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WE: AR (H) EAWR. nTHA RS Re % 5 SR, ERIRG M R R
BREBENEM . JeEAEAEMLENTH ¥ (hydrogen evolution reaction, HER) #&
A AT AIHIE . A (MoSy) R mEE k. Sl & B 1%, cik
NIEHEACFI AL HER A 2 W S AR 2 — o SRTT, MoSofA 5 Fe e 1 22 AL [T vl
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1. 5|

AR (H) HBELEY. iTHEE. eEEES (142 MIkg ) 28, A
HERAA LR, SRR ERARRA KI5 Y, BEA I R R BEIR 45 P % Y 1Y) d
FEIEFEZ — [1-5]. BbAh, Ho 2@ B rT RO 750k, 2 % S/ A ik
[6]. TEARHESRM T, Ha BB ESCNAHFAR S S ER 6.897% [7]. 714k, H,
RTHPRE WK ILER, BAESERNE. BREMVEME R, ATHERRR
WRREL. B, AE AR R A U AR DO (AL AT F A AL K
fife 55 712 L Ha [4,8-10]0 Forr, JE AL AN H AR ALK 23 il = SN NS B
B hn @ik ARITE LI i fh HER I FEH R E 2 0 H 2
IVER [11-13]. Si4/E40 Pt AL HA AR HER MR, (HHAREREA S
FRCA T B SR 7T R . B, FRARIRERCAR . EE T HEA R AR E Y
A= L E K

—4E (two-dimensional, 2D) 2R MoS, K HAREH fAR M. BT RIG
LR 452 0 E . MoS B = ANAlJRAHZE M : 1T, 2H M1 3R [14]. X ff MoS,
BRI R SN B AL A B AL (BB 1) o SeRTHISC
BRBTFEIFSE, MoS, B VMG s A PERE T [14,15]. SR1M0, MoS, HIN7E
TG 52 B A BR (I AL s IR PRI, Wil 52 4k MoS, BTG5 T
AT R I 78 0470 . AR SCEE s 45 T MoS, F TG AL AN s f1L HER FRI e
WEFCHEIE, M T MoSy MR e 5 AL G 1t 2 B R &R

Tk
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B 1. MoS, FI TG HEAL AN HL (AL HER 7R & &
Scheme 1. Schematic highlight of MoS; for photocatalytic and electrocatalytic HER.

2. ZEMIKT

— Mk, MoS, 14 1T, 2H Al 3R =MAEMIMLEH, i T. HA R
SR IETT  ANOTRIRIT SR, ey 1. 2 A0 3 WA nl R s B i) 2
2, WE 1 PR [16]. B4 MoS, HZH =ANETEA K, WERE T2 /%
FHFET . Bk, 1T-MoS, A& Wfass, HA /NSRRI )2 R 145
P [17] XFREEH FE 1IT-MoS, B &JEdetE, WmE SHME. 2H-MoS, B
FHARRLZ PR 6-7 A MXUZ IR F451, Hhf—Z#m /S rH R 7
M. 3R-MoSy & —MRITHLE, HAFRN 1.415 eV. A1, 3R-MoS, £ %
BF AT E, X IRG] T HAESLRR N H . AEE, A MoS, ES
JE 2 (BRI BAE 08055, IRA G@id . Ak ANE #y KT 15
HHATRIES . LAk, AFFAS ) MoS, R I i #4235 BRI A A1 S/Mo JE-F AT 2
BEF 2 EF I ThRE [14]. X AHEA MoS, W] H T2 A BE R AR S 4Tk, ALHE s
oy JGfEAL . FE M, BORA RS, B HAE [18-21]. A STK I i G
L AT 4L HER ARt o

T 2H

Octahedral

<

A

A Trigonal prismatic

Trigonal prismatic

& 1. MoS, fI45#): 1T. 2H M1 3R [16].
Figure 1. Structures of MoS,: 1T, 2H and 3R [16].
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3. e BALHERIHF T3 B

H 1972 4£ Fujishima A1 Honda 38 1T TiO, B H & BG4 BL 70K BLK [22],
S RGBT & P TR 3R HER. HRT, eI EAEHI S 15
VIRkfR . —EALBRIE TR . PUE M S S0 S UA 2 Z R [23-28]. HE
W, A ) SR I RE AN Ak R 2 R AR T LS — PR AU HL AT 5t
FRIEOR, ZRMRZ . Wl 2 s, etk SHYsE1ERERE
FLZ AL, HB R AE PEE R 3E T R AL A4 /K [29]. D64k HER BT I AE &
KEKBHAE, KPHEEER . LF. D3R, IR EEME R, T RG %,
Gy T, SRR KU [14]. 2R, JeMEL HER & — M EEE R Ml .
B BEAFIAR S R, A SRS R, B, HRmAR. St
HIPLREEE . dhah, SR IE &2 B RNVEE . pH E. Be s
AN EL R 2= B2 30,317,

Sugar + 0O,
et

Chemical
energy

|
Artificial Q-
Photosynthesis 4('
(Water splitting)

Chemical energy
G%=237kJ/mol

Energy

H,0

B 2. RRJEEEH 5 AN THeth s R Mo = B [29].
Figure 2. Diagram of natural photosynthesis and artificial photochemical reaction
[29].

3.1. JefEfk HER IR AF
e SRS A BB SR N KRBT PATEIA N LR R [29]:

) NSRS SYE A B B MASDE TR E KT 5% T2 SRk
AN BB, P FARZ BRI, EMm AT O T3
T, HTERITEPE SRR S, MR R IR OES
TR T -

2) AT IGER RN SRR G AL S BTSN B AR i
IS HMEAFII SN 5 MEMBERRSTE K. SRr mEmE, Gt
Rk b o BB AT AR SRS AR RSO, MRS, FEEeEbiEtE, m
T ISR R T2 MO E AL, SEOCENEERK. B, SRR
98N AT DA R AR 3 A 2D G R T R R, PR AE ST
R FEF R AR, IRELEMSCE.

3)  BEAFIERI R AR E B B SR 1A 2 Ok AR R T

3
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W B HaO kA O f HY, B R IREE DRI 75 H R A OB AE %

S5 SR N2 RS A S MR A, ELR AR, e

M2 58N TR B S

FF A AL i S 2 S AR R G 7 B R AN A AL AL & T Oy/HL0
(123 eV) , SHEIEF BEAET H/H, (0 V vs. NHE) , 7% E KT 1.23
eV HIER. MIEANX (1), BEEHTORMEMHI SR EIRME K N /N T2 1000
nmo.

Band gap (eV) = % (nm) (1)

3.2. FiTobAE4k HER K] MoS: B35 AT 70 it /&

MoS, KRR H e M PR, 28 2 ki, TR TT
M, MoSx#iA A e — MR A T 5t HER B4k 77 [32,33]. — %Kik, MoS, 44
BHOA RN, BHTFRTLHE, HoRk MoS: AN 1.2eV, HJZE MoS: [
WA 1.9eVe Bk, MoS, RS AZHos s ol b, I HH OGS AT
Wo (HiZ, MoS, AF7E— 2t &, B, Tz DRI s il
HER IS fE s A 8 TR E SR . N TR bl B, SR AR T £
Pl [34-36]. B, 4 MoS, fE NBhEALFITAEAE CdS LI, HZE MoS, 44
KT AR pin 45 R OR S PR A7 s v 4 v Y fBE AL R [34,35]. Liu %6 A [371K 31
I R A ELHUR Y MoSa, AT LME MoS, MGG S RESEL. B
3(a,b) B T TiOx YK A4 MoS, K 45 . MoS, 9K A AR KAE TiO, 44
KeFd BRI T TiO.@MoS, Figit (B 3(e,d)) - B 3(e)N TiO.@MoS, 57
R R I RER, TTUAEE, 7E TiO, 9K 44 b B4 K1) MoS, if BL&
#a KRG L AL [37]. DL RS/ AR S5 FH Tk 4L HER 1
MoS; [ 52t SR

TiO, nanofiber
TiO,@MoS; heterostructures

B 3. (a) TIO AR EF4E. (b)) MoS2 49K i (¢) 12 /NG ) TiO.@MoSy 5 S 5 # Al (d) 24 /N J 1)
TiO2@MoS, 7 R 45 #) SEM K. (e) TiO.@MoS, 57 i 45 i B R = & [37]

Figure 3. SEM images of (a) TiO, nanofibers, (b) pure MoS, nanosheets, (c¢) TiO.@MoS, heterostructure after 12 h
and (d) TiO.@MoS; heterostructure after 24 h. (e) Schematic diagram of TiO.@MoS; heterostructure model [37].
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3.2.1. B

KNS T MoS: @Bt AE& BB IRM T BRI iR,
g TAFZRB B A0 L HER [s2m. BHFERIL, B2l DLy IOkl
FIE RS 380 HE TR s AR T HOGA R IR 2
BEARIL A e 72 FELREL [19,38-43]1. Xue BIBA[38]HI G FikAE TiO, Kk T
FAEK CotB 2k MoS BT, AP EiE A7 5 “CoMoS” R
HER 751, Wu Z5[19]f %1 Co $54% MoSy/g-CaNy SR &5 2 1 1F = Lg%
(triethanolamine, TEOA) BPEIFIE T HOGMEAL HER 7514, HER ZALH| [
3193 pmol-h - g™'e WFFLRIL, Co BRI TR T 451, &g I HZ Mg
PR 35h, B 4R, g-CNy = AERDGA B 71T BIFE 31 2] Co-MoS, %
I, BETT] Co-MoS, AI LLs i O AE i, [RINHR G A il B2 B
£ (density functional theory, DFT) 11538, Co B AU MoS, ffk Kk
AEEAR, T H K 7 HER B9 H 456 H HfE.

bl (a) (e) Ex!:uanonﬂuence
1 P . v -150 ps AN e o 2H-MOS2
ee e. el . '\, 3 7” H, He : 2H ground state (i)
" o b S 2pap
-l . v D
>U Co-MoS, H R '. : J \ s , ‘
oF =l Hm,\;yifi A o : ——
f —— ;"‘.‘%— - :,'. s LS WMMWM P
. \ ‘5-_:”. &< T - (g
Z s oA
1 bh*h*h*h* Oxidation e = R e \
""""" roducts ) et . L
p ’d P - CO MOSZ g,s) Q000000
2l = o )
2 - " g |
— 2 Shift ——
CN, ' 3 i i
g-C;N, nanosheets £ e
F) \\e- VB
f \2
! ~
19 o v . - electrons.
S S - ﬁ:xiw;: oo o0
__——’ @M s @O0 oles
pomm—————————E LIS ILILT T
0 1T-MoS
[} 2 5
! -
1
]
: 8 coooooo
] &, coooomo
! —T—T—T—T— T
164 163 162 161

Binding Energy [eV]

B 4. (a) BEIUKFDEIUE T Co-MoSy/g-CsNa 8 AT BDEHEAUHLEL R & [19]. (b) S O AT 51K S A
R B (¢) S TAE G B AU N R BB . (d) YAt R N A S 4 S AR A MoS2-Ox 7 5
[43] () BOLEUA M XPS Y. (f) 2H-MoS, - T4k, (g) MG # G IR A HL -2 O B i B, B0k i
LLRARE A . (h) 2H-MoS, K Hil 2 L) JE 1T-MoS, # [40].

Figure 4. (a) Schematic illustration of photocatalytic mechanism of Co-MoS,/g-C3N4 hybrids under simulated solar
light irradiation [19]. (b) Schematic diagram of S vacancy formation triggered by external O, and electrons. (c)
Schematic diagram of oxidation reaction during formation of S vacancy. (d) Schematic diagram of formation of
MoS,-«Ox by oxygen occupying S vacancy in photocatalytic reaction [43]. (e) XPS spectra with laser excitation. (f)
2H-MoS, semiconductor. (g) Schematic diagram of creation of electron-hole pairs with exponential excitation profile
from optical penetration depth. (h) Metallic 1T-MoS, phase on surface layer of 2H-MoS, [40].
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W R, B2 AR MoS, ) HER J5EPEiX 2] T 404.3 pmol-h'-g™!
[39]. 5ARBAM MoS ML, $BAHFEMTE 600-700 nm K Ab B A 5 45 1) LAl
Sy BRI SR R, 5 NN E AR GG HER SRI0)s, LA m =&
B EYIGETEER 95%. H4b, Sorgenfrei Z5 A [40]&K ¥, P 544K 2H-
MoS: e [a] T 25 iy, RTH BT R REFEBERZ T 2H A CRS4 %
BRITH (BB , X —IENEILT BN TR B 4e)fin, X%
H-FHE1E (X-ray photoelectron spectroscopy, XPS) HIMOGEKEIE T P B4
2H-MoS, IR (FE4(f) YR GEGEPRD) , L 1T-MoS: # S2ps»
HS2p1n S RE AL 22 B CIREBRRIE) o BWOLHIE 150 ps J5, 2H M= AL g
ek, RPUEETELT SR ITH. BB EnE 4E-hiir. 5
bb, B A(@) R TG BRI AR B - SO AR B it 2k, DL B AR P
) 2H-MoS, MR X5 &, Hr St (CB) EMLRM, M2
(VB) MR NiEF. RBETFIRERLEE T LB 1T A,

IEAh, MoS, I 1T A AN BT # B A e tbimtt. 5 RAUEA AT
FEHEATEME G 2H AR L, 4544 P I MoS, 7] LR & Y6 I S A HER 2% . Xin
A [411 R K PGEH T4 P B MoS,, FLAEAT WL Bl P 6 U g o
W, B TR R, B PH K. Xu %% [42]7F NasS Fl Na,SO; VR A
il [ P 43 2% MoS,/CdS — 7t 5 B 45 DAL P &%y 8.86 mmol-h™'-g™'e 5T
KW, PBEIRRSGEAEAR T ML HER BIRET 451 . Wang 55\ [43]
WKL, FESERRRDGREAERE S, AR TR A 2218 A4 O, TR R
Oy . M 05 SEER, kA=, i Mo-S#MIR, B SO,
o BfiJE, SO MM MoS, Kk, Miir=4 S (F 4(b,e)) o HEEH
FRELiE N2l O, AN 17 S A (B 4(d)) - XFE, MoS, s A A
MoS»Ox, ATCE A LURIF I BLAE MoS, H. BEGTHELR W], &R MAE AT L
fERE SR AE AR AS, AR A, thAh, NAR TR O B AW FIfEH
BINT MoSy FRIBATEENL i, BRI T 6AE R AT A4 A% FLBH
3.2.2. REBHEME LS

W, AR P R AR AR, DRIt R A7) (%) 2R T AR AU 5 v R A A
MZREIE, MoS, LA i BA BRI AR H A (AGu*) , 9 0.08 eV
[44,45], 5V Z &R ENFIMEWN B HEEE Y (B S@a@b)) , AFTEA%
TEHRMIMAEN . Li 55 (465 5] NAR M £ &8 A A A Z R A )
(layered double hydroxides, LDHs) , fE MoSy Z4K fit 742 [l A Az 5 Z1 1) =) 38
WAk, (RiFEEATE. FrfELT] (Ru:MoS,/CeO, nanocrystals) £ 473 nm ¥
FES T R B =AY HER 351 (2977 pmol-h™'-g™) , BETRERIEF] 66.8%.
Ru-MoS LTI 7 arilid CeO, Kk s MgO (111)A! ZnO 9KpiF
A 2T R KIER: (B 5(c) - 24 Ru-MoS, #1ki5 LDH B &1, 7%
#hn (B 5d)) - &RALINE ST AR AT T R ARG, B
BT RN, W AR ar DG 4L HER Be JBE 2 (B S(e,f) -
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Hydrogen evolution U=0 V -1
(a). (b)o
A 10?4 Pt 1
0.4 3 O P(111)
1041 R‘; Pd°§/ g 1
= o << 107 Rh 1
E 0.2 g R . Mos,
g < 1074 co® A’ Cu u® 1
g ™ — -6 )
g = 1071 A1) 1
& 02 107{ wwo M 1
Ag
-8
0.4 107y ° }
-08 -06 04 02 00 02 04 06 08
( 36 Reaction coordinate AGH' (eV)
% 1.0 g (d)1 0
—~ " ke » Ce0, NCs - B
3 R MgO (111) = £ s MgAI-LDH
So8 Sosl A » MgCo-LDH
2 ¥y Ao > 4 MgCr-LDH
e [ @ MgFe-LDH
2063 =N FO06F
._E 'é‘% ‘\}% » CeO, NSs =
L MgO (100) O
2041 Wg ., * ZNONRs 0 04
s Ry, TEe =
Eo2}t A
2 Wm. SN - g S
M z
0 1 2 3 4 5
Time (ns) 0 1 2 3 5
(f) Time (ns)
(e)s -
CeO, nanocube :: 3000 CeO, nanocube }
/(/7 7 ‘-O') e
£ 4r S
& / g 2500 | /
7 " 4
£ e 2 f"
£ . py 4 mgoa)
£ 3t P ® 2000 - ;/
= " MgAHLDH c /5 MgA-LDH
S MgCr-LOH 2 — MgCriDH - iM -
O e 3 o i gie-
UXJ 2r '/'/ MgMg(,):EDLSH § ‘/'/ . MgCo-LDH
o @ 20 nanopl
.,./ ZnO nanoplate IN 1000 L g./ nanoplate
P 4
1 1 1 1 1 1 1 1 1
1.8 2.0 22 24 1.8 2.0 22 24
Total polarity () Total polarity ( x-)

& 5. (a) HER H HHAEE [45]. (b) 2Z 3 HL I 25 FE -5 90K B0RL MoS, FH 4l 4 J& W i J51 2035 A0 0 J FH BB 8 &R K
& [44]0 (c) SR I B AA TR & ) Ru:MoS, I ] 73 HOGBURO GG . (d) 5 RN i A A #iAk IR
A ) Ru:MoS, I (A 7 HOE BRI . () BRI ST R Z MR R. ) Stk S56MM HER &1t
[A]fR) 2R 2% [46] -

Figure 5. (a) Calculated free energy diagram for HER [45]. (b) Volcano plot of exchange current density as function
of DFT-calculated Gibbs free energy of adsorbed atomic hydrogen for nanoparticulate MoS; and pure metals [44]. (c)
Time-resolved photoluminescence spectra of Ru:MoS; mixed with polar-faceted oxide support. (d) Time-resolved
photoluminescence spectra of Ru:MoS, mixed with non-polar-faceted oxide support. (e) Relationship between total
polarity and exciton lifetimes. (f) Relationship between total polarity and photocatalytic HER activity [46].

A, H AN T — P A AT I R ZR ) R, BRI R Bk )
7 e 2 B I G S [17]. SRR, PRI S S T
(surface plasmon polaritons, SPPs) X MoS, HITHZI AN iE A FARAEH . it
DD 2N T7H, MoSy A] LATLZI B B 75 B2 EOAN R [47]. X fE 2
RN B AR 77 A TS I 280 55 1 MoS, WIZ A EAEF, #F— Pt
Tzl B 6(a)itas TR TRl FIIEI MoSy 49K JZ 45 1 B (5] B D' 2 Wi
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Bin s Bl R AR AT S /K AR R IR B B R A
T2 SPP, I F=AE T IEIR L 200 nm FYH#EY . TS MoS, 9K
HEF 71 8485 (Atomic force microscopy, AFM) K% (B 6(b-d)) &K,
MoS, JEFEW/N T ol 6(e)fas, ARG IR, MoS, 449K Fr i
2077 1w AT LUEI RN SPP HAERETT Inl ok Azl ik — B I SR L W], MoS, iy
H - B TG AN T2 RBZ AR, 5% S TR ER AR
TN FEUZMEEM . Liv 5 481321 7 —Fm 21 thaEng, L3l 7 X MoS,
(WS2) J& FE RIS ) RO~F AR 8, b R B e e AR ia g g ol . k19205
2, Ak HER PERE S il AR R B MoS»/CdS Rl WSo/CdS 1 31 551 47 5. 48
MM, JRAR B R A AR 2 2%, PRI AS By T KRS i 46

(a)

4 e

Gold film___

Coverslip--=~""

1
SPP
L etching

60X
Objective -------

\
\
\
\
\
Vi
\|
b
.
.
w“‘
Camera

............

Heas @ Bl CF-_EV SPP ,

B 6. (a) RIS TR T IS %] (Surface-plasmon-polariton-driven etching, SPPE) %H&. (b) JH4AF|
T MoSo ZHK P DG B0 () %I 5 9 MoSo FK T IO 2218 o (d) 1% 5 9 MoS; 4K 7 i) AFM ]
AR B Ao (@) AR ZITT RS2 B [47].

Figure 6. (a) Surface-plasmon-polariton-driven etching (SPPE) strategy. (b) Optical images of pristine exfoliated

MoS; nanoflakes. (¢) Optical images of MoS; nanoflakes after etching. (d) AFM images and corresponding height
profiles of MoS, nanoflakes after etching. (e) Optical images of different etching directions [47].

AT, BRI A OB AR o] DA SR B iE R a5, R AL
FIEI AT AL ROCR . Li WIRIBN [49]38 5t 2 H1-NH F1-NH, 42 19550 DL 5
MoS, HI45 mERZEE, B35 T 1T-MoS, {2 [AIVa e ). Frgs Rl (P-1T-
MoS,/CdS) TEFLER I HER 0% A 235.0mmol-h ™ g™ (A>420nm) , AAHF
SIS ST CAS Y 2.25F% . Wi T(a)FT, FEGUKERIR CdS w7 28 1 36
ST IGIRTEIR. MoSy, AT AT ME A4 R XS AR 7 ST 45 o IR PRy ok 1) 465 49
i fEF-BE08 8 M IER B R T AR, MR FE T B T K FHar. £ LA

8
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FLAAER (AMTC-LA) w4 Rt 38 4x/MoS, 233 CdS 49k £: () TEM Bl G a0 &
7(b,d)i~. B 7(c) KK AMTC-LA TEM K% 5ox, B2 10 nm )4
YRR T HAE A ITARTE MoS, ARk, HA&pfisEEH 0.23 nm (&
7(d)) - TR MERHSYRRLTEFTE MoS, FI N, 15 R AFAE T 25356

(B 7(e)) - Hi7r i XPS H i E7R, AMTC-LA 4 6iE1E 84.8 F1 88.5 eV
A IR AN, W T4 @ e (B 7)) . BbAh, B E 2 KN 4 R
YEREMEAL HER B R BET], MoSy/CdS FH1H It i i %4 2215 AR MK
[50].

(a)
. ' Tunable ratios

.COQ I‘ ' Cds nanowm ' |

AU/MOS nanohybrid

Binding Eneray (eV)
B 7. (a) MR TE Au/MoS,/CdS 7R 45 il (b) Au/MoS, 2% CdS 4K 2K

(AMTC-LA) ] TEM K. (¢) AMTC-LA ] TEM [&. (d) AMTC-LA [{] HR-
TEM K Cifilsl: Pl B AR E %) o () AMTC-LA (e R il ()
MTC #l AMTC-LA HJ XPS Y& i [50].
Figure 7. (a) Diagram of synthesis of dumbbell-shaped Au/MoS,/CdS
heterojunctions. (b) TEM image of Au/MoS,-tipped CdS nanowires (AMTC-LA).
(c¢) TEM image of AMTC-LA. (d) HR-TEM image of AMTC-LA (inset: fast Fourier
transform pattern). (e) Element mapping of AMTC-LA. (f) XPS spectra of MTC and
AMTC-LA [50].

3.2.3. RRAHHE

eI LR, B2 MoS, I Z AL s LD |2 MoS, I AL s B AR E
X BT AR A o I 38 BB A Pl 5| S ) B 45 6 B T 8 DD RH 280
e IR [51]. A MoS, #gRF4s, wT ARt — P4 mml WOt B N
ORI RE 7, FF RS SMERAT BRALE, T EE S HER. B4,
Peng 1B\ [S21KBL, M&HKIEN R R M B T AL (localized surface
plasmon resonance, LSPR) K5 MoS, FIW ML ZAHULHLHS, HER 3455 A] &
40 ff (54 MoS, #HLL) . fEBhiEyihaE, RIS TAMNBEENSIIKIER

9
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(e) ML-MoS /MAPbI -MC

- ML-MoS MAPbI-MCs .

>

H, Generation Adlivity (mmol g"' h

S —

Samples

2T MoS: 90k A L, M{ERE MoS, HIHLF-25 /X5 55 . Il I PO 45
2 MoS; (ML-MoSy) #fi N BIESERA 1 dni% 41, Zhao HIPA [53]#14¢ 1 ML-
MoS,/MAPDLI3 IT B 3 i 45, H &4 MAPbL 4 (microcrystal, MC) #B%i €
T ZAVNRSE) ML-MoS, 40k B (B 8(a)) . 353/ ML-MoSyMAPbI; MCs
S R/NBISI B ZE T T iR MCs, “F¥RSA 46 mm (B 8(b,e)) o KHIEH
J£ (surface photovoltage, SPV) EEH, FRZERK TR KM ANEHEY, L
i T EA (B 8(d)) . ML-MoSy/MAPbI; MCs [ il & & P mik 13.6
mmol-geo "h™' (B 8(e)) - H—T51fi, Guan KA [S41EIS B AR TTIEILLA S T
MoS, 44K 1E fl MAPDI; 5% i 45 . 25 KB, F HER 35 Mk 2] 29,389
umol-h™'-g™!, FMEMRRN 7.35%, MHEEMHE T MAPDI;.

150 - §
s ~+50 mV 3 ~+80 mV,__" . ~+40 mV=—,
2 I - po ol = — pichpaipit x| [ N o -
S = E ~-285
g o W\/ﬁ o - 3 :
-300{ Line 1#-1 0 mv 3001 |ine 1#-2 300 Line 143
0 1 2 3 00 05 10 15 20 25 0 1 2 8 4 5
Distance (um) Distance (um) Distance (um)
1 — -
i ~+40 mV k| ~+110 my s ~+100 my
% 0 - - 0 = - 0 - - -
< -150 -150 -150 -
[ ~310 mv Y ~-340 mV ~-300
& 3004} ina 281 3001 Line 2#-2 3007 Line 2#-3
0 2 4 6 B 10 12 0 2 4 6 8 10 12 14 0 2 4 & 8 10 12 14
Distance (um) Distance (um) Distance (um)

A 8. (a) ML- MoS,/MAPbI; MCs [ &5 # TR IE RIS R R B Kl . (b) ML-MoS»/MAPbI; MCs [ SEM &,
(¢) H1 ML-MoSo/MAPbI; MC 1) SEM & Gifil&l:  Lufil RN 20 pm B R ED « (d) ML-MoS/MAPbI;
MCs 1 SPV 43-4ii . (e) Yef#4k HER 7514 [53].

Figure 8. (a) Schematic illustration of structural configuration and redox processes of ML-MoS,/MAPbI; MCs. (b)
SEM image of ML-MoS,/MAPbI; MCs. (¢) SEM image of single ML-MoS,/MAPDbI; MC (inset: optical microscopy
image with scale bar of 20 um). (d) SPV distribution of ML-MoS,/MAPbI; MCs. (e) Photocatalytic HER activity

[53].
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FAk, WHFEER, BiaOs/MoS: 7l 45 G4k HER 2422 4l Bi,0s fl MoS;
1) 10 fi5 [55]. X2 TORRIRITERY K T, FHH BiOs/MoS: 575 45 X i
p-n &5 BA SR T RRE, AT B RIS N A . Song 55 [S6]H A&
) MoS»/ReS:@CdS 5 &5 =44 A 171,900 umol-h™'-g'. 15235 T =JC5F i
S Z BUHL T HEEREHLE, — o Aok E B e m . shah, s
Ti:C2 FiA MoS: 291, BFOGLEAAAT LU &R (B 9(g)) [57]. FEmH
i T 8% (scanning electron microscopy, SEM) U1 9(a—e)fi~, HIA
MoS; BRIEFIRSF 218 1 um (B 9(a)) 5 TisC (B 9(e)) EILHIEMTI 2 )24
M, BUITREERRA5E. BE TiC HEENNMN, MoS: BRIl TiC,
JERM (K 9b-d)) , B 9brI %1, 4 MoS, 1 TisCo K614k HER 3& 5
72, 1M MoS: 5 TisCo ME BTG R RIS (TiC, MR E D3N
SURER O wt%. 10 wt%. 30 wt%AFl 50 wt%, e 2 Sbric A TO. T10.
T30 A1 T50) o JuHs2 T30 # i oG HER 5k 6144.7 mmol g "*h',
J24ll MoS, 1 2.3 fi5. HsmpIVERERT LR T TisCo R HE 7oA B 7 10 &%
Fo, ZaE R AT R T ] DU A B R S RS S 2 s, Bk
Ab, CdS BT milid L-2PBEa R B 38 e i 4 Bh 7 30 7E MoS: 9K fr bo R
HBESICN R, BT AE T SEPE SRR 0.5-2 ps WoER. R
TEPEF DRI & 7 AU XBA B TRURRE R AL, R . did b
FAVEVE RN B BE B I BRI, MR S s/ N I 1 - SRR A 22 ]
) AR [58]. — MR, CulnS, 1 Cu(In)S A] LA R e a] W21kt
ZLAN R BHYGIE G L A FRO6 [59]. 78 CulnSo/CuS BERGHE A7 i 2 A= K () T B
HNEFEHE MoS, #24L T KRERIIAN%Z S 174 (B 10(a)) - CulnS,-CdS-MoS, HNs
F CulnS,-Cd(In)S-MoS; HNs [¥] TEM & (B 10(b,c)) ZosH NbRiRgEM . 1t
bh, TTESGE (B 10(d) Zox S M In S A{EBA LR, Qs & Cd A
Mo, TiHEE D E S Cu, XKW W MoEB B RimfpEE CE B
Ao ZZXHEFH CulnSy/Cu(In)S/MoS, I 5 i 45 4 FL T HE RS 4L T R 0@
iH, AR OB R R E . & S IRIEMOIEAL 12 h 5, BRI
HER V&M TEZ. SRS AL SRS TR R R 4. 1Ak, @i g Cu #
Cd HIPHE 722 i 4 T CulnS»/Cd(In)S/MoS, 7 i 4h, Seffk HER %] 8000
umol-h™'-g™! (B 10(e)) . LA, WHFN BRI LA EAEEIR. BB
WA, FFIMA Ni i Co Bififb s, #14¢ 7 IU aRiigs (m-CN/BP/MoS2-Y (Y:
Ni, Co)) , Bk 7t MoS, 5 BP Z [BIJE I 7 454, BP 5 m-CN 2 [AlIS
IR 45, m-CN 5 MoS, 2 [B B IR 3 i 45 [60], oA TR 3 Ni 8
Co AR Hyo VUICSHIREE MG HER iG1EEE BP/m-CN o34 10
%, &b m-CN/BP/MoS, =G5l 45 5 1.

11
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Vi moleh ™ +g™)

™ TI0O T20 T30 T4 TS0 TiC,
Samples 2
-

and coa

E
i SeqRgRoVe
<

MoS:2 Intercalation

Ti3AIC2

Ti3C2 MoS2/Ti3C2

B 9. AN[E] TisCo 138 A ) MoSy/TisCo 451 SEM & (a) TO. (b) T10+ (c) T30. (d) T50 Fl(e) TisCa
MXeneo (f) A[F] TisC, ik f N TisC, MXene 1 MoSy/TisCa 55 45 #) AL Hao (g) MoSy/TisC, 5 Ji 45 14
GRS R EE [57].

Figure 9. SEM images of MoS,/Ti3C; heterostructure synthesized at different Ti3C; loading amounts: (a) TO, (b) T10,
(¢) T30, (d) T50 and (e) TizC> MXene. (f) Photocatalytic H» production of TisC, MXene and MoS,/Ti;C,

heterostructures at different Ti3C, loading amounts. (g) Schematic illustration of synthesis process of MoS,/Ti;C»
heterostructure [57].
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t"il? H'h'f ©02) (uuz|—£—l._ y ;-:L“:_-{-:'ti [0o2)
T ‘J‘}‘r 6.4A MATIILS Ot S48
& I3 3 e e
‘,.Mm qanbanuis
"V Iw (1] fhh:ﬁ:'lf“".
CulnS,-Cu,5-Mo5S,; Culn$S,-Cd(In)5-MoS,

B CulnS Calln)G-McS,
B Co(in}s vos,
W Culng Cdfln)s
6 W oo
B CulnS,Cu §-Mos,

Rate of H, evolution (mmol h' g 'S

Catalysts
B 10. (a) =70 HNs i B AME R K. (b) CulnS2-CuaS-MoS; HNs ) TEM K. (¢) CulnS,-Cd(In)S-MoS;
HNs [ TEM E. (d) ¥4 CulnS,-Cd(In)S-MoS; ) STEM-EDX Je & ATl . (e) Al WIEIEHS K (L > 420 nm)

AL Ho BEBOE R [59]0

Figure 10. (a) Schematic illustration for selective epitaxial-hybrid of tripartite HNs. (b) TEM image of CulnS,-Cu,S-
MoS; HNs. (¢) TEM image of CulnS,-Cd(In)S-MoS, HNs. (d) STEM-EDX elemental mapping images of single
CulnS,-Cd(In)S-MoS.. (e) H, evolution rates of catalysts under visible light illumination (A > 420 nm) [59].
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3.2.4. HH3E

1T-MoS; il 2H-MoSx fE AR 2] T ) 2 It 5t . 5AESEH) 2H-MoS, -
SR, AMTNAEAE B HI 1T-MoS, 12144 MR 1 % 54 =F & gt Ar
R ARSI 4 F B B RT S S b IS S B B 175 [61]. SeHT B AT
LKW, PIBARTTLLK MoS, 1 2H - FARAH AL N 1T 42 J@AH [40,41]. Das 55 [62]
FIH 532 nm G MoS, A 2H #1538 1T Ao Li B EIBA (1518 i 7K #2075
Mo/S FIEE/REE, #il#% 1T 1T/2H-MoS, )4k, F=&i# %N 22.4 pmol-h™'. F 1

T MoS, DL s fE AL HER %R ik

R 1. UM MoS: YL HER 52 .
Table 1. HER properties of modified MoS; photocatalysts.

Synthesis Incident . Activity Quantum yield
Category Photocatalyst method light (nm) Light source (umol-g b (%) Morphology Ref.
Ni@MoS, Hydrothermal A =420 Xe lamp (300 W) 404 Microflowers [39]
Interwoven
Doping P-MoS, Hydrothermal Xe lamp (300 W) 278.8 nanosheets [41]
MoS, ,Ox Dynamic A>420  Xelamp (300 W) 1600 Nanosheets [43]
oxidation
P-1T- o Nanosheets/
St MoS,/CdS Hydrothermal A >420 Xe lamp (300 W) 235,000 49% at 420 nm nanoflowers [49]
urface
modification Au/MoS, Deposition A >400 Hg lamp (200 W) 11,900 Nanoparticles [52]
and .
morphology Colloidal 13.1% at 420 nm I(}(l)l(?:clsﬁcedron
control MoS,/ MAPbI; S 29,389 ] [54]
: L >420 Xel 280 W ’
precipitation e lamp ( ) 2 1% at 500 nm sh_aped
microcrystals
MoS,/TisC Hydrothermal ~ A>420  Xelamp 300 W)  6144.7 Flower-like [57]
2 : nanosheets
Heterojunction /Cl\]/l'linsszz/Cd(In)S Hot injection A>420 Xe lamp (300 W) 8000 3.8% at 420 nm Nanorods [59]
construction
CuS-MoS,-1T  Hydrothermal A >300 Xe lamp (300 W) 9648.7 45.1% at 400 nm Octahedrons [63]
O-1T/2H-
Hydrothermal A >300 Xe lamp (500 W) 1487 7% at 370 nm Nanosheets [64]

MOSz/ g—C3N4

HAT, CFREEMET 1T-MoS, 157 i 45 K158 MoS, MIELERE . il
R NHE Cu &R B WLE 4 EALAE KA FLE IR 1T-MoS,, R T\ IHfA
CuS/1T-MoS, #/ii%h. B 11(a)iEn T CuS-MoS,-1T gk ZAbdy G B i f
BeiZ) Fl CuS-MoS,-2H 4Ktk CEIRED A sdErER. B 1)+
MO R Z - E] (1) 2R BN, BT 1T-MoS, MR FM e s m,
CuS-MoSo-1T =4 T e KOG L. 41 8(c)F~, 5 CuS. 2H-MoS, Fl CuS—
MoS:—2H # L, CuS-MoS,-1T I He/MHEINAE, X IHEF 1T-MoS: 5
HFH 5% [63]. OB24H 1T2H-MoS: 5 g-CsN, L & i Y6/ 1L HER PEREHR
A 1487 pmol-h™-g™!, XA 1T-MoS, T4/ 4B i m 1 F R 45
IS E, 1T-MoS; 74 Bk A R 2 6 A AT HIR T 55 Bbah,
1T-MoS, 7 & 5 AL A 55 45 B 5 K& HER VG AL 55 FF H O $54% MoS, 51 k2
anRERAS, T T T4 [64].
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()

A iﬁ: i

5.0 Selfassemble &
o iom d

HKUST

b 12
—Cu3-MoS,- 1T —CuS
-y ——CuS-MoS -2H —2H Mos,
ie Cul ! ‘é’ 84
. g
i B s
Confined growt i : g4
onfined growth & Lo Cu(CILCOO), | “ ||
—_— P |
520 °C ‘ - Trimesic acid ' 0 — k‘
50 100 150 200
Time (<)
+ CuS-MoS-1T
Sulfuration Surface growth . CuS-MoS.21l &
— = o
220 50 « Cu s A
s ¢ QEMIS, TLT 4
it Y =
CuS nanoframe e -
_1' ¥ .‘-"‘.1 ..p'

0 50 100 150 200 250 300 350

So2H
7 Z' (ohm)

A 11. (a) CuS-MoS,-1T Fl CuS-MoS»-2H 4 KIE AR & B Fin = E. (b) YeHIRMN . (¢) EIS &2 ke

[63].

Figure 11. (a) Schematic illustration of synthesis process of CuS-MoS,-1T and CuS-MoS,-2H nanohybrids. (b)
Photocurrent responses. (¢) EIS Nyquist plots. [63]

MoS, M EHE AL HER SUSA & BRI /A Fe i . 48 H T MoS;
MEHESCHEAL HER IERE i A7 A28 el WS B AN IE IR LA S5 4. JafiEdl
BERARS RUETEA 2R e A il 7 N R A I PRAE R AP bl . H BB 72057
AN 1 3t DL DG HER AR AR, MoS: #BHESG L HER 4UsiA
EITRREA R St AR EEE DFT FlAT KRN T RERL R BRI AR T
MoS, M BHEE 2 RIS IRAF LT [65], LR BTN Rk AT SEIR AT 7T 1148 K&
TR ] FKE 3 o

) 4 7 1 BSGHE AT MoS: Stk HER ML MVIRN 1 ks E 2. Wik
2 % 1K) MoS, 20 EANUN Al 5 92 %5 1K) MoS, iy, 5 SR R 45 41K MoS, 7] LA
P IS B, I H -2 AR [39]. #RAIR MoS: R BEAR I FL 7t 75

[66]. — LAY, JLLLAMEABE HABUR MoS, LTI 2E AL W BE R IK B AL
HER [ HL TR0, (EZLAMAION n] ASR i S RETRLEE A% o DA R A e B2 A

SRR S W, WM B TS HER RNVIER [67]. Hbsh, MoS, #H 5
NG HIR R FEMEAL IS FE A AR AR DL M IS S i A2 e AN B, 1 L el
Moy #4) G2 P 7 03 245 ) T U LERFR S TR VR F 38 R WARTE .« YGfEAL MoS, B RHT)
AL R Ak B B AR R SR IR & 5 TR 2 —, 3 il ik AUAR 3 S BT K
B, JefE HER B8 K FH RE-E AR IS 1.85% [68]-
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4. 21k HER 2388

4.1. H{#4k HER P13

L5 HER ¥ R TR iE, FEAFEULTIHANRMERE: (1D )
B H R fafR (H*) IR, FRON Volmer $PEE;  (2) H*&5A 4B/ Hyy RN
Heyrovsky 5% Tafel *0 3. —Mkit, 7EAFE pHAE T, Volmer [ NA I & %
SR 2 o ERMEMPERAR T, Volmer RN FHELIL/KEM (H-OH
WrEd) AReIE R H*HlEfk. — RS, KEMESh /1%, ke
JR R AR K PP IR . AERR I ARV, Volmer [OW AT DAL 452 I AL A HH 4
RHATER H* A, BE)5, H,nlg8iEIT Heyrovsky & B8% Tafel i B4, iX
3BT H*H R A4 )7 5 R A . AR s N B S AL B 2 B
AT R T TR A R IR R 45/ F 5%, X+ HER iIFE, Tafel
R VG RNV B AR AE RO, WHEITEITE (A (2) )

n=a+blog|jl (2)
Horn p sl s, jONHIREE, b AMEFE/RRIE. Volmer. Heyrovsky 1 Tafel
IR IS Tafel R H08 117, 39 F129 mV-dec™'. (HEAEENIE,
TEATI Tafel REZEAEA[F B HALTE R AR AR, XEWSE HER HLEIEAFE
A N KA. R, SEFE/RREZR A I X800 T € HER HL| 2 5CE
Ci

R 2 G0PE YERTER RS 5 P K HER S BATLER.

Table 2. HER reaction mechanisms in alkaline, neutral and acidic media.

Alkiline and neutral meidia Process Acid media

HO+*+e¢ — H*+OH" Volmer H +*+e¢ — H*+ HO
H*+H0O+e¢ — *+OH + H; Heyrovsky H'+H* +e — H, +* + H,O
H*+ H* — * + H, Tafel H*+H* - *+ H,

* represents active sites

4.2. MoS: 7£ {4k, HER H (133t &8

MoS, EA—Fh BRI EAL YD, BT HAMR B S oL, B2
T AL sl JEAHE A AT R L S5 2 BR YR AH OC AT [69,70]. JLH 2
Mo, el HAL 7 AL IS AN S &, 9 HER H Pt B FAEAL 7 1Y)
wAEINEREC— (BF2) . XHEFET MoS: RIFIIH F458, nJLIA R
W B FIEAL H*HrfE A, e4h, MoS, v LU 2R ka6 2 Fosi, i
WK FRL . 9K FIgh K BR4E . Hinnemann 55 A [45] 5 X R H MoS, i) Mo i1
Z(1010) A 5 WEGAHRU T, AT B AR E R Hx k. BB R R
B, MoS: FIAEAFT Mo 11452 i1k, HER FICEETEA s, EA ST H B
HHEE, 1H MoS, FIBE M LIRS, DL R FEs RAESE T MoS, /2 — MR 4F
[*) HER FLEEAR], MIEZ 5, MoS; 53| ¥ 2 kyF. )5, Jaramillo A
[44]8f5E T MoSz i) HER JE 1A i 5 AL IEE 2 R OC R o AT 1R FH 4 R b
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Xu et al. [42] first found the edge Mo

2007

h 4

ERWERE T MoS: FIRIAL A, A5 RGHBIEMEA mi A . s
RRH HER 7515 MoS, Bl si s R4 O¢ . Zhang %5 [7113EWF 5
T MoS IR AL s ARIE, K HER PERES Mo 261k A2 Ar s FIAH
GEREAR R IEM L. 5 2H-MoS; ML, 1T-MoS, 1) 3 [ i v 5 4 F) T 1k
HER. Chen %5 [72]# 1 5 fy S EHRAL 7206 HHIENE, UESE T MoS, K
R T S-HEE, XEW MoS, R S Az th 7] LIA/E A HER AL PERL 55 .

Many more fundamental and
Liu et al. |81] adjusted the Kibsgaard ef al. [76] also fmmd practical issues in photocatalytic
surface structure of Mo$S, to p that the basal-plane activity of and electrocatalytic hydrogen
exposc edge sites to improve IT-MoS, is heneficial to HER generationare constantly being
researched

HER compared with 2H-MoS,.
A A

2012 2016 2017 2020 D

v \ 4

Wang ct al. [43] proved that the Man et al. [79] first proposed Tsai group [77] provided Raman
HER was linearly correlated to activate the basal plane of spectroscopic evidence to confirm
with the number of edge sites on MoS, by S defects and strain the S—H bond formation on the

the MoS,.

engineering. MoS,.

B 2. MoS, £ R 1L HER H B fe it JiE

Scheme 2. Recent progress of MoS; for electrocatalytic HER.

JE MoS, CHIES R —MYEREIL ) HER HELAA R, (B Pt B e fi
WHIAHEL, HARMEEEA A Rt — B m. HElCRH 727k
MoS; ) HER fALiGHE, FlUih S S5 . M. SR, sis T
i BRI EHNE.

4.2.1. WGFALK B 5

HE, MoSy W E G ML A ;SRS VRIS . O 7 3E5R I 4L HER W5 1%,
P& HLE S PR S A T R I AT AT [73-76]. LiZE N [7418 IR$EH BTGNS
SRR N AR TR R 2H-MoS, R, B RISLIG S, R, NAF S 242
B RS s, JEH H M E HEE (AGw) BAREIRAL, MiE B T2
mIAME HER PERE. 2 )5, WFEEE &MAROERE S A IR 2H-
MoS, FEIE . Tsai 2 [770R A AL BB ARTE MoS, ZE M= 2E vl 4 & 1)
S A, FEAIE AR BN R F AL S AL SRR R B T
R 4FH) HER 168, FF HAMEMEA S EAE TR S . Liu S8 A [78]F H sk
B R 25 A5 T [R50 MoS, IS VESETHT,  DA4R S HER TRRE. 825 & Ak 5k
AFEE B, AR A IR I 45 4 I S BRI BCR AL HER #2%5 2 0 8 B/
Flo Man 5 [79]:8 ot SlURE ) SR 50 B AL S SR TTRREIRGE T8 S iS40 2H-
MoS: (B 12(a)) - E 12(b—d)ion 7B 2L 70 A FUAH R AR P o 25 4o 5
AT, S AR M 7.56%F] 22.16%. FENARE M, B KClREEmn,
AR AT ik 14%; ERRYERMEBH, TS MoS: £ 100 mA-cm 2 I R I
~158.8 mV Wi HLfz, R T Z AT HRIE ) MoS, ZE FLfE AL
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(a) Svapor
\\‘ ’ Na,MoO,

D
g 4 £ -100 /
A <
£ .y Iy é“lWi /
<3 z { —0.0
=% % ~3004 _2.:
3 ~400 4 —1:5
2 —20
= -5004 ( 28
3 | —
-600 44 — -
-0.4 -0.3 -0.2 -0.1 0.0
Potential (V vs.Ag/AgCl)

1.0M 1.5M 2.0M 25M 3.0M

B 12. (a) & SR TAL) MoS: & OISR . (b) =73 #15% STEM EIE EARICHIIR T4 M. () BITINAE (Ey)
N AR bR, (d) BEfs fitk (iéF-xy B Ry) HINAREhR. (e) HER PERE [79].
Figure 12. (a) Synthesis process of S-vacancy-rich MoS,. (b) Sulfur vacancy ratios marked on high-resolution STEM

images. (c) Strain color scale of shear strain (E,y). (d) Strain color scale of rotation lattice (rotation-xy, or Ryy). (e)

HER performances [79].

AL, SIREA R T 5244 (18,8082t il & B/ G i« B Iid ME AL A
)58 — R %0 %, B, Xiao 25 A[801KHL N 244 MoS, M AN 35
mV, Tafel B1% K 41 mV-dec™!; SZIGFIEE— PRI VEIESE T NBAREIE T S
AL HAER T MoS: [ S, KL EILH AR AL HER 3E1E. Fu A
[18JFIH &8 Zn 44 7= S 07, FFEUE MoS 22111 ; 133 # MoS2 7£ Zn Ji+
BRI S ZS AL A 1 AGH PR, 1X FELAE 10 mA-cm 2} HER &t 47 FFIR 2
194 mV. Anjum % [83]fill4 T —Fi5 A NHs 707462 10— & 3 MoS, HL /A5

(A-MoSy) . Ftifi, A-MoS, #JRALIEJF LA 420 NHs, HEREAE £
RETEMELT S5 B — 1K MoS; (R-MoS,) , R-MoS; HHL{EL, HER PEAEH ZET
i PY/C, REAHAE HER 1 H AR &R 7.

4.2.2. ALY

MFTREL, MoS, B =FANFEIRIAHLE R, 4058 1T 2H M1 3R. 2H-MoS;
YERNHMEAEE] T T Z R . B, KESCEIEFAEE, 1T-MoS, HTH
= S E AR g A, BRI EL 2H-MoS, ¥ & 1) HER fEALIE 1 .
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Lukowski 55 N [84141E T K FH AL 22 R B VEH & 10 1T-MoS: 9K F, IZA KA &R
AR R ML HER 36, IXHFE TR RN BN 15 RG-S A
TOEITE A, S . YinZ5 N [SS]RGUIRTT TGS M. U475 ST 51|
fb HER y&PEZ B A SSHE . MA@ E A . IR E AR T 2 FL 1T-MoS;
(P-1T-MoSy) (B 13(a—d); £¥ I. 1L 1 1D , @& P-1T-MoS,
HATREIR KGR T £ 4L 2H-MoS; 91K Ji (P-2H-MoS,;, & 13(e)) (%
IV) . j#it TEM ESE T P-1T-MoS, FI 2 FLEEM:, B 13()F 4 Fik s

B 13(g) N1k % (linear sweep voltammetry, LSV) Hizk, Hr P-1T-
MoS, 7E 10 mA-cm 2 I i3 A 678 153 mV, HER MEBEL T HARSEH A MoS,,

FEl2, 1T-MoS: ) HER tfg Ak AT 2H-MoS,, KB 1T ML HER H
EEBREEMIEH. A, DG SM S FA IG5 71k HER HRE. 1%
WL K s It MoS, AL IR It T — B IS E N E.

~ 104
£
2
£ 20
%‘ -30- —— Bulk MoS:2
£ —— P-1T MoS:2
T .40 ——1T MoS2
-
= P-2H MoS:2
E 50 —— P-2H MoS2+S
3 [ —— 2H MoS:
f
) Pt
« [NH3]'e: -60 T T T
o Li -0.4 -0.3 -0.2 -0.1 0.0
Mesoporous 1T MoSz NS Potential (V vs. RHE)

& 13. ilid (a) #AL () BEHRA(c) RIS MBLIR MoS: # % /1L 1T-MoS: #K FriK7s EI- . (d) SKE PR 1L 1
AT P-1T-MoSz. (e) K EH 58 IV ] P-2H-MoSz. (f) 1T-MoS; [f] TEM El%. (g) B AL G [85].
Figure 13. Schematic illustration of preparation of mesoporous 1T-MoS; nanosheets from bulk MoS; via (a) lithiation
(b), desulfurization and (c¢) exfoliation. (d) P-1T-MoS; from Steps I, II and III. (¢) P-2H-MoS, from Step IV. (f) TEM
image of 1T-MoS,. (g) Catalytic activities of samples [85].

N T fEE AT H] % 1T-MoS,, KEMT T T IF K R & 5 %
Chang B FT/ N [86] AL £5 03t od S B 1 P MROBRTRLEE , AT 2% 17 MoS,
MIAFEAH . AIPTFRR 1T-MoS, EHMM TR KR, FFRA MR L
HER %o Zhu 55 [871HE 7P rl 4 REAIAH LRESRNG, IR 99@ 58 11k %
ARG HLR 1T-MoS2. KIS ZEAL CRiBREE) AIAFAERT LAEE 1T-MoS: M. Liu
S5 (8P 1 — el FL K /K BRI ) 46 AE B AT L7 ELAE K 1T-Mo S 94K Ay [
5 (IT-MoSy/CC) » PR FTFEFIEIABLRAT T IR ERAE 45 Ko Pl )
1T-MoS,/CC HA F 5 BETELL mi« $G5m A ] S MEAT R Af i) S sk, R R
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1) HER i1, 78 10 mA-em 2 A% 8 T &2 151 mV. BbAh, Li%% [89]ilid
TEAGEA BT B E B B 1T-MoS2,  H At 35 Z R A2 K A 1T-MoS2
fIEEl . ACAL S B 1T-MoS, £ 10 mA-cm 2 IF EILH 136 mV AR AL AT 45
mV-dec ! FI/NEFE/RRIR . Yang BB /N [90]4E T —Flid i B8 7 A% Bh
IKHRSR N KRR ] £ iR FE 1T-MoS: 779, Zik AL HER MR,
I H AT LAY R T#14% 1T-WS,. 1T-MoSe, Al 1T-WSe;.

UG ORI T WL AT, B 1T-MoS, FI#A 172 7 8 2515 K H R 41
THRGEM. BT, CUFSE MoS: IR T2 1T LA MoS: MAHZE M.
11, Ekspong 2% [9117F S:Mo tbZ1h 2.3:1 (K4 SBgekis LA T EWidEZE 17-
MoS,, AT CAYERFEOH B . S0 RN BRI 5 S35k B2 T ()3 T A7 A
BoE, AGuEZRH, 4 0.06eV, MiiHem JELIEE. Gao MIWFFL/NA [92]
WESZA] LUl 48324 k5B S 1T-MoS: L. A4S AL Co/Ni $145 4%
N Mo JEFHREE T EERHBE T, MESEAEA. K151 Co/Ni-MoS, HA 71
Bt HER PERE. Jiang &5 [93]42HH T —Fh Se Al O Heddi NIFI5EHE K% T MoS: M
2H FHHEAS Y 1T #H. Guo HITFFT /N [941HRIE | — Rk 2 g by i A AN
S ZEHL) 1T-MoS, (1T-MoS,-VS) PASEHm kb HER. B 14(a)/r T 1T-
MoS»>-VS HI& s E K. KT TN 2H-MoS; 12K KMoS,, #id M
KMoS; H#2H KF 2] 1T-MoSz. F/G, # 1T-MoS: i AR KoCrO7 i H LA
PG S AL, AN EWIE 14(b-d)FT7R. 1T-MoS:-VS 7 10 mA-cm 2K &I
HBAKPE AL 158 mV, BFERBIZREUN, 24 74.5 mV-dec s 4L 24 /Nl
WG HHERFEA N, £ HER A EENfRE. FFal, 1T-MoS,-
VST (B 14(e—g)) BN T I35 Y Mo-Mo B ) L ff 8T 0 AT, 1X S8
1 HER [ AGu-fH -
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(a)
2H-MoS, . KMosS, 1T"-MoS,-Vs

IDIII1eEP . WMl . SPSSHAe

L LCL LTS O N T Y FRY XYM m

Mo
g —1T"-M0S,-7.7% % » 775mVdec’ ¢ 74.5mVdec’ ' 2 — Initial
< Of—1T"-MoS;106% @ 16| v 633mvdec’ o 153mv dec’ § o —-Ater2en
£ | —1T"MoS,-17.9% @ < px
< -5} —2H-MoS,-V, > E S0~
2 > 1.2t > § .10
7] = am—— B -10 [ -20
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2 = 038} A L
2 804 s g 20
2 0. o
3-20} (b) o —— 3 25
e i Y 3 oo \ \ . 06 05 04 03 02 01 00
-0.7 06 -05 -04 -03 -0.2 -0.1 0.0 ’ 0.5 1.0 1.5 Overpotential (V vs. RHE)
Overpotential (V vs. RHE) Log j (mA cm?)
- 0.6
”\ "a 0af =y
). 0.2} i
\\1\1/ il 1
) ’ (g) o.ofEEEEEEEEE S S
’ \sp . 2
" ‘ M -0.2p « V1 .
04} s 2
“ A\‘\" =
B -0.6 — -
() V1 vacancy H#e B ey,

& 14. (a) 1T-MoS>-Vs il %t #2. (b) 1T-MoS-Vs I LSV #Hik. (¢) 1T-MoS>-Vs [f) Tafel £ . (d) 1T-MoS:-
Vs (REETESS R o () BB TFR IS () THEHIHEATHEZE . (8) 1T-MoS>-Vs T AR S I 7] AGu+
[94].

Figure 14. (a) Fabrication procedure of 1T-MoS,-Vs. (b) LSV curves of 1T-MoS,-Vs. (¢) Tafel slope of 1T-MoS»-Vs.
(d) Stability result of 1T-MoS,-Vs. (e) Optimized structure. (f) Calculated charge density difference. (g) AGg= in
different exposed S atoms of 1T-MoS»-Vs [94].

42.3. R

AR, SR O 12 N AR b, EHEH L HER. OER
o BE, RGN HPAEZ I Red AR, BT AT A
HAEFHMDRZR . ASCAEE T T HER f#) MoS, 5 i 45 My B AL 7). Yang i
FRAH [95HRIE T —F MoS,—NisS, F 4, HEHEAKEMEKE F, MoS: 4
KB BABMRTE NisSo 9K b, 732 MoS,—NisS 577 45 3 I H iy i 1
SRR AL, B, #E 10 mA-em 2 I I 98 mV (it B A7 . Kim
L9614 T NisP/MoS, 54k, H5FHN N BRmEARN, FEMH
AT A 2K PefEfL HER W& 1% . N 4B 44000 NioP/MoS, 5t i 45 1 F AR e
PERE SCHE R, R T EMERE. Kim 2N [971JF K T —Fh 0D—2D CooSs—
MoS, 7 4544, /\EP@J\ CooSs P KA Tl I Co-S-Mo FuA 4 71 2 AE MoS, %
Mo CooSs—MoS, 57 /i £ FHTHI AL T HEL faf AN Co %) Mo {7 s B HT 43 #i, 7oA T &
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F Mo £ . A, TR ER KR S SREGEGE 1 HHARE Mo i+, M
TGN T 4L HER. SCEGAT DFT 4553 HH, 0D-2D CooSs-MoS, 57 /it 25 H47E 5
pH 0 [ A 2 A R AL S5 R A HER 364

1T-MoS; t 2H-MoS, BA7 5 &1 Y HL 5 3 A 4 (1 fL HER YEfRE. Wang %%
N[98]42 Hi Jd it fiff B i) — FR 1B K AL H A 2H-MoS:@1T-MoS,; 74514, %45
MAA R TE, B2 RSN S RS T AL HER Mg, Cheng 5 A
[99738 5 ] 8 ZY AT I 7 M9 T MoSy/a-MoC R 454, Wil 15(a) i, R
T MoS5(002)/a-MoC(111)57 545 (B 15(b)) - MoSy/a-MoC 57 J5i 45 5| & i M
Ay, HLFEER AT, RIS P HER VEYE, 10 mA-cm 2 I A5 HL AT Ay 78
mV, Tafel BN 38.7mV-dec”' (B 15(c,d)) . LA, SunZE A [100743F5
& MoS, 548 Mo &4, KT Mo-MoS, FfF- R R i 45 (Mo-MoS,
MSH) . Mo-MoS: MSH [T &5 753 2H Rk, H58 7 H A AR R .
Mo-MoS; MSH TERE T B P A0 A PR 7 A R 22 91. 138 AT 128 mV )i
F A7 B AT 23 AIA ] 10 mA-cm ™2 [ B 25 )

()
® glo Guanidine thiocyanate
® 0 Ar/H,, 750 °C, 1 h
® C
a-MoO, MoS,/a-MoC
(b) _
Top View Side View
©c000000000 efOijo:ojo > =
00000000000 2" =
000000000000 FFFET A 3 — s,
0000000000000 NN \
©00000000000000 g
0000000000000 o R % 0L
000000000000 > o | dec’
©0000000000 y -
0900000QCQCOCOOOO g’.’g‘g‘g‘o 7m\ldec'1 324mV
----- Ve — ]
a-MoC M082 a-MoC M082 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 -04 0.0 04 0.8
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& 15. (a) MoS»/0-MoC i 5 A pn = Ko (b) I S5/ TAE AT MARE . (c) Biefb 2R, (d) Tafel /%

[99].

Figure 15. (a) Schematic illustration of synthesis of MoS,/a-MoC heterostructure. (b) Hypothesized top and side
views of in-plane structure. (¢) Polarization curves. (d) Tafel slopes [99].

4.2.4. BRRE/BALTHE

R e/ 2 L TR A ) AR S AN TR W v o AR 4 P 5 ) PR SRS
AN AN E A AL AT AR g o 1a) W /AR e AL i, AT S Ak e R . S-
RLFT Mo-Z5 L TFE L) V2 IE S A B #8 MoS, W BE 235 P47 55 - 2t HER [H
BT [101-104]. — &M, S EMAES RSP ERSER. Ye SN [105]
RIE TR O &5 B IR KON B2 MoS, HEATBRIG TAESGE, M4 s 7 HER
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PERE. AT IR B T MoS, R FE &5 #7484k 15 HER PEREZ [A] (R AH G, IEBH
T REA TR AT DL A W S A ML AT 2, AT EE R HER 5. Li &A
[101JIE4R T MoS, #1H S 075 HER i ERIR R . BEE S NN, HEL
THNAFRXIR, K S BA0IRE T N mskla, & S ALK T KRB A
SR Mo JET. sSEEAE HER yEMRGESE R, (Hilid S 8RB AL AS L 1)
Mo J5F R 3R15 5 = 1) HER YEfE. % TAE NI KGRI MoS, 35 HER #&fit T2
%, Wang A [104]8 ol d m@E 5 IAE S SAURRES GRER
i) o I SEIGFIHZI S P TE] 220 el B RN 2 P R D AT S
TRLPPRAS . G5 RAKI, HABA S AL MoS, Lt A HIE S 4L 1) MoS, %
DL AR HER PERE, LR MEREAS 35 T SGR TH B S5 M AN FE AL A %8

Zhan 5% [1061#R 7t 1 M RERE Y MoS, HER HREZ MHIKFR. B
SN T — RY B ANE AL SR SR IS AGrso THELZE BAESE T H*AJ
PATE Mo JE+ BB,  H BT 2460 FIAFAE AGueJik/N o fEIXEEigi, HAH
% Mo Z3ii B AL ) M-MoS; (Vimess-MoS2) BA &AL AGrs (0.04 eV) o A
MaE, KI AGuKH T A 7458 . Wl 16(a)fin, M-MoS, &7 Mo
JRFAT LRI 2 T, MBI Mo JE T T E, XnJLlfid Bader
L7 73 2I36E (B 16(b)) - M-MoS, 1 Mo J&-F[1)°F-¥3 Bader Ffif N~5.20, &
T MoS, (4l MoS2) 1 S-MoS; (Vwes,-MoS2) » & LT Mo JEFH 81T HER
(1) Volmer )R .. I4F, M-MoS,H Mo £ i F 8K (B 16(c)) , F=AHE
SR FRASMEARMPUEHEEIER (E 16(d) , AFF H A E A
o BARTI S, o diREIE N E /R A6 )5 (integrated crystal orbital Hamilton
populations, ICOHP) it EE FNE X fifE, W 16(e)fin, Xit—HEM
H b2 Ft. MoS2. M-MoS; F1 S-MoS; #] ICOHP 18437 4—0.06. —2.20 Al
—2.35. M-MoS, B 4% ICOHP 1, RWAEFIT H W, DL ELEFRY, =
A7 B B JR T PR BT 2 Volmer GBI HI I £ 2 E ., BHEZL Mo
22 B2 AL MoS, A 3815 5 17 1) HER Tft. ME 16(H T i LSV HiZk 7] L
EH, B MoS: £ 10 mA-ecm 2 (n10)i A s RHIE AL, A 277mV.
S-MoS, i A7 fE 2 235 mV. M-MoS; /& HER &M i = AL 5, e o (B
AN, R 210 mVe BARCRUE, fEIEHAN 250 mV BITELL R, M-MoS; [ HLfL %
fEH 51.4 mA-em™2, 224 S-MoS; U H1 MoS, H/\fi5. B 16(g)[#) Tafel &
78 M-MoS,. S-MoS, Hil MoS, BI&L 25054 60.7. 110.1 Al 125.8 mV-dec™',
HA AR Tafel £EACK H 171 HER 21715 . W& 16(h)i~, M-MoS, 7E 40
NI RREEAEAL G, PERE LPARIFANAR o IX IR 7T A i TR A s v v P AR A 71
BT AL T SR ZI A ER R
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(2)  Ppertectmos, Vios;-MoS, Vioss-MoS, (e)
O : .S H--Perfect-MoS,
I ICOHP: -0.06
Ay
36 )
H-—-Vios,-MoS,

ICOHP: -2.36

(b) Perfect-MoS, Vmos,-MoS, Vmoss-MoS, ( )
OO0 0O 05050507 051845180,
\'d A4
J ,5.13,C)_ ¢ ().496 5.20 &
'Q'GAA 51 6.51 "9 6.66 : ; | . .
k Catalyst ) 9 6 3 0 3 6 9
. A, \ i H--Vmos,-MoS,
! ICOHP: -2.20

(c)

30 3 9
Energy (eV)

P 035 0.0

§ ® — L® g (h)

o ‘ . g I @10 mA cm?

é 10 §°'”' MoS € 0.2 -

") .

- 201 4 = > =

'g 30/ 5" £ oas; 2 04

s Em e. .‘_‘!

T 40- e [ g

€ S H 3 0201 £ 086

£ -50 - o

= - M-MoS, a-u;s, MoS,

© ! : . . . -0.8 . .

-so-o.s 04 03 02 01 00 018 0.6 0.8 1.0 12 0 10 20 40
Potential (V vs. RHE) Log (j (mA cm?)) Time (h)

&l 16. (a) (001> P~ [ THIRR A0 B+ J5 3 Ak BR E AL . (b) MoSz (4 MoS2)+ S-MoS: (Vmos,-MoS2)Fil M-
MoS: (Vmoss-MoS2) F1 75 A Jif] [ J5i ) Bader Fififo (¢) MoS2+ S-MoS; Fil M-MoS, 2 K 58 44 it il i oK o s i
A (LR HIRBALRD o (d) AFZRAE N IEM B R E K. (e) HAE MoS,. S-MoS; fl M-MoS,
B ) ICOHP {6 (ICOHP H (1) & Al e bt GRS 20 A LA A 3878 ) o () 0.5 M HaSO4 H ) LSV
2, FEEN SmV-sT GaEE: 10 mA-om 2 BRI EALE) o (g) Tafel #2%. (h) KHF 2 M [106].

Figure 16. (a) Top view of (001) planes and side view of electron localization function maps. (b) Bader charges of
atoms around vacancy in MoS; (perfect MoS;), S-MoS; (Vmos,-MoS:) and M-MoS; (Vmos;-MoS:). (¢) Unoccupied

orbital distribution near Fermi level of MoS,, S-MoS; and M-MoS; (red arrow denotes H-adsorption site). (d)
Schematic diagram of orbital interaction under different conditions. (e¢) [ICOHP values of H adsorption on MoS,, S-
MoS, and M-MoS; (bonding and antibonding states in ICOHP are depicted in red and blue, respectively). (f) Linear
sweep voltammetry (LSV) curves in 0.5M H,SO4 with scan rate of 5 mV-s™! (inset: overpotential values at 10
mA-cm?). (g) Tafel slopes. (h) Long-term stability [106].

Mo 247 TREBHA Iy R itk SR AL I Tl s Fe s [107-1091JCH 2 H
THAE I —FE 0775 Ge %5 AN[108]7E MoS, & &M R R I T K& 1
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Mo L. SERRFIHRTHR R, Mo LT S A7 1 HE T 45 M K115 H W Bt 11
HEHRE, Mg HER. Shi 58 A [109]4RiE 7 —Fl Frenkel SR HJZ
MoS, fEF], Hrd S Fl Mo FALILAFET MoS, o A=A Hifif 43 A o 3RAF 1)
Frenkel $FF 1) MoS, KL H AL 5 1 HER 514, i FAKE 164 mV,
4.2.5. TRBH

TEHAELL T, TEER B 2B TR T 5P e A AL RS AT R A RO
%o TRBRAFEMMEY. GRERBRIRETFBR EEESBR . SRS
¢ (401Zn. Co. Ni%E) [110-113]0] LA R T MoS2 1 Mo A7 5 1 HL - 4544
2R HER MERE. B, XuZE A [110]32 Kt I 4 )8 Zn 524 ) MoS, 1,
DL HReS, SKBLmR HER. ARATTR I Zn 2842 L REZL S HER 1I3) /)
SEAHULED, MM 3RASO0 A B4k HER W& 1. Xue 25 A[112]7E 45 ORI I
TR T/ Ni B2 MoSa K Fr o 45 AIESE, JERE ) Ni 54477 LLAT MoS, H
TEPELL S TAE R, S IR R DU AR Vs A HER B %, 78 10
mA-cm 2 BT 5 i3 A2 88 mV,  7E 0.5 M HaSO4 FR R B H B8 4 ) e
Kong 5 N [114: KL Ce BIRKHE, #l% T Ce B4 MoS:. Ce BIRHI
MoS; & &kls, ¥ TR T4, H—P# & T HER THee, AN
(113.78 mV) .

BRAEEBITR (N Fo P25) [115-119]LA¥ R {1k HER 3238 T H K
K. Li SFAGE 130 3 ) — B K L HI & B2 N MoS,, ‘&g —Fl
I AUH HER AL [115]0 N#B A=A T = W SHhiE, MMiFREE T Mo b,
T T S HTFRIHBFERE, Wis T S IR FIENEME L. 54 MoS, ML,
% N ) MoS> 7E 10 mA-cm 2B (13 A7 FE AR, 1N 168 mV., Zhang %5 A [118]
KRB T2 oens, R T A TEEEA ST F B2 MoS,. FIETHAH
e S JEF R R A, AR H A RS 7 53 2 056 3 hge s 1, I
¥ HER M3EPERE S T Fofi% . Shi %N [1191@ I 4 5 BB 7 Va1 HA di ik
AR SRR PB4 2H-MoS, 40K AE, PB4 T EM ST, HaT
P54, SEfn-AER R S 207, P B4 2H-MoS, 7E %% 1) pH {H FE I
H A5 Y HER & MR Fe e 14
4.2.6. 5 RHEMBEBENE G4

R MoS, #iN A —FiR A BT A HER HEAELLT), (H GRS A7 3k
B0, HEARSEE, S30H HER GTEHMEL. HERE, & MoS, 5%
HABIE [120,121] BRYKES [122,123]. A2 4 [124, 125125538 8 T itk &
Yt 252 HER PEREMIIF J73%. AT LAF= A JuRe 1A i IR RS SR U5 MoSa,  SEIR
AL HER. AELR T MoS, Itk &40 m L% S it IR 5 88 MoSs TS
PEID AT R [124,126,127]. Li %5 [120]15 6% 1 MoSx@id R E A A7 5845 (reduced
graphene oxide, RGO) fFEAEEM: HER LT, MoS, 5 RGO 2 [AIJERH]
P FIR R 58 T HER 36, 7 10 mA-cm 2 2608 R HAA N 64 mV. Wu 45
[128]#iE T B A R1IF HER fEALIEREN 70 E MoSo/TisCo-MXene@C H AW 45
REH, MoSy/TisC-MXene@C I HLF:E ML R KIS . AW
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[FfE MR T MoS, (1) HER 3 /1%, MIMi3kAS 707K HER MERE. A sRbk
DA 7 HED . RIS B DL 28 I R AR FLIE 45 M T 52 2Tz %
o Hui PR (1251338 17— PRI SRRS, (EBRA4E & BUf ss s 340
MoS: 49K F (GDY-MoS: NS/CF) , 1f 17(a—¢)fix. M 17(d)yrr LLiE 28
HFE#|, GDY-MoS, NS/CF f£ A A B e fE e g 1t e Bz
RO BT . SIS T SRR SE A SR AE MoS, RIS T 2H-
MoS; #| 1T-MoS, FIAHAE, P T H W EHBE (B 17(e,f) - Song A
[126] & B MoS:@Hk =+ . (carbon quantum dots, CQDs) HJH)ZEBEAL ST
Hith, AMHNIE HER &M . MoS,; R CQDs 33 i faf BLFT 70 A1, L 7-1Z T
M CQDs H 1] C A7 £ 56 #5 MoS, 11 S 7 4%, M2 HE Ha HI ML

(d) o

-100+

J(mA cm?)

-400+

-500

-200-

-300-

MoS, NS/CF l

GDY-MoS, NS/CF

€01 oS
M -
1.5 ; i

-
o
I

o

0.6 0.4
E(V vs.RHE)

0.2

Reaction coordinate

& 17. (a—¢) GDY-MoS; NS/CF K] SEM 1% (d) BlEE B A LSV HiZk. (e) GDY-MoS A4 45 #4) ) TH AT

Kl. () HER ¥ 5 HRE [125].
Figure 17. (a—c) SEM images of GDY-MoS, NS/CF. (d) LSV curves in alkaline solution. (e) Top view of optimized
structure of GDY-MoS,. (f) Free energy diagram of HER [125].

5. w5 RE

REFR G T MoS, fEJGHEA HER AL HER J7 1 A 58 it e AN it
KMo X FOLMELL HER, S 1 ¥R 28 SRR 58 MoS, GEfLiEE,
BIUn I TRE . 2 R ASA A AR TR . XTI B E IR T MoS, 25
AR . BeAt, IEBEAT T OREISS Jrilad iy B TREAN SR IR T 18 Aok s
MoS: JEHE TR E IR, A ITT SE AT A R FH B REAT S A S e —
L3 ) 5 ROV AR T AL BOAR B AT BAFRAIR MoS, FESEIRUR A T B IE hI R4
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S CHR

mEHIMERE . BEAN, MoS, 1 s R Ak 7RI LE Ha Ak 1) & Tt B A T Kk
J& o MoSy IAZAL s /&AL HER VG PELL 55, MoS, 75 B PEFIBR M 2644 T #iR
IR SR HER 5. AT LUEIS SR TRBAR. 9K
IR SRR AN 2 R A R AR MoS, I HL 454, LUInage 2L e {4k, HER %
G

B2, BARITFRE R MoS, Yol fb/ s 4k i 78 TAEE Rt & 17 H
HER 75 %, HEZEERVFZ et HER AR 003EYE, (EIEG M1/ st f
{AFAE — 0] . T RSB B AT HREE MoS, & i, i KPR B b/ # 0l
AR I RERE TR0, TR E MoS, AL TR B KU % . MBI TH
5 MoS, i HER FHEALIEYE. R, MoS: #EAL I {1k HER ERE
T58RVE J5 T i AR AL TR . ok, Jl I R SRAE H AR A B @t — D AL
MoS, FJ%E A HER #EALHLER, MTTERAN T REILEM-PEREC R, e B AR E
PRI ek, SRR R A A LA A S R A RS s e AR e PR T S el
P, AUIRF 288 = i LA . R 4E MoS, Al A 2 T B AL A
ik, (B E RIS, BT A SEEUS I E .

EETWH: AWAGAH TERXAARAMSES (M-S 22202042 A
22308070) . )T AR B AN H N O K AR B AL R S CHk S
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Abstract: Hydrogen (H») plays a crucial role in the transformation of the energy structure due to its environmental friendliness,
renewability and high energy density. The photocatalytic and electrocatalytic hydrogen evolution reaction (HER) presents a
promising approach for H» production. Molybdenum disulfide (MoS,) has emerged as a promising catalyst in photocatalytic and
electrocatalytic HER due to its high activity, easy preparation and cheapness. However, it suffers from poor stability and inactive
basal planes. In this review, we encapsulated the research advancements of MoS; for photocatalytic and electrocatalytic HER in the
past ~10 years. The latest strategies to enhance the catalytic activity of MoS,, such as doping, phase adjustment, surface modification
and others, are also summarized. The relationship between structure and activity for enhanced H, generation by different means is
briefly introduced. The challenges and directions of MoS, materials in photocatalysis and electrocatalysis for HER are also
discussed, aiming to provide promising guidelines for future research.
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