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EFFECT OF THE POLYMER TEMPLATE MODIFICATION  

ON THE STUCTURE AND PROPERTIES  
OF THE COPPER NANOTUBES EMBEDDED  

IN COMPOSITE TRACK-ETCHED MEMBRANES 
 

Abstract. This paper is devoted to the study of the preliminary oxidative modifica-
tion effects as well as activation and sensitization conditions of PET track etched mem-
branes (TeMs) on the structure of copper nanotubes (NTs) synthesized by the electroless 
deposition approach. The structure and composition of the synthesized composite mem-
branes was studied by advanced methods such as: UV-Vis spectroscopy, energy disper-
sive analysis, scanning electron microscopy, X-ray diffraction and gas permeability. 

The catalytic activity of Cu/PET TeM catalysts obtained under various deposition 
regimes has been studied using the benchmark reaction of the p-nitrophenol (p-NP) 
reduction in the presence of the sodium borohydride. It was shown that the highest value 
of the constant rate of the p-NP reduction reaction was determined for the composites 
prepared in the modified and double activated PET TeMs.  

In the temperature range of 16-35 °C, the effect of temperature on the rate of the         
p-NP dehydrogenation reaction in the presence of composite catalysts based on copper 
NTs was studiedand the activation energy values were calculated. the lowest values of Ea 
were determined for samples synthesized in a matrix of unmodified and simple activated 
PET TeMs. 

Keywords: copper nanotubes, electroless template synthesis, oxidation pretreatment, 
track-etched composite membranes, p-nitrophenol reduction 

 

Introduction. Composite track-etched membranes (TeMs) with deposited 
nanotubes (NTs), nanowires (NWs) or nanoparticles (NP) form a new class of 
composite nanomaterials and are subject of investigation in various fields of 
membrane materials science. Literature data analysis shows that such composite 
membranes are a promising material for the development of lead-acid batteries, 
nanosized energy generators, high-sensitivity electrodes, elements of nano- and 
microelectronics, nanosensorics and photovoltaics, and magnetic devices [1–5]. 
Composite materials based on TeM s and NTs, NWs or NPs deposited by various 
methods have a large catalytically active specific surface, high mechanical 
strength, which allows them to be used for several consecutive reaction cycles 
without purification and activation. In most of the previously published works 
devoted to the study of the catalytic properties of the composite membranes a 
reduction reaction of p-nitrophenol (p-NF) is used [6,7]. The catalytic properties 
of monocomponent composites based on TeMs and gold NTs [8], AgNTs [9],            
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Pt NTs [10], Au [11] and Pd [12], composites of mixed composition of Ni-Co Ni-Co 
[13], Ag/Au [14]. Moreover, in a number of works the authors managed to 
achieve an increase in the activity of composite materials by carrying out a preli-
minary modification of the polymeric template [11,15]. However, despite the 
diversity of the types of studied composite membranes, a limited amount of data 
on the reduction ability of copper NTs in composites has been found in the 
literature, although a number of review articles [16,17] indicate a significant 
potential for using nanosized copper and its compounds in organic synthesis as 
effective catalysts. In addition, nanostructures (NSs) based on copper and its 
oxide forms are objects of close study due to their surprising properties in the 
nanoscale state[18].  

The purpose of this work is to study the effect of a preliminary oxidative 
modification of the activation conditions and sensitization of PET TM on the 
structure of copper NTs obtained by chemical deposition. It is of interest to con-
sider the change in the catalytic properties of Cu/PET TeMs composite catalysts 
obtained under different deposition regimes. 

 

EXPERIMENTAL 
 

Chemicals. Copper (II) sulfate pentahydrate, sodium potassium tartrate, 
sodium hydroxide, palladium chloride, p-nitrophenol (4-NP) and sodium 
borohydride (Sigma) and all the other chemicals were of the analytical or reagent 
grade and were used without further purification. 

Oxidation pretreatment of PET template. PET TeM samples were oxi-
dized in H2O2/UV system. Details of the method were described elsewhere [3]. 
Membranes were immersed in 300 mM H2O2 water solution at pH=3 (HCl) for 
180 min under UV irradiation at 254 nm. After oxidation the samples were 
washed twice in deionized water, dried in air at room temperature for 5 h.  

Determination of change in carboxyl groups on the surface of PET TeMs 
before and after oxidation was made according to the procedure were described 
elsewhere [4] using toluidine blue dye. The calculation is based on the assumption 
that 1 M of dye complexed with 1 M of carboxyl groups. 

Electroless template synthesis of copper NTs. TeMs were prepared from 
12.0 µm PET film by irradiation with+15Kr84 ions (energy = 1.75 MeV per nuc-
leon, fluence = 4107 ions/cm2) at the DC-60 heavy ion accelerator in Astana, 
Kazakhstan. Subsequently, the irradiated film was etched 4.0 min in 2.2 M NaOH 
solution at 85 ± 1°C. The pore size did not exceed 395±5 nm.  

Prior to electroless deposition (ELD) of copper, the PET template was 
exposed to activation and sensitization procedures [38]. On the first stage a 
sample of PET TeM was immersed in a solution containing 50 g/l of SnCl2 and 60 
ml/l of 37% HCl for 6 minutes, afterword it was thoroughly rinsed for 10 min 
under flowing warm water. At the next activation stage, the sensitized membrane 
was immersed for 6 min into solution of 0.1g/l of PdCl2 and 10 ml/l of HCl to 
provide formation of the thin layer of Pd nuclei and finally dried on the air [32]. 



ХИМИЧЕСКИЙ ЖУРНАЛ КАЗАХСТАНА 
  

 
100

To study the effect of activation treatment on the copper NTs deposition process, 
sensitization and activation stages were repeated twice for a series of sample. 

Deposition was carried out at the temperature of 10°C. The activated 
polymer matrix was immersed in a thermostated deposition solution 
(KNaC4H4O64H2O - 18 g/l, CuSO45H2O - 5 g/l, NaOH - 7 g/l) and carefully fi-
xed to avoid its expulsion by bubbles of evolved hydrogen. The desired pH = 12.45 
was adjusted by the addition of sulfuric acid. The copper deposition process 
started immediately after the addition of 0.13M formaldehyde, for all the regimes, 
the deposition time did not exceed 40 min. At the end of the ELD, the samples 
were washed in a 96% ethanol solution and in deionized water and dried in an 
inert atmosphere.  

Characterization. The structure of the copper NTs deposited in PET TeMs 
was investigated using a scanning electron microscope (SEM) JEOL JFC-7500F. 
Hitachi TeM3030 SEM equipped with a BrukerXFlash MIN SVE microanalysis 
system was used to elucidate the chemical composition of the resulting NTs.         
X-ray diffraction (XRD) measurements of the “as-prepared” composite membrane 
samples were obtained on a D8 Advance (Bruker, Germany). X-ray was gene-
rated at 40 mA and 40 kV and the scanning position ranged from 15-90˚ 2(θ). The 
crystal grain sizes were calculated using Scherrer equation.  

Catalysis. A sample of Cu NTs composite membrane of size 2×2 cm was 
immersed into the stirred reaction mixture of 10 ml of 7.8210-6 M 4-NP and the 
7.8210-3 M NaBH4 aqueous solution [5]. The reaction was monitored at a 
temperature of 25±0.1 °C every 5-7 minutes using UV-Vis spectrophotometer in 
the wavelength range 200-600 nm. All samples were tested 3 times. Pseudo-first 
order reaction rate constants were calculated by plotting ln(At/A0) versus time      
(At and A0 is absorbance at λ = 400 at time t and in t=0). The slope of the line of 
best fit in the plot gives the pseudo-first order rate constant. 

 

RESULTS AND DISCUSSION 
 

In this study, copper NTs deposition was carried out in etched (Etch-PET 
TM) as well as oxidized (OX-PET TeMs). Previously [21] was found that the 
treatment of PET TeMs in oxidation systems based on hydrogen peroxide allows 
to significant increase the concentration of terminal carboxyl groups. Within this 
study we have obtained modified PET templates with a concentration of termi- 
nal carboxyl groups on the surface and in channels of the membrane equal to        
14.9 ± 0.8 nM/cm2 (for only etched PET TM this value is 6.0 ± 0.1 nM/cm2). 

Determination of the synthesis optimal conditions is the quietly important 
issue due its impact not only on the structure of nanomaterials but also on pro-
perties. Thus, sensitization stage the adsorption of Sn2+ ions occurs on the surface 
and in the pore channels of the PETTeMs (figure 1).  

Further on the activation stage, Sn2+ acts as the reductant of Pd2+ ions after-
ward the formation of dense layer of nanosizedPdnanoparticles as a catalytic 
nuclei was observed.  
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ВЛИЯНИЕ МОДИФИКАЦИИ ПОЛИМЕРНОГО ТЕМПЛАТА  

НА СТРУКТУРУ И СВОЙСТВА НАНОТРУБОК МЕДИ  
В СОСТАВЕ КОМПОЗИТНЫХ ТРЕКОВЫХ МЕМБРАН 

 
Работа посвящена изучению влияния предварительной окислительной моди-

фикации и условий активации и сенсибилизации ПЭТФ ТМ на структуру НТ меди, 
полученных методом химического осаждения. Структура и состав синтезированных 
композитных мембран была изучена методами: УФ-спектроскопия, энергодиспер-
сионный анализ, растровая электронная микроскопия, рентгеновская дифракто-
метрия и метод газопроницаемости.  

На примере классической реакции восстановления п-нитрофенола (п-НФ) в 
присутствии боргидрида натрия была изучена каталитическая активность катали-
заторов Cu/ПЭТФ ТМ, полученных при различных режимах осаждения. Показано, 
что наибольшее значение константы скорости реакции восстановления п-НФ было 
определено для образцов композитов, полученных в модифицированных и дважды 
активированных ПЭТФ ТМ. 

В интервале температур 16-35 °C было исследовано влияние температуры на 
скорость реакции дегидрирования п-НФ в присутствии композитных катализаторов 
на основе НТ меди, на основании полученных данных были рассчитаны значения 
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энергии активации. Наименьшее значение Еа было рассчитано для образцов, синте-
зированных в матрице не модифицированной ПЭТФ ТМ. 

Ключевые слова: медные нанотрубки, синтез неорганических матриц, пред-
варительная обработка окислением, композиционные мембраны с трек-травлением, 
снижение п-нитрофенола 
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КОМПОЗИТТІ ТРЕКТІ МЕМБРАНАЛАР ҚҰРАМЫНДАҒЫ  

МЫС НАНОТҮТІКШЕЛЕРІНІҢ ҚҰРАМЫ МЕН ҚҰРЫЛЫСЫНА  
ТҮРЛЕНГЕН ТЕМПЛАНТТЫ ПОЛИМЕРДІҢ ƏСЕРІ 

 
Химиялық тұндыру əдісімен алынған мыснанотүтікшелерді (НТ) тотығу моди-

фикациясымен химиялық жауын шашын арқылы алынатын құрылымына ПЭТФ 
тректік мембраналарның (ПЭТФТМ) белсендірудің жəне сенсибилизацияның əсерін 
зерттеуге арналған. Синтезделген композиттік мембраналардың құрамымен құра-
мы: УК-спектроскопия, энергетикалық дисперсті талдау, сканерден өтетін электрон-
дық микроскопия, рентгендік дифрактометрия жəне газ өткізгіштігі əдістерімен 
зерттелді. 

Түрлі тұндыру режимдерінде алынған Cu/TM ПЭТФ катализаторларының 
каталитикалық белсенділігі натрий бор гидридінің қатысуымен п-нитрофенолды   
(п-НФ) азайту үшін классикалық реакцияны қолдану арқылы зерттелді. п-НФ 
төмендету реакциясының жылдамдық тұрақты константасының мəнінің ең жоғары 
мəні модификацияланған жəне екі есе актив тендірілген ТМПЭТФ алынған компо-
зит үлгілері үшін анықталған. 

16-35°C температурада мыс НТ негізделген композициялық катализаторлар-
дың қатысуымен п-НФ дегидрирленген реакциясының жылдамдығына температу-
раның əсері зерттелді жəне алынған мəндер негізінде активтендіру энергия мəндері 
есептелген. Синтезделген үлгілер үшін ТМПЭТФ модифицирленген емес матрица-
сында ең төменгі Еa мəндері есептелген. 

Түйін сөздер: бейорганикалық матрицаның синтезі, тотығудың алдын ала ем-
деуі, трек-өңделген композициялық мембраналар, р-нитрофенолды азайту. 
  




