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Experimental Sections

Synthesis of Fe;O, microspheres

Fe304 microspheres were prepared according to the reported method.!! In a typical process,
FeCl;-6H,0O and NaAc were dissolved in 60 mL of ethylene glycol to form a solution
containing 7.49 mM Fe3" and 65.85 mM Ac-. This solution was sealed in a Teflon-lined
autoclave with a volume of 100 mL to conduct a hydrothermal reaction at 200 °C for 8 hours.
The obtained Fe;O4 powder was washed several times with ethanol and dried under vacuum at

60 °C.

Preparation of Fe;0,4/FeS,-x

The Fe;0,4 was further sulfurized to get the Fe;O4/FeS,-x products. Two porcelain boats were
placed in a quartz tube with one located in the middle position filled with Fe;O4 powder, and
the other one placed near the gas inlet added with thiourea. The furnace was heated to 350 °C
at a heating rate of 2.0 °C min’! and then maintained at the same temperature for 2 h under
continuous N, purge to get the final products. Particularly, the mass of Fe;O, added in the
reaction was fixed at 200 mg, and the amount of thiourea was changed from 200 mg, to 500
mg, 1000 mg, and 2000 mg, by which the Fe;O4/FeS,-x products (where x represents the mass
ratio of thiourea to Fe;O,) with verified sulfurization degrees, Fe;04Fe;O4/FeS,-1, Fe;O4/FeS,-

2.5, Fe304/FeS,-5, and Fe;04/FeS,-10 (also named FeS,) can be achieved.

Characterizations

Field emission scanning electron microscopy (FESEM) measurements were conducted on a
JEOL JSM-7800F microscope operated at 10 kV. Transmission electron microscopy (TEM)
images were collected on a FEI Tecnai G2 T20 microscope, and scanning transmission electron

microscopy (STEM) measurements were conducted on a FEI Tecnai G2 F20 FEGTE



microscope operated at an accelerating voltage of 200 kV. X-ray photoelectron spectra (XPS)
were recorded on a Thermal ESCALAB 250 XI. X-ray diffraction (XRD) data were collected

on a Shimadzu X-ray diffractometer, model 6000 at a scanning rate of 10° min-!.

Electrochemical measurements

The catalyst ink was prepared by adding 5.0 mg of Fe;04-FeS,-x catalyst powder and 40 uL of
5.0 wt% nafion solution into 0.5 mL of ethanol under ultrasonation.!?] This uniform dispersion
was then loaded onto a piece of clean Ni foam and dried under vacuum at 30 °C. Typically, the
loading of Fe304-FeS,-x is 1.0 mg cm™. And for commercial RuO,/C which is used as the

benchmark catalyst for comparison in this work, the loading is 1.0 mgg, cm=2.5!

The electrochemical performances were measured in a three-electrode system with our
products as working electrodes, a graphite rod as the counter electrode, a Hg/HgO as the
reference electrode, and O, purged 1.0 M KOH aqueous solution as the electrolyte.l3] The
current density was normalized to the geometrical surface area and all reported potentials were
given relative to the reversible hydrogen electrode (RHE). The linear sweep voltammogram
(LSV) curves were collected in the range of 1.2-1.7 V at a scan rate of 5 mV s™!, and the
electrochemical impedance spectra (EIS) measurements were performed under potentiostatic
state from 100 K - 0.01 Hz. All polarization curves were corrected by an iR compensation using
the equation (1), except chronoamperometric response (i-¢) curves,
Ecorrected = Euncorrected — IRS, (1)

in which i and Rs represent the current density and solution impedance, respectively. The
electrochemical durability was evaluated by scanning 2000 continuous cycles of the cyclic

voltammetry curves, and recording i- curves at 10 mA c¢cm for uninterrupted 36 hours.



Theoretical Calculations

In this work, periodic density functional theory (DFT) calculations were conducted by using
the Vienna Ab-initio Simulation Program (VASP).I*l The ionic cores were described by the
projector augmented wave (PAW) method.’] And the electron exchange-correlation was
modeled by virtue of the Perdew-Burke- Ernzerhof (PBE) function within generalized gradient
approximation (GGA).[% A cutoff energy of 450 eV was carried out to the plane-wave basis
set. The convergence criterion was 105 eV for energy and 0.01 eV/A for force. (the DFT-D3
method was used to calculate the explicit dispersion correction and solvent effect terms to the
energy!’- 81, and VASPsol.’!, respectively). The Monkhorst—Pack k-point mesh was set to be 3
x 1 x 1 for all systems. To separate adjacent periodic images a 10 A thick vacuum along the
vertical direction was added. The FeS, surface was simulated by cleaving the (1x1) FeS, (210)
surface from FeS; bulk cell. To simulate the interface (or the partial oxidation) of FeS, surface,
the O modified FeS, (210) surface was created by substituting one of the top surface S atoms

with an O atom.

The three-dimension structure of periodic (a) FeS,(210) and (b) O-FeS,(210) slabs.

The key OER steps include:

H,0 +* — *OH + H + & (1)
*OH— O* + H* + & )
O* + H,0 —»*00H + H* + & 3)

*OOH — * + 0, + H' + ¢ 4)



The adsorption free energy of intermediates were calculated using the equations:
1
AG.on=GC.ont36u,~C. - G0~ (eU)

AG*0=G*0+GH2—G* - G*HZO—(ZeU)

3
AG . 00n = Groon T 500, =G = 26, o~ (3eU)

AG.o, =G o, +26y ~G. ~ 26,y o~ (4el)

The Gibbs free energy G was calculated as follow:
G=E+ZPE-TS

where G, E, ZPE and TS are the free energy, total energy from DFT calculations, zero point
energy and entropic contributions (T was set to be 300K), respectively. ZPE could be derived
after frequency calculation by:
ZPE =% hv,
And the 7S is entropic contribution values of adsorbed species (T was set to be 300K) which

are calculated after obtaining the vibrational frequencies
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Figure S1. The X-ray diffraction (XRD) patterns.



Figure S2. The SEM and TEM images of Fe;04 (a), Fe;04/FeS,-1 (b); Fe;04/FeS;,-2.5 (¢);

FC304/F€SQ-5 (d), FCSZ (FC304/FGSZ-IO) (e)



ontents (at. %)

o Fe S
Samples
Fe30,4/FeS;-1 53.3 39.7 7.0
Fes04/FeS,-2.5 48.6 40.0 11.4
Fes04/FeS;-5 31.2 38.2 38.2
Fe30,4/FeS;-10 18.5 30.7 50.8

Figure S3. The EDS mappings of elemental O, Fe, and S, and the detected atomic contents. (a

- ¢) Fes04/FeS,-1; (d - ) Fes04/FeS;-2.5; (h - j) FesO4/FeS;-5; (k - m) FeS; (Fe;04/FeS,-10).
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Figure S4. The HRTEM images for the sample Fe;O4/FeS,-1 (a), Fe;04/FeS,-2.5 (b),

Fe;04/FeS,-5 (¢), and FeS, (d).



Table S1. Comparison of the electrocatalytic OER performances of our catalysts with literature

results. The electrolyte is 1.0 M KOH solution.

Overpotentia

Current density Tafel slop
Electrocatalyst I Reference
(mA cm?2) (mV dec?)
n (mv)
Fe;0,-FeS,-2.5 10 253 48 This work
NiCoFe-MOF 10 257 41 [10]
rGo@CoFe,0, 10 300 36 [11]
FeNi/NiFe,0,@NC 10 316 60 [12]
NC-MUV-3gc zir8 10 316 37 [13]
C0o.15F€0.85No sNSs 10 266 30 [14]
(Ni, Fe)S,@MoS, 10 270 43 [15]
FN-2 FernNiMOFs 10 275 57 [16]
NiFe;04(qps)/CNTs 10 450 50 [17]
Fe,P 10 283 41 [18]
CoFe LDHs-Ar 10 266 38 [19]

S-Fe30,/NF 10 279 118 [20]
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Figure S5. CV curves of the samples against scanning rates from 5 mV s'! to 100 mV s!. (a)
Fe;04; (b) Fe;O4/FeS,-1; (c) FesO4/FeS;-2.5; (d) Fes04/FeS;,-5; (e) FesO4/FeS,-10; (f)

Fe304+FeSZ.
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Figure S6. The HRTEM image of Fe;04/FeS,-2.5-ADT.
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Figure S7 Polarization curves of water splitting measured in 1.0 M KOH.
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Figure S8. Bader charge of O-FeS; and FeS,
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