
.  17/2009

, 79

* ., * ., ** .,
** .

 * . 
** . 

, , , -
. 

 NH- ,  – . 
, .

, , -
.

It was determined that the interaction of the gel containing vinyl ether of monoethanolamine, with copper
ions changes the nature of the charge net. Swelling of the gel before the interaction is determined by the protonated
NH-groups, and after - the charges related to copper ions. Protonized net in an acidic medium leads to the destruc-
tion of the complex with copper ions, stabilized by coordination bonds. This allows, in particular to the regeneration
of the sorbents getting on the basis of the synthesized hydrogels.
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SAME CHARACTERISTIC PROPERTIES OF RADICAL POLYMERIZATION
OF POTASSIUM STYRENE SULPHONATE

Yeligbayeva G.Z.
The Kazakh National Technical University, Kazakhstan
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The free radical polymerisation of potassium styrene sulphonate was examined in water-ethylene glycol
and water-ethanol solutions. The kinetics of process and the molecular weight were measured using dilatometric
and viscosimetric methods respectively. The polymerization rate, polymer molecular weight and activation energy
were settled and main process equations were established for two above-mentioned solutions. The obtained data as
well as data of inhibiting polymerization discovered tend to increase the effective reaction ability of monomer at
transfer from water-ethylene glycol medium to water-ethanol. Infrared spectroscopy was used to monitor the ole-
finic stretching and explained observed phenomena.

Introduction. Potassium styrene sulpho-
nate (PSS) is a precursor for the production of
various ionised polymers (IP). This monomer
has low toxicity and high reactivity for homo
and copolymerisation. Free radical polyneriza-
tion is the most convenient method to produce
IP although other methods include cationic and
anionic polymerisation1,2. Industrial interest in
PSS and its polymer derivatives is due to their
potential applications in technologies such as
waste-water treatment and medical drugs1,3.
There are few descriptions of the polymerisation
process in the literature. Kurenkov, Miag-
chenkov and co-workers1 presented a study of
PSS polymerisation in different solutions but
their study focused more on the determination of
the polymerisation process under the influence
of slow molecular substances. However, it is
known that polymerisation and copolymerisation
of highly ionised monomers, which is PSS, are
characterised by complicated and not synony-
mous dependence on the nature of the reaction
medium4,5.  The  specific  medium  affects  the  in-
tramolecular and intermolecular interaction that
is accompanied by substantial changes of elec-
tron-structure reaction centres. All this has ef-
fects on kinetic parameters and the mechanism
of polymerisation.

In this paper, we investigate the homo-
phase radical polymerisation of potassium sty-

rene sulphonate in water-alcohol solution. The
effect of temperature, monomers and initiator
concentrations on the polymerisation kinetic and
molecular weight development are described.

Experimental. PSS monomer was recrys-
tallized twice and was dried under vacuum at
room temperature for 48 h. before polymeriza-
tion. The free radical initiator 2,2 -
azoisobutyronitrile (AIBN) and the free radical
inhibitor 2,2,6,6-tetramethyl-4-benzoypiperidin-
1-oxyl (TMBPO) were recrystallized and dried
under vacuum at room temperature before use.
Ethanol and ethylene glycol were distillated at
351 K and 470 K respectively. Bidistillated wa-
ter was used for aqueous solution polymeriza-
tion.

A given mixture of PSS, AIBN and sol-
vents (TMBPO in the case of photo–
polymerization) was charged in a set of glass
ampoules (dilatometers), which were subject to
three freeze-to-thaw cycles. After degassing, the
ampoules were immersed into a bath with circu-
lating water at polymerization temperature. Am-
poules were taken out after polymerization and
frozen quenched. The reactant mixture was dis-
solved in water and the polymer content precipi-
tated in acetone. All samples were dried under
vacuum at room temperature until they achieved
constant weight. The radical photopolymeriza-
tion of SSP in given solvents in the presence of
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ABDN  and  TMBPO  was  studied  by  sectored
method by an irradiation of light rays,

=365 nm.
The molecular weight was measured by

viscousimetric method in presence 0,5 mol/l KCl
at 25 C and calculated using: [ ]= M . An uni-
versal calibration was used with =6.0.10-4 and

=0.61 for the polymer samples6.
Experimental results and discussion.

Carrying out the radical polymerization at an
increasing monomer concentration lead to an
increase in both the rate of process [V] and aver-
age molecular weight of polymer ( wM ), whereas
increasing both reaction temperature and initia-
tor concentration caused an increase in the po-
lymerization rate and a decrease in averaged mo-
lecular weight.

The analyses of the polymerization rate,
polymer molecular weight and activation energy
dependence on the nature of the medium are
pointing to a noticeable increase in these values
during the transfer from the solvents system with
ethanol to the system with ethylene glycol. Also
there is a general tendency for of V and wM  to
increase with an increase in monomer concentra-
tion rather than with increase in initiator concen-
tration, under the same reaction temperature.

A lowering in activation energy of the po-
lymerization reaction (table 1) during the trans-
fer from the medium consisting of ethanol to
ethylene glycol was accompanied by the de-
crease of the pre-exponent.

This phenomenon can be explained as a
specific interaction of the monomer with the
medium. The increase in the activation energies
of the reaction should be necessary to note was
occurring in the background of a lowering in the
reaction rates and average molecular weights
while an order of reactions on initiator for the
above mentioned two reaction mediums are
nearly the same. All these causes could exclude
the possibility of the chain transfer reaction pro-
ceeding to monomer.

The conducting of the inhibiting polym-
erization of SSP (table 2) showed that the
straight temperature dependence is well ob-
served both for the combined rate constant of
elementary reactions – kp/kt

½ and initiation reac-
tion rate - Vin. Also that allowed determining the
reaction initiative energy (Ein) and reference of
energies of elementary reactions Eg-1/2Eb. The
process was characterized by rather low ener-
getic parameters noticed for other many ionized
monomers.

Table 1. Polymerization of SSP in binary solutions under different temperatures.
[SSP] = 0,57 kmol/m3, [AIBN] = 6 10 4 kmol/m3

T, K V. 104,
kmol/m3c

[ ],
m3/kg

wM
.10-4.

k . 103,
m3/kmol. c

Eakt,
kJ/mol

Water-ethanol (2:1 by volume)

323 0,86  0,04 5,8 7,7  7,94  0,39
328 1,07  0,05 5,3 6,9 9,54  0,47 38,94
333 1,33  0,06 5,1 6,2  11,12  0,55
338 1,64  0,08 4,4 4,9  13,64  0,68 1,93
343 1,99  0,10 3,7 3,8 16,62  0,83

Water-ethylene glycol (2:1 by volume)

323
328
333
338
343

1,16  0,05
1,47  0,07
1,79  0,08
2,18  0,11
2,64  0,13

7,2
6,7
6,6
6,0
5,4

11,3
10,1
9,7
8,5
7,1

9,33  0,46
11,70  0,58
12,50  0,62
17,37  0,86
21,17  1,06

37,60

1,81

The obtained data showed that a consid-
erable growth of the combined rate constant of
elementary reactions – kp/kt

½, with the transfer
from water-ethanol system to the water-ethylene

glycol one at the same initiation reaction rate
and initiation reaction energy,  as  well  as  a  low-
ering of the reference Eg-1/2Eb were observed.
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Table 2. Kinetic parameters of inhibiting polymerisation of PSS.
[SSP] = 0,57 kmol/m3, [AIBN] = 6.10 4 kmol/m3

Eakt Ein Ep –1/2EtT, K Vin. 107

kmol/m3.c
kp/kt

½,
(m3/kmol.c)1/2

kJ/mol
Water-ethanol (2:1 by volume)
323 1,82 0,09 0,41 0,02
328 2,57 0,12 0,43 0,02 38,94 54,00 11,94
333 3,36 0,16 0,46 0,02
338 4,69 0,23 0,48 0,02 1,92 2,70 0,59
343 5,91 0,29 0,52 0,02
Water-ethylene glycol (2:1 by volume)
323 1,90 0,09 0,52 0,02
328 3,20 0,16 0,54 0,03 37,60 53,83 10,60
333 3,79 0,18 0,57 0,03
338 4,83 0,24 0,61 0,03 1,81 2,71 0,52
343 6,09 0,30 0,65 0,03

From these results it could be considered
that the most likely cause of the observed phe-
nomena may be the different activating effects
of the above mentioned two reaction solutions
on the PSS reaction activity in the radical po-
lymerization,  which  should  be  reflected  in  the
elementary propagation and termination stages
of chain.

Aimed at refining this assumption, the
SSP radical photo-polymerization was carried-
out in given solvent systems in AIBN and
TMBPO presence that could allow the quantita-
tive determination of the individual contribu-
tions of elementary stages to the kinetic and en-
ergetic characteristics of the polymerization
process (table 3).

Table 3. Kinetic parameters of photo-polymerization of PSS.
[SSP] = 0,35 kmol/m3, [AIBN] = 6 .10 4 kmol/m3, =365 nm

V . 105 Vin
. 107

T,K kmol/m3. c
kp/kt

½,. 102 ,
(m3/kmol.c)1/2

kp/kt,. 106,
m3/kmol. c

Water-ethylene glycol (2:1 by volume)

293 1,84 0,09 1,00 0,05 15,70 66,53
303 1,98 0,09 1,05 0,05 17,62 70,92
312 2,18 0,10 1,10 0,05 19,09 74,44

Water-ethanol (2:1 by volume)

293 1,36 0,06 1,04 0,05 10,29 42,81
303 1,57 0,07 1,05 0,05 12,53 47,04
312 1,72 0,08 1,10 0,05 14,49 49,83

A considerable increase of the combined
rate constants kp/kt and  kp/kt

½ in the water-
ethylene glycol medium as well as more steady
state  of  free  radicals,  being  determined  by  the
time  of  their  life,  were  found.  From  the  calcu-
lated meanings of absolute constants it became
obvious that the variation in the spirituous com-
ponent of the binary solvents primarily influ-
ences the stage of chain propagation, that is
fixed in changes of meanings Kp and Ep.  During
the transfer from the water-ethanol to the water-
ethylene glycol system the chain propagation
rate constant was increasing approximately in
1,3-1,5 times (table 4); the same correlation was

observed for the polymerization rate. The insen-
sibility of the termination rate to the factors af-
fecting the propagation can be explained by the
fact that the stage of chain termination was usu-
ally limited by the diffusion processes. The on-
set of the diffusion-controlled termination oc-
curred much earlier than that of propagation be-
cause the termination involved diffusion of two
long chains (table 4).

The variation of effective reaction ability
of the monomer are considered as resulting from
the eventual formation of donor-acceptor bounds
in interactive particles of monomer (-SO3-)  with
water-spirits associations7.
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Table 4. Kinetic and energetic parameters of PSS’s photo-polymerization in binary solvents.
[SSP] = 0,35 kmol/m3, [AIBN] = 6 10 4 kmol/m3

T,K Kp. 10-2,
m3/kmol. c

Ep,
kJ/mol

kt. 10-6,
m3/kmol. c

Et,
kJ/mol

Water-ethylene glycol (2:1 by volume)

293 3,59 5,25
303 4,37 17,61 6,17 14,01
312 5,60 7,60

Water-ethanol (2:1 by volume)

293 2,57 5,76
303 3,38 19,08 6,68 14,50
312 4,16 8,29

Spectroscopic characterization of the
monomer in different solutions was accom-
plished using IR. The most notable change in
spectra of the monomer was for the olefinic
stretching.   For  example,  in  the  IR  spectrum of
monomer without solvent the olefinic stretching
vibration appeared at 1628 sm-1, while it was
being shifted by 28 sm-1 in the water-ethanol and
by 42 sm-1 in water-ethylene glycol medium re-
spectively. From the above spectroscopic char-
acterization, it can be seen that the specific in-
teractions of the monomer with the medium are
the result of the formation of hydrogen bonding
and different degrees of effects of two solvent
systems on the electronic configuration of the
monomer. The shift of the olefinic IR-signals
shows polarization of vinyl bonding followed to
increase the effective reaction ability of the
monomer. Consequently, to increase the effec-
tive reaction ability of PSS in water-ethylene
glycol medium could be explained by greater
polarization of vinyl bonding in it than in water-
ethanol one.

Conclusions. The free radical polymerisa-
tion of potassium styrene sulphonate was exam-
ined in water-ethylene glycol and water-ethanol
solutions. Kinetic and energetic parameters of
polymerization were settled and the main proc-
ess equations were established.

Reaction initiative energy (Ein) and refer-
ence of energies of elementary reactions Eg-
1/2Eb were established by the inhibiting polym-
erization of PSS which showed also the straight
temperature dependence for the combined rate
constant of elementary reactions – kp/kt

½ and
initiation reaction rate - Vin in both solution.

The individual contributions of proroga-
tion  and  termination  stages  (kp, kt and  Ep, Et for
both stages respectively) to the kinetic and ener-
getic characteristics of general process was ob-
tained via radical photo-polymerization of SSP.

The observed increase in the effective re-
action ability of PSS at transfer from water-
ethylene glycol to water-ethanol have been ex-
plained by greater polarization of vinyl bonding
in  the  first  solution  and  confirmed  by  IR  spec-
troscopic characteristics.
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