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ECSA and TOF
The electrochemical active surface area (ECSA) was estimated using the capacitance
(Cdl) by the following equation, where the specific capacitance for a flat surface is used

as 40 uF cm? as reported.

Cdl

ANLPZ

ECSA = 40 uFem™ 2 per cm?

To calculate the per-site turnover frequency (TOF), we used the following formula:

#total hydrogen turn overs / cm? geometric area

TOF= #surface sites / cm? geometric area

The total number of hydrogen turn overs was calculated from the current density

according to :

1molH, 6.022 X 1023H2 molecules

mA 1¢s ! 1mole”
#yp = (j€M°) (1000mA) 96485.3 C) 2mole” ) ¢ 1mol H, )

15H2/5 mA
312 x 10— per — x| j |
2 2
- cm cm

#surface sites per real surface area:

For Ni,P

2
( 3 atoms/unit )g
#surface sites = \100.0397 A3/unit

=0.9654 x 10"*atoms cm ™ ?
Finally, plot of current density can be converted into a TOF plot according to

15 /s mA

3.12 x 10 per X |Jj
2
cm cm

TOF = #surface sites X Agé{;i
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Figure S1 XRD patterns for (a) CP and (b) Ru-Ni(OH), and Ni(OH),.

—— Ru/S-Ni,P
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Figure S2 XRD for Ru/S-Ni,P.



Figure S4 SEM images for (a) Ni,P, (c) S-Ni,P. Large-scale SEM images for (b) Ni,P

and (d) S-Ni,P.



Figure S5 SEM images for (a) Ru-Ni,P, (c) Ru/S-Ni,P. Large-scale SEM images for

(b) Ru-Ni,P and (d) Ru/S-Ni,P.
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Figure S6 XPS spectra of (a) Ni 2p, (b)P 2p, (¢) S 2p and (d) Ru 3d regions for Ru/S-

Ni,P.
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Figure S7 XPS spectra of Ru 3p regions for Ru-Ni,P and Ru/S-Ni,P.
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Figure S8 (a) LSV curves of Pt/C and Ru/S-Ni,P in I M KOH. (b) The corresponding

Tafel plots.
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Figure S9 CVs for Ni,P (a), S-Ni,P (b), Ru-Ni,P (¢) and Ru/S-Ni,P (d).
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Figure S10 Calculated exchange current density for Ni,P, S-Ni,P, Ru-Ni,Pand Ru/S-

Ni,P in I M KOH by applying extrapolation method to the Tafel plot.
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|Figure S11 Calculated TOF for Ni,P, S-Ni,P, Ru-Ni,Pand Ru/S-Ni,P in 1 M KOH.
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Figure S12 Nyquist plots of Ni,P (a), S-Ni,P (b), Ru-Ni,P (c¢) and Ru/S-Ni,P (d)at

different overpotential.
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Figure S13. XPS spectra of (a) Ni 2p, (b)P 2p, (c) S 2p and (d) Ru 3d regions for

Ru/S-Ni,P after HER hydrolysis.
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Figure S14 (a) XRD pattern for Ru/S-Ni,P after HER hydrolysis.



Figure S17. Top and side view of Ni,P (a), S-Ni,P (b), Ru-Ni,P (¢) and Ru/S-Ni,P (d).
Green, pink, yellow and blue balls represent Ni, P, S and Ru atoms, respectively.



Table S1 Comparison of HER performance in alkaline media for Ru/S-Ni,P with

other TMs HER electrocatalysts.

Catalysts iglng (m?’ Vs Sloiiffrler Ref
RHE) dec?)
Ni,P /Ni 10 141 68 S1!
Ni,P/Ti 10 120 60 S22
NiP, NS/CC 10 75 51 S33
Ni,P NPs 20 130 81 S4#
N-MoP/CC 10 70 55 S5°
Mo-Ni,P 10 81 534 S6°
Mn—-CoP 10 76 52 S77
0O, Cu-CoP 10 72 62.6 S88
Ni,P-NiSe, 10 66 72.6 S9°
S-MoP 10 104 56 S10'°
Ni;S,/NF 10 149 127 S11t
N, Mn-MoS, 10 66 50 S1212
P/Ni—Mo,C 10 165 53.6 S1313
Ni; 5Co; 4P@Ru 10 52 50 S1414
Ni@Ni,P-Ru 10 80 41 S1515

S-Co,P@NCC 10 105 77 S16'°




S,N-MoP 10 63 44 S17v

FeP,/C 10 ~150 66 S1818
Ni-P/Ni/NF 10 129 70 S1919
Ni,P-Ni;,Ps 10 76 68 S2020

Fe-Ni,P 10 106 37.7 S2121

] 10 49 ]
Ru/S-Ni,P 50 75 49.5 This work

Table S2. Summary of the electrochemical properties of Ni,P, Ru-Ni,P, S-Ni,P and

Ru/S-Ni,P. Note that the Jo normalized 1S Normalized by relative surface area (Cy)).

Sample J 0 Cdl Relative J 0,normalized

P (mA/cm?) (mF/cm?)  surface area (mA/cm?)
Ni,P 0.095x103 19.2 1 0.095x103
S-Ni,P 0.178x103 23.5 1.2 0.148x103
Ru-Ni,P 0.398x103 25.8 1.34 0.297x103
Ru/S-Ni,P 0.668x103 34.6 1.80 0.371x103

Table S3 Summary of the Rct values for Ni,P, Ru-Ni,P, S-Ni,P and Ru/S-Ni,P at

certain overpotential from 0 mV to 200 mV.

Sample 0 mV (Q) 5(1;:;‘7 100mV (@) 150 mV () 200 mV (Q)
Ni,P 611.20 139.80 26.03 6.70 1.40

S-Ni,P 171.10 63.64 11.59 3.50 1.32



Ru-Ni,P 146.70 27.07 6.79 2.85 1.05

Ru/S-Ni,P 60.64 10.07 3.29 1.68 1.02
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