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Fig. 1. XRD patterns of samples under different pH values
and SDBS concentrations: (a) GaOOH; (b) 3-Ga,Os.
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Fig. 2. Raman spectra of (3-Ga,Ojzsamples at different pH

values and SDBS concentrations.
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EA£29 0.58 pm, K2 2.05, HiX g5k s
4 p B/ IN B AR TR R K B MESs i g, A&l 3(c)
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HIORWE pH ELRARWTE N, $148 /) 3-Gay05 41K
LTS H 2 KA 1) S DU 24 AR 1 275 R AR 255 4
A5 [ 3-GayO3 GKMAREH T-HEE ™ Ak 1 R THITE

BN G N A  HLARRURIHK B R s )s, anfEl 3
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B2 0.44 um, KR 6.95, I HIH e 435
VR EEA, AP 4(b) FE 4(e) BizR. 24 SDBS
W EHANF) 0.8 mmol /L I, 44K He B A3 iE 15 Ry
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Bl 3 A pH T B-GaO3 HEAH Y SEM  (a), (d) pH = 5; (b), (e) pH = 7; (c), (f) pH = 9; (g)—(1) KB i &

Fig. 3. Typical SEM images of 5-Ga,O3 at different pH values of (a), (d) pH = 5, (b), (¢) pH = 7 and (¢), (f) pH = 9; (g)—(i)

length distribution.
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(d) no SDBS
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(a), (d) 0 mmol/L; (b), (e) 0.4 mmol/L; (c), (f) 0.8 mmol/L;

Fig. 4. Typical SEM images of $-GayO5 added with SDBS at pH = 5: (a), (d) 0 mmol/L; (b), (e) 0.4 mmol/L; (c), (f) 0.8 mmol/L;

(g)—(i) length distribution.

YUERFRR, XSGR R T2 2K 2 3.84 pm,
AL 75 nm, KAZ LY 50 A9 98 K B 4 A,
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GUOKFER AR IR B X 2L B AR/ N oK
B LRSI, BTl e 8 RO 280yt B S £ 7 22
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E—2 B 5 4l T AR (pH = 9) T
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GayO4 44k A1 KK SEM E. RTLIE H, 24 SDBS
A 0.4 mmol /L i, 3-GayO4 &5 8l 1A 3% 1 S 7=
AR EAEE/ D, K25 0.73 pm, HAZ 0.32 pm,
K A& 2y 2.28, W& 5(b) ME 5(e). 24 SDBS A
0.8 mmol/L i}, 3-Gay,O4 2 # {4 3 1h1 74 B 30E — 2
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KT, TEmE S T A SDBS JR KAk
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FH 275 FI A T2 T 1) AN KA e 7% (] ik 2 B 275 A 1) 4
DKITORIG R I HL 25 A i 22 TH V8 ARl

[FIEE, FRATH 25 T s B BE T AR Y. GaOOH
FISRIAR Y SEM & (WLIF A1—& A3). 8 Ho i
TRABRE H SRR A I R TR, v LR B iR Re
JEFE AR IR BECRRIFE RS I TE SR AR, AU
FEM AR, EEH GaOOH MK S
U0l Rk, L JE T AT IR P pH B SDBS ¥
JER/NREA RO Fe 2 B-GagOs G LY RT
KR/NHVE B . 4% 58 pH {E Hl SDBS ¥ JZ X 6-
Ga,Og KT FIESL AR, FRATTHE—2 007 T
KA Bt B HORRDE 3 GaOOH 44K A4 kL A=
KAHLPE. 2+ SEM MLE5 R, B 6 45t T A
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(a), (d) 0 mmol/L; (b), (e) 0.4 mmol/L; (c), (f) 0.8 mmol/L;

Fig. 5. Typical SEM images of 3-Ga,0O3 added with SDBS at pH = 9: (a), (d) 0 mmol/L; (b), (e) 0.4 mmol/L; (c), (f) 0.8 mmol/L;

(g)—(i) length distribution.
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Fig. 6. Growth mechanism of GaOOH at different pH and SDBS concentrations.
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B 7 RREEREMT B-GayOy M IRIEEAOLH  (a) A pH; (b) pH = 5 LA SDBS; () pH = 9 il A SDBS
Fig. 7. Room temperature PL of 3-GayOj: (a) Different pH values without SDBS; (b) with different concentrations of SDBS at

pH = 5; (¢) with different concentrations of SDBS at pH = 9.
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Mtk A

& A1 A[F pH{E F GaOOH 49K # %} SEM
Fig. Al. Typical SEM images of GaOOH at different pH values: (a), (d) pH = 5; (b), (e) pH = 7; (¢), (f) pH = 9.

(a), (d) pH = 5; (b), (e) pH = 7; (c), (f) pH = 9
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(a) no SDBS

5 pm

(d) no SDBS

Kl A2 7£ pH = 5 LA SDBS J& GaOOH 44>k #4 %} SEM K& (a), (d) 0 mmol/L; (b), (e) 0.4 mmol/L; (c), (f) 0.8 mmol/L
Fig. A2. Typical SEM images of GaOOH added with SDBS at pH = 5: (a), (d) 0 mmol/L; (b), (¢) 0.4 mmol/L; (c), (f) 0.8 mmol/L.

(&) no SDBY"

(d) no SDBS & e ; S _ (f) SDBS =0.8smmol /L

Kl A3 1£ pH = 9 B SDBS J&§ GaOOH 4K #4 ki) SEM El{%  (a), (d) 0 mmol/L; (b), () 0.4 mmol/L; (c), (f) 0.8 mmol/L
Fig. A3. Typical SEM images of GaOOH added with SDBS at pH = 9: (a), (d) 0 mmol/L; (b), (e) 0.4 mmol/L; (c), (f) 0.8 mmol/L.
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Abstract

Gallium oxide (Gay,O3) nanomaterials have great potential in the fields of ultraviolet transparent electrodes,
high-temperature gas sensors, solar blind ultraviolet detectors and power devices, while achieving GayO4
nanomaterials with high crystalline quality and controllable size and morphology still remains challenge. Herein,
size-controllable Gallium oxide hydroxide (GaOOH) nanorods, nanorod bundles, and spindles were prepared by
hydrothermal method. After high temperature calcination, GaOOH nanomaterials were successfully transformed
into higher-quality single-crystal 3-Gay,0O3 nanomaterials which well retained the morphological characteristics of
the pristine GaOOH.With the help of X-ray diffraction (XRD), Raman scattering spectroscopy (Raman) and
field emission scanning electron microscope (FE-SEM), we systematically studied the influence of the pH value
and the concentration of anionic surfactants in the precursor solution on the crystal structure and surface
morphology of GaOOH and (3-Ga,;O3 nanomaterials, and explored the different growth mechanism of GaOOH
nanomaterials under different conditions. Simultaneously, room temperature photoluminescence (PL) tests
revealed that 3-Ga,0O3; nanomaterials with different morphologies exhibit typical broad blue-green emission and
sharp red emission, which are closely related to the existence of intrinsic defects in nanomaterials.The above
research results provide valuable information for the controllable preparation of high-quality (-GayO4

nanomaterials.

Keywords: 3-GayO4, nanomaterials, size regulation, photoluminescence

PACS: 81.07.-b, 78.40.Fy, 78.55.-m, 81.40.Ef DOI: 10.7498 /aps.69.20200158

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11904041, 51472038), the Science and
Technology Research Project from Education Commission of Chongging, China (Grant No. KJQN201900542), and the
College Students' Innovative Entrepreneurial Training Plan Program of Chongqing Normal University, China (Grant No.
201910637006).

1 Corresponding author. E-mail: liwj@cqnu.edu.cn

1 Corresponding author. E-mail: zhh 2016@163.com

108102-11


http://doi.org/10.7498/aps.69.20200158
mailto:liwj@cqnu.edu.cn
mailto:liwj@cqnu.edu.cn
mailto:zhh_2016@163.com
mailto:zhh_2016@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

