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Copper zinc alloys were electrodeposited in the form of thin films. Electrodeposition process was carried out
in non-cyanide aqueous medium, under constant current. Effect of pre-deposition ultrasonication of solution was
investigated. In other words ultrasonic treatment was applied only before the electrodeposition. Solutions were
subjected to high-energy ultrasonication for increasing times. Cyclic voltammetry was used to understand changes
occurring due to duration of ultrasonication. No ultrasonication was applied during deposition. Atomic composition
of resultant films were revealed by MP-AES. It was found that implementation of ultrasonic treatment before
electrodeposition affects CV characteristics, when compared to non-ultrasonicated solution. Atomic composition
of fabricated samples were found to be close to each other, some of them showing more deviation.
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1. Introduction

Metallic thin films are scientifically important materi-
als and find many technologic applications in industry.
Therefore fabrication and characterization of these ma-
terials are extensively studied. CuZn alloys have many
applications both in bulk and thin film forms. These
applications include protection against corrosion, use as
substrate material for film deposition, adhesive interlay-
ers, uses due to good mechanical properties and machina-
bility, decorative purposes etc. [1–9]. In addition, copper
and some of its other alloys are important materials for
research [10–12].

Another important property of CuZn alloy group is
shape memory effect. NiTi alloys are another important
group of shape memory materials [13]. Shape memory
effect can be described as material ability to change its
shape upon heating. Shape change may be preserved
upon cooling, which is called one way shape memory ef-
fect, or material can exist in different shapes at different
temperature intervals and can switch between these dif-
ferent shapes, which is called two way shape memory
effect [14].

Shape change during transformation is accompanied
by changes in physical and chemical properties. There-
fore, shape memory materials can be used as actuators
and sensors [15]. When shape memory materials are fa-
bricated in the form of thin films, they can be used as
micro-valves, micro grippers, micro actuators etc. They
can be integrated into silicon technology. Furthermore
they have a potential to be used in MEMS.

For thin films to be utilized in industry, it is im-
portant to be able to fabricate materials with required
physical and chemical properties, which is only possible
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through theoretical and experimental research. There
are many thin and thick film production techniques,
each with its own advantages and drawbacks [16–20].
Among these techniques, electrodeposition has advanta-
ges of non-vacuum fabrication, ability of production at
room temperature, aqueous deposition, low cost, versati-
lity etc.

Non-cynide solutions are preferred as deposition me-
dium because of environmental and health concerns.
Some researchers reported studies on electrodeposition
of CuZn alloys [21, 22] and some others underlined shape
memory property [23, 24]. Many researchers used ul-
trasound during electrodeposition of metallic materials
and metal matrix composites. Tudela et al. studied ul-
trasound assisted electrodeposition of nickel. They re-
ported that presence of ultrasound caused a preferred
orientation.

Grain refinement, together with work-hardening resul-
ted in harder Ni films [25]. Kim et al. used ultrasoni-
cation in electrodeposition of Cu/Al2O3 nanocomposite
thin films. They reported that ultrasound provides re-
duced agglomeration of nanoparticles and resulted in a
finer grained Cu matrix, resulting in better mechanical
properties [26].

In this study we research the effect of ultrasonication
time on solution properties and atomic composition of re-
sultant films. Ultrasonication was applied before deposi-
tion. In other words, electrodeposition was carried out in
non-ultrasonicated conditions. Ultrasonication is used to
generate cavitation in solution and change solution cha-
racteristics by applying high energy. It was considered
that type and/or amount of formed complexes may be
changed by this energy input, which will result in diffe-
rent deposition characteristics.

2. Experimental

Electrodeposition was carried out using a PAR-
STAT 2273 galvanostat/potentiostat, using an aqueous
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medium, at room temperature. Aluminum plates, with
dimensions of 2 × 2 cm2, were used as substrates. Sub-
strates were cleaned and activated by dipping into 1 M
NaOH solution and rinsing with distilled water. A pla-
tinum wire was used as counter electrode. Experimental
grade chemicals were used.

0.06 M CuSO4·5H2O and 0.1 M ZnSO4·7H2O were
used as metallic ion sources. 0.5 M trisodium citrate di-
hydrate (TSC Dihydrate) was used as complexing agent,
to form metallic complexes and to provide stability for
deposition.

Electrodeposition was carried out galvanostatically at
current density of 15 mA/cm2. Solutions were subjected
to ultrasonication before electrodeposition for 5–60 mi-
nutes. A Hielscher UP 200S type ultrasonicator was used
at a cycle time of 0.5. Ultrasonication was achieved by
directly dipping the ultrasound probe into the solution.
A non-ultrasonicated solution was used as reference for
comparison. Solution behaviors were examined using cy-
clic voltammetry between 0.6 V and −1.8 V potentials.
Films were peeled off from substrates and dissolved in
acidic medium to reveal atomic composition using MP-
AES. Solutions and samples are named according to ul-
trasonication period. For example U5 is the solution and
respective sample for 5 minutes of ultrasonication.

3. Results and discussion

Cyclic voltammetry (CV) is a widely used and powerful
tool in electrochemistry, which reveals solution behavior
and makes it possible to predict ideal conditions for elec-
trodeposition. Figure 1 shows CV graphs of four samples
which were selected as representative samples for CV,
which gives a comparison for non-ultrasonicated sample
(U0) and samples with minimum and maximum ultraso-
nication (U5 and U60), as well as average sample with 30
minutes of ultrasonication (U30). U30 sample has curled
and separated from substrate during deposition, which
has probably affected film properties.

This figure makes it possible to understand the over-
all effect of ultrasonication, covering a wide range of ul-
trasonication periods. It is observed that shape of CV
graph for reference solution (U0), which was not sub-
jected to ultrasonication, shows a relatively different be-
havior. Cathodic current, which indicates deposition of
metal ions onto the substrate, starts at more negative
potentials, compared to ultrasonicated samples.

Moreover cathodic current at −1.8 V maximum poten-
tial is lower than that of ultrasonicated solutions. Also,
shape of nose at maximum negative potential is narro-
wer than in other samples. Maximum cathodic current
for non-ultrasonicated sample is around −26 mA, while
5, 30, and 60 minute ultrasonicated samples all have a
35 mA current at −1.8 V potential.

Upon reversal of the potential towards the positive va-
lues, two peaks are observed at around −0.5 V and 0.1 V.
These two peaks are called anodic peaks and they refer to
peeling of the formed film layer. Two distinct peaks refer

to separate dissolution of Cu and Zn elements due to their
different reduction potentials. U0 sample shows relati-
vely low current values upon dissolution as well, which is
in compliance with lower cathodic current. Ultrasonica-
ted samples show very similar behaviors both in cathodic
and anodic current regions.

Figure 2 gives another comparison of ultrasonicated
samples for more detailed understanding of changes. Fi-
gure 2 consists of the data obtained from Fig. 1. That is
to say, ultrasonication period has made only small chan-
ges in CV graphs.

Figure 3 shows potential vs. elapsed time for non-
ultrasonicated sample as well for samples ultrasonicated
during 5, 30 and 60 minutes. It is observed that when
solution is subjected to ultrasonication before electrode-
position, there is a tendency for deposition at less ne-
gative potential values. This means that forming the
same current in solution needs less driving force, in other
words species in the solution are a bit more active than
in non-ultrasonicated ones. This effect is most visible in
30 minute ultrasonicated solution.

However, this tendency does not increase as time incre-
ases further, since 60 minute ultrasonicated solution has
shown a more negative potential profile, which is close to
that of non-ultrasonicated sample.

Fig. 1. Comparative CV graphs of samples with zero,
maximum, minimum and half-maximum ultrasonica-
tion.

Fig. 2. Comparative CV graphs of 10, 15, 20 and 45
minute ultrasonicated solutions.

Difference in behaviors of cyclic voltammetry and po-
tential vs time graphs may be attributed to type and/or
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Fig. 3. Potential vs. elapsed time graphs for electro-
deposition from non-ultrasonicated (U0), 5, 30, and 60
minutes ultrasonicated (U5, U30 and U60, respectively)
solutions.

amount of formed complexes in the solution, or some
other changes, which affect mobility of charged species.
This difference may be due to various reasons, such as
acidity, temperature, concentration of ions etc. In this
case it is attributed to ultrasonic treatment.

High energy applied by ultrasonication causes some
changes in solution equilibrium. However it is seen that
ultrasonication period does not have significant effect on
shape of CV graph.

Some researches have focused on examining the types
and amount of complexes formed in Cu and Zn soluti-
ons in which tri sodium citrate is used as the complexing
agent. Sangmin Shin et al. reported a study focusing
on reduction potentials of Cu and Zn, with and without
citrate addition [27]. They studied reduction potenti-
als and sodium citrate complexes of these two elements.
They reported that at pH values up to 4.5, H3Cit is abun-
dantly present because of its stability, it does not make
complexes with metal ions. When solution pH is incre-
ased, H2Cit−, HCit2− and Cit3− show peak values at
around 4, 5.7, and 8 respectively. Beyond pH = 8.5 only
Cit3− is found to exist. They found that while CV of cop-
per showed a reduction peak at −0.1 V (vs. Ag/AgCl),
when no citrate was added, this peak disappeared and a
new peak formed at −0.8 when sodium citrate was added.

S.J. Kim et al. reported that in the pH =
5.8 − 6.5 interval, depending on Cu concentration,
(Cu2Cit2(OH)2)4− is reported to be the most stable com-
plex species in solution and it suppresses the direct re-
duction of Cu from the electrolyte [28].

Sangmin Shin et al. conducted a similar study for zinc
as well. They reported that at pH = 4.7, Zn(Cit)4−2 is the
most stable complex species, but H2Cit2− and HCit2−
ions coexist and the reduction of Zn is easier than at high
pH. Broad peaks at −0.7 V were observed, which means
that the reduction potential of Zn from citrate complex
is increased. In brief, use of trisodium citrate makes co-
deposition of copper and zinc possible by bringing their
reduction potentials close to each other.

Chemical composition of samples was revealed by MP-
AES method. Table I gives ultrasonication time vs film
composition data. It is seen that chemical composition
seems to be not so much affected by ultrasonication and
there is no clear correlation between ultrasonication time
and chemical composition of resultant samples. U15 and
U60 have the lowest and the highest amount of copper
with 35% and 48%, respectively. All other samples have
Cu compositions in 42–45% interval. Difference in che-
mical composition can again be explained by the type
and/or amount of complexes in the solutions.

TABLE I

Chemical composition of thin films.

Sample Zn [ppm] Cu [ppm] At.%Cu
U0 4240 3380 44
U5 3680 3010 45
U10 6480 4950 43
U15 6450 3490 35
U20 4060 3120 43
U25 6090 4980 45
U30 9090 7440 45
U45 9510 6870 42
U60 7290 6660 48

4. Conclusions

CuZn alloy films were fabricated from aqueous citrate
solutions. Sulphates of Cu and Zn were used as ion sour-
ces. TSC was be used as a complexing agent. It was
aimed to change solution equilibrium conditions by ap-
plying high energy ultrasonication, which was considered
as a tool to obtain films with different properties. CV re-
sults show that both anodic and cathodic current values
are lower for non-ultrasonicated solution, compared to
ultrasonicated ones. Furthermore shapes of CV curves
show some differences between non-ultrasonicated refe-
rence sample in comparison to all of the ultrasonicated
ones. CV graphs of ultrasonicated samples are similar to
each other, regardless of ultrasonication period. Chemi-
cal compositions of samples are close to each other, and
are around 44 at.% Cu, with extremities of 35% and 48%
for 15 and 60 minutes ultrasonicated samples, respecti-
vely. Differences in CV graphs and chemical composition
of samples may be attributed to type and/or amount of
equilibrium complex species, formed in solutions, or some
other changes which affect the mobility of charged spe-
cies.
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