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Abstract
Full Text

Chemistry
A. V. Zimin, A. D. Verina, L. P. Sidorova, and A. V.
Gubanova

Radiation-Chemical Synthesis of Organosilicon
and Silicon-Fluoroorganic Compounds
(Presented by Academician V. A. Kargin on January 17, 1962)

The use of radiation-chemical processes for the synthesis of substances is of
scientific and practical interest, especially in carrying out complex chemical
reactions. Thus, the synthesis of organosilicon and silicon-fluoroorganic
compounds of the chlorosilane type:
R(1,2)SiCl3 and R(1,2)R(1,2)SiCl2 (R1 = Ċ𝑛H2𝑛+1 or Ċ6H5 and R2 =
Ċ𝑛H2𝑛+1−𝑚F𝑚), which are starting products in the manufacture of various
materials (rubbers, heat-transfer agents, oils, lubricants, varnishes, etc.), is
very complex. A large number of studies have been devoted to the synthesis
of organosilicon and silicon-fluoroorganic compounds (1−4), but practically no
attention has been paid to radiation-chemical synthesis (5,6). The aim of our
work was to study the conditions for obtaining derivatives of chlorosilanes by
the method of radiation-chemical synthesis, which we carried out as follows:
a metal ampoule was connected to two measuring ampoules, one of which
contained (C𝑛H2𝑛 or C𝑛H2𝑛−𝑚F𝑚 or C6H6 or C6H5Cl), and the second (HSiCl3
or H2SiCl2 or CH3SiHCl2 or C2H5SiCl2H).
The gases were then evacuated from the system. After this, the metal ampoule
was cooled with liquid oxygen and the required amounts of the starting compo-
nents were recondensed into it. For more complete removal of gases (O2,HCl,H2,
etc.), two- or threefold freezing, evacuation, and thawing of the mixture were
carried out.

The mixtures were irradiated with 𝛾-radiation from Co60 at temperatures of
+20∘ and +70∘. After irradiation was completed, the mixtures were separated
into narrow fractions by repeated recondensation in vacuum. Depending on
the volatility of the initial and final substances, the temperature of the mixture
during recondensation was varied from −40∘ to 250∘.

To determine the nature of the substances obtained, the following analytical
methods were used: elemental microanalysis for C, H, Cl, F, and Si (by differ-
ence) (7); determination of the amount of hydrolyzable chlorine and fluorine;
determination of molecular weight, density, refractive index, and molar refrac-
tion. Using the synthesis of known substances ((C2H5)2SiCl2,C6H5SiHCl2, etc.)
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as examples, it was shown that the analytical methods used make it possible to
establish the chemical composition and molecular structure of new substances.

Thus, the radiation-chemical method is suitable for the synthesis of organosilicon
and silicon-fluoroorganic compounds. It should be noted that this synthesis
is possible in those cases where, upon irradiation of the system, the rate of
polymerization of olefins (fluorinated and nonfluorinated) is lower than the rate
of their addition to chlorosilanes. The radiation-chemical yield (𝐺), like the
quantitative yield of the target product, depends on the molar ratio of the
starting components. At a molar ratio of one olefin molecule per one hydrogen
atom of the chlorosilane molecule, the highest yield (𝐺) of the target product
is obtained. Raising the temperature from +20∘ to +70∘ does not change the
yield (𝐺) of perfluoro-(alkyldialkyl)-chlorosilanes (𝐺 = 80–100 molecules/100
eV) and arylchlorosilanes.

Table 1

Compound
for-
mula𝑑20 𝑛20

𝐷

Molecular
weight,
found

Molecular
weight,
cal-
cu-
lated

Molar
re-
frac-
tion,
found

Molar
re-
frac-
tion,
cal-
cu-
lated*

b.p.,
°C/mm
Hg

Hydrolyzable
Cl,
%

C,
%,
found

C,
%,
cal-
cu-
lated

H,
%,
found

H,
%,
cal-
cu-
lated

F,
%,
found

F,
%,
cal-
cu-
lated

Cl,
%,
found

Cl,
%,
cal-
cu-
lated

Si,
%,
found

Si,
%,
cal-
cu-
lated

Yield,
%
of
start-
ing
prod-
uct
used

𝐺,
molecules/100
eV

(C3H7F6)SiCl3*1.61701.3610
—

285.539.0639.76584/766.537.1212.8112.610.520.3539.8039.9337.5237.300.269.8195 190

(C3H7F6)2SiCl2*1.72021.3413399 401 49.3949.54216017.3217.9817.950.590.5056.1256.8617.9917.717.376.9880 ~100
(C3HF4)CH3SiCl2*1.46101.3338263 265 39.6139.54294/74926.9218.0018.111.551.5142.9243.0227.0126.7910.4210.5785 225
(C3HF6)(C2H5)SiCl2*1.49421.3710278.03279 44.10744.184110–

112/752
25.3221.6821.502.182.1540.9740.8625.3125.459.8610.03695 180

C2HF4ClSiCl2*1.51381.3645
—

235.534.71834.887
—

44.3010.5910.190.510.42532.0632.2745.0245.2211.8211.8911 1.6

(C6H5)SiCl31.32101.5243212 214 49.1048.84
—

50.0633.5934.062.842.38
— —

50.0050.2813.5713.285 6

(C6H5)SiHCl21.21761.5290178.5177 45.1244.64
— —

41.0040.683.803.39
— —

40.0840.1115.1215.825 6

(C6H5)SiHCl21.0738
(20.5°)

1.4270
(20.5°)— —

34.0934.18890–
94/753

49.425.0925.175.695.53
— —

49.7549.6519.4719.5970 165

(C6H7)2SiCl21.0417
(25°)

1.4390
(25°)— —

48.1048.10140–
146/746.8

38.3138.9338.927.987.57
— —

38.1238.3814.9715.1370 160

(C6H7)(CH3)SiCl21.05091.4270
— —

38.3638.82612745.0030.7030.576.146.37
— —

45.3045.2217.8617.8355 165

(C3H7)SiCl31.19721.4310
— —

38.3838.43
—

59.3320.0820.283.953.94
— —

60.1160.0015.8615.7770 150
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cu-
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%
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𝐺,
molecules/100
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(C2H5)SiHCl21.11041.4188
— —

29.3329.5573–
75/756

54.9818.9618.604.994.65
— —

55.0955.0420.3621.705
— —

(C2H5)2SiCl21.0513
(25°)

1.4392
(25°)— —

38.5938.826114–
115/751.5

45.2230.4230.576.296.37
— —

45.4945.2217.8017.8380–
85

210

(C2H5)(CH3)SiCl21.07421.4405
— —

[[unclear:
34.72]]

34.18810049.5024.9825.175.795.59
— —

50.0249.6519.2119.5850–
60

200

(CF3)2C2H5Si(CH3)Cl2**1.44321.3645
— —

43.9044.18
—

[[unclear:
25.5]]

21.7121.582.002.1640.7141.01[[unclear:
25.24]]

25.549.7410.0730 50

(C6H11)2SiCl20.99881.4673
— —

[[unclear:
66.25]]

[[unclear:
66.55]]—

29.7149.9849.799.579.73
— —

29.1329.4611.3811.6238 10

(C6H5)CH3SiCl2
— — — —

[[unclear:
44.11]]

49.36
—

37.543.9843.994.244.22
— —

37.0737.1014.7114.693 4

* New substances.
** 𝑀𝑅 calculated as the sum of atomic refractions.

(𝐺 = 6—10 molecules/100 eV), whereas the yield (𝐺) of (alkyl-dialkyl)chlorosilanes
increases from 8—10 molecules/100 eV at +20∘ to 160—210 molecules/100 eV at
70∘. The high radiation-chemical yields (𝐺), 50—225 molecules/100 eV, of the
target product are due to the fact that the addition of olefins to chlorosilanes
apparently proceeds by a chain reaction.

In the hydrolysis of fluorinated (alkyl-dialkyl)chlorosilanes, the total amount of
hydrolyzable fluorine located in the 𝛽-, 𝛾-, and 𝛼-positions relative to the silicon
atom does not exceed 1—1.5%.
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