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Fig. S1 Powder XRD patterns of Co foil, CoO,/Co-Foil and Co,P/Co-Foil

electrodes.

Fig. S2 Scanning electron microscope (SEM) images of (a) Co foil, (b)

Co0,/Co-Foil electrode.
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Fig. S3 EDS spectrum of the as-made Co,P particles peeled off from
Co,P/Co-Foil surface.

Table S1 Ratios of P and Co elements in the obtained Co,P particles estimated
from EDS analysis.

31.12 20.03

Co 64.36 78.83 0.10
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Fig. S4 (a) XPS survey spectra of Co,P particles peeled off from the surface
of Co,P/Co-Foil. (b) Co 2p and (c) P 2p narrow scans.
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Fig. S5 (a), (b) and (c¢) Cyclic voltammograms (CVs) of Co foil, CoO,/Co-
Foil and Co,P/Co-Foil electrodes measured at different scan rates from 20 to
100 mV sL. (d) Plots of the current density at 1.14 V vs. the scan rate, where
the Cy values of Co-Foil, CoO,/Co-Foil and Co,P/Co-Foil are 4, 17.3 and 113

mF/cm?, respectively.
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Fig. S6 Electrochemical impedance spectra (EIS) for OER of Co-Foil,
Co0,/Co-Foil and Co,P/Co-Foil electrodes recorded at 1.56 V vs. RHE.
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Fig. S7 Electrochemical impedance spectra (EIS) for HER of Co-Foil,
Co00,/Co-Foil and Co,P/Co-Foil electrodes recorded at -0.16 V vs. RHE.
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Fig. S8 (a) HER polarization curves and (b) OER polarization curves of Co,P
particles samples peeled off from Co,P/Co-Foil and the integrated Co,P/Co-

Foil electrode.



Fig. S9 The corresponding side view of configuration of (a) hydrogen

absorbed at the sites on the top of the Co atoms on (112) surface of Co,P, (b)

the bridge sites of Co-Co, (¢) the sites on the top of the P atoms, (d) the bridge

sites of P-Co.
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Fig. S10 The XPS P 2p spectra of Co,P nanoparticles peeled off from the
Co,P/Co-Foil and Co,P/Co-Foil electrode after OER and HER test.

To further verify the synergistic effect between Co,P and Co-Foil, XPS
spectra of Co,P nanoparticles peeled off from Co,P/Co-Foil electrode and
Co,P/Co-Foil after HER and OER were performed and shown in Fig. S10.
According to the P 2p spectra of Co,P and Co,P/Co-Foil after HER and OER,
it is clear that the peak intensity at 130 eV (belongs to phosphate) of Co,P
increased higher than that of Co,P/Co-Foil and the perks at 129.3 eV (P 2ps),)
and 130.1 eV (P 2p;») (belong to phosphide) reduced more than that of
Co,P/Co-Foil after OER. Moreover, after HER the peaks of Co,P at 129.3 eV
(P 2ps,) and 130.1 eV (P 2p;),) increased higher than that of Co,P/Co-Foil.
These results suggest that during the HER and OER process, there are much
electron transfer between Co,P and Co-Foil, confirming the synergistic effect

between Co,P and Co-Foil, which is in line with the observed activity.
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Fig. S11 Electrochemical HER activities of the sample in 1 M KOH solution.
(a) Polarization curves tested using the Ag/AgCl electrode and carbon rod as
the counter electrode, respectively. (b) The stability of the obtained Co,P/Co-

Foil electrode tested using the carbon rod as the counter electrode.

Recently, Johnny C. Ho et al. (DOI 10.1039/c5ta02551f) verified that the
dissolution of Pt was observed when Pt is utilized as the counter electrode. It
more likely that the high activity observed is just Pt contamination on the
electrode surface, especially in the stability testing process. Therefore, to
eliminate influence of Pt, we conducted the experiments (activity and
stability) using the carbon rod as the counter electrode and the results were
shown in Fig S11, which confirm that the Pt has little influence on the activity

of our Co,P/Co-Foil electrode.

11



04 04
- '@ 2 '®
g 104 é 10-
E‘ -20- = -20-
g -30- i % -30-
& — CoP nanoparticles| 2 After 1000 cycles (CoP)
‘g'; 0. — Co,P/Co-Foil § 40, Intial cycle (CoP)
-
@]
U '50 T T T T '50 T T T T
04 03 02 -01 0.0 0.1 04 03 -02 -01 0.0 0.1
100 Potential vs. RHE (V) 20 Potential vs. RHE (V)
~ (0 ~ ()
£ 80 £ 40
g —CoP nanopa.rticles g — Initial cycle (CoP)
E 601 — Co,P/Co-Foil < 301 __ After 1000 cycles (CoP)
£ 40 £ 20
& 5
£ 204 g 101
é
5 0-—%: T T T T T T o 0- T T T T T T T
1.0 1.1 12 13 14 15 1.6 1.7 1.8 10 1.1 12 13 14 15 1.6 1.7 1.8
Potential vs. RHE (V) Potential vs. RHE (V)

Fig. S12 (a) Electrochemical HER activities polarization curves of CoP
nanoparticles and the Co,P/Co-Foil electrode in IM KOH. (b) Linear sweep
voltammograms towards HER of the CoP nanoparticles obtained before and
after 1000 potential cycles with the scan rate of 5 mV s-1. (¢) OER polarization
curves of CoP nanoparticles and the Co,P/Co-Foil electrode. (d) Linear sweep
voltammograms towards OER of the CoP nanoparticles obtained before and

after 1000 potential cycles.

To reveal the Co role in this system, CoP nanoparcitles were prepared using
the reported method' and corresponding performances were tested and shown
in Fig. S12. These results reveal that the rich Co in this catalyst not only

improves catalytic activities, but also makes the catalyst more stable during
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the OER and HER process. The reasonable explanation is that cobalt-rich
cobalt phosphides are nonstoichiometric, leading to more and significant
metal-metal bonding in this catalyst, which can effectively enhance the

electrical conductivity and make the catalyst more durable.
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Fig. S13 Electrochemical HER (a) and OER (b) activities polarization curves
of the Co,P/Co-Foil electrode, CoO,/Co-Foil electrode, Co-Foil electrode,
CoP nanoparticles and IrO, in 1M KOH. with the scan rate of 5 mV s.
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Fig. S14 (a) Scanning electron microscope (SEM) image and (b) XRD pattern

of Co,P/Co-Foil electrode after water splitting test.

— Co 2p after HER (a) — P 2p after HER (b)

Intensity (a.u.)
Intensity (a.u.)

820 810 800 790 780 770 140 138 136 134 132 130 128
Binding Energy (eV)

Binding Energy (eV)
— Co2p after OER (c) — P 2p after OER (d)
s -
G &
e o
: g
z L z
820 810 800 790 780 770 o138 135 132 129
Binding Energy (eV) Binding Energy (eV)

Fig. S15 The XPS spectra of Co,P/Co-Foil electrode after HER or OER test.
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Table S2 The absorption energy of H at the different sites on the (112) surface
of Co,P.

Co 0.480167
Co-Co -0.481073
P 0.29206

P-Co -0.486703
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Table S3 Comparison of OER performance in alkaline media of some

transition metal-based electrocatalysts.

Co,P/Co-
79 319 1 M KOH 12 This work.
Foil
Chem. Commun.,
a-CoSe/T1 69 292 1 M KOH 25 2015, 51,
16683.2
. J. Mater. Chem.
MH304/N1 1000
86 287 1 M KOH A, 2015, 3,
foam cycles
14101.3
J. Mater. Chem.
Ni-P/Ni
179.9 / 1 M KOH 50 A, 2016, 4,
foam
5639.4
Ni1,P/Ni ACS Catal.,
112 295 1 M KOH 12
foam 2017,7,103.3
Ni42- Adv. Funct.
0.1 M
300/Ni42 71.6 320 5.6 | Mater., 2016, 26,
KOH
steel 6402.6
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Table S4 Comparison of HER performance in alkaline media of some

transition metal-based electrocatalysts.

Co,P/Co-Foil 59 154 1 M KOH 12 This work.
J. Am. Chem.
CoP/CC 129 209 1 M KOH 22 Soc., 2014, 136,
7587.7
5000 ACS Catal.,
FeP NAs/CC 146 218 1 M KOH
cycles | 2014, 4, 4065.8
Adv. Funct.
CuCuO-
132 140 1 M KOH 50 Mater., 2016,
NWs/Ni1 foam
26, 8555.°
. _ Adv. Funct.
NlCOzS4/N1
58.9 210 1 M KOH 50 Mater., 2016,
foam
26, 4661.1°
Int. J. Hydrogen
Ni3S,/Ni1 foam 118 123 1 M KOH 10 Energy, 2015,
40, 4727.11
Nano Lett.,
Ni,P/NF 60 93 1 M KOH 24 2016, 16,
7718.12
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