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Micro- and nanoparticles of β-Ga2O3 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 β-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 — α-, β-, γ-, δ-, ε-, κ-phases of Ga2O3 are 
known [9] — which have different band gaps and crystal-
line structures [2,3,10–13]. The monoclinic β-Ga2O3 is of 
the greatest interest, as it is the most thermally and chem-
ically stable [5,11,13–16]. Since β-Ga2O3 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 β-Ga2O3 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, β-Ga2O3 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 β-Ga2O3 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 β-Ga2O3 were synthesized as 
a result of chemical interaction of aqueous solutions of 
gallium nitrate hydrate [Ga(NO3)3⋅8H2O] 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 °С 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 β-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 Å. 

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 µm and 0.25 µm, 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 

corresponds to the size of the particles obtained without 
microwave exposure (Fig. 1b). XRD investigation con-
firmed the formation of β-Ga2O3 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 μm 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. 3с).  

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. 

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 β-Ga2O3. 
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XRD study showed that the resulting sediment with 
all applied hydroxides (KOH, NaOH, LiOH) did not be-
long to β-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 Li2O2, KNO3 and NaNO3 was found, or, prob-
ably, the sediments obtained with the LiOH, KOH, 
NaOH represent more complex compounds. 

4. CONCLUSIONS 

As a result, the β-Ga2O3 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 β-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. 

ACKNOWLEDGEMENTS 

The work was supported by the Ministry of Science and 
Higher Education of the Russian Federation (Project 
5082.2022.4). 

REFERENCES 

[1] Y. Liu, L. Du, G. Liang, W. Mu, Z. Jia, M. Xu, Q. Xin, X. 
Tao, A. Song, Ga2O3 field-effect-transistor-based solar-
blind photodetector with fast response and high photo-to-
dark current ratio, IEEE Electron Device Letters, 2018, 
vol. 39, no. 11, pp. 1696–1699. 

[2] M. Higashiwaki, β-Ga2O3 material properties, growth 
technologies, and devices: a review, AAPPS Bulletin, 
2022, vol. 32, art. no. 3. 

[3] E. Ahmadi, Y. Oshima, Materials issues and devices of α- 
and β-Ga2O3, Journal of Applied Physics, 2019, vol. 126, 
no. 16, art. no. 160901. 

[4] D.I. Panov, V.A. Spiridonov, D.A. Zakgeim, A.V. Krem-
leva, D.A. Bauman, A.E. Romanov, V.E. Bougrov, 
Growth technology and optical properties of bulk crystal-
line gallium oxide, Reviews on Advanced Materials and 
Technologies, 2020, vol. 2, no. 3, pp. 51–55. 

[5] A.A. Petrenko, Ya.N. Kovach, D. A. Bauman, M.A. Od-
noblyudov, V.E. Bougrov, A.E. Romanov, Current state of 
Ga2O3 based electronic and optoelectronic devices. Brief 
review, Reviews on Advanced Materials and Technologies, 
2021, vol. 3, no. 2, pp. 1–26. 

[6] S. Stepanov, V.I. Nikolaev, V.E. Bougrov, A.E. Romanov, 
Gallium oxide: properties and applications - a review, Re-
views on Advanced Materials Science, 2016, vol. 44, no. 1, 
pp. 63–86. 

[7] G. Irudayadass, Estimation of ionization coefficients of gal-
lium oxide for the purpose of TCAD simulation, Thesis, 
University of Illinois at Chicago, 2018. 

[8] E. Chikoidze, A. Fellous, A. Perez-Tomas, G. Sauthier, 
T. Tchelidze, C. Ton-That, T.T. Huynh, M. Phillips, S. 
Russell, M. Jennings, B. Berini, F. Jomard, Y. Dumont, 
P-type β-gallium oxide: a new perspective for power and 
optoelectronic devices, Materials Today Physics, 2017, 
vol. 3, pp. 118–126. 

[9] R. Roy, V.G. Hill, E.F. Osborn, Polymorphism of Ga2O3 
and the system Ga2O3—H2O, Journal of the American 
Chemical Society, 1952, vol. 74, no. 3, pp. 719–722. 

[10] X.T. Zhou, F. Heigl, J.Y.P. Ko, M.W. Murphy, J.G. Zhou, 
T. Regier, R.I.R. Blyth, T.K. Sham, Origin of luminescence 
from Ga2O3 nanostructures studied using x-ray absorption 
and luminescence spectroscopy, Physical Review B, 2007, 
vol. 75, no. 12, art. no. 125303. 

[11] A.Yu. Ivanov, A.V. Kremleva, Sh.Sh. Sharofidinov, The 
electrical properties of schottky barrier diode structures 
based on hvpe grown sn dopped Ga2O3 layers, Reviews 

Fig. 3. SEM images of sediments obtained from solutions with ratio A/G = 3 with: (a) KOH, (b) NaOH, (c) LiOH. 

https://doi.org/10.1109/LED.2018.2872017
https://doi.org/10.1109/LED.2018.2872017
https://doi.org/10.1109/LED.2018.2872017
https://doi.org/10.1109/LED.2018.2872017
https://doi.org/10.1109/LED.2018.2872017
https://doi.org/10.1007/s43673-021-00033-0
https://doi.org/10.1007/s43673-021-00033-0
https://doi.org/10.1007/s43673-021-00033-0
https://doi.org/10.1063/1.5123213
https://doi.org/10.1063/1.5123213
https://doi.org/10.1063/1.5123213
https://doi.org/10.17586/2687-0568-2020-2-3-51-55
https://doi.org/10.17586/2687-0568-2020-2-3-51-55
https://doi.org/10.17586/2687-0568-2020-2-3-51-55
https://doi.org/10.17586/2687-0568-2020-2-3-51-55
https://doi.org/10.17586/2687-0568-2020-2-3-51-55
https://doi.org/10.17586/2687-0568-2021-3-2-1-26
https://doi.org/10.17586/2687-0568-2021-3-2-1-26
https://doi.org/10.17586/2687-0568-2021-3-2-1-26
https://doi.org/10.17586/2687-0568-2021-3-2-1-26
https://doi.org/10.17586/2687-0568-2021-3-2-1-26
https://ipme.ru/e-journals/RAMS/no_14416/06_14416_stepanov.pdf
https://ipme.ru/e-journals/RAMS/no_14416/06_14416_stepanov.pdf
https://ipme.ru/e-journals/RAMS/no_14416/06_14416_stepanov.pdf
https://ipme.ru/e-journals/RAMS/no_14416/06_14416_stepanov.pdf
https://doi.org/10.1016/j.mtphys.2017.10.002
https://doi.org/10.1016/j.mtphys.2017.10.002
https://doi.org/10.1016/j.mtphys.2017.10.002
https://doi.org/10.1016/j.mtphys.2017.10.002
https://doi.org/10.1016/j.mtphys.2017.10.002
https://doi.org/10.1016/j.mtphys.2017.10.002
https://doi.org/10.1021/ja01123a039
https://doi.org/10.1021/ja01123a039
https://doi.org/10.1021/ja01123a039
https://doi.org/10.1103/PhysRevB.75.125303
https://doi.org/10.1103/PhysRevB.75.125303
https://doi.org/10.1103/PhysRevB.75.125303
https://doi.org/10.1103/PhysRevB.75.125303
https://doi.org/10.1103/PhysRevB.75.125303
https://doi.org/10.17586/2687-0568-2022-4-1-33-38
https://doi.org/10.17586/2687-0568-2022-4-1-33-38
https://doi.org/10.17586/2687-0568-2022-4-1-33-38


Effect of Solution Composition on the Morphology of Synthesized β-Ga2O3 Particles 25 

on Advanced Materials and Technologies, 2022, vol. 4, 
no. 1, pp. 33–38. 

[12] A.M. Smirnov, A.Yu. Ivanov, A.V. Kremleva, Sh.Sh. 
Sharofidinov, A.E. Romanov, Stress relaxation due to dis-
location formation in orthorhombic Ga2O3 films grown on 
Al2O3 substrates, Reviews on Advanced Materials and 
Technologies, 2022, vol. 4, no. 3, pp. 1–6. 

[13] J. Lee, H. Kim, L. Gautam, M. Razeghi, High thermal 
stability of k-Ga2O3 grown by MOCVD, Crystals, 2021, 
vol. 11, no. 4, art. no. 446. 

[14] H.H. Tippins, Optical absorption and photoconductivity 
in the band edge of β−Ga2O3, Physical Review, 1965, 
vol. 140, no. 1A, pp. A316–A319. 

[15] D.I. Panov, Z. Xi, V.A. Spiridonov, L.V. Azina, R.K. 
Nuryev, N.D. Prasolov, L.A. Sokura, D.A. Bauman, V.E. 
Bougrov, Spray-pyrolysis fabrication and quality study of 
β-Ga2O3 thin films, Reviews on Advanced Materials and 
Technologies, 2021, vol. 3, no. 4, pp. 7–12. 

[16] Z. Xu, J. Zang, X. Yang, Y. Chen, Q. Lou, K. Li, C. Lin, 
Z. Zhang, C. Shan, Zero-biased solar-blind photodetec-
tors based on AlN/β-Ga2O3 heterojunctions, Semicon-
ductor Science and Technology, 2021, vol. 36, no. 6, art. 
no. 065007. 

[17] L.S. Reddy, Y.H. Ko, J.S. Yu, Hydrothermal synthesis and 
photocatalytic property of β-Ga2O3 nanorods, Nanoscale 
Research Letters, 2015, vol. 364, no. 10, art. no. 364. 

[18] Y.H. Choi, K.H. Baik, S. Kim, J. Kim, Photoelectrochem-
ical etching of ultra-wide bandgap β-Ga2O3 semiconduc-
tor in phosphoric acid and its optoelectronic device ap-
plication, Applied Surface Science, 2021, vol. 539, art. 
no. 148130. 

[19] Y. Hou, L. Wu, X. Wang, Z. Ding, Z. Li, X. Fu, Photo-
catalytic performance of α-, β-, and γ-Ga2O3 for the de-
struction of volatile aromatic pollutants in air, Journal of 
Catalysis, 2007, vol. 250, no. 1, pp. 12–18. 

[20] E. Jang, J.-H. Won, S.-J. Hwang, J.-H. Choy, Fine tuning 
of the face orientation of ZnO crystals to optimize their 
photocatalytic activity, Advanced Materials, 2006, vol. 18, 
no. 24, pp. 3309–3312. 

[21] B. Zheng, W. Hua, Y. Yue, Z. Gao, Dehydrogenation of 
propane to propene over different polymorphs of gal-
lium oxide, Journal of Catalysis, 2005, vol. 232, no. 1, 
pp. 143–151. 

[22] I.M. Sosnin, L.A. Sokura, M.V. Dorogov, I.G. Smirnova, 
A.E. Romanov, Aqueous solution synthesis and size con-
trol of acid-resistant β-Ga2O3 microparticles, Materials 
Letters, 2023, vol. 335, art. no. 133758. 

[23] B. Alhalaili, H. Mao, S. Islam, Ga2O3 nanowire synthesis 
and device applications, in: G.Z. Kyzas, A.C. Mi-
tropolous (eds.), Novel Nanomaterials — Synthesis and 
Applications, InTech, 2018. 

 
 
 
УДК 544.77 

Влияние состава раствора на морфологию синтезируемых  
дисперсных частиц β-Ga2O3 

Е.А. Рябкова1, Л.А. Сокура1,2, А.Ю. Иванов1, И.М. Соснин1, А.В. Кремлева1,  
М.В. Дорогов1 

1 Институт перспективных систем передачи данных Университета ИТМО, Кронверкский пр., д. 49, лит А, Санкт-Петербург, 
197101, Россия 

2 ФТИ им. Иоффе РАН, ул. Политехническая, д. 26, Санкт-Петербург, 194021, Россия 
 

Аннотация. Микро- и наночастицы β-Ga2O3 синтезированы в результате химического взаимодействия водного раствора нит-
рата галлия и различных щелочей: водных растворов аммиака (NH3), гидроксида натрия (NaOH), гидроксида калия (KOH) и 
гидроксида лития (LiOH). В результате исследования были получены частицы с различной морфологией и показана зависи-
мость формы и размера частиц от типа и концентрации щелочи. Использование СВЧ-воздействия в процессе синтеза раствора 
позволило получить частицы другой формы, сохранив их размеры. В отличии от синтеза с аммиаком, для других щелочей 
дисперсные частицы были получены только при отношении щелочи к нитрату галлия, равном 3, и эти частицы не относились 
к β-фазе оксида галлия. 

Ключевые слова: наночастицы; оксид галлия; химический синтез; растровая электронная микроскопия; рентгеновская  
дифрактометрия 
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