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Abstract. In this paper, the results of the synthesis of vinyl ethynyltriethoxysilane
monomer are simulated on the basis of available industrial products of
tetraethoxysilane and vinyl ethynyl magnesium bromide. The main physical
properties of IR and UV spectroscopy have been determined, and a synthesis
procedure has been developed that makes it possible to obtain compounds
with high yields without laborious additional operations. The new substances
obtained were identified by IR and UV spectroscopic methods and their melting
point, refractive index, density, and other physical and chemical parameters were
determined. The effect of the initial ratio of the components and the nature of the
solvents on the yield of the polymer at different temperatures and the duration of
the reaction was studied. The influence of the nature of organic solvents on the
yield of this reaction product was studied. It is determined that the reaction rate
increases with increasing polarity of the solvent .
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AHHOTauus. B paboTe npuBedeHbl pesynbTaTbl CUHTE3A MOHOMEpa
BUHUNSTUHUITPUITOKCUCUSIAH HA OCHOBE AOCTYMHOMO MPOMbILLIEHHOMO MpoayKTa
TeTpasToKCUCUNaHa U BUHUNITUHUNMarHuibpommaa. OnpegerieHbl OCHOBHbIE
dusmyeckme ceolictBa MeTofom WK-, Yd-cnektpockonmu u paspaboTaHa
METOAMKa CUHTe3a, MOo3BOSsAWAn nosfydaTe COSOMHEHUS C  BbICOKUMU
BbIxogaMm 6e3  TpyOOeMKMX  OOMOSNHUTENbHbIX — onepauui.  [lonydeHHble
HOBble BellecTBa uaeHTMdUUMpoBaHbl MeTodamu UK u YP cnekrTpockonuu,
onpepeseHbl TeMnepaTypa Ux nnaefieHns, nokasartesb NpenoMIieHns, NIoTHOCTb
n gpyrne pUsMKO-XMMUYECKNE MapameTpbl. Bbifo 13yyYeHo BAMSHUE UCXOQHOTO
COOTHOLLIEHWS KOMMOHEHTOB U MPUPOAbI PacTBOPUTENEN Ha BbIXOA, NOSMMepa npu
pasnuyHbIX TemnepaTypax M NMPOAOIBKATENBHOCTN peakuun. OnpenernieHo, Yto
CKOPOCTb peakuun yBeNMUYMBaAETCH C YBENMUEHNEM MOJIAPHOCTU pacTBOPUTENS.
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Knio4yeBble cnoBa: MOHOMep, TeTPadTOKCUCKUIIaH, BI/IHI/IJ'ISTI/IHI/IJ'IMaFHVIIZ6pOMVI,D,
BUHWNITUHUNTPUITOKCUCUIAH, MNOJIMBUHUIIOTUHUITTPUITOKCUCUIIAH, K-, Y-
CNeKTpoKonuad, TeMmnepartypa KnneHnd, KOS(b(bI/ILlI/IeHT nepenomMneHna, NNoTHOCTb,
yAaelbHaaA BA3KOCTb,.

TyniHgeme. Byn XyMbiCTa KOJDKETIMAI ©HAIPICTIK eHIM TeTpasToKCcUCUIaH
MeH  BUHUNITUHUIMArHUMOpPOMMA  HerisiHgeri  BUHUIITUHUNTPUITOKCUCHIAH
MOHOMEpPI CUHTE3IHIH HaTuxerepi kenTipinreH. UK xeHe YK-cnoekTpockonus
aficiMeH xacarfaH Heri3ri pusmnkarnblk epeklenikTepi aHblKTanbIm, Ken }XyMbICThbl
KaxeT eTeTiH KocbiMLUA oMepauMsanapcebi3 KoFapbl HaTWXeN KocbiMLanapgbl
anyfFa MyMmkiHZik ©epeTiH cuHTesgey opfici >xacangbl. AmnblHFaH >kaHa 3aTTap
MK >xeHe YK-cnoekTpockonus sagicTepiMeH TeHecTipiin, onapgbliH 6anky
TemnepaTtypachbl, CbiHy KepceTKilli, Tblfbl3dblifbl XoHe Hacka Aa duavKanbik-
XMMUAMBIK,  NapameTprepi  aHbikTangel. [lonvmepdlH  WelfyblHa  spTypai
TemMnepaTypaga >XeHe peakuMsnapblHblH y3aKTbiFblHA Kapal KOMMOHEHTTEPAIH
XoHe epITkiWTep TabwuraTbiHbiH, HacTankbl GarnaHbICbiHBIH, ocepi 3epTTengi.
Peakums xblngamgbiFbiHbiH, €pITKILTIH Kapama-KapchblSblfbliHbIH apTybiHa Kapai
€CeTiHI aHbIKTanasl.

TyniHgi ceapgep: MoHoMep, TeTpasToKcUcCUnaH, BUHWUIATUHUIIMarHMnépomug,
BUHUISTUHUATPUSTOKCUCUNEH, MOSMBUHUNITUHUATPUaTOKCUCUaH, WK xeHe
YK-cnoekTpockonus, kanHay TemnepaTypachl, CblHy KO3(PDULNEHTI, TbiFbl3abIkK,
MEHLLIKTI TYTKbIPSIbIK.

Introduction. As is known, organosilicon compounds have surpris-
ing properties, which are manifested when applied to the surface of ma-
terials. At the same time, the formation of the thinnest film is observed,
which in turn, bypassing the air, does not allow water or moisture to pass
through. These films have a relatively high resistance to external influ-
ences such as low and high temperature, are chemically stable and have
mechanical strength. In connection with this, there has been a recent in-
crease in the interest in studies related to the production of organosilicon
compounds and their applications in various industries.

From the literature review, one can find out in the works of scientists
Kiping, Friedel and Crafts, Grignard, K.K. Kuatbaev, K.A. Andrianov, S.V.
Zakharova, M.M. Kabachkin, T.V. Koroleva, M.B. Lotharev, A.N. Polovan-
ov, V.M. Kopylov, V.V. Kireev, A.l. Demchenko, A.A. Arshinov, D.O. Anash-
kin, and I.M. Raigorodskii used the following methods for the preparation
of organosilicon compounds: disproportion, pyrolysis, Wurz method, ther-
mocatalytic pyrolysis, organometallic synthesis, direct synthesis. In the
above methods, specific conditions are required, such as high tempera-
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ture, complexity of instruments, etc. In our opinion, a convenient method
of obtaining organosilicon compounds is the Grignhard reaction [1].

Experimental part:

Synthesis of vinyl ethynyl magnesium bromide — CH,=CH—C=C—
MgBr. Upon careful cooling with a mixture of snow and CaCl, and con-
stant stirring, vinyl acetylene was introduced into the ethereal solution of
ethylmagnesium bromide. The reaction time is about 5.0 hours. The re-
sulting product vinyl ethinylmagnesium bromide is readily soluble in ethyl
ether. The yield is 67% [2].

Synthesis of polyvinylethynyltriethoxysilane. To synthesize vinyl
ethynyltriethoxysilane in a 1000 ml four-necked flask, 210 ml (2.0 moles)
of ethyl ether (or other solutions: benzene, THF, etc.) were poured in with
a mechanical stirrer with a stopper, thermometer, dropping funnel and
reflux condenser, and 110 ml (1.0 mole) of tetraethoxysilane were added

to the stirring. The temperature was then raised to 45-50 "C, and 140 ml
(1.0 mole) of vinyl ethynyl magnesium bromide was charged in portions
over a period of 45-50 minutes. Then, with vigorous stirring, the tem-

perature was raised to 55-60 °C and the reaction continued for another
4.0-5.0 hours. At the end of the time, the agitator was stopped, allowed

to cool for 2.0 hours and cooled to 10.0 + 2.0 "C.

Then, in small quantities, the reaction mixture was transferred to
a separatory funnel, several times washed with bidistilled water (until
bromine ions appeared in the wash water, with a silver nitrate probe) to
remove magnesium ethoxy bromide. The ethyl ether was distilled off at a
temperature of

35.6 "C (or benzene at 80.1 "C) by vacuum distillation with a vacuum
pump with a pressure of 1.8-2.0 for ethyl ether or 5.0-5.2 millimeter of
mercury.

The interaction of tetraethoxysilane and vinyl ethynyl magnesium
bromide in equimolecular proportions leads to the formation of vinyl ethyn-
yltriethoxysilane according to the following scheme:

Unlike dry ether and benzene, reactions carried out in the medium
of other solvents such as toluene, dioxane, etc. give a lower yield of the
final product.

Synthesized vinyl ethynyltriethoxysilane is an oily liquid, light yellow
in color, highly soluble in esters, benzene, chloroform, tetrahydrofuran,
dioxane, hexane, poorly soluble in acetone, pyridine, dimethylformamide,
dimethylsulfoxide and absolutely insoluble in water and alcohols.
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OC,H5

CoH50- Si— OCyH; + OL: O— O- O- MgBr

OCy,H5
OCy,H5

2 O— 0O- -0 Si— OCoHs + OC,H5)Br
OCy,H5

The most common method of polymerization of organosilicon poly-
mers is the thermopolymerization of monomers.

The resulting vinyl ethinyltriethoxysilane monomer is polymerized,
followed by polymer formation:

OC:Hs OC:Hs OC:Hs OC:Hs
C:H:  -Si— OC:Hs CeHsO—— 8i—— OC:Hs C:He  -Si— OC:Hs CHe  -Si— OC:Hs
(‘: c o] c
m ‘(ﬂ H c H c
CH:=—¢C -CH:—C— CH:—C— CH:—C— CH:—C- CH.—C
H H c H C H
c c
C:HsO - Si— OC:Hs C:He( OC:Hs
OC:Hs OC:Hs

Then, the desired product of polyvinylethynyltriethoxysilane was
subjected to rectification, and a product of polyvinylethynyltriethoxysilane

with ethyl ether 150 ml (60%) or benzene 140 ml (48%) n*'D 14560

was obtained; 22°1,0183. (48 %).

Viscous polyvinylethynyltriethoxysilane is a colorless, non-toxic
substance that is odorless and insoluble in water. Not soluble in lower
alcohols, however, it dissolves in many organic solvents, has increased
chemical stability. Thermostable, characterized by a small change in vis-
cosity with temperature. In Table 1. some basic physical properties of the
obtained products are given.
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Table 1 - The basic physical properties of organoelemental
mono(poly)mer measures
based on silicon

) Coefficient of Specific
Products D7n3|t3y at 25 *t, | refraction, n viscosity, at
cm
9 o 25 ¢, ccm
Vinyl Ethyltriethoxysilane 1,1154 1,13526 120
Polyvmylethynyltrletho- 1,3372 1,3862 410
xysilane

The discussion of the results. It is determined that even at a low
conversion rate, the polymer yield also depends on the initial component
ratio and temperature. It was found that with initial conversions the yield
of the product increases linearly in accordance with the duration of the
reaction.

In order to determine the effect of temperature on kinetics, the reac-

tion was carried out in the temperature range of 0-50 "C at different ra-
tios of the initial reagents. An increase in temperature led to an increase
in the rate of the process, and an increase in the yield of the polymer.
Note that the resulting product had a lower intrinsic viscosity, which is
clearly seen from Figure 1.
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Figure 1 - Change in the intrinsic viscosity, and the yield from the tem-
perature in the 50: 1 ratio and (2 b) ratio of 50: 5 benzene. The starting ratio of
tetrachlorosilane and vinyl ethynyl magnesium bromide is 50:50. Duration 1 hour.
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Thus, it has been found that the viscosity of the product varies with
different ratios and concentrations.

Study of the thermo-oxidative degradation of polyvinylethynyltrieth-
oxysilane. We used the differential thermal analysis (DTA) method. With
its help it is easy to fix the temperatures (T) of the samples and, most
importantly, the integral and differential curves of the mass change (TG
and DTG), as well as the enthalpy (DTA). Thermooxidative degradation
of polyvinylethynyltriethoxysilane was studied in the temperature range

200 - 400 "C.

Studies were conducted on a NETZSCH STA-409 PG TG-DSC ana-
lyzer, equipped with a K-type (Low RG Silver) thermocouple and using
aluminum crucibles. The amount of sample was taken in the range of 5-6
mg. All measurements were carried out in an inert atmosphere of nitro-
gen with a purge rate of 50 ml/min. The heating rate was 10 K/min. The
measuring system was calibrated using standard substances — indium,
bismuth, tin, zinc, and cesium chloride.

Under the experimental conditions, polyvinylethynyltriethoxysilane
was treated with benzoyl peroxide. The consumption of benzoyl peroxide
was 2.5% of the weight of the polymer. The results of the study of the ther-
mal oxidative degradation of polyvinylethynyl dihydroxychlorosilane are

——

Figure 2 - Dependence of the degree of degradation (in% weight loss) of
polyvinylethynyltriethoxysilane on the temperature and duration of thermal oxi-
dation. Temperature of thermal oxidation in "C: 1- 200; 2-250; 3-300; 4-350 and
5-400. 40
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From the data obtained it was found that polyvinylethynyltriethox-

ysilane at 200"C undergoes a slight degradation, and at 250-350 "C, an
intensive decomposition of the polymer occurs. The greatest destruction
with complete destruction of polyvinylethynyltriethoxysilane is observed

at 400"C.

From the data obtained (Figure 2), it can be seen that the ther-
mo-oxidative degradation of polyvinylethynyltriethoxysilane is S-shaped
in regression-transcendental diagrams. Analysis of the dependence of
the degree of degradation of the forming products after thermal oxida-

tion at different temperatures (Table 2) shows that at 250"C, as a result
of thermal degradation, after the 3 hours of the process, weight loss is

21,85%, and at 400°C, respectively, weight loss is 52,44% of the initial
weight. As a result of the analysis of polyvinylethynyltriethoxysilane sub-
jected to thermal-oxidative degradation, in the presence of benzoyl per-
oxide, are shown in Table 2.

Table 2 - Analysis of polyvinylethynyltriethoxysilane after ther-
mal oxidative degradation in the presence (2.5% by weight) of ben-
2oyl peroxide

Conditions for destruction
Weight loss, %

Temperature, "C Time, per hour
3 21,85
250
9 24,36
3 52,44
400
9 66,74

The decomposition of the elemental composition of polyvinylethyn-
yltriethoxysilane has a linear dependence on the loss of mass (Table 2).
This is apparently due to the fact that the thermo-oxidative degradation of
polyvinylethynyltriethoxysilane occurs both with the breakdown of COO-Si
and with the breakage of Si-C bonds.

The complete removal of carbon upon the breakdown of the Si-C
bond into polyvinylethynyl-triethoxysilane is due to the fact that, during
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thermal-oxidative degradation, along with the separation of ethynyl groups
between the silicon atoms, the formation of oxygen bridges takes place,
which probably hinders the ethynyl group with oxygen (steric effect). To
identify the structure and determine the qualitative characteristics of the
obtained substances, we used the IR spectroscopy method in a wide range
of spectra - in the regions 500-3500 cm'. The average intensity absorp-
tion bands in the 1400, 1465, 1250 cm' region, characterizing stretching
vibrations of a single C-C bond, are noted. The absorption bands of about
1025 and 1095 cm-! vibration frequencies indicate, respectively, the pres-
ence of Si-O and Si-C bonds.

The characteristic bands of stretching vibrations of the multiple bond
for the ethylene group (U(c=<:)) are found in the region 1795, 1740, 1680
cm. In the spectra of a polyvinylethynyltriethoxysilane compound, such
characteristic absorption bands are also present [3-5].

For the objects studied in the work, UV spectra were also used. In
particular, UV spectra were obtained for solutions of polyvinyl ethinyl-
triethoxysilane in ethyl ether.

Chromoforms are for the most part groups of atoms with unsaturated
bonds. However, polyvinyl ethinyltriethoxysilane containing unsaturated
bonds C = C absorbs only in the spectral region > 200.

The ethynyl group —C=C— in the samples has a wide band up to
240 nm and it must be assumed that it is due to the possibility of a transi-
tion of the type

N — V (y2px2 py2— y2px2 py py*)

A wide diffuse band is also found in the region of 180-165 nm and
two systems of bands, of the Ribberg series, in the region of 152-105
nm. Further, the presence of conjugations of two double bonds between
carbon atoms was established, which leads to the appearance of intense
absorption in the region of 225 nm.

It is known that C-C bonds between carbon atoms usually only ab-
sorb in the long ultraviolet region. Also, the absorption band of the chro-
mophore group, depending on the conditions in which the chromoform is
located (neighboring atoms, solvent, etc.), can shift within certain limits.

Conclusions. Synthesis of organosilicon monomers and polymers
based on them, including the monomer vinyl ethinyltriethoxysilane, was
obtained. The new substances obtained were identified by IR and UV
spectroscopic methods and their melting point, refractive index, density,
and other physical and chemical parameters were determined. The effect
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of the initial ratio of the components and the nature of the solvents on the
yield of the polymer at different temperatures and the duration of the re-
action was studied. The influence of the nature of organic solvents on the
yield of this reaction product was studied. It is determined that the reaction
rate increases with increasing polarity of the solvent .
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