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Figure S1. SEM image of Ni-BDC nanosheets grown on NF.
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Figure S2. XRD spectra of PtMog-Ni-BDC on NF and simulated Ni-BDC.



Figure S3. Mapping images of corresponding elements of Ni, Mo, Pt, P, and O of P-

PtMog-Ni-BDC ultrasonicated from NF.
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Figure S4. LSV curves of Ni-BDC, PtMog-Ni-BDC, P-PtMog-Ni-BDC, and Pt/C on NF

Potential (V vs. RHE)

measured three times for HER in 1.0 M KOH.

-0.6 -0.4 g
Potential (V vs. RHE)



g 03 — b 02 c 2

& 9354 & &

T e 03 e gl

Q (=3 5]

< 0.40 < <

g 0.40 E 04 £

= 2> >0

% 045 @ K

c c -0.5 =

5 € 3

= -0.501 = = -1

c c 06 c
0554 - 20-120mV s~ = =] — el

© = P e Pl e i

[ L—— 20-120 mV s
0.60 +—— r - . T T ! r r . v v
-0.50 048 -046 -044 -042 -040 -0.50 -0.48 -046 -044 -042 -040 050 -048 -046 -044 -042 -040
Potential (V vs. Hg/HgO) Potential (V vs. HgfHgO) Potential (V vs. Hg/HgO)

Figure S5. CV curves measured in a non-faradic region of —0.5 to —0.4 V vs. Hg/HgO at
different scan rates (20, 40, 60, 80, 100, and 120 mV s71) in 1.0 M KOH. (a) Ni-BDC, (b)
PtMog-Ni-BDC, and (c) P-PtMog-Ni-BDC.
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Figure S6. (a) CV curves of Pt/C measured in a non-faradic region of —0.5 to —0.4 V vs.

Hg/HgO at different scan rates (20 - 120 mV s71) in 1.0 M KOH. (b) Cy plot of Pt/C.
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Figure S7. ECSA-normalized LSV curves of P-PtMog-Ni-BDC and Pt/C for HER.
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Figure S8. Electrochemical performance of P-PtMog-Ni-BDC, P-Pt-Ni-BDC, and P-Mo-
Ni-BDC prepared by soaking Ni-BDC/NF precursor in solutions of PtMog, K,Pt(OH)s,
and K,Mo0,, respectively, for HER measured in 1.0 M KOH. (a) LSV curves and (b) Tafel

plots.
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Figure S9. Electrochemical performance of P-PtMog-Ni-BDC prepared by soaking Ni-
BDC/NF precursor in different concentrations of PtMog solution (4, 8, and, 10 mg mL™?)

for HER measured in 1.0 M KOH. (a) LSV curves and (b) Tafel plots.
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Figure S10. Electrochemical performance of P-PtMog-Ni-BDC and P-Ni-BDC for HER in
1.0 M KOH. (a) LSV curves and (b) Tafel plots.
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Figure S11. Electrochemical performance of P-PtMog and P-PtMog-Ni-BDC for HER in
1.0 M KOH. (a) LSV curves and (b) Tafel plots.
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Figure S12. Electrochemical performance of P-PtMog-Ni-BDC and S-PtMog-Ni-BDC

prepared via phosphidation and sulfidation treatments, respectively. (a) LSV curves

and (b) Tafel plots.
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Figure S13. XRD pattern of PtMog-Ni-BDC-1, P-PtMog-Ni-BDC-1 on NF, and simulated

Ni-BDC.
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Figure S14. Electrochemical performance of P-PtMog-Ni-BDC-1 and P-PtMog-Ni-BDC
for HER. (a) LSV curves and (b) Tafel plots.
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Figure S15. SEM image of P-PtMog-Ni-BDC on NF after HER.

Figure S16. Mapping images of corresponding elements of Ni, Mo, Pt, P, and O of P-

PtMog-Ni-BDC ultrasonicated after HER.
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Figure S17. High-resolution XPS spectra of P-PtMog-Ni-BDC on NF after HER. (a) P 2p,
(b) C1s,and (c) O 1s.

Table S1. Loading mass of P-PtMog-Ni-BDC on NF. (The area of NF is 8 cm?)

Sample 1 Sample 2 Sample 3
Mass of NF (m) 230 mg 234 mg 231 mg
Mass of P-PtMog-Ni-BDC on NF (n) 256 mg 263 mg 259 mg
Mass of P-PtMog-Ni-BDC (n-m) 26 mg 29 mg 28 mg
Average loading mass 3.5 mg cm™2
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Table S2. Comparison of HER performance of P-PtMog-Ni-BDC and recently reported

Mo- and Ni-based electrocatalysts in an alkaline medium.

Electrocatalyst Overpotential at 10  Tafel slope Substrate Reference
mA cm=2 (mV) (mV dec™?)

P-PtMog-Ni-BDC 26 21 Ni foam This work
Co-Mo-0.125-6N 52 54 Ni foam 1
NiCoCu-Mog o75/CF 35 50.12 Cu foam 2
Co30,~Mo,N 100 162.4 Ni foam 3
Pt/Ni-Mo-N-O 40.6@100 mA cm™ 493 Ni foam 4
FeP/Ni,P/CP 46 50.5 Carbon paper 5
MoO,@Ni,P 57 61 Carbon paper 6
Ni,P/MoNiP,/MoP-10 20 30.6 Ni foam 7
CusP/Ni,P 88.1 94 Copper foam 8
Ni>P—Ni;,Ps 76 68.0 Ni foam s
PS-MoNi 30 37 Ni foam 10

Table S3. Atomic percentages of corresponding elements of P-PtMog-Ni-BDC on NF

before and after HER according to EDX results.

before HER after HER
Ni (at.%) 19.59 61.46
Mo (at.%) 8.71 1.53
Pt (at.%) 1.30 0.79
P (at.%) 10.54 0.82
C (at.%) 30.91 11.92
O (at.%) 38.95 21.35

K (at.%) / 2.13
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Table S4. Concentrations of corresponding elements of P-PtMog-Ni-BDC

ultrasonicated from the NF support before and after HER measured by ICP-MS.

Before HER After HER
Ni (mg L) 30.08 31.57
Mo (mg L) 13.21 10.07
Pt (mg L) 4.05 5.64
P(mglL?) 15.89 5.10
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