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Experimental

Synthesis of ternary MOF templates.

The synthesis method of the ternary MOF templates is based on adjustments of
previous reported research [1]. The Zn(NOs), 6H,0 (0.324 mmol), Ni(NOs), 6H,0
(0.648 mmol) and Fe(NOs3); 9H,0(0.324 mmol) are dissolved in 8 mL of N,N-
Dimethylformamide (DMF) through sonication labeled as A. Similarly, the powder of
1,3,5-trimesic acid (H3BTC) is dissolved in 8 mL of DMF labeled as B. The solution A and
B are mixed and sonicated for 30 minutes at room temperature, then the mixed
solution is heated at 170 °C for 24 h in hydrothermal autoclave reactor. The product
is purified through ethanol wishing, centrifugation for three times, finally dried
overnight at 60 °C, denoted as FeNiZn. The synthesis method of FeNiCo and FeNiCd
exhibited similarities to that of FeNiZn, with the sole distinction being the substitution

of Zn(NOs), 6H,0 in the reactants with Co(NO3), 6H,0 and Cd(NOs), 4H,0 respectively.

Synthesis of FeNiZnS trimetallic sulfide.
In a typical MOF-derived sulfide synthesis procedure, the powers of FeNiZn (50

mg) template and C,H;NS (50 mg) are dissolved in 15 mL of ethanol. Subsequently,
the mixed solution is heated at 150 °C in hydrothermal autoclave reactor and reacted
1, 2 and 3 h, respectively. The products are purified through ethanol wishing,
centrifugation for three times, finally dried overnight at 60 °C, designated as

FeNiZnS-1, FeNiZnS-2 and FeNiZnS-3 respectively.

Materials and chemicals
Nickel (Il) nitrate hexahydrate (Ni(NOs3), 6H,0, A.R.), Cobalt (Il) nitrate

hexahydrate (Co(NOs),6H,0, A.R.), Iron (Ill) nitrate hexahydrate (Fe(NOs); 9H,0, A.R.),
Zinc (ll) nitrate hexahydrate (Zn(NOs3), 6H,0, A.R.), and Cadmium (Il) nitrate
tetrahydrate (Cd(NOs), 4H,0, A.R.) are purchased from Sigma-Aldrich. Nafion (5% wt)
and thioacetamide (C,HsNS, A.R.) are obtained from Sinopharm Chemicals Reagent

Co, Ltd, China. Potassium hydroxide (KOH, G.R.), N, N-Dimethylformamide (DMF,



99.5%), 1,3,5-trimesic acid (H3sBTC, 99%), and ethanol (A.R.) are purchased from Alfa

Aesar.

Physical Characterizations

The microscopic morphology of the samples is obtained by Transmission electron
microscope (TEM, HT-7700) and High-resolution Transmission electron microscope
(HRTEM, Talos F200X G2). The elemental composition and phases of the
electrocatalysts are obtained by scanning electron microscope (SEM, Regulus 8230)
and X-ray diffraction (XRD, X Pert-Pro MPD). The surface elemental valence states of
the samples are determined by X-ray photoelectron spectroscopy (XPS, EXCALAB 250
XI).

Electrochemical measurements

All electrochemical experiments are collected by the electrochemical
workstation (CHI 760E Chenhua, Shanghai) in 1 mol/L KOH alkaline solution at room
temperature. The electrodes in the electrochemical tests are working electrode
(glassy carbon electrode, diameter: 5 mm, area: 0.196 cm?), counter electrode (carbon
rod), and reference electrode (Ag/AgCl), respectively. To prepare the catalyst ink, 3
mg of catalyst and 3 mg carbon black are dispersed in 1 mL of a solution containing
0.99 mL of ethanol and 10 pL of Nafion, followed by ultrasonication for 0.5 h (All
catalyst inks are prepared according to this method). Subsequently, 10 pL of catalytic
ink is dropped on the glassy carbon electrode and dried at room temperature.

All potentials are converted to the reversible hydrogen electrode (RHE) using the
following formula: E (RHE) = E (Ag/AgCl) + 0.197 + 0.059 x pH. The linear sweep
voltammetry curves (LSV) are measured at a scan rate of 5 mV s and corrected with
95% iR compensation. Moreover, the double layer capacitance (Cy) value is obtained
from cyclic voltammograms (CVs) under scan rates (10 - 50 mV s) and specific
capacitance (C;) is chosen based on previously reported work. The electrochemically
active surface area (ECSA) is calculated by the equation: ECSA=Cy / C, [2]. The Shirley

background is subtracted from the measured spectra. The position of the center of

Q Q.

€4 = fnd(s)e ds/fnd(g)dg

the valence band is given by - , where ™ is the XPS-



intensity after background subtraction [3]. The chronopotentiometry (CP) test
measured the potential at a current density of 10 mA cm? to assess the

electrochemical stability of the catalysts.



Supporting Figure and Tables

Figure. S2 TEM images of trimetallic sulfide with different reaction time, (a) FeNiZn,
(b) FeNiZnS-1 (c) FeNiZnS-2 and (d) FeNiZnS-3.

Figure. S3 Physical characterization of FeNiZnS-1. (a) HAADF-STEM, (b) HRTEM.
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Figure. S4. SEM-EDS spectrum of trimetallic template and sulfides (a) FeNizZn, (b)
FeNiCo, (c) FeNiCd, (d) FeNiZnS-1, (e) FeNiZnS-2 and (f) FeNiZnS-3.
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Figure. S5 Error estimates of elements composition.
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Figure. S6 XPS spectra of FeNiZn (a) survey scan, (b) Fe 2p, (c) Ni 2p and (d) Zn 2p.
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Figure. S7 XPS spectra of FeNiZnS-2 (a) survey scan, (b) Fe 2p, (c) Ni 2p, (d) Zn 2p and
(e) S 2p.
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Figure. S8 XPS spectra of FeNiZnS-3 (a) survey scan, (b) Fe 2p, (c) Ni 2p, (d) Zn 2p and
(e) S 2p.
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Figure. S9 (a) The change of binding energy of 2p;/, in each sample. (b) Ratio of S-O
peak to M-O peak area in S 2p level of trimetallic sulfides.
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Figure. $10 The OER performance of monometallic and trimetallic MOF template.

Table. S1 The fitting results of samples by fitting with the proposed equivalent circuit.

Catalysts R, (Q) Ra(Q)
FeNiZn 6.01 74.37
FeNiCo 7.80 32.47
FeNiCd 9.02 186.2

FeNiZnS-1 6.49 9.14

FeNiZnS-2 5.89 15.12

FeNiZnS-3 5.59 19.37

RuO, 7.62 120.8
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Figure. S11 CV curves of (a) FeNiZn, (b) FeNiCo, (c) FeNiCd in 1 M KOH solution at
different scan rates. (d) Cq value of trimetallic MOFs templates.
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Figure. $12 The OER performance of FeNiZnS and FeNiCoS and trimetallic templates.



0.12

0.10
0.08
o 0.06 1
E 0.04
E 0.02
%=,0.00 A
-0.02
-0.04
-0.06

FeNiZnS-1

1.02 104 1.06 1.08 1.10

Potential / V vs. RHE

1.00

FeNiZnS-3

102 1.04 1.06 108 110

Potential / V vs. RHE

1.00

0.10

FeNiZnS-2

0.08 - b

0.06 -
o
£ 0.04
E 0.02 1
o
™0.00

-0.02 -

-0.04 1

1.00 102 1.04 1.06 108 1.10
Potential / V vs. RHE
0.12 4 = FeNiZnS-1
d L FeNiZnS-2

0.10 4 *  FeNiZnS-3 _~
o ’
! 2
E 0.08' 2.15 mF ¢m
-«
£ 0.061 p .
~ 3 n -2
— . 1.19 mF cm
<1 0.04 1 )

0.02 4 0.64 mF em™

0.00

10 20 30 40 50
Scan rate / mV s

Figure. S13 CV curves of (a) FeNizZnS-1, (b) FeNiZnS-2, (c) FeNiZnS-3 in 1 M KOH
solution at different scan rates. (d) Cy value of trimetallic sulfide.
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Figure. S14 Electrocatalytic OER activity of this work and previous reported works of

sulfides catalysts.



Table. S2 Electrocatalytic OER activity of this work and previous reported works of
sulfides catalysts.

Catalysts n (mV) at 10 mA cm2 | Tafel Slope (mV dec?) | Reference
FeNiZnS-1 249 41.45 This work
CoMo0O,/CoMoS,/CoS, | 281 75.4 [4]
Ni-Fe-S/3NCQDs 295 85.9 [5]
Ti-CoSx HSS 249 45.5 (6]
H-Fe—CoMoS 282 58 (7]
CMSGr-3 255 97 (8]
Ni-CoS/NC 270 37 [9]
Nig.sFegs/C 269.6 40.43 [10]
PdP,@CB 270 78.6 [11]
a-N, S-G 330 114.4 [12]
ZnCo,0,@Ni; sMogSg; | 268.3 99.4 [13]

Figure. S15 The HR-TEM images for FeNiZnS-1/A0.
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Figure. S16 XRD of pattern FeNiZnS-1/A0.
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Figure. S17 XPS spectra of FeNiZnS-1/A0. (a) S 2p and (b) Ni 2p.
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Figure. S18 The d-band centers are measured by HR-XPS.
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