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Synthesis of Multigonal Star-Shaped ZnO via Sonochemical Technique
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Abstract: Three dimensional (3D) multigonal star-shaped semiconductor ZnO microcrystal have been successfully
obtained through ultrasound irradiating the mixture aqueous solution of Zn(CH;COO),-2H,0 and triethylamine
((CH,CH3):N) for 30 min at room temperature. The as-obtained powder was characterized by XRD, FESEM, TEM
and EDS. The experimental results indicate that the multigonal star-shaped ZnO with hexagonal wurtzite structure
were composed of some nanocones which were self-assembled by nanoparticals. The possible formation
mechanism associated with the sonochemical effect of ultrasound times and triethylamine concentrations is
discussed. The room temperature PL spectrum showed a weak UV emission and a strong broad yellow emission
with peak located at 387 nm and 561 nm respectively. The deep-level involved in the yellow luminescence is

attributed to interstitial oxygen.

Key words: zinc oxide; semiconductor; sonochemistry; multigonal star

SAALFER I -VIER BA B ZOCRIERME oV, WA T 45 5 RE R IA 60 meV, EOCHLAHTN 1
RERIZ TNRE AL R AR SR T 0Bl SE RO 337 SRR SR O AR B K FH BE PR 1t A 5 TR

R B #91.2008-09-23, W& Sk H 91.2008-12-15,
[ 5% [ SRR FE 42 (N0.20501002) T RUA 2 T A 8RB} 2 5 45 (N0.2005KT 110) % 804 w8 K 7 A7 UM RLIF % 351 (N0.2005j 1147 2d)
TH R,
IR R A . E-mail :hmhu@uste.edu ; Tel : 86-551-3526891
VR BELE T 35 4 Bt YR RIS 1) JCHLAN KRR 6 A R BERF AT



470 koMl e

A 525 %

A SN, AR RH ) BR AL A S S H
N AR SR RSP A G i 5 R T T2 A
5, FRZE R 9K T 40K R4l oK 2 45 45 4 B
JCHL % U 24 () = 4E(3D)A ST e 4544 | AT DL ST H
A RRRMERE O GOK DI RE AR RGN K Z5 4, © 51 A
TRy BE SGE BT WAHRGE Y ZnO = 40R TP B 45
FAT R AE O GRS Z g B0 PRI 4
KRR 58 8 F1ZS O BRISISE HL 32 B 45 7 vk
2 JE TR R i is TR FIK 307 TR A i | AT
e LA B DY S VLA TS 4 20 SR T T I e 5
G

R P A2 P S A A A SO P A
| R B Ak 2 T 8 2 RS G < 23 Al AR D
FOZFR W AR R INEZ BB R AR A KSR
MR A 2E A8 Ak R A A AR Y A A A 5 AR
AR S P BT T] P 2 At ) BBl Al /N3 T v g A
% 5] 79 755 Uik (5 000 K) 1 5 (20 MPa) A 32 1 010
QTR 1B s R 5 L N RS T L R W&
HLVE R, SRR (B) 77 25 1 R 5 R S PETE R MRS
AP R LT HA AT ER LR, A R
V) KPS F A A Y Ik Y (R RN A
Gedanken S5 75 45 18 Zn> 19 H,O-DMF 1 & % W
BT TCHI Y ZnO 98K UKL 4 98 78 SEUIHE Zn®
1) S5 P B I o R O 7 R S A B T 9 oK R R ZnO
RANR T F5 P AF0SR F R 7 - 1ol gt 7 20 ook B A5 T
W ASIR ZnO BA ; AR R AN FEITE S Zn W PEG-
20000 F1 = Z e ) K W 25 1 ZnO 9Ksk,, A
TAELEARM A YA R AR mEEEREAT, UL
PR B R = B W 7K B R BT BT, R FH R 75 1k
SIS T BN =4 2 M R IE ZnO LR TTHE
R BT [ R P e B o AR I AR A e IR
TZMBE Zn0 TEE R N RDEECR LM T

1 ERES

1.1 (UEEMIKF

1A% (KQ-50F # A g e ay (B 1,40 kHz,50
W), Philip X'Pert PRO X-S A7 44X (8 & 60 kV,
B S5 mA, RAIE LRI ES | XG5 A1 55 5
EERUEIE N Cu Ka 28, 2K 7 0.154 18 nm, F##i il
Fil 24 20°~70°), JEOL-6300F 37 % i 414 f, + 2. {5
(B3 Oxford INCA BETEAY |15 kV),JEOL-2010 % 5
ML B BE (200 kV), B 2 /77 A 28 ot ot 1% X
(FluoRoloG-3-TAU , Xe %I i),

KA CREE(AR), = OME(AR.), oK LA,
R A 258 P Ak 2438500 A BR 2 w4l
A 2otk — A alifh 2508 K [

1.2 & M

LAY SEEGEAE W . 7E 100 mL /9 5 B AR
ORI 0219 5 g ZFREE 2.8 mL — LAl 60
ml ZE K SRS R O IR S B A
AR 7 U A g R RE P R R 30 min, B S TR A VUL
h, HARR E 2 300, s K TR ZE K Rk &
BEWRVE 3 I, 7E 60 CEZ T 1A T8 6 h, W4k
P A T

2 RS

2.1 XRD%#7

ZnO R XRD EE i 1, A1 5 g
MR B 5 XRD #5#E PDF K Fr (25-664)— 2, 1]
& 45 46 24 ZnO &K 9 (100), (002), (101), (102),
(110),(103),(200), (112), (201)A75 55 b I, S &5 db P B
UF 7S T3 EF R0 Sk, 25 TR RE Pogme , 15 A 228K
a=0.3246 nm,c=0.5203 nm, &A1 RV =Y

(101)

Intensity (a.u.)
(100)
(002)
(110)
(103)
(112)

(102)

@01)

<, (200)

20 ' 310 ' 40 50 ’ 60
260/ (%)
Bl 1 ZnO A XRD 1 &l

Fig.1 XRD pattern of ZnO microcrystals
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Fig.2 FESEM (a, b) and TEM (c) images and EDS (d) results of ZnO microcrystals
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Fig.3 FESEM images of ZnO samples at different volume of triethylamine

24 MBS
TEM 25T A AEAE R 2R B ZnO B92E
KALBLAT A 2 Zn2 7 25 A0 5 AR AR Y i
T 8 — 2 K A e e Ry R
Zn*+H,0 — ZnO+2H* 1)

A6 7 S A SO 7 A B e T e TRAE R A
S ZnO AAZRIE AR B T R BRI RE SR
R P o A AZ B A G 3 U IR T A v
oW AN T ZnO Az K A F TR
/N A KRR



472 oMLtk

C R %25 %

T AE SN ZR oA = S AF AR 7 WA A AR
Hh AT BE i [R] A7 LR P18 BN

(CH,CH,):N+H,0 — (CH;CH,),NH*+OH- 2)
Zn*+40H" — Zn(OH),> 3)
Zn(OH)> — ZnO+H,0+20H" @)

TEA = CIAFTER ROVAR & b | [ AR AR A 25 4k
RN BEAS I 38 — 2 Wi 0 7K ifk S5 1 (S 1 2K(2)) , Tl
XFF 75 5 AH B M AR ZnO KUk R Zn 0 R I
B PR THT ((0001) 1T ), & O 1 Ay 5B M 18T (000 1) )™,
A K EETT Zn(OH) A 7E IEM PR R AE K, Fik
oy Bom T — 4R W = 2O K R T A Y
(CHCH,);NH* 7] i i # B3 W B} ZnO & 4% 19.(0001) i
1A F T FEAK ZnO S R GE L2 T Zn(OH)>
FETEALPE0001) T I 2R 4R (52 1 =X (4)) , DA T il 3 4 2
A AR 00017 Tl A

Wt DA B8, BT LA Ok 2 = 2 e ok R A AR
B, S R (1) AR, BT R AR R
B2 M I BT TG R 4 40 KR 7 | 3 A 5 Sk ee—
e, MO T 08 B U T (CHSCH,)NH &+
1 ZnO SRz UL, WA B T BRI [0001 ) 75 1) 2R 48 AE
Ko, TR BT 49 K 35 45 4 (18] 3a i 2 18 TR )
Bl = & T T B B 3G O, B (2) | (3) B A B R i
S, VUM Y (CHLCHL),NH* & 1 Fil 4 K LT Zn(OH) 2
B £ | 2 (CH,CH,),NH* A BB 2 4> ZnO &
Bt 2P A KR T AR R g4 (| 3), i T
TE R f T B2 B AL R A R Re L TSR 2 R
B oy 0 kA R KRB (B 3b,e), &
S = Y SR8 A i AR
B Zn0 W (K 2a~c), BEAE R ZR-
Bl 4 i,

( NH* 11111 (0001)0
e
.
930
) ° 0 : Nanotower
%0 Secondary nucleation Growing
—_—
Monomers O(000T) 1111 -NH* 11 (0001)0 and growth and ripening
—
- % Multigonal star
Nanoshuttle

4 ZMEI Zn0 AT RRER

Fig.4 Schematic illustration of self-assembly process of multigonal star-shaped ZnO
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