
materials

Article

Highly Porous and Ultra-Lightweight Aero-Ga2O3:
Enhancement of Photocatalytic Activity by Noble Metals

Irina Plesco 1,*, Vladimir Ciobanu 1 , Tudor Braniste 1 , Veaceslav Ursaki 1 , Florian Rasch 2, Andrei Sarua 3,
Simion Raevschi 4, Rainer Adelung 2, Joydeep Dutta 5 and Ion Tiginyanu 1,6,*

����������
�������

Citation: Plesco, I.; Ciobanu, V.;

Braniste, T.; Ursaki, V.; Rasch, F.;

Sarua, A.; Raevschi, S.; Adelung, R.;

Dutta, J.; Tiginyanu, I. Highly Porous

and Ultra-Lightweight Aero-Ga2O3:

Enhancement of Photocatalytic

Activity by Noble Metals. Materials

2021, 14, 1985. https://doi.org/

10.3390/ma14081985

Academic Editor: Nuggehalli

M. Ravindra

Received: 11 March 2021

Accepted: 12 April 2021

Published: 15 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 National Center for Materials Study and Testing, Technical University of Moldova, Stefan cel Mare Av. 168,
MD-2004 Chisinau, Moldova; vladimir.ciobanu@cnstm.utm.md (V.C.); tudor.braniste@cnstm.utm.md (T.B.);
vvursaki@gmail.com (V.U.)

2 Functional Nanomaterials, Institute for Materials Science, Kiel University, Kaiser Str. 2, 24143 Kiel, Germany;
flce@tf.uni-kiel.de (F.R.); ra@tf.uni-kiel.de (R.A.)

3 H. H. Wills Physics Laboratory, School of Physics, University of Bristol, Tyndall Avenue, Bristol BS8 1TL, UK;
a.sarua@bristol.ac.uk

4 Department of Physics and Engineering, State University of Moldova, Alexei Mateevici Str. 60,
MD-2009 Chisinau, Moldova; raevskis@mail.ru

5 Functional Materials Group, Applied Physics Department, School of Engineering Sciences,
KTH Royal Institute of Technology, Hannes Alfvéns väg 12, 11419 Stockholm, Sweden; joydeep@kth.se

6 Academy of Sciences of Moldova, Stefan cel Mare Av. 1, MD-2001 Chisinau, Moldova
* Correspondence: irina.plesco@cnstm.utm.md (I.P.);

ion.tighineanu@cnstm.utm.md or tiginyanu@asm.md (I.T.)

Abstract: A new type of photocatalyst is proposed on the basis of aero-β-Ga2O3, which is a material
constructed from a network of interconnected tetrapods with arms in the form of microtubes with
nanometric walls. The aero-Ga2O3 material is obtained by annealing of aero-GaN fabricated by epi-
taxial growth on ZnO microtetrapods. The hybrid structures composed of aero-Ga2O3 functionalized
with Au or Pt nanodots were tested for the photocatalytic degradation of methylene blue dye under
UV or visible light illumination. The functionalization of aero-Ga2O3 with noble metals results in
the enhancement of the photocatalytic performances of bare material, reaching the performances
inherent to ZnO while gaining the advantage of the increased chemical stability. The mechanisms
of enhancement of the photocatalytic properties by activating aero-Ga2O3 with noble metals are
discussed to elucidate their potential for environmental applications.
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1. Introduction

Five different polymorphs have been reported for gallium oxide (Ga2O3), namely, the
monoclinic (β), rhombohedral (α), defective spinel (γ), cubic (σ), and orthorhombic (ε)
structures [1,2]. β-polymorph Ga2O3 has attracted most of the attention due to its supe-
rior chemical and thermal stability, wide bandgap, high stability to breakdown voltage,
and high Baliga’s figure of merit (BFOM). It has been widely studied and utilized for
various applications including in power electronics, solar blind UV photodetectors, solar
cells, and as gas-sensing materials [3–5]. Photocatalysis is another emerging application
of the β-Ga2O3 polymorph. Particularly, the photocatalytic activity of the Ga2O3 poly-
morphs was found to be strongly influenced by its crystal structure in the following order:
β-Ga2O3 > α-Ga2O3 > γ-Ga2O3 [6].

Ga2O3-based pure phases and composites have been examined for energy and en-
vironmental applications, including the decomposition of volatile aromatic pollutants
in air [6]; water purification [7–11]; solar water splitting [12–15]; photocatalytic carbon
dioxide (CO2) reduction with water to produce carbon monoxide (CO), hydrogen (H2), and
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