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Polymerization of Methyl Methacrylate by 
Charge-Transfer Mechanism with Amines 
and Carbon Tetrachloride 

N. N. DASS and A. K. GOGOI 

Department of Chemistry 
Dibrugarh University 
Dibrugarh 786004, Assam, India 

A B S T R A C T  

The charge-transfer complex formed between an amine and carbon 
tetrachloride can initiate the polymerization of vinyl monomers in 
a nonaqueous solvent such as dimethylsulfoxide. Here we use cyclo- 
pentylamine (CPA) and heptylamine (HA) as the donor compounds 
fo r  charge-transfer initiation of the polymerization of meth 1 meth- 

P 
[CCI4] O S 5  when [CCI4] /[aminel 5 1; when [CCI4] /[aminel > 1, R 
becomes independent of [CCl,] and R = k[MMA] [amine] 0 . 5 .  The 

average constant a t  60°C for  the polymerization of MMA in terms of 
monomer were (1.66 f 0.03) X lom5 and (1.46 f 0.04) X s-' with 
CPA and HA, respectively, when [CCI4] /aminel 5 1, and ( 1.16 f 0.04) 
X 

acrylate (MMA). The rate  of polymerization R = k[MMA] Y [amine]0'5 

P 

P 

and (1.39 f 0.08) X L/mol* s when [CC14] /[aminel > 1. 

807 
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I N T R O D U C T I O N  

DASS AND GOGOI 

It is well known that the charge-transfer complex formed between a 
compound containing a donor atom and an acceptor like SO can initiate 

the polymerization of vinyl monomers [ 1-31. Maleic anhydride can 
initiate the charge-transfer polymerization of styrene in the presence 
of such solvent as ethylbenzene, cymene, and p-cymene [4]. It has been 
reported that vinyl monomers can be initiated by n-butylamine [5], iso- 
propylamine [6], 2,4-dinitrophenyl hydrazine [7], sodium cyanide [ E l ,  
urea [9], melamine [ 101 etc. in the presence of carbon tetrachloride by 
a charge- transfer mechanism. Such a charge-transfer polymerization 
can be accelerated by Lewis acids. Here we report the polymerization 
of MMA initiated by cyclopentylamite (CPA) and heptylamine (HA) with 
carbon tetrachloride in DMSO at 60 C. It was suggested by Latenber- 
ger e t  al. [ll] that the polymerization was due to a charge-transfer com- 
plex formed between the electron donor compound and CC14. Vofsi e t  al. 
[ 121 suggested that the polymerization was due to the charge-transfer 
complex formed between the electron donor compound and the monomer. 
Evidently both mechanisms could operate [5, 61. So the polymerization 
was done with CPA and HA in the presence of CC14 to check the validity 
of the rate laws and mechanism already proposed. 

2 

E X P E R I M E N T A L  

M a t e r i a l s  

MMA [ 131, DMSO [ 141 , and CC14 [ 11 were purified by published 

methods. Cyclopentylamine (Fluka) and heptylamine (Fluka AG) were 
distilled under reduced pressure before use. 

P o l y m e r i z a t i o n  

The experiments were done in a three-limbed vessel. The first limb 
was filled with MMA in DMSO and the second with amine and CC14 in 

DMSO. The vessel was completely evacuated [15], and then the con- 
tents of the two limbs were thoroughly mixed and transferred to the third 
limb, the dilatometer. The sealed dilatometer was then immediately in- 
troduced into a thermostat at 60 f 0.01"C. The reaction was followed 
dilatometrically. The molecular weights were determined viscometric- 
ally using the relationship [16] 
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R E S U L T S  A N D  D I S C U S S I O N  

MMA can be polymerized even below 30°C by CPA and HA in the 
presence of CC1, in DMSO, DMF, o r  CHC13. No polymerization takes 

place i f  amine o r  CC1, is missing from the system. The r a t e  of 
polymerization, R of MMA increased with an increase of [CCl,] and 

becomes independent of [CCI,] when [CCl,] /[aminel > 1. The plot of 
R vs  [CC14] is shown in Fig. 1. When [CCl,]/[amine] 5 1, the rate of 
polymerization of MMA was f i r s t  o rde r  with respect to [MMA]. A 
typical plot for  CPA and HA with a fixed amount of CC1, is shown in 

P’ 

P 

FIG. 1. Plot of R v s  [carbon tetrachloride] a t  60°C. ( a )  MMA; 

cyclopentylamine and CC1, system. (b )  MMA; heptylamine and CC1, 
system. [MMA] = 1.80 mol/L, [CPA] = 0.99 mol/L, [HA] = 0.59 mol/L. 
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8 10 DASS AND GOGOI 

0.03. 

0.02 ' 

- 8 

t (min) 

FIG. 2. Plot of log a / (a  - x) v s  t ime in minutes a t  60°C, where "a" 
is the initial concentration of MMA and "x" is the concentration of MMA 
that disappeared with time. (a) MMA, CPA, and CC14 system. (b) MMA, 
HA, and CC14 system. [CPA] = 0.99 mol/L, [CCl,] = 0.98 mol/L, [HA] = 

1.13 mol/L. 

Fig. 2. The data for  these plots are given in Tables 1 and 2. When 
[CC14] /[aminel < 1, the rate was proportional to  [amine] O ' '  (Fig.  3) 

and [CC14] O a 5  (Fig. 4). 

The o rde r  of reaction with respect to monomer was 1.40 when CPA 
was used as the donor and 1.46 when HA was used as the donor for  
[CC14] /[aminel > 1. The o rde r  of reaction with respect to amine was 

0.5 for  both systems. The relationship of R with MMA for  a fixed com- 
position of amine and CC14 is depicted in Fig. 5. Under these conditions 
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POLYMERIZATION OF METHYL METHACRYLATE 813 

[AMINEI 0.5 (mol/L) 

FIG. 3. Plot of RD vs [amine] l’’ at 60°C. (a )  MMA, CPA, and CC14 
system. (b)  MMA, HA, and CC14 system. [MMA] = 1.80 mol/L, [CC14] 
= 0.98 mol/L. 

the mean rate constant 6s (1.16 f 0.04) X L/mol. s for  the CPA 
and (1.39 * 0.08) X 10- L/mol’ s for the HA systems, respectively. 
The l inear plot of R v s  [amine] O e 5  intercepted the axis of [amine] 0 . 5  

P 
at 0.36 mol/L for the CPA system and at 0.12 mol/L for  the HA system, 
which were the limiting values for  the concentration of amines, CPA, 
and HA for the formation of the associated complex with DMSO [ 171. 
Thus the amines up to these limits were not f ree  to initiate the polym- 
erization of MMA. Above this concentration the free amine was avail- 
able for  the formation of a charge-transfer complex with MMA and 
CC14, and so the initiation of polymerization was possible above 0.36 
mol/L of CPA and 0.12 mol/L of HA (Tables 3 and 4). 

mechanism is suggested. The radicals must be generated by decomposi- 
tion of the charge-transfer complexes. 

The mechanism for the initiation of MMA by the charge-transfer com- 
plex formed by the interaction of amine and CC14, as well as of amine 
and vinyl monomer, is not very certain [ 181. According to Vofsi e t  al. 

A s  the reactions a r e  inhibited by oxygen and hydroquinone, a radical 
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8 14 DASS AND GOGOI 

[ccI,I'.' (mol/L) 

FIG. 4. Plot of R vs  [carbon tetrachloride] at  60°C. 
I) 

CPA, and CC14 systim. (b)  MMA, HA, and CC14 system. [MMA] = 1.80 

mol/L, [CPA] = 0.99 mol/L, [HA] = 0.59 mol/L. 

[ 121, the charge-transfer complex I formed between amine as the donor 
and vinyl monomer as the acceptor in the presence of CC14 initiates the 
polymerization: 

k.  
1 RNH2 + M = I 

k- 1 

.+ 
I + CC14 - k2 R i  + RNH2C1- 

where M = MMA 

R = C  H andC,H15 
R ' = MCC13 
I = charge-transfer complex 

5 J l  
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2? - 0.4 
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0 
0.2 0.4 0.6 

log [MMAI (rnol/L) 

815 

FIG. 5. Relationship between log R and log [MMA] at 60°C. (a) 
(a)  

P 
MMA, CPA, and CC14 system. ( b )  MMA, HA, and CC14 sys tem.  

[CPA] = 0.59 mol/L, [CC14] = 0.98 mol/L. (b) [HA] = 0.56 mol/L, 

[CC14] = 1.25 mol/L. 

According to Latenberger et al. [ll] , charge- t ransfer  complex (II), 
formed between amine and CC14, produces the radical &13. 

RNH2 + CC14- -II 
k - 3  

. +  
n + M -R~ '  k4 + R N H ~ C I -  

where M =MMA 

5 11 R = C H and C7H15 

R1' = MCC13 

I1 = charge- t ransfer  complex 
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It is presumed that both mechanisms are possible [5, 61. If [AIo is 
the concentration of added amine and [A] is the concentration of unre- 

acted free amine, a t  equilibrium the concentration of the amine reacted 
would be [Ao - At]. For  Mechanism (1): 

Again 

d[Ao - At1 
= k 1 0  [A ] [MI = k-l[Ao - At] - k 2 0  [A - At] [CCl,] = 0 

dt 

kl[Aol [MI 
[A - A ] =  

k + k [CCl,] 0 
- 2  

For Mechanism ( 2 ) :  

dR1' -- - k4[II][M] = k4[Ao - At] [MI 
dt 

The charge-transfer Complex I1 can be detected by UV spectroscopy 
[ 111. The charge-transfer Complexes I and I1 could not be detected in 
the polymerization system. Apparently the complex became too reactive 
to be detected in the presence of monomer, and this justified the applica- 
tion of the steady-state principle. 

Again, 

d[Ao - At1 
= k3[AoI [CCl4I - k-3[Ao - At] - k 4 P o  - At] [MI = 0 

dt 
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818 DASS AND GOGOI 

If a fraction ff of the reacted amine is used for the formation of I and 
the fraction ( 1  - a) for  II, then the rate  of initiation Ri will be 

Assuming bimolecular termination 

The overall rate of polymerization, R can be expressed by 
P’ 

When the concentration of CC14 is less  than that of the amine, i.e., 
[CCl,] /[Ao] i 1, Mechanism ( 2 )  predominates. Under that condition, 
ff = 0, and R may be written as 

P 

If k4[M] >> k-3, then 

k k I/’ 

R =a [MI ’ * ’  [Ao] 0 ’ 5  [CC14] ’” 
P ktl” 

( 9 )  

The relation between R and [CC14] as shown by Eq. (9 )  is in good 
P 

agreement with the experimental results (Figs.  2, 3, and 4). When 
[CCl,] / [ m i n e ]  exceeds unity, Mechanism ( 1) predominates. Under 
this condition, (Y = 1 and the rate  may be expressed as [6] 
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POLYMERIZATION OF METHYL METHACRYLATE 

k k  
R =- [M]s’z[Ao]’/2 

P kt ‘I* 

Experimentally, R varies as [MI 

for  the HA system as shown in Fig. 5 ( a ,b )  and R va r i e s  as [A ] 0 . 5  fo r  

both the systems as shown in Fig. 3(a,b). 

steps,  the o rde r  is slightly less than the theoretical value. Fo r  other 
conditions, Eq. (7)  is applicable where kt is the termination rate  con- 
stant. 

Since the polymerization is initiated by free radicals produced from 
the charge t ransfer  complex, Eq. ( 1 2 )  should be valid (data  in Tables 5 
and 6): 

for  the CPA system and as [MI 1 ’ 4 6  
P 

P 0 

A s  some of the monomer is used up in the initiation and termination 

- D P  [“!’I - = [ !$I[.]’ 
where k and kt represent the rate  constants of propagation and termin- 

ation, respectively. The values of ( k  /k ‘I’ ) are 0.134 (L /mol*  s)”” for  

the CPA system and 0.109 (L/mol .  s)”’ for  the HA system. Some of the 

P 
P t  

TABLE 5. Value of k /k ’” Obtained for  Various Polymerization 

Conditions at  60°C. [CC14] = 0.98 mol/L, [CPA] = 0.59 mol/L 
P t  

- 
[MMAIo (mol/L) DP kD/ktl” (L /mol .  s)’Ia 

1.80 2196 2.39 
2.69 3258 3.99 

3.59 4042 5.69 0.134 

4.48 4505 7.99 
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820 DASS AND GOGOI 

TABLE 6. Value of k /k ”’ Obtained for Various Polymerization 

Conditions at 60°C. [CC14] = 1.25 mol/L, [HA] = 0.56 mol/L 
P t  

k /ktl” (L/mol- S)l” 
- - 105 [ ?] 

[MMAIo (mol/L) DP 

1.80 

2.69 
3.59 
4.48 

1272 2.83 
2015 4.46 

2273 6.78 0.109 

2464 9.74 

typical constant values for such systems are reported to be 0.160 [l] 
and 0.125 (L/mol* s)”’ [191. Therefore, the initiation must be by the free 
radical produced by the decomposition of the charge- transfer complex. 
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