
Technology Systems Programme 

2.) Generation of Solar Hydrogen 

This is a multi-institutional research project undertaken by a consortium comprising IIT Kanpur, IIT 

Madras, Dayalbagh Educational Institute Agra, IIT Jodhpur, CECRI, Karaikudi and BARC, Mumbai.  The 

effort was initiated and supported by the Technology Systems Development Program of DST, New 

Delhi. The project aims at developing scalable designs of solar hydrogen generation systems using 

multiple technologies. Besides bridging the technical challenges that exists at multiple lengths scales in 

the development of a solar energy conversion technology, the initiative was planned to bridge the 

complementary strengths of universities and national laboratories so as to map the laboratory-scale 

prototype to the corresponding field-scale device.  

 As a result of the collaboration, modular prototypes have been fabricated into which functional 

materials have been integrated. These prototypes are also being replicated for large area solar energy 

conversion to hydrogen. The central emphasis of the project has been to design, synthesize and 

characterize the best possible solar-chemical-materials combination suitable for large scale 

applications. The goal is to integrate these materials into a photoreactor to generate hydrogen and 

oxygen with water as the feed. Materials close to international standards and general heuristics for 

material design have been developed. Apart from the photocatalytic and photo-electrocatalytic route, 

an electrolyzer integrated to photovoltaic modules has also been fabricated. Catalyst materials for 

sulfuric acid decomposition and electrode materials for aqueous SO2 electrolysis that serve to complete 

the solar-thermochemical route for hydrogen generation have been identified. 

  



 

R & D output at multiple-length scales: (a) Solar-H2 process flowsheet; (b) Material design involving 

native/non-native heterostructures to promote electron-hole separation; (c) Functionalization of 

material to make a “white” transition metal oxide to “black” thereby increasing the photon absorption 

cross-section; (d) Sulphuric acid electrolyzer; and (e) Hybrid-organic-metallic alloy for H2 storage. 
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Publications arising from the project are listed below. These publications can be seen in the 

accompanying document. 
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o Sumant Upadhyay, Dipika Sharma,Nirupama Singh, Vibha R. Satsangi, Rohit Shrivastav, 
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Sci. 49 (2), 868-876. 
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photoelectrochemical water splitting. J Solid State Electrochem., 013, 2139-2147. 

o Sumant Upadhyay, Dipika Sharma, Vibha R. Satsangi, Rohit Shrivastav, Umesh V. Waghmare, 
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generation: Experiments & first-principles analysis. J Mat. Chem. Chemical Phys. (submitted, 

under revision). 
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T. Pandiarajan, S. Ravichandran and L. J. Berchmans, Enhancing the electro catalytic activity of 

manganese ferrite through cerium substitution for oxygen evolution in KOH solutions, RSC Adv. (Royal 

Society of Chemistry), 2014, Vol. 4, pp. 64364–64370. 

 Bhabha Atomic Research Center, Mumbai: 

o  A. M. Banerjee, M. R. Pai, R. Tewari, Naina Raje, A. K. Tripathi, S. R. Bharadwaj and D. Das, A 

Comprehensive Study on Pt/Al2O3 Granular Catalyst used for Sulfuric Acid Decomposition Step 

in Sulfur-Iodine Thermochemical Cycle: Changes in Catalyst Structure, Morphology and Metal-

Support Interaction, Applied Catalysis B: Environmental, 162 (2015) 327-337. I.F. (PDF 

attached) (Impact factor: 6) 

o A. M. Banerjee, M. R. Pai, A. Arya, and S. R. Bharadwaj, Synthesis, Characterization, 

Theoretical calculations and Photocatalytic H2 generation over In2TiO5, NiTiO3, and Ni 

substituted indium titanate, In2(1-x)Ni2xTiO5-d  Photocatalysts., Phys. Chem. Chem. Phys., 

Communicated 2014. 

Symposium/Conference 

o A. Nadar, M. R. Pai, A. M. Banerjee, S. S. Meena, A. K. Tripathi and S. R. Bharadwaj, 

Temperature dependent catalytic activity of Fe2O3/ SiO2 supported catalysts for sulfuric acid 

decomposition, a step in S-I Thermochemical Cycle, Proceedings of Nineteenth Symposium and 

Workshop on Thermal Analysis, Thermans- 2013, held inTSH, BARC, Mumbai during 19-21 

December 2013, p. 490-497. (PDF attached) 

o Sushma A. Rawool, Mrinal R. Pai, A. M. Banerjee and S. R. Bharadwaj, Photocatalytic H2 

Generation over P-N Junctions of NiO-TiO2 and Ternary Cuo-NiO-TiO2 Composites under 

Sunlight” presented in the 5th Interdisciplinary Symposium on Materials Chemistry (ISMC-

2014) held on 9-13th December 2014 at TSH, Anushakti Nagar, Mumbai p. 398.   

o Ashish Nadar, A. M. Banerjee, M. R. Pai, R. V. Pai, A. K. Tripathi and S.R. Bharadwaj, 

Preparation, Characterization and Catalytic activity Evaluation of Fe2O3/SiO2 Catalyst for 

Sulfuric Acid Decomposition Reaction, presented in the 5th Interdisciplinary Symposium on 

Materials Chemistry (ISMC-2014) held on 9-13th December 2014 at TSH, Anushakti Nagar, 

Mumbai p. 400. 

o Mrinal R. Pai, Atindra M. Banerjee, S. R. Bharadwaj, “Sunlight Driven photocatalytic hydrogen 

generation over CuO-  TiO2 Nanocomposites” in the 4th Interdisciplinary Symposium on 

Materials Chemistry (ISMC-2012) held on 11-15th Dec. 2012 at TSH, Anushakti Nagar, 

Mumbai. p. 353. 

o Aqueous SO2 Electro-oxidation on Pt/Nafion prepared by in-situ Impregnation-Reduction 

Method, Ashish Nadar, A. M. Banerjee, S. Ravichandran, M. R. Pai, S. Vasudevan, D. Jonas 

Davidson, G. Sozhan, A. K. Tripathi and S. R. Bharadwaj, 22nd national symposium on 



catalysis, CATSYMP-22, at CSIR-Central Salt and Marine Chemicals Research Institute, 

Bhavnagar, Gujarat, India to be held during 7-9 January 2015. communicated. 

o Sushma A. Rawool, Mrinal R. Pai, A. M. Banerjee and S. R. Bharadwaj, Photocatalytic H2 

Generation over transition metal modified Titania supported by DFT calculations. Effect of 

calcination temperature and ilmenite phase, NiTiO3 on photoactivity, 22nd national symposium 

on catalysis, CATSYMP-22, at CSIR-Central Salt and Marine Chemicals Research Institute, 

Bhavnagar, Gujarat, India to be held during 7-9 January 2015 (accepted). 

  

Indian Institute of Technology Jodhpur: 

o Nanocatalyst for Hydrogen production via water splitting, Pratibha Mittal and Rakesh K Sharma 

CATSYMP21 Indian Institute of Chemical Technology (CSIR-IICT) Hyderabad, India, February 

11-13,2013 

o Turning Carbon dioxide to Fuel and Fine Chemicals: A Catalytic Approach Using Clay supported 

Metal Nonparticles,  SonuSoni and Rakesh K Sharma 4th Interdisciplinary Symposium on 

Materials Chemistry (ISMC 2012), Bhabha Atomic Research Centre, December 11-15, 2012 

  

Indian Institute of Technology Madras (NCCR): 

o G. Magesh and B. Viswanathan, Facile synthesis of carbon-TiO2 composites with enhanced 

photo-catalytic methylene blue degradation: Reaction mechanism and Influence of preparation, 

Bulletin of the Catalysis Society of India, 13, 1-17 (2014). 

o B. Viswanathan, Hydrogen storage in carbon materials – an appraisal Part II, Bulletin of the 

Catalysis Society of India, 13, 18-22 (2014). 

o G. Magesh and B. Viswanathan, Photo-catalytic properties of CdSnO3 and Cd2SnO4, Bulletin of 

the Catalysis Society of India, 13, 28-30 (2014). 

o Abhay Kumar Choubey and B. Viswanathan, Materials for hydrogen storage, Bulletin of the 

Catalysis Society of India, 13, 31-36 (2014).  

o B. Viswanathan and A. Ariharan, Hydrogen Storage Possibilities in Carbon Materials, SMC 

Bulletin  BARC  In December Issue (2014). 

o Photoelectrochemistry: Principles and Practices, by B. Viswanathan and  M. Aulice 

Scibioh, Alpha Science (2014). 

o Materials and Processes for Solar Fuel Production, Eds. B. Viswanathan, V. Subramanian 

and J.S. Lee, Springer (2014).  

o P. Selvam, A. Alagarasi, T.N. Sithini, D. Keane, A. Morrissey, The Influence of pH on the 



Synthesis of Nanosized Mesoporous Titania and, their effects on the Photocatalytic Degradation 

of 4-Chlorophenol, Adv. Porous Mater., 1 (2013) 362-370. 

o A. Alagarasi, P.U. Rajalakshmi, K. Shanthi, and  P. Selvam, Visible-light photocatalytic activity 

of mesoporous TiO2-SnO2 composites RSC Adv. (to be submitted). 

o A. Alagarasi, K. Shanthi and P. Selvam, Photocatalytic activity of ordered mesoporous titania 

Chem. Sci. (to be submitted) 

Symposium/Conference 

o A. Alagarasi, T.N. Sithini and P. Selvam, Photocatalytic properties of nano-sized titania 

prepared by sol-gel method under different pH conditions, 4th International Workshop on 

Nanogrid Materials, Jan. 8-10, 2014, Busan. 

o K.V. Raghavulu, B. Viswanathan and P. Selvam, Photocatalytic generation of hydrogen from 

water over mesoporous titania, 4th International Workshop on Nanogrid Materials, Jan. 8-10, 

2014, Busan. 

o A. Alagarasi, B. Viswanathan, K. Shanthi and P. Selvam, The Influence of pH on Synthesis and 

Photocatalytic Activity of Mesoporous Titania, 16th National Workshop on Catalysis, Feb. 4-5, 

2014, Nagpur. 
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Anurag Singh, Vijesh kumar, M. P. Maiya and S. Srinivasa Murthy, Effects of heat exchanger design on 

the performance of a solid state hydrogen storage device, International Journal of Hydrogen Energy. 
(To be submitted) 

o Anurag Singh, M. P. Maiya and S. Srinivasa Murthy, Experimental studies on solid state 

hydrogen storage device, International Journal of Hydrogen Energy (Under preparation). 

Symposium/Conference 

o Anurag Singh, Vijesh Naikar, M. P. Maiya and S. Srinivasa Murthy, Performance simulation of a 

metal hydride hydrogen storage device embedded with finned heat exchanger tubes, 

International Conference on Environment and Energy, 15 – 17 December 2014, JNTUH, 

Kukatpally, Telangana, India. 

o Anurag Singh, M. P. Maiya and S. Srinivasa Murthy, Optimization of finned tube heat 

exchanger embedded in a solid state hydrogen storage device, 4th International Workshop on 

Ionic Liquids: Advanced Energy Applications. WILS 2015, 15-16 January, 2015 Tarragona, 

Spain. 

  



Indian Institute of Technology Kanpur: 

o Anshul Gupta, Suboohi Shervani, Mohammad Faisal, Kantesh Balani and Anandh 

Subramaniam, Hydrogen storage in Mg-Mg2Ni-carbon hybrids, Journal of Alloys and 

Compounds, in press, 2014. 

o A.P. Upadhyay,  Dilip Kumar Behara, Gyan Prakash Sharma, Anshumaan Bajpai,  Nicholas 

Sharac, Regina Ragan, Raj G. S. Pala, and Sri Sivakumar, Generic Process for Highly Stable 

Metallic Nanoparticle-Semiconductor Heterostructures via Click Chemistry for Electro/ 

Photocatalytic Applications. ACS Applied Materials & Interfaces 5(19), (2013), pp. 9554-9562. 

o M. Pandey, and Raj G. S. Pala, Stabilization of Rocksalt CdSe at Atmospheric Pressures via 

Pseudomorphic Growth. The Journal of Physical Chemistry C, 117(15) (2013), pp. 7643-7647. 

o M. Pandey, and Raj G. S. Pala, Hydroxylation induced stabilization of near-surface rocksalt 

nanostructure on wurtzite ZnO structure. The Journal of chemical physics 138(22) (2013): 

224701. 

o M. Pandey, and Raj G. S. Pala, Stabilization and growth of non-native nanocrystals at low and 

atmospheric pressures, The Journal of Chemical Physics 136(4) (2012): 044703. 

o Pooja Gangwar, M. Pandey, Sri Sivakumar, Raj G. S. Pala, and G. Parthasarathy, Increased 

Loading of Eu3+ Ions in Monazite LaVO4 Nanocrystals via Pressure-Driven Phase Transitions. 

Crystal Growth & Design 13(6) (2013) pp. 2344-2349. 

o Mayank Agrawal, Raju Mishra, and Raj G. S. Pala., Technoeconomic Analysis of Solar H2 

Production in the Vicinity of Indian Refineries. Indian Chemical Engineer ahead-of-print (2014), 

pp. 1-23. 

o A.P. Upadhyay,  Prasenjit Sadhukhan, Sudeshna Roy,  Raj G. S Pala and Sri Sivakumar, 

Brownian Motion Retarded Polymer-Encapsulated Liquid Crystal Droplets Anchored over 

Patterned Substrate via Click Chemistry. RSC Advances (2014). 

PATENTS 

o P. Selvam, S. Gupa and B. Viswanathan Colored (White, Blue and Black) Titania:  Highly 

Efficient Visble-Light Photocatalyst; Indian Patent (to be filed; 2014). 

o Mohammad Faisal, Anshul Gupta, Suboohi Shervani, Kantesh Balani, Anandh Subramaniam, 

Hydrogen Storage in Magnesium based hybrids Using Accumulative Roll Bonding, Indian patent 

filed, No.: 119/DEL/2014. 

o A.P. Upadhyay, Sri Sivakumar, Raj G. S Pala, Regina Ragan, Directed Assembly of Tailored 

Multilayers of Nanoparticles Using Click Chemistry. Indian Patent Application No: 

2169/DEL/2013. 

o A.P. Upadhyay, Sri Sivakumar, Raj G. S Pala, Regina Ragan, Surfaces Having Nanoparticulate 

Layers and Assembly and Use Thereof. US Application No: 14/474,035. 



o A.P. Upadhyay, Prasenjit Sadhukhan, Sri Sivakumar, Raj G. S Pala, Immobilization of Liquid 

Crystal Droplets on Glass Surface via Click Chemistry for Biosensing Application. Indian Patent 

Application No: 1128/DEL/2014. 

o A.P. Upadhyay, Dilip Kumar Behara, Sri Sivakumar, Raj G. S Pala, Click Chemistry based 

Approach to Improve the Photostability of Dyes for Long Term Stability Dye Sensitized 

Photoelectrochemical Water splitting. Indian Patent Filed. 

o Rakesh K Sharma and Arun Kumar; Highly efficient Nanocomposites for photocatalytic oxygen 

free hydrogen production (Indian Patent, 2014). 

 


