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ACYLATION OF THE ANHYDRITE-CONTAINING COPOLYMERS WITH VINYL
CARBINOL FOR PREPARATION OF PHOTOSENSITIVE MATERIALS
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Abstract. By copolymerization of cycloalkyl-substituted methylenedioxolanes with maleic anhydride the
copolymers, which were subjected to acylation reactions with vinyl carbinol were obtained. It was revealed that
as a result of the reaction, the copolymers with various degrees of etherification were obtainedlt found that the
obtained etherified copolymers exhibited various UV sensitivity depending on the degree of etherification. It
revealed that the availability of highly absorbing fragments such as allyl and carbonyl groups in
macromolecules of the etherified copolymers provides these polymers, along with high light-sensitivity, with

film-forming properties and good adhesion to quartz substrate.
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Introduction

It is known that the polymers containing
functionally active groups in macromolecules are
subjected to some changes under the action of
various sources of irradiation. This circumstance
allows using them in microelectronics as a light-
sensitive basis for photo- and electron-resists.
Depending on the mechanism of photochemical
processes occurring in the light-sensitive layer,
the photoresists are divided into negative and
positive ones. In the negative photoresists, under
the action of radiation, the processes leading to a
loss of solubility of the polymer film take place.
In the positive photoresists, the processes proceed
during irradiation, as a result of which the
exposed areas are destroyed [1].

The basis of practically any photo- and
electron-resist are high-molecular compounds
possessing own sensitivity to the used radiation.

It is known that for making of photo- and

electron-resists of negative-type, the polymers
containing chemically active groups, including
vinyl, epoxide, allyl, etc., are mainly used [2].

One of the main most widely used methods
of preparation of the negative photosensitive
polymers is the modification of the properties of
the known polymers by introduction of highly
absorbing groupings into the macromolecule [3].
The main advantage of this method is the
possibility of preparation of materials with
various photosensitivity on the basis of the same
high-molecular compound.

In this work, with the aim of preparation of
the polymers used as negative photoresists, we
have carried out the etherification reaction of
copolymers previously synthesized by us on the
basis of cycloalkyl substituted
methylenedioxolanes and maleic anhydride (MA).
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Results and discussion

Our earlier investigations showed that the

radical copolymerization of alkyl- and cycloakyl

substituted 4-methylene-1,3-dioxolanes with MA

basically proceeds with the formation of
copolymers of linear structure with anhydride
cycles in macromolecules [4]:

NCH=C —CH, + NCH=CH ——> {CHz~C—CH;O—R-CH—CHY;
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The etherification of the synthesized

copolymers with vinyl carbinol was carried out in
a solution of dimethylformamide (DMFA) at 70-
90°C, for 3 h in the absence of catalyst. The
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degree of etherification has been determined by a
quantity of free carboxyl groups forming as a
result of reaction:

{CHz~ C—CH~0~R-CH—CHY;
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The structure of forming modified
copolymers was by data of IR spectra. In the IR

spectra of acylated copolymers the absorption
bands characteristic for double bond (1645, 990,
915, 900 cm™) were detected. The absorption
bands in the fields of 1150-1300 and 1700-1745
cm™ characterized the availability of ether and
carbonyl groups in the macromolecular chain of
copolymers. The wide absorption band with

> O C ? O
CHy=CH—CH,;— O OOH

center at 3000 cm™ can be attributed to out-of-
plane deformation vibrations of the associated
hydroxyl group of carboxyl [5]. It should be
underlined that the used quantity of carbinol is
completely consumed for etherification and does
not remain in the system in a free form.

The reaction begins by attack of the
anhydride group of the copolymer with more
nucleophilic oxygen atom:

CH,=CH—CH,0H +—CH—(|3H——> —(llH—?H— — _CH=CH-
|
Ly
//C\ /C\\ CH,=CHCH,O /C\,\C\\ C ? 0
© 0 o o O CHy=CH—CHs0 oOH

and is accompanied as a result of protonation with
anhydride cycle opening [6-7]. As a result of the
acylation reaction, the copolymers with side
maleate groups are obtained. The carboxyl groups
formed in this case are in a sterically hindered
position, and their reaction with the
corresponding carbinol proceeds slowly even in

excess of carbinol.  Consequently, the
determination of the quantity of free carbonyl
groups can allow to identify the degree of
conversion of the anhydride links during the
etherification reaction.

Since the degree of conversion of the
anhydride groups mainly depends on the
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conditions of carrying out of the reaction, we first
studied the influence of the molar ratio of the
copolymer and vinyl carbinol, the temperature

and the reaction duration for quantity of carboxyl
groups formed as a result of the anhydride cycles
opening with vinyl carbinol.

Table 1. Dependence of the quantity of carboxyl groups on the reaction time at various molar
ratios of the initial reagents and temperature.

Quantity of carboxyl groups at ratios vinyl
;I'gmperature, Tirme, min. carbinol:copolymer
2:1 4:1 5:1
30 0.6 0.9 1.2
60 1.6 2.1 3.2
90 2.4 3.6 5.8
70
120 3.2 4.8 7.4
150 3.8 6.4 8.6
180 45 7.6 9.8
30 0.8 11 15
60 1.8 2.4 2.9
90 2.8 4.2 6.6
80
120 3.7 5.2 8.4
150 4.8 5.9 95
180 6.3 7.1 10.4
30 1.0 1.2 1.8
60 2.2 2.8 5.9
90 3.4 4.8 8.5
90
120 49 6.5 9.8
150 5.8 7.2 10.9
180 6.7 8.6 11.6

In Table 1 the data obtained as a result of
etherification of the copolymer with vinyl
carbinol are presented. As follows from the data
in Table 1, the content of free carboxyl groups in
use of various molar ratios of vinyl carbinol and
copolymer is changed: with an increase of the
molar ratio of vinyl carbinol:copolymer, the
content of carboxyl groups increased over the
same period of time. So, if at the ratio of vinyl
carbinol:copolymer, equal to 2:1 in 180 min. (a

further increase in the reaction duration leads to a
slight growth of the content of carboxyl groups),
the content of carboxyl groups is 4.5%, then in a
five-fold excess of vinyl carbinol for the same
time, the content of carboxyl groups grows to
9.8%. It is simultaneously established that with
temperature rise from 70 to 90°C, the conversion
rate of the anhydride links in the polymer chain
increased, i.e. the quantity of formed free
carboxyl groups grows to 11.6%.
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The modified copolymers obtained as a
result of the etherification reaction are well
soluble in ketones and esters, but are not
dissolved in alcohols, aromatic hydrocarbons and
alkanes.

It was known that the polymers, whose
macromolecules contain unsaturated or cyclic
groups both in the main and in the side chains,
easily transform into three-dimensional netlike
structures during their thermal treatment or action
of radiation or UV irradiation on them [8]. We
carried out the photochemical structuring of the
modified copolymers. The UV spectra were taken
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for thin films of the polymers applied on a quartz
substrate. The quantitative changes occurring in
the investigated polymers during photo-irradiation
process were evaluated by the method of UV
spectroscopy.

It found that the obtained copolymers are
inclined to the photo-cross-linking process during
exposition of photo-radiation to them, and it
proceeded with the participation of allyl groups.
Besides, the changes of the optical density and
displacement of the absorption maximum in the
field of 205 nm in the UV spectra are observed

(Fig.1).

A 200 210 220

230 240

Fig. 1. UV spectra of thin films of copolymer modified with vinyl carbinol on the basis of cyclopentyl
substituted methylenedioxolane with MA depending on the irradiation time (1- 0 min., 2- 10 min., 3-
15 min., 4- 20 min.).

For reveal of the participation of highly
absorbing functional groups in the cross-linking
processes, the thin films were prepared from the
copolymers synthesized by us and subjected to
the irradiation. Via certain time period of
irradiation with UV spectroscopy, the optical
density in the field of D" was determined which

LS =

(Ag—45)

is proportional to the concentration of unreacted
side allyl groups. The ratio DZ%/D32° was
calculated from the found values of the optical
density and then the relative light sensitivities
(LS) were determined on the following formula

[al.

- 10004

where, A_— intensity of the absorption band before irradiation;
A_— intensity of the absorption band after 20 min. irradiation.
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The results of these investigations are
shown in Table 2. It can be seen from tabular data
that in the irradiation process of the studied
polymer films, the intensity of the maximum falls
depending on the irradiation time which has been
most likely connected with decrease of the
quantity of the double carbon-carbon bonds.

It can be assumed that the photo-cross-

linking mechanism includes the formation of
cyclic structures with the participation of free
radicals, as indicated in work [10]. It has been
also detected the displacement of the absorption
maximum, which has been connected with the
break of the double bonds during irradiation,
which leads to a redistribution of the electron
density throughout the system.

Table 2. Change of the optical density of the obtained polymer films depending on the irradiation time.

_ D%/ pZ2os Relative light sensitivity for
Structural link _
10 min | 15min | 20 min 20 min, %
‘fCHz_C_CHz_O_C_X)ﬁ
[l Q 0.91 0.84 0.75 16.8
O
+CH;/C—CH,—0—C—X)}»
| O 0.92 0.86 0.80 16.2
@)
X= —CH—-CH-—
I I
A ?:O
CH2=CH_CH2_O OOH
The availability of allyl and carbonyl high light-sensitivity, also  film-forming

groups in the structure of the synthesized
polymers provides these materials, along with

properties, good adhesion to glass, and in some
cases comparatively higher thermal stability.

Experimental part

The IR spectra were taken on device
Specord M80, the registration of absorption
spectra in the field of 350-200 nm realized on
spectrophotometer “Specord UV-WIS”. For
irradiation of the polymer films, a lamp PRK-20
was used as an irradiation source.

The copolymers were obtained through the
method described in [4] under conditions of
radical initiation. The etherification reaction of
copolymers with vinyl carbinol was carried out in
the solution. The calculated quantity of vinyl

carbinol from dropping funnel was added to 0,006
mol of the copolymer in 100 ml of methyl ethyl
ketone at temperature of 70°C and in certain time
period after the beginning of the reaction, the
samples were taken for determination of the
quantity of formed etherified copolymer. After
precipitation of the copolymer from the solution
with petroleum ether, it was repeatedly washed,
dried to a constant weight and analyzed for
determination of the quantity of carboxyl groups
according to the procedure described in [11].
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ANHIDRID TORKIBLI BIRGO POLIMERLORIN VINILKARBINOLLA ASILLOSMOSI ILO
FOTOHOSSAS MATERIALLARIN ALINMASI
F.X. Yusifli, T.D. Quliyev, Q.0. Ramazanov

Sumqayit Doviat Universiteti
AZ5008, Sumgayit, 43-cii mahalla, e-mail: feride-yusifli@mail.ru

Xiilasa: Tsikloalkil avazli metilendioksolanlarin malein anhidridi ilo birgo polimerlosmasi ilo alinmis birga
polimerlar vinilkarbinolla asillagma reaksiyasina calb edilmisdir. Miiayyon edilmisdir ki, reaksiya naticasinda
miixtolif efirlosma daracalorina malik birgs polimerlor alinmir. Miixtolif parametrlorin, o ciimladan ilkin
reagentlorin nishatlorinin, temperaturun va prosesin apariima miiddatinin efirlosma daracasing va ¢ixima tasiri
oyranilmisdir. Efirlogmis birga polimerlorin alinmasinin optimal saraiti miiayyon edilmisdir. Alinmuis efirlogsmis
birga polimerlor efirlagsma daracalarindon asili olaraq UB-siialanmaya qarst miixtalif aktivliklor gostarirlar.
Miiayyon edilmisdir ki, efirlogmis birga polimerlorin makromolekullarinda yiiksak isiqudma qabiliyyatina malik
fragmentlorin, o ciimlodan allil va karbonil gruplarimin olmasi, hamin polimerlara yiiksok isigahasashqla
barabar, ham da plyonka amalagatirma va kvars satha gars: yaxsi adgeziya xassalori verir.

Agar sazlar: metilendioksolan, birga polimerlaogma, malein anhidridi, efirlogma, fotohassasiig
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AIHUTHPOBAHUE AHTH/IPH/ICOAEPKALIIHX COIIOJIHMEPOB BUHH/IKAPEUHOJ/IOM
JUIA THHOJIYHEHHA @®OTOYYBCTBUTE/IBHBIX MATEPUAIOB

D.X. Ocugpnu, T./1. I'vnues, I.A. Pamazanos

Cymeaumckuii 20cy0apcmeenHblil yHugepcumem
AZ 5008, Cymeaum, keapman 43, e-mail: feride-yusifli@mail.ru

Annomauyusn: Cononumepuszayueri YUKIOAIKUIZAMEUEHHBIX MeMUIeHOUOKCOIAHO08 C MAIeUHOBbIM
AHSUOPUOOM NOJIYYEHbL CONOJIUMEPLL, KOMOpble ObLIU NOOGEPSHYMbL PeaKyul AyUIUPOSAHUS SUHUL
Kapounonom. B pesyrbmame peaxkyuu noiyueHvl CONOIUMEPDL C PA3IUYHOU CIMENneHblo IMePUPUKayUL.
H3zyueno enusinue paziuunbix NAPAMempos, MAaKux Kak COOMHOUEHUE UCXOOHbIX pPeazenmos,
memnepamypa u NnpoooJIAHCUMEIbHOCIb Npoyecca HA 6blX00 U CMeneHb smepugurayuu 0
onpeoeneHus. ONMUMANTbHBIX YCIO8ULL NOJYHEHUS. IMEPUPUUUPOBAHHBIX CONOAUMEPOS. Y CMAHOBIEHO,
YUMo NoJay4eHHble IMePUPUUUPOBAHHBIE CONOIUMEPLL 8 3ABUCUMOCMU OM CHENneHu dmepugpurayuu
NpPOAGNAIOM  PA3IUYHYIO  Yy8CcmeumenbHocms K Y@-obnyyenuro. Bwuiasieno, umo Haiuuue 8
MAKPOMONEKYAX dMEPUPUYUPOBAHHBIX CONOIUMEPOS CUTbHONO2IOWAIOWUX DPasMeHmos muna
QIIUTbHBIX U KAPOOHUNLHBIX — SPYNN  npuodem SMmMuM — HOAUMepaM, Hapsioy ¢  BblCOKOU
C6EemMouy8CMEUMENLHOCIbIO, MAKICe NIEHKO0OpA3yrowue c8oUCMead U XOPouLylo ao2e3uio K Keapyesoll
NnoonodiCKe.

Kntouesvle cnosa: memuneHOUOKCONAH, CONOIUMEPUIAYUS, MATCUHOBLII AHUOPUO, Imepudurayus,
gomouyscmeumenbHOCMb.
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