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Supplementary Figures

Fig. S1 Practical pictures of a bare NF, b cobalt-thiourea coordination complex on NF before power
up and ¢ NF-C/CoS
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Fig. S2 Highest temperature evolution during synthesis of NF-C/CoS
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Fig. S3 a SEM images and c, d Optical micrographs of cobalt-thiourea coordination complex on NF
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Fig. S5 EDS and element proportion of a NF-C/CoS and b NF-C/CoS/NiOOH
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Fig. S6 HADDF image and elemental mapping of partial nanosheets structure on
NF-C/CoS/NiOOH
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Fig. S7 a, b SEM of NF-5A
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Fig. S10 SEM of a NF-C/CoS/NiOOH-3A, b NF-C/CoS/NiOOH-7A, and ¢

NF-C/CoS/NiOOH-10A
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Fig. S11 Practical pictures of a thiourea on NF before power up and b thiourea on NF after power
up at SA

The practical pictures of thiourea on NF showed transparent thiourea particles on the NF, and then
the color became black after power up.

Fig. S12 a, b Optical micrographs of thiourea on NF

The optical micrographs of thiourea on NF showed the hundreds of micrometers thiourea particles
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Fig. S13 a-c SEM of thiourea on NF after power up at 5A. d-f SEM of NF-C/Ni(OH)S
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The SEM images showed that nickel on the surface of NF after power up became rough because the
decompostion of thiourea lead to the sulfidation of NF (Fig. S13a-c). After soaking treatment in
water, NF-C/Ni(OH)S showed the nanosheets structure similar as NF-C/CoS/NiOOH (Fig. S13d-f).
indicating that metastable nickel by activation of thiourea reacted with water leading to the
formation of Ni(OH)S.
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Fig. S14 EDS and element proportion of a thiourea on NF after power up at 5A and b
NF-C/Ni(OH)S

EDS and element proportion demonstrated the existence of C, N, O, S, Ni on NF-C/Ni(OH)S as
well as thiourea on NF after power up, and increasing of O after soaking treatment in water
indicating the formation of Ni(OH)S.

Fig. S15 a TEM of NF-C/Ni(OH)S (insert: SAED pattern). b HRTEM of NF-C/Ni(OH)S. ¢
HADDF image and elemental mapping of NF-C/Ni(OH)S

The microstructure of NF-C/Ni(OH)S was hierarchical nanosheets (Fig. S15a-b. In addition, the

S6/S11


https://link.springer.com/40820

Nano-Micro Letters

nanosheets of NF-C/Ni(OH)S was amorphous proved by SAED pattern (insert in Fig. Sl4a.
Elemental mapping showed the uniform distribution of C, N, O, S, and Ni on NF-C/Ni(OH)S (Fig.
S15c.
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Fig. S16 a XPS survey spectra of NF-C/Ni(OH)S. b C 1s,c N 1s,d O 1s, e S 2p, f Ni 2p of
NF-C/Ni(OH)S

The existence of C, N, O, S and Ni on NF-C/Ni(OH)S can also be proved by the XPS survey
spectra similar to NF-C/CoS/NiOOH in Fig. S16a. The high-resolution C 1s spectrum of
NF-C/Ni(OH)S showed C=C/C-C (284.6 V), C-N/C-S (285.1 eV), C-O (286.9 eV), and O=C-O
(288.2 eV) indicating O, N, S doped carbon (Fig. S16b). The high-resolution N 1s spectrum of
NF-C/Ni(OH)S showed Pyridinic N (398.7 eV) and Pyrrolic N (399.8 eV) in Fig. S16c¢. The
high-resolution O 1s spectrum could be deconvoluted into three component peaks of
NF-C/Ni(OH)S corresponding to O=C (531.8 eV), -OH/C-O (531.2 eV) and Ni-O (529.7 eV)
indicating the O doped carbon and -OH from Ni(OH)S (Fig. S16d). The high-resolution spectrum of
S 2p showed Ni-S from Ni(OH)S and C-S-C from S doped carbon (Fig. S16e). The high-resolution
spectrum of Ni 2p clearly reflected that NF-C/Ni(OH)S had the signal peaks of Ni° and Ni* that
could come from NF and Ni(OH)S respectively (Fig. S16f).
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Fig. S17 a EIS of OER on bare NF, NF-C/CoS/NiOOH and NF-C/Ni(OH)S. b EIS of HER on bare

NF, NF-C/CoS/NiOOH and NF-C/Ni(OH)S
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Fig. S18 a, ¢ CV curves of NF-C/CoS/NiOOH. b, d CV curves of NF-C/CoS

Q
(o}

1.7 0.0

10mA/cm’ 10mA/cm’

—_— —_—
W 16f w -01f
I I
(14 14 -

. 15} . -0.2f
7 »
> >
> 14f > -03f
N N
© ©
S 13F = -04f
c c
[ [}
- -
o 12} O -05f
o o

1.1 L L L -0.6 L L L
0 10000 20000 30000 40000 0 10000 20000 30000
Time (s) Time (s)

Fig. S19 a Chronopotentiometry curves of OER on NF-C/CoS/NiOOH. b Chronopotentiometry
curve of HER on NF-C/CoS/NiOOH

Fig. S20 SEM images of NF-C/CoS/NiOOH after a OER and b HER
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As shown in Fig. S20, NF-C/CoS/NiOOH exhibited nanosheets structure after OER and HER.
NF-C/CoS/NiOOH showed smaller interleaved nanosheets and larger hexagonal nanosheets after
OER suggesting that the structure of NF-C/CoS/NiOOH maintained nanosheets after OER.
NF-C/CoS/NiOOH showed interleaved nanosheets after HER demonstrating nanosheets structure
with high active sites still maintained after HER in Fig. S20b.
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Fig. S21 EDS and element proportion of NF-C/CoS/NiOOH after a OER and b HER

Fig. S22 Element distribution of NF-C/CoS/NiOOH after a OER and b HER

There were a large loss of sulfur elements on NF-C/CoS/NiOOH after OER because CoS transform
to CoOOH under the action of oxidation potential during OER processing in Figs. S21a and S22a.
However, COOOH came from CoS exhibited hexagonal nanosheets which can continue to provide
high activity. There was loss of sulfur element on NF-C/CoS/NiOOH which was caused by the
intervention of OH- in HER processing in Figs. S21b and S22b. In addition, carbon doped by N, O,
S was still evenly distributed with nanosheets structure.
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Fig. S23 XPS of NF-C/CoS/NiOOH after OER,aC 1s,b N 1s,¢c O 1s,d S 2p, e Co 2p, f Ni 2p

There are two new high angle peaks corresponding to COx after OER because C was oxidized to
form COx under the oxidation potential in Fig. S23a. The N was still pyrrole nitrogen and pyridine
nitrogen after OER in Fig. S23b. The signal of O element was mainly corresponded to Co-O, Ni-O,
-OH after suggesting the forming of CoOOH and NiOOH in Fig. S23c. In addition, Ni and Co were
trivalent state corresponding to CoOOH and NiOOH after OER in Figs. S23e, f.
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Fig. S24 XPS of NF-C/CoS/NiOOH after HER,aC 1s,b N 1s,c O 1s,d S 2p, e Co 2p, f Ni 2p
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The signal of O-C=0 disappeared after HER because the carbon with high valence in O-C=0 was
reduced in Fig. S24a. The N was still pyrrole nitrogen and pyridine nitrogen after HER in Fig. S24b.
The presence of f O-S, -OH, Co-S and Co?* proved that CoS transformed into S doped Co(OH)
during HER (Fig. S24c-e). NiOOH may transformed into S doped Ni(OH) in Fig. S24f.
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Fig. S25 Faraday efficiency of OER and HER on NF-C/CoS/NiOOH

a 200 b 20
——NF —o—NF
—— NF-C/CoS/NiOOH —a— NF-C/CoS/NiOOH
150 |—— NF-C/Ni(OH)S 16 —o— NF-C/Ni(OH)S
—— NF-Pt/C // NF-IrO, —a— NF-Pt/C // NF-IrO,
L — 12}
£ 100} [3
: 5
< > 8}
E sof A
.\ - Yy
al  F 0999930y,
/
0
1 1 ' '} 1 1 1 0 = “ 1 1 1
1.3 14 15 16 17 18 19 20 241 0 4 8 12 16 20
Potential (V vs. RHE) d Z' (ohm)
2.2
2
. 24f 10mA/cm
w
I 20t
(14
. 19}
n
> 18}
> o
= 17F
©
S 16}
c
S 15}
[«]
o 14}
1.3 1 '} 1 1
(] 10000 20000 30000 40000 50000

Time (s)

Fig. S26 a Polarization curves of bare NF, NF-C/CoS/NiOOH, NF-C/Ni(OH)S and NF-Pt/C //
NF-IrO> for overall water splitting. b EIS of bare NF, NF-C/CoS/NiOOH, NF-C/Ni(OH)S, and
NF-Pt/C // NF-1rO2 for overall water splitting. ¢ Chronopotentiometry curve of NF-C/CoS/NiOOH
for overall water splitting. d Demonstration of overall water splitting on NF-C/CoS/NiOOH
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