Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2019

Electronic Supplementary Information

One-step hydrothermal synthesis of cobalt-vanadium based
nanocomposites as bifunctional catalysts for overall water
splitting

Bai Xiang Tao ?, Xiao Lin Li?, Cui Ye?, Qing Zhang 2, Yang Hui Deng 2, Lei Han 2,

Ling Jie Li® Hong Qun Luo*? and Nian Bing Li*?

2School of Chemistry and Chemical Engineering, Southwest University, Chongqing 400715,
People’s Republic of China
5School of Chemistry and Chemical Engineering, Chongging University, Chongqing 400044,

People’s Republic of China

*Corresponding Authors
*Nian Bing Li and Hong Qun Luo
*Tiansheng Road, BeiBei District, Chongqing, 400715, People’s Republic of China. Tel: +86 23

68253237, fax: +86 23 68253237; E-mail address: linb@swu.edu.cn; luohq@swu.edu.cn

S-1



Additional figures.
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Fig. S1. EDS patterns of Cog,-VOOH, inset shows the corresponding element ratio.

Fig. S2. The morphology adjustment with the different content of cobalt doping. SEM

images of (a) pure VOOH, (b) Coy;-VOOH, (c) Coy,-VOOH, and (d) Coy3-VOOH.
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Fig. S3. AFM image of Co3-VOOH and corresponding height profile.
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Fig. S4. FT-IR spectra of VOOH and Co(,-VOOH.
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Fig. S5. (a) XRD pattern, (b) SEM image, (c) TEM image, (d) elemental maps of the

Coy,-VOOH electrocatalyst after long-time OER process.
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Fig. S6. XPS spectrum of the Coy,-VOOH electrocatalyst after long-time OER

process.
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Fig. S7. High-resolution XPS spectra of a) V 2p and b) Co 2p for Coy,-VOOH after

OER and HER process, respectively.
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Fig. S8. Cyclic voltammograms of a) pure VOOH, b) Co,;-VOOH, c) Co,,-VOOH,

and d) Co(3-VOOH with various scan rates in 1.0 M KOH.
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Fig. S9. Nyquist plots of various catalysts toward OER. Inset: relevant equivalent

electric circuit.
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Fig. S10. a) XRD pattern, b) SEM image, ¢) TEM image, d) elemental maps of the
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Co¢,-VOOH electrocatalyst after long-time HER process.
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Fig. S11. XPS spectrum of the Coy,-VOOH electrocatalyst after long-time HER

process.
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Fig. S12. Polarization curves of Coy,-VOOH before and after the overall water

splitting stability test.
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Table S1. Mass ratios of V and Co of various catalysts obtained from ICP-OES.

Catalyst V (wt%) Co (Wt%) Molar radio

VOOH 34.72 - -
Cop.;-VOOH 33.96 3.69 1:0.09
Cop,-VOOH 33.91 8.15 1:0.21
Coy3-VOOH 33.29 11.63 1:0.30
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Table S2. Comparison of the OER performance for the Coj,-VOOH catalyst in this work

with reported non-noble OER electrocatalysts in 1.0 M alkaline medium.

Catalyst Overpotential
Catalyst Substrate loading Tafel Slope at 10 mA cm?  Ref.
(mg cm) (mYV dec’) (mV)
C0y,-VOOH Carbon cloth 0.5 30.8 210 This
work
Mo-doped CoP Carbon cloth 2.5 56 305 1
CoO/Co(OH), Carbon cloth - 142 340 2
(Nig33C0067)S; NWs  Carbon cloth - 78 334 3
CoNi1/CoNiO,@NC Carbon cloth 2 63 181 4
CoMnP Glassy carbon 0.284 61 330 5
Nig75Vo25 LDH Glassy carbon 0.143 50 318 6
Ni,P NPs Glassy carbon 0.14 47 290 7
Co304 Glassy carbon 0.35 62 408 8
Co(OH), Glassy carbon 0.35 58 360 9
NiPS;@NiOOH Glassy carbon 0.382 80 225% 10
MoO, Ni foam 2.9 54 260 11
Fe N Ni foam 4 445 238 12
NiSe Ni foam 2.8 64 250 13
VOOH Ni foam 0.8 68 270 14
CoFePO Ni foam 2.187 51.7 274.5 15
NiFe-NS Ni foam 0.07 40 302 16
Fe(POs), Ni foam 8 51.9 177 17
Fe doped CoP Ti foil 1.03 67 230 18
Co-P film Cu foil 2.6 47 345 19

* The value is estimated from the curves displayed in the references.
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Table S3. Comparison of the HER performance for the Coj,-VOOH catalyst in this work

with reported non-noble HER electrocatalysts in 1.0 M alkaline medium.

Catalyst Tafel Overpotential
Catalyst Substrate loading Slope at 10 mA cm?  Ref.
(mg cm?)  (mV dec) (mV)

C0y,-VOOH Carbon cloth 0.5 58.2 130 This

work
V-doped WS, Carbon cloth - 85 134 20
Fe-doped CoP Carbon cloth - 69 98 21
Ni-Co-P Carbon cloth 0.27 69 57 22
CNTs@CoS«Se;(1x)  Carbon cloth 0.81 96 225 23
Fe-doped CoySg Carbon cloth 95.3 83 953 24
c-CoSe, Carbon cloth - 85 190 25
CP/CTs/Co-S Carbon paper 0.32 131 190 26
Co@NG Carbon paper 1 112 220 27
NiCoP/rGO Carbon fiber 0.15 124.1 209 28
Ni-Co-P Glassy carbon 0.286 60 150 29
Ni@NC-800 Glassy carbon 0.8 160 205 30
MoC/Mo,C Glassy carbon 0.14 42 120 31
VOOH Ni foam 0.8 104 164 14
Ni, sCog sFe Ni foam 0.3 93 275 32
Janus Co/CoP Ni foam 0.22 73.8 193 33
Niz;FeN/rGO Ni foam 0.5 90 94 34
CoO,@CN Ni foam 0.42 115 232 35
Co30,4 microtube Ni foam - 98 190* 36
NigoFeq1/NC Ni foam 2 111 231 37
NiFe/NiCo0,04 Ni foam - 88 105 38
Cu@NiFe LDH Cu foam 2.2 58.9 116 39

* The value is estimated from the curves displayed in the references.
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Table S4. Comparison of the bifunctional water splitting activity of the Co,-VOOH

catalyst in this work with other reported bifunctional electrocatalysts in 1.0 M alkaline

medium.
Catalyst Current Voltage at the
Catalyst Substrate loading density corresponding j Ref
(mg cm?) (j mA cm?) V) ’
10 1.57
This
Cop,-VOOH Carbon cloth 0.5 100 1.74
work
200 1.80
10 1.56
Mo-doped CoP Carbon cloth 2.5 1
100 1.6*
CNTs@CoSSe;1-x) Carbon cloth 0.81 10 1.74 23
Ni-NiFe,04 Carbon cloth - 10 1.57 40
CP/CTs/Co-S Carbon paper 0.32 10 1.743 26
i 10 1.62
VOOH Ni foam 0.8 14
100 1.82%*
10 1.58
NiCoP Ni foam 1.6 100 1.82 41
200 1.98
. . 10 1.60
Ni@NC-800 Ni foam 0.8 30
20 1.64
NisSe; Ni foam 8.87 10 1.612 42
Ni,P NPs Ni foam 0.14 10 1.63 7
10 1.5
Cu@CoS, Cu foam 3.9 43
100 1.8%
. . 10 1.59
Ni-Mo alloy Cu foil 4.2 44
100 1.9%
o 10 1.6
Fe doped CoP Ti foil 1.03 18
60 1.73%
NisPy Ni foil 0.35 10 1.7* 45

*The value is estimated from the curves displayed in the references.
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