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ESI Table 1. Comparison of the current literature reporting Pt based catalysts towards the Hydrogen Evolution Reaction.

per — - "]
Supporting Stability Study (acidic media) Deposition Pt HER onset Overpotential (10 mA Tafel slope (mV dec)
Catalyst R Catalyst . ) Reference
Electrode technique ; potential cm?)
loading
+ — S. - 0. S. .
CNT/DenPtNPs GC 500 cycles (+0.2 to ~0.20 V) (vs. RHE) Drop casting - 0.016 EISI‘I)ES) 100 mV (vs. RHE) 42.0 !
1000 cycles (+0.15 to —0.15 V) (vs. RHE —0.018 V (vs. 29.0
Pt-CNSs/RGO GC cyeles ( ° ) (vs. RHE) Drop casting 0.7 mg RIgVES 75 mV (vs. RHE) 2
cm )
10000 cycles (0.00 to —0.50 V) (vs. RHE) —0.033 V (vs. 21.2
i RHE
Pt NIs@f-MWCNT GC Electrochemical =y o\ 12 ) 84 mV (vs. RHE) 3
deposition
- —0.009 V (vs. 329
RHE)
Pt/G GC Drop cast 1 mg cm™ 25 mV (vs. RHE) 4
Pt/NG GC . Drop cast 1 mg cm™ —0.02V (us. 15 mV (vs. RHE) 284 4
RHE)
+ - - S. .
Pt/amino-rGO GC 200 cycles (+0.1 to 0.1 V) (vs. RHE) Drop cast 5 mg cm? 0.02 I\\]IISI‘I)ES) 50 mV (vs. RHE) 260 3
+ — S. —0. S. .
Pt/rGO GC 200 cycles (+0.1 to 0.1 V) (vs. RHE) Drop cast 5 mg cm™? 0.03 I\\]IISE) 60 mV (vs. RHE) 350 3
+ — —
PUBCE cp 1000 cycles (+0.08 to —0.40 V) (vs. RHE) Spin coating ) 0.019 E I_(;I/Es) 55 mV (vs. RHE) 32.0 o
PUWS, GC 1000 cycles (0.00 to —0.50 V) (vs. RHE) Drop casting 4 mg em? -0.04 K}(;g) 80 mV (vs. RHE) 55.0 B
Mo, TiC,T on . Electrochemical 5 —0.03V (vs. s
Pt atoms carbon paper 10000 cycles (0.00 to —0.50 V) (vs. RHE) exfoliation 1 mg cm RHE) 30 mV (vs. RHE) 30.0
Pt@PCM GC Sh (at -0.15 V vs. RHE) Drop casting > ™8 o —002 ;’Igvg) 105 mV (vs. RHE) 65.3 o
PtNi-O GC 10h (at 10mA cm?) Drop casting 5.1 pg cm™ - 007 ;{II—(IE) 39.8 mV (vs. RHE) 78.8 10
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1000 cycles (0.00 to —0.50 V) (vs. RHE)

40h (at 10mA cm?)
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Hydrogen Turn over frequency

Hydrogen turn over frequency (TOF) was calculated via the following equation:!”- '8 (for the
Pt/VG-SPE).

TOF = jS/2Fn

where j is the measured current density at the overpotential (1) (0.01 A cm?), S is the
electrochemically active surface area of the working electrode derived from the quasi-
reversible Randles—Sev¢ik equation (cm?), F is the Faraday constant, 2 is the number of
electrons involved in the HER and n is the number of moles of the catalyst present in the
working electrode. Note that the number of moles of Pt within the Pt/VG-SPE is calculated
based on the exact loading of Pt by weight (g) on the working electrode surface, where the
number of exposed active sites upon the electrode surface is not considered. Hence, it is

assumed that all Pt nanoparticles on the surface of the Pt/VG-SPE are involved in the reaction.

The electroactive area of the Pt/VG-SPE was calculated using the quasi-reversible Randles—
Sevéik equation and cyclic voltammetry (CV),! at different scan rates (5, 10, 15, 25, 50, 75,
100, 150, 250, and 350 mV s71):

1
nkFDv 5

)

= i 0'436nFArealC(T

ipquasi =
Where, i), is the current maximum in amps (A), # is number of electrons transferred in the redox
event (usually 1), F'is the Faraday constant (C mol™), A4,y is the electrochemically active
surface area of the electrode (cm?), F'is the Faraday constant (C mol™!), Cis concentration
(mol/cm?), D is the diffusion coefficient which is 9.1x10¢ cm? s°! in this case, v is scan rate
(V/s), R is the gas constant (J K™' mol™!) and T is the temperature (298 K). The electroactive
area for the Pt/VG-SPE was therefore calculated as 0.109 cm?.

Given that the number of moles of Pt within the Pt/VG-SPE is 6.44x10°'9 moles, the H, TOF
value was found to be 8.77 s’! for the Pt/VG-SPE.



Mass and Specific Activity

Mass activity (MA) was calculated according to the peak current (A) and the mass loading of
Pt (mg) on the surface of the Pt/VG-SPE:

0.0068 4 )
p= ——————=5231Amg
0.00013 mg

Specific activity is then calculated as a function of the peak current (A) and the electroactive

working area (m?) of the Pt/VG-SPE:

0.0068 Amg~* >
SAp, = =624 Am

0.00109 cm?




ESI Figure S1. Nyquist plots of Pt/VG-SPE and VG-SPEs. The electrochemical impedance
spectroscopy (EIS) study was carried out under HER voltage (when each electrode reaches 10
mA cm?) in 0.5 M H,SOy, the frequency was from 0.1-100,000 Hz using an amplitude of 10
mV (vs. SCE). Inset: circuit utilised within experiments.
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ESI Figure S2. Raman profiles and Raman mapping characterisation of the VG-SPE (A and
C) and Pt/VG-SPE (D and D) respectively. Raman maps depict Ip/Ig ratios across the surface

of the electrodes as a quality control measure of the batches.
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ESI Figure S3. Atomic Force Microscopy (AFM) 2D and 3D map (A and B respectively)
Pt/VG-SPE sample.




ESI Figure S4. High resolution transmission electron microscopy (HRTEM) images of the
Pt/VG-SPE sample.




ESI Figure SS. Energy dispersive X-rays spectroscopy (EDS) analysis from the HRTEM
characterisation (Figure ESI S3) of the Pt/VG-SPE sample.
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ESI Figure S6. High resolution XPS spectra for the Pt and Cls regions for the Pt/VG-SPE (A

and B) and Cl1s region for the VG-SPE (C), respectively.
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ESI Figure S7. Cyclic voltammograms recorded in 1 mM RuHex in 0.1 M KCl using VG-SPE
(A) and Pt/VG-SPE (B) electrodes respectively (vs. SCE; 5 to 350 mV s’!) at a range of

voltammetric scan rates.

3>

N
o

Current / pA
o

)
,’
Scan Rate
5t0 350 mV s’

.

.05 -04 0.3 -0.2 -0.1 0.0
Potential / V

N
o
A .

Current / pA
o

//
L7
"
=
Scan Rate
5t0350 mV s’

.

05 -04 -0.3 -0.2 -0.1 0.0
Potential / V

12



ESI Figure S8. The initial 500 seconds of the chronoamperometry scan given in Figure 4(B)
using a Pt/VG-SPE for 500 seconds, Solution composition: 0.5 M H,SO,.
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