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products which were distilled from 0" and condensed as 
follows: A mixture of unreacted starting material and a 
white solid a t  - 2 3 O ,  an unidentified liquid which con- 
densed a t  -80°, and a -80" distillate which consisted of 

7.6 cc. (0.34 mmole) of difluoroethylborane. The -80" 
condensate had an infrared spectrum similar t o  chloro- 
(dimethylamino)-ethylborane and may have been ethyl- 
(dimethylamino)-fluoroborane, CtH5 [ (CH&N] BF. 
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In addition to SFe and S2F10, the direct reaction of sulfur with fluorine has been found to produce small quantities 
of pentafluorosulfur fluorosulfonate, SF~OSOZF, and bispentafluorosulfur oxide, (SF5)zO. The compounds S2Flo, 
SF@S0$, and (SF6)tO have been obtained in a high state of purity by gas chromatographic separations and a 
number of their physical properties have been examined. 

It has been reported that the only products in 
addition to SFs resulting from the reaction of sul- 
fur with fluorine are S2F10, SFaOOSFa, SF4, SZFZ, 
and S02.334 Traces of oxygen or oxygen fluorides 
in the fluorine presumably account for the oxy- 
genated compounds. In view of the presence of 
bispentafluorosulfur peroxide, SF~OOSFB, among 
the products it appeared possible that other species 
containing the interesting -SF6 group also might 
be present. This investigation was performed in 
order to see ii this were the case. 

The higher boiling (approximately 30") fraction 
remaining after the removal of SFg from the prod- 
ucts of the reaction of fluorine with sulfur was 
separated into more than a dozen components by 
means of gas-liquid chromatographic columns. 
The three most abundant materials found were 
SZFIO (--4OOJ,), SFBOSOP (-30%0), and (SF5120 
(-10%). 

Since the physical properties reported for S2Flo 
vary widely (melting points ranging from - 92 to 
-53" have been g i ~ e n ~ - ~ )  the melting point, vapor 
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pressure data, and infrared spectrum of the com- 
pound were re-examined. 

During the course of the present investigation 
it was reported that the new compound SFsOSOzF 
was obtained during the irradiation of a mixture of 
S2Flo and SOz by ultraviolet light9 It therefore 
is not surprising to find that SFb0S02F is fornied 
during the reaction of fluorine with sulfur since 
both SzFlo and SO2 also are present among the 
reaction products. 

It has been reported previously that SF500SFs 
was a minor product of the reaction of fluorine 
with sulfur.3 Although i t  may be present in the 
material invlestigated in this research, it certainly 
does not appear to be present in as large quantities. 
Slight variations in reaction conditions would 
undoubtedly lead to variations in the relative 
amounts of products obtained, especially since it 
appears likely that SF500SF5 i s  converted to 
(SFd20 in the presence of SF5 radicalsL0 which 
might be expected to be present in the reaction 
system. 

The mass spectra of S2F10, SF~OSOZF, and 
(SF&O are analogous to that of SFsl' in that no 
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parent molecule ion fragment is observed and that 
the most abundant fragment in all four cases is 
the SF6+ ion. 

Attempts to prepare SzFlo from SFa by various 
electrical discharge methods and by reaction with 
boiling mercury and molten tin were unsuccessful. 

Experimental 

Apparatus.-All work was performed in a Pyrex glass 
vacuum system using a fluorinated grease (Kel F 90) on 
joints and stopcocks. Temperatures were measured by an 
iron-constantan thermocouple, standardized by the 
National Bureau of Standards. Melting points were 
determined by means of a magnetic plunger apparatus.lY 
Pressures were measured by means of mercury manom- 
eters. 

Disulfur Decafluoride. (a) From Products of the 
Reaction of Sulfur with Fluorine.-The colorless liquid 
from which this material was isolated was obtained as a 
high-boiling (-30") product from the direct reaction of 
sulfur with fluorine.lZ No separation of the mixture into 
its components was possible by ordinary vacuum distilla- 
tion techniques. The liquid was examined by gas chroma- 
tographic techniques by means of a Perkin-Elmer Model 
154D vapor fractometer using a 0.5-in., 35-ft. column 
packed with either Dow Corning 200 silicone oil dispersed 
on 30 to 60 mesh Chromasorb P in a one t o  three weight 
ratio or a fluorocarbon oil (Kel F 3) dispersed on Chroma- 
sorb W.14 The material was further purified by means of 
a low temperature distillation column similar to that 
described by Denbigh and Whytlaw-Gray,6 held at ap- 
proximately -96". When the original mixture was 
passed through the chromatographic column containing 
fluorocarbon oil, thirteen components were observed 
whereas only eight appeared when the silicone oil column 
was used. 
(b) From Sulfur Hexafluoride .--Sulfur hexafluoride 

was subjected to a glow discharge by streaming the gas a t  
low pressures through a glass tube in contact with a 
standard laboratory tesla coil "leak detector." A mixture 
of SFs and chlorine was treated in a similar manner. No 
&FIO or SF&l was obtained. Similarly, no S~FIO or 
SF&l was obtained when the materials were streamed 
through an H-tube between mercury electrodis having 
potential differences up to 15,000 volts. No SzFlo was 
obtained when SFe was bubbled through mercury or molten 
tin under a variety of experimental conditions. When air 
was admixed with the SFF, no new sulfur-containing prod- 
ucts were observed. 

Properties of Disulfur Decafluoride.-Experimental 
molecular weights of SzFlo were within less than one mass 
unit of the calculated value, 254.1. A melting point of 
-52.7 =!= 0.3" was obtained and was found to be very 
sensitive to  traces of impurities. 

The vapor pressure of SzFio was measured in an all-glass 
tensiometer attached to  a mercury manometer, Values 
for a number of different temperatures are given in Table I. 

(12) A. Stock, Ber., 60, 157 (1917). 
(13) Sample kindly donated by Pennsalt Chemicals Corporation, 

(14) R. H. Campbell and B. J. Gudzinowicz, Anal. Chcm.. 38,  
Philadelphia, Pa. 

42 (1961). 

TABLE I 
VAPOR P ~ S S U R E  OF DISULFUR DECAFLUORIDE 

p, p, P, P, 
T ,  mm. mm. T, mm. mm. 

OC. (obsd.) (calcd.) O C .  (obsd.) (calcd.) 

-80.7 1 . 2  1 .1  -30.1 48.3 48.0 
-70.2 3 . 0  3 . 0  -18.7 87.0 87.0 
-60.4 6 . 2  6 .4  -10.8 140.6 140.2 
-55.7 8 . 6  8 . 6  0.0 239.8 238.6 
-45.5 18.0 17.8 -23.0 72.9" 72.4 
-38.8 25.9 26.1 -66.1 4.3" 4 . 2  

-78.2 1.9" 1 .4  
" Pressure observed on decreasing temperature. No 

non-condensable gas was present a t  - 196" a t  the conclu- 
sion of the determination. The molecular weight of the 
entire sample at the end of the experiment was 254.7. 

The vapor pressure of the liquid in the temperature range 
-51 to 0" is given by the equation 

1498.8630 5324.0740 + 7.9361210 log P (mm.) = - ~ - - T Ta 

The vapor pressure of the solid in the temperature range 
-80 to -56" is given by the equation 

2527 6478 410684.93 
T T2 log P (mm.) = - - - - 2.0036024 

Additional values to those given in Table I were used to 
derive the above relationships. The extrapolated boiling 
point is 26.7", the heat of vaporization is 7.07 kcal. 
mole-', and the Trouton constant is 23.6 cal. deg.-' 
mole-'. 

The infrared spectrum was measured over the 2-15 p 
range by means of a Perkin-Elmer Model 137B Infracord 
spectrophotometer with sodium chloride prisms. Three 
spectra of disulfur decafluoride have been reported.16-17 
One of these16 is the spectrum of impure SzF10 containing 
oxygenated sulfur fluorine compounds. The spectra 
obtained in this study are in good agreement with the work 
of Wilmshurst and Bernsteini? and are an exact duplica- 
tion of the work of Dodd, Woodward, and Roberts.'* 
The nuclear magnetic resonance spectrum was surprisingly 
complex and was essentially identical with that recently 
reported.I8 

The mass spectrum fragmentation pattern was obtained 
by means of a Consolidated Electrodynamics Model 21-130 
mass spectrometer at an ionizing potential of 72 volts and 
an ionizing current of 20 pa. The principal fragments 
(those having an abundance greater than 3.1%) observed 
were: SFs+, 100%; SF$+, 36.0%; SFz+, 14.0%: SF', 
5.9%; SFsf2, 5.7%; S+, 3.7%. Examination of the 
material a t  an ionizing potential of 10 volts produced no 
ions larger than SF&+. The over-all fragmentation pat- 
tern IS very similar to that of SF6.l' 

Pentafiuorosulfur F1uorosulfonate.-This material could 
be isolated by use of either the silicone or fluorocarbon oil 
gas chromatographic columns. In both cases the material 

(15) D. Edelson, J .  Am. Chem. Soc., 74, 262 (1952). 
(16) R. E. Dodd, L. A. Woodward, and H. L. Roberts, Trans. 

(17) J .  K .  Wilmshurst and H. J. Bernstein, Can. J. Chem., 36,  

(18) C. I. Memll, S. M. Williamson, G .  H. Cady, and D.  F. 

Faraday Soc., 63, 1545 (1957). 

191 (1957). 

Eggers, Jr., Inme. Chcm., 1, 215 (1962). 
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was contained in the last fraction to elute from the columns. 
Final purification was carried out by tensiometric distilla- 
tion from a trap immersed in a Dry Ice bath after first re- 
moving a more volatile impurity from the material when it 
was held in a trap a t  melting toluene temperatures. 

Experiniental molecular weights were within less than 
one mass unit of the calculated value, 226.1, and the 
melting point observed for pure SFsOSOzF was - 105.1 i 
0.1' (literatureg -107 rt 0.5'). The infrared spectrum 
was almost identical to that previously reported,@ except 
that the shoulder at 795 cm.? was replaced by a weak but 
well defined peak at 778 em.-'. The nuclear magnetic 
resonance spectrum was identical with that previoiislg 
p,ublished. 

The vapor pressure of the material was determined in an 
all-glass tensiometer attached to a mercury manometer. 
Values for a number of different temperatures are given in 
Table 11. 

TABLE I1 
VAPOR PRESSURE OF PENTAFLUOROSULFUR 

FLUOROSULFOXATE 
P, p ,  p, P, 

T ,  mrn. mm. T, mm. mm. 
O C ,  (obsd.) (calcd.) O C .  (obsd.) (calcd.) 

-45.9 8.3 8 . 6  -15.6 64.6 64.2 
-41.0 12.5 12.4 -10.4 87.2 86 .4  
-35.5 17.9 18.1 - 3 . 5  118.6 119.0 
-30.0 26.0 26.2 0 . 0  150.1 150.7 
-25.5 35.5 35.1 -26.3 33.9" 33.3 
-20.6 48.1 47.4 -45.2 9.0" 9 .0  
a Pressure observed on decreasing the temperature. 

No non-condensable gas was present a t  - 196" at the con- 
clusion of the determination. The molecular weight of 
the entire sample at the end of the experiment was 225.3. 

Vapor pressures in the range -45.9 to 0" are represented 
by the equation 

log P (mm.) = - - 1682'35 + 8.33703 T 

The extrapolated boiling point is 35.1', the heat of vapori- 
zation is 7.70 kcal. niole-1, and the Trouton constant is 
25.0 cal. deg.-l mole-'. 

The mass spectrum fragmentation pattern was obtained 
on the same instrument and under experimental conditions 
identical with those described for &Fin. The principal frag- 
ments (those having an abundance greater than 2.6%) 
observed were: SF6+, 100%; SFaO*, 13.27,; SFOz+, 
12%; SFJ+, 9.5%; SF4+, 4.0%; SFO+, 4.0%. No evi- 
dence for ions larger than SFS+ could be obtained even 
when the material was examined a t  an ionizing potential of 
10 volts. The mass spectrum therefore confirms the pro- 

0 
I1 

posed fluorosulfonate structure, F&-0-S-F, of the 
I1 
0 

compound. 
Bispentafluorosulfur Oxide .-This material was isolated 

by use of the fluorocarbon oil gas chromatographic column, 
but was slightly contaminated with SiFlo, which is the next 
material to be eluted. Final purification was carried out 
by tensiometric distillation of the sample from a trap im- 
mersed in a melting toluene bath. 

Experimental molecular weights were within less than 
one mass unit of the calculated value, 270.1. The melting 
point observed for SFjOSFh was -118.5 3t 0.1' (litera- 
'curezo -115 i 4'). The infrared spectrum was identical 
with that previously reported .20 

The mass spectrum fragmentation pattern was measured 
on the instrument previously described using the same ex- 
perimental conditions. The principal fragments (those 
having an abundance greater than 1.5%) observed were: 

SFO+, 1.6y0. No evidence for ions larger than SFs+ could 
be obtained even when the material was examined at an 
ionizing potential of 10 volts. 

SF$+, 100%; SF30*, 11.6%; SF3+, 6.0%; SFz+, 2.3%; 

(19) R. K. Harris and K. J. Packer, J .  Chem. Soc., 4736 (1961). (20) H. L. Roberts, i b i d . ,  2774 (1860). 
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The new perfluoroalkpl derivatives of SF4, [( CF3hCF]?SF?, (CFa)2CFSF3, and ( CF3)*CFSF2CF3 have been pre- 
pared by the addition of SF4 and CF3SFa to CF3-CF=CF2. Investigation of their chemistry has led to the 
preparation of (CF,)KFSF, (CF,)L!FSOCF( CFa)*, ( CFa)?CFS( O)OH, and ( CF3)2CFS(0)OCH2CH,. 

Introduction the only well established perfluoroalkyl deriva- 
tive is CF3SFs.l Reported methods for the 

(1) E.  A.  Tyczkowski and L. A.  Bigelow, J .  A m .  Cham. SOC., 76, 
Only a limited number of tetracoordinate sul- 

fudIV) halides have been reported. Of these, 3523 (1953). 


