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ABSTRACT
The kinetics of polymerization of acrylamide Initialed by potassium bromate/thiourea redox system is studied at 32to .2°C
under nitrogen atmosphere In acidic water/DMF medium .The effect of various parameters like monomers, redox
components, temperature, DMF and neutral salts is studied In detail .The overall energy of activation is calculated to be
3 .76 Kcalldeg .mofThe following rate expression is derived to explain the experimental findings:

Rp a [Monomer] [KBrO3] [H+ ]I[DMF]

INTRODUCTION
Potassium bromate [1-3] has been widely employed
as an initiator in free redical polymerization due to
its high oxidizing efficiency and capability to impart
the desired end group profile to the resulting
polymer with varying pH of the reaction medium.
It has been found that free radical polymerization
of various inorganic monomers [4] and the
properties of the resulting polymer depend
appreciably on the nature of the medium [5] .The
use of organic solvents and water electrolytes
mixtures makes it possible to vary the properties
and stereoregularity of the end polymer.Looking to
the industrial importance of polyacrylamide as a
flocculant and sizing agent, we have undertaken
the investigation of polymerization of acrylamide
initiated by potassium bromatelthiourea redox pair
in water/DMF medium.

EXPERIMENTAL
Acrylamide (E . Merck) was purified by double
crystallization from methanol (A .R.) and dried
under vacuum.Other chemicals like potassium
bromate and hydrochloric acid were of guaranteed
reagent grade and used without further
purification .All solutions were prepared in doubly
distilled water .The polymerization technique
' 15.7t K1Idegmoi
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employed is described by Misra and Narain [6] .The
kinetic course of polymerization was followed by
estimation of unpolymerized double band of
monomer iodometrically [7].

RESULTS AND DISCUSSION
The polymerization initiating capability of acidic
bromate/thiourea redox system has been described
by Mukherjee et al . [8] .They have reported the
presence of free radical S°-C(=NH 2)NH2 in the
system produced by the oxidation of isothiourea
HS-C(=N•H2)NH2 in aqueous medium .A plausible
mechanism may be depicted as follows:
a)Formation of free radicals:
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The free radicals (R°) so produced initiate
polymerization as follows:
b)Initiation:

R° + M RM° (4)

c)Propagation:

WM+ M RM°1 (5)

R°M 1 +M Rm.%

RM.%RM°n-1 + M

where RM a is the growing macroradical.
d)Termination:

RM°, -

	

Poly~rr

RM°a + DMF. Palmer + DMF°

The new formed radical (DMF°) may not be
equally active to initiate polymerization.

Rate Expression
Based on the above mechanism, the following rate
expression has been derived.

Rp = . ksk i[M] [KBrO3] [ H' ]
{k, + k; [DMF]

which is in agreement with our experimental
findings.

In fact, Rp stands for the initial rate of
polymerization and has been calculated simply by
determining the initial slope of the linear portion
of percentage conversion vs time plots .This Rp in
the present communication has been written as R i„i

i .e. initial rate of polymerization.

Rate Dependence on Redox Components
The rate of polymerization and limiting conversion
have been found to increase with an increase in
bromate concentration (8.0 to 20.0 x 10' moll!) as
shown in Figure 1 .The observed increase is well
expected as more bromate ions become available
for free radical generation (Equation 3) .The order
with respect to bromate concentration has been
calculated to be 1 .36 from double logarithmic plot
(Figure 2) which is higher than the unity because
of transfer of growing macroradicals (RMo) to
DMF molecules (Equation 7).

Figure 1 :Time vs conversion curves for the
polymerization or acrylamide with varying
concentration of KBrO3 at fixed concentration or
(Thiourea] = 1 x lo'a moll! , Merylaatide] = 10.1 x

Lli x moWl, [HC1 ] = 5 .7 x L02 mal/l, [DMFI = 0.64

mot/1, Temp = 32*0.5^C,

The rate of polymerization was found to be
independent of thiourea concentration within the

(6)
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effect on the initial rate of polymerization and
limiting conversion.

Rate Dependence on Monomer
On increasing the concentration of monomer in
the range 6.0 to 10.0 x l p'zmol/l, the availability of
monomer molecules in the propagation step

increases which results in an increase in the initial
rate and limiting conversion-The order with respect
to acrylamide concentration has been found to be
1 .1 from double logarithmic plot (Figure 3)which
is in agreement with the rate expression
prediction .The first power dependenceof rate on
monomer concentration is widely reported in redox
polymerization M.

Figure 2:Double logrrlthmle plot of the htitlnl rate of
polymerization (R i1; In % conversion per minute) ►a
the initial concentration of oxidant ¢ttf eft, dope = ,
136

studied range (0.5 to 4.0 x 10-3 mo111) .This
independence may be explained by the fact that on
increasing the concentration of thiourea, the
concentration of isothiourea
(HS-C(=N'H2)NHz)responsible for free radical
generation, increases while at the same time,
isothiourea may also react with bromate ions to
produce formamidine disulfide as follows:
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It is therefore clear that while on the one
hand, increased thiourea concentration tends to
raise the free radical generation step (Equation 3),
on the other hand, the reduced concentration of
bromate ions tends to lower the rate of the free
radical generation step (Equation 3) .The balance
existing between the two opposing reactions has no

+Nas +Nil±

Figure 3&Double logarithmic plot of the initial rate of
polymerization (8151 in %conversion per minute) ve
the initial concentration of monomer slope la 1 .10

Rate Dependence on Acid Concentration
It is very clear from the mechanism that an
increase in the hydrogen ion concentration will
result in an increased concentration of isothiourea
(Equation 1) responsible for the generation of free
radicals.Based on this fact, an increase in the initial
rate and limiting conversion has been observed
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when the hydrochloric acid concentration is varied
in the range 2 .85 to 8 .50 x 10-2 molIl .From the
double logarithmic plot, (not shown in the
paper)an exponent of 0 .95 has been found which
clearly explains a first order dependence on acid
concentration.

Rate Dependence on Temperature
When the temperature of the rdaction medium is
raised between 27°C to 42°C, an increase in the
initial rate and limiting conversion has been
observed which may be due to the increase in rate
of the free radical generation step .The overall
energy of activation, ascalculated from Arrhenius
plot (Figure 4), has been found to be 3 .76
Kcal/deg .mol.

Figure 4tArrhenins plot of the initial rate of
polymerization (Rio) vs reciprocal of absolute
temperature (T) of polymecizalton.Eaergy of activation

= .3.76 Kcaldeg mol.

Rate Dependence on DMF
On varying the concentration of DMF in the range
0 .64 to 3 .20 mot/1, the initial rate and limiting
conversion were found to decrease (Figure 5) .The
reasons for this decrease may be as follows:

- The penetration of organic solvent to hydrated
macroradical(RM°.) makes the macroradical end

easily exposed for premature termination which
brings about a decrease in initial rate.

Figure 5 :Time vs conversion curves for the
polymerization of acrylniulde with varying initial
concentration of DMF (by volume) at fixed
eagee*asiao of (Acxylamlde] 10.0 x 10 x mull,
[Thiourea] = 1 x 10.2 moll, [KBrJ3] = 8.0 X 10
moll, [11C1) = 5 .7 x 10.2 moll, Temp = 32+0 .5 C.

- The transfer of growing macroradical(RM°°)to
solvent (DMF) molecule gives rise to a new radical
(DMF°) of lower reactivity resulting in a fall in the
initial rate.

It is also clear from the rate expression that
the initial rate varies with the inverse first power of
the DMF concentration .From the double
logarithmic plot (Figure 6), a negative exponent of
1 .10 is obtained which confirms the retarding role
of DMF in the polymerization reaction.As DMF is
acting like a retarder here, we have calculated the
value of its retardation constant from the
" Intercept Method" [10] and found it to be 0.071

(Figure 7) .
Figure 7 is plotted with the help of °,6

conversion vs time curve for DMF effect (Figure
5) .To plot Figure 7, the uppermost curve in
Figure 5 where [DMF] concentration 0 .64 mold is
selected and various [M] values (monomer
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Figure 6:Double logarithmic plot of the initial rate of
polymerization (R+,i in % conversion per minute) vs
the Initial concentration of DMF slope = 1 .10
(negative).

concentration remaining at a particular time) are
plotted against time t-For this purpose, only the
linear portion, which in Figure 7 is up to 35
jninules only, is taken for calculating [M] and t
values .After Figure 7 is drawn, its extrapolated
intercept is determined and with the help of the
equation derived for calculating retardation
constant [10], the numerical value of the
retardation constant is calculated.

Rate Dependence on Neutral Salts
With the addition of small amounts of neutral salts
such as Na7.SO4, K2S04 and Li 2SO4 to the reaction
medium both the initial rate and limiting
conversion fall .The decrease observed is
proportional to the amount and basicity of the salt
added-The increasing order of depression of initial
rate is as follow:

Li 2SO4 < Na 2SO 4 < K2SO4
The depression may be caused by the

increase in ionic strength of the medium which
produces interference with the normal
polymerization procedure .Similar types of results
have also been reported elsewhere [111.

Dale received:14 June 1992

Figure 7 :A plot between (M] vs time for the
polymerization of acrylamide at fixed concentration of
[Acrylamidel = 10 .0 x 10.2 moUL, (Thiourea] = 1.U x
1o-2 moll, [KSro3] = s.o x 10.2 moo, (HCI] =
5.7x l0-2 moU1, [DMF] = 0 .64 moll, Temp = 32
± 9.5°C .
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