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On the Lower Boiling Product of Silicon-methylchloride Reaction

By Rokuro OkAwARA and Minoru SAKIYAMA
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Among the products obtained from the
reaction of silicon and methylchloride, methyl-
trichlorosilane, dimethyldichlorosilane and tri-
methylchlorosilane were well known since the
finding of the “ direct method of synthesis”
by Rochow. These three main chlorosilanes
have a close boiling point centering around
65°C and have been used for the starting
mmaterials of “silicones”.

Now we wish to report on the presence of
tetramethylsilane (CHj;),Si (I’), dimethylchloro-
silane (CH;),SiHCl (II') and methyldichloro-
silane CH,;SiHCIl, (III") and a small amount of
trichlorosilane HSiCl; (IV') in the lower boiling
product centering around 35°C of the direct
synthesis. The compounds (I')%?, (III')* and
{IV"*® have already been characterized, but
on the compound (II") only the boiling point
has been assumed by calculation to be 35.5°C%
and 39.1°C?.

To obtain pure (II’), the starting material
was twice distilled through a modified large
Stedman column of about 15 theoretical plates
and divided into many fractions. These frac-
tions may be roughly included into three
main fractions A (b.p. 26°-34°C), B (b. p. 34°-
36°C) and C (b.p. 36°-41°C). As the fraction
B was supposed to be a plateau of impure
(I"), B was repeatedly fractionated through
a more efficient column. Finally a constant
boiling fraction was obtained, but its chlo-
rine content was found to be lower than the
calculated value. The reason may be ex-
plained by assuming the contamination of a
hydrocarbon by-product having the boiling
point close to (II'). In fact, the presence of
such a hydrocarbon in the starting material
has been found by hydrolysis. Referring to
the case of trimethylchlorosilane®, it may
be considered that an azeotrope of (II') and
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the hydrocarbon is formed at the constant
boiling plateau at 34.5°-35°C, but it could
not be verified in this experiment.

As it was difficult to separate (II') from
the contaminating hydrocarbon by distilla-
tion, B was ethanolyzed in excess ethanol
and dimethylaniline, and the dimethylethoxy-
silane thus formed was reacted in a bomb
with benzoylchloride. From the product the
freaction boiling at 36°C was confirmed to be
(IT").

Ethanolysis of the fraction B in excess
dimethylaniline and ethanol, liberated di-
methylethoxysilane, methyldiethoxysilane and
a small amount of dimethyldiethoxysilane
and ill-defined triethoxysilane. It was sup-
posed that dimethyldiethoxysilane was pro-
duced by the fission of Si-H during the course
of ethanolysis. The presence of triethoxy-
silane reveals the presence of (IV’) in the
redistilled product, this assumption was fur-
ther supported by the fact that on repeated
fractionation of B, the fraction B’ having a
higher chlorine content was found in front
of the plateau B” as shown in Fig. L

By hydrolysis, methylhydropolysiloxanes
were obtained -as the main product. In this
paper, to denote various methylpolysiloxanes,
shorthand notation is used which is based on
that of Wilcock?, in which M, D and T re-
present mono-, di- and tri- functional units.
Prime is used to indicate the hydrogen atom
directly attached to silicon atom.

Unit Formula
M’ (CH;):HSiOy; 2
D’ CH;HSiO
D (CH;),Si0
T CH;3Si03/2

The following compounds were made by
hydrolyzing the starting material and rigor-
ously distilling the resultant oil.

M/D,M’ (n=0-6)
M'D.M’ (n=1-2)
D, (n=4-)
M'D'DM’

The main components of the resultant oil
were a series of linear copolymers M'D,M’,

9) D.F. Wilcock, ibid., 69, 477 (1947).



March, 1956]

which were formed from (II") and (III'). A
small amount of M'D,M’, in which only M'DM’
was accurately characterized, may be as-
sumed to be formed by the fission of Si-H
bond during the hydrolysis in the concentra-
ted hydrogen chloride solution.

3H(CHj);SiCl +2H,0

=H(CH3)2Si08i(CHj3);0Si(CHj;):H + 3HC1 + H,
(M'DM’)

Such a reaction may occur also with Si-H

of methyldichlorosilane to form M,T, an iso-

mer of M'D'DM’. But in this experiment,
the presence of this compound could not be

detected accurately. The presence of D),

which has already been characterized by
Sauer® by hydrolyzing (III'), was found be-

tween the plateaus of M'D,M’

The distribution of these polymers, tetra-
methylsilane (I') and hydrocarbon by-product
in the hydrolyzates with regard to the chlo-
rine content of the redistilled chlorosilane, is
shown in Fig. 2. The properties of these
polymers are given in Table II.

Experimental

Starting Materials.—The industrial low boiling
methylchlorosilane, having the boiling point be-
tween 26°C to 40°C (hydrolyzable chlorine, 409%)
obtained from the reaction of silicon and methyl-
chloride was supplied from the Shin-etsu Chem.
Ind. Co.

A. Chlorosilane and Its Ethanolysis

Distillation.—The starting material (4 Kg.) was
fractionated through a modified Stedman column
of about 15 theoretical plates (38 mm. inner di-
ameter, packed length 30 cm.). From the boiling
point and the chlorine content, the distillates were
roughly separated into three main fractions as
follows.

Main Boiling Hydrolyzable s
fraction point chlorine Weight
(°C) (%6) (90)
A 26-34 -36 25
B 34-36 36-43 25
3641 13-60 50
. 40F %01
A
= 3 c
S wf
I B Bl
1
100
Distillate (cc.)
Fig. 1. Redistillation of fraction B through

a 30 plates column.
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As the fraction B was supposed to be an incom-
plete plateau, a part of which was fractionated
through a Stedman column of about 30 theoretical
plates (inner diameter 18 mm. and packed length
40 em.). The result are shown in Fig. 1.

The distillation curve obtained was similar to
that of the starting material, but the chlorine
content of the distillate was somewhat different.
The fraction B’ having a slightly lower chlorine
content than the neighbouring fractions, B’ and
B’’", was found. The higher values in B’ and
B’ were supposed to be caused by the contami-
nation of a asmall amount of trichlorosilane (IV')
(b.p. 31.5°C#>, 31.8°C® Calcd. Cl, 78.5%) and methyl-
dichlorosilane (III’) (b.p. 41.0°C%® Caled. Cl, 61.5%),
respectively. The fraction B (Found Cl, 37.1%)
was distilled through the same column and the
constant boiling frection of 34.5° to 35°C was ob-
tained, but the chlorine contents of 39.4, 35.1
and 36.49 were found with the amount of each
10 cc. of the distillate. If the fraction B’ was
(IT") contaminated only by a small amount of (IV’)
and (IIT’), the redistilled fraction having the mini-
mum chlorine content would become closer to
the chlorine content calculated for (II') (37.49%).
In this experiment, the second fraction having
the minimum chlorine content (35.1%) did not
close to the calculated value, but too small a
value resulted.

Ethanolysis.—A fraction of B (150 g., b.p. 35°-
36°C, Anal. Cl, 42.59) was added to the mixture
of excess of ethanol (120g.) and dimethylaniline
(250 g.) in a three-necked flask equipped with an
efficient stirrer, a dropping funnel and a condenser
with a calcium chloride tube. During the reac-
tion, the mixture was cooled with an ice-bath
below 5°C. After the addition of the chlorosilane,
the reaction mixture was refluxed over a period
of two hours with vigorous stirring, followed
by the separation of dimethylanilinehydrochloride
through a separating funnel and the fractional
distillation of the organic layer. The fraction
boiling at 53°-57°C (39 g.) thus obtained, was rig-
orously fractionated by a Stedman column of
about 50 theoretical plates. The fraction boiling
at 54°C was found to be dimethylethoxysilane

H(CHj);SiOC,;H; from the analysis of H(-Si). n3
1.3683, 42" 0.7572, MRp Found: 31.00, Caled.'® :

31.30.

Anal. Found: H(-Si), 0.94%.
H(CH3)2SiOC,H;: H(-Si), 0.97%.
This compound contained a trace of chlorine
compound detectable by the Beilstein test and
gradually decomposed by evolving a gas from the
bottom of the receiver. Even after repeated
dijstillation, the chlorine compound and evolution
of the gas did not completely disappear.

The higher boiling fraction collected from sev-
eral ethanolysis reactions, was fractionally distil-
led through a Stedman column of about 30 plates.
The following three ethoxysilanes were obtained.

Methyldiethoxysilane, HCH;Si (OC;Hs)..

b.p. 97.5°C, nfj 1.3772

Caled. for

10) Calculated from bond refractivities by E.L. War-
rick, J. Am. Chem. Soc., 68, 2455 (1948).



238 Rokuro OKAWARA and Minoru SAKIYAMA

Reported!D : b.p. 97.5°C, =} 1.3738, dZ 0.8295
Dimethyldiethoxysilane, (CHg)eSi(OC:Hj)s.

b.p. 112°C, %} 1.3821, d2° 0.8398

MRp Found: 41.09, Calcd.'® : 41.06

Reported® : b.p. 114°C, m%) 1.3805, d2® 0.8395
Triethoxysilane, HSi(OCzH;)3.

b. p. 134°-5°C, %) 1.3840

Anal. Found: H(-Si), 0.43%, Calcd. 0.61%

Reported® : b.p. 131.5°C, 22 1.3767

The data of triethoxysilane did not accord well
with the reported value. On account of the small
amount (1cc.) of this fraction, the satisfactory
separation from the neighbouring compounds could
not be achieved. By the alcoholysis reaction car-

ried out as above, cyclocompound D; (Reported® :
b.p. 134.5°C, n‘j_‘} 1.3873) having the boiling point
close to that of triethoxysilane might not be

formed. The active hydrogen content of this
fraction lower than the calculated wvalue also

reveals the absence of D; (Caled. H(-Si), 1.689%).

Chlorination of Dimethylethoxysilane.—Di-
methylethoxysilane (28 g., 0.27 mol.) was reacted
with benzoylchloride (38 g., 0.27 mol.) in an iron
bomb at 200°C over a period of four hours.
The reaction mixture was rigorously fractionated
through a Stedman column of about 50 theoreti-
plates. The constant boiling fraction at 36°C
(2cc.) was obtained. From its chlorine content,

it was found to be dimethylchlorosilane (II'). 2%)
1.3820

Anal. Found: Cl, 37.6%.
37.4%.

Caled. for (II'): CL

B. Hydrlyzates

Hydrolysis.—Hydrolysis was carried out by
adding a sufficient amount of cracked ice to the
ice-cooled chlorosilane. The oily layer was vig-
orously shaken with fresh ice-water repeatedly,
but it was found to be difficult to complete the
hydrolysis, for the red color of methylorange,
which was added as an indicator, appeared grad-
ually on standing. To complete the hydrolysis
the hydrolyzate and water were vigorously stir-
red at room temperature with an efficient stirrer.
When the red color of methylorange appeared,
the mixture was titrated back to the orange color
with a dilute sodium bicarbonate solution until
the orange color remained unchanged. Then use-
ing chlorophenolred (pH 5.0-6.6) as an indicator,
the same treatment was repeated. The hydrolysis
reaction was very siow and it required twenty
to thirty hours’ stirring with 200 to 250 g. of the
hydrolyzate. The hydrolyzates of the starting
material and fraction A, which contain volatile
tetramethylsilane (I’), were twice washed with
fresh ice-water, followed by the dehydration on

11) Dow-corning Silicone Notes.
12) H.J. Fletcher and M.J. Hunter, J. Am. Chem.
Soc., 7T1. 2918 (1949).
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sodium sulfate and the fractionation to distil off
(I'). And the residue was neutralized as above.

In spite of these careful treatments, a trace of
chlorine compound was sometimes found in the
distillate. Accordingly, on each fractionation, the
distillate and the residue were tested by the
Beilstein test and a trace of chlorine compound
was again hydrolyzed off.

Composition of the Hydrolyzate.—As it was
very difficult to separate the starting material
into its components through distillation, the hy-
drolysis was carried out with the representative
fractions which were obtained by redistillation
through the 15 plate large Stedman column. The
results are given in Table I (Expt. 1 to 8).

TaBLE I
HYDROLYSIS OF REDISTILLED AND START-
ING MATERIAL

Hydro-

Sample lyzate

Hydroly- Classed to

Expt. Boiling 2 - 17" e Main Weight Yield

No.  range chlorine fraction
°C % g. 9o
1 28.5-20.0 22.9 A 3 78
2 30.1 28.7 A 195 68
3 30.1-33.5 34.6 A 250 71
4 34.0-34.5 39.8 B 135 69
5 34.8-35.4 40.0 B 210 77
6 35.4-35.9 42.7 B 140 81
7 36.0-37.0 46.7 C 120 73
8 37.5-38.1 49.5 C 100 68
9% | 38. 8- 53.7 C 290 76
10%% 26 -40 40 — 870 79

* Residue of the distillation of Expt. 1 to 8.
## Starting material.

The results obtained with the residue of redistil-
lation and the starting material are also given in
Expt. 9 and 10, respectively. By the hydrolysis,
the formation of gelatinous mass was found iu
Expt. 3 and 4 which may be contaminated by
(IV’). In Expt. 9 some gelatinous mass and vis-
cous oil resulted.

Throughout this experiment, the distillation of
the hydrolyzate was carried out through a semi-
micro Stedman column of about 50 theretical
plates. By distillation, tetramethylsilane (I') dis-
tilled out at first, then a small amount of hydro-
carbon boiling at 33°-37°C and the succeeding

plateaus of M}, M’D'M’, M'DM’, D, and M’D,M-
were obtained at 70° 117° 128° 133° and 154°C,

respectively. The small plateau M'DM’ appeared
in the fraction A and B and its amount was found

to be about 5% of Mj The presence of D, was

assumed by its higher refractive index at its boil-
ing point in the hydrolyzates of the fraction C,

while in Expt. 8 and 9 the small plateau of D;
was found.

In calculating the percentage composition,
M’'DM’ and D; were included into the trimer
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fraction and the intermittent fraction between the
succeeding plateaus was assigned to both sides
fractions by cutting on the distillation curve. The
percentage composition of the hydrolyzate plotted
against the chlorine content of the samples (Expt.
1-9) is shown in Fig. 2.

[}
b4
L
B
=
€ s
>
: L
= sk
[=1
g
Z
g
c
[ 8]
Chlorine Content (%)
Fig. 2. Composition of the hydrolyzates

with regard to the chlorine content of
the redistillates.

® Hydrocarbon by-product

(O Tetramethylsilane @ Disiloxane

2 Trisiloxane O Tetrasiloxane

From Fig. 2, the distribution of the components
of the starting materials will be assumed.

Tetramethylsilane and Hydrocarbon By-pro-
duct.—Crude tetramethylsilane (I') was shaken
with a dilute sodium hydroxide solution and redis-
tilled. A small amount of fore-run and then the
constant boiling fraction having the constant re-
fractive index was obtained.

b.p. 26.5°-26.6°C, n}J 1.3649, d.° 0.6495.

MRp Found: 30.34, Calcd.'®> for (I'): 30.28.

(Repcrted: m3) 1.35882, d2”0.63992> and 0.646D
b.p. 26.64°D and 25.5°C2))

380
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10 20
Distillate (cc.)

Fig. 3. An example of the redistillation
curve of the hydrocarbon by-product
(H.C.) and disiloxane (M,).

Dotted line —-—- shows the curve when
the silanol is present.
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As described above, a small plateau was found

at 33°-37°C by the distillation of A and B. In
some experiments, the fractionation was carefully
carried out at the reflux ratio of 40-50 and the
distillate was divided into many small fractions.
The stepwise rise of the refractive index was
observed as shown in Fig. 3.
The qualitative test, by taking a sample in a
capillary and burning it slowly on a flame, gave
a whit silicious smoke or white residue stuck at
the end of the capillary with the samples of
lower refractive index, but with the samples of
higher refractive index this characteristic of the
silicon compound was not found. The analysis
for the fraction (nig 1.3785) gave a high carbon
content (Found: C, 80.96% ; H. 14.18%).

From these data, the rigorous separation from
the contaminating silicon compound, probably (I’),
may be questionable and the determination by
what kind of hydrocarbon the hydrolyzate is
contaminated was not successful.

Isolation and Characterization of the
Methylhydropolysiloxanes

Disiloxane (M;).—As shown by the dotted line
on Fig. 3, the gradually rising plateau (S) at 68°—
70.5°C was obtained after the hydrocarbon by-
product had distilled out. It was found usually
that the refractive index of (S) decreased gradu-
ally from #3) 1.3715 to that of M, (n3) 1.3700).
During the course of distillation in this tempera-
ture range, droplets of water were observed to
accumulate gradually in the outlet tube of the
column. The formation of water may be assumed
to be caused by the condensation of unstable
silanol to disiloxane.

2H(CH;3)2SiOH =H(CHj;).Si0Si(CH;).H + H,0O
By redistillation, the formation of water and the
range indicated in the dotted line rapidly de-
creased. On repeated distillation three or four
times, the formation of water has not been ob-

served and the rigorously constant plateau of M;
at 70.5°C, which was indicated by full line in
Fig. 3, resulted.

Trisiloxanes (M'D'M’ and M’'DM’).—Redistil-
led trisiloxanes having the constant boiling point
and refractive index are given in Table II.

Tetrasiloxanes (M’'D,M’, M’D’DM’ and
M’'D:M’).—The residues of the hydrolyzates of
main fractions A and B, and starting material
from which M’D,M’ has been distilled out, were
gathered and rigorously fractionated under re-

duced pressure. Between the plateaus of M’D;M’
and M’D;M’, two small plateaus appeared. The
refractive index and the hydrogen evolved by
aqueous sodium hydroxide were determined

throughout the distillation and the results are
shown in Fig. 4.
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TABLE II
METHYLHYDROPOLYSILOXANES
Poly- Boiling Refractive  Density Molecular Molar % H(-Si)
siloxane point index weight Refraction Found*** Found##**
o Found** Found Calcd.
C/mmHg i Ly (Caled.) (Caled. )0 { )
M 70.5/760 1. 3700 0. 7545 133 40. 26 -— 1.45
z (134.33) (40.18) (1.50)
TY M 117/760 1.3774 0.8245 192 54.37 - 1.54
M'D'M (194. 46) (54. 45) (1.56)
M 154/760 1. 3830 0.8613 254 68. 89 - 1.57
M’'DM o (254.60) (68.72) (1.58)
M 82.5/21 1. 3860 0. 8897 309 83. 06 1.60 1.58
M'D:M (314.73) (82.99) (1.60)
ey 104,21 1.3882 0.9081 368 97. 46 1.58 1.54
M'DM (374. 86) (97. 26) (1.61)
A 122/21 1.3900 0.9218 425 111.84 1.61 1.51
M'D:M (434.99)  (111.53) (1.62)
' ’ 128/760 1. 3811 0.8222 208 58. 89 —_— 0.95
M'DM (208.49) (58.82) (0.97)
% M’'=H(CH;);SiOye D’=H(CH;)Si0, D=(CH;)SiO.
#% Cryoscopic measurements in benzene.
##% The sample in ethanol was reacted with aqueous sodium hydroxide.
##k#  The sample was reacted with butanol saturated with sodium hydroxide.
expected to appear between the plateaus of
_§ = M'D;M’ and M'D,M’. In this experiment, no
5 f"_-", proofs were found as to its presence except the
o @ ——n§ = higher active hydrogen content at the back part
s 2 MM of the plateau of M'D'DM’.
& : Polysiloxanes Higher than Tetrasiloxane.—
o g Distillation was further continued and the suc-
Fa™ . ,
,g ceeding plateaus of M'D;M’, M'DM’, M/D.M’
-y and M’'D;M’ were obtained at the temperature
5 @ of 82.5°C/21 mm., 104°C/21 mm., 122°C/21 mm. and
a b 87°C/2mm. The portions having the refractive
g < index higher than the neighbouring plateaus, a
g relation similar to that which is shown in Fig. 4,
Distillate (cc.) (\;t;rre found ht‘)ettween tténe lju’rl:i::eedin’g {Jlatfeattl-.:s‘ "nllf
. P . . . imerences petween € boiling points O € neigh-
F|g.' A Dlstalle.ttlon curve of th? inter bouring plateaus  became less with the distillate
mittent fraction between M'D,M’ and and it became difficult to differentiate the com-
M’D;M’ under reduced pressure plete plateau from the intermittent fractions above
(26 mm.). M’'D;M’. Judging from the active hydrogen con-

Active hydrogen content was determined
by adding aqueous sodium hydroxide to
the sample in ethanol.

From the active hydrogen content, these two

small plateaus were supposed to be those of

M'D'DM’ and M'D;M’".

As the amounts of these

compounds were small, it may be questionable

wh

ether or not the physical constants acquired

here may be taken for those of pure compounds.
Further, there is a possiblity of the appearance

of isomerit M,T in front of the plateau of

M'D'DM’.

This is because the branched chain

polymer (M;T: b.p. 190°C) has been reported!® to
‘have a slightly lower boiling point than the iso-

meric linear polymer (MD:M : b.p. 194°C).

Cyclo-

pentamer D;, (b.p. 168.7°C, nzl_'; 1.3912)®» will be

13) W.i. Patnode and D.F. Wilcock, ibid., 68, 358
(1946).

tent and the increment of the refrcative index of
the succeeding plateaus, the plateau of 87°C/2mm.
(n}) 1.3940. Found: H(-Si), 1.539%. Caled.
for M/D;M’: H(-Si), 1.63%.) was considered to be
contaminated by the neighbouring compounds.

The properties of the polysiloxanes until
M’D;M’ are given in Table IL

Analysis of Active Hydrogen.—The deter-
mination of 9% H(-Si) was carried out by using
Zerewitinoff apparatus. The values in the data
obtained by adding butanol saturated with sodium
hydroxide to the sample or its butanolic solution,
were smaler than the calculated value with
M’B;M’ and M’D,M’, the causes of which may be
related to the formation of gelatinous mass!®) in
the reaction mixture. Accordingly, aqueous sod-

14) U. Takahashi, This Bulletin, 28, 443 (1955).
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ium hydroxide was added to the sample in ethanol,
as described by Sauer®, and the satisfactory
results were obtained with the higher polymers
without formation of gelatinous mass. Because
of the closed value of 9% H(-Si) as the polymer
size increased, it was necessary to characterize
each compound practically by_means of both %
H(-Si) and molecular weight.

Summary

(1) Tetramethylsilane, dimethylchlorosil-
ane and methyldichlorosilane and a small
amounts of trichlorosilane and hydrocarbon
by-product were found in the lower boiling
product (b. p. 26°-40°C) of silicon methylchlo-
ride reaction.

(2) Dimethylethoxysilane and methyldi-
ethoxysilane besides small amounts of di-
methyldiethoxysilane and triethoxysilane were
found in the ethanolysis product.

241

(3) Owing to the contamination of the
hydrocarbon by-product, dimethylchlorosilane:
could not be isolated by repeated distillation..
To characterize this substance, it was syn-
thesized from dimethylethoxysilane and ben-
zoylchloride.

(4) By hydrolysis, linear copolymers
M'D,M’ and M'D.M’ were found. Of these,
copolymers M'D,M’ having two to eight sili-

con atoms and M'DM’ have been character-
ized.

The authors wish to express their hearty
thanks to the Shin-etsu Chem. Ind. Co. for
giving them valuable samples.
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