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SCME REACTIONS OF PEROXYDISULFURYL DIFLUORIDE

The reactions of peroxydisulfuryl difluoride with several
substances have been examined. Three new fluorosulfonates, octa-
fluorobis(fluorosulfonato Y cyclopentane (CgFs(SOsP)2), tetrafiuoro-
bis{fluorosulfonato)ethane {CaP,{SOsF)2), and tetrafluorobis(fluoro-
sulfonato)sulfur {VI) (SF‘(SO,F’2) were produced by direct com-
binatlon of peroxydisulfuryl difluoride with perfluorocyclopentene
[CsFs) and tetrafluoroethylene/C,F,) at room temperature and with
sulfur tetrafluoride (Sr,) at 128" respectively. These new compounds
have been characterized. Structures have been confirmed by mass,
nuclear magnetic resonance and infrared spectra. A white solid,
dioxobls(fluorosulfonato)molybdenum (VI) (MoO»{SOaF)2), was obtained
with elther molybdenum hexacarbonyl or molybdenum metal.

It has been shown that peroxydisulfuryl difluoride reacts with

nome substances to give tluorosulronatea.l’g'3 The reactions of
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1~ John E. Roberts and George H, Cady, J. Am. Chem. Soc., 81,
4166 (1959),

Ibid., 82, 353 (1960).
> Ibid., 82, 352 (1960).

:0sF2> with several additional substances have now been studied and
17 has been found that the peroxide acts in three ways:

L) As an oxygenating agent through the addition ¢f oxygen to the
central atom of the reacting species, e.8., with CU, PF,, SOP2, COCl2,
CCly or S; (2) as a fluorosulfonating agent, e.g., ¥ith Hgo, KC1,
IC1l, CyFs, C2F4 or SFy; (3) as an oxygenating and fluorosulfonating
apgent by adding oxygen and fluorosulfonate groups to the central
atom, €.g., SOC1F, Mo, or ¥Mo(CO)g. Pyrosulfuryl fluoride (S20sF2)

1o obtalned as a product of reactlons of types (1) and (3).



EXPERIMENTAL

Preparation of peroxydisulfuryl difluoride.

Peroxydisulfuryl difluoride can be prepared by reaction of
fluorine with an excess of sulfur trioxide at about 250°, by the
combination of fluorine fluorosulfonate with sulfur trioxide at
300° 4 or by the electrolysis of fluorosulfonic acid.5 The catalytic
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fluoronation of sulfur trioxide vapors by fluorine in the presence
of a heated catalyst of copper ribbon coated with silver diflueride
provided an easy and simple method to prepare the easily purified
product,

Fluoronation of sulfur trioxide carried by a stream of dry
nitrogen with a slight excess of fluorine in the presence of a silver

difluoride catalyst in a "catalytic reactor"6 at 155° produced the
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S20eF2, which was purified by prolonged pumping at -78° to remove
tre contaminants silicon tetrafluoride, sulfuryl fluoride and fluorine
fluorosulfonate. In a fifteen hour run using a nitrogen flow of
elght liters per hour and a catalyst contact time of about 15 fminutes,
a 96 gram sample of product was obtained. It contained 97% peroxy-
disulfuryl difluoride, In another run, 26.1 grams of sulfur trioxide
ylelded 31.6 grams of Sp04F> (yleld, 97% theoretical),

Storage of the compcund in a glass vessel at -78° was satis-

fectory. Although the glass container apparently was not attacked



at room temperature, a nonvolatile oily material was slowly formed
in the S304Fz2. Apparently this did not introduce contaminants into
the S20¢F> distilled from the vessel. The yellow oil was not
identified,

Materials

The Swarts reaction7 provided a general method for the conversion

of chlorides to the corresponding fluorides by reaction of the former
with antimony (III) fluoride in the presence of antimony (V) chloride
as a cataiyxt. Thionyl fluoride and thionyl chlorofluoride were
obtainedkhsing thionyl chloride while phosphorus (III) fluoride was
prepared fom phosphorus (III) chloride. Tetrafluoroethylene was
produced b; the pyrolysis of Teflon (polytetrafluoroethylene) in an
iron vess:l at 550°. Sulfur tetrafluoride was used dirzctly from

a cylinder supplied by the E. I. duPont de Nemours Co., Inc. All
other msteriels were of reagent grade.

General Methods

Infrared sp.ctra were studied using a Perkin-Elmer Model 21 Infrared

Spectromet:r with a sodium chloride prism. The gaseous samples were
contained in a 10 cm glass cell with silver chloride windows.,

Nuclear rignetic resonance spectra were obtained through the use

of a Va-ian Model 4311 B high resolution spectrometer with a forty
or sixcy megacycle oscillator. For some of the samples areas of the

absorption peaks were used as a quantitative measure for I‘luorine,8

8 wWayne P, Van Meter and George H. Cady, J. Am. Chem., Soc., 82,
6005 (1960). Ly




Mass spectra were recorded using a ¢Gonsolidated Engineering

Corporation type 21-103 mass spectrometer,

Vapor densities were determined using Regaault's method. Single

capillary pycroneters were used for liquid densities. Melting

points were ottained by warming the solid at a rate of about 0.2°

per minute in a n-propanol bath which had been ¢ooled by adding
solid carbon cloxide., Eecause of the tendency {or the compounds
to supercool, freezing points werc¢ not found by cooling.
6

Vapor pressures were determined using a2 method previocusiy described.

flemental analyses were obtalned for CgPe(S0aF)> and CaP,{SO5F)2

after hcating the materizl with potassium at 450° for thirty hours.
Basic hydrolyels of SP {SO3F)a, KSOaF, I(SOsP)s or ¥00,{SOsF)2

was used to obtain aquecus solutions for analysis. Sulfur wvas
determined iocometrically as sulf:.de when the potassiuz fusion tech-
nique was employed., The technique involving basic hydrolysis allowed
culfate to be precipitated as bar..um sulfate., Pluorine, arter

C
distillation,” was precipitated as lead chlorofluoride, dissolved,

- e e o oy

Y R. H. Kimball and L. E. Tufts, Ind. Eng. Chem., Aral., =2d., 19,
150 (1947).

and chloride wvas determined by the Volhard method, After hydrolysis

10

of Mo02(SOaF):, molybdate wae removed tefore sulfate precipitatiosn
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ag barium sulfate, Molybdenum was determined gravimetrically as the
8-hydroxyquinoclate.,

Since SpCgF2 and 1lts compounds attack glass only slowly if at
all, all reactions studled were carried out in Pyrex glass vessels,

unless otherwise speclfied. Pecause of the ease of hydrolysis of




;rocedure 1 for the reactionm;?-szo,Fg with an equimolar amount
of the reacting compound was as follows: {a) The reacting compound
was added to a 500 ml Pyrex giass bulb to give a pressure of about
126 ma. (b) The Sp0eP2 was slowly introduced at room temperature.
(+hen reaction occurred at this temperature it was accompanied by
the production of a flecting orown color in the area of mixing and
was exothermic.) (c) After cooling to roomn temperature, separation
of reacticn products was effected successfully using fractional

codistillation‘l1

Procedure II,usually used with materials which did not react at
room temperature, wac as follows: (a) An equimolar amixture of S20¢F2
and the reacting compound was placed in a nickel reactor previously
describedaﬂ (b) As the temparaturc was slowly increased from 26
to 200°, temperature and pressure were recorded frequently, (c) A
plot of tnis temperature-pressure relationship, if different from
that expected for an ideal gas, was regarded as an indication that
reaction had occurred, {d) The mixture was cooled, removed from the
reactor by condensling in a tube at -183° and later separated by
fractional codistillation.

Identification of previously known reaction products, after
geparation, was made using vapor density and infrared spectra deter-
minations,

Reactlons Involving Oxygenation by S;0eF2.

Reactlion with carbon monoxide.

In an attempt to prepare carbonyl bis{fluorosulfonate) the
reaction between S;0gF, and CO was examined using procedures 1 and 2.

Two compounds were found. The more volatile one was COp (M.v. 46.2,



[.R. 4.35 n) and the less volatile was S20sF2 (M.w, 133, I.R. 6.65,
8.25, 11.45, 12,10 and 13.60 u) which indicatec that the reaction
CC ¢ S20eP2 = C0; 4 Sp0sF» had occurred at riom temperature,

Reaction wiuh carbonyl cnloride,

A gsecond attempt to establish the eyistunce of carbonyl bis-

fluorosulfonate) and also chlorine fluo‘osu!fonate led to the study
of the reaction between carbony) chlori.e and S204F2. No reaction
occurred at room temperature. However a green gas wan produced by
u.v. irradiation. Three products were identified: COz (M.W. 46.3,
LR B, 28 )5 Sz (MuW. 70.5, green) &1d SpOsF2 (M.W. 182.9, I.R. as
above This indicated that th¢ reactlion COCla 4 S204%2 = €05 ¢
3208F, 4+ Clp hiad occurred,

fieaction with nolybdenum hzxacarbonyl.

when an ezcess of peroxydirulfuryl difluorid» was distilled onto
0.100 g o7 sublimed molybdenum carbon:l in a €70 n) buldb and the
mixture allowed to warm to roon temperaturs, an excthemmic, rapid
reiction occurred producing 0,108 g. of a gas ident.fied as carbon
dioxive (theor:tical weight c¢f CO, obtalnable, (.100 %.) Pyrosulfuryl
fluoride (S520s%z)vas also . jaseous product. In addit'on to the
gases a white solid (Mooz,ahsF)é)and a nonvolatil: 1liqu.d, to be
discucsed later, were prodiced.

Reactlion with zarbon tetrachloride.

Unsuccessful a®tempts were made to prepare chlcrine fleorosulfonate
by the reactlon of 3,04F, with various chlorides inc.uding arhydrous
carbon tetrachloride, No lmmediate reaction was notec¢ but on standing
at room temperature, a grecn gas was formed. Four proucts wer:
ldentified as follows: CO0» {I.R. 4.35 n); Cla (green; 0Clz (I.R. 5.48,
11.75 1) and 320sF2 (I.R. as above), These indicated the follewing

reactions had »cecurred:



Excaess S, Og Py SgOel; + CCLly = S30uF, + COCla + Cl,
Sg0aPs + COCl,y e S204Pe + COp + Cla

Excoss CCl, Sa0eF; + CCly ~ SpOgF; + COC1lp 4 Clg

Reaction with sulfur.

An cexcests of peroxydisulfuryl difluoride was distilled on to
finely divided, vacuum dried sulfur, and the mixture was irradiasted
with uitraviclet light for an extended pericd. A coler change f{rom
y2llow to orage to white to medium blue to green was observed,
Volatile products were fdentifiec as follows: SO, (M.W, 60);
S10sFy (I R. as above) and SeOgF, (M.W, 262, I.R. 6.70, 8,00, 8,18,
11.50. 12 651). Two equations msy be written: S + 23;0ePs = SO0; + 28.04F:
and SOz + Sz04FP 5 = Ss0gFa. The eecond of these reactions had previously
been recognized.' Mo explanation hae been “ound for the color change

tiich appeared to be g sweface effect.

Riraction with pucsphorus 'IIT) fluoride.

The reation of S304F> and PP, was found %o be extrenely vigorous
and exotrerm.:. Products found were : PORy (I.R. 6,15, 7.08, 7.42,
10,11, 10 58 11.451) and Su04F2 (I R. as above). The same products
were obta‘ned by mixing, at o® followed by ultraviolet irradiation,

m"a + SQO('F,Q ® PQF: + S?_Os?;,

Reactlon uith_}hionyl fluoride.

A tempereture ve vressure plot obtained from heating a mixture
of SOF, end S,0eFs to 200 wap identical with that expected for
lncreesing the tempersture of an ideal gas at constant volume, Examination

nl" the groducts showed smell amounts of SOLF, (IR, 6.65, 7.85, 1i,50u)




87d S204P; (I.K. 4@ above), Most of the reactants remained unchanged.
A 8low oxldation of thicnyl fluoride to sulfury. fluoride had occurred
with no pressure change according to SOP; + SpCyPy = SOgPy 4 Sa0gFa.

Anrctions Involving Fluorosulfonation by S30qFp

The second type of reaction displayed by pero;ydisulfuryl
difluoride was fluorosulfonstion where the Sa0,Fp molecule Was spiit
Lito Uwo fluo-vsullonste groups which then sither: (1) replesed volatile
ailons from tie reacting cospound; (2) added acvoss carbone:arbon
dyuble bonds, or (3) added to the cantral stom of the reac’ing coapound

iicreasing 1t oxidation mumbder.

f2acticn with mercury (II) oxide.

A sligh. excess of peroxydisulfury: difluoride wgs distilled
01 to 0.2536 (1,170 millimoleg of yel ow mercury II) oxide which
had been dried at 300° . Ko reactien sccurmd at room *emperature,
bat on heating at 150° for 2% hours, a White sclid wan obtalned according
to the reactiin, HEO + 23,0gF; = Hg(SOsF)p + Oz + Sp0sFs. After
volatile mate °sals had been removed, the resaining mercury bis(fluoro-
suifonate) we.ghed 0.3490 g. (1.164 millinolea). 1. addition of
waver the yellow no)id HgsP(OH)z. 3H20, noted by Recoaats gnd Cachy‘2
on hydrolyzing Hg(SO0aP) o, was produced. Bacause Hg(SOsFi, had been

previously syathessized and characterized. no further ostudy vas undertaken.

Acaction with potassium chloride.

an excelr of peroxydisulfuryl difluoride was distilled on :o
0.0620 g. (1.832 millimole) of powdered pobassium chloride which ~ad
been dried at 130°  when the bulb was allowed to warm to room
tompergture, hudbbles could be seen leaving the surface of the solid.

SubBequently, a green gas formed by the resction 2KC1l + S20eFp = 2KSOF 4C1,



e oLsei=ed After the reaction had becote complete, the excess
fehanged 5204 Fe mnd chlorine were distilled away leaving 0.1158 ¢ .
0323 mil)ircle) of a white 30114, K304F. when the potassiua
“luorceu fehate was subjected to baaic hydrolysis at 100° for 48 hours,
.96 §. equivilents of base were consumed per mole of compound.,
Ttsore.izal, 2 (0 g. equivalents) Sulfur found: 22.%%; calculated:
2% lor KSC.P

Hemgt ien with do¢ine monochloride

ition of peroxydisulfursl difluoride to IC) resulted in a
‘idorous redct lon producing sulrling smoke in the reaction rlask and
fmen gassous calorine. A red-orange liquid was formed which upon the
Gaitlorn of mare 5,24R, lightened in color, dWhen the excess Sp04F2 was
reEoed. toe T1quld crystallized fo a yellow solid, I{SOsP)s.> The
CTEpount war rnalyzed for sulfur, sSulfur found: 22.%2, 22.68%. {Theorectical

2.63%)  Tre equatlon for the reaction i3 2IC1 =+ 3S2CqFae 21(SO3F) s+ Cla.

reacticn sith pariliorocyclopentene to give octafluorobis(rluorosulfo-

nalo)eyclopeniane
roxycisulfurel ailluoride, in e€xcess, reacted vigorously wit
peThluorocyclicpentene according tu the equation CaFPit 4 Sz04F> =
C=ke{30,F), 01 occasion, when the 5,04F, was added too rapidly,
flashes of light wer2 observed, Aafter the reactlon was complete, the
rezalining S5:0,F, was removed by f1irst pumping while the products were
maintained at -2C°, aa4d second by 4 s:iream of dry helium passing
tarougn the remaining materia) at --20° for four hours, Nearly pure

octafldorobis(fluorosulfonato)cycxopentane vas obtained,

Properties of octafluorobis({fluorosulionato)cyclopentane.

[a) Molecular weight, Experimental measurements gave an

sverage molecvlar weight of 410 4 10. compared to a calculated 410.2

for C4fe(305F)s. The error was ratherr large because of the low vapor



1C¢

pressure (3 mm) of the compound at room temperature. (b) Density.
The density of CgF3(SOsF)2 was detarmined 2t five different temper-

ntures. The interpolated value at 25° was 1.8806 g/cc. The volume

Table I
Densitier of CqPys (SOsF)>
T8sp., % 10,0 2.0 25.% 30.1 87.7
Density, g/es 1.91° 1.895 1.87& 1.850 1.831

coelfisient cf expansion, calculated from the dats, was 1.17 x 1072

v 04°, (c) Melting point The melting polnt wae not found since

#1] sttesmpzis to crystallize the :ompcund resulted in a glass.

d) vapor pressure and soiling poiat. The vapor pressure valuee of

he comyzund over the temperature range Ci:.2 to 149.ao which are
giver in Teble 11 Indicated a boiling point of 138.00, a molar

leat of Lvaporizaticn of 10.2 kcal. and 2 Trouton constent of 24%.3.

Takle II

Vapor pressures of CoP,(SO.P)a

Pram T, K Pran T °K
24 b3 LI 280.9 38,6
45, Jh3n 321.9 592,83
051 551.8 349.8 395.1
35.4 357.2 429.4 4o1.7
07,1 262 .8 459.9 503.7
1294 I67.5 519.6 +07.6
J51.8 371.6 571.6 %11.2
186.5 376.8 645.2 415,11
226.0 583,0 755 420,0
(760) (421,2)

798 122,6




(0) Infrered spectrus. The !nfrared spectrum of CsFe(504P)2 was

obtalned in the range 2 to 15 . a: 3 mm pressure. Some of the bands
of the product were identified %y comparison with those of the
reactanty, #3410 Strong bands 1 1496 2m™' (6.68 u) and 1253 ca”?

12 R. N. Hae:eldine, J. Chem. Sac., p. 4423 (1952),

13 P. Torrdngton and K. w. Thompson, Trans Faradey Soc., &1, 236 (1945).
o0 my were astridcuted to S-0 s retch and 1 & 853 cm”! {1173 u) to
F streteh, end at 1217 ™' (8 22 1) to C-P stretch. Weak bands at

110 en” ! (705 1) and at 1152 co'* (8.58 u) 1ere also attributed to

~F stretcn.  Unidentified barJs c.curred at 365 cm™! (7.32 u),

109 ca™ (9.5 1), 990 ea”! /10.°1 ) and 80. em™! (12.47 n),

') Mass spectrum. The principa. pesks in tle spectrum for mass

rezoers anove 3Y corresponded 0 he follcwing Sfons: SO;*, SOF*, Cng.SO;F‘
<t . R , ¢
sPal -, Ca¥y™, CaFa07, Cals™, I3F 7, C4Ps0”, a7, %, C‘F7+; C¢F70+,
1 cae,t en’ peak (Celg!SCyP)s*), a.thouzh v ; .
anld C.P, n purent peax (Csfg!SCyP)z7 ), a.thorzh very weak, was
rcted ab mass ymmbesr 410.

£) ggglgiqaghﬁput;v resoniace apectium. A oompi rison of areas under

absorprion peax<s for CePs/33F)» and for S204F; gave 2.7 for the
neaber ¢f J-P tonds per molccule f CsFa(503F)2. ‘fhe ratio of S-F/C-P
winl/%2.5 conpared to theo etical /4.

(h) Elementary analysic. Suliur “ound: 14.9%; c.lculated: 15.6%.

Th: sample was treated by jotaussiur. fusion in prepaiition for analysis.

Tt apparently d3d not react with water.

0 I F o
150-C - (€-080
7 ‘ | P
Fg-C\ _C Pp

¢
F‘H?




Reaction with fetrmrluorocthylcne to form tetrafluorobis{fluoro-

sulfonato)ethane,

Since percxides act as initiators for the polymerization of
CaP¢ to polyietrafluorvethylene, only low pressures of CpF, were
used and during the recaction Sp0¢F: vwas always present in excess.
The reaction was extremely vigorous and was carrieé out by slowly
adding tetrafluoroethylene to S;0¢P» containing 10% nitrogen by volume
to reduce the reaction rate. Although S;04P> was present in excess
at all times to insure minimum polymerization of CpJ'¢, the entrance
to the reaction vessel and cther parts of the vacuum line were soon
coated with a white solid. when the addition of CpP, was very slow,
a white smcke was observed which gradually condensed into fine droplets
which very slowly enlarged and collected at the bottom of the vessel.
A slightly more rapid addition resulted in a large temperature rise
and quantities of brown color (probably due to S0,F radicald. Separa-
tion and identification of products indicated the following reactions:
CoFq + 320gF2 = CoF4[303P)2 and CaFg + 25204P» = 2COF2 4 2520sF2.
Polymeric products were not identified. Tre products, carbonyl
fluoride and pyrosulfuryl fluoride, of the second reaction constituted
only about 5% of the total product. After the sample had been purified
by fractionel codistillation, a portion was subjected to gas chroma-
tography using a tricresyl phosphate-fire brick column at 72 °. Since
a single peak was obtained, it was concluded that the distilled
materlal was over 999 pure,

Properties of tetrafluorobis(fluorosulfonato)ethane.

(a) Molecular welght. Molecular weight determinations on the sample

gave an average of 298.2 compared to a calculated value of 298.15

for CaFge(S0sl')2.



15
(b) Density. The density of CaP,(SOsP)2 was determined at the
four temperatures given in Table “II. The density at 25° by
interpolation, was 1.778 g/cc.
Tadble (II
Densities o' CaP4(SOsR)a
Temp. ,°C 1.0 12.5 2,3 35.4
Density, g/cc 1.839 1.811 1.780 1.750

The volume coefficient of expansion, calculated from the above data,
was 1,49 x 1072 at 25°,
(¢) Melting point. C,7¢(SO3F); melted at -27.8°,

(d) Vapor pressure ard bolling point. The vapor pressures given ‘n

Table IV indicate a rormal boiling point of 102,7°. Prom the Clausius-—
Clapeyron equation. the molar heat of vaporization was 9.1 kecal and
the Trouton consatzit 24.1,
Table IV
Vapor pressures of CaP,(SOsF),

Prm D < Pmm T,°K
21.8 295.8 371.3 355.1
46.0 306.9 424 .1 359.0
82.7 318.0 496.8 363.7

124 ,, 327.4 561.1 367.0

177 8 336.0 641 .4 370.9

24 .6 343.5 693.8 373.2

2¢3.6 348.6 743 375.7

(760) (375.9)

787 J17.2
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(e) Infrared spectrum. Infrared spectra were obtained at 1 and

10 ma pressure. By comparing the frequencies of the tetrafluoro-

bis{fluorosulfonato)ethane witn those of the reactants,“'li the
mclecular motions for some of the bands were assigned. Strong bunds
et 1896 cm ' {6.68 1) and 1263 cm™ ! (7.92 u) were attributed to S$-0
stretch, walle those at 05 cm ' (11.0% u) and 6%6 cm™ ' (11.81 u) were
due to S-F motions. A C-P stretch was responsible for the band at
1163 ca™* (8.60 u). Other strong bands occur at 1230 cm™® (8.13 ),
1077 cm* (9.28 u) and 758 c=™t (13,20 u).

{f) clear n-gﬁctic rcsonance gpectiua. Using perfluorocyclopentane

(CsP10) as a standard, the number of C-? bonds found per molecule of
C2Pc(S05F)» was 3.4 (theor, 4.0), The erxperimental number of S-F
tonds was 1.8 {theor. 2.C) when S;04F2 was used as the standard.

(g) Elementary analysis.  Suliur content found was 20,.6% compared

to 21.5% calculated The sample was prepared for analysis by heating
with potassium,

General, “etrafluorobls{fluorosulfonatojethane was observed to be a
colorless .iquid which disnolved Kel F stopsock grease butws inert
towara mercury anc glass and, for at least short periods of contact,
towerd water The properties were ccnsistent with the structure:

)

OFFO
30C-COSF
PFPO

O ([

I’

Reactlicn with sulfur tetrafluoride to form ietrafluorobis(fluoro-

sulfonato)sulfur (VI).
Peroxydisulfuryldifluoride aid not react with sulfur tetra-

fluoride at room temperature. To study the effect of increasing
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temperature, equivalent amounts of SP, and Sp0eF, wele treated as
described under Procedure 2 above. At 85°, the pressure began to
fall gradually. At 106°, the decrease was very rapic. In subsequent
runs the renrctor was maintained at 128° while equal pressures of the
reactants were addec and allcwed to remain until the pressure

stopped decreasing. An 86% yleld of tetrafluorobis{fluorosulfonato)-
sulfur (VI) was obtalned based on the reaction SP, + SgO.Felzgc SP(SO3P)2.
This indicated that the SP, as recelved «as at least 86% pure. SOF»
“as the nain contaminint in the SP, as shown by vapor density and
infrared spectrum determinations., The more volatile SOPp was removed
by distillation leaving pure SP4(S03F)z which required no further
purification,

Properties of tetraflunrobis(flucrosulfonato)sulfur (VI).

(a) Molecular welght. PMolecular welght determinations on the sample

gave an everage of 305.8 compared to 306.12 for SP({SOsF)».
(b) Density. Densitles were measured at the three temperatures
given in Table V. Jrom these data the extrapolated density at 25° was

found to be 1.98% g/cc
Table V

Densitiee of SF,(SO5PR)>
Temp, °C 0.0 10.6 22.9
Density, g/cec 2,049 2.022 1,989

The volume coe’ficient of expansion was calculated from the above

o

data to be 1.3+ x 102 at 25°,
(c) Melting point., The melting point found for SF,{SOsF). was -62.9°

{d) Vapor pressure and boiling point. A normal boiling point of

116.6° was obtained from the vapor pressuvres given in Table VI. The
molar heat of vaporizatlon from vapor pressure data was 9.7 kecal,

and the Trouton constant was 23,9,
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Talle V1

Vapor Pressures of S®,(303F)2

Pem T,°K Prm T, "%
22.9 305.8 272.% 359.0
30,7 310,5 30.8 363.7
85.2 317.7 §15.6 370.8
60.0 s22.3 §55.4 373.9

89.2 331.2 2.1 378.1
99.7 333.6 634.8 384.2
135.8 343.5 690.1 386.9
189.1 389.6 72h8.2 338.6
232.2 45 (7€0) (389.8)
705 590 .4
800 391.5

(e) Infrared spectium. Infrared spec:ra vere obtained at 1

and 10 mm pressure., A comparison of the spectrum of SP,(SO0sF)»
with those of thwe ruactcntsk’%ﬁabled iientification of the molecular

B N e

14 R. E. Dodd, L. .. Woodwerd and H. L. Roberts, Trans. Paraday
Soc., 52, 1052 {1956).

motions responsible for some of the baids. S-0 stretch appeared at
1491 em™* (6.71 pu) and 1251 em * (7.99 ) while S-F stretch at 887 cm™*
(11.28 u} and 839 cm™' (12.06 u). Other bands occurred at 943 cm™*
(10.60 pu} and 704 em™* (14,20 u).

{f) Mass spectrum., The mass spectrum of SF4(SOaF), above 56 included

the following ions: S0,%, soF*, sF.", $0a%, s0.F*, sFs¥, SFs0%, and

SF.,""n No peaks for masses greate: than that of SF‘¢ vere noted.

(g} Nuclear magnetlic resonance specirum, The NMR spectrum was run

at 27° and at a frequency of 40 megacycles. The spectrum contained

fluorine resonance peaks for the SF, group and for the SOsF groups.
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These corrveponded to a large "chemical shift", the peaks for

SOsF coming at a higher magnetic fleld than those for the SP¢ group.
The SP4 group caused two symmetrical clusters of peaks. The two
clusters of peaks suggested that twc pairs of structurally different
fluorine atoms were present in the > SP, group. Since the

clusters were not triplets, it appeared that the apin-spin coupling
constant, J, and the chemical shift, & , were of the same order of
magnitude. Professor Kenneth D. iWiberg, a colleague of the authors,
has kindly applied his computer program to the problem and has
calculated the theoretical spectrum for the — SP4 group based upon

a value of & of 501 cycles per secend. Various values of J were
tried, the best agreement with the experimental spectrum being
obtainec for J e 1506 cycles per seccnd. Agreement between theory

and experiment was good enough to validate the assumed structure of
the = &P, group. It was thererore concluded that the fluorosulfonate
groups cccupied cis positions in an octahedral structure about the
sullur atom. IF the fluorosulfonate groups had been trans, the
fluorine atoms of the > SP, group would probably have been identical.
Spin-3pin splitting due to the fluorine stoms of the fluorcsulfonate

groupa caused the "lines" of the SF, group to be triplets.

() Elementary analysis. When the compound was hydrolyzed in sodium

hydroxide solvtion at 100° 1¢ was found %hat 11.6 g, equivalente of base
(theoretical , 12.0) were consumed per mole ae shown in the equation:

SPa(SO0aF)z 4 12 OH = 3 S04~ + 6P~ + 6 Ha0

“he sulfur and fluvorsne content of the compound (as found in the

hydrolyzed product)were: S, 30,44; F, 57.6% (Theor. S, 31.4%; F, 37.2%) .
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(1) General Tre compouad was found to be a clear, colorless liquid
which was inert toward azrcury but apparently attacxed glass slowly and
was readily dissolved in Kel-P stopcock grease. The properties were

consistent wich the gtructure:

F
Pl __0-5-p
,/ S cO
FT0 §7
P 0

Reactions Invelving Bo h Plucrosulfonation and Oxygenation

With eome compcunds peroxrdisuifuryl dirlueride acted both as an
mygeneting and a fluoromﬁ]fonatiné'agent through the addition ouf one
O more oxyger. atom® and cne sr pore fluorosulfonste groupes to the central

[
it.om of “he reacting species.

Reacticn with thionvl chloref ‘woride.

Thlonyl chlorefluoride is the only kncwn tlifonyl compound which
cortaing two different grcups attached tc the central atom. Although it
seemed that S5.0,F> might replauce the chlorine with a fluorosulfenate group
anG give rise to a second such cempound, thin wsea not found ¢o be the
cese,

The reacticvn was quite exothermic and the gas in the bulb acquired
a #light greenis? binge, Products found were chlorine (green, M.Ww. 72)
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INe20e8. T 2 axove) indicating tire reaction: 2S0CIF ¢ 3S0aFs

18;04P2 + Clg,.

Reaction with uolybdenun hexacerbongl or molytdenun metal to form

dloxobil(llﬂoroculronato)lwl;bdanum (v1).
As w33 m2a7ionad earlier, the reaction cf S 04F2 with Mo(CO)e

proceeded rapidly end was accompanied by the cuantitative displacement

ol the curbony: groups to form jaroon dioxide, and by evolution of heat.
Aa cthe reecticn progressed, the white carbonyl, which had been sublimed
into the reertlon veasel, gredually became emerald green. Finally a
bright orang: liquia end & white solid were produced. On occasion, if the
gareous procucs were not almosrt continuously removed, the bulb containing
the raection m_<ture was completely destroyed due to the sudden and rapid
release of carbon monoxide and carbon dioxide. This removal required
freqient cycles of holding the veassel a“ -78° while the gas was pumped
awey and ther warming the bulb o room ‘emperature to ailow the resction
to continue.

Becaape o7 tre inconvenjence associated with this reaction, the
reacticn of excees Sp0el'z with nolybdemin metal was tried. It was found that
et coom temperavvre the reection occurred slowly out that at 60-850,
tne metal wag rather rapldly converted to a white solid and a solution of
¢ bright orange substance in 1iquid 304 ,. The reaction was allowed to
ccenr in a fifty or one hundred ml Pyres. glass bulb equipped with a
¢ w1 Kern stopcock attached to & 10/30 inner scandard taper joint. Two
break seals wers also attached to the bulb. Finely divided mo lybdenun
metal wes welghed into the bulb and the stopcock and break seals were then
attacheé¢. The bhulb was evacuated and, while pumping was continued,
was heated strongly to remsve any trace of moisture. Feroxyiisulfuryl

difiuoride was cistilled on to the metal until presant in at least a three-



feld excess. The stopcook was pulled off and the bulb was mgintained
at 5% until al. visible reaction had ceased (no metal left), Through
use ol one breal. seal, the excess Sy04F2 and other volatile materials
(largely Sz, ., were removed. The white s0lid was sti. . moint with an
crange liquid., The bulb was then wrapped with uniformly epaced nichrome
resistance wire and covered with esbestos tape. When a smell electric
current was pesved through the wire to warm the bulb, the more volatile
crange liquid was dletilled under good vacuum into the side arm to shich
the second bre:ul. seal was attached. Heating was continued until the solid
tecume white or creem colored, snd the side arm was then pulled off.
The bulb wae opened in a dry box and portions of the solid were placed in a
*eighed bulb ani in e melting point tube. A sample of the solid (1.3419
grams ) was hydrolyzed and analyzed for molybdenum, sulfur and.fluorine.
(xygen wae deteimined by difference. The ratio, in terus ¢of atoms, found
for Mo:S:F.0 wan 1.0:2.0:2.1.8.0 compared to 1.0:2.0:2.0:8.0 theoretical
for MoO; (GUsF)n. The experimentelly obtained percentsge composition for
dioxobis fluorosulforate w«viybdenum (VI) wes Mo, 29.13¢%; S, 19.76%;
F, 12.22%; and U, 38.89%. Caloulated: Mo, 29.42%; S, 19.66% P, 11.65%
end O, 39.24% In ar attempt to determine the melting point the tube was
placed in a [urece end the temperature was allowed to increase 8lowly.
it about 230° ducompusition to a blue golid occurved and the Pyrex tube was
badly etched

The very viscous orange llquid (collected In the 3ide arm as stated
ebove) was franisferred under anhydrous condl:ions and 0,2067 gram was
tupjeeted b basic hydrolysis. The experimental ratio of Mo:30aP:0 was
i:2.3:0 7. This suggesta the formula MoO(SOsF)z. It 18 very unlikely,
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however, tihmt thie compound would: (1) exist under such highly
oxldizing condiilons; (2) show a def'tnite but somemhat broadened
HMR vpectrua (the two unpaired electrons in a Mo{IV) compound would
prevent ons (roa obtalning an NMR spectrua);;and (%) be a liquid
which selts sharply at appruxizately -65° when the analogous

oxyl'luoride ia a high melting aciid further work (s indicated.
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