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also. Gillespie's approach accounts for certain trends 
in a formally different 11-ay from Rundle's. According 
to Rundle's model variations in polarity and bond 
lengths stem in a straightforward way from variations 
in the atomic populations and bonding characteristics 
of the filled molecular orbitals. In Gillespie's scheme 
the forms of the orbitals are ignored and the trends 
correlate, through considerations of geometry, with the 
magnitudes of repulsions between the various valence- 
shell electron pairs. 

I n  summary, the stereochemistry and bonding trends 
in the series (CHs),PFj-, can be qualitatively under- 

stood on the basis of Rundle's formulation which ne- 
glects d orbitals or Gillespie's approach which neglects 
hybridization a l t ~ g e t h e r . ~ ~  The quantitative interpre- 
tation of results, however, remains an interesting chal- 
lenge. 

(33) NOTE ADDED I N  PROOP.-FOI. the molecules studied in this reseai-ch 
Rundle's and Gillespie's models give similar structural implications. In 
the case of XeFs, however, Rundle's model has been widely interpi-eted as 
predicting that  the molecule is a regular octahedron, whereas Gillespie's 
model requires that  i t  be distorted from O h  symmett-y. A preliminary analy- 
sis of electron diffraction data for XeFo has just been carried out in our 
laboratory. I t  shows that the molecule is indeed distorted, but that it is 
distorted much less than demanded by Gillespie's hypotheses. The truth 
seems to lie somewhere between the two simple models. 
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Disulfur decafluoridc, S~FIO,  has been found to react with CI2 at  approximately 150' in a borosilicate glass vessel to give almost 
quantitative yields of SFaC1. Disulfur decafluoride also underwent reartion 
with BC13 under similar conditions to give SF,Cl, and with KHa to give NSF3. The interaction of S,Flo with ( CN)2, A1,Cle, 
S O ,  C?Hd, and (CH3)SH was also investigated 

With Br2, high yields of SFaBr were obtained. 

Although the chemical inertness of sulfur hexa- 
fluoride, SFal to a large variety of reagents is well 
known, 8,4 relatively little information is available con- 
cerning the chemical properties of the related com- 
pound, disulfur decafluoride, S2Fl0. The properties 
of the sulfur-sulfur bond in S2F10 are of particular inter- 
est, since this is the only sulfur-sulfur bond known in 
which both sulfur atoms exhibit a coordination number 
of six. 

Disulfur decafluoride is less stable thermally and more 
reactive chemically than SFs. It decomposes slowly 
in an inert container above 150" to give SF6 and SF?; 
i t  reacts upon heating with certain olefins and benzene 
to give small quantities of derivatives containing the 
-SFb group6 and with S 2 F 4  to give SF5NF2.' When 
streamed with chlorine through a heated tube. trace 
amounts of SFjCl have been observed.* Under the 
influence of ultraviolet irradiation, S2Flo reacts with 
SO2 to give S F S O S O ~ F . ~  
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In the present investigation i t  was found that SzFl0 
underwent reaction with excess chlorine in a glass con- 
tainer a t  150" during 29 hr. to give almost quantitative 
yields of SFjCl (eq. 1). Essentially no attack of the 

SzFio 4- Clz --+ ZSF,CI (1) 

glass waq observed The reaction mas slow, and a 
heating period of less than 20 hr. resulted in incom- 
plete consumption of the S2F10 SVhen the heating was 
carried out during a period of 50 hr , some of the SF&l 
underwent reaction m ith the glass reaction vessel to 
form SiF4 and unidentified materials. 

When SzFlo was heated with bromine a t  138' for 24 
hr. in a glass vessel, a reaction analogous to that ob- 
served mith chlorine took place, and a 779;', yield of 
SFjBr, based on the quantity of S2Flo consumed, was 
obtained (eq. 2). The reaction differed markedly from 

S2FI0 f Brl 2SF,Br (2)  

that with chlorine in that nearly 337, of the SsFlo did 
not react, even though an almost threefold molar ex- 
cess of bromine was used. Even vhen the molar ratio 
of Brz to S2Flo was increased to 5 1 and the temperature 
was raised to lX0, a large fraction of the S2FI0 remained 
unreacted. It therefore appears that  the reaction is 
reversible and that SF6Br partly decomposes a t  135- 
150" to form SzFlo and bromine. The reaction appear5 
to be a useful method for the preparation of SF,Br, 
which has been synthesized previously only by the very 
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slow interaction of SF4 with BrF3 and Brz in a metal 
apparatus.10 

A similar experiment in which cyanogen, (CN)2, was 
used in place of the free halogen gave no SFbCN but 
only the thermal decomposition products of SzF10. 
The apparent inability of (CN)2 to react in an analogous 
fashion to chlorine and bromine might lie in the fact 
that the energy required to break the carbon-carbon 
bond in (CN)z (C-C bond dissociation energy in (CN)2, 
112 kcal./mole'l) is greater than that required to cleave 
the bond in chlorine (57.1 kcal./mole'l) or in bromine 
(45.5 kcal./mole"). No new reaction products were 
observed when S2Flo was heated with AgCN or AgOCN. 

Since it appears likely that  SzFlo decomposes on 
heating by a process involving the formation of .SF, 
radicals,, the following free radical mechanism based 
upon cleavage of the sulfur-sulfur bond in SzFlo is 
postulated for the reaction of SzFlo with chlorine and 
bromine 

S2Fio + 2 .  SF6 (3) 
(4) 
( 5 )  

where X is chlorine or bromine. 
Since SF6 is known to react with AlzC16 a t  180 to 

20Ool2 to form aluminum fluoride, sulfur chlorides, and 
chlorine, i t  was not surprising that  SzFlo underwent 
what appeared to be a somewhat analogous reaction to 
give SF6 and (21, as identifiable products. However, it  
was interesting to find that BC&, which does not react 
with SFe a t  200°,12 did react with SzFlo during 17 hr. 
a t  150" to give SFsC1, BF3, and Clz, together with SFs, 
SOe, and SOF2. The latter two compounds were pre- 
sumably formed by reactions involving the walls of the 
glass reaction vessel. Of the SFb groups present in the 
SzFlo employed, 58.4y0 were isolated as SFbCl. The 
difference in reactivity of SFc and SzFlo toward BC13 is 
apparently related to  the presence of a sulfur-sulfur 
bond in the S2Flo. Although i t  is possible to formulate 
a number of reaction mechanisms, based on the primary 
production of *SFj radicals, to account for the products 
obtained, there is no obvious preference for any par- 
ticular reaction scheme. 

When NH3 was heated with excess SzFlo in a glass 
container a t  150" for 14 hr., a 53y0 yield of NSF3, 
based on the quantity of SzF1o consumed, was obtained, 
assuming that  reaction occurred according to eq. 6. 

SaFio + "3 + XSF3 + SFa + 3HF (6) 

Since a sample of S2Flo, alone, was found to decompose 
to the extent of approximately 30% when heated a t  
150" for 23 hr. in a borosilicate glass container, the 
yield of NSFJ would probably be greater if the reaction 
were carried out in an inert metal container. No H F  
or SF4 was found among the reaction products. The 
HF would react with NH3 to give ammonium fluorides 

.SFj + Xo + S B X  f .X 
.SFs + .X + SFsX 

(10) G. H. Cady and C. I. Merrill, private communication, Oct. 1962; see 

(11) T. L. Cottrell, "The Strengths of Chemical Bonds," 2nd Ed., Butter- 

(12) J. R. Case and F. Nyman, Nature ,  193,473 (1962). 

E. W. Neuvar and A. W. Jache, J .  Chem. Phys. ,  39, 596 (1963). 

worths Scientific Publications, London, 1958. 

or with the glass to give SiF4, which would then react 
further with NH3. The absence of SF4 is consistent 
with the observation that, in a separate experiment, 
SF4 was found to react with "3, even a t  low tem- 
peratures, to form solid materials which contained 
S4N4. 

Since SFg does not react with NH3 under the experi- 
mental conditions employed, and since SzFlo probably 
decomposes on heating by a mechanism involving the 
formation of .SF,  radical^,^ i t  is likely that  .SFb radicals 
may first react with NHs to give SFbH and SF6NH2. 
It is to be e x p e ~ t e d l ~ , ~ ~  that these species would be 
unstable and that  each would spontaneously eliminate 
H F  to form SF4 and NSF3, respectively. Decomposi- 
tion of this type, for HzNSFj, is supported by the ob- 
servation that  CF3NHSF5 eliminates H F  on heating to 
form CF3N=SF4. l4 

When SzFlo was heated with an excess of "3, no 
NSF3 was obtained. Instead, solid materials were 
formed which appeared to contain SiF4.2NH3, NH4HF2, 
and S4N4. This is consistent with an observation that 
NSF3 and NH3 underwent rapid reaction a t  low tem- 
peratures to yield an unidentified solid. The forma- 
tion of NSF3 in the reaction might well depend on the 
fact that the postulated HzNSF5 does not react readily 
with NH3 and that  it exists for an appreciable time in 
the reaction system, a t  least until most of the NH8 is 
consumed, before decomposing to give NSF3. 

The interaction of SzFlo with (CH3)%NH, NO, and 
CzH4 under varying reaction conditions did not result 
in the formation of any interesting species; however, it  
would appear that because of the presence of the rela- 
tively reactive sulfur-sulfur bond, SzFlo might prove to 
be a useful reagent for the synthesis of many types of 
compounds containing sulfur-fluorine linkages. 

Experimental 
All experimental work was performed in a borosilicate glass 

vacuum system fitted with glass stopcocks lubricated with fluoro- 
carbon (Kel-F 90) grease. Reactions of S~FIO were studied a t  
elevated temperatures in all-glass (borosilicate) containers fitted 
with glass break-seals. Gas chromatographic separations were 
carried out with a preparative scale column containing fluoro- 
carbon oil (Kel-F 3) absorbed on "Chromosorb-W ."l5 A helium 
pressure of 25 p.s.i. a t  a flow rate of 290 cc./min. was employed. 
Mass spectra were obtained with a Consolidated Electrodynamics 
Model 21-130 spectrometer a t  an ionizing voltage of 77 v. and an 
ionizing current of 20 pa. 

The S2Fde used in the experiments was purified by gas chro- 
matography and by slow distillation out of a trap held a t  -96" 
(mol. wt. found 254.0, calcd. 254.1; confirmed by infrared" and 
mass spectra). The commercial SF4 (947, minimum purity) 
employed, which contained small quantities of chlorine and SOF2, 
was freed from the chlorine before use by shaking with mercury. 
Other volatile reagents were purified, where necessary, in the 
vacuum system or by gas chromatography until a molecular 
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Soc., 36, 357 (1964). 
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mosorb-W" (a diatomaceous silica product) obtained from Johns Manville 
Co., Philadelphia, Pa. 

(16) Kindly donated by Dr. M. Tremblay, Canadian Armament Research 
and Development Establishment, Quebec, Canada. 

(17) R. E. Dodd. L. A. Woodward, and H. L. Roberts, Tyans. Faraday 
Soc., 53, 1545 (1957). 
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weight determination in the vapor phase gave a percentage error 
of less than lyG. Where appropriate, the purity of each reagent 
was also confirmed by examining its infrared and/or mass spec- 
trum. 

Reaction of S2F10 with Borosilicate Glass .-Disulfur deca- 
fluoride (0.2274 g., 0.8949 mmole) was heated a t  150' for 23 
hr. in a 30-ml. Pyrex glass tube. The contents of the tube were 
then distilled through a trap held a t  -112" in which the SzFio 
condensed (0.1574 g., 0.6194 mmole, 69.2y0 recovery; mol. wt. 
found 254.1, calcd. 254.1; confirmed by infrared17 and mass 
spectra). The material which passed through the -112" trap 
weighed 0.0824 g., and after separation by passage through the 
gas chromatography column, it was found to consist of SF6, 
SiF4, and SOFz, all of which were identified by their 
spectra. Since SzFio decomposes thermally to give SF6 and SF4,5 
it seems likely that the formation of the SiF4 and SOF, might 
have resulted from the reaction of SF4, produced from the S2FI0, 
with the glass. 

Reaction of S~FI, with Clz.-Disulfur decafluoride (0.1263 g., 
0.4970 mmole) and Clz (0.1612 g., 2.274 mmoles) were heated 
in a 30-ml. borosilicate glass break-seal tube for 29 hr. a t  150'. 
Separation by gas chromatographic techniques'j gave SFjCl 
(0.1560 g., 0.9600 mmole, 96.5Yc yield; mol. wt. found 161.3, 
calcd. 162.5; confirmed by infrared spectrumz1) and C12 (0.1250 
g., 1.763 mmoles; mol. wt. found 69.2, calcd. 70.9). The mass 
spectrum of SFjCl has not been reported in the literature. Pos- 
sible assignments (for the most abundant isotope) in decreasing 
order of intensity are SFj+, 10076; SF3+, 62.97,; SF4+, 23.7yG; 

3.5%; SCl+, 3.3%; SF', 2.9%; F-, 2.5%; SFCI+, 2.3%; 
SFaCl+, 15.77,; S+, 13.4%,; SFz+, 13.1%; CI', 6.5%; SF,", 

SCIz4, 1.0%; SFCl", 0.9%,; S2+, 0.8%; SF2C1', 0.5%; SF'+, 
0.370. 

Reaction of SZRo with Br,.-Disulfur decafluoride (0.1038 g., 
0.4085 mmole) and Brz (0.1857 g., 1.162 mmoles) were heated 
in a 30-ml. borosilicate glass break-seal tube for 24 hr. a t  138". 
Distillation from a glass low-temperature fractionating columnz2 
yielded four fractions as the temperature of the column was 
raised slowly. Fraction 1 (-0.0025 9.) consisted of SOF,, 
SF6, and SiF4, which were identified by their infrared spec- 
tra.18-20 Fraction 2 was pure SFjBr (0.0274 g., 0.132 mmole; 
mol. wt. found 209.2, calcd. 207.0; confirmed by infrared and 
mass spectralo). Infrared examination of fraction 3 showed that 
it consisted of a mixture of only S2Flo" and SFaBr10 (0.0889 g.; 
mol. wt. found 233.6). The molecular weight indicated the 
presence of 0.215 mmole of SnFlo and 0.166 mmole of SFjBr in 
this fraction. The yield of SFjBr, based on the S2Flii consumed, 
was 77.17,. Fraction 4 was unreacted Bra (0.1707 g., 1.068 
mmoles; mol. wt. found 156.4, calcd. 159.8; confirmed by the 
absence of absorption bands in the infrared spectrum). Reac- 
tion of SzFlo with Brz during longer periods of time or a t  higher 
temperatures (150") did not give increased yields of SFjBr; in- 
stead, more extensive decomposition of the SzFm and SFoBr 
took place. Pentafluorosulfur bromide reacts readily with mer- 
cury a t  room temperature. It may be handled in a Pyrex glass 
vacuum system if the glass is very clean and well-dried. 

Reaction of S2FI0 with ( CN)z.-Disulfur decafluoride and 
(CNj2 in the molar ratio of 1.0:3.7 were heated in a 30-ml. boro- 
silicate glass break-seal tube for 24 hr. a t  150". h o  solid prod- 
uct was formed. Infrared and gas chromatographic examina- 
tion of the reaction products showed only the presence of S~FIO," 
(CiY)2,23 SOFz,zO and SiFq.l8 

with AgCN or Ag0CN.-When SzFlo rvas 
heated with either AgCN or AgOCN for 17-24 hr. a t  150-200", 

Reaction of 

(18) R.  T. Lagmann and E. 9. Jones, J .  Chem. Phys . ,  19, 534 (1951). 
(19) K. S.  Jones, P. J. H. Woltz ,  and A. H. Nielsen, ibid., 19, 242 (1951). 
(20) J. K. O'Loane and M. K. Wilson, ibid. ,  23, 1313 (1955). 
(21) L. H. Cross, H. L. Roberts, P. Gopgin, and L. A. Woodward, T ~ a n s .  

(22) A. G. MacDiarrnid, "Preparative Inorganic Reactions," Val. 1, 

(23) R. H. Pierson, A. S. Fletcher, and E. St. Clair Gantz, A n a l .  Chela., 

F a v a d a y  Soc., 56, 945 (1960). 

U'. L. Jolly, Ed . ,  Interscience Publishers, New York, N. Y . ,  1964, p. 194. 

28, 1218 (1956). 

the only volatile compounds isolated were SFo, SOzFz, SOF,, , 5 0 2 ,  
and SiF4. 

with AlpCl~.-Disulfur decafluoride (0.1250 
g., 0.4919 mmole) rvas heated with AlzC16 (-0.2 9.) far 17 hr. 
in a 30-1111. borosilicate glass break-seal tube a t  200". Gas 
Chromatographic separation of the volatile material showed the 
presence of only SF6 (identified by retention time and infrared 
spectrumlE) and Clz (identified by retention time). Since SFs re- 
acts only slowly with AI&& under these conditions,lz it is not 
surprising to find it in the products. 

Reaction of SzFlo with BC13.-Disulfur decafluoride (0.1092 
g., 0.4298 mmole) and BCL (0.0459 g., 0.392 mmole) were heated 
in a 30-1111. borosilicate glass break-seal tube for 17 hr. a t  150'. 
A very small quantity of nonvolatile solid had formed in the 
reaction vessel after this time. Gas chromatographic separa- 
tion of the volatile material gave SiF4 (0.0107 g., 0.103 mmole; 
confirmed by infrared spectrumlg), SOF, (0.0120 g., 0.139 mmolc; 
confirmed by infrared spectrumz0), and SF&l (0.0817 g., 0.503 
mmole; mol. wt. found 161.0, calcd. 162.5; confirmed by infra- 
redZ1 and mass spectra). A%ll species were further confirmed by 
their retention times. An unknown quantity of chlorine, which 
had a very similar retention time to SO2 on the column employed, 
was also recovered in a CIAO2 fraction. The chlorine was re- 
moved from the SO2 (0.0080 g., 0.12 mmole; confirmed by 
infrared spectrumz3) by shaking the mixture with mercury. The 
solid which formed contained chloride ion. The infrared spec- 
trum of the mixture of products from the reaction before passage 
through the gas chromatography column showed the presence of 
BFs. This compound did not elute from the column; however, 
a subsequent quantitative infrdred examination showed that 
0.0260 g. (0.383 mmole) of BF3 was present in the original 
products. 

Reaction of SsFlO with "3. (A) With Excess S,F,o.- 
Disulfur decafluoride (1.8681 g., 7.3518mmoles) and SHs (0.1117 
g., 6.571 mmoles) were distilled into a 500-rnl. borosilicate glass 
flask. After warming to room temperature, an infrared spec- 
trum of the gaseous mixture showed the presence of only the un-  
reacted starting materials. The mixture was then heated in thc 
glass flask a t  150" for 14 hr. .After 2 hr., a thin film of white 
solid, the density of which continued to  increase throughout the 
experiment, had formed on the walls of the flask. The volatile 
products were then passed through two traps immersed in - 134" 
baths and thence into a trap immersed in liquid nitrogen. The 
condensate in the -134" traps was next passed through the gas 
chromatography column to remove SO2,  SF6, and unrcacted 
S2Flo (1.1649 g., 4.5844 mmoles, 62 .45  recovery; mol. wt. found 
254.0, calcd. 254.1; confirmed by infrared" and mass spectra) 
from pure NSFI (0.1519 g., 1.4620 mmoles, yield 53.2Cj,; mol. 
wt. found 103.9, calcd. 103.9; confirmed by infrared spectrumz4). 
The infrared spectrum of the material (-0.1 9.) which passed 
through the -134" traps showed the presence of SF6,1i SiF4,1Q 
and an unidentified material (possibly H2SSFe) which could not 
be isolated in the pure state. 

Possible assignments of the fragments in the mass spectrum of 
NSF3 (values are given only for the most abundant isotopc) are 
NSF3+, 100%; SFSAC, 30.2%; SFz+, 22.2c&; S', 20.3!4; NSF+, 

Reaction of 

20.2%; S2+, 19.1%; NSF2+, 18.3%; KS*, 14.1%; SF+, 9 . 8 r i ;  
K-, 6.5%; F", 2.7%; SF", 1.0%; SF2'+, 0 .87, ;  SZc, 0.604. 

(B) With Excess NH3.-Disulfur decafluoride (0.1220 g., 
0.4801 mrnole) and NH3 (0.1146 g., 6.741 mmoles) were heated 
a t  150' for 18 hr. in a 30-ml. borosilicate glass tube. The only 
volatile materials present after this time were an unidentified gas 
which could not be condensed a t  liquid nitrogen temperature 
and excess NH3 (0.0592 g., 3.48 mmoles; mol. wt. found 17.0, 
calcd. 17.0; confirmed by infrared spectrumz3). An infrared 
examination of the solid material suggested the presence of SiF4, 
2 N H p  and S41Ta.*"2' An X-ray power photograph was also 

(24) H. Richert and 0. Glernser, Z .  anorg .  d l g r i n .  Chrm. ,  307, 328 (1961). 
( 2 5 )  T. S.  Piper and E. G. Rochow. J .  Am.  Chena. Soc., 76,4318 (1954). 
(26) E. R.  Lippincott and M. C. Tobin, J .  Chem. P h y s . ,  21, 1559 (1953). 
(27) D. ChaDrnan and A. G. Massey, Trans.  F a r a d a y  Soc., 68, 1281 (1962). 
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consistent with the presence of SiF4.2NHP and N H ~ H F Z . ~ *  Sul- 
fur nitride was further identified by direct comparison of the X- 
ray film to a film prepared from a sample of pure S4N4.29 

Reaction of SF4 with NH~.-Sulfur tetrafluoride (0.5815 g., 
5.379 mmoles) and NH3 (0.1467 g., 1.629 mmoles) were dis- 
tilled into a reaction vessel, and upon allowing the vessel to warm 
from liquid nitrogen temperature, reaction was observed to occur 
while the reactants were still very cold. The infrared spec- 
trum of the gas which was removed a t  room temperature showed 
the presence of SFd30 (-0.176 g.) and S O F Z . ~ ~  Benzene was dis- 
tilled into the multicolored solid remaining in the reactor. 
Evaporation of the filtered benzene solution yielded an orange 
solid, which was shown by infrared26!z7 and X-ray powder pattern 
examination to be S4N4. When the experiment was repeated 
using a large excess of NHa, similar results were obtained, except 
that the volatile material a t  the conclusion of the reaction con- 
sisted only of unreacted "3. 

It has been reported that SFq and NH3 interact to give NSF31; 
however, only trace amounts were observed spectroscopically 
among the gaseous products of the reaction, and none of the 
pure material was isolated.32 A more extensive examination 
of this reaction indicates that up to 70% yields of S4N4 may be 
obtained.33 

(28) Index to  theX-ray Powder DataFile (1961), ASTM Special Technical 
American Society for Testing Materials, Philadelphia, 

(29) M. H.  M. Arnold, J. A. C. Hugill, and J. M. Hutson, J .  Chem. Soc., 

(30) R. E. Dodd, L. A. Woodward, and H. L. Roberts, Trans.  Favaday 

(31) 0. Glemser, H. Meyer, and A. Haas, Chem. Ber. ,  97, 1704 (1964). 
(32) 0. Glemser, private communication, July 1964. 
(33) B. Cohen. T. R. Hoouer. and R. D. Peacock, private communication, 

Publication 48-K. 
Pp. 19103. 

1645 (1936). 

Soc., 62, 1052 (1956). 

July 1964. 

Difluorochlorates(1) 

Reaction of SzFlo with (CH&NH.-Disulfur decafluoride 
(0.1320 g., 0.5195 mmole) and (CH3)zNH (0.0235 g., 0.521 
mmole) were heated in a 30-ml. borosilicate glass break-seal tube 
for 19 hr. a t  160'. A nonvolatile yellow solid was deposited on 
the walls of the reaction vessel. Gas chromatographic separa- 
tion of the volatile material showed the presence of SzFlo, SiF4, 
and SOZ, which were identified by their retention times and by 
their infrared spectra. 

Reaction of StFlo with CzH4.-Disulfur decafluoride (0.2607 
g., 1.026 mmoles) and C Z H ~  (2.9954 g., 106.98 mmoles) were 
vaporized in a 2-1. bulb and irradiated with ultraviolet light for a 
total period of 10 hr. The composition of the gaseous products 
was examined from time to time. A nonvolatile tarry material 
formed on the walls of the bulb. The volatile products which 
condensed in a trap held a t  -78" had an infrared spectrum 
similar t o  that found for hydrocarbons containing some SFj  
groups.34 The molecular weight of the material ranged from 
100 to 120. The infrared and mass spectra suggested that the 
material consisted primarily of short-chain hydrocarbons con- 
taining some SFs end groups. 

Reaction of SzFl0 with NO.-A number of experiments were 
carried out in which SZFIO, mixed with a large excess of KO, 
was either heated to  temperatures up to 200" or exposed to  
ultraviolet light. Although reaction occurred and unidentified 
absorption bands were observed in the infrared spectra of the 
volatile products, no pure compound apart from SiF4 and SOFz 
could be obtained. Extensive decomposition of many of the 
products appeared to take place when gas chromatographic 
separations were attempted. 

All the (CHp)zNH was consumed. 

(34) L. H. Cross, G. Cushing, and H. L. Roberts, Spectrochim. A c t a ,  17, 
344 (1961). 

CONTRIBUTION FROM THE WESTERN RESEARCH CENTER, 
STAUFFER CHEMICAL COMPANY, RICHMOND, CALIFORNIA 

of Cesium, Rubidium, and Potassium 

BY KARL 0. CHRISTE AND JACQUES P. GUERTIN 

Received June 10, 1965 

The difluorochlorates(1) of cesium, rubidium, and potassium were successfully prepared by the reaction of the corresponding 
fluorides with chlorine monofluoride or NO+ClFz-. These white solids are the first known difluorochlorate(1) salts stable a t  
25'. Their composition and structure were established by 
elemental analysis, infrared, and X-ray studies. Attempts to prepare 
LiClFz and Ca( ClF2)Z failed, while NaClFZ, Ba( ClF2)2, and Sr( C1FZ)z may have formed to a very small extent. 

They decompose exothermally a t  temperatures higher than 230". 
The salts are ionic and contain linear ClF2- anions. 

Introduction 
The existence of ionic complexes containing species 

such as ClFz+,lp5 and ClF4-,6-9 derived from chlorine 
trifluoride, is well-established. However, complexes 
containing such species as C1+ and ClF2-, formed from 

(1) F. Seel and 0. Detmer, Angem. Chem., 70 ,  163 (1958). 
(2) F. Seel and 0. Detmer, Z .  anovg. allgem. Chem.,  801, 113 (1959). 
(3) N. Bartlett and D. H. Lohmann, J .  Chem. Soc., 5253 (1962). 
(4) H. Selig and J. Shamir, I n o v g .  Chem.,  3, 294 (1964). 
(5) K. 0. Christe and A. E. Pavlath, 2. unovg. allgem. Chem., 386, 210 

(1965). 
(6) L. B. Asprey, J. L. Margrave, and M. E. Silverthorn, J .  A m .  Chem. 

Soc., 83, 2955 (1961). 
(7) D. H. Kelly, B. Post, and R. W. Mason, ibid., 86, 307 (1963). 
(8) E. Whitney, R. MacLaren, C. Fogle, and T. Hurley, ibid. ,  86, 2583 

(1964). 
(9) E. Whitney, R. MacLaren, T. Hurley, and C. Fogle, ibid. ,  86, 4340 

(1964). 

chlorine monofluoride, have not been investigated 
until recently. SchmeisserIo isolated C1+AsF6- and 
Cl+SbFG-, prepared by the interaction of C1F with the 
corresponding Lewis acid, AsFS or SbF5. Well have 
reported the existence of the C1F2- anion in the form 
of its nitrosyl salt, NO+C1F2-. Nitrosyl difluoro- 
chlorate(1) was shown to be ionic in solution and in the 
solid state. The ClF2- anion was assigned a linear 
structure based on infrared investigation. Since NO+- 
ClF2- is stable only a t  low temperature we have in- 
vestigated the replacement of the NO+ cation by an 
alkali or alkaline earth metal cation with the hope of 

(10) Summary Report on the Inorganic Fluorine Chemistry Meeting, 

(11) K. 0. Christeand J. P. Guertin, Inovg. Chem., 4, 905 (1965). 
Argonne, 1963; Science, 143, 1058 (1964). 


