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From the ApH given in Table I and using 
PKHOC~ = 7.453 a t  19, we obtain for ~ K H O B ~  = 
8.70 in excellent agreement with Shilow and 
Gladchikova. 
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The Preparation of Some Triarylaminosilanes 
BY HENRY GILMAN, BURT HOPFERTH, H. W. MELVIN AND 

G. E. DUNN 

In connection with some proposed cleavage 
studies, i t  was desired to prepare a series of tri- 
arylaminosilanes. In accordance with general 
procedures reported in the literature, * the reaction 
of triphenylchlorosilane with diethylamine in 
refluxing ether was attempted. Only a trace of 
unidentified material melting a t  78-80' was ob- 
tained, the principal product being triphenyl- 
silanol. When triphenylchlorosilane was refluxed 
with hydrazine, alone or in benzene, no nitrogen- 
containing product was obtained, and triphenyl- 
chlorosilane was recovered in 58y0 yield after 
recrystallization. 

Results were not significantly better when alkali 
metal amides were substituted for the amines. 
With lithium or sodium di-n-butylamide and tri- 
phenylchlorosilane a t  200' only 10% yjelds of the 
desired triphenyl-(di-n-buty1amino)-silane were 
obtained. Lithium hydrazide in ether apparently 

gave a small yield of a nitrogen-containing silicon 
compound which hydrolyzed upon brief exposure 
to air. When triphenylchlorosilane and N- 
lithiocarbazole were refluxed in ether for twenty 
hours, or heated a t  270-280' for four hours, 
starting materials were recovered to the extent 
of 91 and 8673, respectively. 

Nest was attempted the reaction of triphenyl- 
silanol with amines. Di-n-butylamine a t  165' 
converted triphenylsilanol to hexaphenyldisil- 
oxane in 54-94y0 yields. Aniline and diethyl- 

amine failed to give any reaction a t  their re- 
spective boiling points; however, diethylamine in 
a sealed tube a t  180-195' gave a 91% conversion 
to the disiloxane. A catalytic amount of di-n- 
butylamine in boiling xylene did not cause any 
condensation. It is of interest to point out here 
the anomalous behavior of tris-Q-dimethylamino- 
phenyl)-silanol, which reacts in the desired 
manner with di-n-butylamine to give tris-(p- 
dimethylaminopheny1)-di-n-butylaminosilane al- 
most quantitatively. 
[P-(CH~LNCBH~I&OH + HN(GHds ----f 

2(CsH6)aSiOH + ( C B H ~ ) ~ S ~ O S ~ ( C ~ H ~ ) ~  + Hz0 

[ ~ - ( C H ~ ) ~ N C B H , ] ~ S ~ N ( C ~ H ~ ) ~  4- HzO 
(1) Kraus and Rosen. THIS JOURNAL, 47, 2739 (1925); Reynolds, 

Bigelow and Kraus, ibid. ,  51, 3067 (1929); Sauer and Hasek, {bid., 
68, 241 (1946). 

Since it is well known that hydrogen can be 
displaced from silicon by strongly basic reagents, 
reactions were attempted between triphenylsilane 
and some lithium amides. Good yields of di- 
methyl-, diethyl- and di-n-'butyl-aminotriphenyl- 
silanes were obtained from the corresponding 
lithium amides, but lithium hydrazide gave a 
nitrogen-containing material which hydrolyzed 
to triphenylsilanol and hexaphenyldisiloxane on 
attempted purification. When the lithium salts 

of carbazole, N-methylaniline, diphenylamine, 
and 2,5-dimethylpyrrole were employed, tri- 
phenylsilane was recovered to the extent of 
60-00%. It may be noted that, with the ex- 
ception of N-methylaniline, these unreactive 
lithium salts did not give Color Test IV.2 

(CBH&SiH + LiNRz + (C&)sSiNRz LiH 

Experimental 

Table I reports the yields, physical constants and analy- 
ses of the four triarylaminosilanes prepared in this study. 
All melting points are uncorrected. Representative prepa- 
rations and the standard procedure used in this Laboratory 
for the analysis of non-volatile organometallic compounds 
for silicon are described below. 

Silicon Analysis.--From 0.1 to 0.2 g. of sample is 
weighed accurately into a previously ignited 15-ml. plati- 
num crucible with cover. About 1 ml. of pure concen- 
trated sulfuric acid is added cautiously to the sample in 
the partially covered crucible. I t  is essential that the 
sample be thoroughly wetted by the sulfuric acid before 
heating is begun. This may be facilitated in stubborn 
cases by previously wetting the sample with glacial acetic 
acid, or by adding two or three drops of concentrated 
nitric acid to the sulfuric acid and sample in the crucible 
The partially covered crucible is then placed in the plati- 
num wire support of a Rogers ring burner. The sup- 
porting structure of the burner is lowered so that the 
flame impinges on the crucible above the level of the acid, 
The flame is adjusted, and the crucible support is raised 
a t  such a rate that sulfuric acid fumes are continuously 
evolved. When all the acid has been vaporized, the cru- 
cible is ignited to constant weight a t  dull red heat.3 The 
percentage silicon is calculated using the factor 0.4672 for 
conversion of SiOa to Si. 

Triphenyl-(di-n-butylamino) -silane from Triphenyl- 
chlorosilane and Lithium Di-n-butylamide.-A solution 
of phenyllithium in ether was added under dry nitrogen 
to an ether solution of 0.0463 mole of silicon tetrachloride 
in the usual way.' The mixture was refluxed for one-half 
hour and the salts were allowed to settle. The ether solu- 
tion was added to 0.171 mole of lithium di-n-butylamide 
in about 30 ml. of di-n-butylamine. The ether was re- 
moved over a steam-bath and the residue was heated a t  
200" for an hour. After cooling the flask, dry benzene 
was added and refluxed for an hour. Salts were filtered 
off under nitrogen and the solvent was evaporated. Dis- 
tillation of the residue under reduced pressure gave a red- 
brown product which, after being washed with petroleum 
ether (b. p. 60-70"), melted a t  62" and weighed 1.8 g. 
(10%). 

Triphenyl- (di-n-butylamino) -silane from Triphenyl- 
silane and Lithium Di-n-butylamide.-To 0.034 mole of 
n-butyllithium6 was added 5 g. (0.039 mole) of di-n-butyl- 

(2) Gilman and Woods, ibid. ,  66, 33 (1943). 
(3) Ignition at too high a temperature may produce silicon carbide 

instead of silica: see McHard, Servais. and Clark, Anal .  Chcm., 20, 
325 (1948). 
(4) Gilman and Clark, THIS JOURNAL, 68, 1675 (1946). 
(5) Gilman, Beel, Brannen, Bullock, Dunn and Miller, i b i d . ,  71, 

1499 (1949). 



'tinine in 25 ml. of aiihydroui ciher. The suspension T V ~ S  
refluxed for one-half hour, after which time Color Test 
11-A' was negative and Color Teit IV2 was positive. 
T1xt.n 8.8 g. (0.034 mole) of triphenylsilane in 50 ml. of 
dry ether wds added to the suspension of lithium di-n- 
butylamide, and the mixture was refluxed for one-half 
hour. The suspension was filtered and the solvent wa3 
removed by distillatioit. The residue from the distilla- 
tion was refluxed with bcnzene for one hour, filtered, and 
the solvent ~vns dibtilled. A similar treatment of this 
residue with petroleum ether (b. p .  60-70") yielded R 
gnininy solid which, AEtir crystallization from absolute 
ethanol, weighed 7.6 g. (6:37c) and melted a t  60-62". A 
mixed melting point mith the triphenyl-(di-n-butylamino) - 
silane obtained from triphenylchlorosilane wa5 not de- 
pressed. Triphenyldimethyl- and triphenyldiethyl- 
<tmino\ilane were prepared from triphenylsilme by suit- 
dAe modification of this procedure. 

Tris-(p-dimethylaminophenylf -di-n-butylaminosilae. 
-One gram (0.0025 mole) of tris-(p-dimethylamino- 
phenyl)-silanoli (m. p. 1% ") MYIS refluxed with 50 ml. of 
di-n-butylamine for thirty minutes. About two-thirds of 
the di-n-butylamine was then distilled off very slowIy so 
<is  to remove water continuously as it formed during the 
reaction. The remaining solution, on cooling, deposited 
a sticky solid which, when recrystallized from di-n-butyl- 
amine and washed with petroleum ether (b. p. 30-60"). 
melted a t  62-64 O and weighed 1.2 g. (92%). This material 

to he tris-ip-dimethylaminopheny1)-di-n- 
lane by the following procedure. The 
agitated in 50 ml. of water at 70" for thirty 

minute.;, filtered, and. thc precipitate (0.88 g.) was shown 
to be tris-(p-diniethy~dmiLiophenyl) -silanol by a mixed 
melting point deterniinatior,. The filtrate was extracted 
with ether, and the extract was dried and distilled. The 
liquid remaining was identified as di-n-butylamine by A 
mixed melting point between its picrate arid that of i i i i  
authentic specimen. 

Conversion of Triphenylsifanol to Hexaphenyldisilox- 
ane. (a) By Di-n-butylamine.-Fifteen grams of tri- 
phenylsilanol (m. p. 151-153") was refluxed with 25 ml 
of di-n-butylamine for one and one-half hours. After 
removal of the insoluble solid and repeated concentratioii 
of the mother liquor, 13.7' g (94.57)  of crude hexaphenvl- 
disiloxane was obtained. The yie!d after recrystallization 
was 12.5 g. In a subsequent run, 
10 g. of triphenylsilanol was converted to 5.2 g. (M%) of 
hexaphenyldisiloxane after beinn refluxed for three hnuri 
in 25 ml. of di-n-butylamine. The excess amine ;va> 
vvtshed out with acid, and the product was ohtilined hy 
fr'lct ional cryst allizatiou. 

(b) By Diethylamine.-Triphenylsilanol (0.0181 mole) 
was heated in a Carius tube with 0.0487 mole of diethyl- 
mine for three and three-quarter hours a t  180-195". The 
crystalline product, after being washed free of amine with 
petroleum ether (b. p, 60-70"), weighed 4.35 g. (91%). 
A mixed melting point with : i n  alii hcutic specimen 5howed 
110 depression. 
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( 6 )  Gilmnn and Swiss, THIS JOURNAL, 62, 1847 (1940) 
(7) The preparation of this compound will he reportrd in a forth- 

corning publicatton 

A Quantitative Evaluation of Small-Angle X-Ray 
Scattering by Various Cellulose Fibers for the 
Determination of Crystallite Size with Special 
Reference to the Problem of Inter-particle 

Interference 
HY A X. J. HEYN 

Previous articles by the author' discussed the 
scattering of X-rays at small angles by various 
cellulose fibers and the relation of this scattering 
to the orientation of the particles on a qualitative 
basis. 

The quantitative evaluation of scattering to de- 
termine the size and distance of the particles was 
complicated because inter-particle interference was 
found to play an important role in this scattering. 
Therefore, application of simple approximation 
formulas for the calculation of the particle size as 
given by Guinier did not appear permissible under 
such conditions of ''densely packed systems," as has 
been stressed already by Kratky and collabora- 
tors.2 This is so because these formulas are 
based on the assumption that the particles scatter 
independently. 

Interpretation of the increased intensity of 
scattering and the different distribution of inten- 
sity caused by the swelling of fibers (compare dia- 
grams a and b of Fig. l of dry and wet flax) in pre- 
vious experiments' offered a means of solving this 
problem; whereas with fibers in the dry state par- 
ticle interference plays an important part, i t  was 
presumed that this no longer proved to be the case 
with fibers that have been swollen in various ways 
so as to increase the distance between the parti- 
cles. The experiments discussed in this article 
show that when applying this new swelling tech- 
nique it is indeed possible to use the above approx- 
imation formulas for the calculation of particle 
size. The results so obtained with different nat- 
ural cellulose fibers and rayons are reported here. 

Experimental 
The formula by which Guinier, as based on Debye's 

general scattering formula, approximated the theoretical 
formula is given as formula (a). This approximation 
holds only for small angles, but if this condition is ful- 
filled-as in the present case-it affords one of the sim- 
plest methods for  calculating of the particle size from the 
djqtribution of intensity. 

(a) I = NIene-(17r2/3Aa)K2c¶ 
- _ _ _ _  

(1) A N. J Heyn, THIS JOURNAL, 70, 3138 (19481, 71, 1873 

( 2 )  0 Kratky, Nolurwsssenschaftcn, 26, 94 (19'38), SO, 542 (1 812),  
( I Y l Y ) ,  72, 2284 (1950); Text. Res. J . ,  19, 163-172 (1949) 

0 Kratky, A Sekora and R Trerr, Z Elcfilvv~hcnr 48, 587 (1'1421 
0 Rrdt iy  and Wuritrr, $ h i ! ,  50 21') l O I l  


