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main components of the heterogenized catalyst
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Reaction EV

CO,+e — CO," -1.90
CO,+2H" +2¢ — HCOOH ~0.61
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CO, +4H' +4e — HCHO + H,0 ~0.48
CO, +6H + 6e — CH;0H + H,0 ~0.38

CO,+8H + 8¢ — CH, +2H,0 —0.24

2 - AR 2

Fig.2 Structure types of metal-CO, complexes[32
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Table 2 Results of CO, photoreduction obtained with hybrid systems based on cobalt polypyridine catalyst

Irradiation  Product Product Quantum
Entry Catalyst-support SD/solution Light source ) o . Ref.
time/h  (TON/Rate) (Selectivity)  yield/%
[Co(bpy):]' @ BINA-CN | mL TEOA/I mL el 300 o
1 (1 pmol CoCl,, 15 mg bpy, H,0+4 mL MeCN; We;r:;o (1 h;l - - [41]
>, .
50 mg BINA,-CN) 6 mL total 7420, hmolh )
[Co(dmbpy);|""/g-C;N; 1 mL TEOA/20 L Xe lamp, AM €O (/5 546 1,96 (CO
2 (5mgofg-CiNy, I pmolof H,0+5 mL MeCN; 1.5G, 1 b >85% 400 T [42]
CoCl,, 100 pmol dmbpy) 6 mL total 200 mW-cm pmove ) nm)
[Co(bpy);]"/g-C;N, 1 mL TEOA/20 uL  Xe lamp, AM O (L1036 034 (€O
3 (5mgofg-CNy, 1 pmol of H,0+5 mL MeCN; 1.5G, 1 e - 400 T 42]
CoCl,, 30 pmol bpy) 6 mL total 200 mW-cm Hmove ) nm)
[Co(bpy),]*/g-C;N, Loltpoy 150 W Xelamp, CO (9.2/460
m
A (2.5 mg of g-C;N, from MeCN : HLO3 : 1 KG1 filter, pumol-g “h™"); CO(77%); 1.6 (CO, 3]
e : =3 :1;
urea, 50 pmol of CoCl,, . ’ 1 )=300~795 nm; H,(2.8/138  H,(23%) 400 nm)
mL tota
5 mmol bpy) 29 mW-cm umol-g ""h")
[Co(bpy):] " @CdS/TpBpy
5.0 mL TEOA/ 150 W Xe lamp, CO (/8800
(2.00 mg CdS/TpBpy, 5.00 o 4.75 (CO,
mmol CoCL. 250.0 mmol 3.0 mL H,0 and AM 1.5 G, 4 pumol-g -h )  CO (85%) 400 nm) [44]
25 .
7.0 mL MeCN Solar light H, (-/-)
of bpy)
CoCl,-bpy/CNHS CO (/83
(0.5 umol CoCl,, 15 mg 1.0 mL TEOA/1 mL -
300 W Xe lamp 6 pmol-g -h )  CO (90%) - [45]
of 2,2'-bipyridine, 30 mg  H,0, 3 mL MeCN H, ()
L (-

of CNHS)




472 gy F A A (b 3 30) 38 %
gk2
) . Irradiation ~ Product Product Quantum
Entry Catalyst-support SD/solution Light source ) o .
time/h  (TON/Rate) (Selectivity)  yield/%
CoCl,-CuCl,-bpy/CNHS 1.0 mL TEOA/I mL CO/H,:
7 ) ) 300 W Xe lamp 6 - - [45]
(different Co/Cu ratio) H,0, 3 mL MeCN 0:1~9:1
, CO (/658
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11 4 o6 T CO(96%) [51]
PTI-LiCI(12 mg) 0.5mol'L  KHCO; 172 mW-cm pumol-g h) (CO, 390 nm)
0.05mol'L ' BIH/ 100 W Xe
Co GA - CO (513/
12 Ppy@ 3 0.1 mol-L”' PhOH+ lamp, 222 ( | CO(97%) 057 (CO) [29]
(15 pmol-L ) 23h);
3 mL MeCN 1>400 nm
0.1 mol-L "' BIH/
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3 YaTio, I mLH0+2mL  ° 24 (7392, 3.9(CO) [54]
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14 24 o - [54]
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Fig.6 Charge dynamics tuning based on the energy-level modulation strategy for the hybrid g-C;N,/ [CO(NN)3]2+ photocatalytic

system (left) and the comparison of catalytic performance (right)
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Fig.7 Schematic representation of the reaction mechanism of
photocatalytic CO, reduction using CdS/TpBpy as the catalyst,
[Co(bpy)3]2+ as the cocatalyst, and TEOA as the hole scavenger

under visible lightW]
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Fig.8 Schematic illustration of photocatalytic syngas
generation over CoCl,-CuCl,-bpy/CNHS catalyst[“]
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Fig.9 Synthetic route of hybrid Cotpy@mpg-C;N, composed of mpg-C;N, and Co(ptpy)C
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Fig.10 Schematic representation of SijmesoTiO,|CotpyP

photocathode (not drawn to scale)[m
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Fig.11 Schematic representation of the generated soluble organic substrates (cellobiose and glucose) by enzymatic cellulose

pretreatment for photocatalytic CO, reduction in aqueous to give formate and syngas
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Fig.12 (a) Schematic illustration for photoreductive of CO, with Coqpy@mpg-C;Ny; (b) Generation of CO and H, during
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Fig.13 Schematic illustration for photoreductive of CO, with CoCl,(qpy-Ph-COOH)/PTI-LiCl (left);

Comparison of CO production rate with some reported hybrid systems (right)
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Fig.15 Schematic illustration of the DSPs comprising photo antenna component (An: BDP), zinc porphyrin as

sensitizer and molecular cobalt catalyst for CO,-to-CO reduction
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Fig.16 Illustrative schemes of the photo-assisted PEC system

for CO, reduction””
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Recent Progress on the Heterogenization of Molecular Cobalt
Polypyridine Complexes for Photocatalytic CO, Reduction

YI Fu-hao, LIAO Guo-shen, CAI Li-rong, CHEN Gui, CHEN Ling-jing*
(Dongguan University of Technology, Dongguan 523808, China)

Abstract: The use of solar energy to reduce carbon dioxide (CO,) into high value-added fuels is an effective
strategy to address energy and environmental issues under the current background of carbon peaking and carbon
neutrality goals. Molecular metal complex catalysts, as homogeneous catalysts, have been widely used in CO,
reduction because they are very beneficial for improving catalytic performance and mechanism studies for their
clear active sites, high reactivity and adjustable chemical structures. However, molecular catalysts have low
stability and are difficult to recycle, which is also unfavorable for catalytic reactions and industrial applications.
This problem has been partially solved by immobilization strategies to construct hybrid systems for molecular
catalysts/support. This article reviews the research progress of the heterogenization of cobalt molecular catalysts
bearing organic polypyridine compounds (mainly bipyridine, terpyridine, and quaterpyridine) as ligands in
photocatalytic reduction of carbon dioxide through covalent bonding, non-covalent bonding, and construction of
ordered polymers. Finally, the challenges in the development of heterogenization of molecular catalyst in this field
are summarized.

Key words: CO, reduction; photocatalysis; heterogenization; cobalt polypyridine complexes
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