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Abstract—The papers devoted to the purification of aquatic environments from industrial contami-
nants with the use of ZnO based nanosized photocatalysts in the period of 2018–2020 are analyzed.
The data published in these papers have made it possible to determine the dye (V) destruction rate used
further as a photocatalytic activity criterion. As shown by the comparative analysis of the photocata-
lytic activity of the studies structures, the highest rates of water purification from industrial azodye
contaminants are demonstrated by hybrid ZnO/Au structures. At a destruction rate of V = 10%/min,
the ZnO/Au structures are much better than all the other considered types of catalysts due to their
morphology, low recombination rate of photogenerated electron-hole pairs, and nanoparticles with an
absorption spectrum close to the solar spectrum. The review of literature data shows that the greatest
attention of researchers in the considered time period is focused on the problem of the purification of
water sources from industrial contaminants and, first of all, azodyes. Essential attention is also paid to
the technological approaches applied by the authors to increase the photocatalytic activity of ZnO
based nanostructures.
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INTRODUCTION

Zinc oxide is a broadband direct-gap semiconductor material with a bandgap width Eg of 3.37 eV at
room temperature. Due to an advantageous combination of chemical inertness, transparency, low cost,
manufacturability, and unique multifunctional properties, ZnO attracts the interest of researchers in the
field of physics, material science, chemistry, biochemistry, and other sciences [1]. The study of ZnO based
nanostructures is promising and important due to new opportunities of their application for the creation
of light diodes, gas sensors, field-emission transistors, ultraviolet lasers, solar-energy photoconverters,
and efficient photocatalytic materials [2, 3]. It is known that the doping of ZnO with accepting impurities
(Li, Na, K, N, P, As, Sb, Cu, and some other elements) is studied to switch the electron type of conduc-
tivity in zinc oxide for hole conductivity [4]. Donating impurities (Al, Ga, In, etc.) are added to the zinc
oxide lattice to reduce its specific resistance, and the doping with rare-earth elements is performed to
change its optical absorption spectrum [5]. The doping of ZnO with nitrogen is used to improve the pho-
toelectric properties of ZnO based UV detectors [6, 7]. ZnO is also doped with noble metals (Ag, Au, Pd,
Pt) [8] to increase the intensity of photoluminescence and improve the photocatalytic activity due to the
implementation of surface plasmon resonance [4].

At the present time, the photocatalytic properties of nanosized ZnO based structures are investigated
along a wide front of studies, which open opportunities for the application of this material for the solution
of such global-scale problems as air and water purification from contaminants and pathogenic microor-
ganisms. Some detailed reviews of the papers devoted to the problems of photocatalysis with the use of
ZnO based nanostructures are given in [9–11]. In these papers, the methods for the synthesis and modi-
fication of ZnO nanoparticles are considered alongside with catalysis mechanisms, and ZnO application
prospects are estimated. In the present review, the papers devoted to studying the process of photocatalysis
with ZnO nanostructures in the period of 2018–2020 are analyzed. The results obtained during the pho-
tocatalytic purification of water from contaminants with the use of different modification of ZnO nano-
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structures are compared, and the problems facing the researchers of photocatalytic processes in the future
are defined.

The contamination of natural water basins is an essential problem all over the planet. The most haz-
ardous contaminants are complex compounds undegradable under natural conditions. Among them are
azodyes, which amount up to a half of the industrial production of dyes [12]. Such dyes are widely applied
in textile, printing, leather, coating, paper, rubber, plastic production industry. It has been proven that 15–
20% of such dyes get into waste water in the process of their application and have a cancerogenic and
mutagenic effect on living organisms [13].

The most efficient method for the purification of waste water from contaminants over this time period
is heterogeneous photocatalysis, which is based on the principles of nanotechnologies and can remove a
broad spectrum of organic compounds at a high rate under the influence of a renewable energy source,
such as solar radiation [9, 10]. The comparative analysis of the photocatalytic activity of different nano-
catalysts has shown the efficiency of ZnO based materials [11].

PHOTOCATALYTIC ACTIVITY ESTIMATION METHOD
The photocatalytic destruction of organic contaminants on nanoparticles of an oxide semiconductor

catalyst is described in [14]. The efficiency of this process depends on the properties of nanoparticles, such
as their size, shape, crystallinity, crystal lattice type, doping impurities, and the method used for the depo-
sition of nanoparticles on a substrate [9, 10]. These parameters influence the optical absorption of light,
the recombination rate of electron-hole pairs, and the efficiency of the formation of  and  radicals.
Hence, the photocatalytic activity of nanoparticles is determined by the technology of their creation. The
traditional techniques used for the synthesis of ZnO nanostructures are precipitation, coprecipitation,
colloid methods, the sol-gel method, the water-oil method of microemulsions, hydrothermal synthesis,
and also the solvothermal, sonochemical, and polyol methods. Some specific features inherent in the new
supercritical antisolvent (SAS) precipitation method [13], which is an environmentally friendly technique
based on the use of arabinose, a natural monosaccharide, have been recently demonstrated [15]. The stud-
ies on the properties of ZnO based nanostructures are aimed at searching for the ways of improving their
catalytic activity, which cause the efficiency of their practical application.

In all the considered papers, photocatalytic activity was estimated by calculating the degree of destruc-
tion D determined as the dye concentration change for the reaction time t as

(1)

where C0 and Ct are the initial and residual dye concentrations, %, respectively.
Since the reaction time t is specified in different ways, we used the destruction rate v representing the

average relative change in the dye concentration per 1 min

(2)

as a criterion of objective comparison between the efficiencies of different catalytic activity improvement
technologies.

PHOTOCATALYTIC ACTIVITY OF ZnO BASED NANOSTRUCTURES
The highest photocatalytic activity at v = 10.00%/min was attained in ZnO/Au nanostructures [16].

These nanostructures were synthesized by the coprecipitation of ZnO and Au from hydrogen tetrachloro-
aurate(III) (HAuCl4⋅3H2O), zinc nitrate (Zn(NO3)2⋅6H2O), and KOH solutions. Au nanoparticles were
included into a ZnO matrix. The morphology of ZnO/Au nanostructures was transformed with an
increase in the Au concentration from nanowires to marigold-shaped flower-like structures. The absorp-
tion of nanostructures was observed to intensify in the visible spectral region (450–650 nm) due to the sur-
face plasmon absorption of Au nanoparticles. The coincidence between the wavelength used for irradia-
tion of photocatalysts and the wavelength of plasmon absorption by Au particles (550 nm) is one of the
reasons for the fast oxidative destruction of sulforhodamine B with an initial concentration of
90.12 mg/dm3 by ZnO/Au nanostructures. The dye destruction rate grew with an increase in the Au con-
centration up to 4 mol %. Such ab increase in the catalytic activity is provoked by a combination of several
favorable circumstances: improved solar light absorption due to Au surface plasmons, a slight increase in
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the bandgap width of ZnO with reduction of recombination between electron-hole pairs, an enlarged sur-
face area of ZnO/Au nanostructures in comparison with undoped ZnO, and Schottky barriers formed at
the Au/ZnO interface. The use of ZnO/Au nanostructures has provided 5-fold dye solution purification
impossible for pure ZnO without efficiency loss.

A high destruction rate v = 3.36%/min was demonstrated by spherical ZnO nanoparticles [15] at a
radiation wavelength λ = 254 nm (irradiation with an UF-S bactericidal lamp)

And an initial dye concentration of 11 mg/dm3. The particles were synthesized by the simple and envi-
ronmentally friendly method of mixing aqueous zinc nitrate Zn(NO3)2 solutions with arabinose and fur-
ther heating, evaporation, and calcination of reaction products at different temperatures. The nanoparti-
cles had a hexagonal wurtzite structure. The size of crystals grew with an increase in the temperature from
400 to 700°C. Here, the absorption edge of ZnO nanoparticles shifted from 371 nm (400°C) to 381 nm
(700°C) due to the formation of oxygen vacancies. A decrease in Eg from 3.20 to 3.16 eV also occurred.
The photocatalytic activity of ZnO nanoparticles was estimated from the degree of mixture destruction in
water with three dyes, such as methyl orange (MO), indigocarmine, and malachite green (MG). Decol-
oration in the aqueous solution of these dyes was monitored at λ = 616 nm. Spherical nanoparticles
demonstrated the ability to provide the degree of destruction in the mixture of dyes at a level of 84% for
25 min of exposure.

High destruction rates v = 3.33%/min were also attained for the hybrid ZnO/Ag nanostructures [17].
The synthesis of ZnO particles for these structures was performed by the method of an arc discharge in
water between zinc rods. They were further bonded with Ag via the chemical reduction of salt AgNO3 in
the presence of trisodium citrate. In these nanostructures, ZnO particles had a hexagonal wurtzite struc-
ture, and Ag particles had a face-centered cubic structure. As compared to pure ZnO, the absorption edge
of hybrid ZnO/Ag structures shifted towards the visible spectral region due to the plasmon effect in Ag and
the presence of defects in ZnO, which were promotive for more efficient absorption of visible light. ZnO
defects in these nanostructures acted as electron traps, which hindered the recombination of electron-
hole pairs. The combination of these factors in ZnO/Ag nanostructures provided an essential photocata-
lytic activity during the destruction of methylene blue (MB) at a level of ~100% for 30 min of insolation.
The surface oxidation of these nanostructures led to the formation of Ag2O and an increase in the time of
total destruction to 120 min of exposure.

A lower values of v = 1.67%/min were observed for ZnO nanopart6icles synthesized via the thermal
decomposition of zinc acetate (AcZn) nanoparticles at 300–600°C [13]. To decrease the size of AcZn par-
ticles used as an initial material for ZnO synthesis, the method of their precipitation in a supercritical anti-
solvent (SAS) was used. The used supercritical antisolvent was CO2, and dimethylsulfoxide served as a sol-
vent. The fast diffusion of CO2 into the liquid solvent led to oversaturation for dissolved AcZn and its pre-
cipitation in the form of nanoparticles with small sizes of ~54 nm. At the same time, AcZn untreated by
the SAS method had much larger sizes of crystals. Zinc oxide obtained via the decomposition of untreated
AcZn at 500°C had the morphology of irregular tetrapods with an average size of 81 nm, whereas the
decomposition of AcZn treated by the SAS method resulted in regular nanoparticles with an average
diameter of 65 nm. The size of particles grew with an increase in the calcination temperature due to the
phenomenon of their sintering.

ZnO particles from treated AcZn had a smaller energy bandgap width Eg of 3.07—3.15 eV and a larger
specific surface area of 3.3–6 m2/g in comparison with ZnO synthesized from untreated AcZn with
3.17 eV and 5 m2/g, respectively. This essentially improved the photocatalytic activity of ZnO nanoparti-
cles synthesized from AcZn treated by the SAS method in comparison with untreated particles. The com-
plete decoloration of crystalline violet dye under UV radiation occurred 60 min for nanoparticles from
treated AcZn and 180 min, i.e., was twice slower for nanoparticles from untreated AcZn. An increase in
the photocatalysis rate was promoted by the enlargement of the surface area of ZnO nanoparticles, the
faster migration of charge from the volume to the surface in the photocatalyst with a smaller size, and the
absence of organic impurities, which are not formed in the SAS technology.

Closer values of v = 1.63%/min were obtained for spherical ZnFe2O4 nanoparticles doped with rare-
earth Sm3+, Eu3+, and Ho3+ ions [18]. ZnFe2O4 nanopowder was synthesized from a mixture of Zn(NO3)2,
Fe(NO3)2, and oxides Sm2O3, Eu2O3, or Ho2O3 and calcined at 800°C for 15 h. ZnFe2O4 particles had a
cubic crystal lattice with a unit cell parameter a = 8.4 Å and an average particle size within two rages of
50–60 and 90–100 nm. The energy bandgap width of nanoparticles was 2.75 eV, being much higher than
1.9 eV typical for massive ZnFe2O4 samples. Doping with Sm3+ has improved the uniformity of particle
sizes, which were ranged within 40–60 nm. No appreciable uniformity of particles has been revealed after
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doping with Eu3+ and Ho3+. After doping ZnFe2O4 with Sm, Eu, and Ho ions, their Eg shifts from 2.75 to
2.25, 2.15, and 1.7 eV, respectively, in agreement with the change in crystallite sizes. The degree of MG
dye destruction during the irradiation of ZnFe2O4 nanoparticles with visible light is 98% for 60 min of
exposure. The possibility of repeated use was pointed out for this catalyst.

For the ZnO/Ag and ZnO/Co nanostructures, the obtained values of v are 1.63 and 1.00%/min,
respectively [19]. The ZnO/Ag and ZnO/Co structures were synthesized as follows. At first, NaOH was
added to the mixture of dissolved salts Zn(CH3COO)2⋅2H2O, CH3COOAg, or Co(CH3COO)2⋅4H2O in
ethanol. The colloid dispersions formed as a result of reaction by ZnO/Ag and ZnO/C nanoparticles were
evaporated at 275°C for 1 h. The structure of ZnO corresponded to hexagonal wurtzite. The size of formed
particles was 17.3 nm for ZnO/Ag and 7.2 nm for ZnO/Co. The energy bandgap width of ZnO, ZnO/Ag,
and ZnO/Co was 3.47, 3.18, and 3.42 eV, respectively. A decrease in Eg for ZnO/Ag in comparison with
pure ZnO is explained by surface plasmon resonance in Ag at 400 nm. The existence of oxygen vacancies
on the surface of ZnO promoted the entrapment of electrons by these traps and reduced the recombina-
tion of electron-hole pairs. An increase in the efficiency of photocatalysis was promoted by the existence
of ZnO/Ag Schottky barriers, which led to the efficient separation of charge carriers in hybrid nanostruc-
tures. The listed factors led to an increase in the photocatalytic activity of hybrid nanostructures. The
activity of ZnO/Ag and ZnO/Co was estimated by the degree of destruction for Bismark brown Y dye
under UV radiation for 1 h. The highest degree of dye destruction at a level of 98% was attained for
ZnO/Ag. A lower activity of ZnO/Co structures is due to that the ZnO energy bandgap contains Co impu-
rity levels, which accelerate the recombination of electron-hole pairs.

In the presence of Co-containing Zn1 – xCoxO nanoparticles (0.0 ≤ x ≤ 0.1), the MB dye destruction
rate (C0 = 10 mg/dm3) was v = 1.42%/min [20]. Co-doped ZnO nanoparticles were synthesized by a two-
stage method. At the first stage, the method of coprecipitation from a zinc acetate and cobalt nitrate solu-
tion with addition of oxalic acid and ammonium hydroxide was applied. At the second stage, the resulting
white precipitate was calcined in the air at 600°C for 5 h. The size of Zn1 – xCoxO nanoparticles (0.0 ≤ x ≤
0.1) was 17.4 nm at x = 0.1. The particles had a hexagonal wurtzite structure, and the unit cell parameters
and size demonstrated the trend to grow with an increase in the parameter x. This indicates that Co2+ ions
were incorporated into the ZnO lattice. The doped nanoparticles were more agglomerated than pure ZnO
particles. It has been shown that the concentration of oxygen vacancies grows with an increase in x, and
impurities may act as electron-hole recombination sites, thereby decreasing the photocatalytic activity of
nanoparticles. When x grew from 0 to 0.08, Eg decreased from 3.2 to 2.6 eV. The doped samples exhibited
the trend to ferromagnetism, demonstrating hysteresis loops at room temperature. Photocatalytic activity
was estimated from the degree of MB dye destruction (C0 = 10 mg/dm3) during the irradiation of samples
with a xenon lamp. When x grew from 0 to 0.1, the degree of destruction decreased from 99.3 to 78.8% for
70 min of irradiation due to the intensification of recombination between electron-hole pairs on the impu-
rity. An increase in the degree of destruction to 99.4% was demonstrated by the composition with x = 0.04
alone.

In the study [21], the destruction rate v = 1.27%/min was established for undoped ZnO nanoparticles.
The nanoparticles were synthesized from zinc nitrate hexahydrate by the method of f lame pyrolysis, in
which O2 was used as an oxidizer, and petroleum gas was a fuel. ZnO particles had a hexagonal crystal
structure and were composed of predominantly spherical nanoformations. Photocatalytic activity was
estimated by the destruction of amaranth dye at a concentration of 10 mg/dm3 under insolation. Under
optimal conditions, the degree of dye destruction was 95% under insolation for 75 min.

In the study [22], the photocatalytic activity of ZnO-Ag/polystyrene (PS) and ZnO/PS nanocompos-
ites in the destruction of MB dye under UV radiation was investigated to develop a film photocatalyst,
which would f loat over the surface of an aquatic environment and would not require any essential efforts
on its removal from a water basin after use. The ZnO-Ag composite was manufactured from a suspension
of ZnO nanoparticles with AgNO3 via the photoprecipitation of Ag ions onto ZnO under irradiation with
an UV lamp. The reaction product, i.e., the ZnO-Ag composite or pure ZnO nanoparticles, was further
mixed with a polystyrene solution in chloroform and dried with the formation of a film, where ZnO-Ag
or ZnO were incorporated into a polymer matrix. ZnO particles had a hexagonal structure of wurtzite. The
ZnO and metallic Ag phases were sharply separated, and the Ag amount was 2% in ZnO. ZnO-Ag and
ZnO nanoparticles were strongly agglomerated, and ZnO-Ag/PS and ZnO/PS films had high roughness.
IR spectra demonstrated the absence of interaction between ZnO and the functional groups of polysty-
rene. The presence of Ag on ZnO lead to a decrease in the energy bandgap width of this semiconductor
from 3.298 to 3.263 eV, thus confirming the role of Ag as a doping impurity. The lifetime of photoinduced
electron-hole pairs is also observe to grow due to the transition of electrons from ZnO to Ag on the
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Schottky barrier. The degree of MB dye destruction was monitored at a wavelength of 665 nm. During the
exposure for 120 min to UV lamp radiation at attained v = 0.58%/min, the degree of MB dye destruction
was 97 and 70% for ZnO-Ag/PS and ZnO/PS, respectively. A rather high destruction rate v = 0.81%/min
for the ZnO-Ag/PS photocatalyst was explained by the authors by improved conditions for the creation of
active oxygen forms in this composite. This film photocatalyst could be used up to three times at a small
loss in its efficiency.

The authors [23] attained the MG dye destruction rate v = 0.66%/min on ZnO nanoparticles. In this
study, the calcined (annealed) and uncalcined ZnO forms as photocatalysts of dye destruction in an
aquatic environment under UV radiation were compared. The process of calcination—the annealing of
ZnO nanoparticles at 600°C for 4 h—led to their recrystallization and agglomeration with the formation
of aggregates. Calcined ZnO particles had high dispersity and a size of up to 25 nm. The degree of destruc-
tion for calcined ZnO was 2% higher than for uncalcined ZnO due to an increased amount of nanocrystals
formed in the process of annealing. Under optimal photocatalysis conditions, the degree of destruction
was 98.48% for calcined ZnO and 96.31% for uncalcined ZnO at 150 min of exposure.

LaxZn1 – xO nanoparticles, where x = 0.01, 0,05, and 0.10, have demonstrated the MO dye destruction
rate v = 0.57%/min [24]. These nanoparticles were synthesized by the combustion of a gel prepared from
a Zn(NO3)2⋅4H2O and La(NO3)3⋅6H2O solution in polyvinyl alcohol. The synthesized samples had a
spherical morphology and a particle size, which was inversely proportional to the molar percentage of La
and varied from 34.3 to 10.3 nm. The incorporation of La into the ZnO lattice led to a decrease in Eg from
3.1 to 2.78 eV. This argues that LaxZn1 – xO is promising for allocation as a photocatalyst for a solution with
an initial dye concentration of 10 mg/dm3 under visible light radiation. At x = 0.1, the degree of MO dye
destruction in an aqueous solution was maximal and attained 85.86% after 150 min of exposure to visible
light. The reaction rate constant for the LaxZn1 – xO samples with maximum x = 0.1 was four times higher
in comparison with pure ZnO. The authors explain the improvement of photocatalytic characteristics
with an increase in the La content by a decrease in the size of nanoparticles, the bandgap width Eg, and
the rate of recombination between electron-hole pairs.

In the presence of star-shaped ZnO nanoparticles doped with rare-earth metals Ce, La, and Ho the
photocatalytic decomposition rate of Acid Red 88 dye was v = 0.43%/min [25]. The particles were syn-
thesized by the sonochemical method. In this case, a NaOH solution was added until pH of 10 to an aque-
ous Zn(NO3)2⋅4H2O and Ln(NO3)3⋅6H2O solution, where Ln is a lanthanide. The mixture was treated
with ultrasound for 3 h. The synthesized product was centrifuged, washed, and calcined at 300°C for 3 h.

Doped ZnO particles had a hexagonal structure, a star-shaped morphology without agglomeration,
and sizes ranged within 30–50 nm. After doping with Ce, the energy bandgap width Eg decreased from 3.2
to 2.8 eV. The Ce impurity has demonstrated the best photocatalytic activity in comparison with La and
Ho. Photocatalysis was performed for an aqueous solution of reactive orange 29 dye (C0 = 10 mg/dm3)
under the simultaneous effect of visible light and ultrasound. The combination of sonolysis and photoca-
talysis accelerated the formation of electron-hole pairs and active oxygen forms, which are necessary for
dye destruction. The application of a membrane reactor with polypropylene membranes of hollow fibers
combining sonophotocatalysis with filtration by the authors has provided the possibility to increase the
degree of destruction of ZnO/Ce particles to 97.84% for 225 min of exposure.

The low value v = 0.33%/min was obtained for nanosized ZnO/CO heterostructures [26]. These het-
erostructures were synthesized from copper acetate (СH3COO)2Cu and zinc nitrate Zn(NO3)2⋅6H2O
solutions. Process conditions were created for the formation of first CuO and then ZnO or first ZnO and
then CuO. Finer heterostructure particles (of less than 200 nm) were synthesized in the first case, and
coarser particles (~400 nm) were formed in the second case. The particles were united into agglomerates
of different sizes, which contained both ZnO and CuO. Te degree of MO dye destruction under 100 min
of exposure to UV radiation was 24 and 33% for ZnO/CuO with a particle size of 400 and 200 nm, respec-
tively, which argues for the more advantageous use of finer particles. Under exposure to visible light, the
degree of destruction was 12 and 6%, respectively. In this case, superiority was demonstrated by coarser
particles due to a higher CuO amount on them. The lowest destruction rate v = 0.1%/min was obtained
for ZnO nanoparticles and the ZnO/zeolite composite based on them [27]. This composite was selected
to make easier the recovery of the photocatalyst after use in water purification from the food dye tartrazine
in comparison with ZnO nanoparticles. The ZnO/zeolite composite was synthesized by the chemical pre-
cipitation of ZnO onto clinoptilolite-type zeolite particles from 0.85 to 0.60 mm in size under boiling in a
zinc acetate solution with addition of NaOH for 2 h. The product precipitate was washed, dried, and cal-
cined at 300°C. ZnO nanoparticles were synthesized in a similar way, but without addition of a zeolite
material. The structure of both individual ZnO nanoparticles and ZnO nanoparticles incorporated into
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the ZnO/zeolite composite corresponded to the hexagonal wurtzite structure, and the zeolite structure
was the same as for the clinoptilolite phase. The average size was 42.7 nm for both the ZnO nanoparticles
incorporated the composite and individual ZnO particles. The agglomeration of ZnO particles in the for-
mation of up to 2–10 μm was observed. Such particles had a quasi-spherical shape. The energy bandgap
width was 3.20 eV for individual particles and 3.23 eV for the particles incorporated into the ZnO/zeolite
composite, thus arguing for similarity between the mechanisms of photocatalysis in these nanoforma-
tions. The degree of tartrazine destruction for 15 h of exposure to UV radiation was 87% for ZnO nanopar-
ticles and 81% for the composite.

The results of studies on the photocatalytic activity of nanosized ZnO based structures were considered
for the period of 2018–2020. The greatest number of papers was devoted to study of water purification
from nitrogen-containing dye contaminants, bactericidal activity [25, 28, 29], and air purification from
gaseous impurities of nitrogen oxides like NOx [30]. The priority of this problem is reflected by the close
attention of researchers to the purification of water sources for this period. However, the problem encoun-
tered with the pandemic of coronavirus COVID-19, which is generally spread by airborne transmission,
allows us to presume that the attention of scientists will be turned soon to the purification of air from
microbiological contaminants.

The bactericidal activity in an aquatic environment, as well as the activity in the purification of water
from dyes, was highest for the ZnO/Au nanocomposite. In other words, the mentioned photocatalytic
advantages of the ZnO/Au structure were more efficiently exhibited also in the neutralization of microor-
ganisms. This allows us to presume that the ZnO/Au composite will also be highly efficient in the purifi-
cation of air from contaminants.

The use of mathematical modeling in the study [28] for the photocatalytic purification of water from
organic and bacterial contaminants opens a qualitatively new period in the investigations of photocataly-
sis, which will undoubdtly not only be promotive in solving the problems encountered the humanity, but
also will increase the level of their solution.

CONCLUSIONS
Hence, the highest photocatalytic activity was attained in the hybrid ZnO/Au and ZnO/Ag nanostruc-

tures. The advantage of these structures was provided by the combination of two principal factors favor-
able for photocatalysis, such as the intensive absorption of visible light due to the effect of Ag and Au sur-
face plasmons and a decrease in the rate of recombination between electron-hole pairs due to the exis-
tence of Schottky barriers. In addition, the coincidence between the absorption maximum of Au surface
plasmons and the maximum of solar radiation used in photocatalysis and an extremely developed flower-
like morphology of particles have enabled the ZnO/Au structure to attain a record dye destruction rate
(10.0%/min). It has been shown that the change in the technology used for the manufacturing of hybrid
ZnO/Au nanostructures has an effect on the surface area of their particles. In the hybrid ZnO/CuО,
ZnO/Co, ZnO/Ag2CO3, and ZnO/Lu3Al5O12:Ce heterostructures free from electron-plasmon interac-
tion, the attained destruction rates are low (1%/min). The doping of ZnO with lanthanides Sm, Eu, Ho,
LaxZn1 – xO, Ce, La, and Co (Zn1 – xCoxO), although enabling the use of visible light for photocatalysis,
but also leads to low destruction rates (≤1.4%/min).

Unfortunately, pure ZnO nanoparticles are active only under UV radiation, but demonstrate a low
destruction rate even in this case (≤2.0%/min).

Hence, it is possible to make a general conclusion that the f lower-like ZnO/Au nanocomposite cata-
lysts are most efficient for the practical purification of water from contaminants.
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