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Figure S1. Pore diameter versus pore volume variations for the nanostructures. 



 

Figure S2. Survey XPS spectrum of (a) W2C; (b) WS2; (c) W2C/WS2. 



 

Figure S3. CV spectra in the non-Faradaic region with different scan rates for W2C/WS2 hybrid HER 

electrodes in (a) 0.5 M H2SO4 and (b) 1M KOH electrolyte and (c) their current differences. 

 

Figure S4. EIS spectra of Pt, W2C, WS2, and W2C/WS2 hybrids electrodes in (a) 0.5 M H2SO4 and (b) 

1M KOH electrolyte. 



 

Figure S5. CV curves for the (a) WS2 and (b) W2C electrodes at various scan rates using half-cell (10-

50 mV s-1). 

 

Figure S6. The specific capacitance variations at different current densities for W2C, WS2 and 

W2C/WS2 electrodes by half-cell measurements. 

Table 1. Microstructural parameters of W2C. 

Lattice Plane FWHM (o) Crystallite Size (nm) d-spacing (nm) 

020 0.340 24.2 3.001 

002 0.325 25.5 2.601 

220 0.352 24.7 1.863 

041 0.410 22.8 1.448 

123 0.402 23.5 1.415 

004 0.486 20.3 1.289 

142 0.402 25.1 1.254 

322 0.581 17.4 1.232 

 

  



Table S2. Microstructural parameters of WS2. 

Lattice Plane FWHM (o) Crystallite Size (nm) d-spacing (nm) 

002 0.517 15.4 6.267 

101 1.28 6.5 2.690 

103 0.201 42.0 2.279 

105 0.439 19.8 1.839 

112 0.943 9.7 1.532 

114 0.486 19.5 1.402 

200 0.523 18.2 1.384 

Table 3. Microstructural parameters of W2C/WS2. 

Phase Lattice Plane FWHM (o) Crystallite Size (nm) d-spacing (nm) 

WS2 

002 0.765 10.4 6.159 

101 1.120 7.4 2.714 

103 0.956 8.8 2.281 

110 0.907 10.0 1.570 

W2C 

020 0.283 29.1 2.981 

002 0.341 24.4 2.591 

220 0.362 24.0 1.877 

041 0.450 20.8 1.450 

123 0.444 21.2 1.427 

004 0.362 27.2 1.291 

142 0.620 16.1 1.256 

322 0.575 17.6 1.234 

Table S4. Comparison of electrochemical parameters for different electrocatalysts. 

Electrolyte Electrocatalysts 

Overpotential 

(mV vs RHE) 

@ 10 mA·cm−2 

Tafel Slope 

(mV·dec−1) 

 

Exchange Current 

Density (j0, mA·cm−2) 

0.5 M H2SO4 

Pt/C 51 36 1.03 

W2C/WS2 133 70 1.02 

WS2 242 138 0.549 

W2C 171 86 0.194 

Bare NF 450 168 0.022 

1 M KOH 

Pt/C 48 48 1.08 

W2C/WS2 105 84 0.93 

WS2 189 127 0.382 

W2C 123 141 0.717 

Bare NF 292 148 0.048 

Table S5. HER catalytic performances TMDs and TMCs-based electrocatalysts. 

Electrocatalyst Electrolyte η (mV) 
Tafel Slope 

(mV·dec−1) 

j0 

(mA·cm−2) 
Ref 

W2C/WS2 0.5 M H2SO4  
133 @ 10 

mA/cm2 
70 1.02  

This 

work 

W2C/WS2  1.0 M KOH 
105 @ 10 

mA/cm2 
84 0.93 

This 

work 

WS2/W2C 

heterostructure 

0.5 M H2SO4 

& 1M KOH 

126 & 205@ 10 

mA/cm2 
68 & 72 0.501 [1] 

W−W2C/CNT 
0.5 M H2SO4 

& 1M KOH 

155 & 147@ 10 

mA/cm2 
63 & 64 - [2] 

p-WCx NWs/CC 
0.5 M H2SO4 

& 1M KOH 

118 & 122@ 10 

mA/cm2 
56 & 56 0.165 [3] 



W2C@CNT-S hybrid 
0.5 M H2SO4 

& 1M KOH 

174 & 148@ 10 

mA/cm2 
57.3 & 56.2 - [4] 

Mo2C/CNT 0.1 M HClO4 
250@ 10 

mA/cm2 
251 1.43 [5] 

Mo2C/Ketjenblack carbon (KB) 1 M KOH 
210@ 10 

mA/cm2 
48 - [6] 

P-W2C@NC 0.5 M H2SO4 89@ 10 mA/cm2 53 0.316 [7] 

W/BrN 
0.5 M H2SO4 

& 1M KOH 

148 & 194@ 10 

mA/cm2 
68 & 72 - [8] 

WC/W2C heterojunction 
0.5 M H2SO4 

 
69@ 10 mA/cm2 52 0.361 [9] 

Mo2C QD/NGCL 1 M KOH 
111@ 10 

mA/cm2 
57.8 - [10] 

WxC@WS2 Nanostructure 0.5 M H2SO4 
146@ 10 

mA/cm2 
61 0.042  [11] 

Mo2C/N-CNT 1 M KOH 
257@ 10 

mA/cm2 
77 10 [12] 

W2C@GL 0.5 M H2SO4 
135@ 10 

mA/cm2 
68 0.24 [13] 

MoS2/Ti3C2Tx hybrid 0.5 M H2SO4 
152@ 10 

mA/cm2 
70 0.6165 [14] 

CoS2@WS2 0.5 M H2SO4 
97.2@ 10 

mA/cm2 
66 - [15] 

Carbon coated cobalt– tungsten 

carbide Co6W6C 
1 M KOH 73@ 10 mA/cm2 25 - [16] 

MoS2/ 

Mo2C-NCNTs 
0.5 M H2SO4 

145@ 10 

mA/cm2 
69 0.021 [17] 

WC-CNTs 
0.5 M H2SO4 

& 1M KOH 

145 &137@ 10 

mA/cm2 
72 & 106 - [18] 

MoSSe@rGO composite 0.5 M H2SO4 135@5 mA/cm2 51  [19] 

Nano MoC@graphite shell 
0.5 M H2SO4 &1 

M KOH 

124 & 77@ 10 

mA/cm2 
43 & 50 - [20] 

α-Mo2C nanoparticles 
0.5 M H2SO4 &1 

M KOH 

198 & 176@ 10 

mA/cm2 
56 & 58 - [21] 

MoS2-Co nanoboxes 0.5 M H2SO4 
155@ 10 

mA/cm2 
55 0.013 [22] 

MoC-Mo2C HNWs 
0.5 M H2SO4 &1 

M KOH 

126 & 120@ 10 

mA/cm2 
43 & 42 - [23] 

 MoS2xSe2(1−x)  0.5 M H2SO4 
188@ 10 

mA/cm2 
43 - [24] 

CNT-MoSeS 0.5 M H2SO4 
174@ 10 

mA/cm2 
40 - [25] 

Mo2C@NC 
0.5 M H2SO4 &1 

M KOH 

124 & 60@ 10 

mA/cm2 
60 - [26] 

 S-MoSe2@GGNR hybrids 0.5 M H2SO4 
153@ 10 

mA/cm2 
46 - [27] 

1T/2HMoS2 0.5 M H2SO4 
220@ 10 

mA/cm2 
61 0.443 [28] 

N-doped Mo carbide and 

phosphide 

Hybrids (N@MoPCx) 

0.5 M H2SO4 
108@ 10 

mA/cm2 
69.4 0.3424 [29] 

WS2(1-x) Se2x NTs 0.5 M H2SO4 
298@ 10 

mA/cm2 
105 0.029 [30] 

FeS2-RGO hybrid 0.5 M H2SO4 
226@ 10 

mA/cm2 
61 0.25~0.65 [31] 

Co/N, B co doped ultrathin 

carbon cages (Co@BCN) 
1 M KOH 

183@ 10 

mA/cm2 
73.2 0.103 [32] 



W2C/graphene nanoplatelets 

(GnP) 
0.1m HClO4  

186@ 10 

mA/cm2 
64.7 0.024 [33] 

N-doped Mo2C 
0.5 M H2SO4 &1 

M KOH 

177.5 & 160.4@ 

10 mA/cm2 
59.6 & 48.9 - [34] 

Table S6. Performances of TMDs and TMCs-based electrodes for supercapacitors. 

Electrode Materials Electrolyte Specific Capacitance 
Capacitance Retention 

(%)/Cycle 
Ref 

W2C/WS2 hybrid 1.0 M KOH 1018 F·g−1 @ 1.0 A·g−1 94/5000 
This 

work 

WS2/RGO hybrids 
1.0 M 

Na2SO4 
350 F/g @ 2mV/s - [35] 

PANI-MoS2 nanocomposite 1 M H2SO4 612 Fg−1 @ 0.2 A g−1 93/2000 [36] 

WS2-MWCNTs/PANI 1 M H2SO4 760.1 Fg−1 @ 1 A g−1 82.5/2000 [37] 

VSe2/carbon-nanotube  1854 uF / cm2 90/10000 [38] 

TaSe2 Nanobelts 1 M KCl 
835 mF cm−2  

@ 2 mV s−1 
98.7/10000 [39] 

MoS2-NH2/PANI 

nanosheets 
1 M H2SO4 326.4 F g−1 at 0.5 A g−1 96.5/10000 [40] 

MoS2 and WS2 

nanoparticles 
3 M KOH 

1531.2 & 1439.5 F g−1 

at 5 mA cm−2 
81.6 & 74.4/2000 [41] 

MXene/polypyrrole 

composite 
1 M H2SO4 416 F g−1 at 0.5 A g−1 86.4/5000 [42] 

WS2 QDs H3PO4-PVA 
28 mF cm−2 @ 

0.1 mA cm−2 
80/10000 [43] 

MoS2/CNS 1 M Na2SO4 231 F g−1 at 1 A g−1 - [44] 

MoS2/RCF composite 1 M Na2SO4 225 F g−1 at 0.5 A g−1 81/2000 [45] 

1T′ -MoTe2 2 M KOH 1393 F g−1 at A g−1 98/1000 [46] 

MoS2/graphene nanobelts 1 M Na2SO4 
445.71 F g−1  

at 0.8 A g−1 
96.7/1000 [47] 

MoS2/rGO 1 M H2SO4 306 F g−1 at 0.5 A g−1 - [48] 

WS2/CFC 1 M KCl 399 F g−1 at 1 A g−1 99/500 [49] 

WS2 nanosheets 
PVA/LiCl 

gel 

0.93 F cm−2  

at 4 mA cm−2 
82/10000 [50] 

MoSe2  2 M KOH 
243 F g−1  

at 0.5 A g−1 
90.3/100 [51] 

VS2/MWCNTs PVA-LiClO4 182 F g−1 at 2 mV/s 93.2/5000 [52] 

MnO2/Ti3C2Tx hybrid 1.0 M KOH 212.1 F g−1 @1 A g−1 88/4000 [53] 
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