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Abstract: For the first time, we present a novel method of explosive evaporation (MEE) for the
deposition of ZnO nanostructures using concentrated solar radiation for precursor evaporation.
Zinc acetylacetonate powder and a mixture of ZnO with graphite powders are used as precursors
for the deposition of ZnO nanostructures. ZnO nanostructures are deposited on Au/Si, Ag/Si,
and unpolished Si substrates by MEE. The scanning electron microscopy, energy dispersive X-ray
analysis, X-ray diffraction, Raman scattering, photoluminescence, and Fourier transformed infrared
spectroscopy are used for sample characterization. We demonstrate that the changing of precursors
and the substrate types allows ZnO nanostructures to be grown with diverse morphologies: hexagons,
spheres, and needles. The properties of ZnO nanostructures deposited on unpolished, coated by Ag
and Au silicon substrates are discussed. MME using concentrated solar radiation is promising method
for applications in the semiconductor industry as an economically efficient environmentally-friendly
method for the growth of nanostructures.
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1. Introduction

Zinc oxide (ZnO) micro- and nanostructures are of considerable scientific interest due to the
prospect of their applications for the development of chemical sensors with increased specific
surface area, sources of ultraviolet and light emitting diodes, solar cells, electron-field display
systems, etc. [1,2]. Metal–organic chemical vapour deposition (MOCVD), vapour phase epitaxy
(VPE), pulsed laser deposition (PLD), direct carbo-thermal evaporation, aqueous chemical growth
(ACG), and electrochemical deposition are growth techniques which are widely used for the deposition
of ZnO nanostructures [3,4]. Zinc acetylacetonate [5] and/or mixtures of ZnO + C powder [1] are used
as precursors for the growth of ZnO nanostructures in such deposition methods as MOCVD, vapour
phase epitaxy, and direct carbo-thermal evaporation. Traditionally, these precursors evaporated by
different electrical heaters or the last ones were placed in a furnace using quartz tubes as synthesis
reactors that result in low-speed evaporation of precursors. The inertia of such heaters may lead
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to problems with the uniformity and stoichiometric ratio of ZnO nanostructures [5–8]. Therefore,
the development of growth methods with high-speed precursor evaporation is interesting for the
deposition of uniformly high-quality ZnO nanostructures. On the other hand, the depletion of fossil
fuels has led to a great interest in renewable energy resources. Taking all this into consideration,
we propose a method of ZnO nanostructures growth that makes use of a solar concentrator. In a solar
concentrator, the energy of the Sun is focused on the place where precursor boat is arranged. So, the use
of concentrated solar radiation allows the implementation of the condition for high-speed evaporation
of the precursor. Firstly, we called the proposed method of deposition the method of explosive
evaporation (MEE) because a precursor evaporated very quickly (resembling an explosion) due to the
application of high power concentrated solar radiation. Furthermore, compared to traditional methods,
the proposed MEE has the advantage of additional activation of ad-atoms by the ultraviolet (UV) part
of solar radiation that is important for the deposition of high crystal perfection ZnO nanostructures.
In PLD method for ZnO growth, the effect of ad-atoms activation is realized by UV eximer laser.

It is shown in [3,6] that the application of substrates covered by catalysts (Au or Ag) influences
the morphologies of ZnO nanostructures. Moreover, the application of the unpolished substrates may
be interesting for the deposition of nanostructures because the surface has its own nucleation centers.
Hence, we report the study of the properties for ZnO nanostructures deposited at high-speed growth
conditions the by method of explosive evaporation on unpolished Si, Au/Si, and Ag/Si substrates.

2. Materials and Methods

2.1. Samples Preparation

ZnO nanostructures were grown on unpolished Si substrates and on polished Si substrates coated
by Au and Ag films by MEE using concentrated solar radiation. A 60 nm thick layer of Au film and
a 200 nm thick layer of Ag film were deposited on the substrate by radio frequency (RF) magnetron
sputtering and thermal evaporation, respectively. Au/Si, Ag/Si, and unpolished Si substrates had
the size of 5 × 5 mm2. Before loading substrates into the quartz tube, the last ones were cleaned
successively in acetone, ethanol, and deionised water for 10 min for each stage. After that, the substrates
were dried in nitrogen flow.

The growth of ZnO nanostructures was carried out using the solar concentrator of the Geliocenter
of the Institute for Problems of Materials Science (Crimea, Ukraine). The solar concentrator based on
a converted army floodlight (see Figure 1) is equipped with an automatic sun tracking system and
a mounting mechanism for fixing the quartz tube. The mounting mechanism is placed inside the solar
concentrator and allows to fix the sealed-on-one-side quartz tube with 10 mm diameter in the focus of
a 2-m diameter mirror. The other end of the tube remained open for free access of air. In the middle
of the tube was placed the boat filled with precursors of the powder of zinc acetylacetonate hydrate
(Zn(AcAc)2:Zn(C2H7O5)2-H2O) or a mixture of ZnO and graphite powders (with 1:1 mole ratio) with
weight of about 1 g. All precursors were from Sigma Aldrich (Saint Louis, MS, USA) with purity no
less than 99% [8]. Changing the angle of the louver (please see Figure 1) of the solar concentrator
allows the heating temperature in focus to be set up to 3000 ◦C. The angle of opening for the louver
was changed in the range of 15◦–30◦ for adjustment of temperature for precursor evaporation in
range from 300 to 900 ◦C. The temperature of evaporation was controlled by platinum–rhodium
thermocouple. The temperatures of 300 ◦C and of 900 ◦C were used for the evaporation of precursors
of zinc acetylacetonate and of a mixture of ZnO and graphite powders, respectively. Au/Si and Ag/Si
substrates together were used in experiment when zinc acetylacetonate was decomposed for obtaining
ZnO. The carbothermal reduction of mixtures of ZnO + C powders we used at the deposition of ZnO
nanostructures on unpolished Si substrates. In all cases, the substrates were placed at a distance of
20 mm from the heating zone, and the deposition time was about 3 min.
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Figure 1. Solar concentrator of Geliocenter of the Institute for Problems in Material Science  
(Crimea, Ukraine). 
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DRON-4 diffractometer, utilizing Cu-Kα radiation (λ = 0.1542 nm). A MII-4 interferometer was used 
to estimate the thickness of Ag and Au films deposited on Si substrates. The microstructure was 
studied by scanning electron microscopy (SEM) using a ZEISS EVO 50 XVP. The elemental analysis 
was also done by ZEISS EVO 50 XVP SEM (Carl Zeiss AG, Oberkochen, Germany) using energy 
dispersive X-ray spectroscopy (EDX) furnished INCA 450 (OXFORD Instruments, Oxford ,UK). The 
software of SEM and EDX equipment was used to estimate the heights of the nanostructures [9]. 
Photoluminescence (PL) measurement was performed at room temperature by optical excitation 
using a Nd:YVO laser (266 nm). The micro-Raman measurements were carried out in backscattering 
geometry at room temperature using a Horiba Jobin Yvon T64000 system equipped with an 
Olympus confocal optical microscope. Fourier transform infrared spectrometry (FTIR) was carried 
out on an IR microscope Nicolet 6700 equipped with a motorized objective table. 

3. Results 

SEM images of ZnO nanostructures deposited on different substrates by MEE using 
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from Figure 2a (region 1), ZnO hexagons grown on Au/Si substrates have two different geometric 
sizes. The large ones (area 2 on Figure 2a) that were heterogeneously grown on the Au/Si substrate 
have diameters of about 1200–1300 nm. Having diameters about of 200–220 nm, the small hexagons 
(area 3 on Figure 2a) uniformly covered the Au/Si substrate. The estimated height of the large 
hexagons was about 40 nm, and the height of small hexagons was about 6 nm, as determined by the 
use of the SEM and EDX equipment software. At similar deposition conditions, nanostructures in 
the form of the spheres (region 1 on Figure 2b) and in the form of “mushrooms” (see region 2 on 
Figure 2b) were grown on Ag/Si substrates. The deposited structures had sizes of about 500–2500 nm. 
EDX measurements confirmed that the whole Ag/Si substrates were covered by ZnO, having a 
spherical morphology in some regions. Therefore, the application of zinc acetylacetonate precursor 
led to the growth of hexagons on Au/Si substrates opposite to the growth of the spheres on  
Ag/Si substrates. 

The deposition of nanostructures by MEE using the carbothermal reduction for ZnO growth led 
to growth of the nanoneedles on unpolished Si substrates in the shape of “hedgehogs in the grass” 
(see region 1 on Figure 2c). The grown structures had crystal-like basis with diameters about 200–250 nm 
which ended with a needle of diameter ~40 nm (region 2 on Figure 2c). EDX examinations of the 
needles determined that latter consist of ZnO. 

Figure 1. Solar concentrator of Geliocenter of the Institute for Problems in Material Science
(Crimea, Ukraine).

2.2. Characterization

The crystal structure of ZnO nanostructures was investigated by X-ray diffraction (XRD) using
DRON-4 diffractometer, utilizing Cu-Kα radiation (λ = 0.1542 nm). A MII-4 interferometer was used to
estimate the thickness of Ag and Au films deposited on Si substrates. The microstructure was studied
by scanning electron microscopy (SEM) using a ZEISS EVO 50 XVP. The elemental analysis was also
done by ZEISS EVO 50 XVP SEM (Carl Zeiss AG, Oberkochen, Germany) using energy dispersive X-ray
spectroscopy (EDX) furnished INCA 450 (OXFORD Instruments, Oxford ,UK). The software of SEM
and EDX equipment was used to estimate the heights of the nanostructures [9]. Photoluminescence
(PL) measurement was performed at room temperature by optical excitation using a Nd:YVO laser
(266 nm). The micro-Raman measurements were carried out in backscattering geometry at room
temperature using a Horiba Jobin Yvon T64000 system equipped with an Olympus confocal optical
microscope. Fourier transform infrared spectrometry (FTIR) was carried out on an IR microscope
Nicolet 6700 equipped with a motorized objective table.

3. Results

SEM images of ZnO nanostructures deposited on different substrates by MEE using concentrated
solar radiation for precursor decomposition are present in Figure 2. As can be seen from Figure 2a
(region 1), ZnO hexagons grown on Au/Si substrates have two different geometric sizes. The large
ones (area 2 on Figure 2a) that were heterogeneously grown on the Au/Si substrate have diameters of
about 1200–1300 nm. Having diameters about of 200–220 nm, the small hexagons (area 3 on Figure 2a)
uniformly covered the Au/Si substrate. The estimated height of the large hexagons was about 40 nm,
and the height of small hexagons was about 6 nm, as determined by the use of the SEM and EDX
equipment software. At similar deposition conditions, nanostructures in the form of the spheres
(region 1 on Figure 2b) and in the form of “mushrooms” (see region 2 on Figure 2b) were grown on
Ag/Si substrates. The deposited structures had sizes of about 500–2500 nm. EDX measurements
confirmed that the whole Ag/Si substrates were covered by ZnO, having a spherical morphology
in some regions. Therefore, the application of zinc acetylacetonate precursor led to the growth of
hexagons on Au/Si substrates opposite to the growth of the spheres on Ag/Si substrates.

The deposition of nanostructures by MEE using the carbothermal reduction for ZnO growth
led to growth of the nanoneedles on unpolished Si substrates in the shape of “hedgehogs in the
grass” (see region 1 on Figure 2c). The grown structures had crystal-like basis with diameters about
200–250 nm which ended with a needle of diameter ~40 nm (region 2 on Figure 2c). EDX examinations
of the needles determined that latter consist of ZnO.
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Figure 2. SEM images of ZnO (a) hexagons, (b) spheres, and (c) needles deposited by the method of 
explosive evaporation (MEE) on Au/Si, Ag/Si, and unpolished Si substrates, respectively. 

The analysis of EDX results allowed us to determine that all grown nanostructures were ZnO 
(see Supplementary Materials Figure S1a–c). The presence of carbon in large amounts was found on 
the surface of ZnO hexagons and ZnO spheres (Figure S1a,b). However, the surface of the ZnO 
nanoneedles contained the least amount of carbon (Figure S1c). Therefore, the application of mixture 
of ZnO with graphite powders precursor was more favorable than the zinc acetylacetonate 
precursor. Additional investigation of the influence of the technological parameters (e.g., 
boat–substrates distance) on the degree of carbon contamination is required. 

XRD patterns presented in Figure 3 confirm EDX data: all deposited nanostructures have 
wurtzitic structure of ZnO. Additionally, the reflection peaks of Au (111), Au (200), Au (220), as well 
as those of Ag (111), Ag (200), and Ag (220) are shown in the XRD patterns. No other diffraction 
peaks are shown in Figure 3. 

 

Figure 3. XRD patterns of ZnO nanostructures grown on (1) Au/Si and (2) Ag/Si substrates by zinc 
acetylacetonate decomposition, as well as on (3) unpolished Si substrates by the carbothermal 
reduction of mixtures of ZnO + C powders. 

Figure 2. SEM images of ZnO (a) hexagons, (b) spheres, and (c) needles deposited by the method of
explosive evaporation (MEE) on Au/Si, Ag/Si, and unpolished Si substrates, respectively.

The analysis of EDX results allowed us to determine that all grown nanostructures were ZnO
(see Supplementary Materials Figure S1a–c). The presence of carbon in large amounts was found
on the surface of ZnO hexagons and ZnO spheres (Figure S1a,b). However, the surface of the ZnO
nanoneedles contained the least amount of carbon (Figure S1c). Therefore, the application of mixture
of ZnO with graphite powders precursor was more favorable than the zinc acetylacetonate precursor.
Additional investigation of the influence of the technological parameters (e.g., boat–substrates distance)
on the degree of carbon contamination is required.

XRD patterns presented in Figure 3 confirm EDX data: all deposited nanostructures have wurtzitic
structure of ZnO. Additionally, the reflection peaks of Au(111), Au(200), Au(220), as well as those of
Ag(111), Ag(200), and Ag(220) are shown in the XRD patterns. No other diffraction peaks are shown
in Figure 3.
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The parameters of XRD peaks, approximated by Gaussian function, are presented in Table 1.
Each type of ZnO nanostructure has its own set of crystallographic planes: hexagons—(002),
spheres—(002), (103), (112), and needles—(002), (101), (102), (103) (JCPDS card number 36–1451).
The small magnitude of the full width at half maximum (FWHM) of diffraction peak ZnO (002)
of 0.12–0.18 degrees (Table 1) results in high magnitude of grain size as estimated by Scherrer’s
formula [10] about 45–50 nm for the hexagons and the needles, respectively. This confirms their high
crystalline quality. It should be also noted that the hexagons and the needles have similar crystal-like
nature: the hexagons are oriented perpendicular to plane of the substrates, while the needles are
hexagon-like crystals that are ended by needles oriented at different angles to the substrate due to
heterogeneity of the surface of unpolished Si substrates. In the case of the spheres, XRD peaks of
(002), (103), (112) have similar integral intensities. This may be due to their sphere-like morphology.
ZnO nanoneedles demonstrated the largest integral intensity of XRD peaks, suggesting their crystalline
quality was best among the others.

Table 1. The results of XRD analysis for ZnO nanostructures.

ZnO Morphology Crystal Planes
(h k l) 2θ(h k l) (deg.) XRD FWHM (deg.) Integral Intensity of XRD

(h k l) (a.u.)

Needles

(002) 34.36 0.18 157.2
(101) 36.21 0.36 3.7
(102) 47.51 0.24 5.1
(103) 62.87 0.33 24.6

Spheres
(002) 34.09 0.48 18.9
(103) 63.12 0.9 23.9
(112) 67.63 0.99 18.71

Hexagons (002) 34.17 0.12 0.45

FTIR spectroscopy was used for investigation of the aforementioned ZnO nanostructures.
Generally, it is possible to study the chemisorbed contamination in nanostructures as well as the
distribution of the latest ones over the substrate surface. Figure 4 shows typical reflectance spectra
for ZnO nanostructures deposited on Au/Si (curve 1), Ag/Si (curve 2), and unpolished Si (curve 3)
substrates. It was not possible to investigate samples in transmittance mode, because Au/Si, Ag/Si,
and Si substrates were not transparent. FTIR measurements of the given spectral range will not allow
us to establish the fact of the formation of ZnO, because the Zn-O vibration bond at 482 cm−1 [11]
is located outside of the spectral range of the measurements. The typical reflectance spectra of ZnO
nanostructures reveal the absence of good resolved peaks associated with chemisorbed contaminations
on the surface of ZnO nanostructures (Figure 4).
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It is significant to note that Raman scattering studies are very sensitive for determining crystal
perfection and structural defects. Figure 5 presents ZnO Raman spectrum only for ZnO nanoneedles
due to their homogeneous dense bulk arrangement on the surface of Si substrate and due to the confocal
nature of Raman scattering measurements. Raman signals were unable to be obtained for uniformly
grown ZnO hexagons and ZnO spheres that have small bulks and because of the presence of carbon on
the surfaces of nanostructures (Figure S1a,b). In the Raman spectra of ZnO nanoneedles (Figure 5), there
is a well-known intense E2

low phonon band at 98.9 cm−1 (FWHM ≈ 5.3 cm−1) and a E2
high phonon band

at 437 cm−1 (FWHM ≈ 9.5 cm−1) associated with the motion of Zn and O sublattices, respectively [12].
These small FWHM magnitudes of E2

Low and E2
High modes confirm the wurtzite ZnO structure for

nanoneedles deposited by MEE using concentrated solar radiation [13,14]. The position of the E2
high

band at 437 cm−1 corresponds to the phonons of a bulk ZnO crystal [15], indicating a strain-free state
of the nanoneedles. The weak band at 331 cm−1 is assigned to E2

high-E2
low which is a second-order

mode caused by multi-phonon processes. The wide phonon band at about 578 cm−1 is attributed to
the quasi-A1

Lo(E1
Lo) mode reflecting the random orientation of ZnO nanoneedles. The presence of the

qA1
Lo mode is related to impurities and defects, or free carriers in ZnO nanoneedles [16].

Appl. Sci. 2017, 7, 383 6 of 9 

It is significant to note that Raman scattering studies are very sensitive for determining crystal 
perfection and structural defects. Figure 5 presents ZnO Raman spectrum only for ZnO nanoneedles 
due to their homogeneous dense bulk arrangement on the surface of Si substrate and due to the 
confocal nature of Raman scattering measurements. Raman signals were unable to be obtained for 
uniformly grown ZnO hexagons and ZnO spheres that have small bulks and because of the presence 
of carbon on the surfaces of nanostructures (Figure S1a,b). In the Raman spectra of ZnO nanoneedles 
(Figure 5), there is a well-known intense E2low phonon band at 98.9 cm−1 (FWHM ≈ 5.3 cm−1) and a 
E2high phonon band at 437 cm−1 (FWHM ≈ 9.5 cm−1) associated with the motion of Zn and O 
sublattices, respectively [12]. These small FWHM magnitudes of E2Low and E2High modes confirm the 
wurtzite ZnO structure for nanoneedles deposited by MEE using concentrated solar radiation 
[13,14]. The position of the E2high band at 437 cm−1 corresponds to the phonons of a bulk ZnO crystal 
[15], indicating a strain-free state of the nanoneedles. The weak band at 331 cm−1 is assigned to 
E2high-E2low which is a second-order mode caused by multi-phonon processes. The wide phonon band 
at about 578 cm−1 is attributed to the quasi-A1Lo(E1Lo) mode reflecting the random orientation of ZnO 
nanoneedles. The presence of the qA1Lo mode is related to impurities and defects, or free carriers in 
ZnO nanoneedles [16]. 

 
Figure 5. The room temperature Raman spectra of ZnO nanoneedles grown on the Si substrate. 

It is very interesting that an additional mode at 275 cm−1 was found in the Raman spectra 
(Figure 5). The nature of this mode is still thoroughly unknown. The mode at 275 cm−1 was found in 
Raman spectra of doped ZnO by nitrogen [17–19], by Al-N [20], and by Fe, Sb, Al, Ga, and Li [21]. 
This mode also appears in the Raman spectra of undoped ZnO films [22]. Manjón et al. attributed 
Raman mode at 275 cm−1 to silent mode (B1Low) of wurtzite-ZnO allowed by the breakdown of the 
translational crystal symmetry caused by defects or impurities [23]. The fact that EDX analysis of 
ZnO needles (Figure S1) did not reveal the presence of nitrogen and other above-mentioned 
impurities indicates that the mode at 275 cm−1 is silent mode B1Low caused by the presence of defects 
in the ZnO lattice. 

Room temperature PL investigations were carried out to examine the optical quality and 
presence of defects in ZnO nanostructures deposited by MEE. PL spectra of diverse types of ZnO 
nanostructures (Figure 6) have two typical regions: near band edge (NBE) excitonic emission and 
emission in the visible range (i.e., deep level emission—DLE) [7]. To carry out a qualitative 
comparison of the PL for our ZnO nanostructures, the intensities of PL were plotted on a logarithmic 
scale. Therefore, ZnO nanoneedles have intense NBE emission at 3.29 eV with FWHM about 86 meV 
and negligible DLE in the visible range with maximum about 2.1 eV, while DLE from ZnO 
nanohexagons and ZnO nanospheres were greater than their NBE. To estimate the optical quality of 
nanostructures, the ratio between the spectral integral intensity of NBE and DLE bands [8] was 
calculated. This ratio was 10.14 for ZnO nanoneedles, 0.03 for ZnO nanospheres, and 0.01 for ZnO 
nanohexagons. Hence, ZnO nanoneedles have the best optical quality compared to other types of 

Figure 5. The room temperature Raman spectra of ZnO nanoneedles grown on the Si substrate.

It is very interesting that an additional mode at 275 cm−1 was found in the Raman spectra
(Figure 5). The nature of this mode is still thoroughly unknown. The mode at 275 cm−1 was found
in Raman spectra of doped ZnO by nitrogen [17–19], by Al-N [20], and by Fe, Sb, Al, Ga, and Li [21].
This mode also appears in the Raman spectra of undoped ZnO films [22]. Manjón et al. attributed
Raman mode at 275 cm−1 to silent mode (B1

Low) of wurtzite-ZnO allowed by the breakdown of the
translational crystal symmetry caused by defects or impurities [23]. The fact that EDX analysis of ZnO
needles (Figure S1) did not reveal the presence of nitrogen and other above-mentioned impurities
indicates that the mode at 275 cm−1 is silent mode B1

Low caused by the presence of defects in the
ZnO lattice.

Room temperature PL investigations were carried out to examine the optical quality and presence
of defects in ZnO nanostructures deposited by MEE. PL spectra of diverse types of ZnO nanostructures
(Figure 6) have two typical regions: near band edge (NBE) excitonic emission and emission in the
visible range (i.e., deep level emission—DLE) [7]. To carry out a qualitative comparison of the PL
for our ZnO nanostructures, the intensities of PL were plotted on a logarithmic scale. Therefore,
ZnO nanoneedles have intense NBE emission at 3.29 eV with FWHM about 86 meV and negligible
DLE in the visible range with maximum about 2.1 eV, while DLE from ZnO nanohexagons and ZnO
nanospheres were greater than their NBE. To estimate the optical quality of nanostructures, the ratio
between the spectral integral intensity of NBE and DLE bands [8] was calculated. This ratio was
10.14 for ZnO nanoneedles, 0.03 for ZnO nanospheres, and 0.01 for ZnO nanohexagons. Hence,
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ZnO nanoneedles have the best optical quality compared to other types of nanostructures deposited by
MEE. The deconvolution of DLE on different peaks by Lorentz approximation allows us to estimate the
type of defects that are present in ZnO nanostructures. Figure 6 shows peaks at 2.59 eV (DLE1), 2.3 eV
(DLE2), and 2.1 eV (DLE3) in visible range. We suggest that the nature of defects caused DLE is the
same as that described in [8], because our ZnO nanostructures were grown under similar conditions.
Therefore, DLE1 band at 2.59 eV is related to the presence of oxygen vacancies (Vo) and zinc interstitial
(Zni). The DLE2 band at 2.3 eV is caused by transition between electron near conduction band and
a hole trapped at Vo

** level in the bulk of the particle, with the surface trapping of the photogenerated
hole being the first step in the process [24]. DLE3 at 2.1 eV can be attributed to such point defects
as oxygen interstitial (Oi) [25,26]. It should be noted that all defect-related DLE bands (DLE1, DLE2,
and DLE3) were observed on PL spectra of all ZnO nanostructures (Figure 6). ZnO nanoneedles have
smaller defect concentrations compared to other nanostructures.
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4. Discussion

All obtained results open the doors for applications of the method of explosive evaporation
using concentrated solar radiation for the growth of ZnO nanostructures. It was shown that ZnO
nanostructures with diverse morphologies could be easily grown by choosing the appropriate kind of
precursor and the type of substrate. Certainly, the morphology of ZnO nanostructures can be changed
by varying such technological parameters of MEE as temperatures, boat–substrate distance, time
of deposition, weight of precursor, etc. Unfortunately, due to an occupation of Crimea by Russian
Federation the access to our solar concentrators was lost, resulting in the suspension of studies of
the influence of technological parameters of MEE on properties of ZnO nanostructures. Therefore,
we consider it incorrect to make comparisons of the results for investigations of ZnO nanoneedles,
ZnO nanohexagons, and ZnO nanosheres, because it was initial experiments which demonstrated
the possibilities of the proposed method of growth for nanostructures. Additionally, to determine the
mechanisms of growth for ZnO nanostructures deposited by MEE, the following investigations are
needed. Although this original method of growth is promising for applications in the semiconductor
industry due to following advantages, i.e., (i) high-speed of growth; (ii) reducing contamination, which
can diffuse from the furnace in nanostructures even at high temperatures of deposition; (iii) the use of
solar energy as a green technology for precursors decomposition that leads to additional activation
of ad-atoms at the growth of nanostructures by the ultraviolet part of solar radiation. Furthermore,
MEE using concentrated solar radiation may be useful for the evaporation of refractory precursors at
the deposition of other important oxide materials in the form of nanostructures, because the source of
temperature—solar concentrator—allows high temperatures up to 3000 ◦C to be immediately obtained.
It was demonstrated that the application of MEE allows homogeneous ZnO nanoneedles to be grown
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with intense UV emission against a weak deep-level emission that may be useful for the development
of the technology for efficient light-emitting diodes based on ZnO nanostructures.

Supplementary Materials: Supplementary materials are available online at: http://www.mdpi.com/2076-3417/
7/4/383/s1, Figure S1: EDX results of ZnO (a) hexagons, (b) spheres, and (c) needles deposited by MEE on Au/Si,
Ag/Si, and unpolished Si substrates, respectively. All results in weight %.
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