& 5

o »t K y wd ) ]

Submitted to Inorganic Chemistry

‘ ca o -d L

LBL-168

Preprint €.

FLUOROSULFATES AND PERCHLORATE% OF XENON (II)

AND THE SALT [

(FXe),0,S(0)F] [AsF ] )

M. Weéhsberg; P. A. Bulliner, F, O. Sladky,

R. Mews,

Ma

AEC Contract

and Neil Bartlett

rch 1972

No, W-7405 -Ieng—48

.('

For Reference

Not to be taken from this room

—~

J

c|

891-T1d1T



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



- | 7 LBIr-l68 :

Contribution from the Department of Chemistry, Princeton University,
Princeton; N. J. OBSMO, The University of Callfornla, and the Lawrence

Berkeley. Laboratory, Berkeley, Callfornla, 9&720.

FLUOROSULFATES AND PERCHLORATES OF

waéN(II)'AND THE SALT [(er)éogs(o)ﬁjngsF63'

- by

M. Wechsberg, P. A. Bulliner, and F. O. Sladky

Department of Chemistry, Princeton University, Princeton, N.J., 08540

and

R. Mews .and Neil Bartlett™
Inorganic Materials Research Division, Lawrence Berkeley laboratory"

and Department of Chemistry; University of California,
Berkeley, California 9l720

'ABSTRACT

The fluorine ligands of'xenon difluoride may be substituted, one at
a time,-By other electronegative species. Interaction of the difluoride

with the appropriete'molar quantity of-anhydrousvacid, below 0°, yields

“the monofluorosulfate, FXe0S0 F, which is a colorless solid, m.p. 36.6°,

the bis- fluorosulfate, Xe(OSO F)g, Wthh is a pale yellow solid, m. p. 43-

45°, the monoperchlorate, FXeOC10 ,’whlch is a colorless SOlld, m.p. 16 5°

3
and a yellow solld, which decomposes below O s whlch is probably the bis-
perchloréte, Xe(OClO3)2» All of these xenon difluoride derivatives are

thermodynamically unstable and dismutate spontaneocusly above 0°, the
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major produc#s being as represented by the equationSﬁ

2FXe0892F ~ XeF,, + Xe + S,0.F,; ‘Xe(OSOeF)z.» Xe + S,0.F,5

- B 1 ) . . o » .
2FXeoq;o3 - XeF, f.01207 + 30, + Xe; ,Xe(OClQ3)2 Xe + C1,0¢ + O,-

. Although solid products have been obtained from the‘interaction of Xng
. with meth&lf'and trifluoromethyl-sulfuric acids, the stoichiometries of
which sugges£ FXeOR spécies, they are explesive énd}havé not been well
characterized. FXeOSOEF‘dan be vacuum sublimed at 20°. The'gi§-

fluorosulfate;'which‘is not volatileat'20°,'is of lower thermal stability.

. = , o e
' Single crystals are primitive monoclinié with a =_7.8, b = 13.5, ¢ 5:6.7 A

(a1l + 0.1 &), p .= 96°.

Vibrational spectroséopic év;dence'indicates fhat the xeﬁbn(II) atém
is two coordinated in each of these»compounds, the:structural formulae
being: F-Xe?QjS(O)2'F; F‘S(O)2'0°Xe'O‘S(O)2'F and_F'Xe'O'ClO3.‘vThe
vibrational ;Pectra indicate that although the Xe atom iane'(OSOQF)2 is
symmetrically'coordinated, the molecule is not centrosymmetric.

FXéOSOEF does not combing With excess'XéF2 to.form a [XeéF3]+ salt,
as do the FXeMF6 compounds. The products of the reagtioné XeF%MF6i +
FsoéoH.(M = Ru, As, Sb), in HF, may be [XeosoeF]+tMF6j' salts, but except
for the Sb compbund they ére labile at room temperature. They have not
been stfuctg%ally characterized. The.pew salt, [(er)eso3F]+[AsF6]",has

been prepared and is sublimable without change. Vibrational spectra

. S , ) + :
indicate that the cation is the symmetrical [(FXe)QOES(O)F] species.

Efforts to prepare [(FXe)EOQCCF3]+ have led to immediate oxidation of the

acid: .
co S
COOH - 2HF + 2Xe + ECFA + 2C0, + AsF_.

3

[XengjffAsF6]' + 2CF » 5
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Hydrogen chloride is also readily oxidized:

_[Xe2F3Jf[AsF6]‘ + HC1 » HF + % cL, + % ASF, +,% [Xe2F3]+5AsF6]°

INTRODUCTION

‘Thevfluorides and substituted fluorides of xenon are thermodynamically
stablel, whéreas the oxides are highly endothermice. This difference is
largely a consequence of the bond energy of.molecular O2 being greater
than.thaﬁ of F, (110 versus 37 keal molé’l) although the bond energy for
Xe-0 is less than for Xe-F. There is nb indication that a neutral xenon

chloride will be kinetically stable enough to persist at ordinary tempera-

' tures, although the matrix isolation work of Pimentel and his coworkers>

bas established that xenon dichloride can be made from the elements in a
glow discharge. The bonding in chlorides and other halides is significantly

weakerl’3

thén in the fluorides . The experimental evidence therefore
suggests'that onlyvthe most electfonegative ligénds can generate thevbond
strenéth'essential to ensure the persistence of nqble-gas compounds under
ordinary temperatures and pressures and this view is also suppqrted by
theoretical gonsiderations5-
Eariier studies, in these laboratories, involving xenon difluoride
asan_oxidative5fluorinator6, suggested that the fluorosulfate ligand

could make an effective bond to xenon. We therefore sought xenon

fluorosulfates and perchlorates, by metathesis frém the difluoride:

XeF, + HA » FXeA + HF; FXeA + HF ~ XeA, + HF.

7

Independent investigation, by Musher ', into the possibility of xenon esters,



‘ ’ -k

Xe(OR)e,.démonstratéd'that acetates and trifluoroacetates could be prepared.
Musher suggéstedfthaf fluorosulfates and related compounds yould also be
ﬁreparablé. \

Bothfthe perchlorate and fluorosulfate ligands aré strongly electron
attractiﬁg aﬁé the generation of hydrogen fiuoride (a very thermochemicaliy
favorablerédmﬁound8), gave promise of a forward reaction. The syntheses
are effective.if the stoichiémetry, temperature and hydrogen fluoride
removal are properly controlled. The monbsubstitutedvcompounds are more:
‘stable than the disubstituted and are, therefore, more easily made and
handled than the latter. A brief description of the monosubstituted

9

compounds has already been given”, and the crystal and molecular structure

of FXeOSOé
behavior of the fluorosulfates and perchlorates show that they are
deriyativés.of bicovalent xenon(II) and the p?eliminary chemical evidence
suggests that they will be effective fluorosulfonating and perchloronatiné
reagents; iespectively. | . ' | L

The moderate thermal stability of  the ;enon“fluqrosulfates suggesfed
that trifluomethyl sulfates and even the methyl sulfates might be
préparablé. Although reactions to produce these compounds did prdceed,'
undér contrél, at temperatures of -20° dr lower, the solid products
usually_détonated atvof below room temperatures. The interaction of XeF,
" with a slight molar éxcess of HQSQQCF3.in HF has yielded a solid product
vwhich vibrdtional spectroscopic evidence indicatgs is CF3SO3XeF.

VSince wbrk in these laboratariesll and independenf work'by Peacock
and his.cdwprkerslg, has est&blished‘Xer £0 be & fiuoride ionvdonor we
have tried to make the (XeOSQzF)+ salts bytthe interactions_FXeOSOeF +

F is given in the aCcompanyingvpaperlo.  The chemical andlphysical
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MF5 (M = Ru, As, Sb). The productsiqf these reactions are (except for the
Sb system) labile and remain ill—defined; but the new complex cation,
[(meo)es(o)Ff, has proved to be easy to generate and is relatively stable '

thermally.

Experimental Section

Matérials;f‘ Xenon difluoride was obtained by the method of Streng and
13

Streng ™~ and HolJ_owza.ylLL as modified by Williamsonls. Previous analytical,

x-ray and spectroscopic examination in these laboratories has confirmed

that this method yields high purity XeF215. Fluorosulfonic acid obtained

from K and K Laboratories, Inc., Plainview, N.Y., was purified by
distillétion under ordinary pressure followed'by*a high vacuum distilla-
..tion. The. purified acid was a colorless liquid, b. p- 164°.  Perchloric
EEEQ was prepared from commercial 70% perchloric acid, by adding a five-
‘fold excess of conc. H SOu followed by dlstillation at 10 torr.

Trlfluormethyl sulfonic ac1d obtained from The Chemical D1v1s10n of the

3M Company, St. Paul, Minn., was distilled prior to use. Methylsulfonic

‘acid was obtained from Eastern Chemical Corp., Paquannock, N.J. and was

distilled prior to use. Arsenic pentafluoride was obtained from the Ozark

Chemical Co., and antimony pentafluoride was prqparéd by fluorination of

antimony trioxide in an inclined glass tube. Ruthénium pentafluoride was

prepared by fluorinating the metal in a Monel bomb at 200 .

aApgaratus.- The derivatives of xenon difluroide were prepared in Kel-F
tube s prdvided with Kel-F valves. The tubes were made by drilling approx;‘
imately 3"dleﬁgths of 5/8" diameter Kel-F rod to.preserve a 1/8" wail

ﬁhickneSS. This. tube was ﬁhréaded:at the neck and provided with a rounded



-6-

lip to effect a tight ring seal when screwed into the valve. The valve
was fashioned after a conventional V—stém, packed, valve. The vacuum

dried Kel-F tubes were loaded with XeF. in a Vacuum Atmospheres Corpora-

2
tion Drilab. Manipulations involving volatile reactants or products were
carried out on a vacuum line constructed of 1/3" nickel tubing linked by

~ Monel Swégélock fittings and Monel Whitéy valves and capable of a vacuum

of 10”2 torr or better.

X-ray powder photographs.- Thin walled 0.3 mm diameter ﬁuartz capillaries
were dried under vacuum and loaded under dry nitrbgen in a glove bag, this

operation being carried out in a cold room at ~ 0°. The capillaries were

sealed by drdwing down in a small flame, the sample being kept cold at all

times. X-ray powder photographs were taken, using graphite 'crystal'
monochromatized Cu K& radiation, on a G.E. Precissidn Camera. The powder
samples were maintained at ~ 0° by a stream of.cold dry nitrogen.

Raman speétra.- The microcrystalline solids and a sample of liquid SEO6F2

were each contained in sealed thin walled 1 mm diameter Pyrex glass
capillaries for Raﬁan Spectroscoby. The Spectroﬁéﬁer employed a Spectra-

Physics Model 125 He/Ne laser in cohjection with a Spex Model lMOO doubie
monochromator. ‘

Infrared spectra.-- A gas tight Kel-F cell fitted with AgCl windows was

used for all condensed phase spectra. The powdered solids were dusted on
 £0 the inner surfaces of the wihdoWs, the same pfécautions being taken as
for X-ray sample preparation. A Perkin-Elmer 137 Infracord was used ovef
its full‘rahge of 4000-400 em™t.

Xenon(II) fluoride fluorosulfate, FXeOSOQE.

Preparation.- An equimolar amount of fluorosulfonic acid was added to a

~
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kﬁown weight of xenon difluoride codtained.in a Kel-F tube and vélve
assembl&; The mixture, initialiy at -75°; rapidly yielded'a‘colorless
solutibn when warmed to 0°. Hydxogén'fluoride-was removed in a dynamic
vacuunm with ﬁhe mixture held at 05."A colorless solid, m.p. 36.6°; remained.
The evolved hydrogen fluoride was trapped; weighed, and titrated with bése.

One mole of HF was evolved per mole of acid brought into interaction with

XeF,.. Several syntheses were followed gravimetrically. In all cases the

2

hydrogen'fludride evolution and the yield of product was in accord with

the overall-reactiOn: XeF2 + HOSOQF,» FXeOSOQF.+ HF. Typically,'XeF2

(0.728 g, 4.3 mM) plus HOSOF (0.430 g, 4.3 mM) gave FXeOSOF (1.040 g,

4.2 mM) of volatiles (0.125 g, mainly HF, but containing traces of Xe,

S,05F, and S,0.F,, the latter being identified from infrared spectral® 17y,

In an experiment in which an ekcess of XeF,. was employed, the same white

2

solid, m.p. 36.6°, was obtained on removirg excess XeF, in a dynamic

2
vacuum (for 0.5 hr) at 20°: XeF, (L.95 mM) + HOSOEF (3.60 mM) -

FXeOSOEF*(3.6O m) + HF (3.7 mM).

Some Properties of FXeOSO,F.- A small sample at ~ 20° was completely

transferred in a dynamic vacuum, after several hours, to a U-tube cooled

at -75°. Well formed crystals were obtained in this way. This provided

for the crystal structure -determination reported in the accompanying
paperlo. That the single nystals were represéntative of the bulk material
waslproVed by a complete indexing of the x-fay pbwder data given in
Table I. |

The colorless solid, on meiting at 36.6°,‘produced a pale yellow-

green liquid which evolved xenon and within an hour appeared to. be com-

pletelyvdecomposed'acéording to the equations
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QFXeOSO2

this observation. Both the xenon difluoride and the peroxydisulfuryl-

F - XeF, + 8,00F, + Xe. " A 19 n.m.r. study of the melt confirmed

vdifluoride produced in this decomposition were pure; This decomposition
also occuis séontdneously in the.sblid at room temperature with a palff
life of ~ 2 days at 20° and the transformation has been followed qiystél-
lographically; single crystals of the FXeOSOzf having>decomposed,voﬁ X-
irradiation at room temperatufe, to yield a'colorieSS liquid (8206F2) and
well formed‘crystals which were established by precession photography to
be of xenon diflucride. The SEQ6F2 was idéntified by its characteristic
infrared sPectruml7, with strong bands at 1490, 12k6, 846 (PQR) and 752
cm-l, and by its ready thermal dissociation to the colored OSOQF radical.
A preliminary survey of thé chemical properties of FXeOSOeF show that it
is.a.fludrbsulfonating agent, very”like S2O6F2' All reactions are
accompanied by brisk evolutibn of xenon gas. Thus sulfur trioxide inter-
- S206F2 + Xe;

acted with the solid to generate S,06F ¢ FXeOSO,F +VI§03

FXeOSOF + S0, - S,0.F +

sulfur dioxide on the other hand yields S 2055

. 205F%
Xe, as supported by the infrared spectruml6 of the gaseous product.

L

The vibrational spectra for FXeOSO.F are given in Table IT.

2

Xénon(TI) Bis-fluorosulfate, Xe(OSOQE_)_2

.Pregaration.; The preparation of Xe(OSOeF)e was similar to that for
erOSOQF' .Xenon difluoride and fluorosulfonic acid in a 1:2 mole ratio
were transferred to a Kel-F reactor and maintained at -75° for 1/2 hour.
To completé'the reaction the yellow solution was allowed to warm to 06.
Traces of gaseous xénon were detected when the ﬁixturé wgs(cooled tov-75°.

The volatiles, removed in & dynamic vacuum at. temperatures below 0°, were

trapped and weighed. An infrared spec¢trum showed‘thg volatiles to be




~

HF, with < L mole % 8205F2KS‘- Again, the number of moles of HF evolved

corresponded to the number of moles of HOSO

2F introduced and was in

agreement with the overall reaction XeF, + 2HOSOQF ='Xe(OSOEF)2 + 2HF,

2
In a representative preparation, XeF, (0.731 g, 4.3 mM) and HOSO,F (0.864 g,
8.6k mM)"ge&e 1.371 g of yellow solid, (h.2‘mM-Xe(OSOQF)2) and O.212>g of
volatiles, which contained 8.7 mM HF. When the mdlar ratio of the two
reactants was‘between 1 and 2, a yellow liquid remained on removal of HF

at 0°. This liquid (presumebly a mixture of FXeOSO,F and Xe(OSOeF)g),'

slowly evolved xenon gas, even at 0°. o

Some properties of Xe(OSOQEQQ-f The Raman spectrum is compared with those

of FXe0SO.F and Xe(OSOeF)é in Table III. Single crystals of Xe(OSOQF)Q

2

were obtained by slow evaporation of a HF solution and fragmentary preces-

sion photograph data, from such a crystal, provided'for the indexing of

the x-ray powder data given in Table IV. Unlike FXeOSO,F, Xe(OSOQF)2

appears to be involatilelat.room temperature. A small sample of Xe(OSO2F)2

under a dynamic vacuum at 20°, slowly decomposed buf none of the cémpound

collected in-the limbs of a U-tube, cqoled at —75°, provided to trap it.
Xe(OSOeF)Q is a yellow solid which gives a yeilbw melt at U3-45°.

The melt decomposes slowly, but guantitatively: Xe(OSOQF)2 - Xe + S2O6F2 .

The solid degomposes similarly if kept at720° for a few'hours.‘ In one

experimentf)(e(OSOeF)2 (0.5 g) was allowed to decompose in a Kel-F reactor

andvthe_xenon was pumped Out,ap -75°.Y_Vapor pressure measurements on the

remainihg liquid and the infrared spectrum, of a gaseous sample at 20°,
, 17

corresponded to data given previously for SQO6F2 The ihfrargd spectrum
proved that other sulfur florides and oxyfluorides were absent. Samples

of SQO6F2 obtained in this way melted sharply at -51.6°, a value 4° higher
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than that prev1ous1y glvenl7.

The bis- fluorosulfate dlssolves in both IF5 and BrF3. These solutions

decompose very slowly at room temperature and even at 40° the xeﬁon evolution
is at a much lower rate than in the case of pure Xe(OSOQF)e. The solution

“in IF5 decomposed according to the equation Xe(OSO'F) -+ Xe + 8 O6F . The

BrF3 solutlon ylelded SO F

2 o as well as Xe and S 06F and a viscous res1due.

Raman spectroscopy showed the last to be similar to the product of 1rrad1atlon_

of a BrF3— 206F2 mixture and demonstrated the presence of -S0

the product.

F groups in

3

Xe(II) fluoride perchlorate

Preparation.- Perchloric acid (0.204 g, 2.93 nM) was condensed into a Kel-F
réactor c-ont_"aining XeF,, (0.477 g, 2.82 mM) and allowed to warm first to
-110° and after 10 minutes to -60°. The reaction was completed by warming
to 0° at which temperature volatiles (O.Q9i g) weré removed in a dynamic

vacuum and trapped. The infrared spectrum of the volatiles showed them to

consist mainly of HF with traces of 01207,‘0102vand C10.F, the last being

3

in smallest concentration. The solid residue (0.680 g) corresponded to

2.72 mM of FXeOClO3. The colorless solid melted sharply at 16.5° decomposing

simultaneously to yield a liquid which rapidly turned from yellow to red.
The infraredrspectrum of the gaseous products of decomposition was accounted

for completely assuming the main  product to be 012 7, with some ClO and
- 18

traces of FClO Xenon and oxygen were also present;

3

X-ray;powder photographs of FXeOClO3

of FXeOSOeF but indicated that the compounds were not isomqrphous.' The

powder data is given in Table V. The vibrationalLspectra_for FXeOC10, are

3

showed some similarity to those

given in Table VI.
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Xe(II) biS-perchlorate.-vbIn an attempt to prepare Xé(OCiO3)2 a small

émount of FXeClOu was transferred to a‘Kel-F reactor and én equimolar. amount .
of HClOu condensed on to it. This mixture which was shaken initially at
-11°, then aﬁ -60° for several minutes generated a yellow solid.and HF.

The latter was largely removed at -50°. On warming to 0° the yeiléw»solid
rapidly changed to a red liquid. Xe, O €1,0

o 7 and traces of ClO2 and FC10

. were liberated as the gaseous products of decomposition. The residual red

3

liquid detonates ﬁhen heated and corresponds to the description of the-
chlorine oxide described as 0120619.

Although on those occasions whén care has been taken to carry out the
‘HCth + XeF2 interaction at low temperatures, and HF has been removed at ,
low tempeiatures, there have been no explosions, on other occasions, when

rapid warm up of the reactants has been permitted, very strong detonations

have occurred.

o
C10XeOSOF was attempted both by adding perchloric

Attempted Preparation of Xenon(II) Perchlorate Fluorosulfate, 0,C10Xe0SO.F.
) )

The synthesis of O2

acid to”FXeosozp and fluofosulfonic‘acid to FXeOCl0_. in a manner similar to

3
that used for the bis-perchlorate preparation. Although the producté of

the‘intéfactions showed no gas evolution at -60° and yielded a colorless
solutionvin anhydrous HF; removal of volatiles produced a yellow solid
which rapidly yielded a red liguid and';imultaneogsly ¢volved xenon and
oxygen, even below 05. Infrared SPectra of,fhe vapor from this product -
showed SéOGFE and Vafious chlorine oxides to be'présent. There was no

indication of mixed oxides or peroxide (e.g., O Cl-OOSO2F). The product

3
indeed behaved like a mixture of Xe(OSOeF)e and Xe(001o3)2.

Interaction of XeF, with Some other Protonic Acids.

HC1l.~ Xenon difluorideidid not interact with pure HCl at -78° but addition
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of anhydrous HF produced a red-browh'coloration at ~ -100°. ‘Xenon was !

evolved even at lOO ‘and quantltatlve recovery of the Xe was obtained at i

-SO . The 1nteractlon proceeded according to the equatlon. . |
-~ (HF) 1
XeF, + HC1 >  3XeF, + %c12.«;mﬂ. o ‘

CF3§920H (CAUTTION!). XeF, (hf73 mM) was condensed. epto the .acid whicﬁ was ,%
in slight excess for e 11 reactio;!(S.SQ mM). -The mixture was contained |
“in the usual Kel-F reactor. - Anhydrous HF (6 ml) was addedvby‘vacuum dis- ,
tillation and the stirred mixture was slowly (~ lhr)Abreught to 0° and held
at that temperature for 2 hours. Slight gas evolution occured in this
time and ‘infrared spectroscopy, of the gas, indicated the presence of'02F6.
The sol&ent was removed between -40 and -3Q°. The remaining solid was
colorless at -80° but yellow-at 0°. The residue, after 3 hours under |
dynamic vacuum?weighed 1.06 g (théoretical yvield for FXeOSOECFB, allowing
for ready decomposition of the bis compound, = 1.18 g). The Raman sPeetrﬁm
given iﬁ Teble IT is compatible with the formulation FXe0SO CF3. The solid
~ decomposed slowlybat 0° and rapidly between 4O and 60° (no melting up to
60°). The major gaseous products.were CF), and Xe.

Efforts to prepare FXeOSO CF3 with XeF2 rich or exact 1l mixtures of

the reactants,'yielded very unstable solid products, which decomposed

. slowly at 0° to yield the gaseous products 802 o9

CFE and Xe. In all cases
the 'solids detonated on warmlng up to room temperature o

CH33029§__,§§E2-" (9. h5 mM) was condensed on to the acid (9 77 mM) and the neat

mixture was warmed slowly to -15° , at whlch uemperature a yellow color developed at
the interface between the two golids. Gas slowly-evolved at -15° and on
warming the mixture to 0°, to hasten the interaction of the two solids,

very fast gas evolution occurred, which was not arrested by cooling in
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1iduid nitrbgen. Detonation occurred. A similar reaction, carried out 

:in HF, genéréted-a‘coldnless clear solution at -65° (647& m mole XeF, and
6.69 mM CHBSOéQH in Loml HF)f Slight gaS'?volution occurred on warm-up

to ~ -h0°,'§tbﬁhich point a faint yellow color also developed. The solvent
was rémOved:bétween -50 and -20°; The solid which remained was pale yellow -
at 0° and siowly yielded gaseous products (~ 0.02 m mole min-l). It
detonated on warmlng to room temperature.

g_;gqgc_)g.- Addition of XeF, (3.0 mM) to the acid (3.0 mM) followed by warm-

- up fo -78° 1¢d to a vigorous reactlion to yield a pale yellow/solgtion and
much gas, which contained 3 mM Xe. Chlorine gas was-fhe other identifiable
gasébus'prdduCt. Similar interaction of acid with XeF2, but in a 2:1 molar
ratio (k.18 ™ C1S0,0H, 2.09 mM XeFe) generated Xe (2.1 mM) and C1, (2.15 mM),
 even at -95°. The less volatile liquid reéidue pfoved.to be HSOsF, this
indicating the overall reaction to be:

XeF + 2ClSO OH -» Xe + Cl + FSO OH.

) COH. - XeF (4.3 mM), 1nteracted w1th gas evolutlon, with the acid

ACE3 ) 5COH.
(4.33 nM) at 0°. (No reactlon occurred below that temperature. ) The

(CF

reaction accelerated with time and gave a colorless solution. Xenon was
removed under vacuum at -130° and amounted to (k. 33 mM)

Attempts to Prepare [Xe0s0 El}MF; Salts.

[XeF [ !SbFsl_Lwas prepared by adding XeF, (42.2 mM) to a solutiqn of SbF5
(40.7 nM) in'HF (10 ml). This mixture was stirred for 4 hours at 0°, by -
‘which time:a ciear pale yellow solution had formed;"The HF was removed in
a dynamic %acuum at 0° to leave a pale‘yeliow solid. The powder photograph
indicated isomorphisum with [FXe]+[RuF6]- and was iﬁdéxeéxén the basis of

an orthorhombic unit cell of dimensions: a = 11.2, b = 8.0, ¢ = 7.5 A



~1h- )

(a11 t‘O.l K). The Raman specfrum shéwed_the presencé of Xe2133+SbE6-v
(as antiéi?aged.from'the slight excess of XeF2 err the 1:1 stoichiometry)
but the other bands were entirely'attributable to IXeF]+[SbF6]". The
Raman baﬁds'(in.cm-});-with relative intensities.and‘assignments in |
parentheSes; are as expected on the basis of preViQus studiesll of XeF+MF6—
salts. » _ , _
668(13, vSb-F), 651(3,vSb-F), 643(6,v8b-F), 62L(3,vSb-F), 612(25,
vXe-F), 607(sh,vXe-F), 59%(sh,vSb-F), 591(§h,VXe2F3+ impurity),
581(sh,vXe2F3+7impurity), h7o(2-broad,v8b-F),,290(5,6Sb-F), 270(k,
8Sb-F). ‘ |

'IXEF]+[SbF:l- and FSO,0H (5.44 mM and 6.1 mM respectively) were dissolved

in HF (10_ml) with stirring at O°‘for 4 hours to give a yellow-green
solution. . The éolveﬁt was removed in a dynamic vaéuum, at -30° to leave a
yellow-green.solid. Xenon evoiution duriﬂg all manipulations to this point
amountedvto'< 0.5 mM. The weight of residue amounted to 2.4 g; whereas
that antiéip;ted for [XeSOBij[SbF6]- is 2.5 g-; The solid gave é'unique
powder phoﬁbgraph but the Raman spéctrum'was of poor quality and the

great réaétivity of the compound towards the AgCl plates rendered the‘-
infrared spectra valueless. A‘similar solid, haﬁing an identical X-ray
powder_paftern, was prepared by'mixing equimolar proportions of the_neat

reactants at 48° for 48 hours.
- o 11
[XeF] [RuF] , (1.36 mM) prepared as previously described, was mixed with

' HSOBF (1;hl_mM) in HF (2 ml) with stirring, at o°, for 5 hours. The

[X¢F]+[RUF6]- appeared to dissolve and a second crystalline phase appeared

at the surface of theisolution, which assumed a ye1low tint. Removal of

the HF at Of yieldedva yellow solid, which rapidly turned red-brown, and

1

®
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.rapidly decomposed with gas'evolution, xenon and sulfur oxyfluorides being

fbrmed.'

[Xe F| ]Ast] was prepared by dissolving AsF (10. 87 mM) and XeF (lO 4 mM)
in HF (5 ml) and 'FSO,0H (lO 6 mM) was condensed into this mixture which,
was allowed to warm to 0°. It was maintained with vigorous stirring at 0°
for 2 hours:ﬁhEn for a fufther 2 hours at ~v20°.,.The solution became |
greenish,butfsomé colorlésslsolid remained out of solution. More solid,
precipitaﬁed on cooiing to —40°, at which témpefature the HF was removed

in a dynamic,vacuum._ The greenish solid, which remained, rapidly become

brown on warm up to -30°, at which point the solid melted and evolved gas.

Eventually, with removal of volatiles (AsFS, Xe, SO “and 8206F2), under

2 2

.dynamlc'vacuum,va residue of 1.84 g of [(FXe)2 2 S(O)F] [AsF6]' (see below)

remined. -

The preparation of [(FXe)p S(0)F]'[AsF 1".- XeF, (7.8 uM) and FSO,OH

(4.38 mM) were condenséd/in HF (6 ml) and stirred at 0° for 4 hours.

-AsF5 (4.2 mM) was added to the solution, which was held at -78°. This HF

solution was almoét cdlorless,'although a second &ellowish phase was
observed at the bottom of the Kel-F container. The HF was'removed betwéen
-30 and.O°C,:to leave a pale yellow solid (2.1 g): Traces of SOZF2 were
present in‘tﬁe gaseotS'products. Under.vacuum, at rbom temperature, the
solid became colorless. The Raméh sPeétrum showed the materials to be
maihly'[(XeF)QOQS(O)F]+DAsF6]_ wiﬁh_some [Xe2F3]ffA§?éj* impurity. This
compoSitipngis entirely consistent,with the‘stoichiometry of the starting
méterials*éince the XeF, concentration was lessrthan required -for the

1deal 1nteractlon.

FXeOSO2F + XeF, + AsF, - [(FXe) s(o)F]+LAsF6]'
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A purer p?oaﬁct'was obtained from.the [FXe]f[AsF6]- - HFSOon‘interaction
described above and from the interaction of equiﬁolar quantities of
Xe(OSOeFjé.and AsF5 in HF. Thisklatter reaction7geaerated a,colosless.
crystalline solid at 0°, but removal of HF between -Lpo,anci -50° yielded &
dark brown liqﬁid which evolved SOéFe; ASFS and'HF; ucder a'dynamic vacuunm,
for 15 hours at -40°, to yield a colorless solid;_which Raman spectroscopy
proved to.l)e-fa' mixture of Xe(OSO,F), and [(FXe)QOéS(o')F]*[As%]‘;. Warming
this mixtUre to 40° destroyed the former but not the latter.

The Raman spectrum (Table VII) and the effecti&eﬁess of the stoichio-

metry,QXer + FSOon + AsF_ in forming the product, together, provide

5
strong support for the formulation [(FXe)zogs(O)F1+[AsF6]_.
Analysis.fxiseveral samples from different preparations were‘analysed for

xenon. This was accomplished by sealing samples of the solid in pre-

weighed quartz x-ray'capillaries, which were then inserted into a conven-

' tional combustion tube of a Dumas nitrometer. The nitrometer was previously

purged with xenon. Found: Xe, sample (a): 45.8;l&5,h; sample.(b):hs.h;

. 45.5%. Requlred for OBASSF9 : Xe, LL.67%. Unfortunately, the‘sample
capillaries could not be evacuated prior to closing ana‘thefefore containedv
small, but’imﬁrecisely known, volumes of nitrogén.'fThus‘the xenoh snalysis
by this mefhod should be high. lhe greatest_possible_erro},(if the.
capillafy volUme of nitrogen were present), would ihtroduce a 3% excess to
the:xenon'analysis.' Since the samples, in each case, occupied approx1mately
half the caplllary volume, it is probable that the analyses were high by

approx1mately half this amount On thls bas1s, the xenon andlysis, by the

Dumas nltrogen method, glves findings in excellent accord with expectatlons.

Properties of [<er)2_oS(O)ElAIAS 5[ “- The Raman spectrum of the colorless
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solid is tepresented in Teble VII. If'is femérkably similar to that of
[Xe2F3j+[AsF6]_. Surpfizingly, thevsolid i; sublimable, atv~ 20°, in a -
‘dynamig vacugm. - The Raman spectrum shows only traces of [Xe2F3]+[AsF6]';
. The solid dgcomposés above 6h°‘at ordinary préssures and yields S,0.F,,
Xe and XeéF3fAsF6- in accord with the equépion:

| [(FXe)zQQS(O)F]+[AsF6]' - \%-[Xe2F3]+[AsF6]- + % AsFs ¥ Xe + 3 S,0.F,

The solid interacts rapidly with dry CH,CN.

3 ) ‘
. + - + -
The attempted preparation of [(FXe)EQQCCF3] [AsF,]~ and [(FXe)gclj [AsF ] .-

CF.COOH (2.25 mM) was added at -196° to a solution of Xe

3

in HF (5 m1). As soon as the mixture melted on warm up, a vigorous inter- .

2F3+AsF6' (2.22 mM)
action occured and was complete within 1 or 2 minutes. The volatile
_prodﬁcts, ﬁhich were removed under vacuum at 20°, proved to be CF&’ 002,
and Xe. The residue proved to be pure [Xe2F3]+[AsF6]- (0.32 g). If
allowancevié made for the volatility of [X32F3]+[A3F6]_, these observa-.
tions are.in accord with the overall reaction:

1

COOH -» CF, + CO_. + HF + = AsF_ + Xe
L 2 2 5

S | -
+ 5 [Xe2F3]+LAsF6] )

i iy
[Xe P T [AsFg]™ + CF,

HC1 (2.26 mM) was added to a solution of [Xe2F3j+[AsF6]' (2.26 mM) in

HF (5 m1) at -80°. Evolution of Xe and Cl, gas occured above -40° and

2

removal of the volatiles at this temperature left only a residue of
; + - . | ! . .
[X82F3] LASF6] . Evidently the decomposition proceeded according to the

equation:

. - 1 : ‘ -
[xe2F3]+[AsF6]  + HCL (EF)HF'+-§ C1, + 5 Xe + % AsF5 + 3 [Xe2F3]+LAsF6] :
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DISCUSSION

Preparative.- Our studies have demonstrated thatvthe F ligands of XeF,
may be substituted, one at a time by highly electrqnggativé ligands. At

least for the -0SO,F and -0C10 ligands there is no tendancy for the

3
mono-substituted derivatives to dismutate (i.e., 2FXeOR 4 XeF, + Xe(OR)e),
since the FXeOR compounds may be obtained pure by mixing the reactanté

in 1:1 molar ratio:

XeF, HOR - FXeOR + HF.

On the other hahd, we have failed to generate the unsymmetrical combounds:

' 1 = - .1 [ '
F‘)(eQR, -t-‘HOR - éXe(oR)2 + ]QXe(OR, )2. o N

It is not known whether the prodﬁction of an equimolecular mixture of

Xe(OSOQF)2 and Xe(0C10 is a consequence of lower solubilitysof one or

3)2

both of'thé symmetrical compoundstrelative to the'unsymmetrical compound, S

- or whetﬁér the symmetrical compounds are energeticaily more favorable
(perhaps;frdm greater resonance‘stabilization) thaﬁ_the unsymmetrical.
Presumably the intermolecular ligand exchange'is_provided for by some :
sblvolysis.by the hydrogen fluoride. | ,

Failure tp prepare FXeClvor XeCl2 by substitution éf the F ligands

of XeF2!

o 1 1
HClv+_XIeF2 - -é-XeF2 + HF + 5012

+.
or of X¢2F3f'

' + - 1 1 i
© [XegF, T [AsFg]™ + HCL » HF + 5C1, + %‘Xe * AT+ %[Xe2F3]+[AsF6]




Vol o 0 e 508

- -19-

indicate théf the "¢hlorine iigand is too readily'oxidized to molecular
chlorlne, for Xe-Cl compounds to be preserved under normal conditions of

termpera:ure{and pressure. - I% 3w of 1nterest, here, that chlorine is also

liberateu - in the interactibnfbi“nhlorsulfonic acid with XeFe:

e ihfé'f éHOSOEC?”*'xe'+ Ci;v4 2HOSOQF{
; chis meyteiﬁply be a conseque;;;%ef HC1 generetion:
" HF ‘+~‘ﬁoso2ci--; HOSO,F + HCL.

The dlfflcultles experlenced in preparlng Xe(II) .derivatives of the

trlfluoromethyl and methyl-sulfates show, that even when bound species are

generated, 1t is not always possible to preserve, what are frequently

. .thenmea}wamlcally unstable comp:iirids, at room temperature. The gaseous

N2 ST

decompos1tlon products of the mono- trlfluoromethylsulfate, FXe0S0 CF3

are mainly carbon tetrafluoride and xenon, which suggests the overall

change:

FXeQSOECF3-» Xe + CFH + SO3.

/
b

In.our one*successful preparation, slight excessvof acid was employed and
'*Lhe 4 T4 ulon was accompanled by evolution of a gas which contained C F6
(0o CFh) Thls is con31stent_w1th the formation of an unstable blS_

' compound Xe(OSO If this material were to.decompose similarly

3)2

to Xe(OSO F) oI the peroxide CF,0,5-0-0- SO CF would be the product. The

0

372 3

"«letter however, has been Ieported by Noftle and Cady » to undergo exo-
thermlc decompoq1t10n to perfluoroethane, sulfur tr10x1de and trlfluoro-

methanesulfonate. It may be that the explosive‘decomposition of samples
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from our other acid-rich preparatibns were triggeréd(by this decomposition.
The appearance of CFh and the absence of 02F6 in theithermal decomposition-
of FXeOSOQCF3 suggests that the SO3CF3 radical is not an important
decompos1tlon spec1es ‘but indicates rather that there is fluorlne attack
at the S-C bond, perhaps 1ntra—molecu1arly. Ev1dent1y much the same kind

of attack occurs in the system XeF + CF_COOH (1:1 molar ratio in HF),

« 3
which llberates gases (including CFM) even at -25°, The trifluoroacetate
group is very effectively fluorinated when attempts are rade to substitute

into the X32F3_ ion: . _ .

Xe ASF6 + CF

eof3’ coor 3 ([(XeF),C0,CF L) TAsTg))

3
[XeF]‘“[As'Fé]‘ # Xe + CF + 005 -

The work of Eisenberg and DesMarteaux22 and Sladky 23 has already established
" the instability of the trifluoroacetates. [

The hpmber of ligands which will satisfy ﬁhe high eleétronegativity
requifémeﬂts for bonding to a xenon atom’and yet be capable of withstan@ing
fluorine atom attack, mﬁst be(small. 'Fluorosﬁlfaﬁe and pérchlorate e#idently
are gqod 1igands but the.pentafluoroorthotelluraﬁe ligand —O—TeFS, as
demonstratéd by Sladky, appears to be the best stfar.eu

Structure and Properties.- The vibrational spectroscopic data, given in

Tables II; IiI'and VI, indicate that the binding of the xenon atom to ité

ligands; in the FXeOR or Xe(OR)2 compounds,‘is comparable to that in XeFQ-

The stretching modes v (Xe-F)and y(Xe-0-) are mixed in FXeOSOF and FXeOC10,.

They appear at 521 and 433 em™ ! in the fluorosulfate and at 525 and 505 em™t

in the perchlorate. It seems from these frequencies, that in neither case

is the bonding very different from that in XeF2 where zSym = 495 and
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zasym = 555 cm . Furthermere, the observed Xe- O stretchlng frequency
in Xe(OSO F) , v(Xe-O) = L436 em —, is not only comparable to the XeF

and XeO stretching frequencies in'FXeOSOEF, but is remarkably similar to

the K(I_O)sym = 441 em™t observed recently by Aubke and his coworkers for
' - 2 |

I(0SOF)), "+ | \
The preference of the XeF,-2MF_ derivatives for the structure

2 p)
+ o - 11,12 . _ e : . ,
FXe [FSM—F-MFSJ , raised the possibility of the bisfluorosulfate

+ . _ . :
being FXe [038-0802F] but the vibrational spectroscopic evidence does not
support this fcrmulation. As the data in Table ITIT demonstrate, the

\fiuorosulfate ‘group in Xe(0SO F) is similar in character to that in

FXeOSOQF, although less anion-like. It is seen, however, that each -SO_F

3

band of thefFXeOSOQF spectrum is represented in the spectrum of Xe(OSOQF)2

by a close doublet _This is consistent with a structure in which the -

Xenon atom 1s bound to two -OSOQF groups 1n a non—centrosymmetrlc assembly.
If, in keeping with all known Xe(II) structures (See Reference
- 10 )> the-xenon atom is linearly coordinated in oXygen, -0-Xe-0-, the

spectra required that the molecule, at least in the solid state, have

a gauche or cis configuration. The comparison of the Xe(OSOQF)Q spectrum

with that of SéO6F2 is also of interest. The singularity of the -SO3F

modes in the Raman, show it to be a centrosymmetric molecule. Evidently

the -SO_F groups in this molecule are less SO.F -like than in xe(oso F) .

3 3
Inc1dentalLy, 1t should also be noted that the stretchlng frequency of
the peroxide bond v(0-0) = 798 cm” , is low and is compatible with the
ready dlsscclatlcn of S206F2:

17

Fs(ojéfo-os(o)e-r »12r303° .
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This may be associated with the high electron withdrawing capability of
the -OSOeFlgroup, which presumebly prevents thevlocatibh of appreciable

electron density in the peroxide bond.
The fluofoéulfate.decompositions proceed Quantitatively as follows:

2FXeOSOeFf» XeF2 + SQOGF2 + Xe

| (1)
Xe(osoeF)eg x¢ + (SO3F)2 .

The perchloiaﬁe.decompositions are rmuch more complex aﬁd élthough it is
possible that (C_lOu)2 or Clou"may be initial prqdﬁcts of the decomposition,
there is preéénfly no evidence to support the existehce.of either species .
in the products of the reactions. LThe clean nature Qf the fluorosulfate
dismutations’may in part rest on the high stébility of the SO3F‘radical.17
It is reasonable to postulate fhe XeF' radical as theiother initial

product of decomposition. If this radical occurs, it must be stable

towards.either dissociation into atoms or mutual anhilation,

(2)

i.e., 2XeF' 5 2Xe + Fy
since neither fluorine nor FOSO2F is detected in the decomposition producté;

The thermochemical bond energy of XeF must not exceed that in XeF2,

however, if the XeF radical is to disproportionate spontaneously
2XeF' -~ Xe + XeF, , - (3)

since the entropy change is slightly unfavorable fbr,XeF2 formation in
_ a7 o _

this reaction. Therefore, if the XeF' radical is an intermediate in the

FXeOSO_F decomposition, the bond energy must be < 32 kecal mole ™t to be
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compatiblelfwiﬁh proceés'(3) and > 18 keal mole L to account for the
absence of fludrine28 [Equation (2)]. Tt is pertinent‘thatvtﬁe XeF~
radical has also been bostulatedll as-an intérmediate, whicﬂ disproportion-
ates, in thé redox reaction:

3XeF OsF” > Xe,Fy 0sFy” + 20sFy + Xe.

2; Coulsoh56 has emphasized

' . ' , 4 - - . .
the dominance- of the canonical forms (F-Xe) F and F (Xe-F)+ in the resonance

Bonding.- In the valence-bond description of XeF

1 L
hybrid. This representation accounts well for the polarity 2F Xe+lF 2,

indicated by nmr,29 Mossbauer,BO ESCA31 and thermodynamic data.32 It is

particularly impressive that the enthalpy of sublimination derived for'fhe

XeF2 case, by Rice and his coworkers32 in 1963, on the basis of the charge

1 1 | -
distribution °F Xe+; F 2, is 13.3 kecal mole 1,.whereas the experimental

value reportéd33 in 1968 is 13.2 keal mole-l. It should be recognised

that the Coulson valence-bond model is not, in the final analysis, signi-

35

ficantly diffefent from the Rundle3u and Pimentel three—cgnter molecular

. | o s
orbital description or the Bilham and Linnettone-electron-bond descriptlon3 ,
\

J . §
but it does provide for a more straightforward estimation of thermodynamic

stabilities of compounds than the other approaches do.

We canvappreciate from Figure 1, that the ionization potential of

‘the noble-gas atom is a key indicator of bonding prospects. Size and

¢

electron affinity of* the ligand are élso important.v‘The lower the ioniza-
tion potential, the less energy is required from the steps
AH(electrOn;ﬁaif)(G+ + L - cLh); AH(electrostatic)(G-L+ + L - (L—G+L-)g)
and R(resonance),_to ensure a bound species GLé. If L is sﬁfficiently

electrOnegativé-(G—L)+ will be stable with respect to G and 1" and
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AH(electron-pair bond) will be én exothernmic term.  Again if L is
suff1c1ently Plectronegatlve (L-G) 1" will be stable with reSpect to L-G

and - L (note that electrostatic energy is lost in thls change) but it 1s

also clear that the smaller L is, the more exothermic will AH(electrostatic)
be, and thsvmoré’favorable.will be the conditions for bonding. The |

‘instability 6f XeCl,, can now be appreciated in terms of this model. It

2
should first be noted that chlorine electron-pair bonds,'with,typical

37528 (hys

elements, are energetically less favorable than‘flﬁdriné bonds
the bond energies for ICl and I-F are 58 snd 67 kcalbmole-l, respectiveiy).
Furthe;more,sthe chlbrine atom andvisn are much biggeér than their fluorine -
counterparts.-37 -Ths energy of ion-pair formstion,sAH(electrostatic), is’

, thefefore less sxothermic than in_ths fluoride case. If we'téke ths:
observed interaﬁomic distance of 2.0 K in XeFe, as a measure of thevinter-
ionié.distﬁﬁce in the ion pgir, we would estimate the interionic distancs
~in XeCl2 to be ~ 2.4 K. fhe attraction energies!associated with these
distances are”l66 and 138 kcal mole-l,.rgspecsively.. Although the electron
affinity of chlorine is 3 kcal’mdle’l greater than-for fiuorine28,.this is
the onlyvterm,in the cycle which is more favorable for- the chlorine case
and the summation iﬁdicates that the ehthalpy of fdrﬁation of XeClQ&g)

- from the gaseous atoms would be less favorable thah for XeF., by 34 kcal

2)
mole l, with A, (XeF )} = 65 and AH (XeCl ) ~ 31 keal mole'l. These

‘ values are in harmony w1th the stretchlng force constants given by Nelson

2

for XeFQ. Since the streng-acid anions are highly electronegative, it seemed

likely thét they would be good ligands for the heavier nobleﬁgases.‘ However,

and Pimentel, which are kr = 1.32 mdyne/A for XeCl, and kr = 2a6 mdyne/A

these multiatom ligands, while conferring.advantages from their high
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electron affinities, are nevertheless sizeable species. The ion-pair
energy'AH(e;ectrostdtic) for species such és FXe+CIOh- or FXe+SO3F° could
be as much as 40 kcal mole™* less than for F-Xe'F~, since the lattice
gnergies'of Rb énd Cs perchlorates are ~ ud‘kcal rr'.xole"l less than for the

38

éorresponding fluorides . Theréfore, even though thé electron affinity

of Cth(g) is gréater39'than for F(g) and ‘even though the electron-pair
bond in (XebClO3)+ may'be as favorable as in (Xe—F)+, the overall energetics
~ could well'bé.less favérablé than for Xer, simply because of the large
ligand siée.  This may acount for the disappointing thermal stability

of the flﬁofosulfates and perchlorates.

The dominance of the (F-Xe)+(SO3F)' canonical form over the (FOQSO—Xe)#F- |
form in,tﬁe resonance hybrid, indicated by the crystal structurelo, cails
for comment. At the outsef it should be noted that the first canonical
form alone is less apprqpriatg than in thé case of the'Xng/Rqu compouhd,
where (F—Xe)f(RuF6)- is judged to be of 6ve}whé1ming‘importance cbmpared

5”0.' The ability of the hexafluoro-

11.

with F‘(Xe-F—RuF5)+ or T (Xe-F) Rur

ruthenate(V) to form a Xé2F3+ salt

FXefRugé"+ XeF,, »-(Xe2F3)+(RuF6)_ ,

and the failu%e of FXeOSO2 to dO'likewise, glves avchemical Jjustification
for this differentiation of the compound types. The (Foes-o-Xe)fF‘
canonical form is therefore Judged to be significant. It is a fair
assumption'that the ion-paif attractié# and repulsioh energies of this
form are approximately the same as for (F-Xe)+(SO3F)_. The high electron
: affinity38 éf SO_F relative to f will tend to favor the latter canonical -

3 _
form. Evidently, the electron-pair-bond energy in‘(FOQSO—Xe)+, of the
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(FOQSO-Xe)+F“ form, would need to exéeed the (Xe-F)+ﬁbond energy, in the
(FXe)+(osogF)ffform, by the difference in the SO3F and F electron
affinities;'fdr the two forms to have comparable weight in the resonance
hybrid. |

Siﬁilar considerations provide for én uhderstanding of the low thermal
stability of the (Xé-OSOéF)+(MF6)— and related salts. 01eaf1y the lattice
energy for such salts will be leés favorable than for (Xe-F)+(MF6)ffwhefe
U has been estimated to be approximéteiy -115 kcal fnole_l.llb Electron
.or'F- transfér will occur if the cation has sﬁfficiently high gffinity and
the lattice energy;is sufficiénti& low. Previous work11 has shown that ihe
compound (FXé)+(AsF6)— is thermally unstable with respect to F~ abstraction

from the anioni

o _ . S
2F¥Xe ASF6, - Xe2F3 AsF6 + ASF5 .
It may be that the fate of the xenon fluorosulphéte'cation in the hexa~

fluoroarsenate is similar: . B \

\

3FXeOSOQF + As-F5

- ((FXe)onSOF)f(AsF6)“ + Xe(QSOéF)2

The'close siﬁilarity of the vibrational spectra of‘((FXe)Qogs(o)F)+(AsF6)‘.;
and ((FXe)EF)+CAsF6)', compared in Table VIT indicates that the F-Xe bond

isvéimilar in the two cations. fhe higher electronvaffinity of the SO3F
group, reiatiye to F, favors its location in the bridging position of the

. + - + ‘ .
cation, the (F-Xe) (SO3F)\(Xe-F) canonical form therefore being the

anticipated dominant one.
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that the lattice energies for the Rb and Cs salts of these anions
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Affiniﬁies", St. Martin's Press, New York, 1966), whereas the electron
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38, 1540 (1963)). |

N. Bartlett, M. Gennis, D. D. Gibler, B. K. Morrell and A. Zalkin, .

. to- be published.




-33-

‘Table I. X-Ray Powder Data for FXeOSO,.F (orthorhombic:

2
a=9.88; b=10.00; c=10.134; S. G. Pbca)

h 4 2 4 2 . '
ak  wetw/@l o 10tl/d h k /2 1/1,
5.03 395 . 3% . 002 60
4.56 481 497 021 80
4.09 596 600 121 50
3.588 777 790 022" 100
3.554 792 799 202 60
3.375 - 878 891 123 60
3.042 - 1081 1080 113 30
3.018 1098 1100 131 20
_ ' 1277 023
2.7771 1297 { } 40
1287 203
2.712 1360 1377 123
o | | | } 80
2.705 1366 1387 213
. 1558 004
2.512 1585 - } 30
| | | 1600 040

2.474 1633 1638 400 40
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(a )

Tablé IT. Vlbratlonal Spectra and Ass1gnments for FXe0SO F
_ ,' and FXe0SO CF3(d) ‘
fxeosogr | VFXeOSOQCF3
bands (cm-l_) assignmeni;s bands (cmfl) assignments
253 s R Y - , A | ‘236 vs R " 5(Xe-0-8)
_}f : 5(Xe-0-5) g o
243 m R o | 316 w R },_ 8(F-C-S)
395 mv R p-(S-F) 338 wR J +5(0-5-C)
433 s R )
= v (Xe-F) 369 s R y(Xe-o)
518 vs IRy >
} : -Pv_(Xe-O-) 53 s R } v(Xe-F)
521 vs 3 - 539 w IR
531mR Y 505 sh Ry )
536 m R . '510 }
540 s R- 568 s
S 5(0~-8-0) 570 w }
\.
f 5(0-S-0) +
584 mw R.} 582 s R } ‘
5(P-C-F)
616 mw RJ 620 sh' RJ
798 s IR .
} v(s-F) 771 w R '
800 w R - } v(s-c)
758 m IR
970 vs IR ' BT '
} v (8-0-) 840 m,br IR v(C-F)
970 w R : '
: . 922 m R v{(8-0 bridge)
1197 w R . ‘ v
‘ } v(s-0, ) 1143w
1210 vs IR erm- sym o } ' v(C-F)
- 1120 m,br IR
1390 w R .
: w}‘ v(s- -0, )as 124k w R : ,
1393 s IR exrm asym v } v(8-0 term)sym
' 1200 m,br IR
1390 w R )
l'-(S'Oterm)a.sym

1390 w IR

o
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- References for Table II.

(a)

(o)
(e)

(a)

The bands in the higher frequency range of 700-1400 cm_vl are assignable

without much difficulty on the basis of compariéons with FSO —,4
Xe(OSOeF)e and (SO3F)2 as illustrated in Table ITI, but the assignment
of the Xe-O and Xe-F stretching was based on thé assumption that the
"symmetric" and "antisymmetric" F-Xe-O modes would be lower in
frequericy than 600 emt (which characterizes the terminal XeF stretch ‘
: . .. 7. 88 fy(p)(e) a1en
in FXe RuFy (where the XeF bond length is 1.88 A)'"/}"/. It was also
assumed. that the Xe-F, Xe-O stretching bands in the Raman would be

. . + (c) -

intense, as in the Xe2F3 salt spectra .

. Bartlett, D. Gibler, M. Gennis, and H. Zalkin, to be published.

F. 0. Sladky, P. A. Bulliner, and N. Bartlett , J. Chem. Soc., (A),
1969, 2179-

Assignments for FXeOSOch3 were made partly on the basis of comparison
with FXeOSOQF_but also with reference to the Raman spectra of KO3SCF3

and the hydrated acid. The potassium saltt(which was érepared for us

by Dr.C.J.Adams) and the acid)both showed moderately strong bands at

~ 580 em™t (attributable to d(0-S-0) or S(F—C-F) and an intense pair
of bands at ~ 320 and 350 cm™© attributable to 8(F-C-S) or 8(0-5-C).
These assignments,liﬁ which we were assisted by Dr. Adams, were impor-

tant to our assignment of the v(Xe-F) and v(Xe-0) respectively.

-



- Table III. Raman Ffequencies and Ass;gnments(a) for

deformation, Py, = wagging (Qw(S-F)

L ) A o »
'-FSO3 : 1287 1082 786
V(S~0- term)asym . V(S-0 term)sym v(S-F)
/ / ' . |
/ / |
_ : / / ’ |
FXeOSOzF %390w 1197w 970w 800w
- ! \ |
]
) | \
: |
o ] \
4 . / r \ |
Xe(OSOzF)2 1425w 1238mw 959mw 823w
: _ 1417w 1219mw 94$mw S%Sw
| I k :
| I \ ]
! ) \ '
FOZSOQSOZF 149 7Tmw 1251vs 880m 824s 798vs
ST v(5-0) - v (0-0)
bridge
w = weak, m = medium, s = strong, v =
v o= stretcﬁing, § = can

FXe 0S80

F, Xe(0S0,F),

2 and 52-06F2
592 566 409
_ §(0-8-0) p,(s-F)
}
_ | Vo
" 616mw 536m 433s  395mw 253s
584mw"531m 521vs l 243m
5408 v(Xe~F) ! |
+v(Xe-0) : ':
| |
| I
601s 541w 4368 386mw 257.
B | 253V8
X(Xe-O) i , .
| § (Xe-=0-8)
’
I o
299s.

598mw 527mw

392m
485mw- :

?

very

also be written as gr(803)).

1/

_9€_
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‘ References for Table III.-

(a) Fofkbands occuring at frequencies >v700 cm_1 the assign-
ments were straightfor&ard, as tﬁe Table itself iﬁdidates,.
‘but the Vv(Xe-0) + v(Xe-F) bands were'cﬁosen for FXeOSOzF
.larggiy on the basis of theif appreciable Raman ihtensity
(bands in the region 600 - 400 cxn'-1 having been igdicated
. by Ehe §tructura1 features). For 2(Xe405 of Xe(OSOZF)2
theré‘Was mOrexdifficulty, the choicé being befween 601
~and 436 cm—l. Thé latter was chosen on the basis of a

(c)

comparison with Sladky's findings

(d)

fof Xe(OT’eFS)2 and
Aubke and Carter's findings for I(OSOZF)A'
(b) From K. Nakamoto, "Infrared Spéctra of Inorganic and
. - . N ~ T .
' Coordination Compounds", John Wiley and Sons, Inc., New

York (1963).

(¢) F.0. Sladky, Angew. Chem. Int. Edn., 8, 523 (1969).

~

" (d) F. Aubke, H. A. Carter, ahd S. P. L. Jones, Inorg. Chem., 9, 11,

2485 (1970).
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‘ Table IV. Partial X-Ray Powder Data for Xe(0SOF),

(Primitive monoclinic: & = 7.94, b = 13.7, ¢ = 6;8&&, B = 96°) :

o e y o, o b2 ' ' %
Eﬁ 1w 1/4 obs. 101/4 cale. hkl . I/Id
6.13 - 266 265 . Soir 50
. . . S o .
5.17 | 375 372 . 120 30
5.08 -~ 388 38 30
nes L6z 165 ST 50
T 550 5kl 121 . 50
1 3.993 . 627 624 | 121 - ho .
3.951 o 641 - - 640 200 | 80
3.792 695 693 . 210 70
| S [ 809 131 '
3.478 - 827. . ‘ { , _ } 90
o 825 21T J o
3415 857 - 848 0ko,002 5
3.345 - __" 89k o 889 131 ~ "-1o
. L et 1B -
.68 - { ST } w0
‘ : - 985 211 :

Estimated -visually
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Table V. X-Ray Powder Data for F}_(eOClO3

ai /T, ak 11,
.75 10 3.374 20
.64 15 ~3.325 50
.83 40 1 2.903 40
.75 60 ' f 2.846 40
49 10 2.693 50
-35,. 50 2.656 50
065 . 30 2.573 40
657 60 2.490 20
554 40 2.423 40
.510 100 ~ 2.388 .40
467 40 . 2.345 50



Table'VI. ~~Vibrational Spectra and‘Assignméhts for FXeOC1l0

eroc103
. . _.1
bands (cm )

202 m R

258 s R

505 vs IR}

507 vs R

520 sh

53o‘sh}IR

525 msz'

586 s_IR} v
593 w R h

614 R

620
628

638 R

vs I

722 vs IR
726 w R }

=4o-

assignments(b)

Q(FQXe—O)
§ (Xe-0-C1)

v(Xe-TF)

be(Xe~O-)

465

Q(Q103)
+Er(0103)

g+2(Cl—O—)\

754

770J¥ R

1014 mw_R-}

1018 vs IR

1032 vw R }

1048 sh IR

1202 mw R }L

1215 vs 1

1243vvw_R}
1295 w IR

’758'sh'IR}f

X(Cl—oterm)sym ' 938

,X(Cl~0term)asym

‘¢clo0

632

1119

3

~(a)

4

bands (cmfl) assignments

8(c10,)

8(c10,)

X(C?“O)éym'

X(Cl—o)ésym

T
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References for Table VI.

(a)

(b)

Assignments are those given by R.E. Hester, and R.A. Plane,

Inorg; Chem. 3, 769'(1§64).M.The quoted frequencies are
averages of those quoted by Hester an& Plane.

The‘fpuf freqﬁencies betweeq 1000 andvlb.ZSO/cm'_1 must
ariee f?om terminal Ci—O stretching, although only 3
stretdhing'fundamentals are expected in,fhis region’for

a single FXe0Cl1l0, unit. Similarly the bands in the

3
590 - 770 en”1 region can be assigned to deformation
" and rocking vibrations of the ClO3 group. In addition,

‘the C1-0-(bridging) stretch is expected to occur in this

region. The remaining bands at lower frequency may be
confidently assigned to motions involving significant
displacement of the xenon atom. The appreciable intensity

of these low frequency bands in the Raman is consistent

with our experience that such motions give rise to intense

Raman‘featgres. In view of the similar'masses of oxygen
and fluorine and tﬁe closeness of the frequencies assign-
able to Xe-F and.Xe*O— stretch (507, 525 cm—l) it is
meaningless to assign one to ke—F dnd the otﬁer to Xe—f;

It is better to describe the modes as "symmetric'" and

‘Mantisymmetric" F—Xe—O'stretching,with the higher fre-

-quency attributable to the latter.
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Teble VII. Assignment of the Raman Spectrum of [(FXe)Eozs(O)F]f(AsF6]‘

‘(bands in cm-l, relative intensities in parenthéses)

I(FXe)2F3+LAsF6J‘(a) [(FXe),0,5(0)F] [AsF, ] [SO3FJ'(b) o
o . ‘ i
369(7)v5(AsF6")' ...... ceeetneancens 372(6): '  : - - H,-%'
U10(8) * eeeeereeen L4ogp(S-F)
\ | 551(sh)  +eveuesees 566 ) ?
568(91 )y (KEF) Sy wnevnsneenennenss 563(88) L _» ' - ;
575(sh)v2(AsF6') ................. %73(sh) . -\ ' -
606(100)V(XeF)asym Ceeieanees eee..581(100) | _i
| | 588(23) y | o
: RRETEEERE 592 J o
633(12.5) %
683(19)v, (AsF,") el e 685(13.5)
| | | 875(2)  eeren ;;...‘786v(s-F) é
1035(9) | |
}..... ...... 1082y (8-0)sym §
1090(3) |
.1350(5)- ...,ff....1287V(s_o)asymb j
(a) F. 0. Sladky, P. A. Bulliner; and N. Bartlett, J.lChem. Soc. (1969), , 5%
2179. B »‘ |
(b). K. Nakamoto,‘"Infraiéd Spectra of Inorganic Coordination COﬁboundé",
Wiley Interscience,VEnd Ed., New York, London, 1970, p. 11k. _ b

« .
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o (T-Xe) 1 .
(Xe-LfD ' - -

S AH(electron " Resonance
' pair bond) ' Energy
i \

- I(Xe) ) 4

| =281 kcal mole™t E(L)

- Xe + 2L . > L-Xe-L
() ’(g) (2x Xe-L bond energy) _-(g)

Figure 1 A Thermochemical Cycle f‘or'XeL2

In the case of XeF,, E(F) is —BO(é), 0¥ (Electron pair
bond) is -h8(b) and the total bond energy(c) is -65

'Ikcal mole_l. Thus E:(AH(electrogtatic) + Resonaﬁce
Ehergy) =.-218 kcél mo].e_'—l

: (a)' Reference 39

(v) J. Berkowitz and W. A. Chupka, Chem. Phys. Letters, T, b7
(1970).

f (c) - Reference 1. L 1 . o .
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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