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Trifluoroxenon(1v) p-fluoro-bispentafluoroantimonate(v) : the XeF,+ Cation 

By R. J. GILLESPIE,* B. LANDA, and G. J. SCHROBILGEN 

(Department of Chemistry, McMaster University , Hamilton, Ontario, Canada) 

Summary The Raman spectrum of the complex 
XF4,2SbF, is consistent with the ionic formulation 
XeF,+,Sb,F,,-, and the 19F n.m.r. spectrum of the com- 
plex in solution in antimony pentafluoride has an AB, 
spectrum in the F-on-Xe region which may be unam- 
biguously assigned to the XeF,+ ion. 

ALTHOUGH a large number of complexes of XeF, and some 
of XeF6 with other fluorides has been prepared,l no com- 
plexes of xenon tetrafluoride have been well characterized 
although some evidence exists for an unstable xenon tetra- 
fluoride-antimony pentafluoride complex.2 The complex 
was believed to have the composition XeF4,2SbF6 but no 
analytical or other conclusive evidence in support of this 
formulation has been published. Recently Bartlett et aZ.3 
reported that attempts to prepare XeF,+RuF,- failed. A 
recent photoionization mass-spectrometric study has pro- 
vided evidence for the XeF,+ ion in the gas phase.4 

Cohen and Peacock2 reported that xenon tetrafluoride or 
mixtures of xenon tetrafluoride and xenon difluoride 
dissolve in antimony pentafluoride with gas evolution to 
give green solutions. On removing the solvent by pumping 
at  25" they obtained an easily decomposed white solid in 
addition to the yellow XeF2,2SbF6 complex, but they were 
unable to isolate the white compound. They found that 
the n.m.r. spectra of the green solutions contained other 
peaks due to fluorine on xenon in addition to the peak that 
arises from XeF, and which has subsequently been shown 
to be due to XeF+.5 

In attempting to repeat this work we have found that 
XeF, is soluble in redistilled antimony pentafluoride at  50" 
to give a yellow-green solution which crystallizes a t  lower 
temperatures. The 19F n.m.r. spectrum of the solution a t  
50" showed several poorly resolved peaks to low-field of an 

HO- 

FIGURE. 1OF n.m.r. spectrum (26", 56.4 MHz) of the XeF,+cution:in 
a solution having the composition XeF, : XeF, : SbF, = 1-00 : 2-65 : 
23.3. (A) axial fluorines and (a) lzeXe satellites; (B) equutorial 
juorine and (b) l@Xe satellites. 

intense broad peak in the F-on-Sb region. In addition 
there was a very weak peak due to XeF+ (ca. 2% of the 
intensity of the low-field peaks). We have found however 
that a mixture of XeF, and XeF, is quite soluble in SbF, at  
room temperature. The enhanced solubility of XeF4 in 
solutions containing XeF, is apparently due to the increased 
ionizing power of the solvent resulting from the presence of 
the XeF+ and Sb,F,,+.,- ions. The room-temperature lSF 
n.m.r. spectrum of the solution was similar to that described 
above, except that the resolution of the low-field peaks was 
considerably enhanced (Figure). The low-field F-on-Xe 
region of the spectra consists of an AB, spectrum with lzgXe 
satellites. The 19F n.m.r. parameters are listed in the 
Table. The spectrum is consistent with the expected C,, 

TABLE 
1°F n.nt.r. parametem for the XeF,-XeF,-SbF, system 

Chemical shift 
(P.P-m.)" JFF(Hz) J (12sXe-F) 

174 2440 
2620 XeF,+ { 

XeF+ +291*5 7260 
SbF,/Sb,F,,- + 112.5 

a With respect to externalaCFC1,. 

- 23.0 
- 38.7 

geometry for XeF,+ in which two lone pairs occupy equa- 
torial positions as in ClF, and BrF,. The relative chemical 
shifts of the A and B parts of the spectrum are consistent 
with the suggested geometry, i.e., the B (axial) fluorines 
occur a t  lower field than the A (equatorial) fluorine.6 

When a solution of XeF, in SbF, was pumped under 
vacuum until constant weight was obtained in approxi- 
mately 36 h the final weight of the yellow crystalline 
material corresponded to a quantitative yield of XeF3,Sb,FI1, 
Elemental analysis of this material was in excellent agree- 
ment with this composition. 

The Raman spectrum of a solution of XeF, in SbF, has, 
in addition to the bands due to SbF,, two strong polarized 
bands a t  584 and 643cm-l. The same two bands are 
observed in the spectrum of the solid compound, in addition 

F 

F 

to bands that may be attributed to Sb,F,,-. These bands 
are not due to XeF, which has Raman bands at  543, 502 
and 235 cm-l,l nor are they due to XeF+ which in SbF, has 
a single strong Raman band6 at 619 cm-I or to Xe,F3+ 
which has strong Raman bands6 at 582 and 592 cm-l and 
in any case is not expected to be present in an excess of 
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SbF,. We conclude that these two bands are due to the 
XeF,+ ion. The ClF, molecule has two strong polarized 
Raman lines a t  753 and 529 cm-l which have been assigned 
as v1 (al)  and v2 (al)  which may be approximately described 
as the C1-F equatorial stretch and the C1-F symmetrical 
axial stretch. The analogous frequencies for BrF, have 
been calculated to be 662 and 528 cm-l.’ It seems reason- 
able therefore to assign the two strong polarized lines 
observed in a solution of XeF, in SbF, to the same vibrations 

of the T-shaped XeF,+ molecule. It is very probable that 
this ion is strongly fluorine bridged to the Sb2Fll- (or 
Sb,F,,+,-) anion and that this reduces the difference 
between the frequencies of the axial and equatorial bonds. 
The frequencies are higher than in XeF, because of the 
positive charge just as the frequency of XeF+ is higher than 
those of XeF,. 
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