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Experimental

Chemicals.

Palladium(II) acetylacetonate (Pd(acac)2), oleylamine(OAm), Sublimed sulfur were obtained 

from Aladdin Industrial Corporation. All the chemical reagents were directly used without any pre-

treatments.

Synthesis of PdS nanosheets(NSs). 

Two dimensional PdS nanosheets were synthesized through a two steps method. In a typical 

experiment, Pd(acac)2 (40mg, 0.131 mmol) was dissolved in 10 mL of OAm in a 25 mL three-

necked, round bottom flask with stirring. The flask was degassed and carbon monoxide (CO) flow 

(120 mL min-1) was then introduced below the solution surface. The flask was then immersed into 

an oil bath (210 °C). The solution became black quickly in the first several minutes, suggesting that 

Pd nanosheets were generated. A solution of OAm (2.0 mL) with sublimed sulfur (8 mg, 0.249 

mmol) was then added into the above flask after 20 min of reaction. After another 60 min, the system 

was cooled to room temperature naturally. The product was obtained by centrifugation at 8,000 rpm 

for 5 min and washed with trichloromethane twice. 

Characterization

Powder X-ray diffraction (XRD) patterns of the as-prepared samples were analyzed using a 

Bruker D8 Advance X-ray diffractometer with Cu Kα radiation. Morphology and defined structure 

of the products were determined by using transmission electron microscopy (TEM) and high-angle 

annular dark-field scanning TEM (HAADF-STEM). Surface elements were analyzed by using X-

ray photoelectron spectrometers (XPS, Thermo Scientific K-Alpha+). STEM-energy dispersive X-

ray spectroscopy (STEM-EDS) elemental mapping and line-scanning profiling was performed to 
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examine the morphologies and chemical composition of the products.  

Electrochemical measurements

All the electrochemical tests were performed with a three electrode cell on an Autolab 

potentiostat/galvanostat (PGSTAT-302N) workstation in 1 M KOH. A glassy carbon electrode (GC, 

ϕ = 5 mm) was used as the working electrode, a graphite rod counter electrode and a Hg/HgO 

reference electrode were put in the separated compartment. Linear sweep voltammetry (LSV) 

measurements were carried out with scan rate of 5 mV s-1 and 1600 rpm rotating speed. All the 

measurements were measured at room temperature. The potentials presented here was calibrated 

relative to the reversible hydrogen electrode (RHE) using the below equations:

E (V vs. RHE) = E (V vs. Hg/HgO) + 0.0591 * pH + E0Hg/HgO (V vs. SHE, 25℃)

where, E0Hg/HgO (V vs. SHE, 25℃) is 0.098 V.

The catalyst ink and the working electrode were prepared via the following procedure. A Nafion 

solution was prepared by dissolving Nafion (Sigma-Aldrich, 5 wt%, 25.0 μL) and isopropanol (1.0 

mL) into deionized water (4.0 mL) via ultra-sonication (10 min). The catalyst inks were obtained 

by putting the carbon supported catalyst (5.0 mg) into the above Nafion solution (5.0 mL), 

respectively. 45 µL catalyst ink was deposited onto the GC electrode, and then dried naturally. 

Durability tests were performed by repeating LSV scans at a sweeping rate of 100 mV s-1 in 1.0 M 

KOH for 10000 cycles.   
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Fig. S1 TEM image of Pd nanosheets.
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Fig. S2 TEM image of PdS nanosheets.
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Fig. S3 EDS spectrum of PdS nanosheets
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Figure S4. (A) TEM and (B) HRTEM images of PdS-550 NSs.
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Figure S5. (A) STEM image of PdS-550 NSs and the corresponding elemental mapping of (B) 

Pd, (C) S and (D) the merged image, (E) EDX cross-sectional compositional line scanning.
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Fig. S6 TEM image of PdS nanoparticles. The PdS nanoparticles were synthesized through the 

following procedure. Pd nanocubes were firstly synthesized through a hydrothermal procedure. PVP 

(105 mg), ascorbic acid (65 mg) were dissolved in deionized water (8 mL) at 80 ℃, Na2PdCl4 (57 

mg) was dissolved in deionized water (3 mL) and then poured into the above solution. The reaction 

system was cooled to room temperature after 3 h. 1 mL of the above solution was re-dispersed in 9 

mL DMF and 20 mg of thiourea (20 mg) was added. The mixture was held at 120 ℃ for 12 h. The 

final PdS nanoparticles were collected by centrifuge.



10

Fig. S7 XRD pattern of the PdS nanoparticles.
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Fig. S8 EDS spectrum of PdS nanoparticles
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Fig. S9 Tafel curves of PdS NSs, PdS-550 NSs, PdS NPs, commercial Pd/C and Pt/C catalysts.
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Fig. S10 CV curves of Pd NSs, PdS-550 NSs and PdS NPs at scanning rate of 10 mV/s, 20 

mV/s, 40 mV/s, 60 mV/s, 80 mV/s and 100 mV/s. 
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Figure S11. The i-t curve of PdS NSs.
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Fig. S12 HER polarization curves of PdS, PdS-550 NSs and PdS NPs with IR-compensation.
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Table S1. The performances of different catalysts in the literatures.

Catalysts
Onset 

potential

ƞ@ 10mA 

cm-2

Electrolyte
Tafel slope

(mV dec-1)
Reference

PdS 49 1M KOH 91.7 This work

Pd3.02Te @RGO 7 97 1M KOH 90 [1]

Pd@CNX 12 55 0.5 M H2SO4 35 [3]

PdCo@CN - 80 0.5 M H2SO4 31 [4]

PdNi nanoparticles - 187 1 M KOH 93 [5]

 PdCu nanocrystals 56 80 0.5 M H2SO4 51 [6]

C/N-co-doped Pd@Ag - 111 0.5 M H2SO4 64 [7]

Pd17Se15

Pd7Se4

Pd4Se

80

70

30

182

162

94

0.5 M H2SO4

57

56

50

[8]

PdBi2 11 78 0.5M HClO4 63 [9]

Pd16S7/MoS2/CNFs

Pd16S7/CNFs
-

83  

245
0.5 M H2SO4

113

225
[10]

Pd/FeOx(OH)2-2x NPs ~0 170 0.1 M KOH 150 [11]

Pd3Ru/C - 42 1 M KOH - [12]

Pd3P0:95 NPs - 75 1 M KOH 64 [13]

Pd doped Ni alloys - 50 1 M KOH 102 [14]
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