KATEGORIZIRANI RADOVI

Franjo Ranogajec
Ruder Boskovi¢ Institute, Zagreb

Dedicated to Dr. Igor Dvornik on his 85 birthday

Effect of the polarity of reaction
medium and electric field on
zwitter-ion polymerization of

methacrylonitrile

ISSN 0351-187

UDK 66.095.26:537

Original scientific paper / Izvorni znanstveni rad
Received / Primljeno: 4. 2. 2009.

Accepted / Prihvac¢eno: 9. 12. 2009.

Abstract

The mechanism of polymerization of methacrylonitrile initiated by
triethylphosphine in dimethylformamide and tetrahydrofuran was
investigated. The elemental analysis has shown that phosphorus
is chemically bound to the polymeric molecules. Analysis by NMR
spectroscopy, as well as conductivity measurements, prove that the
zwitter-ion structure is formed in the initiation process
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Monomer addition to the carbanion leads to macrozwitter-ion.
The initiation reaction is slow and it is the rate determining step.
Spontaneous monomolecular termination reaction is inherent to
the system. During its life-time, the active centres can exist as either
ion pairs or free ions. In the propagation step the free ion is by far
the more reactive of the two species. In dimethylformamide the ion
pairs play virtually no part in the propagation step and the polymer
is formed through the propagation of free ions. The ion pairs-free
ions intramolecular equilibrium constant depends on the length
of the macrozwitter-ion. Consequently, the polymerization rate
depends on the length of the growing chains. The paper presents
experimental evidence for this and reports elementary constants
for the macrozwitter-ion polymerization.

It could have been expected that the zwitter-ion polymerization
is strongly influenced by the polarity of the reaction medium.
Therefore, we investigated the polymerization of methacrylonitrile
initiated by triethylphosphine in tetrahydrofuran, as well as the
influence of an external electric field on this system.

In tetrahydrofuran polymerization is very slow and only oligomers
are formed. Addition of dimetylformamide to tetrahydrofuran
— monomer mixture, i.e. an increase in the dielectric constant of
the reaction medium, increases the rate of polymerization and
molecular weight of the polymer. In tetrahydrofuran, the presence
of an external electric field was found to lead to a strong increase
in both polymerization rate and molecular weight. These results
suggest that an increase of dielectric constant of the reaction

medium as well as the application of external electric field both
enable the dissociation of low reactivity ion pairs into the highly
reactive free ions.
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KLJUCNE RUECI:

dielektri¢na konstanta
dimetilformamid

hibridna ionska polimerizacija
metakrilonitril

ravnoteza ionski par — slobodni ion
tetrahidrofuran

trietilfosfin

utjecaj vanjskoga elektricnog polja

Utjecaj polarnosti reakcijske sredine
i elektricnog polja na hibridnu ionsku
polimerizaciju

Sazetak

Istrazivan je mehanizam polimerizacije metakrilonitrila inicirane
trietilfosfinom u dimetilformamidu i tetrahidrofuranu. Elementar-
nom analizom pokazano je da je fosfor kemijski vezan na polimerne
molekule. Analiza NMR spektroskopijom, kao i mjerenja elektri¢ne
vodljivosti potvrduju da tijekom inicijacije nastane hibridna ionska
struktura.

Adicijom monomera na karbanion nastaje makrohibridni ion. Re-
akcija inicijacije je spora i odreduje brzinu polimerizacije. Spontana
monomolekulna terminacija prisutna je u procesu. Tijekom posto-
janja aktivni centar moze biti u obliku ionskog para ili slobodnog
iona. Slobodni ion mnogo je reaktivniji u reakciji rasta lanca. U
dimetilformamidu ionski parovi prakticki ne sudjeluju u reakciji rasta
lanca i polimer nastaje rastom slobodnih iona. Monomolekulna
konstanta ravnoteze ionski par — slobodni ion ovisi o duzini ma-
krohibridnog iona. Posljedi¢no, i brzina polimerizacije ovisi o duzini
rastuceg lanca. Dobiveni su eksperimentalni dokazi za to i odredene
elementarne konstante za makrohibridnu ionsku polimerizaciju.
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Moglo se ocekivati da na hibridnu ionsku polimerizaciju snazno
utjece polarnost reakcijske sredine. Zbog toga smo istrazivali poli-
merizaciju metakrilonitrila iniciranu trietilfosfinom u tetrahidrofu-
ranu te utjecaj vanjskoga elektricnog polja na ovaj sustav.

U tetrahidrofuranu polimerizacija je vrlo spora i nastaju samo
oligomeri. Dodatkom dimetilformamida smjesi tetrahidrofurana i
monomera, tj. porastom dielektri¢ne konstante reakcijske smjese,
raste brzina polimerizacije i molekulna masa polimera. Vanjsko
elektri¢no polje snazno povecava brzinu polimerizacije i molekulnu
masu polimera u tetrahidrofuranu. Ti rezultati sugeriraju da porast
dielektri¢ne konstante reakcijske sredine, kao i primjena vanjskoga
elektricnog polja omogucuju disocijaciju slabo reaktivnih ionskih
parova u jako reaktivne slobodne ione.

Introduction

The zwitter-ion mechanism of polymerization of methacrylonitrile
initiated by triethylphosphine in dimethylformamide has been
proven by three different methods.!

(1) Elemental analysis has shown that phosphorous is contained
in the polymer, approximately one atom per each polymeric
chain. The content of phosphorus: (a) does not depend on the
initial concentration of triethylphosphine, (b) is increased with
decreasing of molecular weight of the polymer, and (c) does
not change during the repeated precipitation of polymers.
This means that phosphorus is chemically bound to polymeric
molecule.

(2) NMR spectroscopy has shown that chemical shifts of 3'P in
the low molecular weight polymer and the model compound
are specific for quaternary phosphonium salts. Proton magnet-
ic resonance results also confirm the presence of quaternary
phosphonium group in the polymer. The comparison of the
NMR spectra parameters of the low molecular weight polymer
and the model compound have made it possible to determine
the structure of the product formed by the addition of the first
methacrylonitrile molecule to triethylphospine as:

[(C,Hs)sP* — CH,-CH-CH;)OH

|
CN

As an intermediate product there appears apparently the zwitter-
ion formed according to the reaction:

(CyHs):P+ CHy = C—CH; — (C;Hs)»PT— CH;—~C ~— CH;
|

CN CN

The growth of a polymeric chain proceeds by the monomer ad-
dition to carbanion with the conservation of the zwitter-ion. The
interaction of an active centre with hydroxyl containing compounds
(water, alcohols) leads to chain termination:

CH3 CH3 CH3 CH}

| | | |
(C2Hs);P"<(CH; —C),~CH>—C" + HOR — (C2Hs):P'«(CH»—C),~CH,—~CHOR®
|

\ \ |
CN CN CN CN

Spontaneous termination reaction is also possible.

(3) The conductivity has been found to increase during the reaction
in the presence of terminating agent because the electrostat-
ically bound ions are produced by the termination reaction.
The concentration of these ions increases during the course of
the reaction because the initiation reaction is slow. There is no
conductivity increase during the polymerization in a dry system,
because in zwitter-ions opposite charges are covalently bound
to each other.

In macrozwitter-ion polymerization active centres can exist in the
form of ion pairs and free ions.? lon pairs can be formed in two
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principally different ways: (a) monomolecularly through the inter-
action of the anion with the cation of the same polymer chain,
i.e., by intramolecular cyclization, or (b) bimolecularly through
the interaction with the counter ion of the neighbouring growing
zwitter-ion, or with the counter ion which is preserved in terminated
polymeric chains according to the proposed mechanism.

Accordingly, possible ion equilibrium in macrozwitter-ion polymer-
ization can be represented schematically:

At the beginning of polymerization the ratio of free ions-ion pairs
is determined by the equilibrium I, because the concentration of
active centres and terminated polymeric chains is low due to the
slow initiation reaction. Transition constant K" of the equilibrium
| depends on polymerization degree (n) of macrozwitter-ions and
is given by the expression:

(M

Kdn _ Kd/ n32 2)
The concentration of free ions (R ) is determined as:

R, =K/ r (3)
where r_is the concentration of ion pairs.

The investigation of the kinetics of polymerization®* has revealed
that the reaction in steady-state conditions is of first order with
respect to the initiator concentration. Reaction order with respect
to the monomer concentration has been found to be 2.5. This has
been explained by the fact that in the very beginning equilibrium
| is dominating and the rate of chain growth is increased with the
increase of its length, the probability of finding an active centre in
a form of more reactive free ion being larger. In this case, taking
into account the slow initiation, fast growth reaction only on the
free ions, termination of the ion pairs and free ions, initial polymer-
ization rate W, is given by the equation:

k k_ 1, M?

A ="TOO exp(2k, / kK, M,) )

t

where k,, k_, k.”and k, are the rate constants for initiation, chain

growth, and termination on free ions or ion pairs, i.e. /_- initiator
concentration, and M_ - monomer concentration.

The ratios of rate constants have been determined from the de-
pendence of initial rate upon the monomer concentration as fol-
lows:

kk_/k,' = 3.5 (dm??mole?min”; k/k_K/= 0.3 mole dm?

During the course of polymerization reaction the concentration of
terminating polymer molecules is increased, and the ratio between
the concentrations of free ions and ion pairs is dependent on the
interactions of growing free anions with cations of terminated mol-
ecules (1) (equilibrium 11). It has been found that a great reduction
of polymerization rate really takes place upon the addition of low
molecular weight polymer previously synthesized.

Decrease of polymerization rate and yield is not determined by the
quantity of polymer but by the concentration of polymeric chains,
i.e., inhibitory effect of polymer is due to its ending groups (qua-
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This has been proved experimentally> by finding that the addition
of salt Ph,MeP*J,, which is dissociated in a solvent, has the same
effect upon polymerization. If the concentration of electrolyte is
high enough the reaction is practically stopped. This shows that
the growth through ion pairs can be neglected as compared to the
growth through free ions.

In the presence of salt the dissociation of active centres is deter-
mined by the equilibrium:
K

2
RPI ZRPY
K (5)

3
RPCZRPC__
where K, and K, are equilibrium constants for dissociation of
electrolyte and linear ion pairs containing carbanion, respectively.

The addition of adequate quantity of electrolyte transforms all cyclic
ion pairs to linear, of the type

R, <C~~~P*.
The initial polymerization rate in the presence of completely disso-
ciated salt (concentration S ) is given by the expression:

_ki Kk Kyl Mé

W, =-L
O KK+ S,k

(6)

i.e., initial polymerization rate should be proportional to the square
of monomer concentration.

The measurements of the initial rate have shown that the reaction in
the presence of salt is of second order with respect to the monomer
concentration, or, in other words, the addition of salt cancels out
the effect of self-accelerated growth of macrozwitter-ions, because
dissociation constant K, of /inear ion pairs does not depend on the
length of polymer chain.

The dependence of the polymerization rate and the polymer mo-
lecular weight on concentration of electrolyte (Ph,MeP*J") enabled
determination of the initiation rate constant

k,=5.6 ¢ 10* dm? mole'min™
and ratios of rate constants
k/k, =6.25 ¢ 10° dm’ mole™.
k/kK, = 4.8
where K, is the dissociation constant of /inear ion pairs: R,P*, C__

In the beginning of the polymerization there is an induction period
whose duration depends on the monomer concentration and is
independent of the initiator concentration. Molecular weight of
poly(methacrylonitrile) increases during the time equal to 2 to 3
induction periods, which indicates non-stationarity of active centres
in this period.®

Strict mathematical analysis of the polymerization kinetic scheme,
including non-stationarity on the active centres and consideration
of the dependence of the ion pair-free ion equilibrium constant
on the length of the growing polymer zwitter-ion provides the
following expression for an induction period 7 vs. monomer con-
centration M_:

/ Z i
T=—4+—7—
KTk KD M,

(7)
Using this equation and the relations for the constants defined
above, we obtain all the elementary constants:”#

k.=5.6 * 10*dm? mole” min, rate constant of initiation,

k = 2.5 10*dm? mole’ min”, rate constant of chain growth of
free ions,

k, = 2.0 dm’ mole min, rate constant of chain growth of ion
pairs,

k"= 4 min”, rate constant of termination of free ions,
k, = 0.84 min’, rate constant of termination of ion pairs,

kHZO’ = 1.3 ¢ 103 dm’® mole” min’', rate constant of termination
of free ion with water,
Kd‘” = 10, monomolecular constant of ion pair transition in free

ion for the active centre of the degree of polymerisation 1,

K, =10.07 * 10* mole dm?, dissociation constant of /inear ion
pairs R,PTC~~

It could have been expected that the zwitter-ion polymerisation is
strongly influenced by the polarity of reaction medium. Therefore,
we investigated the polymerisation of methacrylonitrile initiated by
triethylphosphine in tetrahydrofuran as well as the influence of an
external electric field on this system.

Experimental

Methacrylonitrile (MAN) and dimethylformamide (DMF) were puri-
fied by the usual methods, dried over calcium hydride, distilled and
dried in vacuum over calcium hydride until no hydrogen generation
could be detected. Tetrahydrofuran (THF) was stirred in vacuum
with sodium-potassium alloy to obtain the characteristic blue col-
our of potassium ion as an indication of absence of water in THF.
Monomer and solvent were transferred to the reaction vessels by
vacuum distillation. Triethylphosphine was added by condensation
in vacuum from the vapour phase. The concentration of initiator
was determined from the pressure of triethylphosphine vapour
prior to condensation.

Kinetics of polymerization was followed dilatometrically. For con-
ductivity measurements and for polymerization under electric field
special cells containing electrodes in reaction vessel were used.’ The
molecular weight of the polymer was determined viscosimetrically
using the relation:™

7 =3.06 * 107 Mo503

Results and discussion

Investigation of methacrylonitrile polymerization initiated by
triethylphospine in tetrahydrofuran has shown that in this solvent
reaction proceeded very slowly and could not be followed by
dilatometry in the usual way and within reasonable time. The con-
centration of monomer was 2.1 mol dm=and the concentration
of initiator 102 mol dm as in previous experiments in dimethylfor-
mamide where polymerization was effective. The appearance of a
yellow-red colour after one day of heating of polymerizing system
at 40°C indicated that the polymer was formed. After evaporation
of solvent and monomer poly(methacrylonitrile) has been detected
by IR spectroscopy.

At least two factors could be responsible for slowing down of the

reaction in tetrahydrofuran:

1) The initiation reaction involving charge separation in zwitter-ion
is slow in tetrahydrofuran.

2) During its lifetime, before spontaneous termination, active centre
exists mainly in the form of low reactive ion pair.

In order to provide the evidence on the effect of the polarity of
reaction medium, we investigated the polymerization in binary
solvent mixtures dimethylformamide-tetrahydrofuran. First of all
we checked that in the investigated range the dielectric constant
of dimethylformamide-tetrahydrofuran-methacrylonitrile mixtures
decreases monotonously and linearly as the mole fraction of tet-
rahydrofuran increases.

There are wide evidences that free energy of an ionic reaction de-
pends on the dielectric constant of the medium. The dissociation of
an ion pair into free ion is a typical example of such dependence.
In this particular case the logarithm of K, _is very often found to be
a linear function of 1/¢, € representing the bulk dielectric constant
which could differ from that one in the immediate vicinity of ion
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pairs. Therefore Kirkwood’s approach' considering the medium
surrounding the cavity in which the reaction takes place seams to
be more appropriate. According to Kirkwood the linear dependence
between the free energy and (e-1)/(2¢+ 1) should exist.

Only a few systematic results exist on anionic polymerization in
mixed solvents.'? It was shown that in the anionic polymerization of
polystyrillithium in tetrahydrofuran — benzene mixture linear depen-
dence between the logarithm of the rate constant of propagation
on ion pairs and Kirkwood's function (e-1)/(2e+1) exist'® and this
is not the case in tetrahydrofuran-dioxan mixture.™

Our system is much more complex because besides the propaga-
tion rate, the rates of initiation and termination can be changed
by changing dielectric constant of reaction medium. Nevertheless,
we obtained fairly good linearity for logarithm of initial rate of
polymerization as a function both of 1/e and (e-1)/(2e+1) in inves-
tigated range (Figure 1).
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FIGURE 1 - Dependence of the polymerization rate on dielectric
constant of reaction mixture MAN-DMF-THF. [MAN] = 2.1
mole dm=, [TEF] = 102 mole dm3, T = 313.9 K.

In order to determine which reaction steps are affected by changing
dielectric constant of reaction medium we investigated the molecu-
lar weight of polymer. The logarithm of polymerization degree as
function of 1/e and (e-1)/(2¢+1) is plotted in Figure 2. The degree
of polymerization decreases with decreasing dielectric constant of
reaction medium and again linear dependence is obtained. These
results indicate that propagation reaction rate is affected by chan-
ging dielectric constant of reaction medium.
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FIGURE 2 - Dependence of the polymerization degree on dielectric
constant of reaction mixture MAN-DMF-THF. [MAN] = 2.1 mo-
le dm?, [TEF] = 102 mole dm?3, T = 313.9K.
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The shape of the kinetic curves does not indicate any specific effect
by addition of THF in the reaction mixture methacrylonitrile — di-
methylformamide (Figure 3). It suggests that decrease of dielectric
constant does not influence the rate constant of propagation but
it causes the decrease of equilibrium constant ion pair — free ion.
During its lifetime in THF active centre exist mainly in the form of ion
pair and high molecular polymer could not be formed as indicated
by the rate constants of propagation of ion pairs and free ions listed
in introduction. This statement was the basis for our assumption
that an external electric field could influence the equilibrium ion
pair — free ion and in this way could promote the polymerization
in tetrahydrofuran.
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Mole fraction of TFH in THF-DMF mixture

FIGURE 3 - Dependence of the polymerization rate on the mole
fraction of THF in mixture THF-DMF. [MAN] = 2.1 mole dm?,
[TEF] = 102 mole dm3, T = 313.9 K.

Investigating the polymerization of methacrylonitrile initiated by
triethylphosphine in THF and in the presence of an electric field
we have found a strong increase in polymerization rate and high
molecular poly(methacrylonitrile) was formed. The polymerization
rate increases as the field strength increases (Figure 4).
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FIGURE 4 - Dependence of the polymerization rate on the strength
of electric field (Both minimum values E_of the field strength at
external electrode and corresponding maximum values E__ at in-
ternal electrode are plotted on abscissa). [MAN] = 2.1 mole dm?,
[TEF] = 102 mole dm™, T = 313.9K.

In our experiments, the field strength was inhomogeneous with min-
imum values at external electrode (helicoid platinum wire situated
at inner wall of the glass cylinder vessel) — increasing exponentially
to maximum values at internal electrode, metal rod situated in the
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centre of reaction vessel. In Figure 4 both the minimum values of
the field strength on external electrode and the corresponding
maximum values of the field strength on internal electrode are
plotted on abscissa.

To understand the effect of the electric field in the case of the poly-

merization of methacrylonitrile initiated by triethylphosphine in THF,

the following experimental facts should be taken into account:

(1) Without the electric field polymerization is very slow and initia-
tion could be detected by conductivity measurements but only
low molecular weight polymer is formed.

(2) Without initiator (triethylphosphine) in the system methacrylo-
nitrile-tetrahydrofuran no polymerization in an electric field
could be observed.

(3) By increasing the concentration of initiator by two orders of
magnitude in the absence of monomer neither current nor
conductivity increase could be observed.

(4) In our experiments field strength was more than an order of
magnitude higher than in some earlier work'> and ion pair
— free ion equilibrium constant in the case of zwitter-ion could
be more than one order of magnitude higher than in the case
when identical counter ion is electrostatically bonded in ion
pair with carbanion as our previous results summarized in the
introduction of this paper indicate.

Observed experimental facts suggest that strong enhancement
of the polymerization rate in an electric field in our case probably
could be explained by dissociation of low reactive ion pairs into
high reactive free ions.

It should be noted, however, that in most cases the effect of an
electric field on polymerization reaction was explained by electroini-
tiation.'®'” The redistribution of ionic species under influence of an
electric field and in this way possible variations of local concentra-
tion of reaction components should be taken into account as well.'®
Very little has been published on zwitter-ion polymerization.'20

Conclusion

We have shown that triethylphosphine initiated the zwitter-ion
polymerization of methacrylonitrile in dimethylformamide and high
molecular weight polymer was formed. lon pairs practically do not
take part in the propagation step and polymer is formed through
the propagation of free ions. In tetrahydrofuran polymerization
proceeded very slowly and only low molecular weight polymer
was formed. In order to provide the evidence on the effect of the
polarity of reaction medium the polymerization was investigated in
binary solvent mixture dimethylformamide — tetrahydrofuran. Linear
dependence of the logarithm of initial rate of polymerization as well
as the logarithm of polymerization degree on reciprocal dielectric
constant of reaction medium was determined. The shape of the
kinetic curves does not indicate any specific effect by addition of
tetrahydrofuran in reaction mixture methacrylonitrile — dimethyl-
formamide. It suggests that a decrease of dielectric constant does
not influence the rate constant of propagation but it causes the
decrease of equilibrium constant ion pair — free ion. During its
lifetime in tetrahydrofuran active centre exist mainly in the form
of ion pair and high molecular polymer could not be formed. The
application of an external electric field may also enable the disso-
ciation of low reactive ion pairs in high reactive free ions and may

increase polymerization rate and molecular weight of polymer as
observed.

Acknowledgements

The author would like to thank Dr. E.V. Kochetov and Dr. A.T. Po-
nomarenko for their contribution to this research work.

REFERENCES

1. Ranogajec, F, Kochetoy, E. V., Markevich, M. A., Enikolopyan, N. S.: Mechanism
of polymerization of methacrylonitrile induced by triethylphosphine, Dokl. Akad.
Nauk SSSR, 202(1972), 642-645.

. Ranogajec, F, Markevich, M. A., Kochetov, E. V., Enikolopyan, N. S.: On the role of
ion pairs and free ions in polymerization of methacrylonitrile on triethylphosphine,
Dokl. Akad. Nauk SSSR, 200(1971), 634-637.

. Ranogajec, F, Kochetoy, E. V., Markevich, M. A., Enikolopyan, N. S.: Some regu-
larities in the kinetics of polymerization by zwitterionic mechanism, Vysokomol.
Soedin, A15(1973), 1343-1349.

4. Ranogajec, F, Kochetoy, E. V., Markevich, M. A., Enikolopyan, N. S.: Zwitter-ion
polymerization of methacrylonitrile initiated by triethylphosphine, J. Polym. Sci.
Symposium, 42(1973), 531-539.

. Markevich, M. A, Kochetoy, E. V., Ranogajec, F, Enikolopyan, N. S.: Zwitterionic
polymerization of methacrylonitrile initiated by triethylphosphine in the presence
of electrolite (C6H5)3CH3P-+I-, Visokomol. Soedin, A15(1973), 2063-2069.

Markevich, M. A., Kochetoy, E. V., Ranogajec, F, Enikolopyan, N. S.: Nestacionarnaja
zwitter-ionnaja polimerizacija metakrilonitrila na trietilfosfine, Visokomol. Soedin,
A15(1973), 2489-2495.

. Markevich, M. A., Kochetoy, E. V., Ranogajec, F, Enikolopyan, N. S.: Some pecu-
liarities of macrozwitterion polymerization, J. Macromol. Sci.-Chem., A8(1974)2,
265-279.

Ranogajec, F, Kochetoy, E. V., Markevich, M. A., Enikolopyan, N. S., Dvornik, I.:
Termination reaction in the anionic polymerization of methacrylonitrile initiated
by triethylphosphine, Croat. Chem. Acta, 46(1974)2, 83-88.

Ponomarenko, A. T., Shevchenko, V. G., Enikolopyan, N. S.: lonic polymerization
under an electric field as a relaxational method for the investigation of kinetics.
Il. Determination of some kinetic constants from field effects in cationic poly-
merization of 1,3-dioxolane and styrene, J. Macromol. Sci.-Chem., A11(1977)1,
195-223.

10. Overberger, C. G., Pearce, E. M., Mayes, N.: Polymerization of methacrylonitrile
with lithium in ammonia, J. Polym. Sci., 34(1950), 109-120.

11. Kirkwood, J. G.: The dielectric polarization of polar liquids, } Chem Phys., 7(1939)10,
911-919.

12. Szwarc, M.: Carbanions, Living Polymer and Electron Transfer Processes, Inter-
science Publ. New York, 1968.

13. Bywater, S., Worsfold, D. J.: The effect of dielectric constant on the rate of anionic
polymerization, J. Phys. Chem., 70(1966), 162-166.

14. Van Beylen, M., Bhattacharyya, D. N., Smid, J., Szwarc, M.: Solvent effects in anion-
ic polymerization: The behavior of living polystyrene in tetrahydrofuran-dioxane
mixtures, J. Phys. Chem., 70(1966), 157-161.

15. Ise, N.: Polymerizations under an electric field, Advan: Polymer Sci., 6(1969),
347-376.

16. Giusti, P Electroinitiated ionic polymerization, J. Polym. Sci. Polymer Symposia,
50(1975), 133-147.

17. Guerra, G. D.: Comprehensive Polymer Science, Vol. IV, Pergamon Press, Oxford,
1989., 453.

18. Ponomarenko, A. T., Shevchenko, V. G., Enikolopyan, N. S.: lonic polymerization
under an electric field as a relaxational method for the investigation of kinetics I
On results of the change in space distribution of ions, J. Macromol. Sci.-Chem.,
A9(1975)7, 1195-1218.

19. Odian, G., Ocallaghan, M. P, Chien, C. K., Gunatillake, P, Periyasamy, M., Schmidt,
D. L.: Zwitterion polymerization of tetrahydro- 1-[4-hydroxy-3-(2-hydroxythoxy)phe
nyl]thiophenium hydroxide inner salt, Macromolecules, 23(1990)4, 918-925.

N

w

w1

o

~

®

©

20. Cangiano, D. L., Odian, G., Schmidt, D. L.: Zwitterionic polymerzation of 1-[4-
[(hydroxy-1-naphtyl)thiolbutyllquinuclidinium hydroxide inner salt, J Polym Sci.,
A34(1996), 801-8009.

CONTACT

Dr. sc Franjo Ranogajec

Institut Ruder Boskovic¢
Bijenicka cesta 54

HR-10000 Zagreb

E-mail: franjo.ranogajec@irb.hr

30(2009)3:126-130

polimeri



