24 % 51 o) B it
201042 H

CHINESE JOURNAL OF MATERIALS RESEARCH

9% = Rk Vol.24 No.1

February 2010

MoO. 1/ 4AK FEI S8 & BRFFEFERE

XFAI EWR 2R R Ak

1. FRFRFM ARG EEFZE S LEE K 410083

2. PRIRFYHBLIE SRR K 410083

3. HMEWES LT (MEKY) M4b R XL H A #E 411005
4. BWSERERIBET SR ERERLEE i 200030

WSk HE 1

B FE U MoOs #EMAAAFR, HSMER %R S MoOs /40K, HXTHIBH . St Bt EREIAT T sk
fiE. GERFH], SRR AR Bk MoOs, KM FEe LAk EULHfok 2 1, JEEE2y2% 200 nm, MoOs fif/ 4k i 7E
1 200-300 nm {1 LE4METE BN A BER AR CE, 76 304.6 nm. 343.4 nm il 359.6 nm A EREY K OGIE . BRI
TSI, BRI T MoO2 /40K F iy A K LB,

KEEIE  THAREEAR, A, B/ Ak R, JeEERE, A KL

HES TG146 XEHS 1005-3093(2010)01-0017-08

Vapor Phase Synthesis and Optic Properties of MoQO,
Micro/nanosheet

LIU Xinli' WANG Shiliang"23 ZHANG Quan! DENG Yida! HE Yuehui'**
1.State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083
2.School of Physics Science and Technology, Central South University, Changsha 410083
3.Key Laboratory of Low Dimensional Materials and Application Technology (Xiangtan University),
Ministry of Education, Xiangtan 411005
4.State Key Laboratory of Metal Matriz Composites, Shanghai Jiao Tong University, Shanghai 200030
* Supported by National Natural Science Foundation of China Nos.50825102, 50804057, 50823006 and

50721003, the China-Australia Special Fund No.50711120183, Natural Science Foundation of Hunan Province
No0.08JJ3110, and the Open Project Program of Key Laboratory of Low Dimensional Materials & Application
Technology (Xiangtan University), Ministry of Education, No.KF0705.

Manuscript received July 30, 2009; in revised form October 12, 2009.

** To whom correspondence should be addressed, Tel:(0731)88836144, E-mail:yuehui@mail.csu.edu.cn

ABSTRACT MoO; micro/nanosheets were synthesized by vapor-deposit process and characterized
by XRD, SEM, TEM, UV-Vis and photoluminescence (PL) photometer. The results show that MoO,
micro/nanosheet is rectangle, and the length and width range from several to dozens of micrometers and
about 200 nm thick. The MoOs micro/nanosheets have absorbance peaks between 200-300 nm, and three
fluorescent excitations at 304.6, 343.4 and 359.6 nm. The synthesis mechanism of MoOy micro/nanosheets
was discussed based on the experimental results and the thermodynamic computation.
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growth mechanism
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Fig.1 Schematic diagram of the setup used for the
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Fig.2 Products on the Si substrate
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Fig.3 XRD pattern (a) and SEM image (b) of the product from B boat
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Fig.6 Typical TEM images of a single MoO> micro/nanosheet (a) and HRTEM image (b) of a mono-
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Table 1 The relation between vapor pressure of MoO3s and temperature

T/C 600 610 625 650 720

750 800 850 900 950 1000

P/kPa 0 0.0012 0.0024 0.0067 0.008

0.2333  1.3467 3.12 9.5262 17.547  26.506
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Table 2 Gibbs free energy versus temperature of all kinds of possible chemical reaction
/K AG/k]
reaction(1) reaction(2) reaction(3) reaction(4)

800 —310.93 77.18 —341.55 55.92
900 —308.36 67.77 —321.30 54.60
1000 —305.93 49.52 —301.26 54.20
1100 —303.65 31.36 —281.50 53.55
1200 —301.50 13.97 —261.89 52.94

]
MoO, ||~ MoO_+CO II- ®o .“.{ ’ “‘{ﬂ\
0000
o o

Evaporating Reaction

Nucleating Growing

Bl 12 ARl
Fig.12 Reaction and growth model

WY (3), MoOg JEH#%. AR Si R LR =4 (&
12),

4 i BB 1 HAR AL 795 °C, MoOg i LA =
RAEGTF (MoOs)s IFEASHEN A B, Bk A= FHE,
R, fEA RS (IEGREE S 850 C), A KIEHY
MoOs ZEITN A FFPHHIHIAS MoOs i H132 20T
P S B A A 3R, HE TR Y. (1), A4
JRH) COHTEIZ I T -5 HARR TS MoOs
REETE C AN/ ST R A AR (3),
T BEA R FIE SR MoO, ghiAk . [HIt, X 44
MoOy f IS AL 22 S S TRR i 75 208 i, e
TR T BT S A R

Yo SO (3) TR 25 MoO2 B, 23R
AR, 15 CFFMRY Sifra R, i TRAEIrRE
BRI A, RS MoOs Fl CO MWk fem. It
bsf, A A A R R R B P AR
SR =305 27 L s RUNCIL N SRS S S i S
PRI U MoOo S8 JL AL A SIS (18] Ta-
7c); I H., m ROV EE 553 MoO, JEAZ R tRIEA K,
TR S S . BER RO B R, <
RSB B4 R BE T B, iR BE ks, 2 S 2R i
A S 22 g T A S e OB A R % 129,
1E St fr b YR L, JURRY I T 4EA G, AR
RASH G AR - R R, IR Z 23
LR AR SEFARE R (18] 5). 18 ST J e 3R,
SR B R JEE T — 2 T e, B A i i A
1%, TR RCH 45 S R B R RO A 4G, AT IR e —ZE Y
2R () 8).

H UV-Vis JE3EI7SH9 MoO, /40K F ()62
PR 4.22 eV 5 PL YGHEAE 304.6 nm B &G T Ab
FIREZAHAT, PRI A &GI8 2 FE 76 5 S5 1y )
FIBRIE = 0. EAL AR R B g, 1] a4 2%
BL, e WA G, FEA e R AR &b,
JITCA, FEE AL/ 90K B RGBT, A S S
WS 307E 343.4 nm A1 359.6 nm AbH B FA K IGHE .
[T, G RAT R /N R RS AR08 e H 3R
ANtk = p YN N VAN RTE 5= | D S E i N
ARG, TEREHT TP B — 2 RS 40Kk
TR0/ NG | 23X B RE SR 43 4T BB T RESL, A
KB AH—E g BT,

3 & i

PL MoOs k3 AR M A7 A8 0 JFOBE - HIAAH TLER
TETERERL 3100 A ] 25t BA SEUF S A S5 4 Y SRt
MoOy filt/ 4K Fr . RIRGL/ Aok A 9 A0 5 A JLAOR
FULHROKZ 8], JEE 22 200 nm, MoO» ff/ 44K
Fir (8 SR e T SO DR R A ORR B i
JEE . 1E MoO2 AR Fr Y541 — nl WG A,
1E 200-300 nm {5 HMETE B P9 A B A IR ICH, 18
304.6, 343.4 1 359.6 nm KbAG R H A TG,

2 % X W

1 J.Hu, T.W.Odom, C.M.Lieber, Chemistry and physics in
one dimension:synthesis and properties of nanowires and
nanotubes, Acc. Chem. Res., 32(5), 435(1999)

2 J.J.Auborn, Y.L.Barberio, Lithium intercalation cells
without metallic MoO2/LiCoO2 and WO32/LiCoO2, J.
Electrochem. Soc., 134(3), 638(1987)



13

XIFi A4 MoO, B/ K F 9 SAR & A Y2 1 RE 23

10

11

12

13

14

15

16

17

18

19

G.M.Wallraff, W.D.Hinsberg, Lithographic imaging tech-
niques for the formation of nanoscopic features, Chem.
Rev., 99(7), 1801(1999)

I.V.Malikov, G.M.Mikhailov, Electrical resistivity of epi-
taxial molybdenum films grown by laser ablation deposi-
tion, Appl. Phys., 82(11), 5555(1997)

Zhang S.-L, d’Heurle, F.M,Influence of molybdenum on
the formation of C54 TiSiz: template phenomenon versus
grain-size effect, Appl. Phys. Lett., 76(14), 1831(2000)
Y.K.Liu, C.G.Liang, Z.L.Wang, Y.Z.He, X.L.Lang,
M.H.Zhou, Molybdenum film technology for power metal
oxide semiconductor field effect transistor gate electrode
applications, Jpn. J. Appl. Phys., 39, 3915(2000)

José R.C.Rocha, Luis Kosminsky, Thiago R.L.C.Paixa,
Mauro Bertotti, Anodic oxidation of nitrite at a molybde-
num oxide layer, Electroanalysis, 13(2), 155(2001)
K.Galatsis, Y.X.Li, W.Wlodarski,
G.Sberveglieri, C.Cantalini,
of single and binary oxide MoO3, TiO2 and WO3 sol-gel
gas, Sensors and Actuators B, 83(1-3), 276(2002)

E.Comini,

S.Santucci, Comparison

J.N.Yao, K.Hashimoto, A.Fujishima, Photochromism in-
duced in an electrolytically Pretreated MoOgs thin film by
visible light, Nature, 355, 624(1992)

C.Bechinger, S.Ferrere, A.Zaban, J.Sprague, B.A.Gregg,
A photoelectrochromic windows and displays, Nature,
383, 608(1996)

S.K.Deb,
trochromic phenomena in transition metal oxides, Sol. En-
ergy Mater. Sol. Cells., 39(2-4), 191(1995)

P.Birke, W.F.Chu, W.Weppner, Materials for lithium
thin-film batteries for application in silicon technology,
Solid State Ion, 93(1-2), 1(1996)

J.J.Auborn, Y.L.Barberio,
without metallic lithium, J. Electrochem. Soc., 134(3),
638(1987)

Y.B.Li, Y.Bando, D.Golberg, K.Kurashima, Field emis-
sion from MoOs nanobelts, Appl. Phys. Lett., 81(26),
5048(2002)

Reminiscences on the discovery of elec-

Lithium intercalation cells

Jingguo Liu, Zhengjun Zhang, Chunyu Pan, Ye Zhao, Xin
Su, Ya Zhou, Dapeng Yu, Enhanced field emission prop-
erties of MoOg nanorods with controllable shape and ori-
entation, Mater. Lett., 58(29), 3812(2004)

Jun Zhou, Ningsheng Xu, Shaozhi Deng, Jun Chen, Jun-
cong She, Zhonglin Wang, Large-area nanowire arrays of
molybdenum and molybdenum oxides, synthesis and field
emission properties, Adv. Mater., 15(21), 1835(2003)
Yubao Li, Yoshio Bando, Quasi-aligned MoO3s nanotubes
grown on Ta substrate, Chem. Phys. Lett., 364(5-6),
484(2002)

S.Mitra, K.Sridharan, J.Unnam, K.Ghosh, Synthesis of
nanometal oxides and nanometals using hot-wire and ther-
mal CVD, Thin Solid Films, 516(5), 798(2008)

Latha Kumari, Yuan-Ron Ma, Chai-Chang Tsai, Yi-Way
Lin,Sheng Yun Wu, Kai-Wen Cheng ,Yung Liou, X-ray
diffraction and Raman scattering studies on large-area ar-
ray and nanobranched structure of 1D MoOg2 nanorods,
Nanotecnology, 18, 115717(2007)

20

21

22

23

24

25

26

27

28

29

30

31

32

WANG Fan, ZHANG Yuling, WEI Qingshuo, WU Kai,
XIE Youchang, Synthesis of MoO,; nano-arrays on an-
odic aluminum oxide template by thermal diffusion, Acta
Phys.-Chim. Sin., 20(6), 637(2004)

(F L, sERS, TP, 5 B, 5 &, Al Ly
il 4 MoOy 4K[4E51, P ibaE244), 20(6), 637(2004))
P.M.Ajayan, O.Stephan, Ph.Redlich, C.Colliex, Car-
bon nanotubes as removable templates for metal ox-
ide nanocomposites and nanostructures, Nature, 375,
564(1995)

B.C.Satishkumar, Manashi  Nath,
C.N.R.Rao, Synthesis of metal oxide nanorods using
Chem., 10,

A.Govindaraj,

carbon nanotubes as templates, J. Mater.
2115(2000)

QI Yanyuan, CHEN Wen, MAI Ligiang, HU Bin, JIN
Wei, Synthesis and electrochemical property of MoO3
nanobelts from peroxomolybdic acid sols, Rare Metals,
31(1), 67(2007)

(RBRIE, BR3¢ Zorsk, W1 M, &, oSSUHBRIE Kk
% MoOg ki R H AL ERE T, WA aRE, 31(1),
67(2007))

LOU Xiongweng, Zeng Huachun, Hydrothermal synthesis
of @-MoQO3 nanorods via acidification of ammonium hep
tamolybdate terahydrate, Chem. Mater., 14, 4781(2002)
Greta R. Patzke, Alexej Michailovski, Frank Krume-
ich, Reinhard Nesper, Jan-Dierk Grunwaldt, and Alfons
Baiker, One-step synthesis of submicrometer fibers of
MoO3, Chem. Mater., 16(6), 1126(2004)

WANG Wendi, XU Huayun, LIU Jinhua, ZHANG
Shouquan, WANG Dazhi, CHEN Chunhua, Hydrother-
mal synthesis of MoO3 nanobelts and their electrochemical
characterization, Functional Materials, 37(3), 434(2006)
(E3¢H, Wiz, Xatk, TR, ERE, BREE, MoOs
PR LT AR R KRS ORI 22 R AL, ZhREMRL, 87(3),
434(2006))

LI Junsheng, ZHAO Peng, YAO Yanyan, TIAN Xiaozhen,
Synthesis of strip-shaped nanoscale MoO3 by hydrother-
mal process, New Chemical Materials, 35(4), 44(2007)
(FETE, B M8, P, MRS, Kk &R Rk
MoOs ks, L THABHEL 35(4), 44(2007))

Antonella M. Taurino, Angiola Forleo, Luca Francioso,
Pietro Siciliano, Synthesis, electrical, characterization and
gas sensing properties of molybdenum oxide nanorods,
Appl. Phys. Lett., 88, 1521111(2006)

Z.R.Dai, Z.W.Pan, Z.L.Wang, Novel nanostructures of
functional oxides synthesized by thermal evaporation, Ad-
vanced Functional Materials, 13(1), 9(2003)

A.Katrib, D.Mey, G.Maire, Molybdenum and tungsten
X032 (X=Mo,
for hydrocarbon compounds, Catalysis Today, 65(2-4),
179(2001)

A.Gulino, S.Parker, F.H.Hones, R.G.Egdell, Influence of
metal-metal bonds on electron spectra of MoO2 and WOs3,
Chem. Soc., Faraday Trans., 92, 2137(1996)
Y.G.Liang, S.J.Yang, Z.H.Yi, X.F.Lei,
Y.H.Zhou, Low temperature synthesis
MoOg2 as suitable anode materials for lithium batteries,
Mater. Sci. Eng. B, 121, 152(2005)

dioxides, W), as reforming catalysts

J.T.Sun,

of a stable



24 G N ¢ 24%
33 CHEN Jingzhong, LIU Jianhong, Introduction of Nano- 36 LIANG Yingjiao, CHE Yinchang, LIU Xiaoxia, Hand-
material Science (Beijing, Higher Education Press, 2006) book of Thermodynamic Data of Inorganic, Ist edition
p.101 (Shengyang, North Esat University Press, 1993) p.88
(BRI, XSIBE, KA FAF Sib (LT, S 30E AL, (CRULH, EIHE, XIRE, AR FREFH, FR Ok
2006) p.101) FH, ZRIb K ikt 1993) p.88)
34 J.Tauc, The Optical Properties of Solids, F.Abeles Ed., 37 QI Yanyuan, Synthesis, strueture and properties of one-
(Amsterdam, North-Holland, 1972) dimensional MoOs3 nanomaterial, Ph.D thesis, Wuhan
35 XIANG Tiegen, Molybdenum Metallurgy, 1lst edition, University of Technology, 2007

(Changsha, Central South University Press, 2002) p.188
(IR, 4876 4, SB—M (K¥, PRIRZE L, 2002) p.188)

(FBBRI, —4E =SSR S A 25 SYERERTST, Tt
W, EBUH T A%, 2007)



