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NOTE 
POLYMERIZATION OF METHYL METHACRYLATE BY 
A CHARGE-TRANSFER MECHANISM 

S. D. BARUAH* and B. SUBRAHMANYAM 
Regional Research Laboratoq 
Jorhat 785006, Assam, India 

INTRODUCTION 

Charge-transfer polymerization of vinyl monomers like methyl meth- 
acrylate (MMA) and vinyl chloride has been widely investigated [I-71. 
For MMA it can be initiated by charge-transfer complexes formed by the 
interaction 1) of aliphatic amines and MMA or 2) of aliphatic amines and 
carbon tetrachloride in nonaqueous solvents, such as NN-dimethylform- 
amide (DMF) and dimethyl sulfoxide (DMSO). Polymerization of MMA 
by a compound containing a donor nitrogen atom in the presence of CCb 
is now well established [5, 61. Lautenberger et al. [ S ]  established the exis- 
tence of a charge-transfer complex between an aliphatic amine (donor) 
and CCl, (acceptor). Vofsi et al. [3] reported that the charge-transfer com- 
plex formed between an aliphatic amine and CC1, decomposes to produce 
free radicals, which initiate polymerization. According to Matsuda et al. 
[2], initiation is due to the donor-acceptor amine/monomer charge- 
transfer complex (1:l) in the presence of CCl,. Initiation through charge- 
transfer complexes involving Lewis acid, monomer, and CC14 has also 
been discussed 19-12]. The present communication deals with the poly- 
merization of MMA in DMF initiated by ethanolamine (EA) and CClo 

EXPERIMENTAL 

MMA, DMF, and CCl, were purified by the standard methods. Ethan- 
olamine (EA) was distilled under reduced pressure before use. The 
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polymerization was done in an atmosphere of positive pressure of oxygen- 
free nitrogen in a three-necked flask with DMF as solvent. The poly- 
merization was not allowed to proceed beyond 25% to avoid gel effect [13). 
After the reaction period, poly-Mh4A was precipitated by methanol con- 
taining trace quantities of hydroquinone. The amount of polymer formed 
was determined gravimetrically, and the rate of polymerization was 
determined. 

Gel-permeation chromatography was performed at 25°C with purified 
tetrahydrofuran as eluent (1 mWmin) by a Waters Associates GPC unit. 
The sample concentration was 0.2% wlv, and the volume of polymer solu- 
tion injected was 50 pL. The GPC column combination was lo6, 16, 104, 
and 500 A. A universal calibration curve, based on elution volumes of 9 
narrow-MWD polystyrene samples from Waters Associates was used to 
compute the molecular weights of the polymer samples. 

RESULTS AND DISCUSSION 

It was found that an aliphatic amine (A) like methyl, ethyl, isopropyl, n- 
butyl, or cyclohexyl can act as donor, and CCl, and MMA can act as ac- 
ceptor for the formation of charge-transfer complexes [14]. When aroma- 
tic amines and heterocyclic compounds, such as pyridine, p- or y-pico- 
line, are used in place of the aliphatic amine and CHC1, is used in place of 
CCl,, no polymerization takes place under the experimental conditions 

The relationship between the overall polymerization rate, Rp, and 
[MMA] at constant concentrations of amine and CCl, is shown in Fig. 1. 
R, was proportional to [MMAJ 

Figure 2 shows a linear relationship between log R, and log [EA] at a 
constant concentration of MMA and CCL. 

K p  is sensitive to [CCI,] at low [CCl,], but at higher concentrations 
(above 0.35 mol/L) it is independent of [CClJ. 

The reaction can be inhibited by oxygen and hydroquinone, suggesting 
a free-radical polymerization mechanism. 

The mechanism for initiation of vinyl monomers (M) by charge- 
transfer complexes formed by interaction of amine and CCl, or by amine 
and vinyl monomer is not clear. According to Matsuda et al. [2], initiation 
is due to the amine/monomer charge-transfer complex (1: l), I, in the pres- 
ence of CC1,. Thus: 
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k l  

k- l  

R N H 2 + M  e I 

k2 
I + CCl, -+ Ri' + RN +H,Cl-. 

According to other schools [3, 71, initiation is due to the amine/CCl, 
charge-transfer complex, 11, which interacts with M and produces &. ' . 
Thus 

k3 

k-3  

RNHz + CCl, e I1 

k4 
I1 + M + Ri' + RN'+H2C1-. 

Presumably both mechanisms are possible [5, lo]. 

FIG. 1. Relationship between logRp and log [MMA] at 30°C. [CCl,] = 2.00 mow,  [EA] = 
1.96 mol/L. 
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FIG. 2. Plot of log R, vs log [EA] at 30°C. [MMA] = 2.90 mol/L, [CCy = 2.00 mol/L. 

Investigation of the polymerization of MMA with IPA [5] and n- 
butylamine [6] established that the rate can be given by 

R, = k,/k,1/2(k3)1/2[MMA] [A] 1/2[CCl,] ll2 ( 5 )  

when [CCI,]/[A] < 1. 

the rate expression becomes 
Again, when [CCl,]/[A] >> 1, R,, becomes independent of [CCI,], and 

R ,  = k,/k,1/2(kl)1/2[MMA]3’2[A] ll2. (6) 

The experimental results with ethanolamine agree with Eqs. ( 5 )  and (6), 
i.e., R, was found to be independent of CC1, for [CCl,] > 0.35 mol/L and to 
vary as [MI 1.41 and [EA]o.53 when [CCI,] >> [EA]. The average rate constant, 
k, is 7.1 X L/(mol* s) at 30°C. Since some monomer was used up in in- 
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L 

FIG. 3. Arrhenius plot of polymerization rate (3O-5O0C). IMMA] = 2.90 mol/L, ICcb] = 
2.00 moVL, [DMF] = 4.90 moVL, [EA] = 1.96 mol/L. 

itiation, the order of reaction with respect to [MI is less than the theoretical 
value. 

From the slope of the Arrhenius plot in Fig. 3, the overall activation en- 
ergy was calculated to be 9.7 kcal/mol. 

The degree of polymerization, m, of poly-MMA obtained with the 
ethanolamine-CC1, system increased with increasing monomer concen- 
tration and decreased with increasing amine concentration, presumably 
due to the termination by ethanolamine also. The plot of l / D T  against Rp 
was also linear (Fig. 4). 
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FIG. 4. Plot of l/DPas a function of Rp in N2 atmosphere at 30°C in DMF. [EA] = 1.96 
mol& [CCl,] = 2.00 mol/L, [MMA] variable. 
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