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Abstract The solution copolymerization of methacrylic

acid (MAA) and ethyl acrylate (EA) was studied by online

proton nuclear magnetic resonance spectroscopy (1H

NMR) using 2,20–azobisisobutyronitrile as an initiator in

deuterated dimethyl sulfoxide at 60 �C. The chemical

compositions of the copolymer and the comonomer con-

centrations were determined from the conversion of com-

onomers to copolymer by quantitative in situ NMR

monitoring to estimate the reactivity ratios of the como-

nomers at low conversion. This is a new and easy meth-

odology to analyze radical copolymerization. In this

research, it is shown that monomer reactivity ratios can be

calculated by data collected only from one initial como-

nomer mixture composition via online monitoring progress

of the copolymerization reaction. The reactivity ratios of

MAA and EA are equal to 2.360 and 0.414, respectively.

This approach is used to compute the monomer reactivity

ratios in a nonlinear integrated form of the copolymeriza-

tion equation which is described by Mayo and Lewis ter-

minal model. The fairly good agreement between the

results and the literature data reported for the emulsion

system represent the accuracy of the reactivity ratios cal-

culated by this new approach. The calculated reactivity

ratios for emulsion copolymerization are rMAA = 2.040

and rEA = 0.470, and the previous literature data are

rMAA = 2.580 and rEA = 0.157.
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Introduction

It is quite essential to know that the copolymer composition

and the distribution of comonomer units depend on

monomer reactivity ratios. The most common mathemati-

cal model of copolymerization is based on finding the

relationship between the composition of copolymers and

comonomers feed in which the monomer reactivity ratios

are the parameters to be estimated [1]. The Mayo-Lewis

equation is a simple procedure which leads to different

linearization methods for the calculation of the reactivity

ratios. This relatively primitive equation has been thor-

oughly examined both in its differential and integral forms

[2]. The way that reactivity ratio values are estimated has

apparently become a matter of sheer routine. One could

assume that the advances made toward deeper under-

standing would thus ensure scientific information to

become richer with such article. The reactivity ratios are

typically reached through unreliable linear estimation

methods, which only add up to those estimated during the

last 60 years through less accurate evaluation methods.

However, the interpretation of the reactivity of copolymer

radicals has been developed by means of some improve-

ments in more recent evaluation methods of reactivity

ratios [3, 4]. Then, more accurate and more reliable reac-

tivity ratios were calculated using a nonlinear integrated

form of the copolymerization equation which involved the

molar concentrations of the monomers. The proton nuclear

magnetic resonance spectroscopy (1H NMR) spectroscopy

has been used as a powerful tool for the determination of

the composition of copolymers [5]. Online 1H NMR kinetic

experiments have been successfully used for the kinetic

study of free radical polymerization. The quantitative

in situ NMR analysis is a new methodology which is

described for the determination of the reactivity ratios of
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