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Abstract Nano- (30–60 nm) and submicron

(100–350 nm) ZnO particles were synthesized using

solvothermal method at 200 �C from an ethanolic

solution of zinc acetate dihydrate, applying different

reaction conditions, i.e., pH value of precursor and

time of the reaction. The X-ray diffraction (XRD),

field emission scanning electron microscopy (FE-

SEM), transmission electron microscopy (TEM),

UV–vis diffuse reflectance (DR), Raman spectros-

copy, and photoluminescence (PL) spectroscopy

have been employed for characterization of

synthesized ZnO powders. It was shown that the

structural, morphological, and optical properties are

largely determined by reaction conditions during

solvothermal synthesis. The particle crystallinity

improves with the decrease of pH value and/or the

increase of time of the reaction. The Raman and PL

spectra analyses indicate that the oxygen interstitials

are dominant intrinsic defects in solvothermally

synthesized ZnO powders. It was observed that

concentration of defects in wurtzite ZnO crystal

lattices slightly changes with the variation of pH

value of the precursor and time of the solvothermal

reaction. The correlation between structural ordering

and defect structure of particles and corresponding

growth processes was discussed.

Keywords ZnO � Nano- and submicron particles �
Solvothermal synthesis � Growth mechanism �
Structure ordering � Photoluminescence

Introduction

Zinc oxide (ZnO) is a wide band gap (Eg = 3.37 eV at

room temperature, near-UV spectral region) semicon-

ductor with high exciton binding energy (60 meV)

enabling persistence of excitonic emission processes

at or above room temperature (Mang et al. 1995). It has

great potential for various applications, such as UV-

light emitters, photocatalysts, surface acoustic wave
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devices, piezoelectric transducers, optical waveguides

(Nickel and Terukov 2005; Jagadish and Pearton

2006), etc. Various properties and prospects for

application of ZnO powders depend on crystal struc-

ture, morphology, and defect structure of ZnO parti-

cles. Optical and electronic properties largely depend

on types and concentration of defects in ZnO crystal

lattice. Consequently, the defect structure of the lattice

must be controlled, and that includes optimization of

the synthesis conditions. The processes taking place

during particle growth are responsible for structural

and morphological properties of the ZnO powders, but

also have an influence on defect structure.

ZnO usually exhibits UV emission commonly con-

sidered as the near-band-edge emission or the exciton

recombination emission and visible emission bands

attributed to the intrinsic or extrinsic defects in ZnO (Cai

et al. 2012). The oxygen vacancies (VO), zinc vacancies

(VZn), interstitial oxygen (Oi), and interstitial zinc (Zni)

were intrinsic defects responsible for visible emissions

at different wavelengths in ZnO. Despite many years of

investigations, the explanations for visible photolumi-

nescence emissions are still controversial because the

behavior of the defects has not been completely

understood (Djurišić and Leung 2006).

In our previous investigations (Luković Golić et al.

2011; Luković Golić et al. 2012), we have shown that

the morphology of nano- and submicron ZnO powders

could be controlled by adjusting the solvothermal

reaction conditions because these conditions define

the growth mechanisms, responsible for the properties

of the ZnO powders. In the present article, special

attention was paid to correlation between defect

structure and the solvothermal reaction conditions. It

was found that pH value of precursor and time of the

reaction at given temperature largely affect structural,

microstructural, and optical properties, as well as the

type and concentration of defects.

Experimental

Sample preparation

The following chemicals were used in solvothermal

syntheses: zinc acetate dihydrate Zn(CH3COO)2�2H2O

(Sigma Aldrich, 99.99 %), absolute ethanol (Sigma

Aldrich, C 99.5 %), lithium hydroxide monohydrate,

LiOH�H2O (Sigma Aldrich, 99,95 %).

The precursor for the solvothermal treatment was

prepared using the modified Spanhel method (Spanhel

and Anderson 1991). Solution of zinc acetate in

absolute ethanol (0.1 mol dm-3) was refluxed at

80 �C for 3 h under magnetic stirring. After natural

cooling, the pH value was adjusted using

0.8 mol dm-3 LiOH solution in deionised water.

Prepared solution with defined pH value was placed

in a Teflon-lined, stainless-steel autoclave reactor

from Roth Karlsruhe (Tmax = 300 �C, Pmax = 300

bars) where control of temperature and pressure is

possible. The solvothermal syntheses were realized at

200 �C during the different reaction times (2, 4, 10,

and 24 h) and pH values of the precursor (8, 10, and

12). The products of solvothermal treatments were

washed with deionised water and centrifuged

(3,500 rpm, t = 10 min). White powder was obtained

after drying at temperature of 80 �C.

Solvothermally synthesized ZnO powders are

assigned as shown in Table 1.

Sample characterization

The powders were analyzed using XRD, FESEM,

TEM, UV–vis DR, Raman spectroscopy, and PL

spectroscopy. XRD patterns were recorded by Riga-

ku� RINT 2000 diffractometer using Ni-filtered Cu

Ka radiation (k = 1.54178 Å). The lattice parameters

were calculated from the XRD data using the least-

squares method by the LSUCRI software (Garvey

1986). Morphology was examined by a FESEM using

JEOL JSM–7500F and TEM using JEM–2100 JEOL

microscope. The UV–vis DR spectra were recorded in

the wavelength range of 200–1,400 nm on the Shima-

dzu UV-2600 spectrophotometer equipped with an

integrated sphere. The reflectance spectra were

Table 1 The labels of ZnO powders obtained in solvothermal

syntheses at 200 �C under the defined conditions (time of the

reaction and pH value of the precursor)

Time of the reaction (h) pH value Assignation

2 12 P-2h-12

2 10 P-2h-10

2 8 P-2h-8

4 8 P-4h-8

10 8 P-10h-8

24 8 P-24h-8
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measured relative to a reference sample of BaSO4. PL

measurements were performed at room temperature

using Kr laser (k = 350 nm) as the excitation source.

Raman scattering measurements were performed

using Jobin–Yvon T64000 triple spectrometer,

equipped with a confocal microscope and a nitrogen-

cooled CCD detector. The average crystallite size is

estimated as the arithmetic average of the crystallite

size values obtained using Scherrer equation for the

strongest diffraction peaks of wurtzite ZnO, labeled as

(100), (002), and (101).

Results

XRD

The XRD patterns of solvothermally synthesized ZnO

powders are presented in Fig. 1. The positions of

diffraction peaks in all powders coincide with the ZnO

wurtzite structure (JCPDS card No. 89-1397). The

intensities of XRD peaks of powders obtained from

highly basic precursors (P-2h-10 and P-2h-12) are

slightly smaller than the intensities of XRD peaks of

powders obtained from slightly basic precursors with

pH = 8.

The values of the lattice parameters (Table 2)

suggest that the structural changes in investigated ZnO

powders are very small. Deviations of lattice volume

(DV) from the value reported in JCPDS card No.

89-1397 did not exceed 0.65 %. It means that defect

structure is not expressed largely i.e., the occurrence

of the intrinsic defects leads to the small modifications

in the crystal lattice structure.

The full width at half maximum (FWHM) of the

diffraction peaks slightly changes depending on time

of the reaction, but this change is more pronounced

with the variation of the precursors’ pH value.

Furthermore, the average crystallite size can be

estimated, using the Scherrer equation, to be about

20 nm for the ZnO powders synthesized from highly

basic precursors and about 30 nm for ZnO powders

obtained from slightly basic precursors (Table 2).

FESEM and TEM analyzes

The FESEM images of ZnO powders characterized by

different pH values are presented in Fig. 2. The

powder P-2h-8 mostly consists of hexagonal, pris-

matic particles with diameters of 70–200 nm and

lengths of 100–200 nm. The powders P-2h-10 and

P-2h-12 contain rounded nanoparticles (size range,

30–60 nm), partly agglomerated. The ZnO particles

from these powders are more homogenous in size and

shape than particles from powder P-2h-8.

The TEM images of ZnO powders with pH = 8, in

which the time of the reaction was varied, are shown in

Fig. 3. The powder P-2h-8 contains prismatic parti-

cles, ranging in the above-mentioned size (Fig. 3a).

The TEM image of powder P-4h-8 shows that it

consists of hexagonal, prismatic particles (the diam-

eter ranges between 150 and 350 nm) arranged in the

same plane, but some of them show internal micro-

structure i.e., the small particles within the larger ones.

Figure 3c indicates coexistence of hexagonal, pris-

matic particles (the larger ones with diameter of about

250 nm and smaller ones with diameter between 50

and 100 nm) and small number of rod-like particles

(length less than 100 nm) in the powder P-10h-8.

Extension of time reaction to 24 h led to the formation

a large number of the rod-like particles (Fig. 3d)

(length ranges between 200 and 350 nm, diameters

less than 100 nm). HRTEM images of ZnO powders

P-4h-8, P-10h-8, and P-24h-8 (Fig. 4) point out the

shape and size of the dominant type of particles for

each powder. These results are in accordance with the

previous statements derived from TEM images.

Correlation between microstructure of the ZnO

powders and reaction conditions was already
Fig. 1 XRD patterns of the ZnO powders (Table 1) synthesized

by solvothermal reactions
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discussed in our previous article (Luković Golić et al.

2012) where we have concluded that pH value and

reaction time affect the shape and size of the ZnO

particles, considerably. Obviously, increasing of the

pH value from 8 to 10 and 12 leads to the change in the

shape, from regular hexagonal prisms to more rounded

shapes (Fig. 2). Additionally, the particles’ shape

changes from hexagonal prisms (P-2h-8, P-4h-8 and

P-10h-8) to rod-like forms (P-24h-8) with the exten-

sion of reaction time (Figs. 3, 4). The mean particle

size (Fig. 3) of these ZnO powders increases with the

extension of the reaction time.

UV–Vis DR spectroscopy analysis

The influence of the particle size and morphology on

the optical properties of ZnO was examined by UV–

vis DR spectroscopy. The direct band gap energies

(Eg) were calculated by the Kubelka–Munk method

from Tauc plot (Wood and Tauc 1972).

The UV–vis DR spectra of ZnO powders after

Kubelka–Munk transformation are shown in Fig. 5 as

a Tauc plot, which presents modified Kubelka–Munk

function [F(R)hm]2 versus photon energy, hm. The

values of the direct band gap, Eg, (presented in

Table 3) were obtained as the point of intersection of

the tangent line on Tauc plot and the horizontal axis.

Band gaps for all ZnO samples are narrower than the

band gap of bulk ZnO at room temperature

(Eg = 3.37 eV). The experimentally determined val-

ues of energy gaps for ZnO powders slightly differ

from each other only on second decimal place. The

energy gap obtained for the ZnO powders with higher

pH values equals to 3.28 eV, and it ranges from 3.23 to

3.26 eV for the ZnO powders with pH = 8. Generally,

the width of the optical band gap depends on crystallite

size, morphology, and concentration of defects in the

crystal lattice (Dutta et al. 2009; Roth et al. 1982;

Kumar et al. 2013). The widening of the band gap

occurs due to quantum confinement effect which is

expected to be predominant for very small ZnO

crystallites (crystallite size less than 6 nm) (Lin et al.

2005). On the contrary, the presence of intrinsic

defects in lattice results in narrowing of band gap

(Šćepanović et al. 2011). Considering that all inves-

tigated ZnO powders contain relatively large crystal-

lites (C19 nm), we have supposed that the influence of

defect structure on band gap width is more pronounced

than the influence of quantum confinement effect.

Raman spectroscopy analysis

Raman spectra of the ZnO powders with varying pH

values or time of reaction are shown in Fig. 6a, c. All

observed Raman features in these spectra can be

ascribed to ZnO wurtzite structure, excepting the

mode at about 935 cm-1 which can be correlated to

residual, unwashed acetate groups (Luković Golić

et al. 2011).

Generally, the frequency, shape, linewidth, and

relative intensity of the ZnO Raman modes can give

information about disorder and defects in the crystal-

line structure of this material. The frequency and

linewidth of E2
high mode are very sensitive to the

presence of different kinds of intrinsic defects,

whereas the intensity ratio of the second to the first-

order LO Raman modes is indication of structural

disorder of ZnO crystal structure (Šćepanović et al.

2010).

In the Raman spectra of all ZnO powders under

examination, the E2
high mode is positioned at about

438.2 cm-1, with frequency variation within the

Table 2 The parameters of wurtzite crystal lattices for solvothermally synthesized ZnO powders (calculated using the LSUCRI

program) and average crystallite size (estimated by Scherrer equation)

ZnO powders a (Å) c (Å) V (Å3) DV (%) Crystallite

size (nm)

Card no. 89-1397 3.253 5.213 47.77 – –

P-2h-12 3.253 (1) 5.208 (3) 47.73 (4) -0.08 19

P-2h-10 3.252 (1) 5.207 (3) 47.70 (4) -0.15 19

P-2h-8 3.2496 (5) 5.205 (1) 47.60 (1) -0.36 27

P-4h-8 3.2469 (9) 5.198 (2) 47.46 (3) -0.65 31

P-10h-8 3.255 (1) 5.213 (2) 47.84 (3) ?0.15 29

P-24h-8 3.257 (2) 5.224 (4) 48.00 (6) ?0.48 29
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experimental error, as shown in Fig. 6b, d. This value

is very close to the frequency of E2
high mode in ZnO

bulk crystal (438 cm-1 (Cusco et al. 2007)). However,

linewidth of this mode in all investigated ZnO

powders is greater than the mode width in ZnO bulk

(6.5 cm-1 (Cusco et al. 2007)) and varies with pH

value and time of reaction. The E2
high mode broadness

from 8.3 cm-1 (P-2h-8), over 8.9 cm-1 (P-2h-10), to

9.4 cm-1 (P-2h-12) with the increase of pH value from

8 to 12, as shown in Fig. 6b. On the contrary, the width

of E2
high mode decreases from 8.3 to 7.1 cm-1 with the

increase of the reaction time from 2 to 24 h (Fig. 6d).

The dependance of the intensity ratio of the second

to the first-order LO Raman modes, I2LO/I1LO, on the

pH value and synthesis duration is presented in

Fig. 6b, d, respectively. These figures clearly show

that I2LO/I1LO ratio decreases with the pH value

increase and increases with extension of reaction time.

PL spectroscopy analysis

The room temperature PL spectra of ZnO powders

excited by 350 nm (3.54 eV) line of krypton-ion laser

are shown in Fig. 7. Precisely, Fig. 7a, b displays PL

spectra of ZnO powders related to the different pH

values of the precursor and different times of the

reaction, respectively. All recorded PL spectra are

fitted on sum of two Gaussian peaks, the orange one

and the green one, in all recorded PL spectra,

excluding the case of powder P-24h-8 which contains

additional small UV emission band. The intensities of

orange and green peaks enhance with the increase of

the pH value from 8 to 12, and they have maximal

values in the powder P-2h-12. On the contrary, the

lowest intensity of the PL peaks in visible range has

been observed in the powder P-24h-8, which had the

longest time of the reaction.

The energies that correspond to the maxima of the

orange (Eorang) and green (Egreen) PL emission, as well

as the difference between those energies and the

values of the energy band gap (Eg) for all investigated

samples are presented in Table 3.

The position and intensity of emission peaks in PL

spectra provide partial insight into the defect structure

of crystal lattice of the ZnO powders. The variation of

the PL intensities indicates the variation of intrinsic

defects’ concentration. However, many different

opinions about origin of visible PL emissions were

presented in literature, and various types of defects,

responsible for the same colored emission, were

reported. In regard to the orange emission, some

authors (Djurišić et al. 2006; Greene et al. 2003; Sim

et al. 2007; Shim et al. 2003) mutually agree in the

opinion that orange emission appears in oxygen-rich

ZnO samples. The excess oxygen in ZnO samples

usually places in interstitial position of crystal lattice

Fig. 2 FESEM images of the ZnO powders: a P-2h-8, b P-2h-

10, and c P-2h-12
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(Studenikin et al. 1998; Panigrahy et al. 2010).

Oxygen interstitials (Oi) exist either as electrically

inactive, Oi
0, in P-type ZnO materials or as deep

acceptors at octahedral interstitial site, Oi
2-(oct), in N-

type ZnO materials (Janotti and Van de Walle 2007).

The energies of the orange emission for all solvother-

mally synthesized ZnO powders are ranging from 2.02

to 2.07 eV (see Table 3).

On the other side, the energies of the green emission

of synthesized ZnO powders are ranging from 2.34 to

2.46 eV (see Table 3). The origin of the green PL

emission, as the most commonly observed defect

emission in ZnO nanostructures, is quite controversial.

In the recent studies (Ghosh et al. 2013; Motaung et al.

2014; Panigrahy et al. 2010), this emission is associ-

ated with singly ionized oxygen vacancies VO
? and/or

zinc vacancies VZn, located mainly on the ZnO

surface.

Discussion

Obviously, different conditions of solvothermal syn-

theses have an influence on the structural and optical

Fig. 3 TEM images of the ZnO powders: a P-2h-8, b P-4h-8, c P-10h-8, and d P-24h-8

Fig. 4 HRTEM images of the ZnO powders: a P-4h-8, b P-10h-8, and c P-24h-8
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properties of ZnO powders. The size, shape, and defect

structure of solvothermally synthesized ZnO particles

were determined largely by corresponding growth

mechanism which is highly dependent on temperature,

time of the reaction, and pH value of the precursor.

The intensity ratio of the XRD peaks (Fig. 1) for

ZnO powders indicates that the degree of crystallinity

decreases with the increase of pH value from 8 to 10

and 12. The Scherrer analysis shows the average

crystallite size, also, decreases when the precursor

became highly basic, but it is not less than 19 nm.

The slight differences between values of energy gap

of ZnO powders (Table 3), derived from UV–vis DR

spectra analysis, most likely originate from defective

structure and morphology. There is no apparent trend

in the change of energy gap width by varying pH value

and time of the reaction. It can be explained by partial

compensation of two opposing effects: the band gap

narrowing induced by the presence of intrinsic defects

and band gap widening due to particle size reduction,

knowing that in our ZnO powders, decreasing of the

particles’ size is accompanied by increasing of defect

concentration. Considering that all band gap widths

are less than band gap width of bulk (3.37 eV), we

believe that the influence of defects in ZnO lattice is

dominant for all synthesized ZnO powders.

Increase of the E2
high linewidth and decrease of the

Raman modes intensity ratio, I2LO/I1LO, (Fig. 6b)

unambiguously point to increasing of structural

disorder and defect concentration with the increase

of pH value. On the other side, decrease of the E2
high

linewidth and increase of I2LO/I1LO intensity ratio

(Fig. 6d) indicate improvement of structural ordering

and decrease of defect concentration with extension of

time of solvothermal reaction. The lack of any

significant E2
high frequency shift (Fig. 6b, d) indicates

that defects present in the synthesized powders do not

cause decrease of correlation length in ZnO crystal

lattice. This can be an indication that oxygen vacan-

cies are not dominant type of intrinsic defects in the

crystalline structure of synthesized ZnO powders,

because great concentration of such defects should be

accompanied by E2
high frequency redshift due to

decrease of correlation length (Šćepanović et al.

2010).

Knowing that the solvothermal syntheses occur

under elevated pressure and temperature in the sealed

tank, where all products of the reaction were trapped in

the vessel, we can consider that these conditions were

suitable for the creation of various types of intrinsic

defects in ZnO lattice. The large width of the PL peaks

also points to the presence of different intrinsic

defects. However, it is expected that the defects

inherent to the oxygen-rich conditions dominate in the

air atmosphere of the autoclave. Interstitial oxygen, as

a shallow acceptor energy level (Wang et al. 2007),

Fig. 5 Tauc plots of ZnO powders synthesized in solvothermal

reactions

Table 3 The values of the energy band gap (Eg) and the

energy values that correspond to the maxima of the orange

(Eorang) and green (Egreen) PL emission peaks for solvother-

mally synthesized ZnO powders. The differences between Eg

and Eorang (Egreen) are also listed

ZnO

powders

Eg

(eV)

Eorang

(eV)

Egreen

(eV)

Eg–Eorang

(eV)

Eg–Egreen

(eV)

P-2h-12 3.28 2.02 2.34 1.26 0.94

P-2h-10 3.28 2.02 2.40 1.26 0.88

P-2h-8 3.25 2.05 2.42 1.20 0.83

P-4h-8 3.23 2.04 2.44 1.19 0.79

P-10h-8 3.24 2.07 2.46 1.17 0.78

P-24h-8 3.26 2.03 2.43 1.23 0.83
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has significant impact on the occurrence of dominant

(orange) PL emission, whereas the zinc vacancies, as a

deep acceptor energy level (Mhlongo et al. 2014),

mostly contribute to the less pronounced (green)

emission. Weak UV emission at about 3.10 eV, which

can be ascribed to the near-band-edge emission of the

wide band gap of the ZnO resulting from the

recombination of excitons (Wu et al. 2006), is present

only in PL spectrum of powder P-24h-8 and confirms

its good crystalline quality.

Inserting of oxygen in the interstitial positions of

the crystal lattice generates the displacement of some

atoms from their regular positions. Consequently,

slight changes of unit cells’ volume can be observed

due to the presence of oxygen interstitials. According

to the first-principles study of the electronic structure

of native point defects in ZnO (Janotti and Van de

Walle 2007; Janotti and Van de Walle 2009), it was

found that Oi–Zn distances are almost equal to d0 (d0 is

the equilibrium Zn–O bond length along the c-axis).

Concurrently, the presence of zinc vacancies results in

large increase in the distance Zn–O and equals to 1.1

d0. Relatively small values of unit cell volume change

(DV) for all investigated ZnO powders (Table 2) are in

Fig. 6 (Color online)

Raman spectra of

solvothermally synthesized

ZnO powders obtained by

varying the pH value (a) and

time of the reaction (c).

Experimental spectra filled

circle are fitted on sum

(thick line) of Lorentzian

functions (thin line).

Dependence of the

frequency open square and

FWHM open circle of E2
high

Raman mode and intensity

mode ratio I2LO/I1LO open

diamond on the pH value

(b) and time of the reaction

(d) of ZnO powders. The

error bars correspond to the

standard errors of the

parameters in the fitting

procedure, superimposed on

the experimental error

(±0.2 cm-1) for the E2
high

mode frequency
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agreement with our assumption that oxygen intersti-

tials are dominant intrinsic defects in solvothermally

synthesized ZnO powders.

We have already noticed (Luković Golić et al.

2012) that the growth mechanisms significantly differ

depending on the precursor pH value. Crystal-growth

process in the cases of pH value equal to 10 and 12

includes rapid nucleation (due to the high concentra-

tion of OH- ions) and particle growth (via complete

dissolution process of Zn(OH)2 due to OH- ions)

which result in small, rounded ZnO particles. A large

number of nucleation centers cause more pronounced

defective structure for powders P-2h-10 and P-2h-12

than for powders obtained from the slightly basic

(pH = 8) precursors. This assumption is also in

accordance with the results of Raman and PL spectra

analyses which indicate that the powders obtained

from highly basic precursors have the lowest crystal-

linity and the largest deviation from the regular crystal

structure.

The growth mechanisms responsible for the for-

mation of powders from the slightly basic precursors

(pH = 8) and during the prolonged time of the

reactions include the processes of dissolution/recrys-

tallization and oriented attachments. According to the

results of TEM and Raman spectra analyzes, we

concluded that these processes lead to the formation of

well-defined, hexagonal shapes accompanied by the

improvement of crystal lattice ordering when the time

of reaction ranges from 2 h to 10 h. The rod-like

particles were formed during 24 h owing to the

dominant growth rate along {001} direction in wurtz-

ite ZnO crystal. On the other hand, the intensities of PL

emissions mainly indicate the improvement of crys-

talline quality with increase of the reaction time. Only

for the sample P-10h-8, we obtained PL emission

intensities higher than for the samples with shorter

reaction time (P-4h-8 and P-2h-8). Enhanced PL

emission for this sample may be related to the

coexistence of particles with different shapes and

sizes, indicating the coexistence of different growth

mechanisms (oriented aggregation, preferential

growth along C-axis) (Luković Golić et al. 2012). In

our opinion, such a situation was more favorable for

the creation of intrinsic defects. Finally, all experi-

mental analyzes of the powder P-24h-8 gave results

which indicate the same conclusion—this powder has

the most regular crystal lattice with the minimal

concentration of the intrinsic defects. This may be

related to the dominant growth process—preferential

growth along the C-axis which results in large number

of rod-like particles and the smallest concentration of

defects in crystal lattice. It is obvious that extension of

time reaction favors the longitudinal growth along the

direction of polar planes of wurtzite crystal. The

growth pattern, inherent for ZnO wurtzite lattice,

Fig. 7 (Color online) PL

spectra of ZnO powders

open circles–experimental

points, dash-dot lines–

Gaussian peaks, red solid

lines–fitting curves for PL

spectra
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provides the microstructure with the least free energy

of powder system, determined by conditions of the

reaction. It can be supposed that a great extension of

the reaction time under specified conditions causes the

formation of ZnO particles characterized by the

highest crystallinity degree and the lowest defect

concentration due to preferential growth.

Conclusion

The morphology, particle size, and defective structure

of solvothermally synthesized ZnO powders could be

modified by varying the temperature, time of the

reaction, and pH value of the precursor. Different

conditions of reactions influence the processes taking

place during particles growth. Structural characteriza-

tions (XRD, Raman spectroscopy, and PL spectros-

copy) confirmed that concentration of defects slightly

enlarges as pH value of the precursor increases from 8

to 12. Prolongation of the reaction time in slightly basic

precursors results in the improvement of the crystal-

linity. The ZnO powder with the most ordered structure

and the least concentration of defects was synthesized

during 24 h at 200 �C. Raman and PL spectra analyses

suggest that oxygen interstitials most likely represent

the dominant type of defects in wurtzite lattice of

solvothermally synthesized ZnO powders.

We have shown that conditions of solvothermal

syntheses determine the structural, morphological, and

optical properties of ZnO powders, arising as a result

of the inherent growth mechanisms. Presented results

indicate that these properties of ZnO particles are

mostly dependent on pH value of the precursor due to

substantial differences in the type of growth processes.
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