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Electrode preparation. Each catalyst ink for the working-electrode was prepared by dispersing
2.5 mg of sample in a mixture of 200 puL water, 200 pL isopropyl alcohol, and 10 pL of Nafion
binder (5 wt% in water/1-propanol mixture) followed by ultrasonication for 15 min. Before using
the GCE, the surface was polished with 0.3 um and 0.05 pm of alumina powder to smooth the
surface. It was sonicated in water for 1 min to remove any particles. Later, 30 CV cycles were
performed in 0.5 M H,SO, to clean it electrochemically. Finally, 10 pL of the ink (catalyst loading
~0.85 mg cm?) was drop-casted on the thoroughly cleaned GCE and dried at room temperature.
Similarly, 20 pL of the ink was loaded on the carbon cloth (CC) electrode with catalyst loading
~0.24 mg cm2.

Electrocatalytic performance characterization. The electrochemical experiments consisted of
cyclic voltammetry (CV), linear sweep voltammetry (LSV), and electrochemical impedance
spectroscopy (EIS) were conducted using the PalmSens4 potentiostat. All the electrochemical
measurements were performed with a standard three-electrode cell set-up equipped with GCE
(0.071 cm?) or carbon cloth (2.0 cm?) electrodes deposited with the prepared OER electrocatalysts
as the working-electrode in a 1.0 M KOH electrolyte. A Hg/HgO (1.0 M KOH) and graphite rod
were employed as reference and counter electrodes, respectively. Before the electrochemical
analysis, the electrolyte solutions were degassed with N, for 30 minutes. All the measured

potentials were calculated relative to the reversible hydrogen electrode (RHE) using the Nernst



equation Es rug) = E(vs. Hgigo) T 0.098 + 0.059 x pH. The working-electrode geometrical areas
were normalized in all the CVs and LSVs to obtain the current densities.

The electrochemical surface area (ECSA) is estimated from the electrochemical double-
layer capacitance (Cg) at the catalyst | electrolyte interface. CVs of different scan rates were
performed in the non-faradaic region; both capacitive currents (oxidative and reductive) at the
middle of the potential window were averaged and plotted against the scan rate to get Cy values.
The ECSA values of the catalysts deposited on GCE and CC were calculated by applying a general
specific capacitance of 40 uFecm™ (in 1.0 M KOH) based on previous reports.'= EIS experiments
(frequency range of 100 kHz to 0.01 Hz with 5 mV amplitude) were performed under the O,
evolution regime (at 1.6 V vs. RHE). The long-term stability of the catalyst was examined by
chronoamperometry (CA) at an applied overpotential of 260 mV vs. RHE (at a current density of

Fig S1. HR-TEM images of (a) Etched-PBA, (b) MoS,, and (¢) TEM image MoS,.
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Fig S2. XRD patterns of (a) PBA, Etched-PBA, Etched-PBA-MoS,, (b) slow scan of MoS,, and
(¢) slow scan of Etched-PBA-MoS,.



Table S1. Elemental mappings of Co, Fe, Mo, and S as determined by EDX analysis.

Sample Co (at. %) Fe (at. %) Mo (at. %) S (at. %) Co/Fe
Etched-PBA-MoS, 38.42 38.41 7.02 16.15 1.00
Etched-PBA 51.15 48.85 - - 1.04
PBA-MoS, 45.46 29.76 7.35 15.43 1.52
MoS, - - 33.95 66.05 -
PBA 57.23 42.77 - - 1.46

Table S2. ICP-OES analysis of the various catalysts.

Sample Co (at. %) Fe (at. %) Mo (at. %) Co/Fe
Etched-PBA-MoS, 36.97 58.13 4.90 0.63
Etched-PBA 39.65 60.35 - 0.65
PBA-MoS, 57.99 37.42 4.68 1.55
MoS, - - 100 -
PBA 62.33 40.67 - 1.53

Full scale counts: 668 Samplfs) Full scale count: 113 camplfs)

Element Weight % Atomic % Element | Weight % Atomic %
Fe 5285 5410 Fe 0848 98.56
Co 47.15 45.81 Co 1.52 144

Fig S3. EDX spectra of Etched-PBA from the center (left image) and the edge (right image) of the
cube.



(a) (6)  om ; (c)

1 Mo :’::tlm
& 2 Mo'3d,, :
9 o o '
0 & O -m o .o
£ s \
- = MoS, A
S D ' &
L] I e 3
2 & A : =
B o > H -
c = & i
2 g 8
c @ -
£ € £
= |Etched-PBA-MoS,
—— Etched-PBA-MoS, /N
o,
— Mos, : ‘
800 600 400 200 0 238 23 234 232 20 28 170 168 166 164 162 160
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

Fig S4. XPS comparison spectra of Etched-PBA-MoS, and MoS,. (a) survey spectra; (b) high-
resolution spectra of Mo 3d; (¢) high-resolution spectra of S 2p.
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Fig S5. (a) XPS survey spectrum of PBA; (b) Comparison high-resolution spectra of Co 2p; (c)
Fe 2p of Etched-PBA-MoS,; and PBA.

The BE peaks of PBA at 781.1 and 798.1 eV are ascribed to the Co** 2ps/, and 2p,,, respectively,
Fig S5b.° The peak at 782.7 eV belongs to Co?* 2ps, spin-orbital.® In Etched-PBA-MoS,, the Co**
2p3,» peak shifts to 779.1 eV, Co’" 2py, peak to 797.4, and Co** 2ps), peak to lower BE of 781.8
eV. For Etched-PBA-MoS,, a new peak at 794.3 eV belongs to the spin-orbitals of Co 2py.,
assigned to Co—S.” The XPS peaks of Fe3* 2ps, is located at 708.7 eV and Fe?* 2p,), at 721.6 eV
for PBA, Fig S5¢.® The Fe3* peak shifts to 709.1 eV in Etched-PBA-MoS,, and the Fe?" peak
slightly shifts to 721.8 V. The Fe peak at 712.0 eV that belongs to the Fe3* state in FeOOH (active
species) increases in the etching process of Etched-PBA-MoS,.%° Thus, the Etched-PBA-MoS,

contains Co?*, Fe?", Co’", Fe** and S as expected for bimetallic sulfides.
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Fig S6. (a) LSV curves of electrocatalysts deposited on GCE at 5 mV s! in 1.0 M KOH; (b)
Corresponding Tafel plots; (¢) EIS-Nyquist plots measured at 1.57 V vs. RHE in 1.0 M KOH.
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Fig S7. LSVs of Etched-PBA-MoS; in 1.0 M KOH at 5 mV s*! with different loadings.

We noticed that the 0.85 mg cm™ gives better results, requiring a lower potential to achieve the

higher OER current density.
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Fig S8. Continuous CVs of Etched-PBA-MoS;in 1.0 M KOH at 5 mV s'! on GCE.

Table S3: Summary of Onset potential, Overpotential, and Tafel slope values of all the
electrocatalysts deposited on the GCE and CC substrates.
Glassy carbon electrode

Electrocatalysts Overpotential (mV) Tafel slope
@10 mA cm™ (mV/dec)

Etched-PBA-MoS, 340 mV 92 mV dec™!

Etched-PBA 370 mV 104 mV dec!

PBA-MoS, 420 mV 115 mV dec!

Carbon cloth substrate
Overpotential (mV) @ Tafel slope

Electrocatalysts 10 mA cm (mV/dec)
Etched-PBA-MoS, 260 mV 55 mV dec’!
Etched-PBA 310 mV 60 mV dec!
PBA-MoS, 360 mV 76 mV dec’!
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Fig S9. CVs performed at the different scan rates in the non-faradic region for: (a) PBA, (b) MoS,,
(c¢) PBA-MoS,, (d) Etched-PBA, and (e) Etched-PBA-MoS, electrocatalysts deposited on GCE
and immersed in 1.0 M KOH. (f) The plot of the current density differences in the middle of the
potential window versus the scan rate.
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Fig S10. CVs measured at the different scan rates in the non-faradic region for (a) PBA, (b) MoS,,
(c¢) PBA-MoS,, (d) Etched-PBA, and (e) Etched-PBA-MoS, electrocatalysts deposited on CC
substrate and submerged in 1.0 M KOH. (f) The plot of the current density differences in the
middle of the potential window versus the scan rate.

Table S4: Summarized double-layer capacitance (Cgy) and electrochemical active surface area
(ECSA) values of all electrocatalysts deposited on the GCE and CC substrates.



Glassy carbon electrode

Electrocatalysts Ca(mF/em?)  gCSA (em?)
Etched-PBA-MoS, 3.5 87.5
Etched-PBA 1.4 35.0
PBA-MoS, 0.7 17.5
MoS, 0.05 1.3
PBA 0.04 1.0
Carbon cloth substrate

Electrocatalysts Ca(mF/ecm?)  gcsaA (cm?)
Etched-PBA-MoS, 6.9 172.5
Etched-PBA 1.74 43.5
PBA-MoS, 1.23 30.7
MoS, 0.14 3.5
PBA 0.13 33

Note: ECSA values were calculated using the equation: ECSA = Cdl / Cs, where Cs is specific capacitance. We used
a general specific capacitance value of 40 uF cm (in 1M KOH) based on the previous reports -5 to calculate ECSA
values of all catalysts deposited on GCE and CC substrates.

Table SS. The fitting results of the impedance electrochemical element parameters of various

samples.

Carbon cloth substrate

Electrocatalysts R, R Qa R Qs
Etched-PBA-MoS, 2.614 32.82 0.9494 0.726 0.6887
Etched-PBA 3.213 95.09 0.8577 0.710 0.6270
PBA-MoS, 2.987 175.4 0.9045 35.252 0.8706
MoS, 2.477 336.7 0.8813 33.618 0.8089
PBA 3.932 505.1 0.9134 86.983 0.8766

Glassy carbon electrode

Electrocatalysts R, R Qa R¢ Qs




Etched-PBA-MoS, 10.67

Etched-PBA 10.87
PBA-MoS, 12.32
MoS, 15.13
PBA 17.12

71.34
124.8
399
1123
1456

0.8825
0.8477
0.8920
0.8811
1.0000

4.178
10.975
14.970
4.766
4.381

0.6035
0.5460
0.5859
0.8774
0.8903

R, is the uncompensated solution resistance in the equivalent circuit; Qg is the constant phase element (CPE) related
to the electrochemical double-layer capacitance at the catalyst | electrolyte interface; Ry is the charge transfer
resistance between the interfaces; Qg is the CPE associated with the capacitance of the catalyst thin-film; Ry is the total

resistance at the electrode | catalyst interface and charge transfer within the catalyst film.

Fig S11. HR-SEM images of Etched-PBA-MoS, (a-b) before and (c-d) after long-term

electrocatalytic OER stability measurements.

after stability.
Etched-PBA-MoS, Before Stability After Stability
Elements Atomic % Atomic %
Co 22.6 11.3
Fe 15.5 8.5
Mo 6.5 3.5
0] 55.4 76.7
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Fig S12. XPS survey spectra of Etched-PBA-MoS, before and after stability measurement.
*The catalyst was loaded on the electrode using a Nafion binder, resulting in diminishing the Fe
signal and the sharp F peak in both spectra.
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Fig S13. High-resolution XPS spectrum of Ols for Etched-PBA-MoS, after stability
measurement.
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Fig S14. High-resolution XPS spectra of Co 2p (before) (a); Co 2p (after) (b); Mo 3d (before) (c);
Mo 3d (after) (d), S 2p (before) (e) and S 2p (after) (f) stability measurement for Etched-PBA-

MOSQ.

Table S7. Composition of Co, Mo, O, and S determined through the XPS quantitative analysis
before and after cyclic stability.

Elements Before Stability After Stability Before Stability After Stability
Name BE peak (eV) BE peak (eV) Atomic % Atomic %
Co 2p 784.5 780.8 0.47 0.28
Mo 3d 233.9 234.3 0.58 0.53
S 2p 169.9 170.8 5.22 2.7
O1s 533.1 532.5 14.51 34.02
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Table S8. Comparison of OER catalytic performance of different non-precious-metal-based

catalysts.
Current Overpotential
Catalysts Substrate Electrolyte density p(mV) Ref.
(mA cm?) Mo

Fe-Co oxides CC 1M KOH 10 460 10
CooSg@MoS, GCE 1 M KOH 10 430 11
MOSQ/CO-N-CNz-
900°C GCE 1 M KOH 10 442 12
F6045Ni0.5C0204 1 M KOH 10 350 13
MoS,/CoB-Se/CC CC 1 M KOH 86 270 14
FeCo oxide GCE 1 M KOH 10 310 15
Ni,Co3.x04 NF 1 M KOH 10 287 16
NiCoS-3 polyhedron GCE 1 M KOH 10 320 17
MoS,-decorated NiFe-
NCNT NCNT 1 M KOH 10 370 18
FeCo0,0, Graphene 0.1 M KOH 10 480 19
Co;0, Cu foil 1 M KOH 10 310 20
CoFe hollow
cages(CFHC) GCE 1 M KOH 10 330 6
[Co,(pu-Cl),(btta)] GCE | M KOH 10 290 21
NiCOZ,xFexO4
nanoboxes CP 1 M KOH 10 274 22
MoP/NiFeP hybrid 23
hollow spheres 1 M KOH 10 256
CoNi,S, yolk-shell | M KOH 10 282 24
spheres

GCE 340 Thi
Etched-PBA-MoS, 1M KOH 10 wOlrsk

CC 260
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