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very similar to the textbook example.lz Resonatices for the two 
sets of multiplets of the Ba fluorine atoms are located a t  6 -92.9 
and -96.9. The nine absorptions13 for the A fluorine atom are 
centered a t  4 -130.7, -134.5, -135.3, -138.3, -138.8, 
-139.6, -142.6, -143.3, -146.9. The average J S 160 cps 
for the A fluorine nucleus and J = 162 for the Bq nuclei. 

Stability of CsPFzSz toward Hydrolysis.-A saturated DMSO 
solution of CsPFzSz was prepared. The solution was combined 
with an equal volume of water, and the lgF nmr spectrum of the 
resulting mixture showed no reaction after 7 hr. Also, there was 
no reaction within the same length of time when ca. 0.1 N HC1 
solution was substituted for the water. 

Acknowledgment.-This work was carried out under 
the sponsorship of the U. S. Army Missile Command, 
Redstone Arsenal, Ala., under Contract No. DAAHO1- 
67-C-0655. 

(12) K. B. Wiberg and B. J. Nist, “Interpretation of NMR Spectra,” 
W. A. Benjamin, Inc., New York, N. Y., 1962, p 565. 

(13) H. A. Pople, W. G. Schneider, and H. J. Bernstein, “High-Ilesolu- 
tiun Nuclear Magnetic Resonance,” RkGraw-Hill Book Co., Inc., New 
York, N. Y., 1959, p 340. 
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While C1C(0)NF2 has been prepared by the reaction 
of A12C16 with FC(O)NF2,I i t  may also be obtained by 
irradiating N2F4 and (CICO)a with Pyrex-filtered ultra- 
violet light. 

In a typical run, 12 mmoles of (CICO)z and 18 mmoles 
of NzF4 were held in a 2-1. glass bulb with a finger con- 
taining a medium-pressure, 350-w, water-cooled mer- 
cury lamp, and irradiated for 2 days. The flask then 
contained in decreasing amounts COC12, ClC(O)NFz, 
COz, cis-NzFz, COClF, N2F4, SiF4, HNF2, COF2, and 
NzO. All known compounds were identified by their 
characteristic infrared spectra. About 20% of the 
(C1C0)2 was converted into ClC(0)NF2, which was 
purified by fractional codistillation. 

The average molecular weight of the pure com- 
pound obtained from vapor density measurements was 
115.3 g/mole (calcd for ClC(O)NFZ, 115.5). 

The Fl9 nmr spectrum was taken on a Varian Associ- 
ates high-resolution, 40-Mc nuclear magnetic resonance 
spectrometer with a Model No. V-4311 fixed-frequency 
radiofrequency transmitter using 65 mole % CC13F as 
an internal standard. The spectrum showed a single, 
broad band a t  -41.8 ppm. This is close to Shreeve 
and Fraser’s’ value of -40.4 ppm which employed an 
exterhal standard, 

The infrared spectruiii was taken a t  gas pressures 
(1) G. U’. Fraser and J. NI. Shreeve, submitted for publication. 
(2) G. H. Cady and U. P. Siegwarth, A d .  Chem., 81, 618 (1959). 

ranging from 1 to 100 mm using a Beckman IR10 
spectrometer and a Monel cell equipped with silver 
chloride windows, having a length of 10 cm. The 
infrared spectrum (in cm-l) is: 3629 (vw), 1975 (mi), 
1845 (vs), 1800 (s), 1117 (vw), 1071 (m), 947 (s), 910 
(vvs), 770 (w, doublet), 645 (m, doublet), 521 (w), 
474 (vvw). These values agree to within 5 cm-’ with 
those reported by Shreeve and Fraser.’ 

When water vapor was placed in an infrared cell 
along with difluorocarbamyl chloride the following 
reaction occurred 

ClC(0)hTFt + H20 + HCl + HNFz + COP 

All products were identified by their characteristic 
infrared spectra. 

Acknowledgment.-This work was performed in part 
under contract with the Office of Naval Research. The 
nmr spectrum was acquired by B. J. Nist. 

CONTRIBUTION FROM THE RICHARD BENBRIDGE 
WETHERILL LABORATORY, 

PURDUE UNIVERSITY, LAFAYETTE, INDIANA 47907 

A Photochemical Preparation of 
1,1,2,2-Tetrachloro-l,2-dimethyldisilane 

BY DALE REEDY AND GRANT URRY 

Received June 12, 1967 

While 1,1,2,2-tetrachloro-1,2-dimethyldisilane long 
has been recognized as a major constituent of the 
“disilane fraction” produced in the course of the direct 
synthesis of methyl~hlorosilanes,~-~ i t  so far has not 
been obtained in a pure state. This apparently is the 
consequence of the extreme difficulties encountered in 
attempts to separate the 1,1,2,2-tetrachloro-1,2-di- 
methyldisilane from 1,1,2-trichloro-1,2,2-trimethyldi- 
silane also present in the “disilane f r a ~ t i o n . ” ~  A pro- 
cedure involving photochemical chlorination has been 
suggested as a means of obtaining 1,1,2,2-tetrachloro- 
1,2-dimethyldisilane in a “reasonably pure” state since 
1,1,2-trichloro-1,2,2-trimethyldisilane chlorinates a t  a 
faster rate than the other d i~ i lane .~  

We wish to  report a simple and convenient means of 
obtaining this and other symmetrically substituted 
disilanes in a high degree of purity with no difficult 
separation problems. 

The recent study by Gunning and his associates6 of 
(1) R. Smith-Johannsen (General Electric Co.), U. S. Patent 2,601,337 

(1952); Chem. Absfr., 46, 9342d (1952). 
(2) M. Kumada, M. Yamaguchi, Y. Yamaoto, J. Nakajima, and K. Shi- 

ina, J .  Org. Chem., Pi, 1284 (1966). 
(3) J. Chassot, German Patent 1,031,511) (1958); Chem. Absfr. ,  64,259686 

(1960). 
(4) K. Tarama, A. Taketa, M. Kumada, and M. Kuriyagawa (TokyoShi- 

baura Electric Co.), Japanese Patept 13,010 (1960); Chem. Abstr., 66, 10319d 
(1960). 

(5) M .  Kumada, M .  Ishikawr, and S. bla~di l ,  J. Organomaid. Cliem. (Ani- 
sterdam), 2, 478 (1964). 

(6) M. A. Nay, G. N. C. Woodall, 0. P. Strausz, and H. E. Gunning, 
J. A m .  Chem. Soc., 81, 179x1965). 
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TABLE I 
VAPOR TENSION OF 1,1,2,%TETRACHLORO-1 ,2-DIMETHYLDISILANE 

~ - ~ - _ . -  Temp, o c  ___ --_----I_(----- 7- 

2 7 . 8  36.5 48.1 5 4 . 8  6 5 . 5  71.7 83.1 01.1 98.6  109.8 

p (obsd), mm 5.00 8.35 14.8 20.9 33.9 45 .3  71.5 9 9 . 1  131.1 149.1 
p (caicd), mm 5.02 8.31 15.1 20.8 34.0 4 4 . 6  71.6 98.0 130.0 151 . f j  

the mercury-sensitized photolysis of methylsilanes has 
demonstrated the fact that  photolysis of monosilanes 
produces hydrogen and disilanes. Thus i t  was shown 
that the photolysis of methylsilane resulted mainly in 
1,2-dimethyldisilane and hydrogen, while in the photol- 
ysis of dimethylsilane, 1,1,2,2-tetramethyldisilane was 
the chief product along with hydrogen. In  our work we 
have extended this study to chlorosilanes and found the 
reaction to be a convenient means of obtaining sym- 
metrically substituted chlorodisilanes. 

I n  a typical reaction, 901.6 cc a t  STP of methyldi- 
chlorosilane (40.22 mmoles) , purified by repeated 
fractional conden~ation,~ was irradiated for a period of 
6 hr. The irradiation was effected in the vapor phase 
in the presence of mercury. The irradiation chamber 
consisted of a 1-1. bulb fitted internally with a spiral 
quartz, low-pressure mercury vapor lamp. The mea- 
sured sample of methyldichlorosilane was distilled 
slowly through the irradiation chamber from a bulb 
maintained a t  ambient temperature to one main- 
tained a t  - IO". The noncondensable gas, pre- 
sumably hydrogen, formed during the irradiation, was 
continually removed through a long diffusion capillary 
located between the -10" bulb and an automatic 
Toepler pump. This arrangement promoted an even 
flow of reactant through the irradiation chamber in 
addition to maintaining a low steady-state concentra- 
tion of hydrogen. The latter is essential in miiiiiiiizing 
the "quenching effect."* 

The distillation of the measured methyldichloro- 
silane in this fashion generally required 0.5 hr. After 
the distillation was complete, all of the unchanged 
silane was returned to the original bulb and the dis- 
tillation repeated several times in this manner until the 
total irradiation time was 6 hr. 

At the end of this irradiation the noncondensable 
material was measured and burned over copper oxide 
at 300". By this means i t  was shown to be hydrogen 
(8.21 mnioles) with a small amount of methane (0.025 
m o l e )  admixed. 

The volatile, condensable products of the photolysis 
were separated by fractional condensation methods. 
Distillation through a series of U-tube traps, niain- 
tained at -45, -95, -126, and -195", respectively, 
afforded a reasonable separation into the following 
fractions, A crude disilane fraction, which con- 
densed in the -45" trap, was shown to consist of 88% 
1 , 1,2,2-tetrachloro-1 ,%diniethyldisilaiie and 12% 1,1,2- 
trichloro-1,2-dimethyldisilane by gas chromatography, 
by nuclear magnetic resonance, and by the average 
apparent molecular weight of the mixture. A second 

(7)  The purity of the dimethylchlorosilane was determined to be 97.670, 

(8 )  S. Bywater and E. W. R. Steacie, J .  Chem. Phys., 19, 319 (1951). 
the only contaminant being 2.5% of methy1tr:chlorosilane. 

fraction, condensed in the -95" trap, consisted of the 
starting material, methyldichlorosilane (22.3 mmoles) , 
and methyltrichlorosilane (3.58 mmoles) . Both con- 
stituents of the second fraction were identified by their 
respective retention times in a gas chromatographic 
column and the amounts were verified by alkaline hy- 
drolysis of the mixture. ,4 small unmeasurable amount 
of methyldichlorosilane was condensed in the - 196' 
trap. 

An oily liquid, formed in small amounts, remained 
in the irradiation chamber. This material probably 
contains higher polysilanes of limited volatility. 

The crude disilane fraction, described earlier, \vas 
simply converted to pure 1,1,2,2-tetrachloro-1,2-di- 
methyldisilane by chlorination a t  TO" for a period of S 
hr. During this treatment the 1,1,2-trichloro-1,2-di- 
methyldisilane is chlorinated to 1,1,2,2-tetrachloro-l,2- 
dimethyldisilane with virtually no chlorination of the 
silicon-silicon bond. The irradiation and chlorina- 
tion reaction produced 1.125 g of pure 1,1,2,2-tetra- 
chloro-l,2-dimethyldisilane (4.94 mmoles), 

The product of this synthesis gave the following an- 
alytical result. And.  Calcd for C2H6C14Si2: C, 
10.53; El, 2.50; C1, 62.5; Si, 24.45. Found: C, 10.52; 
H, 2.63; C1, 62.3; Si, 24.55. 

Alkaline hydrolysis of the product yielded 100.S% 
of the amount of the hydrogen calculated for 1,1,2,2- 
tetrachloro-1,2-dimethyldisilane. This gives an esti- 
mated purity of 99.2Yc, assuming an impurity of 
1,1,2-trichloro-1,2-dimethyldisilane. 

No such impurity is indicated by the molecular 
weight, determined by two vapor density measure- 
nients as 229.0 and 225.0 (calculated value is 228.0). 

The vapor tensions observed and calculated for the 
product are given in Table I. The calculated values 
were obtained using the equation log p,, = 8.0709 - 
(2214.7/1'), from which an extrapolated boiling point of 
153,s" also can be calculated. 

The melting point of 1,1,2,2-tetrachloro-1,2-dimethyl- 
disilane is 2.4" and the nuclear magnetic resonance 
spectrum consists of a single line centered a t  6 = 1.03 
(relative to external TMS). 

I n  sunirnary, a typical 6-hr irradiation converts 
45Tc of the monosilane to higher silanes. The mono- 
silane consunied produces a 56yc yield of 1,1,2,2-tetra- 
chloro-1 ,2-diniethvldisilane. Higher homologous poly- 
silanes of limited volatility account for essentially all 
of the additional consumed monosilane. 

This photochemical coupling reaction converts tri- 
chlorosilane to hexachlorodisilane and hydrogen. 1,2- 
Dichloro-l,1,2,2-tetramethyldisilane also can be formed 
by photochemical coupling of dirnethylchlorosilane. 
Since the irradiations of both of these silanes are ef- 
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fected in a fashion identical with the case described, 
there is little point in repeating these descriptions here. 
The only differences among these photochemical prepa- 
rations lie in the conditions of chlorination of the mixed 
disilane to produce the pure disilane. In  the prepara- 
tion of hexachlorodisilane this chlorination requires a 
temperature of 105’ while in the pteparation of 1,2- 
dichloro-l,1,2,2-tetramethyldisilane the chlorination 
proceeds smoothly a t  room temperature. 
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Liquid oxide mixtures which contain metal cations 
and complex oxygen-containing anions (such as borate, 
phosphate, or silicate species) form an interesting and 
important class of ionic melts. In this general area we 
have recently reported the results of calorimetric 
studies of the liquid systems Pb0-V20.5 at  68501 and 
PbO-Bz03 a t  800°.2 

In  this note, we wish to report a related study of the 
liquid mixtures formed by NazMoO4 and MoO3 a t  
970°K. More specifically, we have measured the 
enthalpies of solution of Mo03(s) and NazMoOd(l) 
in molten NazMo04-MoOs mixtures a t  this tempera- 
ture. The present study was motivated by our inter- 
est in finding new solvents for high-temperature cal- 
orimetry of mixed solid oxides such as spinels and sili- 
cates. However, these new results have certain inter- 
esting features which have implications outside the 
immediate domain of calor i~etry.  

Experimental Section 
The materials used in the present work were Baker Analyzed 

reagent h’azMoO4.2H20 and MoOp. Prior to each experiment, 
a mixture of these compounds of the desired composition was 
melted down in the gold crucible used for calorimetry. The 
calorimeter, sample container, and general experimental pro- 
cedures have been described elsewhere. a In each calorimetric 
experiment, a small sample of known weight of either MOO, or 
NazMoOa (0.5-1.0 mmole) was dissolved in about 15 g of molten 
oxide mixture. Both solutes dissolved rapidly in the nonviscous 
melts. As in our earlier work, calibration was by the gold drop 
method, based on the heat content equation for gold given by 
Kelley.* 

(1) T. Yokokawa and 0. J. Kleppa, Inovg. Chem., 8, 954 (1964) 
(2) J. L. Holm and 0. J. Kleppa, ibid., 6, 645 (1967). 
(3) A. Navrotsky and 0. J. Kleppa, ibid., 6, 192 (1966). 

Results and Discussion 
We present in Figures 1 and 2 graphs of the molar 

enthalpies of solution of MOOs(S) and Na2MoOa(l) 
in molten Na2Mo04-Mo03 mixtures as functions of 
melt composition. The composition variable adopted 
is the mole fraction of Moo3 in the binary system 
NazO-Moos: X M ~ O ~  = n~roos/(f i~roo3 + ~ N ~ ~ o ) .  The 
composition range covered in the present study was 
from Xl\looa = 0.50 (pure molten NazMo04) to Xnioos = 
0.9, which is close to the liquidus a t  700O.j Because 
of the expected experimental difficulties associated with 
calorimetry in very basic melts (e.g., attack on plati- 
num), no attempt was made to extend this study to the 
NasO-rich side of the system. 

Each addition of solute changed the melt composition 
by 0.5 to 1.0 mole yo. For those composition regions 
in which the partial enthalpy of solution changes 
rapidly with concentration (notably near XnfooI = 0.5), 
the precision of the calorimetric data does not permit a 
reliable extrapolation to zero moles of added solute. 
Therefore, all calorimetric data have been plotted 
against the average mole fraction of Moo3 

Even so, our results will, to a good approximation, 
represent the partial molal enthalpies of MOO3 and of 
NazMo04. 

In  discussing the experimental results we shall, as 
in our earlier work, adopt the Lux-Flood approach 
to the acid-base properties of oxide melts6#’ In  this 
approach, the basicity of the melt is measured by the 
oxygen ion activity, governed by the equilibrium 

acid + 02- = base (1) 

Among the considered oxides, NazO is a very strong 
base, while Moo3 is a strong acid. nTe may write a 
series of possible consecutive acid-base steps that may 
occur when Moo3 is added to an initially NazO-rich 
melt 

02-- (in melt) + MoOs(s) = M004~- (in melt) ( 2 )  

Mood2- (in melt) f MoOs(s) = M020,~- (in melt) (3)  

MozOi2- (in melt) + MoOs(s) = Moo3 (in melt) (4) 

Note that when the melt contains a mixture of several 
molybdate species such as those above or their polymers, 
i t  constitutes a buffered acid-base system. 

The calorimetric results are in accord with an inter- 
pretation along these lines. Since Na20 is a very 
strong base, it  is reasonable to assume that the Mo042- 
anion, which is present in high concentration at the Naz- 
Moo4 composition, has a relatively small dissociation 
constant. Presumably the composition X ~ I ~ O ~  = 0.50 
corresponds to the first equivalence point in the “titra- 
tion’’ of NazO by Moos. The very pronounced com- 
position dependence observed in the heat of solution of 

(4) K. K. Kelley, Bureau of Mines Bulletin 584, U. S. Government Print- 
ing Office, Washington, D. C., 1960. 

(5) A. N. Zelikman and N. N. Gorovitz, Z h .  Obshch. Khim. ,  24, 1916 
(1954). 

(6) H. Lux, 2. Elektrochem., 46, 303 (1039). 
(7) H. Flood and T. Fpirland, Acta Chem. Scand., 1, 592 (1947). 


