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Preparation, characterization and photoluminescence of Zn**/GaOOH nanowires
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Functional Application of Fine Polymers, Hunan Provincial Key Laboratory of Advanced Materials for New Energy

Storage and Conversion, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: Gallium oxide hydroxide (GaOOH) is a kind of semiconductor material with broad-band gap and has ex-
tensive potential applications in the fields such as photocatalytic degradation of organic dyes, direct methanol fuel
cell, lithium ion battery, bioluminescent imaging and so on. In our study, Zn**/GaOOH nanowires have been syn-
thesized via a facile and controllable hydrothermal method with zinc acetate and gallium nitrate as reactants and
ethylenediaminetetraacetic acid disodium salt (Na,Y) as template. The products were characterized by XRD. SEM
HRTEM and EDS techniques. The length of the as-prepared uniform Zn**/GaOOH nanowires is up to several micro-
meters and the diameter is about 100 nm. Zn**/GaOOH is single crystalline and grew along crystalline direction
<110>. The phase and morphology of Zn**/GaOOH are affected by reactants and their amounts. Keeping the react-

ant amount of 1.5 mmol gallium nitrate stand, Zn**/GaOOH nanowires form with 1.0 mmol zinc acetate and 1.0-
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1.7 mmol Na,Y, while spinel ZnGa,0, nanoparticles obtain with 0.5 mmol Na,Y. When the reactant amount of zinc

acetate is changed to 2.0 mmol, only spinel ZnGa,0, nanoparticles can be obtained with the reactant amount of

1.5 mmol gallium nitrate. The detail of the effects of the products by Zn : Ga : Y mole ratios on the phase and mor-

phology was studied, showing the forming condition of phase-pure and uniform Zn**/GaOOH nanowires with the

Zn : Ga : Y mole ratio of 2 : 3 : 3. The result of photoluminescence determination shows that Zn*/GaOOH

nanowires exhibit strong PL emission in the blue-green wavelength range, attribute to the recombination of the de-

fect-related excitations through an excitation-excitation collision process. The strongest PL emission is at 469 nm

with the excitaton of 214 nm. The intensity of the emission peak at 469 nm rises with the blue-transiton of excitation

wavelength. Zn**/GaOOH nanowires show higher intensity of the emission peak at 469 nm by the excitation

wavelength of 226 nm, accompany with ZnGa,0, nanoparticles, indicating more excellent photoluminescence per-

formance.

Keywords: GaOOH; nanowires; hydrothermal synthesis; photoluminescence; semiconductor material; Zn**
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Fig.1 XRD patterns of the a-GaOOH product (a) and standard card (b)
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Fig.2 EDS spectrum of Zn**/GaOOH



EaMB=ER

-3350 -
IS 2 OCEZ AR 75 3426.4 cm™ b A — A WU, AR T

2.3 Zn*'/GaOOH F 8 5 &M

& 3 M T i % 7= 9 Zn*/GaOOH (1) A [ it kK
fi &) SEM % . FTLLE B, ¥ Zn*'/GaOOH
Ry ¥ — A K LR S5 R . Zn*t/GaOOH 44 K 2k K /&
IRBVEOK, HEREECTROK, YORENERA A
100 nm, HAHH A, K T i Zn*/GaOOH 44 K £k
M AE R T I, X HEAT T A B A
(HRTEM) iz, . HRTEMEI 4N 4 frow

% 4(a) & Zn*/GaOOH I K 1% TEM K&,
/R T Zn*/GaOOH Jy HLor B 4K LB A . €] 4(c)
FE 4(b) 2 B4~ 94K 26 i) HRTEM EI1% . &l 4(d)
&l 4(b) 15 P DX 8 s o PR B EIR, BRI A =
Pl IR A SR AK 2580, L 0.41 nm 9 F A% S5 S0
BE X % T GaOOH 11 (110) f4 & 1 18] FE K/, 32 B
T it A B P R R R AR <110 [ AR B BT
X IAIE TR XRD (43 BT 45 5
2.4 Zn*'/GaOOH #5547

&l 5 K 7 ¥ Zn*/GaOOH K FTIR & 3% . 7&
2923.7 cm™ 4b [ I IR X Y T GaOOH i —OH Y
AR S0 ; 7E 951.7 cm™ 1 1 025.5 cm™ 4b Y 1%
g ) J& F GaOOH H I # Ga—OH 19 25 il 9k 5 ;

10 um

GaOOH 4 f ) O—H [ i 45 ¥k sh 5| &2 1 . 7F
596.4 Fll 473.8 con™" &b (1 W IS Ky Ga—O 1 45 4
SRR EhIE, REH Ga—0 &I AHUERITE L.
2.5 RRIEXT Zn*/GaOOH F= 4 1Y 2% i

R T WG RE DR PRI e, AT T ek
AR E A A X RS ES . P ) NayY il Ga(NOs)s 1
JEE /R B4 A 1.5 mmol, B & MEAZE, W
FE T AN[AEE JR B Zn(Ac), (0~2.0 mmol) X il 753 7 )
S0 . 244 A Zn(Ac), #1 il A 0.6 mmol [
Zn(Ac), B, AR R A 15 BT o] [ 1R =4 o

K6 25 i T m AAS [F] B /R 4t Zn(Ac), B BT il
4 Zn*/GaOOH F= ¥ ) XRD MR &5 . Al LAE Y,
Zn(Ac), ) B JR 5 7E 1.0~1.5 mmol 2 7] fif il 15 7= 4
{4 77 5 06 7 359 55 0-GaOOH Y PDF K /i (JCPDS
06-0180) — 3, ixX i B 7F S N 74 3 oI A i JBE 7R
Y P BE TR 34 AT DL & GaOOH; 4 im A
Zn(Ac), I BE /R 1 3k 3 2.0 mmol B, BT ifil 15 7= %)
i XRD %5 it 5 ZnGa,0, ) PDF K K (JCPDS 38-
1240) FHVCEC, U0 B A5 2 19 7= 9 Sy 4 i A BL 45 4
Y ZnGa,0,,

Kl 7 R o0 2 TR Zn(Ac), 1Y FEE IR R ] A5

(d)

2 pm
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Fig.3 SEM images of Zn*/GaOOH nanowires with different magnification:

(a) 2 000 times; (b) 5 000 times; (c) 10 000 times; (d) 20 000 times

|54 Zn*/GaOOH #KLfY TEM El%, /R T Zn*'/GaOOH M yRFIE A £y 1) «

(a) fA%; (b) 4R Zn*/GaOOH #1KEk; (c) M) HLAR Zn*/GaOOH #4K4k; (d) HRTEM
Fig.4 TEM images of Zn**/GaOOH nanowires, showing single crystalline character and growth orientation of the Zn**/GaOOH nanowires:

(a) Low-magnification; (b) Single Zn**/GaOOH nanowire; (c) Higher-magnification Zn**/GaOOH nanowire; (d) HRTEM
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Fig.7 SEM images of Zn**/GaOOH obtained at different molar amounts
of Zn(Ac),: (a) 0.8 mmol; (b) 2.0 mmol
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with different contents of Na,Y
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Fig.9 SEM images of Zn**/GaOOH prepared with different contents of Na,Y: (a) 0.5 mmol; (b) 1.0 mmol; (c)1.2mmol; (d) 1.7 mmol
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