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Experimental
Materials

Cobalt (II) nitrate hexahydrate (Co(NOs),'6H,0), copper (II) nitrate trihydrate
(Cu(NOs),-3H,0), potassium thiocyanate (KSCN), tris (2,2'-bipyridyl) dichlororuthenium (II)
hexahydrate (C3;oH4CI,NgRu-6H,0) were purchased from Maclean's Biochemical Technology
Co., Ltd. Triethanolamine (C4H;sNO3) and acetonitrile (CH3;CN) were purchased from Xilong
Science Co., Ltd. All chemicals are used directly without further treatment.

Synthesis of CuSCN/CoS,

The molten salt method was used to synthesize CuSCN-loaded CoS, photocatalysts.
Specifically, Co(NO3),-6H,0, Cu(NOs),-3H,0, and KSCN mixed powders were ground evenly,
then transferred to an alumina crucible and placed in a muffle furnace at 300 °C for 2 hours. The
reaction products were collected, washed with deionized water, and finally dried under vacuum at
60 °C for 8 hours to obtain CuSCN/CoS, photocatalysts. During the preparation process, the
loading capacities of CuSCN were adjusted by adjusting the amount of Cu(NOs3),-3H,0 added (the
samples with a mass fraction of Cu element of 1%, 5%, and 10% were named 1-Cu/Co, 5-Cu/Co
and 10-Cu/Co, respectively). For comparison, single component CoS; and CuSCN were prepared
using the same method under the same conditions.

Characterizations

The crystal structure was determined by X-ray diffraction (XRD, Bruker D8, Cu Ka, A=
0.15406 nm). Morphological characteristics were measured by scanning electron microscopy
(SEM, ZEISS Sigma 500). The structure and elemental distribution of the prepared samples were
evaluated by transmission electron microscopy (TEM, JEOL JEM-2100 F) and energy dispersive

X-ray spectroscopy (EDX). In-situ X-ray photoelectron spectroscopy (XPS) in the dark and under



light irradiation for 15 min was measured on X-ray photoelectron spectra (Nexsa, Al K Alpha).
The optical absorption characteristics of the samples were investigated by UV-visible diffuse
reflectance spectroscopy (DRS, UV-2600, Shimadzu) using the BaSO, reference standard. The
Fourier transform infrared spectra (FTIR) were collected by the Nicolet 5700 FT-IR spectrometer
using KBr pellets as reference. Nitrogen adsorption-desorption isotherms and CO, adsorption
capacity for samples were analyzed using ASAP 2020 automatic analyzer. The photoluminescence
(PL, F-4600) spectroscopy was measured to expose the reintegration of electron-hole pairs. CO,
temperature programmed desorption (TPD) was carried out via an automatic chemical adsorption
apparatus (AutoChem II 2920). In-situ FTIR spectra were collected using a Perkin Elmer
Spectrum. Photoelectric chemical measurements were carried out in a three-electrode system on
an electrochemical workstation (CHI660E), Ag/AgCl as reference electrode and Pt line as counter
electrode. Indium tin oxide conductive glass (ITO) was used as the working electrode (10 mg
sample was dissolved in 3 drops of ethanol, including 10 uL. Nafion solution, and then the solution
was subjected to ultrasonic for 40 min to completely disperse the sample, and the loading effective
area was 0.25 cm?).
Photocatalytic CO, reduction

In a typical reaction, 30 mg of photocatalyst, Smg of tris (2,2'-bipyridyl) dichlororuthenium
(IT) hexahydrate, 3 mL of acetonitrile, 2 mL of deionized water, and 1 mL of triethanolamine were
added to a 50 mL quartz reactor. Then, the reactor was purged with high-purity CO, gas at 1 atm
pressure for 30 min. An Xe lamp with a 420 nm filter serves as the light source. After 2 hours of
light reaction, CO, H,, and CH, were detected by gas chromatography equipped with TCD and

FID. The selectivity S(CO) of CO was calculated by the following formula:

X(C0)
S(CO) = X(CO) + X(H,) + X(CHY) « 100%




where X(CO), X(H;) and X(CH4) were the yields of CO, H, and CH, after the reaction,
respectively.
Computational details

All DFT calculation were constructed and implemented in the Vienna ab initio simulation
package (VASP).!? Using the electron exchange and correlation energy was treated within the
generalized gradient approximation in the Perdew—Burke—Ernzerhof functional (GGA-PBE),? the
calculations were done with a plane-wave basis set defined by a kinetic energy cutoff of 450 eV.
The long-range dispersion interactions between adsorbates and surface was treated applying DFT-
D3 method developed by grimme et al.* The k-point sampling was obtained from the
Monkhorst—Pack scheme with a (3 x 3 x 1) mesh for optimization and electronic structure. The
geometry optimization and energy calculation are finished when the electronic self-consistent
iteration and force were reach 1075 eV and 0.02 eV A, respectively. Transition states (TSs) were

located with a constrained minimisation technique converged to 0.05 eV eV A~1.5
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Fig. S1 XRD diagram of 40-Cu/Co.
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Fig. S2 (a) EDX spectrum and (b) percentage of each element of 1-Cu/Co.



Intensity (a.u.)

1200 1000 800 600 400 200 0

Binding Energy (eV)

Fig. S3 In situ XPS spectra of 1-Cu/Co: full spectrum.



Fig. S4 Contact angle between CuSCN and H,O.
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Fig. S§ XRD patterns (a) and FT-IR spectrums (b) before and after reaction of 1-Cu/Co.
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Fig. S6 (a) N, adsorption-desorption plots. (b) The corresponding BJH pore size distributions.

Table S1 Specific surface area, pore volume and average pore diameter of samples.

Specific surface area

Pore volume

Average pore diameter

Samples

(m*/g) (cm’/g) (nm)
CoS2 2.4803 0.0180 36.6711
1-Cu/Co 2.5566 0.0097 26.6079
CuSCN 6.4924 0.0327 26.2910
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Fig. S7 CO, adsorption isotherms.
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Fig. S8 Theoretical models of (a) CoS, and (b) CuSCN/CoS,.
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Figu. S9 Calculated electronic band structure (gray indicates spin up state, red indicates spin down

state) and state density of CoS,.
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Fig. S10 Work functions of CoS,.
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Fig. S11 CO,-TPD diagram.
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Table S2 Comparison of photocatalytic performance for CO, conversion to CO

CO production

Photocatalyst Reductant Light source rate (umol/g/h) Ref.
H,0, MeCN, 300W Xe lamp

DA-CTE TEOA, Ru(bpy);** A>420 nm 155.0 6
H,0, MeCN,

CulnS4/In,S; TEOA, Co(bpy)s* 300W Xe lamp 19.0 7
H,0, KHCOs;, 300W Xe lamp

Cu,O/MnOy N2,SOs %> 420 nm 114.4 8
H,0, MeCN,

CoO,/MIL-101(Cr) TEOA, Ru(bpy)s* 300W Xe lamp  28.7 9

Co-CulnS, H,O 300W Xe lamp 15.2 10
H,0, MeCN, 300W Xe lamp

Co/C TEOA, Ru(bpy);** A>420 nm 172.1 1

Cu-ZnS H:0, Chloroform, =354 50 famp  68.9 12
2-propanol

Co-Bi;04Br H,O 300W Xe lamp 107.1 13

Cu/n,04/C H0, MeCN, 300W Xe lamp ~ 43.7 14
TEA
H,0, MeCN, 300W Xe lamp

CdS/BCN TEOA, Co(bpy)s>* %> 420 nm 250.0 15

CoySs@Znln,Sy/Cds 1120, MeCN, 300W Xe lamp ~ 82.1 16
Na2803
H,0, MeCN, 300W Xe lamp

Co-dca TEOA, Ru(bpy);** A>420 nm 254.0 17
H,0, MeCN, 300W Xe lamp This

1-Cu/Co TEOA, Ru(bpy);>* A >420 nm 289.8 work
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Table S3 Gibbs free energy for each step.

Photocatalysts CoS, CuSCN CuSQN/CoSz CuSCN/CoSz
Steps (Co sites) (Cu sites)
* — *CO, (G]) 0.07 eV 0.02 eV -0.02 eV 0.05eV
*CO, = *COOH (G2) 0.69 eV 0.78 eV 0.22 eV 0.90 eV
*COOH — *CO (G3) 042 eV -091 eV 0.67 eV -0.85 eV
*CO — *+ CO (G4) -0.57eV.  0.71 eV -0.27 eV 0.50 eV
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