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SYNTHESIS OF CU/CUO NANOSTRUCTURES 

 
 

Among the variety of synthesized nanostructures, a special place is occupied by Cu nanotubes, 
due to their physical-chemical and electrical properties, and also because of potential applications in 
microelectronics. In this paper, we present the results of studies of copper nanostructures synthesis in 
the form of hollow nanotubes obtained by electrochemical deposition in pores of template matrices 
based on polymer matrices at polyethylene terephthalate. Electrochemical synthesis in tracks of the 
template was carried out in potentiostatic mode at a voltage of 0.5 to 1.5 V. By controlling the 
deposition time, the difference in the applied potentials, the electrolyte temperature, we can change 
the geometric parameters of synthesized nanostructures. The electrolyte temperature was 25 - 50 °C. 
Morphology, crystal structure, element and phase composition of nanostructures were studied using 
the methods of scanning electron microscopy, energy dispersive and X-ray phase analysis. 
Dependences of the change in structural and conductive properties of synthesized nanostructures from 
the synthesis conditions are established. Optimal conditions for the synthesis of Cu/CuO 
nanostructures of various geometries (nanowires and nanotubes) that have potential applications in 
microelectronics are determined. 
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Синтез Cu/CuO наноструктур 
 

Среди разнообразия синтезированных наноструктур особое место занимают нанотрубки Cu 
из-за их физико-химических и электрических свойств, а также из-за потенциальных 
применений в микроэлектронике. В настоящей работе представлены результаты исследований 
синтеза медных наноструктур в виде полых нанотрубок, полученных электрохимическим 
осаждением в порах темплатных матриц на основе полимерных пленок из 
полиэтилентерефталата. Электрохимический синтез в треки темплатов проводился в 
потенциостатическом режиме при напряжении от 0,5 до 1,5 В. Контролируя время осаждения, 
разницу приложенных потенциалов, температуру электролита, мы можем изменить 
геометрические параметры синтезированных наноструктур. Морфология, кристаллическая 
структура, элементный и фазовый состав наноструктур были изучены с использованием 
методов сканирующей электронной микроскопии, энергодисперсионного и рентгенофазового 
анализа. Установлены зависимости изменения структурных и проводящих свойств 
синтезированных наноструктур от условий синтеза. Определены оптимальные условия для 
синтеза Cu/CuO наноструктур различной геометрии (нанопроволоки и нанотрубки), которые 
имеют потенциальные применения в микроэлектронике. 

Ключевые слова: наноструктуры, нанотрубки, матричный синтез, электропроводящие 
свойства, кристаллическая структура.  
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Cu/CuO наноқұрылымдардың синтезі 
 

Синтезделген наноқұрылымдардың алуан түрлерінің арасында физика-химиялық және 
электр қасиеттеріне, сондай-ақ микроэлектроникадағы әлеуетті қосымшаларға байланысты Cu 
нанотүтікшелері ерекше орын алады. Осы мақалада біз полиэтилентерефталат жасалған 
полимерлік пленкалар негізінде матрицаларды үлгілеуде электрохимиялық тұндыру арқылы 
алынған қуыстық нанотүтікшелер түріндегі мыс наноқұрылымдарының синтезін зерттеу нәти-
желерін ұсынамыз. Темплаттардың тректеріндегі электрохимиялық синтез потенциостатикалық 
режимде 0,5 - 1,5 В кернеуде жүргізілді. Тұндыру уақытын, қолданылатын потенциалдардағы 
айырмашылықты, электролиттің температурасын бақылау арқылы синтезделген наноқұрылым-
дардың геометриялық параметрлерін өзгерте аламыз. Наноқұрылымдардың морфологиясы, 
кристалды құрылымы, элементі және фазалық құрамы сканерден өтетін электронды микро-
скопия, энергодисперсті және рентгендік фазалық талдау арқылы зерттелген. Синтезделген 
наноқұрылымдардың құрылымдық және өткізгіш қасиеттеріндегі синтез жағдайында өзге-
рістердің тәуелділігі анықталды. Микроэлектроникадағы әлеуетті қосымшалары бар әртүрлі 
геометрияның (наносымдар және нанотүтікшелер) Cu/CuO наноқұрылымдарын синтездеудің 
оңтайлы шарттары анықталды. 

Түйінді сөздер: наноқұрылымдар, нанотүтікшелер, матрицалық синтез, электр өткізгіш 
қасиеттері, кристалды құрылым. 

 
 
Introduction 
 
Among the variety of synthesized 

nanostructures, a special place is occupied by Cu 
nanotubes, due to their physical-chemical and 
electrical properties, and also because of potential 
applications in microelectronics [1-5]. The method 
of electrochemical deposition for synthesizing 
nanostructures is distinguished. That makes it 
possible to control the morphology and structural 
properties of synthesized nanostructures. The use 
of porous matrices possesses high thermal and 
chemical stability enable to easily control the 
geometry of deposited nanostructures over large 
areas. Varying the synthesis conditions such as the 
electrolyte temperature or the potential difference 
leads to a change in the structural and conductive 
properties of nanostructures, this directly affects 
their potential application in the future [6-11]. 

In this paper, we present the results of studies 
of copper nanostructures synthesis in the form of 
hollow nanotubes obtained by electrochemical 
deposition in pores of template matrices based on 
polymer matrices at polyethylene terephthalate. 
Dependences of the influence of the difference 
between the deposition potentials and the 
temperature of the electrolyte solution on structural 
and conductive properties, the elemental 
composition, and the degree of crystallinity are 
presented. 

Experimental  
 
Track membranes were obtained of 

polyethylene terephthalate of «Hostaphan®» brand 
manufactured by Mitsubishi Polyester Film 
(Germany). The films were irradiated at DC-60 
accelerator of heavy ions (Kazakhstan) with 
accelerated krypton ions with an energy of 1.75 
MeV/nucleon and a fluence of 4×107 ion/cm2. The 
membranes were etched according to the standard 
double-sided etching technique in a solution of 2.2 
M NaOH at 85 ± 1 °C. The pore size according to 
gas porosimetry, and SEM was 380 ± 10 nm, the 
track length was 12 μm. 

Electrochemical synthesis in tracks of the 
template was carried out in potentiostatic mode at a 
voltage of 0.5 to 1.5 V. The electrolyte temperature 
was 25 - 50 °C. The composition of the electrolyte 
solution: CuSO4·5H2O (238g/l), H2SO4 (21g/l). The 
yield of copper by current from the sulfuric acid 
solutions of electrolytes is 100%. The growth of 
nanostructures was monitored by the 
chronoamperometry method with the "Agilent 
34410A" multimeter. Since the template PET 
matrices are dielectric, a layer of gold with a 
thickness of no more than 10 nm, which is further a 
working electrode (cathode) during electrochemical 
deposition, was deposited to create a conductive 
layer by magnetron sputtering in a vacuum. By 
controlling the deposition time, the difference in 
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the applied potentials, the electrolyte temperature, 
we can change the geometric parameters of 
synthesized nanostructures. All possible reactions 
associated with the synthesis process are listed 
below. 

CuSO4 → Cu+2 + SO4
-2 

Cu+2 + 2e → Cu(s) ↓ 
 
Copper sulfate dissociates into Cu+2 and SO4

-2 
ions in the first stage of electrolysis. Then Cu+2 
ions are reduced near the cathode to Cu(s), and a 
layer is formed behind the wall layer of the 
nanostructures in pores, repeating the template 
geometry. Because of the change in concentration 
of H+ ions during the synthesis, the pH of the 
solution can vary, which leads to uneven filling of 
the pores. To control pH of the solution, sulfuric 
acid H2SO4 was used, acting as a buffer to maintain 
the pH. 

Investigation of structural characteristics and 
elemental composition of nanostructures obtained 
before and after irradiation was carried out using a 
scanning electron microscope "Hitachi TM3030" 
with a microanalysis system "Bruker XFlash MIN 
SVE" at an accelerating voltage of 15 kV. X-ray 
diffraction analysis (XRD) was performed on a D8 
ADVANCE ECO diffractometer (Bruker, 
Germany) using CuKα radiation. The software 
BrukerAXSDIFFRAC.EVAv.4.2 and the 
international ICDD PDF-2 database were used to 
identify the phases and study the crystal structure. 

 
Results and Discussion 
 
Figure 1 shows SEM images of synthesized 

nanostructures under different synthesis 
conditions. 

Analysis of electronic images of synthesized 
samples showed that the synthesized nanostructures 
are hollow nanotubes whose height coincides with 
the thickness of the template matrix of 12 μm. The 
diameter of nanotubes corresponds to pore 
diameters of 380 ± 10 nm. It is seen that at a 
potential difference of 0.5 V, formation of 
continuous nanostructures in the form of nanowires 
is observed according to SEM images. In this case, 

an increase in the temperature of the electrolyte 
leads to the formation of cavities and loose areas in 
nanostructures. This can be caused by a non-
uniform deposition process. At potential 
differences of 1.0 and 1.5 V, the formation of 
hollow nanostructures in the form of nanotubes is 
observed. While an increase in the temperature of 
the electrolyte leads to a decrease in the wall 
thickness and growth height heterogeneity at an 
electrolyte temperature of 50 ° C for a potential 
difference of 1.0 V. For a potential difference of 
1.5 V, increase of electrolyte temperature leads to 
the formation of loose hollow nanotubes consisting 
of large nanoparticles. As can be seen from SEM 
images presented, an important is the difference in 
the process of forming the wall thickness is the 
applied potential difference and the electrolyte 
temperature. They directly depend on the rate of 
formation of metal ions and the rate of their 
diffusion in solution. The change in the difference 
between the applied potentials and electrolyte 
temperature affects the growth rate of 
nanostructures. A decrease in the wall thickness is 
observed during the growth process for large 
potential differences and electrolyte temperatures. 
This may be due to the rapid formation of nuclei of 
crystallites, from which nanostructures are formed. 
However, this process is accompanied by negative 
factors. With increasing current density due to the 
increase in the potential difference at electrodes 
during the growth of nanostructures, adsorption of 
hydrogen impurities, anions of salts, and also 
hydroxides is observed. Some of them deposited on 
the surface of template matrix, but some of the 
precipitate formed is included in the crystal 
structure of nanostructures growing in pores. 

X-ray phase and energy dispersive analysis 
methods were used to assess the effect of 
deposition conditions on the elemental composition 
and crystal structure. Table 1 presents the data of 
the elemental composition of synthesized samples. 
The reliability of the results was confirmed by 
taking spectra from five points along the surface of 
investigated sample, as well as obtaining the 
distribution maps of elements in the structure using 
the mapping method. 
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Figure 1 – SEM images of synthesized nanostructures under different synthesis conditions 
 

 
Table 1 – Elemental analysis of synthesized samples 

 
U,V 

             T,°C 25 50 

0.5 
Cu100 

Cu92O8 

1.0 Cu74O26 

1.5 Cu62O38 

 
As can be seen from the presented results at an 

electrolyte temperature of 25 °C, the synthesized 

nanostructures are single-component structures 
consisting of copper without impurities of oxide 
compounds. An increase in the temperature of the 
electrolyte to 50 °C leads to the formation of 
copper structures with oxide impurities in the 
structure. The presence of oxide compounds in the 
structure of nanotubes can be due to the rapid 
release of oxygen and hydrogen during the 
synthesis, while the oxide compounds can lead to 
partial amorphization of nanostructures. 

 
 

 
25°C 50°C

 
Figure 2 – XRD diffractograms of investigated samples of Cu nanostructures:  

1) 0.5 V; 2) 1.0 V; 3) 1.5 V 
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Figure 2 shows X-ray diffraction patterns of 
investigated samples. The diffraction patterns of 
investigated samples are characteristic for X-ray 
diffraction on polycrystalline nanoscale structures 
(broadened low-intensity peaks). The deviation of 
peaks of investigated samples from the 
symmetrical shape is observed with a change in the 
synthesis conditions, which indicates the presence 
in the structure of microarrays and deformation 
arising during the synthesis. Analysis of samples 
diffractograms made it possible to establish that the 
Cu nanostructures studied possess a polycrystalline 
structure with a fcc phase. 

The unit cell parameters for investigated 
samples were determined in processing the 
obtained X-ray diffractograms. The crystal lattice 
parameter was calculated using the Nelson-Taylor 
extrapolation function (4) [27]: 

 























 22 cos

sin
cos

2
1fа ,              (4) 

 
The value and error in determining a parameter 

are obtained by linear extrapolation of this function 
to the zero value of the argument (θ = 90 °). The 
average size of crystallites was determined by the 
Scherer equation. The results of the change in the 
main characteristics of the crystal structure for 
investigated samples are shown in Table 2. 

 
 

Table 2 – Data on changes in characteristics of the crystal 
structure 

 
U,V 
 

T,°С 

a,Å Crystallinity,  
% L, nm 

25 50 25 50 25 50
0.5 3.6052 3.6178 89 78 15.7 25.6
1.0 3.6131 3.6215 84 67 18.3 29.4
1.5 3.6141 3.6314 81 54 19.6 41.5

 
 
The change in FWHM of the main diffraction 

line (111) on X-ray diffraction patterns indicates a 
change in the degree of crystallinity of synthesized 
samples. When the lines on the diffractogram were 
approximated by the necessary number of 
symmetric pseudo-Voigt functions, the width of the 
registered FWHM lines was determined. It made it 
possible to characterize the perfection of the crystal 
structure and to assess the degree of crystallinity. 

The results of evaluation are presented in Table 2. 
As can be seen from the presented data, samples 
obtained at room temperature have the highest 
degree of crystallinity. When nanowires are 
formed, the crystallinity is the highest and is 89%. 
In turn, at a temperature of 50 °C and an increase in 
the potential difference from 1.0 to 1.5 V, a sharp 
decrease in the degree of crystallinity is observed, 
which is due to amorphous inclusions in the 
structure. In this case, the change in the intensity 
and shape of diffraction peaks can be caused by the 
imperfection of the crystal structure, as well as to 
the defects formed during the synthesis of 
nanotubes. The presence of first-order defects 
(point defects, dislocation loops, particles of a new 
phase) in the structure leads to a shift in the 
diffraction maxima, but they do not affect the 
broadening of the diffraction lines. Defects of the 
second kind (dislocations, accumulation of defects) 
cause broadening of the diffraction lines. 

The change in the intensities of diffraction 
peaks can be due to the change in the texture planes 
and the reorientation of crystallites. The texture 
coefficients were calculated according to the Harris 
formula (1) [12]: 

  


)(
)(1

)(
)()(

00 hklI
hklI

nhklI
hklIhklTC ,     (1) 

 
where I(hkl) is the experimentally obtained relative 
intensity; I0(hkl) is the relative intensity 
corresponding to a given plane according to the 
JCPDS base; n is the number of planes. The results 
are shown in Table 3. The texture coefficients 
greater than one point to the predominant 
orientation of the array of nanotubes along the 
corresponding directions, which implies an 
increase in the number of grains along these 
directions. The number of reflections (n) 
corresponds to the maximum value of texture 
coefficients. 

As can be seen from the presented data, a 
change in the deposition conditions results in a 
change in the texture coefficients and a 
reorientation of texture planes in nanostructures. In 
this case, an increase in the potential difference at 
an electrolyte temperature of 25 °C leads to the 
appearance of a distinguished texture direction in 
(111) plane. While at a temperature of 50 °C, an 
increase in the potential difference leads to a 
decrease in the texture coefficients and the absence 
of a specified texture direction. 
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Table 3 – Results of calculations of texture coefficients 

 
hkl TC(hkl)

T,°C 
    U,V 

25 50 

 0.5 1.0 1.5 0.5 1.0 1.5
111 1.1351 1.6411 1.8965 1.6737 1.3622 0.9853
200 1.1211 1.0872 0.5517 0.8636 0.7639 0.5311
220 0.5414 0.4673 0.3131 0.4316 0.2415 0.1135
311 0.4341 0.3461 - 0.2351 - -

 
 

  

 
Conclusion 
 
As a result of the study, Cu/CuO 

nanostructures with a diameter of 380 nm were 
synthesized using the electrochemical synthesis 
method. The influence of the potential 
difference and the electrolyte temperature on 
the change in structural and conductive 

properties, phase and elemental composition 
was studied. Dependences of the change in 
structural and conductive properties of 
synthesized nanostructures on the synthesis 
conditions are established. Optimal conditions 
for the synthesis of Cu/CuO nanostructures of 
various geometries (nanowires and nanotubes) 
that have potential applications in 
microelectronics are determined. 
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