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Construction of Co,S,/MoS, Heterostructures for Enhancing Electrocatalytic
Hydrogen Evolution Reaction

Zhang, Yu Wang, Shixing Yang, Rui Dai, Tengyuan Zhang, Nan
Xi, Pinxian* Yan, Chun-Hua
(College of Chemistry and Chemical Engineering, Lanzhou University, Lanzhou 730000, China)

Abstract The large-scale use of coal, oil, and natural gas will cause environmental pollution and resource shortages, which
is incompatible with the sustainable development. Therefore, it is essential to the development of renewable energy. H, has a
high heat of combustion, and it’s combustion products do not include greenhouse gases, so it is considered as an ideal clean
energy carrier. Industrial hydrogen production methods will bring CO, inevitably. As an emerging energy conversion device,
hydrogen produced by water splitting has simple equipment and little pollution, making it the first choice for clean energy in
the future. Generally, the adsorption energy of hydrogen on the surface of precious metal catalysts is close to zero, and its
hydrogen evolution reaction (HER) performance is the most prominent. Pt is an excellent HER catalyst. Commercial Pt/C has
high alkaline HER performance, but its higher cost, material instability and resource scarcity limit its widespread applica-
tions. Therefore, this research is devoted to the development of high-activity, low-cost transition metal catalysts for HER by
water splitting. Firstly, CoMoO, nanorods were synthesized by hydrothermal method. Then, using the precursor morphology
oriented strategy method, the activated CoySg/MoS, heterostructure catalyst was successfully prepared by sulfurating Co-
MoO;, into CoS,/MoS, and further, calcining CoS,/MoS, nanorod in hydrogen atmosphere. X-rays diffraction (XRD), trans-
mission electron microscopy (TEM), electron spin resonance (ESR), Raman spectra, X-ray photoelectron spectra (XPS) and
synchrotron-based X-ray absorption fine structure (XAFS) characterizations exhibit that the Co coordination mode change
from octahedron in CoS, to tetrahedron in CooSg, leading to the activation of inert basal plane in MoS,. Owing to this activa-
tion, the interlayer spacing of MoS, is reduced and thus generate abundant defects. Meanwhile, the increased electrochemical
surface area (ECSA) and roughness of the catalysts are more conducive to the adsorption of H". The test of the contact angle
data show that the electrode has good hydrophilicity, which can facilitate the penetration of electrolyte and diffusion of gas
molecules quickly. When the current density is at 10 mAscm 2 in 1 mol<L™' KOH solution, an overpotential of 84 mV and a
Tafel slope of 93 mV+dec ' can be achieved. Due to the strong interaction between different components of the heterostruc-
tures, the nanorods possess good structural stability in alkaline solutions. This work highlights the vital role of the sulfides
heterostructure construction in HER, opening a new way to advanced alkaline HER catalysts.
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Figure 1 (a) XRD, (b) TEM image and (c) HRTEM image of
Co0ySs/Mo08S,-300. (d) ESR spectra of CosSs/Mo0S,-X

Acta Chim. Sinica 2020, 78, 1455—1460



1 F F ®R

BN T CoSo/MoS, H MoS, HIJZTH#H 0.605 nm (] S4b),
0.24 nm [¥) 5 A% [A] EE S CooSs (33 1) dbit. A 4h,
lc 7R, 1 CogSg/M0S,-300 ) HRTEM H L BL T & i A
TSI, RN REAATEERIE. N TR IT Hay BRI A
T8RS REm, A58 7 AE 200, 300 &
400 ‘C H, 5UH FBBER CogSe/MoS,-X (X AR LAY
E)ELFIM ESR 55, WK 1d fias, 300 C R
CoySs/M0S,-300 A4} H I s I i NAF 5, By LA S
SR B A B B0 TR My A S I A B 22 A Ak A 1

K| S5 /) TEM RERE(EDS)EdE 5K S6 It &R o Ai
(mapping)Z& 1, CoeSg/M0S,-300 Hi Co, Mo, S —FILH
R, H& TGRS0, CooSs/MoS,-X £ XRD (1148
&l 2a Fiw, B Hy FIBORIR L TH51, CogSg AHUE 1)
T S 0 P R T e, R HH WA B I ARk, R
MosS, f£1(002), (100)F1(110) & HEHATHEORZEWE 2b fr
R, WIS ARG Bl S5 gk ST, X =AMRTET g
AT IR s s, BEERM: & H, 4,
MoS, [3(002), (100)F1(110) 6 &b 4 545, 53508 1 A

(002) (100) (110)
,. :

a Co,S,/MoS,-400 b ) :
J\ * * 1

@ . |

= © i

2 Co,S,/MoS,-200 > /\ ! /ﬂ Y

@ 5 | ! [ 300

S c |1 [

£ I MoS, JCPDS No.37-1492 .2 i ;

- e | L — ,’?\\\\ ’//If‘\‘*u
Co,S, JCPDS No.19-364 i i / :;)““
| .\ Al ! ! . )

10 30 50 70 90 14 1532 33 58 59
261(°) 261()
c Co,S,/Mo$,400 d Co2p Co,S,/MoS,-400

xt Co Co
Cow

Co*

E‘ - § 2p,, C0,S,/MoS,-300 -
2 Co,S,/MoS,-200 @
KT - ,VJ\, 3
= = Co,S,/MoS,-200
. CoS,/Mos, - . éﬁ
2, WWJ\»«.
R aaghinn SR
200 400 600 800 1000 810 800 790 780 770

Raman shift/cm- Binding energy/eV

@ [Mo3d e Co,S,/MoS,-400 f Co,S,/MoS, -400 cos S2p
o ot so: Mo-S Mo-S
0% -
Mo®* Mot S2s . 4

s - — =

s Co,S,/MoS,-300 S (Go,5,Mos, 300

E) 2 @

‘0 [7]

2 - c

o Co,S,/Mos,200 | 2

c =

A Co,S,/MoS,,-200 ; §

236 232 228 224 172 168 164 160 156
Binding energy/eV Binding energy/eV

B2 CoySy/MoS,-X [fl(a) XRD, (b) i43## XRD Fl(c) Raman F. Co
2p (d), Mo 3d (e)Fll S 2p (HIJ XPS &

Figure 2 (a) XRD, (b) high resolution XRD, (c) Raman of CoySs/
MoS,-X. XPS spectra of Co 2p (d), Mo 3d (e) and S 2p (f)
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recorded at current density of 10 mA+cm 2 for 48 h
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Hits P S5 38 0, A R AR A V5 P RHE PR R AT PR S T
A TH AR B . A Bk 2E B S R (] S9)
IS AT A, CooSe/M0S,-300 HA /N T e e Atk
HLf RS FPH, Rl CooSs/M0S,-300 H A % il HER
AL IS .

AR AR S 1 2 PP A 770 P B T B8 B4R A
—, C0Sg/M0S,-300 [t FL R (i)l i el 5F I3
EITw. 48 h A2 )5, HH R 8.9%. 74 RH
Z IR, 5 B BIREEN 10, 50 F1 100 mA.
em B EIHLIE, SR BE R (] 2k, B TC
i kA, FRoEtENHAEY, 1% CosSs/MoS,-300 #1 Kk
BRSO ALTRPE HER S S HFa e M. Kk e itk il
W18 h Z JE ARl FH 2B oKk =k, {3 B il AR
M7 25 (1 FB AR TV A e 3%, FRIRAM SEML T,
WK S13 fizR, El(a) )y CosSs/MoS,-300 4K Fa 5 4 il
R HT SEM, PUKFERIAA/E REYKFr. Fae il
R A FIFESU E (b) T, CosSs/M0S,-300 4K 48 2 1
AR GE RS>, BT CooSs 5 MoS, 11 S P4 T #5 1)
MEAER, RmAEERGMmEMWfRketE, 4
CoySs/M0S,-300 A4 K4 K 4 (1) HE A4 T S ATH 98 RE 6 45 3]
TREE.

3 g

AR TAE SIS 7T SRS 5 103 SR AT 378 CoMoO, 4H
KbE, BT CooSg/M0S,-300 S Jifi 45 #) 4 K e {4k 741
TEZLERI R, MoS, KIJZ BRI/, FAEBE =4 K & 5t
B, fEE T HZESEYE S BRIV, ff HER MG PESE A
7 1 molsL ™' ) KOH ¥, 5P 84 mV it B 34 BT
IEF] 10 mAecm * L E. EAR, CooSe/MoS,-300 [1)4
ik AR AR B L B R sk MERE, ATUAEEAMEN A
SCPE R, G TR A R BT SR A L RE, A R
THEAT S AR R . 0 A e i i &
B F THNE AL CooSs/M0S,-300 AL FIMT R, Jyid i 4
JEE AL S5 IR 45 A ) A B B R R R T B A T R R
.

4 SKIGERSY
41 R

SR AT AL AR T LS HE (S R
4.2 SKIGIRME
42,1 BREFHATALE

F—HF 3 em X4 om B 4EARA T 30 mL A5
Tk, A 30 min BRERMAKL, #EMH 30 mL 2
moleL ™" ) Eh FR 4k S 7 AL FT 30 min, £Jm FFH 30 mL
ToK TR 0.5h % H.
422 FIBER CoMoO, 44 7K # 4| &

# 0.7416 g (NH4)sM070,424H,0 A 60 mL F 2 5
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FKA, BEFE 15 min EEM, HHEPIIAN 0.6985 g
Co(NO;);*6H,0 k445 #E 15 min 2 58 4TV, T Ii%IkE
G AR IMANEK, ATEHR pH A 7.0 )5, A
100 mL & R RN, FEHN—F filse A 2 i ik
f4eAn, FHERZE 150 CIHREF 6 h M. HAKRHZEE
BB R AT 4 An, F 228 TR A K OB 5% i =
R, BIEIN 50 CHZTTERMAHTE 12 h 1535
CoMoOQ,.
423 MoS,/CoS, #h KAstY 4 &

¥ CoMoO, ZEN il & 0, #N 3 g FHEm, 18
Ar SRR BL 50 mL/min IEF 5 °C/min fTHE
W, 18300 CF M 2 h, £33 MoS,/CoS,.
424 ZiRTREHE CosSs/M0S,-300

¥ EIR CogSy/MoS, 2 N i i 20, #1H] Hy 5 Ar
(9 &t 9(50 mL/min) : (100 mL/min) (1 :2), BL 5
C/min fEHERTHEZE 300 C, F7E 300 C R 2 h,
23] CooSeg/M0S,-300 #1K}.
425 Co0oSg/M0S,-200 5 CooSg/M0S,-400 # 4| &

4 CoSy/MoS, fEAEIR A H 7351 LA 200 #1400 °C
MR FEIL R 2 h 133 HARZME CosSs/MoS,-300 [
HIRFF—L
42.6 IR MoS,-300 &4 4] &

¥ 0.6049 g (NH4)¢Mo070,424H,0, 0.9134 g CH,N,S
5 0.4 g R IG5 EI(PVP)EI N 50 mL 192, —
B2, BEPE 15 min JEVEAE. #5100 mL 15 &M
2, NFAFE 200 C M 48 h G RFZE =R, 28 PR
TR ZEELA3 mL) © (3 mL) (1 @ DB Lok &K, 4t
T Bk AR AT IR AR N S, 7E N SRR T, FHR
F 650 C/&M 3 h EPAIAZ R MoS,. A5
CoySg/M0S,-300 AH[FIFFIiG b 7%, #iH Hy 5 Ar M E
Et (50 mL/min) : (100 mL/min) (1 : 2), EL'S “C/min [¥]
HERTHRZE 300 C, IFAE 300 C TR 2 h, 47|
MoS,-300 £}
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