
Supporting Information

From ZIF-8 Polyhedron to Three-Dimensional Nitrogen Doped 

Hierarchical Porous Carbon: An Efficient Electrocatalyst for 

Oxygen Reduction Reaction

Cuijuan Xuana, Baoshan Houa, Weiwei Xiab,c, Zongkai Penga, Tao Shena, Huolin L. Xinb, Guoan 

Zhanga, Deli Wanga,*

a Key Laboratory of Material Chemistry for Energy Conversion and Storage, Ministry of 

Education, Hubei Key Laboratory of Material Chemistry and Service Failure, School of 

Chemistry and Chemical Engineering, Huazhong University of Science and Technology, 

Wuhan 430073, China

b Center for Functional Nanomaterials, Brookhaven National Laboratory, Upton, NY 

11973, USA

c SEU-FEI Nano-Pico Center, Key Laboratory of MEMS of the Ministry of Education, 

Southeast University, Nanjing 210096, China

* E-mail: wangdl81125@hust.edu.cn

S-1

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2018



Figure S1 XRD patterns of ZIF-8.
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Figure S2 SEM images of NC-900 (a, b) and the materials prepared at different NaCl/ZIF-8 ratio of 1:20 (c, d), 

1:10 (e, f), 1:5 (g, h), 1:3 (i, j), 1:1 (k, l) when annealing at 900 °C. 
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Figure S3 XRD patterns of NC-900 and the materials obtained at different mass ratio of NaCl and ZIF-8 (1:20, 

1:10, 1:5, 1:3, 1:1) when annealing at 900 °C. 
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Figure S4 SEM images of the materials synthesized at the NaCl/ZIF-8 ratio of 1:3 when calcining at 600 °C (a, 

b), 700 °C (c, d), 800 °C (e, f), 900 °C (g, h),  and 1000 °C (i, j). 
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Figure S5 (a) XRD patterns of the materials synthesized at the NaCl/ZIF-8 ratio of 1:3 when calcining at 

different pyrolysis temperature (600, 700, 800, 900, 1000 °C).

Figure S6 Raman spectra of the samples synthesized at the NaCl/ZIF-8 ratio of 1:3 by annealing at different 

pyrolysis temperatures (700, 800, 900, 1000 °C)..
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Figure S7 SEM-EDX spectrum of NHPC1:3-900 materials. Before measurements, the 
NHPC1:3-900 powder was glued to an electrically grounded sample holder using a double-face 
conducting tape and then was sputter-coated with platinum, leading to the observation of Pt in 
Figure S7.

Figure S8 Pore size distribution of NHPC1:3-900 and NC-900.
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Figure S9 XPS survey spectra of NC-900 and the NHPCs materials obtained at different pyrolysis 

temperatures.

Figure S10 High-resolution C1s XPS spectra of NHPC1:3-900.
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Figure S11 (a) High-resolution N1s XPS spectra of NHPCs obtained at different pyrolysis temperatures, and 

(b) the corresponding  relative content of nitrogen.

Figure S12 (a) ORR polarization curves of NHPCs obtained at different mass ratio of NaCl and ZIF-8 at a 

scan rate of 5 mV s-1, and (b) the corresponding half-wave potential.
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Figure S13 (a) ORR polarization curves of NHPCs obtained at different pyrolysis temperatures at a scan rate 

of 5 mV s-1, and (b) the corresponding half-wave potential.

Figure S14 (a) ORR polarization curves of NC-900 at  various  rotating speeds  with  a scan rate of 5 mV s-1, 

and (b) the corresponding Koutecky-Levich plots of under potentials of 0.6 V, 0.625 V, 0.65 V, 0.675 V, and 

0.7 V. (c)The electron-transfer number n and H2O2 yield and (d) RRDE voltammograms  for NC-900.
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Table S1 Comparison of the ORR electrocatalytic performance of NHPC1:3-900 and other metal-free  

nitrogen-doped carbon electrocatalysts.

Catalysts Loading 
(mg cm-2) Electrolyte

Half-wave 
potential 

(E1/2)

E1/2-
E1/2(Pt/C) 

(mV)

jL(mA 
cm-2) Refs.

Nitrogen-Doped Porous 
Carbon Nanosheets

0.2 0.1 M 
KOH

-0.210 V vs. 
Ag/AgCl -3 5.79 [1]

Nitrogen containing 
mesoporous carbon

0.245 0.1 M 
KOH

0.75 V vs. 
RHE — ~4.3 [2]

Nitrogen-doped carbon 
nanofiber (N-CNF) 

aerogel

0.1 0.1 M 
KOH

0.80 V vs. 
RHE -50 ~5.35 [3]

Nitrogen containing 
mesoporous carbon

0.245 0.1 M 
KOH

0.75 V vs. 
RHE — ~4.3 [4]

Nitro Lignin-Derived 
Nitrogen-Doped 

Carbon

0.29 0.1 M 
KOH

0.85 V vs. 
RHE — ~5.4 [5]

Nitrogen-doped 
hierarchical porous 

carbons

0.42 0.1 M 
KOH

0.83 V vs. 
RHE 0 ~4.6 [6]

N-doped carbon 
nanoplatelets

0.4 0.1 M 
KOH

-0.15 V vs. 
SCE 30 6.50 [7]

Hybrids of nitrogen-
doped graphitic porous 

carbon and carbon 
nanotube

0.102 0.1 M 
KOH

-0.171 V vs. 
Ag/AgCl 1 ~5.1 [8]

Nitrogen doped carbon 
nanoribbons

0.191 0.1 M 
KOH

0.864 V vs. 
RHE -39 ~3.5 [9]

Nitrogen-doped 
Graphene-Wrapped 

Carbon Nanoparticles

0.15 0.1 M 
KOH — -131 ~5.1 [10]

N-doped porous 
carbon@graphene

0.408 0.1 M 
KOH

0.80 V vs. 
RHE 20 — [11]

Hierarchically tubular 
nitrogen-doped carbon

0.137 0.1 M 
KOH

0.76 V vs. 
RHE — ~4.9 [12]

N doped three 
dimensional few-layer 

porous carbon 
nanosheets

0.3 0.1 M 
KOH

-0.17 V vs. 
SCE 30 ~5.4 [13]

N,P-doped porous 
carbon

0.306 0.1 M 
KOH

~ -0.20 V vs. 
Ag/AgCl — ~5.4 [14]

Nitrogen-doped carbon 
nanoscale networks

0.425 0.1 M 
KOH

-0.0.171 V 
vs. Ag/AgCl -10 5.8 [15]

NHPC1:3-900 0.42 0.1 M 
KOH

0.87 V vs. 
RHE 50 5.7 This work
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Table S2 Comparison of the Zn-air battery performance of non-precious metal based electrocatalysts extracted 

from literature.

Catalysts
Loading 

(mg cm-2)
Peak power 

density (mW cm-2)
Electrolyte Refs

NCNF-1000 2.0 185 6 M KOH + 0.2 M zinc acetate [16]
MnO2-2h/KB 1.0 133.17 6 M KOH [17]

FeCo@NC-750 1.0 132 6 M KOH + 0.2 M zinc acetate [18]
NiFe@NCX 1.0 83 6 M KOH [19]

C-CoPAN900 1.0 125 6 M KOH + 0.2 M ZnCl2 [20]
CoFe@NCNTs 1.0 150 6 M KOH + 0.2 M zinc acetate [21]

NiCo2S4/N-CNT 1.0 147 6 M KOH + 0.2 M ZnCl2 [22]
Mn3O4/Ti3C2 MXene 1.0 150 6 M KOH [23]

Mo-N/C@MoS2 1.0 194.6 6 M KOH + 0.2 M zinc acetate [24]
N-GCNT/FeCo 2.0 89.3 6 M KOH + 0.2 M zinc acetate [25]

Cu-N/C 1.0 132 6 M KOH [26]
3D actiniae-like carbon 

nanotube assembly
2.0 157.3 6 M KOH + 0.2 M zinc acetate [27]

bicontinuous hierarchical 
porous carbon

0.5 197 6 M KOH [28]

Co/N/O tri-doped 
graphene mesh

0.5 152 6 M KOH + 0.2 M ZnCl2 [29]

CuCo2O4/N-CNTs 2.0 90.50 6 M KOH + 0.2 M zinc acetate [30]
Co4N/CNW/CC — 174 6 M KOH + 0.2 M zinc acetate [31]

Nanoporous carbon fiber
Film

2.0 ~185 6 M KOH + 0.2 M zinc acetate [16]

N,P codoped carbon 0.3 ~93 6 M KOH [32]
N-doped hollow carbon 

nanospheres
1.0 76 6 M KOH [33]

carbon nanotube arrays — 190 6 M KOH + 0.2 M zinc acetate [34]
macro-porous N,  S-

doped  carbon
2.0 151 6 M KOH + 0.2 M zinc acetate [35]

hierarchically porous iron 
and nitrogen-codoped

carbon nanofibers
1.0 135 6 M KOH [36]

Co3O4 nanosheets/carbon 
cloth

0.74 107 6 M KOH + 0.2 M zinc acetate [37]

FeNC-850 2.4 186 7 M KOH [38]
Core-Shell NiFe@N-

Graphite
2 85 6 M KOH + 0.2 M zinc acetate [39]

N,P-codoped nanoporous 
carbon

1 146 6 M KOH [40]

Co@N-C 0.5 105 6 M KOH [41]

NHPC1:3-900 1.0 207 6 M KOH + 0.2 M zinc acetate
This 
work
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