This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Homopolymerization of Ethyl Methacrylate
A. Venkata Rami* A. Kameswara Rao®
* Department of Chemistry, Sri Krishnadevaraya University, India

To cite this Article Rami, A. Venkata and Rao, A. Kameswara(1984) 'Homopolymerization of Ethyl Methacrylate', Journal
of Macromolecular Science, Part A, 21: 10, 1287 — 1293

To link to this Article: DOL: 10.1080/00222338408062422
URL: http://dx.doi.org/10.1080/00222338408062422

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338408062422
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 38 24 January 2011

Downl oaded At:

J. MACROMOL. SCL-CHEM., A21(10), pp. 1287-1293 (1984)

Homopolymerization of Ethyl Methacrylate

A, VENKATA RAMI REDDY and A. KAMESWARA RAO
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Anantapur 515003, India

ABSTRACT

The kinetics of polymerization of ethyl methacrylate initiated by
manganese (III) in sulfuric acid have been investigated. The over-
all rates of polymerization (Rp), disappearance of manganic ion

( -Rm), and degree of polymerization (fn) were measured with

variation in {[monomer], {Mn®*], [H*], u, and temperature. Vari-
ous rate parameters and thermodynamic parameters were evalu-
ated and are discussed.

INTRODUCTION

A few papers have appeared on the polymerization of ethyl meth-
acrylate. The studies of Kapur and Gadkary {1] and Khanna et al. [2]
are mainly concerned with the evaluation of solvent transfer and
monomer transfer parameters as a sort of comparison with similar
vinyl monomer systems. Otsu et al. [3] studied the polymerization
of ethyl methacrylate while studying the effect of alkyl groups on the
radical polymerization of alkyl methacrylate. Cardenas and O'Dris-
coll [4] have investigated the kinetics of polymerization of ethyl
methacrylate in connection with their studies on high conversion
polymerizations and the effect of monomer transfer on the autoac-
celeration effect. The present investigation has been carried out
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to throw light on the mechanism of polymerization of ethyl meth-
acrylate initiated by manganese (III) in aqueous sulfuric acid medium.

EXPERIMENTAL

Manganese (III) acetate was prepared by the method of Andrulis
et al. [6]. Ethyl methacrylate was washed repeatedly with 5% sodium
hydroxide and then with distilled water to remove the inhibitor. After
drying over calcium sulfate, the monomer was distilled at a pressure
of 49 mm at 45-48°C under pure nitrogen atmosphere. The other re-
agents, experimental procedure, estimations, and kinetic measurements
were covered in an earlier paper [6]. The degree of polymerization of
poly (ethyl methacrylate) was calculated using the equation [n] = (8.6 X
10")Mv°-“ in ethyl acetate [7] at 35°C,

RESULTS AND DISCUSSION

Rate of Polymerization (Rp)

The rate of polymerization has a square dependence on monomer
concentration, indicating that the rate is second-order with respect to
[M]. Rp was found to be independent of [Mn®*] and ;, and decreases

linearly with an increase of [H*] (Fig. 1).

Rate of Manganic Ion Disappearance (-Rm)

The rate of disappearance of manganic ion was found to increase
linearly with [M] and [Mn®*] and decrease with an increase of [H"]
(Fig. 2), Ionic strength has no effect on —Rm.

Degree of Polymerization (Yn)

The degree of polymerization was directly proportional to [M] and
inversely proportional to [Mn®*] and [H*] (Fig. 3).
The square dependence of Rp on [M], inverse proportionality of R

on [H'], and the independent nature of Rp on [Mn®*] indicate that the

termination was affected by Mn®* ions. Termination by Mn®* ion has

been reported in the literature [8-10]. The direct proportionality of
-R_ on [M] and [Mn® "] shows that initiation was either by Mn® "OH"

3+

or Mn" " ions. The inverse proportionality of —Rm on [H*] reveals

that the initiation was effected by Mn® *OH™ species and not by Mn®**
ions. If Mn®"* is the initiating agent, -R, should increase with the
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FIG. 1. Variation of R with [M] and [H*]. A: R, vs [M]? at
Mn®] =2.219x 10°° M, [H*| = 1.8 M, p=2.0 M, and T = 55°C.
B: R, vs 1/[H"] at [M] = 0.1098 M, [Mn®*] = 2.958 X 107* M,
p=14M, and T = 55°C.

increase of [H"|. Hence, it was concluded that initiation was etfected
by Mn®*OH" species and termination by Mn®* jons. Jijie et al. [11]
reported the initiation of polymerization by Co®*OH~ species and ter-
mination by Co** ions.

Kinetic Scheme and Rate Laws

The results discussed above can be explained adequately on the
basis of the following reaction scheme.

K

Mn®** + H O - Mn®**OH~ + H*

2
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FIG. 2. Variation of -R_ with [M], [Mn®*], and [H"]. A: -R |
vs [M] at [Mn®"] =2.219X 107° M, (H'] = 1.8 M, u=2.0 M, and T =
55°C. B: -R_ vs[Mn"] at [M] = 0.1205M, [H"} = 1.5 M, p= 1.6
M, and T = 55°C. C: -R_ vs [H'] at [M] = 0.1098 M, [Mn®"] = 2.958

X 107* M, p=14M, and T = 55°C.

Initiation:
l'{i
Mn®*OH™ + M M + Mn®*
Propagation:
k
M + M P M,
k
M+ M P wm

r
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FIG. 3. Variation of X _with [M], [Mn®"], and [H']. A: X vs
[M] at [Mn®*] =2.219X10"* M, [H*] = 1.8 M, u = 2.0 M, and T =
55°C. B: X vs 1/[Mn**] at [M] =0.13 M, [H*] = 1.5 M, 1 1.6 M,
and T = 55°C. C: X_vs 1/[H"] at [M] = 0.1362 M, [Mn®"] = 2.958 X

107° M, [H'] = L5 M, and T = 55°C.

Termination:

Ms* + Mn®* polymer + Mn®** + H*

Applying the steady-state principle for free radicals and assuming
the nondependence of the rate constants (kp and kt) on chain length,

we obtain the following rate expressions for R, —Rm and )—Cn from the
scheme presented above: P
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Kk ki[M]z
R =--PY ~

p K, [H")

2Kk, [M] [Mn® *

m " (K+ [H'])

kp[M] (K +[H'])

n

kt[Mn“ 1[H")

Evaluation of Rate Consgtants and Thermodynamic

Parameters

Plots of 1/—Rm vs (H'] were linear with a positive intercept on the
1/-Rm axis. From the values of the slope and the intercept, the rate
constants obtained are K = 0.4714 mol/L, k, = 2.05 X 107% s°*, and
k /k, =0.9952 at 50°C; and K = 0.5789 mol/L, k, = 6.04 % 107% s7' and
kp/k = 0.5356 at 55°C. Thermodynamic parameters obtained are E =

25.44 kcal/mol ast - 23.74 e.u., AGY 17.66 keal/mol, and A = 1.05 g
1018
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