Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2021

Supporting Information

Optimized Hierarchical Nickel Sulfide as Highly Active

Bifunctional Catalyst for Overall Water Splitting

Yun Tong,*® and Pengzuo Chen,®”

? Department of Chemistry, Key Laboratory of Surface & Interface Science of
Polymer Materials of Zhejiang Province, Zhejiang Sci-Tech University, Hangzhou
310018, China

b Institute of Chemical Sciences and Engineering, Ecole Polytechnique Fedérale de

Lausanne (EPFL), 1015 Lausanne, Switzerland.

Correspondence and requests for materials should be addressed to P. Z. Chen (E-mail:

pzchen@mail.ustc.edu.cn)



Table of contents
Figure S1 The XRD pattern of c-NisS2/NF electrode. .........cccooeieiiiiiiiniiiii 3
Figure S2 The EIS spectrum of for all prepared electrodes at the potential of -0.2 V.

Figure S3 The OER polarization curves of a-NizSo/NF, b-NisS2/NF, c-NisSa/NF
and d-NisSy/NF electrodes in 1 M KOH SOIULION. .....cooviiieeeeeeeeeeeeeeee e, 4

Figure S4 a) The TEM image and high resolution XPS spectra of b) Ni 2p, c) Fe 2p
and d) S 2p of FeOOH coated c-NisS2 Sample. ..o, 5

Figure S5 The corresponding Tafel slopes of all prepared Fe-NisS2/NF electrodes
L0 GO = SRS 6

Figure S6 The EIS spectra of all prepared Fe-NisS2/NF electrodes at potential of
LATV FOr OER. ..ottt et st te e e e be e te e e re e 6

Figure S7 Cyclic voltammograms of a) Fe-a-Ni3S2/NF, b) Fe-b-NisS2/NF, c)
Fe-c-NisS2/NF and d) Fe-d-NisSo/NF electrodes at different scan rates from 20 to
100 MV S ettt 7

Figure S8 The ECSA values of all prepared Fe-Ni3S2/NF electrodes.............cc........ 8

Figure S9 The ECSA normalized OER performance of all prepared Fe-NisS2/NF
BIECIIOOES. ..ot 8

Figure S10 TEM image and elemental mapping images of Fe-a-NisS> catalyst after

OER TESL. .ttt ettt nree s 9
Figure S11 TEM image and elemental mapping images of Fe-b-NisS; catalyst after
OER TSL. .ttt 10
Figure S12 TEM image and elemental mapping images of Fe-d-NisS> catalyst after
(O] g (] F RSP PRTR 11
Figure S13 The XPS survey of Fe-c-NisS2/NF catalyst after OER test. ................. 12
Figure S14 The high resolution XPS spectrum of O 1s for Fe-c-NizSo/NF catalyst
AFTEN OER TS, . .eeiieiieie ettt ettt e re e re e e neenreas 12
Figure S15 The Raman spectrum of Fe-c-NisS2/NF catalyst after OER test. ......... 13

Table S1. The comparison of the OER performance of Fe-Ni based catalysts with

other state-of-the-art electrocatalysts. ..........cceoiiiiiiiiiiiiie s 14

Table S2. The element contents of all prepared Fe-NisS, catalysts after OER
Y ()72 LA ] o USSR 15

RETEIEINCES ... s 16



c-Ni,S,/INF

Intensity (a.u.)

.,.,
Lo

i
gaom

JCPDS card no.44-1418

10 20 30 40 50 60 70
20 (degree)

Figure S1 The XRD pattern of c-Ni3S2/NF electrode.
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Figure S2 The EIS spectrum of for all prepared electrodes at the potential of -0.2 V.
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Figure S3 The OER polarization curves of a-Ni3So/NF, b-Ni3S2/NF, c-Ni3S2/NF and

d-Ni3S,/NF electrodes in 1 M KOH solution.
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Figure S4 a) The TEM image and high resolution XPS spectra of b) Ni 2p, c¢) Fe 2p and
d) S 2p of FeOOH coated c-NizS> sample.
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Figure S5 The corresponding Tafel slopes of all prepared Fe-NizS»/NF electrodes for

OER.
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Figure S6 The EIS spectra of all prepared Fe-Ni3S»/NF electrodes at potential of 1.47 V
for OER.
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Figure S7 Cyclic voltammograms of a) Fe-a-NizSo/NF, b) Fe-b-NizS2/NF, c)
Fe-c-Ni3So/NF and d) Fe-d-NizSo/NF electrodes at different scan rates from 20 to 100

mV st
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Figure S8 The ECSA values of all prepared Fe-Ni3So/NF electrodes.
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Figure S9 The ECSA normalized OER performance of all prepared Fe-NizSz/NF

electrodes.



Figure S10 TEM image and elemental mapping images of Fe-a-Ni3S; catalyst after
OER test.



Figure S11 TEM image and elemental mapping images of Fe-b-Ni3S; catalyst after
OER test.



Figure S12 TEM image and elemental mapping images of Fe-d-Ni3S, catalyst after
OER test.
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Figure S13 The XPS survey of Fe-c-Ni3S2/NF catalyst after OER test.
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Figure S14 The high resolution XPS spectrum of O 1s for Fe-c-Ni3S2/NF catalyst after
OER test.
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Figure S15 The Raman spectrum of Fe-c-Ni3So/NF catalyst after OER test.



Table S1. The comparison of the OER performance of Fe-Ni based catalysts with other
state-of-the-art electrocatalysts.

Catalysts N1 (mV) Nioo (mV) | Tafel Electrodes | References
slope (mV
dec!)
Fe-c-NizS» 193 222 28.1 NF This work
Fe-doped 219 280 53.0 NF [1]
B-Ni(OH)
NiFeOx 230 271 31.5 CFP [2]
NiFe hydroxides 245 280 28.0 NF [3]
Ni-Fe LDH 280 370 49.4 GC [4]
hollow prisms
DR-Ni3FeN/N-G 250 310 38.0 RDE [5]
Fe**-NiFe LDH 195 / 40.3 CFP [6]
NiFeosCeo2 197 280 59.0 NF [7]
NiZnFeB-LDH / 280 48.4 NF [8]
fce-NiFe@NC 226 263 41 CcC [9]
NiosFeo2-AHNA 190 248 34.7 NF [10]
AN-CuNiFe 224 / 44 GC [11]
Ni-Fe-2 219 280 53.0 NF [12]
NF-AC-NiOx-Fe 215 248 34.0 NF [13]
NigoFe3oMnio 208 270 62.0 Alloy [14]
Foam
NiFe / 238 61.0 NF [15]
LDH@Ni3N
NiFeRu-LDH 225 260 / NF [16]




Table S2. The element contents of all prepared Fe-Ni3S: catalysts after OER activation.

Catalysts/Elements EDS (%)
Ni Fe S 0]
Fe-a-Ni;S, 37.8 12.2 0.2 49.8
Fe-b-Ni,S, 38.0 11.8 1.1 49.1
Fe-c-Ni;S, 37.5 12.0 2.8 47.7

Fe-d-Ni,;S, 37.2 11.9 3.0 47.9
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