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Table S1 Summary of electrocatalytic reduction of CO, catalysed by quaterpyridine-based catalysts and selected catalysts reported in

the literatures.

Turnover Turnover
. frequency
. .. Applle.d Curr?nt Products number (vs. total | Faradaic
Catalyst Reaction conditions | Electrode | potential density . . (vs. total . Reference
) (mA cm?) (selectivity) amount of amount of | efficiency
Cat.) Cat.)
- (€]
20 J. Chem. Soc.,
NE%CN&;);FI M Glassy -1.70 ) Co (based on total | o o0 20 Dalton  Trans.,
0.2-0.4 u4M f(”C carbon vs. SCE (80%) amount of ’ ’ 1995, 1103-
~-Ua Mot Logpy Cat.) 1107.!
MeCN, 0.1 M
g J. Am. Chem.
"Bu,;NPF, 1 M Glassy -1.4 ) co ) ) 01% | Soc. 2016, 138
phenol, carbon vs. SCE (99%) 941.3-9416, s
0.5 mM of Cogpy )
[Co(qpy)(H20),]**
MeCN, 0.1 M 17
"BuyNPF¢, 3 M Glassy -1.1 ) CO (based on total 0.0016 94% 124061% 8 C;‘Ztﬁ_’
phenol+10% H,O0, 0.5 carbon vs. SCE (96%) amount of ’ 341 7’ .
mM of Cogpy Cat.) .
MeCN, 0.1 M Organometallics
"BuyNPFg¢, 0.1 M Glassy -1.6 ) CcO ) i 729 2019. 38. 1280-
phenol, 0.5 mM of carbon vs. SCE (77%) ’ .
Coqpy 1285. 4
H,0, 0.5 M NaHCO;
i Carbon -0.35 CO o
(pH 7 .32),C %i;pr;molcm paper vs. RHE 0.94 (100%) 4700 0.59 100%
aroon -U. 0,
(le 7.32,C20.5 paper vs. RHE 6.3 (100%) 42960 3.4 100%
nmolem™ L ogpy Angew.  Chem.
H,0, 0.5 M NaHCO; Int. Ed. 2018
2+ Carb -0.48 CO ) : ’
[Colapy)I"@MWENTS |11 7 3) 8 5 nmolem- p*:p:rn s RHE 10 (100%) 29360 5.9 100% | 57, 7769 ~7773.
2 Cogpy ) 5
H,0, 0.5 M NaHCO; Carb 0.53 co
) arbon -0. N
(pH 7.32),C8.5 nmolcm paper vs. RHE 11.9 (100%) 35875 7.2 100%
ogpy
H,0, 0.5 M NaHCO; Carbon -0.58 CO
19.9 59910 12.0 100%
(pH 7.3), 8.5 nmolcm" paper vs. RHE (99%) 0
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2 Cogpy

H,0, 0.1 M KHCO;

. -0.51 CO Nat. Commun.
- - -2 ) s
Co-qPyHm-TiO2 | (pH 6.8C), 2% ngolcm FTO | e 12 (80%) 1002 0.14 63% 1 2020, 11, 3499. ¢
o-qry
Gas
Membrane flow diffusion .
CoPc/carbon reactor, | MKOH, 1 | electrode - 150 >95% 129 0.215 >95% Science, 2019’7
[Co phthalocyanine] M phenol (carbon 365, 367-369.
paper)
CoTPP-CNT Angew.  Chem.
[Co tetraphenyl gzooﬁfljgn_lﬁgg%ﬁ falfﬁii '1'38581; v 0.59 (>gg, % 1118 0.069 83% Int. Ed., 2017,
porphyrin] ’ 56, 6468-6472. ¢
H,0, 0.1 M KHCO; Glassy -0.63 V vs. CO
0 - 0
CoPc/CNT (2.5%) (pH 6.8) carbon RHE 10.0 (92%) 162 27 92% Nat. Commun.,
- 9
CoPc-CN/CNT (3.5%) | 129 ?;H“g 18<)HC03 gfszi 0'%3H\]’3VS' ~15.0 (QCS(;) - 4.1 98% 2017,8,14675.
. 0
DMEF/H,0 (95 : 5), Chem. Sci.,
[CO[(ttpyEZPh(iBfi]éP]R)z 0.1M "BuyNPFg, 1 Hg pool - 0.17 (3C13) - - 31% 2015, 6, 2522-
py- terpyndine mM catalyst ’ 2531. 10
6.2
. DMF, 0.1M Glassy _ J. Am. Chem.
C":’rfllitn‘:acrri‘éciizhc "Bu;NPFs, 1.2 M TFE, | carbon Z'BFZ VS 047 (9C83) (bszlglf; t)oftal 0.00086 98% | Soc., 2016, 138,
py 0.5 mM catalyst plate ’ Cat) 5765-5768. 11
FeTPP-CNT H,0, 0.5 M KHCO4 Angew.  Chem.
[iron tetraphenyl (pH 7.3), 170 S;f;gz ! '3ssc\1; Ve 1.9 (>g(()?, ) - 0.069 97% | Int. Ed, 2017,
porphyrin] nmolcm2 FeTPP 56, 6468-6472. 8
Glassy J. Am. Chem.
MeCN, 0.1 M -1.4 CO
[Fe(qpy)(H,0)]* |, : carbon - A - - 37% Soc. 2016, 138,
BuyNPFg, 1 M phenol plate vs. SCE (100%) 0413-9416. 2
. . 432
CATpyr [iron porphyrin | H20, 0.5 M NaHCO; i J. Am. Chem.
modified with OH | (pH 7.3), 24 nmolem | oot | L3V VS 156 o (based ontotal | ¢ 97% | Soc., 2016, 138,
plate NHE (96%) amount of 12
groups] FeTPP Cat.) 2492-2495.
J. Am. Chem.
DMF, 0.1 M PhOH -1.46 V vs. CO
FeTPP i ? Hg pool - o - - 100% Soc., 2013, 135,
ImM FeTPP NHE (100%) 9023-9031. 13
FeTDHPP
[iron porphyrin DMF, 2 M PhOH, -1.16 V vs. CO o Science, 2012,
modified with OH 1mM FeTPP Hg pool NHE 0.31 (95%) . - 95% 338,90-94. 14
groups]
FeP [iron porphyrin H,0, 0,1 M KCI (pH Glassy -0.86 V vs. 0.05 CO ) i 98 Proc. Natl
modified with "N(Me)s; 6.7) carbon NHE ) (98%) ’ Acad. Sci.
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groups] crucible US4, 2015, 112,

6882-6886. 1

Gas
FeP [iron porphyrin diffusion | Chem. Eur. J,
modified with "N(Me); FIOV%C(;II;’ (Hﬁoi‘%l M| clectrode O'fH\IIEVS' 152 (9%3) - - 98% 2020, 26, 3034-
groups] P (carbon ’ 3038. 16
paper)

Fe-0-TMA [iron DMF, 0.1 M H,0, 3 Glassy 0.96 V vs co J. Am. Chem.
porphyrin modified with M PhOH, 0.5 mM carbon .NHE ’ 0.05 (100%) - - 100% Soc., 2016, 138,
*N(Me); groups] FeTPP crucible ’ 16639-16644. 17
DMF, 0.5 KHCO Carbon 1 4 64 v vs co %%re Enggi
D . , U, 3y -0. . _ o , :
NiPc-OMe-MDE/CNT | 30 cm-2 NiPe g}’)r:r NHE 145 (100%) 2.9 100% 1 10.1038/s41560-

020-0667-9. 13
[Ni(HTIM)]?* H,0, 0.1 M NaClO4, 20.96 V vs. o En.ergy Environ.
fnickel cycia] (pH 5), 0.05 mM Hg pool NHE ; (100%) ; - 88% Sci, 2012, 5,

Y [Ni(HTIM)]?* ° 9502-9510. 1°
Phys. Chem.

DME/H,0 (95 : 5),
. -1.72 V vs. CO Chem.  Phys.
2+ n _ _ _ [\) s
(Nitpy)] 0.IM"BuNPF, 2| He pool NHE (100%) 18% | 2014, 16, 13635-
mM [Ni(tpy)] 13644. 20

Table S2 Summary of photocatalytic

the literatures.

reduction of CO, catalysed by quaterpyridine-based catalysts and selected catalysts reported in

TON of products (selectivity%o)
Catalyst Photosensitizer [PhE)Cts:::l);si:!;er] based on catalyst Do Reaction conditions Reference
co H, HCOOH
., |01 M BIH in
T 50 uM / 0.2 mM 1879(97) 15(1) 48(2) 88% | MeCNTEOA (41 viv)
3
5uM/0.2 mM 3844(85) | 534(12) 118(3) ; blue IﬁlD (centered at 460 | ;= 4 Cpom,
nm), Soc. 2016, 138,
o, _ 2
[Fe(qpy)(OH ). — 50 uM / 0.02 mM 520(97) 0(0) 14(3) 1% | 01 M BIH in DME, blue | 94139416.
5 UM/0.02 mM 1365(92) 0(0) 115(8) ; LED (460 nm), 11'h
. J. Am. Chem.
mpg-C;Ny 20 uM / 8.0 mg 155(97) <1 8(3) 429, | MECNTEOA (&1, viv), | ¢ "9018, 140,
22400 nm, 17h 7437-7440. 2!
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50 M /0.3 mM 497(98) 3(1) 5(1) 2.8% 1(\)/’11 o /TI\ICZIO N Bf{l ) ‘)n J. Am. Chem.
[Co(qpy)(H,0),* [Ru(bpy)s]** bhfe LED (cen te(ré i atV426 Soc. 2016, 138,
5uM/0.3 mM 2660(98) 23(1) 35(1) - 9413-9416. 2
nm) for 3 h
TEOA (15% v/v) and H,O | ChemSusChem
[Cu(qpy)]2* [Ru(bpy)s]>* 1 M /2 mM 12400097) | 410(3) 0(0) 12% | (3% v/v) in 2.5 mL MeCN, | 2017, 10, 4009-
white LED lamp, 3 h. 4013.22
Coapy@mpe- 0.05 M BIH and 0.03 M | J. Am. Chem.
Cogpy@mpg-C3N, qpcy N pg 3 UM /6 mg catalyst | 254 (97%) | 8 (3%) - 0.25% | PhOH in 3 mL MeCN, 100 | Soc., 2020, 142,
3T W Xenon lamp 6188-6195. 23
0.1 MBIHand | M PhOH
0, 0, -
Ru(phen);Cl, 50 uM/0.2 mM 829(96) | 22(2.5%) | 12(1.5%) MeCN, blue LED
Ru(phen);Cl, 50 uM/0.2 mM 8 (2%) 6(1.5%) | 386(96.5%) | 2.6% | 0025 M BIH McCN/TEA
(4:1 v/v), blue LED Nat Catal
- 0.05 M BIH MeCN/TEOA ‘ .
- 0, 0, 0, 0, -
BigpyCo, g-C3N, 20 uM/2.5 mg 0(0%) 48(8.9%) | 4930911%) | 17% | "N He Tamp ggégz ) 2, 801
[ h:f:;;me 0.05 M BIH and 1 M
p : 15uM/0.4mM | 518(89.3%) | 62(10.7%) |  0(0%) - PhOH  MeCN,  solar
based organic simulator
sensitizer]
50 uM /0.2 mM 2190(99) 27(1) 0(0) 0.8% | 0.11 M BIH and 50% H,0 ghe’”' 2020
[Fe(qnpy)(H,0),]2* [Ru(phen);]* in McCN, blue LED | g 60""2;25_ iy
5uM /0.2 mM 14095(98) 360(2) 0(0) - (centered at 460 nm), 68 h | 55 :
30 uM/0.67mM | 2567(85.4) | 171(14.6) 0(0) -
[Fe(phen)x(C;HsOH)CI* | [Ru(bpy)s]>* :
0.15uM /0.67mM | 33167(95.3) | 1650(4.7) 0(0) - 0.022 M BIH in & mL | /000 res,
DMEF/TEOA solution (v/v,
7:1), white LEDs (A > 420 | 2019 24, 1-12.
0.03puM/0.67mM | 35417(68) | 16667(32) 0(0) - ). 2 h = 2
[Fe(phen)s]2* [Ru(bpy)s]>* o
3uM/0.67mM | 1642(90.3) | 176(9.7) 0(0) -
0.1 M BIH and 5% TFE in | Dalton Trans.,
[Fe(dqtpy)(H,0)]>* Purpurin 50 uM/0.05mM | 544(99.3) 4(0.7) 0(0) 0.12% | DMF, blue LED (460 nm), | 2019, 48, 9596-
15h 9602. 27
0.36 M TEA in MeCN, J. Am. Chem.
Fe tetraphenyl porphyrin Ir(ppy)s 2uM /0.2 mM 140(93) 11(7) 0 0.0013% | 150 W Xenon lamp (A > Soc., 2014, 136,
420 nm), 55 h 16768-16771. 2
0(0) 0.05M TEA in MeCN, 150
Nature, 2017,
Ir(ppy)s 2uM /0.2 mM 367(78) 26(5) + (CHy4 - W Xenon lamp (A> 420 29
548, 74-77.
Foun TMA 79(17)) nm), 102 h
P 0.1 M NaHCO;, 0.05 M | ChemSusChem,
Purpurin 2uM /0.2 mM 120(95) 6(5) 0(0) - TEA, and 0.2 mM purpurin | 2017, 10, 4447-
in MeCN/H,0 (1:9 v/v), A | 4450. 30
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> 420 nm, 94 h
0(0) 0.1 M TEA and 0.1 M TFE | J. Am. Chem.
Phen2 10uM /1 mM 140(73) 23(12) + (CHy4 - in DMF, visible Light (A > | Soc., 2018, 140,
29(15)) 435 nm), 102 h 17830-17834. 3!
Fe(CO);bpy 0.25 pumol,
0.25 pmol / 25 [Ru(bpy)s]CL (25 pmol), ¢,y Sei.
Fe(CO)3bpy [Ru(bpy)s]?* 173(51) 168(49) 0(0) 52% | ligand (1.25), 15 mL Technol. 2016
umol NMP/TEOA (5 : L, viv), | (“3chas 20
visible light (400700 nm), | )
5h
CoZn cryptate [Ru(phen)s]?* 0.025 uM /0.4 mM | 65000(98) 1280(2) 0(0) 0.15% | 0.3 M TEOA in Angew.d Czlz)elng
: Int. Ed.
H,O/MeCN (v/v, 1:4), ! ’
CoCo cryptate [Ru(phen);]2* 0.025uM/0.4mM | 17000(98) | 368(2) 0(0) 0.04% | LED light (4(50 nm), )10 h ?22185 , 16480-
o 2nM /0.2 mM 98000(100) 0(0) 0(0) 0.01% | 0.07MTEA inMeCN,Xe |J. Am. Chem.
[Ni(*bimiq1)] Ir(ppy)s lampequipped with an AM | Soc., 2013, 135,
02uM/02mM | 1500(100) 0(0) 0(0) - 1.5 filter, 7 h 14413-14424. 3
. 0.l MBIHin DMA/H,0 | J. Am. Chem.
[Ni(bpet)(MeCN),J** [Ru(bpy)s]?* 0.03 mM /0.5 mM 713(99) 7(1) 0(0) 1.42% | solution (4.0 mL, 9:1 v/v), | Soc., 2017, 139,
450 nm, 55 h 6538-6541. 35
5.0 mM Mg(ClOy), and 0.1
. J. Am. Chem.
[Ni(bpet-py>)(H,0),]** [Ru(bpy)s]** 0.03mM/05mM | 120(99.7) 0.4(0.3) 0(0) 11.19 | MBIH in DMA/ H%O Soc., 2019, 141,
solution (4.0 mL, 9:1 v/v), 16
450 nm. 4 h 20309-20317.
TEOA (03 M) in
[Cu(pyN,Me2)(HCO,)T- [Ru(phen);]?* 0.05uM/04mM | 9900(98) 200(2) 0(0) - MeCNH0 (5 mL, 2C(§lle§n ' 2f uzrt'soéi
u(pyN2 2 u(phen)s el s : v/v=4:1), LED light (450 P47
4508.
nm), 10 h
5.0 pmol
[Cu(CH;CN)4]PFe, 0.1 M BIH in 10 mL | ACS Catal
[Mn(pyrox)(CO);Br] 5.0 pmol 1uM /0.1 mM 1058(>99) 0(0) 0(0) 0.47% | MeCN/TEOA (5:1, v/v); | 2019, 9, 2091-
bathocuproine, 33
Hg-lamp, 5 h. 2100.
and 15.0 umol
xantphos
0.1 M BIH in 4 mL J. Am. Chem.
[Mn(40Me)] [Cuy(P,bph),]>* 50 uM / 0.25 mM 1314 (CO+HCOOH) 57% | DMA-TEOA (4:1, v/v) Soc., 2018, 140,
solution, Hg lamp, 36 h 17241-17254.%
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