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AR AR AN AR S e i A, RS IR A AR, ey B K BG4 i e 40 BE PR AR — B A #H. 7
YIREE I X 2675 (XRD). fig & B HGE (EDS) 94 i 7 258t (SEM) TR AE. XRD M EDS & & 7R 52
PO RRACAR, BLELSE SR AR R AT, SEM R % B RRAL A N 9K AE R S5 0, R ELAR 300
nm /247, BJL R E A TEIRALR, R AR AR A A S DURE RS IR R B B P S, TR,
FEAS IR AT TR AEIR MoS2 T A EEAE ], DAL ER, ToVETE BAIKRALIR MoS2, BEAh, REESER 5
LRGN A L MoSa IIR/INRITESH. AR SIS YK AR B FH I LA T 98 118,

RHIE): HUALAH, 9RAE, ARG
PACS: 61.46.-w, 68.35.bg, 78.30.Na

1 58 =

AR, oS8 AL MSa (M = Mo,

W, Nb, Ta, Ti, Re) 51/ T #Z 125 12 MS,
FE A A7) 1] i v 7 L4 8 el b 9] i 10
A e B S ma & E RN AT =
Iifb4H (MoSy) 2 it & 8 —mitb ¥ i) — /> gy,
50 BIG AN T BACHI AL, MoSs HA 7577 dh ik
JEIRG R O Z P A g A 1O 2SR 22 )
H i At 46 Sy 254 D MoS, J2 — Rl L 7R (1 2 54k,
AR R B S, T T IR RN, B
QAR G4 1.29 eV B ANE] 1.80 eV A4 1]

BT 28 1 A PR ) B s BR A AR N LB IR, R R
JZ MoSy MBIAMUES T HIMER LT 2345, tiE &
PR SR HIE G T8, B YK A R 2 —.
WAL R, 2T Hi AL EE 1 s AR B T — AL A
PRI ) R ARE A gy U0)) R B2 RRAR A 1 A
IR EIR 1 x 108 M) T AL EH DY
FH, i A i FL T S 2R A 31 880 AW 1 1191, MoS, 5
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PriitE, af AR 2Pt i AR R B 7R p Y Bl n B 3
HLIE BRI 1 S 44, MoSo 1 —Fh B i 7], BA
SIEELE, AR AL, [FIB, MoSs 7E 1 {1k 45138
WA E R R 1017,

TENLG KA R 1 14 B A1 RS KN LR 3
BUERHOG, DRIk, 2% O 25 10 A A0 H A % Rk
Ih, A TEHUE s 540 D8] gk 2k DO ghkeaty 201
g P ghkops 22D gk ek 22 rpas ak 291 g
KAE P2 B AR T VR R 2 Rl R
o B U 3R 8 vk (290 I J2 4 B 3t vk L) 3 7 i
B¢ e ) 2 1260 SO e R v BT A AR TR 1280
b2 SRR P90 Kk BO 2 Mg T L Ak
MoS, 771, K#AGE W T = B IR S R AK. 45 &
FEE B G 7% 2 AR A T B oS QSR L
5 BB K MoS, & FI I 5 1%, Kk —
FRLE il = i PR35 PR PR (S %8) v, K B0
VTR REAY 5, TR A0 o s e P (R A8 A A A ot 2
)PP S, A7) IR 4 i I A K vk B2,

A 3 UL R B (NagMoOy-2H20) N 48 7,
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i AR & Mt % (CH3CSNH,) N B I8, & 5 &R
(HyO40SiW12-zHo O) AU INF, F FH7K #IEALE 180
CCHAEE T M 24 h& g KA —mifbtH. 7~
W5y A X 5 2 AT 4T (X-ray powder diffraction,
XRD)- fig & L il (energy dispersive spectrome-
ter, EDS). 34 Fi ¥ 45 (scanning electron mi-
croscopy, SEM) Z5F BT RAE. RERSIRTE S ik
P B E AR, PR T T 91K AEIR MoS, 1
TERALEL. I BARH 12BN I MoS, M BHE#EAL,
JCH RS AR UK A 5 BOR T LE N .

2.1 #KTEIR MoS, AL

BT A A 2 3K 0 B 2 43 B 4, SR Ee D IR R,
¥ 2 g HHER N (NagMoOy-2H,0) 12 g B A 2. Wt i
(CH3CSNH,) VA iR 76 100 mL 2 & /K, B
0, 1, 2, 3g REHIER (H4[Si(W3010)4]-2Ho0), HiFEE
G, W EE A, FZE R A 200 mL KN
W B JEAE 180 °CHlE N RV 24 h, HAAREF| =
M. IR EI R AYTEY A 1 mol/L # NaOH.
ToK CIEE BT KIGYE, fEFA560 °C BN T4
12 h.

2.2 KTEIK MoS, BIFRIE

SZIG P43 W B XRD, EDS, SEM 4 T Bt i
ITRAE. X 5T 26 AT A2 15 [E A & 78 D2 PHAS-
ER, 2605 A Cufl Ka(X = 0.154056). AT
85 K FH ZEISS () SUPRADSS, T 4% RE 1% € BiiX
(EDS).

3 BRE5T®

FE it 1Y) i A 45 F F0 & AH 40 FE H XRD i3k 47 3£
fE. WIE 1 (b) Fraw, £ dh XRD BV ) 3 BT 5 0%
HBEAE XRD At R & 51 2, JF H 5FrdER iy
75 FA F MoS2(JCPDS No. 37-1492) 58 4 — 3%, X
FIAFES RS A MoS,. XRD B3 A = A7 i i
Hi~ R B, T H %A BR MoS2 (JCPDS No. 37-1492)
Z AN RTS8 MoSq FF: i 40 5 15y 4 i JE 4T
Ak, e AR B B AT 5 I (002) TIE B MoS, #F i £E
KGOS AR P R R AF. W&l 1 (a) BoR, 1%
A IS INEESS R (%, (002) U5 FE AR 55 HLA 18 3k

UEE HH I, U BH PR G A AN R MR AN . AR
P XRD Bt o] ULk 5 & ki <), B Scherrer 24 3K
5

thzl = k)\/ﬁCOSQ,

HA, D AIETEET S (hkD) J5 W SR, k
N Scherrer #4 (3% N 0.89), A NG X B 263
K (CuKa #H£ N 0.154056 nm, CuKa 13 KN
0.15418 nm), O NARAEATH 1 (°), B NATHIER)
W 8 (rad). AX3CH, B Scherrer AR T E 1S E
(1) Dt 7~ MoSa KL UKL R A it
At Jade 15 BI04 275 58 0.799° = 0.0139 rad, MR
$# Scherrer A 13 3] Dy = 9.93 nm, £ 78 MoS»
PURALFIAEI R LE 10 nm A2 A5

(002)

SR /arb. untis

(b)

1 1 1 1
10 20 30 4 50 60 70 80
20/(°)

1 KRS B MoSy K f XRD i (a) Ak
HHR; (b) VRN 2 g AR
N T BBHERE SRS, A SCRE MoS, #: St i#E AT T
SEM EAE. K2 (a) /& MoS, i i SEM K, MK
H AT DA H S 06 A R MoS, FE R RN — 5L
I KAEIR MoS,. B2 (b) /& MoS, B 5 i 35 4k
1) SEM B, 12 P75 Wb b 7 HE 9K AER Mo, i
BRSE L2 1 H MoSa 492K A 4R, 1> MoS,
gk B RNk A A, MoSs Bk K /N E 300
nm /e 7. ZEE R A EORI R TR, E MM
45 THI R A 2 ORI S I 55
N T RAEA A A= S, RSO T AH
J& MoSo A fi 1) B &t Bt 45 . B3 25 MoS,
B i A (B (EDS), (a) AEDS E# XI5, (b)
R ik X EDS 3. EDS B IR 2% AL
HAFEMo M ST A T2, A& HAh oK. BLAk,
EDS Bt &, S/Mo J& 1tk 2.09, 755K
SR ZE V0 2 N AR BT MoS, B EUAE.
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200 nm

K3 MoSy Fih EDS EiE  (a) 8 X (b) Arik X EDS &3

N T W FREESERLE MoS, it F2 1 Firit B
TER, AT T 1EMRR SEB0 2640 T, AT IR IR\ s
N1 g REESER IR IN 2 g REESIR NN 3 g REAS R 6
FESEEG. B4 (a) & AN INEEES B /K # R B G I
MoS, 1 SEM Ei, SEM E1E R B, 24 A InfES
TR TR, SB35 (1) MoS, FHAEGNKAEIR, TS ¥F
Z P ALK, Bk i RSFECKR; B4 (b)
NI T g FERSFRIK F S A ) MoSs 1) SEM ]
PP ] LR AR MoS,, {5 158 L% ™
B4 (c) /2NN 2 g PR IR /K #4 I BE A J ] MoS, 1)
SEM K1, & B MoS, RPKALIR; Kl 4 (d) 24
I3 g k29 R 7K AR BB BRI MoS, ) SEM & 1,
P 2 7 1% MoSo £ it FH /D % MoS, 4K i A 18
—jg, WEIACR, AIERAHE, E RS

Tang %5 33 g BLAE K B A A0 K AL IR MoS,
IR RN N b S = IR IR AL (CTAB)
Pris 7 N E B O, AN CTAB &t G ik i
H KT MoSe, RA I CTAB A fe & B4k
TEIR MoSs. 7K #E G g KAEAR MoS, [ #2 1,
P ek 8% R 2E R AR RE R (H4SiMog2 0.0 2 2
T HICTABAH R L HIME FH. 99K A6 IR MoSa FE Bk
RSN, mEEWMES. 2, MoS, 9K ki
T A, B R BN AN R Y TR s I8 AE R A R R

(H4SiMo12040), WAl 2Bk e 17K B B A et A &
(H,S), H4SiMo12049 Fl HoS J 3 A i MoS,, &N
SRR

12NasMoOy + H4O049SiW 5

—)H4SiM012040 + 12Na2WO4, (1)
CH3;CSNH, + 2H,0
—H,S + CH;COOH + NHs, 2)

H4SiM01204O + 27HQS
—12MoSs + H9SiO3 + 3H,SO4 + 25H50. (3)

B0, MoSo @Kk FH & MEES, BT %
A i T AR K R AR, MoSa 40K B . 28
=0, ANBINEEASIR, B HaSiMo12040 2E K,
MoSe ZH K v & F EH AT & -KR 45 &, £l
TR MoSa 20K Fr (0 Bl 4 (a)), =4 ¥ Ik
g, A HySiMo12Oy0 fEFERT, T H4SiMo12040
X MoSo 40 oK Fr 1 HL A BE il RN, A 45 MoSo 4
K 2% R 0 S W R fer 22 R ek D B T R,
HETM MoSe 9K F 22 AT K820 % -3K 1 45 &
0% -0 %M DL R /b B R T 3R T P P (ERE
FHiAG RN G A% - D5 M E UL LR -FR
B, MoSs 442K Jv B HI fig 32z o2, AT 4 ]
MoSs HIAEK 2 H 4 23T A K AL IR MoSs.
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200 nm

6\ 200 nm

200 nm

P4 RIS IRk B M 771 B /K A SR B MoS (11 SEM BT (a) NSRS, (b) WSIN 1 g REASER; (c) N

2 g BEESTR; (d) NN 3 g AR TR

RN 0 @ o)
o -ﬁm oo
LR @]
I + (0] o= @©
TR 0 @ o0
:z’é%@i%ﬁi{:‘

. O
- o
>

HLfar SRS,
El5  4KIEIR MoSe KR

ZIY LR AR B i A B T VAR 0 A [R] e 45 1 71
HI MoS, I SRAAL. UANTR IR BRI, MoS,
YK R & R BTN G RS A, ERRT R
) MoSe K Fr (ANl 4 (a)); W1 g FEFSER I,
FEAS IR 70 B AN 0%, LA R WSO P B 58, BT LA
29K ALK MoS, 22 B, {H 1R ™ & (W1 4 (b)); 4

Wi 2 g R4S ER I, fEASRRIE &, AR R e SR
MoSo (W1 4 (c)); N3 g e ERRT, fEES IR £k
W2, LT BRSO PSSR, MoSg 942K A 3K THi
BB 55, MoSs AE K2 B, BT LA ALAR /M
MoS, (U1 4 (d)).

4 %  ®

AL UARERS R s iR, 7K #327E 180 °C
NI A BN AE R MoS,. & AR MoS, ik 45
oo FEUF, A ZRHESR S5/, K/NE 300 nm 72 44,
B L2 EE E L8+ 99K 1 MoS, 48K v 41
R, %GR B ORI L SR TR, 7R A AL R T T
YA E BRI N AT 5. ROWRIEZS BRI, 99K
TEMR MoSo FITE R I ik - — 4 1a AR K- A
B =AH IR Hoh iR ER 7 A T AR R
FE MoSa 49K i 5B AN KT8 IR MoS, 7 FH %2 56
EE, ZRE AR T MoS, KR S5 # & p T
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2L, 5 25T MoSy I A gy K A4 R 1 5
&, T RGHT R I PR RE Y HEAL AT RHT TF R4,
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Synthesis and characterization of flower-like MoS,
microspheres by hydrothermal method”

Fu Chong-Yuan Xing Song Shen Tao Tai Bo Dong Qian-Min’ Shu Hai-Bo Liang Pei

(College of Optical and Electronic Technology, China Jiliang University, Hangzhou 310018, China)

( Received 12 June 2014; revised manuscript received 20 August 2014 )

Abstract

High-purity flower-like MoS2 microspheres have been successfully synthesized by hydrothermal method using
NaaMoO,4 and CH3CSNHsy as precursors, and HsO40SiW12 as an additive. Samples are characterized by X-ray powder
diffraction (XRD), scanning electron microscopy (SEM), and energy dispersive spectrometer (EDS). XRD and EDS pat-
terns show that the as-prepared samples are MoS2, which have good crystallinity with a well-stacked layered structure.
SEM images show that the as-prepared MoS2 are composed of flower-like microspheres with a mean diameter about 300
nm, the structures of which are constructed from dozens of hundreds of MoS2 nano-sheet with a thickness of several
nanometers. It is also found that the silicotungstic acid plays an important role in the formation of the flower-like MoS,
microspheres, which could affect the size and morphology of the MoS2. Flower-like MoS, is not found in the as-prepared

product without adding silicotungstic acid. A formation mechanism of MoSs microspheres is tentatively given.
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