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Abstract ; Using ammonium tetrathiomolybdate and hydrazine hydrate as raw materials, the sulfur-vacancy con-

taining MoS, was synthesized by simple hydrothermal synthesis combined with subsequent ethanol solvothermal

treatment , and its hydrogen evolution reaction (HER) performance was investigated. The electrochemical per-

formance was calculated by first principle density functional theory. The results showed that sulfur-vacancy had

obvious effect on HER performance of MoS,. The Tafel slope of the sample Eth24h-MoS, obtained by ethanol

solvothermal treatment for 24 h was 69 mV/dec and the overpotential was 237 mV at current density of 10 mA/

em’ ,which was significantly lower than that of the original MoS, ,and had good electrochemical stability. With the

increase of sulfur-vacancy density,the band gap of MoS, decreased and its conductivity improved. The hydrogen

adsorption free energy AGy of sulfur-vacancy position and sulfur-vacancy free position decreased rapidly. The

closer the hydrogen adsorption site was to the sulfur-vacancy position ,the smaller the AGy, value was.
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[R5 HLAZ. DA Tafel R F , P-MoS, 1) Tafel £}
K21k 121 mV/dec, Eth8h- MoS, Fl1 Eth24h-
MoS, ) Tafel &} 43 5l £ 24 95 mV/dec I

69 mV/dec.
0.1 ~0.2 V i1 KX [a] N, W 5 FE 5L

2 mV/s 4 mV/s 6 mV/s 8 mV/s 10 mV/s F4
T CV i Ze bz A 1 1) 25 M L7 L 3 %
AR MRS 2, BT 6 i
SRR S AR LA 150 mV (vs RHE) B4 H
AR REZEE A, AT LA BAS [RI AR o 1 B AR A T
] 2 C, fA. # & it 5 15 2] P-MoS,
Eth8h-MoS, #1 Eth24h-MoS, 1 C, {H 43 7 &
8.88 mF/cm’, 10. 62 mF/cm® I 11. 09 mF/
em®. B LA EZE SR AT, S A A 5T AXT MoS, Y
HER P4 REA R 1 $& - H.

MoS, & HER Ak 5 76 R V15 W b i 1 fig
FeAsange 1 s, 1% 1 Al 1, Eth24h-MoS, 5
SCHR A MoS, Jt HER AL I PEREA . T
R Eth24h-MoS, (1) Hi Ak ¢ Fg e 1, i 1 H:
1t =230 mV (vs RHE) H3 H I 19 H 37 — B (8]

e, KT Pras. B 7 AT LLE Y Bl AL BT
[ T4 28 24 b, L U0 2 FE AR GERETE 10 mA/
em’, 3% 15 B Eth24h-MoS, 1E & HER {81k 7] 2

ARG A AR E M.

121 mV/dec

0.4

0r TR TRTRYO )
5 g - P-MosS,
¥ * Eth8h-MoS,

10 “ ¢ P + Eth24h-MoS, 5 mV/dec

£ b = 03r v 20%Pt/C

3} Y g

: 3 ’

< 720 ¥ o 69 mV/dec

E Y Z 0.2t

= Y =

B _30 ——P-MoS, Y S

2 '_L ~

EE ——Eth8h-MoS, ¢ 2,

2 _40 ——Eth24h-MoS, J B

—— Y
20%pr/C Y 32 mV/dec
50 . , Ly , , Ot 1 1 . )
204 -03  -02  -0.1 0.0 0.1 0 0.5 1.0 1.5 2.0
HJR/(V vs RHE) Log (FEL L% /(mA - cm™))
a) LSVl £k b) Tafel ] £k

A5 #5695 HER M4t &

Fig.5 HER performance curves of the samples



- 60 - B354 2021 454 f 4536 % &2 11

030 0.15
i E 0.12
E 0.15 7
<
- < 0.09} ’
§/ 0.00 f %i 8.88 mF/cm”
b by 0.06
& &
320151 £ 0.03
g
-030b— ; ) S S
0.09 0.12 015 0.18 0.1 1 2 3 4 5 6 7 8 9 1011
M E/(V vs RHE) HIHER/(mV - s7)
a) P-MoS,JC Vil £k b) P-MoS, By £E 140, & th £k
0.30 0.15
« E 0.12f
£ 0.15 c
b T 0.09} 10.62 mF/em’
£ 0.00 e
= ﬁo.o&
el x5
 -0.15¢ 2 0.03}
& B
-0.30 L~ s s - - 1) S S
0.09 0.12 015 0.18  0.21 1 2 3 4 5 6 7 8 9 1011
L /(V vs RHE) FIE R/ (mV -+ s7)
¢) Eth8h-MoS,IC V4 d) Eth8h-MoS, iR LA #h £k
0.30 0.15;
i £ 012
£ 0.5} . >
h - 11.09 mF/em
= = 0.09}
E 0.00} ﬁ
{iﬂu ax 0.06}
el #a
2015} % 0.03}
¥ Ead
e 11 S S — ) S S
0.09 0.12 0.15 0.18 0.1 1 2 3 4 5 6 7 8 9 1011
H1JE/(V vs RHE) P HEAE/(mV - 57
e) Eth24h-MoS,#JC VI £k f) Eth24h-MoS, i 4 P40l i 26

H6 i RRafiEF T CV & &K ADR 6 & 5ve 5w i bk &6 2 b il 2%
Fig.6 Cyclic voltammograms at different scan rates and the corresponding

linear fitting of the capacitive currents with respect to scan rates

% 1 MoS, & HER 1E1LA] f2 B PSR T 69 P AE PR AR

Table 1  Performance comparison of MoS, based electrocatalytic hydrogen evolution catalysts in acidic solution

AGES LR I 10/ mV Tafel %/ (mV « dec ") He
MoS, £ T4 0.5 mol/L H,SO, 241 163 [19]
MoS, 0.5 mol/L H,SO, 217 74.5 [20]

Al B4 1 MoS, 0.5 mol/L H,SO, 248 82 [21]
MoS, 0.5 mol/L H,SO, 200 65 [22]

= 2R T 3 MoS, 0.5 mol/L H,S0, 237 110 [23]
&S BB MoS, 0.5 mol/L H,SO, 237 67 VN

o EHUE 10 mA/om” HL A JE PR A 3o LA
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