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Fig. S1 The calculated adsorption energy of *OCHO on the Cu-S (111) plane and Cu

(111) plane.

The more negative adsorption energy of *OCHO was observed for Cu-S relative
to Cu, suggesting that *OCHO was favorable to be adducted onto the surface of Cu-S
than onto the surface of Cu. As a result, the formate production from CO, reduction
reaction was predicated to occur easier on the Cu-S surface than on the Cu

surface.12
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Fig. S2 High-resolution XPS spectra of (a) Cu 2p and (b) S 2p for the as-prepared CuS

precursor.

The Cu 2p peaks of the materials showed two strong peaks of Cu 2p;/,; and Cu
2p1/, at 932.1/952.1 eV, which was assigned to the CuS phase.? In addition, the small
shoulder peaks at 933.5 and 953.5 eV originated from the CuO on the sample
surface.? The high-resolution XPS spectrum of S 2p showed two main peaks at 161.6
and 162.8 eV, corresponding to the S 2ps;; and S 2py,, respectively. Besides, two
side peaks at 160.8 eV and 164.0 were related to sulfides (S*) and disulfide (S,%).3
Via the quantification analysis of Cu and S peak areas, the atomic ratio of Cu : S was

estimated to be 1: 1.1, closely matching the stoichiometry of CuS.>
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Fig. S3 The Cu LMM spectra of the prepared hierarchical Cu-S NFs.



Fig. S4 The SEM images of the as-prepared hierarchical Cu-S NFs and their
corresponding element mapping. To avoid interfering with the results of the

experiment, the Nafion binder was not added to the prepared sample for element

mapping.
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Fig. S5 In situ Raman spectra of hierarchical CuS NFs at -0.60 V vs. RHE with different

reduction times.
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Fig. S6 HRTEM image of the Cu-S NFs.
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Fig. S7 XRD patterns (a) and SEM images (b, c) of CuS microparticles.
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Fig. S8 XRD patterns (a) and SEM images (b, c) of the Cu-S microparticles and their

XPS spectra of Cu 2p (d), Cu LMM (e), and S 2p (f).
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Fig. S9 The characterization of commercial pure Cu catalysts: SEM images (a,b); XRD
pattern (c); High-resolution XPS spectra of Cu 2p (d), Cu LMM (e), and S 2p (f). CO,RR
performance of the commercial pure Cu catalysts: Faradaic efficiency of products (g)

and the total current density versus the applied potentials.

The XRD results in Fig. S8 showed that the commercial pure Cu catalysts were
metallic Cu phase. And the high-resolution XPS results of Cu 2p and the Cu LMM
results illustrated that the sample surface was mainly Cu* (932.6 eV, 952.5 eV, 570. 0
eV), with a small number of Cu?* (933.5 eV, 953.5 eV, 569.0 eV).*® In addition, the S

2p XPS spectra proved that there was no S element on the pure Cu surface.
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Fig. S10 The DFT calculated free energy of CO, reduction to CO on the Cu-S (111)

plane and Cu (111) plane.
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Fig. S11 (a) The potential curves and formate FE at a fixed current density of 200 mA
cm=2. (b) Image of the macroporous layer side of the GDL electrode showing

carbonate precipitation (circled in red) after continuous operation for 12000 s.
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Fig. S12 SEM images (a, b), XRD pattern (c), and XPS spectra (d, e, f) of the

hierarchical Cu-S NF catalysts after the stability measurement at 200 mA cm2 current

density for 12000 s.
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Fig. S13 SEM images (a, b), XRD pattern (c), and XPS spectra (d, e, f) of the
hierarchical Cu-S NF catalysts after the stability measurement at 200 mA cm™ current

density for 12 h.
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Fig. S14 Cyclic voltammetry curves of hierarchical Cu-S NF electrode (a) and Cu-S MP

electrode (b).
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Fig. S15 The DFT-optimized intermediate species along with the reduction reaction
of CO, to formate on the plane sites of Cu-S: (a) (111) face, (b) (200) face, and (c)
(220) face.
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Fig. S16 The DFT-optimized intermediate species along with the reduction reaction

of CO, to formate on the edge sites of Cu-S: (a) (111) face, (b) (200) face, and (c)
(220) face.
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Fig. S17 DFT-calculated AG on the (200) plane (a) and (220) plane (b) of the Cu-S in

the reaction pathway of CO, reduction to formate.
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Supplementary Tables

Table S1. Performance comparison of hierarchical Cu-S NFs for electrocatalytic

CO;RR towards formate production with a few best electrocatalysts in the literature.

Formate
Electrocatalyst Electrolyt Potential L (%) M Rt
ectrocatalys ectrolyte ef.
vSs. 0 density
Y Y (V RHE) formate
(mA cm?)
Hierarchical Cu-S 1 M KOH -0.71 89.8 404.1 This
nanoflakes on GDL work
-0.75 71.5 429.0
Cu-2.0C on Cu foil 0.1 M NaHCO; -0.90 87% 19.1 7
S-modified Cu
) 0.1 M KHCO; -0.80 80 ~12.0 8
nanoparticles on GDL
CuSx 0.1 M KHCO; -0.90 75 6.75 9
Sulfur-doped Cu on Cu
disk 0.1 M KHCO; -0.9 <60% 13.9 10
isks
Sn0O, nanosheets 1 M KHCO; -1.13 94.2 471 11
hydrogen-incorporated
sns 0.1 M KHCO; -0.90 87% 24.4 12
n>;
Mesoporous SnO,
0.1 M KHCO; -0.99 87.0 39.2 13
nanosheet
Bi,0;@C-800 1 M KOH -1.1 93 208 14
Bi NSs 0.1 M KHCO; -1.1 92 15 15
Dendritic Bi 0.5 M KHCO; -0.82 92 87.4 16
BiVO, derived Bi
1 M KHCO3 -1.0 97.4 102.7 17

nanoflakes
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Table S2. The atomic percent of the S element in Cu-S materials was calculated from

the XPS results.

Hierarchical Cu-S NFs after
Hierarchical Cu-S Cu-S

Materials stability test
NFs NPs
12000 s 12 h
The atomic percent of the S
1.85 1.82 1.71 1.68

element
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Table S3. The DFT calculated the AG value of different species on the edge sites and

plane sites of Cu-S materials for (111) face, (200) face, and (220) face.

Edge sites Plane sites
(111) face  (200) face (220)face (111)face (200)face (220) face
*+CO, 0 0 0 0 0 0
*OCHO 0.28227 0.59134 0.91598 0.46038 0.74532 1.0151
-0.42758 -0.46104 -0.50773

-0.19728 -0.24712 -0.28226

*HCOOH
0.12477 0.12477 0.12477

*+HCOOH

0.12477 0.12477 0.12477
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