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SUMMARY

Effect of temperature on the cationic polymerization of styrene was investigated by per-
forming the polymerization reaction at different temperatures. The total activation energy of the
reaction was measured to be 45.14 kj mol~! between ~20°C and -+ 20°C. The limiting viscosity
numbers of all the polymers prepared at different temperatures were measured. Below room
temperature a relationship between the limiting viscosity numbers and the temperature was
obtained as follow,

1
log [y] = 9.80)(10‘2——,1‘- —2.70

The polymers were prepared in four different solvents and the rate of polymerization in
each solvent was measured. Between the rates of polymerization and the dielectric constants of
the solvents, the following equations were obtained. ‘

Io, — d M) = —4.42 0.123 D
e (——x) =—u+eo
d M} D—1
! —_——— = —5. . —_——
og < T ) 5.11 + 4.208 D1

Polymerization reactions were carried out in air and nitrogen atmosphere.

The rates of polymerization and the average molecular weights of the polymers were found
the same in these experiments.

INTRODUCTION

The cationic polymerizations are the polyaddition reactions in which
the growing species are electrophilic. The rate of polymerization depends
on the solvent, temperature, the counterion and the type of monomer.
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The nature of the growing species in cationic polymerization de-
pends on greatly the position and type of the counteranion associated
with the propagating carbonium ion®. The position of the counteranion
can be altered by varying the dielectric constant of the solvent. The num-
bers of solvent-seperated ion pairs, contact ion pairs and free jons change
with the polarity of the polymerization media. When the dielectric cons-
tant of solvent increases, solvent-seperated and contact ion pairs disso-
ciate to free ions. The rate of propagation is increased by the increase
in the free ion concentration.

The effect of temperature on the rate is given by Arrhenius
equation, k = Ae ~Ea | RT, Where k is the overall rate constant and E, is
the total activation energy of the cationic polymerization.

EXPERIMENTAL

A) Purification of Materials

Methylene chloride and chloroform: The method suggested for ethy-
lene chloride by S. Okamura et al®. was used.

n-Hexane: n—Hexane was purified according to the method sug-
gested by N. Kanoh et. al.®,

Toluene: Toluene was purified as follow:

It was shaken with concentrated H,S04, washed with the aqueous
solution of Na,CO; and again washed with water. It was dried over CaCl»
and distilled in the presence of Na®.

B) The Effect of Some Factors On The Cationic Polymerization
of Styrene Initiated by P,Os

B.1) Effect of temperature

The polymerization reactions were carried out by keeping
the concentration of styrene and phosphorus pentoxide constant
at —20°C, 5°C, +5°C, +20°C, +30°C and --40°C in the
presence of chloroform. The rates of polymerization were mea-
sured by means of the ‘gravimetric method. The results are
summarized in Table I. The plots of the rate of polymeri-

are shown

. d[M] 1
zation versus temperature and log e e versus T
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Table 1
The variation of the rate of polymerization with temperature. [M], = 1.640 mol 1-',
[P,0;], = 0.094 mol 1%, time: 30 min., solvent: chloroform
d M} 1 d M]
° - 5| 10% |1 —
1°C T x 10 T X 10 og ( n
(mol 1-1sec™)
+ 40 22.1 — —
+ 30 24.7 — —
+ 20 27.3 3.41 — 3.56
+ 5 14.6 3.60 -— 3.84
— 5 6.6 3.73 -— 4.18
— 20 1.6 3.95 — 4.80

in Fig. 1 and Fig. 2. From the slop of the straight line in Fig. 2 the total
activation energy of the reaction was found to be 45. 14 kj mol .

%40+

0 . : . : . ‘
-2 -10 0 10 20 .30 40

— 1
Fig.1. : The plot of the rate of polymerization versus temperature

The limiting viscosity numbers of the polymers produced at dif-
ferent temperatures were determined. The results are shown in Table II.
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Fig. 2.: 1 i — —
ig. 2.: The plot of log < I ) versus -

It is cleared that the plot of log [v] against ,}‘ is a straight line (Fig.

3). The equation of this straight line can be given as follow,

log [n] = 9.80 x 107 LT— -2.70
Table II

[n] 1
t°C | (ml g T X 10% | log [7]

+ 40 4.2 3.20 0.623
+ 30 3.9 3.30 0.591
+ 20 4.1 3.41 0.613
+ 5 5.6 3.60 0.748
— 5 9.7 3.73 0.987

20 13.2 3.95 1.121




EFFECT OF TEMPERATURE AND SOLVENT... AT

130

120

Log[m] 409
090
080
070

0,60

0,50

04

300 320 3.40 3 60 380 . 400

' -J-—x'm’;
T
. 1
Fig. 3.: The plots of log, [n] versus -

B.2) Effect of Solvent:

The rates of polymerization were determined in the various sol-
vents having different dielectric constants (D). The results are given in
Table III. From these values, the plot of log (-d[M]/ dt) versus D (in
Fig. 4 a) and the plot of log (—d [M]/dt) versus (D-1)/(2D-1) (in Fig.

4b) vere plotted. From these flgures the followmg 11nea1 equatlons were
lobtalned

log (— iﬂ!ﬂ_ — 4.42 + 0.123 D
dt

log (_-_dﬂ” ) = —5.11 + 4.208 ~..—-2DD—+11
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Fig. 4.: The plots of log (— @ >versus D and )

Any relationship between the vicosity average molecular weights
of the polymers and the dielectric constants of the solvents couldn’t be
established.

B.3) Effect of the reaction media:

Effect of the reaction media on the cationic polymerization of sty-
rene was investigated by carrying out the experiments at 0°C in the air
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Table IIT

Effect of solvent on the cationic polymerization of styrene initiated by P,0;.
time: 30 min., temperature: + 20°C, [M ], = 1.460 mol 1-1, [P,0;] = 0.070 mol 1-!

Solvent Dielectric constant | — w—]— x 10° | log (— 4 M ]) —-——D—--l-—

(D) of the solvent at de d 2D +1
20°C¢) (mol 1-'sec™!)

n-Hexane 1.89 4.7 — 4.328 0.186

Toluene 2.44 9.3 — 4.032 0.245

Chloroform 4.81 17.9 — 3.7147 0.359

Methylene

chloride 9.08 46.2 — 3.335 0.422

and nitrogen atmosphere. Nitrogen gas was dried by passing over CaCl,
~P,0, respectively and then saturated with chloroform before use. The
results are summarized in Table IV,

Table IV

Effect of the reaction media on the cationic polymerization of styrene
[M], = 1.460 mol 1!, [P,0;], = 0.061 mol 1-, time: 60 min.,
solvent: chloroform, temperature: 0°C

d
the reaction media | — —g-]—‘ x 10% | [n}] (ml g7)

(mol 1-'sec™1)

air 4.1
nitrogen 4.5

(=2
[

According to the values given in Table IV, the rates of polymeri-
zation and the limiting viscosity numbers vere not affected from the
reaction media.

RESULTS and DISCUSSION

It is well known that in the free radical polymerization reactions,
rate of polymerization increases with the reaction temperature.

In the cationic polymerization of styrene this has been observed with
some exception that as the temperature increases the rate of polymeriza-
tion increases to about room temperature then starts to decrease.
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The total activation energy of the reaction was calculated to be
45.14 kj mol~1 between —20°C and + 20°C .The similar results was
found by C.P.Brown®. On the other hand, as the reaction temperature
decreases the molecular weights of the polymers increase, so low tempe-
rature is required to prepare high melecular weight polymers.

In this study we have also given a linear relationship between the
reaction temperature and the limiting viscosity number of polystyrene.
In the cationic polymerization the number of the growing spééies
effects rate of polymerization as well as molecular weights of polymers.
Number of the growing spacies called solvent-separated ion pairs, contact
ion pairs and free ions change with the polarity of the reaction media.

In this study we have also observed that the rate of the polymeriza-
tion of styrene increases with the dielectric constant of the solvent, but
no change has been observed in the molecular weights of the polymers
since the dissociation of the initiator increases with increasing the po-
larity of the reaction media, more growing center will be produced in
the polar solvent ,therefore the molecular weights of the polymers will
decrease with the polarity of solvent. These results are similar to that
given in references (6, 7, 8, 9).

OZET

Stirenin fosfor pentoksitle farkli sicakhklarda katyonik polimerizasyonu yapilarak poli-
merizasyon hizina sicakhfin etkisi arastinldi. -—20°C ile +20°C sicakhklar arasinda toplam ak-
tivasyon enerjisi Ea = 45.14 kj mol~! olarak bulundu. Elde edilen polimerlerin limit viskozite
sayllan tayin edilerek oda sicakhgimin altindaki sicakliklarda polimerlerin limit viskozite sayilari-

mn sicaklikla

1

log [n] = 9.80 x 102 T 2.70

esitlifine gore degigitigi sonucuna vanldi.

Dielektrik sabitleri farkh dort degisik ¢oziiciide polimerizasyonlar yapilarak reaksiyon hi-
zina ¢bziicliniin etkisi aragtinldi. Polimerizasyon hz ile kullamlan ¢oziiciiniin dialektrik sabiti

arasinda agagidaki bagmtlar bulunmustur.

d [M
log (—— ——ét]>

d M — 1
o (B0 < s B

i

— 4.42 + 0.123 D
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Polimerizasyon reaksiyonu bir kez kuru azot atmosferinde bir kezde havada cereyan et-

tirilmigtir. Polimerizasyon hizinda ve elde edilen polimerlerin molekiil agirhklarinda bir degisme

gozlenmemistir. Buradan oksijenin katyonik polimerizasyonu etkilemedigi sonucuna varilmgtar.
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