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Chemical modification of functional copolymers
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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 1014-1015 S/cm. According to thermogravimetric analysis data, the copolymers are resistant to thermo-
oxidative degradation up to 270-290 °C 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.
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Xumunyeckana mogudumkauus
(pyHKLUMNOHANBbHBLIX CONOSIUMEPOB

I.®. Npo3oposa, H.I. Ky3sHeuoBa, C.A. KopxxoBa
UpkyTcknin MHCTUTYT xumun uMm. A.E. ®asopckoro CO PAH, r. NpkyTck, Poccuiickaa ®epepauns

Pe3rome: ViccrieosaHa 803MOXHOCMbL XUMUYECKOU MoOugbukayuu yHKUUOHabHbIX MepMOCmOUKUX COMomnu-
mepos 1-euHun-1,2,4-mpuasona ¢ suHuIauemamom pasHo2o cocmasa, CUHMe3UpPO8aHHbIX 8 YCr108UsIX C80600-
HO-paduKaribHO20 UHULUUPOBaHUSs 8 rpucymcemeuu QuHUMmMpuria asobucusomacrisiHol Kucriomsl. Modugukayuro
COroIuUMepo8 OCywecmerisiiu MemoOoM Werr04Ho20 2udporu3a, 8 pesyribmame osly4eHbl HO8ble COMOIUMEPbI,
codepxauyue 8 MakpoOMOIIEKyriax 386eHbs1 8UHUIMpPUAa3osa u 8UHUI08020 crnupma. Cmpykmypy, cocmas u ¢husu-
KO-XUMuYecKkue ceolicmea COornonuMepo8 ornpedenisnu € UCMOob308aHUEM Memo008 3/IeMEHMHO20 aHarusa,
UK-cniekmpockonuu u mepmozspasuMempuyecKoe0 aHanu3a. YcmaHOo8/IeHo, Ymo C yeenu4yeHueM Komudecmea
38eHbe8 8UHUII08020 criupma & coronumepe om 25 0o 87 mon.% Habrrodaemcsi yMeHbLUeHUEe 3HaYeHUU Xapak-
mepucmu4yeckol 8513KoCmu COrnosiuMepo8 npakmuyecku e dea pasa. Coronumeps! Mposiensom ouanexmpuye-
CKue ceolicmea, Xapakmepu3syromcs yoesnbHOU 3anekmpuyeckol nposodumocmsbio ropsioka 101410715 Cm/om.
Mo OaHHbIM MmepMospasuMempuUYeCcKo20 aHanu3a cornoauMepbl obiadaom ycmoUu4yu8oCmbi0 K MePMOOKUCIU-
mersbHol decmpykuuu Ao 270-290 °C e 3asucumocmu om cocmasa. BeedeHue ghpaemeHma 8UHUI08020 cCriup-
ma 8 cmpyKmypy MakpOMOJIEKYT COMOIUMEPO8 criocobcmaosaso yryHWeHU UX 80JI0KHO- U M71eHKOobpa3syto-
wux ceolicms, a UMEHHO: U3 pacmeopos MoOughulyupOo8aHHbLIX COMOIUMEPO.8 Ha ocHoge 1-8uHurn-1,2,4-mpuasona
ycrnewHo ¢hopMUPYIOMCS 8OTOKHA U MPO3payHbie 31acmuyHble MIeHKU ¢ xopowel adze3uel Ha pasiuyHbIX Me-
Mariu4ecKux No8epxHOCMSIX.

Knroueenie cnnoea: cononumepsi, 1-euHus-1,2,4-mpua3sos, suHunauemam, euHUI08bIlU criupm
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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 °C), 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 °C 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, P20s) 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, P20s) to constant weight. The degree
of hydrolysis was determined by the method pre-
sented in the work edited by Kurenkov V.F.2

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

Cxema cuHme3a u Mmoducgbukayuu cornosumepos
1-euHun-1,2,4-mpua3sosna ¢ suHunayemamom

1Wessling 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)

Ycnoeusi cuime3sa u xapakmepucmuku conosumepoe 1-euHun-1,2,4-mpua3sona (BT)
¢ sauHunayemamowm (BA) u eununoesim cnupmom (BC)

Sample Compo\sll’zl\f)\r;oo:'f:(r)npoc:lg/(r)ner vT: Yield, % A Degreg of Intrinsic viscosity, dL/g
ydrolysis, %
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 (C=N), 1430-
1435 (C-N), 1273-1275 (N-N), 1001-1004 (C-H),
660—663 (C-N); the absorption bands of the vinyl
acetate fragment disappear: 1730-1734, 1227-
1235 (C=0), 1370-1375, 1430-1435 (CHs), and
a wide absorption band emerges in the region of
3000-3340 cm-, 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 10-14-101%> S/cm. According to ther-

mogravimetric analysis data, the copolymers are
resistant to thermo-oxidative degradation up to
270-290 °C 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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