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Microwave Absorption and Molecular Structure in Liquids. VII. Effects of Viscosity

and Dipole-Dipole Forces!
By A. J. Curtis,? P. L. McGEER, G. B. RatamanN aNDp C. P. SmyTH

The dielectric constants and losses of solutions of ¢-butyl chloride, methyl chloroform, #-tetradecyl bromide and e-chloro-
naphthalene in #-heptane and in a viscous paraffin oil, and of ¢-butyl chloride and n-tetradecyl bromide in carbon tetrachlo-
ride have been measured at wave lengths of 1, 3 and 10 cm. and temperatures between 4 and 60°. The slopes of the plots
of these quantities against concentration have been used to obtain a satisfactory arc plot for each system and to calculate the
critical wave length and the distribution of relaxation times. The results, in conjunction with previously published data,
show that the critical wave lengths or relaxation times of spherical or nearly spherical molecules are much less dependent upon
the viscosity of the medium than are those of unsymmetrical molecules, the rotation of which requires displacement of the

surrounding molecules.

Dipole-dipole forces are found to play an important part in hindering molecular rotation.

The

distribution of relaxation times tends to increase with increasing viscosity and is influenced by molecular size and shape.

When an electric field is applied to a liquid, the
polar molecules of the liquid tend to orient in the
field and the orientation period or relaxation time
depends upon the size, shape and rigidity of the
molecules and upon the viscosity of the liquid.
Spherical polar molecules in a homogeneous, uni-
form medium should have a single relaxation time.
Microwave measurements®¢ of dielectric constant
and Joss have shown that the orientation of mole-
cules in pure polar liquids occurs with a single re-
laxation time when the molecules are spherical or
nearly spherical, while a distribution of relaxation
times generally occurs when the molecular shape is
very different from that of a sphere. It has been
shown®-# previously that the relaxation time is gen-
erally not proportional to the measured macro-
scopic viscosity, although the Debye theory of di-
electric loss requires that it be proportional to the
internal or microscopic viscosity, which cannot be
directly measured. In the present investigation,
in order to accentuate the effect of viscosity, meas-
urements of dielectric constant and Joss have been
carried out upon dilute solutions of polar moleculesin
n-heptane, in carbon tetrachloride and in a viscous
paraffin oil. Measurements have also been made
upon pure {-butyl chloride.

Experimental Results

Most of the materjals have been purified by methods de-
scribed in another paper.! Methylchloroform obtained
from the Matheson Company was shaken repeatedly with
concentrated sulfuric acid, followed by distilled water,
10% sodium carbonate solution and more distilled water.
The material was dried over calcium chloride and fraction-
ally distilled three times, after which a constant boiling
fraction was obtained; b.p. 74.1°, #*p 1.4386; as com-
pared to literature values,®1! b.p. 74.1°, n¥p 1.4379,
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1.4384. The viscous paraffin oil used was nujol. After
attempts at low pressure fractionation of this material had
proved unprofitable, it was merely subjected to vacuum to
remove dissolved gas and used without further purification.
The small dielectric loss, usually about 0.001, found for the
liquid did not affect the slopes of the linear plots of the di-
electric losses of the solutions against concentration.

An earlier paper!? has described the methods used in
measuring the dielectric constants and losses of these solu-
tions and has shown that, in accordance with general ex-
perience, these quantities are linear functions of the con-
centration in dilute solution. The static dielectric con-
stant, e, the real part, ¢’, of the complex dielectric constant,
and the imaginary part or dielectric loss, ¢/, may thus be
represented by the equations

€ = ¢ + Goca

¢ =¢'1 + a'c

e = ¢e"1 + a'c

in which subseript 1 refers to the pure solvent, ¢, is the mole
fraction or weight fraction of polar solute, and ¢ is the slope
of the straight line for the dependence of the dielectric quan-
tity upon the concentration. The dielectric loss of heptane
is negligible and even for nujol it is so small that e’y = ¢, as
in the case of heptane. For heptane, we may thus take
" = 0, while the value ¢"; = 0.001 for the paraffin oil is
of the same magnitude as the probable errors in the solution
values.

Measurements at each frequency were carried out on at
least three and often six or seven solutions of concentration
less than mole fraction 0.08 for each solute and the results
are tabulated in condensed form in Table I as the slopes of
the dielectric constants and losses plotted against concen-
tration expressed in mole fraction for the n-heptane and
carbon tetrachloride solutions and in weight fraction for the
paraffin oil solutions. It has been shown?® that these slopes
may be substituted for the appropriate dielectric quantities
in the equations describing these properties. Each value of
a in Table I may be combined with the appropriate value of
¢ for the solvent in Table I1I to calculate e for a dilute solu-
tion of any desired concentration at a wave length A, cm.
It was observed that on taking into account the small correc-
tion for the atomic polarization in calculating the optical
dielectric constants, e, somewhat more consistent results
were obtainable. The results listed for a., the slopes of
the optical dielectric constants, have, therefore, been cor-
rected as far as possible to include the effects of atomic po-
larization.4®# Data for pure {-butyl chloride are given in
Table II. The values of the dielectric constant, ¢, of the
pure solvents and their viscosities are given in Table III.

Discussion of Results

It has been shown$ that, when the values of the slope,
a”, of the loss curve are plotted as ordinates against those of
a’ as abscissas, the arc of a circle is obtained, as in the Cole
and Cole ploti® of ¢” against ¢/. When the dipole orienta-
tion process responsible for the dielectric loss involves only a
single relaxation time, the arc is a semicircle with its diame-
ter in the abscissa axis. When the orientation process in-
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volves a distribution of relaxation times, the diameter of
the semicircle is rotated through an angle ax/2 below the

1-C1HayBr—Paraffin
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abscissa axis, the constant o« being an empirical measure of 4 0.11 1.60 1 0.22 0.12
the breadth of the distribution. This is illustrated in Figs. 3 .27 .21
1 and 2, in which the values of a” for a-chloronaphthalene 20 11 1.46 1 21 .16
are plotted against those of a’. The values of « are deter- 3 31 25
mined from the arc plots and the values of the critical wave ' ’
length Ap, at which e’ or ¢” is a maximum, are calculated by 5 .51 .34
the methods used previously.®! The results, which include 10 .59 .36
previous measurements® on (-butyl chloride in heptane for 40 11 1.32 1 .20 21
comparison, are given in Table IV. In earlier investigations, 3 33 30
the viscosity of each solution was measured, but this pro- ’ )
cedure was abandoned when it became evident that the 5 .59 -82
dielectric behavior was not generally sufficiently sensitive to 10 .66 .34
viscosity to make it worthwhile. 60 11 1.15 1 .20 .24
3 .42 .32
Tapie 1 5 .68 .35
SLOPES FOR DEPENDENCE OF DIELECTRIC CONSTANTS AND 10 .73 .32
LossEs UpoN CONCENTRATION
¢ °C. G a X a’ a” 7-Cy Hay Br—CClL
t-CH,Cl—Paraffin 20 0.0 4.20 1 0.41 0.90
20 -0.19 4.8 1 339 1.65 3 118  1.27
3 4.40 0.90 10 2.68 1.46
10 4.73 41 40 .0 3.76 1 0.5¢4 0.95
40 -0.19 443 1 3.27 1.48 3 146 1.28
3 4,04 0.68 10 2.70 1.20
10 4.21 .32 60 .0 3.34 3 1.60 1.18
10 2.76 0.98
+-CH,Cl—CCl,
4 -0.19 3 5.9 1.40 a-CroHCl—CyHe
10 6.20 0.27 20 0.65 2.48 1 1.20 0.71
20 - .19 5.75 1 4.17 2.60 3 1.90 .78
3 5.42 1.16 10 2.42 .38
10 5.81 0.23 40 .65 2.31 1 1.26 .71
40 - .19 5.11 1 3.89 2.08 3 1.90 .66
3 4.93 0.86 10 2.29 .28
10 5.09 .17 60 .65 2.13 1 1.34 .71
3 1.90 .55
CHaCCL—CyHu 10 2.12 .22
20 0.19 2.50 1 1.97 0.76
3 2.4 .82 a-CypH;Cl—Paraffin
40 .19 2.23 1 1.85 .63 2.5 0.37 1.98 1 0.51 0.17
3 2.12 .26 3 .55 .26
60 .19 1.99 1 1.73 .52 10 .01 .44
3 1.95 20 20 .37 1.88 1 .53 .23
CH;CCly—Paraffin 13 . gg - gii
20 0.04 2.43 1 1.45 0.90 40 37 1.77 1 0.53 o6 .
3 2.16 .54
3 .71 .38
10 2.25 .23 10 1.19 50
40 04 2.18 ! 1.38 -82 60 .37 1.65 1 0.55 .30
3 1.98 .42
3 .78 .43
10 2.08 .17 10 1.33 43
60 .04 2.00 1 1.14 74 ’ ’
3 1.82 .33
10 1.2 .15 Tasee 11
D ¢ PROPERTIES OF PURE ¢-BUTYL CHLORIDE
#-CyyHyBr—C;Hye 1 I:ECI;ECTRI . Tg o , vL CH 1:
. . € a m
4 0.59 3.40 5 252 092 4 101 1102 0.903 0.0 1.08
10 2.62 1.00 3.92 10.11 2.6
20 .59 3.22 1 1.00 0.71 ) ) )
1.25 7.04 4.68
8 1.72 96 Optical 1.94
5 2.38 .89
10 2.60 83 20 10.1 10.06 0.704 0.0 0.90
40 59 3.00 3 1.8 .86 8.2z 948 2.0
5 2.98 76 1.25 7.17 4.12
10 2.5 .70 Optical 1.92
60 .59 2.79 1 1.23 .81 40 10.1 9.01 0.536 0.0 0.82
3 1.94 .78 3.22 8.82 1.5
5 2.16 .66 1.25 7.26 3.41
10 2,53 .65 Optical 1.89
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TasBLE II1

DieLECTRIC CONSTANTS AND VISCOSITIES (CENTIPOISES) OF
NON-POLAR SOLVENTS

t, °C. « n

n-Heptane 4 1.944 0.510
20 1.922 .420
40 1.895 .339
60 1.866 .280

Paraffin 4 2.195 279

20 2.177 108

40 2.157 38

60 2.138 15
Carbon 4 2.270 1.231
tetrachloride 20 2,238 0.969
40 2.202 .741
60 2.160 .587

Orientation of a polar molecule in an externally applied
field merely requires rotation of the molecule, while the
process of viscous flow requires both rotation and transla-
tion. It has been suggested previously’ that, if the shape
of the molecule undergoing dipole orientation departs little
from that of a sphere, it can rotate without any considerable
displacement of the surrounding molecules. In this case,
its relaxation time should be relatively insensitive to the
macroscopic viscosity of the medium measured by the usual
methods. If, however, the molecule is unsymmetrical in
shape, its rotation, around at least one axis, must involve
the displacement of neighboring molecules, and the corre-
sponding relaxation time should depend markedly upon the
viscosity of the medium. Indications of this behavior were

1.0
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Fig. 1.—Arc plots for solutions of a-chloronaphthalene in
n-heptane; hollow circles, values at 20°; filled circles,
values at 60°.

0.5

0.0

Fig. 2.—Arc plots for solutions of a-chloronaphthalene in
viscous paraffin oil; hollow circles, values at 2.5°; filled
circles, values at 60°,
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given by the results of previous measurements,”® but the
critical wave lengths in Table IV make it more evident.

TABLE IV

DisTRIBUTION CONSTANTS AND CRITICAL WAVE LENGTHS
(CM.) orF SOLUTIONS

Solute Solvent ¢, °C. a Am
t-QHnCl n-C-,Hu 20 0.2 0. 3
40 .2 .3
CcCl 4 .02 .70
20 .02 .65
40 .04 .60
Paraffin 20 .19 .5
40 .21 .4
CH:CC]: ‘n-CaHu 20 .12 .45
40 .12 .40
60 11 .34
Paraffin 20 .16 .83
40 17 .67
60 .17 .56
n-CyHyBr  C;His 20 .18 4.1
40 .18 3.1
60 .19 2.4
ccy 20 .20 6.7
40 .19 4.7
60 .18 3.3
Paraffin 4 .38 35
20 .36 19
40 .32 12
60 .27 6.6
a-CmH-,Cl C'lHu 20 . 07 2 . 0
40 .04 1.7
60 .02 1.35
Paraffin 4 .31 21
20 .25 12
40 .22 7.4
60 .16 5.0

For the almost spherical molecule of t-butyl chloride, the
critical wave length at 20° is only 2/, greater in the viscous
nujol than in heptane, although the viscosity of the nujol is
257 times that of heptane. At 40°, the critical wave length
in nujol is 1/; greater, although the viscosity of the nujol is
112 times that of heptane. For the methylchloroform mole-
cule, which is similar in size and shape to the ¢-butyl chlo-
ride molecule, the critical wave length is slightly higher in
heptane and increases a little more from heptane to nujol
than does t-butyl chloride. The small differences between
the values for the two solute molecules may be due to the
slightly lgreater polarizability of the methylchloroform
molecule with consequently greater intermolecular attrac-
tion and frictional forces.

The long flexible molecule of n-tetradecyl bromide in hep-
tane has a much longer critical wave length than the two
smaller, nearly spherical molecules just considered and shows
a nearly fivefold increase from heptane to nujol at 20°, much
larger than the relative increase for the two nearly spherical
molecules. Although the longer molecule of #n-docosyl
bromide, #-CssHyBr, gives dipole orientation in the crystal,
presumably by rotation about the long axis in a cylindrical
volume,!* the molecules of the long-chain bromides in the
liquid state are probably less regular in form. Consequently,
dipole orientation by rotation either of the entire molecule
or of a molecular segment about a carbon—carbon bond
should involve some displacement of the surrounding mole-
cules and, hence, the greater dependence upon viscosity
which has been noted. The somewhat flattened, rigid mole-
cule of a-chloronaphthalene shows a critical wave length in
heptane at 20° half as long as that of #-tetradecyl bromide,

(14) J. D. Hoflman and €. P. Smyth, Tmia Joumnat, 72, 171
(1950).
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but the value in nujol is six times that in heptane, a relative
increase slightly larger than that in the case of the long,
flexible molecule and much larger than those for the nearly
spherical molecules. This sixfold increase would seem to
indicate a considerable amount of translational displacement
of the surrounding molecules when the polar molecule
orients, but the sixfold increase in relaxation time is still very
small in comparison to the 257-fold increase in viscosity,
the relaxation time being supposed to be proportional to the
internal viscosity. In spite of the parallelism between the
mechanism of dipole orientation and that of viscous flow
as indicated by the dependence of both upon temperature
and molecular size, there would still appear to be consider-
able quantitative differences between the two processes.

The significance of the results in Table IV is more evident
when they are combined with the values compiled in a pre-
vious paper,8 together with a few,others taken from the
literature, In Table V, the second and third columns give
the viscosities and critical wave lengths of the pure, liquid
solutes listed in the first column and the subsequent columns
give the critical wave lengths of the solutions in the solvent
listed at the top of each column, the viscosity of each solvent
being given below its formula.

TABLE V

CriricAL WAVE LENGTHS (CM.) AND ViscosiTies (CENTI-
POISES) AT 20°
Am for solutions in

CisHye Nujo! CeHiz CeHs CCl
Pure solute CiHu g5 =

Solute n Am 2 3.8 108 0.97 o0.65 0.97
<CJHLCl1 0.63 0.90 0.3 0.5 0.3 0.85
CH,CCl1y .45 ~ .8
CHClL, .56 1.4 .58 .60 1.34 .94
CaH;Br .40 0.8 .3 0.4 .4 0.8
CsHurBr 1.5 4.6 2.1 3.8 3.1
C.«HaBr 4,87 12,3 4.1 19 8.7
CsH;Cl1 0.80 2.1 1.47 1.56
CsHaBr 1.16 3.4 2.0 2.0
CsHCH, 0.59. 1.4%
CeHiNO2 2.01 918 1.3 1.8 2.4 2.9
a-CuH:Cl 3.33 11.0 2.0 12
a-CuHiBr 4.98 17.6 2.7

The measurements in the viscous paraffin (nujol)
solutions already discussed seem to provide strong
confirmation of the hypothesis that the critical wave
lengths or.relaxation times of nearly spherical mole-
cules are much less dependent upon the viscosity of
the medium than are those of unsymmetrical mole-
cules, the rotation of which requires displacement of
the surrounding molecules. This is shown also in
Table V by the greater viscosity dependence of the
critical wave length for #-octyl bromide than of that
for ethyl bromide. ‘

While both viscous flow and dipole orientation in
liquids are dependent upon the van der Waals
forces acting between the molecules, the differences
between the mechanisms of the two processes may
result in relatively different effects of the van der
Waals forces. Since the medium surrounding the
dipolar molecule is not continuous, but consists of
other molecules with fluctuating gaps of various
sizes between them, the effects of the van der Waals
forces upon dipole orientation will depend some-
what upon their type. Of the three types of inter-
action, in terms of which van der Waals attractive
forces may be described, the dispersion or London
forces act in all liquids; the dipole-induced dipole
forces act between the dipolar molecule and the
molecules surrounding it; and, if the latter are di-
polar as in a pure polar liquid, dipole-dipole forces
also act. Since the potential energy of a dipolar
molecule due to these latter forces should change

(15) P. Girard and P, Abadie, Trans. Faraday Soc.. 434, 40 (1946).
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rapidly as the dipole is rotated, they should contri-
bute considerably to the potential barrier hindering
rotation and thus increase the critical wave length.
As the other two types of van der Waals force are
dependent upon molecular polarizability, this quan-
tity, which is proportional to the refraction, should
be an important factor in determining the relaxa-
tion time or critical wave length.

It was previously suggested® very tentatively
that ‘‘the apparent tendency of the critical wave
length of the pure polar liquid to be longer than
that of the solution of about the same viscosity may
be due to hindrance of molecular rotation by dipole-
dipole interaction, which is present in the pure lig-
uid and largely absent in the dilute solution.” This
hypothesis receives strong support from Table V,
in which only the very viscous nujol solutions show
critical wave léngths longer than those of the corre-
sponding, pure polar liquids, Indeed, the nearly
spherical f-butyl chloride molecule, whose orienta-
tion is relatively independent of the viscosity of the
medium, shows almost twice as great a critical
wave length in the pure liquid state as it does in
solution in nujol, which has 200 times the viscosity.
An essentially similar result of dipole—dipole forces
is shown by the solutions in carbon tetrachloride,
which has no molecular dipole moment, but con-
tains four compensating C-Cl dipoles in the mole-
cule. The critical wave lengths of {-butyl chloride,
chloroform and nitrobenzene are higher in carbon
tetrachloride than in cyclohexane solution, al-
though carbon tetrachloride has the same viscosity
as cyclohexane at 20°. It is reasonable to attribute
this behavior to the force between the solute dipole
and a C-Cl dipole, whose local force field is not
cancelled by the other three C-Cl dipoles in the car-
bon tetrachloride molecule. The question may be
raised whether the effect of carbon tetrachloride in
lengthening the critical wave length may be due not
to its local dipoles, but rather to its high polarizabil-
ity, which undoubtedly contributes to the intermo-
lecular forces. If, however, the polarizability had
more effect than the local dipoles, the critical wave
length of ¢-butyl chloride should be higher in carbon
tetrachloride, which is more viscous, than in the
pure liquid state. The higher critical wave length
in the pure liquid state seems to confirm the impor-
tance of dipole—dipole forces.

The data for the four monosubstituted benzenes
in Table V give further evidence in support of these
views. The small increases in molecular volume
and polarizability from the chloro to the bromo
compound in both the substituted benzenes and
naphthalenes cause increases in viscosity and criti-
cal wave length somewhat larger than would be ex-
pected. The toluene molecule is identical in size
and shape with that of bromobenzene, but its di-
pole moment is only !/, as large. The viscosity of
bromobenzene is twice as large, but the critical wave
length is 2.4 times as great, presumably, because of
greater dipole-dipole forces. Nitrobenzene has a
dipole moment about 2.7 times that of bromoben-
zene and a viscosity about 1.7 times as great, but a
critical wave length, estimated approximately from
the loss curve given by Girard and Abadie, about
2.6 times that of bromobenzene. The high criti-
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cal wave length of nitrobenzene in the pure liquid
state is evidently due to dipole—dipole forces since,
in cyclohexane and benzene solutions, where dipole—
dipole forces are unimportant, its values are close to
those of bromobenzene.

The critical wave lengths of the solutions in ben-
zene are generally higher than would be expected
from the viscosity of the liquid. Benzene is a bet-
ter solvent than aliphatic hydrocarbons. It has
been found!® to have an abnormal effect upon the
dipole moment of ethylene chloride, raising it above
the values observed in other nom-polar solvents.
Although the benzene molecule has no dipole 1mo-
ment as a whole, it has six symmetrically located
C-H dipoles, which, on the basis of comparative
boiling points, Van Arkel!” has proposed to have
moments of the same magnitude as the highly polar
C-F bonds. Such a moment value (about 1.4 X
107'8) is far larger than that ordinarily attributed
to the C-H bond, 0.3 to 0.5 X 10~18, in both aro-
matic and aliphatic compounds.!®* However, from
the intensities of vibration bands, Cole and Thomp-
son!® have obtained a mean value of about 0.57 X
10—!® with the hydrogen atom positive with re-
spect to the carbon. If the relatively small size

(16) A. E. Stearn and C. P. Smyth, THaIs JournaL, 56, 1667
(1934),

(17) A. B, Van Arkel, Trans. Faraday Soc., 42B, 81 (1948); see also
J. H. van Santen, ibid., 42A, 165 (1946).

(18) W. L. G. Gent, Quart. Res., 2, 383 (1948);
Phys. Chem,, 41, 209 (1937).

(19) A. R. H. Cole and H. W. Thompson, Trans, Faraday Soc., 46,
103 (1950).
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of the hydrogen atom permits these dipoles to come
close to neighboring molecules, they may well give
sufficiently strong dipole-dipole forces to account
for the abnormality of benzene.

The values of the distribution constant « in Table
IV resemble those previously found* for pure liq-
uids in that they tend to increase with increasing
viscosity. The temperature dependence of a for
the solutions of low viscosity is within the large ex-
perimental error in the parameter. The nearly
spherical molecule of {-butyl chloride shows a dis-
tribution constant indistinguishable from zero in the
pure liquid state and in solution among the nearly
spherical molecules of carbon tetrachloride. The
large and somewhat unsymmetrical molecules of a-
chloronaphthalene and a-bromonaphthalene?® in
heptane solution similarly show little or no distribu-
tion, and only a small distribution in the pure state.*
All of the solutes show a considerable distribution
in the viscous paraffin oil, the distribution being
greater, the larger the molecules. More data are
needed before definite conclusions may be drawn,
but the few available results suggest that when the
solvent molecules are sufficiently large in compari-
son to those of the solute, their distribution may not
average out sufficiently during the orientation proc-
ess to give uniform environment to the solute mole-
cules. Variation of molecular shape and segment
orientation should give distribution in the tetra-
decyl bromide solutions, irrespective of the solvent
molecules.
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The Formation of Arylsilylpotassium Compounds

BY ROBERT A. BENKESER, HERBERT LANDESMAN AND DONALD J. FOSTER

Organosilylpotassium compounds have been prepared by the reaction of substances containing the 3Si-H or 3Si-OR
linkages with a 1:5 Na/K alloy. Thus triphenylmethoxysilane, triphenylsilane and tri-p-xenylsilane all react with this
alloy and the resultant organometallics can be coupled with bromobenzene, triethylchlorosilane, methyl iodide and p-

bromobiphenyl.
benzene to yield tetraphenylsilane.
ment,

In a previous publication from this Laboratory!
triphenylsilylpotassium was prepared in ethyl
ether by the cleavage of phenylisopropyltriphenyl-
silane with liquid Na/K alloy (1:5 by weight).®
We are now reporting the preparation of arylsilyl-
potassium compounds by the reaction of Na/K
alloy with compounds containing the —=SiH or
—3Si-OR linkages. The following reactions were
carried out.

(CeH;)sSiOCH; (1) Na/K - (CeH;)SiSi(CoHs)s (a)
(2) (Csz)asICI
(Cosit ~2 K s )
(2) CeHsBl’

(1) R. A. Benkeser and R. G. Severson, THIS JOURNAL, T8, 1424
(1951).

(2) In a private communication to us Dr. Henry Gilman reported
that potassium alone will undergo similar reactions. Thus far we have
not been successful with sodinm alone but bave continued with the
use of the Na/K alloy becaise of the convenience involved in pipetting
it into the reaction flask,

Diphenylsilane and phenylsilane also react with Na/K alloy and the product can be coupled with bromo-
Triethylsilane does not seem to react with the alloy under the conditions of the experi-

(1) Na/K
e
(2) CHsl
(CaHs)sSiSi(CeHs)g + (CeHg);SiCH; (C)
(1) Na/K
(2) p-CeH:CsH.Br

(CeH;)sSiH

(p-CeHsCoHy):SiH

(ﬁ‘CsHngH‘)ASi
(d)

(1) Ta/k (CsHs)eS1 (e)

CsHs)oSiH

(Cs 5):51H, (2) CeH:Br
1) Na/K

(CsH;5)SiH; L /
(2) CgHsBr

Na/K

(CgHa)aSiH —3> N.R. (g)
It is to be noted that in reaction (¢} two products
were obtained. In fact the hexaphenyldisilane
was formed in larger yield than the expected cou-
pling product. This is in contrast to the previous
report? that triphenylsilylsodium reacts with methyl

(3) C. A, Kruus and H. Katough, Turs Jourwar, 56, 53008 (1933).

(CeHs)eSi £9)



