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Figure S1. Polarization curves of Co-S (x=0) and Co-S-xFe (x=10, 20, 30, 40, 50) samples prepared from an Ethaline system containing 0.3
M CoCl,-6H,0, 0.2 M Na,S,03, and x mM FeClz-6H,0, with a stirring rate of 300 rpm and a reaction time of 5 h. Measurements were
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performed in 1.0 M KOH at a scan rate of 5 mV s™, with 90% iR compensation.
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Figure S2. Polarization curves of Fe-doped Co-S samples obtained at various reaction temperatures (333, 343, 353, 363, and 373 K) from
an Ethaline system containing 0.3 M CoCl,-6H,0, 0.2 M Na,S,03, and 50 mM FeCl;-6H,0, with a stirring rate of 300 rpm and a reaction

time of 5 h. Measurements were conducted in 1.0 M KOH at a scan rate of 5 mV s™* without iR compensation.
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Figure S3. Polarization curves of Fe-doped Co-S samples obtained at various stirring rate (0, 100, 200, 300, 400, and 500 rpm) from an
Ethaline system containing 0.3 M CoCl,-6H;0, 0.2 M Na,S,03and 50 mM FeCl;3-6H,0, with a reaction temperature of 353 K and a reaction

time of 5 h. Measurements were conducted in 1.0 M KOH at a scan rate of 5 mV s™* without iR compensation.
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Figure S4. Polarization curves of the Fe-doped Co-S samples obtained at various reaction time (0, 1, 2, 3, 4, 5, 6, and 7 h) from an Ethaline
system containing 0.3 M CoCl,-6H,0, 0.2 M Na,S,03 and 50 mM FeCl3-6H,0, with a reaction temperature of 353 K and a stirring rate of

300 rpm. Measurements were conducted in 1.0 M KOH at a scan rate of 5 mV s™* without iR compensation.
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Fig. S5. FTIR spectra for pure Ethaline, single-solute systems of 0.30 M CoCl,-Ethaline, 0.20 M Na,S,05;-Ethaline, and 0.03 M FeCl;-Ethaline,
and a binary system of 0.30 M CoCl,-0.20 M Na,S,03-0.03 M FeCl3-Ethaline.
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Fig. S6. low-temperature (77 K) EPR spectra of Co-S-30Fe sample.
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Fig. S7. Comparison of photoluminescence (PL) spectra of the Co-S and Co-S-30Fe.

As shown in Fig. S7, the PL spectrum exhibits two peaks. The strong peak at 404.3 nm corresponds to the recombination of
photogenerated holes with single-electron-trapped oxygen vacancies (Vy), while the peak at around 468.0 nm is associated

with the recombination of holes with two-electron-trapped oxygen vacancies (Vo) [1-4].
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Figure S8. CVs obtained in the non-Faraday region of 0.93-1.03 V vs. RHE for Co-S/NF, Co-S-xFe/NF (x=10, 20, 30, 40, 50, as indicated)
and bare NF.
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Figure S9. CVs of Co-S/NF, Co-S-xFe/NF (x=10, 20, 30, 40, 50, as indicated) between -0.2~0.6 V vs.RHE in 2.0 M PBS solution (pH=7.0)

with a scan rate of 50 mV sL,

The TOF values of Co-S/NF and Co-S-xFe/NF were calculated using the established formula [5, 6] for OER catalysts: TOF = 1/(4xFxn),
where I (A) represents the steady-state current at a selected overpotential (1), F is the Faraday constant (96485 C mol™), and n (mol
cm™?) denotes the electrochemically active site density on the electrode surface. The factor '4' accounts for the four-electron transfer
process per O, molecule generated in the OER. The active site density (n) was experimentally determined by integrating the charge (@, C)
associated with cyclic voltammetry (CV) scans performed in 2.0 M PBS (pH 7.0), following the equation n = Q/(4F) (as detailed in Section
2.3 and Fig. S9). This method is widely accepted for quantifying electrochemically accessible metal sites in cobalt-based OER catalysts and

ensures that n reflects operando conditions rather than theoretical estimates.
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Fig. S10. (a) SEM image and elemental mapping images, and (b) EDS spectrum with the inset showing the atomic ratio for the Co-S-30Fe
sample synthesized in Ethaline containing 0.20 M CoCl; and 0.05 mM Na,S,03 at 353 K for 6 h.
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Fig. S11. (a-b) FESEM images of the post-OER Co-S-30Fe/NF at different magnifications. (c) Corresponding EDS elemental mapping
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images of Co, S, Fe, and O and (d) EDS spectrum with the inset table showing the molar contents for the post-OER Co-S-30Fe/NF sample.
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Fig. S12. Comparison of high-resolution XPS spectra of the pristine and post-OER Co-S-30Fe/NF samples (as indicated). (a) Co 2p, (b) Fe
2p, (c), and (d) O 1s spectra.

To gain deeper insights into the chemical state evolution of electrocatalysts during the OER, XPS analysis (Fig. S12) was performed on
both pristine Co-S-30Fe/NF electrodes and those subjected to OER at 10 mA cm™2 in 1 M KOH for 27 h. The Co 2p spectra (Fig. S12a) reveal
distinct negative shifts in the binding energies of the Co 2ps/, and Co 2p;/, peaks after OER, indicating an increased proportion of Co3*
species [7, 8]. Conversely, the Fe 2p spectra (Fig. S12b) exhibit positive shifts in the Fe 2p3/, and Fe 2p;/, peaks, signifying a higher
concentration of Fe* [9, 10]. These opposing binding energy shifts collectively demonstrate the oxidation of both Co and Fe cations during
OER, attributed to strong electronic interactions between Co(Fe)-S motifs and oxygen under highly oxidizing conditions. More pronounced
changes are observed in the S 2p spectra (Fig. S12c), where the characteristic Co(Fe)-S peaks (2ps/, at 162.7 eV and 2p,/, at 163.8 V)
completely disappear post-OER, accompanied by a significant reduction in the intensity of the S-O bond signal at 169.2 eV [11, 12]. These
observations provide unambiguous evidence for sulfur dissolution and leaching from the electrode surface during OER. Furthermore, the
O 1s spectra (Fig. S12d) show a marked positive shift (from 532.3 eV to 532.7 eV) after the reaction. Collectively, these XPS results
demonstrate substantial electrochemical surface oxidation during OER. Oxygen incorporation displaces lattice sulfur atoms, leading to
decomposition of Co(Fe)-S phases while promoting the formation of catalytically active (oxy)hydroxide species (Co(Fe)-O/0H) [12, 13].
This surface reconstruction process is consistent with the morphological and compositional transformation behavior observed in Fig. S11

and aligns with previously reported transformations in cobalt-based sulfide OER catalysts [12-14].

Table S1. ICP-OES surveys of the Co-S and Co-S-xFe (x=10, 20, 30, 40 and 50) samples.

Catalysts S:Co S content Fe content
(molar ratio) (at.%) (at.%)
Co-S 0.8 38.74 /
Co-S-10Fe 1.5 51.11 0.26
Co-S-20Fe 1.7 52.62 0.39
Co-S-30Fe 2.1 56.57 0.47
Co-S-40Fe 2.3 58.32 0.56
Co-S-50Fe 2.5 61.20 0.91




Table S2. Comparison of OER catalysts synthesized in DES and recently reported in 1.0 M KOH at 298 K.

i Overpotential Tafel slope/
Catalysts Synthesis Method Morphology Ref.
(@10 mA cm2, mV] (mV dec?)
DES-assisted liquid-phase 230 This
Co-S-30Fe NPs nanospheres 44.6
synthesis at 80 °C N100=278 work
NiFegg5-N DES solvothermolysis at 200 °C 2D nanosheets 238 76 [15]
153
CoNi,S,/CC DES solvothermolysis at 180 °C nanosheets 67.1 [16]
N100=372
S-Mn/CP_Ac-H |[Electrodeposition in DES at 80 °C nano-flower 460 111.07 [17]
NiCo-500-15 Calcination at 500 °C octahedra 320 67 [18]
LaCoO3 Calcination at 900 °C sub-micron particles 390 55.8 [19]
FeCoNiCrMo Arc melting and DES corrosion 3D porous structure 280 105 [20]
DES-induced galvanic
Ni-Fe NPs/Fe nanospheres 319 41.2 [21]
replacement reaction at 80 °C
(FeCoNiCuZn)(C; 265
DES solvothermolysis at 160 °C nanosheets 45 [22]
04)-2H,0 N100=334
Ni/Ni(OH),-Thr | DES solvothermolysis at 350 °C nanospheres 270 40 [23]
S-MnO,/Mn/CP |Electrodeposition in DES at 80 °C nanoflakes 390 67 [24]
Electrodeposition in DES at 60 °C
Ni/CP nanoparticles 380 60 [25]
followed by annealing at 400 °C
NiFe@SS Electrodeposition in DES at 85 °C | porous microspheres 234 45 [26]
Fe doped-Ni(OH), | Electrodeposition in DES at 25°C nanoparticles N100=370 44 [27]
Ni(OH),/Ni/CF |Electrodeposition in DES at 60 °C nanosheets N100=564 50 [28]
DES solvothermolysis at 130 °C
hollow porous
CoS;/MS,-HPMS | followed by high-temperature 217 65 [29]
microspheres
sulfidation at 180 °C
PEG/TU-
DES solvothermolysis at 120 °C nanosheets 220 39.7 [30]
NiFeCoMnAl
NiCu@SS Electrodeposition in DES at 30 °C dendritic structure N100=447 75 [31]
SNO-C/CogFeSg Calcination at 900 °C irregular particles 230 39.52 [32]
Ni-Fe/NF Electrodeposition in DES at 30 °C bulk alloy 219 74.38 [33]
(NiFe)S,-3 DES solvothermolysis at 200 °C hollow nanoparticles 257 41 [34]
nanosheets@3D N500=363
NCD@NiFe-LDH | DES solvothermolysis at 120 °C 49.8 [35]
flowers (0.1 M KOH)
LiNi0.33C00.33Mn
o DES solvothermolysis at 200 °C | nanosheets@ microrods 273 50.46 [36]
0-33VY2
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Table S3. Fitted values of the EIS data of OER (=350 mV) process (calculated from Fig. 5d).

Solution series resistances

Charge transfer resistance

Catalysts
R (ohm) R.:(ohm)

Co-S/NF 1.15 12.29
Co-S-10Fe/NF 1.20 9.17
Co-S-20Fe/NF 1.24 4,97
Co-S-30Fe/NF 1.17 4.14
Co-S-40Fe/NF 1.20 6.32
Co-S-50Fe/NF 1.15 8.03
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