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Scheme S1 Structures of photosensitizer (purpurin) and sacrificial reductant (BIH).
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Figure S1 ESI/MS spectrum of 1 in MeCN.
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Figure S2 UV-vis spectra of 0.1 mM solution of 1 in DMF.
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Figure S3 (a) Cyclic voltammogram of 1 (1 mM) and dqtpy ligand (0.1 mM) in MeCN solution
under Ar. (b) Cyclic voltammogram of 1 mM 1 in 0.1 M "BuyNPF4 in MeCN under Ar and CO,

atmosphere (1 atm), and in the absence and presence of TFE.
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Figure S4 Cyclic voltammogram of 1 mM 2 in 0.1 M "BuyNPF4 in MeCN under Ar and CO,

atmosphere (1 atm), and in the absence and presence of TFE.
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Figure S5 Cyclic voltammogram of 1 mM 3 in 0.1 M "BuyNPF4 in MeCN under Ar and CO,

atmosphere (1 atm), and in the absence and presence of TFE.
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Figure S6 (a) Cyclic voltammogram of 1 (1 mM) and dqtpy ligand (1 mM) in 0.1 M "BusNPF¢in
DMEF solution under Ar. (b) Cyclic voltammogram of 1 mM 1 in 0.1 M "BuyNPF in DMF under

Ar and CO, atmosphere (1 atm), and in the absence and presence of TFE.

Page 8 of 17



- 1 —mz28
Lz“l 400000 |
%‘ 300000
3 200000
£ 100000 ]
0l

2.8 29 3.0 3.1 3.2 33

Retention time (min)
__ 600000 |

3 500000 —miz29
> 400000
g 1
£ 200000
100000 |
0

28 29 30 31 32 3.3
Retention time (min)

Figure S7 De-convoluted gas chromatograms of gaseous products in the headspace of sample
flask. Sample solution: 0.05 mM 1, 0.05 mM purpurin, 0.1 M BIH and 5% TFE in *CO,-saturated
DMF. The peak at m/z 29 is assigned to 3CO. Only a minor peak at m/z 28 was observed due to
N, from residual air (O, and N, were observed by GC-TCD).
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Figure S8 Stability tests of 1/purpurin/BIH/TFE/DMF system during light irradiation. Plot of CO
versus time for the first cycle (m) and second cycle with re-bubbling of CO, and the addition of
another equiv. of 1 (@) and purpurin (A ). The solution contains initially 0.05 mM 1, 0.05 mM
purpurin, 0.1 M BIH and 5% TFE.
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Figure S9 Particle size distribution of a CO,-saturated DMF solution containing 0.05 mM 1, 0.05
mM purpurin, 0.1 M BIH and 5% TFE determined by dynamic light scattering (DLS)

measurements during irradiation from 0 to 15 h.

600-
450
8
300 —=— CO with 1
—o—H, with 1
150- —aA— CO with 1, +Hg(0)
—v— H, with 1, +Hg(0)
0- o 4
0 3 6 9 12 15 18
Irradiation time (h)

Figure S10 Comparison of the photocatalytic CO, reduction performance with and without Hg(0)
(0.1 mL) in a DMF solution that containing 0.05 mM 1, 0.05 mM purpurin, 0.1 M BIH and 5%
TFE. The TON for CO did not decrease when Hg(0) is added.
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Figure S11 Stern-Volmer plot of the lifetime quenching of purpurin (0.05 mM) by BIH in DMF.

2.0-
—— without 1

€ 15 ——With 1
o0
(2]
™
® 1.0
c
0
B
g 0.5

0.0

0 150 300 450 600 750 900
Photoirradiation time (min)
Figure S12 Absorbance change at 398 nm as a function of time in a CO,-saturated DMF solution

containing 0.05 mM purpurin, 0.1 M BIH and 5% TFE during irradiation in the absence (black)
and presence of 0.05 mM 1 (red).
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Figure S13 UV-Vis spectral of the solution (a CO,-saturated DMF solution containing 0.05 mM
Fe(ClOy),, 0.05 mM purpurin, 0.1 M BIH and 5% TFE) during irradiation.
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Table S1 Experiment details of X-ray crystallography of [Fe(dqtpy)(CH3;CN)](ClO,),.

Formula sum
Formula weight
Crystal system
Space-group

Cell parameters

Cell ratio
Cell volume
Z

Calc. density
RAIl
Pearson code
Formula type

Wyckoff sequence

CCDC number

C35 H24 CI2 Fe N6 O8
783.36 g/mol

triclinic

P-1(-2)

a=11.4470(5) A
b=11.5457(5) A
c=13.5944(6) A
0=94.038(3)°
=105.644(4)°
v=103.365(4)°
a/b=0.9915 b/c=0.8493 c/a=1.1876
1666.29(13) A3

2

1.5612 g/cm?

0.0614

aP152
NO2P6Q24R35...

176

1868077

Table S2 Selected bond lengths (A) and angels (°) of [Fe(dqtpy)(CH3CN)](CIOy),.

Selected bond lengths (A)

Fel-N1 2.123(3) Fel-N2 2.137(3) Fel-N3 2.097(3)
Fel-N4 2.138(3) Fel-N5 2.231(3) Fel-N6 2.206(3)
Selected angels (°)
N1-Fel-N2 86.05(13) N2-Fel-N5 104.09(13) N3-Fel-N5 114.01(12)
N1-Fel-N4 125.59(12) N2-Fel-N6  95.83(13) N3-Fel-N6  81.12(13)
N1-Fel-N5 85.90(11) N3-Fel-N1 155.52(13) N4-Fel-N5  77.64(11)
N1-Fel-N6 84.77(12) N3-Fel-N2  75.65(13) N4-Fel-N6  91.17(12)
N2-Fel-N4 148.15(12) N3-Fel-N4 74.81(12) No6-Fel-N5 157.33(12)
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Table S3 Experiment details of X-ray crystallography of [Co(dqtpy)(CH3CN)](ClOy),.

Formula sum C35 H24 C12 Co N6 O8

Formula weight 786.44 g/mol
Crystal system triclinic
Space-group P-1(-2)

Cell parameters

a=11.4087(4) A
b=11.6129(4) A
c=26.4344(7) A
a=78.865(2)°
B=81.873(2)°
v=76.817(3)°

Cell ratio a/b=0.9824 b/c=0.4393 c¢/a=2.3170
Cell volume 3328.35(17) A3

Z 4

Calc. density 1.610 g/cm?

CCDC number 1893393

Table S4 Selected bond lengths (A) and angels (°) of [Co(dqtpy)(CH3CN)](ClOy),.

Selected bond lengths (A)

Col-N1 2.222(2) Col-N2 2.090(2) Col-N3 2.052(2)
Col-N4 2.114(2) Col-N5 2.087(2) Col-N6 2.175(2)
Selected angels (°)
N2-Col-N1 78.38(8) N3-Col-N4 76.42(9) N5-Col-N1  83.99(8)
N2-Col-N4 148.48(9) N3-Col-N5 158.61(9) N5-Col-N2  122.36(9)
N2-Col-N6 93.23(9) N3-Col-N6 82.09(9) N5-Col-N4  87.91(9)
N3-Col-N1 112.31(8) N4-Col-N1 98.24(9) N5-Col-N6  85.83(9)
N3-Col-N2 76.09(9) N4-Col-N6 97.97(9) N6-Col-N1  160.49(9)
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Table S5 Redox potentials for the investigated complexes 1, 2 and 3 in anhydrous MeCN.

Complex M Mo dqtpy/dqtpy™
1 -0.80 -1.06 -1.78
2 -0.58 -1.47 -1.75
3 -0.49 -1.40 -1.85

Experimental conditions: 0.1 M "BuyNPF¢in MeCN using glassy carbon as working electrode, SCE as reference

electrode and platinum wire as counter electrode with scan rate of 0.1 Vs-!.

Table S6 Photocatalytic CO, reduction data with 1 using purpurin as photosensitizer.“

1 Purpurin Sacrificial Proton TON(selectivity %)
Entry Solvent
mM mM reductant source CcO H,
1 0.05 0.05 0.1 M BIH - DMF 280(98.6) 4(1.4)
2 0.05 0.05 0.1 M BIH - NMP 196(99.5) 1(0.5)
3 0.05 0.05 0.1 M BIH - MeCN 30(99.3) 0.2(0.7)
4 0.05 0.05 0.1 M BIH - THF 121(97.6) 3(2.4)
5 0.05 0.05 0.1 M BIH 3% TFE DMF 530(99.2) 4(0.8)
6 0.05 0.05 0.1 M BIH 5% TFE DMF 544(99.3) 4(0.7)
7 0.05 0.05 0.1 M BIH 8% TFE DMF 408(99.3) 3(0.7)
8 0.05 0.05 0.1 M BIH 5% H,0 DMF 274(96.1) 11(3.9)
9 0.05 0.1 0.1 M BIH 5% TFE DMF 628(99.7) 2(0.3)
10 0.02 0.1 0.1 M BIH 5% TFE DMF 843(99.5) 4(0.5)

“In a typical run, a CO,-saturated DMF solution containing 1 (0.05 mM), purpurin (0.05 mM), BIH (0.1 M) and 5%

TFE was irradiated for 15 h using blue LED (460 nm) under a CO, atmosphere.
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Table S7 Comparison of the photocatalytic performances for CO, reduction with molecular complexes in noble-metal-free systems.

TON(selectivity %)

iron complex

BIH in 7.5 mL
NMP/TEOA (5 : 1, v/v),
Hg-lamp (1.5 W, 400-700

Catalyst Photosensitizer Ph[Ctatalys-:]/ based on catalyst Qu?nlt(;lm Reaction conditions Reference
[ otosensi lZel‘] CcO H2 HCOO- yie
. 0.1 M BIH and 5% TFE in
[Fe(dqtpy)(HzO)]2+ Purpunn 0.05 mM / 0.05 mM 544(99.3) 4(0.7) 0(0) 0.12% DMF, blue LED (460 nm), | this work
15h
0.05 M TEA and 0.2 mM | J. Am. Chem.
Fe(0) porphyrin 9CNA 2uM /0.2 mM 60(100) | 0(0) 0(0) 0.0008% | 9CNA in MECN, 1>400 | Soc. 2014, 136,
nm, 45 h 16768-16771.!
. OTIEZ AM Nalgcoé’ 20'05 ﬁ ChemSusChem
Fe-p-TMA Purpurin 2uM /0.2 mM 120(95) 6(5) 0(0) - » an < m 2017, 10, 4447-
purpurin in MeCN/H,O 44502
(1:9 v/v), 2>>420 nm, 94 h )
. Chem. Commun.
Fe-p-TMA Non-sensitized 2 uM /0.2 mM 101(100) |  0(0) 0(0) - 0.02 M BIH in MeCN, | 54,753 7g30.
A>420 nm, 102 h 28333
oy XM . 0.05 mM /2 mM 197095) | 1(1) 9(4) 0.8%
o(qpy urpurin
2 0.005mM/2mM | 790(90) | 11(1) | 7809) - . J. Am. Chem.
0.1 M BIH in DMF, blue Soc. 2016. 138
0.05mM/0.02mM | 52097) | 0(0) 14(3) 1.1% | LED (460 nm), 11 h oatea
[Fe(qpy)(OHL),I** Purpurin 94139416
0.005 mM /0.02 mM | 1365(92) 0(0) 115(8) -
J. Am. Chem.
[Fe(qpy)(OH,),]* mpg-C3N, 0.02 mM / 8.0 mg 155(97) <1 8(3) 4.2% | MeCN/TEOA (41, v/v), | ¢ “5018" 140
%>400 nm, 17 h 190,
7437-7440.
0.05 M BIH in CH;CN-
TEOA (5:1 v/v) mixed | J. Am. Chem.
Fe(dmp),(NCS), | Cu(dmp)(P),* 0.05mM/0.25mM | 273(78) | 75(22) 0(0) 6.7% | solution (4 mL),A=436nm | Soc. 2016, 138,
(high-pressure Hg lamp), | 4354-4357.°
12h
1 pmol Fe catalyst, 5 pmol
[Cu(MeCN)4] PFG, 15
Cyclopentadienone . pmol xantphos P-P ligand, | Green ~ Chem.
In situ Cu PS 0.13mM/0.67mM | 487(99) 7(1) 0(0) 13.3% | 5 umol N-N ligand, 0.1 M | 2017, 19, 2356-

2360.7
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nm), 5h
Q.l M agq. TEQA, pH .6.7 T Am. Chem
[Ni(terpyS),]** cds 100 M / 1 uM 20(62) 12(38) 0(0) 0.28% in HO; 22 h irradiation, Soc. 2017. 139
100 mW cm2, AM1.5G, 7217_7223’ s
A>400 nm, 25°C )
. ZnSe— o 25 mM MEDA, 0.1 M AA Chem. Sci. 2018
NiCycP BFJ/MEDA 10 mM / 0.5 mM 283(34) | 549(66) 0(0) 3.4% in H,0, pH 5.5, %>400 nm ) 2561-2509.9 >
(AM 1.5G),20 h
Dinuclear cobalt 25 mL aqueous solution of ACS Catal,
CdS-MPA 1 uM /4 uM 1380(95) | 32(2) 0(0) n,d, 0.1 M NaHCO;, 120 h, | 5 e o 17g75.
complex Co,L 300 W Xe lamp (A > 420 1182,1 10
nm). )
BIH (0.1 M),
J. Am. Chem.
[Mn(40Me)] [Cuy(P,bph),]?* 0.05mM/0.25 mM 1314(CO+HCOOH) 57% DMA-TEOA (4:1, v/v) Soc.. 2018. 140
solution, Aey =436 nm, 36 | 172411725411
h, 25 °C
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