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Strategy in this work

Hydrogen storage and production cycle
via formic acid with catalytic and
artificial photosynthesis

@® Formic acid was produced from water and CO, with the artificial
photosynthesis system

. . . QO
= @ Hydrogen was produced from formic acid with catalyst —':'.—,,,j'
j —[Each reaction system was combined. .—.—




Why is photosynthesis required to develop
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() Artificial Photosynthesis System for
o Solar Fuel Production
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D: Electron donor
S: Photosensitizer
C: Electron carrier o
Catalyst for fuel production | ;A=Ff]1




‘ Photoinduced Hydrogen Production Using the
() 0 Photosensitization of Chlorophyll-a
b’ Artificial PS I

Mg Chl-a—~—>*Mg Chl-a Mv=*

Mg Chl-3'

Condition

MV2+: 2.0 mM
NADPH: 2.0 mM
Mg Chl-a: 9.0 uM
Pt: 5.0 units

pH= 7.0
0 60 120 180 240 Temp 30 °C
Irradiation time (min) Q0
Tomonou & Amao, BioMetals,16, 2003, 419-424 ._' ._=': "l

International Journal of Hydrogen Energy, 29, 2004, 159-162



Photoinduced Formic acid Production from CO, Using the
Photosensitization of Water-soluble Zn Porphyrin

/ N\m? (A rtificial PS I)
/TEOAOX ZnTPPS —> ZnTPPS* MV2+ COOH
x FD
\TEOA ZnTPPS* MV o, )
0.1 . Condition
008 TEOA 0.3 M
=
% 0.06 ZnTPPS 1 uM
Q MV2+ 0.03 mM
o 0.04
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0.02
CO, saturated buffer
0 S } ) X . solution (pH=8.5)

Irradiation time (h)

=N\ Time dependence of formic acid production. _'=,'_",' '




Hydrogen storage and production
cycle via formic acid with enzymatic
and artificial photosynthesis

Formic acid contains 53 g L™ hydrogen at room
temperature and atmospheric pressure. By weight,
pure formic acid stores 4.3 wt% hydrogen. Pure
formic acid is a liguid with a flash point 69 ° C (cf.
gasoline -40 ° C, ethanol 13 ° C). 85% formi=aF

g 1s not flammable.




/ Hydrogen storage and production via
AR formic acid with enzymatic and
artificial photosynthe5|s

Photochemical and enzymatic formic | [ Enzymatic hydrogen production from
acid production from CO, with formate | | formic acid with formate
dehydrogenase (FDH) and artificial | | dehydrogenase (FDH) and
photosynthesis hydrogenase (H,ase)
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D:giatalyst for hydrogen production from formic acid

e’

Enzymatic hydrogen production from formic acid

N NN . - -----,,'”---,,'..‘

HCOOH

CO;

This reaction system is complicated. Thus, effective and simple
catalyst with conversion of formic acid to hydrogen gas is desirable.

HCOOH H,

co, 2H*
Development of platinum nanoparticle for

effective catalyst with conversion of _'='__,.,Q°®
formic acid to hydrogen gas LRl




D Platinum nanoparticle for hydrogen
i

Aee? - producing catalyst
Polymer dispersed Surfactant dispersed Pt
Pt nanoparticle nanoparticle

CH,—CH \ CH3
| CH,—CH |
o) 1 e
n COOH n

CHs
Polyvinylpyrrolidone Polyacrylic acid Tetramethylammonium
(PVP) (PAA) salt (TMA)
TANAKA HOLDINGS Co., Ltd.
http://pro.tanaka.co.jp/products/group _f/f 6.html Q0

2.\ > Control of hydrogen production catalytic activity —'='-',‘,'
&’/ of platinum nanoparticle by dispersed material




Hydrogen production from formic acid with Pt-PAA

Reaction condition

\ 1.4 mmol formic acid
CH,—CH Pt-PAA 2.0 wt% (0.2 ml)
‘ 1.0mM pH=7.4
COOH n Pyrophosphate buffer
Temperature 30°C
Air saturated solution Nitrogen saturated solution
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Only CO, produced and After 2 h reaction —':'_—,1%1-
no H, produced. [H,]/[CO,] =0.003 L




Hydrogen production from formic acid with Pt-TMA

Reaction condition
1.4 mmol formic acid
| ® Pt-TMA 2.0 wt% (0.1 ml)
HaC——N=—CHs 1.0mM pH=7.4
| Pyrophosphate buffer
Temperature 30°C
Nitrogen saturated solution
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Air saturated solution
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Only CO, produced and
no H, produced.

After 2 h reaction
[H,]/[CO,] =0.0002
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Hydrogen production from formic acid with Pt-PVP
Reaction condition

CHy—CH 4 mmol formic aci
\ 1.4 | f d
| Pt-PVP 2.0 wt% (0.1 ml)
(_7/0 1.0mM pH=7.4
n Pyrophosphate buffer
Temperature 30°C
Air saturated solution ; Nitrogen saturated solution
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_ Air-saturated condition Argon-saturated condition

H, production CO, H, production CO,
(nmol) production (umol) production
(umol) (umol)

31.5

11.0 4.5 x 103 1.5

Hydrogen production from formic acid with
PVP or platinum nano-cluster without
protective agent under air or argon-
saturated pyrophosphate buffer

4

No hydrogen and CO, were observed.

—->Selective hydrogen production from formic acid
is accomplished with the catalyst of platinum
nano-cluster dispersed by PVP.

In the catalytic activity of formic acid decomposition with

Pt-PVP, the suitable electronic structure of platinum nano-
cluster was accomplished by the carbonyl-group ( electron 1 ' ] ' ' '

donating group) of PVP. T




Dw Summary

’ 1\‘\n this work, hydrogen production from formic acid with the polymer
or surfactant-dispersed platinum nano-particle is developed.

In air saturated condition, main products are carbon dioxide and
water due to the oxidation of formic acid with polymer or surfactant-
dispersed platinum nano-particle. In contrast, hydrogen and carbon
dioxide are produced from formic acid with Pt-PVP in nitrogen
saturated condition

In the catalytic activity of formic acid decomposition with Pt-PVP, the suitable
electronic structure of platinum nano-cluster also was accomplished by the
carbonyl-group of PVP.

Air saturated condition
YHCOOH + Oz Pt-PAA, Pt-TMA, Pt- PVP

Nitrogen saturated condition

HCOOH 2%y +co, ddmT

2C0O, + 2H,0
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Future Plan

Carbon dioxide Capture and Storage (CCS) Utilization for hydrogen

in underground energy carrier
molecules etc.
It is inefficient to convert the CO, captured from the atmosphere to the formic acid.
CO, discharged form steel manufacture capture and storage in underground
(carbon dioxide capture and storage CCS) has been proposed. Thus, the utilization
of a part of CO, discharged form steel manufacture for the visible light induced CO,

to formic acid conversion system also has been proposed.

PRESTO




Future Plan

How to capture the CO, produced form formic acid?

By using carbonic anhydrase, CO, is fixed into water media as
bicarbonate. Then bicarbonate is re-used for artificial photosynthesis
system as a CO, resource.

Carbonic anhydrase

GDE —+ HE'D '}‘HEC'D;_:, .__'i'r,]'j'
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