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Presently there is available a rather large amount of information’*2 pertaining 
to ligand redistribution on silicon which might be useful in determining the effect of 
structure upon the stability of silicon compounds. The direct comparison of these 
data, however, is difficult since no common reaction medium was generally used. In 
fact, most equilibrations were carried out in multivariant solvents, the neat liquids 
themselves. 

While it seems reasonable to attribute the larger deviations from random 
distributions primarily to an enthalpy effect, relatively few calorimetric nr equilibrium- 
temperature studies have been done to support this view. Less clear is the dependence 
of unusually large deviations from random distributions on the reaction medium. 
Hence, it is not certain that these previous studies truly reflect bond reorganization 
energies. For this reason we have undertaken a comparison of equilibrium constants 
for a redistribution reaction in the neat liquid, in benzene solution, and in the gas 
phase. 

The strong tendency towards accumulation of like ligands in the redistribution 
of fluorine and hydrogen on the phenylmethylsilicon moiety has been demonstrated 
by an equilibrium study as well as a calorimetric measurement3 to be larger than any 
previous case for silicon. Our results (Table 1) for the equilibration of PhMeSiHF 
(0.145 mole fraction) in benzene solution give the following thermodynamic values* : 

These 

2 PhMeSiHF F=+ PhMeSiH, + PhMeSiF,, 

AH = - 3.47 20.06 kcal/mole 

AG &em. = -3.79t0.04 kcaljmole (25.1”) 

A&_. = + 1.1 to.2 eu/mole 

values compare favorably with those from previous work without solvent3. 

A&, = - 3.2 kcal/mole (calorimetry) 
AG them. = - 3.8 + 0.2 kcal/mole ( 100°) 

* The subscript “&em.” indicates a value corrected far symmetry effects and is equivalent to the sub- 
script “dev.” used in the papers of Moedritzer aad Van Waze?. 
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TABLE 1 

EQUILIBRATION RESULTS IN BENiZNF SOLUTION 

Relative moles T K 

PhMeSiF, PhMeSiHF PhMeSiHz 

l.oOOQ 0_0816+0_0003 1.00*0_01* 25.1 150+ 1= 
1.w 0.1155+0.cOO4 65.3 75 20.45 

* Defimcd. * Based on GLC area_ c Based on the assumption [PhMeSiH,] = [PhMeSiF,] due to stoichio- 
metry. 

While this result suggests no unusual medium effect, a better test can be made by 
comparing the gas phase equilibrium constant. 

Rather than attempting a gas phase equilibration, we chose to relate the gas 
phase and solution equilibria by means of phase equilibrium data. The gas phase 
equilibrium constant, K,, is related to the solution equilibrium constant, K, by the 
relation 

where rr-(pi/xip is a dimensionless parameter determined by phase equilibria4. For 
the reaction of interest, this factor was found to be 1.2.54+0.05 at 84_7O for a benzene 
solution 0.145 mole fraction in silicon compounds. At this temperature the calculated 
values for AG,,,_ are as follows: 

Gas Phase: AGfhem_ = -4.01+0.06 kcal/mole 
Solution: AGchcm. = - 3.86 +0.05 kcal/mole 

Thus, the initial results in the neat liquid correspond quite closely to the gas phase 
result. The correspondence between the gas phase value of AGEhem_ and AH was not 
determined, but according to the first-order approximation of Benson and BussS, 
A&,,_ for such reactions in the gas phase are usually within +0.7 eu/mole and rarely 
in excess of * 1.5 eu/mole. 

The close correspondence in this case between the thermodynamic parameters 
of redistebution in the neat liquid, in benzene solution, and in the gas phase cannot 
necessarily forma basis for broader generalizations. However, it would seem imprudent 
to attribute other large deviations from random redistributions to entropy and/or 
medium effects_ 

EXPEREUENTAL 

Materials 

. 

Thephenylmethylsilane used in this study had I&’ 1.5039 and b.p. 91°/155 mm. 
Phenyhnethyldifluorosilane had &’ 1.4443. and b-p. 142.5“. Phenyhnethylfiuoro- 
silane was prepared from phenylmethylchlorosilane6 (b.p. 143O, ng” 1.4730). 

Analyses 
Analyses were performed by GLC using a 6 ft. x 0.25 in. column held at 90” 

and packed with Dow Corning@FS 1265 ffuid. Standard solutions were analyzed 
using both area and peak height ratios. 
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Equilibrations 
All equilibrated solutions were formed from PhMeSiIiF in order to obtain 

equal molar concentrations of PhMeSiH, and PhMeSiF,. The solutions were 0.85 
mole fraction in benzene and contained 0.75 wt. y0 of tetrabutylammonium fluoride 
as cata!yst. The equilibrations were folIowed kinetically after creating small displace- 
ments from equilibrium via temperature change or small additions of PhMeSiHF. 
The resulting pseudo-fit-order kinetics readily demonstrated catalyst activity and 
attainment of equilibrium. The observed half-lives at 25.1 and 615.3~ were about 16 
and 0.9 min respectively. It was necessary to quench the catalyst with a 100 y0 excess 
of BF,-Et20 in order to stabilize these solutions to the GLC injector temperatures. 

Vapor-liquid equilibrations were c&rried out in a conventional Othmer still’ 
without catalyst. The liquid phase was 0.85 mole fraction in benzene. 
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