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Abstract—The copolymerizations of N-(3-dimethylaminophenyl) maleimide (I) and 4-(2-chlorophenyl)-
azo-3-maleimido-N,N-dimethylaniline (II) with styrene were investigated: the copolymerization par-
ameters of the pairs (I + styrene) and (I + styrene) and k,/k!> hr T at 50° were determined: chain
transfer to the maleimide ring of I was proved. The homopolymerization of styrene in the presence
of 4-(2-chlorophenyl)azo-succinimide-N.N-dimethylaniline (IlI) was used to determine the ratio of
the rate constant for addition of the polystyrene radical to the azo group in Il to k, for styrene.

INTRODUCTION

Comonomers containing the azo group reduce the
average degree of polymerization[1] and possess a
relatively weak polymerization activity compared
with other coloured comonomers [2].

We have reported that unlike 1[4], 4-arylazo-3-
maleimido-N,N-dimethylanilines [3] do not homopo-
lymerize, although they copolymerize with styrene,
methyl methacrylate, acrylonitrile and isobutylene.
The copolymerization of II with styrene is faster than
the homopolymerization of styrene, attaining its
maximum rate at 25% mol of II in the feed while
the limiting viscosity number [#] of the copolymer
is lower than that of polystyrene and decreases with
increasing concentration of II in the feed. Monomer

I homopolymerizes more rapidly than styrene and is
an effective chain transfer agent; the low-molecular
weight model for polymer I, i.e. N-(3-dimethylamino-
phenyl) succinimide, hardly affects the polymerization
rate of styrene and [n] of polystyrene [5].

In order to explain the basic copolymerization
characteristics of 4-arylazo-3-maleimido-N,N-dimeth-
ylanilines, we investigated the copolymerization of I
and II with styrene and the effect of III on the homo-
polymerization of styrene.

EXPERIMENTAL

Materials

The formulae and characteristics of. N-(3-dimethyla-
minophenyl}) maleimide (I) [4]. 4-(2-chlorophenyljazo-3-

Table 1. Formulae and characteristics of monomers I and Il and of the model compound

I
Formula M.p. Calc./Found (")
Compound Mol. wt () C H N
—. CO—cH
9R-
I Wall I 8-99 (4]
COe—CH
N(CH;),
216.25
1§ N==N N(CH;),
150-1 (3]
/CO—CH
cL N I
\CO—CH
354.61
m Q N=N N(CH3), 183 60.57 4.80 15.71
CO—CH
cL N/ l 2 60.43 4.86 15.41
“Nco—CH,
356.63
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Table 2. Copolymerization of I and III with styrene (st) in DMF solu-
tion at 50°; v = average kinetic chain length;

{n

[1i]

ny

TmAna ™ On + g

;npand ny

molar fractions of I and II in copolymers; [I] + [st] = [1I] + [st] =
0.67 mol dm ~*; [AIBN] = 3.05 mmol dm 3.

m R,.10° m {n1*
nn {mol dm ™3 sec™!) ¥ nir (cm3g™ Y
0.0 0.65 113 Polystyrene 14.4
0.0
0.25 15.36 2670 0.493 414
0.25 1.04 181 0.468 79
0.30 13.10 2277 0.501 39.0
0.30 0.85 148 0477 7.3
0.35 10.52 1829 0.514 335
0.35 0.76 132 0.481 71
045 7.36 1279 0.524 29.8
045 0.62 108 0.492
0.50 6.84 1189 0.534 252
0.50 0.496
0.55 5.45 947 0.546
0.55
0.60 4.55 791 0.557
0.60 0.505
1.00 0.85 148 1.00 6.8
1.00 0.0 —

* Dimethylformamide, 20°.

maleimido-N,N-dimethylaniline (II) [3] and 4-(2-chloro-
phenyl)azo-3-succinimido-N,N-dimethylaniline (III) are
given in Table 1. INl was prepared similarly to II [3] by
coupling N-(3-dimethylaminopheny!) succinimide with the
diazonium salt of 2-chloroaniline. Styrene, 2,2'-azobis(iso-
butyronitrile (AIBN), dimethylformamide (DMF) and ben-
zene were purified by the usual methods. [5, 6].

Methods

For study of the copolymerizations of (I + styrene) and
(If + styrene) in DMF, the total concentration of
monomers was 0.67 mol dm™3. The mol fractions n; and
nyy in the monomer mixtures ranged between 0.25 and 0.60.
The AIBN concentration was 3.05 mmol dm™3; the poly-
merization temperature was 50°; conversions did not
exceed 10%,. The compositions of copolymers, reprecipi-
tated from chloroform with ethanol, were caiculated from
nitrogen contents. Monomer reactivity ratios were calcu-
lated using the Fineman—Ross method. Values of [#] of
copolymers were measured in DMF at 20° using an Ubbe-
lohde viscometer.

Chain transfer to I in the polymerization of styrene
was determined as described earlier [S]. The respective
concentrations of styrene and AIBN were 2.16 mol dm ™3
and 3.05 mmol dm 3. The number average degrees of poly-
merization, P,, were determined in benzene solution with
a Hallikainen model 1361 DS4 osmometer.

RESULTS
Copolymerization of 1 and 11 with styrene

Table 2 shows the dependence of the rate of copoly-
merization of 1 and II with styrene and of [#] of
the resulting copolymers on ny and ny in the starting
feed. The average kinetic chain length (¥) was calcu-
lated from Eqn (1)

R

2k, f[ApIBN] . ()

V=

where k; at 50° is 23 x 107%sec”![7] and
f=041[5]

At n; = 0.25, the copolymerization is 23 times faster
than the homopolymerization of styrene, and [5] of
the copolymer is about 6 times higher than that of
the homopolymer of I in DMF. With increase in n,.
both R, and [n] decrease to the values of the homo-
polymer of L

At ny = 0.25, R, is only little higher (by approx.
40%,) than for the homopolymerization of styrene
(ny = 0). With increase in ny;, the copolymerization
is slowed down and homopolymerization of II is vir-
tually absent; [n] of the copolymer (II + styrene) is
lower than that of polystyrene, varying only little with
nyy-

The copolymerization parameters of (I + styrene)
and (II + styrene) in DMF at 50° are

ry = ky/kiy = 019, ry = 0.03
ru = kyn/kyy = 0.04; rg = 0.05.
4-(2-Chlorophenyl)azo-3-succinimido-N,N-dimethy-
laniline (II1) was used as a model for poly(ll} and

Table 3. Polymerization of styrene in benzene solution in

the presence of 4-(2-chlorophenyl)azo-3-succinimido-N.N-

dimethylaniline (ITI) at 50°; [styrene] = 2.16 moldm 3,
[AIBN] = 3.05 mmol dm 3

[HII] R.-10°
_— =] 3 p 3 - - L
[styrene] (mol dm™>sec™’) P, v
0 2.73 754 374
2 248 640 340
4 2.30 605 315
"6 2.13 535 292
8 2.00 517 274

* Calculated according to Eqn (1), with f = 0.52[5].



Termination and transfer of the polymer chain

a study was made of its effect on the polymerization
of styrene. Table 3 shows that increasing concen-
tration of IHl in the mixture causes both R, and P,
to decrease. The experimentally determined P, is ap-
proximately twice ¥.

DISCUSSION

The rate of copolymerization of I + styrene and
calculation of k,/k!"* for 1.

It follows from the copolymerization parameters
for (I + styrene) that the rate constant of cross-addi-
tion ~I + st is 5 times, and that of cross-addition
~ 4t + I approximately 30 times higher than the rate
constant of homoaddition ~I + I or ~ 3§t + st. Since
ry (0.03) approaches zero, the rate of copolymeriza-
tion (I + styrene) may be expressed [8] in terms of
the reduced copolymerization Eqn (2),

R, - - d({1] + [st]) ([I] + Z[St])R,?"ZAI )
dt ry

in which R; = 2k f[AIBN] and A, = kg/kif, k)
and k,;, being the rate constants of propagation and
bimolecular termination in the homopolymerization
of I. After expressing the concentrations [I] and [st]
by means of the mol fraction ny, and calculating R}’
and r; (Table 2 and “Results™), Eqn (2) becomes:

2066.12 R, = (1.105 — np)d, 3)

From this equation Fig. 1 can be deduced. The value
log A4; = —1.35 from Fig. 1 corresponds to the ratio
of constants kyy/kiiZ = 4y = 0045 dm*?* mol~ !/
sec”!/2. A, was also calculated from data on the
homopolymerization of 1 in DMF [5] using Deb’s
equation. Two independent constructions of hyper-
bolic dependences and their solutions [S] yielded for
A, 0035 and 0.06 dm*?mol '"?sec™!/2. Conse-
quently, A, = 0.045dm>?mol~'?sec™!’2 obtained
from Fig. 1 is approximately the mean of the former
two values; it is higher than that for styrene [7]
(Ag; = 0.015) and lower than that for N~(3-dimethyl-

pory
=~
T

-10 log 2066.12 Rp

Py
(o2}
T

18

20+

-10 log (1.105-n,)

Fig. I. Graphical determination of k,qy/kf} using Eqn (3).
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amino-6-methylphenyl)
dm?? mol ™ '/? sec™ 113,

maleimide [5] (4 = 0.094

Transfer in the copolymerization of (I + styrene) to
monomer 1 and DMF

Data in Table 2 show that the ratio of values of
v*7 at n, = 0.25 and n; = 0 (a = 0.7 is the most fre-
quent exponent in the Eqn [5] = kPj) is 9.1, while
the ratio of [#] values of the copolymer and poly-
styrene is 2.9. The large difference between these
ratios indicates transfer of the polymer radical during
copolymerization. Monomer 1 is an effective chain
transfer agent in the homopolymerization of I [5] and
probably participates in this transfer. This view may
be confirmed by the following analysis:

By analogy with the homopoWmerization of I.
assume that it is predominantly the radical ~ I which
transfers to monomer 1 while the radical ~ $r transfers
negligibly. Taking into account the order of homopo-
lymerization of styrene or I with respect to AIBN
in DMF (=x0.5), combination of the copolymer radi-
cals may be regarded as the dominant termination
[5]. The growth, termination and transfer of radicals
may then be represented by scheme 1.

Scheme 1

@ ~st+l— ~1 cross-addition
(b) ~T+st— ~3t
© ~I+1-~i
(d) ~ 41 polymer + i,,

€ ~st(or ~1)
+ DMF — polymer + DMF,, transfer to DMF

) 1, (or DMF,) + st — ~st
® I, (or DMF,) +1— ~1

cross-addition
homo-addition

transfer to I

re-initiation
re-initiation

Using the copolymerization parameter ry = ky/ky,
= 0.19 and the relative transfer constant [5] of
polymer radical I to monomer I {kyy,/kjy = 0.07)
one obtains

ki [11(st] _ kiglst] _ 750sr]
kpyen (100D 0.07kygy[1] [

In the case of alternating structural units in polymer
chains, the number of elementary reactions (b) is ap-
proximately the same as the number of elementary
reactions (a). Consequently, the addition of 2 x 75
[st]/[I] structural units corresponds to one transfer
process (d). If the transfer of copolymer radicals
to dimethylformamide ([DMF] = 12moldm™*)
is approximately the same as in the homopolymeriz-
ation of styrene[5] in DMF. [CpyuDMF]:
([st] + [1]) = 158 x 10~%

In accordance with the described main ways i
transformation of the polymer radical into a macro-
molecule

L

P

n

1] .
Ll 158 x 107 4
2 T sopsy TN 3

Equation (4) and data in Table 2 were used to cal-
culate P,. For n; = 0.25, 0.30, 0.35, 0.45 and 0.50, the
respective values of P, are 251. 215, 184, 135 and
115. Since the composition of the respective copoly-
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mers varies insignificantly, the calculated values of P,
were recalculated to [n] by means of Eqn (9):
I +aY

. ) ()
Here, a = 0.7 is the most usual exponent in the Eqn
[#] = kP; and ¢ denotes the number of polymer radi-
cals which form the macromolecule; ¢ = 1.0 was
chosen, because the first term on the righthand side
of the Eqn (4) is approximately only one twentieth
of the sum of terms on the righthand side of Eqn
(4). The constant k was calculated at one concen-
tration of I by substituting the respective experimen-
tally determined [#] into Eqn (5), Using k thus deter-
mined (at n; = 0.25, it is 0.5627), [#] = 37.8, 33.3, 26.8
and 24.8; 24.0cm?® g~ ! was calculated for n; = 0.30,
0.35, 0.45 and 0.50. The satisfactory agreement with
the measured [n] (in Table 2) indicates the increasing
participation of chain transfer of ~1I to monomer I
with increasing concentration of I and the transfer
of all polymer chains to solvent (DMF). If transfer
to solvent is neglected, the calculated values of [}
for ny = 0.30, 0.35, 0.45 and 0.50 are respectively 34.9,
29.8, 22.3 and 19.4cm3g~", thus differing consider-
ably from experimental values. It has been shown
earlier [5] that N-(3-dimethylaminophenyl) succini-
mide hardly affects the rate of polymerization of sty-
rene and the degree of polymerization. Hence it may
be inferred that transfer of the copolymer chain
occurs to the maleimide ring of monomer L

[n] = kP¢ (1 +

Addition of the polystyrene radical to the azo group
of HI and copolymerization (I1 + styrene)

The observed interaction of polystyrene radicals
with the 2-chlorophenylazo group of monomer II was
studied using 4-(2-chlorophenyl)azo-3-succinimido-
N.N-dimethylaniline (III). The decrease in R, and P,
with increasing concentration of III in the starting
polymerization mixtures (Table 2) indicates retarda-
tion[10] in which chain propagation ceases after
addition of a molecule of the retarder. At the same
time, the ratio of determined P, to calculated ¥
(Table 3) suggests that combination of polymer radi-
cals predominates. Since some azoarenes[11] and
azoalkanes [12] may add aryl or alkyl radicals with
formation of hydrazyl radicals, onc may similarly
assume addition of the polystyrene radical to the azo
group of HI:

~s$t + N=N N(CHy), —» ~st—N—N N (CHy),
cl CO—CH, [} /CO—CHZ
N ] N

Nco—CH,

The likely mechanism of the polymerization of sty-
rene in the oresence of HI is shown in scheme 2.
Scheme 2

(a) AIBN —A, 2R
(b)) R + st — <t

() 5t st —Res Lt
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(d) ~$t + N=N—-0 NN
(e'). <5t + ~ 5=t polymer
() it + ~N—N-£, polymer
&) ~N—N + st — ~3t

(h") ~N—N + ~N—N — polymer.

If the latter two reactions are neglected, consideration
of the remaining reactions yields Eqn (6).

kofTAIBN]
R -

klRp _ k, [N=N]
» 26217 k,[st]

(6)

If the polymerization rate of styrene without the azo
compound (R, ,)” is substituted for 2k2k;” 'k,f[AIBN]
[st], Eqn (6) becomes Eqn (7)

3o = RE _ kg, [N=N]
R,[st]? k[st]

™

Substitution of data from Table 3 into Eqn (7) led
to a linear dependence (Fig. 2) with slope 2k,k,/
k.= 4.76.10"5dm> mol ' sec™!. The slope and the
known [7] value k%pi/k, for styrene at 50°
(=231 x 107*dm*mol~*sec™) led to ku/k, =
0.10.

It is likely that, also in_the homopolymerization
of II, polymer radicals ~II (and probably primary
radicals from the initiator) are added to the azo group
of monomer IL If at the same time the ratio of the
rate constants of reactions of radical ~II with the
azo group of I and with the maleimide ring of II
is close to the value of k,/k, given above, the number
of molecules of polymerized II corresponds to ap-
proximately ten times the number of molecules of
decomposed AIBN, if f = 0.5.

For copolymerization of II with styrene, it may be
assumed that, along with the addition of the copoly-
mer radical ~ §t, the copolymer radical ~1I also adds
to the azo group IL In spite of this, however, at ny
from 0.25 to 0.35 (Table 2) both R, and ¥ are higher
than for the homopolymerization of styrene. This is
obviously a consequence of an approximately 20-fold
increase in the rate constants of cross-addition com-

“Cco—CH,

pared with those of the homo-addition of com-
onomers in the copolymerization. On the other hand,
values of [1] of copolymers at ny, from 0.25 to 0.35
are lower than for the homopolymer of styrene, indi-
cating considerable transfer of the copolymer chain
to the maleimide ring of monomer I At ny, = 0.45,
R, is lower than for homopolymerization of styrene.
With further increase in ny, the probability of addi-
tion of the copolymer radical to the azo group of
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4+ .
r\g‘:‘__
~|E 3t i
NEQO:
2L o
1r .
1 1 1 1
2 4 6 8

[N=N]10%[M]
Fig. 2. Graphical determination of k,k,/k, using Eqn (7).

Il increases and R, decreases, becoming virtually zero
for the homopolymerization of 11

The addition of primary butyronitrile radicals to
the azo group of Il probably reduces the initiation
efficiency (f) in the copolymerization (II 4 styrene).
If at the same time the ratio of rate constants for
reactions of (CH;),CCN with the azo group of II

LP)EST b

and with the C=C bonds of both components is close
to k,/k, = 0.1, fat ny = 0.50 differs from fat n,; = 0.0
(f=041) by fayk,/k, = 0.02. It is obvious that the
calculated deviation does not require any consider-
able changes in conclusions derived from the copoly-
merization of Il with styrene assuming constant f.

REFERENCES

1. H. Kamogawa, M. Kato and H. Sugiyama. J. Polym.
Sci. A1 6, 2967 (1968).

2. T. Konstantinova, C. Konstantinov and A. Draganov.
Angew. Makromolek. Chem. 50, 1 (1976).

3. J. Lokaj and F. Hrabak, Angew. Makromolek. Chem.
67, 1 (1978).

4. J. Lokaj, V. Hynkova, Svobodova and F. Hrabak,. Col-
lect. Czech. Chem. Commun. 42, 1830 (1977).

5. ). Lokaj and F. Hrabak, Eur. Polym. J. 14, 1039 (1978).

6. F. Hrabak and L. JireSova, Collect, Czech. Chem. Com-
mun. 26, 1283 (1961).

7. Kh. S. Bagdasarjan, Teoria radikalnoj polimerizacii,
Izd. Nauka, Moscow 1966.

8. C. Walling, J. Am. chem. Soc. 71, 1930 (1949).

9. G. Henrici-Olivé and S. Olivé, Z. phys. Chem. 19,
125 (1959).

10. H. W. Melwille and W. F. Watson, Trans. Faraday
Soc. 44, 886 (1948).

11. L. Benaty, G. Placucci, P. Spagnolo, A. Tundo and
G. Zanardi, J. Chem. Soc., Perkin Trans. I, 1684, (1977).

12. O. P. Strausz, R. E. Berkley and H. E. Gunning, Cun.
J. Chem. 47, 3470 (1969).



