Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2020

Supplementary Information for

Full Pseudocapacitive Behavior Hypoxic Graphene for Ultrafast

and Ultrastable Sodium Storage

Ying-Ying Wang,?® Bao-Hua Hou,4 Xu Yang,° Dong Chen,? Hao-Jie Liang,® Zhen-Yi

Gu,’ Xian-Hong Rui*?, and Xing-Long Wu*b¢

a3 Collaborative Innovation Center of Advanced Energy Materials, School of Materials
and Energy, Guangdong University of Technology, Guangzhou 510006, China,
E-mail: xhrui@gdut.edu.cn.

b Key Laboratory for UV Light-Emitting Materials and Technology of Ministry of
Education, Northeast Normal University, Changchun, Jilin 130024, P. R. China,
E-mail: xinglong@nenu.edu.cn.

¢ National & Local United Engineering Laboratory for Power Batteries, Faculty of
Chemistry, Northeast Normal University, Changchun, Jilin 130024, P. R. China.
dState Centre for International Cooperation on Designer Low-Carbon & Environmental
Materials, School of Materials Science and Engineering, Zhengzhou University,
Zhengzhou 450001, P. R. China.

* The corresponding authors, E-mail: xhrui@gdut.edu.cn; xinglong@nenu.edu.cn.



C1s | C | O |

O 1s (at.%) | (at.%):

| HG-1600 973 | 27 |

= :

s . HG-1300 i (946 | 54
%, | HG-1000 J F. -
§ . HG-700 J 921 | 7.9

— [ :

= [, HG-400 J 86.6 | 134 |

Ll co A 712 | 288 |

600 400 200 0
Binding Energy (eV)

Fig. S1 The XPS spectra survey of GO, HG-400, HG-700, HG-1000, HG-1300, and

HG-1600 materials.
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Fig. S2 The change of functional group content in materials of GO, HG-400, HG-700,

HG-1000, HG-1300, and HG-1600 materials.



Fig. S3 (a and b) SEM images under different magnifications and (c) the elemental

mapping images of the as-prepared HG-1300.



Fig. S4 (a and b) SEM images of GO under different magnifications.



Fig. SS (a and b) SEM images of HG-400 under different magnifications.



Fig. S6 (a and b) SEM images of HG-700 under different magnifications.



Fig. S7 (a and b) SEM images of HG-1000 under different magnifications.



Fig. S8 (a and b) SEM images of HG-1600 under different magnifications.
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Fig. S9 CV curves of the initial 5 cycles for the HG-400, HG-700, HG-1000, HG-1300,
and HG-1600 electrodes in the potential range of 0.01-2.8 V at a scan rate of 0.1 mV
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Fig. S10 CV curves of the first 3 cycles for the acetylene black.
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Fig. S11 Galvanostatic charge/discharge curves of the initial 5 cycles for the HG-400,
HG-700, HG-1000, HG-1300, and HG-1600 electrodes in the potential range of 0.01-

28V at0.05A g
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Fig. S12 Rate capability of the HG-400, HG-700, HG-1000, HG-1300, and HG-1600
electrodes at different current densities (Range: from 0.05 to 200 A g'!, then return to
0.05 A g'!in turn).

As shown in Fig. S12, the initial specific capacities of HG-400, HG-700, HG-1000
and HG-1300 are 370.3 mA h g, 243.6 mA h g'!, 186.6 mA h g''and 201.7 mA h g,
respectively. The reversible specific capacity of the HG-1300 is significantly lower than
that of the HG-400 and HG-700. This is mainly due to the fact that the HG-1300
material prepared by high-temperature calcination contains a smaller amount of
oxygen-containing functional groups. We know that, during charging/discharging, the
oxygen-containing functional groups on graphene can store a part of sodium ions. The
reaction contributes a portion of the specific capacity, but this portion of the capacity is

not very stable; it will significantly diminish as the current density increases.
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. S13 Cycle performance of the HG-1300 electrode at 100 A g''and 10 A g'.
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Table S1. Comparisons of cycling performances in this study with the previously
reported carbon-based materials for Na storage. As shown, the present HG-1300
exhibits excellent cycle stability.

Reversible . Decay rate
Materials j(Agh C’(’:;es capacity (mA Ret(f(:;tlon per
hg!) ) cycle (%)
20 100 000 121.1 90.7 0.000093
HG-1300 10 14 000 158.8 98.5 0.000107
100 70 000 113.2 95.6 0.000063
S-MCN-700! 0.1 100 304.2 35.2 0.35
HC? 1.0 2 000 196 90 0.005
HC? 0.2 1500 72.3 84 0.0107
C-600* 10 15 000 115 ~100 -
CPPS 0.2 200 203.3 98 0.01
3D PCFs® 5 10 000 99.8 95.9 0.00041
3D N-GF’ 0.5 150 594 69.7 0.202
S-N/C8 1 1 000 211 86 0.014
kP 11(\)401:)95 2 05 100 191 74 0.26
N-FLG-800'° 0.5 2000 210 98.6 0.0007
LPHC" 1 1 000 150 85 0.015
C?fo{)'lio' 0.1 100 286 97 0.03
HCSs-CNTs3 1.0 500 95.1 60 0.08
RHHC-1300"  0.025 100 346 93 0.07
NCL@GF's 0.5 2500 279 70 0.012
NC-55016 0.1 200 212 76.1 0.1195
NNCS"7 0.03 200 243.1 85 0.075
CF'8 0.2 200 169 97.7 0.0115
CNSP 1 500 190 71.9 0.0562
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Fig. S14 Galvanostatic charge/discharge curves at different current densities.
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Fig. S15 (a and b) the SEM images of the HG-1300 electrode after 6000 cycles at the

state of 5 A g! discharge and 1 A g! charge.
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Fig. S16 Rate capability comparison for CSC electrode in 1 M NaPF¢/DME and 1 M

NaPF¢/EC-PC electrolytes.
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Fig. S17 Rate capability comparison for LSC electrode in 1 M NaPF¢/DME and 1 M

NaPF¢/EC-PC electrolytes.
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