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Size-Controlled MoS; Nanodots for Luminescent Property
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Abstract: Molybdenum disulfide, which is composed of a monolayer or few layers, is a new kind of two-
dimensional materials following the study of grapheme. It is a kind of direct band-gap semiconductor with
excellent photoelectric properties, which has attracted much attention. In this paper, molybdenum disulfide with
different particle size was successfully prepared by heat-up method. The MoCls was reacted with L-cysteine in the
presence of oleylamine at 220 °C, and we performed different reaction time from 1 to 5 h to understand the
formation mechanism. There are two mechanisms occurred in the formation process of MoS, nanodots: one is the
Ostwald ripening and the other is an epitaxial growth. Until there are no enough nuclei for growth, the size
remains unchanged regardless of the growth of the time. The prepared MoS, nanodots are homogeneous in the
aspects of size and height from the large range due to the protection of OLA. In addition, OLA providing a strong
reductive environment reduces Mo’* to Mo** and avoids oxidation of the nanoparticles, which integrated with L-
cysteine to results in the formation of H,S. The molybdenum disulfide quantum dots prepared for 3 h had
monolayer structure. We also investigate the photoluminescence behaviors of the materials to inquire the size
effect. The fluorescence spectra and Raman spectra of three kinds of molybdenum disulfides were studied. It was
found that when the particle size or the excitation wavelength increased, the peak position of the fluorescence

spectrum occurred red shift.
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Fig.1 (a) XRD patterns, (b) Raman spectra and XPS spectra of (¢) Mo and (d) S for the as-synthesized MoS, nanodots
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Fig.2 TEM images of MoS, nanodots prepared for (a) 3 h, (¢) 4 h, (e) 5 h and particle size distribution histogram of MoS,
nanodots prepared for (b) 3 h, (d) 4 h, (f) 5 h
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Fig.3 AFM images of MoS, nanodots prepared for (a) 3 h, (c) 4 h, (¢) 5 h

2.2 REMTEHAIGHEm

4 2 A [R]RL A% 1 B A6 B0 98 K & 19 PL %
TR [ R R AT T SO BRI,
Moa b BRI LAE H 290 DK A 280 nm 3 Jin £
365 nm B, G4 K 5 00 2 SR W I s B A%
XA ORI K 63 B B AL B R T B B4R
P I TE R A 7R R A ORI 280 F
365 nm B | % 5524 DX TR AN 330~350 nm 224 420~
460 nm, PR EECE B E T M g5 4 F B
B A Ak n] DLFR A (1)

h*m?
g = Imd? @

AE

Horp o 98 B 5 W8, m TR o M RHE
FE, JRBNFER 2 5 R )Z ARE 5 AL A R I A5 f
SR, X — R LY " H AR R FOETERE
5 RSFRONA 5 IF H SO PR BRI 1 — 50
FEHAA X — MU 2 A SRR E AY
SARAY R RN AL — B, DL SR B i i
TR R/INAT A ) MoS, 1 s Bt eV fE I HL
UL T B T MoS, 5 s B RE A B3 PR



800 /TR | R A= = - %33 8
() ——22nm ®) —22mm
——39nm s
—531mm 5.3 nm
P ——————————— L ] I [ A A e A
300 330 360 390 420 450 390 420 450 480 510 540 570

Wavelength / nm

Wavelength / nm

K4 R[EBUR R ZNE) MoS, 7E(a)280 nm H1(b)365 nm #A& 1 T 192 66 3%

Fig.4  Photoluminescence spectra of MoS, quantum dot recorded at an excitation wavelength of (a) 280 nm and (b) 365 nm

3 & it

AR SC i AR TR — B TR
T, R A A e v RT3 S R RN IR R 4
R BPRIAR KN A A TR B X 3 Mok AR
JOF B A AR i i BT PO S5 R R
BAL SR T AR S B AEOCAR A 1
BT B A BORIIOETERE , kAR Kl
RPAIE I W 3 R R 2T AR SR il 4 — T AL 51
i S GE O TERE R B T —Bh R SR S T
%, RBRFEGEAE IR RO L A R I T AT A R
N HE,

SE k.

[1] Novoselovl K S, Geiml A K, Morozov S V, et al. Science,
2004,306(5696):666-669

[2] Wang Q H, Kalantar-Zadeh K, Kis A, et al. Nat. Nanotechnol.,
2012,7:699-712

[3] Splendiani A, Sun L, Zhang Y, et al. Nano Lett., 2010,10(4):
1271-1275

[4] SHEN Cheng (L %), ZHANG Qing ( 7k % ), SHI Dong
(W 4 82), et al. Acta Chim. Sinica (1% F ), 2015,73:
954-958

[5] Mak K F, He K L, Shan J, et al. Phys. Rev. Lett., 2010,105:
136805

[6] Cesano F, Bertarione S, Piovano A, et al. Catal. Sci., Technol.,
2011,1:123-126

[7] Perkins F K, Friedman A L, Cobas E, et al. Nano Leit.,

2013,13(2):668-673

[8] Chen W, Santos E J G, Zhu W G, et al. Nano Leit., 2013,13
(2):509-514

[9] Gopalakrishnan D, Damien D, Shaijumon M M. ACS Nano,
2014,8(5):5297-5303

[10]Ren X, Pang L, Zhang Y, et al. J. Mater. Chem. A, 2015,3:
10693-10697

[11]JWANG Li-Xiu(F B8 55), WEI Lin(##K), TAO Zhan-Liang
(P 5 R), et al. Chinese J. Inorg. Chem. (RALAL 5 5 ),
2014, 30(9):2043-2048

[12]Chang K, Chen W. J. Mater. Chem., 2011,21:17175-17184

[13]Xie J F, Zhang J J, Li S, et al. J. Am. Chem. Soc., 2013,135
(47):17881-17888

[14]Buscema M, Steele G A, Van der Zant H S J. Nano Res.,
2014,7(4):561-571

[15]Splendiani A, Sun L, Zhang Y, et al. Nano Lett., 2010,10
(4):1271-1275

[16]Ma C B, Qi X, Chen B, et al. Nanoscale, 2014,6:5624-5629

[17]Liu Y T, Zhu X D, Duan Z Q, et al. Chem. Commun., 2013,
49:10305-10307

[18]Kwon S G, Hyeon T. Small, 2011,7(19):2685-2702

[19]GU Ping-Chao(J#il it ), ZHANG Kai-Liang(5K 1 5%), FENG
Yu-Lin("$ E#K), et al. Acta Phys. Sin. (432 5 ik), 2016,65
(1):018102

[20]Mak K F, Lee C, Hone J, et al. Phys. Rev. Leit., 2010,105:
136805

[21]Gopalakrishnan D, Damien D, Li B, et al. Chem. Commun.,
2015,51:6293-6296

[22]Stengl V, Henych J. Nanoscale, 2013,5:3387-3394

[23]Lin H, Wang C, Wu J, et al. New J. Chem., 2015,39:8492-
8497





