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Lla Big Aims

Energy Creation - Energy Storage

Oxidation |

Carbon Neutral High Efficiency
Cycle Carrier

L Most pressing issues facing 215 century J




Q Molecular Catalysts
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L Well-defined molecules based on precious metal ]




Lla Our Viewpoint

‘ Minimum Unit

hat can be controlled

Hzo - H2 + 02
CO, — sugar + !

Chemical Reaction

L Electron/proton transfer is a key ]




I} Two Regimes

Metal-centered Reaction

L
@ Ligand ‘ — me) Ligand |
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VS.

Ligand-centered Reaction
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L "Ligand" could be electron and proton pooler




Q Redox on Organic Unit

K. Kristoffer Andersson et al, J. Inorg. Biochem, 2006, 100, 460
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[ The organic parts act as an electron donor ]




I} Redox-active, Non-innocent Ligands

|. Non-innocency
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L The molecular chemistry has been developed J




I} Redox-active Ligand

'Redox-active/Non-Innocent Ligand |
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I} Why Redox-active Ligand ?
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Frontier T1/d Electron System

Hybrid d/rt electron system J
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l} Towards A New Molecular Material
Photosynthesis Jt | Ubiquitous Cat. |
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L Cooperative electron/proton transfer J
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I} Hydrogen Society
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I} Hydrogen Storage

14

Hydrogen Storage Materials

Metal-organic Metal Hydride Clathlate Organic Hydride
Framework
g LiAIH, mlsmiE:ed 2,
i M LaNisHs Y
o 34y
0. M. Yaghi Sakintuna B. Y.-T. Seo M. Ichikawa

Development of new hydrogen storage materials is important



I} Hydrogen Evolution from Organic Hydrides

Pt/C Pt-Mg-Ir/Al,O,
~240 ° C ~300° C
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S. Hodoshima, et. al., Energy & Fuels 2008, 22, 2559. C. L. Pieck, et. al., Appl. Catal. A: General 2013, 452, 48.
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2.7 wt% 3.4 wt%

R. Yamaguchi et. al. J. Am. Chem. Soc. 2009, 131, 8410. R. Yamaguchi et. al. Angew. Chem. Int. Ed. 2012, 51, 12790.

Precious metal-free system operable under RT is required
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Ly 7his Work

1. Photochemical Reactivity

2. Characterization of Key Species

3. Reaction Mechanism

L Photochemical reaction of Fe(ll)/opda system




Q Photochemical Reaction of o-Phenylenediamine (opda)
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L Oxidative oligomerization occurred during photoirradiation J




Q First Finding J. Am. Chem. Soc., 2013, 135, 8646
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L Remarkable enhancement of evolved hydrogen ]




q The Effect of Light J. Am. Chem. Soc., 2013, 135, 8646
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L Light-driven hydrogen evolution _]




®. Crystal Structure of a Key Species J. Am. Chem. Soc., 2013, 135, 8646
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I} Absorption of Light J. Am. Chem. Soc., 2013, 135, 8646
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{ Three bands are found in UV and visible region




l} Irradiation Light Dependence in HER J. Am. chem. Soc., 2013, 135, 8646
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L The n-m* transition at B band triggers the photochemical HER J




I} Mechanism
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L Identification of H source in this photochemical HER




q Identification of H Source J. Am. Chem. Soc., 2013, 135, 8646
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L THF is NOT the H source




Q Identification of H Source J. Am. Chem. Soc., 2013, 135, 8646
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{ Amino proton(s) in Opda could be a H source




I} Plausible Reaction Mechanism
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I} The Structure of Oxidized Form J. Am. Chem. Soc., 2013, 135, 8646
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Q Changes in Electronic Properties J. Am. Chem. Soc., 2013, 135, 8646
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L Changes in magnetic and optical Properties by 6H*/6e- transfer ]




I} UV-vis Spectrum of HER Product

J. Am. Chem. Soc., 2013, 135, 8646
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I} Towards Catalytic Cycle
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q The Effect of HQ J. Am. Chem. Soc., 2013, 135, 8646
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L Photochemical hydrogen evolution from the Fe(ll)/opda mixture J




q Identification of H Source J. Am. Chem. Soc., 2013, 135, 8646

Shimadzu GC-2014ATF + GC-Solution
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L Hydroxyl proton would be H source of evolved H, ]




q The First Report J. Am. Chem. Soc., 2013, 135, 8646
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L Photochemical HER utilizing Ligand as H*/e~ pooler J
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Structural and spectroscopic studies on the interactions of ortho-
phenylenediamine and Li*, Na*, Mg?*, or Ca** ions
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I} A Plausible Mechanism Nat. Commun. 2016, 7, 12333.
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L H radical generation from apH ligand in the Fe Complex J




I:i Photochemical Dehydrogenation of Anhydrous MeOH

max. ¢H2 =4.8%

Photochemical Dehydrogenation of Anhydrous MeOH
by 2-Aminophenol-based Photocatalysts

1. Photochemical hydrogen evolution from MeOH
Catalyzed by 2-Aminophenol-based Photocatalysts
at Room Temperature

2. H radical generation 2-Aminophenol-based Photocatalysts

M. Wakizaka, T. Matsumoto, R. Tanaka, H.-C. Chang, Nat. Commun. 2016, 7, 12333.
’ PHER from MeOH catalyzed by apH ,-based non-precious metal Catalys‘tJ
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