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ABSTRACT: As a promising solution to global warming and growing energy demand, photocatalytic CO, conversion to useful fuels is
widely studied to enhance the activity and selectivity of the CO, photoreduction reactions. In this review, an overview of fundamental
aspects of the CO, reduction photocatalysts is provided. The recent development of the photocatalyst is also discussed, focusing on the
mechanisms of light harvesting and charge transfer. Besides, this review sets its sight on inspiring new ideas toward a practical CO,

conversion technology.
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Table 1. Various reactions related to carbon dioxide reduction

in an aqueous solution of pH 7 and the standard redox
potential of each reaction (reference = standard hydrogen
electrode)*®

Eq. Reaction E*vsSHE(V)
1 |co,+e—coy - 1.85
2 | €Oy, + H,0, +2 —~HCOO,,, + OH,,, -0.665
3 €O, +H0, +2¢ —CO,, + OH,,, -0.521
4 C() + 34, () y Tde HHC()H )+ 4()]faq -0.485
5 | €Oy, +5H,0, +6e —~CH,OH, , +6OH,,,)|  -0.399
6 | COy,) +6H,0, +8¢ —CH, , +8OH,,, -0.246
7 2,0, +2e My, +20M,, -0.414
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Fig. 1. Band diagrams for p-type semiconductors (a-c) and n-type semiconductors (d-f) immersed in an electrolyte having redox
potentials of Z. (a) and (d) Before arriving at the equilibrium state, (b) and (e) in an equilibrium state, (c) and (f) when positive

or negative potential is applied to the semiconductor, respectively®®
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Fig. 2. The empty squares and filled squares represent the
band edge of conduction bands and valence bands,
respectively. Various carbon dioxide reduction potentials
at pH 0 and the oxidation / reduction potential of water
are shown together®. Reproduced with permission (89).
Copyright 2014. American Chemical Society
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Fig. 3. (a) When light is projected on a photoelectrochemical
cell (PEC). The p-type semiconductor is located on
the working electrode (WE) and acts as a cathode. A
reference electrode (RE) and a counter electrode
(counter electrode) are represented. In the illustration,
the band structure of the semiconductor is bent at the
interface with the electrolyte, and the generated electrons
and holes are separated. (b) The photocatalyst particles
are dispersed in an electrolyte containing carbon dioxide.
Here, the photocatalyst particles cause both the oxidation
reaction and the reduction reaction®. Reproduced with
permission (89). Copyright 2014. American Chemical
Society
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two-step excitation Z-scheme®® Reproduced with permission (90). Copyright 2014. American Chemical Society
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Visible-light
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Plasmon-enhanced charge separation

Eco 8 sl Ha/CH,
w-ight | @('
/ H;0/€0,

hh

D

Fig. 6. A schematic representation of hydrogen generation and

carbon dioxide reduction occurring on Au/Pt /nanofiber®®.

Figure reproduced with permission from ref 58. Copyright
2013 American Chemical Society.
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Fig. 7. A schematic diagram of the charge separation occuring
when UV is irradiated to the Cu, O/ Ti0, interface®.

Figure produced with permission from ref 91. Copyright
2014 Elsevier B.V.
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Reproduced with permission (78). Copyright 2013, Wiley
Online Library
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H,0

0,, 4H°

Fig. 9. A schematic diagram showing the mechanism that
charge separation occurs in 3DOM P@iS/ 7:0,%"

Figure reproduced with permission from ref 87. Copyright
2015 The Royal Society of Chemistry
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