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Lorn-polymer organosilsesquioxanes (RSi0312). were prepared by alkali-catalyzed siloxane rearrangement of orgatiotri- 
chlorosilane hydrolyzates. Crystalline cubic octamers (I)  of methyl-, ethyl-, n,-propyl-, n-butyl- and cyclohexyl-silses- 
quioxanes were isolated. A hexagonal prismatic dodecamer (11) and several unidentified species of crystalline methylsilses- 
quioxanes were also obtained. A phenylsilsesquioxane, which is probably a triangular prismatic hexamer, was prepared 
from an alkaline solution. 

Siloxanes having only HSi03/? units, and their 
derivatives, are termed silsesquioxanes. A sub- 
limed methylsilsesquioxane, of low solubility and 
undetermined molecular weight, was reported by 
Scott.' It was formed in small amounts with 
other polycyclic methylsiloxanes by thermal depoly- 
iiierization of a cohydrolyzate of methyltrichloro- 
silane and dimethyldichlorosilane. Soluble ethyl, 
wpropyl and n-butyl-silsesquioxanes also were pre- 
pired.? The crystalline phasc of each of these 
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products was identified as the octamer (I). Hou- 
ever, the molecular weight and analytical data, on 
which this identification was based, were not given. 
This paper presents a more detailed description of 
the alkylsilsesquioxane octamers and other low- 
polymer organosilsesquioxanes. 

The most probable of the simple three-diiiieii- 
sional structures are prisms having cyclotetrasilox- 
ane faces and cyclic siloxane bases of various sizes, 
as exemplified by the cubic octasilsesquioxanes ( I )  
and the hexagonal prismatic dodecasilsesquioxanes 
i 11). Pyramidal tetrasilsesquioxanes (RSi01.5)4, 
with structures akin to that of hexamethylenetetra- 
mine, also are conceivable ; but their formatioii 
seems unlikely because of strain considerations. 
Consequently, the various low-polymer silsesquiox- 
anes may be generally expected to have an even 
number of units above 4. These compounds may 
be considered prototypes of the more complex, 
irregular, highly crosslinked polymers which con- 
stitute silicone resins having predominantly RSi03/2 
units. Indeed, small amounts occasionally vola- 
tilize from such resins above 200'. 

Hydrolysis of organotrichlorosilanes is a vigorous 
reaction in which there is rapid replacement of the 
Si ~ C1 by Si-OH and concurrent condensations to 
gi\-e cross-linked resins or gels. When this reactioii 
is conducted in a solvent, such as diethyl ether, gela- 
tion may be avoided. Dilution limits the degree of 
polymerization by favoring increased cyclization 
and less complete hydroxyl condensation. -%fter 
the hydrolyzates are washed free of acid, they may 
be concentrated to viscous liquids or soluble solids, 
depending upon the character of the organic groups 
and the extent of condensation. Thus, with methyl 
or phenyl groups, the unheated products are hard, 
glassy resins, whereas with ethyl and higher alkyl 
groups they are generally highly viscous oils. 1'0 
ohtaiii soluble resins from niethyltrichlorosila1i(~, 
it is important to employ high dilution, reinove thc 
acid quickly and concentrate at low temperature.:' 
'The hydrolyzates have from 0.2 to 1.0 hydroxyl 
group per silicon and consist mainly of branched and 
cyclic polysiloxanols. Occasionally, small amounts 
of silsesquioxanes crystallize from them. 

Hrati~ig the solvent-free hydrolysis products 
causes them to set to infusible resins or gels. Xt 
200-2,70", siriall amounts of low polymers are vola- 
tilized. The methyl octamer I was isolated in 
about 1 

\\'he11 the hydrolysis products were heated a b o ~  c 
4 0 0 "  at low pressure, thermal depolymerizzition oc- 
currctl ; m r t  low-polyiiicr alI;~-lsilsescluio~~~ilc.s (lis- 

yield by this means. 

(:? \V I ' , ~ t i ~ < d c  a i i r l  1 )  I- \\'ilcock, 'TlrIs  J o r . R s A l . ,  6 8 ,  :j.-,fi ( I ! i l l ~J  



Aug. 20, 1955 CRYSTALLINE O R ~ ~ N ~ S I L S E S ~ U I ~ X A N E S  424!) 

I 
COMPOUND A 

I I V1.V Y 

I 
I I I I I I I I I 

2 1 6 8 10 12 
d. 

intensities (I/Io). 
Fig. 1.-Plot of X-ray powder pattern data. The heights of the hies for the various d values are proportiotial to the relative 

tilled. However, this uncatalyzed depolyrneriza- 
tion afforded low yields of distillate and was at- 
tended with considerable pyrolysis. Apparently the 
silsesquioxanes formed less readily than the ~ y c l i c ~ ~ ~  
and polycyclic1 siloxanes. 

Alkali-catalyzed siloxane cracking proceeds more 
efficiently and a t  lower temperatures than the ther- 
mal process in the preparation of cyclic dialkylsilox- 
a n e ~ . ~  In the work here reported, this catalytic 
method was found to be eminently suited to the 
preparation of low-polymer silsesquioxanes. 

The preferred method of preparation consisted of 
heating a soluble hydrolysis product of the alkyltri- 
chlorosilane in contact with powdered sodium or 
potassium hydroxide (1-10 mole %) a t  250 to 400' 
under reduced pressure. The alkali formed polysil- 
oxanol salts which catalyzed both siloxanol con- 
densation and siloxane rearrangement. High con- 
version to the low-polymers was usually possible, 
because they were formed continuously in a dy- 
namic equilibrium and were simultaneously removed 
by distillation. In general, the heated mixtures re- 
mained fluid and underwent vigorous boiling and 
foaming when the low-polymers split out near 300'. 

The distilled ethyl, propyl and butyl products 
were semi-solids, of which nearly half crystallized 

( - 4 )  (a) 11. J .  Iluntrr,  J .  tc. I Iyde ,  E. 1.. Wurrick and H. J .  Fletcher. , .  
11115 . rOl lRN.4r , ,  68, fX7 (1946); (11) J .  12.  I l y < l e ,  I J ,  S .  P a l e ~ ~ l ~ i  

2,438,4iH (1948); ?,463,9!)0 ( l ! l 4 3 ) .  

from solvents. These crystals resembled pseudo- 
cubic rhombs and melted a t  282', 220' and 195', 
respectively. They were isomorphous, as indi- 
cated in Fig. 1, and were identified by cryoscopic 
molecular weights as octamers (I). The molecular 
weight and hexahedral structure were ascertained 
for the ethyl compound by a single-crystal X-ray 
analysis. Somewhat higher molecular weight val- 
ues, indicating about 11 RSiO,/z units, were ob- 
tained for the crude hydroxyl-free distillates. 

The cyclohexyl product was a crystalline subli- 
mate which was poorly soluble and did not melt 
below 400'. A recrystallized sample was identified 
as the octamer I by ebulliometric molecular weight 
and X-ray diffraction analysis. I t  was isomorphous 
with the other octamers. 

A preparation starting with 2-methylpentyltri- 
chlorosilane afforded an oil mixture which failed to 
crystallize. 

Preparation of the methylsilsesquioxane low 
polymers was less smooth than for its homologs. 
The hydrolyzates were hard solids in which the al- 
kali catalyst was dispersed less readily. However, 
when potassium hydroxide was added to solutions of 
the hydrolyzate, insoluble powders containing well- 
dispersed potassium salts were obtained. They were 
precipitated either by iiiirnecliate cuiicentratioii or 
upon standing. Prolonged licating of tliew pow- 
ders at 2 - 1 0  400" afTortletl .io (ilC;, of cryst:illiiie niid 
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oily low polymers. Predominantly crystalline 
material was obtained when the temperature did 
not exceed 300'. 

The crystalline phase of the methyl products was 
sublimable and had very low solubility. It was ap- 
parently similar to Scott's (CH,Si03/Jz,z product.' 
Our crystalline material was a mixture of species in 
solid solution. It was partly resolved by fractional 
extraction and crystallization. The principal con- 
stituent (A) had the lowest solubility. Crystallo- 
graphic and X-ray diffraction data showed it was 
isomorphous with and structurally similar to the 
other crystalline alkylsilsesquioxanes. I ts  structure 
therefore was established as that of the octamer I. 
Crystallization of the mother liquors afforded a 
second methylsilsesquioxane (B), in amount about 
one-fourth that of the octamer. Molecular weight 
determinations indicated a dodecamer, for which 
structure I1 is proposed. At least four additional 
crystalline species were found in small amounts in 
the mother liquors. 

An attempt to prepare phenylsilsesquioxanes by 
the thermal alkali-catalyzed process failed. No low 
polymers distilled below 400', and extensive decom- 
position was encountered a t  higher temperatures. 

An alternate method of preparation of crystalline 
organosilsesquioxanes consisted of alkali-treating 
the trichlorosilane hydrolyzates in dilute solutions. 
Thus, the methyl octamer formed as nearly cubic 
crystals, in 15y0 yield, from 1C;lc solutions in alco- 
hol or benzene.5 

A crystalline phenylsilsesquioxane was prepared 
in S5yc yield by the catalytic action of potassium 
hydroxide on a dilute phenyltrichlorosilane hydroly- 
zate solution a t  room temperature. I t  was poorly 
soluble in organic solvents, did not melt below 400°, 
and was not isomorphous with the crystalline alkyl- 
silsesquioxanes. An ebulliometric molecular weight 
determination indicated 6.5 C6H6Si03/2 units per 
molecule. Since an even number of units is re- 
quired theoretically, the silsesquioxane must be a 
hexamer. I t  probably has a skeletal structure with 
the silicon atoms a t  the vertices of a triangular prism. 

The similarity of X-ray diffraction data for the 
powdered crystalline alkylsilsesquioxane octamers 
is illustrated in Fig. 1 by the plot of the d-values 
and relative intensities ( I l lo) .  Considerably differ- 
ent crystal structures are indicated by the plots for 
the two other methyl (B and F) and phenyl com- 
pounds. 

Infrared absorption spectra of the crystalline 
silsesquioxanes show no absorption for hydroxyl or 
other functional groups. Like those for quartz and 
silicone resins containing silsesquioxane units, they 
show a common strong Si-0 band a t  about 9.0 p ;  
this wave length is somewhat shorter than that for 
linear, branched and cyclic 

Experimental Part 
n-Propylsi1sesquioxanes.-To 1000 g. of n-propyltri- 

chlorosilane in 2 1. of diethyl ether, 500 g. of water was 

( 5 )  This method was employed, with higher concentrations of 
methyl- and phenyltrichlorosilane cohydrolyeates, t o  prepare soluble 
thermoplastic resins; J. F. Hyde and W. H. Daudt ,  U. S. Patents 
2 , 4 8 2 , 2 7 6  ( lY49j ;  2,610,16Y (19.52). 

(6) h' Wrigh t  and M. J .  H u n t e l .  THIS J U V R ~ A L ,  69 ,  8U3 ( I Y - L i ; ,  
C. U' Y u u n p ,  P C Servais, C C Cur r i e  and 11. J .  Hunter .  ibrd , 7 0 ,  
3758 (1Y48j. 

added slowly, with external cooling to maintain a tempera- 
ture of 25".  The ether solution was washed, concentrateti 
over a steam-bath, and then heated a t  21 mm. pressure to 
give 514 g. of a viscous oil. A mixture of 345 g. of the 115.- 
drolyzate oil and 7.7 g. of powdered sodium hydroxide \vas 
heated a t  0.10-0.18 mm. by a metal bath at 300-380". 
There was considerable foaming and vigorous boiling due to 
the splitting out of volatile polymers, which distilled a t  
200-270" and partly crystallized to a stiff paste on cooling. 
A small residue was dark, glass-like and spongy. Collec- 
tion of 9.8 g. of mater in a cold trap indicated the hydrolyzate 
oil had an  OH/Si ratio of 0.28. 

The semi-crystalline paste gave a mol. wt. value of 1033 
(f.p. with cyclohexane), indicating an  average of about 1 I 
C3H7Si03,2 units per mol. Infrared analysis indicated nil 
OH. With low proportions of potassium isopropoxide or 
lead naphthenate a t  200", this material underwent catalytic 
polymerization and thermoset to a hard clear resin. 

Nearly half of the distillate paste crystallized from acc- 
tone or hexamethyldisiloxane as octa-n-propyloctasilses- 
quioxane, m.p. 219-220'. The crystals were pseudo 
rhombs having a nearly cubic configuration. The melting 
point remained unchanged upon standing over five years a t  
room temperature. At 150", hoivever, the melting point 
was depressed to 205-211' in 24 hours, and in 16 days the 
crystals were transformed to hard lumps which did not melt 
at 230'. This polymerization behavior at 150' was at- 
tributed to oxidation of the propyl groups. The X-ray 
powder data showed the crystals were isomorphous (see 
Fig. 1 )  with those for the other alkylsilsesquioxane octamers. 

Anal. Calcd. for (C,HiSi03/z)~: Si, 29.4; mol. wt., 
761.2. Found: OH, nil (infrared); Si, 29.1, mol. v t . ,  810, 
773 (cvclohexane). 728 (benzene). X-Rai- data: d ( I / I , , )  = 
10.1' (1 .OO ) ; 7.6( 0.42 ): 6 .S(O. 13); B.Z(O.01)  ; 5.1( 0.03 ) ; 

3.39(0.04); 3.30(0.04); 3.09(0.03); 2.81(0.01); 2.69(0.01). 
4.72(0.08); 4.36(0 3 3  ) ; 4.20(0.17) ; 3 .n( 0.08 ; 3.53( o . n i  ; 

In  another preparation 87 g. of the propyl hydrol)-znte, 
which had gelled upon standing several days, was submitted 
to a destructive distillation in the absence of a catal!,it. 
The gel depolymerized to a viscous oil during 30 hours zit 
400". Only water condensed in the receiver. The pri.5- 
sure then was reduced to 1-2 mm., where there was vigorolli 
boiling and distillation began. After ten hours at 300 - 
500", the pot liquid had solidified and 39 g. of an  oil had dis- 
tilled at 200-280" (1-2 mm.).  ,4nalysis of this distillate 
was in fair agreement with that for a propylsilscsquiosalle 
mixture. 

ATzal. Calcd. for (C3H7Si03/2)n: C, 37.9; Si, 29.4. 
Found: C, 38.9; Si, 30.6. 

n-Butylsi1sesquioxanes.-Hydrolysis of n-butyltrichloro- 
silane to a viscous liquid product and depolymerization with 
caustic (3Gc by weight of hydrolyzate) were carried out as 
before. The water eliminated amounted to 3.0% of the 
hydrolyzate, indicating a ratio of 0.37 OH/Si. The low- 
polymers, (89% yield) distilled at 220-320' (0.5 -1.1 mm.) 
as a semi-crystalline paste; a mol. wt .  value of 1155 indi- 
cated 10.6 C1H9Si0312 units per mol. !\'hen some of the 
paste was heated with 0.3 mole % of potassium isopropoxide 
for six hours at ZOO", i t  polymerized to a high-viscosity oil. 
The crystalline portion was isolated by recrystallization 
from acetone. The nearly cubic crystals, m.p. 190-195", 
were identified as octa-n-butyloctasilsesquioxane by analy- 
sis and their isomorphism with the other alkylsilsesquioxane 
octamers. 

Anal. Calcd. for (C4HsSiO2,z)s: Si, 35.72; mol. wt . ,  
873. Found: Si, 25.7, 25.4; mol. wt., 9E3 (cyclohexane), 
830 (benzene). X-Ray powder data: d ( I / I o )  = 1n.S 
( 1 .oo ; 8 . q ~  .58) ; 7 . q ~  ,251 ; 6 . w  o .05) ; 5 . x ( n  .04 ; 
5.4(0.03); 5.1(0.08); 4.67(0.75); 4.50(0.21); 4.02(0.03); 
3.78(0.04); 3.62(0.10); 3.52(o.loj; 3.31(0.10); 3.14 
(0.02) ; 2.98( 0.03); 2.88(0 ,031. 

Ethylsilsesquioxanes.-\17hen etliyl~richlorosilaiie x t s  
hydrolyzed in ether, i t  gave on concentration a very vis- 
cous oil. This material was mixed with 6% by weight of 
sodium hydroxide and then heated in a bath a t  405-450' 
until 35'3, of it had distilled at 190-220" (1-7 mm.). The 
distillate was a stiff paste. Crystallization from acetone or 
hexamethyldisiloxane afforded octaethyloctasilsesquioxane 
a s  pseudo-cubes, m . p .  2 Y U - % X S c .  

A n u l .  Calcd. fur (C,H5SiOJ,:!)s: Si, :34.ti-L; lnul. b ! t . ,  

ti49.2. E'our~i:  Si, N.ti, 34 .5 :  mol. wt. ,  5ti6 (btrizeiir). 



Aug. 20, 1955 CRYSTALLINE ORGANOSILSESQUIOXANES 4251 

The molecular weight and structure (I)  of this compound 
were determined by X-ray analysis of a single crystal, 
grown after a month from evaporation of a solution in hexa- 
methyldisiloxane. TheX-ray data and a measured density of 
1.3079 g./ml., established a rhombogedral and singly prima- 
tive unit cell, with 4 = 9.50 k0.04 A. and CY = 95.9 f O.ti', 
and fixed the value of 8 CzH&i03/z units per molecule. 
Powder diffraction data on the crushed crystals showed 
isomorphous reflections (see Fig. 1) with the other four 
alkylsilsesquioxane octamers, thereby confirming the degree 
of polymerization of 8 for the series. 

4.38(0.16); 3.99(0.20); 3.88(0.30); 3.48 (0.04); 3.27 
(0.03); 3.10(0.08); 3.04(0 .Os); 2.83(0 .Os); 2.73( 0 .Ol); 
2.59( 0.02 ) ; 2.47( 0.02). 

The lines did not match either the isometric or tetragonal 
systems. Microscopic examination showed that the crys- 
tals were anisotropic, probably triclinic, and had an ex- 
tinction angle of about 41'; the interfacial angles averaged 
83' and 97'. 

In one instance, some of the pseudo-cubic octamer crys- 
tals (%D 1.465) separated directly from 80 g. of a washed and 
concentrated hydrolysis product (found 3.2yo OH) of ethyl- 
trichlorosilane. The crystals (2% of hydrolyzate) were 
freed from the very viscous oil product by extraction with 
methanol. 

d( 1/10) = 94.( 1.00); 7.0(0.30); 6.25(0.06); 4.67(0.10); 

Anal. Found: Si, 35.3; OH, nil. 
Cyclohexylsi1sesquioxanes.-Hydrolysis of cyclohexyl- 

trichlorosilane in ether gave, on concentration, an amor- 
phous solid. The melt was heated with 3% of its weight of 
sodium hydroxide by a metal bath a t  340440' until 36% 
of i t  had sublimed. The crystalline sublimate was poorly 
soluble in benzene or cyclohexane a t  room temperature. 

Anal. Calcd. for (CBHllSiO~/&: Si, 20.78. Found: 
Si, 20.8,21.1. 

Large, nearly cubic, crystals of octacyclohexyloctasilses- 
quioxane deposited from hot toluene. They did not melt 
below 400°, had a density of 1.174 g./ml., and were iso- 
morphous with those of the other alkylsilsesquioxane octa- 
rners. Erratic results were obtained in attempted deter- 
minations of its molecular weight by cryoscopic means. 
However, values near that  calculated were found by an 
ehulliometric method.' 

Anal. Calcd. for (C6Hl1Si03/2)8: Si, 20.78; mol. wt., 
1082. Found: Si, 20.6, 20.3; mol. wt., 968, 1124 (methyl- 
ene chloride). 

An X-ray pattern obtained for a sample of crushed crys- 
tals gave prominent d-values only a t  11.5, 8.6, 7.6, 4.96, 
3.80 and 3.50 A. A second pattern, for a sample prepared 
by resublimation at about 400' (1  mm.) and fine grinding, 
gave the same lines plus a larger number of less intense re- 
flections. These corresponded closely with the other alkyl 
octamers, as shown in Fig. 1, The data were indexed on a 
rhombohedral cell with lattice constants arh = 11.6 A.,  a = 
95". (The lattice constants of the hexagonal cell were a 
= 17.1 A . ,  c = 18.15 A.,  c /a  = 1.06.) Using these values 
and the density, the number of CeHllSi0312 units per unit 
cell was calculated to be 8.06. 

d 
11.5 
8 . 6  
7 . 7  
6.9 
6.05 
5 . i 5  
5 .40  
4.95 
4.77 
4.30 

X-RAY DATA FOR RESUBLIMED SAMPLE 
I / I o  hkl d I l l 0  

100 011 4 .00  0 .8  
10 110 3 .80  1 . 3  
3.8 102 3 . 7 4  1 . 8  
1.3 201 3 . 5 1  1 . 8  
0.8 003 3.33 0 . 5  
0 .  5 022 3.20 . 8  
1 . 8  121 2 .03 .8 

19 300, 113 2 .86  .8  
1 . 0  122 2 .71  . 3  
0 .5  220 

hkl 

311 
303 
132 
10,5, 121 
23 1 
140, 322 
314, 21,5 
404 
234,135 

2-Methylpentylsilsesquioxanes.-Hydrolysis of (2-meth- 
ylpenty1)-trichlorosilane* to a viscous liquid and depolymeri- 

4u-I I lU49) .  

J V L K N A L ,  69 ,  2Y Ib  i l Y 4 7 ) .  

(7)  R .  E. Kitson, A N. Oemler and John M i t c h e l l ,  Anal .  Chcm.,  a%,  

18) A J Barry ,  L. DePrrc, J .  W. Gilkey and L). E .  Hook, TKIS 

zation of the latter were carried out as before. The water 
collected amounted to 4.1% of the hydrolyzate (indicating 
0.65 OH/%). The low-polymers distilled a t  290-325" 
(2-2.5 mm.) in 87% yield. This product was an oil having 
a viscosity of 820 cs. at 20" and nil hydroxyl content (in- 
frared). An average of about 15 C6HlaSi01.b units per mol 
was indicated by a cryoscopic molecular weight determina- 
tion (found: 2024). The mixture failed to give a crystalline 
compound. 

Methylsi1sesquioxanes.-Hydrolysis of 356 g. (2.00 
moles) of methyltriethoxysilane was effected in a solution 
containing 11.4 g. (0.20 mole) of potassium hydroxide, 280 
ml. of water and 3.5 1. of methanol, An amorphous pow- 
der (product l ) ,  which precipitated overnight and coagulated 
in two more days, was collected on a filter. I t  was rinsed 
with methanol and dried a t  160"; yield 125.5 g. The 
filtrate (no. 2) contained 70% of the alkali. A 61.3-g. 
portion of the alkaline powder (no. 1) was heated under 
vacuum (1 mm.)  in a 500-ml. Claisen flask to which a wide 
side arm and receiver were sealed. A small amount of 
solid (no. 3) readily sublimed from the mixture a t  200'. 
At 300-325', crystalline material (no. 3) formed a t  a de- 
creasing rate during 68 hours. I t  was carried over to the 
receiver by occasional warming of the upper part of the 
flask and the side arm. A final 39 hours a t  400' formed 
only a trace of additional sublimate and left 19.4 g. of 
charred residue. In an attached cold trap was found 2.5 g. 
of a mixture of water and a liquid, b.p. 197-200", which is 
probably 1,3-dimethyltetraetho~ydisiloxane.~ 

The entire sublimed product (no. 3) amounted to 34 g. 
(55% of no. 1) and consisted of a microcrystalline paste. 
I t  was digested with 75 ml. of hot acetone to extract oily 
and soluble material (no. 4).  The remaining solids (no. 5) 
amounted to 14.4 g. (42% of sublimate no. 3) and gave an 
X-ray powder pattern characteristic of the octamers. 
However, microscopic examination revealed that material 
other than octamer was present in solid solution. There- 
fore, 12.75 g. of the solids (no. 5) was placed in a thimble of 
a Soxhlet apparatus and leached 5 days with acetone to ex- 
tract a portion (no. 6)  containing the more soluble constitu- 
ents. The remainder was dissolved by another 5 days ex- 
traction with chlorobenzene. From the refluxing chlorohen- 
zene there was deposited a 7.6-g. first crop of uniformly 
small platelets having a square outline. These were col- 
lected on a filter and the filtrate was concentrated to give 0.3 
g. of a second crop of similar crystals. The first crop plate- 
lets were observed under the microscope to be of a single 
crystalline phase, indicating the presence of but one com- 
pound (A). The second crop crystals were essentially the 
same, except that  their cores had a slightly lower refractive 
index; this indicated the same compound ( A )  with a trace 
of an impurity in solid solution. 

The pure crystals were rhombohedra, equidimensional in 
two directions. However, they were actually biaxial 
(probably triclinic), and possessed a 30-40" extinction 
angle. They had very low birefringence (y = 1.483, y - 01 

= 0.003), making their crystal systems uncertain. Under 
a stereomicroscope they appeared as very thin plates 
oriented on their well developed basal pinacoids. As a 
result of this orientation, even after fine grinding, several of 
the X-ray reflections were highly intensified (especially for 
d = 8.50 and d = 4.13). For an X-ray diffraction pattern 
of a randomly oriented powder, a microcrystalline sample 
was obtained by a rapid vacuum resublimation a t  about 
200". 

d( 1/10) = 8.50 (1.00); 6.35(0.20); 4.22(0.48); 38.5 
(0.62); 3.62(0.75); 3.52(0.88); 2.80(0.28); 2.77(0.23); 
2.58(0.25): 2.46(0.08): 2.39(0.20): 2.24(0.23): 2.15(0.12): 
2.14(0.15); z.oo(o. 17); i.89(n.od j; 1 .si( 0. I j: 

The crystals sublimed without melting when heated abo\sc 
150' a t  atmospheric pressure. On rapid heating a sub- 
limation point a t  365" was reached. The molecular weight 
of this compound ( A )  was not obtained because of its ex- 
tremely poor solubility in organic solvents, including 
toluene, chlorobenzene, pyridine, dimethylformamide, octa- 
methylcyclotetrasiloxane and camphor. However, the 
above X-ray data showed that the crystals were isomor- 
phous with those of the other alkyl derivatives. Because 
of this structural similarity and its analogous preparation, 
the compound was assigned the cubic octamer structure for 
octamethyloctasilsesquioxane . - 

(9) H. J .  Fletcher and hl J. Hunter, i b i d . ,  71, 2922 (1949). 



Anal. Calcd. for (CHaSi03,?)8: Si, 41.82. Found: 
Si, 41.9, 41.8. 

The second acetone extract (no. 6, from Soxhlet appara- 
tus) was filtered while i t  was still hot to remove an addi- 
tional 1.4 g. of platelets of the octamer compound (A). 
Together with the above 7.9-g. crops from chlorobenzene, 
the yield of this compound totaled 9.3 g. (737, of solids no. 
5 ,  or 17% over-all from no. 1). Upon concentration and 
cooling of the filtrate, 2.05 g. (1692 of solids no. 5 )  of a 
second methylsilsesquioxane compound (B) crystallized in 
three crops as elongated prisms, m.p. 321-323". With 
further concentration of the mother liquor, replacement of 
the acetone with ethanol, and cooling, there was obtained 
0.11 g. of mica-like flakes of another compound (F), m.p. 

The first acetone extract (no. 4 )  also was concentrated; 
i t  deposited 1.04 g. (3.17; of crude sublimate, no. 3) of a 
solid mixture, leaving 16.7 g. (4996 of no. 3) of an oil mix- 
ture (found: Si, 40.0). Recrystallization of this solid mix- 
ture gave five separate types of crystals in successive 0.1- 
to 0.15-g. crops. The first and the last of these types were 
found by microscopic examination to consist of the above 
methylsilsesquioxane compounds B and F, respectively. 
The intermediate fractions comprised other compounds C, 
D and E which, after recrystallization, melted at about 255, 
257 and 270°, respectively. The latter compounds were 
not further characterized, except that  they were determined 
to be crystallographically distinct. 

Cryoscopic molecular weight determinations on com- 
pound B indicate an average value of 11.6 CH3Si03,2 units 
per molecule. Since the number must be an even integer, 
the compound is apparently dodecamethyldodecasilses- 
quioxane, for which the structure I1 is proposed. 

A n d .  Calcd. for (CH&3iOa,2)12: Si, 41.82; mol. wt., 
805.1. Found: Si, 41.8, 41.6; mol. wt., 753 (cyclohes- 
am), 785, 787 (camphor). 

This compound was slightly soluble in many organic sol- 
vents. I t  recrystallized from acetone as elongated prisms 
and, a t  the same time, as short prisms with prominent basal 
pinacoids. These crystals showed perfect cleavage in two 
directions, frequent twinning, and an extinction angle of 
about 20". They were biaxial (probably monoclinic), 
positive, and had moderate birefringence ( y  1.470, cy 

1.460). A sample was vacuum-sublimed to afford a non- 
oriented and microcrystalline powder, which gave the fol- 
lowing X-ray diffraction data. 

5.60(0.15); 5.10(0.18); 4.70(0.38); 4.40(0.36); 3.96 
(0.51); 3.70(0.37); 3.66(0.32). 

The dissimilarity of the dodecamer with the other com- 
pounds is indicated in Fig. 1. The same powder pattern 
nxs obtained after a 20-hour heating a t  200°, followed by 
vacuum resublimation. R'hen patterns were taken on 
powdered samples of larger crystals, certain d-values were 
intensified by preferential orientation. Furthermore, those 
patterns revealed surprising and marked changes in the rela- 
tive intensities for different samples and also for repeat runs 

133-135". 

f ( I j 1 0 )  9.4(9.6); 9.1(1.00); 7.00(0.89); 6.55(0.16); 

of the same sample. 
The lowest-melting (135') compound F was free of hy- 

droxyl and ethoxy groups, according to infrared analysis. 
I t  was the most soluble of the crystalline methylsilsesquiox- 
anes isolated. It crystallized from ethanol as large thin 
flakes, with a bluish-gray interference color. These crystals 
were biaxial and had low birefringence ( y  1.460, cy 1.458), a 
wavy extinction and strong dispersion. This material did not 
change on long standing. Recrystallization from acetone- 
ethanol gave flatplates, n1.p. 135-137', which were powdered 
to give the following X-ray diffraction data (see Fig. 1). 

d(I/ 'Io) = 9.1(0.27), 8.5(0.10), 8.1(1.00); 7.3 (0.13); 
1.78(0.20); 4.60(0.07); 4.39(0.17); 4.18(0.17); 4.02 
(0.10); 3.80(0.17); 3 . ~ q o . 0 7 ) ;  3.51(0.10); 3.-10(0.03); 
3.29(0.03); 3.13(0.03); 2.99(0.07). 

Additional nearly cubic crystals of the octamer (CI-TS- 
Si01.6)8 (compound A )  deposited slowly from the above 
alcoholic filtrate (no. 2). A slightly alkaline mixture (7.4 
g . )  of crystals with some amorphous solids was collected 
after 35 days. The octamer was extracted with chloro- 
benzene i n  u Soxhlrt apparatus, freed fruni ~ ~ u ~ u r p l i i ~ t i ~  
riixterial \I?. subliiriu[iori :ti 200 i'i'(1" (75U t i i i i l .  1 ,  xiid ',\J\ 

i lirii rt.r.ryytbillizt.il :t\ i - h o i i l l ) i i .  IJlLItt : l?t i  frulii t.11101 ~ ~ I ~ ~ - i i ~ . r i i r ;  
5 i c . l t l  4.Z j  x .  1 i t . 1 ~ 1  lroiii ~ i l , , ~ i ~ ~ ~ ~ ~ ~ l i , ~ ~ ~ ~ .  ( ) t i  I 
\ i : i i ~ i l i i i g ,  iiiow 111 ill<,.(. OI 11, ~ ~ i ~ i i ~ i i i i i t ~ ~ i  i c i  IOIIII 

Anal. Found: Si, 41.4, 41.7. 
The octasilsesquioxatie (A) was produced also by an al- 

kali treatment of methyltrichlorosilane hydrolyzates in 
dilute alcohol or benzene solutions under r e f l ~ x . ~  The 
CHsSiOaiz concentration was only lY0 by weight and po- 
tassium hydroside was added in small amounts to provide 
siloxanol salts and a KjSi  ratio of 1: 100. \%'hen benzene 
was used, the small amount of water produced was removed 
by distillation. After 2 or 3 days refluxing, crystals of the 
octamer were obtained in 15 to 2070 yields. The filtrate 
afforded additional small amounts of solid upon concentra- 
tion and sublimation below 200". The residue then af- 
forded larger amounts of solid above 300", by the above 
described thermal process. 

In other small-scale siloxane-cracking experiments, in 
\r-hich potassium hydroxide was added to hydrolyzates iii 
molar concentrations of 1 or 1072, the yields of sublimed 
low-polymers ranged from 50 to  64%. When runs were 
made in which powdered potassium hydroxide was merely 
mixed with the hydrolyzate solids in a mortar, lower yields 
(up to l6Y0) were obtained. In one run using 2y0 by weight 
of sodium hydroxide, there was obtained a 24y0 conversioii 
to crystalline and oily low-polymers, from which both the 
octamer (A) and dodecamer (B) were obtained. However, 
in the absence of a catalyst, no sublimable methylsilse>- 
quioxanes were produced upon heating hydrolysis products 
below 400°, except for trace amounts of crystalline 10x7- 
polymers which came over initially at 200". 

Crystals of the methyl octamer also have deposited in 
small amounts from hydrolyzate solutions employed in the 
preparation of some silicone resins. 

Phenylsi1sesquioxanes.-Hydrolysis of phenyltrichloro- 
silane in dilute ether solutions, followed by immediate wash- 
ing and concentration, afforded brittle soluble solids, com- 
prising polysiloxanols with 0.5 to 1.0 OH/Si ratios. U'hcn 
such a product was heated with 3 to 5 C d  by weight of sodium 
hydroxide to 440' (2-3 mm.)  by the procedure employed 
\\-ith the alkyl compounds, there was distilled only 6% of a 
mixture of water and benzene. Continued heating of the 
resin melt to 520" gave further decomposition, with forma- 
tion of additional benzene and a small amount of an un- 
characterized oil. 

A 21-g. sample of phenyltrichlorosilane was hydrolyzed 
i n  200 ml. of diethyl ether and washed neutral with water. 
Addition of 0.06 g. of potassium hydroxide in 150 ml. of 
96% ethanol and 750 ml. of benzene gave a clear solutioii 
having a 1 .4y0 CBH5Si0312 concentration. Some small 
crystals having a square outline deposited overnight and 
accumulated in clusters on long standing. After three 
weeks there was filtered 7.7 g. (60yI) of crystals (rods with 
diameters up to 150 p )  showing weak birefringence ( Y  
1.580) and a first-order gray polarization color. An addi- 
tional 3.2 g. (25%) of crystals of the same type, with di- 
ameters up to 400 p; was formed during the next ten m o n t h .  
The crystals did not melt when heated to 400' and decotn- 
posed at higher temperatures. They were but  sparingly 
soluble in methylene chloride and in refluxing toluene or 
chlorobenzene. The molecular weight of 836, determined 
ebulliometrically~ in methylene chloride, indicated the com- 
pound to be hexaphenylhexasilsesquioxane. An X-ray 
powder diffraction pattern was dissimilar to those for the 
alkyl compounds, as shown in Fig. 1. The presumed pris- 
matic skeletal structure could not be corroborated, duc to 
difficulty of growing crystals suitable for a single crystal 
X-ray analysis. 

.l??uL. Calcd. for (CsHjSiOai2h: C, 55.79; Si, 91.73; 
mol. wt., 775.1. Found: C, 55.8; Si, 21.5; OH,  nil; 
mol. w t . ,  830, 832. >;-Ray poivder data: d(I j I r1)  = 12.1 
(0 .20) ;  lO.R(l.00); 9.4(0.17); 8.3(0.11); 7.8(0.11); 4.82 
(0.11); 4.63(0.13); 3.58(0.12). 
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