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Micro- and nanoparticles of f-Ga20s are synthesized as a result of chemical reaction of an
aqueous solution of gallium nitrate and various alkalis: ammonia, sodium, potassium, and
lithium hydroxides. It is shown that particles morphology depends on the type and concen-
tration of alkali. The use of microwave treatment of ammonia containing solutions made
it possible to change the shape of particles from ellipsoidal to parallelepiped while main-

taining their size. In contrast to the synthesis with ammonia, for other alkalis dispersed
particles were obtained only at a ratio of alkali to gallium nitrate equal to 3, and these
particles did not belong to the gallium oxide p-phase.
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1. INTRODUCTION.

Gallium oxide is a promising wide-bandgap semiconduc-
tor [1]. In the last few years, interest to the study of this
material has significantly grown [2]. This interest can be
explained by the broad scope of application of gallium ox-
ide in various optoelectronic devices [2—6].

The main advantages of this material are a wide band
gap 4.5-5.3 eV, high dielectric permittivity and low leak-
age currents, which allow this material to be used for var-
ious sensors, detectors, displays, etc. In addition, the wide
band gap, which is larger than the gap of many other wide-
bandgap semiconductors, and high breakdown voltage
make this material promising for applications in power
electronics with an expected increase in their reliability
and performance [2,3,7,8].

Gallium oxide can crystallize into different polymor-
phic forms — a-, B-, y-, 8-, &-, k-phases of Ga,O3 are
known [9] — which have different band gaps and crystal-
line structures [2,3,10—13]. The monoclinic p-Ga,0Os3 is of
the greatest interest, as it is the most thermally and chem-
ically stable [5,11,13—16]. Since B-Ga>O; has good re-
sistance to alkalis and acids, it is promising for use as the
active material of gas sensors, photodetectors and

photocatalysts that maintain performance under the influ-
ence of aggressive media [17,18].

In addition, it is important to mention high photocata-
lytic activity of B-Ga,O3; compared to other phase modifi-
cations [19]. Apart from the phase composition, the pho-
tocatalytic activity of semiconductor particles is also
affected by their morphology, size and shape [20,21].
Therefore, it is very important to develop a technology that
would allow obtaining dispersed particles with variable
morphological characteristics.

One of the methods for obtaining dispersed particles is
the chemical synthesis, the advantage of which is the pos-
sibility of producing particles of different sizes and vari-
ous morphologies. In our previous work, p-Ga,Oj; parti-
cles up to several micrometers in size were obtained by
chemical synthesis [22]. For efficient photocatalysis that
size is too big, so additional experiments were carried out
with the variation of synthesis parameters to reduce parti-
cle size and obtain gallium oxide nanoparticles.

The purpose of present work is to obtain $-Ga,O3; mi-
cro- and nanoparticles with various morphology by chem-
ical synthesis and to show the dependence of the particle
shape and size on the type and concentration of the alkali
in the solution.
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2. METHODS

Micro- and nanoparticles of f-Ga,O3 were synthesized as
a result of chemical interaction of aqueous solutions of
gallium nitrate hydrate [Ga(NO3)3-8H,O] and various al-
kalis: ammonia (NH3), sodium hydroxide (NaOH), potas-
sium hydroxide (KOH) and lithium hydroxide (LiOH).
The synthesis was carried out at room temperature and
constant stirring at a speed of 350 rpm.

Solutions with different ratios of molar concentrations
of alkali to gallium nitrate (A/G) — in the range from 3 to
15 — were prepared for each of the alkalis, as well as a
solution without alkali (A/G = 0).

After the adding of alkali, a white sediment was ob-
served in each solution, which was sequentially evapo-
rated and annealed. To do this, all the resulting solutions
were heated to 105 °C and kept until the water completely
evaporated. To obtain dispersed particles, sediments were
annealed in air at 900 °C for one hour.

Furthermore, to change the synthesis process and the
parameters of the resulting particles there also were parti-
cles synthesized in ammonia solution and under short-
term microwave exposure (for about 3 seconds). Micro-
wave exposure was used at the initial stage of synthesis
immediately after stirring the components. Ordinary
kitchen microwave oven (700 W) was used. The rest
stages of synthesis were the same as in the procedure de-
scribed above.

The morphology and sizes of the obtained particles
were studied by scanning electron microscopy (SEM) us-
ing Mira 3 (Tescan, Czech Republic) and Digital Micro-
graph software (USA).

To determine the phase composition and confirm the
formation of B-phase gallium oxide particles, the obtained
powders were studied by X-ray diffractometry (XRD) us-
ing DRON-8 (“Burevestnik”, Russia) in a slit configura-
tion with a copper source, providing X-rays with a wave-
length of 1.540562 A.

3. RESULTS AND DISCUSSION

The morphology of particles obtained from solutions in the
presence of ammonia is described in detail in work [22].
From ammonia solution with ratio A/G =3, the particles
have an ellipsoidal shape with average length and diameter
up to 0.6 um and 0.25 pm, respectively (Fig. 1a). The size
measurements were taken based on the SEM images. The
particles have a rough and layered structure with a layer
thickness about 30 nm, typical for gallium oxide [17,23].
SEM investigation showed that in the case of the syn-
thesis of ammonia solution under the microwave influ-
ence, the particles had the parallelepiped shape and a
smoother surface. It is also important to note that their size

(b)

Fig. 1. SEM images of sediments obtained from solutions with
ammonia (A/G = 3) and synthesized without (a) and under (b)
microwave exposure. The insert on Fig. 1(a) shows an image of
the layers in the particles and a measurement of their thickness.
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Fig. 2. X-Ray diffractogram of sediments obtained from solu-
tions with A/G = 3 and with different alkalis: ammonia, synthe-
sized without (blue line) and under (green) microwave (mw) ex-
posure, NaOH (red), KOH (black), LiOH (violet). The dotted
lines mark the reflections of f-Ga20:s.

corresponds to the size of the particles obtained without
microwave exposure (Fig. 1b). XRD investigation con-
firmed the formation of B-Ga,Os3 phases in them (Fig. 2).

SEM study also showed a difference between the
shape and size of the particles synthesized with the usage
of different alkalis. However, in contrast to the synthesis
with ammonia, where the dispersed particles were ob-
tained in the full range of A/G ratios (from 3 to 15), for
solutions with other alkalis (KOH, NaOH) dispersed par-
ticles were obtained only for alkali to gallium nitrate ratio
equal to 3. At other ratio values dispersed particles were
not observed, as was previously seen in the solution with-
out ammonia [22]. Therefore, for further research, the pa-
rameters of the particles obtained from solutions with var-
ious alkalis were compared at fixed ratio of A/G = 3.

In the synthesis from solutions with potassium or so-
dium hydroxides, particles had shape of elongated nano-
rods and lamellae up to 0.6 um in size (Figs. 3a,b). When
the particles were synthesized using lithium hydroxide, no
dispersed nanoparticles were obtained; large objects with
a smooth surface were observed in the sediment (Fig. 3c).
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(a)
Fig. 3. SEM images of sediments obtained from solutions with ratio A/G = 3 with: (a) KOH, (b) NaOH, (c) LiOH.

XRD study showed that the resulting sediment with
all applied hydroxides (KOH, NaOH, LiOH) did not be-
long to B-phases of gallium oxide (Fig. 2). X-ray diffrac-
tion patterns of these samples did not demonstrate the re-
flections characteristic for gallium oxide, and they also
did not match to various solutions of Ga with Li, K, Na,
O, N, H (taking into account possible options of chemical
synthesis). Only the possibility of the presence of such
phases as Li,O,, KNO3; and NaNOj3 was found, or, prob-
ably, the sediments obtained with the LiOH, KOH,
NaOH represent more complex compounds.

4. CONCLUSIONS

As a result, the f-GaxOs particles with various morphol-
ogy were obtained by the method of chemical synthesis
and the dependence of the shape and size of the particles
on the type and the concentration of alkali was shown. In
contrast to the synthesis with ammonia, for which gallium
oxide microparticles were obtained in the full range of al-
kali to gallium nitrate ratio (from 3 to 15), for solutions
with potassium and sodium hydroxides the obtained sedi-
ment did not relate to the gallium oxide phase, and dis-
persed particles were obtained only for alkali to gallium
nitrate ratio equal to 3. For other ratio values, as well as
for a solution without alkali, dispersed particles were not
observed. For the solution with lithium hydroxide, large
crystallites were observed that did not relate to the gallium
oxide B-phase. The use of microwaves exposure on solu-
tions with ammonia allowed changing the shape of parti-
cles from ellipsoidal to parallelepiped while maintaining
their size.

The results of this work can be used to develop chem-
ical synthesis methods for obtaining dispersed gallium ox-
ide particles suitable for use as a photocatalysis material.
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Biusinue cocraBa pacTrBopa Ha MOP(}0JIOTMI0 CHHTE3UPYEMbIX
aucnepcHbIx yactun B-Ga20s3

E.A. PsokoBal, JI.A. Cokypa'?, A.YO. UBanos!, .M. Cocuun', A.B. Kpemuena!,
M.B. Toporos!

! IHCTUTYT MEPCIIEKTUBHBIX CUCTEM IEpeNaun JaHHbIX YHuepcutera UTMO, Kponsepkekuii p., 1. 49, mut A, Canxr-IlerepOypr,
197101, Poccus
2 ®TU um. Uodde PAH, yn. lonurexuuueckas, 1. 26, Cauxr-IlerepOypr, 194021, Poccus

AHHOTauMs. MUKpo- 1 HaHouacTU1bl $-Ga203 CHHTE3UPOBAHbI B PE3yJIbTATE XUMHYECKOTO B3aMMOICHCTBHS BOAHOTO PAaCTBOPA HUT-
para rajutis ¥ pa3iIM4HBIX Ienodel: BoAHBIX pacTBopoB ammuaka (NHs), ruapokcuna Hatpus (NaOH), runpokcnna xamus (KOH) n
ruapokcuaa mutus (LiIOH). B pesynbrarte nccnenoBanus ObLIM MONYYESHBI YAaCTHIBI C pa3iIMYHON MOpGoIIorieii 1 noka3aHa 3aBUCH-
MOCTb (hOPMBI M pa3Mepa YacTHI] OT THIIA M KOHIeHTpauuHn menoun. McnonszoBanne CBY-Bo3/eficTBrs B poliecce CHHTE3a pacTBOpa
MO3BOJIMJIO TIOJIYYHUTh YacTHIIbI JPYroi (hOpMBI, COXPaHUB MX pasMepbl. B OTIIMYMH OT CHHTE3a C aMMHAKOM, UL PYTHX IIenouer
JIUCTICPCHBIE YaCTULIBI ObLIN MOJTYYEHbI TOJIBKO MPH OTHOIICHHH IEI0YH K HUTPATy TaJUINs, PABHOM 3, M 9TH 4aCTHIbI HE OTHOCHIINCH
K B-da3e okcuaa ramusi.

Kniouesvie cnosa: HAHOIACTHIIBI; OKCHJT TAJUTHS; XUMHYIECKHI CHHTE3; PACTPOBAst JICKTPOHHAS! MUKPOCKOIHS; PEHTTCHOBCKAs
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