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Copolymerization Reactivity of Methacrylic Acid with Its n- Alkyl Esters

AxiHiro NocucHI®, YasusHl Masur®, Suin-IcHI Konpo® and Masavuki Kuzuya®

Ann. Proc. Gifu Pharm. Univ. (1992) 41 :23-29
Abstract : The effect of the alkyl group on copolymerization of methacrylic acid(MAA)with its #n-alkyl
esters (RMA) was investigated. The monomer reactivity ratios largely varied with alkyl group length in
reactions in benzene. This effect was not so great in reactions in carboxylic acids. The steric effects of alkyl
groups on copolymerization would thus appear slight and variations in the reactivity ratio to possibly be
due to variations in the hydrogen-bonding equilibria of MAA. The effects of the hydrogen bond on propagation

reactivity were also discussed by perturbation energy based on quantum chemical calculations.
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Table 1 Monomer Reactivity Ratios for MAA
-
(M1)-RMA (M2) Copolymerizations®
Solvent RMA(Mz) n I2 nre
o
—
Benzene MMA 137 057 0.78 = 2
EMA 147 055  0.80 =
n-BMA 159 044 070 =
n- HMA 165 041 067 S
n-DAMA 214 035 075 =
n-OdMA 252 039 099 L1
S
=
g
Acetic MMA 1.41 0.98 1.38
acid n-DAMA 158 092 146
n-Capric MMA 142 083 118 ol 4 Ll 11
id 0 10 20
aci n- DAMA 165 0.74 1.23
CARBON NUMBER OF ALKYL GROUP
a) Polymerizations were carried out in 50% Fig. 1 Plots of Monomer Reactivity Ratios for
concentrations of monomer mixtures in MAA (M1 )-RMA (M: ) Copolymerizations
solvents. in Benzene (O, @), Acetic Acid (O, W),

and #-Capric Acid (A, A) aginst the
Number of Carbon Atoms in the Alkyl
Group in z- Alkyl Methacrylates
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Table 2 Effects of Concentration for MAA (Mi1)-RMA (M:2)

Copolymerizations®

[Mi] in copolymer (mole fraction)

RMA Conc.p

(%) In Benzene In Acetic acid In #-Capric acid
MMA 50 0.593 0.561 0.583

16.7 0.638 0.551 0.582
#-DdMA 50 0.693 0.561 0.599

16.7 0.704 0.562 0.592

a) Polymerizations were carried out for 50 : 50 (mol%) monomer
mixtures.
b) Concentration of a monomer mixture in a solvent.
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Fig. 2 Calculated Hydrogen-Bonded Structures of Methacrylic Acids (R=—CH(CH3)=CHz)

Table 3 Perturbation Energies (¢V) for Propagation Reactions in
Radical Polymerizations of Methacrylic Acid®

Radical
Free Open(A) Open(B) Cyclic(C)
Monomer

Free 0.905 0.880 0.926 0.897
Open(A) 0.886 0.860 0.907 0.878
Open(B) 0.914 0.890 0.934 0.906
Cyclic(() 0.897 0.872 0.918 0.889

a) Terms, “Open (A)”, “Open (B)”, and “Cyclic (C)”, represent
the hydrogen-bonded forms of methacrylic acid. See Fig. 2.
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M] MOLE FRACTION IN COPOLYMER
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Calculated Using Observed Monomer Reactivity
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