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Study on the Growth of f-Ga203; Continuous Nanosheets
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B-Ga20s3 nanocrystals have been prepared by the optical heating method in an inert atmosphere. Poly- and single-crystalline B-Ga>O3
were used as starting materials. To broaden the scope our target, we tried to grow aluminum-containing f-Ga203; nanomaterials.
Single crystalline 80Ga203-20A1203 was used as starting material. Unfortunately, the obtained f-Ga20; nanomaterials did not
contain aluminum. However, it was possible to grow B-Ga203 continuous nanosheets, which is an interesting result. Growth
mechanism of the continuous nanosheets was investigated. The characterization of the newly discovered nanosheet structural form
of B-Ga203 has been performed by the transmission electron microscopy (TEM). The growth direction and corresponding plane

were determined.
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Fig.1 Photograph of B-Ga,O; nanomaterials extracted positions
of (a), (b) and (c) along the surface of 80Ga,0;-20Al,0; single
crystal boule. y¢; denotes melted position of boule.
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Fig.2 SEM images of 3-Ga,O; nanomaterials extracted positions
of (a), (b) and (c) in Fig.1. (a-1) and (a-2) shows nanoribbons
and nanowires, respectively.
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Table 1 Crystallographic data of 3-Ga,O3; nanomaterials grown
from the “80Ga,0;-20Al,0; single crystal boule”.

Phase
B-Ga,0,

Apparatus
Rigaku Ultima IV

Specimen Space group

p-Ga,0, Ci2imi (#12)

nanomaterials*
Lattice parameters
a=1.223nm
b=0.304 nm
¢=0.580 nm
B=103.7°

X[3-GaQO3 nanomaterials grown from 80Ga,0,-20A1,0,

single crystal boule. Extracted position is (a) in Fig.1.
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Fig.3 Powder XRD patterns for dark brown material. (a) as
deposited, (b) heated up to 1473 K in air after TG-DTA
measurement. XRD patterns for 3-Ga,O; and 5-Ga are given as
references.
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Fig.4 TG-DTA curves for dark brown material deposited on the
inner wall of quartz tube after growing nanomaterials.
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Fig.5 SEM images of typical rectangular 3-Ga,O; nanomaterials
extracted positions of (a) and (b) in Fig.1. (a’): nanobelt, (b’):
nanoribbons and (b”): nanosheets. Nanomaterials of (b’) and (b”)
are extracted almost close to the matrix.
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Fig.6 SEM image of continuous 3-Ga,O3; nanosheets (a) grown
near to layer-by-layer structural matrix (b). These well-developed
sheets are extracted in the vicinity of 6 mm from (melted and)
solidified edge of single crystal boule.



1% 43.9: 66.1 ThH-o7-, Ga» GarO (KAK) DIE TEREINAIIZFE
LT EEZLN, T Al IRENEVMEL 78> T
l/\éo

“

\
>
O )

—-— lpm  JEOL 2021/04/20
X 5,000 15.0kV SEI NOR WD 10.9mm

Fig.7 SEM image of remaining matrix which locates in the
vicinity of 2.6 mm from (melted and) solidified edge of single
crystal. Selective evaporation of Ga (as Ga,0) was detected on
this area by EPMA measurement.
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Fig.8 (a) Bright-field TEM image (top) and a corresponding
electron diffraction pattern (left bottom) for B-Ga,O3; nanoribbon
grown from “B-Ga,O; single crystal boule”. (b) Schematic
illustration of B-Ga,O3 structure.
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Fig.9 (a) Bright-field TEM image and a corresponding electron
diffraction pattern for B-Ga,O; nanosheet grown from the
“80Ga,03-20Al,0;3 single crystal boule”. (b) Bright-field TEM
image and a corresponding electron diffraction pattern for the -
Ga,0; nanobelt grown from the “80Ga,05-20Al,0; single crystal.

Fig.10 Bright-field TEM image for B-Ga,O; nanoribbon grown
from the “80Ga,03-20Al,0; single crystal”. It can be recognized
that two domains with different growth directions have with a twin
relationship.
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