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Abstract

UNIFAC-group contribution method and the Wilson formula were used to study the solvent effects in the terminal model for radical
copolymerization. Local monomer concentrations in the neighbourhood of growing polymer radicals were estimated in order to determine
the true terminal reactivity ratios for the styrene—methyl methacrylate monomer system in bulk, and in benzene, toluene, benzyl alcohol and
phenol. Coefficients of monomer partitionir§, andKs, in the vicinity of the growing macroradicaldvi;- and—M,- were estimated. From
the results, it was concluded that the solvent does influence the local monomer concentrations in the proximity of both growing macro-
radicals—M;+ and—M,+, but not their ratios expressed &g andK3, respectively. Constant§; andK3 for solution copolymerization were
equal to those for bulk copolymerizatitdf andK3, respectively. From the graphical analysis of the solvent effect, an increasing effect was
suggested when changing the solvent from benzetmuene< benzyl alcohokl phenol.© 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction Because, up to now, determination of local monomer

concentrations is experimentally not possible these authors
There are a few papers which present quantitative did not focus on true reactivity ratios, but they related the

description of the solvent effect in radical copolymerization, apparent reactivity ratios to the ratios for copolymerization

according to the “bootstrap model” introduced by Harwood in bulk taken as a reference state. Although the monomer

[1]. Recently, Klumperman and O’Driscoll [2] proposed a ratio at the site of propagation in bulk copolymerization

method for quantification of the distribution coefficieiit probably differs from the global monomer ratio, they

introduced by Harwood to describe the ratio between local definedK for bulk to be unity K® = 1).

and global comonomer ratio: Hence, according to these authors, copolymerization in
bulk is taken as a thermodynamic reference state making it

[M1JIM2] = KIM2VIMZ], @ possible to quantify the solvent effects in solution copoly-

where [M], [M] and [M3], [M3] mean concentrations of ~Mmerization.

monomers M and M, in the neighbourhood of a growing When reactivity ratios were determined in bulk, Egs. (2)

polymer radical and global concentrations, respectively. For and (3) transform to Egs. (4) and (5):

any copolymerization in a solvent, the usually determined s

o A S =K, (4)
reactivity ratios are apparent reactivity ratigs, (i = 1, 2):
r$=rKS 2 rs = ry/Ks. )
15 = /K, 3) It follows that irrespective of the solvent employed
wherer;, (i = 1,2), are the true reactivity ratios aKdis the rrs = rir3. (6)
distribution coefficient as defined in Eq. (1) in the presence In the previous paper [3], the following model of copoly-
of solvent. '

merization was constructed involving local monomer
concentrations and true reactivity ratios. The growing end
* Corresponding author. of a macroradical interacts with both monomers. There
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exists a competition between monomers for addition to 2. Theory

the growing end proportional to their local mole frac-

tions, which in turn are related to the differences in the 2.1. General concept of the monomer distribution at the
interaction energies. In the model, we assumed that thepropagation site

monomer molecule to be added to the growing macro-

radical end is isolated from influences of remaining According to the “bootstrap model”, the growing polymer
molecules. This assumption is equiva|ent to a model radical governs its own environment. It means that the
in which both monomers do not interact with them- comonomer ratio available for the growing macroradical
selves, but interact exclusively with the growing macro- €nd depends on its terminal monomer unit. Thus, for the
radical end. A copolymer composition Eq. (7) analogous Mayo—Lewis model there is not one (as proposed by
to the Mayo-Lewis equation [4] was derived for the Harwood), but two different comonomer ratios available
terminal model using true reactivity ratios;, r, and for the growing chain ending withM;+ and-My:, [My]/

local concentrations W (i, j = 1,2) of the monomer  [M2i] and [Mi;]/[M2;], respectively. Therefore, two differ-
M; and M, respectively: ent distribution coefficientk; andK, have to be considered:

_dMgl _ M) (ra[Mugd + [May]) @ M11]/[M21] = Ky [MSI/[M3], ©)
diM,] Myl (ra[Mgal + [Myp])

where V; stands for the local concentration of; M the _ _ _
cluster surrounding the monomer;Mror determination According to Egs. (4) and (5), it follows for any solution
of the true reactivity ratios, according to the formula Polymerization that

M2l [M2,] = Ko[MO1/[M3]. (10

(7), true monomer concentrations [ [My] and 1S — r.KS (11)
[M2q], [M2] of monomers M and M, in the immediate ! 1
vicinity of the corresponding growing endsM;- and s s

rz2 = ra/Ks, (12)

—M,- were needed. To this end, the Wilson formula
was used relating the local mole fractions to the global wherer$, r5 andry, r, are apparent and true reactivity
values: ratios, respectively, for solution copolymerizatid€; and

K3 are solution distribution coefficients as defined in Egs.
(9) and (10), respectively.

As previously stated, the comonomer ratio available for
the growing macroradical in bulk copolymerization can also
differ from the global comonomer ratio. Thus, similar rela-
tions as for solution copolymerization (Egs. (11) and (12))
can be defined for bulk copolymerization:

XiIXi = (§/%)exp(—G;i/RT), 6)

wherex; is the local mole fraction of moleculgin the
cluster surrounding moleculg x; is the global mole
fraction of moleculei, R is the gas constanf is the
temperature, and; = (g; — gi) denotes the difference
in the corresponding interaction energies. Using
UNIFAC-group contribution method (in the way (b— kb (13
described previously [3])C; parameters were estimated,
and then the local concentrations and true reactivity ratios 0 — Kb (14)
calculated according to Egs. (8) and (7), respectively. 27 2ne

This model was expanded now to the influence of solvent where the symbols for bulk copolymerization correspond to
and mutual “solvation” effects of both monomers, whereas those for solution copolymerization.
the interactions between two species present in the reaction From Egs. (11) and (12), it follows that independent of
mixture are treated as independent from the remaining the solvent employed
molecules. S

The aim of the present paper is to provide a quanti- ($r5 = K—irlrz. (15)
tative description of the solvent effect on free radical K3
Eppolymelnzatmn acgordlng to the WI|SO!’] concgpt of From Egs. (13) and (14) and for

inary mixtures. This approach makes it possible to

quantify solvent effects in radical copolymerization KP=K$ (16)

described by the Mayo—Lewis model of copolymeriza-

tion. This way, true reactivity ratios in bulk and in kb _ ks 1
. Lo L 2 2 17

solution as well as the absolute distribution coefficients

K’s can be estimated. Eqg. (15) becomes Eq. (18):

For exemplification of the present approach, the solvent L
effect for the styrene—methyl methacrylate monomer rir; = K, 2 (18)

system in bulk and in benzene, toluene, benzyl alcohol 2

and phenol is discussed. ForK,; = K, = K andr = r°, Eq. (18) reduces to Eq. (6)
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Table 1
Dimensionless energetic parameters from Wilson relation (Eq.Ag)¥or
interactions between growing radical ends, monomers and solvents

Solvent Dimensionless energetic paraméters

AlZ A13 A42 A43 Als A45
Benzen& 0.6499 0.9036 0.8378 0.5300 1.2582 1.0115
Toluené 0.6429 0.9055 0.8368 0.5175 1.0718 0.5144
Benzyl alcohd! 0.6499 0.9036 0.8378 0.5300 0.1780 0.5342
Phenot 0.6499 0.9036 0.8378 0.5300 0.1990 1.9261

2 For the purpose of Table 1, dimensionless energetic parameters corre-

spond to the following interacting pairéi,: macroradical styrene ending
and methyl methacrylat®; 3 macroradical styrene ending and styrégg
macroradical methyl methacrylate ending and methyl methacrfge
macroradical methyl methacrylate ending and styr@ne macroradical
styrene ending and solveAs macroradical methyl methacrylate ending
and solvent.

P parameters calculated for 333.15 K; the temperature used by Ito and
Otsu [10].

¢ Parameters calculated for 313.15 K; the temperature used by Fukuda et

al. [9].

under the condition made by Klumperman and O’Driscoll [2]
that for bulk,K = 1.

2.2. Calculation of the local monomer concentrations in
solvent copolymerization

The local mole fraction of molecul¢ in the cluster
surrounding the growing end of macroradigalcan be
expressed using Wilson relation (8):

Xip/Xpp = (G/%0)Ajp 19
where, for short, the exponential term in the local composi-
tion formula (in the vicinity ofp) in Eq. (8) is denoted as
Ap = exp(—C;,/RT) and all remaining symbols have the
same meaning as previously. If 1 and 2 denote the corre-
sponding monomers,stands for solvent angplfor growing
macroradical, the following relations can be written as

X1p/Xpp = (X1/Xp)Aqp (20
Xop/Xop = (Xa/X5)Agp (21
Xsp/pr = (Xs/xp)Asp- (22

Both local and global mole fractions in Egs. (20)—(22)

give unity
Xpp T X1p + Xgp + Xp=1 (23
X+ X+ X+ X, =1 (29

Substitution of Egs. (20)—(22) in Eq. (24) gives (after
simple rearrangements and assuming tkat= 0 when
compared to the monomers and solvent concentrations)
formulae (25) for mole fractions of all speciésin the
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Table 2

Global mole fractions of styreney) and methyl methacrylated) in feed in
copolymerization in bulk, toluene (data by Fukuda et al. [8,9], respectively),
benzene, benzyl alcohol, phenol (data by Ito and Otsu [10]) and corresponding
local mole fractions in terminal model of copolymerization calculated accord-
ing to UNIFAC. For the convention see the text

Local mole fractions of
monomers in feed

Global mole
fractions of
monomers in feed
X1 Xo

Solvent

Xa1 X11 X22 X12

Bulk?® 0.046 0.954 0.936 0.064 0.971 0.029
0.096 0.904 0.870 0.130 0.938 0.062
0.121 0.879 0.838 0.162 0.922 0.078
0.194 0.806 0.747 0.253 0.870 0.130
0.210 0.790 0.728 0.272 0.859 0.141
0.241 0.759 0.691 0.309 0.836 0.164
0.319 0.681 0.603 0.397 0.775 0.225
0.422 0.578 0.493 0.507 0.689 0.311
0.474 0.526 0.441 0.559 0.642 0.358
0.592 0.408 0.329 0.671 0.527 0.473
0.692 0.308 0.240 0.760 0.418 0.582
0.702 0.298 0.232 0.768 0.407 0.593
0.756 0.244 0.186 0.814 0.343 0.657
0.774 0.226 0.172 0.828 0.321 0.679
0.786 0.214 0.162 0.838 0.306 0.694
0.832 0.168 0.125 0.875 0.246 0.754
0.891 0.109 0.080 0.920 0.165 0.835
0.944 0.056 0.040 0.960 0.088 0.912

Benzene 0.048 0.434 0.289 0.044 0.398 0.028
0.095 0.382 0.250 0.087 0.356 0.056
0.142 0.330 0.213 0.127 0.312 0.085
0.186 0.281 0.179 0.165 0.270 0.113
0.230 0.231 0.145 0.201 0.225 0.142
0.274 0.183 0.113 0.236 0.181 0.171
0.316 0.136 0.083 0.269 0.136 0.200
0.358 0.089 0.054 0.300 0.091 0.230

Toluene 0.022 0.459 0.339 0.023 0.580 0.017
0.080 0.394 0.285 0.081 0.514 0.065
0.091 0.382 0.275 0.092 0.501 0.074
0.175 0.288 0.201 0.172 0.396 0.149
0.208 0.252 0.174 0.203 0.354 0.181
0.209 0.251 0.174 0.204 0.352 0.181
0.268 0.185 0.125 0.256 0.269 0.241
0.298 0.152 0.102 0.282 0.225 0.273
0.353 0.091 0.060 0.328 0.140 0.335
0.396 0.043 0.028 0.363 0.068 0.387

Benzyl alcohol  0.051 0.468 0.698 0.106 0.580 0.040
0.103 0.411 0.598 0.208 0.523 0.083
0.153 0.356 0.506 0.303 0.465 0.126
0.201 0.303 0.422 0.389 0.406 0.170
0.249 0.250 0.341 0.472 0.344 0.217
0.296 0.198 0.265 0.550 0.280 0.265
0.342 0.147 0.193 0.624 0.213 0.314
0.387 0.097 0.125 0.693 0.145 0.365
0.432 0.047 0.059 0.760 0.072 0.419

Phenol 0.140 0.327 0.477 0.284 0.199 0.054
0.185 0.278 0.397 0.368 0.171 0.072
0.206 0.255 0.361 0.405 0.157 0.080
0.228 0.229 0.322 0.445 0.141 0.089
0.272 0.181 0.249 0.520 0.112 0.107
0.318 0.130 0.175 0.597 0.081 0.126

Due to some changes in the modelling of the styrene and methyl metha-
crylate radical molecules, local mole fractions of monomers in feed differ
slightly from the data published earlier [3].
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Table 3

Apparent and true terminal model reactivity ratios for the free-radical copolymerization of styfenétly methyl methacrylaterf) calculated according to
the Nelder and Mead simplex method [6], and corresponding distribution coeffi&ieatslK, calculated from local monomer concentrations and from true
and apparent reactivity ratios

Solvent Apparent reactivity True reactivity Distribution coefficient Distribution coefficient
ratios?rP or r¥ (i = 1,2) ratios®r; (i = 1,2) Ki(i=1,2) Ki (i=1,2)
Bulk® ry 0.550 0.39¢ 1.408 1.410
r 0.482 0.298 0.618 0.618
o" 0.01113 0.01113
Benzené ry 0.589 0.424 1.390 1.389
r 0.481 0.304 0.633 0.632
o 0.00344 0.00344
Toluené ry 0.535 0.380 1.408 1.408
r 0.392 0.243 0.618 0.620
o 0.00650 0.00652
Benzyl alcohal ry 0.441 0.317 1.390 1.391
r 0.406 0.256 0.633 0.630
o 0.00625 0.00625
Phenol ry 0.347 0.250 1.390 1.388
r 0.367 0.232 0.633 0.632
o 0.00470 0.00470

2 Calculated with global monomer concentrations.

b Calculated with local monomer concentrations.

¢ Distribution coefficient; (i = 1,2) from local monomer concentrations calculated according to Egs. (9) and (10).

9 Distribution coefficient; (i = 1,2) calculated from true and apparent reactivity ratios according to Egs. (13) and (14).

€ Calculated using experimental data at 313.15 K of Fukuda et al. [8].

" Results given previously [3].

9When moleculg andi in the Wilson formula Eq. (7) are for simplification reduced to intact monomer molecules (growing copolymer ends are not
constructed as described before), true reactivity ratioandr,, are 0.496 and 0.444, respectively [7].

" Standard deviation calculated as= \/Zi”:l[Fi(exptl) — Fi(calo]?/(n — 2), whereF is the fraction of monomer Min the copolymerp, the number of
experimental points and 2, the numbergfarameters.

" Calculated using experimental data at 333.15 K of Ito and Otsu [10].

I Calculated using experimental data at 313.15 K of Fukuda et al. [9].

vicinity of the growing end of macroradicqd: (sub)groups: two —Cklone CH=C< and one —COO-. A
growing macroradical styrene end can be constructed with
Xip = XAip , (i=1259). (25) one (sub)group —CH, five (sub)groups aCH and one
XiAip + XiAip + XiAip group aCCH<. A growing macroradical ester end can be

constructed with two (sub)groups —gHbne (sub)group —
CH,—, one group —COO- and one (sub)groogC<.
Benzene consists of six (sub)groups aCH, toluene of five
(sub)groups aCH and one (sub)group aGCphenol of
five (sub)groups aCH and one group of aCOH, and benzyl

To calculate the local mole fractions using this formula,
the binary interaction paramete(,, have to be estimated.
According to the group contribution method—UNIFAC [5],
both monomers (styrene and methyl methacrylate), solvents
(like benzene, toluene, phenol and benzyl alcohol) as well as k
the two growing macroradical ends can be modelled by alcohol five (subjgroups of aCH, one group of aGGHind

. . one group —OH.
tWEIé?_hdlﬁecriEt (s:g)grocugs._CH CH=C<, aCH, aC The calculation procedure for reactivity ratios using the
- y ] ] 2— ] — [} [} I

aCCH, aCCH<, aCCH—, —OH, aCOH, COO—, where aC :ﬂon-gngar_lealst—squ?gez ﬁnllsl)) fit bdased .gndthe N.eldelr a7nd
denotes an aromatic carbon. From this,i¥Mmodelled with ead [6] simplex method has been described previously [7].

one (sub)roup CH-CH-, e (subroups aCH an e, £ e ESeruok eperientl e of s 10 o
aC. Monomer molecule Ms assembled from the following well as of Ito and Otsu [10] at 333.15 K in benzene, benzyl

! Support in application of the UNIFAC-group contribution method can aICOh,OI and phenOI ha_ve be?n ,ConSIdered' The ch0|ce of
be available on request. experimental data available in literature was restricted to
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Fig. 1. Mole fraction of styrene (M centred triadsfy,m,m,» fmm,m,
andfy,u,m, versus mole fraction of Min the styrene—methyl metha-
crylate copolymer: ) bulk [8], (V) benzene [10], ¢) toluene [9],

(A) benzyl alcohol [10], ©) phenol [10]. Points obtained with the
procedure given by Harwood [1] were the same for apparent and true
reactivity ratios (Table 3) used for calculations.

those containing information on global monomer and solvent
concentrations during copolymerization. These data are
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3. Results and discussion

Dimensionless energetic paramet€sfrom the Wilson
relation (Eq. (8)) for interactions between growing radical
ends, monomers and solvents calculated with UNIFAC-
group contribution method are presented in Table 1.

Local concentrations of monomer;Mnd M, in the vicin-
ity of the growing endsM ;- and—M,- were estimated from
Eq. (25) (Table 2). Subsequently, the true terminal reactivity
ratios, r; and r,, for the styrene—methyl methacrylate
system in benzene, benzyl alcohol, phenol (at 333.15 K),
bulk and toluene (at 313.15 K) were determined according
to Eq. (7). For comparison, apparent reactivity rat'r@s,rg
andr3, r3, were calculated using the original Mayo—Lewis
equation. True and apparent reactivity ratios, as well as
distribution coefficients calculated from local monomer
concentrations (Egs. (9) and (10)) and from true and
apparent reactivity ratios ((11), (12), (13), (14)) are
presented in Table 3.

As shown in Table 3, both the distribution coefficiers,
andK,, calculated from local monomer concentrations and
reactivity ratios are almost identical. Influence of the poly-
merization temperature on the distribution coefficients
reflects the contribution of the parameter in the Wilson
formula (8). From the data given in Tables 2 and 3, it can

necessary to calculate the local concentrations of monomerye concluded that the solvent does influence the local mono-

M; and M, and subsequently, the distribution coefficients
KP, K2 andK$, KS as defined before.

1.000

¥

0.800
0.800
0.700
0.600
0.500

0. 400

M, in copolymer

0.300
0.200

0.100

M, M,
Fig. 2. Effect of dilution with the hypothetical inert solvent S on
composition of the bulk styrene (Y with methyl methacrylate ()
copolymer. For construction of surfade showing the dependence of
the copolymer composition (Min copolymer) on M, M, and S
concentrations in feed, see the text. Points refer to the experimental
data of Fukuda et al. [8] for bulk copolymerization (the concentration
of solvent S,xs, equals zero). Note that for clarity of presentation,
drawings were prepared for mole fractions of monomers and solvent
greater than 0.02.

mer concentrations in the proximity of both the growing
macroradicalsyM4- and—-M,-, but not their ratio expressed
for the growing ends als] andK3, respectively. Moreover,
constantsK; and K5 for solution copolymerization equals
those for bulk copolymerizatio? and K5, respectively.
Both these conclusions make more understandable the
observation made by Harwood [1]; why for the same
copolymer composition, independent of the solvent (or
bulk) used for copolymerization, the same microstructure
of copolymers is observed. A direct comparison of the
obtained distribution coefficients with those given by
Klumperman and O’Driscoll [2] is not possible for several
reasons. First of all, these authors used only one distribution
coefficientK® defined in Eg. (1) and related it to the two
reactivity ratios as shown in Eqgs. (2) and (3). This distribu-
tion coefficientK® does not have any simple relation with
distribution coefficientK?; and K3 defined in Egs. (9) and
(10) and correlated with reactivity ratios as presented in
Egs. (11) and (12). From the point of view of the present
model, the distribution coefficienk® is probably some
averaged value fronkK; and K3. Further, as mentioned
before, the distribution coefficients® estimated by these
authors for the styrene—methyl methacrylate system in
benzene, chlorobenzene and benzonitrile are related to the
copolymerization in bulk taken as a reference stiife=£ 1).
Thus, the authors calculated the distribution coefficiétits
from the apparent reactivity ratios for both bulk and solution
polymerization. The comparison of the distribution coeffi-
cients K® for the styrene—methyl methacrylate system
following the procedure by Klumperman and O’'Driscoll
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Fig. 3. Solvent effects on composition of styrene Mith methyl methacrylate () copolymer is presented. For construction of the differekEdetween
surfaceF corresponding to the monomer pair dissolved in a real solvent (a), (b), (c), (d) and dufiacthe hypothetical inert solvent S, see the text: (a)
benzene (data by Ito and Otsu [10]), (b) toluene (data by Fukuda et al. [9]), (c) benzyl alcohol (data by Ito and Otsu [10]), (d) phenol (data byutfiafd Ots
See also the note in the caption of Fig. 2.

[2], i.e. from apparent reactivity ratios, can be performed obtained in bulk, benzene, toluene, benzyl alcohol and
only for polymerization in benzene (Table 1). The calcu- phenol are presented in Fig. 1. Except for some deviations
lated distribution coefficientk® are equal to 0.934K(from for benzyl alcohol and phenol discussed earlier [11],
r;) and 0.998K fromr,). The values given by these authors arrangement of the points is conformable with the “boot-
are 0.93 and 0.95, respectively. To verify whether with true strap model”. As shown in Fig. 1, both the true and apparent
reactivity ratios a proper microstructure of copolymer is still reactivity ratios lead to the same microstructure of the
achieved, both true and apparent reactivity ratios were copolymers obtained in the discussed solvents. It allows
considered to estimate the styrene jJMentred triad us to conclude the equivalency in description of the micro-
sequence distribution according to the procedure proposedstructure of the copolymer with both, true and apparent,
by Harwood [1]. (M)-centred triad fractionsfy, v, reactivity ratios. Thus, there is equivalence in the micro-
fyomom, andfy,vm,, calculated from the terminal model  structure description of the current model relating the true
versus M in styrene—methyl methacrylate copolymers reactivity ratios with local monomer concentrations and a
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classical approach relating apparent reactivity ratios with benzyl alcohol had an exceptionally great effect on the
global monomer concentrations. Simultaneously, this result methyl methacrylate propagation rate. Additionally,
presents some kind of positive verification of the local O’Driscoll et al. [18] reported that tacticity of poly(MMA)
monomer concentration concept presented herein. formed in the presence of benzyl alcohol increased with the
As the coefficients of monomer partitionitg andK, do alcohol concentration in the polymerization system. This
not depend on the solvent but on the monomer pair, theseresult is interpreted as supporting the hypothesis that benzyl
parameters cannot be used for comparison of the inducedalcohol forms a strong complex with the radical chain ends
solvent effect. For the following purpose, graphical presen- terminating with methyl methacrylate and a week complex
tation of the solvent effects can be adopted. All copolymer with those terminating with styrene. It recalls the result
compositions corresponding to local concentrations calcu- discovered earlier [11] that the microstructure of the sty-
lated in the following were performed according to Eq. (7). rene—methyl methacrylate copolymers obtained in
First, an effect of dilution with a hypothetical inert solvent solvents containing a labile hydrogen atom, like benzyl
on the composition of the bulk copolymer was considered. alcohol and phenol, shows deviation with respect to the
Local concentrations necessary for the calculation were esti-“bootstrap model”. This effect was found to be stronger
mated with the assumption that the interaction energy differ- for phenol within agreement with the present results that
encesC;,, Cys andCg,are zero (Fig. 2). Next, the copolymer  the solvent effects were greater for phenol than for benzyl
compositions for solution copolymerization in real solvents alcohol. Ito and Otsu [10] suggest that the polarized struc-
like benzene, toluene, benzyl alcohol and phenol were ture (>C*—0") of methyl methacrylate becomes more
calculated according to Eq. (7) (now howeveél, C,s important, enhancing its reactivity as the solvent used is
andCgyare not equal to zero and can be calculated accordingmore protic.
to the UNIFAC-group contribution method as described
before). For both a hypothetical inert solvent and a real
solvent, the copolymer composition was calculated for 50

molar ratios of M (molar ratio from 0 to 1, step 0.02). Note, From the present model assuming that the comonomer

thb"’tt forzls: Oa convlentlona;I gop;glyrgenzaﬂon d(ljatgram 'S ratio available for the growing macroradical end depends
oblained. For example, points In 71g. £ COresponad to exper-  , i« tarminal monomer unit, it follows that two different

me{w;all reSltjrl]tS forl ?u"( cotpolym8er|z:\\t|onﬁof ;chefsttJyrene— distribution coefficientK; and K, have to be considered.
methyl methacrylate system [8]. An effect of benzene, Taken together, both the group contribution method

toluene, benzyl alcohol and phenol on_the composition of UNIFAC) and the local monomer concentrations concept,
the copolymer can l.).e expressed'as a dlfferencg bgtween th pplied for solution copolymerization offer a chance to esti-
copolymer compogmo_n fo_r solutlon_ copolymerization and mate the distribution coefficienks; andK, in the vicinity of
th_at for copolymerization n bulk (F'g'_ 3). It appears from the growing macroradicalsM;- and -M,:, respectively.
Fig. 3 that the solvent effect increases in the following order: From the results obtained according to the developed

benzen§< toluene<_ ber_lzyl alco_ho|< phenol. model, it is concluded that the solvent influences the local

We tried to e’,‘p"?"“ this order in the same way as Klum- monomer concentrations in the proximity of both growing
perman gnd O'Driscoll [2] for cqpolymenzanon [12] of macroradicals but not their ratio. Distribution coefficients
styrene with methyl methacrylate in bulk, benzene, chloro- for bulk K2, K2 and solution copolymerizatios, K3
benzene and nitrobenzene. These authors supported the idegTe respecti,vely equal. Thus, copolymerization in’buII; can
put forward by Russo [13] that the variation in the reactivity ’

i lat ith th larity of th vent. Thi | be regarded as a variant of solution copolymerization.
ratio correlates wi € polanty ofthe solvent. 1his explan- Increasing solvent effects when changing from benzene
ation fails in our case. Permanent dipole moments for

b ol b | alcohol and phenol toluene< benzyl alcohoks phenol suggest that both polar-
egzene, 0 ueg:e, en(ﬁ/_ aicono Oan14 poegg Eeaiugg ity of solvent and hydrogen-bonding are the factors respon-
under comparablé conditions are, [14], 0.36 [14], 1. sible for the solvent effects during radical copolymerization.
[15] and 1.45 Debye [15], respectively. Thus, one could

expect the solvent effect for benzyl alcohol to be greater

than that for phenol. However, this is not so in our case as Acknowledgements

shown in Fig. 3. Hence, at least for the discussed solvents,

polarity of the solvent is probably not the only parameter  This work was supported with 120-501/68-BW-1418/18/
responsible for solvent effects during the radical copolymer- 98 and BST/592/16/98 by the Faculty of Chemistry,
ization. The influence of the solvent on radical copolymer- University of Warsaw.

ization presents certainly a more complex problem. More
than twenty years ago, a long list of the factors discussed in
the literature was given by Bonéd al. [16]. Recently, it was
claimed [17] that a solvent influences the Arrhenius_ para- [1] Harwood HJ. Makromol Chem, Macromol Symp 1987;10/11:331.
meters for styrene and methyl methacrylate propagation rate |51 kjumperman B, O'Driscoll KF. Polymer 1993;34:1032.
constants in an univocal way. Among the reported solvents, [3] Kaim A, Oracz P. Macromol Theory Simul 1998;7:97.

4. Conclusions
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