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ABSTRACT

Copolymerization reaction of p-benzoquinone and vinylpyridine in the
presence of triethylamine has been investigated . It is found that as a result
of the reaction of these comonomers, the copolymer and homopolymers of
quinone and hydroquinone are formed . Using dilatometry method, the
kinetics of copolymerization has been studied and an order of reaction for
reacting components, rate constants and activation energies of the process
have been determined . The weak intermolecular bonds in complexes of p-
benzoquinone and vinylpyridine in hexane have been ascertained by means
of UV-spectroscopy. It is found that such complexes make an essential
contribution both in initiation process and in formation of macromolecules.
The compositions, structure and the properties of synthesized copolymer,
including kinetic parameters of its oxidation by molecular oxygen in alkaline
medium, have been established.
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INTRODUCTION

Due to its specific structure, p-benzoquinone (BQ)
enters into polymerization reaction, in presence of
Cationic and anionic initiators [1-4], by thermically
correct conditions [5] and also, independently, by
type of initiation which forms the oligohydroquin-
ones as oligomers in aromatic polyconjugation
chains [1-5] . Vinyl monomers [6] also exhibit a
capability to polymerization in the presence of
various types of initiated systems opening up a
possibility for synthesis of quinone copolymers with
styrene and phenylacetylene [7, 81.

Besides, there is an indication of radical co-

polymerization of some substituted quinones with
vinyl and vinylaromatic compounds [9, 101 . In this
connection with the aim of preparation of reactive
polyfunctional copolymers including simultaneously
hydroquinone and vinylpyridine structural frag-
ments, it is of interest to study the copolymeriza-
tion reaction of BQ with vinylpyridine (VP) . Such
high-molecular compounds exhibit an activity to
electron and cation exchange, ability to complex
formation, and oxidation by oxygen in alkaline
medium with formation of stable aroxyl radical
centres in macromolecules [11] . At the same time,
for synthesis of copolymers of predicted compo-
sition and structure it has been necessary to
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investigate the kinetic patterns of copolymerization
of BQ with VP and macromolecules composition
dependence on reaction conditions including co-
monomers content in the initial monomer mixture.

This article is devoted to the results of study
on reaction orders, composition, structure and pro-
perties of copolymerization products of VP and
BQ in the presence of triethylamine (TEA).

EXPERIMENTAL

The filling of reagents and copolymerization reac-
tion of VP and BQ were carried out in argon
atmosphere in two perforated sealed ampoules.
After keeping in ultrathermostat (AT=±0 .05 K)
at a desired temperature for determined time, the
ampoules were opened and the solvent and unrea-
cted part of comonomers were removed from the
reaction mixture first at 313 K and then at 333 K
in vacuum for 2 h. The prepared mass was carefully
washed with ester/hexane mixture in volume ratio
2:1, then with hot water for complete removal of
hydroquinone . For the purification of quinone
homopolymer from oligohydroquinone polymer,
part of reaction products was treated with 5%
KOH solution and then followed by neutralization
of filtrate with hydrochloric acid.

After filtration the prepared product was
dried in vacuum at 333 K to constant mass, and it
was then reprecipitated twice by heptane from
acetone solution. The products yields were deter-
mined gravimetrically. p-Benzoquinone of chemi-
cally pure grade was sublimated (L=388 .7 K)
twice before use. Vinylpyridine (obtained from
Merck) was distilled in vacuum at residual pressure
of 15 mm Hg in laboratory column . The degree of
monomers purity on GLC indicated 99 .9%. The
initiators and solvents were purified according to
well-known methods.

The kinetics of copolymerization of BQ and
VP were studied using dilatometry method in
equimolar ratios of comonomers with relatively low
degrees of comonomers (10—15% from monomers
mass) conversion. The solvent, absolute ethanol,
and the initiator, triethylamine were introduced

into the reaction medium after achievement of a
given temperature at which homogeneous solu-
tion in ethanol was formed.

The molecular mass distributions (MMD) of
copolymers were determined by gel permeation
chromatography at 298 K using a Waters apparatus
(GPC-200) with a refractometer as detector, three
styragel columns with porosities of 200, 500 and
1000 A, and tetrahydrofuran (L0—1 .1 mL.min- l)
as eluent. The sample was introduced as a 0.2%
solution in dimethylformamide.

The molecular mass values for each fraction
were found from the relation V R =30.8—4 x logM
previously established for polyhydroquinone [31,
where VR ; containment volume. The average mole-
cular masses were calculated by:

Mw = 0.98 x W ;M;
Mn = 1 .02 x (W i lli )-'

where W i weight fraction with molecular mass M1
(determined as ratio of part of area i of chromato-
gram to all area) ; 1 .02 and 0.98 : correction factors
considering apparatus broadening.

Infra-red spectra of copolymers as films were
taken on the spectrometer "Specord M-80" in the
range of 4000—670 cm-' . UV spectra of monomers
mixture were taken in hexane on the apparatus
"Specord M-40 ". The reaction course was control-
led by thin-layer chromatography and an availabili-
ty of hydroquinone (HQ) was ascertained . The
hydroxyl groups content was determined by acyla-
tion method [121.

i H NMR spectra of copolymers were regist-
ered with Varian-XL-100 MHz spectrometer in
CDCl3 (TMS) at 298 K.

The kinetics of oxidation of co-oligohydro-
quinone vinylpyridine by molecular oxygen in
alcohol-alkaline medium was studied by using a
volumeter method at constant pressure of oxygen
equal to 9.8 x 104 Pa by means of automatically
differentiated volumeter DAGV-70-2M [131.

The oxidation reaction of copolymers was
realized in solution in a closed system, consisting of
glassy reactor by volume of 50 mL, equipped with a
magnetic mixer and connected to volumeter, in
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absolute ethanol as the solvent medium. The volu-
meter and reactor were thermostatted in ultra-
thermostat U-10. The copolymer and solvent were
charged into the reactor, and the system was blown
off and filled by oxygen. On achievement of a given
temperature, and not interfering with the hermetic
seal of the reaction system, 10% solution of KOH
in ethanol was added to the solution of copolymer,
and the volume of absorbed oxygen in the oxid-
ation course of copolymer was measured . The
relations of initial oxidation rate of copolymer on
mixing rate and volume of liquid phase were preli-
minarily determined. The oxidation of copolymer
was studied in the kinetic field of constant volume
(30 mL) and mixing rate of the reaction mixture .

RESULTS AND DISCUSSION

It has been detected that colour change occurs
with mixing of BQ and VP in equimolar amounts
in hexane . In UV spectra of such mixtures the
maximum absorption at 290 nm, concerned with
donor-acceptor interaction of BQ and VP, is appe-
ared. The bathochromic displacement occurs on
side of strong field under condition [VP]o> > [BQ]o
and the maximum intensity at 290 nm is increased
with the growth of concentration.

An analysis of UV spectra of isomolar con-
centrations of VP and BQ indicates to equimolar
composition of complex and the constant value of
complex-formation (K) equal to 0 .015 11mol which

Table 1 . The composition, yield properties of copolymerization products of p-benzoquinone and vinylpyridine.

No BQ :VP

{mol %)

T (ln Yield (%) Molecular

mass of
copolymers

Elemental
composition of

copolymers

OH-groups
content (%)

Electrovolume

(mg .equivlg)

Composition of

copolymer (mol %)

OHQ of

copolymer

M„ M o C H N -HQ- --VP--

1 10 :90 303 3 .0

	

25 .0 1700

	

650 75.80

	

5.25

	

7.90 11 .1 6 .5 40.1

	

59 .9

2 20 :80 303 3 .3

	

42.1 1380

	

620 75 .90

	

5.10

	

7.45 12.9 7 .5 43.5

	

56 .5

3 30 :70 303 5 .1

	

50.7 1180

	

570 74 .90

	

5.40

	

7.00 13.4 7 .8 46.8

	

53 .2

4 40:60 303 7 .0

	

58.5 1080

	

580 75 .00

	

5.60

	

6.65 14.3 8 .2 49 .4

	

50 .6

5 50:50 303 8 .3

	

65.1 980

	

600 75 .10

	

5.40

	

6.40 14 .8 9.8 51 .3

	

48.7

6 60:40 303 9.0

	

53.8 890

	

470 74.40

	

5.20

	

6.15 15 .6 9.0 53 .2

	

46.8

7 70:30 303 13.2

	

47.3 760

	

420 73.80

	

5 .05

	

6.05 16 .2 9.3 53 .9

	

46.1

8 80 ;20 303 18.0

	

36 .9 670

	

380 73.20

	

4 .90

	

5,65 17 .3 10.1 56 .9

	

.

	

43.1

9 90 :10 303 21 .3

	

23 .5 550

	

330 72 .10

	

4 .60

	

5 .25 18.5 10.8 59.9

	

40 .1

10 50 :50 348 20.6

	

48 .2 1800 1400 74 .50

	

5 .50

	

7 .85 10 .5 6 .0 40.4

	

59 .6

11 50 :50 348 10 .3

	

40.3 1140

	

960 72 .50

	

5.70

	

7 .15 14 .0 8 .1 45.6

	

54 .4

12 50 :50 303 -

	

30.7 800

	

540 75.20

	

5.30

	

6.51 14 .5 8 .5 50 .5

	

49 .5

13 50 :50 348 13 .4

	

36.5 860

	

540 75.30

	

5.47

	

7 .95 10 .1 5.8 39 .7

	

60.3

14 50 :50 348 7.1

	

24.1 720

	

430 74.90

	

5 .15

	

8 .12 9.6 5.5 38 .43

	

61 .6

15 50 :50 303 22 .0

	

42 .7 610

	

380 72.30

	

4 .70

	

5 .43 17.6 10.2 58 .6

	

41 .4

16 50 :50 393 15 .1

	

25 .0 -

	

- 75 .29

	

5 .50

	

6 .85 13.8 8.0 47.9

	

52 .1

The reaction time : 8 h ; Tests 1-9 are performed In the presence of 1 .0% triethylamine ; Test 12 has been carried out in the presence of 2 .0% BF30Et2, and

tests 10, 11, 13-16 without initiators ; solvents : ethanol (1-10), benzene (11, 121, pyridine (141, no solvent (16).

Iranian Polymer Journal 1 Yolume 6 Number 2 (1997)

	

89



Investigations on Copolymerization of p-Benznquinone with Vinylpyridine

has been determined by well-known Ketelaar [14]
equation. The K value of the complex VP and BQ
refers to weak complexes which is agreed with
literature sources [7,14].

The proceeding of copolymerization of BQ
and VP in mass at 393 K has been apparently stip-
ulated by formation of such complexes. Evidently
they take an active part in initiation process and
also in formation of copolymer macromolecules.
Indeed either BQ or VP do not form oligomer pro-
ducts under such conditions. Thermically, copoly-
merization of these monomers proceeds intensively
in solution at temperature over 343 K. Benzene,
ethanol, dioxane, acetonitrile, and nitromethane
were tested as solvents . Benzene and ethanol were
the most effective . The use of ionic initiators,
cationic (BF3OEt 2 in benzene) as well as anionic
(TEA in ethanol) allow the copolymerization of
BQ and VP to be carried out at room temperature.
In this case the yields of copolymers are 30—35%
in the presence of BF3OEt2 and 50—65% with the
use of TEA as an initiator.

It has been detected by methods of thin-layer
and gel-permeation chromatography that in copoly-
merization of BQ and VP independently on type of
initiation, the copolymer and homopolymers of
quinone and hydroquinone are formed . However,
the ratio of these substances depends on type and
nature of initiators as well as the condition of the
processes (Table 1).

The determination of yield and fractional
composition of end products showed that TEA
among tested initiators exhibit relatively high effici-
ency in copolymerization of BQ and VP. The use
of TEA allows the process to be carried out in
relatively low temperature regimes with noticeable
high rate (for 5 h the high yields are achieved).
The highest yields of copolymer are observed in
equimolar ratio of BQ and VP, but yields of OHC
are increased within the range of 3—21% with the
growth content of BQ in the initial monomer
mixture.

The study of kinetics of copolymerization of
BQ and VP in the presence of catalytic amounts of
TEA showed that the process proceeds with notic-
eable constant initial rate (Table 2 and Figure 1) .

In this case an induction period is observed
only in relatively low concentration (less 0 .5x10-2

molly) of initiator. It is clear that in these cases the
low values of copolymerization rate are characteri-
stics of the reactions involved . An increase of over-
all concentration of comonomers and temperature
within the range of 303-333 K leads to the growth
of initial rate of the processes (W0) . It has been
established that the copolymerization reaction of
VP with BQ has a first order on triethylamine con-
centration, and a second order on overall concent-
ration of comonomers. It has been detected that
the copolymerization rate is noticeably decreased
in 50—60 min . The determination of copolymer-
ization rate of VP and BQ in various solvents
showed that the highest We is characteristic in
ethanol under remaining identical conditions . It
has been established that copolymerization rate is
not practically changed on addition of 1 .5%
copolymer of the sum total of VP and BO . At the
same time preliminary introduction of copolymer
increases an induction period at thermic copoly-

lBQ+VPl a , mollL: 0.31 (1-7) ; 0.41 (8) ; 0.51 (9) and 0 .81 (10). 11EA)a ,

moUL : 0 .0025 (7) ; 0.005 (6); 0 .0072 (5) and 1101 (1-4 and 8-10) . T: 303 K

(4) ; 313 K (3) ; 323 K (2, 5-10) and 333 K (1).

Figure 1 . Kinetic curves of copolymerization of p-benzo-
quinone and vinylpyrldine in the presence of triethylamine.
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Table 2. Kinetic parameters of copolymerization of p-benzoquinone and 4-vinyl-
pyridine in the presence of triethylamine in ethanol.

No
Initial concentration

(moVLx102)

Tr
(K)

r

(min)
Wo.105

(moVs.L)
Rate constant

k .103 , 1/(mol.$)

BO VP N(C2 Hs)3

1 41 41 1 .0 323 4 .4
2 51 51 1 .0 323 - 8 .7
3 61 61 1 .0 323 - 15
4 31 31 1 .0 303 - 1 .3 3.5
5 31 31 1 .0 313 - 1 .9 5.1

6 31 31 1 .0 323 2 .8 7.5
7 31 31 1 .0 333 - 3 .6 9.7

8 31 31 0 .25 323 7 1
9 31 31 0 .50 323 5 1 .9

10 31 31 0.72 323 - 2 .4
11 31 31 2 .00 323 - 4 .6

E=28A kJ/mol

merization and decreases essentially the process
rate, i.e. showing inhibiting influence.

The copolymerization rate constants (k)
values, accounting for (3 .5-9 .7)x10- 3 L.mol-' .s-'
at 303-333 K, have been calculated at constant
concentration of TEA and comonomers by means
of W=k[BQ+VP] 2 x[TEA] equation . The activa-
tion energy value of the process (E) has been
found by means of Arrhenius equation from temp-
erature dependence k, which is noticeably low and
is 28 .0 kJ/mol. Thus, the reaction order of compon-
ents, not high value of activation energy, influence
of solvents nature on process rate, and initiator
nature all show an indication of anionic mechanism
of VP and 13Q copolymerization. The complex with
charge transfer between BQ and VP has a notice-
able concentration in the initiation procedure.

However, the contribution of these complex-
es in all probability is only dominant in the
initiation act. In relatively deep stages, the addition
of free molecules of monomers to growing active
centres has not been exempted. The results of
study of composition, structure and properties of
copolymerization products evidence on that.

It has been established by method of GPC

analysis of copolymerization products of BQ and
VP, after purification from HQ and GHQ, that
they have a molecular mass Mw and M. equal to
980 and 600, respectively. However, a general view
of gel-chromatogram and MMD parameters of the
prepared copolymers is strongly changed depend-
ing on conditions of VP and BQ copolymerization.
Nevertheless, MMD curves keep bimodal charact-
er independently from procedural conditions of the
process and there are low molecular fractions in
the compositions of copolymers . This, once more
confirm the assumptions of complex mechanism of
copolymerization . The results of turbidimetric titr-
ation evidence formation of true copolymers which
is confirmed by results of composition study of
various fractions of copolymer, isolated by eluate
column chromatography on silica-gel, including in
composition of an elemental nitrogen and phenol
hydroxyl groups. The values Mw and M n of Vp and
BQ copolymers prepared in the presence of TEA
are changed within the ranges of 550-1700 and
330-650 depending on synthesis conditions. In this
case MMD curves have also a bimodal character . It
is an interesting fact that in this case with the
growth of BQ fraction in the initial monomer
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mixture, the values of MM copolymers are decreas-
ed and MMD curves are narrowed similar to what
has been previously detected for BQ copolymeriza-
tion with styrene 115] . This shows that the act of
chain transfer to BQ occurs in copolymerization of
BQ and VP, therefore, the contribution of this act
is increased with the growth content of BQ in the
system .

The results of elemental and chemical analy-
ses show that nitrogen and phenol hydroxyl groups
are present in the composition of copolymers, the
contents of which are varied in sufficiently wide
range depending on preparation conditions of
copolymer (Table 1) . The contents of vinylpyridine
and hydroquinone fragments have been calculated
on the basis of these data in the composition of
macromolecules of copolymer. The ratios of these
fragments depend on availability and nature of
initiator, solvent and particularly on composition of
initial monomer mixture.

The broad absorption band of valence vibra-
tions of associated hydroxyl groups is reflected in
the infra-red spectra of the prepared copolymers in
the range of 3350—3600 cm-' with maximum
absorption at 3400 cm-' . The absorption bands of
deformed vibrations of OH groups are detected at
1130—1150 cm- 1 . After acylation of copolymer the
relative intensity of absorption bands of hydroxyl
groups is decreased and the absorption bands are
appeared at 1760 and 1220 cm-', characteristic of
an ester group.

An availability of hydroquinone OH groups
in the composition of copolymers is also confirmed
by determination of electron exchange volume
(Table 1). The absorption bands of C=C and C=N
bond in aromatic nuclei are reflected within the
range of 1415, 1450, 1510 and 1610 cm- 1 , but the
absorption bands of C—H bond in aliphatic CH 2

and CH groups are detected at 2937—2950 cm- 1 .
The absorption bands of two neighbouring and
isolated C—H bonds in aromatic rings are detected
at 760, 745, 710 and 705 cm-'.

A singlet peak is observed at 6=6.77 ppm,
stipulated by protons of 1,3,4,5-tetrasubstituted
benzene nucleus in the NMR spectrum of copoly-
mer which is prepared from benzoquinone and

4-vinylpyridine in the presence of TEA containing
approximate equal amounts of vinylpyridine and
hydroquinone fragments . The doublet signals at
6=7.1—7.5 ppm and 6=8 .3—8 .7 ppm characterize
a and /3 protons of pyridine ring, respectively.
Protons of CH2 and CH groups are reflected by a
multiplet signal in the region of 6=1 .0—2.3 ppm.

As regards protons of —OH groups, the
signals of these protons are shifted in the region of
6=3.5—5.2 ppm depending on concentration of
solution. Along with this, there are weak triplet
and quartet signals with centres at 6=0 .17 ppm
and 6=3 .15 ppm with j=7 Hz in the spectrum.
Apparently, these signals have been stipulated by
protons of ethyl groups of triethylamine fragments
entering into macromolecule as end groups.
Analogously, a weak multiplet signal is reflected at
6=6.9—7.1 ppm, characteristic of olefin protons.

Thus the results of elemental, chemical, IR
and NMR spectra analyses show that copolymers

Concentration of hydroquinone links [–Hal o. mollt : 0 .078 (1–4) ; 0 .029

(5) . [KOH]o , mkt: 0 .179 (1,2 and 5) : 0089 (3) ; 0 .045 (4) . T : 313 K (1) and

303 K (2–5).

Figure 2. Kinetic curves of oxidation of COHQVP by

oxygen in alkaline medium.
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Table 3. Values of some kinetic parameters of oligo- and co-oligomers with hydroquinone links and hydro-

quinone by oxygen In the presence of alkali in ethanol.

No Compounds -HQ-- KOH T (K) Wax105 k.104 (s -1) E

(mol/1-) (mol/L) (molIL.$) (kJlmoI)

1 HQ 0 .030 0 .119 323 17 56

2 HQ 0.030 0.119 313 15 48 19 .3

3 HQ 0 .030 0 .119 303 11 38

4 OHQ 0.093 0 .179 325 17.0 19 .2

5 OHQ 0 .093 0 .179 315 12.7 15 .3

6 OHQ 0.093 0.179 305 9 .76 12 .1 19.2

7 OHO 0 .093 0 .179 295 7.67 9 .4

8 COHQVP 0.078 0 .179 313 14.5 21 .0

9 COHQVP 0 .078 0 .179 308 12 .2 17 .6 21 .0

10 COHQVP 0.078 0 .179 303 10 .5 14 .6

11 COHQVP 0 .078 0 .179 298 9 .0 13 .1

12 COHQPA 0.045 0.179 323 8 .3 21

13 COHQPA 0.045 0 .179 313 7.0 18

14 COHQPA 0 .045 0 .179 308 6 .2 16 19 .3

15 COHQPA 0.045 0.179 303 5 .4 14

16 COHOSt 0 .047 0.179 323 10 .0 27

17 COHQSt 0 .047 0.179 313 8 .7 22

18 COHQSt 0.047 0.179 308 7 .6 18

19 COHQSI 0 .047 0 .179 303 6 .8 16 19.3

of VP and BQ consist of hydroquinone and vinyl-
pyridine links shown below.

An availability of hydroquinone links in the
composition of copolymers of VP and BQ confirms
that independent from the type of initiation, in
addition to other monomer molecules, the inter-
mediate quinoid structure is quickly converted to
energetically more advantageous aromatic hydro-
quinone structure by means of intermolecular mig-
ration of hydrogen atoms . This effect has been

previously detected in polymerization [1-5] and
copolymerization of BQ [7, 8, 14, 16].

Copolymers of BQ and VP (COHQVP) are
amorphous powdery products, well soluble in polar
organic solvents. Due to an availability of simul-
taneously hydroquinone and vinylpyridine links,
COHQVP show the electron and cation exchange
activity, antioxidant and antihypoxant properties
and form the complex salts with strong inorganic
acids. It has been established that alkaline solu-
tions of COHQVP absorb intensively a molecular
oxygen which has been previously detected for
HQ, polymers and copolymers with hydroquinone
links [13, 15, 17].

It was seen from kinetic curves prepared by
means of volume measurement of absorbed oxygen
by reaction mixture that the values Wo of
COHQVP oxidation are increased (Figure 2) with

C

OH
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T: a03 K [-HQ-]0= 0.078 ntolIL (2) and [KOH]0=0.179 mol/L (1).

Figure 3 . Dependence of initial oxidation rate of COHOVP

on initial concentration of hydroquinone links (1) and alkali
(2).

the rise of temperature and also concentration of
COHQVP and alkali . It is found that the process
has a first order by [COHQVP] and [KOH] ; Wo is
directly dependent on [COHQVP]o and [KOH]o,
passing through origin (Figure 3) as it has occurred
in oxidation of hydroquinone and . oligomers with
hydroquinone links [13, 15, 17] under near condi-
tions . The kinetic curves under constant pressure
of oxygen and excess concentration of alkali are
satisfactorily straightened in polylogarithmic co-
ordinates (Figure 3).

By means of equation k=2 .303/t x log(ml/mo )
the values of reaction rate constant, where t is the
duration of oxidation, m o and nit the initial and
current concentrations of hydroquinone links, but
from the relation log k-10VF(K-1 ) the value of
activation energy of oxidation (Table 3) has been
calculated. It is seen that the oxidation process of
COHQVP is characterized by high values of rate
constant and noticeably low value of activation
energy which is also characteristic for oxidation of
OHQ, oligohydroquinonephenylacetylene (OHQ-
PA) and oligohydroquinonstyrene (OHQSt).

These results show once more an availability

of hydroquinone structural fragments in the comp-
osition of COHQVP and passing from quinoid
state to hydroquinone structure in formation of
macromolecules of copolymer. Besides, it may be
concluded that COHQVP possesses antioxidant
and antihypoxant properties as the other oligomers
including hydroquinone links.

Thus, the results of UV-spectral analysis of
BQ and VP mixture, the values of kinetic para-
meters of copolymerization obtained, the study of
composition, structure, and MM and MWD of the
reaction products of VP and BQ, show that an
interaction of TEA with complexes of BQ and VP
occurs in the initiation stage (Scheme I).

In this case, quinoid structure is quickly
converted to hydroquinone one by means of
intramolecular migration of hydrogen atoms . Such
conversion is thermodynamically advantageous due
to energy changes at the expense of formation of
aromatic ring. The polyaddition through carbon
atoms of quinone ring and formation of, hydro-
quinone links in the composition of COHQVP has
been undoubtedly connected by proceeding of
initiation stage with the participation of complex
VP . . .BQ, whereas, the copolymers with ether
bonds in the basic chain of macromolecules [9, 10]
are formed in other conditions of copolymerization
of quinones with vinyl monomers.

The dependency of copolymer composition
on the composition of initial monomer mixture,
formation of OHQ and HQ show that the stage of
chain growth is complex . This is realized by addi-
tion to growing macroanion (, ,-R-), of complex
VP . . .BQ as well as free molecules of comonomers
(M I or M2).

R- + BO. . .VP

	

,-

	

R - HQ

	

- VP

	

— R- + M l	RM;

	

R + M 2	-w~- RM2

In this case, the chain transfer to quinone and
electro-exchange processes with formation of HQ
and seven quinone radical centres proceed in
parallel (Scheme II).

0.08

	

0.12

	

0.16

	

0 .20
Concentration (mol/L)

0.04
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0 Cl2

(C2H5 )3N +

	

11 • . CH

II
O

(C2H5)3N

OH

OH

(Scheme I)

OH

CHz —CH

+

O-

OH

+

0

0

O-

OH

(Scheme II)

Apparently the polyrecombination of reson-
ance forms of seven quinone radicals leads to
formation of side product, oligohydroquinone [15,
17] . However, the possibility of anion polymer-
ization of BQ [3] has not been exempted . The
chain growth is restricted by means of chain trans-
fer to BQ as well as on the result of electron
exchange processes.

CONCLUSION

It has been established that BQ and VP interact in

the presence of TEA to form the co-oligomers in-
cluding vinylpyridine and hydroquinone links, and
produce the homopolymers of quinone and hydro-
quinone.

Using dilatometry method, it is found that
the copolymerization reaction has a first order by
TEA and a second order by overall concentration
of comonomers . The values of rate constant and
activation energy of copolymerization in ethanol
are (3 .4—9.1) x 14'3 mol .L-'s-1 and 28.0 kJlmol at
303—333 K. By means of UV-spectroscopy, the
weak intermolecular complexes in the mixture of
BQ and VP which make an essential contribution
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both in initiation and in formation of macromole-
cules of copolymer have been established . The
compositions and basic indices of copolymer VP
and 13Q depending on synthesis conditions have
been established.

The structural orders and values of kinetic
parameters in alkaline medium have been found.
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