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Abstract

Nanostructured MoS;, a two dimensional transition-metal dichalcogenides, has found extensive
application in phtotoelectricity, visible light catalysts, lubricity and friction performance because
of its unusual physical and chemical properties. Chemical vapor deposition is one of the most
practical methods to prepare the large area and high quality MoS; among all the physical or chem-
ical methods. This paper reviews the effect of the reaction time, carrier gas flow rate, stoichiome-
tric ratio of precursors and substrate position on the morphology and structure of MoS;. Two-
dimensional layered MoS: may find optimal utilizations since its property varies significantly with
different structures.

Keywords

Transition-Metal Dichalcogenides, Mosz, Chemical Vapor Deposition, Nanostructured Materials

}

HESHAFIESIEMoSHY

i ‘/‘f\:}i-a Fﬁaﬁkﬂa %K?R‘TL

VO R RS ARL G R A AR, HR
Email: zhangyyping6@swu.edu.cn

RitRE

Wehs HEA: 20174F1H2H; FHEM: 20174F1H19H; KA HM: 20174F1H22H

R

ZHEYPREW KIS E RS RBAYIMoS FENF I H OB EIER, £ R, LML, HE
MR EREN AR ZRMANE. HEPKREHMoS AYEMFMLERTTE, HpLESATTRE
— MRS A K AR KH R R R EMoS 77 . ASCHEAN 8 T AL AV 2 R BT R] S fk

XESIH: T, BRKH, TRKE. ST & MosS, T Ak R D], #PRME2EETHY, 2017, 5(2): 1-10.
http://dx.doi.org/10.12677/amc.2017.51001



http://www.hanspub.org/journal/amc
http://dx.doi.org/10.12677/amc.2017.51001
http://dx.doi.org/10.12677/amc.2017.51001
http://www.hanspub.org

BRI

WE. SR B AR AR B AL B EH E XN MoS A KM . 7 F S5 IMoS X H i A T
PRI, SRR ER ARG I A .

XK ia
WERERWMAY, MoS:, HESHUIH, FukMk

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5%

BRI EIEG, MMIORE ZgEGeRAR R A A T H B A ERE, X 51 TR
o RS R E AR A — R B SR G M 1) —4ERRL, BT AATTLE 1000 CRiAL A R AL
WO3 3 RIFEI WS,, JaK, RIS a5 MoS, [1] [2] [3] [4] [5]. #4&, AITKRIL 144
KEE[6]. AUKZ[7]. 99K [8]. BIBCIRAM =MIZO1FA RIS —mifktH. WE 1 Prox, S5 %ELAN
1.2 eV HIRMEL MoS, FIIL 2 E S5 Hdr kL BT S M R BN R B, HZ AWk, AR 58 R
B, HEONERE RN, AT R ORH] 1.9 eV, REHRSS I R B N R BR[10]-[19]. MoS; 2
PMARIREE Mo-S (¥4, Z5EZ A ERSEVEEET), [958 ETES 15 THEAMEAEIAH
JENEER, WAEACER e M TS BRI A ) 2 R . i AR T R A A, A
KB B MOS, 7E 37 EIUR S St BRI FL A8 AR o B A B 22, FL b B2 1) 280 203 MoS, e MR RE A A

ZHALEH(MOS,) R MR I E Ry, B RGN K 0 B R AR AR R, TR T A .
Brom AL PERR LAAL, MoS, AIHEPTR 2 BRBUE bl, A KB T AN, E25F 320 CH AN, HE
SEAAAE T 1100°C BA T 9 B0 B T AU, BRI R A7 4k 2252 8 11 - MoS, BAA JZR /N J7 db R 45 74 [21]
[22], RGBT MRS, 5080, A R, Oy R AT A e M S BRI, i)
EAAE R E R RS U W2 TR SR AN R w5 %) PR g e

T ER =S &R, HROS T R A2 AR =R S5 R[23] [24]. 14 2 v BRI U 4 )
ALY MX, (15 FEs A =R R B |, B 2@ UEH, 84 MX 3 TFESA=NETE,
FTIHEXETFZERESBEMIETZ. M AR Mo L&, SIIH X F£x, EIEA Mo JET#i4 6 1
S JR T . £ MoS, £t , 4> Mo J&L 74 S-Mo-S JZ N N SEAL, R =R ik 45 # B0 1T (1E 7).
2H (5T 3R (GETR) MY, nlE 2(b)Fim. IT-MoS, 45k Mo JE Ty )\ AR A, IE 78R, 14
S-Mo-S H.5r F 2R — A dn i, A ER B A BA &R B4 B M . 2H-MoS, Al 3R-MoS, #1 Mo Ji
THSCR = AL, o 2H-MoS, NAXTFR, H 2 4> S-Mo-S Hf i — N A, 1 3R-MoS, S5 %t
FR, ZEHES 5E 34 S-Mo-S B R R — N . 1T A 3R Y MoS, AlEEaAH, 2H-MoS, JkasE MH[25].

AT T S E A I MoS, 40K Fr Il 4 FRAE J7 15, M4 T B2 B K v 78 6 B 34 U T
(RIS FH[26] 0 25 30 2 BEPER AL 22 AR TTRIZ A 45 MoS, 9hK A T2 R AR e A B 458 % 453 AR Fr %7 P

2. Mos, KIHlIl&753%
2.1. MoS, Ky & 75
PR A . Y)E] MoS, S AL BRSRAIR R0 T 385, JURE AR M N . BTy i
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Figure 1. Calculated band structures of (a) bulk MoS,, (b)
quadrilayer MoS,, (c) bilayer MoS,, and (d) monolayer
MoS, [12]

[ 1. (a) MoS, & #18t. (b) FUE MoS,. (c) XZE MoS, F(d)
B MoS, HeETZAHaE[12]

Figure 2. (@) A typical molecular structure of MX,, with the
chalcogen atoms (X) in yellow and the metal atoms (M) in gray;
(b) Schematics of the structural polytypes: 1 T, 2 H, 3 R [20]

E 2. (a) A MX, 7> F&H, HPREAREEREF(X),
REAEBEFM); (b) SMABYMLEMAE: 1T, 2H, 3R [20]

DHIJTER : HURIES[27] [28] [29] JRSTVE[30]. HLAZKRE. BT, ML,

PR BEIR 1S T MoS, B4Ry R s 411 A 99.9% A _E 1) —BRALAR MM A 35 S AU BE, AT 1539k
R MoS,; TEMRERTHSRAFANK MoS, HIEERZE, RIRI P #IR S vE, anf) B R RS [29] 8055 25
FIHREA BT R SRR, WORYR 3180 B R HL L [32] .
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TRRHER PRV 4 FL 2B 2 MOS, W VRE 5 2 i B 75 IR 75 A 58 1A WL 7R BRI MoS, # K
AR AT DL SR, o A] DL 2 ARSI, 0 Coleman 25 [23]F FIAS [ (¥4 77 WFH 3 5 MoS,; T Zhang
2 [3313R15 1) M0S, 49K A A2 F G071 2.6 TR A 7 A ) B A3 2010

VI A0K MoS, BAR AR JF A 1 MoS, (1 ik 4544, {H 2 75 2 v 4 FE 1 JEORLE 15 1 <A R
PR A BT, RS RS e, AR,

2.2. MoS, KL HI& 75 7%

2.2.1. 7K#SE

IK IR TR K B A LI 770 S LA 53 P 1 v L v R A v, VS A X VS B ANV A o I L 45
e 1) VAR 2) IR 3) MRBAA F R4 B I — s RS JURL g 7K R il 46 AR K4 R
WA 2 = FE B

Hwang 25 [34]3 i 7K #2: FH B BX 44 7S 35 35 2H (Mo (CO)e) FIBR 3 1 % MoS, 49K . Wang 25 [35]3@ 1 LA
FHPR I (NH,)sM07024) N JFEEK # G T MoO3 AR IR (H,NCSNH,) 56 kA4, £33 T 3D MoS, 44K 1t .

K FAEE T 2 ) S MR RS 5 B AR R R ) 4% 1) MoS, BARE B ELF, 5 TH RS I,
ERAFEIAK, 45MHRE.

2.2.2. BWE

VWL — B AETT T (IR TR F) ARSIk EE IR 27 SR 4645 B B 7% 7= 0 7 1k
PR R 52 KSR SR PR, VAR FE AR T b s T

Bezverkhy %5[36] [37]4E ¥ i I b, B B ZIL JEUR AAHBR H2 1 %5 1 MoS,. Afanasiev 5[38]
[B914E 73 BRI IR A K S AF T I I 15 JERH(NH,).M0,S 1, B J5 72525 BUER B FK) MoSs ITTE,  FHE il
A F P AT HER, 2 fE15 5] MoS,.

2.2.3. WESHERATE

b 255 AT (Chemical Vapor Deposition,  fi#k CVD)J2 [E A5G BRARLE sl &6 1F T THE ARSI R A
WE R, GiddEE, ERAERT FAERESYBRIRN T E. AR L, BRT RS %m0
. fFEEBAN N EEEERBEREGSME, =88 P RS aiE E i, SRIEmAE gk
MoS,. b, BRIEATLUZ HoS 8BS S B, FHYE 3 BUZAH A

Muijsers Z£[40] ] M0Os3 5 H,S/H, JRA SRR B o 3% P[] s B2 H BEAE [ 4 TR R T EAT DR 2
B BGOSR B R . BT VAR B A RO R, X & AR
w, H IR

Cao Y % [911E M4l /S AR A JEE I 25, B MoOs FIFHERT NIE R, Hl % 49K MoS,. AL
FEESUR T MBUs PR A S R BH R B A0 J5 19 20 1 R S 28 = BAL B AIORE, 49 31 1R Z AL EH oK

A 2SR TR V25 2 3 92 FH A 2B KT AR B 5 B Mo, 732541 [42] [43], FrAiTid it 78 & sl MoO,
S Jaikfk, A MoS, 4K Fr, BIFSE T ANFITESRSS M RDE BUR I BEI E R . MoS, 40K T
SANEE AL B R 3 fon, W WLFES AL BB SS S JRHGE, KA. JSREAGRER. A6
JREFE, WRRELL. AR, REA TR,

2.3. MoS, It F S HETREmE =

I ZE R = AR ) Je IR MoOg 1 S BioR, 38 R At S B2 i [R) A2 Bl MoS, 4Kt k. A XK IR A :
MoO, +7/2S = MoS, +3/2S0,
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Figure 3. The SEM images of the MoS, nanosheets of 4 samples placed at different positions [43]
E 3. FEIMEMEMm L MoS, gKkAR%R43]

A MS, TR REBE RN H, = E s,y +3/2Es6,) ~E(mos,) ~ 7/2E(s)* 3T Efos,) > Eisoy) > Euasy)
Eo) 7PN —BAHH . MBI SRR AR B 1 B Sk R B . (BB} 2H-MoS, Fl 3R-MoS;
H—JE AN AR IT N 0.193 eV, 0.187 eV, 2 H-MoS, BEEK T 3R-Mo0S,, FA™ Hifir A A
72 0.06 eV XELARRE T 1A SAHDURR P AE TP 2 18], AT 3R-MoS, b 2H-MoS, /> ) J5 [ o

CVD J5 il 40Kk MoS,, BRUNSE A MTTIERR T, Rftha) /)% irid s 2 A T Re . SUARIREE
SSIIRIE « JUART 5 5 ME) R0 AR Sl A 28 A2 R M = it 225 W R e (T BR ) 22 (Rl 3., (B s i AN SR THI 3 /)
S SR BRI G

LA MoOs #1 S )5k, i85 SHAR AT HE AR, vl ReM s By F2 a0

MoO, + x/2S = MoO, , +x/2S0, 1)
MoO,_, +(7-x)/2S=MoS, +(3-x)/2S0, 2)
MoO, +1/25 = MoO, +1/2S0, @3)

s (L), BY RS R AE, BRI FEAN 7R 5, AR T R =) MoOy: 24 [ BB [A] 76 43 BF, MoOs
AL, AR M0S,, WM (2) . SN TR AR BLLE THELE R S AR IR 8] F, 5 FHE RS, MoO;
AR P RETE R Z R AT B AL 1 .

AIEE RSP R EEME R, SREWERRTES . R FR(1).
(2). @)K, [EE P TIIEER K2 FEOE SRR, B RAESIER MoO, A1 Wi
SAURKES, RIS ASMIEE RN, #15 MoOs BANREM e &mif, wh2 £ B 1A 724 M00,, Sy

KA SMPBNEEA R IR T, A S F MoO;. SLihst LW, #FHSH N 100 scem
B, AERKBRER = MK MoS, i Z 24545 3RS 0N 30 scem B, AEKACRZE 1 MoS, 90K Fr e sk
¥, Mo:S<1:2, Effi, Mo HRikZImAAN Mo Ji T RFEMAS, thS&mMARERRES, 50
M S R T RIS A TTREME RGN, WEME, MiAERREm, ik T YR .

JeIkAR S FI MoOs fb 2 T b L4225 ) BB 28 Ok () S SRR B, kT sz i ) 7= M A T 35 5 45 1
A2z EE 300 D 3:1 F1 3:2 (1) S Al MoO3 # oK ) SR [44], 342 B 1 L2 ) MoS,, (AL 22 T & EL AN R,
A EATIESRA AR . S:MoO; th2E iR HN 3:1 I, BRASR TS, BB A 2 A K R ELAR R B,
JLET IF) A (A3 465 i R 30 = A B AR s SIMoOs Ak 2Tt &by 3:2 I, /b T AR K S I HIBRIR A R
WD TR EETE JT, TR T 2 T ) = A T

I B A IREN T7 1], MOy W ETEIE 25 MoOs #y K [ =4 - 2>kl , Xl 82 MoS, i T34 K
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BRI

E, FEERAAT, HAKELIKEER, MoS, ffA K 2 nae2 s /)% & midE# 1% . 2 MoO;
Bz R | MoS, A KRR IS, YRR SRR K (1 B B 2L MoOs #3 A, MoOs ¥R 538 i,
MoS, A= K R IN[45], MoS, AR I FE AR /N BEE R T .

FEARE SR, Je RS A R AT RE, HE LS TR SRR [ Y 1 e iRk 8 R & .
R T — BRI A, 8 M S AR B B 28 Sk ) = AL A T 118 3, KSR R 13 1%
FidF1%, H5ERRIZEMAASRRNL, A ESE ARG B 1 = AR EAR, TR 6
RS FITESRAB AN o ASFISEHII B AR, A B R G AR KA A o

3. Mos; R4 sE X R F
3.1. MoS, RBRFAINF144E

- SARPEL MoS, 4K 2R A9 K AR 1) a2 M RE A 20K« Andrea 25 [12] R FSIOH U 85925, E BHJ20IR
MoS, 7E 620 nm 1 670 nm P34 B & o, i BLROEHEAKHET MoS, 220 R . MoS, A4 AL
NSk, BEERETTZEED, )2 MoS, i F14) 1.90 eV BB, HHE TR 2 M
SR BT, B RIS IE[46], Wi HE MoS, A R EEUR . RN E AR
(17 MOS, A e P i J87 2 R 1) e 75 S5 280 T 2R, wmT LA R P TE T B0 P RS 1R, ot vl B A 2 R PR
W AT, AN BZR, RZH08E MoS, TN 200 cm¥/V, HiZ
AR I IR TSR N 1 x 10°, HAHMIRAHLIIFE[10]. Lee [47]4:HF7E 1 ¥ % = )2 MoS, Jt L5
W2E, RIAZM=ZZ K MoS, KN 680 nm LA RIUFHIJEmIN, 1752 MoS, R4 6
MRS, (HEIXFPE KN 550 nm IS¢ K& 365 nm [IERAMEA BGRB8 4k MoS, 171 B 45 14
WA T = B0 ek, T AR AR 75 SR 106 234

3.2. MoS; RyYt L EE

ANTE RS RANFITESRES (¥ MoS, FUAE T 95 BE7E 1.1~1.9 eV Z i), 24523 A < 700 nm [ fEST AT,
B IRISOE T RER R AERRIT, a7 LI R IR0, ey L i il i 1 A LI A B
P B T AR LE IR AE MoS, I B HL 7 2 KA P o A TR PR 110 4070 U 4 £ 23 B R D6 A v
TAERTR P4 HoOy, T 3R AL TE OB B X AT LB S5 ML M L b T . AR, 229X
A SEAL A AT DU K 707 RS BE R AR I ISR S P4, AR T DSR4 K 22 B A L
rE PEFRAE B 3k o S TR A B AR B R HLACR I SC B, TT LUK L3 iR 1 CO, H,O NOS
SO; S/NA LT L

FESCHEALERE PP P P s AR AN AL S5 A TR0 vy DL ' PR R A8 - 2t 5 PR R 2 T 47 38016 26 B
B2 RE A 5%, ERR Tt — PP AR A 14 1) B 2[R 3R [48]. REITAE MoS, R FE T\ &
T MoS, SEHEAAT ML I AL I EZE R 2, —ARtE 00 N IA D, ARTR B e A 77 B R R AR,
REWICHDET#E, EWE AR T E 2 KRB ERAEERL . MoS, #EfL LB Z AT b 204,
MARAS EYE, ZEE MoS, AL R st /2 21K MoS, A2k IR [49]. A FRTR AR JCVE LR A AL
TRV T DR A 8 AR TR R T, AU B AN REAR 4 st 70 B P, S BRI R 5
HAEALTT T, 5705 B MoS, 1 9 i A4 LA 1 2 I S P ANMEL[50] . 57 96 5 72 ) MoS, 21K 4544,
P AR - T AR RER AT W ERCE LS, FESE AL AT IR R BT 7

3.3. MoS, R A RFHIERERIEEE
MoS, J& T NTrd gz, BARIRGH . MoS, 2 H 2SS HVEMEE LG8, R/ LU=

)
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Figure 4. Lubrication mechanism of (a) ultrathin MoS, nanosheets and (b) 3D nanoparticles [53]
& 4. (a) #B5E MoS, 245K K #(b) 3D K ERIAY;EIEH FR[53]

Wi T Bg 3l , DR B BRI BRI R . MoS, BLEAE 4 15 46 [ 4k 0 771 ) BE 2 e e A R, A
NS TIET5& R EIRBIE 11, Ao Ne B &R . MoS, FINE #H RIF ik ¥iaE
PR, WA 5 M o P 1) bk B AR e I, I HLBE A B S T MR K AR Bk R ) S PUBEVERE, ]
DAAE T2 A VBRI e (100367 220 PR 8 (v B s v il )V A A DR A 2 A8 Py [ A< v 7RI [51] o E T
MoS, f i RHAE T SR A M SR BE i R AR RE, WA S RN MoS, sk il DA Rt 1 R i 11
AR R T D B 1 i

MoS, f1 T )2 (TR 3 & A £ B I MoS, JE & A kRS MR 7, R ASMITTRL. fh2E
e ORGSE . BT URS S EM A, RORBRR T AR B B 41 [52] [53] [54]. 8T 25 gk 345 fil X
B, PIMER RN 2 B, TR R RN iR 3D BRI U, AR AT REREHEFF
AR TR B e A R BB, WnlE] 4 BR.

MoS, thr] DME N E 7RI B R AL B R [55], ZHUEBL T, AT DA R A [ R
M EEPERE, Lt FHEE[56] [57]. MR TER L. W44, RBWIESEEY, BRI MoS, 1)
JEIB-6 VAR A (1 B 4 2 M R T AT 19 232 = [58] -
4. &g

2 SRR TR 2 e T 458 SI FH 1 A RO THT R 3 5 R MS, (1977150 F S I MoOs 1F 9 e R AR A AH <
FRUTRE A, SIETA] 2RI S8 A4k 2t 2 LU AN AR T30 A7 B 45 PR 36 Mo, S5 M TE SRR &%
We, T TS EE AL e g FEPERE RN FH o AN IR MoS, AR e ema v, o] FH-FA R 5 R 6 s 2%
fFs RSN AR MoS,,  FOGHEA R LT ZEIEIE M I MoS, B A8, T i #da e
PE AR AE I SRS BE R R . AEFESH MoS, BT SN R 1A AN R R, 61 AR S A S,
VTS, SR MoS, TR A MM a4 K, FHRm A 1 B F P RE
=

e R R AR L 55 P B B 3 H (XDJIK2016D002) -
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