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both hexaethyldisilazane and N,N-dimethyltriethyl- 
silylamine. 

Tetrakis(triethylsily1amino) diborane(4) is a color- 
less, viscous liquid, stable a t  room temperature, but 
sensitive to moisture. It is soluble in nonpolar sol- 
vents such as toluene, ether, and cyclohexane. Tetra- 
kis(triethylsilylamino)diborane(4) decomposes a t  280" 
and reacts with dry hydrogen chloride. Ammonium 
chloride, triethylchlorosilane, and a small amount of a 
solid that reduces a solution of silver nitrate were 
formed in the hydrogen chloride reaction. The 
exact composition of this latter solid is not known, and 
further investigations will be carried out in an effort 
to identify both this substance and the products of 
the pyrolysis of tetrakis (triethylsilylamino)diborane(4). 
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Chlorodifluoramine has been prepared by the reac- 
tions of difluoramine with boron trichloride, 2a phos- 
gene,2b or hydrogen chloride.2b It can also be obtained 
by treating a mixture of sodium azide and sodium chlo- 
ride with fluorine.8 This paper reports the convenient 
synthesis of chlorodifluoramine by the reaction of 
chlorine and difluoramine in the presence of certain 
alkali metal fluorides. 

The reaction appears to occur essentially as shown by 
the equation. Thus, chlorodifluoramine was formed in 
good yield when a gaseous mixture of equimolar 
amounts of chlorine and difluoramine was brought into 
contact with anhydrous potassium fluoride. The re- 

HNFz + Clz + MF + ClNFz + MF.HC1 

action was carried out in the dark to avoid possible 
photochemical reactions. The gaseous product 
amounted to 54% of the gaseous reagents charged and 
was mostly chlorodifluoramine according to infrared 
analysis. Purification of the gas by fractional codis- 
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tillation4 gave pure chlorodifluoramine in GG% yield. 
A control reaction showed that the potassium fluoride 
was necessary for significant reaction to occur. 

Similar results were obtained when an excess of 
chlorine was allowed to react with difluoramine in the 
presence of rubidium fluoride. No other metal fluo- 
rides were investigated as possible catalysts. 

The catalytic activity of the fluoride salt is probably 
due to the basic nature of fluoride ions6 Interaction 
of the proton of difluoramine with a fluoride ion would 
increase the electron density on the nitrogen atom and 
hence promote electrophilic attack by chlorine 

6-  6 -  
F2N I . . H . . . . F -M + 

Although the true intermediates involved are unknown, 
the postulation of an electrophilic attack by chlorine 
is supported by the known reaction of difluoramine 
with the Lewis acid, boron trichloride.2a 

Experimental 
Caution.-Chlorodifluoramine and difluoramine are highly 

explosive compounds.6 Particular care must be used in condens- 
ing difl~oramine.~ 

Vacuum line and drybox techniques were used, and the 
progress of the reactions was followed by infrared spectroscopy.8 
The infrared spectrum of chlorodifluoramine has strong absorp- 
tions a t  10.75 (triplet), 11.7 (doublet), and 14.4 (triplet)2nta 
and is easily distinguished from the spectrum of difluoramine, 
which has a strong triplet at 11.3 p.9 The reactions were carried 
out in Pyrex glass bulbs. Joints and stopcocks were lubricated 
with Kel-F No. 90 grease, and a layer of Kel-F oil was used to  
protect the mercury manometer.28 

The chlorine (Matheson Co.) was dried by repeated conden- 
sation onto phosphorus pentoxide. Finely ground anhydrous 
potassium fluoride (Baker and Adamson Co.)  and anhydrous 
rubidium fluoride (American Potash and Chemical Co.) were used. 
They were handled in a drybox to avoid contact with atmospheric 
moisture. Difluoramine was prepared by the reaction of tetra- 
fluorohydrazine with thiophenol.l0 

Reaction of Chlorine and Difluoramine in the Presence of 
Potassium Fluoride.-An equimolar mixture of chlorine and 
difluoramine was prepared by condensingi the gases into a Pyrex 
glass bulb from which light was excluded by several layers of 
aluminum foil. The  gases were allowed to equilibrate a t  ambient 
temperature. Part (1.3 mmoles) of the gaseous mixture was 
admitted to an evacuated 164-ml. Pyrex glass reactor (covered 
with aluminum foil) which contained 5.0 g. of potassium fluoride. 
After 18 hr. a t  ambient temperature, the product amounted to 
0.7 mmole and was mostly chlorodifluoramine based on an in- 
frared Analysis of the gas by fractional codistilla- 
tion4 showed that only small amounts of impurities were present. 
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After purification by fractional codistillation, the yield of chloro- 
difluoramine isolated was 66%. 

That part of the mixture of chlorine and difluoramine which 
was not contacted with the potassium fluoride was largely un- 
changed after 18 hr. in the dark a t  ambient temperature. The 
infrared spectrum showed strong difluoramine absorptions and 
only weak absorptions due to chlorodifluoramine. 

Reaction of Chlorine and Difluoramine in the Presence of 
Rubidium Fluoride .-Chlorine (3.9 mmoles) and difluoramine 
(1.0 mmole) were condensed7 a t  -196" into a 220-mi. Pyrex 
glass reactor which contained 5.0 g. of rubidium fluoride. The 
reactor was allowed to  warm to room temperature and then 
allowed to stand a t  room temperature for approximately 2 hr. 
An infrared spectrum then showed that all of the difluoramine 
had reacted and that chlorodifluoramine was a major product. 

The product was purified by a method similar to that used by 
Petry.28 The yield of purified material was 63%, but small 
amounts of impurities were present. 
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The perovskite structure, when it is adopted by ox- 
ides with the general formula ABOg, can be described by 
a cubic unit cell with a large A cation a t  the center, a 
smaller B cation a t  the corner, and oxygen ions at  the 
edges. In  recent years, a large number of new com- 
pounds which contain two B elements with different 
valence states in the octahedrally coordinated cation 
position of the perovskite structure have been prepared, 
;.e., Ba(M1To.33Tav~.~~)031 and Ba(M"1~.sNbvo.6)032 
where M represents various divalent and trivalent ions. 
In  each of the examples, the average valence for the B 
ions has to be 4+ because of the necessity for electro- 
static balance. A search for new compounds of this 
type has resulted in the preparation of Ba(Nao.26Tao.7s)03 
and Sr(Nao.zjTa0.7j)03, which also have the perovskite 
structure. 

Experimental 
Reagent grade BaCOa or SrCOa, Na2COa, and Tan05 were 

mixed in the proper proportions according to the equation 

ACO3 + '/&a&03 4- 3/sTa205 + A(Na0.2sTao do( f 
8 / ~ C 0 2  (A = Ba or Sr) 

The compound Ba(Nao.~Tao.~s)03 was prepared by firing the 
mixture in air in a combax boat, composed mainly of zircon, a t  
900" for 15 hr., 1100" for 6 hr., and then 1250" for 1 hr. The 
samples were ground in an agate mortar after each firing. The 
compound S r (Na0 .~~Ta+7~)0~  was prepared by a single firing of the 
appropriate reactants in air a t  BOO" for 2.5 hr. Prolonged heat- 
ing of these compounds a t  temperatures higher than those re- 
ported above resulted in decomposition of the perovskite com- 

(1) F. Galasso, L. Katz, and R. Ward, J .  Am. Chem. Soc., 81, 820 (1969). 
(2) F. Galasso and W. Darby, J .  Phys. Chem., 66, 131 (1962). 

TABLE I 
COMPARISON OF OBSERVED AND CALCULATED INTENSITIES AND d 

VALUES FOR Ba( Na0.2~Tao.7~)Oa 
d d Obsd. Calcd. 

hkl Obsd. Calcd. intensities intensities 

100 4.14 4.13 w- <1 
110 2.92 2.92 S 100 
111 2.386 2.385 W- <1 
200 2.064 2.066 m +  23 
211 1,685 1.686 S-  40 
220 1.460 1.460 m- 14 
310 1.307 1.307 m 17 
222 1,192 1.192 W 4 
321 1.105 1,105 m 15 
400 1.033 1.034 W -  2 

411, 330 0.974 0.975 W +  9 
420 0.924 0.924 W 6 
332 0.881 0.882 W 7 
422 0.844 0.844 W +  9 

510, 431 0.811 0.811 S-  30 

pounds with the subsequent formation of Ba6Ta& or Sr~Ta4015.~ 
X-Ray powder diffraction photographs of the compounds were 

taken with a Philips 114.6-mm. diameter camera and high in- 
tensity copper Ka radiation with a setting of 50 kv. and 40 ma. 
for 8 hr. The X-ray patterns were indexed on the basis of a 
simple cubic cell of aa = 4.137 a. for Ba(Nao.?aTao.,s)Os and a0 = 
4.055 a. for Sr(Nao,26Tao,7a)03. It should be noted, however, 
that if the structure of the strontium compound was distorted 
slightly it could not be detected because the back reflections of 
the X-ray pattern were poor. The relative intensities were 
calculated for Ba( Nao.?6Tao.~6)03 by assuming that the barium 
ion was in the A position and the sodium and tantalum ions were 
randomly distributed in the B position of the perovskite structure. 
Structure amplitudes were determined using atomic scattering 
factors for sodium and oxygen ions from a paper by Berghuis, 
et ~ l . , ~  and those for tantalum and barium ions from a paper by 
Thomas and Umeda.6 The agreement between the observed 
and calculated intensities given in Table I indicates that the posi- 
tions of the atoms selected were probably correct. 

Discussion 
The compounds Ba(Nao.zsTao.7a)O3 and Sr(Nao,25- 

Tao.75)03 contain a different ratio of B ions than has 
been reported previously in A(B',B'',)03 type com- 
pounds, where B' and B" represent two elements having 
different valence states and x and y are fractions whose 
sum is equal to 1. However, i t  should be pointed out 
that while the existence of these compounds was not 
surprising, the fact that  they did not have an ordered 
perovskite structure, in spite of the large differences in 
the radii (0.26 A.) and charges of the sodium and 
tantalum ions, was not expected. A study of Ba- 
(B'o.sNbo.5)03-type compounds, for example, showed 
that the B ions ordered if their radii differed by more 
than 15%0,2 and a comparable investigation of Ba- 
(B'0.33Ta0.6,)03-type compounds pointed out that  the 
B ions would order even when the size difference was 
smaller than 15% if the charge difference was large.6 
It may well be, however, that  much of the previous 
knowledge of ordering in A(B',B ''u)03-type compounds 
cannot be applied to these new compounds where the 
ratio of the two B ions is 3. 
(3) F. Galasso and L. Katz ,  Acta Cryst., 14, 647 (1961). 
(4) J. Berghuis, IJ. M. Haanappel, M. Potters, B. 0. Loopstra, C. H. 
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