
1

Electronic Supplementary Material (ESI)

Powerful CO2 electroreduction performance with N-carbon doped 

by Ni single atoms

Cheng-Zong Yuan,a Kuang Liang,a Xian-Ming Xia,b Zheng Kun Yang,a 

Yi-Fan, Jiang,a Tan Zhao,a Cong Lin,a Tuck-Yun Cheang,*c Sheng-Liang 

Zhong*b and An-Wu Xu*a 

a Division of Nanomaterials and Chemistry, Hefei National Laboratory 

for Physical Sciences at the Microscale, University of Science and 

Technology of China, Hefei 230026, P. R. China

b College of Chemistry and Chemical Engineering, Jiangxi Normal 

University, Nanchang 330022, P. R. China

c Department of Breast and Thyroid Surgery, the First Affiliated Hosptital 

of Sun Yat-Sen University, Guangzhou, 510080, P. R. China

Electronic Supplementary Material (ESI) for Catalysis Science & Technology.
This journal is © The Royal Society of Chemistry 2019



2

Supporting Figures

Fig. S1 The SEM image of the obtained N-C sample.
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Fig. S2 The XRD pattern of the obtained N-C sample.



3

600 900 1200 1500 1800

G

 

 

In
te

ns
ity

 (a
.u

.)

Raman Shift (cm-1)

D

Fig. S3 The Raman spectrum of the obtained Ni-N-C sample.

1000 800 600 400 200 0

 
 

In
te

ns
ity

 (a
.u

.)

Binding Energy (eV)

 Ni-N-C

Fig. S4 The survey XPS spectrum of the Ni-N-C sample.
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Fig. S5 The high-resolution Ni 2p XPS spectrum of the Ni-N-C catalyst.
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Fig. S6 The CO2RR performance of the controlled sample prepared using 

pure Zn-bidppz without the adding of Ni as precursor.



5

 

3.6 4.0 4.4 4.8 5.2
0.4

0.6

0.8

1.0

 

 
-Z

'' 
(o

hm
)

Z' (ohm)

 Ni-N-C

6 7 8 9 10 11 12
0.0

0.4

0.8

1.2

1.6
 N-C

 

 

-Z
'' 

(o
hm

)

Z' (ohm)

(a) (b)

Fig. S7 The Nyquist plots of Ni-N-C (a) and N-C (b) catalysts.

Fig. S8 The HAADF-STEM image of Ni-N-C catalyst after 

electrocatalysis.
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Fig. S9 The optimized structures of N-C (a) and Ni-N-C (b).
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Fig. S10 The difference in limiting potentials for CO2 reduction and H2 

evolution of N-C and Ni-N-C.
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Table S1 Structural parameters of Ni-N-C extracted from the EXAFS 

fitting (S0
2=0.85).

Sample
Scattering 

pair
CN R(Å) σ 2(10-3Å2) ΔE0(eV)

R factor

Ni-N/C Ni -N 3.9±1.1 1.90±0.02 6.6±1.7 5.6±1.4 0.0073

S0
2 is the amplitude reduction factor; CN is the coordination number; R is 

interatomic distance (the bond length between central atoms and 

surrounding coordination atoms); σ2 is Debye-Waller factor (a measure of 

thermal and static disorder in absorber-scatterer distances); ΔE0 is edge-

energy shift (the difference between the zero kinetic energy value of the 

sample and that of the theoretical model). R factor is used to value the 

goodness of the fitting.
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Table S2 The Zero point energy (ZPE) corrections and entropic 

contributions to the free energies.

ZPE/eV TS/eV

CO2 0.2673 0.6606

COOH *
C-N 0.5725 8.839X10-3

Ni-C-N 0.5281 0.0128

CO *
C-N 0.1291 1.23X10-5

Ni-C-N 0.1227 1.93X10-5

H2O (l) 0.5681 0.67

CO 0.1317 0.6108

H*
C-N 0.307 2.121X10-3

Ni-C-N 0.3112 2.557x10-3

H2 0.2689 0.4038


