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Copolymerization of methacrylamlde and methyl methacrylate in dimethylfor
mamide initiated by tl:e redox system CNCH,COOH/Mn(OAC), and AIBN has 
been investigated at the temperatures 35 and 60" respectively. The data on reactivity 
ratios are compared with those of other monomer pairs involvlna methacrylyamide 
and the values obtained using AIBN as the Initiator are presented. The,..ean sequence 
lengths ( n ) in the formation of various structural units were estimated~ for these 
copolymers. 

ALTHOUGH reports on the redox polymerization of 
vinyl monomers in aqueous and non-aqueous 
media are extensive, only a few reports have 

appeared on redox copolymerization in non-aqueous 
media. Reactivity ratios in the copolymerization of 
acrylamide and n-butyl acrylate in DMF has been 
studied by Balasubramanian and Mahadevan 1 using 
CNCH2COOH(Mn(OAC)s redox system. Saini et al2 • 

studied the free radical copolymerization of metha
crylamide and methyl methacrylate in dioxane and 
ethanol and concluded that the nature of solvent 
influences the reactivity ratios. Reactivity ratios of 
methacrylamide (MAM) with methyl acrylate and 
methacrylic acid 3 were also determined by various 
workers. ·1In our2earlier paper4 we derermined the 
reactivity ratios of JMAM with"ethyl metbacrylate. 
We report herein the use of this redox system for 
evaluating the reactivity ratios and sequence length 
distribution of these copolymers. 

Experimental 

All reagents used were of AnalaR grade. The 
solvents DMF, ether and hexane were purified8 • 

Mn(OAC)8 .2H 20 was prepared according to repor
ted method 6 • Cyanoacetic acid (CAA) was purified 
by recrystallisation from ether/hexaneand methacryl
amide (MAM) from chloroform. Methyl methacry
late (MMA) was freed from inhibitor by washing 
with 5% sodium hydroxide and water, dried over 
calcium chloride and distilled twice under reduced 
pressure. Stock solutions of CAA and Mn(OAC)a. 
2H 20 were prepared in DMF and assayed by titra
tion with standard alkali and by cerimetry, respec
tively. 

A typical polymerization procedure consisted of 
deaerating a mixture of the appropriate amounts of 
MAM, MMA and CAA in DMF which was thermo~ 

stated at the required temperature. After deaeration, 
addition of the requisite amount of a degassed 
solution of Mn(OAC) 8 initiated the reaction. After 
the time required for 10-15% conversion (75 min 
for AIBN and 150 min for redox systems) the reaction 
was arrested by adding a solution of hydroxylamine 
hydrochloride in DMF. Total monomer concentra~ 
tion was maintained at 1.4 mol dm- 3 while the ratio 
of (MAM]/[MMA] was varied. Generally, the 
reaction mixture remained homogeneous. The 
copolymer was precipitated from solution by adding 
excess distilled water, washed thoroughly with ether 
and hexane to remove DMF and dried to constant 
weight. With AIBN as the initiator, the required 
amounts of the two monomers and initiator in DMF 
were deaerated and the reaction tube was sealed. 
The tube was placed in a thermostat maintained at 
60°. The copolymer was isolated and purified as 
stated before. 

The MAM content of the copolymer samples were 
determined by a Carlo Erbac elemental analyser to 
obtain data on the copolymer composition, 
J=mtfm 2 =[MAM]/[MMA]. 

Results and Discussion 

The copolymer composition was ascertained from 
the MAM content in the copolymers. The copoly
merization results are listed in Table I. The r
values for the MAM-MMA system in DMF were 
estimated by Fineman-Ross7 and Kelen-Tudos8 

methods. The values of reactivity ratios so deter
mined were r 1 (MAM)=0.43 ± 0.01, r 11 =1.94 ± 
0.03 (MMA) by K-Tand r 1 =0.43 ± 0.02, r 2 =1.90 
± 0.02 by F-R methods for redox initiation. For 
AIBN initiation, the reactivity ratio values were r 1 = 
0.28 ± 0.01, r 2 =2.48 ± 0.03 and r 1 =0.26 ± 0.02, 
r 2=2.40 ± 0.02 according to K-T and F~R methods 
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TABI.lt 1-MONOMKR FKitDS AND Co:rOI.YIIIIKR COMPOSITION* IIOR MKTHACRYLAMIDK-MKTHYI. 
MKTHACRYI.ATit CO'POLYMKR SYSTKIIII 

Redox initiation temneratnre=3"i" AIBN Initiation temperatnre=60" 
N% Copolymer com~tion Feed romposition N% Copolymer composition 

MAM(M,) MMA(M,) MAM(m 1 ) MMA(m,) 
Sl. 
no. 

). 

2. 
3. 
4. 
5. 

0.408 
0.472 
0.538 
0.606 
0.667 

*In mole fraction. 

0.591 
0.527 
0.461 
0.393 
0.332 

3.51 0.246 
4.23 0.290 
5.67 0.383 
6.34 0.425 
7.25 0.482 

MAM(m,) MMA(m,) 

0.754 2.72 0.190 0.810 
0.710 3.42 0.236 0.764 
0.617 4.52 0.308 0.692 
0.575 5.22 0.354 0.646 
0.518 6.12 0.411 0.589 

TABI.lt 2-REAC'UVITY RATIOS IIOR Dli'i'ERKNT MONOMltRS (Mo) WITH METHACRYI.AIIIIIDE (M 1) 

Sl. no. M. r, r, Tern. ("C) Ref. 

t. 
2. 
3. 
4. 
5. 

6. 

11Ref. 2. 

Styrene 
Methyltnethacrylate 
Methylacry\ate 
Methacry lie acid 
1\Ietbylmethacrylate 

Metby\methacry1ate 

bRef. 3. 

1.29±0 08 
1.27±0 19 
0.22 
0.22 

KT 0.43±l'.01 
FR 0.43 ± 0.02 
KT 0.28±0.01 
FR 0.26±0.02 

respectively. In the Table 2 some literature values 
of reactivity ratios are given for a few other monomer 
pairs involving MAM copolymers prepared using 
AlBN as initiator. It can be seen that MMA closely 
resembles to methyl acrylate and methacrylic acid in 
its copolymerization behaviour with MAM. Also 
the data obtained using thermal initiators are of the 
same order of magnitude as those for redox initiation. 
The ratio of the redox component dces not influence 
the reactivity very much. The r 1 and r 2 values are 
not much affected by changing the temperature. 

Sequence length distribution : Table 3 shows 
that the mean sequence-lengths ii1 and n2 for the 
formation of M 1 and M2 units calculated using the 
equations suggested by Ekpenyong9 • For example, 
at 59% M 2 (MMA) [40.8%M1 (MAM)] in the monomer 

TABLE 3-MICAN SEQUICNCE-I.ENGTH DIS'tRIBU'tiON Olo' 
METHACRYLAMIDlt AND MB'tHYI.IIIIJtTHACRYI.ATB 

COPOI.YMJtRIZA'I.'lON : REDOX INITIA'tiON, AIBN 

Ms 
Distributionll ;;,,,;2 (mol%) ;;, iis ;;, : ;;. 

Redox initiation 

59. I 1 1286 3.922 1 : 4 -122221- 0.327 
52.7 1.353 3.370 I : 3 0.401 
46.1 1.501 2 668 2:3 -11222- 0.562 
39 3 1.657 2.273 2:2 0.728 
33 2 1 864 1.968 2: 2 -1122- 0.947 

AllJN initiation 

59.1 1.1S6 4.726 1 : 5 -122222- 0.251 
52 7 1.229 4.023 I : 4 0.305 
46.1 1.326 3 127 1 : 3 -1222- 0 424 
89 3 1.427 2.623 1 : 3 0.544 
33 2 1.563 2.234 2:2 -1122- 0 699 

"Only a few cases are illustrated. 

mixture, e~c!t _copolymer segment with M 1 units in 
the redox IDtttahon was approximately four times 
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1.46±0 09 70 a 
1.55±0.22 70 a 
2.0 65 b 
2.0 50 b 
I 94±0.03 35 Redox initiation 
1.90±0.02 
2.48±0.03 60 AIBN 
2.40±0.02 

longer than its adjoining segment with M 2 units. 
The sequence may be expressed as -122221-. for 
the same monomer feed ratio in AIBN initiation, on 
the other hand, each segment with M 1 units is 
approximately five times longer than its adjoining 
segment with M 2 units. This difference between the 
ii1 and ri2 values is reduced considerably in the 
range of 46-33% M 2 in monomer mixtures for 
redox and in the range of 39- 33% for AIBN initia· 
tion. The ratio of the mean sequence lengths n1/il,, 
theoretically corresponds to the ratio dm 1 /dm, ~ 
dm 1 and dm2 are the corresponding compositions o 
M 1 and M 11 in the copolymer for each monomer 
mixture. 

The microstructure of a copolymer is defined by 
the distributions of the various lengths of the l'vh 
and M 2 sequences, that is, the sequence-lengtb 
distribution. The probabilities or mole fraction~ 
(N1 ) .. and (N11 )"' of forming M 1 and M 2 sequence 0 

length x are given by1 o, 

(Nt),.=P11"- 1 P12 (1) 

(NII)x= Pn"- 11 P21 (2} 

h P _ r2[Mt] p [M2 ] 

were, tt-,t[Mt]+{M2]' til rt[Mt]+[Ms] 

p 22 r11[M2l p _ [M1 ] 

r 2 [MII] +(M.] ' 21 - rii[M11 ]+[Mt1 

Equations (1) and (2) allow one to calculate the mole 
fractions of different lengths of M 1 and M2 sequen.ceS· 
Figs. 1 a and 1 b show the sequence-length distrlb~~ 
tion for redox system with r 1 =0.43 ± 0.01, r9 ==1.~ 
± 0.03 for 0.595/0.867 and 0.975/0.485 feed composbJ· 
tions respectively, and Figs. 2a and 2b show t. e 
sequence.Iength distribution for AIBN system w1t~ 
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:Fig. t. Sequence-length dtstribution for MMA in : redox 
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r 1 =0.28 * 0.01, r 2 =2.48 ± 0.03 for 0.595/0.867 
and 0.975/0.485 feed compositions respectively. 

From the Ftg. la for redox InitiatiOn the mo&t 
plentiful sequence IS M 2 at 26%, there are considera. 
ble amounts of other sequence wtth 19, 14, 10, 7.8, 
5.7, 4 2 and 3.1% of diad, triad, tetrad, pentad, 
hexad, heptad and octad M 2 sequences. There are 
smaller amounts of longer sequences 2.3 and 1.7% of 
nonad and decad M2 sequences. For other feed 
composition (Fig. I b) the most plentiful ~oequence is 
M2 at 50% with 25, 12.3 and 6% respectively of diad, 
tnad and tetrad M 2 sequences. There are smaller 
amounts of longer sequences 3% and 1.4% of pentad 
and hexad M 2 sequences. 
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Sequence-length distnbutions for MMA in AIBN 
initiation of feed composition, MAM/MMA : 
(a) 0 595/0.867 and (b) 0.975/0.485. 

decad M 2 sequences. For other feed composition 
(Fig. 2b) the most plentiful sequence IS M2 at 45% 
with 25, 13.6, 7.5 and 4.1% respectively of diad, 
tflad, tetrad and pentad M2 sequences. There are 
sma1Jer amounts of longer sequences 2.3 and 1.3% of 
hexad and heptad M2 sequences. 

In conclusion, we can state that redox Initiation 
of copolymerization by the (NCH2COOHtMnOACh 
system is a convenient procedure for prepanng 
random copolymers In good yields at ambient 
conditiOns. 
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From the F1g. 2a for AIBN mitiation the most 
plentiful sequence IS M2 at 76%, there are considera. 
ble amounts of other sequence with 60, 46.6, 36.5, 
28.6, 22.4, 17.5, 13.7, 11 and 8% of dtad, triad, 
tetrad, pentad, hexad, heptad, octad, nonad and 

References 

JIC8-3 

J, T R. BALASUBRAMANIAM and V MAHADlWAN, J, 
Mac,.omol. Scs Chem (A), 1984, :U, 245 

2 G SAINI, A LitONI and S FRANCO. Die Makromol 
Chem , 1971, lf7, 213 

8.3 



J. INDIAN CHEM. SOC., VOL. 68, FEBRUARY 1991 

3. "Polymer Handbook", eds. J. BRANDRUI' and E. H. 
I:r.t:r.tlCRGUT, Wiley·Interscience, New York, 1966. 

4. B. SlliNlVASUI.U, P. R. RAo and E. v. SUNDARAM, 
J. Poly Materials, 1990, 7, 77. 

5. "Vogel's, Text Book of Practical Organic Chemistry", 
4th. ed .• I.ongmans, New York, 1978. 

8. P. J. ANDRUJ.IS, M. J. S. DEWAR, R. DIJt'l'Z and R L. 
HUN'l', J. Am. Chem. Soc., 1966, 88, 5473. 

84 

7. M. FINJtMAN and s. D. Ross. J. Pol;ym. Sci .. 1950. 5• 
259. 

8. T. Klti.JtN and F. Tunos, J. Polym Sci .• PolY"" 

9 

10. 

K.'i~ei'B:::~~~;:!; ~~·J:l~'!;,. Sci., Polym. Chelll B4· 
1985,l3, 125. 

M. UltDA, T. SUJUKI, M. TAKABASHI. Zo BAUGLI and 
K KOYAMA, Macromolecules, 1986. 19, 558. 


