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Electrochemical Synthesis of ZnO Nanoparticles
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The anodic behaviour of zinc was investigated in ethanol
solution containing LiCl and water. Zinc was polarised by
using cyclic voltammetry and chronoamperometry tech-
niques. During the course of the dissolution of zinc, a colloi-
dal suspension of ZnO nanoparticles was obtained in 0.1 M

LiCl/ethanol solutions that contain H2O. The suspension is
formed only if water is present, and the rate of the process
depends on the water content. Moreover, the concentration

Introduction

The interesting properties of zinc oxide have attracted the
attention of many researchers in recent times. This wide
band-gap semiconductor may have numerous possible ap-
plications, particularly in the form of thin films, nanowires,
nanorods or nanoparticles. It can be used in optoelectronic
and electronic devices,[1] as well as in the field of electro-
chemisty for the production of chemical sensors,[2] photo-
catalysts[3] and solar cells.[4] Very transparent ultrafine par-
ticles of ZnO are used in the production of sunscreens,
paints, varnishes, plastics and cosmetics, especially for the
blocking of broad UV-A and UV-B rays.

The microstructure and chemical properties of ZnO pow-
ders depend on the way in which they are synthesised. Until
now, various techniques have been used for the preparation
of ZnO particles, e.g. high-temperature hydrothermal syn-
thesis,[5–7] laser heating[8] or the high-temperature decompo-
sition method.[9] However, the high-temperature methods
are unfavourable because of high energy consumption. In
contrast to these processes, the solution-based route has re-
cently stimulated wide interest[10–13] because of the low tem-
peratures needed and the large-scale production of nano-
crystalline ZnO. Electrochemical methods have also been
employed in the synthesis of ZnO nanoparticles or
films.[14–18]

Numerous electrochemical studies of Zn in both aque-
ous[19] and nonaqueous[20–22] environments have been per-
formed because of the interest in Zn corrosion. Different
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of H2O directly influences the size of the particles. However,
there is evidence of a Zn5(OH)8Cl2·H2O admixture, which is
detectable in the precipitates obtained with a high concen-
tration of water. Polarisation of zinc under the given condi-
tions is a very simple method of producing ZnO nanopar-
ticles.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

proposed mechanisms[20,21,23] assume that Zn is dissolved
in a two-step process [Equation (1) and Equation (2)].

Zn � Zn+
ads +e (1)

Zn+
ads � Zn2+ + e (2)

where Zn+
ads, as an intermediate product, is adsorbed on

the metal surface. It is known that the intermediate product
is more stable in anhydrous, organic environments.

This paper presents the electrochemical studies of Zn in
a solution of LiCl in ethanol. The addition of water leads
to the synthesis of ZnO nanoparticles, the size of which can
be controlled by the water content.

Results and Discussion

Cyclic voltammetric investigations of zinc were first per-
formed in a LiCl/C2H5OH electrolyte. The anodic polarisa-
tion curves were recorded for solutions with different con-
centrations of Cl– ions, and the results are presented in the
Figure 1. From the curves obtained, one can distinguish the
first oxidation and the limiting current region (region I: be-
low –1.0 V) and the second oxidation and the active dissol-
ution region (region II: above –1.0 V).

The shape of the anodic curves is in agreement with the
general model, which is based on a two consecutive step
mechanism [Equations (1) and (2)]. The first oxidation of
Zn according to Equation (1) is visible as a hump below
–1.0 V. The anodic dissolution of zinc proceeds intensively
in region II, above –1.0 V, and coincides with the oxidation
of ZnI to ZnII and with the formation of soluble complexes
formed by the coordination of anions (X–) or ethoxy groups
according to the following reactions [Equation (3) and
Equation (4)].
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Figure 1. Polarisation curves of Zn obtained for different concen-
trations of LiCl in C2H5OH.

Zn Xads + 3X– � [Zn(X)4]2– + e (3)

Zn Xads + (n – 1)X– + (4 – n)OEt– �
[Zn(X)n(OEt)4–n]2– + e, for n � 4 (4)

Sparingly soluble ZnI salts, formed at the initial stage,
are introduced into the solution at potentials higher than
–1.0 V as easily soluble [ZnCl4]2–

sol or [Zn(Cl)n(OEt)4–n]2–
sol

complexes. After a longer polarisation time, the anodic sur-
face has visible traces of etching.

The influence of water on the anodic polarisation of zinc
in 0.1  LiCl/C2H5OH solution was also investigated. The
studies were performed with 0.1  LiCl solutions with 1%,
3%, 5% and 50% distilled water in ethanol, as well as with
0.1  LiCl in pure ethanol and pure distilled water. The
cyclic voltammetric results are shown in the Figure 2. The
addition of water causes a slight increase in the anodic cur-
rent density in region I and initiates the dissolution of zinc
in this region. The ZnI intermediate product is known to
have a reduced stability in the presence of water.[20] The
effect of water on the anodic dissolution process in region
II is weak. However, there is a change in the coordination
sphere of the anodic products in the presence of water.

Chronoamperometric polarisation was performed at po-
tentials of –0.6 V and –0.4 V for a series of electrolytes,
which were anhydrous or contained ethanol with 1%, 3%,
5% and 50% water. Finally, a solution of 0.1  LiCl in dis-
tilled water was investigated. For the anhydrous solution,
no precipitate was observed over 4 h of polarisation. In con-
trast, the solution of ethanol with 3% water started to loose
transparency after about 40 min of polarisation at a poten-
tial of –0.6 V. It then turned into a white colloidal suspen-
sion. We stopped the process after 4 h of polarisation. The
suspension was kept for 1 to 3 d, after which a white sedi-
ment precipitated. Chronoamperometric polarisation at
–0.4 V resulted in a faster dissolution process, the first signs
were already visible after 30 min.

The chemical composition of the obtained sediment was
determined by means of energy dispersive X-ray analysis
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Figure 2. Influence of the concentration of water in 0.1  LiCl/
C2H5OH solutions on the Zn polarisation curves.

(EDX) and X-ray diffraction. EDX studies indicated the
presence of Zn, O, C and Cl. The concentration of Cl that
was present in the solution decreased after rinsing in etha-
nol. A sample EDX study for the rinsed precipitate ob-
tained at a polarisation at –0.6 V for the solution containing
50% H2O revealed the following molar concentrations
of substances: (36.8�3.2)% Zn, (59.2�1.6)% O and
(3.9�0.37)% Cl. X-ray diffraction studies (Figure 3)
showed that for low concentrations of water (3%) ZnO[24]

is obtained. At this H2O concentration, there is no clear
evidence of any spurious phase. In the case of high water
concentrations (50%), in addition to ZnO, another com-
pound was detected and identified as Zn5(OH)8Cl2·H2O, si-
monkolleite.[25] It is noteworthy that the diffraction peaks
for the samples with low concentrations of H2O are clearly
wider, which provides evidence for the presence of small

Figure 3. X-ray diffraction patterns recorded with Cu-Kα radiation
(λ = 1.54051 Å) for the precipitates obtained in the polarisation at
–0.6 V. The solutions contained 3% and 50% H2O. Standard peak
positions, intensities and indices are marked with black bars and
Z(hkl) for ZnO and with grey bars and S(hkl) for Zn5(OH)8Cl2·
H2O (simonkolleite).
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Figure 4. Morphology of the sediment obtained at –0.6 V, (a) inves-
tigated by TEM for the 1% H2O sample, (b) HRTEM for the 5%
H2O sample, (c) SEM for the 50% H2O sample and (d) SEM for
the pure water solution.
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particles in the sediment. The wavy background may also
be a symptom of very small precipitates.

Finally, we showed that the size of the produced particles
can be controlled by the water content in the solution. For
smaller concentrations of water, not only is the process
slower, but also the size of the obtained particles is smaller.
Figure 4 presents the SEM and TEM micrographs of the
morphology of the sediment prepared at –0.6 V. For the
solutions that contained smaller amounts of water (1%, 3%
or 5%), smaller nanoparticles were formed, which were ob-
served by TEM or high resolution TEM (HRTEM) (Fig-
ure 4a and b) but were too small to be visible by lower
resolution SEM. Figure 4b indicates that the size of the par-
ticles is roughly estimated to be between 5 and 20 nm. In
Figure 4b, atomic rows are visible, which indicates the dif-
ferent orientations of the grains. The TEM figures do not
show clearly that the particles are larger for the 5% H2O
samples than for the 3% and 1% H2O samples; however, it
was noticed that the precipitation of the sediment occurred
at a faster rate for the 5% H2O sample, which indicates the
larger average size of the grains. For the samples with
higher water content (Figure 4c and d), the particles be-
come considerably larger and are characterised by platelike
shapes. The SEM micrographs reveal that the particle size
for the 50% water sample is of the order of 1 µm, but for
the pure water solution, the grains are already a few mi-
crometers in size.

The fact that the observed process is realised uniquely
with a presence of water implies that water plays a special
role here. Hence, the following mechanism may be sug-
gested. The anodic products – ZnII chloride or alkoxide
compounds – should undergo hydrolysis in the presence of
water according to the following reaction [Equation (5)],
which leads to the formation of ZnO nanoparticles.

(5)

Another process that occurs in our experiment is the for-
mation of Zn5(OH)8Cl2·H2O, simonkolleite, which is well
evidenced at high water concentrations. This compound
may be synthesised in the presence of water, Zn2+ or ZnO
and Cl–.[26,27]

Conclusions

Potentiodynamic studies were performed on zinc, which
undergoes aggressive anodic dissolution in ethanol solu-
tions of LiCl salts in high potential regions (above –1.0 V).
Zinc oxide nanoparticles are formed in a 0.1  LiCl solu-
tion of ethanol containing water. The water concentration
directly influences the rate of the process and determines
the size of the produced nanoparticles. In addition, for
higher water contents, there is evidence of a Zn5(OH)8Cl2·
H2O admixture in the sediment.
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Experimental Section
Lithium chloride (LiCl �99.0%) was produced by Merck, anhy-
drous ethanol (99.8 %) from EUROCHEM BGD. The reagents
were used as received, without further purification. The disc-shaped
electrode was prepared from metallic zinc of purity 99.99% and
embedded in Teflon. The working surface was 0.5 cm2. Samples
were polished progressively from a 600 grit finish to a 1200 grit
paper. Before electrochemical treatment, the electrodes were
cleaned in anhydrous ethanol. Electrochemical measurements were
performed in a one-compartment glass electrochemical cell. The
experiment was performed under pure argon at room temperature.
The applied three-electrode system consisted of a zinc disc as the
working electrode, a platinum plate as the counter-electrode and
Ag/AgCl as a reference electrode. The values of the potential given
in this article refer to the Ag/AgCl electrode. The anodic properties
of zinc were investigated by using PGZ301 Voltalab potentiostat by
means of the potentiostatic and potentiodynamic technique. Po-
tentiodynamic polarisation sweeps of the working electrode were
realised at a rate of 1.0 V/min. Potentiostatic studies were per-
formed at –0.6 V and –0.4 V for 4 h. The investigations on the size,
morphology and composition of the obtained nanoparticles were
realised by means of TEM, EDX and electron diffraction by using
a Phillips CM20 TWIN microscope operating at 200 kV. SEM
studies were performed with a JEOL 5500 LV instrument. X-ray
diffraction of a precipitate was performed by means of a PANalyt-
ical X�Pert PRO diffractometer with the wavelength λ = 1.54051 Å
of Cu-Kα radiation.
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