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Abstract: The possibility of chemical modification of thermally-stable functional copolymers of 1-vinyl-1,2,4-triazole 
with vinyl acetate of various compositions synthesized under conditions of free-radical polymerisation in the pres-
ence of azobisisobutyronitrile was studied. Modification of the copolymers was carried out by alkaline hydrolysis; as 
a result, new copolymers containing vinyl triazole and vinyl alcohol units in the macromolecules were obtained. The 
structure, composition, physical and chemical properties of the copolymers were determined using elemental anal-
ysis, infrared spectroscopy and thermogravimetric analysis. With an increase in the number of vinyl alcohol units in 
the copolymer from 25 to 87 mol %, a nearly twofold reduction in the intrinsic viscosity of the copolymers was  
observed. The copolymers, which exhibit dielectric properties, are characterised by electrical conductivity of the 
order of 10-14–10-15 S/cm. According to thermogravimetric analysis data, the copolymers are resistant to thermo-
oxidative degradation up to 270–290 ºС depending on the composition. The introduction of a vinyl alcohol fragment 
into the structure of copolymer macromolecules contributed to the improvement of their fibre- and film-forming 
properties – that is, fibres and transparent elastic films with good adhesion to various metal surfaces can be formed 
from solutions of modified copolymers based on 1-vinyl-1,2,4-triazole. 
 

Keywords: copolymers, 1-vinyl-1,2,4-triazole, vinyl acetate, vinyl alcohol 
 

Acknowledgments: The studies were carried out with the financial support of the Russian Foundation for 
Basic Research (project No. 18-03-00168). The main results were obtained using the equipment of the Baikal 
Analytical Centre for Collective Use of the SB RAS. 
 

Information about the article: Received July 7, 2019; accepted for publication February 25, 2020; available 
online March 31, 2020. 
 

For citation: Prozorova GF, Kuznetsova NP, Korzhova SA Chemical modification of functional copolymers. 
Izvestiya Vuzov. Prikladnaya Khimiya i Biotekhnologiya = Proceedings of Universities. Applied Chemistry and 
Biotechnology. 2020;10(1):169–173. (In English) https://doi.org/10.21285/2227-2925-2020-10-1-169-173 
 

Химическая модификация 
функциональных сополимеров 
 

Г.Ф. Прозорова, Н.П. Кузнецова, С.А. Коржова 
 

Иркутский институт химии им. А.Е. Фаворского СО РАН, г. Иркутск, Российская Федерация 
 

Резюме: Исследована возможность химической модификации функциональных термостойких сополи-
меров 1-винил-1,2,4-триазола с винилацетатом разного состава, синтезированных в условиях свобод-
но-радикального инициирования в присутствии динитрила азобисизомасляной кислоты. Модификацию 
сополимеров осуществляли методом щелочного гидролиза, в результате получены новые сополимеры, 
содержащие в макромолекулах звенья винилтриазола и винилового спирта. Структуру, состав и физи-
ко-химические свойства сополимеров определяли с использованием методов элементного анализа,  
ИК-спектроскопии и термогравиметрического анализа. Установлено, что с увеличением количества 
звеньев винилового спирта в сополимере от 25 до 87 мол.% наблюдается уменьшение значений харак-
теристической вязкости сополимеров практически в два раза. Сополимеры проявляют диэлектриче-
ские свойства, характеризуются удельной электрической проводимостью порядка 10-14–10-15 См/см.  
По данным термогравиметрического анализа сополимеры обладают устойчивостью к термоокисли-
тельной деструкции до 270–290 °С в зависимости от состава. Введение фрагмента винилового спир-
та в структуру макромолекул сополимеров способствовало улучшению их волокно- и пленкообразую-
щих свойств, а именно: из растворов модифицированных сополимеров на основе 1-винил-1,2,4-триазола  
успешно формируются волокна и прозрачные эластичные пленки с хорошей адгезией на различных ме-
таллических поверхностях. 
 

Ключевые слова: сополимеры, 1-винил-1,2,4-триазол, винилацетат, виниловый спирт 



Prozorova G. F., Kuznetsova N. P., Korzhova S. A.  Chemical modification of functional… 

Прозорова Г.Ф., Кузнецова Н.П., Коржова С.А.. Химическая модификация функциональных… 

170 
 

КРАТКИЕ СООБЩЕНИЯ / BRIEF COMMUNUCATION 
 

  
 

 

Благодарности: Исследования выполнены при финансовой поддержке РФФИ (проект № 18-03-00168). 
Основные результаты получены с использованием оборудования Байкальского аналитического 
центра коллективного пользования СО РАН. 
 
Информация о статье: Дата поступления 07 июля 2019 г.; дата принятия к печати 25 февраля 
2020 г.; дата онлайн-размещения 31 марта 2020 г. 
 
Для цитирования: Прозорова Г.Ф., Кузнецова Н.П., Коржова С.А. Химическая модификация функ-
циональных сополимеров. Известия вузов. Прикладная химия и биотехнология. 2020. Т. 10. N 1. 
С. 169–173. https://doi.org/10.21285/2227-2925-2020-10-1-169-173 
 

INTRODUCTION 
N-vinylazoles and vinyl acetate are promising 

monomers for the development of new polymer 
materials having special physical and mechanical 
parameters and a wide range of valuable proper-
ties [1–13]. The radical copolymerisation of 1-vinyl-
1,2,4-triazole with vinyl acetate have previously 
been successfully used for synthesising new func-
tional copolymers of various compositions with 
triazole and acetate fragments in macromolecules, 
which have demonstrated good solubility (including 
water solubility), high thermal stability (up to 300–
325 °С), as well as dielectric and stabilising prop-
ertie [14–17]. 

The purpose of this study was to investigate 
the possibility of modifying the copolymers of 
1-vinyl-1,2,4-triazole (VT) with vinyl acetate (VA) 
using alkaline hydrolysis, as well as to explore the 
physical and chemical properties of the newly ob-
tained copolymers. 

 
EXPERIMENTAL 
Elemental analysis was performed using a 

Thermo Finnigan Flash EA 1112 analyser. The IR 
spectra were recorded on a Vertex 70 spectrome-
ter (Bruker, Germany). The intrinsic viscosity was 
measured by a Ubbelohde viscometer. Thermal 
analysis was performed using a Q-1500 thermo-
gravimetric analysis system (MOM, Hungary). 
Electrical conductivity was measured on a E6-13A 
teraohmmeter. VTs were synthesised according to 
the procedure proposed in [18]; vinyl acetate and 
azobisisobutyronitrile (AIBN) (Aldrich) were used 
without additional purification.  

Synthesis of copolymers. The copolymerisa- 
tion of VT with VA was carried out in sealed am-
pules in an argon atmosphere in ethyl acetate in 
the presence of AIBN (1% wt) at 60 °С for 2 h at 
different ratios of monomers. The copolymers were 
isolated by precipitation from DMF into acetone, 
washed with ethyl alcohol and dried in vacuum 
(40 °C, P2O5) until constant weight.  

Modification of copolymers by alkaline hydro-
lysis. 0.35 g of crushed and dried VT copolymer 
with VA was placed in a round bottom flask 
equipped with a mechanical stirrer, a refrigerator 

with a calcium chloride tube and a contact ther-
mometer. Next, a 2 % solution of NaOH in metha-
nol (6 ml) was added from a dropping funnel. The 
reaction was carried out at 60 °C for 3 hours until 
the formed gel turned into a powder. Modified co-
polymers were then isolated by centrifugation, 
washed three times with ethanol and dried in vac-
uum (40 °C, P2O5) to constant weight. The degree 
of hydrolysis was determined by the method pre-
sented in the work edited by Kurenkov V.F.1 

 
RESULTS AND DISCUSSION 
The copolymerisation of VT with VA was car-

ried out under conditions of free-radical initiation at 
different monomer ratios in the initial reagent mix-
ture. As a result, copolymers of various composi-
tions (73:27, 47:53, and 13:87 mol %) were ob-
tained in the form of light-yellow powders that were 
soluble in water, DMSO and DMF. The resulting 
copolymers were then modified by alkaline hydrol-
ysis in a NaOH – methanol medium at 60 °С for 3 h 
(see schematic reaction diagram and table below). 

The obtained modified copolymers 1–3 com-
prise light-yellow powders soluble in DMSO, DMF, 
DMAA and in water (through swelling). 

 

 
 

Schematic diagram of the synthesis and modification 
of 1-vinyl-1,2,4-triazole and vinyl acetate copolymers 

 
Схема синтеза и модификации сополимеров  
1-винил-1,2,4-триазола с винилацетатом 

 
   

1 Wessling RA, Gibbs DS, Obi BE, Beyer DE, Delassus PT, Howell BA. Vinylidene Chloride Polymers. In: Ency-
clopedia of Polymer Science and Technology. New York: John Wiley and Sons, 2002, vol. 4, p. 458–510. 
https://doi.org/10.1002/0471440264.pst391 
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Synthesis conditions and characteristics of the copolymers of 1-vinyl-1,2,4-triazole 

with vinyl acetate (VA) and vinyl alcohol (VOH) 
 

Условия синтеза и характеристики сополимеров 1-винил-1,2,4-триазола (ВТ) 
с винилацетатом (ВА) и виниловым спиртом (ВС) 

 

Sample 

Composition of copolymer VT: 
VA:VOH, mol % Yield, % 

Degree of 
hydrolysis, % 

Intrinsic viscosity, dL/g 

original modified original modified 

1 73:27:0 73:2:25 74 92.7 2.3 1.66 
2 47:53:0 47:0:53 73 100 0.82 1.14 
3 13:87:0 13:0:87 67 100 0.35 0.81 

The macromolecules of copolymers 2 and 3 
consist of vinyl triazole and vinyl alcohol units in 
different ratios. In the IR spectra of the copoly-
mers, characteristic absorption bands of the va-
lence and deformation vibrations of the triazole 
ring are preserved: 1503–1506 (С=N), 1430–
1435 (С-N), 1273–1275 (N-N), 1001–1004 (С-Н), 
660–663 (С-N); the absorption bands of the vinyl 
acetate fragment disappear: 1730–1734, 1227–
1235 (С=О), 1370–1375, 1430–1435 (СН3), and 
a wide absorption band emerges in the region of 
3000–3340 cm-1, due to the appearance of vinyl 
alcohol OH-groups in the macromolecules of 
copolymers. 

With an increase in the number of vinyl al-
cohol units in the copolymer from 25 to 87 mol %, 
a nearly twofold reduction in the intrinsic viscosi-
ty of the copolymers was observed. 

The copolymers, which exhibit dielectric prop-
erties, are characterised by electrical conductivity 
of the order of 10-14–10-15 S/cm. According to ther-

mogravimetric analysis data, the copolymers are 
resistant to thermo-oxidative degradation up to 
270–290 °С depending on the composition. The 
introduction of a vinyl alcohol fragment into the 
structure of the copolymer macromolecules con-
tributed to an improvement of their film-forming 
properties. It was observed that fibres and trans-
parent elastic films formed -from solutions of modi-
fied copolymers demonstrate good adhesion prop- 
erties on various surfaces. 

 
CONCLUSION 
Thus, by chemically modifying copolymers 

of 1-vinyl-1,2,4-triazole with vinyl acetate, new 
soluble copolymers were synthesised, whose 
macromolecules consisted of vinyl triazole and 
vinyl alcohol units. The copolymers have high 
thermal stability, exhibiting good insulating prop-
erties, as well as supporting film and fibre for-
mation, and are highly promising for the devel-
opment of new, practically-useful materials. 
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