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In a previous paper4 it was shown that pentamethyl
disilanyl cyanide, (CHs)3SiSi(CHs^CN, decomposed 
upon heating to give trimethylsilyl cyanide and less 
volatile products. The present investigation was 
carried out in order to study this reaction in greater de
tail. 

Experimental 
Materials.—Pentamethyldisilanyl chloride and cyanide were 

prepared as previously described4 and were of a similar state of 
purity. The cyanide was obtained in improved yields (77%) and 
it was found to melt sharply at 25.0-25.5°. The mixture of 
methylchlorodisilanes6 employed boiled at 153-156° and con
sisted mainly of Cl2CH3SiSiCH8Cl2 and Cl2CH3SiSi(CHs)2Cl." 
Unless otherwise stated all reactions were carried out in an at
mosphere of dry nitrogen. 

Condensation-Polymerization of Pentamethyldisilanyl Cya
nide. I.—A Nester gold-plated monel metal semimicro spin
ning band distillation column (23 theoretical plates) was employed. 
When (CHs)3SiSi(CHj)2CX (12.2 g.) was refluxed (oil-bath 
temperature 175°) in a 25-ml. flask attached to the column it 
began to turn dark brown. After heating at this temperature 
for 7 hr. all volatile material was removed by distillation. The 
maximum oil-bath temperature employed was 230°. 

The most volatile fraction consisted of (CHs)3SiCN (5.7 g., 
b.p. 116-117.5°, K26D 1.3899, d3°4 0.7830). The infrared spec
trum was essentially identical with that reported in the literature.8 

The reported values are: b .p . 117.8V »35D 1.3910,9 W26D 1.3883,9 

and dxi 0.7834.8 The next most volatile fraction was unreacted 
(CHj)8SiSi(CHj)2CN, (0.8 g., b .p. 85° at 34 mm., reported4 

87° at 34 mm.; confirmed by infrared spectrum4). 
Redistillation of a 4.0-ml. fraction of an orange colored oil 

(b.p. 87-95° at 34-0.6 mm.) produced: (a) (CH8)8Si[Si(CH3)2]4-
CN, (1.5 ml., b.p. 67.5-71.0° at 0.2 mm. Anal.10 Calcd. 
for Ci2H33Si5N: C, 43.43; H, 10.02; Si, 42.32; N, 4.22; mol. 
wt., 331.8. Found: C, 43.37; H, 10.83; Si, 42.09; N, 
4.27; mol. wt., l c 330). (b) (CH)8)8Si[Si(CH8)2]4.5CN (2.0 ml., 
b.p. 92.5-100.0° at 0.25 mm. Anal. Calcd. for C13H36Si5.5N: 
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C, 43.26; H, 10.05; Si, 42.80; N, 3.88; mol. wt., 360.9. 
Found: C, 43.21; H, 11.11; Si, 42.01; N, 4.11; mol. wt., 
360). 

The brown tarry residue which remained was dissolved in 
diethyl ether and the solution was passed through an alumina 
chromatography column. After removing the ether, the oil 
which remained was molecularly distilled in a micro sublimator. 
This produced (CH3)3Si[Si(CH3)2],CN (0.5 ml. Anal. Calcd. 
for Ci8H51Si8N: C, 42.70; H, 10.15; Si, 44.38; N, 2.77; mol. 
wt., 506.3. Found: C, 41.35; H, 10.01; Si, 44.38; X, 
2.72; mol. wt., 494). 

II.—(CH8)JSiSi(CHi)2CN (12.79 g.) was heated in the ap
paratus described above at oil-bath temperatures from 100 to 160° 
but no major reaction occurred until the temperature was main
tained at 175-180°. The material was heated at this tempera
ture until distillation produced 3.94 g. of (CH3J3SiCN, b.p. 
116-118°, W85D 1.3915. Fractionation of the dark colored less 
volatile material produced: (a) Impure (CH3)3SiSi(CH3)2CN, 
2.11 g., b.p. 71-73° at 21 mm., W30D 1.4301, m.p. 17-20°; pure 
(CH3),SiSi(CH,)2CN, b.p. 73.1° at 18 mm., W30D 1.4373,4 m.p. 
25.0-25.5°). (b) (CHj)8Si[Si(CH8)2]8CN, 2.52 g., b.p. 36-40° 
at 0.4 mm., mol. wt. found 223, mol. wt. calcd. 215.4. A 
liquid of similar b.p. (0.55 g.) which was partly hydrolyzed during 
preparation for analysis was also obtained. Anal. Calcd. 
for C8H21Si3N: C, 44.60; H, 9.78; Si, 39.12; N, 6.50. Found: 
C, 44.58; H, 9.78; Si, 39.17; N, 6.34. It is believed that in this 
compound the cyanide group is attached to a terminal silicon 
atom since the proton magnetic resonance spectrum of this 
material gave three peaks in the ratio 2 :2 :3 . The chemical 
shifts with respect to CHCl3 (upfield) were 7.16, 7.30, 7.34 
p.p.m.11 By analogy, it is assumed that the cyanide group is 
present on a terminal silicon atom in other members of the 
series (CH3)3Si[Si(CH3)2UCN. (c) (CH3)3Si[Si(CH8)2]3CN, 
1.16 g., b.p. 65-75° at 0.4 mm. Anal. Calcd. for Ci0H27Si4N: 
C, 43.88; H, 9.95; Si, 41.05; N, 5.12; mol. wt., 273.7. Found: 
C, 44.14; H, 10.00; Si, 41.20; N, 4.97; mol. wt., 286. (d) 
(CH3)3Si[Si(CHj)2J4CN, 0.91 g., b .p . 81-85° at 0.4 mm. Anal. 
Calcd. for Ci2H331Si5N: C, 43.43; H, 10.02; Si, 42.32; N, 
4.22; mol. wt., 331.8. Found: C, 43.40; H, 9.82; Si, 42.48; 
N, 4.30; mol. wt., 333. (e) A fraction, 0.10 g., b.p. 27-35° at 
0.4 mm., which was not analyzed but was believed to be a mix
ture of methylcyanopolysilanes. (f) A dark brown tarry resi
due (0.86 g.) which upon molecular distillation produced: (1) 
A viscous yellow oil which had the composition NC(CH3J2Si-
[Si(CH3)2]7CN, 0.24 g. Anal. Calcd. for C18H48Si8N2: C, 
41.79; H, 9.35; Si, 43.44; N, 5.42; mol. wt., 517.3. Found: 
C, 40.84; H, 10.15; Si, 43.73; N, 5.26; mol. wt., 507. This 
substance, which represented 2 . 1 % by weight of the volatile 
material produced in the reaction, could have been formed from 
a small amount of NC(CH3J2SiSi(CH3)2CN (approximately 0.6%) 
impurity present in the starting material. This could have 
resulted from the presence of a very small amount of CI(CH3 J2Si-
Si(CH8)2Cl impurity in the (CH3 )8SiSi( CH3J2Cl used to prepare 
(CHs)3SiSi(CHs)2CN. (2) A dark gummy nondistillable resi
due (0.62 g.) which represented 4.86% of the weight of the start
ing material. It had the appearance and consistency of plycine 
wax. It was soluble in ether and when warmed it melted to a 
gummy resin. 

The total weight of material recovered from the reaction was 
94.2% of the weight of the (CHj)8SiSi(CHj)2CN employed. 

Condensation-Polymerization of Heptamethyltrisilanyl Cya
nide.— (CHa)3Si[Si(CHj)2]2CN (0.9850 g.) was sealed under 
vacuum in a magnetic break-seal tube and was heated in an oil 
bath at 175-195° for approximately 60 hr., by which time it had 
turned dark brown. On opening the tube on a high vacuum 

(11) The proton magnetic resonance spectra of a number of pentamethyl 
disilanyl compounds will be reported in greater detail elsewhere. 
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system no noncondensable gases were observed. Less volatile 
material was separated from (CHj)3SiH (3.1 mg.; confirmed by 
infrared spectrum12), by passage through a trap at —96°. The 
(CHa)3SiH represented 0 .31% by weight of the (CHs)3Si[Si-
(CHs))I2CX used. The condensate in the —96° trap consisted 
primarily of (CHj)3SiCX. After several fractional evaporations 
from a trap at - 2 3 ° , (CHj)3SiCX (0.2379 g., mol. wt. found 
102.4, mol. wt. calcd. 99.2, m.p. 9.9-10.4°, m.p. reported13 

11.5°; confirmed by infrared spectrum8) was obtained. Some 
difficulty was experienced in quantitatively removing last traces 
of (CHj)3SiCX" dissolved in the oily residue. 

Molecular distillation of the material which remained in the 
reaction flask produced: (a) (CHj)3Si[Si(CHj)2IsCX. Anal. 
Calcd. for Ci4H39Si6X: C, 43.11; H, 10.08; Si, 43.22; X, 3.59; 
mol. wt., 390.0. Found: C, 43.22; H, 10.08; Si, 43.19; 
N, 3.37; mol. wt., 370. (b) A residual tan colored, sticky 
grease which was soluble in ether. 

Condensation-Polymerization of Pentamethyldisilanyl Chlo
ride,—(CH3)3SiSi(CH,)oCl (16.0 ml., 13.7 g.) and AgCX (11.2 
g.) were sealed in a thick walled flask and were heated at 190-
210° for 20 hr. with magnetic stirring. A small Vigreux column 
was attached to the flask and upon distillation there was obtained: 
(a) (CHj)3SiCl (6.0 g., b.p. 59-61°, lit.14 57.3°; hydrolyzable 
chlorine found 32.7%, calcd. 32.6%; confirmed by infrared 
spectrum15), (b) An unidentified liquid, (3.0 ml., b.p. 67-
102°, found 30.4% hydrolyzable chlorine; infrared spectrum 
showed no cyanide grouping and it was not similar to (CHs)3-
SiCl). (c) An unidentified sticky residue. 

Condensation-Polymerization of Methylchlorodisilanes Using 
Cyanide Catalysts. I. With Methyl Cyanide.—A mixture 
of CHsCIoSiSiCl2CHs and (CHs)2ClSiSiCl2CH3 (83.2 g.) was re-
fluxed with CH3CX" (2.5 g.) for 24 hr. The reflux temperature 
(150°) remained constant during this period. Silver cyanide 
(2.5 g.) was then added and within 4 hr. the temperature had 
decreased to 128°. 

II. With Silver Cyanide.—A similar mixture of methyl
chlorodisilanes (105.3 g.) was refluxed with AgCN (8.4 g.) for 
27 hr. during which time the reflux temperature fell to 88° and 
remained constant at this value for 4 hr. Distillation through a 
Vigreux column yielded 34.7 g. of material, b .p . 65-75°. Distil
lation was stopped when the flask temperature reached 147°. 
Another 1.1 g. of AgCX" was added and the initial reflux tempera
ture of 116° dropped to 88° in 32 hr. and remained constant 
at this value for an additional 7 hr. Distillation produced 13.4 
g. of material, b.p. 65-75°. Distillation was stopped when the 
flask temperature reached 132°. Addition of two further 1.1-g. 
samples of AgCX" produced similar decreases in reflux tempera
tures. The total weight of volatile material collected was 57.2 g. 
Distillation of the less volatile material gave 12.3 g. of a liquid, 
b.p. 75-139°, which was then added to the distillate previously 
collected. A dark brown sticky residue remained. 

Refractionation of the combined distillates through a Podbiel-
niak still (mini-Cal series 3400) produced: (a) A mixture of 
methvlchlorosilanes (58.0 g., b.p. 66-70°; lit.14 b .p . for CH3-
SiCl3 65.7°, for (CHs)2SiCU 70.0°, for (CH3)3SiCl 57.3°; found 
65.4, 65.3% hvdrolvzable chlorine; calcd. for CH3SiCIs 71.2%, 
for (CHs)2SiCl2 54.9%, for (CH3)3SiCl 32.6%). If it is assumed 
that no (CHs)3SiCl was present, the chlorine content of the mix
ture indicates that it consisted of 57%. CH3SiCl3 and 43% (CHs)2-
SiCl2. (b) A mixture of methylchlorodisilanes (6.3 g., b .p . 
137-140°; lit.18 b .p. for (CH,),SiSi(CH,)2Cl 134-135°, for Cl-
(CHs)2SiSi(CHs)2Cl 148°; found 29.5, 29 .1% hydrolyzable 
chlorine; calcd. for (CHs)3SiSi(CHj)2Cl 21 .3%, for Cl(CHj)2-
SiSi(CHs)2Cl 37.9%). (c) Approximately 2 ml. of an unidenti
fied viscous oil. 

III. With Silver Cyanide and Methylmagnesium Bro
mide.—A mixture of methylchlorodisilanes (166.5 g.) was re-
fluxed with AgCX" (18.3 g.) for 17 hr., during which time the 
reflux temperature had decreased to 84.0°. It then remained 
constant at this temperature for 5 hr. Distillation yielded 73.5 
g. of volatile materia', b .p. 66.5-125.5°. An excess of an ethereal 
solution of CH3MgBr was added to the material remaining in the 
reaction flask and after refluxing for approximately 8 hr. excess 
Grignard reagent was destroyed by the addition of 10% hydro
chloric acid until most of the solid material had dissolved. After 
filtration the ethereal layer was dried with anhydrous Xa2SO4. 
After removing the ether by distillation the residue was frac
tionated through a Vigreux column. This produced: (a) 
(CH3)3SiSi(CH3)3 (7.5 ml., b.p. 111-113°; « W D 1 . 4 2 2 1 ; reported: 
b.p. 112°,16 K2»D 1.4229,16 and K244D 1.42071'). (b) (CH3)3Si-
[Si(CH3)2]2CHj (4.5 ml., b.p. 174-178°, K20D 1.4551; mol. wt. 

(12) S. Kaye and S. Tannenbaum, J. Org. Chem., 18, 1750 (1953). 
(13) C. Eaborn, J. Chem. Sac, 3077 (1950). 
(14) C. Kaborn, "Organosilicon Compounds," Butterworths Scientific 

Publications, London, 1900, p. 177. 
(15) A. L. Smith, J. Chem. Phys., 21, 1997 (19.53). 
(10) M. Kumada, M. Yamaguchi, Y. Yamamoto, J. Xakajima, and K. 

Shiina, J. Org. Chem., 21, 1264 (19.50). 
(17) A, Bygden, Ber., 45, 707 (1912). 

found 198.2, calcd. 204.5; reported: b.p. 175-176° at 750 
mm.,18 180° at atm.,19 n»D 1.4612,ls 1.459919). The infrared 
spectrum was consistent with that expected for octatnethyltri-
silane. (c) A viscous oily residue. After removal of traces of 
siloxane impurity by H)SO4,18 fractionation on the Nester spin
ning band column produced: (1) (CH5)3Si[Si(CH3)2]3CHs (10.5 
ml., b .p . 110-111° at 15.0 mm., K20D 1.4871, d20

4 0.8073; mol. 
wt. found 259.6, calcd. 262.7; reported18: b .p . 112-113° at 
16 mm.; n20D 1.4877, and <F>4 0.8066). (2) (CH3)3Si[Si-
(CHsM4CH3 (5.5 ml., b.p. 118-120° at 3.6 mm., W20D 1.5096, 
dK

t 0.8377. Anal. Calcd. for Ci2H36Si5: C, 44.92; H, 11.31; 
Si, 43.77; mol. wt., 320.9. Found: C, 44.98; H, 11.36; 
Si, 43.69; mol. wt. , 320). (3) Three higher boiling fractions 
together with an oily residue were also obtained in this fractiona
tion. It appeared that these may have been mixtures of methyl-
polysilanes and species containing Si-CH2-Si linkages. The 
latter species could possibly be formed by cleavage of Si-Si bonds 
during the Grignard reaction.20a 'b 

Results and Discussion 

On heating pentamethyldisilanyl cyanide at 175° for 
7 hr. a novel condensation reaction was found to occur 
and 74% of the cyanide present in the (CH3)3SiSi-
(CHs)2CN was liberated as (CH3)3SiCN. The material 
remaining consisted of a mixture of methylcyanopoly-
silanes of general composition (CHs)3Si [Si(CH3)2]jCN21 

from which there was isolated the new compounds 
(CHs)3Si [Si(CH3)2]4CN and (CH3)3Si [Si(CH3), ],CN. 
A material which appeared to be a mixture of the 
methylcyanopenta- and hexasilanes was also obtained 
and only a small amount of unreacted (CH3)3SiSi-
(CH3)2CN was recovered. Thus the reaction which 
occurred can be represented by the equation 

X(CHa)3SiSi(CHi)2CX — > 

(x - I)(CHs)3SiCX + (CHs)3Si[Si(CHs)2IxCX (1) 

Seventy-nine per cent of the cyanide present in the 
(CH3)3SiSi(CH3)2CN consumed was recovered as (CH3)3-
SiCN and from this the calculated average value of x 
was 4.8. 

In another experiment it was found that the new com
pound heptamethyltrisilanyl cyanide, (CH3) 3Si [Si-
(CH3)2]2CN, could be produced in 42% yield by heating 
pentamethyldisilanyl cyanide until distillation gave an 
amount of (CH3)3SiCN which represented 49% of the 
cyanide present in the (CH3)3SiSi(CH3)2CN. The 
proton magnetic resonance spectrum of this compound 
showed that the cyanide group was attached to a ter
minal silicon atom. In addition, smaller quantities of 
(CH3)3Si[Si(CH3)2]3CN, (CHs)3Si [Si(CH3)2]4CN, and 
NC(CH3)2Si [Si(CH3)S]7CN were formed and ap
proximately 16% of the (CHs)3SiSi(CHs)2CN was re
covered unchanged. The quantity of (CHs)3SiCN 
isolated (based on the amount of (CH3)3SiSi(CH3)2CN 
consumed) corresponded to an average value of 2.4 for 
x in eq. 1. 

It was found that heptamethyltrisilanyl cyanide also 
underwent a condensation-polymerization reaction 
upon heating to give (CHs)3SiCN and higher methyl-
cyanopolysilanes from which (CHs)3Si [Si(CH3)O]5CN 
was isolated. The reaction which occurred can be 
represented by the equation 

x(CHs)3Si[Si(CHs)2]2CX — • 
(x - I)(CHj)3SiCX + (CH3)3Si[Si(CHs)2]2,CX (2) 

The value of x calculated from the quantity of (CH3)3-
SiCN recovered was 2.1. 

(18) G. R. Wilson and A. G. Smith, J. Org. Chem., 26, 557 (1901). 
(19) U. Graf zu Stolberg, Angew. Chem. Intern. Ed. Engl., 1, 510 (1902). 
(20) (a) W. C. Schumb and C. M. Sailer, / . Am. Chem. Soc, 61, 303 

(1939); (b) R. Schwarz and W. Sexauer, Ber., 89, 333 (192B). 
(21) A detailed discussion of the infrared spectra of the cyanides of the 

higher silanes and.related compounds will be presented elsewhere. 
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In all the above condensation reactions there was ob
tained a small quant i ty of grease-like or tarry material 
(presumably higher methylcyanopolysilanes) which 
could not be readily distilled but which was completely 
soluble in ether. I t therefore appears that the con
densation reactions proceeded smoothly to give almost 
exclusively higher molecular weight species of gen
eral formula (CH3)3Si [Si(CHs)2 [,CN. 

Although the Si-Si bonds in all other pentamethyl-
disilanyl compounds4 l 6 2 2 and in methylpolysilanes1819 

have good thermal stability,23 it seems tha t the Si-Si 
bond in (CH3)sSiSi(CH3)2CN may be weakened by the 
formation of an intermediate species in which a lone 
pair of electrons from the cyanide group of one molecule 
interacts with vacant silicon 3d-orbitals of an adjacent 
molecule as previously suggested.4 Rearrangement 
and cleavage (at the dashed line, Fig. 1) of an Si-Si 

(CHs)2 

(CHs)3Si-Si CN 

(CH3)2—Si Si(CHs)3 

Figure 1. 

bond in this activated species with the elimination of 
(CH3)3SiCN could then take place, viz. 

2(CH3)3SiSi(CH3)2CX > 

(CH3J3SiCX + (CH3)3Si[Si(CH3)2]2CX (3) 

However, the intermediate species may rearrange 
with the formation of free (CHa)3Si- radicals. This is 
suggested by the fact that under appropriate experi
mental conditions a very small amount of (CH3)3SiH 
could be detected in the condensation of a methyl-
cyanopolysilane. Reaction could therefore proceed as 

(CH3)3SiSi(CH3)2CX >• (CHs)3Si- + -Si(CHs)2CX (4) 

(CHs)3Si- + (CHj)3SiSi(CHO2CX > 

(CH3)3SiCX + (CHs)3SiSi(CH3)S (5) 

(CHs)3SiSi(CHs)2 + (CH3)2SiCX > 

(CH3)sSiSi(CHs)2Si(CH3)2CX (6) 

The small amount of (CH3)3SiH might arise from at tack 
of a C -H bond bv a (CH3J3Si • radical, viz. 

(CHs)3Si- + H3C-Si(CHs)2 > 

(CH3)3SiH + -CH2Si(CH3),- (7) 

The formation of considerable quantities of (CHs)3SiH 
has been observed when (CH3)sSiSi(CHs)3 is heated to 
GOO0.24 This reaction is believed to proceed by the for
mation of (CHs)3Si- radicals. 

Either of the above reaction mechanisms is con
sistent with the nature of the more highly polymerized 
species obtained both from the condensation of (CH3)3-
SkSi(CHs)2CN and (CHs)3Si[Si(CH3)^2CN. F o r ' e x 
ample, the formation of (CHs)3Si [Si(CHs)2I3CN from 
(CH3)sSiSi(CH3)2CN could occur as indicated by eq. 
3 and S. 

-(22) J. V. Urenov i t ch and A, G. M a c D i a r m i d , J. Chem. Soc, 1091 (1963). 
(2.'0 U was found in this L a b o r a t o r y t h a t a s ample of (CHa)3Si [Si(CHs)I1Ja-

CHs when held at 200° in vacuo for 7 hr. showed no sign of decompos i t ion 
24) K. Shiina and M. K u m a d a , J. Org. Chem., 23 , 139 (1938). 

(CHj)3Si[Si(CHj)2IaCN + (CH3)3SiSi(CH3)2CX > 
(CHj)3SiCX + (CHs)3Si[Si(CHs)2JsCX (8) 

This appears reasonable since some unreacted (CH3)3-
SiSi(CHs)2CN was recovered from the reaction. I t is 
possible that the condensation of the higher methyl
cyanopolysilanes might also occur with the elimination 
of (CHs)3SiSi(CH3)2CN as well as (CHs)3SiCN. Thus 
the formation of (CH3)3Si[Si(CH3)2]6CN from (CH3)3-
Si[Si(CHs)2J2CN could take place as 

2(CH3)3Si[Si( CHs)2I2CX—> 
(CHj)3SiSi(CHs)2CX + (CH3)sSi[Si(CH3)2]sCX (9) 

(CHs)3Si[Si(CH.,)2]sCX + (CH3)3Si[Si(CH3)2]2C\ > 
(CHs)3SiCX + (CHs)3Si[Si(CHs)2UCX (10) 

Other species could be formed by an appropriate com
bination of reactions of the type given in eq. 3, 8, 9, 
and 10. 

I t was found tha t silver cyanide acted as an effective 
"cata lys t" in the condensation-polymerization of 
pentamethyldisilanyl chloride, (CH3)SSiSi(CHs)2Cl, at 
200° when it was mixed with an equimolar quant i ty of 
the chloride. The over-all reaction which occurred was 
analogous to that involving (CHs)sSiSi(CH3)2CN and 
can be represented by the equation 

x{ CHs)3SiSK CH3 )2C1—> 

(x - l)(CH3)8SiCl + (CH3)3Si[Si(CH3)2]zCl (11) 

No (CHs)3SiSi(CHs)2Cl was recovered unchanged and 
the amount of (CH3)3SiCl produced represented 82% of 
the chloride present in the (CH3)3SiSi(CH3)2Cl used. 
This gave an average value of 5.5 for x. The less 
volatile material formed was not identified but it was 
believed to be a mixture of methylchloropolysilanes. 

Silver cyanide was also found to be a very effective 
catalyst in causing the condensation-polymerization 
of a mixture of methylchlorodisilanes consisting chiefly 
of Cl2CHsSiSiCH3Cl2 and Cl2CH3SiSi(CHa)2Cl. When 
the mixture was refluxed with 11.3% by weight of 
silver cyanide, CH3SiCl3 and (CHs)2SiCl2 were evolved, 
the combined weight of which represented 55 .1% of the 
weight of the methylchlorodisilanes used. I t there
fore appeared tha t a reaction of the type given by eq. 12 
took place. 

^Cl2CHsSiSiCHsCl2 >-
(x - I)CH3SiCl3 + CHsCl2Si(SiCHsCl)1Cl (12) 

The sticky resinous material remaining was treated with 
methylmagnesium bromide and distillation yielded 
octamethyltrisilane, (CH3)3Si [Si(CHs)2J2CH3; ' deca-
methyltetrasilane, (CHs)3Si[Si(CHs)2l3CH3; and the 
new compound dodecamethylpentasilane, (CHs)3Si-
[Si(CHs)2ItCH3. In view of the condensation-polym
erization observed with (CH3)3SiSi(CH3)2CN, it ap
pears likely that the catalytic effect of the silver cyanide 
is due to the transient formation of a cyanide such as 
(CH3)2Si2Cl3CN which then undergoes a reaction of the 
type 

X(CHs)2Si2Cl3CX >• 
(x - I)CH3SiCl2CX + CHaCl2Si(SiCHjCl)1CX (13) 

The Si-CN bonds are then presumably reconverted to 
Si-Cl linkages by silver chloride with regeneration of 
silver cyanide. This appears likely since it has been 
shown previously25 tha t at elevated temperatures the 
reaction of (CHs)3SiCl with AgCN is reversible. A 
similar type of mechanism is probably involved in the 
analogous reaction with (CH3)3SiSi(CH3)2Cl, although 

l2o) E. C, r ivers, W. O Fr ie tag , J. N. Ke i t h , W. A. Kr iner , A. G Mac
Diarmid , and S. Sujishi, J. Am Chem. Soc.. 8 1 , 4-193 (1959). 
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good conversions could only be obtained if relatively 
large quantit ies of silver cyanide were employed. 

An a t t empt to cause the condensation-polymeriza
tion of the mixture of methylchlorodisilanes using 
methyl cyanide as a catalyst was unsuccessful. 

The condensation-polymerization of cyanodisilanes 
appears to offer a convenient method for synthesizing 

The known chemistry of peroxydisulfuryl difluoride 
provides strong evidence for the equilibrium 

S 2 O 6 F 2 ^ ; 2SO3F-

Rupture of the relatively weak 0 - 0 peroxy linkage in 
the otherwise strongly bonded parent material results in 
two fluorosulfate radicals which add readily to molecules 
with ethylenic double bonds (e.g., perfluoroethylene and 
perfluorocyclopentene3) and which will replace even 
chlorine from a large number of halogen-containing 
organic and inorganic molecules.3 

The oxidizing capacity and structural stability of 
this fluorosulfate radical is shown by the ability of 
peroxydisulfuryl difluoride to oxidize substances such 
as nitric oxide,4 nitrogen dioxide,4 iodine,5 bromine,6 

sulfur dioxide,6 and sulfur tetrafluoride3 to fluorosulfate 
derivatives. The preparation of peroxydisulfuryl di
fluoride by anodic oxidation7 of a solution of an alkali 
metal fluorosulfate in fluorosulfuric acid, or from metal
lic fluorosulfates7 by displacement reactions involving 
the use of elementary fluorine, are both strongly sug
gestive of the intermediate formation of fluorosulfate 
radicals. 

Of similar equilibrium systems involving dissocia
tion of a molecular species into two free radicals, tha t 
which has been most extensively studied is the nitrogen 
tetroxide-nitrogen dioxide equilibrium,8-9 while a 
recently investigated one is tha t between tetrafluoro-
hydrazine and the difluoroamino radical.10 

When gaseous samples of the dimeric parent material 
were heated to about 100°, a yellow color developed. 
Convincing evidence that this was due to a reversible 
dissociation is provided by Fig. 1, which shows the 
temperature dependence of the visible and ultraviolet 
absorption spectrum in the 320-600 mji region, at a 
constant concentration of the peroxy compound. The 
absorbance measurements in this wave length range 

(1) Work done at the Un ive r s i t y of W a s h i n g t o n while on sabbat ica l leave 
from the Univers i ty of New England , Armidale , N'.S. W., Austra l ia . 

(2) fn a pref luor inated nickel vessel t h a t had been condi t ioned with 
S2OeF2 to render it ine r t to S2OeF2 and dissociat ion or decompos i t ion prod
ucts. 

(3) T M. Shreeve and G. H. Cady , J. Am. Chem. Soc, 83 , 4521 (19fil). 
(4) J K. R o b e r t s and G. H. Cady , ibid., 82, 353 (19(i0). 
(5) J. K, R o b e r t s and G. H. C a d y . ibid., 82, 352 (19(10). 
Hi) J. K. R o b e r t s and G. H C a d y . ibid., 82, 354 (1900). 
17) F. B. Dudley , / . Chem. Soc, 3407 (19(i3). 
(8) M. Bodens te in , Z. physik. Chem.. 100, IiS (1922), 
(9) F. Verhoek and F. Danie ls , J. Am. Chem Soc, 53 , 1250 (1931): 
(10) F. A. Johnson and C. B. Co lbu rn , ibid.. 83 , 3043 (1961). 

derivatives of the methylated polysilanes. In particu
lar, the use of (CHs)3SiSi(CHs)2CN makes it possible 
to synthesize, for the first time, monosubsti tuted deriva
tives of methylated higher silanes. These methyl-
cyanopolysilanes should provide a convenient route for 
the preparation of many other monosubstituted deriva
tives. 

were reproducible with increasing and decreasing tem
peratures up to 120°. Above this temperature, re
action apparently occurred with the quartz cell; on 
cooling the cell, the measured absorbance was always 
less than tha t recorded a t a corresponding tempera
ture during heating. As a result, absorbance was not 
measured for highly dissociated samples; therefore, 
equilibrium constants were not obtained from spectro-
photometric measurements by a procedure like that 
used by Johnson and Colburn10 in their investigation 
of the dissociation of tetrafluorohydrazine. The fine 
structure tha t is evident between 474 and 51S van 
is presumably due to electronic transitions to different 
vibrational energy levels in the excited electronic state. 

The concentration dependence of the absorbance at 
constant temperature is evident from the experimental 
data shown in Fig. 2, but is further emphasized by 
Fig. 3 which shows plots of absorbance vs. the square 
root of the concentration of the peroxydisulfuryl di
fluoride at constant temperature. 

The linear relationship shown in Fig. 3 is to be ex
pected for any equilibrium 

R2 ^ " 2R-

if the absorbance is due to R- but not to R2 and if 
CR2 > > CR-, where these symbols refer to the con
centration of the undissociated and dissociated species, 
respectively. In this study R2 is S2O6F2 and R- is 
considered to be SO3F-. Since A = Cu.t! (where A 
is absorbance, CR. is the concentration of the absorbing 
species, e is the molar absorbancy index in 1. mole-
cm., and / is the path length in cm.), A'c, the equi
librium constant in terms of concentration, is given by 

Kc = (CR)VCR, = .4'/IeVC8.) 

I t follows that 

In Kc = 2 In A - In 62Z2CR1 

If the absorbancy index is temperature independent 
and any change in CR2 is negligible by comparison with 
CR2, a plot of log .4 vs. T~' should be a straight line, 
having a slope corresponding to the change in internal 
energy for the reaction. The least squares "best 
fit" of the experimental spectrophotometric absorb
ance data to an equation of the form log A=BX 
U)3T-1 4- C gave the results shown in Table I for 
seven samples having different concentrations. An 
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Peroxydisulfuryl difluoride and fluorosulfate free radicals have been shown to exist in equilibrium below 
600°K.2 The temperature dependence of pressure at constant volume was used to calculate a series of Kv values 
between 4500K. and 6(X)0K. This method indicated an enthalpy change of 22.0 kcal./mole, whereas a spec
trophotometric method based on the temperature dependence of the absorption of the fluorosulfate radical at 
474 n-ui gave an enthalpy change of 23.3 kcal./mole. 


