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[CONTRIBUTION FROM THE RESEARCH LABORATORY OF THE GENERAL ELECTRIC Co.] 

Kinetics and Thermodynamic Properties of the Disproportionation of 
Met hylchlorosilanes 

BY PAUL D. ZEMANY AND FRASER P. PRICE 

It has been known for some time that organic 
compounds containing silicon undergo rearrange- 
ments under conditions which produce relatively 
little change in their carbon analogs.' Previous 
investigations2 of the quantitative aspects of 
these and similar disproportionations with other 
metal alkyls indicate that a random distribution 
of groups attached to the metal prevails a t  equi- 
librium. I n  other words the heat of reaction is zero 
and the free energy of reaction and hence the 
equilibrium distribution depend solely on the 
entropy. A recent paper3 described the dispropor- 
tionation of methylchlorosilanes a t  elevated tem- 
peratures and pressures in the presence of a cata- 
lyst, usually aluminum chloride. The results 
showed that the equilibrium distribution of 
meth.ylchlorosi1anes did not correspond to that 
predicted on the basis of a purely random distri- 
bution of groups attached to silicon. This ob- 
servation presented an interesting and heuristic 
deviation from the work of previous investigators. 
The present study was undertaken to refine fur- 
ther the observations of Sauer and Hadsell and if 
possible to discover a mechanism for the dispro- 
portionation. 

Silicon tetrachloride and silicon tetramethyl in 
addition to all the methylchlorosilanes were used 
in this investigation. For the purposes of brevity 
the following symbols will be used to represent 
these compounds. 

Q = IMClr 
T = CHsSiCls S = (CHa)& 

M = (CHs)sSiCl 

D = (CHs)2SiC12 

Experimental 
Apparatus.-A diagram of the apparatus is presented in 

The bomb was a standard high pressure vessel of Fig. 1. 

TO TRAP Et PUMP 

Fig. 1.-Schematic diagram of apparatus. 

(1) Dolgov and Volnov, Zhur. ObscM Khim, I, 1-104, (1931). 
(2) Calingaert, Soroos and Hnizda, THIS JOURNAL, 62, 1107 

(1940). 
(8) Spuer and Esdrell, ibid.. 70, 4268 (1948). 

170-ml. capacity manufactured by the American Instru- 
ment Company. The bomb heater was one of a conven- 
tional design manufactured by the same company. The 
temperature was controlled by a Brown Pyrometer Con- 
troller which used a chromel-alumel thermocouple for its 
thermo sensitive element. The desired temperature was 
maintained to  within *2O. 

A General Electric analytical mass spectrometer fitted 
with a control to  sweep the magnet current and with a 
Brown Electronik Recorder to record the peak height was 
used for the analyses. 

Materials.-Trimethylchlorosilane, dimethyldichloro- 
silane and methyltrichlorosilane had been previously pre- 
pared in this Laboratory and were used without further 
purification. 

The method of analysis using the mass spectrometer was 
sufficient to ascertain that these materials never contained 
more than traces of polysiloxanes. 

Silicon tetrachloride of C.P. grade was obtained from the 
Stauffer Chemical Co. and was used without further puri- 
fication. 

The aluminum chloride was the C.P. material obtained 
from Eimer and Amend. 

Tetrsynethylsilane was prepared by adding trimethyl- 
chlorosilane to  methylmagnesium bromide in dibutyl ether. 
The material boiling below 142" was stripped out and sub- 
jected to distillation in a column of about ten theoretical 
plates. The material boiling between 26 and 27' was col- 
lected and again put through the same column. This time 
the material boiling between 26.0-26.5 O was collected. 
It was analyzed on the mass Spectrometer and showed the 
expected peaks resulting from fragmentation of (CHS),Si. 
In  addition, however, fairly large peaks occurred at mass 
numbers of 59, 45, 31 and 29. These could only be ex- 
plained on the basis of fragments containing Si-H bonds. 
Even after treatment of a portion of the material with al- 
kali the cracking pattern in the mass spectrometer was 
the same. Therefore it is concluded that the peaks result 
from some rearrangement in the spectrometer tube. 

Method.-The procedure in making a run was as follows: 
weighed amounts of aluminum chloride and of the chloro- 
silanes were introduced into the bomb and the bomb closed 
as rapidly as possible. It was then put in the heating 
mantle and attached to  the vacuum line. The line includ- 
ing the large expansion bulb was then evacuated and the 
air flushed out of the bomb by opening the high pressure 
valves and alternately opening and closing the expansion 
bulb stopcock until the manometer indicated the same pres- 
sure between two successive openings. While this pro- 
cedure introduced some uncertainty into the weight of 
chlorosilanes in the bomb it will be shown later this was of 
no consequence. The bomb was then brought to  the de- 
sired temperature and sampling was begun. 

The method of sampling was as follows: a sample of the 
gas mixture was admitted to the section of line between the 
two high pressure valves and was pumped away. Then 
another sample was admitted to  this section and trans- 
ferred to  the expansion bulb by freezing it there with 
liquid air. This procedure removed a maximum of 1% 
of the bomb charge per sample. When transfer was com- 
plete the stopcock on the expansion bulb was closed and 
the liquid air was removed. After coming to room 
temperature a portion of the expanded gas was transferred 
to the sampling bulb and analyzed on the mass spec- 
trometer. In  the kinetic runs a sample was taken im- 
mediately after the bomb had reached the desired tem- 
perature and at appropriate intervals thereafter until 
five samples had been removed. In the runs where only 
the equilibrium conditions were determined the reaction 
was allowed to  proceed for fifteen to  twenty horn before 
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the iirst sample was taken and at least one and sometimes 
two samples were taken thereafter at three to four hour 
intervals. Determinations of equilibrium constants were 
always made from both sides of the equilibrium. 

The samples were analyzed on the mass spec- 
trometer by determining the relative heights of 
several predetermined peaks characteristic of the 
individual methylchlorosilanes and applying the 
formula 

where Pa and Pb are mole percentages of compo- 
nents A and B, respectively, ha and h b  are the 
peak heights and FAB is a factor determined by 
calibration of the mass spectrometer with known 
mixtures. These calibration mixtures were made 
up by pipetting, weighing and mixing the liquid 
chlorosilanes under investigation. This was done 
in glass stoppered flasks which when open to the 
air had a slow stream of dry nitrogen passing 
through them. The quantities of the chlorosilanes 
used (ca. 25-50 g.) were handled rapidly while ex- 
posed to the air and were large enough so that 
the hydrolysis during this time was negligible. 
This was demonstrated by the presence of only 
negligible amounts of polysiloxane fragments in 
the mass spectrometer. It has been shown that 
the deviation from random distribution results 
in systems composed a t  the most of three methyl- 
chlorosilanes3 in measurable amounts. These sys- 

PEAKS 

Mass 
no. 

168 
148 
135 
133 
128 
113 
108 
93 
73 
In 

TABLE I 

.THE MASS SPECTROMETER 
UsEn IN ANALYSIS OF METHYLCHLOROSILANES BY 

Used to 
Fragment analyze 

Fragment from System for 

SiCl486+ Q DTQ Q 

SiC137C123s+ T MTD T 
SiC18" + T MTD T 

(CHa)SiC1236+ Il SMD D 
(CHS)aSiC136+ M MTD M 
(CH3)2SiC13"+ D, M SMD" M 

CH8SiC13"+ T DTQ,MTD T 

(CH8)2SiC1236+ D DTQ,MTD D 

(CH&Si + M , S  MTD,SMT" M,S" 
the SMD system the parent peaks were too small 

to be usable for analysis. Hence the 93 and 73 peaks 
composed of fragments from D + M, and M + S, re- 
spectively, were used. The calculation of calibration 
factor were made using the following formulas 

where the "F's" are the calibration factors, the "P's" are 
the mole percentages of the component indicated by the 
subscript, the "h's" are the peak heights of mass numbers 
indicated by the subscripts and 

hss 
hiis 

ha 

Ras = - for pure D 
and 

R,, = g for pure M 

tems were: (CH3)4Si, (CH3)sSiCl and (CH3)2SiC12, 
(SMD system) ; (CH,)sSiCl, (CHs)2SiC12, CHs- 
Sic&, (MDT system) ; and (CH3)2SiC12, CH3SiC13 
and SiC14, (DTQ system). The peaks used for the 
analysis of the various systems and the fragments 
represented thereby are given in Table I. 

Since the actual numerical values of the calibra- 
tion factors are dependent upon the operating 
conditions and the geometry of the mass spectrom- 
eter they are not given.4 

Equilibria 
The MDT system at 350' was most extensively 

investigated both from equilibrium and kinetic 
viewpoint. The equilibrium constants, Km, were 
calculated from 

where the subscript "e" denotes equilibrium con- 
centration. Actually the percentage ratios as de- 
termined by the mass spectrometer were used di- 
rectly as Km is dimensionless and only the ratios 
of concentration are involved. Table I1 summa- 
rizes the results for the MDT system a t  350". 

TABLE I1 
EQUILIBRIUM CONSTANTS FOR THE REACTKON, 

M f T = 2 D  
Temp. = 350"; 1.15 g.  AlCla; time, 15-20 hr. 

0.44 D 40.2 
.25 D 39.3 
.48 M 4- T (.VI) 40.3 
.25 M + T (1/1) 40.1 

Approx. total molar Starting 
concentration materials Km 

Av. 39 .9  

While no measurement of pressure was made 
in these cases, subsequent experiments and also 
Sauer's data show that the pressure for the larger 
amounts of materials was about 675 p. s. i. g. 
Presumably with the smaller bomb charge it was 
approximately one half that. While the small 
deviation of Km shown in Table I1 is probably 
fortuitous no measurable effect of pressure upon 
Km is observable. This leads to the conclusion 
that while the system is far from ideal, the activity 
coefficients change in such a way as to compensate 
for the non-ideality. Hence considerable reliance 
can be placed on manipulations of K m  to obtain 
thermodynamic data. 

Table 111 summarizes all the thermodynamic 
data obtained for the SMD and the MDT sys- 
tems. 

The error in K m  is about 5y0. This introduces 
an error of about 0.7 kcal. in' AHo and AFo and 
about 0.5 e. u. in AS". 

In order to prove conclusively that the catalyst 
had no effect on the equilibrium one run in the 
MTD system a t  350' had four times (4.6 g.) the 

(4) Dr. F. J. Norton of this Laboratory is writing a paper for 
future publication on the details of analysis ot methylcholorodlaner 
using the maaa spectrometer. 
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TABLE I11 
EQUILIBRIUM. CONSTANTS K,; HEATS H", ENTROPIES So 

AND FREE IZNERGIES, F", OF METHYLCHLOROSILANE 
DISPROPORTIONATION 

Bomb vol. 170 cc., AIC4 = 1.15 g. Time 15-20 hr. 
c-Km- A H o ,  AS', AF'obo, 

System 850' 420' kcal. e. u. kcal. 
SMD" '74.3 54.9 -3 .6  2 . 8  -5 .4  
MDT 39.9 29.8 -3 .6  1 .6  -4 .7  
a K,  = M.'/S,D,. 

normal amount of catalyst introduced into the 
mixture. The equilibrium constant in this case 
was 39.3, which is well within the experimental 
error of the measurements. 

When this investigation was started it was 
planned to obtain data on the DTQ system also. 
However, i t  was found that this system ap- 
proached equilibrium so slowly a t  any obtainable 
temperature that it was impossible to get useful 
data. 

With 5 g. of aluminum chloride a t  420' starting 
with pure T after twenty hours the composition 
was 92% T, and 4% each of D and Q while start- 
ing with equal amounts of D and Q after the same 
time there was only 10% T and 45% each of D 
and Q, This slowness of reaction is probably due 
to a high energy of activation. 

It is unfortunate that we were unable to obtain 
useful data on the DTQ system for had we been 
able to do so we would have been able, with the 
aid of data already available,6 to calculate heats 
and entropies of formation of the methylchloro- 
silanes. As it stands it is impossible due to the 
form of the equations even to calculate these 
quantities relative to each other. 

It will be noted in Table I11 that the heats of 
reaction for the disproportionation of both 
(CH&SiCl and (CHs)&iC12 are the same while 
the difference in the numerical values of the equi- 
librium constants is due to the ASo terms. On the 
basis of random distribution,s the A s o  terms 
should have been 1.9 e. u. and 0.4 e. u. for the 
SMD and MDT systems, respectively. 

Kinetics 
The majority of kinetic experiments were done 

on the MDT system a t  350'. They were made a t  
a variety of starting concentrations from both 
sides of the equilibrium, the aluminum chloride 
concentration also being varied. In order to de- 
termine whether the reaction was heterogeneous 
the bomb was packed with 11 g. of steel wool hav- 
ing a surface of about 200 sq. cm./g. This in- 
creased the available surface by a factor of about 
ten. Plots (of concentration of D as a function of 
time were identical within experimental error, 
with similar runs made in the unpacked bomb. 
It is therefore concluded that this reaction is 
homogeneous. Furthermore, the system must be 

(6 )  Latimer, T H I ~  JOUENN,, 44, 90 (1922); Aston, e: ai., iQid., 68, 

(6) Calculateci from So - - R  In u -I- Const., where c - sym- 2343 (1941). 

metry number. 

totally gas since 350' is well above the critical 
temperatures for all components except the alu- 
minum chloride. This has a critical temperature 
of 357' and with the small amount present it was 
almost certain to be all gas. 

Plots were then made of concentration of D 
versus time and it was found that the half time 
was fairly constant regardless of the bomb charge. 
However, since the zero time of the reaction was 
in doubt, the time required for the reaction to go 
from 25 to 50% completion was taken as the 
measure of reaction order. Completion was taken 
as the equilibrium concentration of reactants. 

This time required to go from 25 to 50% com- 
pletion is the time required to proceed one-third of 
the remaining distance to equilibrium (tl/J. The 
results of these calculations are given in Tables 
IV and V. 

TABLE IV 
ONE THIRD TIMES FOR REACTION 2 0  - M + T 

Temp. 350", bomb vol. 170 cc. 

charges, AlClr, {I! 1, 

0.48 1.15 82 
.44 1.15 71 
.37 1.15 95 
.15 1.15 85 

Av. 83 0.0105 
.49 2.30 58 .0075 
.48 0.65 194 .0078 

TABLE V 
ONE THIRD TIMES FOR REACTION M + T = 2 0  

Temp. 350", bomb vol. 170 cc. 

1 Approx. starting 

moles g. min. # I / ,  X AlCli 

Aoorox. 
1 scakting 

charge, Initial AICla, t!, a,  .___ 

moles (-44/T)5 g. min. 1111 X AlCl 

0.47 0.99 1.15 49 
.25 1.00 1.15 49 
.125 1.10 1.15 47 
.43 1.70 1.15 46 
.46 1.59 1.15 64 
.43 .855 1.15 63 

Av. 53 .016 
.50 1.07 0.65 123 .013 
.50 .96 2.30 36 .012 
.51 1.01 4.60 14 .015 

Calculated from the average difference in concentra- 
tion of M and T as determined from mass spectrometer 
analysis. This eliminates any assumption as to relative 
amounts lost while removing air from bomb. 

Also in these tables are given l / ( t l / ]  X AlCla). 
This function shows no drift with varying alu- 
minum chloride concentration and hence the best 
approximation to the plot of 1/t1/~ us. AlCL is a 
straight line and since l / tyI  is proportional to the 
rate, the rate must be proportional to aluminum 
chloride concentration. Inspection of the results 
of Tables IV and V shows tl/, to be independent 
of starting concentrations of reactants provided 
the aluminum chloride concentration is kept con- 
stant. This means that the reaction is first order. 
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Also, since it can be shown that t l / ,  = t l / ,  log l / ~ /  
log 2/8, the half times were calculated to be 142 
minutes for reactions in Table IV and 91 minutes 
for those in Table V where the aluminum chlo- 
ride charge was 1.15 g. 

Another pertinent property of this system was 
demonstrated by the following experiment. The 
bomb was charged with 53.4 g. of (CH&3iC12 and 
was brought to 350” and the pressure measured 
with a 2000 p. s. i. Ashcroft Laboratory gage 
with 10 p. s. i. subdivisions. Then the bomb was 
charged with the same weight of (CH&SiC12 but 
4.60 g. of aluminum chloride was added and the 
pressure measured at the same temperature. 
Without the aluminum chloride present the pres- 
sure was 672 p. s. i. g., with the aluminum chloride 
present i t  was 678 p. s. i. g. Since this weight of 
aluminum chloride would have produced 75 p. s. i. 
assuming the gas was the dimer acting ideally, it 

This mechanism upon solving the usual steady 
state equations for 

d Y / d t  = 0 and dZ /d t  = 0 
yields 

(6) _ _ =  1 dM 
Co dt k-aM + k-5T + (k4 + ka)D 

k-ak-~(D‘/K, - T M )  

letting K4 = kJk-, and K ,  = k6 /k - , ,  then 

Also it can be shown that 

(7) 

Letting111 = a - x, T = b - x, D = 2x 
Where a and b are initial concentrations or per- 

centages, of M and T ,  respectively, and x is the 
concentration, or percentage, of each used up in 
time t, equation (6) integrates to 

[(& - 1)r’ + x(a + b)  - ab + 2(a + b) (k4 + k 3  + 2 ( S m ) C o k - r k - d  = (2k4 + 2ks - k-4 - k-s)ln 1 1  K m  

Const. (8) 

must have been quite completely associated in where the subscript “e” denotes equilibrium value. 
some way with the chlorosilanes. In all the calculations of rate constants the con- 

Any mechanism must take the following facts centrations were expressed in mole percents. This 
into consideration: (a) the rate is a linear func- is permissible since the logarithmic functions must 
tion of the aluminum chloride concentration ; be dimensionless. 
(b) the reaction is first order in chlorosilanes; In the case where a = b as when D was used, 
(c) the rate equations must reduce to an equi- or where M was deliberately made equal to T a t  
librium constant, K ,  = De2/MeTe when the the start, equation (8) reduces to 
change of concentration with time is 
zero; (d) substantially all the ahmi- 2 ( K ,  - 4)k4Cet = - ( 2  - KmK4)ln[(-% - 1)xZ + x - 0.251 + 
num chloride is associated in some man- 
ner with the chlorosilanes. 

The most reasonable mechanism that 
we have been able to develop that fits 
all these requirements is the following 

K ,  

L K m - 4  -I + Const. (9) 

+ 2 d m 1  x - 0.5 

x - 0.5pi m 

<Km(l - 2K,) In 

ka 
(CH8)2SiC12 + AlCla --+ (CH&SiClz.AlCI, (3) 

k4 

k-4 

(CHs)&iCI, -I- (CH&SiCIrAlCla 

(CHs)sSiCI + CHsSiCla.AICla (4) 
k6 

k-6 

CHaSiClr.AlCla 4- (CH&SiCI2 

CHsSiCls + (CHs)2SiC12.AIC13 (5 )  

Reaction 3 is very rapid and goes to completion 
before either reaction 4 or 5 starts to take place, 
Reaction 5 which merely involves transfer of alu- 
minum chloride from a T molecule to a D molecule 
must be very much more mobile than reaction 4 
which involves rupture and formation of both sili- 
con-carbon and silicon-chloride bonds. 

Letting Y = (CHa)2SiCIpAlCI: 
2 = (CH,)S~C~~.AICII 
C, = AlCl: added a t  start 

provided that reaction 5 is considered much more 
mobile than 4 and hence the rates of 4 can be neg- 
lected when compared to those of 5.  Plots of 
time versus the second logarithmic terms of eqns. 
8 and 9 proved to be fair straight lines up to about 
50% reaction; after that the curvature was up- 
ward. The constants k4 and Kq were calculated 
from the initial slopes of these plots and the re- 
sults are given in Tables VI and VII. 

It can be shown that when the logarithmic 
terms of Eq. (9) are plotted against each other 
the slope should approach the same value at  in- 
finite time whether equilibrium is approached 
from the M + T side or from the D side, this 
slope is 2 - KmK4/<Km(I - 2 K J ;  this permits 
an independent calculation of Kq which when 
performed gave Kd = 0.142 in good agreement 
with that given in Table VII. The average of 
these two values (Kk = 0,147) was used to calcu- 
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TABLE VI 
SUMMARY OF RATE DATA ON MDT SYSTEM 

Tamp. 350°, bomb vol. 170 cc. 
Sfart- 

tng Approx. In- Slopes krco kk X l o r  
mate- bomb itial AlCla, R X 106 1. (mm )- ' 

Run rials charge ( M / T )  g. X 100 m h - 1  (8. AlCla)-* 
5" D 0.48  mole .. 1.15 4 .31  8 . 2  6 . 7  
6a D .44 . 1.15 4.04 7 .7  8 . 4  

200 D .37 . 1.15 2 .21  4 . 2  3 .5  
2Ia D $15 . .  1.15  2 .38  4 . 3  3 . 5  

8 O  M + T .47 0 .99  1.15 3.04 5 . 7  4 . 7  
9" M + T . 25  1.00 1.15 2.67 5 . 1  4.2 

16O X I  f T 1.25 1.10 1.15 2.67 5 . 1  4 . 2  

(All above grouped together.)" Av. Ra = 3.05 
25 D 0.49 .. 0.65 0.765 1 . 9  2.9 
23 D .48 . .  2.30  3.87 9 .5  4 . 1  
17b M 4- T .43 1 .70  1.15 1.95 4 . 1  3 . 6  
I S b  M -k T 40 1.59 1.15 1 .41  4 . 3  3.7 
l Q b  M +- T .43  0.86 1.15 2.97 4 . 4  3.9 
24 M + T .50 1.07 0 . 6 5  0.97 2.4 3.7 
22 M + T .50 0.96 2 .30  3 .40  8 . 4  3 . 6  
26 M 4- T . 51  1 .01  4 .80  8.75 16.7 3 .6  

(4.1 * 0.7) 

a For the purpose of calculation of K4 all these runs were 
grouped together and their slopes, R ,  averaged. This 
group was called P in calculation of Kh. In these runs 
only were the concentrations of M and T far enough apart 
so that eqn. 8 was applied. In all other runs eqn. 9 was 
used. 

TABLE VI1 
VALUES OF EQUILIBRIUM CONSTANT K4 

Pair of slopes takes Kc 
P 4- 17 0.190 
P $- 18 .BO 
17 $- 19 .I26 
18 $- 19 .167 

Av. 1.53 

late the value of k& and k4 given in Table VI. 

k-, = 2.8 X lO-"liter (9. AIClz)-l(min.)-l 

The values of K4 and K4 given above lead to 

.RK = 0.171 

Two runs were made a t  375' one with D and the 
other with M: + T in equal amounts and with 1.15 
g. of aluminum chloride in both cases. The results 
of these runs gave Kr = 0.147, Ks = 0.174, kq = 
7.3 X and k-4 = 4.93 X lo-'. It can be 
seen that there is very little change in the equi- 
librium constants for reactions 4 and 5 but that the 
rate has about doubled over the 25' temperature 
range. This gives an energy of activation of ap- 
proximately 22 kcal. for reaction 4. This is nor- 
mal for the temperature range in which this re- 
action proceeds at measurable rates. 

It was found that although it took about two 
hours to heat the bomb up to the desired tempera- 
ture, by the time the first sample was taken 

the reaction had progressed only 8--12% toward 
completion. Since the energy of activation is 
normal this leads to the conclusion that the ab- 
normality may lie in a small entropy of activa- 
tion. The reason for this is plausibly explained 
by considering the nature of the aluminum chlo- 
ride-chlorosilane complex. Very probably the 
aluminum chloride is attached to the chlorine of 
the chlorosilane. This weakens the Si-Cl bond 
and when a collision occurs with another chloro- 
silane molecule the two silicons exchange AlCb- 
and CHI- or AIClr- and C1-. Since halogens at- 
tached to silicon exchange quite easily' the ex- 
change being favored by their high electronega- 
tivity only a relatively few collisions will have the 
correct orientation to permit rupture of a Si€ 
bond to give the methyl interchange. This high 
degree of necessary orientation implies a low en- 
tropy of activation. 

The proposed mechanism bears a formal re- 
semblance to those proposed for a wide variety of 
other reactions involving RC1 as one reactants 
with aluminum chloride as a catalyst. However, 
in the proposed mechanism it will be noted that 
the first order kinetics arise from the rate control- 
ling step being the reaction of the chlorosilane- 
aluminum chloride complex with the chlorosilane 
and not the dissociation of the complex into posi- 
tive siliconium and negative tetrachloroaluminate 
ions. The fact that the aluminum chloride does 
not materially increase the pressure of the system 
necessitates this difference in mechanism. Fur- 
ther in reaction 4 it is improbable that any separa- 
tion of ions occurs because the dielectric constant 
of the medium must be quite low. Rather the 
process is to be pictured as an exchange of the 
Si-CHS and S i 4  bonds the latter having been 
much weakened by its attachment to the alumi- 
num chloride. 

Summary 
Equilibrium constants have been determined for 

the disproportionation of methylchlorosilanes a t  
350 and 420'. Heats and entropies of the reac- 
tions were calculated. In corroboration of the 
work of Sauer and Hadsell it was found that the 
equilibrium distribution of groups attached to sili- 
con is not random. 

Rate measurements have been made on the re- 
actions and a mechanism is proposed. 
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