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Abstract
The rapid growth of the market of electronic devices designed on the base of micro- and
nanoelectronic components requires novel unconventional approaches for nanostructures formation.
In this regard, ion-track technology, which allows forming nanostructures with a predetermined
geometry is very promising. The paper demonstrates a simple and scalable approach to the creation
of nanotubes based on pure zinc and its oxide. The main idea of the work is to determine the
possibility of controlling of the nanotubes morphology and composition by variation of the
deposition potential. In this concern, template synthesis of zinc-based nanotubes in the PET
template pores is carried out at potentials in the range from 1.25 to 2 V and a comprehensive study
of their structural and morphological features is provided.
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1. Introduction
Today, significant efforts of research groups are focused on synthesizing and studying the
properties of one-dimensional metallic materials such as nanotubes and nanowires [1–5]. They are
perspective for application in optoelectronics, photoelectrochemistry, catalysis, medicine, etc. One
of the most promising are Zn-based nanostructures, such as pure zinc and its oxide, which could be
used for production of nanostructures with various shape (nanowires, nanotubes, nanoparticles) [6–
10]. Also Zn-based nanomaterials have both metallic and semiconductor properties.
For Zn- and ZnO- based nanostructures formation are mainly used chemical vapor deposition, arc
discharge method, laser evaporation and template synthesis. The most attractive is the template
synthesis method due to scalability, sufficient degree of control and low cost [11–15]. The template
synthesis allows obtaining nanostructures with predetermined shape and dimensions. In papers [16–
19] the opportunity of Zn-bazed nanowires and nanotubes by electrodeposition in pores of anodic
aluminum oxide, silicon and polycarbonate templates. In our work [20] we shown the first results of
peculiarities of the template synthesis method of Zn-based nanotubes via electrochemical deposition
in ion-track membranes pores. We discovered the influence of structural and composition of
nanotubes on deposition potential. This fact pushed us for detailed studying of morphology and
structure of Zn-based nanotubes in a wider range of deposition potential.
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2. Methods
Track-etched polyethylene terephthalate (PET) membranes with thickness of 12 µm and nominal
pore density of 107 cm-2 and diameter of 400±10 nm was used as templates [21–23]. Zn-based
nanostructures were produced by template synthesis method via electrochemical deposition in
pores. Electrolyte composition was: ZnSO4·7H2O - 360 g/l; NH4Cl - 30 g/l; 3H2O·CH3COONa - 15
g/l; ascorbic acid - 120 g/l. To provide electrodepositing gold cathode layer was made by magnetron
deposition. Deposition was carried out at potentiostatic mode in the range of potentials from 1.25 to
2.0 V with a step of 0.25 V. Deposition time was controlled by chronoamperometric method on
Agilent 34410 system and the deposition process was discontinued in order to prevent nanotubes
overgrowing of template surface [24]. Characterization of structure was made by scanning electron
microscopy (SEM, Hitachi TM3030), energy dispersive analysis (EDA, Bruker XFlash MIN SVE)
at an accelerating potential of 15 kV, X-ray diffraction analysis (XRD, D8 ADVANCE) using Cu
Kα radiation. Diffractograms were recorded in the range of angles 2θ 30°-110° in steps of 0.01°.
3. Results and discussion
Zn-based nanostructures obtained after removal from PET have length 12 µm and diameters 400
nm, it corresponds to the template parameters. Fig. 1a-d show typical SEM images of Zn-based
nanostructures formed under different deposition conditions. The SEM images show shape as the
hollow tubes (Fig. 1e).
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Fig. 1. SEM images of Zn-based nanotubes synthesized at potentials:
(a) 1.25 V; (b) 1.5 V; (c) 1.75 V; (d) 2.0 V, (e) cleaved nanotube.
Nanotubes obtained at 1.25 and 1.5 V have surfaces with different impurities (Fig. 1а-b). At
deposition potential 1.75 V surface of nanotubes is smooth (Fig. 1c). With an increasing of the
synthesis potential up to 2.0 V, partial destruction of nanotubes is observed (Fig. 1d). At this
potential the growth process is rapid with considerable hydrogen evolution. Both facts (fast growth
and hydrogen evolution) lead to the formation of nanotubes with hollow structure with thin walls
[24], which are vulnerable to destruction. To determine the effect of the deposition potential on the
elemental composition EDA method was used (Table 1).
Table 1. Elemental composition of Zn-based nanotubes formed at different potentials.
Deposition
Atomic
potential, V
ratio
1.25
Zn73O27
1.50
Zn86O14
1.75
Zn100
2.00
Zn62O38
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As can be seen zinc oxide phase with an atomic ratio of Zn73O27 occurs as a result of the
deposition process at a potential of 1.25 V. With the increasing of deposition potential to 1.5 V, the
oxide phase decrease due to the predominance of Zn reduction potential above the formation of
ZnO phase. At deposition potential 1.75 V nanotubes consist of pure Zn. However, at 2.0 V a sharp
increase of oxygen content is observed. These results confirm the assumption of the effect of nonuniform growth of nanotubes on the oxide compounds appearance. To show the change in the
crystal structure and the formation of zinc oxides phase at different synthesis potentials, an XRD
analysis of nanotubes have been performed (Fig. 2).

Fig. 2. X-ray diffraction patterns of Zn-based nanotubes:
(a) 1.25 V; (b) 1.5 V; (c) 1.75 V; (d) 2.0 V.
Oxide phase of ZnO is present in the diffractogram at 37, 58, 68 degree (Fig. 2 a,b,d). With rising
of the deposition potential the decreasing of intensity of the peaks of ZnO phase is observed. ZnO
picks are not observed on the diffractogram at potential of 1.75 V, which corresponds to EDA data.
Thus, by electrochemical deposition it is possible to obtain nanotubes from pure zinc, without
impurities of oxide phases at a potential of 1.75 V. At the same time, at potential of 2.0 V there is
ZnO peaks sharp increasing, as well as Zn phase peaks decreasing. Using XRD for crystal structure
analysis hexagonal primitive crystal lattice is established. The lattice parameters a and c as well as
the average crystallite sizes have been calculated (Table 2).
The lattice parameters differ from the reference one (№ 04-0831: a = 2.665 Å, с = 4.947 Å) due
to the presence of a significant amount of oxygen in the structure. As can be seen from calculations
the increasing of deposition potential from 1.25 V to 1.75 V leads to decrease in the average
crystallite size from 41.52 nm to 16.22 nm. However, the increasing of the potential up to 2.0 V
provides dramatic change of the crystallite sizes to 65.13 nm, which is due to the presence of oxide
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compounds in the structure. Large amount of oxygen (around 40%) in the structure leads to
appearance of local degradation zones, which are determined by susceptibility to easily dissolution
in alkalies and acids media. In addition, fast uncontrolled deposition process at potential of 2.0 V
leads to walls thinning.
Table 2. Lattice parameters and the average crystallite size of Zn-based nanotubes formed at
different potentials.
Deposition potential, Lattice parameters,
The average
V
Å
crystallites size, nm
а = (2.6650±0.0008)
1.25
41.52±1.3
с = (4.9273±0.0050)
а = (2.6648±0.0009)
1.50
37.15±1.5
с = (4.9289±0.0053)
а = (2.6655±0.0006)
1.75
16.22±1.2
с = (4.9231±0.0045)
а = (2.6837±0.0011)
2.00
65.13±1.5
с = (4.9567±0.0011)
Conclusions
Zn-based nanotubes have been produced by template synthesis method via electrochemical
deposition in pores of PET templates. The morphology and structure investigations performed by
scanning electron microscopy, energy dispersive spectroscopy, X-ray diffraction analysis have
shown, that synthesized nanotubes have diameter of 400±10 nm and length of 11.5±0.5 µm. As a
result of studies of deposition potential influence on structural properties of Zn-based nanotubes
were established. At deposition potentials 1.25 and 1.5 V surfaces of nanotubes have impurities and
formation of the ZnO phase is determined. At deposition potential of 1.75 V nanotubes consist of
pure Zn without impurities and oxides. The increase of deposition potential up to 2.0 V provides
fast uncontrolled deposition process and formation of highly oxidized hollow structure of nanotubes
with fragile walls. Moreover, the increase of deposition potential leads to walls thinning. We have
shown, low cost and scalable template synthesis method allows production Zn and ZiO nanotubes
with controlling shape and size, which are prospective for using as catalysts or components of
flexible electronic elements.
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