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DEDICATION TO ATATURK’S CENTENNIAL

Holding the torch that was lift by Atatiirk in the hope of advancing
our Country to a modern level of civilization, we celebrate the
one hundredth anmversary of his birth. We know that we can only
achieve this level in the fields of science and technology 'that are
the wealth of humanity by being productive and creative. As we
thus proceed, we are conscious that, in the words of Atatiirk, “the
truest guide’ is knowledge and science.

As members of the Faculty of Science at the University of
Ankara we are making every effort to carry out scientific research,
as well as to educate and train technicians, scientists, and graduates -
at every level. As long as we keep in our minds what Atatiirk created
for his Country, we can never be satisfied with what we have been
able to achieve. Yet, the longing for truth. beauty, and a sense of
_ responsibility toward our fellow human beings that he kindled within
us gives us strength to strive for even more basic and meaningful
service in the future.

From this year forward, we wish and aspire toward surpassing our
past efforts, and with each coming year, to serve in greater mecasure
the field of universal science and our own nation.
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SUMMARY

Tn ‘this study « -methy styrene has been polymerized in the presence of sulfuric acid.

The effect of polymerization time, temperature, monomer concentration on the rate of
polymerization and molecular weight of the polymer were investigated.

o -Methyl styrene was polymerized at five different temperatures (~40°C, -50°C, —60°C,
~70°C, ~78°C) and it was obcerved that the molecular weight of the polymers increases as the
temperature decreases. On the other hand, rate of polymerization increases to a certain tempe-
rature and then decreases.

The relation of the limiting viscosity number and temperature was found as
log [1] = 0.698 x 10° x + - 4,0626

It was found that the molecular weight of the polymers does not change by changing the
polmerization time.
o -Methyl styrene was polymerized taking different monomer concentration.

It was found that as the monomer concentration increases rate of polymenzatlon and deg-
ree of polymerization increase. Rate of polymerization changes with the second power of mono-
mer concentration. It was concluded that termination with chain transfer to monomer does not
take - place.

INTRODUCTION

. -Methyl styiene has been homopolimerized by the solution of
Friedel Crafts ¢atalyst in organic solvents at temperatures as low as
-130°C to melecular weight 84.000 [5]. '
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However there is a noticeable abseace of detailed information on
the corresponding effect of mineral acids under similar conditions.
Klages using phosphoric acid as catalyst obtained an unsaturated poly-
meric product of low molecular weight [8]. Tiffeneau reported that

the use of conceatrated sulfuric acid as catalyst yeilded a saturated
dimer [2]. :

Moderetely high polymers have been prepared by Heiligmann
[3] from o« -methyl styrene at low temperatures using sulfuric acid as
catalyst. Therefore it was considered of interest to obtain data which
would permit definition of general characteristics of mineral acid ca-
talysed polymerization and compare it with the known caracteristics
of a system catalyzed by a typical electrophlic metal halide.

EXPERIMENTAL

a) Purification of Materials: « -Methyl styrene used as monomer was
distilled and dried over anhydrous potasium carbonate before use [3].

Methylene chloride used as solvent was dried over anhydrous
potasium carbonate, methanol was used as precipitant and purified

by distilling before use.

b) Preparation of Polymers: The polymerization apparatus con-
sisted of a conventional three necked flask fitted with stirrer, termo--
meter and micro pipettc. Dry ice-acetone was employed as an external
cooling medium and the flask was not opened after initial mixing of
the reactants. In carrying out the experiment the monomer and solvent
were precooled to the desired temperature, and the acid catalyst was
edded to the stirred mixture.

Products were obtained by discharging the clear polymer solution
into methanol, white precipitate filtered, washed and dried in vacuum
oven at 60°C.

Viscosity measurements were carried out by using Ubbelohde vis-
cometer at 30° C in benzene. Molecular weight of the products was cal-
culated, from Mark-Houwink equation where K and « were 1.7x10-5
and 0.87 respectively [7].
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RESULTS

All the experimental results are summarized in the following Tables.

Table I

Effect of Temperature on the Rate of Polymerization and on the Molecular Weight.

M} == 92.35 X 1072 mol 17!; [H,SO,] = 1.05 X 1072 mol 17! time=1 hour
o ; 50 /

Temperature X 108 _
°C pol % (mol 1" 'sec.”?) [7] (d1/g) M, x 107
40 4.3419 11.15 0.0825 17
50 6.6777 17.15 0.1219 27
-60 7.0770 18.10 0.234¢ 57
=70 3.0452 7.83 0.2370 58
-78 1.8523 4.75 0.3274 84
Table 11

Effect of Polymerization Time on the Molecular Weight of the Polymer
[M], = 92.35 X 107* mol 1! [H,S0,] = 1,08 x 107 mol 171; at ~60°C

(Time (min) | Pol 9, IVIV X 1073
30 4.3920 53
60 7.0770 57
90 10.4260 60
120 13.1000 63
Table T1I

Effect 'of Monomer Concentration on the Rate of Polymerization, at —60°C,
[H,80,] = 1.25%X1072 mol 1", time = 1 hour

MM], <x10:] Pol % | R,x10° | B X105/ [M],
51.30 4.1500 3.84 7.49
76.95 6.8940 16.72 21.72
87.21 11.4930 27.80 31.88
92.34 11,7920 30.20 32.70

102.60 13.7710 39.20 38.20

Below the monomer concentration of 0.4 mol 11 for the specified
polymerization condition polymer can not be obtained (Fig 2)

It was seen from Figure 2 that rate of polymerization changes with

the second power of monomer concentration.
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Figure 2: Variation of the Rate of Poly merization with

Monomer Concentration

DISCUSSION

Heat /of polymerization of « -methyl styrene is about 8 keal / mol.
Ceeling temperature corresponding to this heat of polymerlzatlon
is above the room temperature. That is about the room temperature,
depolymerization reaction proceeds with the polymenzatlon reaction
and high molecular weight polymers can not be ontained. To prepare
high molecular weight polymers, low temperature and cationic cataly-
sts are required. This can be seen also in this study. As the temperature
decreases molecular weight of the polymers increases. As the temperatu-
re deareases dielectric constant of the solvent increases, so ion pairs dis-
sociate to free ions. In the propagation reaction, free ions will be impor-
tant comparing with the ion pairs and they can take more nonomer.
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This results are in correspondence with the aluminuim chloride cataly-
zed polymerization of o -methy! styrene [5] and the previous study of
Heiligmann [3].

It is seen that molecular weights of the polymers do not change with
the polymerization time. This result is similar to the radicalic polyme-
rization in same way but differ from condensation polymerization.

At the specified polymerizatioa conditions it is found that there is
a critical monomer concentration below which polymer can not be ob-
tained.

The rate of polymerization is proportional to the second power of
the monomer concentration. This result is similar to that of Worsfold
[6] and S.Bywater [6] where BF; was used as catalyst, but differs from
that of Jordan and Mathieson [4] In their studies AICl; and carbont-
etra chloride were used as catalyst and solvent respectively. In these
circumstances the rate of polymerization is proportional to the first
power of the monomer concentration.

OZET

Bu ¢ahsmada o -metil stiren siilfirik asit yanmda polimerlestirildi. Polimerizasyon siiresi,
sicaklik ve monomer konsantrasyonunun polimerizasyon iz ve molekiil agirhina  etkisi
aragtinlda,

o -Metil stiren be§ ayr swa.khkta (-40°C, -50°C, —-60°C ~70°C, —78°C) polimerlegtirildi.
Sicakhk diistilkge molekiil afirhfinm arttifn gozlendl Ote yandan pohmenzasyon hizinda,
belli bir sicakhga kadar artma, sonra da azalma gozlendi.

Limit viskozite sayis: ile sicakhk arasmda
1
log [4] =.0.698 x 10° X T -4.0626

bagmtismm oldugu saptandi.
Polimerizasyon siiresi ile polimerin molekiil agirhfinda bir degisme olmadif gozlendi.
Farkh monomer konsantrasyonla.tmda o -metil stiren polimerlestirildi, polimerizasyon
iz ve polimerizasyon derecesinin mo konsantrasyonu ile arttigi, hizn monomer kon-
santeasyonunun ikinei kuvvetiyle orantih olarak degistigi ve boylece sonlanmamn monomere
transfer. ile olmadifz sonucuna varlds
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