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Figure S1 SEM images of Pd. (The red scale represents 20 nm.)



Figure S2 SEM images of Pd;sSi. (The red scale represents 20 nm.)
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Figure S3 SEM and mapping images of Pd;Si. (The red scale represents 20 nm.)



Figure S4 SEM images of Pd; sSi.



Figure S5 SEM images of Pd,Si.



Figure S6 SEM images of Pd, sSi.



Figure S7 TEM and HRTEM images of Pd.



Figure S8 TEM and HRTEM images of Pd;Si.
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Figure S9 Pore size distributions of Pd;Si.
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Figure S10 X-ray diffraction patterns of Pd and Pd;Si.
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Figure S11 X-ray diffraction patterns of NP-PdSi hybrids with different ratios.
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Figure S13 X-ray diffraction patterns of Pd and Pd;Si in range of 35 ~ 45°.
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Figure S14 Cyclic voltammetry curves of Pd and NP-PdSi hybrids with different proportions.
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Figure S15 The effect of Si content on UPD potential of NP-PdSi hybrids with different ratios.
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Figure S16 Cyclic voltammetry curves of Pd and Pd;Si.
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Figure S17 The reduction peaks of OH,q4s of NP-PdSi hybrids with different ratios.
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Figure S18 The XPS core-level spectra of Si 2p obtained from Pd, 5Si (a), Pd;,5Si (b) and Pd;Si (c).
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Figure S19 The hydrogen evolution activities of Pd, Pd;Si, Pt/C, CP and Si (a). The #,¢ values of
Pd, Pd;Si and Pt/C (b).

For carbon paper (CP) and Si, there are no obvious HER activities in the investigated potential

range.



0
(a)
-104
—Pd
n 201  ——Pd,Si
g —— Pd,Si .
< ‘30 T szssl
E ———Pd,Si
S 40l ——Pd;sSi
PdSi
—— Pd, ;Si
-50 4
'60 T T T
-03 -0.2 -0.1 0.0 0.1
E/V vs. RHE
(b) 0.8
0.4 -
o
£ 00+
<
E
e— -
= 04
-0.8
‘1 2 T Ll I T T b 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2

E/V vs. RHE

Figure S20 The hydrogen evolution activities of Pd and NP-PdSi hybrids (a). Cyclic voltammetry
curves of Pd and Pd;Si (b).

When the content of Si in NP-PdSi hybrids is further increased, and the ratio of Pd to Si reaches 1:1
and 0.5:1, their HER activities are further reduced. The HER activity of PdysSi is lower than that of
Pd. This is because the excessive content of Si on the electrode surface reduces the exposure of Pd
atoms. It can be confirmed from CV diagram that the ECSA of Pd,5Si is obviously lower than that
of Pd. Furthermore, in the CV of Pd 5Si, the electrochemical characteristics originally belonging to
Pd have become very inconspicuous.
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Figure S21 The MA activities of of Pd, Pd;Si and Pt/C.
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Figure S22 The Tafel curves of of Pd, Pd;Si and Pt/C.
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Figure S23 The electrochemical impedance spectroscopy (EIS) of Pd and Pd;Si.
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Figure S24 The long-term stability test of Pd;Si.
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Figure S25 TEM images of Pd;Si before (a) and after (b) the long-term stability test.



Table S1 Composition analysis of NP-PdSi hybrids with different sputtering power by X-ray

fluorescence
Sputtering power / W Content / mol% Pd loading
Catalyst
Pd Si Pd Si /pg cm?
Pd;sSi® 30 40 94.18 5.82 10
Pd;Si® 30 80 74.97 25.03 10
Pd, sSi® 30 100 70.14 29.86 10
Pd,Si® 30 120 67.96 32.04 10
Pd, 5Si® 30 150 59.00 41.00 10
Pd, ,Si® 30 240 47.53 52.47 10
Pd,5SiP 15 240 31.26 68.74 10
Pd;Si after 10h
--- --- 73.76 26.24 ---

stability test

@ Sputtering time is 10 min. ® Sputtering time is 20 min.



Table S2. Comparison of HER activities between optimized NP-PdSi hybrids and other Pd-based
electrocatalysts in literatures.

Catalyst Electrolyte N10 Tafel References
(mV) slope
mYV dec’!
Pd;Si 0.5 M H,SO, 16.5 27.7 This work
PdCug,Hg 43 0.5 M H,SO, 28 23 Nano Lett. 2022, 22, 1391-1397. (1)
N-PdIr bimetallene 0.5MH,SO, 26 30.3 J. Mater. Chem. A, 2022, 10, 8364-8370.
1.0 M KOH 34 81.9 ?)
Pd,Re-MoS, 0.5 M H,SO, 46 72 Adv. Energy Mater. 2022, 12, 2103823. (3)
PASNC 0.5 M H,SO, 30 56.7 ACS Appl. Energy Mater. 2021, 4,
575-585. (4)
Pd,S-SNC 0.5MH,SO, 32 52 Small 2021, 17, 2007511. (5)
Pd,B@PEI mNPs 0.5MH,SO, 15 44 J. Mater. Chem. A, 2021,9, 21123-21131.
(6)
GO-Pd¢P 0.5MH,S0, 133 60 Dalton Trans., 2022, 51, 6537-6542. (7)
Nanoporous Pd-Ag-Al 0.5 M H,SO, 11 26 ACS Energy Lett. 2019, 4, 1379-1386. (8)
1.0 M KOH 16 56
Porous Pd@Ru 0.5 M H,SO, 37 33 ACS Appl. Mater. Interfaces 2018, 10,
1.0 M KOH 30 30 34147-34152. (9)
Pdg; 5165 0.5MH,S0, 73 43.6 Inorg. Chem. 2020, 59, 5, 3321-3329. (10)
Pd/Bi/Cu HNAs 0.5MH,SOs 79 61 ACS Appl. Mater. Interfaces 2019, 11,
6248-6256. (11)
heterophase Pdss@lIrss  0.1M HCIO, 11 26 Adv. Mater. 2021, 2107399. (12)
CuPd/Pd 0.5MH,SO, 10 34 Adv. Funct. Mater. 2021, 2100883. (13)
Pd NPs-Bis-24h 0.5MH,S0, 59.6 30.0 Adv. Mater. 2020, 1902964. (14)
GDY-Pd1 0.5 M H,SO, 201 27 Adv. Funct. Mater., 2022, 32, 2111501.
(#7500) as)
Pd@G-NSs 0.5MH,SOs 32 33 ACS Appl. Mater. Interfaces 2020, 12,
15500—-15506. (16)
2H-VS,-Pd 0.5MH,S0, 157 75 Inorg. Chem. 2020, 59, 14, 10197-10207.
(#120) an
NiCo,S4/Pd 0.5 M H,SO, 87 70 ACS Appl. Mater. Interfaces 2018, 10,
1.0 M KOH 83 123 22248-22256. (18)
[PA(BTA)-rGO];eq 0.5 M H,SO, 127 55 ACS Appl. Energy Mater. 2019, 2, 11,
8098-8106. (19)
0.75 Pd/MosN, 0.5 M H,S0, 45 88 Phys. Chem. Chem. Phys., 2022, 24, 771-
1.0 M KOH 65 70 777.(20)
Pd/TiO2 0.IM HCIO;  63(#20) 36 ACS Appl. Mater. Interfaces 2020, 12, 24,
0.1MKOH  284(#y) 99 27037-27044. (21)
PANP@GNF 0.IM HCIOs 220 141 ChemSusChem 2021, 14, 4973 —4984. (22)
Pd@MoO; 0.5M H,SO, 71 42.8 ACS Appl. Mater. Interfaces 2019, 11, 31,

27798-27804. (23)
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Table S3. Tafel slopes and exchange current densities of NP-PdSi hybrids and Pt/C with the noble
metal loading of 10 ug cm™.

Tafel slope Exchange current density (jo)
Catalyst
(mV dec!) (mA cm?)
Pd 101.4 0.69
Pd,sSi 49.1 2.03
Pd;Si 27.7 2.71
Pd,5Si 38.9 2.60
Pd,Si 59.3 2.06
Pd, 5Si 82.6 1.94

Pt/C 20.3 0.77




