
Electronic Supplementary Information

Boosting electrocatalytic hydrogen evolution over Mo2C-W2C 

heterostructure by interface-induced electron modulation

Lijuan Jiang, Ruijing Wang, Huimin Zhou, Guang-Feng Wei*, Xuefeng Wang*

Shanghai Key Lab of Chemical Assessment and Sustainability, School of Chemical 

Science and Engineering, Tongji University, Shanghai, 200092, P. R. China.

*Corresponding Authors: weigf@tongji.edu.cn; xfwang@tongji.edu.cn

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2024

mailto:tydsh@jnu.edu.cn


Contents

Table S1 Composition of samples obtained at different Mo/W feeding ratios. ................................1

Fig. S1 SEM images of the Mo2C/RGO, Mo2C-W2C/RGO, Mo2C-W2C/RGO, and W2C/RGO. ....2

Fig. S2 EDS spectra ...........................................................................................................................3

Fig. S3 Raman spectra of the GO and RGO......................................................................................3

Fig. S4 (a) Survey XPS spectra. High-resolution XPS profiles of (b) C 1s; (c) N 1s. ......................4

Fig. S5 (a) Polarization curves, (b) Tafel plots, (c) Cdl, and (d) Nyquist plots in 0.5 M H2SO4.. .....5

Table S2 Comparison of catalytic parameters in 0.5 M H2SO4.. ......................................................6

Table S3 Comparison of HER performance for Mo2C-W2C/RGO with other reported carbon-

based electrocatalysts. ........................................................................................................................7

Table S4 Comparison of catalytic parameters of different HER catalysts in 0.5 M H2SO4..............8

Fig. S6 The Cdl of different materials in 0.5 M H2SO4 .....................................................................9

Fig. S7 SEM image of Mo2C-W2C/RGO-0.56 after long-term durability test in 0.5 M H2SO4........9

Table S5 Comparison of catalytic parameters of different HER catalysts in 1.0 M KOH..............10

Fig. S8 (a) Polarization curves, (b) Tafel plots, (c) Cdl, and (d) Nyquist plots in 1.0 M KOH. ......11

Table S6 Comparison of catalytic parameters in 1.0 M KOH. .......................................................12

Fig. S9 The Cdl of different materials in 1.0 M KOH. .....................................................................12

Fig. S10 SEM image of Mo2C-W2C/RGO-0.56 after long-term durability test in 1.0 M KOH......13

Fig. S11 XRD patterns and SEM images of W2C, Mo2C and Mo2C-W2C.. ...................................13

Fig. S12 (a) Polarization curves in 0.5 M H2SO4. (b) Polarization curves in 1.0 M KOH..............14

Fig. S13 The density of states for Mo2C, W2C, Mo2C-W2C. ..........................................................15

REFERENCES...............................................................................................................................16



S1

Table S1. Composition of samples obtained at different Mo/W feeding ratios.

products (NH4)6Mo7O24·4H2Oa (g) (NH4)6H2W12O40·xH2Ob (g) Mo/Wc Mo/(Mo+W)d

Mo2C-W2C/RGO-0.24 0.18 0.74 0.33 0.24

Mo2C-W2C/RGO-0.56 0.36 0.50 0.5 0.56

Mo2C-W2C/RGO-0.75 0.53 0.25 3.0 0.75

a Data was the molar amount of (NH4)6Mo7O24·4H2O used in synthesis. b Data was the molar amount of (NH4)6H2W12O40·xH2O 

used in synthesis. c Data was Mo/W feeding molar ratio. d Data was calculated from the result of EDS.
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Fig. S1 SEM images of (a) Mo2C/RGO, (b) Mo2C-W2C/RGO-0.75, (c) Mo2C-

W2C/RGO-0.24, and (d) W2C/RGO.
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Fig. S2 EDS spectra of (a) Mo2C-W2C/RGO-0.24, (b) Mo2C-W2C/RGO-0.56, and (c) 

Mo2C-W2C/RGO-0.75.
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Fig. S3 Raman spectra of the GO and RGO.



S4

292 290 288 286 284 282

Mo2C-W2C/RGO-0.24

Mo2C-W2C/RGO-0.75

C-W/C-Mo

C-W/C-Mo

C-W

C-Mo

C-W/C-Mo

C 1s

W2C/RGO

Mo2C/RGO

Mo2C-W2C/RGO-0.56

In
te

ns
ity

 (a
.u

.)

 C-C/C=C   C-N   C=O   O=C-O(b)

Binding energy (eV)

404 402 400 398 396 394 392

Mo2C/RGO

Mo2C-W2C/RGO-0.75

Mo2C-W2C/RGO-0.56

Mo2C-W2C/RGO-0.24

W2C/RGO

N 1s

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

 Mo 3p  pyridinic-N   pyrrolic-N   quaternary-N(c)

800 600 400 200 0

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

M
o 

4p

W
 4

d

M
o 

3p

M
o 

3d

W
 4

f

C
 1

s

N
 1

s

O
 1

s

Mo2C/RGO

W2C/RGO

Mo2C-W2C/RGO-0.24

Mo2C-W2C/RGO-0.56

Mo2C-W2C/RGO-0.75

(a)

Fig. S4 (a) Survey XPS spectra. High-resolution XPS profiles of (b) C 1s; (c) N 1s.
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Fig. S5 (a) Polarization curves and (b) Tafel plots of Mo2C/RGO, Mo2C-W2C/RGO-

0.24, Mo2C-W2C/RGO-0.56, Mo2C-W2C/RGO-0.75, and W2C/RGO in 0.5 M H2SO4. 

(c) The Cdl of different materials obtained at 0.15 V versus RHE. (d) Nyquist plots (at 

η = 200 mV).
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Table S2. Comparison of catalytic parameters of Mo2C/RGO, Mo2C-W2C/RGO-0.75, 

Mo2C-W2C/RGO-0.56, Mo2C-W2C/RGO-0.24, and W2C/NRGO catalysts in 0.5 M 

H2SO4.

Catalysts
Onset potential 

(mV vs RHE)

η10

(mV vs RHE)

j0

(mA cm-2)

Tafel slope 

(mV dec-1)

Cdl     

(mF dec-1)

Rct 

(Ω)

Mo2C/RGO 43 110 0.384 73 27.3 11.3

Mo2C-W2C/RGO-0.75 41 103 0.407 68 37.1 9.8

Mo2C-W2C/RGO-0.56 30 81 0.428 56 38.5 5.9

Mo2C-W2C/RGO-0.24 66 137 0.251 75 25.3 10.34

W2C/NRGO 67 151 0.244 94 20.0 33.1
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Table S3. Comparison of HER performance for Mo2C-W2C/RGO with other reported 

carbon-based electrocatalysts.

Catalyst Electrolyte
Tafel slope

(mV dec-1)

η10

(mV vs. RHE)
Ref.

0.5 M H2SO4 56 81
Mo2C-W2C/RGO-0.56

1.0 M KOH 59 87
This work

1.0 M KOH - 138
Twinned WCN

0.5 M H2SO4 65 128
1

1.0 M KOH 59.07 196.2
W2C/WP@NC

0.5 M H2SO4 77.4 116.37
2

1.0 M KOH 56.2 148
W2C@CNT-S8

0.5 M H2SO4 57.4 176
3

1.0 M KOH 57.4 145
Mo2C@BNC

0.5 M H2SO4 68.3 184
4

1.0 M KOH 94.7 124
WC@C/NF

0.5 M H2SO4 - 208
5

CoO/Mo2C 1.0 M KOH 80 107 6

Co/Mo2C@C 1.0 M KOH 68 98 7

1.0 M KOH 68 154
Mo2N-Mo2C/HGr

0.5 M H2SO4 55 157
8

Mo2C/MoS2-rGO 1.0 M KOH 52 112 9

1.0 M KOH 72.2 116
WC-W2C/HCDs

0.5 M H2SO4 52.5 96
10

Mo2C-CoO@N-CNFs-8 1.0 M KOH 76 115 11

Ni-W2C 1.0 M KOH 73.8 88 12

1.0 M KOH 72 205
WS2/W2C@NSPC

0.5 M H2SO4 68 126
13

1.0 M KOH 51 147
W-W2C/CNT-6

0.5 M H2SO4 56 155
14
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Table S4. Comparison of catalytic parameters of different HER catalysts in 0.5 M 

H2SO4.

Catalyst
Onset potential 

(mV vs RHE)

η10             

(mV vs RHE)

j0          

(mA cm-2)

Tafel slope 

(mV dec-1)
Rct (Ω)

Pt/C 0 21 0.945 21 /

Mo2C-W2C/RGO-0.56 30 81 0.428 56 5.9

Mo2C/RGO 43 110 0.384 73 11.3

W2C/RGO 67 151 0.278 94 33.1

RGO 278 380 0.005 104 4040
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Fig. S6 The Cdl of different materials obtained at 0.15 V versus RHE in 0.5 M H2SO4.

Fig. S7 SEM image of Mo2C-W2C/RGO-0.56 after long-term durability test in 0.5 M 

H2SO4.
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Table S5. Comparison of catalytic parameters of different HER catalysts in 1.0 M 

KOH.

Catalyst
Onset potential 

(mV vs RHE)

η10            

(mV vs RHE)

j0        

(mA cm-2)

Tafel slope 

(mV dec-1)
Rct (Ω)

Pt/C 8 27 0.933 41 /

Mo2C-W2C/RGO-0.56 33 87 0.398 59 4.4

Mo2C/RGO 66 134 0.120 64 6.5

W2C/RGO 76 159 0.102 93 27.9

RGO 296 491 0.0316 189 279.7
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Fig. S8 (a) Polarization curves and (b) Tafel plots of Mo2C/RGO, Mo2C-W2C/RGO-

0.24, Mo2C-W2C/RGO-0.56, Mo2C-W2C/RGO-0.75, and W2C/RGO in 1.0 M KOH. 

(c) The Cdl of different materials obtained at 0.15 V versus RHE. (d) Nyquist plots (at 

η = 200 mV).
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Table S6. Comparison of catalytic parameters of Mo2C/RGO, Mo2C-W2C/RGO-0.75, 

Mo2C-W2C/RGO-0.56, Mo2C-W2C/RGO-0.24, and W2C/NRGO catalysts in 1.0 M 

KOH.

Catalysts
Onset potential 

(mV vs RHE)

η10

(mV vs RHE)

j0

(mA cm-2)

Tafel slope 

(mV dec-1)

Cdl     

(mF dec-1)

Rct 

(Ω)

Mo2C/RGO 66 134 0.112 64 17.2 6.5

Mo2C-W2C/RGO-0.75 56 114 0.184 60 22.3 5.5

Mo2C-W2C/RGO-0.56 33 87 0.398 59 26.3 4.4

Mo2C-W2C/RGO-0.24 69 135 0.132 64 23.8 8.2

W2C/NRGO 76 159 0.102 93 12.7 27.9
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Fig. S9 The Cdl of different materials obtained at 0.15 V versus RHE in 1.0 M KOH.
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Fig. S10 SEM image of Mo2C-W2C/RGO-0.56 after long-term durability test in 1.0 

M KOH.

Fig. S11 (a) XRD pattern and (b) SEM image of W2C. (c) XRD pattern and (d) SEM 

image of Mo2C. (e) XRD pattern and (f) SEM image of Mo2C-W2C.
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Fig. S12 (a) Polarization curves of RGO, W2C, W2C/RGO, Mo2C, Mo2C/RGO 

Mo2C-W2C, and Mo2C-W2C/RGO-0.56 in 0.5 M H2SO4. (b) Polarization curves of 

RGO, W2C, W2C/RGO, Mo2C, Mo2C/RGO Mo2C-W2C, and Mo2C-W2C/RGO-0.56 

in 1.0 M KOH.
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Fig. S13 The density of states for Mo2C, W2C, Mo2C-W2C. The dashed line denotes 

the position of the Fermi level.
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