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Photocatalytic Hydrogen Production I

THE SUN WATER

Photocatal

The most abundant energy The most abundant resource
source on the planet on the planet
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Sunlight for Hydrogen Production I

oelectrochemical =
(PEC) Cell i

+ No need for H,/O, separation +« Low cost

+ High efficiency + Low efficiency at present
4+ Low stability

+ Fabrication cost
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_er Splitting by Particulate Photocatalysts I

+ Photocatalytic Water Reduction
2H*+ 2¢¢ — H,

\

, 0, Low Quantum Yield
*hotocatalytic Water OxidationH,O
H,0 + 2h" — %0, +2H" Low Photo-Activity !

Photocatalytic Overall Water Splitting
H,O+ hv — H, + 20, (E=-1.23eV)
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Overall Water Splitting under UV light
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SHAPING DOE'S FUTURE: 8
Senate hears influential panel say
weapons work should be split off,
CHEMICAL WEAPONS: 9
U.S, set to issue rules governing in-
dustry compliance with treaty,
MACARTHUR PRIZES: 9
Three chemists among the 32 recipi- | ke
ents of 1999 awards,

S
BREAST IMPLANTS: 10 B
10M panel finds no link hetween sili- |

BPLITTING WATER:
'}'W‘ class of calalysts achieves 23% |

3

CHEMISTRY OLYMPIAD:
Two girls and two boys make up U5,
team for the 31st compelition,

Photocatalysts split water in high yield

The prospect of using solar energy to
convert water into hydrogen and oxy-
gen has received a boost with the dis
covery of a new class of semiconducting
photocatalysts that are highly efficient
at splitting water under ultraviolet
irradiation,

The new photocatalysts were pre-
pared from materials known as layered
perovskites by chemical engineering
professor Jae S, Lee and coworkers af

Pohang University of Science & Tech-

nology, South Korea [Chem. Comman,,

1999, 1077,
The group showed that by impreg-
nating the layered perovskite powders

with nickel, quantum yields of up to 23%
can be achieved, The quantum vield is
the percentage of photons used fo gen:
erale products in a photochemical reac-
tion, The previous best quantum yiel
for UV-photocatalytic water splitting,
o, was achieved by chemistry profes
sor Kazunari Domen and his group al
Tokyo Institute of Technology using
other types of layered perovskites,

“Our work has achieved not only un-
precedented high quantum yields bl
illso demonsirates a strong relationship
between structure and performance of
the semiconductor photocatalysts,” Lee
fells CEEN,
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Photovoltaic technology program re-
kindles gpirit of Apollo lunar missions.
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-:ight Spectrum I
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-s and Band Positions I
I

Two Requirements for Band Structure:

E | NHE
V)| (V)
35 110
-4.5 : 0.0
55 : +1.0
-6.5 : +2.0
-7.5 T +3.0
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1. Band gap: 1.6 eV <Eg <3.0eV
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-isible Light Photocatalysts I

. New Single Phase Materials

hase Materials 2. PhOtosenSitiZer (PS)
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3. Modification 5. Solid Solution 4. Composite Photocatalyst:

Control of band

AF position
q ~. I

(Visible light)
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A : TiO, N,
B : PbBi,Nb,0,

Absorbance (a. u.)

200 300 400 500 600 700 800

wavelength /nm
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with Sacrificial Agents (A>420 nm)

Band Gap Energy Hydrogen Evolution Oxygen Evolution
Catalysts
E (eV) A,,(nm) | pmol/gcatehr | 3Q.Y.(%) | Umol/gecatehr | 3Q.Y.(%)
PbBi,Nb,0O, 2.88 431 7.6 0.95 520 29
TiO, N, 2.77 451 trace 0 221 14

+ Catalyst loaded with 1wt% Pt, 0.3g; light source, 450W W-Arc lamp(Oriel) with UV cut-off
filter(A=420nm). Reaction was performed in aqueous methanol solution

(methanol 30ml + distilled water 170ml) or in an aqueous AgNO; solution(0.05mol/l, 200ml)
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of Layered Perovskites By Pb & Bi
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-nt of Composite Photocatalysts I

Layered compound

P R N Ny

—

p-n Nanodiodes (PCD)

,.,) Bulk Oxide
(n-type)
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-catalytic p-n Nanodidoes I

I CaFe,0, Hydrothermal treatment method

DI
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eactor

ynthesized by the solid state reaction method. l
ed by the sol-gel method.
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-c p-n Nanodiodes (PCD) I

VB
CaFe,0, PhBi,Nb,,W,,0, £ NHE

-:. Int. Ed. 44 (2005) 4585 I
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-ith Sacrificial agents (A>420 nm) I

Band Gap Energy Hydrogen Evolution Oxygen Evolution
Catalysts
E,(eV) A, (nm) Hmol/geatehr | 3Q.Y.(%) Hmol/geatehr | 3Q.Y.(%)
CaFe, O,/
) 2.75 450 34.8 4.16 675 38
PbBi,Nb, ;W ,0,
PbBi,Nb,O, 2.88 431 7.6 0.95 520 29
CaFe,0, 1.99 623 trace 0 trace 0
TiO, N, 2.77 451 trace 0 221 14

Catalyst loaded with 0.1wt% Pt, 0.3g; light source, 450W W-Arc lamp(Oriel) with UV cut-off
filter(A.=420nm). Reaction was performed in aqueous methanol solution (methanol 30ml + distilled
water 170ml) or in an aqueous AgNO;, solution(0.05Smol/l, 200ml).

POSTECH T
Dept. of Chemical Engineering Ecoc




_ Nanodiodes with an Ohmic Junction I

o
Appl. Phys. Lett., 89 3 (2006)

PbBi,Nb, ,Tiy 0,

PbBi,Nb, ,Ti, ,0,
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_ evolution from water under visible light (A>420nm) I

Band Gap Energy Hydrogen Evolution Oxygen Evolution
Catalysts
E (eV) A, (nm) Hmol/geatehr | 3Q.Y.(%) | Hmol/geatshr | 3Q.Y.(%)
WO,/W/
PbBi,ND. ,Ti, ,O, 2.86 433 49.33 6.06 741 41
CaFe,O,/
R 2.75 450 34.8 4.16 675 38
PbBi,Nb, W, ,0,
PbBi,Nb,O, 2.88 431 7.6 0.95 520 29
CaFe,0, 1.99 623 trace 0 trace 0
TiOz_XNy 2.77 451 trace 0 221 14

Catalyst loaded with 0.1wt% Pt, 0.3g; light source, 450W W-Arc lamp(Oriel) with UV cut-off
filter(A.=420nm). Reaction was performed in aqueous methanol solution (methanol 30ml + distilled
water 170ml) or in an aqueous AgNO, solution(0.05Smol/l, 200ml).
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-e Photocatalysts - Summary I
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