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Electrochemical measurements

Electrochemical tests were performed using a Gamry potentiostat (Model No: INTERFACE 1010
E. A typical three-electrode system comprising working (as-fabricated CuPd film), reference
(Ag/AgCl), and counter (graphite rod) electrodes immersed in 0.5 M H,SO, was used for all
measurements. All the measured potentials were normalized with respect to an RHE, as reported
in the literature. Activation of catalysts was achieved with cyclic voltammetry (CV) test performed
at a scan rate of 50 mV s™!. The HER parameters (overpotential and current density) were analyzed
via linear sweep voltammetry (LSV) at a scan rate of 2 mV s-!. A Tafel plot was obtained from the
polarization curve using the following equation:
n=>bLogj+a, (Eq. 1)

where b is the Tafel slope, and a is a constant.

The turnover frequency (TOF) was estimated using the following equation (details are provided in

the SI and Table S1):

T0OF = ———
4xFxm (Eq. 2)

Electrochemical impedance spectroscopy (EIS) was performed in the frequency range of 10° to

0.1 Hz at an applied potential of —300 mV.
The electrochemically active surface area (ECSA) was calculated using the following formula:
ECSA= Cy/Cq (Eq. 3)

To determine the double-layer capacitance (Cg4;), CV curves in the non-Faradic range were
recorded at different scan speeds (10-60 mVs'). The ECSA was obtained by dividing the Cq by
the specific capacitance (Cs) of the electrode, as given by Eq. 3. The average specific capacitance

in H,SO, solution for metal electrodes is considered as 0.035 mF ¢cm™ 2 in the literature [1].
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Figure S1. EDX spectra of monometallic Cu, Pd and binary CuPd alloy.
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Figure S2. EDX map of binary CuPd alloy samples.
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Figure S3. XPS survey scan spectrum of CuPd alloy.
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SEM HV: 20.0 kV WD 9.88 mm 19 LYRA3 TESCAN|
View field: 57.8 pm Det: SE 10 pm View fleld: 28.9 pm
SEM MAG: 5.00 kx  Date{midly): 03/18/24 IRC-HES, KFUPM SEM MAG: 10.0 kx  Date(m/diy): 0318/24 IRC-HES, KFUPM
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Figure S4. SEM/EDX analysis of binary CuPd-2h electrocatalyst after stability test.

S-6



Supplementary Information

Table S1: Comparison of the HER performance conducted in 1.0 M H,SO, electrolyte of various
Pd based electrocatalysts synthesized via different methods.

Catalysts Synthesis route Substrate | Overpotential | Tafel Slope Ref.
PdCo@CN MOF annealing GCE 80 31 2
Pd,Cugo-/C one-pot synthesis GCE 102 48 3
Pd/Bi/Cu HNAs electrodeposition GCE 79 61 4
PdCu NPs/SBA-|  Solution processing carbon paste 150 45 5
15-MWCNT electrode
Pt@Pd one-pot synthesis GCE 56 39 6
PdTe hydrothermal method GCE 97 90 7
followed by reduction
PdNi NWs template-confined GCE 91 96 8
electrodeposition
PdCo@N- MOF/graphene oxide GCE 87 66 9
C/rGO pyrolysis
CuyPdj4-2h AACVD Graphite sheet 20 28 This Work
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