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Figure S1. FTIR spectra of GO
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Figure S2. TEM images (a) and (b) of the intermediate products (Co/GO) with
different magnifications. (¢) HRTEM images of an individual Co/GO nanoparticle
with the inset showing the corresponding SADE images. (d) XRD patterns of Co/GO.



Figure S2a-b shows a typical TEM image of Co/GO, the formed Co-
related nanoparticles with the size of more than a dozen nanometers have
been well-dispersed on the oxidized graphene (GO) through a rapid
microwave-polyol method. GO containing abundant oxygen-containing
functional groups probably provides efficient anchoring points for the
nucleation of Co cluster. A high-resolution TEM (HRTEM) image
indicates that the observed lattice fringes spacing of 0.208 nm matches
well with the (111) planes of Co (Figure S2c¢). The corresponding
selected area electronic diffraction (SAED) investigations further verify
the dark particle being Co nanoparticles. But, we only observed the
diffraction peak of GO in the XRD patterns of Co/GO composite (Figure
S2d). No obvious diffraction peak of Co has been found in the XRD
patterns, which probably attributes to that most of the Co particles in the
intermediate products (Co/GO) have smaller size and bad crystalline

structure before thermal treatment.



Figure S3. (a) TEM image of CoO@Co/N-rGO. EDX analysis on the areas with (b)

and without (c) large particles.
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Figure S4. (a) Polarization curves of the CoO@Co/N-rGO at 5 mV s™! in N,-
saturated 0.1 M KOH solution (rotation speed 1600rpm). (b) Durability test for the
CoO@Co/N-rGO (V) by CV scanning at 1000th cycles in N,-saturated 0.1 M KOH

solution.
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Figure S5. XRD patterns of rGO, N-rGO, Co/N-rGO and CoO@Co/rGO

As can be seen from all the XRD results (Figure S5), the broad diffraction
peak at 25.5+0.5° suggests the GO has been reduced into the graphene.
The diffraction peaks at 44.2°, 51.5°, 75.8° which present in the
CoO@Co/rGO and Co/N-rGO correspond to (111), (200), (220) crystal
facets of metallic Co with a face-centered cubic (fcc) crystal structure.
And the peaks at 36.5°, 42.4° which present in the CoO@Co/rGO match
well with the planes of CoO at (111), (200) respectively. The XRD results

indicate the existence of Co and CoO in our samples.
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Figure S6. High-resolution XPS spectra of N 1s for CoO@Co/N-rGO and N-rGO

The N Is XPS spectra of CoO@Co/N-rGO sample and N-rGO without
Co sample were prepared for comparison in Figure S6. Three types of
nitrogen coordination can be attributed to the presence of N atoms in both
two samples, which respectively are pyridinic-N, pyrrolic-N and
graphitic-N. From these spectra, one could observe that the binding
energy of N 1s peak on CoO@Co/N-rGO shifts to higher direction

compared with that on N-rGO.
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Figure S7. (a) TEM images of Co/N-rGO. (b) The corresponding SADE images of
Co/N-rGO. (c) HRTEM images of an individual Co nanoparticle in Co/N-rGO. (d)

EDX analysis on the areas with Co nanoparticle of Co/N-rGO.

Figure S7a shows a typical TEM image of Co/N-rGO, the formed Co-
related nanoparticles are uniformly dispersed on the graphene. The
corresponding selected area electronic diffraction (SAED) and the high-
resolution TEM (HRTEM) image investigations verified the dark
particles attached on the graphene being Co nanoparticles (Figure S7b-c).
In addition, the energy dispersive X-ray spectroscopy (EDX) analysis of
the nanoparticles shows only cobalt signal without oxygen which further

verified that the Co nanoparticles have not been oxidized.



Table S1. Comparison of the HER performance of different catalysts.

Author Catalyst Current Over Electrolyte
density (J) potential
at the
correspon
ding J
This work CoO@Co/N- 10 mA cm™ 146 mV 0.5 M H,SO,
rGO
This work CoO@Co/N- | 10 mA cm™ 237 mV 0.IM KOH
rGO
Yang Hou! N/Co-doped 10mAcm? | 229mV | 0.5M H,SO,
PCP//NRGO
X. Zou? Co-NRCNTs 10 mA cm™ 260 mV 0.5 M H,SO,
J. Deng? FeCo@NCNT | 10 mA cm? | 320 mV 1.0 M H,SO4
S
D. Merki* Amorphous 10 mA cm™ 540 mV 0.5 M H,SO,
MoS,
M. MnNi 10 mA cm?2 360 mV 0.5 M H,SOq,
Ledendecker®
T. F. Jaramillo® | Double-gyroid | 10 mA cm 270 mV 0.5 M H,SO,
MOSz
Z. B. Chen’ MoOs-MoS, 10 mA c¢cm? 275 mV 1.0 M H,SO4
D. Voiry® WS, 10 mA cm?2 230 mV 0.5 M H,SO,4
nanosheets
Y. Zheng’ N,P-graphene | 10 mA cm? | 422mV | 0.5M H,SO,
M. Gong!? NiO/CNT 20 mA cm2 490 mV 0.1IM KOH
B. F. Cao!! Ni,P 20 mA cm™? 250 mV 0.1M KOH
R. 3-MoN 10 mA cm 400 mV 0.1M KOH
Subbaraman!?
M. A. Ni/MWCNT | 10 mA cm2 350 mV IM KOH
McArthur!3
H. Vrubel!4 Co-NRCNTs 10 mA cm?2 370 mV 0.1M KOH
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Table S2. Comparison of the ORR performance of different catalysts.

Author Catalyst Half wave | Onset | Number of | Electrolyte
Potential | potential | electron
V) V) transfer
(n)
this work CoO@Co/N- 0.81 0.95 3.97~4.0 | 0.1 M KOH
rGO
Y. Hou! N/Co-doped 0.86 0.97 3.90~3.94 | 0.1 M KOH
PCP//NRGO
D. K. Cobalt 0.82 0.97 about4 | 0.1 M KOH
Huang!> oxide@cobalt/N
—C
X. Liu'® Co-CoO/N-rGO 0.78 0.88 3.7~3.9 | 0.1 M KOH
Z.Y. Liu" N-doped 0.73 0.82 3.23at0.3 | 0.1 M KOH
nanoporous A"
carbon
Y. Liang!® | C03;04-N-rmGO 0.83 - 4.0 0.1 M KOH
Y. Hu" Fe;C/C-800 0.83 1.05 3.8~4.0 | 0.1 M KOH
L. Lin? Fe—N/C—800 0.81 0.92 3.96 0.1 M KOH
J. Ryu?! C@Co-P/C 0.80 0.87 - 0.1 M KOH
R. Huo?? Co/CoO/CoFe, 0.69 0.77 3.70~3.84 | 0.1 M KOH
04/G
B. Cao?* | Cogs50Mogs500yN 0.76 0.92 3.85~3.9 | 0.1 M KOH
J/C
H. Dai** CoO/NCNT - 0.93 3.9 1 M KOH
S. Mao?’ N-CG—CoO 0.81 0.9 4.0 1 M KOH
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Table S3. Comparison of the OER performance of different catalysts.

Author Catalyst Current Over potential Electrolyte
density (J) at the
corresponding J
This work CoO@Co/N- 10 mA cm™ 165mV 0.1 M KOH
rGO

Y. Hou! N/Co-doped 10 mA c¢cm? 166 mV 0.1 M KOH
PCP//NRGO

X. Liu'® Co-CoO/N- 10 mA c¢cm? 163mV 0.1IM KOH
rGO/Ni foam

S. Q. Ci? crumpled 10 mA cm? 165mV 0.1IM KOH
graphene/CoO

J. Masa?’ Co,Oy/NC 10 mA cm™ 166 mV 0.1M KOH

J. Masa?’ Mn,O,/NC 10 mA cm? 168 mV 0.1M KOH

Y. Lee?® IrO, 10 mA c¢cm? 168mV 0.1IM KOH

M. R. Gao? Mn;04 10 mA cm 168 mV 0.1IM KOH

/CoSe,
Y.T.Meng®* | a-MnO,-SF 10 mA c¢cm? 172 mV 0.1IM KOH
Y. Gorlin3! CaMn,O4 10 mA cm™ 177 mV 0.1IM KOH
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Table S4. Comparison of the bifunctional oxygen electrode activities of different
catalysts.

Author Catalyst Eorr (V) at Eogr (V) at Oxygen
J=-3mAcm | J=10mA cm? | Electrode AE
2 (V) = Eogr -
Eorr
This work CoO@Co/N- 0.73 1.64 0.91
rGO
Y. Gorlin?? 20 wt% Ir/C 0.69 1.61 0.92
Y. Gorlin?? 20 wt% Ru/C 0.61 1.62 1.01
Y. Gorlin?? 20 wt% Pt/C 0.86 2.02 1.16
Mn-oxide
Y. Gorlin3? Mn-oxide 0.73 1.77 1.04
W. G. LaNiO3/NC 0.64 1.66 1.02
Hardin33
Q. Liu** NiCo,S4@N/S- 0.76 1.70 0.94
rGO
D. Wang?’ C0304/2.7Co,M 0.68 1.77 1.09
IlO4
D. U. Lee?® NiCo0,04/G 0.54 1.67 1.13
C. Jin%7 NiCo0,04 0.75 1.72 0.97
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