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Spectroscopy Properties of ZnO Nanoparticles Prepared by
Pulse Laser Ablation

ZHAO Yan, JIANG Yi-jian
(National Center of Laser Technology, Beijing University of Technology, Beijing 100022, China)

Abstract With different laser energy outputs, a series of ZnO nanoparticles were prepared using the method of the
pulse laser ablation, which were characterized by transmission electron microscope ( TEM ) images,
photoluminescence spectra and Raman spectra. The results indicated that the size distributions and Raman spectra of
ZnO nanoparticles were independent of laser energy outputs; however, with the increase of laser energy output, the
photoluminescence spectra (PL) of the nanopaticles exhibited a red-shift because of the agglomeration. Finally, the
mechanism of pulse laser ablation for ZnO nanoparticles was also discussed.
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Fig. 1 Sketch map of laser ablation for Zn() nanoparticles
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Fig. 2 Photoluminescence spectra of Zn(O nanoparticles

prepared at different laser energy outputs
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Table 1 Assignments of Raman shift of ZnO particles

Raman shift /em™! Symmetry
97 E, (low)

380 A, (TO)

410 E, (TO)

436 E; (high)

577 A (LO)

4 BRI
K BAR BEIEH TR T A 2 I i BN
Wk o O B LR AT T A (LR B 2 i A

AR BREOCIE R E/ER P A ALY,
FELHH L, Nd: YAG #0% (K 1064 nm) 5 &AL 5
P b 3R T AH B AR B, K 0 SOt R & B T LA &
WA, BT 1064 nm i B B BN B3, A R
A PER TR P THm T S AL B — 1
R BB AR SAERZ BRI A &, RAET
SRZUAY “ 45 KE ¥h 8 (explosive boiling) B¢ % Ui “1H 4
#£” (phase explosion) , 7t ¥ I 1 72 7, ) I W ¥
4 (bubble nucleation), ##E A. Miotello %! &
BRI TE, “HE AR KA HUA TEROE Ik KT 10 ns
if A B ST, PR W B 7R 2 10~ 100 ns [ 1 JA] ,
Bl AR AAE— A Bk 52 . (H2 Lint A R 1E
BOLRK s S /NT 10 ns BIROLT , “AH8R K7 7T LA
FE— APk e R Z G &4, 5 V. Craciun 5517 ) 52
W45 A —B. AL T A Nd: YAG ot 4 ik op
Y BER30 ns, WA FETE LR, AR E BT R AL
MR LS 0F, ERRE ENEMT . AR
PEERTE Z P8 B, 18 B B A 8 Tk ES, o %
B RLIRIE 19 UKL, BE A SR AT R 2 B T — 2B RIE M.,

5 4 B

R Bk s BOG ek i 7E A R BOL T R & AT
il 2% 8 E AL BE G OK BORL . X OB RO #5147 T 3R
ik, P& T HEBCRGIEM B E . 45RRY &
A TR Dy 2R 2 AT 3RAT 9 AL B GORBUBL R H 40 A 1
4 10~50 nm, B2 5 & BOG R 2 59 5 i, Bk
HYBE R AR B R, S BB I R AR LR 5 T A
P S WA K AR AL .

2 % X #

1 M. H. Huang, S. Mao, H. Feick. Room temperature
ultraviolet nanowire nanolasers [J]. Science, 2001, 292(5523) ;
1897~1899

2 D. M. Bagnall, Y. F. Chen, Z. Zhu. Optically pumped lasing of
ZnO at room temperature [ J]. Appl. Phys. Lett., 1997,
70(17); 2230~2232

3 K. Vanheusden, C. H. Seager, W. L. Warren. Correlation
between photoluminescence and oxygen vacancies in ZnQO
phosphors [J]. Appl. Phys. Lett. , 1996, 68(3): 403~405

4Y. Chen, D. M. Bagnall, H. J. Koh. Plasma assisted molecular
beam epitaxy of ZnO on ¢-plane sapphire; Growth and characterization
[J1. J. Appl. Phys., 1998, 84(7); 3912~3918

5 S. A. Studenikin, N. Golego, M. Cocivera. Fabrication of green
and orange photoluminescent, undoped ZnO films using spray
pyrolysis [J1. J. Appl. Phys., 1998, 84(4) . 2287~2294

6 Wu Run, Xie Changsheng, Wang Aihua et al.. Optical
absorbability of ZnO nanopowders and application in surface-
hardening of materials [J]. Chinese J. Lasers, 2003, 30(11);
1053~1056
2 LA, E BB % ZnO 41K TR O6 Rt R s



BT B HAE. Bothe ik & A AR 9K BB B G R 209

@ [J]. P B#k, 2003, 30(11): 1053~1056

7 E. A. Meulenkamp. Synthesis and growth of ZnO ganoparticles [ J].
J. Phys. Chem. B, 1998, 102(29); 5566~5572

8 Zhang Weiqiang, Deng Yu. Research progress in nano-zinc oxide [ J].
Adwvances in Fine Petrochemicals, 2001, 2(9); 42~44
KRR, F. POREFIEERE [J]. keewmibid R,
2001, 2(9): 42~44

9 Zhan Guoping, Huang Kelong, Liu Suqin. Recent development
in preparing techniques and research of nanometer zinc oxide [J].
New Chemical Materials, 2001, 29(7); 15~18
BEY, B, NEE. FIkE A0 H & AR 505 3
& [J]. e ®ar#, 2001, 29(7): 15~18

10 B. L. Yu, B. S. Zou, X. C. Wu & al.. Preparation of ZnO
nanometer powder and their ESR properties [ J]. Chinese J.
Semiconductors, 1995, 16(7); 558~560

11 Y. Zhao, Y. J. Jiang, Y. Fang. Spectroscopy property of Ag
nanoparticles [J]. Spectrochimica Acta Part A, 2006, 65; 1003
~1006

12 S. L. Zhang, Y. B. Zhang, W. Liuet al.. Lack of dependence
of the Raman frequency of optical vibrational modes on excitation

wavelength in polar nanosemiconductors [ J 1. Appl. Phys.
Lett. , 2006 (to be published)

13 U. Ozgiir, Ya L. Alivov, C. Liuet al.. A comprehensive review
of ZnO materials and devices [J]. J. Appl. Phys., 2005, 98;
041301-1~041301-103

14 Dang Haijun, Qin Qizong. Physical and chemical processes and
machanism of pulsed laser ablation of metal oxides [J]. Chinese
J. Quantum Electronics, 2004, 21(2): 216~223
FGE, BRSO ME R S EAE TR ER
BHLHE [T]. EF & F F#H, 2004, 21(2): 216~223

15 A. Miotello, R. Kelly. Critical assessment of thermal models for
laser sputtering at high fluences [J]. Appl. Phys. Lett., 1995,
67(24); 3535~3537

16 Q. M. Liu. Thermodynamic evolution of phase explosion during
high-power nanosecond laser ablation [J]. Phys. Rev. E, 2003,
67(1): 016410-1~016410-5

17 V. Craciun, N. Bassim, R. K. Singh ¢ «l.. Laser-induced
explosive boiling during nanosecond laser ablation of silicon [J].
Appl. Surf. Sci., 2002, 186 288~292



