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Fig. S1 Linear sweep voltammograms of Ni-N-C-T (T = 700, 800, and 900 C) recorded 

at a sweep rate 𝒗 = 10 mV s1 in Ar- or CO2-saturated 0.5 M KHCO3 solution.
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Fig. S2 1H NMR spectrum of the cathodic electrolyte after 20 min electrolysis of CO2 at 

0.87 V vs RHE in 0.5 M KHCO3 using Ni-N-C-800. The two peaks observed are 

attributed to the H coming from water and DMSO that is added as the internal 

reference.
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Fig. S3 (a) |j| and (b) FEH2 measured after 20 min electrolysis at various potentials for 

Ni-N-C-T (T = 700, 800, and 900 C).
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Fig. S4 XPS survey spectra of Ni-N-C-T (T = 700, 800, and 900 C).

500 750 1000 1250 1500 1750 2000

ID/IG=0.88

ID/IG=1.15

ID/IG=1.25 G 

Ni-N-C-900

Ni-N-C-800

In
te

ns
ity

 (a
.u

.)

Raman shift (cm-1)

Ni-N-C-700

D 

Fig. S5 Raman spectra of Ni-N-C-T (T = 700, 800, and 900 C).

The small peak around 1050 cm1 comes from the glass slide, while the broad peak 

around 850 cm1 may come from the equipment itself.
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R1 R2

CPE1

R3

CPE2

Element Freedom Value Error Error %
R1 Free(? 3.124 0.022089 0.70707
R2 Free(? 1.082 0.15703 14.513
CPE1-T Free(? 0.03821 0.013775 36.051
CPE1-P Free(? 0.49455 0.048228 9.7519
R3 Free(? 25.35 0.34873 1.3757
CPE2-T Free(? 0.01833 0.0001876 1.0235
CPE2-P Free(? 0.82519 0.0074061 0.8975

Chi-Squared: 0.0011512
Weighted Sum of Squares: 0.12318

Data File: G:\合 合 合 合 \Ni-N-C\合 合 合 合 \EIS\2023.3.14\900-5-1合 K合 .z60
Circuit Model File: G:\合 合 合 合 \Ni-N-C\合 合 合 合 \EIS\合 合 合 合 1.mdl
Mode: Run Fitting / Freq. Range (0.1 - 100000)
Maximum Iterations: 100
Optimization Iterations: 0
Type of Fitting: Complex
Type of Weighting: Calc-Modulus

Fig. S6 Equivalent circuit model (R1: solution resistance, R2: ohmic resistance, R3: 

charge transfer resistance).
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Fig. S7 Nyquist plots of Ni-N-C-T (T = 700, 800, and 900 C).
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Fig. S8 (a) N2 adsorption-desorption isotherms and (b) pore size distributions of Ni-N-

C-T (T = 700, 800, and 900 C).
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Fig. S9 (a−c) Cyclic voltammograms recorded at Ni-N-C-T (T = 700, 800, and 900 C) 

between 0.03 and 0.17 V vs RHE using 𝒗 = 10, 20, 30, 40 and 50 mV s−1 in CO2-

saturated 0.5 M KHCO3; (d) the plot of double layer current density, Δj, obtained at 

0.07 V vs RHE from voltammograms (a−c) against the scan rate.
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Fig. S10 (a) Linear sweep voltammograms of Ni-N-C-800, Ni-N-C-800(NS), Ni-C-800, 

and N-C-800 recorded at a sweep rate 𝒗 = 10 mV s1 in Ar- or CO2-saturated 0.5 M 

KHCO3 solution, (b) FECO and |jco| measured after 20 min electrolysis at 0.87 V vs RHE 

for Ni-N-C-800, Ni-N-C-800(NS), Ni-C-800, and N-C-800.
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Fig. S11 XPS (a) survey, (b) N 1s, and (c) Ni 2p spectra of the materials. 
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Fig. S12 XRD of Ni-N-C-800, Ni-N-C-800(NS), Ni-C-800, and N-C-800.
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Fig. S13 (a) N2 adsorption-desorption isotherms and (b) pore size distributions of Ni-

N-C-800 and Ni-N-C-800(NS).
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Fig. S14 (a−c) Cyclic voltammograms recorded at Ni-N-C-800(NS), Ni-C-800, and N-C-

800 between 0.03 and 0.17 V vs RHE using 𝒗 = 10, 20, 30, 40, and 50 mV s−1 in CO2-

saturated 0.5 M KHCO3; (d) the plot of double layer current density, Δj, obtained at 

0.07 V vs RHE from voltammograms (a−c) against the scan rate.
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Fig. S15 (a) k2-weighted k-space and (b) q-space spectra of Ni-N-C-800, Ni foil, NiO, 

and NiPc.
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Fig. S16 Working potential of Ni-N-C-800 recorded for 900 s electrolysis at different 

current density.
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Fig. S17 (a) FEH2 and (b) |j| measured after 20 min electrolysis at varying potentials on 

Ni-N-C-800, Ni-N-C-800-PE, Ni-N-C-800-PP, and Ni-N-C-800-PVC.
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Fig. S18 (a) XPS survey spectra, (b) N 1s spectra and (c) Ni 2p spectra of Ni-N-C-800, 

Ni-N-C-800-PE, Ni-N-C-800-PP, and Ni-N-C-800-PVC.
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Fig. S19 Raman spectra of Ni-N-C-800, Ni-N-C-800-PE, Ni-N-C-800-PP, and Ni-N-C-800-

PVC.
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Fig. S20 (a) N2 adsorption-desorption isotherms and (b) pore size distribution of Ni-N-

C-800, Ni-N-C-800-PE, Ni-N-C-800-PP, and Ni-N-C-800-PVC.
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Fig. S21 Nyquist plots of Ni-N-C-800, Ni-N-C-800-PE, Ni-N-C-800-PP, and Ni-N-C-800-

PVC.
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Fig. S22 (a−c) Cyclic voltammograms recorded at Ni-N-C-800-PE, Ni-N-C-800-PP, and 

Ni-N-C-800-PVC between 0.03 and 0.17 V vs RHE using 𝒗 = 10, 20, 30, 40 and 50 mV 

s−1 in CO2-saturated 0.5 M KHCO3; (d) the plot of double layer current density, Δj, 

obtained at 0.07 V vs RHE from voltammograms (a−c) against the scan rate.
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Table S1 The content of C, N, O, and Ni in the Ni-N-C materials determined by XPS and 

ICP-OES.

Material C wt%

by XPS

N wt%

by XPS

O wt%

by XPS

Ni wt%

by XPS

Ni wt% by ICP-

OES

Ni-N-C-700 72.91 13.27 8.27 5.53 3.21

Ni-N-C-800 78.23 9.16 8.02 4.59 2.54

Ni-N-C-900 85.80 3.26 8.75 2.19 1.32

Ni-N-C-800(NS) 79.40 3.60 13.49 3.49 3.81

Ni-C-800 89.77 0.30 9.94 - 0.67

N-C-800 76.29 8.89 14.81 - -

Ni-N-C-800-PE 83.55 3.36 10.38 2.71 1.65

Ni-N-C-800-PP 84.60 3.54 8.67 3.19 1.90

Ni-N-C-800-PVC 81.24 5.62 9.93 3.22 1.05

Table S2 Impedance information obtained through equivalent circuit fitting.

Material R1

(ohm cm2)

R2

(ohm cm2)

R3

(ohm cm2)
Ni-N-C-700 3.02 1.29 36.10

Ni-N-C-800 3.16 1.99 19.75

Ni-N-C-900 3.12 1.02 25.35

Ni-N-C-800(NS) 2.80 11.87 62.35

Ni-C-800 3.04 22.50 197.00

N-C-800 3.00 34.13 187.90

Ni-N-C-800-PE 4.27 0.78 25.37

Ni-N-C-800-PP 4.25 0.81 23.88

Ni-N-C-800-PVC 4.23 0.46 30.70

R1: solution resistance, R2: ohmic resistance, R3: charge transfer resistance.
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Table S3 BET specific surface areas and pore volumes of materials.

Material BET surface area

（m2 g1）

pore volume

(cm3 g1)

Ni-N-C-700 250 0.206

Ni-N-C-800 375 0.343

Ni-N-C-900 277 0.281

 Ni-N-C-800(NS) 282 0.272

 Ni-N-C-800-PE 195 0.386

Ni-N-C-800-PP 198 0.412

Ni-N-C-800-PVC 157 0.209

Table S4 EXAFS fitting parameters at the Ni K-edge for Ni-N-C-800.

Sample Shell CNa R(Å)b σ2 (Å2·10-3) c ΔE0(eV)d R factor 
Ni-N-C-800 Ni-N 3.93±0.22 1.83±0.04 0.001 10.87±0.95 0.0062

aCN, coordination number; bR, distance between absorber and backscatter atoms; cσ2, 

Debye-Waller factor to account for both thermal and structural disorders; dΔE0, inner 

potential correction; R factor indicates the goodness of the fit. Data range for fitting in 

k-space and R-space were 311 and 12 Å, respectively. R factor < 0.02.

Table S5 The performance of Ni-N-C materials for eCO2RR in flow cells reported in 
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recent years.

Electrocatalyst Carbon source Electrolyte Potential

(V vs. RHE)

j| (mA cm2) FEco (%) Ref.

N3NiPc-CNT CNT 1.0 M KOH 1.05 250.0 100 1

h-Ni/N/C ZIF-8 1.0 M KOH 1.3 462.4 93.8 2

Ni-N4/C-NH2 ZIF-8 1.0 M KOH 0.9 410 89.3 3

NiSA/PCFM ZIF-8 0.5 M KHCO3 1.0 308.4 88 4

NiSA/NP CNT 1.0 M KOH 0.5 346 98 5

Ni–N–C-900 ZIF-8 1.0 M KOH 1.18 726 91 6

CBNNiGd-700 Carbon black 1.0 M KOH –0.91 308 97 7

Ni(NC) Ni-MOF 1.0 M KOH 1.82 160 99 8

Ni-NCB ZIF-8 0.5 M KHCO3 - 100 100 9

InNi DS/NC ZIF-8 1.0 M KOH 1.0 317.2 85.2 10

Ni-N-C-3 GQDs 1.0 M KHCO3 - 122 95 11

Ni@N-C CNT 1.0 M KOH 1.07 160 ~70 12

Ni-PCNF-0.5PMMA Ni-ZIF-8 1.0 M KHCO3 1.8 170 94.3 13

(NHx)16-NiPc/CNTs CNT 1.0 M KOH 1.37 305 100 14

Ni-ASCs/4.3 wt.% Ketjen Black 1.0 M KOH 1.27 507.2 95.1 15

Ni-N-C-800 PET 1.0 M KOH 0.6 300 99 This work

Ni-N-C-800 PET 1.0 M KOH 1.0 400 91 This work
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