This article was downloaded by:

On: 25 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

Polymerization of Methacrylamide Initiated by the Persulfate/Thiolactic

Acid Redox System
G. S. Misra*; N. M. Bhasilal?
2 Department of P. G. Studies and Research in Chemistry, University of Jabalpur, Jabalpur, India

To cite this Article Misra, G. S. and Bhasilal, N. M.(1978) 'Polymerization of Methacrylamide Initiated by the
Persulfate/Thiolactic Acid Redox System', Journal of Macromolecular Science, Part A, 12: 9, 1275 — 1281

To link to this Article: DOI: 10.1080/00222337808063190
URL: http://dx.doi.org/10.1080/00222337808063190

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/10.1080/00222337808063190
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08:26 25 January 2011

Downl oaded At:

J. MACROMOL. SCL—-CHEM., A12(9), pp. 1275-1281 (1978)

Polymerization of Methacrylamide Initiated by the
Persulfate/ Thiolactic Acid Redox System

G. S. MISRA and N. M. BHASILAL

Department of P. G. Studies
and Research in Chemistry

University of Jabalpur

Jabalpur - 482001, India

ABSTRACT

The aqueous polymerization of methacrylamide initiated by
the ammonium persulfate/thiolactic acid redox system has
been studied at 35 + 0.2°C. The rate of polymerization is
governed by the expression, Rp = Kp[ MAA]“®¥[TLA]*??

[ ammonium persulfate]"'6 . The deviations from normal kinetics

are discussed. A tentative mechanism of initiation is given.
The temperature dependence of the rate of polymerization has
been studied over the range 30-55°C, The overall activation
energy of polymerization is 10.4 kcal/mole.

In recent studies various thiols have been used as the redox com-
ponent to initiate the polymerization of methyl methacrylate and
acrylamide [ 1-4], The present paper reports the results of the
aqueous polymerization of methacrylamide initiated by the ammonium
persulfate/thiolactic acid initiator system at 35 + 0.2°C in nitrogen.

The polymerization was followed by the quantitative estimation
of double bonds in methacrylamide [6, 7]. A short variable induction
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period was observed in almost all experiments, Graphs were plotted
after eliminating the induction periods.
A plausible mechanism of initiation may be given by Eqs. (1) (4).

S20s°" ——— 2 804" (1)
S204°" + RSH 80, + RS + HSO4 (2)
$O4™ + RSH RS + HSO, (3)
RS+M —— M (4)

The homolytic fission of peroxydisulfate [ Eq. (1)] is assumed to
be negligible, since the overall activation energy observed in this
study (10.4 kcal/mole) is far less than that (18.4 kcal/mole) re-
ported for methacrylamide polymerization initiated by persulfate
alone [ 8].

The dependence of polymerization rate on the catalyst concentra-
tion is shown in Fig. 1. The catalyst exponent is 0.6. The deviation
to a slightly higher value is indicative of mixed termination, linear
and quadratic, with the latter predominating.

There is a nominal increase in the rate of polymerization with
increase in the concentration of thiolactic acid (Fig. 2). The corre-
sponding value for the exponent in thiolactic acid is 0.22. Thiolactic
acid presumably participates in side reactions which partially undo
its activating effect. In the aqueous phase, the equilibrium (5)
becomes significant.

K
CHsCH(SH)COOH =——— CHsCH(SH)COO™ +H" (5)

This causes a decrease in the pH of the medium with increase in
the concentration of thiolactic acid. The hydrogen ions may catalyze
the decomposition of persulfate by a non-free-radical mechanism
[9]. Thus the effective concentration of persulfate decreases with
increasing thiolactic acid concentration. Decreasing the initial pH
of the medium (by adding sulfuric acid) decreases the rate of polym-
erization, Similar side reactions involving hydrogen ions were
given to explain the behavior of activator in the polymerization of
Enet]hacrylamide initiated by the persulfate/ascorbic acid system

10§.

The reaction profiles as a function of monomer concentration is
shown in Fig. 3. The corresponding value of monomer exponent is
1.33. The first-order dependence of rate on monomer concentration
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FIG. 1. Plot of initial course of polymerization for various initial
concentrations of ammonium persulfate: (X ) [ (NH4)2S20;] = 3.76 X
102 mole/liter; ( o ) [ (NH4)2520s] = 5.84 X 10~° mole/liter; (o)

[ (NH4)2820:] = 8.35 X 10~ mole/liter; ( &) [ (NH4)2820s] = 12,52 X
10~° mole/liter; ( & ) [ (NH4)2S205] = 16.69 X 10”° mole/liter.
[MAA] = 1.0 X 10" mole/liter; [ TLA] = 5.36 x 10”° mole/liter;
35 + 0.2°C.
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FIG. 2. Plot of initial course of polymerization for various initial
concentrations of thiolactic acid: ( o) [ TLA] = 0.54 X 10~° mole/liter;
(¢)[TLA] = 1.07 x 10°* mole/liter; (4 ) [ TLA] = 2,14 X 10°* mole/
liter; ( o) [ TLA] = 4.29 x 10~ mole/liter; (&) [ TLA] = 8.58 x 107°
mole/liter. [MAA] = 1.0 X 10”' mole/liter; [ (NH)2S20:] = 4.18 X
10~° mole/liter; 35 + 0.2°C.

reported for methacrylamide polymerization initiated by persulfate
alone [ 8] indicates that thiolactic acid is basically responsible for
the higher value of monomer exponent observed in the present study.
The sulfydryl radical derived from thiolactic acid may undergo
coupling reaction.

2 RS

(RS)2 (6)
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FIG. 3. Plot of initial course of polymerization for various initial
concentrations of monomer: ( o) [ MAA] =5.0 X 10”2 mole/liter;
(o) [ MAA] = 7.5 x 10" 2 mole/liter; ( ¢) [ MAA] = 10.0 X 10”2 mole/
liter; (<) [ MAA] = 12,5 x 10”2 mole/liter; ( ¢ ) [MAA] = 15,0 X 10”2
(o) [MAA] =20.0 x 10"2 mole/liter. [(NH)28205] =

mole/liters;

4,18 X 10°

mole/liter; [ TLA] = 2.68 X 10~

mole/liter; 35 + 0.2°C.
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FIG. 4. Arrhenius plot. [MAA] =5.0x% 10°2 mole/liter;
[ TLA] = 2.68 x 10™* mole/liter; [ (NH4)2S20s] = 4.18 X 10~
mole/liter,

Some of the primary radicals are thus lost by dimerization. As
the concentration of monomer increases, the fraction of primary
radicals consumed in reaction (6) decreases due to the increase in
the availability of monomer. This results in an increase in the
efficiency of initiation. This variation in the efficiency of initiation
with monomer concentration is probably responsible for the anomalous
order with respect to monomer.

The effect of temperature on the rate of polymerization was
studied over the range 30-55°C. The overall activation energy calcu-
lated from the Arrhenius plot (Fig. 4) is 10.4 kcal/mole.
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