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Chemical fixation of CO: in the presence of a heterogeneous photocatalyst is a promising method for
converting it into other carbon sources. The photocatalytic reduction of CO: using reductant is desirable;

therefore, it is important to replicate the same system as that used by plants. We have found that CO is

generated as a result of the photocatalytic reduction of CO: in the presence of Hz or CHs over MgO and Gaz0s,

these solid materials exhibit the properties of solid base catalysts; therefore, CO: can be adsorbed on the

surface of these materials. We have insisted on the importance of CO: adsorption on the surface because this

makes COq, which is a stable and linear molecular, into an active species which provides abundant reactivity

for the photocatalytic reduction of COs.
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g. 1 Time dependence of the amount of CO evolution (circle)
and Hz consumption (triangle)
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Fig. 2 Dependence of the amount of CO evolved by the pho-
tocatalytic reaction (circle) by the heat treatment after
photocatalytic reaction (triangle) on the initial amount
of introduced CO:2
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Fig. 3 Two bidentate carbonate species on MgO
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g. 4 ESR spectra of MgO (a) after pretreatment, (b) after
CO: adsorption, and (c) after photoirradiation. Aster-
isks indicate Mn?* impurity in MgO
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Fig. 5 Phosphorescence excitation spectra of MgO (a) after pre-

treatment, (b) after introduction of 33 gmol * g-MgO ~'
of COz, and (c) after introduction of 66 ymol - g-MgO ~*
of CO2
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Fig. 6 Time dependence of the amount of CO gas evolved over

Ga20s under photoirradaition
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Fig. 7 Chemisarption isotherm of CO2 on Ga=0s (circle) and
the relationship between the intial pressure of intro-

duced CO: gas and the amount of CO gas evolved over

Ga:0s (square)
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Fig. 8 Difference IR spectra of the adsorbed CO:= species on
Gaz0s
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Fig. 9 Difference IR spectra of the adsorbed species on Gaz=0s
(a) after the introduction of 8.0 kPa of COz, (b) after the
introduction of 5.8 kPa of Hz, and (¢) under
photoirradiation for 12 h

Twh, &5IZ22962,2927,2857,1578,1389,1359 cm !
R DRI N Y FsEinTz, Zh o DRIPUN Y FidGa:0s
FIZHCHO 2l S 7258 BN ARUS Y FE—F
L7z, &EER LY L1 HCHO # & S ¥ 72354, E@EIC
formate 2R T A Z LRI CHALNTEY, Ga0s LI
CO: & H: %A LJLHRST %479 L bidentate formate 34
g5 &ibam L7z, ERE, HCHOZ £E & L TGa0s1l &
AL, JSEEZITH &, COPFERLE, BHizBwTid
I & A EHEIT L o722 &5 5, bidentate for-
matelZ BRHIC L o> THfEL, COPER I N LiEam L
720

=7, HeDOWHE I L TR ZARZ P iz & o
THE %17 o720 Ga0s ICHe & CO: R NEIZEA L, FBE
BHET o2 BOFRNFTINA 7 b2 SFTEEZD R~
7 RNV EELG(WIZEARS ML EFig. 101237 T, H%
AT S E GaHICHET 5 1973 B X 081949 cm™~! O
PS> FIZBEBEEMz> 7 L, 1988 con  HIWRY/N > K
HHENIz, KEE 24T & 1988 con™! DI/ > F A%
FL, LA L2EMBICEESICHEE L, COxEA
¢ % & monodentate bicarbonate |ZH 39 5 1630, 1433,
1230 cm™! ORI/ > R 3 & U bidentate bicarbonate (2 Hy
R4 B 1459 cm~! ORI AN Y FAENT-, 2 ORI
NY ROIEHIZ 1580 cm ' 12 RIS RN,
BEET %479 & 1580 e ' BRI N Y MidERL, 13895
L1361 em I RN/ N RASE N7z, 1580, 1389,
1361 cm™ I EH LRI/ N > Fid bidentate formate |27 8
A, —7 T monodentate bicarbonate B & UF bidebtate
bicarbonate (234 WIS > NIZHEE WD L

‘ 0.01 io_1

(d)

(c)

Absorbance

r20)

(b)

(a)

T T T 7 T T T T T T T T T T TTT1
2100 2000 1900 1800 1600 1400 1200

Fig. 10 Difference IR spectra of the adsorbed species on
Ga:0s (a) after the introduction of 10.0 kPa of Hz, (b)
after the introduction of 6.0 kPa of COg, (c) under
photoirradiation for 1 h, and (d) under photoirradiation
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Fig. 11 Mechanism of photocatalytic reduction of CO2 over
Gaz20s in the presence of Hz
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