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coupling in atomic Xe (0.75 e.v."). The first ionization 
potential is thereby found to be 11.5 f 0.2 e.v. This 
should be compared to the value 12.12 e.v. for the 
ionization potential of Xe. The magnitude of the 
estimated ionization potential of XeF2 indicates some 
a-bonding effect, which should be introduced into a 
more refined calculation of the energy levels. 

In conclusion i t  appears that the spectral data are 
consistent with the proposed binding scheme for xenon 
fluorides. 
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THE HEATS OF SUBLIMATION OF XeF, AND XeFa AND A 
CONJECTURE ON BONDING IN THE SOLIDS 

Sir: 
The observation that XeFz and XeF4 are crystalline 

solids at room temperature' is somewhat surprising. 
I 
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If the stability of these solids were due primarily to 
dispersion forces the expected heats of sublimation 
would be similar to those of the rare gases, and the 
compounds would be gaseous a t  N.T.P. This anoma- 
lous behavior suggested the study of the heats of sub- 
limation and the stability of the solids. 

The heats of sublimation of XeF2 and XeF4 were 
determined by measuring the temperature dependence 
of the intensity of the vacuum ultraviolet absorption 
bands2 of the gaseous compounds in thermal equilibrium 
with the crystals. In the case of XeF4 the absorptions 
a t  1330, 1386 and 2010 A. were investigated, while for 
XeFz the absorption a t  1750 A. was studied. As can 
be seen from Fig. 1, the logarithm of the optical density 
a t  a constant wave length was found to be a linear 
function of T-' over the temperature region -15' 
to 22'. It was found that 

aHsUb (XeF2) = 12.3 f 0.2 kcal./mole 
AHBub (XeFl) = 15.3 f 0.2 kcal./mole 

We now turn to the interpretation of these very large 
heats of sublimation. We focus attention on XeFZ 
to illustrate our considerations. The crystal structure 
of XeFz has been established3 to be body-centered 
tetragonal with c = 6.993 A. and a = 4.315 A. The 
Xe atoms are located a t  the corners and a t  the body 
center, and the molecular axis lies along the c-axis of the 
unit cell. All molecular axes are parallel. Thus with 
an Xe-F bond length of 2.00 k j3  the F-F separation 
along the c-axes is about 3.0 A, ,  and the shortest inter- 
molecular Xe-F distance is about 3.6 A. 

The dispersion energy and repulsive overlap forces 
contribute -2 kcal./mole to AHsub; therefore, other 
contributions to AHs,b must be considered. Tn'e have 
recently discussed4 the nature of the binding in xenon 
fluorides in terms of a molecular orbital scheme 
involving pu type xenon and fluorine orbitals. A semi- 
empirical treatment showed a substantial charge mi- 
gration from xenon to the fluorine. For XeF2 the net 
negative charge on each fluorine atom was estimated as 
qF = 0.5. This charge migration is large enough that 
the effect of electrostatic interactions on the heats of sub- 
limation has to be considered. Long range interactions 
in the XeFz crystal can be adequately described by 
quadrupole-quadrupole forces, but the interaction 
between nearest neighbors is better described by the 
interaction between point charges located a t  the xenon 
and fluorine atoms. The computed electrostatic sta- 
bilization of the solid is found to be 

 AH;^$ = 4 5 . 2 q ~ 2  kcal./mole 

Using the value of q~ obtained from the M.0 .  treatment 
the electrostatic stabilization energy is 11.31 kcal./mole. 
The sum of the energetic contributions mentioned above 
leads to AHsub (estimate) = 13.3 kcal./mole in ade- 
quate agreement with experiment. Thus we conclude 
that the dominant contribution to the stability of 
crystalline XeFz (and XeF4) arises from electrostatic 
interactions. Our model4 , for the intramolecular znter- 
actions in XeFz yields an adequate description of the 
intermolecular interaction i n  the solid. XeFs should 
have a lower heat of vaporization than XeFz and XeF4 
because the charge migration from Xe to F should be 
smaller and the electrostatic stabilization energy 
should decrease. 

Finally we must mention the discrepancy observed 
between the Xe-F bond length in gaseous XeF2 (1.8 A.) 
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estimated3 from the separation of the unresolved P 
and R branches in the infrared spectrum, and the bond 
length in the solid (2.0 ZIZ 0.02 A.) calculated from 
X-ray data.3 It is still left to  be established experi- 
mentally whether this effect is genuine. There are two 
potentially important types of interactions which may 
lead to  bond stretching in the solid; charge transfer and 
delocalization effects. Delocalization effects were in- 
voked to explain the intermolecular binding in the solid 
halogens.5 However, the increase in bond length in 
solid Iz is only 0.03 f 0.01 The delocalization 
effects in XeFz should be small and hence not capable 
of causing much bond length change. Similarly, 
preliminary estimates of charge transfer interactions in 
this system indicate that they are small. Should the 
preliminary observation of a bond length increase in the 
solid be confirmed, secondary interactions would have 
to be invoked because a t  constant q~ the electrostatic 
energy decreases as the bond length in the solid in- 
creases. 
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A FAR-ULTRAVIOLET SPECTROSCOPIC STUDY OFXENON 
TETRAFLUORIDE 

Sir : 
The stability of the xenon fluorides poses some inter- 

esting theoretical problems, since a bonding scheme 
must be constructed which provides accommodation 
for the electrons originally occupying the octet of the 
xenon atom. Cases involving decoupling of electrons 
in closed-shell systems upon molecule formation have 
been encountered previously in the molecular-orbital 
formulation of ligand field theory, and in the use of de- 
localized molecular orbitals to account for the electronic 
structure of the polyhalide ions.2 

\:e recently have proposed3 a description of binding 
the xenon fluorides in terms of molecular orbitals pri- 
marily involving pu type xenon and fluorine orbitals. 
A semi-empirical bl, 0. treatment predicted the geom- 
etry of these compounds, the binding energies and 
charge distributions in adequate agreement with ex- 
periment. The analyses of the far ultraviolet spectrum 
of XeFZ4 and the heats of sublimation of the solids4 
were found to be in complete agreement with experi- 
ment. 

As a further contribution to the "nightmare of the 
xenon fluorides" we present the results of a far ultra- 
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