V1(5 1 52)2
RT
where, 8, and 9, refer to solvent and solvated polymer and
R and T are the gas constant and the absolute
temperature respectively®!*. The &, value does not differ
very much from solvent to solvent. If these are of the same
type, the value 6, will determine the magnitude of the
endothermic constituent. If 4, is sufficiently different from
d,, this heat contribution together with u; may be large
enough to cause u to exceed its critical value (u,=0.5),
which is not evident in case of soft and hard segments of
shellac resin. Furthermore the J, for both the solvents are
near to the § for the shellac and thus the deviation is small
in 8 and p values. The above discussion and p values of
shellac segments indicates that no solvation takes place in
both the solvents. As in polymers generally initial phase
separation occurs when J,, (solubility parameters of
mixture) differ sufficiently from &, the value of the
polymers to cause u to exceed its critical value (¢, =0.5).
Thus this emperical value (1) of shellac may be used in
ascertaining the phase separation in phase separation

processes of encapsulation'®~17.

solvent should depend on V,(8, —6,)* as p, =

ACKNOWLEDGEMENT

The authors are thankful to Dr T. P. S. Teotia, Director,
Indian Lac Research Institute, Namkum, Ranchi, for his
encouragement and kind permission to publish the
results.

Polymer reports

REFERENCES

1 Rehner, Jr. J. J. Polym. Sci. 1960, 46, 550
Huggins, M. L. Physical Chemistry of High Polymers, Wiley,
New York, 1950, 48
3 Moore, W. R., Epstein, J. A., Brown, A. M. and Tidswell, B. M. J.
Polym. Sci. 1957, 23, 23
Huggings, M. L. Annals, New York Acad. Sci. 1943, 43, 431
Flory, P. I. J. Am. Chem. Soc. 1943, 65, 372
Doty, P. and Zable, H. S. J. Polym. Sci. 1946, 1, 90
Muthana, M. S. and Mark, H. J. Polym. Sci. 1949, 4, 527 and 531
Misra, G. S. and Sengupta, S. C. ‘Shellac’, in ‘Encyclopedia of
Polymer Science and Technology’, (Eds. H. F. Mark and N. G.
Gaylord), Interscience Publishers, New York, 1970, 12, 419440
9 Bose, P. K., Sankaranarayanan, Y. and Sengupta, S. C.
Chemistry of Lac, Indian Lac Research Institute, Namkum,
India, 1963, 2148
10 Basu, S. Ind. Chem. Soc. 1948, 25, 3, 103
11 Hilderband, J. H. and Scott, R. L. ‘The Solubility of Non
Electrolytes’, Reihnhold Publishing Corp., New York, 1950
12 Doolittle, A. K. Technology of Solvents and Plasticizers, John
Wiley, New York, 1954, 820
13 Tanford, C. ‘Physical Chemistry of Makromolecules’, John
Wiley, New York, 1973, 158
14 Burrel, H. ‘Solubility of Polymers’, in ‘Encyclopedia of Polymer
Science and Technology’ (Eds. H. F. Mark and N. G. Gaylord),
Interscience Publishers, New York, 1970, 12, 626
15 Nack, H. J. Soc. Cosm. Chem. 1970, 21, 85
16 Flinn, J. E. and Nack, H. Chem. Eng. 1967, 74, 25, 171
17 Hall, H. S. and Hinkes, T. M. in ‘Microencapsulation Process and
Applications’ (Ed. J. E. Vandagaer), Plenum Press, New York,
1974, 145
18 Bannerjee, P. K., Srivastava, B. C. and Kumar, S. Polymer 1982,
23, 417

2B I NV S

Letter to Editor

Comments on the kinetic mechanism of free radical bulk
copolymerization of styrene-methyl methacrylate*
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The termination mechanism of free radical bulk copolymerization of styrene—-methylmethacrylate is
chemically controlled as is evident from the literature and the diffusion controlled mechanism postuiated
by Khan and Wadehra is most likely to be the result of some apparent discrepancies in their experimental

data.

Keywords Copolymerization; kinetic mechanism; styrene—-methylmethacrylate; o factor;

polymerization-bulk; polymerization-free radical

In a recent paper published in this journal’, Khan and
Wadehra attempted to reveal the kinetic mechanism of
free radical bulk copolymerization of styrene-
methylmethacrylate (SMMA). They showed that the
parameter ¢ (which provides a measure of the extent to
which termination between unlike radicals is preferred)
varies between 127.7 to 20.0 for initiator concentration
equal to 0.0076 mol 17! and from 122.3 to 20.24 for
initiator concentration equal to 0.0152 mol 1™}, when the
mole fraction of styrene decreases from 0.871 to 0.365.

* NCL Communication No. 2916

0032-3861/82/081245-02$03.00
©1982 Butterworth & Co (Publishers) Ltd.

They concluded that the kinetic mechanism in SMMA
copolymerization is governed by diffusion controlled
termination and is not chemically controlled even when
the conversion is limited to a maximum of 7%, and the
viscosity of the reaction mass is fairly low. It is the purpose
of this communication to show that the conclusions
arrived by Khan and Wadehra are contrary to the well
accepted kinetic mechanism of chemically controlled
termination for SMMA copolymerization.

SMMA copolymerization has been well studied in the
literature and at least three different groups?~* have
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determined the ¢ factor by fitting the experimental rates
of copolymerization with the theoretical curves
(calculated by the well known Mayo-Walling’s®
equation). In the region where the sytrene mol fraction
varies between 0.2 to 0.8, there is a close agreement in the
values of ¢ reported by different workers. Indeed it is seen
that ¢ lies in the range 11 to 17, with an average value of ¢
lying between 13 and 14 as shown (see Figure I). At low
styrene concentrations, the theoretical curves lie below
the experimental values, while at higher styrene
concentrations, the position is reversed. The explanation
for the discrepancy is provided by Barb® and North and
Reed’. At higher styrene concentrations the bulk of the
radicals with a methylmethacrylate terminal grouping
would have a styrene unit as the penultimate group. This
group has the effect of enhancing the reactivity of the
terminal model to produce an increase in the ¢ factor’. At
high concentrations of methylmethacrylate, North and
Reed confirm that the termination of the free radical
polymerization is diffusion controlled even at viscosities
corresponding to that of the monomers.

Recently, while studying the high conversion bulk
copolymerization of SMMA, two different groups®® have
reported their experimental data at an initial feed
composition of 60 mol per cent styrene. At lower
conversions (<20 mol%) their experimental rates of
copolymerization agrees well with the theoretical rates
when the value of ¢ lies between 13 and 15. The data
obtained by Zaitsev et al!® in their study of
copolymerization of SMMA initiated by various
peroxides indicate that the initial rates of
copolymerization depend on the square root of the
initiator concentration.

The conclusions arrived by Khan and Wadehra are
thus surprising and are decidedly at variance with the
published studies. To probe this discrepancy further, we
reporduce the data reported by Khan and Wadehra in
Figure 1. In the region, where the styrene mole fraction
varies from 0.3 to 0.7, the change in the rate of
copolymerization reported by two different groups is
only about 20% as shown in Figure I, whereas the
experimental data of Khan and Wadehra indicates an
increase of almost 60%,. There is also deviation of about
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Figure 1 Relative rate of copolymerization as a function of mono-
mer feed composition for styrene—methyl methacrylate. O, Walling3;
®, Melville et a/.2; &, Khan and Wadehral

100%, in the relative rates of copolymerization (rate
min/rate max) compared with the data of others.

In summary, we wish to state that chemically controlled
termination mechanism of SMMA copolymerization is
well proven in the literature and the diffusion controlled
mechanism postulated by Khan andWadehra is most
likely to be the result of some apparent discrepancies in
the experimental data reported by them which have been
pointed out above.
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