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OB RIEE /| Theme of Research

Artificial Photosynthesis

Solar energy, based on experimental and theoretical studies will be the most fitting candidate to solve two main challenges of the present
day society; clean energy and clean environment. Solar energy can be harvested to either electrical energy as in solar cell or to chemical
energy as in photosynthesis, a scientific technology that can recreate the chemical processes in photosynthesis to fix solar energy as
fuels is now a hot area of research in the field of sustainable energy and fuels, termed as Artificial Photosynthesis (AP). AP systems split
water under visible light irradiation to generate fuels like Hydrogen, Oxygen and Hydrogen peroxide and also an alternative to fix the
global warming gas carbon dioxide to form useful fuels.

O@WRMEE / Outline of Research

Water splitting is the potential half-reaction in artificial photosynthesis, but it imposes a significant mechanistic uphill in its requirement for
both 4H+/4e- loss and O-O bond formation under visible light irradiation. The stepwise four photon/four electron pathway has to
overcome the photon flux density problem, to get through this bottleneck Inoue et.al., proposed one photon induced two electron
activation of water as one of the strategy . The proposed concept was established well by performing one photon induced photo
oxygenation of alkenes using water as both electron and oxygen donor catalyzed by Ru-Porphyrins. The current research focus on
development of efficient molecular catalyst system for direct water oxidation utilizing ubiquitous Silicon as metal center.

O@WEME / Results of Research

The second most earth abundant atom incorporated meso-tetrapyridylporphyrinatesilicon(IV) (SiTPyP) as an electrochemical catalyst
was newly synthesized. The two axially ligated water molecules on SiTPyP and the four meso-substituted pyridyl nitrogens suffer eight-
step protonations and deprotonations. Our detailed pKa study indicated that the two axially ligated water molecules were fully
deprotonated to exist as O-—Si—O-under the condition of pH > 2. Under basic conditions, SiTPyP(O-)2 exerted the two-electron oxidation
of water to form hydrogen peroxide as the primary product in aqueous acetonitrile, which was initiated through a one-electron oxidation
process on the electrode with faradaic yield of 84—92%. The details of the result was presented as an invited talk at the 3rd International
symposium for hydrogen based society in August 2018, TMU, Japan.

@45#%OEHE / Further Research Plan

The electrochemical water oxidation behavior of silicon porphyrins under neutral and acidic condition have to be investigated to
understand the versatility of catalyst to perform in whole pH scale. Once the electrochemical water oxidation is optimized we have to
perform the photochemical water oxidation by sensitizing the silicon porphyrins over Titania co-catalyst system by axial coordination.
Research in ultrafast LASER spectroscopy for understanding the mechanism of water oxidation should be carried out, which helps us to
optimize the reaction condition, also we can get information about the modification in structural properties of the catalyst required to
develop efficient Artificial Photosynthesis systems.

OHRR LB ST L DEEER - RIFREEROMEICOVTOME /

Further Plan of Contribution of Strength of Mutual Understanding/Friendship Between Tokyo and International cities

The Program will initiate exchange of academic and research activity between Kerala and Tokyo. Few steps are already taken in this direction;

Student Exchange Program - A student exchange program has started between Department of Applied Chemistry, TMU and Department of Applied Chemistry, Cochin
University of Science and Technology (CUSAT) which will benefit Master/Doctoral Students to perform a Short term research activity in TMU.

Scholor in Residence Program — Planning to bring eminent professor from TMU to CUSAT as part of ERUDITE program instituted by Kerala State Higher Education
Council. The Program provide graduates and young researchers with opportunities to interact with Nobel Laureates and other distinguished scholars, who pioneer the
frontiers of knowledge.

Collaborate Research Programs — To initiate collaborative research project between TMU and CUSAT under bilateral research funding schemes of Govt. of India.

All these activity will eventually lead to MOU between CUSAT and TMU.
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OWMEMWEE |/ Outline of Research

BAEAREIRILF—ELTHEFSADIAIAEROEAF, AIRAAIRLF—FAVTKLFILOEFERMY (BEL) TOEFETS
OFUOZBRRCBIBSETCKFROREC_BLRROETEEEZHIZLICHEIN. EREARLGEOS FMELZAVZAILAER
HRIEMEAIZL TR FHLEFEMSINIDOVNTIE. KD FLSEEHNIMENDEFEM-THRERESEIDENHDIDHF
I RO FEFORICHBT HLEVSIREVRENH -z RANHAREZL. CORBERWIT IIAFICK DK FD2EF
BIERISOHBRFELE 2O ) AV ZFLTRETIRILI Y VEBATHEESNSIZLEZREL TV S, AMRXEFETIE
Seabatian Nybin Remellol#+ & DHERETCAHA RN —BORRAZE D & SHARIEEL =,

Q@WERSE /| Results of Research

ZANMREFENRHE LU VRLI ) VEERED FRMELTHIATRARRSICENT, SFMELIEFRILST S LI
L YUMES A DL ERIAL. KD FO2EFRILICL 2BBIEKROERRGOFEMERET Lz, BRILFNEFECLD1ETFEIL
Tk, BEREHT THRLCKDSBIESNBERRILKRNER LIz, —F. P, BEFHETTREBETYYIVRLI Y vtk
PREG2EE. AVIT—ENETTHLERE L, FMORFICEYBEEFHOELICEIREEZHOELONE. RICHE
ZHLMIZLT,

®@S#MEE / Further Research Plan

AARKIEFEICLSERARTHEONREZERIC, SEREMEXZAVIAFICESZKO2EFRIEREREHARAATIZATL
REBZRDEEFAREERT 5, HRAAEDEMRICIL. Sebastian Nybin RemellofEEMNFRET 54 > KD 3 F VRS T KF(Cochin
University of Science and Technology) & KEDEED KEEE. MRENEVICKR LFL2KREZRERE (MOU) OFRMNEEDTHA
EEBREICEATBOMRHELEEZRDL LN EEND,

NFREICKDAIHRERDOERES(1) NFMEICEDAIHERDERRAS(2)
Experiment on artificial photosynthesis by molecular Experiment on artificial photosynthesis by molecular
catalyst(1) catalyst(2)




