral stints (At Tokyo Institute of Technology, Tokyo, Japan and at 
Kansas State University, USA), he joined CSIR-NCL as scientist in 2003. His research 
work mainly deals with the synthetic aspects of materials chemistry with major 
emphasis on synthesis of unique nano-architectures. 
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Architecting size- and shape-controlled Nano- and Nanoporous Materials for Sustainable Catalysis
Parasuraman Selvam
National Centre for Catalysis Research and Department of Chemistry,
Indian Institute of Technology – Madras, Chennai 600036, India

The discovery of periodic mesoporous materials with one- and three-dimentional channels in early 1990s has opened 
wide range of opportunities in porous solids.  The development of such materials of well-defi ned geometry with precise 
and easily controllable pore shape and size is of great importance in many areas of modern science and technology.  
Mesoporous molecular sieve materials are new generation ordered nanoporoussolids, analogous to microporous (zeolitic) 
molecular sieves, having high surface area, large pore opening and huge pore volume.  On the one hand, the unique 
fl exibility in terms of synthetic conditions, pore size tuning, high surface area, large internal hydroxyl groups, framework 
substitution, etc. have created new avenues not only in catalysis but also in the areas of advanced materials, environmental 
pollution control strategies and separation processes.  On the one hand, the preparation of high quality materials with 
designed pore structures is of paramount importance for many applications in areas including nanomaterials, catalysis, 
adsorption and separation.  In designing such materials, several characteristics of pore structure may be addressed, 
which include their shape, size and interconnectivity.  In this presentation, the recent progress on the development of 
numerous nanoporous materials including hierarchical structures and their applications will be discussed.
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Dr. Parasuraman Selvam is currently Professor at Indian Institute of Technology-
Madras, Chennai; Head, National Centre for Catalysis Research, IIT-Madras; Adjunct 
Professor at Tohoku University, Sendai, Japan.  Earlier, Professor Selvam was 
a Faculty at Indian Institute of Technology-Bombay, Mumbai and at Tohoku University, 
Sendai.  His research interests include microporous and mesoporous molecular 
sieves, nanostructured materials, heterogeneous catalysis for green chemical routes, 
environmental remediation processes, and energy conversion (biomass, solar 
hydrogen) and storage (methanol fuel cell, lithium ion battery) methods.  He has 
published over 300 original research papers international peer reviewed journals and 
conference proceedings.  Professor Selvam has been bestowed with several national 
and international awards and honors.
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Sustainable Catalysis using Magnetic and Carbon-based Nanocatalysts
Rajender S Varma
Regional Centre of Advanced Technologies and Materials, Palacky University, Czech Republic and
National Risk Management Research Laboratory, US EPA, Cincinnati, Ohio, USA.
Varma.Rajender@epa.gov; rajvarma@hotmail.com

The burgeoning fi eld of sustainability, as applied to synthesis, entails the use of nanocatalysts in eco-friendly medium.1-5 
Nano-catalysts (Pd, Ni, Ru, Ce, Cu etc.) immobilized on biodegradable and recyclable earth-abundant supports namely 
cellulose, chitosan or on magnetic ferrites via ligands such as dopamine or glutathione will be presented.1-3 The utility of 
heterogenized bimetallic Ag-Pd nanoparticles on graphitic carbon nitride (AgPd@g-C3N4) will be highlighted in upgrading 
of biofuel under visible light using formic acid as a hydrogen source;4 direct aminoformylation of nitroarenes is also 
feasible. Photocatalytic C-H activation with VO@g-C3N4 for direct oxidative esterifi cation of alcohols, oxygen insertion 
reaction in hydrocarbons, selective oxidation of alcohols and hydrogenation of alkenes and alkynes5 using visible light 
as the source of energy will be described; these strategies target overlooked waste resources that are sustainable source 
of metal-free N-enriched carbonaceous catalytic materials valuable in executing greener transformations with minimal 
environmental impact.
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Dr. Rajender (Raj) Varma (H-Index: 95, “Highly Cited Researchers” Clarivate Analytics, 
2016), is a senior scientist at US Environmental Protection Agency. Earlier, he was 
a faculty member at Baylor College of Medicine, Senior Scientist at Houston Advanced 
Research Center, and Research Professor at Sam Houston State University. He has 
over 40 years of research experience in management of multi-disciplinary technical 
programs and has been extensively involved in broader aspects of chemistry that 
includes, among others, development of environmentally benign synthetic methods 
and chemical protocols using alternate energy input (microwave, ultrasound and 
mechanochemical), greener synthesis of nanomaterials and nanocomposites and 
their applications in catalysis (magnetically retrievable nano-catalysts and N-enriched 
carbonaceous materials from waste) and sustainable remediation of hazardous 
pollutants. He has authored ~465 peer-reviewed papers, 7 Books, 28 Book Chapters, 
3 Encyclopedia contributions and has been awarded 16 US Patents. 
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Design, synthesis, and applications of C3N4/metal oxide based photocatalysts
Rajendra Srivastava* and Subhajyoti Samantha
Department of Chemistry, Indian Institute of Technology Ropar, Rupnagar, Punjab India.
rajendra@iitrpr.ac.in

Carbon based materials are inexpensive and can be easily prepared in the large scale. Among the carbon based materials, 
graphitic carbon nitride (g-C3N4) is emerging as a metal-free heterogeneous catalyst because of its various active centers 
in the structure, electron conductivity, and high thermal & chemical stability.1 Due to its versatile physicochemical 
properties, g-C3N4 has demonstrated promising applications in numerous fi elds, especially in photocatalysis and 
heterogeneous catalysis.1,2 g-C3N4 can be prepared with wide range of organic precursors and its catalytic function can 
be tailored by post synthesis modifi cation.3 The activity of metal oxides can be fi ne tuned by the incorporation of g-C3N4. 
High thermal and photocatalytic activities were achieved using metal oxides and carbon based heterojunction materials 
that will be presented during the conference.4,5
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Dr. Srivastava is an Associate Professor and Head, Chemistry Department at IIT 
Ropar. He obtained his doctoral degree from National Chemical Laboratory, Pune. 
He worked as a post-doctoral research fellow at Korea Advanced Institute of Science 
and Technology and as a JSPS fellow at Hokkaido University, Japan. He has published 
more than 110 research papers and has, to his credit, 7 international patents. 
His doctoral work was adjudged the best thesis for the year 2006 by Catalysis Society 
of India. His research interests are in the areas of development of nanostructure 
materials and their applications in heterogeneous catalysis, photocatalysis, and 
electrocatalysis. 
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Designing new catalytic materials and architectures for energy applications
Satishchandra B. Ogale
Department of Physics and Centre for Energy Science, Indian Institute of Science Education and Research, Pune, India.
satishogale@iiserpune.ac.in

With a rapidly growing need for enhancing the clean energy component in the world’s energy portfolio to save our 
worsening environment, it has become imperative to design new and novel materials, systems, and devices to harvest 
and store the energy from clean and renewable sources effectively, effi ciently and in cost-effective ways. It is equally 
important to fi nd out ways to save the usage of energy by developing new materials which could perform the same 
desired functions with lower energy inputs. In this talk I will discuss these issues by deriving from some examples of 
own research, dealing with new catalysts, photocatalysts and photoelectrochemical systems for energy harvesting 
and storage applications. Specifi cally, I will discuss problems and applications in the domains of solar water splitting 
for hydrogen generation, CO2 reduction into value added products, photocatalysis for water purifi cation, and catalytic 
electrode materials in solar cell and fuel cell architectures.
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Dr. Satishchandra Ogale is currently working at the Indian Institute of Science Education 
and Research (IISER) Pune as Professor, Department of Physics and Centre for Energy 
Science. He has over 430 research publications in international peer-reviewed journals 
including Nature, Nature Materials, Science, Energy and Environmental Science, 
Physical Review Letters, Advanced Materials,  Small, J. Physical Chemistry Letters, 
ACS Applied Materials and Interfaces, Nanoscale etc. He has also published several 
review articles and edited two books (Springer and Wiley). He is on the Editorial 
Advisory Boards of high impact journals such as RSC’s Energy and Environmental 
Science and Sustainable Energy and Fuels, Nature’s Scientifi c Reports and ACS 
Applied Materials and Interfaces. He has won several national awards/recognitions 
including the INSA young scientist medal, Dr. N. S. Satyamurthy prize (IPA-DAE), 
B. M. Birla Prize (Birla Science Foundation), Sir C. V. Raman prize (UGC, Hari-Om 
trust), MRSI medal, MRSI special silver jubilee medal etc. He is also the elected fellow 
of the Indian Academy of Science and the National Academy of Science. He is also the 
fellow of the Royal Society of Chemistry (FRSC).
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Non-Pt based Nanoparticles as Low Cost, Highly Effi cient and Robust Catalysts Alternative to Pt 
in Fuel Cell Applications
Sebastian C. Peter
New Chemistry Unit, Jawaharlal Nehru Centre for Advanced Scientifi c Research, Jakkur, Bengaluru, 560 064, India, 
sebastiancp@jncasr.ac.in

Last two decades, fuel cells have been emerged as one of the most prominent alternate option to current energy 
conversion technologies, with particularly important applications in transportation. A wide variety of compounds, 
especially Pt based nanomaterials have been studied for catalytic behaviour for the electro oxidation of methanol, ethanol 
and formic acid, and oxygen reduction reactions. However due to the poor abundance, high cost and CO poisoning 
limit its commercial applications. In my talk, I will explain the synthesis aspects on the development of various non-Pt 
based compounds in nano dimension followed by characterization and electrochemical catalytic activity towards the 
oxidation of small organic molecules, oxygen reduction and hydrogen evolution reactions. We have strategically used 
alloying, dealloying, generation of defects, control of size and morphology, designing suitable support to develop active 
materials. The catalytic activity of a few compounds found par or better than current state-of-the-art Pt based materials. 
The experimental results are very well supported by the theoretical calculations.
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Dr. Sebastian C. Peter received his Ph. D. in chemistry from the University of 
Münster, Germany (2006). He was a post-doctoral fellow at Max Plank Institute 
for Chemical Physics of Solids, Dresden, Germany (2006-07) and Northwestern 
University, USA (2007-10). Dr. Peter joined as Ramanujan faculty fellow at New 
Chemistry Unit, Jawaharlal Nehru Centre for Advanced Scientifi c Research, 
Bangalore in 2010. His broad research interests include the development of 
solid-state inorganic materials for various applications ranging fuel cell, CO2 
reduction and in condensed matter physics. He has more than 120 peer reviewed 
publications and four patents. He was invited and attended around 50 national and 
international conferences. He is the recipient of Young Investigator awards from 
ACS (2013), RSC (2017) and IOP (2016). He was awarded Ramanujan fellowship 
in 2010 and MRSI medal in 2016. He is a member of American Chemical Society, 
Royal Society of Chemistry, ASM international, Chemical Research Society of India, 
Material Research Society of India, International Union of Crystallography, Indian 
National Young Academy of Science and Society for Material Chemistry of India. He 
initiated a start-up “Breathe Applied Sciences Pvt Ltd” and his enters into the NRG-
COSIA XPRIZE 20 million USD prize on waste CO2 utilization.

Speakers Details

Ag/Au-Al2O3 An Effi cient Catalyst For HC-SCR Of NOx From Diesel Engine Exhaust
Shubhangi B. Umbarkar,a* M. K. Dongare,a P. M. More,a P. Granger, b C. Dujardinb

aCatalysis Division, CSIR-NCL, Pune, India; bUCCS Lille University, France.
sb.umbarkar@ncl.res.in

Removal of NOx from automobile diesel engine exhaust is becoming more challenging with change in stringent emission 
control norms. The present commercial technology urea (NH3)-SCR being used in heavy duty vehicles is diffi cult to use 
in light duty vehicles due to space constraint. Second alternative of lean NOx trap (LNT) is quiet expensive due to use 
of noble metals and its regular replacement due to catalyst deactivation. Under this situation the HC-SCR seems to be 
promising technology specially for light vehicles. Among the studied catalysts, Ag/Al2O3 has shown promising activity. 
However poor low temperature activity is the major limitation for its commercial application. We attempted to improve 
the catalyst performance by co-doping with Au forming bimetallic catalyst.1 An optimal balance between oxidative and 
reductive surface properties was achieved by tuning the synthesis procedure by successive impregnation of Ag & Au on 
high surface area Al2O3, and its pretreatment.2  Signifi cant improvement in low temperature activity for HC-SCR of NOx 
was observed which is co-related to re-dispersion processes of Au and Ag species. Signifi cant widening of temperature 
window for HC-SCR activity with complete selectivity for N2 was obtained.3
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Dr. Shubhangi Umbarkar after her Ph.D. in 1996 worked as a DAAD fellow in Germany 
for few years. After coming back from Germany she joined CSIR-NCL in 2002. Since last 
15 years she has been working in Environmental catalysis, Valorisation of bio-derived 
materials like glycerol, lactic acid, lactates, edible & non-edible oils, Development 
of mesoporous solid acid catalysts, In situ FTIR spectroscopic characterisation and 
Organometallic complexes for catalytic oxidations. She has published ~65 articles 
in reputed international journals and fi led 15 patents in India and abroad. She has 
won National award (Gold medal) for technology “Titanium based wonder gel for 
environmental applications” in “India Innovation program 2010” organized by DST, 
FICCI and IC2 Institute of Texas.
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Heteroatom-Doped Carbon Nanomaterials and their Composites: Sustainable Catalysts for Fuel 
Cells and Water Splitting
Tewodros Asefa1,2,3*

1 Department of Chemical and Biochemical Engineering, 
2Department of Chemistry and Chemical Biology, 
3Institute for Advanced Materials, Devices and Nanotechnology, Rutgers, The State University of New Jersey, Piscataway, 
New Jersey 08854, USA

The lack of sustainable and effi cient catalysts for many renewable energy applications (e.g., fuel cells and water 
splitting) and the unabated negative environmental impacts of fossil fuels remain among the most pressing issues facing 
the world today. In this talk, my research group’s recent efforts on the synthesis of heteroatom-doped, metal-free or 
noble metal-free carbon nanostructured and nanoporous materials and their composites that exhibit high catalytic and 
catalytic activities for reactions such as the oxygen reduction reaction (ORR), the hydrogen evolution reaction (HER), the 
oxygen evolution reaction (OER), and the hydrazine oxidation reaction (HOR)—reactions that are relevant to fuel cells 
and water splitting, or renewable energy in general—will be discussed.1-5 Particular focus will be given to the various 
novel design and “nanostructuring” as well as heteroatom doping synthetic approaches employed in my group to make 
a series of nanostructured and nanoporous carbon and their composite catalysts. Moreover, fundamental and theoretical 
studies that helped us to unravel catalytic active sites on some of these materials and the mechanisms by which they 
effectively catalyze some of these hard-to-catalyze reactions will be discussed.
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Tewodros (Teddy) Asefa completed his MSc as a Fulbright fellow in 1998 at the 
Department of Chemistry and the Institute for Lasers, Photonics and Biophotonics 
(ILPB). Teddy then went to Toronto to complete his Ph.D. at the University of Toronto in 
2002 with Professor Geoffrey A. Ozin. While at Toronto, he co-invented new classes of 
nanocomposite materials called Periodic Mesoporous Organosilicas (PMOs) that have 
drawn a wide range of interest worldwide. He was then an invited Miller Fellowship 
nominee by Professor Peidong Yang at the University of California at Berkeley and 
a post-doctoral fellow at McGill University with Professor R. Bruce Lennox. He served 
for four years as an Assistant Professor of Chemistry at Syracuse University, before 
joining Rutgers University at New Brunswick, where he currently serves as a joint Full 
Professor in the Department of Chemistry and Chemical Biology and the Department 
of Chemical and Biochemical Engineering. His group at Rutgers is involved in the 
development of synthetic methods to a wide array of functional nanomaterials and the 
investigation of their potential applications in catalysis, nanomedicine, solar-cells, and 
environmental remediation. He held NSF CAREER Award, was the National Science 
Foundation American Competitiveness Fellow (NSF ACI) Fellow in 2010, is a recipient 
of multiple federal and local research grants and also serves as a panelist for several 
federal and international agencies. He holds several patents, co-edited a book on 
Nanocatalysis (for Wiley) in 2013, and published over 160 peer-reviewed scientifi c 
papers and book chapters. He Google citation record currently stands at over 10,400 
with an h-Index of 48.
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Thermochemical platform for valorization of biomass: Opportunities and Challenges
Thallada Bhaskar
Thermo-catalytic Processes Area (TPA), Bio-Fuels Division (BFD), CSIR-Indian Institute of Petroleum (CSIR-IIP), 
Dehradun 248005, India. 
Academy of Scientifi c & Innovative Research (AcSIR), New Delhi
tbhaskar@iip.res.in, thalladab@yahoo.com

Long-term economic and environmental concerns have resulted in a great amount of research in the past couple of 
decades on renewable sources of liquid fuels to replace fossil fuels. Biomass is the only renewable source of organic 
carbon which is required for the production of liquid fuels, petrochemical feedstocks and chemicals. Among the various 
thermo-chemical methods of conversion, pyrolysis seems to have the highest potential for commercialisation.  It is 
a fl exible process as the operating parameters can be tuned for the desired combination of bio-oil, bio-char and 
non-condensable gases. There are several types of pyrolysis depending on the heating rate, environment used, reactor, 
residence time etc. Fast and slow pyrolysis bio-oil can be used as a substitute for heating oil and also be upgraded to 
fuels. Biomass being a natural polymer, pyrolysis can be used to selectively cleave the bonds to produce high value 
chemicals which are now produced from crude oil after several steps of functionalisation.  The integrated hydropyrolysis 
and hydroconversion of lignocellulosic biomass can provide directly usable transportation fuels/ petrochemical feedstocks 
in a self-sustainable manner. Pyrolysis, can hence be carried out in decentralised or centralised units depending upon 
the quality and quantity of biomass available end user requirement. In addition, the highly functional biomass can 
be exploited for the production of high value compounds for diverse applications. The presentation would provide the 
fundamental and case studies for valorization of lignocellulosic and aquatic biomass for fuels and chemicals.

Dr Thallada Bhaskar, Principal Scientist, is currently heading the Thermo-catalytic 
Processes Area, Bio-Fuels Division (BFD) at CSIR-Indian Institute of Petroleum, 
Dehradun, India. He received Ph D for his work at CSIR-Indian Institute of Chemical 
Technology (IICT), Hyderabad. He carried out Postdoctoral Research at Okayama 
University, Okayama, Japan after which he joined as Faculty at the level of 
Research Assistant Professor for ~7 years. He has 120 publications in SCI journals 
of international repute with h-index of 33 and around 3500 citations, contributed 
18 book chapters to renowned publishers (Elsevier, ACS, John Wiley, Woodhead 
Publishing, CRC Press, Asiatech etc) and 13 patents to his in his fi eld of expertise in 
addition to 250 national and international symposia presentations. In addition, he is 
the project leader/ coordinator for several projects for biomass and waste valorization. 
His 24 years of research experience cover various fi elds of science revolving around 
his expertise in heterogeneous catalysis, thermo-chemical conversion of biomass 
(lignocellulosic and aquatic biomass including macro and micro algae) waste plastics 
and e-waste (WEEE) plastics into value added hydrocarbons. 
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Hybrid Nanostructured Electrodes for Heterogeneous Catalysis
T. N. Narayanan
Tata Institute of Fundamental Research, Hyderabad (TIFR-H) - 500107, India.
tn_narayanan@yahoo.com, tnn@tifrh.res.in

New mesoscopic hybrid structures by the combinatorial arrangements of different nanostructured materials are receiving 
tremendous attention due to their unprecedented properties emanating from the interfaces and applications in energy 
related fi elds. During the talk, three different types of interfaces will be discussed for hydrogen evolution reaction (HER). 
Platinum (Pt) is a bench-marked catalyst for various reactions such as HER, oxygen reduction, and hydrogen evolution 
reactions.1-3 But, it is a precious catalyst and it has other impedes like poisoning effects, and attempts to replace Pt with 
other non-precious ones are actively persuaded in the recent research with limited success. Here a new approach to 
reduce the amount of Pt in HER with a non-covalent modifi cation of it with atomic layers will be discussed. This work 
will demonstrate the importance of the atomic layer-Pt interfaces in certain reactions. In another work, Pt free atomic 
layers based interfaces will be demonstrated for augmented HER, where the individual layers are not active.4 In the last 
part, how a covalent connectivity among carbon nanotubes can bring enhanced HER will also be discussed.5
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Narayanan after his Ph.D. in 2010 worked as a postdoctoral fellow in Rice University 
USA with Prof. Pulickel Ajayan for three years, before starting his own independent 
research group at CSIR-CECRI in March 2013. In October 2014, he has moved 
to TIFR - Centre for Interdisciplinary Sciences (TCIS) at Hyderabad (then called as 
TIFR-Hyderabad), India as a reader and his group is actively engaged in the 
development of novel hybrid structures of structured nanomaterials for catalysis and 
other energy storage applications. He has published nearly 100 articles with h-index 
33 and around 3300 citations in reputed journals. In 2016, he has admitted as 
a Fellow of the Royal Society of Chemistry (FRSC), United Kingdom and also received 
ACS membership award in 2015. He is also admitted as an Associate of Indian 
Academy of Sciences, Bangalore. 
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Semiconductor Quantum Dots Ionized for Energy Harvesting
Vasudevan P. Biju
Research Institute for Electronic Science, Hokkaido University, Sapporo, Japan
biju@es.hokudai.ac.jp

Electronic and photoluminescence (PL) properties of transition metal chalcogenide quantum dots (QDs) are extensively 
investigated, aiming at applications such as solar cell, luminescent displays, and bioimaging.1 Although these QDs 
were made physically and chemically stable by the preparation of shells from higher band gap semiconductors, 
silica, and polymers,2 stochastic fl uctuations of PL, which is also called blinking, is an unsolved central issue in the 
practical applications of single QDs. The transient trapping of photo-generated charge carriers in defects or the high 
energy/intensity-induced generation of hot charge carriers is the origin of such fl uctuations. We fi nd that the hot 
charge carriers can be trapped and re-trapped using well-defi ned electron acceptors such as TiO2 nanoparticles3 and 
fullerene-60,4 which not only suppresses blinking but also opens a platform for the photovoltaic and photocatalytic 
applications of ionized QD. Further, we fi nd that the transient escape of a charge carrier from a QD prevents the 
generation of reactive oxygen species and oxidative damage of QD.5 Details of single-molecule investigations of blinking 
and oxidation of QD will be discussed.
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Nanostructured Heterogeneous Catalysts for Energy Conversion, Environmental Remediation and 
Organic Transformations
Kumbam Lingeshwar Reddy, Vipul Sharma, Ashish Bahuguna, Suneel Kumar, 
Ajay Kumar, Ashish Kumar, Ramachandran Balaji and Venkata Krishnan*
School of Basic Sciences and Advanced Materials Research Center, 
Indian Institute of Technology Mandi, Kamand, Mandi 175005, Himachal Pradesh, India.
vkn@iitmandi.ac.in 

Energy crisis and environmental deterioration has emerged as a major problem around the world in recent times, mainly 
due to combustion of fossil fuels and their depletion. The utilization of solar energy for the production of chemical fuels 
is an attractive and major strategy to address the global energy crisis and other environmental issues. Development 
of highly effi cient, eco-benign and cost effective photocatalysts, which can utilize the naturally abundant solar light, 
is highly desired for energy generation through water splitting and environmental remediation through the degradation 
of pollutants. Our research group has recently developed several novel nanostructured photocatalysts based on 
semiconductor heterojunctions, plasmonic materials, perovskite structures and upconversion nanoparticles, which can 
utilize the full solar spectrum from ultraviolet to infrared regions for energy generation and environmental remediation 
applications. In addition, our group has also developed carbon-based Green catalysts for organic transformation reactions 
to synthesize medicinally relevant indole alkaloids in water. The highlights of the ongoing research works of our group 
will be presented.
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Palladium and platinum complexes of chalcogen ligands as catalysts in C-C and C-E bond 
formation
Vimal K. Jain
Directer, Centre for Excellence in Basic Sciences, Mumbai- 400085.
jainvk@barc.gov.in

Palladium complexes have played a pivotal role in metal catalyzed organic transformations. Catalyst design is of 
paramount importance for understanding various catalytic processes and for improving the catalytic activity. Sulfur 
ligands, despite their rich transition metal chemistry, remained dormant as they are usually considered catalyst poison. 
A project was under taken to develop organochalcogen based complexes as catalysts 1-3.
Palladium complexes from internally functionalized organochalcogen ligands have been developed as catalysts for C-C 
coupling reactions. The cationic tetranuclear palladium complexes, [Pd2{S(C6H4)nS}]2[OTf]4 (n = 1 or 2) exhibited 
excellent activity in Suzuki C-C cross coupling reaction. Palladium catalyzed reactions are believed to involve coordinatively 
unsaturated palladium(0) as the active species. The work on chacogenolate based palladium catalysts has permitted us 
to isolate a pentanuclear complex, [Pd0PdII

4(SeCH2CH2NMe2)3(OAc)3][OTf]2 containing a two-coordinated palladium(0) 
center which is fi rst of its kind reported to date.  
To Design new catalyst system, cyclopalladation reactions with selenium and tellurium ligands and oxidative addition 
reactions of diorgano dichalcogenides to M(0) complexes have been investigated.  The latter have been used for the 
synthesis of vinyl sulfi des/ selenides by E-E addition to C=C bonds but similar reactions with diorgano-ditellurides give 
a mixture of products. In such reactions several serendipitous products have been isolated.
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Precise Design of Confi ned Nanocatalysts by Atomic Layer Deposition
Yong Qin
State Key Laboratory of Coal Conversion, Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan, China.
qinyong@sxicc.ac.cn

Confi ned nanocatalysts have been observed to show enhanced activity, stability and selectivity. However, it is still 
a challenge to effi ciently introduce active nanoparticles into the confi ned nanospaces in a highly controllable extent by 
traditional methods. We have developed new approaches based on atomic layer deposition (ALD) for the synthesis of 
confi ned nanocatalysts. Confi ned catalytic nanoparticles could be directly introduced into the channels of porous materials 
like SBA-15 by ALD. Confi ned nanocatalysts could also be easily produced with the assistance of nanowire templates 
by ALD. The catalytic performance of these catalysts has been investigated. The effect of the further modifi cation of the 
supports and active particles, and even the size of confi ned nanospace, on the catalytic performance were also studied. 
The related enhancement mechanisms were analyzed. These investigations provide new guidance for the design and 
synthesis of highly effective nanocatalysts.
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Activation and Transformation of Small Molecules by Transition Metal Catalysts 
Zhaomin Hou
Organometallic Chemistry Laboratory and Center for Sustainable Resource Science, RIKEN, 
2-1 Hirosawa, Wako, Saitama 351-0198, Japan 
houz@riken.jp

In this lecture, I would like to report our recent studies on the following topics: (1) the use of CO2 as a building block for 
organic synthesis,1-2 (2) the activation and functionalization of dinitrogen (N2) by molecular titanium hydride clusters,3-4 

and (3) the C−C bond cleavage and rearrangement of benzene5 and the hydrodenitrogenation (HDN) of pyridines and 
quinolines at a multimetallic titanium hydride framework.
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Bio-nano Conjugation to Design Novel Redox Enzyme Based Catalysts 
Shyamalava Mazumdar
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Enzymes have evolved to catalyse certain specifi c reactions, which are often diffi cult to achieve by conventional catalysts. 
Moreover, enzymatic methods provide a green procedure for effi ciently carrying out the reactions.

The redox enzymes require supply of electrons (redox equivalents) to carry out the catalysis. Our group is investigating 
various heme-containing enzymes that use oxygen or H2O2 as oxidizing agent, while use electrons from NAD(P)H supplied 
inside the cell. In order to achieve in-vitro application of these enzymes we have developed bio-nano conjugates of the 
modifi ed enzyme to design a heterogeneous catalytic system that could also provide the requisite supply of electrons 
for driving the catalytic reaction. Multiwalled carbon nanotubes were covalently linked to the modifi ed enzymes through 
suitable surface mutation. The conjugates of carbon nanotubes with the enzyme was immobilized onto electrodes to 
achieve electro- biocatalysis of reactions of substrates. We also have designed TiO2 nanoparticles coencapsulated with 
the enzyme to photochemically drive the enzymatic cycle. The talk will highlight some of these results and outline the 
challenges and bottlenecks for developing effi cient bio-nano conjugates with redox enzymes for catalysis of important 
reactions.

Reactions between nanoparticles
T. Pradeep
Indian Institute of Technology Madras, Chennai, 600 036, India
pradeep@iitm.ac.in

Atom and structure conserving chemical reactions between nanoparticles are presented using two atomically precise 
archetypal nanoparticles, Ag25(SR)18 and Au25(SR)18 (-SR = alkyl/aryl thiolate). Despite their geometric robustness 
and electronic stability, reactions between them in solution produce alloys AgmAun(SR)18 (m+n = 25), keeping their 
M25(SR)18 composition, structure and topology intact. We captured one of the earliest events of the process, namely the 
formation of the dianionic adduct, [Ag25Au25(SR)36]

2-, by electrospray ionization mass spectrometry. Molecular docking 
simulations and density functional theory (DFT) calculations also suggest that metal atom exchanges could occur 
through the formation of adducts. Such isomorphous transformations between nanoparticles imply that microscopic 
pieces of matter can be transformed completely to chemically different entities, preserving their structures, at least in 
the nanometric regime. Intercluster interactions can also produce cluster dimers and unusual, well-defi ned alloys. They 
refl ect the shell structure of certain reactants. Atom exchanges suggest interesting dynamics in solution, early results of 
these investigations will be presented.
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of several journals and is an associate editor of the American Chemical Society Journal, 
ACS Sustainable Chemistry & Engineering. He has authored popular science books in 
Malayalam and is the recipient of Kerala Sahitya Academi Award for knowledge literature. 
In 2015, he received the Lifetime Achievement Research Award of IIT Madras. As part of his 
philanthropic activities, he supports a school in his village where 500 students are on rolls.
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Nitrogen enriched mesoporous carbon nitrides for heterogeneous catalysis
Siddulu Naidu Talapaneni,* and Ajayan Vinu
Global Innovative Center for Advanced Materials (GICAN), The University of Newcastle, Callaghan campus, Newcastle, 
NSW 2308, Australia.
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Mesoporous Carbon nitrides (MCN) have received enormous attention in recent years because of their remarkable 
and fascinating physical and chemical properties, which lend them to potential applications. The use of MCNs for the 
fuel generation (mainly photocatalytic H2 production) and simultaneous CO2 capture and conversion seems to be the 
best way combat climate change. We recently reported on the synthesis of a new class of MCNs with C3N5 and C3N6 
stoichiometries, which have not realized earlier by using novel nitrogen rich precursors and mesoporous silica materials 
such as SBA-15 and KIT-6 as templates through nano hard templating approach. Well ordered mesoporosities having 
2D and 3D pore topologies, high specific surface areas and large pore volumes have been observed in these novel 
MCNs. Uniqueness of these nitrogen enriched MCNs is their band gap of <2.5 eV which is much lower than the 
band gap of conventional C3N4, is by virtue of their unique framework structure, and hence they can harvest the large 
spectrum of visible light for the photocatalytic H2 production directly from water. We also showed successful utilization 
of MCNs for range of important catalytic applications such as Knoevenagel condensation and Friedel Crafts acylation, 
photocatalytic HER reactions as well as for CO2 capture.
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Novel systems toward ambient pressure photoemission spectroscopy
Lukasz Walczak
R&D Department, PREVAC Sp. z o.o., Rogow, Poland.
l.walczak@prevac.eu

Nowadays, the complexity of materials and their surfaces is expanded across a wide range of topics, including surface science, 
catalysis, corrosion, photoelectrochemical energy conversion, battery technology, or energy-saving technologies1-6. An unique and 
exceedingly flexible analysis cluster with a detection system is needed for this applied research. Here the examples of innovative, 
compact ambient pressure X-ray spectroscopy systems with a some experimental results. One of the example will be a laboratory 
based high pressure x-ray photoelectron spectroscopy (HPXPS). The focus is on the usability of the system for various types of studies 
relevant for high level research for photo-catalytic reactions, light harvesting and solar cell development6. Further examples will be 
the advanced HP cell with the ambient pressure X ray spectroscopy system and flexible gas inlet system to allow for frontier research 
on gas-solid interactions. Systems are equipped with the possibility of process automatization in different environments. Additional it 
will be presented a spectrometer for the ambient pressure photoemission spectroscopy with a new monochromatic source, in order 
to permit complete characterization of the energy, angular, and later resolutions using different metal samples at different pressures.
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Multifunctional Ternary Nanocomposites of ZnO-MoS2-RGO: A Highly Efficient Heterogeneous Catalyst with  
Remarkably Enhanced Sunlight driven Photocatalytic Hydrogen Evolution

Suneel Kumara, Nagappagari Lakshmana Reddyb, Himmat Singh Kushwahac, Ashish Kumara, Muthukonda Venkatakrishnan Shankarb, Kaustava 
Bhattacharyyad, Aditi Haldera, and Venkata Krishnana*

aSchool of Basic Sciences, Indian Institute of Technology Mandi, Kamand, Mandi 175005, Himachal Pradesh, India.
bNanocatalysis and Solar Fuels Research Laboratory, Department of Materials Science & Nanotechnology, Yogi Vemana University, Kadapa - 516003, 
Andhra Pradesh, India.
cSchool of Engineering, Indian Institute of Technology Mandi, Kamand, Mandi 175005, Himachal Pradesh, India.
dChemistry Division, Bhabha Atomic Research Centre, Mumbai 400085, Maharashtra, India.
vkn@iitmandi.ac.in 

Development of noble metal free catalysts for hydrogen evolution is the need of the hour for energy applications. In this regard, 
we designed and synthesized ternary heterojunction nanocomposites, consisting of ZnO nanoparticles anchored on MoS2-RGO 
nanosheets, as heterogeneous catalysts for highly efficient photocatalytic hydrogen (H2) evolution. In photocatalytic process, catalyst 
dispersed in electrolytic solution (S2-, SO3

2-) recorded an enhanced rate of H2 evolution and the optimization experiments reveals that 
ZnO with 4.0 wt% of MoS2-RGO nanosheets (ZMG4) showed the highest photocatalytic H2 production of 28.616 mmol h-1 gcat-1  
under sunlight irradiation, which is about 56 times higher than bare ZnO and several times higher than other ternary photocatalysts. 
The superior catalytic activity can be attributed to in situ generation of ZnS, which leads to improved interfacial charge transfer to  
cocatalysts, MoS2 and RGO, where plenty of active sites are available for photocatalytic reaction. The recyclability experiments of optimized  
photocatalyst proved its stability. In addition, the ternary nanocomposites also show its multi-functional properties for H2 evolution 
under electrocatalytic and photoelectrocatalytic conditions due to the high electrode-electrolyte contact area. Thus, the present 
work provides very useful insights in the development of inexpensive, multi-functional noble metal free catalysts to achieve high H2 
evolution.
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Role of Ti3+ sites and Oxygen Vacancies in Enhancing the Photocatalytic Activity of Perovskite CaTiO3

Ashish Kumar, Suneel Kumar, Ashish Bahuguna, Ajay Kumar, and Venkata Krishnana*
School of Basic Sciences and Advanced Materials Research Center, Indian Institute of Technology Mandi, Kamand, Mandi 175005,  
Himachal Pradesh, India.
Email: vkn@iitmandi.ac.in

A facile controllable solid state reaction method has been developed to fabricate oxygen vacancies and Ti3+ defects on perovskite  
CaTiO3

 (CTO). The concentration of Ti3+ defects, such as Ti3+ interstitials and oxygen vacancies can be varied controllably by tuning 
the calcination temperature and time. Such defects can be critical in enhancing the photoactivity of CTO in the visible light irradiation 
as compared to pristine CTO. Electron paramagnetic resonance (EPR) and x-ray photoelectron spectroscopy (XPS) studies of defected 
samples confirm the presence of Ti3+ and oxygen vacancies. The UV-visible spectra shows that the Ti3+ and oxygen defects extend the 
photoresponse of CTO from UV to visible light region, which leads to enhanced photocatalytic activity for hydrogen evolution from water 
and photodegradation of a pharmaceutical pollutant, tetracycline. The enhanced activity of defected CTO can be attributed to the optimum 
concentration of Ti3+ sites and oxygen vacancies, which improves the charge separation of photogenerated charge carriers. However, an 
excess amount of defects results in a decrease in photocatalytic performance. It is worth mentioning that the Ti3+ sites in the catalyst are 
highly stable in air or water under irradiation and the photocatalyst can be repeatedly used without significant decrease in its activity.
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Efficient Water Reduction of CuFeO2 thin films by Chemical Vapor Deposition
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The phase pure delafossite copper iron oxide CuFeO2 (CFO) photocathodes are grown by direct liquid injection chemical vapor deposition 
(DLI-CVD) method. The optimum photoelectrochemical (PEC) water reduction for hydrogen generation is realized with ~ 150 ± 20 nm 
thick CFO films synthesized at 600 °C. The photocurrent densities as high as ~ 0.71 mA/cm2 are obtained for the best performed CFO 
photocathodes at 0.6 V νѕ. RHE under standard visible light illumination (AM 1.5G 100 mW/cm2) from 1 M NaOH electrolyte (pH 13.5) in 
an ambient environment. However, in the presence of O2 saturated electrolyte CFO photocathode delivers 2 fold increment in photocurrent 
density i.e. ~1.3 mA/cm2 at 0.6 V νѕ. RHE. Additionally, when examined in 0.5 M Na2SO4 (pH 6.45), CFO photocathode justify lower  
photocurrent density of ~ 0.45 mA/cm2 at real hydrogen reduction potential of 0 V vs. RHE. The measured photocurrent density 
values of CFO electrodes in different electrochemical conditions are confirmed from the incident photon to current conversion 
efficiency (IPCE) measurements. The increased photoelectrochemical performance with optimum growth conditions is achieved by 
highly adherent, defect-free pure phase nano-crystallinity of CFO thin films made by DLI-CVD technique that reveals reasonable 
stability under sacrificial O2 purged conditions.
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Controlling the kinetics of visible light induced photocatalytic activity of Au-gC3N4 nanocomposites by using different 
proteins
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In this work, we report the interaction of different proteins with Au-gC3N4 nanocomposites in controlling its visible light photocatalytic 
activity. Introducing the Au nanoparticles into two-dimensional graphite-like carbon nitride nanosheets (gC3N4 NS) would improve 
the photocatalytic activity as the Au nanoparticles plays an important role in trapping and storing the electrons from the conduction 
band of gC3N4 NS. The structure, morphology and optical properties of the Au-gC3N4 nanocomposites were investigated using 
scattering and spectroscopic techniques. The degradation of methylene blue (MB) was chosen as arepresentative system for the 
studying of visible light induced photocatalytic activity of the Au-gC3N4nanocomposites, in the presence of different proteins. Bovine 
serum albumin (BSA), trypsin and cytochrome Chaving different chain lengths and physicochemical propertieswere used to control 
the kinetics of the photocatalytic activity of the Au-gC3N4 nanocomposites. Due to simultaneous competitive adsorption of MB and 
proteins, the photocatalytic activity of the nanocomposites got enhanced in the presence of BSA, while it got inhibited or slowed 
down in the presence of trypsin and cytochrome C, respectively. The mechanistic understanding developed in this study can be useful 
for controllingthe kinetics of activity of semiconductor based photocatalysts using proteins as activators or inhibitors.
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Nitro compounds renders its contaminated water non-potable.1,2 Adsorption is a cost effective and convenient way to treat  
contaminated water.3 Graphene oxide having high surface area and oxygen bearing surface functionalities has proven to be an  
excellent adsorbent for water treatment. Graphene oxide was modified chemically via metal salt reduction method. The synthesized 
material was used for the removal of toxic nitro compounds including picric acid and trinitrotoluene (TNT) from contaminated water. The  
proposed mechanism of adsorption was found to be highly pH dependent. The adsorption was studied using Langmuir, and Freundlich  
adsorption isotherms. Detailed investigation has shown that the kinetics of both the systems viz. picric acid and TNT can be best  
explained using Pseudo second order model. Maximum adsorption capacity for picric acid and TNT removal were found to be 48.31 
mg g-1  and 409.31 mg g-1, respectively. Recovering the adsorbent efficiently is another aspect that has been taken care of in our 
system. For a facile recovery of the adsorbent it was decorated with magnetically active metal oxide nanoparticles. It can prove to 
be a potential adsorbent for the removal of toxic nitro compounds; it can be easily regenerated and can be used commercially for 
wastewater treatment.
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Effect of electron donor on the performance of chromium catalyst system for oligomerization of ethylene.
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Linear α-olefins (LAOs) are important components for the production of co-polymers (1-C4 to 1-C8), plasticizer alcohols (1-C6 and 1-C8), 
detergents (1-C12 to 1-C14) and synthetic lubricants (1-C10, 1-C16+). Each of these compounds have their own market size and growth,  
demand and quality requirements. We have studied ethylene oligomerization in presence of Cr (ACAC)3 catalyst and MAO as co 
catalyst and the effect of Trimethoxymethyl silane on catalyst selectivity as well as product quality. It was found that Al:Cr ratio 300, 
catalyst activity 84000 gm/Cr mmole with selectivity 90% with producing C4 to >C20 products. However, at same ratio only C4 
product was found in presence of trimethoxymethyl silane. As the Al:Cr ratio increased to 1000 than C4 to >C20 polyolefin products 
were obtained with high catalyst productivity 189000 gm/Cr mmole as it was increased by two fold and α-olefin oligomer selectivity 
>95%. Trimethoxymethyl silane played an important role to activate the catalyst and produced C4 to >C20 alpha olefins with high 
productivity. 
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Novel internal donor development for propylene polymerization
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Titanium based Ziegler-Natta catalysts are the basis of the modern processes for polypropylene production1. Organic electron donors 
like esters, ethers, and alkoxysilanes are widely used in the catalyst preparation and polymerization processes, which play key roles 
in enhancing isotacticity and regulating molecular weight distribution of the PP products2. External donors are added during the 
polymerization to replace internal donors lost due to alkylation and reduction reactions with the cocatalyst3. Steric and electronic 
control in titanium species through O & N donor system found its influence on propylene polymerization. Herein we have developed 
bulky fluorine and electron rich urea4 based internal donors. 

The use of a combination of ester-ether or Urea as internal donor and alkoxysilanes as external donors resulted in good catalyst 
activity. These new kind of Ester-ether and nitrogen-based (Urea) internal donors not only enhance productivity but also produce 
polypropylene with high melt flow index. This opens new window to develop new generation Ziegler-Natta catalyst for propylene 
polymerization.
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Multitudinous Roles of Glucosamine hydrochloride as Nitrogen Precursor towards Oxygen Reduction Reaction in Iron 
based catalysts
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Nitrogen doped carbon supported iron (Fe-N-C) framework has gained tremendous attention as an excellent alternative of platinum for catalysis 
of oxygen reduction reaction (ORR) of proton exchange membrane fuel cell (PEMFC)1–5. Herein, we have prepared variety of Fe-N-C framework 
by pyrolyzing iron oxide with different ratio of glucosamine hydrochloride (GA). GA not only act as source of carbon and nitrogen, but also as 
reducing agent and as growth directing agent. Careful investigation by various spectroscopic techniques (such as X-Ray Photoelectron Spectroscopy, 
Raman Spectroscopy), and microscopic (such as Scanning Electron Microscopy and Transmission Electron Microscopy) along with electrochemical 
techniques, we have observed that the number of nitrogenous active sites is not directly proportional to the concentration of nitrogenous precursor 
molecule. The amount of nitrogen precursor in the synthesis process plays significant role in determining the morphology and oxidation state of iron 
in final catalyst and further influences the catalytic materials. Detailed electrochemical studies including rotating ring disk electrode measurement 
along with Impedance study conclude that the activity of the different ratio of nitrogenous precursor in the synthesis procedure greatly influences the 
catalytic property of the final catalyst. 
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The rapid development of industries has introduced many serious problems to ecosystems and leading adverse effect to the human 
health and environment. Industrial discharged water contains many harmful contaminants such as dyes, phenolic compounds and 
heavy metals, which are considered very carcinogenic to human health and other leaving organisms. Photocatalysis is one of the 
widely recognized most efficient techniques for the decontamination of industrial wastewater.2 

Recently, very much attention has been focused on magnetic nanoparticles and graphene-based magnetic nanocomposite because of 
their magnetic separability.3 Therefore, we have synthesized magnetic metal oxide/rGO nanocomposites adopting eco-friendly solution 
chemistry approach. The synthesized nanocomposites materials were characterized by different analytical tools and utilized as an 
efficient photocatalyst for the degradation of harmful dye molecules and phenolic compounds and reduction of toxic heavy metal to 
non-toxic metal ions under direct sunlight irradiation. The electron and hole are generated in semiconductor metal oxide nanoparticles 
under light irradiation, these photoexcited electrons interact with the functional groups of the graphene sheets which generate oxygen 
radicals (O•

2) by reduction process in the conduction band. Therefore, the graphene sheets in the nanocomposites restricted the 
recombination of electron-hole pair and enhance the photocatalytic activity of the metal oxide semiconductors.4 
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For the first time, hollow mesoporous CuO microspheres were prepared by a rapid one-pot hydrothermal method at 150°C/2h, using 
aqueous based precursors like copper acetate, urea and water.1 Dumbbell shaped CuO were further designed using copper nitrate 
instead of copper acetate under same reaction condition.2 Multishell cube shaped CuO were synthesized by novel sol-gel method from 
the precursor solutions of viscous (viscosity 14 mPa s) copper oxalate hydrate (C2CuO4.nH2O) using the strategy of heterogeneous 
contraction mechanism based on non-equilibrium heat treatment.3 

The catalytic test for CO oxidation was investigated in a continuous flow fixed-bed glass tubular reactor. The 100% CO conversion 
(T100) to CO2 occurred at around 190°C, 140°C and 133°C for the CuO samples with multishell, hollow spherical and dumbbell 
shape architecture respectively. High catalytic efficiency of hollow spherical and dumbbell shape morphology was attributed based 
on hierarchical microstructure with rod like particles rendering faster diffusion rather than multishell interior of cube shaped Cuo.4-5 

We believe the maximum catalytic efficiency (T100) of the dumbbell shaped CuO was due to its higher surface area, pore volume 
and pore diameter compare to hollow spherical CuO. The present method of preparing mesoporous CuO may be applicable for the 
synthesis of other transition metal oxides.
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An Efficient Ru-Catalyzed Alkyne Homocoupling Reaction under Microwave Irradiation
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In the recent years, researchers introduced microwave heating to improve the efficiency of various organic syntheses over classical 
heating methods.1 Among these pathways, some important core moieties of synthetic as well as biological molecules were appraised. 
Here we have described a facile RuCl3−catalyzed synthesis of 1,3−diynes by homocoupling reaction of alkyne derivatives.  
These 1,3−diyne are the important class of starting materials for synthetic and biological compounds. In addition to their pronounced 
biological activities, these 1,3−diyne moieties are found to have noticeable applications in designing of biomolecules synthesis, 
macrocyclic annulenes, organic conductors, supramolecular switches, and carbon-rich materials.2 Considering the importance of 
these moieties in pharmaceutical and chemical domains, there is a dire need of extensive research for the development of new 
chemical compounds which can help to prevent the drug resistance and thus provide better treatment for some notable diseases.3 
By this methodology, we synthesized symmetrical and unsymmetrical 1,3−diyne in high yields in short span of reaction time.  
The prepared products were characterized by 1H, 13C NMR, FT-IR and HRMS.
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In the present study, valence band (VB) and core level photoelectron spectroscopy was carried out to investigate the electronic structural 
changes from polycrystalline Co to spinel Co3O4, via CoO at near ambient pressures ((NAP) ~0.1 mbar).1 O2-Co and H2-CoOx gas-solid 
oxidative and reductive interactions, respectively, has been explored with UV photons (He-I) or low kinetic energy electrons (≤16 eV)  
at NAP conditions.2 Typical VB features of Co metal, CoO, Co3O4 and a mixed phase between any two adjacent features were observed 
and well corroborated with core level changes. Very significant and characteristic changes were observed with Co 3d features in 
the VB for each stage from Co oxidation to Co3O4 as well as Co3O4 reduction to CoO. Co3O4 and CoO can be reversibly obtained by 
alternating the conditions between 0.1 mbar H2/650 K and 0.1 mbar O2 at 400 K, respectively. A meaningful correlation is observed 
between the changes in work function with cation oxidation state; small changes in the stoichiometry can strongly influence the 
shift in Fermi level and changes in work function under NAP conditions.3 Reversible work function changes are observed between 
oxidation and reduction conditions. While O 2p derived feature for CoOx was observed at a constant BE (~5 eV) throughout the redox 
conditions, Co 3d band and molecular oxygen or hydrogen vibration feature shifts significantly underscoring the physicochemical 
changes, such as charge transfer energy and hence changes in satellite intensity. The peak close to EF originated from the 3d6L final 
state of the octahedral Co3+ 3d band of Co3O4. Present findings have significant relevance to heterogeneous catalysis, as Co and 
cobalt oxides are important for number of reactions. 
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Chemoselective behavior of iodine in different solvents showing electrophilic iodocyclization and oxidative esterification of 
hydroxyalkynyl aldehydes has been described. The hydroxyalkynyl aldehydes on reaction with I2 in presence of alcohol which act 
both as a solvent as well as nucleophiles provides alkyl 4-(3-hydroxyalkynyl)benzoate via formation of cyclic iodonium intermediate; 
however, using DCM as a solvent hydroxyalkynyl aldehydes afforded the iodocyclized product. Subsequently, terephthalaldehyde and 
isophthalaldehyde undergo selective esterification leading to the selective synthesis of alkylformylbenzoate. This developed oxidative 
esterification and iodocyclization provides a novel access for the chemoselective synthesis of esters from hydroxyalkynyl without 
oxidizing primary alcohol present in the substrate.
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Generally, oxy-trifluoromethylation in olefins is achieved by using oxidants and transition metal catalysts.1 However, labile olefins 
remain unexplored due to their incompatibility to harsh reaction conditions.2 Here, an unprecedented light induced oxidant and 
metal-free tandem radical cyclization-trifluoromethylation3 and dehydrogenative oxygenation of 1,6-enynes has been achieved by 
using a photoredox catalyst; phenanthrene-9,10-dione (PQ), Langlois’ reagent (CF3SO2Na) and water as oxygen source. This benign 
protocol allows access to various CF3-containing C3-aryloyl/acylated benzofurans, benzothiophenes, and indoles. Moreover, oxidized 
undesired products, which inherently formed by the cleavage of vinylic carbon and heteroatom bond, have been circumvented under 
oxidant free conditions. Mechanistic insights by DFT, EPR, UV-visible, electrochemical and labelling studies suggest that PQ activates 
CF3SO2Na as well as facilitates the oxygenation of enyne from water by acting successive two-electron oxidant.4 
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Nowadays electrochemical energy storage is emerging field and that aqueous based batteries (lead-acid) are providing a highly specific 
capacity, high efficiency and long durable in high power applications. Thus, fabrication of aqueous rechargeable lithium-ion battery 
(ARLB) with green and safe technology without affecting lithium-ion electrochemical performance is a challenge. In ARLB, H+ ion 
may be co-intercalated into the electrode materials parallel to the intercalation of the Li+ ions. Interestingly, LiFePO4 does not allow 
the H+ insertion 1, and that carbon-coating is by far the most widely used and straightforward technology to improve the conductivity 
and stability in aqueous electrolyte. However, homogenous and uniform carbon coating with a favourable structure remains still a 
challenge 2.The carbon-coated LiFePO4 significantly improved the cycling stability as well as electrochemical performance in aqueous 
electrolyte, i.e., 124 mAh/g at C/5 3 and 106 mAh/g at C/34. Here, we report, high electrochemical performance of novel mesoporous 
LiFePO4/CMK-8 in aqueous electrolyte. The electrochemical performance of the composite electrode in aqueous electrolyte has 
shown a capacity of 138 mAh/g and 78 mAh/g at C/10, in the absence and presence of oxygen, respectively. 
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Ordered mesoporous titania is of great promise for new generation photocatalyst, however, only very reports are available owing 
to challenges in synthesis in addition to poor quality materials.1-4 The high reactivity of titanium ions towards hydrolysis and 
condensation leads to dense inorganic network giving poor mesostructure. In this work, for the first time, we report a controlled 
synthesis of highly ordered 2D-hexagonal mesoporous titania, designated as TMP-123 with anatase and monoclinic (titania bronze, 
TiO2 (B)) phases.5 This is achieved by controlled condensation using non-aqueous solvent and maintaining a low pH. The synthesized 
material was systematically characterized by powder XRD, TEM, N2-sorption isotherms, Raman and DRUV-visible spectra. The 
resulting high-quality samples phase composition was determined from Rietveld refinement, 75 % (anatase) and 25 % (monoclinic). 
Further, the mesoporous TMP-123 exhibits enhanced photocatalytic activity for the degradation of 4-chlorophenol as compared to 
the commercial titania, aeroxide P-25. 
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From past few years, efforts to prepare ordered mesoporous titania that consists of monoclinic titania bronze phase, TiO2 (B), along 
with tetragonal anatase phase, has attracted great attention. The prepared ordermesoporous titania, designed as TMF-108, with such 
unique phase favours slow recombination rate of excitons and makes it as a promising material for photocatalytic applications, in 
particular for water splitting reaction. Recently, few groups have reported ordered mesoporous titania having TiO2(B) phases, and that 
Selvam et al. reported, for the first time, synthesis of well-ordered mesoporous titania having TiO2(B) phase using Pluronic F-127 and 
P-123 surfactants.1-4 Herein, we report, for the first time, the synthesis of well-ordered nanocrystalline mesoporous titania, designated as  
TMF-108, using Pluronic F-108 as template as structure directing agent. The resulting high-quality samples phase composition 
was determined from Rietveld refinement, 61 % (anatase) and 39 % (monoclinic). The unique phase composition of our prepared 
material favours slow recombinations rate of excitons and makes it as promising material for photocatalytic applications, in particular 
for hydrogen evolution reaction. Photocatalytic hydrogen evolution reaction performed taking water (source) and methanol (sacrificial 
agent) using 150 W Solar simulator as light source. The results indicate higher hydrogen evolution rate for TMF-108 compared to 
commercial titania, aeroxide P-25,
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Ceria–zirconia solid solution is employed as automotive three-way catalyst because it ameliorates the thermal stability and reducibility 
of the materials.1 The ample usage of bulk ceria incorporated zirconia as catalyst component for various oxygen storage applications 
in oxygen partial pressure sensing has motivated the preparation of the mesostuctured counterparts possessing high surface area and 
tunable pore structures.2 It is anticipated that ordered mesoporous ceria-zirconia solid solution with large surface areas and robust 
pore structures exhibit more fascinating catalytic properties.3 Highly ordered mesoporous zirconia and ceria–zirconia solid solutions 
have been successfully synthesized by a modified evaporation-induced self- assembly (EISA) method using Pluronic triblock copolymer 
F127. The prepared materials with long-range ordered mesostructures were systematically characterized by various analytical, 
spectroscopic and imaging mmethods. Furthermore, the textural analysis divulged high surface area and narrow pore size distributions 
of the obtained samples. A linear decrease of the cell parameter is anticipated owing to the smaller ionic radius of Zr4+ (0.84 Å) to that of  
Ce4+ (0.97 Å), and that Vegard’s rule is obeyed for the composition, Ce1-xZrxO2 (x = 0.25-0.75) suggesting the formation of single 
phase solid-solution. On the other hand, N2-sorption isotherms for all the samples show type IV with H1-type hysteresis loops and 
extremely narrow pore size distributions (3.1-3.8 nm). All these unique aspects of the prepared materials could show promise than 
their bulk counterparts in various catalytic applications.
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Solution processed NiO nanoplates for improved hydrogen gas sensor application
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Hydrogen (H2) is a clean, portable and potentially inexhaustible energy source with the potential to become a panacea for clean 
energy generation.1 However, H2 has wide explosive concentration range (4–75 vol%), low ignition energy (0.02 mJ) and large 
flame propagation velocity.2 Due to its ultra small molecular size, confinement and containment of this gas are difficult. Moreover, 
human senses cannot detect H2 due its colorless & odorless.3 Accurate detection and monitoring of hydrogen is an important issue. 
Present study deals with selective H2 sensing using NiO nanoplates material (synthesized using easy and economical solution process 
chemical method). The nanoplates morphology (thickness ~20 nm, diameter 135 nm) of NiO has been confirmed by FE-SEM and 
TEM. Structural properties and elemental compositions have analysed by XRD and EDS respectively. The detail investigation of 
structural parameters has been carried out. The lowest H2 response of 3 % has observed at 2 ppm, whereas 90 % response noted 
for 100 ppm at 200 ˚C temperature with response time 180 s. The H2 responses as function of operating temperature also gas 
concentration have studied along with sensor stability. H2 sensing found to be improved.4,5 
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Photocatalytic H2 generation has attracted much attention because of its potential to utilize solar energy to split water into H2 by 
using photocatalyst1-5. TiO2 is well known photocatalyst but its activity is limited in sunlight by high band gap (3.2 eV) and e-/h+ 
pair recombination rate4, 5. Here, in present paper, role of ethylene glycol mediated synthesis in alteration of photocatalytic properties 
of TiO2 was investigated. Structural, bulk and surface properties of both TiO2 samples synthesized with ethylene glycol (referred as 
TiO2EG) and without ethylene glycol (referred as TiO2) were studied by relevant techniques. Anatase phase is predominant in both the 
samples. Consequences of EG mediated synthesis on local environment around Ti ions were probed using X-ray absorption near edge 
spectroscopy (EXAFS). The investigations confirmed less lattice distortion as suggested by ϮϮvalues accompanied with lengthening of 
Ti-O and Ti-Ti bonds in TiO2EG as compared to pristine TiO2. Defects acts as sites for e-h+ recombination and therefore may regress 
the hydrogen yield. Maximum H2 generation of 3382 umol/h/g was observed over Pt (1%w/w) /TiO2EG sample which is ~ 29 times 
enhancement in the yield as compared to TiO2. Well crystalline anatase titanium dioxide powders with increased surface area and 
porosity, enhanced visible light absorption, less disordered structure, were obtained.
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We report room temperature synthesis of Au-TiO2 plasmonic nanohybrids consisting of TiO2 nanostructures decorated with Au 
nanoparticles by wet chemical method. The changes in the optical and photocatalytic properties of the TiO2 nanostructures upon 
Au nanoparticle decoration were studied. TEM studies reveal that Au nanoparticles uniformly attached on the edges of TiO2 
nanostructures. XRD studies also confirm the hybrid nature of the synthesized nanostructures consisting of Au nanoparticles and TiO2 
nanostructures. UV-visible DRS absorption spectra of Au-TiO2 nanohybrids show the absorption band at around 554 nm due to the 
surface plasmon resonance (SPR) of Au nanoparticles. The photocatalytic efficiency of Au-TiO2 nanostructures significantly increased 
upon decoration with of Au nanoparticles. The as-synthesized Au-TiO2 plasmonic nanohybrid degrade toxic organic pollutants  
MB and MO in water as well as their mixture under sun light irradiation. The Au-TiO2 nanhohybrid exhibits 230% superior 
photocatalytic activity as compared to pristine TiO2 nanostructures. The mechanism for superior photocatalytic activity of  
Au-TiO2 plasmonic nanohybrids is tentatively proposed. The superior photocatalytic activity of Au-TiO2 plasmonic nanohybrids can be 
attributed to their improved sun light utilization and efficient charge separation coming from the formation of Schottky junctions. This 
study demonstrates a facile method for the development of efficient plasmonic photocatalyst for photocatalytic purification of water. 
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The separation of Cr(VI) from waste streams and its subsequent catalytic reduction to the relatively non-toxic Cr(III) is needed before releasing in to 
the environment. Ion-exchange membranes serves better to separate reduced chromium from un-reduced one.

In this study, we have taken a two compartment cell in which two compartments were separated by an anion exchange membrane. The cell was sealed 
using vacuum grease and parafilm. The first side of the cell was filled with chromate solution while the second was filled with aqNaCl to maintain 
charge neutrality. The feed and receiver phases were continuously stirred to avoid the concentration gradient at membrane-solution interfaces.  
The chromate ion diffuse through the membrane and reaches to the other side of the cell and after some time the concentration on both sides will be 
equal and homogeneous. When Pd NPs nanoparticles embedded dendritic fibrous nanosilica (DFNS)1-3was placed in the receiver compartment, the 
transported chromate was reduced to Cr(III),a cationic species and remained in the second compartment of the cell. Here formic acid was used as  
a reducing source. The results indicate that DFNS/Pd has excellent activity in decomposing formic acid at room temperature.
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Oxidation/reduction reactions at nanoparticle surfaces play vital roles in various catalytic processes for production of highly valuable 
chemicals. Therefore, there has been an enduring effort to find an earth-abundant, low-cost, highly active, selective and stable 
catalyst. Among the various transition metal oxide, Ta2O5 is of great interest due to its various properties such as wide band gap 4.0 
eV, high ionic conductivity (~ 10-5-10-9 S/cm), high refractive index, high dielectric constant, low absorption coefficient, low internal 
stress, good mechanical and chemical stability. It is also a well-known chemical and hydrothermal stable oxide. Tantalum oxides 
also exhibit variable oxidation states which may be useful in tailoring catalytic as well as acidic properties.1-3 In the present work, 
we report a facile wet chemical synthesis for the deposition of Ta2O5 over the dendritic fibrous nanosilica (DFNS) support,4,5 with 
controllable textural properties and varied fiber density. Their catalytic activities were studied using conversion of nitrobenzene to 
aniline as test reaction. These results will be presented in this poster.
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Biodegradable porous structures are attractive because of their ability to serve as viable carriers for site specific delivery of vaccines, 
genes, drugs and other biomolecules in the body.1 Hydroxyapatite, Ca10(PO4)6(OH)2 (HAp), is inherently biocompatible as it is the 
main inorganic component of human hard tissue (bone and teeth). As such, HAp nanostructures, which have high accessible surface 
area and internal porosity, can be used to simultaneously achieve different goals: drug delivery, imaging, and therapeutic application. 
Herein, we report firstly the synthesis of porous hollow hydroxyapatite nanotubes whose diameter is in the range of 140-350 nm, 
length is on the order of a few microns and BET surface area is 116 m2/g. Single-particle analysis has been extensively performed to 
successfully prove the sole formation of HAp phase.2,3 Secondly, we have compared its drug loading and release studies compared 
with commercial available HAp spherical nanoparticles whose size is in the range of 30 to 1000 nm and BET surface area is 24 
m2/g . Two conventional chemotherapeutic drugs: Paclitaxel and doxorubicin hydrochloride have been used to investigate the loading 
capacity, internalization and cellular uptake of these two HAp nanostructures using a variety of techniques such as flow cytometry, 
confocal microscopy, MTT assays to evaluation bio-viability, and absorbance measurements for drug loading and release profiles.
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Supported metal particles have attracted a great deal of attention in the field of catalysis, optoelectronics, and drug delivery because 
of their unique physical and chemical properties. In the last decade, nanocatalysis research has resulted in synthesis of catalysts 
with unprecedented catalytic performances that now exceed those of conventional homogeneous catalysts2. Among all the metal 
nanocatalysts, silver based are generally shown to have lower activities for many liquid-phase organic reactions3. Recently, dendritic 
fibrous nanosilica (DFNS), a novel silica material,4,5 was used to develop supported gold catalyst, with a very high turnover number 
of 5, 91,000 for oxidation of dimethylphenyl silane as a test substrate. As silver is almost 60 times less expensive than gold, we tried 
to catalyze the same reaction by supported silver to make the process more sustainable.

DFNS was first functionalized with 3-aminopropyltriethoxysilane and then silver nanoparticles were supported by reducing the silver 
salt in situ with NaBH4. Electron microscopy, nitrogen sorption analysis, thermo-gravimetric analysis and absorption measurements 
were performed to thoroughly characterize the catalysts. Synthesized catalysts showed remarkably high catalytic activities with  
a turnover number and turnover frequency 96,300 and 4012 h-1 for dimethylphenyl silane oxidation by DFNS/Ag (0.5%) catalyst.
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Morphology-controlled nanomaterials play crucial roles in the development of technologies that address challenges in various fields 
including energy, environment and health. In the last two decades, silica-based nanomaterials have drawn significant attention in 
research due to their wide applications.1,2 Our notable, recent invention is dendritic fibrous nanosilica (DFNS).3-5. This material 
possesses a unique fibrous morphology, which is unlike the tubular porous structure of various conventional silica materials. DFNS 
has showed exceptional activities in a range of fields, such as catalysis, gas capture, solar energy harvesting, energy storage, sensors, 
and biomedical applications. In this work we comprehend and demonstrate experimentally the formation mechanism of nanomaterial 
(DFNS) using unique coalescence process for the first time. The formation of DFNS followed several systematic steps: lamellar 
micelle formation by self-assembly of surfactant molecules, their stabilization by co-surfactants, the formation of bi-continuous 
microemulsion droplets (BMDs) and coalescence to yield a microemulsion-based nanoreactor that acts as a template to produce 
DFNS. The role of the co-surfactant was very dramatic, which allowed the understanding of this intricate mechanism involving the 
complex interplay of self-assembly, BMDs formation and coalescence. In-situ investigations under the exact synthetic conditions using 
small-angle X-ray scattering demonstrated the solidity of the proposed formations steps and allowed deeper molecular level insight.
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Enzymes are biocatalyst with a complex 3-D structures that perform the chemical transformation with high activity and substrate 
specificity under very mild condition. However, the use of the natural enzymes for practical application in real life is limited by 
the serious limitations such as high sensitivity and low stability to the changes in the environment conditions, time consuming 
and high cost of preparation and purification, difficulties in recovery and recycling. These considerations led to the search for 
the artificial enzymes that mimics the complex nature of the natural enzymes that are easy to make and shows greater stability 
towards environmental modifications.1 Recently, with the advent of the nanomaterials possessing remarkable properties such as 
the high surface to volume ratio, high catalytic activity and performance has speeded up the search for the artificial enzymes. 
Gold (Au) nanoparticles found to possess excellent enzymatic activity. However, due to their small sizes they agglomerate and their 
catalytic activity decreases with time.1-2 Therefore, gold nanocatalysts with improved stability is needed to develop better artificial 
enzyme. In this work, we have synthesized dendritic fibrous nanosilica3 supported gold nanoparticles (DFNS/Au), with two different 
loadings (1 and 5 wt%) and narrow particle size distribution. These catalysts were evaluated for peroxidase-like activity using 
3,3',5,5'-tetramethylbenzidine (TMB) substrate. DFNS/Au (5%) showed highest catalytic activity. 
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WO3/SiO2 solid acid catalyst synthesized using sol gel method has shown promising activity for liquid phase nitration of o-xylene using 
70% nitric acid without using any sulfuric acid and with azeotropic removal of water formed during the reaction. However, due to the 
hydrophilic nature of the catalyst, water in the reaction system gets strongly adsorbed on catalyst surface forming a layer between catalyst 
and organics. This prevents effective adsorption of substrate on catalyst surface for its subsequent reaction. To improve the activity 
further, the hydrophilic/hydrophobic nature of the catalyst was altered by post modification using commercial organosilane. The modified  
WO3/SiO2 catalyst showed significant improvement in liquid phase nitration activity of o-xylene. Catalyst characterization revealed 
decrease in the surface area and fine dispersion of WO3 particles of 2-5 nm on silica support. NMR and FT-IR study revealed the 
decrease in surface hydroxyl groups imparting hydrophobicity to the catalyst. The total acidity of the catalyst remained almost 
unaltered even after modification. Even though, the acidity and other characteristics of the catalyst do not change appreciably, there 
is a considerable increase in conversion which can be attributed to the hydrophobic nature of the catalyst.
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The recent clinical data indicate the extent population affected by cancer directly and indirectly demands the development new 
drugs with desired medicinal efficiency that may be synthesized by adopting by simple environmental friendly synthetic methods. 
Among various mechanisms adopted to control cancer, interfering with the spindle formation has been evolved as a successful 
mechanism. Spindle formation is one of the important steps in cell multiplication in which spindle formation followed by  
apoptosis1. A set thienopyridines have been reported to exhibit superior Bruton's tyrosine kinase (BTK) inhibitory activity with 
outstanding hydrophilicity and selectivity2 and also CHK1 inhibition through hydrogen bonding even in single digit nanomolar 
concentrations3. In the present study we have synthesized several substituted thienopyridines pharmacore compounds and evaluated 
their HsEg5 inhibitory activities and their specificity. To validate, we have screened the molecules against second allosteric binding 
site in Eg5 using in silico and in vitro approaches. 
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In the constantly changing technological landscape of energy storage devices, supercapacitors are good alternative. This due to the 
supercapacitors is device competent to managing high power rates compared to batteries.1-2 In the present work, we report strategy 
for improving the capacitive properties of graphene oxide(GO)-polyaniline(PANi) composite by dispersing α-Al2O3 nanoparticles.  
Ex-situ approach was used to prepare composite between GO and PANi as base material. In order to improve supercacitive 
properties of GO-PANi composite, 0.5 wt.% of α-Al2O3 nanoparticles were added in composite. In comparison to the GO and PANi,  
GO-PANi/α-Al2O3 composite delivers good supercapacitive properties. The GO-PANi/α-Al2O3 composite achieve considerable specific 
capacitance of the order 715.5 Fg−1 at a scan rate of 2 mV s−1. The areal capacitance of the GO-PANi/αAl2O3 composite is 
significantly higher than the GO and PANi samples. High-performance supercapacitors have the most important characteristics of 
good cycling stability. In our case, GO-PANi/α-Al2O3 composite retain 95.83% capacitance after 7000 cycles. These findings could 
results in designing of high-performance supercapacitors and other energy storage methods.3
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Controlled surface modification and confinement induced enhanced photocatalytic activity of SiC for renewable 
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The generation of renewable energy through photocatalysis and fabrication of advanced materials for energy harvesting and 
environmental remediation have become an extremely active research area of great importance. In this respect, silicon carbide (SiC) 
has proven to be technologically important material covering the two important above aspects. The occurrence of different polytypes1 
of  SiC along with their individual characteristic electrical, chemical and thermal properties made it suitable for photocatalytic material 
for hydrogen generation and environmental remediation 2,3. Here we demonstrate the significant effect of surface modification in 
enhancement of photocatalytic  activity of SiC4. The confinement effects of the different polytypes of crystalline SiC and amorphous 
SiC are also being addressed. Graphitization of SiC by high temperature thermal decomposition method4 has been employed to 
grow epitaxial graphene (EG) on silicon carbide (EG/SiC hybrid system) to design the surface and interface structure in controlled 
manner. The systems have been characterized by Raman and UV-vis spectroscopies along with the XRD, SEM and HRTEM analysis. 
Significant enhancement of the photocatalytic activity (~1000%) and bandgap narrowing (~30%) of EG/SiC systems were observed, 
relative to the bare SiC, depending on the quality and quantity of the EG and heterojunction interface structures 
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Morphology Controlled Synthesis of Ag/TiO2 Plasmonic Photocatalyst

Rahul Purbia*, Santanu Paria
Department of Chemical Engineering, NIT Rourkela, Odisha
rahulpurbia@gmail.com

Energy and environment are considered to be critical challenges for the current society. Hybrid noble metal-semiconductor 
heterostructure nanoparticles (NPs) have aroused significant attention in the field of plasmonic photocatalyst because of their 
better solar light harvesting and solar energy conversion efficiencies under visible light1,2. In this type of heterostructure materials, 
the enhancement of photocatalytic activity mainly occurs by the better charge separation at metal-semiconductor interfaces and 
improved light harvesting property due to localized surface plasmon resonance (LSPR) effect of plasmonic metal3,4. The use of 
morphology controlled metal-semiconductor hybrid NPs to harvest solar energy as photocatalyst is the best way for the energy 
and environment science. In this context, we have developed different morphology of Ag/TiO2 plasmonic photocatalyst by use of  
AgBr NPs as the source material. We coated AgBr NPs with TiO2 and synthesized different shaped Ag/TiO2 nanostructures  
(rods, trees, sphere, sheets, and yolk/shell) by varying the synthesis parameters. The resultant nanostructures showed the 
better absorption of visible light in the wide region, enhanced charge separation ability, and finally improved photocatalytic and 
photoelectrochemical activity under visible light. This study is essential to realizing to boost the photocatalytic performance for solar 
energy conversion applications under visible light.
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To satisfy the mounting energy desires of global economy, hydrogen turns out to be the best choice with its eco-friendly nature. 
Water splitting is an attractive approach for large scale production of Hydrogen. Transition metal dichalcogenides (TMDs) are known 
to show exceptional catalytic water splitting efficiency.1-2 Tungsten disulfide has emerged as a promising HER catalyst recently.3-4 
Tremendous efforts have been made to enhance the catalytic activity of TMDs by engineering the structure by inducing defects and 
by phase transition to metallic polymorphs.4-5 Here we present a new approach for the controlled synthesis of highly catalytically 
active WS2 nanoclusters for hydrogen evolution reaction. Oxygen incorporated 1T and 2H WS2 nanoparticles are prepared from 
oxygen deficient WO3-x nanorods, following chemical exfoliation and ultrasonication processes, respectively. We studied the HER 
activity of oxygen-incorporated 1T WS2 (O-WS2-1T) and 2H WS2 (O-WS2-2H) nanoclusters. The presence of tailored edge sites, and 
enhanced conductivity resulting from the metallic 1T phase and oxygen incorporation, synergistically contribute to the higher HER 
activity of O-WS2-1T compared to O-WS2-2H, making it a promising electrocatalyst. For comparison, HER studies on 1T and 2H 
WS2 nanoparticles synthesized from both ball milled WS2 powder (WS2-BM) and H2S treated WO3 pristine powder (WO3-WS2), are 
performed.
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‘Salzyme’ – Enzyme mimicking metal salt as an alternative catalyst for organic synthesis.
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D-Gluconic acid is a platform commodity chemical that has important applications in pharmaceutical and food industries. D-gluconic 
acid, synthesized by oxidation of D-glucose, is produced predominantly by supported/adsorbed noble metal catalysts. However, the 
method has some disadvantages such as dehydration, condensation, side reaction and charring of product at high temperatures. 
Moreover, although the oxidation of D-glucose into D-gluconic acid has been investigated by using metal catalysts, the simultaneous 
generation of hydrogen peroxide has not been reported so far. In the present work, an alternative green process utilizing noble metal 
‘salts’ for the synthesis of D-gluconic acid has been put forth with concomitant formation of hydrogen peroxide as a byproduct. 
High yield of gluconate was observed in basic pH than its acidic counterpart. In addition, the aforementioned synthesis was carried 
out at room temperature in an aqueous environment leading to generation of hydrogen peroxide as the sole byproduct. Thus, the 
study encompasses the use of metal salt catalyst as an alternative to glucose oxidase. The outcome of this study provides a unique 
‘Salzyme: an enzyme mimicking salt (EMS)’ for an environmental friendly production of gluconic acid.
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Bimetallic Nanoparticle Assisted Suzuki and Heck C-C Coupling Reactions
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A cross coupling Pd catalysed Heck, Suzuki and Sonogshira reactions are mile stone reactions in Organic synthesis. They have both 
medicinal and industrial applications. So the research on enhancement of yield, and specificity of catalyst of these reactions are 
of prime importance. Hence we have designed, synthesis the bimetallic nanoparticles as catalyst and performed Suzuki and Heck 
reactions on various alkyl halides. Moreover, the efficiency of catalyst was carried out.

Synthesis of transition metal bimetallic nanoparticles e.g Ag-Ni, Pd-Ni, Ag-Pd etc. were done with size variation in nanometer scale 
using green approach and these were characterized by SEM, TEM images and powdered XRD pattern. The synthesized catalysts 
were used to carry out Heck reactions. All the products were characterized by IR and 1H NMR spectroscopy. Such a heterogeneous 
catalysis was observed with good yield due to properties of bimetallic nanoparticle.
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Methyl-esterification of oxygenates such as alcohols, aldehydes and carboxylic acids were carried out by employing copper and  
copper/ palladium based catalysts using TBHP. In this reaction, TBHP plays dual role as oxidizing and methylating agent. Cu and Cu-Pd 
based nanoperticles (NPs) were prepared by wet chemical method using CuCl or PdCl2 by engaging “green solvent” water and dextrose as  
eco-friendly and renewable reagents. The NPs were fully characterized using various physicochemical techniques such as XRD, 
SEM, TEM and EDAX. XRD spectra of synthesized NPs confirmed the formation of CuO and Pd/Cu2Cl(OH)3. HRTEM analysis of CuO 
confirmed uniform cube-shaped morphology with particle size of 25-30 nm. Whereas, HRTEM of Pd/Cu2Cl(OH)3 showed 5-10 nm 
Pd NPs uniformly dispersed over Cu2Cl(OH)3 surface. Excellent catalytic activity was obtained for the conversion of benzaldehyde to  
methyl benzoate with 92% selectivity using Pd/Cu2Cl(OH)3 nanocatalyst. Other oxygenates such as aldehydes, alcohols and carboxylic 
acids were also obtained with high conversion and selectivity for desired methyl esters.

Reference

1.  G.Yan, A. J. Borah, L. Wang, M.Yang, Adv. Synth. Catal. 2015, 357, 1333.
2.  J. Xiong, Y. Wang, Q. Xue, X. Wu,. Green Chem. 2011, 13, 900. 
3.  R. Jin, Y. Yang, Y. Xing, L. Chen, S. Song, R. Jin, ACS Nano. 2014, 8, 3664.
4.  J. Chatterjee, F. Rechenmacher, H. Kessler, Angew. Chem. Int. Ed. 2013, 52, 254.
5. Y. Zhu, H. Yan, L. Lu, D. Liu, G. Rong, J. Mao, J. Org. Chem. 2013, 78, 9898.
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Eco friendly light-absorbing earth abundant and low cost materials are the primary need of current scenario in the field of thin film 
solar cells to commercialize on large scale. Quaternary semiconductor nanocrystals (NC’s) like Copper Zinc Tin Sulphide/Selenides 
(CZTS/Se) are viewed as potential candidates in thin film solar cell applications due to its outstanding properties1-3. The next 
development could be band gap and band edge position engineering through composition variation4. Here in this work, we have 
synthesized Cu2ZnxFe1-xSnS4 (CZFTS) alloy NC’s using simple, economic hot injection method1-2. The synthesized alloy NC’s were 
studied for their structural, optical and morphological properties with the help of various techniques to confirm the formation of alloys 
with desired compositions. XRD analysis suggests the excellent crystanillity and systematic shift in the 2Ѳ positions. Raman spectra’s 
reveals the shift in the characteristic peak corresponding to A1 mode as a function of composition. The optical and electrochemical 
band gap estimated from the Uv-Visible Spectroscopy and Cyclic Voltammetry is in good agreement, furthermore, there is systematic 
shift in the valance band positions as a function of composition. The result presented here for CZFTS alloy NC’s suggests the potential 
candidate for thin film solar cells.
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Alleviating Industrial Effluent problems by use of Nano-particles and Nano-composites membranes is a major area of research. The 
present study shall focus on Synthesis and Characterization of ZnO Nano-particles blended in PVA/PVP matrix casting solution to 
evaluate influence of the prepared Green Nano-composites (PVA-PVP-ZnO) on the performance for treating Industrial Dye Effluent 
(Reactive Dye Effluent). The objective of the study is to synthesize the Nano-composites and to check its Treatability for achieving 
better efficiencies for removal of pollutants like Color, COD, TDS and Heavy metals from Dye Effluent. 
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Olefin oxidation on morphology dependent spinel cobalt oxide catalysts
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The spinel cobalt oxide have received enormous attention as potential alternative for noble metal, however the catalysis on such surfaces 
is still mysterious and challenging due to their inherent complexity1, 2 and the possible morphologies facet dependent activity.3 Here in, 
we have synthesized two morphology of cobalt oxide by wet various chemical methods, like NR (nanorods by deposition precipitation 
method), H-NR (nanorods by hydrothermal method and NC (nanocubes by hydrothermal method). As prepared catalysts were 
subjected for olefin oxidation and found highly active for selective oxidation of styrene with molecular oxygen at atmospheric pressure 
in liquid phase. Although all three catalyst systems selectively produce epoxide, the catalytic activity results indicate that Co3O4 NC 
exhibits high intrinsic catalytic activity. Epoxide selectivity also depends on the solvent polarity. The correlation of catalytic activity and 
selectivity suggests that (1) the epoxidation catalysis on Co3O4 is highly facet and shape dependent; (110) facet with cubic morphology 
is most active for the reaction. (2) The substrate and oxygen adsorption and activation is more facile on (110) facet. Furthermore, the  
facet-dependent restructuring behaviour of the nano surfaces were explored by using NAPPES studies,4, 5 which provides deeper 
insight into shape selective epoxidation on cobalt oxide nanocatalysts.
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Nitride (g-C3N4) Surfaces
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Photon-assisted reduction of carbon dioxide is a progressing research avenue because of the ability to tackle both energy and 
environmental issues in a single stretch. Even though one has enough materials with appropriate band edge positions, one cannot 
identify a better photocatalyst with appreciable efficiency 1,2. The way one looks forward is the induction of surface functionalities 
onto the photocatalyst surfaces and enhance the interaction with carbon dioxide 3. The increased surface interaction automatically 
takes care of the reduction potential as well as proton-coupled electron transfer. Herein, we attempted to identify the surface 
functionalities responsible for the photon-assisted reduction of carbon dioxide over graphitic carbon nitride (g-C3N4) surfaces, offers 
a metal-free approach to the storage, activation, and subsequent conversion of carbon dioxide to fuel or fuel precursors. We have 
prepared the material with various precursors to obtain different surface functionalities. Based on the analyses using state-of- the-art 
experimental as well as characterization techniques, role of surface functionalities have been identified and an interpretation of the 
reaction mechanism for photon-assisted reduction of carbon dioxide on graphitic carbon nitride (g-C3N4) surfaces has been proposed.
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Nickel Boride mediated chemoselective deprotection of 1,1-diacetates
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Nickel boride, generated in situ, from nickel (II) chloride and sodium borohydride, is an efficient reagent in for organic transformations1. 
It is superior to other metal catalysts due to its low cost, ease of preparation and handling, non-pyrophoric nature and easy removal2. 
It acts both as an active catalyst and a source of hydrogen2. It has been employed for several reductions and deprotection reactions3,4. 
1,1-Diacetates have been employed as protecting groups for aldehydes as they show remarkable stability in neutral, basic as 
well as acidic media. Therefore we decided to investigate the deprotection of 1,1-diacetates with nickel boride. In view of their 
importance, a variety of 1,1-diacetates have been chemoselectively and efficiently deprotected to the corresponding aldehydes as 
well as deprotected and concomitantly reduced to the corresponding alcohols by changing molar ratio of substrate : NiCl2 : NaBH4 in 
methanol at ambient temperature. The products were obtained in high yields. The halo and heteroaryl groups remained unaffected 
under these conditions. The deprotection is believed to be proceeding through hydrogenolysis of O-CO bond, rather than a hydrolysis 
mechanism, to give aldehydes which underwent subsequent reduction to give alcohols. The detailed scheme and proposed pathway 
will be presented during the poster session.
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A growing body of research suggests that immobilizing enzymes onto nanoparticle surface results in an enhanced catalytic activity in 
comparison to freely diffusing enzymes, which can have significant beneficial impact on biotechnological industry.1 While enzymes 
affixed to discrete nanoparticles have been widely investigated, the effects of a compact, well-defined, cluster of nanoparticles on 
enzymatic activity have remained largely unexplored.1 Here, we constructed such a cluster of CdSe/ZnS core/shell Quantum Dots (QDs) 
on a nanometer sized DNA tetrahedron exploiting the programmed self-assembly of DNA.2 Small peptide sequences (His6AlaCys) 
were judiciously appended to the edges of the DNA-tetrahedron enabling them to capture multiple QDs via metal (Zn2+) affinity 
coordination with polyhistidine tag.3 These well-characterized QD clusters were further employed for immobilizing recombinantly 
expressed phosphotriesterase (PTE) with a terminal His6-tag, relying again on His6-metal affinity coordination chemistry.4 Clusters 
from two different sized spherical QDs, with emission maxima at 525 nm and 625 nm, with immobilized PTE, were tested for 
the catalytic hydrolysis of paraoxon, an insecticide and organophosphate nerve agent simulant. Both clusters displayed significant 
enhancement in hydrolytic activity of PTE in comparison to free PTE, as well as discrete QD appended PTE. 
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Hydrogenation of 5-hydroxymethylfurfural to 2, 5 dimethylfuran over nickel supported tungsten oxide nano structured 
catalyst

Nazia Siddiqui, Rubina Khatun, Sonu Bhandari, Rajaram Bal*
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raja@iip.res.in 

2, 5 Dimethyl furan (DMF) can be considered as promising new generation alternative fuel which has the potential to solve the fossil 
fuel shortage and also the ongoing global warming issues.1-2 Although there are several reports in the literature for the production of 
DMF from 5- hydroxymethyl furfural but most of the cases the operating pressure is very high and expensive metals like Pd,3 Pt,4 Ru5 

were used in the presence of organic solvents. We report the preparation of Nickel oxide nanoparticles supported on nanostructured 
tungsten oxide and use of this catalyst as a heterogeneous catalyst for the selective hydrogenation of biomass-derived platform 
molecule 5-hydroxymethylfurfural (HMF) to DMF a liquid fuel at 10 bar H2 pressure, 1800C temperature in aqueous medium. The 
reusability of the catalyst was tested by conducting repeat experiments with the spent catalyst, where it was found that the catalyst 
displays no changes in its activity and selectivity even after 5 successive runs. 
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New insights into morphological effect of zinc oxide in ZnO-CdS-Ag ternary nanocomposite towards photocatalytic 
inactivation of E. coli under UV and visible light

RimzhimGuptaa, Neerugatti KrishnaRaoEswar, Jayant M.Modaka, GiridharMadrasa*
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A novel ternary hybrid, ZnO-CdS-Ag was successfully synthesized and demonstrated for photocatalytic inactivation of E. coli under 
UV and visible light. Effect of morphological variation of ZnO (nanorods and nanoparticles) was examined on photocatalytic activity. 
Nanorods synthesis was carried out by hydrothermal method and particles were synthesized by combustion method1. The morphology 
and topographical features of synthesized photocatalysts was validated by SEM and TEM, whereas the crystal details were evaluated 
by XRD. Diffuse reflectance was measured to determine the band gap and to analyse the absorption range of light by synthesized 
composites. High aspect ratio, the presence of maximum number of charge carriers at the surface, dimensional anisotropy, ease 
in charge transfer through uni-direction of nanorods resulted in decreased recombination and high charge separation. This was 
found to be the reason of augmented photoactivity of nanorods over combustion synthesized nanoparticles. Absorption of light 
was increased by decorating CdS as a photosensitizer on ZnO surface. Enhanced visible range absrption was obtained by surface 
plasmonic resonance effect of silver after impregnation of 1% Ag on the surface of ZnO-CdS2,3. The model based on photocatalytic 
bacterial inactivation and mechanism was obtained. The rate constant for inactivation reaction in presence of ZnO (NR)-CdS-Ag was  
11 ± 0.3 and 12 ± 0.6 h−1 in UV and visible light, respectively.
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Silver/Silver (II) oxide (Ag/AgO) loaded graphitic carbon nitride microspheres: An effective visible light active 
photocatalyst for degradation of acidic dyes and bacterial inactivation
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Solar light induced photooxidative degradation of organic pollutants and bacterial inactivation is an attractive strategy for water 
purification.1 Current work is on the use of silver/silver (II) oxide (Ag/AgO) grown in situ on the surface of graphitic carbon nitride (g-C3N4) 
as photocatalyst for the effective utilization of solar radiation, as this system can have extended visible light absorption due to the surface 
plasmon resonance (SPR) phenomenon of metallic silver. Ag/AgO loaded g-C3N4 microspheres (Ag/AgO/g-CNMS) were prepared by  
a facile thermal heating method. The structural and morphological analysis confirmed the existence of metallic Ag and AgO in mixed phase 
on the surface of carbon nitride. This composite exhibits significant visible light absorption and a reduction in the bandgap compared to 
g-C3N4 due to the SPR exhibited by the metallic silver and lower bandgap of AgO. Photoelectrochemical studies suggested lower charge 
transfer resistance and better capacitive behavior for the composite compared to g-C3N4. The composite catalyst has shown improved 
photocatalytic performance for the degradation of acid violet-7 dye (AV-7). Besides, it is found to possess significant bactericidal 
property for the destruction of Escherichia coli (E. coli) bacteria. This is the first report on the enhanced photocatalytic activity of 
a silver-g-C3N4 system comprising of silver (II) oxide. 
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Cost Effective Electro-catalyst for Electrochemical Hydrogen Evolution Application: Reduced Pt Usage
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For the commercial production of hydrogen electrochemically and to replace the fossil fuel based non-renewable, environmentally 
unfriendly energy production technology one need to develop the cost-effective but at the same time efficient and durable electro-
catalyst by defeating the barriers of limited Pt availability and designing a material with minimum Pt usage without compensating 
its efficiency. Taking the benefits of surface sensitivity of hydrogen evolution reaction (HER) we have prepared the series of platinum-
nickel (Pt-Ni) nano-alloys of varied relative composition by microwave assisted co-reduction technique. Pt compositions in alloys 
were tuned from 6% to 100%. Electro-catalytic activity of these nano-alloys towards electrochemical hydrogen evolution reaction 
(HER) in acidic medium was studied and compared with commercial Pt/C in terms of efficiency, Pt-usage and durability. Among the 
prepared materials, Pt-Ni nano-alloy with 20% Pt content is found to be most efficient, durable and cost effective compare to others. 
Mass activity of Pt-Ni alloy having 20% Pt is much higher than commercial material. 
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Magnetic nanoparticle supported acidic ionic liquid catalyzed Friedlander reaction: A facile approach for the synthesis 
of quinolines and fused polycyclic quinolines
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The synthesis of a variety of biologically active substituted quinoline and fused polycyclic quinoline derivatives1-3 has been achieved 
via a reaction between 2-aminoaryl ketones and β-ketoester/ketone using magnetic nanoparticle supported acidic ionic liquid as  
a green and magnetically retrievable catalyst. Catalytic activity of several magnetite supported benzimidazolium based acidic ionic 
liquid with varying anions was evaluated for the Friedlander reaction. The reactions took place under mild conditions with excellent 
isolated yields. More importantly, magnetic separation of catalyst from reaction mixture and its reusability for six times made this 
methodology environmentally benign.
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Cocatalyst free Z-schematic enhanced H2 evolution over LaVO4/BiVO4 composite photocatalyst using Ag as an electron 
mediator
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A novel cocatalyst free Z-schematic photocatalytic system of Ag/LaVO4/BiVO4 was successfully fabricated for clean hydrogen fuel 
evolution inspired by the Z-scheme water splitting mimicking photosynthesis of green plants. The spherical nanoparticles of LaVO4 
were prepared in solution combustion method for the first time using glycine as a fuel, BiVO4 was deposited onto LaVO4 through  
a deposition–precipitation method and Ag was loaded on the surface of LaVO4/BiVO4 composite by photoreduction method.  
The composites were characterized by XRD, UV-vis DRS, SEM, TEM, EDS and XPS to ensure the successful integration of Ag or (and) 
BiVO4 with LaVO4. A series of photocatalytic H2 evolution experiments, employing Na2S and Na2SO3 as hole scavengers, showed 
that the Ag/LaVO4/BiVO4 composite exhibited a superior photocatalytic performance compared to single LaVO4 or BiVO4. Although 
BiVO4 cannot be used for H2 evolution, it can significantly enhance the H2 evolution performance of LaVO4 through a Z-scheme 
mechanism with Ag as an electron mediator. Moreover, investigations on photoluminescence and fluorescence lifetime measurements 
demonstrated the greater separation efficacy of photoinduced excitons in the Z-scheme Ag/LaVO4/BiVO4 photocatalytic system.  
This newly constructed LaVO4 based Z-scheme system exhibits promising photocatalytic H2 evolution activity with significant longevity 
and will be useful for potential applications in energy driven technologies.

MoS2-gC3N4 nanocomposite as facile, heterogeneous and highly efficient Green catalyst for organic transformation 
reactions
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vkn@iitmandi.ac.in

In recent years graphitic carbon nitride based 2D nanocomposites have become one of the preferred choice of researchers for catalytic 
applications.1 It has become an alternative support material to widely explored and known carbon materials (i.e., graphene and CNT) 
for different desired applications. Organic transformations using various materials as catalysts such as graphene, semiconductor 
oxides, multicomponent nanocomposites, etc. has been reported by several groups in recent years.2 Till now there are only few 
reports where 2D nanocomposites were used for organic reactions.3 Recently our group reported first MoS2-RGO catalyzed synthesis 
of symmetric and unsymmetric bisindole alkaloids in water as a reaction medium.4  In this work, we report the use of MoS2-gC3N4 
nanocomposite as a facile, heterogeneous catalyst for organic transformation reactions and demonstrate it by using the catalyst for 
the synthesis of isatin derived 3-hydroxy-3-indolylindolin-2-ones and nitrostyrene derived 3-substituted indoles.5 Our developed 
method of MoS2-gC3N4 catalyzed transformation follows Green chemistry principles, works well in aqueous medium and imparts 
atom good economy and reaction mass efficiency.5
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Electronic Structure Modification of Lanthanum Manganite by Ruthenium doping for Robust Photocatalytic Water 
Oxidation
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Development of robust water oxidation photocatalyst is one of the most challenging task for solar-to-fuel transformation towards 
environmentally benign energy production1,2. Ruthenium doped polycrystalline lanthanum manganite, LaMn1-xRuxO3 (x = 0.0-0.4), 
having high efficiency in oxygen production from water has been reported. Ruthenium doping reduces the octahedral distortion  
of the parent LaMnO3 due to the induced chemical pressure of larger Ru4+ ion, which makes the bond angle of Mn3+ – O – Mn4+ plane 
to 1800, leading to the enhanced photocatalytic activity by increasing the extraction of photo-generated charge carrier population. 
Rietveld refinement studies of powder X-ray diffraction patterns of the compounds reveal that the parent compound LaMnO3 crystallizes 
in rhombohedral phase, while in ruthenium doped materials rhombohedral and cubic phases coexist. Structure - property correlation  
of the compound is presented based on Rietveld refinement combined with the experimental data. The optical band gap of the compounds 
decrease with increasing ruthenium content and LaMn0.7Ru0.3O3 shows lowest band gap among all synthesized compounds. Among 
the five compositions, LaMn0.7Ru0.3O3 shows highest O2 production efficiency (4.73 mmol/g/h) with an apparent quantum yield (AQY)  
of 7.43 %. These compounds also exhibit superior methyl orange dye degradation properties.
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Efficient charge transfers in a noble metal free hybrid of g-C3N4 and MoS2 integrated onto Cd0.5Zn0.5S promoting 
enhanced photocatalytic activity
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A promising approach for developing efficient solar energy harvesting photocatalyst material includes rational design of hierarchical 
nano-composites. A noble metal free ternary hierarchical composite system Cd0.5Zn0.5S-g-C3N4-MoS2, has been developed based on the 
suitable band edge alignments of the components and studied for its enhanced photocatalytic properties. The photocatalytic activity 
was evaluated by H2 production from water and degradation of organic pollutants such as Rhodamine B (RhB). The loading of g-C3N4 
and MoS2 onto Cd0.5Zn0.5S reveals an enhancement in the yield of hydrogen production by ~120% (Cd0.5Zn0.5S-g-C3N4) and ~197%  
(Cd0.5Zn0.5S-g-C3N4-MoS2) compared to bare Cd0.5Zn0.5S. The significant improvement of photocatalytic activities in the composite 
can be attributed to the enhanced interfacial charge transfer of electrons in the composite system owing to the appropriate conduction 
band (CB) positions of the individual components, leading to a reduced photoinduced charge recombination. The close proximity of 
the CB positions of the components in the ternary system promotes better charge separation in the composite thus leading to more 
availability of electrons for the surface reaction.
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Cd-based Multifunctional Metal-Organic Framework for Iodine Capture and Catalysis
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In recent times, there is an enormous demand for developing materials, which can be used as multifunctional materials for several 
industrial applications. Among the various kinds of materials, metal organic frameworks(MOFs) have been found to be promising 
materials due to their tunable structural property with different functional groups, high surfacearea, etc.1MOFs have interesting 
applications in the field of photocatalysis,2 electrocatalysis as well as in various other areas. In this direction, cadmium based  
MOF with 4,4’-bipyridine and 2-aminoteraphthalic acid moieties has been developed3 and investigated for sorption of iodine.
Subsequently, the captured iodine was employed for catalyzing various industrially relevant organic transformation reactions.The 
iodine loaded MOF showed tremendous catalytic activity in the organic transformation of benzaldehyde and o-phenylenediamine 
into benzimidazoles in a very short time (6hr), which otherwise takes more than 24hr in the presence of simple molecular iodine. 
The same catalyst also showed appreciable activity in the synthesis of 2-aminobenzothiazoles.In addition, this developed MOF 
showed excellent photocatalytic activity towards the degradation of organic pollutant (MB dye) under visible light irradiation.
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Kinetic Investigation of Hydrogen Evolution Reaction by Ni and NiMoO2 Supported on Reduced Graphene Sheets
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Non Platinum group metal (PGM) catalyst received huge attention for the electrochemical water splitting to produce hydrogen1. Among 
different non PGM groups nickel (Ni)2, nickel oxide (NiO)3, nickel molybdenum oxide (NiMoOx) show very good activity towards 
hydrogen evolution reaction (HER). In this work, Ni and NiMoO2 nanostructured particles were impregnated on the reduced graphene 
oxide (RGO) sheets and utilized for hydrogen evolution reaction (HER) in highly alkaline medium (1 M KOH). Electrochemical studies 
have been done by linear sweep voltammetry (LSV) which concluded that there is decrease in overpotential of about 124 mV at 10 
mA cm-2 as we switch from Ni/RGO to NiMoO2/RGO. To understand reaction mechanism, temperature dependent HER have also 
performed from temperature range of 293 to 333 K respectively. Electrochemical impedance spectroscopy (EIS), Arrhenius activation 
energy calculations concluded enhanced catalytic activity of NiMoO2/RGO. Fundamental catalytic enhancement in case of NiMoO2/
RGO is due to the reduction in energy barrier for hydrogen evolution and also due to increase in the surface area.
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Microporous organic polymers involving thiadiazolopyridine for high and selective uptake of greenhouse gases at low 
pressure

Md. Waseem Hussain
Indian Institute of Science Education and Research Bhopal, Bhauri, Bhopal 462 066, Madhya Pradesh, India.

Porous organic materials have gained significant research attention because of their wide range of potential applications in gas sorption, 
gas and liquid separations, catalysis and water purifications.1 The control over the growing abundance of greenhouse gases in atmosphere 
by the capture of CO2 from the flue gas through physisorption is one of the important and challenging problems to be addressed. Porous 
materials have attracted a lot of interest in capturing the atmospheric CO2 through physisorption compared to the already existing 
amine- based technology (chemisorptions). It has been observed that pyridinic nitrogen in the porous polymers would induce the  
CO2-philicity due to the dipole-quadruple interactions between the framework and CO2 molecules.2 In this regard, we designed 
a new core of [1,2,5] thiadiazolo[3,4-c]pyridine (TP). Tetraphenylmethane (TPM) was employed as other monomeric unit.  
Sonogashiracross-coupling polycondensation results in well-defined POP with interesting gas adsorption properties. The selective gas 
adsorption is a major criterion in the purification of gases. The synthesized TPMTP was used for the selective gas adsorption and 
found to exhibit remakable CO2 adsorption at room temperature and atmospheric pressure. Apart from CO2 adsorption the polymers 
also showed moderate high H2 uptake and enhanced CH4 uptake.
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New Titanium and Zirconium Complexes with Amide Containing Ligand: Syntheses, Structures and Polymerization 
Behaviour 
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Single site catalysts have a significant technological impact due to unprecedented control over polymer chain structure and materials 
properties as compared to classical multi-sited Ziegler–Natta catalysts1. Diimine derived metal catalysts are known to produce 
polyethylene with branch structures without co-monomer incorporation due to a chain walking mechanism 2. Design of the catalyst 
structures (diimine ligand and metal center), cocatalyst, and polymerization conditions (ethylene pressure, reaction temperature, 
etc) allowed to produce polyethylene grades from highly branched, completely amorphous linear, semicrystalline and high-density 
materials3. However, amide-based ligands have tendency to afford kinetically-stable and robust coordination complexes that provide 
the possibilities to fine-tune the properties (activity, stability, and selectivity) of a catalytically active species4.

We have synthesized new Ti and Zr based complexes using pyridine amide-based tridentate ligands. Ligands coordinate the metal 
center via amidic-N and pyridine- N centers forming a 5-membered chelate ring. Starting ligand and metal complexes have been 
characterized by various spectroscopic (FTIR and solid state 13C NMR and ESI-MS, etc), thermogravimetric and elemental analysis. 
The poster/presentation will address a detail comprehensive account of the mentioned work.
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Effect of Nanosilica Dispersed Nucleating Agent On Crystallization Of PP
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Polypropylene (PP) is high growth polymer due to its unique properties and higher strength to cost ratio compared to other commodity 
polymers 1-2. Nucleating agent is added with PP for improvement in crystallization temperature, stiffness, heat deflection temperature 
for low injection molding cycle times 3-4. One of practical difficulties faced in industry is flowability of nucleating agent to have proper 
mixing with PP powder for preparation of master batch. We have chosen sodium benzoate (SB) as one of model nucleating agent.  
SB was dispersed on nanosilica during synthesis. Presence of SB on nanosilica was investigated and confirmed by Fourier transform 
infrared spectroscopy (FTIR), thermal gravimetric analysis (TGA) and scanning electron microscope (SEM). SB dispersed on 
nanosilica has much better flowability compared to SB. SB and SB dispersed on nanosilica was melt mixed with 96-97% isotactic 
polypropylene. Extruded polypropylene was evaluated for determining crystallization temperature (Tc) by DSC. It was observed that 
Tc of PP increased from 115°C to 121.9°C with PP/ SB and 124.5°C with PP/SB-nanosilica. PP/SB-nanosilica exhibited 123°C Tc 
at half concentration of SB. This indicate that it is possible to improve performance of nucleating agent by dispersion on nanosilica 
with significant improvement in its flowability properties.
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Evolution of Dealloyed PdBi2 Nanoparticles as Electrocatalysts with Enhanced Activity and Remarkable Durability in 
Hydrogen Evolution Reaction
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Development of non-Pt based electrocatalysts for hydrogen evolution reaction (HER) is a pre-requisite for generation of hydrogen,  
a feasible and cost-effective source of hydrogen. In the present work, we report a facile colloidal synthesis of PdBi2 nanoparticles using 
sodium borohydride as the reducing agent. Upon annealing the as synthesized nanoparticles, a phase transition from monoclinic to 
tetragonal phase has been observed and hence, a change in morphology from agglomerated to core-shell nanoparticles. Potential 
electrochemical cycling of both monoclinic and tetragonal PdBi2 leads to the formation of Pd-rich PdBi2-x alloy with enhanced 
catalytic activity (onset potential: -11 mV and -18 mV vs. RHE; 20 mAcm-2 current density at overpotential of ~140mV and ~207 
mV for monoclinic and tetragonal phases, respectively). Low co-ordination number of Pd active sites formed by dissolution of  
Bi alters the d-band centre of Pd and hence, optimal energy is required for hydrogen adsorption leading to enhanced activity. Cyclic 
voltammetry of monoclinic PdBi2 shows the formation of Bi-O species after potential cycling. Electron transfer from Bi-O species to 
the Pd centre enhances the charge-transfer kinetics of the HER on the catalyst surface and hence an increased catalytic activity of 
the monoclinic phase as compared to the tetragonal one.
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Photochemical Oxidative Coupling of 2-Naphthols using in situ rGO/MnO2 Hybrid Nanocomposite under Visible Light 
Irradiation
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The present paper describes a simple, cost effective, efficient and high yielding photocatalytic approach for the oxidative  
self-dimerization of hydroxyl aromatic compounds such as 2-naphthols and phenols using a hybrid nanocomposite comprising in situ 
grafting of manganese dioxide to reduced graphene oxide (rGO/MnO2) under visible light irradiation.1,2 The desired photocatalyst was 
synthesized in a single step by mixing of in situ generated MnO2 nanoparticles with reduced graphene oxide.3 The developed hybrid 
photocatalyst exhibited excellent synergistic effect due to its components and therefore showed much higher activity as compared to 
neat MnO2 NPs and rGO. To our knowledge, hybrid rGO/MnO2 nanocomposite is the first heterogeneous green photocatalyst for the 
oxidative coupling of 2-naphthols and phenols under mild conditions. 
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Subtle and Unique Interaction of Ag + O2: NAP-UPS investigations
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Silver valence band was probed by near-ambient pressure photoelectron spectroscopy in the presence of molecular oxygen  
(up to 0.2 mbar) with He I excitation photon source1. Three distinct Ag+O2 interaction regimes have been identified between 295 
and 500 K. (a) Oxygen chemisorption between RT to 390 K, (b) Oxygen diffusion to Ag subsurface layer between 390 to 450 K and 
(C) Formation of metastable oxide above 450 K. The trend of O2 coverage observed on Ag surface below 350 K and above 475 K 
are comparable, however in between 390 to 450 K it is lowest even in the presence of excess of O2. It shows the unique nature of 
Ag+O2 interaction. The O2 interaction changes the work function of Ag from 4.95 eV (≤390 K) to 5.30 eV (390-450 K) and then to  
5.7 eV (≥450 K). The present study suggests that the subsurface oxygen plays a major role in the selective epoxidation of ethylene2 
by two ways; it changes the nature of Ag surface to become electron deficient in nature and creates a space charge region above 
Ag surface. O-atoms which adsorb on electron deficient Ag surface act as electrophilic oxygen, which get inserted into electron-rich 
alkene to form epoxide. Above 450 K, oxygen binds strongly to Ag surface and acts as nucleophilic oxygen. 
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Poly-carboxyl decorated Fe (III) based xerogel derived multifunctional composite material (Fe3O4/Fe/C) as an efficient 
electrode material towards oxygen reduction reaction and supercapacitor application

Bandhana Devi,1 Mangili Venkateswarulu,1 Himmat Singh Kushwaha,2 Rik Rani Koner,2 Aditi Halder1*

1School of Basic Sciences, Indian Institute of Technology Mandi, 
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The development of low cost, non-noble metal catalyst with high-quality oxygen reduction reaction (ORR) activity comparable to 
that of Platinum and also having good energy storage properties is highly desirable but challenging. Herein, we demonstrate a new  
poly-carboxyl functionalized Fe (III) based gel material, synthesised following solvothermal method and the development of its 
composite (Fe3O4/Fe/C) by annealing at optimised temperature. The developed composite displayed excellent electrocatalytic activity 
for oxygen reduction reaction (ORR) with onset potential of 0.87 V (vs RHE) and current density value of 5.5mA/cm2 which is 
comparable with commercial 20 wt% Pt/C. In addition, the composite exhibits better methanol tolerance and more durability than 
Pt/C. The same material was explored as an energy storage material for supercapacitors which showed specific capacitance of 245 
F/g at current density of 1 A/g with a remarkably high energy density of 49 Wh/kg. It is expected that this Fe3O4/Fe composite with 
disordered graphitized carbon matrix will pave a horizon for developing energy conversion and energy storage devices.
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Visible light driven photocatalytic selective organic transformations using CNT incorporated TiO2 systems
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The concept of environmentally benign & energy efficient chemical synthesis is one of the greatest challenges of chemists in this 
century.1 The application of heterogeneous semiconductor photocatalysis utilizing solar energy is considered as the most promising 
technological solution regarding the same. The exceptional properties of CNTs like high aspect ratio & surface area, adsorption 
coefficient, charge transfer abilities etc is combined with the excellent photocatalytic properties of titania & the subsequent synergic 
effects can be utilized for successful selective organic transformations.2 Here, we report the synthesis, characterization & photocatalytic 
activity evaluation of CNT incorporated titania systems in the reduction of nitroarenes. The proper tuning of CNT surface, careful & 
efficient synthesis strategy involving hydrothermal method is the key factor of the success of this reaction. The experimental studies 
showed that the prepared CNT modified TiO2 catalyst systems exhibited excellent conversions & selectivity. It is inferred that the 
carbon nanostructures are excellent materials potential enough to tune & enhance the properties of basic systems  (TiO2, ZnO, CdS 
etc.) & their synergic interactions can contribute to the substantial increase of catalytic performance & thus can generate novel 
materials & technologies for the green production of chemicals.
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Phosphine mediated synthesis of novel triphenylphosphanylidene -7,9-diazaspiro[4.5]dec-1-ene-2-carboxylates
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Nucleophilic phosphine catalyzed reactions have attracted attention over the past many years and have become one of most efficient 
synthetic methodologies in organic chemistry for the synthesis of diverse carbocycles and heterocycles.1 In these phosphine catalyzed 
reactions, 1,3-dipoles are generated from the addition of triphenylphosphine to electron-deficient alkenes or alkynes which can 
be captured by suitable reactive substrates and undergo cyclizations and annulations to give a variety of carbocyclic/heterocyclic 
systems.2 Barbiturates exhibits a wide range of biological activities such as antioxidants,3 immuno-modulating,4 etc. Phosphorus 
based compounds are also known to be highly efficient and low driving voltage blue and green PHOLEDs.5 Since the synthesis of spiro 
phosphoranes has not been exploited much, we have synthesized a series of novel triphenyl phosphanylidene-7,9-diazaspiro[4.5]
dec-1-ene-2-carboxylates at room temperature. The detailed synthetic scheme and proposed pathway will be presented during the 
poster session.
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Synthesis and application of Mg/ Al Layered Double Hydroxide (LDH) for removal of aqueous fluoride
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Access to clean water is the need of the 21th century and fluoride contamination of drinking water has emerged as a serious 
environmental health hazards worldwide.1-2 Excessive fluoride intake can lead to serious health problems. World Health Organization 
(WHO) recommended maximum permissible limit of 1.5 mg L-1 of fluoride in drinking water.3 Adsorption has emerged as a favoured 
method for water treatment due to its simplicity and economic viability.4 In this work, we have synthesized Mg/ Al Layered Double 
Hydroxide (LDH) by solvothermal method and used as-prepared and its calcined product (CLDH) as adsorbent for fluoride from 
water. The prepared materials were characterized by powder XRD, FTIR, FE-SEM, TEM, BET surface area and porosity measurement 
etc. Initially, adsorption of fluoride on LDH and CLDH were very fast and reaches equilibrium at 180 min. The adsorption process 
is controlled by pseudo second order kinetics. The adsorbents followed both Langmuir and Freundlich isotherm with maximum 
Langmuir monolayer adsorption capacities of 27.03 and 24.81 mg g-1 for LDH and CLDH respectively. Both the adsorbent showed 
similar trends and fluoride ion adsorption decreased with co-existing ions. The prepared materials can also be successfully used for 
3 successive adsorption-desorption cycles. 
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Design of flower like Bi2SiO5 microparticles and its application in water purification
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mvenkat@iiserkol.ac.in

Water crisis is one of the biggest challenges that the earth is facing today. To overcome this we need versatile materials which have 
properties to remove more than one type of pollutant from the water bodies. Metal silicates are an important class of materials which 
have the property to degrade organic pollutants as well as adsorb inorganic ones owing to its high active surface area and large pore 
size.1-4 However, not much has been reported on their photocatalytic properties. In this work, we have developed a facile method 
to synthesize flower shaped Bi2SiO5 microparticles having high photocatalytic activity as well as high adsorption behavior towards 
certain dyes and heavy metal ions.

Bi2SiO5 has plate like morphology whereas doping trace amount of Eu3+-ions self assembles the nanoparticles into flower like structure 
with an average size of 2-3μm. These flower-like Bi2SiO5 microparticles show superior photocatalytic activity towards rhodamine  
B and phenol degradation compared to plate like undoped Bi2SiO5 and even traditionally used P25. Interestingly, in addition to the 
photocatalytic properties, Bi2SiO5 shows excellent adsorption property towards methyleneblue dye. To the best of our knowledge, 
Bi2SiO5 has not been reported as a dye adsorption catalyst so far.
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Dicationic ionic liquid based heterogeneous polymeric catalyst: Efficient CO2 fixation under ambient condition 
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Excessive CO2 accumulation in the atmosphere is one of the primary reasons for global warming and climate change. Thus reduction 
of excess CO2 from the atmosphere is very imminent. For this purpose, ionic liquids (IL) are already proven to be efficient catalyst for 
CO2 conversion. However, most of the reports are on high pressure. Our objective is to the conversion of epoxide into cyclic carbonate 
under ambient CO2 pressure. Here, the catalysts, 1,n-divinylimidazoliumbromide-trithiocyanuricacid (1,n-IL-TTCA) were prepared via 
thiol-ene click chemistry between 1,n-divinylimidazolium bromide (n = 1, 2, 3, 4 & 5) and trithiocyanuric acid (TTCA) in presence 
of AIBN as radical initiator under thermal condition. Moreover, we used potassium iodide (KI) as co-catalyst. Study reveals that KI is 
not that much reactive like tetrabutylammonium iodide but our catalyst mixture was able to convert epichlorohydrin, styrene oxide,  
phenyl glycidyl ether, isopropyl glycidyl ether and allyl glycidyl ether almost completely into the corresponding cyclic carbonates at 
105oC temperature for 20 h under CO2 filled balloon condition. This polymer catalyst was able to retain its activity up to 6 cycles 
without any major degradation. The excellent reactivity arises may be due to the little planarity provided by the TTCA moiety and 
iodide exchange with the imidazolium bromide during catalysis. 
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Hierarchical Flower-Like MnO2 Nanostructures: Efficient Catalyst for Waste Water Treatment
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We have synthesized hierarchical flower-like δ-MnO2 nanostructures composed of assemblies of intersected nanosheets, over the 
surface of clay nanotubes (HNTs) using a solution chemistry route.1 The catalytic performance of HNTs/δ-MnO2 nanocomposites 
(NCs) was evaluated for the degradation of organic pollutantsat room temperature undersunlight irradiation, indicating they possess 
higher catalytic efficacy toward dye degradation. The underlying mechanism demonstrates the formation of reactive oxygen species 
that facilitate the degradation of dyesand no change in their degradation efficiency even after repetitive use. It was found that there is 
no need of any supplementary oxygen sources during photodegradation. This procedure provides a new route for the development of  
low-cost and easy to synthesize efficient catalyst capable of degradation of pollutants present in industrial effluents. Thus, these new insights 
will shed light in the practical application of heterogeneouscatalysts for environmental remediation through wastewater treatment in  
a greener approach.
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Revealing the Role of Electrostatics in Gold-Nanoparticle-Catalyzed Reduction
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Regulation of interparticle forces is an important approach to explore various nanoparticle (NP) functionalities.1-3 Establishing the 
decisive role played by these forces in NP catalysis is one such fascinating phenomenon. The metal NP catalyzed reduction of nitro 
phenols to amino phenols by borohydride ions is often considered as a model reaction to test various hypotheses and catalytic 
properties of NPs.4 In this regard, the current venture shows the potency of electrostatic effects ‘arising from NP surface’ in Au NP 
catalyzed reduction of 4-Nitrophenol to 4-aminophenol.5 The electrostatic potential around Au NPs is controlled by varying the nature 
of ligands and ionic strength of the medium. Favorable interactions arising from the attraction between oppositely charged Au NP 
and substrates results in the channeling of substrates to the NP surface, which in turn enhances the catalytic reduction. The [+] Au 
NP outperformed other NP systems despite having comparable or even lower surface area for adsorption, proving the exclusivity of 
electrostatics in catalysis. At least an order of magnitude higher concentration of negatively charged [-] Au NP is required to compete 
with the catalytic activity of [+] Au NP.
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Reducing agent free synthesis of PdNPs decorated on Mont. K 10 and its implication in a Suzuki type cross coupling 
reaction in water
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The pursuit of designing green protocol in chemistry for the synthesis of efficient nano catalyst has become an utmost goal.  
The chemistry of nano materials has gained much interest because of their higher efficiency compared to bulk materials. They have 
found wide applications in diverse areas such as catalysis, electronics, biochemical sensor1 etc. Consequently, nano materials have 
emerged as sustainable alternative to conventional catalyst for different organic transformations. Over the last few decades, palladium 
catalyzed Suzuki-Miyaura cross-coupling reaction of aryl halide and organoboron derivatives has become one of the most widely used 
methods for construction of C-C bond which have made an enormous contribution to research as their cross-coupled products present 
as subunits of many marketed drugs2 and agrochemicals. So, as a part of our ongoing programme to develop simplistic protocol for 
Suzuki type C-C bond forming reaction, herein, we wish to report PdNPs@K10 as an efficient heterogeneous catalyst for base free 
Suzuki type cross-coupling reaction in aqueous medium at room temperature. The catalyst PdNPs decorated on Montmorillonite K10 
was prepared by simply stirring Pd(OAc)2 in methanol at room temperature without using any external reducing agent and was well 
characterized by SEM, EDX, TEM, BET, Powder XRD, TGA, DSC etc.
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Design and synthesis of functionalized porous materials and their catalytic applications 
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Catalysis plays a significant role in the growing demand for industrial processes. Oxidation of olefins, primary and secondary alcohols 
and sulfides are very useful reactions in industrial organic synthesis and in the pharmaceuticals. A 30% aqueous solution of H2O2 
is a non-toxic, environmentally benign, cheap and effective oxidizer, and its only residue is water. Beside oxygen, it is one of the 
most ‘green’ oxidants and its oxidative power and positive properties have been highlighted in several publications. Applications 
of immobilized catalysts have been received attention in recent years due to their potential advantages over the homogeneous 
ones1-2. The present work consists of synthesis, characterization and catalytic evaluation of different polymer/silica supported  
catalysts 3-5. These catalysts have been characterized by powder XRD, TEM, EDX, FT-IR, EPR, BET, XPS, SEM-EDX, UV-vis spectral 
studies. Preliminary reactions were carried out choosing styrene, benzyl alcohol and methyl phenyl sulfide as model substrates. 
Influences of various reaction parameters were studied. Moreover, hot filtration test proved that these catalysts acted as a truly 
heterogeneous catalyst and can be reused for five times without significant loss in activity. 
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Ni-Co over nanoparticles over modified mesoporous silica towards efficient reforming of methane
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Fossil based fuels being the backbone of modern society, its limited availability threatens our future economic growth, as well as 
burning of fossil fuel, left an enormous amount of CO2 in our environment. Therefore, energy secqurity and environment safety, are 
the significant request of the future generation. The increasing methane reservoirs in the form of natural gas, biogas, shale gas, 
Methane clathrate give us the confidence to use it as a future fuel. Although methane is used as fuel in the form of CNG, LNG still 
it will be more economical if we convert methane to synthesis gas. Syngas use as an intermediate in generating synthetic natural 
gas, ammonia, methanol, other chemicals as well as an intermediate in creating synthetic petroleum. Generation of syngas from 
methane is done with three different oxidants, by water (Steam Reforming), by oxygen (Partial Oxidation) and by carbon dioxide  
(Dry Reforming). Ni-based catalysts although found to be very efficient in methane decomposition, still they suffer deactivation owing 
to coke deposition. Co based catalysts, on the other hand, are promising to oxidization of soot. Hence a combination of Co and Ni 
over ceria, magnesia promoted mesoporous silica found to be very effective towards methane reforming. 
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Thermal Catalysis vs. Photocatalysis: A Case Study with FeVO4/g-C3N4 Nanocomposites for the Efficient Activation of 
Aromatic and Benzylic C-H Bonds to Oxygenated Products
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Activation of aromatic and benzylic C-H bonds to oxygenated products is an attractive route to synthesize a wide range of important fine chemicals.1-2 
Heterogenious photocatalytic organic transformation reactions became a key competitor to the conventional thermal catalysis because of several 
advantages like natural sunlight can as a initiator, simultaneous oxidation-reduction, achievement of higher selectivity for the desired product, and 
environmental impacts.2 Among the various photocatalysts, graphitic carbon nitride (g-C3N4) is an emerging and most studied semiconductor.3,4 Here, 
FeVO4/g-C3N4 nanocomposite have synthesized by thermal annealing and investigated in the liquid phase oxidations of aromatic and benzylic C-H 
bonds using H2O2 under light and thermal catalytic conditions. Effect on the substrate concentration, catalyst dosage, H2O2 amount, and temperature 
were also studied. H2O2 efficiency and several thermodynamic parameters (Ea), (ΔH), (ΔG), and (ΔS) were calculated. The active species involved 
in the oxidation was investigated by UV and fluorescence. Further, reactions were performed in the presence of radical scavenger to verify the 
intermediate radical species involved in the reaction. Dual metal catalysis, optimum dispersion of FeVO4 nanospheres on g-C3N4 matrix, optimum 
textural properties, and optimum photo physical processes (photoadsorption, photodesorption, efficient charge separation, and photoresponse current) 
are responsible for the sustainable catalytic activity.5 
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Sustainable synthesis of nanomaterial and their catalytic potential for one pot multicomponent reactions
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Nanocatalysis is an emerging area and has attracted the attention of chemist over the past decade.1 A functionalized material with 
nano- or submicro-dimension displays significant and dramatic catalytic activity in comparison to their bulk counter parts, due 
to the increased surface area and multiple catalytic centres and in turns fulfils the mandate of green chemistry.2,3 Increased by 
catalytic potential of nanocatalyst in the synthesis of heterocycles, we recently reported hierarchically porous sphere-like copper 
oxide (HS-CuO) nanocatalyzed synthesis of benzofuran isomers.4 In another study we, showed the catalytic potential of carbon 
spheres supported CuI i.e. CuI@CSP for the synthesis of biologically important motif(s) indolizines with anomalous selectivity.5  
In continuation to these exciting results, we designed a unique copper/platinum based nanomaterial for various organic transformation 
reactions such as hydrogenations, cycloisomerization reactions etc. The reaction among 2-bromobenzaldehydes, benzylamines and 
sodium azide gave quinozoline moieties in glycerin at 1100C. The present methodology has several advantages over the reported 
methods such as selectivity in product formation, high yields in short reaction time, and follows green principles.
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Green chemistry metrics have played a significant role in quantification of chemical reaction efficiency with aims toward waste reduction in the 
environment Nanocatalysis for one pot reactions offer a green and sustainable pathway for the construction of organic moieties with high atom 
economy and low E-factor.1 Copper based catalysts have been studied for C−C and C−N bond formation for the construction of the versatile building 
blocks of biologically important molecules. Decarboxylative coupling strategies for organic reactions have attracted significant attention due to in-situ 
formation of organometallic species which avoids the usage of toxic organometallic reagents. Recently, we explored various nanocatalysts such as 
RGO/ZnO, CuO/Fe2O3, Cu/HM for green and sustainable multi-component synthesis of N/O-heterocycles.2 With this background, we have synthesized 
and characterized RGO@CuO, Cu2O/GO and CuO/SiO2 nanomaterials and involved them for the synthesis of various nitrogen containing value added 
organic moieties. The present methodologies offers various advantages like reusability of catalyst, follows green chemistry principles, high yield and 
short reaction time.
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CO2 reforming of methane (CRM) utilizes two greenhouse gases i.e. CH4 and CO2 for syngas production, thus reducing their 
environmental impact. Carbon dioxide methane reforming yields syngas with H2:CO ratio close to unity, which is suitable for  
Fischer-Tropsch synthesis of higher hydrocarbons. In this study, thermally stable Ce2M2O7 oxides (where M – Zr, Ti) have been 
synthesized by modified Pechini method. These catalysts were further modified by substitution of noble metal in the lattice of 
the oxide. The reactions were performed under differential operating condition. Ex-situ (XRD, TEM, XPS) and in situ (DRIFTS) 
characterization were performed in addition to catalytic activity studies to understand the reaction mechanism and derive the rate 
law for CRM. Furthermore, no significant deactivation in catalytic activity for CRM was observed during the continuous run of 24 h. 
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Bifunctional Ionic Liquids Derived from Biorenewable Sources as Sustainable Catalysts for Fixation of Carbon Dioxide

Vitthal B. Saptal and Bhalchandra M. Bhanage*
Department of Chemistry, Institute of Chemical Technology, Mumbai India.
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A series of highly efficient, bifunctional ionic liquids containing a quaternary alkyl ammonium cation and an amine anion were 
prepared from choline and amino acids, respectively. Nine ILs were synthesized, characterized, and applied as organocatalysts for 
the chemical fixation of carbon dioxide to form cyclic carbonates and quinazoline-2,4(1 H,3 H)-diones.1 A binary mixture of an IL and 
a co-catalysts generates deep eutectic solvents (DESs) and accelerates the rate of the cycloaddition reaction at atmospheric pressure 
and low temperature (70 °C). The presence of the hydroxyl functional group of choline and the free amine group of the amino acids 
in the ILs has a synergistic effect on the activation of the epoxide and carbon dioxide towards the cycloaddition reactions. These ILs 
are biodegradable and are synthesized from easily available bio-renewable sources. Additionally, this catalytic method demonstrates 
ultimate environmental benignity because of the mild metal- and solvent-free conditions as well as the recyclability of the catalyst 
and co-catalyst. 
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Ag(I)-Catalyzed Cycloisomerization Reactions: Synthesis of Substituted Phenanthrenes and Naphthothiophenes 
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Ag-catalyzed synthesis of substituted phenanthrenes and naphthothiophenes from ortho-alkylated biaryl derivatives via  
6-endo-dig intramolecular alkyne-arene coupling has been described. The mechanistic study reveals that 6-endo-dig cyclization 
proceeds through initial π-coordination of the alkyne unit followed by a Friedel–Crafts-type electrophilic aromatic cyclization at the 
adjacent arenering. X-ray crystallographic studies further supported the formation of carbocycles.
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Chemoselective Azidation of o-Alkynylaldehydes over [3+2] Cycloaddition and Subsequent Staudinger Reaction:  
An Access to Benzonaphthyridines/Naphthyridines

Pradeep Kumar and Akhilesh K. Verma*
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An efficient tandem approach for the chemoselective synthesis of functionalized azido-pyranoquinolines and azido-iodo-
pyranoquinolines via electrophilic cyclization of o-alkynylaldehydes in presence of sodium azide under mild reaction conditions has 
been described. The Mechanistic studies confirm the formation of azido-pyranoquinolines through nucleophilic attack of azide on 
pyrilium intermediate over [3+2] cycloaddition of azide on alkyne. The synthesized azido-pyranoquinolines were transformed into 
benzonaphthyridines via Staudinger reaction. The mechanistic pathway was supported by deuterium labeling experiment and X-Ray 
crystallographic studies.
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Synthesis of MgCo2O4 Nanomaterials by Citrate-gel Method for Biomimetic Water Oxidation
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Due to the increasing demand of global energy production and highly negative impact on the environment from the fossil fuels, 
it becomes a great challenge for modern day science and technology to develop clean and sustainable energy sources 1,2. It is  
a matter of concern that global energy consumption in 2001 was 13.5 TW and is expected to double by 2050 2. Splitting water with 
sunlight is one attractive way towards a sustainable and clean energy conversion. The overall water splitting reaction consists of two 
half reactions: hydrogen evolution reaction (HER) and oxygen evolution reaction (OER). Among these two reactions, catalytic oxygen 
evolution reaction from water by use of solar energy is a key reaction because it is a thermodynamic uphill reaction that involves four 
electron transfer which requires high over potential to drive the reaction and has slow kinetics 3,4. Therefore, an efficient catalyst is 
required to enhance the reaction rate and / or lower the over potential for oxygen evolution. Many previously reported catalysts for 
water oxidation contains less abundant and high cost metal Ir and Ru, as active species3. However, it is necessary to overcome the 
limiting scalability of these low-natural-abundant elements. 
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Synthesis and Some Properties of Magnesium tetrakis(4-sulphonatophenyl)porphyrin in the Presence of Lipids, CO2  
and Pseudohalides 
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Natural porphyrin molecules are the most ubiquitous compounds due to their vital roles in various biochemical processes. In 
recent years, much interest has been given to the synthetic analogues of natural porphyrins for their potential application in solar 
energy conversion, molecular materials, molecular recognition and catalysis. Magnesium porphyrins are exciting molecules due to 
relevance with chlorophylls of photosynthesis. The present work describes the synthesis, characterization and different properties of 
a water soluble magnesium porphyrin compound, [Mg(TSPP)] 1, [TSPP = tetrakis(4-sulphonatophenyl)porphyrin] with relevance 
to photosynthesis. The luminescence property of compound 1 was studied in the presence lipid to investigate the role of lipid in 
controlling porphyrin-porphyrin interaction for turning bulk photo-physical properties. The electrochemistry was performed by cyclic 
voltametric methods in the presence of different small molecules to understand their role in photo-electrochemistry. Moreover, the 
interaction of compound 1 with pseudohalides like azide and thiocyanate was checked to understand the effect of axial pseudohalides 
in water soluble porphyrin complexes. We have also studied the efficiency of magnesium porphyrin complex 1 in the presence of  
CO2/HCO3

- for conversion of light energy into chemical energy.
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A facile one pot green synthesis of bimetallic Ag/Au deposited graphene and its improved photocatalytic H2 evolution 
under solar light irradiation from water splitting
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Noble- metal nanostructures have been attracted by many scientists because of their surface Plasmon resonance (SPR) 1. In another 
hand, graphene has been used as a prominent supporting material in nanoscience and techonology 2-3. Here we report a simple, 
eco-friendly, facile one pot synthesis of bimetallic Ag/Au deposited graphene under green conditions by using vitamin-C as a reducing 
agent and graphene oxide AgNO3 and HAuCl4 as starting materials. It was found that graphene oxide could be well reduced under the 
reflux conditions with vitamin-C, while the bimetallic Ag/Au nanoparticles were grown on the graphene surface simultaneously. Here 
graphene oxide, AgNO3 and HAuCl4 were reduced by vitamin-C at a time. The reduction of graphene oxide and synthesized Ag/Au-
graphene were confirmed by X-ray diffraction. XRD results show that the one pot synthesis of bimetallic Ag/Au deposited graphene has 
all the characteristic peaks of graphene Ag and Au nanoparticles. SEM, FESEM and TEM were performed to know the morphological 
characteristics of Ag/Au deposited graphene. The SEM, FESEM and TEM images clearly indicate that the Ag/Au nanoparticles are 
well deposited on the surface of graphene. Furthermore, the synthesised Ag/Au deposited graphene was characterised by using FT-IR, 
UV-Vis spectroscopy, EDAX and Raman spectroscopy. 
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Graphitic Carbon Nitride: An Efficient Photocatalyst for Fuel Generation from Water
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The generation of clean hydrogen gas from photocatalytic water splitting by using graphitic carbon nitride (g-C3N4) as the photocatalyst 
has attracted considerable research interest.1-3 For practical applications, however, the photocatalytic activity of g-C3N4 needs to be 
further improved by, for example, band gap engineering through heteroatom doping.4,5 In this study, we found that substitution 
of nitrogen atom with carbon in triazine ring via co-polymerization of melamine with 2,4,6-Triamino pyrimidine could tune the 
energy levels of the conduction band of g-C3N4. Upon substitution of carbon, the band gap energy of g-C3N4 is narrowed down from 
2.78 to 2.40 eV by a negative shift of valence band, enhancing the electron conductivity, charge carrier separation and migration. 
Consequently, the C-modified g-C3N4 showed 9.7 times higher photocatalytic activity for H2 generation (1493 μmol g-1 h-1) compare 
to bulk g-C3N4 under visible light irradiation. The catalyst also shows relatively long term stability without degradation during multiple 
runs. The molecular structure of C-substituted g-C3N4 is mostly unaltered, as confirmed by the solid state 13C NMR analysis.
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Synthesis of highly active Pd nanoparticle supported iron oxide nanocrystals for organic transformations
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Growing interest in the synthesis of highly dispersed supported transition metal oxides led their application towards several organic 
transformation reactions, in the field of nanocatalysis in organic synthesis. Particle in nanometer regime have specific properties, and 
their exposed surfaces act as an active centre for catalysis. Development of transition metals based nanomaterials is quite innovative 
and interdisciplinary area of research. Successful preparation of highly dispersed palladium nanoparticle on the surface of iron oxide 
support has been described here. Over the last few years, our research group developed several approaches for the preparation  
of highly dispersed nanoparticles of Pt, Ag, and Cu, supported on different nanostructured oxides like Cr2O3, WO3, CeO2, Mn3O4, etc. 
with different morphologies and activities in different catalytic organic transformation reactions.1-5 We reported here the synthesis of 
iron oxide supported palladium nanoparticles by controlled deposition of palladium using the capping agent as well as mild reducing 
agent, which are highly active for nitroarene reduction and Suzuki coupling. 
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Methanol synthesis from carbon dioxide and hydrogen over modified Cu/ZnO/MgO promoted catalyst
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Copper nanoparticles (NPs) supported on ZnO/MgO was prepared by hydrothermal method using cetyltrimethyl ammonium bromide 
as a morphology controlling agent and polyvinylpyrrolidone (PVP) as a size controlling and their catalytic activity was tested for 
CO2 hydrogenation to methanol at mild conditions (200-300 0C and 30 bar).The catalyst Cu/ZnO/MgO has been characterized by 
X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), temperature programmed 
reduction (TPR) and thermo-gravimetric analysis (TGA). The conversion of CO2 over Cu/ZnO/MgO increases with increasing reaction 
temperatures up to 300 0C. At higher temperature, CO formation is highly favoured by reverse water gas shift reaction (RWGS).  
The catalyst showed 6% methanol conversion with 94% selectivity at 200 ˚C and was stable more than 120 hrs on stream.
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Non-Precious Metal Based MOF’s as Transfer Hydrogenation Catalyst 
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Transfer Hydrogenation (TH) has remained as a simple and pivotal transformation in nature.1 Developing an efficient heterogeneous 
transfer hydrogenation till remains a challenge. MIL-88B class of Metal Organic Framework (MOF) has been widely explored as an 
oxidation catalyst.2 For the first time, we have used MIL-88B as a reduction catalyst. Two iron and two chromium based MIL-88B 
were prepared3 and characterized by SEM, BET and powder XRD. All the four MOF’s were investigated in TH of carbonyl compounds 
(ketones and aldehydes) and biomass derivatives (levulinic acid and furfural) with 2-propanol as a hydrogen donor in the presence 
of NaOH. Their conversion and selectivity were excellent. The recovered catalyst was reused for ten times, with no significant loss in 
catalytic activity. Recovered catalyst after tenth run retained its original crystallinity and morphology which was confirmed by FE-SEM 
and powder XRD studies. 
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Designing visible light harvesting core/shell model: TiO2/CoSe photocatalyst
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Designation of Core/Shell nanostructure has emerged as reliable strategy to enduring impediment of photocatalyst i.e. fast recombination 
of photogenerate electron-hole pair1-3. Thus, in order to effectively separate the photo-induced charges and enhancing the visible 
light harvesting capability of TiO2, here we propose new type II semiconducting4-5 Core/Shell between TiO2/CoSe. The formation of  
TiO2/CoSe is confirmed by PXRD, SEM, EDS, TEM, HR-TEM, DRS, XPS and IR. Remarkable results were obtained during photodegradation 
study of both Rhodamine B and Methylene Blue under visible light irradiation using as synthesized TiO2/CoSe. It exhibits 99.86 % and  
97.85 % degradation efficiency for Rhodamine B (0.006 g/L) and methylene blue (0.006 g/L) dye solutions in just 90 min of 
light irradiations, with optimized dose of 0.05g/L of TiO2/CoSe photocatalyst. Results of TiO2/CoSe are much better than their bare 
counterpart. Kinetics of photodegradation reveals that the rate of photodegradation of Rhodamine B (5.4E-2 min-1) is better than the 
rate of the degradation of Methylene Blue (4.8E-2 min-1). Mechanistic investigation using quenchers demonstrates the generation 
of Superoxide (O2.-) radicles, which are the most reactive species involves in the photocatalytic degradation of Rhodamine B dye.  
The synthesized photocatalyst has a good reusability it can be successfully reuse thrice in the batches of photocatalytic reactions.
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Pt dispersed on α- and β-MnO2: Insights into phase formation and CO oxidation activity
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This study focuses on employing a low-temperature (120oC, 12 h) hydrothermal synthesis1 method for the preparation of two 
polymorphic forms of MnO2: β- and α-MnO2. We report the hydrothermal synthesis of 1D structures of MnO2: β-MnO2 rods having  
a diameter of 140-150 nm and length ranging from 0.5-2 μm and the α-MnO2 rods having a diameter of 110-120 nm diameter and 
length ranging from 2-4 μm. We elaborate on the structure, morphology and the CO oxidation activity of α-MnO2 catalysts. A 12-hour 
hydrothermal synthesis results in the rods of α-MnO2 while a synthesis time of 30 minutes results in α-MnO2 sheets with a flower-like 
arrangement. We discuss the formation mechanism of the rods from the sheets. The results are supported using transmission electron 
microscopy (TEM). The bare oxides are tested for their activity for CO oxidation and the activities have been explained using CO-TPD 
(Temperature Programmed Desorption) and BET surface area analysis. The α- and β-MnO2 are decorated with 1% Pt nanoparticles 
(1-2 nm) using the microwave technique2. The Pt-decorated α-MnO2 is highly active at relatively low temperatures (~90-100 oC). 
The complete oxidation of CO at 100oC over 1% Pt-MnO2 rods suggests that the catalyst is highly active and stable for CO oxidation. 
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Polymer bound Cu(I) complexes catalyzed synthesis of imines

Sindhuja Dharmalingam and Ramasamy Karvembu*
Department of Chemistry, National Institute of Technology, Tiruchirappalli, India.
sindhu.dharma10@gmail.com, kar@nitt.edu 

Designing a heterogenenized catalyst with the same activity of a homogeneous catalyst to overcome the industrial challenges 
is essential nowadays. It is known that homogenous complexes are showing high activity with enhanced selectivity. Hence, we 
attempted to prepare polymer bound Cu(I) complexes of aroyl thiourea ligands from their homogeneous analogues.1, 2 All the prepared 
complexes were well characterized by various spectroscopic and analytical techniques. Both heterogenenized and homogeneous 
complexes were employed as catalysts for the direct synthesis of imines from alcohol and amines. It is observed that the heterogenized 
complexes showed high activity and their recyclability test is also performed to prove the versatility of the catalyst.
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Synthesis and characterization of ZrO2@GO nanocomposite:The visible light active photocatalyst for Rh-B degradation 
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With increasing utilization of carcinogenic and hazardous dyes like Rhodamine-B, our environment is suffering serious damage. In order 
to tackle the environmental issues arising out of the excessive use of these hazardous dyes, several methods like Adsorptive removal, 
Oxidative Chlorination and different oxidation process are employed which just transfers the hazardous materials from one phase to 
the other. Literature reveals that, the use of photoactive nanomaterials for dye degradation will be the suitable remedy, but efficiency 
of nanomaterials is affected by several factors like ē /h+ recombination, stability, photocorrosion etc. To overcome all these limitations, 
here we propose the use of stable nanocomposite for effective adsorption and photodegradation of Rh B dye from aqueous solution. 
As GO has high electron absorption affinity and excellent mobility of charge carriers. In this context the use of GO for the synthesis of  
ZrO2@GO nanocomposite by co-precipitation method. From SEM analysis we observed that ZrO2 was uniformly distributed on 
the surface of GO with spherical shape. UV-adsorption study reveals that our nanocomposite degrades almost 87 % of 30 ppm 
Rh-B solution in only 180 minutes. The novelty of our synthesized materials lies in the greener and the facile synthesis, stability of 
nanocomposite and recyclability.
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Nano gold doped ceria modified mesoporous SBA-15 for the catalytic reduction of para nitro phenol 
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Mesoporous SBA-15 materials are widely used in many fields such as catalysis, biosensing, controlled drug delivery, adsorbtion, 
nanomaterial fabrication etc. They possess properties like high surface area, diverse morphology, tunable pore size, thicker pore walls 
and better hydrothermal stability etc which are of great importance in catalytic applications1-4. They can be used as an ideal catalyst 
support by modifying them with organic as well as inorganic functionalities. In the present work, mesoporous SBA-15 was prepared 
by hydrothermal method and was modified with ceria by wet impregnation method. Gold nano particles were then doped over the 
modified system. The prepared catalysts were characterized by BET surface area, XRD, SEM, TEM, UV Vis DRS, FTIR, XPS etc.  
The catalytic activity of the prepared systems was tested for the reduction of nitro phenol using sodium borohydride as reductant.
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Excellent Catalytic Activity of Magnetically Recoverable Fe-Pt-MWCNT Nanocomposite Towards Asymmetric Transfer 
Hydrogenation of Aromatic Ketones              
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Abstract Multiwalled carbon nanotube (MWCNT) supported Pt-Fe bimetallic nanocomposite was synthesized and was used as 
a heterogeneous nanocatalyst in the presence of cinchonidine for the asymmetric transfer hydrogenation of aromatic ketones. 
Spectroscopic and microscopic techniques such as XRD, VSM, BET-BJH, ICP, XPS and TEM corroborated the structure of the catalyst. 
The superparamagntic nanocomposite could be conveniently separated by using an external magnet. Initially the reaction conditions 
were optimized and then the scope of the catalytic system was extended with different ketones. The resulting heterogeneous catalyst 
(Pt-Fe/MWCNT) exhibited excellent catalytic activity (99% conversion) and enantioselectivity (up to 99% ee) in asymmetric transfer 
hydrogenation of aromatic ketones. Further the catalyst could be used repetitively ten times without obviously affecting its activity 
and enantioselectivity. 
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α-Fe2O3/rGO Nanocomposites for Gas Sensing Applications
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α- Fe2O3 is a potential n-type semiconducting material for gas sensing application owing to its wide band gap and environmental 
friendly behavior.1 Graphene is a two-dimensional zero band gap layered material which displays remarkable electron mobility at the 
room temperature. The gas sensing abilities of graphene was limited due to its inadequate adsorption characteristics towards gas 
molecules.2,3 In order to utilize the synergistic effect of both the materials, hybridization of α- Fe2O3 with Graphene have shown great 
interest as a gas sensing material.2,4 In the present work, α- Fe2O3 nanoparticles were synthesized via chemical co-precipitation method.  
α-Fe2O3/rGO nanocomposites were prepared ex-situ by mechanical mixing in the ratios of 5:1 followed by heat treatment to ensure 
the better interface characteristics. Graphene was synthesized through electrochemical exfoliation method followed by reduction 
treatment at suitably higher temperature. XRD, SEM and TEM characterizations were carried out for the microstructural and phase 
analysis. The Gas sensing properties of α-Fe2O3 nanoparticles and α-Fe2O3/rGO nanocomposites were investigated in CO environment.
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Selective Heterogeneous Hydroamination over Cu/Cu2O Nanoparticle Interface
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Synthesis of organo-nitrogen compounds are of considerable interest in synthetic organic and industrial chemistry because of the 
importance of the amines and their derivatives as natural products pharmacological agents, fine chemicals, polymers, dyes and 
surfactants.1 Hydroamination, or the direct addition of N-nucleophiles to C-C multiple bonds is the utmost atom economic and 
elegant method to synthesize amines in contrast to other classical amination reactions. Though the reaction is slightly exothermic 
or thermoneutral, however, presence of some kinetic barriers that arise from the electrostatic repulsion between the lone pair of 
amine nitrogen and the electron rich multiple bonds, make the decision for using of a catalyst.2 Although homogeneous systems 
provide outstanding yields, however, unlike heterogeneous system it requires tedious methods in the separation of the catalyst, low 
recyclability. Hence, scheming of a low cost selective heterogeneous catalytic system with large TON appears to be a challenge in 
amination chemistry. Recently we have reported on hydroamination of aromatic terminal alkynes with aniline derivatives over highly 
uniform Cu(0)-Cu(I) oxide nanoparticles (5-10 nm) engraved on nitrogen rich mesoporous carbon nanospheres.3 The catalyst bed 
provides Cu2O nanoparticles stabilized by nitrogen functionalities in the carbon nanospheres, which triggers the catalytic system with 
significantly large TON and >99 % selectivity towards Markovnikov product.
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Metal oxide decorated doped carbons for the electrochemical reduction of CO2

Sreekanth Narayanaru, Anku Guha, T. N. Narayanan
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Design of electrocatalytic interfacial architecture is essential for the efficient reduction of CO2 to a selective product. Selectivity depends 
on several factors like applied potential, surface structure of the electrocatalysts, ability to stabilize CO2 and intermediates like the anion 
radical, CO_

2 and CO, electrolyte, electrolyte pH and local (interfacial) pH, and finally the impurity effects. Although the mechanism of 
CO2 reduction to high value products and fuels is uncertain, it is apparent that it requires a balance between CO adsorption, H availability, 
and intermediates that facilitate C-C bond coupling. Generating fuels like methanol and formic acid from CO2 is a new focus in recent 
research1.Cu based catalysts are emerging as efficient ones due to their remarkable catalytic activity for electrochemical conversion to 
useful products. Cu can convert CO2 to various hydrocarbons depending upon the potential we applied2. Recent studies on different 
forms of Cu and nanoparticles derived from copper oxide show good selectivity and high faradaic efficiency3. The main objective of this 
work is to gain understanding of the electrocatalytic activity of the metal/ non-metal composite for the selective reduction of CO2RR.  
In this work, we used doped carbons decorated with Cu2O/ Cu nano particles for the electrochemical reduction of CO2.
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Mitigation of biogas over Ni-Co nano composites for production of syngas 
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Burning of fossil fuel creates several environmental issues by emitting CO2 and other flue gases. It is always a challenge for researchers to 
make balance between meeting energy needs and environmental prospects. Biogas is renewable source of methane and having composition 
of methane (50-65%) and carbon dioxide (25-35%). Direct conversion of Biogas without separating CO2 would be more advantageous to 
utilize two major greenhouse gases in single step process.Owing to high amount of methane is in biogas composition, on reforming it gives 
syngas, H2/CO ratio greater than two, which is apparently required for Fischer Tropsch /Methanol synthesis process. Nevertheless, the 
process suffers from several drawbacks such as catalyst deactivation by formation of coke and metal sintering. To address this problem 
Ni-Co nano composites have been prepared by hydrothermal method and tested for biogas reforming. The reaction was performed for  
24 hours at 800°C and 1 atm pressure.The catalyst was found to be very stable and active. The fresh and spent catalystswere 
characterized by several characterization technique such as XRD,TPR,TG/DTA, SEM ,TEM,
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Methyl transesterification of Schleichera oleosa oil as feedstock using potasium aluminum oxide as effective catalyst
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Energy paucity in the transportation sector, as well as expeditious environmental contention, necessitate the sustainable diversification 
of liquid fossil fuels. The scientific community has moved towards developing sustainable and economically feasible fuel. For such  
a trend biodiesel fulfils all above predicaments. Biodiesel is derived from edible or non-edible vegetable oils/animal fats1 by a simple 
chemical process transesterification reaction with C1/C2 alcohols2 in presence of base or acid catalyst. In present work, K2Al2O4 as  
a solid catalyst was synthesized, characterized and applied for biodiesel production using S.oleosa oil as feedstock. The synthesized 
catalyst was characterized by various techniques. The reaction parameters oil: methanol molar ratio, Catalyst loading, stirring 
speed, reaction temperature and time were optimized and biodiesel was characterized using GCMS. At optimized reaction condition  
1:15 oil: molar ratio, 1.0 wt% catalyst loading, 65ºC reaction temperature and 90 min time of reaction and 650rpm of stirring speed, 
97.08% biodiesel conversion was achieved. The reuse study was also performed. The fuel properties of synthesized biodiesel have 
been investigated and results showed that all the properties are acceptable as per ASTM D6751 standards. These studies conclude 
the production of biodiesel using low cost K2Al2O4 and non-edible feedstock could be a sustainable and renewable energy sources. 
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Improved Photoctalytic Activity of CdTiO3-TiO2 Nanocomposite towards Hydrogen Evolution and Dye Degradation 
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Considerable attention has been focused now a days towards research pertaining to new renewable energy sources from the clean 
energy and environmental point of view. In order to satisfy the huge the energy demand all over the globe research community is 
tirelessly engaged in developing new materials and strategies to successfully develop a technology making use of naturally abundant 
sunlight and water. Here we report the hydrothermal synthesis of CdTiO3-TiO2 composite for the photocatalytic hydrogen evolution 
and dye degradation studies. CdTiO3-TiO2 composite was successfully characterized by XRD, SEM, TEM, FTIR and UV-visible 
absorption spectroscopic techniques. The photocatalytic hydrogen evolution studies were carried out in methanol-water mixture 
under UV light irradiation. The obtained results show seven fold enhancement in the rate of hydrogen evolution as compared to 
commercially available Aeroxide P25 TiO2. CdTiO3 plays a vital role of charge transfer and separation, thereby increasing the overall 
photocatalytic hydrogen evolution efficiency of the composite. The composite was further tested for the photocatalytic degradation 
of model pollutant methyl orange.
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Catalase immobilization on Silica@Cobalt Ferrite for catalysis
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Immobilization of enzyme is an important to enhance the catalytical ability, solvent and temperature stability of enzymes in which functionalized 
magnetic nanoparticles are being used because of their various advantages. 

Magnetic nanoparticles (MNPs) have received increasing attention in biorelated research due to several distinct properties such as high surface area 
to volume ratio, special magnetic behavior and high dispersibility in various solvents. 

Therefore in this work we are presenting here an immobilization of catalase, an oxidizing enzyme on silica coated amine functionalized cobalt ferrite 
(CoF) magnetic nanoparticles to enhance its stability and catalytic activity under non-natural conditions.

The synthesized cobalt ferrite, silica coated cobalt ferrite and catalase immobilized silica coated cobalt ferrite are characterizing by FTIR, XRD, TEM 
and EDAX. The activity of immobilized catalase is determining by UV-Visible spectrophotometry using H2O2 as a standard substrate. The fabricated 
nanobiocatalyst has been used for the heterocyclizations. The details of the work will be presented. 
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CuO@Fe2O3 MNPs catalyzed C1-alkynylation of tetrahydroisoquinolines under green conditions
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Magnetically recoverable nano-catalysts have received significant attention due to their inherent advantages over conventional 
catalytic systems.1 In recent years, supported metal nanomaterial have been used for many catalytic processes, in particular these 
systems have found application in the synthesis of biologically active heterocycles.2 Tetrahydroisoquinoline (THIQs) among the most 
common core moiety present in various natural products and drugs with wide range of biological activities. Recently, we reported 
various recoverable nanocatalysts for one-pot synthesis of N-heterocycles.3 In continuation of our interest towards nanocatalysis,3,4 
we reported CuO@Fe2O3 catalyst for C1-alkynylation of tetrahydroisoquinoline (THIQ) by A3 coupling strategy and its decarboxylative 
strategies under green reaction conditions.5 The present catalytic system have several advantages such as high yield in short time, 
recyclablilty of MNPs for five times without significant loss in its activity, high atom economy (AE) and low E-factor.
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Three-Dimensional ZnIn2S4/g-C3N4/Graphene Heterojunction Nanocomposite with Enhanced Visible-Light 
Photocatalytic Activity for H2 production from water splitting 
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Fabrication of graphene-based efficient visible light photocatalytic systems for H2 production from water splitting has attracted 
considerable potential application in the areas of sustainable energy conversion and environmental protection in order to meet future 
energy demands.1–3 In the present work, two different kinds of photocatalysts (i.e., inorganic-ZnIn2S4 and organic-g-C3N4) and one solid 
electron mediator (graphene) were successfully combined into a heterojunction structure by a facile hydrothermal method for water 
splitting, which is analogous to the natural photosynthesis over the two-photo excited Z-scheme system. These as-prepared samples 
were characterized by powder X-ray diffraction (PXRD), thermogravimetric analysis (TGA), UV-Visible diffusive reflectance spectra  
(UV-Vis-DRS), Fourier transform infrared (FT-IR) spectra, Scanning electron microscopy (SEM), Field emission scanning electron 
microscopy and Transmission electron microscopy (TEM). 
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Advances in van der Waals (vdW) heterostructures of atomic layers, open up the possibility of new vertical quantum hetero-junctions 
with atomically sharp interfaces.1 Unprecedented phenomena emanating from these junctions arouse the possibility of charge transfer 
properties of these junctions towards various energy technologies. Recent research on viable energy resources opens up possibilities 
of hydrogen as a promising energy source, where electrochemical hydrogen evolution reaction(HER) is one of the carbon neutral 
methods to obtain pure hydrogen. But, in order to create this hydrogen economy, new and economic materials need to be developed 
to replace the existing benchmarked precious metals such as platinum. In this work, we study the possibilities of graphene and 
hexagonal boron nitride (hBN) based vertical heterostructures as heterogeneous catalysts for HER. Covalently bonded in-plane doped 
graphene systems were researched for various energy technologies2,3 like, in-plane covalently bonded h-BN with graphene shows 
unusual photo4 and electro5 catalytic HER activities. In this work, with the help of both theory and experiment, we study the effect 
of out of plane stacked graphene-hBN heterostructures (non-covalently) towards HER in acidic medium. An enhanced HER activity 
is observed from these vertical heterostructures in comparison to their parent sheets.
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Synthesis of Ru loaded Y-zeolite catalyst for hydrodeoxygenation of m-cresol
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Hydrodeoxygenation of phenolics such as cresol, anisole and guaiacol (obtained from depolymerization of the lignin fraction of biomass) 
has received a lot of attention recently since it represents an important route to produce chemicals and fuels from lignin derived  
bio-oils1. The oxygen elimination is a tough challenge due to the strong bonding between aromatic carbon and –OH group, which 
obstruct the hydrodeoxygenation2. Hydrodeoxygenation of m-cresol was studied with Ru supported Y-zeolite. The synthesized catalyst 
was characterized by various techniques. The experiment was carried out at different temperatures and hydrogen pressure in fixed 
bed reactor. The hydrogenation and hydrodeoxygenation are the elementary reactions over Ru/Y-zeolite catalyst. The Ru favors the 
hydrogenation and Y-zeolite favors the deoxygenation by dehydration path and liquid product over Ru/Y-zeolite includes majorly 
methylcyclohexane with a small amount of methycyclohexanol while Y-zeolite gives more than ten compounds. The conversion 
of m-cresol over Ru/Y-zeolite increases with temperature and hydrogen pressure and maximum yield obtained at 250°C and 40 
bar pressures. The high temperature suppresses the hydrogenation to methylcyclohexanol, on the other hand, it increases the 
hydrodeoxygenation to methylcyclohexane.
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One pot synthesis of nano-NiCo2O4/CeO2 catalyst for renewable hydrogen generation 

Ashutosh Kumar, Yogesh Chandra Sharma*
Department of Chemistry, Indian Institute of Technology (BHU) Varanasi, Varanasi 221005, India.
akumar.rs.apc@iitbhu.ac.in 

Hydrogen is coming as a sustainable option for renewable energy but it requires a viable source of production.1 Ethanol steam 
reforming (ESR) seems to be a best possible alternative for renewable prospects. 2 The bimetallic catalysts were recently found 
better for desired gas selectivity compared to mono metallic.3 Among non-noble active metal catalyst, Ni and Co whereas, among 
different support, the nano CeO2 was reported best to be used for ESR.4, 5 But, the study of bimetallic spinel structured Ni and 
Co with CeO2 support was still missing for ESR. We developed a novel green route synthesis of nano catalyst preparation of  
NiCo2O4/CeO2, Co/CeO2, and Ni/CeO2. This is one pot, low-cost synthesis of nano particles within 15-20 nm size. The spinel structure 
of NiCo2O4 was confirmed by performing Rietveld refinement of HR-XRD. The physicochemical properties were also analyzed by 
surface area analyzer, TGA, SEM, TEM, XPS and ATR-FTIR. The comparative performance of NiCo2O4/CeO2, Co/CeO2, and Ni/CeO2 
were investigated for ethanol steam reforming. The NiCo2O4/CeO2 was have shown feasible amount of desired gas selectivity with 
100% ethanol conversion at 823K, molar ratio of H2O:C2H5OH = 6:1 and WHSV= 35.4h-1.
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CO2 conversion and separation using nano filtration 

Gautam Aarti AMU Aligarh

This idea deals with the separation of CO2 into Carbon and Oxygen molecules with the help of nano filtration. Combination of chemical 
and polymer techniques enables the direct extraction of carbon and oxygen from the CO2. It has been found that the cleavage of this 
CO2 molecule can be achieved by Free Radical Reaction by using light of High Intensity inside a nanotube. The VUV(visible ultra 
violet) rays can be used. The emitted CO2 is allowed to pass through these rays and the reaction occurs. The nano tube consists of 
small pores where the nano filtration occurs. The size of these pores is greater than that of oxygen molecules and less than the size 
of carbon molecules. This reaction is in the gaseous form and is the function of temperature and residence time which is dependent 
on the size of the nano tube. The length of the tube is not so long, therefore we have used a Double Helical Carbon nano tube for 
increasing the residence time. Since the reaction occurs at very high temperature therefore, the use of Thermal Resistance nano tube 
is advisable. The Carbon nanotube has an extraordinary thermal conductivity, mechanical, and electrical properties. The free Oxygen 
molecules passes through the tube into the environment and the Carbon particles are accumulated in the nano tube. The Carbon is 
then collected from the tube and can further be used in various industrial and other commercial applications. This method can be 
applied for integration and nano-filtration of CO2 from high tower chimneys, auto-mobiles and power plants. On the other hand it also 
helps in minimizing the CO2 concentration in the environment.

References- J.P. Ciferno, T.E. Fout, A.P. Jones, J.T. Murphy, Chemical Engineering Progress 2009, 33.

Nitration of aromatic compounds by using mixed oxide Catalysts

Amal A. Muftah1, Jayamala M. Deshmukh1, Sharda P. Dagade1*

1 Department of Chemistry, Yashwantrao Mohite College, Bharati Vidyapeeth Deemed University, Pune, India
dagade@rediffmail.com

Solid acid catalyst is one of the important areas of research and has assumed great relevance as an economic alternative to many 
homogeneously catalyzed and industrially important reactions. 

Synthesized catalysts were dried at room temperature and calcined at 773K, 873K and 973K. The resulting material was characterized 
by means of X-ray powder diffraction (XRD), Transmission electron microscope (TEM), SEM, and EDX spectroscopic methods. The 
formation of nano form was confirmed by TEM and XRD studies. These solid acid catalysts generate acid sites and depending on 
their acid sites the various acid catalyzed reactions are possible. Catalytic activity was studied for nitration of aromatic compounds 
in liquid phase by using dilute nitric acid. The results showed non-corrosive, environment friendly and easily separation of catalysts 
from the reaction mixture.
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Synthesis of 2D Silica Nanosheets Using KCC-1 Synthetic Protocol and Its Application in CO2 Capture

Baljeet Singh, Vivek Polshettiwar*
Department of Chemical Sciences, Tata Institute of Fundamental Research (TIFR), Mumbai, India.
baljeet.singh@tifr.res.in, vivekpol@tifr.res.in 

We report a simple and robust protocol to synthesize silica nanosheets using CTAB based lamellar micelles as soft templates 
in water-cyclohexane solvents (KCC-1 synthetic protocol).1, 2 By changing base used in KCC-1 synthetic protocol, from urea to 
ammonium hydroxide, we successfully synthesized silica nanosheets, possessing high surface area (1420±60 m2/g) and pore 
volume (2.76±0.02 cm3/g (pore volume, here is defined as the volume between the stacked sheets). Since the requirement of any 
sacrificial hard template (such as graphene) is eliminated, this protocol became more sustainable. The thickness of these silica 
nanosheets can be varied form 4 nm to 15 nm just by changing experimental synthesis conditions. 

These silica nanosheets was then used to synthesize sorbent for CO2 capture. The solid sorbent was prepared based on our previous 
report3 and Tetraethylenepentamine (TEPA) molecules were adsorbed on silica nanosheets using physisorption method, evaluated for 
CO2 capture and they showed moderate to good CO2 capture capacity (3.60±0.10 mmol/g at 75 °C).
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Formation of Cu2O-Cyclodextrin Nano Superstructures during Aerobic Oxidation of Alcohols under Aqueous Conditions 
and their Catalytic use: A Simultaneous Catalysis and Metal Waste Valorisation (SCMWV) Method 

A. Vijay Kumar* and Rani N. Patil 
Department of Chemistry, Institute of Chemical Technology, Matunga, Mumbai, Maharashtra 400019, India, 
vijayakki@gmail.com, ranipjejurkar@gmail.com

Aerobic oxidations of alcohol is an important green oxidation transformation as it produces water as the side product.1 But, most 
of these existing methods use toxic solvents and generate copious amounts of hazardous metal waste. Besides, these reactions 
are also often carried out with high concentrations of bases and environmentally unfriendly organic solvents. Additionally, Limiting 
Oxygen Concentrations (LOC) are required to avoid fire (or) explosion hazards while using organic solvents in the reactors and 
to compensate for the low amounts of oxygen, plants need to be operated at elevated temperatures and pressures for achieving 
significant conversions. All of these subsequently escalate the overall cost of the process, thus limiting their large-scale utility. Due to 
these drawbacks, aerobic oxidation is sparsely used in the pharmaceutical and fine chemical industry. In this context, to overcome 
these pitfalls, we developed a novel methodology wherein an aerobic oxidation transformation is carried using copper-cyclodextrin 
combination in water at room temperature in which the formation of Cu2O-CD nanosuperstructures (nps) takes place simultaneously. 
These nps were found to catalyze a propargylamination reaction and can be recycled up to three cycles with no loss of activity. We call 
this novel method as “Simultaneous Catalysis and Metal Waste Valorisation” in which the metal waste is “simultaneously valorized” 
while substrates are undergoing conversion.2
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H4[W12SiO40] and capsaicin modified core-shell SPIONs: Excellent catalysts for the synthesis of various pyrazole 
derivatives 

Priya Arora,* Dr. Jaspreet Kaur Rajput
Department of Chemistry, Dr. B R Ambedkar National Institute of Technology (NIT), Jalandhar, India.
priyaarora89@yahoo.co.in, rajputj@nitj.ac.in 

Capsaicin modified cyclodextrin supported SPIONs and silicotungstic acid modified APTMS (Aminopropyltrimethoxysilane) coated 
SPIONs have been synthesized and used as recyclable heterogeneous catalysts for the synthesis of pyrazole derivatives. SPIONs 
are superparamagnetic iron oxide nanoparticles and due to their superparamagnetic character they have add up to a myriad of 
magnetically recoverable catalysts. The prepared nanocatalysts have been fully characterized by various techniques such as FT-IR, 
TEM, SEM, XRD, VSM, BET and TGA analysis. The catalysts could be readily recovered using a simple external magnet and reused 
several times without any significant loss in activity. 1H-pyrazole-4-carbonitriles and 1H–pyrazolo[1,2-b]phthalazinedione derivatives 
have been efficiently synthesized by the smooth reactions by using these catalysts to provide products in excellent yields and short 
reaction times. Also, comparison of the activity of the activity of H4[W12SiO40] as a homogeneous and heterogeneous catalyst has 
been studied in the synthesis of 1H–pyrazolo[1,2-b]phthalazinediones and the latter has been found to be more efficient.  

Composition dependent electro-catalytic study on ultrathin Au alloy nanowires 

Shwetha Shetty A, Dipanwita Chatterjee, N Ravishankar*
Materials Research Centre, Indian Institute of Science, Bangalore, India - 560012
shwethashetty@mrc.iisc.ernet.in, nravi@mrc.iisc.ernet.in 

Bimetallic alloy nanowires are superior as they offer synergistic enhancement in catalytic activity when compared to their individual 
pure components. A generalized method for the synthesis of ultrathin bimetallic AuM (M-Pt or Pd) alloy nanowires is proposed by 
our group and these nanowires show remarkable mechanical stability when compared to Au nanowires1. Here, we show that these 
nanowires show excellent methanol oxidation properties when the composition of Pt or Pd is carefully controlled. We have also varied 
the composition of Pt/Pd in the bimetallic alloy nanowires. Alcohol oxidation, Hupd and CO stripping studies are done to probe the 
surface composition and these results are supported by extensive Transmission Electron Microscopy (TEM) and X-ray Photoelectron 
Spectroscopy (XPS) studies. 
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Reusable, Cheap and highly sensitive Enzyme-Carbon nanotube based amperometric detection of organophosphorous 
pesticide 

Jinal Thakkar, Shweta Gupta, C. Ratna Prabha*
Department of Biochemistry, Faculty of Science, The Maharaja Sayajirao University of Baroda, Sayajigunj, Vadodara - 390002, India 
inalthakkar108@gmail.com, chivukula_r@yahoo.com 

Organophosphorous compounds are used as biological weapons in defence practices and also comprise 38% of the pesticides used 
worldwide. According to WHO (2009), 2 million people die every year due to organophoshorous exposures. The sensor is fabricated 
by immobilizing Acetylcholine esterase enzyme (AChE) and Multiwalled carbon nanotubes on glassy carbon electrode. As AChE is 
covalently inhibited by organophosphorus pesticide, decrease in reaction rate of AChE gives direct measure of organophosphorous 
pesticide present in the system, which is measured by amperometric technique. It has lower detection limit of 0.1 nM which is lowest 
among the reported sensors and regeneration of the sensor showed 93.02% of its original activity which is also highest among the 
reported sensors.
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Electrochemically exfoliated few-layered phosphorene quantum dots as an efficient catalyst for Oxygen Evolution 
Reaction 

Ranjith P, Athira Anil, M.M.Shaijumon*
Indian Institute of Science Education and Research, Thiruvananthapuram, India
ranjith15@iisertvm.ac.in, shaiju@iisertvm.ac.in 

Two-dimensional layered materials1 have been of great interest due to their unique physico-chemical properties and wide range 
of applications. Wide interest in exfoliated 2D layered materials such as graphene2 and transition metal dichalcogenides (TMDs) 
motivated scientists to explore similar layered materials and, phosphorene, a layered counterpart of black phosphorous3, has 
attracted lot of attention in recent times. The high air sensitivity and chemical reactivity of mono/few-layered phosphorene remain a 
big challenge in its synthesis and further applications. Herein, we present a single step electrochemical approach4 for the synthesis 
of mono/few-layered phosphorene quantum dots as well as phosphorene nanosheets from bulk black phosphorous crystals. Size 
tunability of phosphorene quantum dots is demonstrated by using different supporting electrolytes. Further, we show that this 
technique is capable of making in-situ functionalized few-layered phosphorene quantum dots which showed improved electrocatalytic 
performance towards oxygen evolution reaction (OER). 
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Enhanced Visible Light Photocatalytic Degradation of Toxic dyes on BiOCl modified by Ferrite-Polymer

Ruchika Tanwar and Uttam Kumar Mandal*
University School of Chemical Technology, G.G.S. Indraprastha University, Sector 16C, Dwarka, New Delhi-110078, India
r.tanwarr@gmail.com, uttammandal@ipu.ac.in

Visible light responsive Nickel Zinc Ferrite -Polyanilne-BiOCl photocatalyst was prepared via a facile chemiosorption methods. X-ray 
diffraction (XRD) analysis confirms that the as-prepared composite is crystalline with a particle size of 40−50 nm and possessed 
rough surface as evidenced by field emission scanning electron microscopy (FESEM-EDS). The band gap energy of the prepared 
photocatalyst was found to be 2.1 eV from diffuse reflectance spectroscopy (DRS) measurements and the metal oxide stretching 
frequencies were analyzed by Fourier transform infrared analysis (FTIR). Research shows that as-synthesized composite exhibited 
superior degradation efficiency when compared to pure BiOCl. Photocatalytic activity of this catalyst is nearly 5.5 and 6 times higher 
than that of the BiOCl for the degradation of methylene blue (MB) and Congo red (CR) respectively.

Metal-free Graphitic Carbon Nitride for the Selective Synthesis of Imines through Dehydrogenative condensation of 
Benzyl alcohol with Amine in Visible Light

Venugopala Rao, Devadutta Nepak, Deepak Kumar Chauhan, Boddu Sanyasinaidu, Kamalakannan Kailasam
Institute of Nanoscience and Technology (INST), Mohali, India.
battula.venu43@gmail.com, kamal@inst.ac.in

Recently, metal-free organic semiconductor photocatalytic systems have attracted much attention of material chemists.1 Especially, 
after the emergence of graphitic carbon nitride, g-CN (commonly termed as g-C3N4) in variety of applications, heterogeneous 
organophotocatalysis gained more attention and having been explored in many organic transformations.2,3 Here in this study we 
focus on selective hetero-coupling of benzyl alcohol and benzyl amine which resulted in corresponding imine under anaerobic 
conditions in visible light irradiation (> 420 nm) with sol-gel derived g-CN.4 The catalytic performance is superior to TiO2 (P25) and 
highest conversion rate was obtained at alcohol to amine mole ratio of 1:5. Activity remains even after five consecutive cycles and 
the catalysts also shows an excellent catalytic activity under natural sunlight.
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Synthesis of Indole and Oxindole from Aniline via Ir(III)-Catalyzed Carbenoid Functionalization

Gongutri Bora, Pitambar Patel*
CSIR-North East Institute of Science and Technology- Jorhat, India.

Nitrogen containing heterocycles particularly indole and oxindole are the most important heterocyclic core widely found in various 
natural products and pharmaceuticals compounds. They are widely associated in supramolecular structures and in catalysis as 
building blocks for the synthesis of chiral ligands. Addition to these, majority of the drugs and pharmaceutically active molecule 
contains these privileged structures and thus remains in high demands after their synthesis. Given the low cost and wide variety 
of commercially available starting materials as starting materials for N-heterocyclic compounds synthesis is highly attractive.  
In this context, we have successfully synthesized the indole and oxindole derivatives from aniline and α-diazocarbonyl compounds 
in presence of metal catalyst. Recent advances of this chemistry in terms of application, mechanistic investigation, and further 
application in synthesis of bioactive molecule will be presented in details. 
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Facile Fabrication of BiVO4/g-C3N4 and MoS2 Nanocatalysts Decorated with Gold Nanoparticle for Photocatalytic 
Application
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Semiconductor photocatalysts in general and core-shell nanostructures in particular are finding increasing attention in hydrogen 
generation, solar energy utilization, and environmental remediation1. Simple and facile fabrication of ordinary composition materials 
with unique ordered nanostructures exhibit fascinating properties and novel or enhanced activities2. In this work, truncated 
octahedron shaped BiVO4 and rose flower like MoS2have been synthesized from metal precursors followed by addition of urea and 
sodium fluoride as structure directing reagent respectively. Additionally, graphitic carbon nitride (g-C3N4) was successfully coated on 
bismuth vanadate octahedron to obtained core shell architecture. Decoration of gold nanoparticles on both material was achieved 
through urea reduction method. The crystallographic, morphological and spectroscopic behavior as prepared materials were well 
characterized through PXRD, SEM, elemental mapping, EDS, XPS, PL and UV-Vis DRS techniques. Au loading over BiVO4/g-C3N4 
system is well confirmed through surface plasmon resonance phenomenon observed at 550nm.The photo-electrochemical and 
photocatalytic activities of as synthesized materials are evaluated by water splitting reaction to generate H2 as clean fuel using 
methanol as sacrificial reagent. 
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Structure dependent activity of CeO2 supported Ru for CO2 methanation

Tushar Sakpal, Leon Lefferts
Catalytic Processes and Materials, Faculty of Science and Technology, MESA+ Institute for Nanotechnology, University of Twente, 7522 NB, 
Enschede, the Netherlands.
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Presence of oxygen vacancies in CeO2 plays key role in deciding its catalytic reactivity for CO2 methanation and these oxygen vacancies 
are morphology dependent. In this study, we have prepared CeO2 cubes (CeO2/c), CeO2 rods (CeO2/r) and CeO2 octahedron (CeO2/o) 
which dominantly exposed the (100), (111) and (111) facets respectively.1-2 Loading of Ru was tuned carefully to get identical 
particle sizes on each CeO2 supports. To establish the structure-performance relationship, the reaction rates were evaluated at low 
CO2 conversion (<20%) in order to minimize the effect of water inhibition and avoid reactant concentration gradient throughout the 
bed.3 Activity of Ru/CeO2/r towards CO2 methanation was found to be maximum 3.8x10-4 mole/m2Ru/h than that of Ru/CeO2/c 
(1.8x10-4 mole/m2Ru/h) and Ru/CeO2/o (2.6x10-4 mole/m2Ru/h) at 250oC. Temperature programmed reduction (H2-TPR), Raman 
spectra and XPS analysis confirms that CeO2/r possess highest reducibility and oxygen vacancies because of its high surface area. 
Addition of Ru on CeO2 showed promoting effect on the redox properties of CeO2.

4 Ru/CeO2/r expose highest surface area and 
therefore it shows high reducibility compare to Ru/CeO2/c and Ru/CeO2/o. This high reduction degree causes more oxygen vacancy 
formation on the surface of Ru/CeO2/r.
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Enhanced photocatalytic degradation of Amaranth dye on mesoporous anatase TiO2: evidence of C-N, N=N bond 
cleavage and identification of new intermediates
Amarja P. Naik, Akshay V. Salkar, Dr. Pranay P. Morajkar*
Department of chemistry, Goa University, Taleigao plateau, Panaji Goa, India. 403206
amarjaprashantnaik@gmail.com, pranay@unigoa.ac.in 

Amaranth a carcinogenic azo dye was photocatalytic degraded using mesoporous anatase TiO2 in presence of sunlight 1,2.  
TiO2 photocatalyst has been synthesized using modified sol gel method and was further characterized by using FTIR, HR-TEM, 
SAED, PXRD, EDS, UV-DRS, BET N2 adsorption- desorption isotherm study and BJH analysis. The photocatalytic activity of TiO2 
has been evaluated with respect to Degussa P-25.The morphological effect such as mesoporous network, pore volume; surface area 
on photodegradation rate as a function of irradiation time under sunlight was monitored using UV –visible spectroscopy. The effect 
of various experimental conditions such as pH, catalyst concentration, Amaranth concentration on photodegradation rate was also 
investigated. New intermediates of photocatalytic degradation of amaranth namely, sodium-3-hydroxynapthalene-2,7-disulphonate, 
3-hydroxynapthalene, sodium-4-aminonapthalenesulphonate and sodium-4-aminobezenesulphonate have been identified using  
LC-ESI-MS 3,4 for the very first time, providing direct evidence for simultaneous bond cleavage pathways (-C-N-) and (-N=N-). A new 
plausible mechanism of TiO2 catalysed photo-degradation of amaranth along with comparison of its toxicity to that of degradation 
intermediates is proposed.
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Pt-Decorated MWCNTs-Ionic Liquid Composite-Based Hydrogen Peroxide Sensor to Study Microbial Metabolism 
Using Scanning Electrochemical Microscopy

Vrushali S Joshi1,3, Jens Kreth2 and Dipankar Koley1,*

1Department of Chemistry, Oregon State University, Corvallis, OR 97331, USA
2Department of Restorative Dentistry, Oregon Health & Science University, Portland, OR USA
3(Present address: Department of Chemistry, Goa University,Taleigao, Panjim, Goa, 403206, India)
vrushali.joshi@unigoa.ac.in, dipankar.koley@oregonstate.edu 

Hydrogen peroxide is an important metabolite in many biological processes including oral microbiome. To study this metabolite, we 
developed a 25 μm diameter highly sensitive non-enzymatic H2O2 sensor with a detection limit of 250 nM and a broad linear range of 
250 nM to 7 mM. The sensor utilized the synergistic activity of the catalytically active Pt nanoparticles on high surface area MWCNTs 
and conducting ionic liquid matrix to achieve a high current density. The unique composite aid us to miniaturize the sensor and coupled 
with Pt electrode (25 μm diameter each) to be used as a dual scanning electrochemical microscopy (SECM) probe. We detect 70 
μM of H2O2 produced by S. gordonii biofilm at 50 μm above its surface in the presence of 1 mM glucose and artificial saliva solution  
(pH 7.2 at 37°C). Due to high stability and low detection limit, the sensor showed a promising chemical image of H2O2 produced by 
Sg biofilm. We are also able to detect H2O2 above the biofilm in the presence of various amount of H2O2 decomposing salivary enzyme 
lactoperoxidase. Thus, this sensor can potentially find application in studying other important biological process in a complex matrix. 
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Resistive Switching Properties of Organic-Inorganic Hybrid Perovskite MAPbI3 Thin Films by Chemical Vapor 
Deposition Method
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This study reports a Low temperature fabricated Resistive switching device based on an organic-Inorganic hybrid Perovskite i.e., 
MAPbI3 via chemical vapor deposition method. The Resistive switching (RS) properties of Pure and doped hybrid Perovskite (MAPbI3) 
films shows acceptable RS characteristics. Scanning electron microscopy and X-ray Diffraction pattern showed that the perovskite 
films have a large grain size when compared to traditional spin coated thin films. To the best of our knowledge, there are very 
few reports on highly quality perovskite thin films by various doping such as Br and Cl using one step CVD and there is scope for 
significant improvement in device efficiency. In addition, their band-gap can be conveniently and widely tuned via doping process. 
This deposition process produces perovskite thin films with smooth with low surface roughness, large grain size, and high surface 
coverage. These advantages of Chemical vapor deposited hybrid Perovskite films make stable and good Resistive switching (RS) 
properties.
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Nanostructured Silica-Titania Hybrid using Fibrous Nanosilica as a Photocatalyst 
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We have developed a novel method of fabricating active TiO2 photocatalysts by tuning the morphology of catalyst support. Sustainable 
solution phase deposition technique is developed over complex and expensive atomic layer deposition technique, to deposit TiO2 
on silica support with different loading.1-3 Unlike previous reports, where catalytic activity decreased with increased TiO2 loading 
on conventional mesoporous silica because of the loss of surface area due to blocking of pores, notably, in the case of KCC-1 
(or DFNS) as a support, because of its open fibrous morphology, even at the highest TiO2 loading, a relatively large amount of surface 
area remained intact and hence, improved accessibility to sites, increased their catalytic performance.4 Fibrous nanosilica supported 
titania is found to be a superior photocatalyst in terms of H2 generation (26.4 mmolh-1g-1TiO2) using UV light.4 This study may provide 
a new direction for photocatalyst development by morphology control of the support.
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Novel Catalysts for Enhanced Thermocatalytic CO2 conversion to Methanol: An Approach Towards Commercialization 
of Advanced CO2 Conversion Technology 
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The energy production and utilization in modern society is mostly based on the combustion of carbonaceous fuels like coal, petroleum 
and natural gas the combustion of which produces CO2, which alters earth’s carbon cycle. 30 billion of tons of CO2 per year get 
emitted globally as waste from the carbonaceous fuel burning and industrial sector, which if converted to valuable chemicals have 
the potential to change the economy of the world. MeOH is the most attractive conversion product in the thermo-catalytic pathway 
which could not be commercially realized yet due to problems of low catalytic conversion, limited conversion, energy efficiency of 
the technology and most importantly high cost of hydrogen. We at JNCASR, are working towards solving these bottlenecks of the 
overall technology through synthesis of efficient catalysts and designing more energy efficient reactor systems. The catalysts have 
been synthesized through extensive structure property relation study corroborating with 1st Principle DFT calculations. Advanced 
CFD calculations are used to design energy efficient reactor systems. Nano structuring in the group 13 element doped CZZ systems 
showed highly enhanced conversion and methanol selectivity. At present we are scaling up the end-to-end process, the success of 
which might lead to opening of new directions in CO2 conversion technology. 

Dimethyl Ether Synthesis by CO2 Reduction on Novel Bifunctional Catalyst 

Arjun C H, Soumyabrata Roy, Md. Jabed Hossain, Sebastian C. Peter*

New Chemistry Unit, Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR), Bangalore, India.

arjun@jncasr.ac.in, sebastiancp@ jncasr.ac.in

For meeting the energy needs of shooting world population, coal, petroleum and natural gas are being burnt on an unprecedented 
scale. Each day 30 million tons of coal and 95 million barrels of oil are burnt to meet 82% energy needs of world population. 
This contributes above 30 billion tons of CO2 to environment. C-neutral synthetic fuels, produced by renewable energy source, is 
an effective strategy for reducing the impacts of CO2 in the atmosphere and also a solution for climate changes. Methanol is the 
product which attracted much attention, but dimethyl ether (DME) started dragging attention since it can be used directly as diesel 
substituent due to high cetane number and soot and SOx free combustion. Our group at JNCASR are targeting to improve the DME 
production from CO2 via methanol route as it increases conversion. This strategy alters equilibrium of reduction reaction positively. 
Combining industrial CZZ catalyst with an acidic support which dehydrates methanol to DME is the basic step in catalyst preparation. 
Modifying CZZ catalyst by co-precipitation, sequential precipitation and impregnation were comparatively studied, which led to 
interesting results. 

Catalysis at Sub-Nanometer Scale: Pseudo-Single Atoms of Gold and Platinum on Dendritic Fibrous Nanosilica 
(DFNS)

Mahak Dhiman & Vivek Polshettiwar*
Nanocat Laboratory, Department of Chemical Sciences,
Tata Institute of Fundamental Research (TIFR), Mumbai, India.
mahak.dhiman@tifr.res.in, vivekpol@tifr.res.in

According to the general consensus about nanocatalysts, one can expect single atom/ pseudo-single catalysts to be the most 
catalytically active. Mediating reactions with such catalysts seem brilliant idea as they have been shown to surpass conventional 
catalysts in terms of higher activity.1-2 However, most sub-nanometer-sized supported catalysts are based on the supports like metal 
oxide, graphene and zeolites which are known to exhibit strong metal-support interactions. Such interactions can some time lead to 
the formation of undesired products and even block the catalytic sites. This issue can be resolved using Dendritic Fibrous Nano-silica 
(DFNS) as a support.3

We hypothesized that the combination of pseudo-single atoms of platinum or gold (as active sites) and DFNS would enable the 
production of active and selective catalysts. Pseudo-single atoms of Pt supported on DFNS was synthesized, characterized and 
evaluated for the chemoselective reduction of 3-nitrostyrene, which amazingly was found to be selective towards the formation 
of 3-vinylaniline.4 Along the same lines, pseudo-single atoms of Au on DFNS were evaluated for the oxidation of organosilanes. 
DFNS/Au (0.05 wt%) catalyzed dimethylphenyl silane oxidation to silanol with a TON of approximately a half million (591,000). 
Additionally, figure-of-merit, which provides an integrated view of the catalytic system was calculated to be about 633 mmol h-1K-1.5
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Tale of BiVO4 as an Energy Storage Material 

Yukti Arora, Deepa Khushalani*
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To meet the challenge of discontinuity of the renewable energy flow, development of effective energy storage systems with high energy and high power 
density is necessary1. We have pioneered the use of a new electroactive material i.e. BiVO4 where faradaic behavior of Bi ion is recorded.2 In the 
constant search for a better energy storage material it’s an attempt to move beyond the conventional Lithium and Sodium based battery materials. 
BiVO4 is an n-type semiconductor which has shown excellent electrochemical behavior with specific capacitance of ca.1200 Fg-1 at 1 Ag-1. BiVO4 in 
conjunction with SWCNTs has shown improved electrochemical performance and impressive cycling stability where it could retain 85% of the initial 
capacitance after 200 cycles2.To further improve BiVO4 performance, it is combined with a few-layered nanostructured MoS2 and has demonstrated 
much larger values of charge storage, longer discharge times and improved cycling stability in comparison to pristine BiVO4, or graphene/BiVO4 
composites, and hence is considered a promising candidate for energy storage3. Further, we have studied BiVO4 redox behavior in the presence and 
absence of light in order to provide insight into whether it is feasible for an electroactive component to be also photoactive in a single energy storage 
device. 
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Excellent activity towards chemical fixation of CO2 by Metal-Organic Polymers based on trimesic acid
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A series of Metal-Organic Frameworks (MOFs) based on trimesic acid (btc) have been synthesized using a solvothermal procedure 
which exhibits excellent catalytic fixation of CO2. Cycloaddition of CO2 to epoxide to produce cyclic carbonates is quite promising. 
The chemical fixation of CO2 reported here is solvent free and carried out under moderately mild conditions. All MOFs [Zn-btc (1), 
Co-btc (2), Ni-btc (3), Cu- btc (4)] show almost 100% conversion in these reactions. The yield using Zn-btc (1) as catalyst, reaches 
100% with a total turnover number of 18,845 per mole of catalyst and an initial TOF (hour-1) of 946 with respect to Cyclic carbonate. 
Similar reaction using other metal (Co, Ni, Cu)-btc compounds have also yielded product more than 94% creating an extra impact 
on the importance of the work. 
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Beyond the Conventional Hybrid Perovskites
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The organic-inorganic hybrid perovskite materials, especially methyl ammonium lead iodide (MAP), have garnered a huge interest 
of the photovoltaic community due to their insurmountable charge carrier properties.1,2 The rapid surge of the photon to current 
conversion efficiencies (PCE) with MAP as a light absorber, in a span of 9 years3 showed promise to bring a breakthrough in the 
photovoltaic technologies, due to the ease of manufacture and the low cost of fabrication, until the literature started highlighting 
the instability of this material. The degradation of this material stems from its limited tolerance to moisture, oxygen and light.4,5 In 
an attempt to fabricate stable and robust solar cells, we have synthesized a novel hybrid compound, imidazolium lead iodide (ImP) 
which has the same stoichiometry ABX3 as the perovskite, but crystallographically is a hexagonal structure. We show, based on 
the structural analysis and our experiments, that ImP is much more stable to ambient conditions as compared to the conventional 
perovskite MAP.

References

1. C. Wehrenfennig, G. Eperon,M. Johnston, H. Snaith, L. Herz, Advanced Materials 2013, 26, 1584.
2. C. Motta, F. El-Mellouhi, S. Sanvito, Scientific Reports 2015, 5, 12746.
3. N. Park, The Journal of Physical Chemistry Letters 2013, 4, 2423.
4. Y. Dkhissi, H. Weerasinghe, S. Meyer, I. Benesperi, U. Bach, L. Spiccia, R. Caruso, Y. Cheng, Nano Energy 2016, 22, 211.
5. C. Tong, W. Geng, Z. Tang, C. Yam, X. Fan, J. Liu, W. Lau, L. Liu, The Journal of Physical Chemistry Letters 2015, 6, 3289.

Quest for a novel Cd-MOF for water oxidation
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In the search of renewable energy sources, H2 is undoubtedly a potential answer to this long lasting problem. However, production of 
hydrogen from the most abundant source: water, is limited by the kinetic inertness of water splitting. The H2 evolution (2e- process) 
from water is restricted by the OER1 (4e- process) due to a variety of reasons, the predominant one being that for each electron 
transfer, the catalytic surface plays a vital role in ensuring appropriate charge transfer and orientation of the substrate so as to 
sufficiently lower the activation energy. There has been extensive search for a catalyst that can efficiently minimize the over-potential 
by kinetically assisting the OER. Intuitively, a material with high surface area, a high surface energy and a large no. of active sites 
can serve the purpose. As such, presented here are our preliminary data towards use of metal organic frameworks2 (MOFs) for water 
splitting. Specifically we will showcase a new ligand that is not symmetric but upon chelation to metal ions, it can lead to intriguing 
MOF structure3. The ligand is based on an amino acid based moiety and it is structure with transition metal ions such as Cd will be 
presented. 
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Ruthenium nanoparticle supported supramolecule based catalyst for aerobic oxidation of alcohol in aqueous medium: 
Further tuned for one pot oxidation and reduction switchable transformation using same catalyst

Mahendra R. Patil, Anant Kapdi, Vijay Kumar A*
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mahendrapatil21@gmail.com, vijayakki@gmail.com

On the basis of current demand of sustainable future for the organic synthesis, the development of catalytic systems in aqueous 
medium using enzyme mimicking supramolecule.1 In organic transformation, the oxidation of alcohol has a prime importance as 
they provide access to the building blocks for the synthesis of various natural, unnatural and biologically active molecules. Moreover, 
aerobic oxidation of alcohols has been more focused in the recent years, since the use of inexpensive and abundant molecular 
oxygen as terminal oxidant and water as by product of the oxidation reaction.2 However, to carry out large scale aerobic oxidations in 
flammable solvents, Limiting Oxygen Concentrations are to be maintained to prevent combustion reactions.3 Additionally, controlling 
the over oxidation and the selective oxidation of alcohols are challenges that need to be addressed. On account of the previous 
literature pitfalls and potential benefits, we were developed the catalyst for selective aerobic oxidation alcohol under ambient pressure 
conditions in a benign solvent like water and catalyst was recyclable. Further, to our delight we were able to succeed for one pot 
oxidation and reduction reaction by using same catalytic system.
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S-TiO2 and FeTiO3 Nanostructured Photoanodes for Enhanced Photovoltaic and Solar Water Splitting 
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Since the industrial revolution, humans have contributed more CO2 to the atmosphere, which resulted in global warming. The alternative 
energy is the suitable candidate to realize low carbon society. To meet this requirement, we have to find wide absorption of the visible 
solar spectrum, posses a good charge transport and the water oxidization/reduction potential band gap materials. The metal and  
non-metal doped titania nanomaterials having sustainable applications in photocatalytic and photo electrochemical area. We report 
the synthesis of metal (Fe) and non-metal (S) doped nanostructure titania from natural mineral ilmenite and rutile sand. In present 
work precursor solution was extracted from the minerals using acid extraction process. Sol-gel and hydrothermal methods were 
applied for the synthesis of S-TiO2 and FeTiO3 nanoparticles and nano rods. Further the physico-chemical properties were analyzed. 
It has been identified that the S-TiO2 and FeTiO3 nanostructure materials work well as a photoanode for the DSSCs and photo 
electrochemical splitting of water due to favorable band gap from UV to visible region. The significant photocatalytic activity of S-TiO2 
and FeTiO3 explored the inter-semiconductor hole transfer mechanism caused by the unique relative band gap positions. The results 
will be discussed in detail.
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A bioinspired magnetically recoverable Palladium nanocatalyst for Suzuki cross-coupling reaction
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The emerging field of biomimetic and magnetically recoverable catalysis has made significant impact in the development of sustainable 
processes.1,2,3 Self-assembly of biological/biosimilar molecules and their uses in catalysis is one of the key interest’s of research from 
a sustainability point of view.1 Over the past years development of biomimetic Palladium catalysis has gain attention on account 
of its versatility, significant catalytic activity under less harsher conditions. Henceforth, considering the above advantages and in 
continuation to methodology development using magnetically recoverable catalysts for organic synthesis, we present herein a mussel-
inspired magnetically recoverable and reusable Pd nanoparticles immobilised on polydopamine coated nano-Fe3O4. The catalyst 
demonstrated remarkable activity for Suzuki-Miyaura cross-coupling reaction with a wide range of substrate scope including the less 
reactive aryl bromides in a benign solvent system such as water/ethanol. The less explored aryldiazonium salts as electrophilic partner 
also underwent coupling reactions smoothly to affords the the products in good to excellent yields. The catalyst was characterized by 
techniques such as TEM, SEM, XPS, XRD and DSC-TGA. Moreover, the protocol has several advantages such as tolerance to sensitive 
functional groups, magnetic recoverability and reusability of catalyst up to five cycles. The mechanistic studies disclosed that the 
modus operandi to be a dissolution and redeposition pathway 
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Polyvinyl benzylchloride and Polyacrylic acid Encapsulated Magnetically Retrievable Nanocatalysts for controlled 
Heck Coupling Reaction
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Magnetic nanoparticles (MNPs) offer numerous advantages in the clean and sustainable chemistry because of their non-toxic nature, readily 
accessible linker sites on MNP, and retrievable without contaminating the product. Additionally, the activity and selectivity of magnetic  
nano-catalysts can be manipulated by its surface modification. The C-C coupling between aryl halides or vinyl halides and activated 
alkenes by using palladium-catalyzed in the presence of a base is referred as the one of the most important synthetic tools to 
functionalize olefinswith high selectivity and efficiency, referred as Heck coupling reactions. This class of reactions has been utilized to 
synthesize a wide range of the complex molecules including drugs and natural products.Polyacrylic acid linked Fe3O4 based magnetic 
nanoparticles were prepared by coupling polyacrylic acid with silylalkoxy ethylene diamine coated Fe3O4 nanoparticle with HBTU 
(Fe3O4@PAA) .Polyvinyl benzyle chloride linked Fe3O4 based magnetic nanoparticles were prepared by coupling polyvinyl benzyl 
chloride with amino propyltrimethoxysilane coated Fe3O4 nanoparticle (Fe3O4@PVB). The Fe3O4@PVB nanoparticle were treated with 
Hexamethylenetetramine(HMTA)to form high density tertiary and queternary amine.The Fe3O4@PAAand Fe3O4@PVB@HMTA thus 
prepared nanoparticles loaded with palladium acetate and studied for different Heck coupling reactions.

The Fe3O4@PAA@Pd(II) NP was thoruougly characterized. The catalytic activity of Fe3O4@PAA@Pd(II) and Fe3O4@PVB@HMTA@
Pd(II) were examine for C-C coupling reaction involving iodobenzene and acrylomorpholine.
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From Zn(II)-Carboxylate to Double Walled Zn(II)-Carboxylato Phosphate MOF: Change in the Framework Topology, 
Capture and Conversion of CO2, and Catalysis of Strecker Reaction
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The ligand H2L has been built by linking an imidazole moiety to the 5-position of isophthalic acid. It forms two types of porous frameworks, 
{[Zn(L)]∙2DMF∙2H2O}n (1) and {[(CH3)2NH2

+][Zn2(L)(H2O)PO4]∙2DMF}n (2). 1 is a porous neutral framework and has rtl rutile 3,6-conn topology 
while 2 is an organo-metallophosphate anionic porous framework with double-walled hexagonal channels. Framework 1' (desolvated) exhibits 
moderate CO2 adsorption (58 cc g-1 at 273 K, 1 bar) while 2' (desolvated) shows microporous nature with high adsorption of CO2 (111.7 cc g-1 or 22 
wt % at 273 K, 1 bar). Interestingly, this adsorbed CO2 could be converted very efficiently to cyclic carbonates under mild conditions using 2' as the 
catalyst in presence of tetrabutylammonium bromide (TBAB) as the co-catalyst. Presence of open metal sites in 2' makes it an efficient heterogeneous 
catalyst for solvent-free three-component Strecker reaction using various aldehydes/ketones together with amines and trimethylsilyl cyanide (TMSCN) 
in high yields at room temperature. The straightforward experimental and product isolation procedure along with easy recovery and reusability of the 
catalyst provided an attractive route for the synthesis of α-amino nitriles.
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A Cu(II)-MOF Showing High Capacity CO2 Gas Adsorption and Capable of Fixing CO2 From Air 

Vivekanand Sharma, Dinesh De and Prof. Parimal. K. Bharadwaj

Department of Chemistry, Indian Institute of Technology Kanpur, Kanpur 208016, Uttar Pradesh  

vivekshr@iitk.ac.in, pkb@iitk.ac.in

Metal organic frameworks (MOFs) are one of the most explored fields of research at the interface of chemistry and materials exhibiting 
very large surface and high percentage of transition metals. This allow exploration of these materials as heterogeneous catalysts. Here, 
we report solvothermal synthesis of a highly porous metal organic framework (PMOF) of Cu(II) with a bent tetracarboxylate linker,  
L4- possessing a NH2 group in the middle. The Cu(II)-MOF afforded a paddle-wheel, Cu2(COO)4 SBU with metal bound solvent 
molecules. The activated PMOF showed adsorption of very high 60% by weight of CO2 gas at 298 K and 32 bar pressure. When air 
was bubbled through suspension of activated PMOF and various epoxides in presence of co-catalyst tetrabutylammonium bromide 
at room temperature, the CO2 in the air was readily converted into the corresponding cyclic carbonates. The challenges associated 
with using MOFs as catalyst is their lower thermal and chemical stability. But thanks to robust nature of this PMOF which could be 
successfully used at least up to four cycles.
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Screening of Ionic Liquids for CO2 Capture Process using COSMO-RS Model 
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The concentration of CO2 in the atmosphere has increased due to industrial revolution leads to green house effect and global 
warming.1 Recently, Ionic Liquids (ILs) have been used as a potential solvent for CO2 capture process.2-3 For screening the suitable 
ILs, COSMO-RS model seems to be more promising approach to reduce time and cost of experimentation process.4 The separation 
of CO2 from flue gas is performed by varying the ILs structure of cations and anions using COSMO-RS model.5 In this work, the  
COSMO-RS model is used to predict the thermodynamic properties such as solubility, selectivity of CO2 capture process with 
ionic liquids The ionic liquids, combination of cations (imidazolium, pyrrolidinium, quinolinium, pyridinium) and anions  
(acetate, hexafluorophosphate, tetrafluoroborate, dihydrogen phosphate) are investigated. From the COSMO-RS results, it is observed 
that the cations with increasing alkyl chain length and anions containing fluorine ILs favours the CO2 absorption process. 
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Nano-structured Materials Synthesized from Transition Metal Carbides / Nitrides for Electrocatalytic Applications

Rajinder Kumar, Ritu Rai, Zubair Ahmed, Dr. Vivek Bagchi*
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vivekbagchi@gmail.com

An attractive approach to achieve efficient splitting of water into hydrogen and oxygen using solar energy input since the generation 
and combustion of hydrogen from water is carbon neutral and sunlight is a sustainable energy source. For efficient water splitting, 
active catalysts for the Hydrogen Evolution Reaction (HER) are required. Hydrogen generation has been attempted for decades using 
precious metals like platinum, palladium and their composites, but their high cost and low abundance are severe hurdles for large scale 
production. Recently earth abundant materials such transition metal chalcogenides, metal carbides and nitrides have been explored as 
non-precious HER catalysts 1, 2. Here in we report a nano hybrid material containing carbon-supported molybdenum carbide and nitride 
nanoparticles of size ranging from 8 to 12 nm exhibiting excellent HER catalytic activity1, 2. These nanoparticles (Mo2C and Mo2N) 
were produced in situ using a metal precursor and C/N source via a controlled solid state reaction. Overpotential of 96 mV for driving  
a current density of 10mA cm-2 was measured for the MoCat catalyst, which is very close to that of commercially available Pt/C 
catalysts (61 mV)3. In-situ Composites of Titanium carbide and nitride as well as that of tungsten nitride and carbide have also been 
explored as bifunuctional electrocatalyst for HER and ORR.
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Chiral Cd(II) metal organic framework from achiral ligand by spontaneous resolution: Efficient heterogeneous catalyst  
for Strecker reaction of ketones

Ashish Verma, Kapil Tomar, and Parimal K. Bharadwaj*
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vermaa@iitk.ac.in, pkb@iitk.ac.in

A thermally stable Cd based chiral MOF, {[Cd2(L)(H2O)(DMF)]∙3DMF∙2H2O}n, 1, has been synthesized from achiral ligand by spontaneous 
resolution1-3. The MOF features 1D open channels with large density of active metal sites and has a 3,6-c binodal net with a rare sit 3,6-conn 
topology. The metal bound water and DMF solvents could be easily removed along with the guest molecules in the lattice upon activation to afford 
the desolvated framework 1'. It exhibits microporous nature as confirmed by the gas sorption measurements with CO2 uptake of 43.2 cc g-1 at 273 
K. The open metal sites in the framework make it an outstanding heterogeneous catalyst in the Strecker reaction4 for the synthesis of α-amino nitriles 
in a solvent free state at room temperature with excellent conversion yields.

References

1. J. Zhang, S.M. Chen, R.A. Nieto, T. Wu, P.Y. Feng, X.H. Bu, Angew. Chem., Int. Ed. 2010, 49, 1267.
2. Y.Q. Lan, S.L. Li, Z.M. Su, K.Z. Shao, J.F. Ma, X.L. Wang, E.B. Wang, Chem. Commun. 2008, 58.
3. X.L. Wang, C. Qin, E.B. Wang, L. Xu, Z.M. Su, C.W. Hu, Angew. Chem., Int. Ed. 2004, 43, 5036.
4. Najera, C.; Sansano, J. M. Chem. Rev. 2007, 107, 4584

Polydopamine as an organocatalyst for the biomimetic synthesis of benzimidazoles and quinoxalines

Shweta Pawar and A.Vijay Kumar*
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Over the past years, enzyme mimicking methods under aerobic conditions for C-N bond formations have gained prominence.1 In this context, 
polydopamine has been explored as a benign support and as promising material in catalysis and biology owing to its non-toxic nature and ability to 
function as an enzyme mimic.2 Further, its non-innocent behavior, capacity to catalyze organic reactions has been highlighted in C-C and S-S bond 
formations.3 Therefore, in continuation to the non-innocent organocatalytic ability of polydopamine, we present herein the synthesis of benzimidazoles 
and quinoxalines using ortho-phenylenediammines, benzylamines and benzoins. The potential of polydopamine in oxidizing benzylamines and 
benzoins under aerobic conditions is similar to the oxidase enzymes. Nevertheless, polydopamine can be easily recovered and reused for further cycles 
with no loss of catalytic activity. This simple methodology depicting the use of benign polydopamine as a promising enzyme mimicking catalyst paves 
way for the development of environmentally benign protocols under aqueous conditions devoid of organic solvents and transition metals.
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Synthesis and characterization of mesoporous g-C3N4/CeO2 nanocomposites with improved photo catalytic activity on 
Methylene Blue dye degradation under visible light
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Environmental remediation employing visible light active semiconductor nano composites provide effective solutions for handling 
emerging contaminants through a greener approach.1 Herein, we report a facile and simple hydrothermal method was used for the cerium 
dioxide (CeO2) preparation.2 Whereas mesoprous-graphitic carbon nitride (m-g-C3N4) was synthesized by solid state chemical method.3  

Them-g-C3N4/CeO2 Nano composites with different weight percentages of m-g-C3N4 (5%, 10%, 15%) were successfully prepared 
by a novel, simple, and cost-effective in-sitive hydrothermal technique. The m-g-C3N4/CeO2 Nano composites formation supported 
by different types of characterization techniques like powder X-ray diffraction (XRD), Fourier transmission infrared spectroscopy 
(FT-IR), scanning electron microscopy (SEM), and UV-VIS diffuse reflection spectroscopy (UV-Vis-DRS), Photoluminescence  
(PL). Photocatalytic activities of the prepared samples were examined by studying the degradation of methylene blue (MB) under 
visible light irradiation (>400 nm).4 The m-g-C3N4/CeO2 composites show higher photocatalytic activity than that of CeO2 and g-C3N4.
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Pathways for biomass-derived lignin to hydrocarbon fuels
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Production of hydrocarbon fuel from biomass-derived lignin sources with current vision of bio refinery infrastructure would significantly 
improve the total carbon use in biomass and make biomass conversion more economically viable1. Thus, developing specialty and 
commodity products from biomass derived-lignin has been an important industrial and scientific endeavor for several decades. However, 
deconstruction of lignin’s complex polymeric framework into low molecular weight reactive moieties amenable for deoxygenation 
and subsequent processing into hydrocarbons has proven challenging. This review offers a comprehensive outlook on the existing 
body of work that has been devoted to catalytic processing of lignin derivatives into hydrocarbon fuels, focusing on: (i) the intrinsic 
complexity and characteristic structural features of biomass-derived lignin; (ii) existing processing technologies for the isolation and 
depolymerization of bulk lignin (including detailed mechanistic considerations); (iii) approaches aimed at significantly improving the 
yields of depolymerized lignin species amenable to catalytic upgrading; and (iv) catalytic upgrading, using aqueous phase processes 
for transforming depolymerized lignin to hydrocarbon derivatives. Technical barriers and challenges to the valorisation of lignin are 
highlighted throughout. The central goal of this review is to present an array of strategies that have been reported to obtain lignin, 
deconstruct it to reactive intermediates, and reduce its substantial oxygen content to yield hydrocarbon liquids. 

References 

1. T. P. Vispute, H. Zhang, A. Sanna, R. Xiao and G. W. Huber, Science, 2010, 330, 1222.
2. C. Zhao, Y. Kou, A. A. Lemonidou, X. Li and J. A. Lercher, Angew. Chem., Int. Ed., 2009, 121, 4047.
3. C. Zhao and J. A. Lercher, Angew. Chem., Int. Ed., 2012, 51, 5935.

P-136 P-138

P-137P-135



7372

Bismuth based oxide materials for SOFC Anodes

M. Kishore Kumar*, Ajay Kumar, Ranjit Bauri
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The kinetics of fuel oxidation at anode is vital for the optimal performance of the low temperature (400 – 600 °C) solid oxide fuel cells 
(SOFCs). The conventional NiO based anodes suffer from sulfur poisoning and the sluggishness of electrochemical reactions at low 
temperatures is also a concern1. Bismuth oxide based electrolytes and cathodes have good ionic conductivity, but they are unstable 
in reducing environment. Stabilization of bismuth oxide based materials in such environments can enhance the efficiency of SOFCs2.  
In this work, bismuth based oxide materials were synthesized using co-precipitation method3. The synthesized powders were 
characterized using XRD and Raman spectroscopy. The catalytic activity of these powders was studied using an in-house built  
fixed-bed reactor with various fuels and the exhaust was analysed using Gas Chromatography. The electrical properties of these 
oxides were evaluated using impedance spectroscopy. 
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Solar Light Driven Enhanced Photocatalysis by CVD Grown Monolayer MoS2 Film on TiO2 Nanorods Array
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Transition metal dichalcogenide based various heterostructures (HSs) have been paid a great attention in the visible light  
photocatalysis -2. Herein, we demonstrate the synergistic effect of the heterojunction between the monolayer MoS2 and rutile TiO2, 
which eventually enhances the hydrogen evolution reaction (HER) performance as well as the dye degradation efficiency under 
the visible light. Vertically aligned rutile TiO2 nanorods (NRs) array was grown on fluorine doped tin oxide (FTO) substrate via a 
hydrothermal method. The NRs have diameters in the range 100-160 nm and length ~ 1μm. Subsequently, monolayer MoS2 thin 
film (layer thickness ≈ 0.7 nm) was grown uniformly on the side wall of TiO2 NRs by a chemical vapour deposition (CVD) technique. 
Raman studies confirm the large area monolayer growth of MoS2 over TiO2 NRs. UV-visible absorption study reveals the enhancement 
in the visible light absorption after the formation of heterojunction between TiO2 and MoS2 and the Tauc plot shows the reduction 
in the effective indirect band gap of TiO2, increasing the solar energy harvesting efficiency, which accelerates the degradation rate of 
organic dye. The MoS2/TiO2 hybrid exhibits superior photo-electrocatalytic activity towards HER reaction under visible light relative 
to their individual components, with low on-set overpotential and Tafel slope, which is shown to follow the Volmer-Heyrovsky 
mechanism. 
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Solar Light Driven Photo-electrocatalytic Hydrogen Evolution by Pd Nanoparticle Decorated CuO Nanocrystal/TiO2(B) 
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In recent times, solar energy harvesting by TiO2 based plasmonic nanoheterostructures has received a great deal of attention for 
its promising application in catalysis, especially in hydrogen generation by water splitting and decomposing toxic and hazardous 
organic pollutants from contaminated water and air 1,2. Herein, we have grown crystalline TiO2(B) nanobelts (NBs) with diameters  
~ 30-100 nm and lengths up to a few μm via a low temperature hydrothermal method, which provides a high degree of tunability on 
the surface morphology and defects that strongly accelerates it photocatalytic performance. CuO nanocrystals (NCs) with size range 
40-60 nm have been decorated on the NBs via a co-precipitation method followed by a calcination at 500˚C in air. Subsequently, the 
CuO/TiO2 heterostructure (HS) was decorated with monodisperse Pd nanoparticles (NPs) with an average size ~6 nm, as confirmed 
by high resolution transmission electron microscopy images. Optical absorption capability of the HSs has been enhanced after loading 
of Pd NPs, which is highly beneficial for the visible light photocatalysis. Detailed photoelectrochemical measurements demonstrate 
the enhanced hydrogen evolution reaction with the catalyst Pd@CuO/TiO2, with much lower on-set overpotential and Tafel slope.
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Effect of Co-doping on the photocatalytic activity of ZnO nanorods
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ZnO has been considered as a promising material for purification and disinfection of water and air.1-4 The aim of present study is 
to investigate the structural, surface morphology, optical properties, molecular vibration and photocatalytic properties of pure and 
cobalt doped ZnO nanorods (NRs) with three different percentage of Cobalt (0.1M, 0.2M and 0.3M) synthesized by co-precipitation 
method. The XRD analysis results confirmed that all prepared samples correspond to a pure phase of ZnO wurtzite structure. No 
diffraction peaks from Zn, Co or any other impurities were found in any of the samples. The crystallite size of the prepared samples 
was found to be in the range of 30–35 nm. Further, the decreasing trend in lattice parameters and increasing trend in grain sizes 
were also seen with increasing doping percentage which confirms the incorporation of Co ions into the ZnO lattice. The Co doping 
was further supported by the FT-IR data. SEM images demonstrated the distinct hexagonal hollow-rods like morphology with small 
agglomeration. The observed ZnO nanorods have widths of about 65nm and length of a few micrometers. PL spectra showed a 
weak UV and strong visible emission which may be ascribed due to the reduction in oxygen vacancy and defects by cobalt doping.  
ZnO nanorods with Co-doping show significant photocatalytic performances.

References

1. S. Sakthivel, B. Neppolian, M. V. Shankar, B. Arabindoo, M. Palanichamy, V. Murugesan, Sol. Energy Mater. Sol. Cells 2003, 77, 65.
2. U. Ozgur, Y. I. Alivov, C. Liu, A. Teke, M. A. Reshchikov, S. Dogan, V. Avrutin, S. J. Cho, H. A Morkoc, J. Appl. Phys. 2005, 98, 041301. 
3.  T. Reimer, I. Paulowicz, R. Roder, S. Kaps, O. Lupan, S. Chemnitz, W. Benecke, C. Ronning, R. Adelung, Y. K. Mishra, ACS Appl. Mater. Interfaces 

2014, 6, 7806.
4.  Y. K. Mishra, G. Modi, V. Cretu, V. Postica, O. Lupan, T. Reimer, I. Paulowicz, V. Hrkac, W.Benecke, L. Kienle, R. Adelung, ACS Appl. Mater. 

Interfaces 2015, 7, 14303.

 

P-140 P-142

P-141P-139



7574

Cobalt-Iron-Boride (Co-Fe-B) as an active nanocatalystfor hydrogen evolution reaction in both neutral and alkaline 
water.
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The production of hydrogen through water splitting is a promising and appealing solution for future energy supply1. Platinum (Pt) 
proves excellent as HER electrocatalyst. But it is essential to search for electro-catalysts made up of inexpensive and abundant and 
also withstand different pH conditions2-5. 

Ternary alloy catalysts in the form of Co-Fe-B were synthesized with different molar ratios [Fe/(Co+Fe)] by chemical reduction 
method at room temperature. All the powders were tested for catalytic activity and among them Co-15%Fe-B (15% Fe/Fe+Co) 
showed best activity with current density of 10mA/cm2 at 193mV in pH7 and 191mV in pH14. It also sustains up to 1000 cycles 
in both neutral and alkaline medium. It shows stable activity for about 20hrs which proves it as a suitable low cost electrocatalyst. 
Surface morphology was studied using scanning electron microscopy (SEM) and Transmission electron microscopy (TEM).Structural 
properties of the catalyst were studied using X-ray diffraction (XRD) which shows the catalyst is amorphous.Surface electronic states 
and compositions were studied by X-ray photoelectron spectroscopy (XPS).
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Synthesis and investigation of 2D-Molybdenum carbide MXene sheets for electrochemical energy storage
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Transperent molybdenum carbide was synthesized using a self propragating high temperature synthesis using MoS2 and Graphite 
as Raw Materials . Further the material properties was analysed by different techniques like XRD, SXRD, SEM, TEM and XPS. 
material was studied for its electrochemical performance towards supercapacitor applications. Results show that materials exhibited 
appreciable capacitance with high energy energy density and stability.
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Aromatic amines serve as industrially important intermediates and play a key role in agrochemicals, biorenewable chemicals, 
pharmaceuticals, and fine chemicals. The significant growth has been devoted for hydrogenation of nitroarenes to anilines by  
precious-metal based catalysts, but lack in selectivity and functional group tolerance. In recent times, earth-abundant,  
non-noble-metal based catalysts have shown promising catalytic performance for hydrogenation reaction. The heterogeneous catalysts 
can be easily recycled, which allows for cost-effective and sustainable synthetic processes. Nowadays, borrowing hydrogen strategy 
gain considerable momentum because it does not require any special experimental setup or the use of high-pressure equipment 
compared to conventional hydrogenation methods. Ammonia borane (AB) the advantages of high hydrogen content (19.6 wt.%), 
low molecular weight and high stability in solutions, stable material that can be safely transported without hydrogen loss making it 
a highly promising alternative for chemical hydrogen storage material

In the present work novel manganese-based heterogeneous catalysts have been developed for the direct chemo-selective reduction 
of nitro arenes using amino borane as transfer hydrogenating as reagent. The developed strategy is simple, efficient, exhibits wide 
functional group tolerance and can be scaled up. The present catalytic approach possesses a dual role; acting as a catalyst for 
dehydrogenation as well as hydrogenation of nitroarenes.
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Methanol conversion to olefin on oxalic acid treated Al/MCM-41 in a fixed bed reactor
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The use of Al/MCM-41 with large pore catalyst and high surface area is explored for the production of ethylene and propylene from 
methanol conversion1,2. Acid treated catalysts have been observed to tailor the strength of weak and atron acid sites. Al/MCM-41 
was treated with oxalic acid at three different concentrations3,4. Modified catalyst was characterized using BET, chemisorptions, 
XRD and SEM. A decrease in surface area of the catalyst was observed after boric acid treatment. with the treatment of MCM-41. 
Maximum decrease in surface area was obtained with the treatment of Al/MCM-41 with boric acid (2.5 M), N2 adsoprtion-desoprtion 
plot shows change in porous structure of catalyst after treatment with oxalic acid. The conversion studies were performed at different 
temperatures between 250-450oC and liquid flow rate in the range of 30 to 120 ml/min. The effect of catalyst on the selectivity of 
ethylene and propylene was studied with Al/MCM-41 and O-Al/MCM-41. Results showed that the oxalic acid treated Al/MCM-41 
helps in increase in the selectivity of the catalyst toward C1 and C2 hydrocarbons. Gas yield was also observed to increase after the 
oxalic acid treated catalyst. Approximately 13.5% decrease on the coke yield was observed when the experiments were performed 
with oxalic acid treated catalyst.
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Dry Reforming of Methane Over Ni-based Catalyst 
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With the immense increase in energy demand and rising concern towards global warming, Carbon dioxide reforming of methane 
(CO2+CH4↔2H2+2CO) has attracted attention for mitigation and utilization of (GHGs) CO2 & CH4, to produce synthesis gas (syngas) 
(H2/CO), while the syn gas produced (with lower H2/CO ratio) can be used for production of long chain hydrocarbons and oxygenated 
chemicals. Thermodynamic analysis of carbon dioxide reforming of methane reaction was studied by Gibbs free energy minimization 
method using ASPEN PLUS, for desired products by varying temperature (873 K-1073 K), Pressure (0.5-2) atm, CO2/CH4 ratio  
(0.3-1) and inert (25% -75%). Dry reforming of methane was studied over Ni-Co bi-metallic catalyst varying Co content, supported on 
Magnesium Aluminate spinel’s (MgAl2O4). Magnesium Aluminate support was prepared by calcining commercially available Boehmite  
(Pural MG30 , Sasol) at 1123K for 4h. Formation of Magnesium Aluminate spinels were confirmed from XRD analysis. The stability of 
support was tested using DSC-TGA. Catalyst were prepared using typical Incipient Wetness Impregnation method (IWI).The catalyst 
were calcined in sequential manner up to 773 K and was characterized using UV-vis, XRD, H2-TPR and BET techniques. Ni:Co ratio 
of 3:1 showed better catalytic activity.
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Catalytic CO2 Hydrogenation to Methanol Production
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Hydrogenation of CO2 is not only an efficient technique to mitigate the rising concern of global warming associated with CO2 
emission, but also addresses the problem of fossil fuel depletion by providing alternative fuels, like methanol and other derivatives1-2.  
The present investigation focuses on the preparation of stable and economic metal-oxide (Cu-ZnO based) catalysts having high 
selectivity towards methanol formation that is able to adsorb and activate CO2 at comparatively low temperature. Thermodynamic 
analysis of the hydrogenation reaction revealed that CO2 conversion is influenced by high pressure and low temperature condition3. 
Al2O3 and ZrO2 supported Cu-ZnO based catalysts (with different ratios of Cu:Zn) were prepared by the typical Incipient Wetness 
Impregnation (IWI) technique. The prepared catalysts were characterized through XRD analysis, UV-Vis spectroscopy, H2- TPR and 
Surface area-pore volume analysis. The prepared catalysts were also modified with Pd as a promoter and its effect on the dispersion 
of CuO was also observed through XRD analysis4. However, hydrogenation reactions using the prepared catalysts and a comparative 
analysis for the performance of the Al2O3 and ZrO2 based catalysts are also being carried out. 
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As a green energy, hydrogen has been recognized as an attractive alternative to fossil fuels to satisfy the increasing demand for  
a sustainable and clean energy supply. Hydrolysis of chemical hydrides gains increasing attention due to various advantages. Control 
release of hydrogen from base stabilized hydrides can be achieved by using appropriate catalysts.

The pristine cobalt boride and nickel boride nano-material were prepared by simple eco-friendly method. Ag, Fe and Cr supported on 
cobalt boride and nickel boride were also synthesized by wet impregnation method. The as-prepared nano-catalysts were characterized 
by different instrumental techniques such as X-ray diffraction, Fourier transform Infrared spectroscopy and Scanning electron  
microscopy. The XRD patterns were obtained to confirm the phase formation, the broadening of diffraction peaks indicates 
polycrystalline nature of materials. The FTIR spectra give the characteristic peaks for cobalt boride and nickel boride. From SEM 
images it is clear that these prepared materials are nano-sized and highly agglomerated in nature. Catalytic hydrogen generation 
reaction was carried out over all the prepared nano-catalysts using the alkaline sodium borohydride solution. Cobalt borides based 
catalysts found to be good catalysts for hydrogen production compared to nickel borides. 
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Transition metal dichalcogenides structure comprises of X-M. The adjacent layers are coupled by weak van der Waals interactions 
and in principle they can be exfoliated into individual X-M-X thin monolayers. These solids are known as van der Waals solids.1 Most 
notably, ReS2 is a unique 2D layered material among all other TMDs because it actually displays electrical, optical and vibrational 
properties which are layer independent.2,3 The bulk ReS2 samples were synthesized by adopting Bridgman method, resulting in the 
formation of shiny crystals of very thin platelike flakes.3 Narrow and sharp diffraction peaks in XRD study suggest the high crystallinity of  
as-synthesized ReS2 sample, whereas SAED pattern confirms the single crystallinity nature. Electrochemical study reveals the bulk ReS2 
exhibit highly capacitive behavior in Na-based electrolyte and pseudocapacitve signature in basic NaOH electrolyte. ReS2 electrode 
shows an excellent cyclic stability with a high degree of reversibility, retaining up to ~95% of their initial capacitance over 2000  
charge–discharge cycles for Na-based electrolyte and ~81% for NaOH electrolyte. Sonication assisted liquid phase exfoliation of bulk 
ReS2 results in the growth of vertically oriented interconnected ReS2 nanosheets array. These are having exposed edges with sharp 
corners could potentially serve as electrochemically active surface sites for electrocatalysis as well as energy storage applications.
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Energy and environment are two of our critical societal challenges. The use of morphology controlled hybrid nanomaterials to harvest 
solar energy to generate solar fuel as well as capture and convert CO2 seems to be the best ways combat climate change. Our group 
has recently reported the synthesis of a new class of fibrous nano-silica (DFNS) with very high surface area and accessible pores.1-5 
In this work, we have developed a high surface area silica-titania hybrid with a very high photocatalytic hydrogen generation activity. 
High surface area silica DFNS is coated with amorphous TiO2 by solution phase method and crystallized by hydrothermal treatment. 
Crystallization of TiO2 in this hybrid system plays a crucial role in the photocatalytic activity. Detailed study was carried out to 
optimize the condition of hydrothermal crystallization in terms of efficiency of hydrogen production activity. Solvent ratio of EtOH/
water was found to be critical in the particle size of TiO2 and hydrogen generation activity. The H2 generation activity was found to be 
high compared to the recently reported UV light active TiO2 based catalysts. These high surface area silica supported TiO2 catalysts 
were further sensitized by CdSe QDs to achieve very high visible light active photocatalytic hydrogen generation efficiency.
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For sustainable development of human civilization, there is an urgent need to find alternative fuels. The development of biodiesel holds a lot of 
potential as it is renewable, nontoxic, and biodegradable. In addition, it contributes no net Carbon dioxide to the atmosphere and reduces greenhouse 
gas emissions by 41% compared with diesel. Biodiesel is essentially a fatty acid methyl ester (FAME) and synthesized by transesterification of various 
oils in the presence of a catalyst.

Heterogeneous catalysts hold more promise as they are environmentally friendly, non-corrosive and easy to purify. Several spectroscopic techniques 
are used to study catalytic mechanisms- X-ray diffraction (XRD), Scanning Electron Microscopy (SEM), X-ray Flourescence (XRF). However, the cost of 
analysis per sample with these techniques is high, sample size required is huge, reproducibility is low and exposure to X-rays poses a health hazard. 
There is a shift towards use of FTIR (Fourier Transform InfraRed Spectroscopy), which is a much simpler and economical tool to study materials, 
catalytic activity and products from chemical reactions. Coupled with ATR (Attenuated Total Reflectance), the time of sample preparation is shortened. 
In this study, we exemplify the growth of FTIR as a reliable analytical tool for catalyst and product monitoring and characterization.
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Water is an essential natural resource for sustaining life and environment, and heavy metal poisoning due to contamination of 
groundwater, surface water, and soil has been a serious concern globally. Lanthanide doped nanocrystals are useful for sensing 
of metal ions due to their sharp luminescence and longer lifetimes, and they have been explored for ions and molecular sensing 
purposes.1-3 Poly(ionic liquid)s are interesting due to their strong interactions to a variety of analytes like solvents, gases, ions, 
biomolecules and pH.4,5 We have synthesized poly(ionic liquid) (PIL)-capped Ce3+(15%): Tb3+(2%) doped NaYF4 nanocrystals by 
microwave reaction method. The prepared PILs are able to form hydrogel which results in good water dispersibility of nanoparticles. 
The PILs are designed such that they can be attached to the luminescent nanoparticle surface with carboxylic end group and 
the other free functional groups can bind to the analyte ions. We observed that the specific binding of Fe2+ to the PIL-capped 
nanocrystals resulted in the quenching of the luminescent intensity. This reduction in the emission intensity is quite selective to  
Fe2+ as we verified with other metal ions. We believe this is likely due to charge or energy transfer from Ce3+ to Fe2+ ions. Further 
studies are being performed to understand the mechanism.
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We have prepared Ag-nanoparticles supported on nanocrystalline Fe2O3 by a one pot hydrothermal method using polyethylene 
glycol (PEG) as surfactant. The prepared catalyst was characterised by XRD, SEM, TEM, XPS, TPR, BET-surface area, VSM and 
UV-Vis spectroscopy. The Characterisation results showed the formation of 2-5 nm Ag-nanoparticles supported on 20–60 nm Fe2O3 
nanoparticles with Ag loading of 4.8 wt%. It was found that the prepared catalyst was highly active for the selective oxidation of 
aniline to azoxybenzene with H2O2 as oxidant. The effect of different reaction parameters like H2O2 to aniline molar ratio, reaction 
temperature and reaction time have been studied in detail. The conversion of aniline to azoxybenzene was found to be 92% with 
selectivity of 94% at 50 °C. The catalyst did not show any leaching up to five cycles, showing the true heterogeneity of the catalyst.
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Highly Monodisperse Dendritic Fibrous Nanosilica (DFNS): Sustainable Protocol Quantified by E-Factor and Their 
Applications in Light Harvesting Photonic Crystals
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Although the field of synthesis of nanomaterial exploded in last two decades with innovation of large number of unique morphology-controlled 
nanostructures such as dendritic fibrous nanosilica (DFNS)1-5, there is an increasing pressure to develop simple, up-scalable and economical processes 
to synthesize these nanomaterials. In this work, we develop DFNS synthesis process by replacing microwave assisted close-reactor synthesis protocol 
with round bottom flask based open reactor protocol. This not only made the process sustainable but it also allowed synthesis of highly monodispersed 
DFNS with narrow pore size distribution, with controllable particle size, fiber density and textural properties. They were highly monodisperse and 
readily formed blue colored photonic crystals. Moreover their photonic band gap were tunable by using different DFNS, which can be used to harvest 
light for various applications. Sustainability of this protocol was compared with nanomaterials synthesis protocols of range of nanomaterials using 
E-factor and we found exceptional E-factor value of 15 for DFNS protocol, several magnitude better than reported processes.
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Semiconductor based photocatalysis for the decontamination of water got much attention after Fujishima and Honda discovered 
the phenomenon in 1972.1 In this phenomenon, the photocatalyst gets excited by the exposure of light and there is generation of 
electron and hole centres in the CB and VB of the semiconductor, respectively. These charge centres act as redox centres to degrade 
the organic pollutants in water. However, the fast recombination of the charge carriers leads to the photocorrosion of the photocatalyst 
which limits the performance of the catalyst. Also, large band gap semiconductors are less responsive to the visible light. In this 
connection, researchers used various methods including metal and non-metal doping and heterostructure formation to enhance the 
visible light response and to check the charge carrier recombination. 

Ag2CO3 is a very active photocatalyst for dye degradation but has the poor photo-stability which limits its durability. To overcome 
these limitations, it was thought to increase the stability and activity of Ag2CO3 by making a heterostructure with a perovskite rare 
earth metal ferrite. In this respect, LaFeO3 as a kind of p-type semiconductor is a potential photocatalyst, which can be driven by 
visible light because of the narrow band gap.2 Hence, this work presents the synthesis of LaFeO3/Ag2CO3 heterostructures by the 
in-situ precipitation method and their enhanced stability and photocatalytic performance for the degradation of Rhodamine B, and 
p-chlorophenol.3 The enhanced stability and photocatalytic performance by the synthesized nanocomposite photocatalysts was solely 
exhibited to the heterostructure formation and enhanced visible light response.
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Use of nano-sized metal organic framework in the field of catalysis is growing exponentially due to their unique catalytic behavior. 
However, details of various active sites and the mechanistic pathway by which they catalyzes the reactions are unclear. Here, we 
have studied the nature of active sites of the aluminum-benzene-1, 3, 5-tricarboxylic acid metal organic framework (Al-BTC MOF) 
with various shapes and crystal structure by acetalization of aldehyde as test reaction. We observed that the Al3+6c sites in the 
MOFs with MIL-100 (Al) crystal structures are catalytically active, while the same sites in MIL-96 (Al) are catalytically inactive. 
To understand this unusual behavior, a detailed 1D and 2D 27Al-NMR study was carried out based on which different active sites 
were well illustrated, which then led to an understanding of catalytic behavior of various Al-sites as well as a plausible reaction 
mechanism. Also, in contrast to shape effect in metal and metal oxides based catalysis, Al-BTC MOFs showed no shape-dependent 
catalytic activity

Plasmonic Catalysis by Hot-Spot Engineering in Gold Coated Dendritic Fibrous Nanosilica (DFNS)
Mahak Dhiman & Vivek Polshettiwar*
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Driving chemical reactions with solar light is a perfect example of sustainable chemistry1. In past few years, tremendous interest has 
grown in the field of plasmonic catalysis.2 However, the role of plasmonic hot-spot is still not well-understood. In this work, we have 
designed gold coated dendritic fibrous nanosilica (DFNS)3,4 named as DFNS@Au, with tunable inter-particle distance between gold 
nanoparticles (Au NPs). Light absorption properties of DFNS@Au due to plasmonic resonance, were found to depend on Au-cycles 
(coating) and thus the inter-particle distances. We were able to achieve light absorption in the entire visible as well as near-IR region 
by engineering Au NPs inter-particle distances, in turn tuning their plasmonic coupling. Furthermore when irradiated with light, these 
catalysts dissipated the absorbed energy in the form of heat, during plasmonic relaxation, which could be utilized to catalyze the 
high temperature chemical reaction without providing any external form of heat. Details of synthesis, characterization and catalysis 
will be presented in this poster.

References

1. X. Zhang, Y. L. Chen, R.-S. Liu, D. P. Tsai, Rep. Prog. Phys., 2013, 76, 046401.
2. S. Linic, P. Christopher, D. B. Ingram, Nature Materials, 2011, 10, 911.
3. V. Polshettiwar, D. Cha, X. Zhang, J. M. Basset, Angew. Chem. Int. Ed., 2010, 49, 9652.

4. A. Maity and V. Polshettiwar, ChemSusChem, 2017, 10.1002/cssc.201701076

P-156 P-158

P-157P-155



8382
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Dyes have become inevitable ingredients in many important industrial processes which ultimately transcend in the effluent as waste.1 
Most of these dyes are toxic to human and environment in particular and to the ecosystem in general. Separations of these dyes 
selectively from the mixture can thus economically as well as environmentally important. The concept can also be used for retrieval 
and purification of pharmaceuticals. Ordered porous silica materials are promising assets due to their stability, inertness, tunable 
pore and particle dimensions, ease of surface modification, as well as biocompatibility and biodegradability. In present work we have 
modified Mesoporous silica nanoparticles (MSN) in a stepwise manner to impart dual functionality.2 The outer surface has also been 
modified with Cu(I) catalyzed azide-alkyne click (CuAAC) reaction to tune the uptake and release properties.3 Such materials seem 
propitious in targeted drug delivery applications.
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In this work a sample of MCF mesoporous silica was synthesized by hydrothermal method using TEOS in the presence of amphiphilic 
triblock copolymer P123 and TMB(tri methyl Benzene) under acidic conditions and characterized by SEM, XRD, TG, solid state 
NMR and N2 adsorption-desorption studies. The prepared mesoporous silica material was used for immobilization of Bovine liver 
catalase via physical adsorption. Activity of catalase immobilized on mesoporous silica for oxidation of phenol has been investigated. 
Catalases (EC 1.11.1.6) are metalloenzymes found in living cells and it uses H2O2 to breakdown potentially harmful toxins. Phenolic 
compounds are hazardous pollutants that are toxic at relatively low concentration, so it must be removed from the environment. 
Immobilization by physical adsorption of catalase was performed at different pHvalues (pH 4-8), temperature, time etc and activity of 
the free and immobilized lipases were also studied. Research demonstrated that enzymes encapsulated or entrapped in mesoporous 
silicas retain their biocatalytic activity and are more stable than enzymes in solution.
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Photocatalysis is an emerging photo-conversion technology of converting solar fuel into chemical fuel and degradation of wide range 
of toxic organic pollutants1-2. Zinc sulfide (ZnS) is a well-known photocatalysts for HER and dye degradation applications due to its 
higher band potentials and rapid generation of electron-hole pairs3. However, the photocatalytic activity of ZnS is still low due to its 
poor visible light absorption and bulk recombination of electron-hole pairs. In the present work, we report one step synthesis of mass 
production of ZnS QDs coupled reduced graphene oxide by simple ball-milling method. ZnS QDs-rGO composite exhibits the superior 
HER and RhB degradation performance. High resolution TEM study shows formation of 3-5 nm size particles of ZnS within 5 minutes 
of ball milling at 300 RPM. Improved visible light absorption in the range of 400-800 nm was observed by UV-Vis spectroscopy. PL 
study shows that the emission in the range 380-500 nm was observed could be due to the large number of surface states in the pure 
ZnS QDs4. The lattice strain was calculated from Williamson-Hall method and size-strain plot. The photocatalytic activity ZnS QDs 
of varying milling time from 5 min. to 2 hours and ZnS QDs-rGO composite were investigated for HER and RhB degradation. The 30 
minute milled ZnS QDs-rGO composite show superior photocatalytic activity than other samples.     
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There has been increasing interest in the development efficient and less energy intensive CO2 capture and desorption.1 Recently, 
enzymatic processes for CO2 capture in is of great interest due to its outstanding CO2 hydration rate compared to other CO2 
sequestration processes. One of the representative biocatalyst carbonic anhydrase (CA) can hydrate CO2 in unprecedented rate 
(kcat = 106 s-1) and thus has excellent prospects to improve amine based solvent.2 However, to withstand the flue gas condition the 
enzyme itself has to be thermo tolerant. Additionally, for a convenient application, the native enzyme (CA) should be immobilized on 
suitable support to facilitate storage stability, thermal stability and reusability.3 The present work addressed two prominent issues 
faced by native CA during its function under industrial operating conditions i.e. (a) stability and reusability of CA in amine solvents 
and (b) improvement of enzyme activity in CO2 capture. In this regards, two different matrixes composed of CaCO3/H3BO3/SiO2 and  
ZnO/Fe2O3/ SiO2 have been synthesized and used for covalent immobilization of CA. The immobilized enzyme on these matrixes 
showed higher stability and reusability over the native enzyme. Both BO3

3- and ZnO in the matrix act as positive modulator for 
enzymatic CO2 capture. When BO3

3- has been used in matrix CO2 absorption enhanced up to 1.57 times whereas with ZnO enhance 
CO2 capture to 2.1 time compared to that of neat MEA (30 wt %).
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Challenges in Imaging/spectroscopy of materials and processes in liquid environment

Tanya Gupta, Andrei Kolmakov
National Institute of Standards and Technology, Gaithersburg 

Over the last few years electron microscopy has dramatically broadened its reach in nanoscience and nanotechnology in two 
respects: greatly improved structural and chemical measurements on nanomaterials, and analysis of reaction mechanisms through 
in situ observations of nanostructures under increasingly complex environments. In both these areas the capability to image in 
liquids, especially water, is of key importance. Nanostructures imaged in their native hydrated state can be analyzed, with particular 
importance to biological and bio-inspired materials. And the ability to observe reactions in liquids in situ opens a new opportunities 
into understanding processes such as catalysis, electrochemical deposition, battery reactions, corrosion and liquid phase synthesis 
of nanocrystals. 

The interpretation of results is based on the assumption that the images and measurements are true representation of the material.  
It has been found that the electron beam can strongly modify liquid samples. Based on prior understanding of radiation effects in water, 
the beam energies and intensities used in Electron Microscopes like TEM and SEM, are expected to deliver a high radiation dose to  
a sample, breaking water into various chemical species via radiolysis. This changes the liquid chemistry, for example creating bubbles, 
reducing metal ions and altering reaction pathways. Quantification of such effects is of prime importance for accurate interpretation of 
the results – indeed, the electron beam is often used as the driving force for liquid phase reactions, such as formation of nanoparticles 
from ions in solution. We have built a kinetic model, which accurately determines the chemical environment during imaging process.  
The approach described here to quantify beam effects will help in interpretation hence provide a useful tool in the nanotechnology 
toolbox.

Manganese Oxide Dispersed CeO2 Nanorods for Solvent-free, Aerobic Oxidative Coupling of Amines to Valuable  
Imine Products

Putla Sudarsanama,*, Bolla Govindaraob, B. Mahipal Reddyb, Suresh K. Bhargavac

a Centre for Surface Chemistry and Catalysis (COK), KU Leuven, Leuven, Belgium
b Inorganic and Physical Chemistry Division, CSIR-Indian Institute of Chemical Technology, Hyderabad 500 007, India
c Centre for Advanced Materials and Industrial Chemistry (CAMIC), RMIT University, Melbourne, Australia
Presenting Author E-mail: putla2007@gmail.com; sudarsanam.putla@kuleuven.be

Developing efficient green catalytic methodologies for the selective synthesis of valuable organic molecules is essential towards 
a sustainable chemical industry.1-3 This work reported the design of a promising nanostructured catalyst composed of Mn-oxide 
nanoparticles dispersed on shape-controlled CeO2 nanorods for the aerobic oxidative coupling of a variety of amines into valuable 
imine products under solvent-free conditions.4 The physicochemical, redox, and morphology properties of MnOx/CeO2 nanorods 
have been thoroughly investigated using a number of analytical techniques including HRTEM, XRD, Raman, BET, XPS, and  
FT-IR techniques. The developed MnOx/CeO2 nanorods exhibit a two-fold higher activity for the oxidative coupling of benzylamine 
to dibenzylimine (᷉ 99%) compared with that of MnOx/CeO2 nanoparticles. The MnOx/CeO2 nanorods is also found to be tolerant 
towards the oxidative coupling of a variety of amines. We proposed possible reaction pathways for the oxidative coupling of primary 
and secondary benzylamines in this work. The high catalytic efficiency of the MnOx/CeO2  nanorods is attributed to surface-active  
Mn4+/Mn2+ couple and the enhanced defect structure of CeO2 nanorods. More details will be elaborated in this presentation.
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Exploration of doped SnO2 nanocrystals for H2 generation

Vinod Kumar,*1 Adish Tyagi,2 M. R. Pai,2 Prashant Kumar3, Babita Kushwaha1

1Department of Chemistry, Kirori Mal College, University of Delhi, Delhi, India
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Nowadays demand of energy has increased drastically and it is the major societal problem to meet this crisis specially in developing 
countries. Harvesting the available sources of energy particularly renewal source can satisfy the energy demand. Among them, 
photocatalyst can utilise solar energy and generate H2 through water splitting reaction.1-4  In the current work, we synthesized a series 
of nanoparticles N doped SnO2, SnO2 codoped with N, F and Sn, N, F doped SnO2 using solution based route at room temperature. 
Investigations based on powder X-ray diffraction studies confirm the phase formation rutile-structured SnO2 with tetragonal symmetry 
matched well with JCPDS file No. 41-1445. Presence of N, F in SnO2 nanoparticles has been confirmed by XPS analysis. Defects 
have been analysed using Raman and Photoluminescence spectroscopy. 
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Bio-Nanoconjugation of Mutant Cytochrome P450cam For Biocatalysis
1Ramiz Sheikh, 2K.Bhattacharya, 1Shyamalava Mazumdar*
1Department of Chemical Sciences, Tata Institute of Fundamental Research, Mumbai 400005, India, 
2Department of Chemistry, Bhabha Atomic Research Center, Mumbai 400085, India
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Cytochrome P450cam (CYP101) catalyzes the hydroxylation of camphor to 5-exo-hdroxy-camphor by utilizing electrons from 
NADH through putidaredoxin reductase(Pdr) via putidaredoxin (Pdx). In-vitro catalysis poses difficulty in electron transfer because 
of random motion of proteins leading to low electron transfer efficiency. Herein we have described the covalent immobilization 
of mutant CytP450cam on electrode by utilizing nanotube and maleimide linker for electron transfer which will eliminate the 
need for NADH and redox partners. In this study we have described the synthesis of mutant CYP101 enzyme by site saturation 
mutagenesis to metabolize unnatural substrates. We have fragmented MWCNT via acidic oxidation as well as chemically synthesized  
N-(4-carboxyphenyl) maleimide (p-CPMI) and performed the attachment of MWCNT-pCPMI conjugate onto EPPG electrode. SEM 
and AFM showed the presence of MWCNT on polished electrode. XPS and FTIR confirmed the cutting and oxidation of MWCNT 
as well as attachment of pCPMI to MWCNT. In CV, peak current was increased with MWCNT modified electrode as compared to 
unmodified one which shows the increase in electrode surface due to nanotube conjugation. Further plan is to immobilize the mutant 
protein on modified electrode. Further we will carry out the electrocatalysis of dieldrin as substrate and the products obtained will 
be analyzed by GC-MS.
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Influence of Gas Adsorption on Surface Photovoltage in Pyrene based Tetratopic Ligands-ZnO Nanohybrids using 
Scanning Kelvin Probe

Abdul Kaium Mia1, Surya Elangovan1, David Chidambaram1, Surya Velappa Jayaraman1,2 and Yuvaraj Sivalingam*1,2

1Department of Physics and Nanotechnology, SRM Institute of Science and Technology, Chennai, India.
2SRM Research Institute, SRM Institute of Science and Technology, Chennai, India.
yuvaraj.si@ktr.srmuniv.ac.in

Recent studies show that organic molecules functionalized vertically well aligned ZnO nanorods enhanced the photosensitivity and 
also the sensitivity and selectivity towards volatile organic compounds (VOCs).1,2 In this work, we have functionalized ZnO nanorods, 
prepared by hydrothermal method with pyrene based tetratopic ligands (PTL).3 The structural, morphological and optical properties 
of synthesized hybrid material was well characterized by XRD, SEM and UV-Vis Spectrophotometer. Also, we studied the work 
function variation in the ambience of different VOCs like ethanol (EtOH), trimethylamine (TEA) and n-Hexane (Hex) using scanning 
Kelvin probe in dark and white light conditions. Results show a synergic effect of gas sensitivity and photosensitivity for donor species 
TEA. Both experimental and computational results have shown that the amine is bound to PTL with higher affinity followed by 
ethanol (alcohol) and n-hexane (alkane). These results may be of interest to optimize the design of both gas sensors and photovoltaic 
devices and it paves the way to the introduction of self-powered gas sensor devices. 4
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Modified Cytochrome P450 for catalytic reaction of benzimidazole and analogues

Abhijit Mondal, Shyamalava Mazumdar
Department of Chemical Sciences, Tata Institute of Fundamental Research (TIFR), Mumbai, India.
abhijit.mondal@tifr.res.in, shyamal@tifr.res.in 

The Cytochrome P450 enzyme reconstituted with Cobalt-Porphyrin ( CoCYP) was found to have novel catalytic properties to selected 
substrates. The catalysis by this modified enzyme is carried out by the cobalt center while the protein matrix is proposed to play key 
role in imparting selectivity to the substrate. We have investigated reactions of nitrogen containing aromatics such as benzimidazole, 
indole and analogues. The reactions were followed by Electrospray ionization mass spectrometry. Results suggested that enzymatic 
reaction of benzimidazole (C7H7N2) leads C-C bond formation giving rise to a species with empirical formula C13H14N3. Analogous 
studies with indole showed formation of higher molecular weight species on catalyzed by the modified enzyme, supporting that 
similar reaction pathway may be applicable in all these nitrogen containing aromatics.
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Phenylalanine Conjugates of Phenyleneethynylenes: How do Chiroptical Properties Emerge through Self-assembly?
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Chiroptical properties of supramolecular assemblies originate through the asymmetric coupling of the molecular transition dipoles. 
Herein, we have undertaken a joint experimental and theoretical investigation to understand how intermolecular interactions generate 
chiroptical properties in supramolecular assemblies. Two phenyleneethynylene-based molecular systems, appended with D-and 
L-isomers of phenylalanine, have been synthesized and carried out their photophysical properties as a function of solvent composition 
and temperature. Thermally stable supramolecular assemblies of these compounds show distinctly different chiroptical properties:  
right- and left-handed organisations for L- and D-isomers, respectively. Formation of β-sheet structures through hydrogen bonding 
interactions between –C=O and –NH groups of adjacent molecules and π-stacking permit their ordered self-assembly, with  
a directionality driven by the chirality of phenylalanines. The origin of the complex chiroptical properties is further investigated 
using the exciton model. Generalized exciton approach proposed herein explicitly accounts for the intermolecular interactions 
between the degenerate and nondegenerate molecular excitations due to the presence of two electronic transitions prevailing in the 
isolated molecule. This approach rationalizes the puzzling experimental observation of a bisignated CD signal in the region of high 
energy transition and a non-bisignated signal in the region of low energy transition. Two basic geometrical models (helicoidal and  
rolled-strip), accounting for repulsive and attractive intermolecular interactions, are proposed. Experimental results are best explained 
in terms of the rolled-strip model which considers attractive interactions.
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Biocatalytic hydroxylation of alkanes using thermostable cytochrome P450 enzyme CYP175A1

Mohd Taher, Shyamalava Mazumdar*
Department of Chemical Sciences, Tata Institute of Fundamental Research (TIFR), Mumbai, India.
mohd.taher@tifr.res.in, shyamal@tifr.res.in

Alkanes are very important natural resources and are abundant in nature but due to very low chemical reactivity of the C-H bond 
(bond energy ~100 kcal/mol), they cannot be easily converted to other useful compounds. Activation of this C-H bond by chemical 
means often require toxic metals and removal of these metals from the final product is often very difficult. We are developing an 
environmentally benign Cytochrome P4501 based biocatalyst which could be able to hydroxylate alkanes into their corresponding 
alcohols at ambient temperature pressure conditions.
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