PHYSICS AND CHEMISTRY
OF SOLID STATE

V. 22, No. 3 (2021) pp. 585-594

Section: Physics

PACS: 33.80.Eh, 61.46.+w, 68.65.-k, 87.15.-v

Vasyl Stefanyk Precarpathian
National University

®I3UKA I XIMIA TBEPJOI'O TIJIA
T. 22, Ne 3 (2021) C. 585-594

Dizuko-mamemamudti HayKu

ISSN 1729-4428

O.E. Baibara, M.V. Radchenko, V.A. Karpyna, A.l. levtushenko

A Review of the Some Aspects for the Development of ZnO Based
Photocatalysts for a VVariety of Applications

.M. Frantsevych Institute for Problems of Material Science, National Academy of Sciences of Ukraine, Kyiv, Ukraine,
baibaraoleksii@gmail.com

Today, one of the most important problems for humanity is the pollution of the environment with various
organic pollutants that do not degrade under natural conditions that worsen the health of the people. Another
problem is that well-known disinfectants become less effective because they develop resistance to bacteria and
viruses. One way to solve these problems is to use heterogeneous photocatalysis to degrade harmful compounds

and destroy bacteria, viruses, fungi, etc.

Among wide-bandgap semiconductors oxides (for existence, TiO2, Cu20, Fe3Os, CeOq, etc) suitable for
photocatalytic applications, recent years special attention has been given to ZnO due to its unique features. ZnO
in nanostructured form with an increased specific surface is a perspective for the development of effective
photocatalytic materials for the organic pollutants decomposition and for designing materials with antimicrobial
properties. In this review, various approaches for enhancing the effectiveness of photocatalytic processes of ZnO-
based materials for organic pollutants decomposition (including industrial dyes) are considered. Some

antimicrobial properties of ZnO are also presented.
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Introduction

With the increase of industrial production and of the
Earth's population, the ecological safety of mankind
becomes relevant, which puts forward demands for the
disposal of toxic products of industrial and agriculture
production that pollutes water. It should be noted the
constant problem of emissions of persistent organic
pollutants (POP), which are not amenable to degradation
in natural conditions and, thus, destroy the ecological
sustainability of ecosystems [1, 2]. POP includes, for
example, synthetic dyes, which account for almost half
of the total industrial production of dyes. They are
widely used in the textile, printing, leather, paint, paper,
rubber, and plastic industries. Up to 15 — 20 % of such
dyes are lost in the process of synthesis and staining,
getting in the form of pollutants into wastewater, leading
to carcinogenic and mutagenic effects on living
organisms [3]. Another well-known type of pollutant is
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pesticides - chemicals used to protect crops from pests
[4].

On the other hand, infectious diseases remain one of
the biggest problems in the world. Moreover, traditional
environmental cleansing and antibacterial materials not
only have side effects but also become less effective over
time for many pollutants and bacteria [5].

ZnO is a direct band gap material with a 3.37 eV
band gap, has a high exciton binding energy (60 meV),
which determines its unique optical, chemical-sensor,
semiconductor, conductive and piezoelectric properties
[6]. ZnO also exhibits some photocatalytic activities, and
thus considered a cost-effective, non-toxic, and
promising material for the removal of POP with notable
antibacterial and antiviral resistance [7].

Modern promising scientific research is aimed at
studying the  phenomenon  of  heterogeneous
photocatalysis based on zinc oxide as an effective way of
degradation organic pollutants and decontamination of
pathogenic microorganisms (viruses, bacteria, fungal,
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mold, etc.) in the environment. The development of
photocatalytic materials with antimicrobial activity is an
effective and safe alternative to traditional disinfection
methods, such as chlorination, ozonation or ultraviolet
(UV) irradiation, which have a number of limitations on
their use because some microorganisms are resistant to
chlorine or other disinfectants [8-10].

ZnO nanoparticles exhibit attractive antimicrobial
and photocatalytic properties due to the small particle
size and increased reactivity of their surface. In addition,
they are more biocompatible than other metal
nanoparticles (NP), are easily synthesized and have high
selectivity, enhanced cytotoxicity and are promising in
modern antiviral, antimicrobial, biomedical and
environmental fields [8, 11].

Despite active research on photocatalytic materials, a
number of fundamental and applied questions remain in
understanding the technology  of  obtaining
nanostructured materials and its impact on the
morphology, optical and photocatalytic properties.

The present work considers technological aspects of
the synthesis of nanostructured photocatalytic materials
based on ZnO, as well as the ways to improve their
photocatalytic, antibacterial and antiviral activities.

I. The mechanism of photocatalysis and
technological methods of synthesis of
ZnO based nanostructures

Photocatalysis is the activity occurring when a light
source interacts with the surface of semiconductor
materials, the so called photocatalysts. During this
process, there must be at least two simultaneous reactions
occurring, oxidation from photogenerated holes, and
reduction from photogenerated electrons. Photocatalysts
as like as catalysts participate in the chemical reaction
without being consumed, changing only the rate of a
chemical reaction that involves reacting species under a
light excitation. The mechanisms of oxidation processes
can be classified on the basis of homogeneous or
heterogeneous  photocatalysis.  For  homogeneous
photocatalysis, Fenton's reagent is used, which is a
mixture of hydrogen peroxide and Fe®* salt to obtain
hydroxyl radicals under the action of ultraviolet radiation

Organic
pollutants

at wavelengths over 300 nm [12]. On the contrary,
heterogeneous photocatalysis is based on semiconductor
oxides-photocatalysts [13]. Currently, studies using
heterogeneous photocatalysis are developing very
rapidly.

The process of heterogeneous photocatalytic
oxidation of ZnO is shown in Fig. 1 [14]. There are
several stages:

1. POP diffuse from the liquid phase to the ZnO
surface.

2. Adsorption of POP on the ZnO surface.

3. Oxidation and reduction reactions in the adsorbed
phase.

4. Desorption of products.

5. Remove products from the interface area.

The process of photocatalytic degradation of POP on
catalyst nanoparticles occurs by the following
mechanism [15]. Upon absorption by semiconductor
nanoparticles (in this case ZnO) of a quantum of light 4v
with energy sufficient for the transition of an electron
from the valence band to the conduction band, an
electron-hole pair is formed:

Zn0 + hv > ez + hifg, D)

where ez and hifp electron in the conduction band and
the hole in the valence band, respectively. The charge
migrating on the surface and interacting with the
molecules of adsorbed water, forms radicals * OH, at the
same time the free electron from the conduction band can
interact with O, molecules to form a superoxide anion
radical of oxygen ‘Oz (Fig. 2). The corresponding
reactions can be represented as follows:

hiy + Hy0 —» H* + "OH @
ecg +0, - 03 3)

These radicals ‘OH and ‘Oz belong to reactive
oxygen species (ROS). Due to the presence of an
unpaired electron at the external electron level, they have
a significant reactivity, and can react with pollutant
molecules to form other substances, thereby leading to
their discoloration and degradation. Reactions (2) and (3)
also prevent electron and hole recombination.

Fig. 1. Stages of heterogeneous photocatalytic oxidation [14].
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Fig. 2. Degradation of organic ZnO pollutants in the presence of sunlight [16].

The band gap energy and the separation of charge
carriers in semiconductor oxides depend on the size of
the nanoparticles, the crystalline phase and the texture.
This means that the methods of synthesis ZnO
nanostructures determine the efficiency of
photocatalysis. There are various methods for the
synthesis of ZnO nanostructures, among which the
synthesis of ZnO nanomaterials based on liquid solutions
is the simplest and least energy consuming. With this
direction of synthesis, the morphology of nanostructures
can be easily controlled by manipulating experimental
factors such as the type of solvents, starting materials and
reaction conditions [17]. This simple approach also
offers better control over the size of nanostructures.
Methods based on liquid solutions for the synthesis of

ZnO nanostructures include hydrothermal, sol-gel
precipitation, microemulsion, solvothermal,
electrochemical precipitation process, polyol, wet

chemical method, flux methods and electrospinning
[18-21].

Among these methods, sol-gel is the most attractive
method for the synthesis of ZnO nanostructures with
good homogeneity and optical properties due to low
production costs, high reliability, good reproducibility,
process simplicity, low process temperature, easy control
of physical characteristics and nanoparticle morphology.

On the other hand, production methods from the
vapor phase are also actively used to obtain
nanostructured  materials. They include thermal
evaporation [22], pulsed laser deposition [23], physical
vapor deposition [24], chemical vapor deposition [25],
organometallic chemical deposition (MOCVD) [26],
plasma-enhanced chemical deposition (PEMOCVD) [27]
and molecular beam epitaxy [28]. These methods allow
to control the mechanism of growth of 2ZnO,
manipulating the initial temperature of nucleation.

The choice of ZnO-photocatalists synthesis method
mainly determined by the possibility to obtain ZnO
nanostructures with desired size and morphology to be
used in selected photocatalytic applications. It should
also consider the reproducibility of the process and cost
of initial components.
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1. Methods for enhancing the
photocatalytic activity of ZnO based
nanostructures

2.1. Formation of a special morphology of ZnO
nanoparticles

One of the simplest methods to improve
photocatalytic activity is to form the morphology of a
nanostructure with a high specific surface area. This
allows to increase the efficiency of the photocatalytic
process and to enhance the restoration of the properties
of the photocatalyst after use. ZnO nanostructures can be
zero-dimensional (0D), one-dimensional (1D), two-
dimensional (2D) and three-dimensional (3D). Zero-
dimensional (0D) are arrays of quantum dots, one-
dimensional (1D) - elongated arrays, two-dimensional
(2D) - planar arrays and three-dimensional
(3D) - ordered structures. Figure 3 shows the
morphology of zinc oxide nanostructures of different
dimensions. 1D ZnO arrays include nanostrings,
nanofibers, nanowires, nanotubes and nanoneedles.
Examples of ZnO nanostructures in two-dimensional and
three-dimensional ~ arrays are  nanosheets and
nanoflowers, respectively.

The photoactivity of the photocatalyst is affected by
the size of its specific surface area. The large specific
surface area and polar faces with 2D ZnO nanostructures
make them excellent candidates for maximum
photocatalytic effect. Also, the large specific surface area
of ZnO allows to adsorb more pollutants on its active
surface, which leads to the fact that more pollutants are
attacked by hydroxyl radicals. The reaction that occurs
on the surface increases the rate of degradation of
pollutants forming non-toxic products. In [29], it was
reported that 3D nanoflowers showed higher sensitivity
to ethanol degradation compared to 1D and 2D
nanostructures due to the fact that nanoflowers have
higher  surface-to-volume  ratios compared to
nanostructures of other dimensions. In another study
[30], ZnO nanoflowers arrays were fabricated by
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Fig. 3. Images of SEM nanostructures of zinc oxide of different dimensions [31-34].
a—-0D;b-1D;c-2D; d-3D.

incorporating ZnO nanowires into polystyrene spheres
that were formed together with the ZnO layer. This
approach combined the advantages of 1D and 3D ZnO
materials and helped to increase their specific surface
area. This advanced approach has allowed 3D
nanoflowers to become a promising material for creating
photocatalysts for the effective destruction of dyes.

It can be concluded that increasing the surface area is
a popular and effective method to increase the efficiency
of photocatalysis, because more pollutants can be easily
adsorbed and achieve a higher rate of photodegradation.

2.2. Properties of doped ZnO nanostructures

The photoactivity of the catalyst is due to its ability
to generate electron-hole pairs. However, the main
limitation of photocatalysts, which directly affects the
efficiency of photocatalysis, is the high rate of
recombination of photogenerated electron-hole pairs. In
addition, the large band gap of such a photocatalyst
limits the efficiency of sunlight. To overcome these
shortcomings, many studies of ZnO doping with both
metal atoms and non-metal atoms have been proposed
and investigated. It should be noted that the
photocatalytic activity of doped ZnO nanoparticles
depends on various factors, such as phase purity, surface
area, crystallite size, nature of the alloying substances
and the production method [35]. Metals such as Al [35-
37], Ca [38, 39], Ag [40-42], Mn [43], Mg [44], Sr [45],
Fe [46], V [47] and Ce [48] is now actively used as
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dopants to improve the photocatalytic activity of ZnO.
For example, in [49] it was shown that the sol-gel
synthesized, undoped and doped Ca and Al/Ca ZnO NP
have a spherical shape with a crystallite size of 26.09 nm,
25.23 nm and 24.5 nm, respectively. Narrow discrete
photoluminescence peaks are observed in doped Al and
Al/Ca ZnO NP, which makes these materials also
suitable for optical devices. All samples showed
significant photocatalytic degradation. Among ZnO
nanoparticles doped with calcium, the highest
degradation efficiency was found — 89 %. On the other
hand, in [50] it was shown that Mg?* ions, which have a
close ionic radius to Zn?*, are non-toxic and cost-
effective dopants to achieve better photocatalytic activity
of ZnO nanoparticles. Mg-doped ZnO nanocrystals were
also investigated in [51, 52]. Samples of ZnO:Mg, with
different magnesium content from 1 to 5%, were
synthesized by sol-gel method. The size of the NP ranged
from 2682 nm to 42.96nm with increasing
concentration of Mg. The authors of the article found that
a further increase in the proportion of Mg over 2 %
improves the photocatalytic activity of ZnO NP in the
process of photodegradation of rhodamine B under
sunlight. The article states that the effective electron-hole
separation is the main factor contributing to the increase
of photocatalytic characteristics of Mg-doped ZnO NP.
Doping of ZnO with rare earth metals, in particular
La, leads to the formation of more surface defects that
prevent the recombination of photogenerated electron-
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hole pairs, resulting in improved photocatalytic activity
[53]. Also, in [54], high-quality self-assembled ZnO NP
and La-doped ZnO NP were synthesized using the co-
precipitation method. It was found that the structural,
optical and photocatalytic properties largely depend on
the inclusion of La®* ions in the ZnO lattice. ZnO with
morphology in the form of spherical nanocrystals showed
increased photocatalytic activity than in ZnO with other
morphology due to the small crystal size distribution,
high specific surface area and a large number of oxygen
vacancies. The authors of the article concluded that the
obtained morphology with smaller particle size, high
crystallinity and existing surface defects significantly
enhances the photocatalytic activity of La-doped
ZnO NP.

The influence of some doped metals on the
photocatalytic activity of ZnO is shown in Table 1.

The promising photocatalytic activity was also
shown in ZnO-Au nanocomposites [63]. These
nanostructures were synthesized by coprecipitation of
ZnO and Au. Au nanoparticles were included in the ZnO
matrix. As the concentration of Au increased, the
morphology of the ZnO-Au nanostructure was
transformed from rods into flower-like structures with
the shape of calendula (Fig. 4).

In these nanocomposites, an increase in light
absorption in the visible region of the radiation spectrum

(450 - 650 nm) was also observed due to the generation
of surface plasmons in Au nanoparticles. The
coincidence of the plasmon absorption of Au
nanoparticles with the maximum of 550 nm used for
irradiation of solar radiation was one of the reasons for
the ultrafast photocatalytic degradation of
Sulforhodamine B. The dye decomposition rate constant
increased rapidly with increasing Au content. This
increase in photocatalytic activity with increasing Au
content was due to a combination of several favorable
circumstances: (1) improved absorption of sunlight by
surface plasmons in Au, (2) a small expansion of the
band gap in ZnO, which reduced the recombination of
electron-hole pairs. (3) an increase in the surface area of
ZnO /Au nanostructures compared to pure ZnO, (4) the
formation of a Schottky barrier at the boundary between
Au and ZnO.

A further direction to increase the efficiency of
photocatalytic activity is the use of so-called hybrid
composite materials. These include systems such as
metal /metal oxide, ceramic or polymer, and systems
where metallic or non-metallic nanoparticles are
immobilized on the ZnO surface. The main purpose of
such systems is the additional capture and subsequent
transfer of photoexcited media to the surface of ZnO,
which increases its photocatalytic efficiency. Studies of
hybrid materials have shown that the creation of hybrid

Table 1
The effect of different doped metals on the photocatalytic properties of ZnO
Type of doped metal Reasons for increasing the photocatalytic activity References

Cu The synergistic effect of Cu and ZnO [55]

Al Changed the crystal cell parameters [56]

Fe 5% Fe doped ZnO NPs had smaller size, more uniform dispersion [57]
Changed the morphology of ZnO, and increased the photoelectric

Ga . [58]
charge separation rate

Li The electron capture of lithium metal ions [59]
Higher specific surface area, visible light absorption and lower optical

K [60]
band gap

Nd Extended the life of photogenic charge [61]

Eu Acted as the electron scavenger to inhibit the photonic charge carrier 62]
recombination

Fig. 4. Images of SEM nanostructures ZnO and ZnO-Au [63]. a) — ZnO; ¢) — ZnO:Au.
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heterostructures in the form of ZnO /metal oxide is an
effective method of reducing the recombination of
photoinduced electron-hole pairs. As an example, the
hybrid ZnO/Fe;Os4 photocatalyst has aroused some
interest due to the fact that FesO, superparamagnetic
nanoparticles have a promising adsorption capacity for
pollutants along with optimal magnetic properties [64].
The combination of FesO4 with ZnO nanoparticles does
not change the absorption edge of the system, but
reduces its charge transfer resistance (Fig. 5). The hybrid
ZnO photocatalyst grown on FesOs nanoparticles is
effective for the removal of toxic metal ions, organic
contaminants, organic dyes (rhodamine B, reactive black
5) and bacterial pathogens, as demonstrated in [65].

The improvement of photocatalytic properties of
such a hybrid composite, according to the authors, is the
result of the presence of Fe3* ions, which slow down
electron-hole recombination, which leads to greater
catalytic efficiency of ZnO/Fe;04 nanocomposites [65].

Summarizing the above written, ZnO nanostructures
are potential photocatalytic material for the degradation
of POP under the action of sunlight. This is due to the
lower cost of their production (75 % lower compared to
TiOy), non-toxicity and the ability to absorb most of the
solar spectrum, and, consequently, greater photocatalytic
activity. It should also be noted that a significant amount
of work is devoted to the photodegradation of POP in
water, and direct photocatalytic interaction in the air is
not as effective and requires additional research to

increase it.

I11. Antibacterial and antiviral properties
of ZnO based nanostructures

ZnO nanoparticles exhibit attractive antibacterial and
antiviral properties due to the small particle size and
increased reactivity of the particle surface. In addition,
they are more biocompatible compared to other metal
nanoparticles, are easily synthesized and have high
selectivity, enhanced cytotoxicity [66].

Physico-chemical interaction between the surface of
biological components and the surface of the NP occurs
due to kinetic and thermodynamic exchange between
them [67]. It includes the interaction of biological
membranes with NP and the interaction between the NP
themselves (Fig. 6).

The scientific literature presents the following
separate mechanisms of interaction with biomolecules:
direct contact of ZnO with cell walls, which leads to the
destruction of bacterial cell integrity [68], the release of
antimicrobial ions, mainly Zn?* [69], the formation of
reactive oxygen species (ROS) [70], penetration of the
NP into the middle of the cell, membrane dysfunction. In
addition, ROS formed on the surface of the cell can also
damage it [71].

Photocatalytic antibacterial action is described as a
photoinduced oxidation process that can damage and

' NH,-H,0 . '
FeCl, + NHgHy .. Stober .
— i i
FeSO, . method ‘ \

Fes0, Fe O, Core-shell
— : Nanowire ' .
. 7N Igrowtﬁ .
ZnO-Fe,0,

Seeded Fe;0,

nanocomposites

Fig. 5. Functional hierarchical nanocomposites based on ZnO nanowires and magnetic nanoparticles as highly active

photocatalysts to be processed [65].
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Fig. 6. Antibacterial activity of ZnO NP [72]. a) - important parameters of ZnO NP that affect the antibacterial
reaction; b) - mechanisms of antibacterial activity of ZnO NP: formation of ROS, Zn?* release, penetration of ZnO

NP in bacteria and electrostatic interactions.

590

Solubility of Zn2~ into the medium



A Review of the Some Aspects for the Development of ZnO Based Photocatalysts...

inactivate organisms. ZnO nanoparticles in an aqueous
solution under the influence of UV radiation have a
phototoxic effect that can produce reactive oxygen
species, such as superoxide ions (O2). They are
extremely important for bioapplication. The formed ROS
are able to penetrate into cells, thereby inhibiting or
killing microorganisms. This process has given impetus
to the use of ZnO NP in bionanotechnology and in
bionanomedicine for many antibacterial applications.
The increase in ZnO bioactivity was considered as a
result of the free radicals formed, as ZnO absorbs
ultraviolet light [72].

Numerous studies consider the generation of ROS as
the main cause of nanotoxicity [73]. Such reactive
species are superoxide anion ("0O%), hydrogen peroxide
(H202) and hydroxide (OH). Their toxicity is the
destruction of cellular components such as lipids, DNA
and proteins due to their penetration into the cell
membrane of bacteria.

ROS formation can be described as the interaction of
electrons and holes in photocatalysis with water (H20)
where ‘OH and H* are produced. In addition, O;
molecules (suspended in a mixture of bacteria and ZnO)
give the anion of superoxide ("O%), which reacts with H*
and forms HO", then HO" interacts with electrons,
which leads to the appearance of ‘HO,, which combines
with H*, giving molecules of hydrogen peroxide (H202).
Hydrogen peroxide is able to get into the membrane
where it either damages or Kills bacteria. The generation
of HyO, mainly depends on the surface of ZnO
nanoparticles, there is a linear proportionality between
the concentration of H,O; formed in the ZnO suspension
and the particle size of ZnO [74].

Superoxides and hydroxyl radicals cannot penetrate
the membrane due to their negative charges. Thus, ROS
are placed on the outer surface of bacteria, and H.0>
molecules, on the contrary, are able to pass through the
cell wall of bacteria, subsequently leading to injury and
destruction, and finally, initiating cell death. When ZnO
nanoparticles kill or interact with the cell membrane, the
particles are likely to remain strongly adsorbed on the
surface of the remaining/killed bacteria, blocking
additional antibacterial activity. Once the ZnO NP enter
the growth medium, they will form peroxides, covering
the entire surface of the dead bacteria. Therefore, this
continuous release of peroxide leads to higher
bactericidal efficiency.

We must also say about the effectiveness of
morphology, which is expressed as the percentage of
active faces of NP. The faces of ZnO with a high atomic
density orientation (111) show higher antibacterial
activity [75]. The face-dependent antibacterial activity of
ZnO has been evaluated by several studies that have
shown that ZnO nanostructures with different
morphologies have different antibacterial activity. In this
regard, the shape of ZnO nanostructures can affect their
mechanism of penetration into the cell, for example, rods
and wires penetrate into the cell walls of bacteria more
easily than spherical ZnO nanoparticles [76].

At present, the antiviral properties of photocatalytic
materials have been studied much less than antibacterial.
But some studies have reported that ZnO nanoparticles
are extremely effective against the ability of viruses to
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spread [77-79].

The procedure of virus infection mainly consists of
attachment, penetration, replication, while antiviral
functional nanoparticles are designed to inhibit viruses
by blocking or suppressing some of the stages of virus
activity.

The most direct way to suppress viruses is to
inactivate it, and some of the nanostructures can interact
with viruses, change the structure of the capsid protein,
and then dramatically reduce virulence, which can be
attributed to both physical and chemical mechanisms to
reduce the number of active viruses. Most viral infections
begin by attaching to host cells, usually by binding to the
target acceptor protein. If the nanoparticles can
effectively inhibit adhesion, the host cells will not be
infected.

When a virus enters cell destruction of replication is
another effective strategy for inhibiting the virus, which
is usually achieved by suppressing the activities of
certain enzymes that initially helped complete the
replication of viral DNA or RNA. The main strategy is to
slow down the budding of the virus and remove it from
the host cells, and if functional nanoparticles prevent the
virus from spreading, it significantly reduces virulence.

Ghaari et al. developed zinc oxide nanoparticles to
inhibit the HIN1 influenza virus [80]. It has also been
found that titanium dioxide nanoparticles TiO; inactivate
the H3N2 influenza virus by directly destroying viral
particles [81]. Nanoparticles can also be used as antiviral
drug carriers by self-assembly structures to prevent
transmission of Zika virus [82].

In conclusion, we emphasize that all these
developments have appeared in the recent years, which
indicates the prospects for the applications of
nanostructured materials based on ZnO for the antiviral
and antibacterial applications.

Conclusions

It is shown that ZnO in nanoscale form is a potential
photocatalytic material for photodegradation of persistent
organic pollutants. Today, ZnO nanostructures of various
forms, obtained by different methods, are actively
investigated as prospective photocatalysts compared to
TiO; due to its low cost of production (75 % lower than
TiOy), non-toxicity and the ability to absorb more of the
solar spectrum.

There are different approaches to enhance the
photocatalytic activity of ZnO nanostructures. It is shown
that ZnO nanoparticles with specific surfaces showed the
highest POP removal coefficient. From the above
examples it was proved that the high efficiency of the
photocatalytic reaction can be achieved by appropriate
selection of the desired shape of the nanostructures, the
method of synthesis, the appropriate photocatalytic
system. Methods such as metal / non-metal doping,
combination of ZnO with other materials, production of
hybrid structures show the best results for the use of
Zn0O-based nanostructures as an effective photocatalyst.

ZnO nanoparticles are extremely effective against
bacteria and viruses and affect their ability to spread.
They can be used to neutralize bacteria; detection of
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viruses, which leads to the production of various
biosensors based on new functional nanoparticles; as
high-potency inhibitors of viral spread.

To ensure more stable and better efficiency in the
photodegradation of organic pollutants in a larger
application, future research should look at overcoming
the weaknesses of ZnO and the practical problems that
still exist.
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O.€. baiibapa, Pagquenxo M.B., B.A. Kapnuna, A.l. €Brymienko

Orasia nesikux acnekTiB po3poOku porokarasizaTopiB Ha 0cHOBI ZnO
JJISl Pi3HOMAHITHUX 3aCTOCYBaHb

Inemumym npo6iem mamepianosnascmea im. .M. @panyesuua HAH Vipainu, Kuis, Yxpaina, baibaraoleksii@gmail.com

Ha cproromHimHi#i 1eHb OHIEI0 3 HAHBAXIIUBIIIUMHE MPOOIIEM IS JTIOJICTBA € 3a0pyIHEHHS HABKOJIHUIITHEOTO
CepeloBHINA PI3HIMH OpTaHIYHMMH CIIONYKaMH, $Ki MOTIPHIYIOTH 3IO0pOB’s HaceneHHs. HaitOimpmr
HeOe3neYHUMH 3a0pyJHIOBaYaMH TIPH [[bOMY € CKJIaJHi 3'€HaHHS, 10 HE ITiUIAI0ThCS JAerpajallii B IpUPOIHHX
ymoBax. OfHEM i3 coco0iB BUPIMIEHHS MPOOIeMH 3a0pyAHEHHS € BUKOPUCTaHHS (hOTOKATasi3y Ul Jerpajarii
IIKIJUIMBUX CHOJNYK. HaHOCTpYKTYpH Ha OCHOBI OKCHIy LMHKY BUSBIAIOTH NpUBAaOIMBI (oTOKaTamiTH4HI Ta
aHTHOAKTEpialbHI BJIACTUBOCTI 3aBASKHM IiIBHIICHIH peakimiiHifi 37aTHOCTI MOBEPXHI HAHOYACTHHOK, IO
J03BOJIs€ e()EeKTUBHO pO3KJIANAaTH OpraHiuHi 3a0pynHioBadi. B naHOMy Ormsiai po3risaroThbesi pi3HI MeToau
nocwieHHs1 (oroedekTHBHOCTI HaHOCTPYKTYp ZnO. IlokaszaHo, mo HaHowyacTuHkH ZnO 3i crneruidHIMHU
moBepxHAMH (cheprudHi, HAHOAPOTH, HAHOKBITH) BOJIOJIIOTH 1 BUCOKMM KOE(illieHTOM BUIAIICHHS PI3HOMaHITHAX
3a0pyaHIoBadiB. Po3rissHyTO Taki MeToau MOKpameHHs (OTOKaTAIITHIHUX BIacTuBOCTel ZnO SK 3MiHA MIUPUHA
3a00pOHEHOI 30HHM, JIETYBAaHHS MeTaJoM/HeMeTaloM, moeqHaHHs ZnO 3 iHIIMMH MaTtepianamu, (GOpMYyBaHHS
riOpuIHUX CTPYKTYP.

KorouoBi cimoBa: okcun wuHKY, (Qorokarani3, Qoromerpanaunis, HaHOCTPYKTYpH, aHTHOAaKTepiaibHI
BJIACTHBOCTI.
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