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ABSTRACT:

The radical copolymerization of styrene with isoprene has been carried out. It is shown that their
copolymerization proceeds with the opening of the double bond of the vinyl group of styrene and isoprene. The
copolymerization constants have been determined (r1=2.1, r.=0.28) and the factors of activity and polarity of
the used monomers have been calculated. It is shown that the synthesized copolymers are capable of structuring
under action of UV irradiation and exhibit good photosensitive properties (¥=53 cm?.J%). It has been revealed
that the adhesion value for the copolymer of styrene with isoprene is 10 MPa. The molecular weight indices of
the copolymer (polystyrene + isoprene) have been determined: M,, = 724500 , M,, = 255500, M,,/ M, =2.8.
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l. INTRODUCTION

In connection with the development of microelectronics, a special attention is paid to the synthesis of
new polymers with the aim of improvement of the basic properties of photosensitive polymers [1-7]. The
polymers containing double bonds, which are structured under the action of UV rays, are referred to a number of
the high-molecular substances exhibiting such properties.

The polymers containing double bonds in their macromolecules are used as reactive compounds and
from the point of view of their properties, the synthesis of such polymers and the study of their properties are of
great interest [8-13].

In this work, the radical binary polymerization reaction of styrene with an isoprene monomer has been
carried out at various molar ratios of monomers, the regularities of the copolymerization reaction have been
studied and the photosensitive properties of the obtained copolymer have been determined.

EXPERIMENTAL PART

The radical binary copolymerization reaction of styrene with isoprene was carried out in the presence
of the initiator (benzoyl peroxide) in a benzene solution, in an ampoule, at temperature 70°C, in a thermostat.
The obtained styrene copolymer with isoprene was purified by double precipitation from benzene solutions with
methanol and dried at 30°C in vacuum (15-20 mm mer.c.).

The composition of the obtained copolymer has been established using elemental analysis, and its
structure — using spectral methods (IR and NMR) of analysis.
They are well soluble in dimethylformamide, dioxane, etc., but insoluble in low molecular weight alcohols
(methanol, ethanol).
The copolymerization constants (r1 and ry) of the used monomers were determined on the Feyneman-Ross
method.
The characteristic viscosity of the polymer was determined in Ostwald viscometer in a benzene solution at
20°C.
The microstructure parameters of styrene with isoprene were determined using the equation given in [14].
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According to the Alfrey-Price Q-e scheme, the activity and polarity of the styrene copolymer with isoprene were
calculated.

The molecular-weight parameters of the polymer were determined by a method of gel-permeating
chromatography.

For investigation of the photosensitivity of the synthesized copolymer, their 10% solution was prepared and
applied to a glass substrate with size of 70x100 mm. The layer was dried for 10 min. For UV irradiation, an Hg
lamp DRT-230 (current strength — 2.5 A) was used. In the device, the exposure time — 5-20 s, the distance from
the radiation source is 15 cm, and the exponometer shutter rate is 710 mm / h. The insoluble part of the
synthesized polymer was determined on the ratio of its mass to the initial film mass.

1. RESULTS AND DISCUSSION
It has been established that the copolymerization reaction proceeds with the opening of the vinyl group
in both monomers and a copolymer containing double bonds is formed. The polymerization process proceeds
according to the following scheme:

CH;4 CHj,
nCH/~CH + mCH,= CH—é=CH2 B —QCHz— CH?—%CHT cH=( —CHzt
n

The synthesized copolymers are white substances having different forms depending on their composition.

Under the established optimal conditions, the foreign polymerization reactions, including the formation of cross-
linked polymers were practically not observed. These factors are observed both during the release of the formed
polymers and during the dissolution of copolymers.

For preparation of more complete information about copolymerization reactions, these reactions were carried
out by changing the comonomers at various molar ratios, in a wide range, at low conversion depth (10-12%) and
the compositions of the formed copolymers (m; and m.) have been found by means of these reactions. On the
basis of the obtained results, the copolymerization constant values (r; and r;) of the used monomers on the
Feyneman-Ross method, and also the characteristic viscosity and photosensitivity index of the copolymer
synthesized on the basis of styrene and isoprene have been found (Table 1).

Table 1. Conditions of carrying out of the radical binary copolymerization reactions in the styrene+isoprene
system and the content of links in the obtained copolymers (solvent — benzene, stimulant — 0.5% benzoyl
peroxide, conversion <10%, t=70°C)

Ne|  Quantity of monomers in Compositions of Copolymerization Double bond, [n] Photosensitivity,

the initial mixture, copolymers, constants % dl/g cm?-C?
mol % mol %

M, M, my my Iy Iy

1 10 90 25.57 74.43 241 0.92

2 25 75 47.92 52.08 7.12 -

3 50 50 72.58 27.42 21 0.28 9.85 0.85

4 75 25 85.43 14.57 14.8 - 53

5 90 10 94.09 5.91 23.65 0.88

It can be seen from the results presented in Table 1 that the composition of the copolymer strongly
depends on the molar composition of the initial mixture of monomers. In the obtained copolymer, the change of
the quantity of styrene monomer in the initial mixture in the range of 10-90 mol.% leads to the increase in
quantity of styrene links in a copolymer from ~ 25.57 mol.% to 94.09 mol.%. It can be seen from the
copolymerization reaction rate constants that the styrene is a more active monomer than isoprene monomer. The
activity and polarity of the comonomers were calculated according to the Alfray-Price Q-e scheme (Table 2).

Table 2. Q-e parameters and copolymerization constants values
of the radical copolymerization reactions of styrene with isoprene

Comonomer Q-e parameters
M, M, €1 Q1 € QZ
St Isoprene -0.8 1 -1.21 3.32

The molecular-weight parameters of some samples of the synthesized copolymer have been studied by a method
of gel-permeating chromatography and the molecular weights of the polymer have been determined.
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The determined indices of the molecular weight of the copolymer obtained by this method have the following
values:

Poly(styrene + isoprene): M,, = 724500 , M,, = 255500, M,, /M, =2.8.

The internal macromolecule with the double bonds, incoming into composition of the styrene and isoprene
copolymer, is the main factor influencing on the improvement of photosensitive properties and other
lithographic properties of the copolymer [15-17].

Since the styrene and isoprene copolymer is sensitive to light and electron flow, it can be used in
microelectronics as a material of negative or positive resist. At the same time, the linear structure of the
macromolecule of the obtained copolymer, the availability of an internal double bond in the side fragment
increase the physical-mechanical properties of this copolymer and interest for their use as an object in
photochemical investigations. This polymer is sensitive to UV rays, which allows it to be used in creation of the
light-sensitive material. Such cross-linked polymer has a complex of high physical-mechanical properties and
meets the requirements of consumers.

It has been established that with an increase in the quantity of styrene in the composition of the
copolymer, its heat-physical properties are noticeably increased. On the other hand, with the increase of quantity
of fragment corresponding to isoprene monomers in the macromolecule, the elasticity property of the
synthesized copolymer is increased.

It has been established as a result of the carried out investigations that the samples of the polymer
coatings made on the basis of the synthesized copolymer deformed under compression without formation of
cracking, which indicates that these polymers also have elastic properties. This indicates that this synthesized
polymer has high brittleness, adhesion and other properties practically absent in polystyrene. The adhesion value
for the styrene copolymer with isoprene is 10 MPa. It should also be noted that the improvement of the
properties of this copolymer occurs due to the double bonds contained in the macromolecule [18,19].

The areas of the practical use of the synthesized copolymer have been determined. The copolymer is
very easily subjected to UV radiation and forms a resist of negative type. It has been detected that the
synthesized polymer is easily structured by UV rays and forms a resistive material of negative type. The
photosensitivity of the styrene copolymer with isoprene is ¥=53 ¢cm?/Cl. It was found that at the first moment,
the structuring process occurs very quickly and then lowly. The mechanism of the structuring process has been
elucidated by a method of IR spectral analysis.

It has been established using the IR spectrum that the double bonds in the side chain of the
macromolecule participate in the structuring process under the action of UV rays. Both photosensitivity and
physical-mechanical and heat-physical properties of copolymers strongly depend on the molar ratio of monomer
residues in the copolymer. It should be noted that besides photosensitivity, the copolymer has very good
adhesive, covering and other lithographic properties. At the same time, one can direct some physical-mechanical
and heat-physical properties of this synthesized copolymer in the right direction.

IIl.  CONCLUSIONS
1. The radical copolymerization reactions of a-methylstyrene with isoprene have been carried out. It has
been established that the relative activity of a-methylstyrene is higher than the relative activity of the isoprenine
monomer (ro>r2), ri = 2.1; r = 0.28.

2. The photosensitivity of the copolymer has been established (¥=53 cm?/Cl). The initial stage of
structuring occurs very quickly, then slowly. The copolymer adhesion index is 10 MPa.
3. The indices of the molecular-weight of the copolymer have been determined: Poly(styrene + isoprene):
M, =724500, M , =255500. M, /M, =2.8.
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