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EFFECT OF SOME SOLVENTS ON THE RADICAL
POLYMERIZATION OF METHYL METHACRYLATE STUDIED
BY DIFFERENTIAL SCANNING CALORIMETRY

T. MALAVASIC, U. OSREDKAR, I. ANZUR, and I. VIZOVISEK

Boris Kidri¢ Institute of Chemistry
61000 Ljubljana, Yugoslavia

ABSTRACT

The course of the isothermal polymerization of methyl methacrylate in
different concentrated solutions in toluene, n-butyl acetate, cyclohexa-
none, and dimethylformamide was measured at four temperatures by
differential scanning calorimetry. The conversions at the sharp increase
of the reaction rate were found to increase with dilution of the reaction
mixture. The polymerization enthalpies and the composite rate con-
stants were calculated. The polymerization enthalpies seem to be sol-
vent independent. The composite rate constants for polymerization in
butyl acetate are lower and thaose for polymerization in toluene are
equal to the constants for bulk polymerization. They are independent
of the concentration of the reaction system. The constants for polym-
erization in cyclohexanone and dimethylformamide are, however, con-
centration dependent. An interrelation between the composite rate con-
stants and solubility parameters of the solvents and methyl methacrylate
was found. The relative molecular weight averages decrease with de-
creasing concentration of the reaction mixture. The MW distributions
were very broad.
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INTRODUCTION

The presence of a solvent in the radical polymerization of vinyl monomers
obviously influences the course and mechanism of the reaction, particularly
the diffusion-controlled termination [1,2]. The effect of different solvents,
mostly aromatic solvents, on the radical polymerization and on the propaga-
tion rate constant has been explained in terms of complex formation of radi-
cals with the solvents {3-7], but the complex formation was not confirmed
by NMR [8]. An effect of the solubility parameter was observed for the
polymerization of butyl acrylate [9].

In contrast to acrylic acid esters or other vinyl monomers, the course of
polymerization of short-chain methacrylic acid esters is specific: the initial
stage of the nearly constant reaction rate is prolonged and, therefore, the
composite rate constants can be calculated from DSC measurements 10, 11].

The aim of this work was to study the effect of toluene (T), n-butyl ace-
tate (BA), cyclohexanone (CON), and dimethylformamide (DMF) (as sol-
vents of very different viscosities and chemical character) on the course of
polymerization and the composite rate constants for the polymerization of
methyl methacrylate (MMA).

EXPERIMENTAL

Materials

Monomers were freed of inhibitor by washing with 5% NaQH solution and
distilled under nitrogen at reduced pressure. The initiator 2,2"-azoisobutyro-
nitrile (AIBN) was recrystallized from absolute ethanol and stored in the dark
at -25°C. Solvents were of p.a. grade and distilled before use.

Method

The courses of the isothermal polymerization of 95, 90, 85, 80, and 50
wt% solutions of MMA in T, BA, CON, and DMF were measured at 353, 358,
363, and 368 K with a Perkin-Elmer DSC-2 differential scanning calorimeter.
To initiate the polymerization, 50 mmol/L of AIBN was added. Since the
reaction rates were proportional to the released enthalpy, relative reaction
rates were measured by the ordinate displacement of the DSC curves. The
values were comparative ones, given in arbitrary units of millimeter chart
displacement. The conversions at the onset of the accelerated reaction were
obtained by graphical extrapolation of the initia] and the accelerated rate of



18:16 24 January 2011

Downl oaded At:

RADICAL POLYMERIZATION OF METHYL METHACRYLATE 57

polymerization [12]. The enthalpies of polymerization and the composite
rate constants were calculated from the areas between the DSC curves and
the baseline, which were obtained by back-extrapolation of the straight line
after the polymerization was terminated. The calorimeter was calibrated with
the melting enthalpy of indium. The DSC curves were digitized on-line and
processed by computer.

The molecular weight averages of the poly(methyl methacrylates) (PMMA)
obtained were measured by gel permeation chromatography (GPC) relative
to polystyrene standards. A Waters pump Model 510, u-Styragel columns
with pore sizes of 1075, 107%, 1077, and 5 X 10™® m, and a differential refrac-
tometer were used as a detector. The measurements were performed in tetra-
hydrofuran with a flow rate of 60 mL/h.

RESULTS AND DISCUSSION

The polymerizations of MMA at different concentrations in toluene at 363
K are shown in Fig. 1. Similar curves were obtained with the other three sol-
vents. It can be seen that the time of the nearly constant reaction rate in-
creases and that the relative initial and maximal rates in the accelerated reac-
tion rate region decrease with dilution. The values for all the systems are
given in Table 1.

On comparing the relative initial rates, it can be seen that the differences
between solvents are in the range of the experimental error, with a tendency
to be lower in BA and higher in DMF. The values increase in the measured
temperature range from 353 to 368 K by a factor of ~3.

The influence of the type of solvent and, even more, of the solution con-
centration is much more noticeable for the relative maximal rates in the re-
gion of the gel effect. The decrease of the maximal rates with dilution is low-
est for CON. The maximal rates in 80% solutions were lower than the initial
rates for T and DMF at 363 and 368 K. The same phenomenon was observed
for BA at 368 K. Accelerated reaction was not observed for any 50% solu-
tions.

The conversions at the onset of the accelerated reaction in the measured
temperature interval were found to be independent of temperature for any
concentration (Table 2). The conversions at the onset of the sharp increase
of reaction rate are highest in T solutions.

The polymerization enthalpies, extrapolated to 100% MMA, are in the range
59 * 3 kJ/mol for all measured systems.

The conversion is proportional to the released enthalpy of polymerization.
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FIG. 1. Courses of isothermal polymerization of MMA in 95, 90, 85, 80,
and 50 wt% solutions in toluene at 363 K, [AIBN] = 50 mmol/L.

From plots of In (4/4 - a) vs time [10] (where A is the total area and a is
the partial area to time ¢ between the DSC curves and the baseline), the com-
posite first-order polymerization rate constants k' were calculated (Table 3).
Since k' is equal to the polymerization rate Rp divided by the concentration
of the monomer [M], they should be equal for all concentrations if the sol-
vent does not influence the reaction mechanism:

K =kp(fkd[lo]/kt)l/2 =Rp/[M], ¢y

where kp, kg, and k; are the rate constants for polymerization, initiator dis-
sociation, and termination; and [l ] is the initial initiator concentration.

It can be seen that k' for polymerization in T does not differ from that
for bulk polymerization, while k' in BA is lower and independent of concen-
tration. In CON, and even more in DMF, k' increases with dilution of the
reaction mixture.

No relation between the rate constants and the viscosity of the solvents



*aIn3XTW wooeas Jo Swr 01 1o9d juswraoerdsip JIEYO ISJOWIIW JO S)fUn ATEX)IqIE ulq
"Ifloww 0 = [NEIV] 1% ul,

70T 69T 681 6§91 L6E 96V L'6T 89t T9L v'98 69 0'89 ¢TI 90TT TOIT §LIT 89¢
L'6T T'LT 18T €91 L'8E 9Ly L'6T 9'St TTL 9'LL 0T9 9%9 9901 T80T +#'S6 9901 £9¢
661 TST L'LT 861 §¢E 6Th €6t 8¢t 8'€9 969 €¥S 09¢ 816 v'L8 908 8€S8 85S¢
681 €7T €91 LYl 0'€€ +9¢ 1€ T°0E ThS 9SS 6Sv 6Ly el 90L ¥'S9 669 €5¢
1093130 128 9y e qSo¥e! [PLITXBW 2ATYE[Y
§6T 9°ST 01T S¥T S8 T'LT L0T 0LT 00e T6T 6€T 8'LT 70¢ 86T 8€ET 86C 89¢
61T 881 6¥1 691 60T v6I 9% T'6l ¥'Tt 80T TLI TO0T TIe vIT 891 v'0C €9¢
L'ST 971 01 911 €yl 8¢l 86 9¢l 8'sT ¥+ 1TT 9¢l 0sT  ¥PT 8IT  8€T 85¢
LOoT 89 TL ¢€L €01 $6 08 76 I'Zt 86 €8 86 €11 10T 18 L6 £6¢
qSoVer [EIIUT aATIe[oY

AN NOD Vvd 1 JNd NOD Vi 1 ANd NOO Vvd L dNd NOD vd 1 p.§

‘arnyeradwo ],

%08 %S8 %06 %S6

1102 AJtenuer y2 9T :8T

LIV papeo |umog

pSRINIXI UoNoeay o} Jo
SUOTIEIIU20UO0)) JualaljIq 1B (JW) splweuLio}[Aylowi(q pue ‘{(NOJ) suouexsyoprA) (V) a1e100y [Aing-u ‘(1) susnfo],
Ul VI JO uoljeziawfjod uonnjo§ 10] uoiday 19534 [o1) oY1 Ul so1BY [BWIXE PUE saley [eniu] aane[oy 1 414V.L



18:16 24 January 2011

Downl oaded At:

60

MALAVASIC ET AL,

TABLE 2. Conversions? at the Onset of the Accelerated Reaction Rate in the
Solution Polymerization of MMA in Toluene (T), n-Buty! Acetate (BA), Cyclo-
hexanone (CON), and Dimethylformamide (DMF) at Different Concentrations

Concentration, wt%

Solvent 95 90 85 80

T 47.1 56.9 60.7 69.0
BA 47.0 51.7 54.9 63.9
CON 45.1 50.0 57.6 62.9
DMF 47.7 544 57.9 63.5

3In %; [AIBN] = 50 mmol/L.

could be found. However, the difference between solubility parameters of the
solvents and MMA was found to be related to &' as follows: The solubility
parameter of BA is smaller than that of MMA, and &’ for polymerization in BA
is smaller than &' for bulk polymerization and independent of concentration.
The solubility parameters of T and MMA are very near, and &’ for the polym-
erization in T and in bulk are equal. The solubility parameters of CON and
DMF are higher than the solubility parameter of MMA, and &' for the polym-
erization of MMA in CON and DMF is higher than for bulk polymerization

and dependent on concentration (Table 4).

The observed differences in overall rate constants and rate of polymeriza-
tion as a function of solubility parameter can be explained by changes in the
monomer concentration in the neighborhood of the growing radical due 1) to
differences in the miscibility of monomer and solvent and 2) to differing ex-

pansion of polymer molecules.

The relative molecular weight averages are given in Table 5. The MW dis-
tributions for polymers synthesized in 95% solutions were very broad but
became narrower with dilution of the reaction mixture. The measurements
for the same sample varied when repeated, especially for the 95% solutions,
which could be ascribed to the increased pressure in the GPC columns due

to the accumulation of microgel often present in methacrylic acid esters

polymers.
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TABLE 4. Viscosities, Solubility Parameters, and Composite Rate Constants
(k") for the Polymerization of MMA in Bulk and in Solutions in Toluene (T),
n-Butyl Acetate (BA), Cyclohexanone (CON), and Dimethylformamide
(DMF)?

Solubility parameter

Viscosity, X 107 [13], KX 10,57
Solvent mPa-sat25°C (J/m®)! 2 100% 95% 80% 50%
BA 0.688 17.31 0.39 039 0.38
T 0.552 18.23 046 043 048
CON 2.20 20.21 047 0.50 0.63
DMF 0.802 24.84 0.50 0.57 085
MMA 0.565 18.0 0.46

3At 353 K; [AIBN] = 50 mmol/L.

TABLE 5. Relative Molecular Weight of Poly(Methyl Methacrylates), Synthe-
sized at Different Concentrations? in Toluene (T), n-Butyl Acetate (BA),
Cyclohexanone (CON), and Dimethylformamide (DMF)b

M, X 107
Solvent 95% 90% 85% 80% 50%
T 14.4 9.2 8.7 8.0 2.5
BA 149 10.0 92 8.1 2.5
CON 153 9.5 9.0 7.4 2.7
DMF 16.2 9.1 8.7 5.5 2.4

3In wt%.
bAt 358 K.
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CONCLUSIONS

The initial rates and maximal rates of polymerization in the gel effect re-
gion decrease and the conversions at the sharp increase of reaction rate in-
crease with dilution of the reaction system. The values are also dependent
on the solvent. In 50% solutions the strongly accelerated reaction was not
observed any more.

The composite rate constants vary with the solvent. For polymerization
in BA they are lower and for polymerization in T they are equal to the con-
stants for bulk polymerization, and for both solvents they are independent
of concentration from 95 to 50 wt%. The constants for polymerization in
CON and DMF are higher than for bulk polymerization, and they increase
with dilution. The rate constants were found to be independent of solvent
viscosity but dependent on their solubility parameters.

The relative molecular weight averages of PMMA and the breadth of the
distributions decrease with dilution. Due to microgel present in the samples,
the values were not reliable enough to make firm conclusions from these
measurements.
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