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Synthesis and Investigation

of Properties of the Optically
Transparent Carbochain Copolymers
with Elementorganical and Hydroxy
Groups in the Side Chain

of Macromolecules

N. LEKISHVILI, L. ASATIANI, N. ANDGULADZE,

G. LEKISHVILI and T. GULIASHVILI

Chemical Department, Tbilisi State University,
3 Chavchavadze av. 380028 Thbilisi, Georgia

(Received 20 October 1996; In final form 10 May 1997)

The carbochain co-polymers with elementorganical and hydroxy groups in the side
chain of macromolecules have been synthesized. The reactions of the radical co-poly-
merization of perfluoroalkyl(meth)acrylates and siliconorganic methacrylates with
dimethylvinylacetylenylcarbinol in mass were studied. By using NMR-!H spectroscopy
of high resolution, UV, IR spectroscopy and GLC methods the structure and the
composition of co-polymers, constants of copolymerization r;ry;, the distribution of
homo and heterodiads in macromolecular chain of the co-polymers were determined.
The optical, thermomechanical properties and the thermooxidative stability of the co-
polymers were researched. The possibility of their application for production of the
optical adhesives was determined.

Keywords: Fluoromethacrylates; organosilicon methacrylates; vinylacetylenylcarbinol;
reactivity; light conduction; optical adhesives

INTRODUCTION

The optical adhesives on the base of dimethylvinylacetylenylcarbinol
(DVAC-M,) have been already described [1,2]. Despite some of their
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remarkable properties, they have low damping and poor thermostability,
and in some cases, poor frost resistance, therefore, their application is
limited. One ways to eradicate the above-mentioned shortcomings of
these polymers based on DVAC is their modification via co-polymer-
ization of DVAC with the different elementorganic monomers [1].

Therefore, the investigation of the reactions of the radical co-poly-
merization of fluoro- and siliconorganic (meth)acrylates with DVAC
seemed justified. To ascertain the dependence of some of important
properties, e.g. the optical and thermomechanical properties and
thermooxidative stability on the composition of initial monomers
mixtures, along with the co-polymerization conditions that often
determine the correct choice of monomers for co-polymers for optical
applications 2, 3].

THE INITIAL MONOMERS AND METHODS

From fluorocontaining monomers we selected the most available per-
fluoroalkyl(methjacrylates:1, 1, 3-trihydrotetrafiuoropropylmethac-
rylate CH,=C(CH,)}C(O)OCH,(CF,),H(F;,MA—M,), and acrylate
CH,=CH—C(O)OCH,(CF,),H(F,A-M,), also, 1,1, 5-trihydroocta-
fluoroamylmethacrylateCH ,—=C{CH;)C(O)OCH, (CF,) , H(FMA—
M,), obtained by interacting (meth)acryloylclorides with perfluorized
alcohols [4].

For siliconorganic methacrylates (SOMA) we used the following
monomers: methacryloyloximethylpentamethyldisiloxane CH,—=C(CH,)
C(O)OCH,S1(CH,;),0S81(CH;)s(MMPD — M), methacryloyloxibutyl-
pentamethyldisiloxane CH,=C{CH,}C(O)O(CH,),Si{CH,}, OSi(CH,),
(MBPD—M,); and methacryloyloxyphenyltrimethylenepentamethyl-
disiloxane

CH,= C(CH,))C(0)0.  (CH,),Si(CH,),08i(CH,), (MOPD-M7)

M, and M, were obtained by the methods described in the works
[5,61; M, was obtained in accordance with the scheme:
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CH,
| (o Jpu Si(CH) e H,SO,
—C— COOH+ )i + (CH,),SIOSI(CHy), ——>M,
CH,=C-CO @((CH‘) / s )

The composition and the structure of the M, was established using
the data of elementary analysis and IR spectrum (Fig. 1). The mono-
mers were purified directly before co-polymerization using the stan-
dard methods [4,6]. They contained not less than 99,6 mass p.c. of
the essential substances.

The IR, UV and '"H-NMR spectra were recorded with the spec-
trometers IR-20, “Specord” and “Perkin-Elmer” (CDCl,;, TMS,
298 K) accordingly. The optical properties of the co-polymers in
the visible range were researched by using “Specol-11”. The thermo-
mechanical properties were studied using the Kargin scale at a
heating speed of 1-2 grad./min. The thermooxidative stability
(TGA, DTA) was determined using in air at the heating speed of 5
grad./min,

3200 3000  2¢00 2600 2000 {900 {106 is00 1300 00 900 wo

FIGURE 1 IR-spectra of the siliconorganic (meth)acrylate M.
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RESULTS AND DISCUSSION

1. Radical Co-polymerization of the Silicon and
Fluorecontaining(meth)acrylates with Dimethylvinyl-
acetylenylcarbinol and the Structure of the Co-polymers

The reactions of co-polymerisation of perfluoroalkyl{meth)acrylates
and siliconorganic methacrylates with DVAC were carried out in
mass, in dried argon mediur, in presence of azo-bis(isobutyronitryl)
(AIBN) and dicyclohexylperoxydicarbonate (DPDC) with quantity of
0,8 mass p.c. The co-polymers were purified by reprecipitation with
hexane from the diluted solutions in acetone.

The co-polymers of perfluoroalkyl(methjacrylates with DVAC(M,)
are optically transparent products, soluble in acetone, chloroform and
cyclohexanon. They are not soluble in water, hexane, heptane, meth-
anol and ethanol.

They formed hard transparent films (with n2° = 1,440-1,490) from
their solutions after evaporation of the solvent and have good adhesion
to poly(vinylalcohol), polystyrene and silica glass surfaces. Molecular
masses of the co-polymers were 0,300,356 x 10° ({#] = 0,23 — 0,38 dl/g).

The structure and the composition of the co-polymers were deter-
mined by using the data of the elemental and spectral analyses. In the IR
spectra of the co-polymers of perfluoroalkyl(meth)acrylates the absorp-
tion maxima in the region of 1630 — 1640 cm ™' (v, of CF, in (CF,)H),
2900 ~ 2910 cm ™" (v,, of CH in CHj,) and weak absorption maxima in
the region of 2140-2150 em ™' (v,, of CH,==CH—) are not found, but
we detected the absorption maxima in the regions of 1720 — 1750 cm™*
(v, of C=0), 1070 — 1250 cm™' (v, of CF, in (CF,)H), 2900-2910
em™! (v, of CH in CH,) and weak absorption maxima in the region of
2140-2150 cm ™! (v, of — C=C—) and 3400 — 3500 cm ™' (v, of OH-
groups). In the UV spectra the 4, = 236 nm was found. It can relate to
the ester [C(0O)O] groups according to [7,8].

In the "H-NMR spectra we detected the signals of protons with the
following chemical shifts 3,5 — 5,6 ¢ that belonged to the CHF, and
CH,CF, groups [9].

In accordance with the above-mentioned data of the spectral and
elemental analyses (% F =12,0-13,7) it can be concluded that the
macromolecules of co-polymers of F;MA — DVAC are enriched by
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fluorine atoms and contain the perfluoro(meth)acrylatic and acetylenic
groups in the side chain:

CH, - C(R) - CHZ.—(IZH—
|

X y M

Where R is fluorocontaining radical, R=H or CHj;; x:y depends
on the composition of the initial mixture of monomers and on the
structure of Ry

In the case of siliconorganic (meth)acrylates comparatively low mol-
ecular co-polymers ([n] ~ 0, 18-0, 33 dl/g) are obtained. They form on
the above mentioned surfaces (PVA, PS, Silica glass) optically trans-
parent elastic films with n3° = 1,470-1, 510. Their adhesion properties
and refraction indexes noticeably decrease with the increase of the
ratio of methacrylate in the initial monomers’ mixture. It should be
noted, that, with increasing siliconorganic fragments in alcohol radi-
cals of the monomers, solubility of the co-polymers in usual organic
solvents (benzene, acetone, chloroform etc.) decreases. It is linked to
the elevation of the energy of intermolecular interaction due to associ-
ation of disiloxane chains [6].

In the IR spectra of the co-polymers of the siliconorganic methac-
rylates with DVAC we found the absorption maxima in the regions of
3100 — 3000 cm ~* (v, of CH in C¢Hj), 2890 — 2900 cm ™ *(v,, of CH in
C¢Hj), 3400 — 3600 cm ™~ (v, of OH). The weak absorption maxima in
the regions of 1060 — 1070 cm ™!, 2150 — 2160 cm ™ %, 1565 cm ™, 1618
cm™! belong to v, of the disiloxane groups asymmetric substituted
acetylenic groups and to v,, of —C=C— groups in the substituted
cyclopentens and cyclobutens according to [10,11]. In UV spectra of
all of these co-polymers we detected A, =236 nm, also A, =
226 —228 nm characterizing the conjugated double bonds and
polyenic compounds [11]. The weak signals with chemical shifts of
4,2—-5,2 6 were also found in 'H-NMR spectra which should be
associated to the protons of these groups: —CH—C—=C—,—CH—
C=C—[12].
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Using the hterature data [13,14] of DVAC-homopolymer as a
model system for spectral analysis and for ascertaining the structure of
the obtained co-polymers, one can assume that the main chain of
co-polymers of siliconorganic methacrylates and DVAC contains not
only the linear (the I-type structure), but also the cyclic fragments with
double bonds. The cyclic fragments can be formed via interaction of
the primary radicals of DVAC with the “own” monomers producing
the possible structures of the following two types:

—CHZ-—(ISH-C\H-—
C = C-c(CH,),0H
HC. C—C(CHy);0H I ! (CH,)y
| CH CH, - CH| - C=C - C(CH,),0H
C=C - C(CH,),0H m

11[13} 11 [14]

It should be noted, that due to overlapping of their absorption
maxima (IR spectra) it is difficult to determine the relation of low
intensive v, (—C=C-—) to the structures of the first (I), second (II)
and third (1) types.

The formation of any structure (I or II and 1) is likely to depend
on the relative reactivity of elementorganic (meth)acrylates in the radi-
cal co-polymerization with DVAC as well as on the condition of
co-polymerization [11].

The reaction was carried out in the wide range of the composition
of initial monomers mixture (10-90 mass p.c.) for evaluation of the
relative reactivity of the used elementorganic (meth)acrylates in radi-
cal co-polymerization with DVAC and for determination of the dis-
tribution of monomer diads in macromolecular chains of the
copolymers. Using the (G.L.C.) data of the composition of co-poly-
mers, we obtained the curves of the dependence of m; molar ratio of
monomers links of M, in co-polymers on the composition of the
monomer initial mixture (Fig. 2); r;; and r;; (Tab. I) were determined
by the method of Faineman-Ross [5].

As it is evident from Figure 2, for these systems, the macromolecu-
lar chain is enriched by the links of the more active component-
fluoro(meth)acrylates. The analysis of the distribution of diads (Fig. 3)
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TABLE! Some parameters of the co-polymerization DVAC with F;MA

Perfluoro(meth)acrylates r Ty T y P

F,MA 0,55+0,05 1,75+0,05 0,92 1,81 0,57
FsMA 0,21+0,01 1,43+0,04 0,30 4,76 0,69
0,72

F,A +0,12 1,20+0,07 0,86 1,42 0:80

4

i Q2 30 40 S50 &0 70 8p 90 {00

FIGURE 2 The dependence of the co-polymers composition on the composition of the
initial monomers mixture in the systems: 1. F,MA-DVAC, 2. F;MA-DVAC (M-F MA).

indicates that the ratio of homodiads M; — M; in these co-polymers is
higher than that of heterodiads for the pair of monomers F;MA-
DVAC.

As it was expected, DVAC (in comparison with F,MA and F;MA)
has relatively less reactivity and its radical demonstrates higher activ-
ity of interaction with another monomer. So, the probability of forma-
tion of the cyclic fragments (I and III) by the interaction of a radical
of DVAC with its monomer, is low especially in the initial stage where
the formation of the macromolecular chain takes place in accordance
with 1, which is proved by the results of spectral investigations.

The different situation exists in case of the co-polymerization of
siliconorganic methacrylates with DVAC. For example, using AIBN
as an initiator at the temperature of 80°C, the function of m, =f(M,) is
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FIGURE 3 The dependence of the hetero-M-M (1.2} and homodiads M-M{1",2"} and
M -M,(1",2") ratio on the composition of the initial monomers mixture in the systems: 1.
F,MA-DVAC, 2. F;MA-DVAC 3. F,A-DVAC.

also different from linear dependence (Fig. 4), but r;>1 and r; <1
(Tab.I). This means that the reactivity of increasing radicals M%,
relative to the monomer of DVAC is higher than that relative to the
siliconorganic methacrylates. As a result, the macromolecular chain of
the co-polymers is enriched by the DVAC links.

The content of homodiads M; — M, has a higher probability than
that of heterodiads (it is demonstrated also by the calculated
Harwood parameter R, Tab. II). Their total ratio is less than 0.5 in the
interval of 35-50 mol. p.c. of M, in the initial mixture of monomers
(Fig. 5).

The obtained data of the relative activity of F;(M)A4 correlate well
with those of the quantum chemical calculations (MINDQO-3) (Tab. I11,
Fig. 6). [16,17].

The study of co-polymerization of the systems M ,-M,, M |-M, and
M,-M, at the equimolar ratio of the monomers demonstrates that the
reactions proceed until a practically complete consumption of DVAC.
But, for achieving high conversions ( > 90%), the relatively prolonged
heating of the reaction mixture is indispensable (up to 15-16 hrs at
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FIGURE 4 The dependence of the co-polymers composition on the composition of the
initial monomers mixture in the systems: 1.-DVAC-MMPD 2.-DVAC-MBPD.

TABLEII Some parameters of co-polymerization of DVAC (M) with M5, M, and
M, (the initiator AIBN-0,8 mass. p.c., reaction temperature = 80°C)

co-monomers r; r; T 1/r; Parameter of
Harwood, R

Mg 3,354+£0,03 0,52+0,05 1,74 0,30 40,0

M, 4,02+0,06 0,28+0,05 1,13 0,25 43,8

M3 2,641+0,02 0,63+0,04 1,68 0,37 35,0

M; 2,31+0,05 0,48 +0,03 1,11 0,43 45,6

*DPDC-initiator 0, 8, mass. p.c.

80°C). In all these cases, the reactions have a small induction period
(Fig. 7), their durations are determined by the structure of alcohol
radical of elementorganic (meth)acrylate. It should be noted, that the
influence of steric hindrance at a-carbon of the double bond of vinyl
group is higher in M., than in M. Nevertheless, the maximal veloc-
ity of reaction in the above mentioned ratios of the monomers is
higher for the system, M,-M, than for M;-Mg. It can be explained
with the increase of polarity of vinyl groups of M, monomer and of
energies of chain cutting in the first case. The maximal velocity (on
the stage of the autoacceleration) of co-polymerization calculated on
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FIGURE 5 The dependence of the hetero-M,-M (1, 2) and homodiads M,-M(1’,2") and
M, — M;(1”,2") ratio on the composition of the initial monomers mixture in the systems:
1.-DVAC-MMPD (1,1',1") 2-DVAC-MBPD (2,2,2").

TABLE Il The data of the quantum-chemical calculation of DVAC and FMA

Monomer ¢ P:r:: P:-[:c Wc=c Fc/f E/u/r’ eV

DVAC - 0,057 1,920 0,989 0,915 0,741 — 1345,33
F.A + 0,071 1,895 0,970 1,890 0,762 —3389,68
F.MA +0,050 1,871 0,950 1,866 0,782 —3540,24

the basis of the kinetical curves (Fig. 7) is 3,2 p.c. min ! for the system
M,-M,.

2. The Optical, Thermomechanical
Properties, Thermooxidative Stability and
Use of Co-Polymers

The optical properties of the obtained co-polymers were studied using the
spectrophotometer “SPECOL-11" during the process of co-polymerization
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FIGURE 6 The spatial structure and the charges on the atoms of the molecules DVAC,
F,MA, F,A.

for the compositions of the initial mixture of the monomers containing
methacrylates < 30 mol %. The investigations were performed in the
glass containers with the size of 25,0 x 25,0 x 1,0 m.m., at the tempera-
tures 80 and 100°C using the special camera which had “windows” for
light passing. The obtained data were worked up with the method of
“spectral turbidity” [17, 18]. The magnitude of coefficient of turbidity
7, depends on the structure of methacrylates, on the composition of
the initial mixture of monomers, on the wavelength (Tab. [V) and on
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FIGURE 7 The kinetical curves of the systems: 1. -F,MA-DVAC, 2. -MOPD-DVAC
and 3.-MBPD-DVAC (Twm = 80°C). (The conversion of the monomers was determined
gravimetrically. S% is the yield of the co-polymers).

the condition of co-polymerization [11, 17]. By decreasing the ratio of
fluoro(meth)acrylates in monomers mixture, t, is decreased. The same
phenomenon is observed at the decrease of the length of the
fluorocontaining fragment in the alcohol group of methacrylate. Car-
rying out the reaction at the temperature higher than 100° and conti-
nuing the reaction up to the high level of conversion (>9S5 p.c.) an
increase of 7, (e.g. from 0,112 till 0,311 at 4 =500 n.m., F,MA-DVAC)
is observed. It can be explained with the poor optical compatibility of
the co-polymer with the forming homopolymer of DVAC of high nj,
due to the disappearance of the more active perfluoroalkylmethac-
rylate at the deepest stage of polymerization. The yellowing of the
patterns also takes place using the peroxide initiators, particularly
benzoyl peroxide, instead AIBN. The light-conductivity of F(M)A-
DVAC decreases to (53—58 %) with the dimness of the investigating
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TABLEIV The optical properties of co-polymers FMA
MBPD with DVAC (trm = 80°C; init.-AIBN 0,8 mass. p.c.}

Composition of co-monomers, koef. of turbidity, t, cm™'
mol.%, 350 m.m. 500 mm.
DVAC-4FMA 1,316 0,032
(90:10)

DVAC-8FMA 1,312 0,057
(90:10)

DVAC-4FMA 1,329 0,094
(80:20)

DVAC-8FMA 1,335 0,112
(80:20)

DVAC-MBPD* 1,749 1,012
(80:20)

patterns by heating them for a long time in air at ¢t > 100°C. The
values of the turbidity constants of the co-polymers decrease (the
light conducting is increased) with the increasing wavelength A from
350 to 500 n.m. (Tab. IV). In comparison with the co-polymers of
perfluoroalkyl(meth)acrylates and DVAC, the co-polymers of the
siliconorganic methacrylates have higher turbidity values (Tab. IV).
That can be explained with the poor compatibility of the corre-
sponding monomers and also with the co-polymers and the
homopolymer of poly(meth)acrylate formed in the later stages of the
co-polymerization. The yellowing of these co-polymers, which are
obtained at high conversions (> 95%), is explained by the above
mentioned cyclic structures.

The thermomechanical curves of the obtained co-polymers (Fig. 8)
are characteristic (typicalj for the thermoplastic polymers. The tem-
perature of vitrification depends on the structure of methacrylates and
the ratio of the molar concentration of the monomers in the initial
mixture. By increasing the chain length of the fluorocontaining frag-
ment and quantity of fluoroatoms, T, of the co-polymers decreases.
The opposite effect takes place in the case of co-polymers of a-fluoro-
perfluoroalkylacrylates with DVAC (Tab. V). The largest shift of T,
towards low temperatures in comparison with homopolymer is ob-
served with the co-polymers of siliconorganic methacrylates and
DVAC. By increasing the ratio and the length of siliconorganic frag-
ments in co-polymers, T, decreases.

vit
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FIGURE8 Thermomechanical curves of co-polymers: 1. Homopolymer DVAC 2.
DVAC-MBPD {10:90 mol%) 3. DVAC-MBPD (30:70 mol.%) 4. DVAC-F MA (20:80
mol. %).

TABLE V Some properties of optical adhesive composite in the optical element based
on CH,-C(F)C{O)YOCHF—CF,H and DVAC(15:85 mass. p.c.)

The working tempe- Dampresitence Viscosity, Thermostability
rature interval “°C (in special camera, Pas. (10 p.c. mass, Less), °C
at 1 =40°C and 98 p.c.
of humidity)
- 60 - 95° 21 0,2—-03 230

The investigation of the thermooxidative stability of the co-poly-
mers indicated the dependence of this property on the nature of alco-
hol radical of the methacrylates (Fig. 9). By increasing the length of
the fluorocontaining fragment and the quantity of the fluoroatoms of
the alcoholic radical of methacrylate, the temperature of the beginning
of the thermooxidative destruction (comparing with the according
temperature of the homopolymer) increases and the essential process
of the thermooxidative destruction is shifted towards a higher tem-
perature range (Fig. 9. 360-400°C) [19]. In the case of the co-poly-
mers of the siliconorganic methacrylates and DVAC, the temperature
of the destruction onset is lower than that of the co-polymers of
fluoroalkylmethacrylates. In the present case, however the increasing
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FIGURE9 The curves of thermogravimetric analysis (TGA, on air) of co-polymers:
1. F,MA-DVAC (90:10 mass. %) 2. F;MA-DVAC (90:10 masss. %) 3. DVAC-MBPD
(90:10 mass. %) 4. DVAC-F;MA (30:70 mass %).

of the length of the siliconorganic fragment in the main chain of the
co-polymer with (—CH,-—), group produces no significant effect on
the thermooxidative destruction . In spite of the content of the cyclo-
linear fragments based on DVAC, the intense thermooxidative de-
struction takes place in the temperature interval of 320-350°C with
the practically complete destruction of the co-polymers sample.

Several elaborated optical adhesives based on the obtained co-poly-
mers [1, 20] were developed.

These compositions are used to join the optical polarization elements
of poly(vinyl-alcohol), as well as, other parts of optical communication.

It is also noteworthy, that some of the synthesized polymers can be
applied as light reflecting layers of optical polymers and glass fibers.

CONCLUSION

The radical co-polymerization of the fluoro-and siliconorganic
(meth) acrylates with dimethylvinylacetylenylcarbinol (DVAC) has
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been carried out. Based on the obtained experimental data, the con-

stants of co-polymerization Fijp Tij the distribution of the monomeric

link diads in the macromolecular chain of the co-polymers and the
parameter of Harwood (R) were determined. Using the data of IR, UV
and 'H-NMR spectra we established, that in the case of per-
fluoro(meth)acrylates the macrochains of the co-polymers are enriched
with the links of the more reactive fluorocontaining monomers. In the
case of siliconorganic methacrylates the main chain of the co-poly-
mers contains the cyclic links of carbinol, which can be formed via
interacting the primary radicals of DVAC with its “own” monomers.
The dependence of the optical, thermomechanical properties and ther-
moxidative stability on the structure of the alcohol radicals of the
methacrylates, on composition of the inital mixture of the monomers
and on conditions of co-polymerization was established.
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