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Electrochemical test methods

1 Preparation of working electrode

Prior to use, the glassy carbon electrode surface was sequentially polished with alumina
polishing powders, ultrasonically treated in a mixed solution of deionized water and
ethanol for 10 minutes. The working electrode was prepared as follows: 4 mg of
catalyst, 480 uL of deionized water and 500 pL of anhydrous ethanol, and 20 pL of
Nafion solution (5 wt%) were mixed. The mixture was then subjected to ultrasonic
dispersion for 30 minutes to ensure homogeneity. Subsequently, 3 pL of the uniformly
dispersed catalyst ink was precisely deposited onto the pre-polished glassy carbon
electrode (GCE). Finally, the coated electrode was air-dried at room temperature to
form the working electrode, which was directly employed for the subsequent
electrochemical testing.

2 Electrochemical testing

All electrochemical tests were conducted using a CHI760E electrochemical
workstation with a three-electrode system. The L-shaped glassy carbon electrode
(GCE), Hg/HgO and a platinum sheet (10 x 10 x 0.1 mm) were acted as the working
electrode, the reference electrode and the counter electrode. The N, saturated 1 M KOH
+ 1 M CH;0H was used as electrolyte. All cyclic voltammetry (CV) and linear sweep
voltammetry (LSV)measurements were carried out at the potential in the range from 0
V vs. SCE to 0.6 V vs. SCE with the scan rate of 50 mV s!. The tafel plots were derived
from LSV data using the classical Tafel equation: n = Db log|j| + a, in which 1 represents

the overpotential, j denotes the current density, b is the Tafel slope, and a is the



intercept. The electrochemical impedance spectroscopy (EIS) was performed at a
constant potential of 0.55 V vs. SCE with the frequency range from 1 Hz to 100 kHz.
The stability was characterized by the chronoamperometry test which is carried out at
0.55 V vs. SCE for 10 h. The electrochemical surface area (ECSA) is determined by
CV curves at different scan rates of 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 mV s’!. The
potential range is typically a 0.1 V window centered at open-circuit potential (OCP) of
the system. The double-layer charging current (ic) is equal to the product of the scan
rate (v) and the electrochemical double-layer capacitance according to the following
equation: ic = v x Cq. Therefore, the slope of the straight line derived from the ic as a
function of v, is equal to Cy. The ECSA values are calculated according to the

corresponding Cdl depending on the formula: ECSA = Cy/C,.



Fig. S1 SEM image of carbon square.
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Fig. S2 a) CV curves for NiFe-LDH/C. b) LSV curves for NiFe-LDH/C.

(b)

(a)
E‘ 0
F Tooe
_I!_
g w
2
£ 0
=

(©)

nvsnSy yaag

Intensity (a.u.)

1200 1000 800 600 400 200
Binding energy (eV)

C)

Intensity (a.u.)

0 296 282 268 284 280 540 535 530 525
Binding energy (eV) Binding energy (eV)
(e)
Ni 2p Fe2p

3
L
2
w
c
]
£

B?"IJ Béﬂ
Binding energy (eV)

TQD 750 7;0 700
Binding energy (eV)

Fig. S3 XPS spectra of NiFe-LDH/C: a) full spectrum, b) C 1s, c¢) O 1s, d) Ni 2p, e) Fe 2p high-



resolution spectra.
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Fig. S4 CV curves for commercial a) Pt/C and b) RuO, catalysts, ¢) CV curves of Si-NiFe-LDH/C

synthesized by conventional methods.
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Fig. S5 a) The CV curves and b) the LSV curves of NiFe-LDH/C and Si,so-NiFe-LDH/C in 1 M

KOH and 1 M KOH + 1M CH;0H.
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Fig. S6 The N, adsorption—desorption isotherm curves and pore size distribution curves of a) NiFe-

LDH/C and b) Siso-NiFe-LDH/C.
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Fig. S7 The intrinsic MOR performance of Si,s5o-NiFe-LDH/C and NiFe-LDH/C.

90
— (Sigy-NiFe-LDH/C)
E (Siygo-NiFe-LDH/C)
:t, (Siy5o-NiFe-LDH/C)
£ 60 - (Sizo-NiFe-LDH/C)
= (Siygp-NiFe-LDHIC)
£
»
c
(]
-
T 30-
£
=
O
0 T T T T
0 100 200 300 400 500

Cycle number

Fig. S8 The cycling performance of the Siy-NiFe-LDH/C (Siso-NiFe-LDH/C, Si;g-NiFe-LDH/C,

Si250-NiFe-LDH/C, Si300-NiFe-LDH/C, and Si400-NiFe-LDH/C) inl MKOH+1M CH3OH for 500

cycles.



Table S1 Atomic ratios of Siso-NiFe-LDH/C characterized by SEM-EDS.

Element Weight % Atom %
C 6.10 12.73
0 40.65 63.64
Si 1.37 1.22
Fe 12.44 5.58
Ni 39.44 16.83
Total 100 100

Table S2 Comparison of MOR performance of different catalysts.

Scanrate  Referenc
Catalyst Performance Potential Electrolyte
(mV s e
154.77 mA 0.6 V vs. 1 MKOH+1 M This
Si250-NiFe-LDH/C 50
cm? SCE CH;0H work
14.22 mA 0.6 V vs. 1 MKOH+1 M This
Si-NiFe-LDH/C 50
cm2 SCE CH;0H work
148.9 mA 1.6 V vs. 1 M KOH+0.5
Mn-NiFe-LDH/NF 10 [1]
cm? RHE M CH;0H
0.4 E vs. 0.5 M KOH+1
Pt/NiFe-LDH 18 mA cm? 50 [2]
RHE M CH;0H
NiFe- 15,1 mAcm? 1.6 Vvs. 1 M KOH+0.5 100 3]




LDH/300MoCN RHE M CH;0H
Ni-MOF/NiFe- 32.66 mA 0.9V vs. 1 M KOH+1 M
50 [4]
LDH cm? Hg/HgO CH;0H
0.7V vs. 1 M KOH+0.5
NiFe-LDH/CX/NF 400 mA cm?2 10 [5]
Ag/AgCl M CH;0H
Cu(OH),@FeNi(O 1.34Vvs. 1MKOH+3M unidentifie
60 mA cm? [6]
H), RHE CH;0H d
Pt/Ni-Fe 949.3 mA unidentifie 1 M KOH+1 M
100 [7]
LDH/RGO mg™! d CH;0H
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