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The role of some organic compounds (having active hydro-
gen atom) initiating radical polymerization of some polar
vinyl monomers involving the transfer of hydrogen radical
has been reported (Im to et at 1975; Ouchi et al 1980; Kaim
1984 a & b; Kaim 1986; Kaim and Munsif 1993; Munsif
and Kaim 1994). The proof of discussed mechanism has been
recently obtained from spectroscopic, excess enthalpy inves-
tigations (Wilczura et al 1995) and copolymerization reac-
tions of the monomers (Kaim and Munsif 1993; Munsif and
Kaim 1994; Munsif et at 1994; Munsif and Kaim 1995 and
1996). Besides the reactivity ratios which have been evalu-
ated by error-in-variable model (EVM) (Dube et al 1991),
the free radical character of the vinyl monomers in copoly-
merization can be sought by "Q" and "e" parameters. Where
"Q" is a measurement of the general reactivity/resonance
stabilization of the monomer and "e" depends on polar prop-
erties of the monomer.

The purpose of the present study is to report and compare
the "Q" and "e" values obtained for the copolymerization of
monomers performed in the absence of conventional free
radical initiators (Kaim and Munsif 1993; Munsif and Kaim
1995 and 1996).

The e2 and Q2 values were calculated (Young 1961) by
applying the following two equations:

e2 = el ± (-In rl r2)"2

Q2 = Q11r1 exp l-ere, - e2)]
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The values of rl and r2 calculated by EVM method for each
copolymer system were taken from our previous work (Munsif
and Kaim 1993 and 1994; Munsif etall994; Munsifand
Kaim 1995 and 1996). The Q2 and e values for styrene (sty)
have been taken as that of Alfrey and Price (1947) (QI = 1.0
and e = -0.80) for calculating the Q2 and e2 values.

There are also two methods (Greenly 1975; Laurier et al
1985), however, according to Laurier et al the precision of
Q-e values depends upon r-parameter data if it is exact, any
Q-e estimation procedure including Young's will give equiva-
lent results.

The calculated Q2 and e2 values for the monomers have been
placed in Table I whereas those reported in literature are
listed in Table 2.

The Q2 value for methyl methacrylate in all our copolymer
systems is in the range of 0.5307 -0.6449, which is much less
than the Q2 data that is in the range of 0.74-0.78± 0.02-0.06
for the same monomer system reported in literature (Young
1961; Greenly 1980; Laurier et at 1985) for the free radical
copolymerization of MMA and Styrene. Thus our results
suggest the low reactivity of the methyl methacrylate as com-
pared with the reactivity of monomer initiated by conven-
tional free radical initiators. These results also indicate that
as the concentration of the cyclohexanone increases in the
reaction mixture the Q2 value for MMA decreases as in case
of MMA-Sty + Chan system. This is not true in case of me-
thyl cyanoacetate (MCA)' as shown in Table I. This is in
contradiction with the result of Kaim (Kaim 1984 a and b)
which shows an increase of polymerization rate by increas-
ing concentration of cyclohexanone. Moreover, it is noted
from data in Table 1 that by replacing a portion of cyclohex-
anone by cyclohexane the Q2 value increases. This has also
been confirmed from the results of copolymerization systems
where benzoyl peroxide has been used as initiator i.e. Q2 is
higher when mixture of both of them has been used as a
solvent.

Our e2 for methyl methacrylate using cyclohexanone
pure as initiator and benzoyl peroxide match well with the e2

reported in literature (Young 1961; Greenly 1980; Laurier
et a11985) which is in the range 0.38-0.40 ± 0.3-0.8. In the
thermal copolymerization and in methyl cynoacetate/benzene
(mixture) reaction medium the e2 values for MMA are much
less even minus in cyclohexanone/cyclohexane as compared
with that reported in the literature (Young 1961; Green 1980;
Laurier et al1985). This supports our previous results (Kaim
and Munsif 1993; Munsif and Kaim 1994; Munsif et al1994;
Munsif and Kairn 1995; Munsif et at 1996) which indicate
the alternating tendency of monomers in copolymer that has
been accounted for (Braun and Czerwinski 1989) in terms of
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differing electrical polarities. However, ez value in pure me-
thyl cycanoacetate as well as in chn/cyclohexane and cyclo-
hexane using benzoyl peroxide is suprisingly higher than
that reported in the literature (Young 1961; Greenly 1980;
Laurier et al 1985).

In acrylamide-styrene system Q2 for acrylamide in chnl
benzene (mixture) is in close relation to the data for the same
monomer (Greenly 1975) which suggests the almost similar
reactivity of acrylamide monomer in the copolymer system
initiated by cyclohexanone to that of initiated by conven-
tional free radical initiators. However, the Q2 values for
acrylamide in all our remaining systems do not match with
the data reported in the literature (Young 1961; Greenly
1975). These Q2 values were in contradiction to that ofMMA
discussed above which indicate that as the concentration of
chn increases the (Q2 value) increases. However, it Q2 value)
decreases by replacing cyclohexanone partially by dioxane
or benzene.

Table 1
The Q2 and e2 values for methyl methacrylate copoly-
merized with styrene in various reaction media in the
absence of any conventional radical initiator at 75°C

Reaction Media Q2 e2

Thermal in bulk
Cyclohexanone
Cyclohexanone/Cyciohexane
(1:1.16 in volume) mixture
Methyl Cyanoacetate
Methyl Cyanoacetate/benzene
(l:1.16 in volume) mixture

0.6176
0.5307
0.5816

0.113
0.385
-0.018

0.5668
0.5503

0.569
0.003

The Q2 and e2 values for methyl methacrylate copoly-
merized with styrene in various reaction media using

benzoyl peroxide as initiator at 60°C.

Cyciohexanone
Cyclohexanone/Cyciohexane
(1:1.16 in volume) mixture
Cyclohexane

0.6035
0.6178

0.399
0.487

0.6449 0.462

The Q2 and values for acrylamide copolymerized with
styrene in various reaction media in the absence of any

conventional radical initiator 75°C.

Dioxane
Cyciohexane
Cyciohexanone/benzene
(1:1.6 in volume) mixture
Cyclohexanone/dioxane
(1: 1.6 in volume) mixture

0.5994
0.7049
0.2525

0.458
0.048
1.392

0.5916 0.176
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Table 2
The Q2 and e2 parameters for methyl methacrylate

reported in literature

Reaction Media Reference No.

Bulk
Bulk
Bulk
Not mentioned

0.78±0.04
0.76±0.02
0.74
0.78±0.06

0.38±O.03 (Greenly 1975)
0.38±0.03 (Greenly 1980)
0.40 (Young 1961)
OAO±0.08 (Braun and

Czerwinski 1989)

The Q2 and e2 parameters reported in literature for
acrylamide

Bulk 1.18
Not mentioned 0.23

1.30
0.54

(Young 1961)
(Braun and

Czerwinski 1989)

Our e2 values for acrylamide in various reaction media
are in the range 0.048-1.392. The only e2 data obtained for
the copolymer system in cyclohexanone/benzene is nearer to
that of reported by Young (1961). All other e2 values are
smaller than those found in the literature (Young 1961;
Greenly 1975), which indicate an alternating tendency of
monomers in copolymei·.

It can be concluded that lower reactivity of methyl
methacrylate is due to initiation by the active hydrogen
containing organic compounds, while the reactivity of
acrylamide is unaffected. The e2 values for both the mono-
mers (MMA and Aam) confirm the alternative tendency of
monomers in copolymers that also supports our previous
results (Kaim and Munsif 1993; Munsif and Kaim 1994;
Munsif and Kaim 1995; Munsif et al 1996).

Key words: Acrylamide, Styrene, Copolymerization,
Cyci ohexanone.
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