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Recently BA~T~L]~ and co-workers have investigated the molecular geometry 
of XeF  6 by  electron-diffraction [1] and concluded tha t  the molecule was distorted, 
although not to a large extent, from Oa symmetry.  The structure of XeF 6 had 
been regarded as a crucial test  to distinguish between two extremes in bonding 
theories [2, 3], the hybrid orbital approach which invoked the use of d-orbitals 
on an equal basis with the valence shell s and p orbitals, and the molecular orbital 
approach without the use of d orbitals*. The lat ter  apparent ly predicted an 
octahedral structure for XeF  6 while the most  logical prediction of the former was 
an arrangement of seven electron pairs around the Xe atom - -  six bonds and one 
lone pair - -  which would constitute a large distortion from Oa symmetry.  Unfortu- 
nately, the results of B~mTE~ do not clearly distinguish between the two appro- 
aches. I would like to reexamine the bonding in XeF~ and XeFa and show how the 
non-octahedral structure of XeF  6 can be understood in terms of a simple M e  
theory. 

Molecular orbital theory can be used to predict structure from qualitative 
arguments only if some additional criteria has been established to determine the 
most stable configuration. The most  successful of these has undoubtedly been the 
criteria advocated by  Rv~])LE [4] of not violating the octet rule. This has led, in 
the case of the rare gas and related compounds, to three-center, four-electron 
bonding and the concept of max imum delocalization of charge onto the outer 
atoms. Since this has been used successfully to predict structures of all types 
except, apparently,  for XeF  6, it seems foolish not to retain the principal framework 
in seeking to understand the bonding in XeF 6. 

In  XeF~, the occupied MO's are a bonding orbital yJu = Pxe + b(pF1 § PF2), 
and a non-bonding orbital~pg = i / ] / 2 ( p h -  PF2). As shown in Fig. t, the highest 
occupied orbital is the non-bonding g orbital which has the correct symmet ry  to 
be stabilized by  bonding with the dz~ orbital from Xe. In  XeF 4, the occupied 
orbitals are ala, eu, a~u, big, and a~g, the first three being bonding orbitals, the 
fourth a non-bonding orbital, and the last a slightly anti-bonding orbital. The two 

* I t  should be noted that the MO approach does not excluse the use of d orbitals (examine 
treatment of transition metal complexes) nor does the valence bond approach require the 
inclusion of d orbitals (since resonance structures involving no bonds between certain pairs of 
atoms could be written). 
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highest lying occupied MO's, as shown in Fig. l, are the big and a~a orbitals. Again 
these have the correct symmetry  to be stabilized by  contributions from the dx,-r  
and dz~ orbitals respectively. Thus it is seen tha t  while the principle of delocaliza- 
tion of charge into the outer atoms predicts the correct symmetry  ha each case, it 
also has the added result tha t  the occupied non-bonding and anti-bonding orbitals 
can be stabilized by  inclusion of a small amount of d character. This is not in 
disagreement with BtrNDL~'S views, who was not dogmatic about complete 
exclusion of outer d orbitals [4]. 
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Fig. 1. iVfolecular Orbitals for XeF,  and Xel~ 4 

I t  thus seems plausible to restate the principles involved as follows: The most 
stable configuration will be that  one which 

a) maximizes the amount of deloealization of charge while 
b) allowing a certain amount  of d orbital contribution to stabilize the non- 

bonding and anti-bonding MO's. 
I f  the bonding scheme for an octahedral XeF~ molecule is examined in this light, 
it becomes apparent  tha t  the highest occupied orbital is an c~a anti-bonding or- 
bital, as shown in Fig. 2. This MO cannot be stabilized by  d orbital contribution, 
since the d orbitals span the eg + t2a representations in Oh symmetry,  although the 
eg non-bonding MO m a y  be. In  order for the d orbitals to interact, the molecule 
must  distort so tha t  one of the d orbitals will span the same representation as the 
a'ig orbital. The two simplest distortions to invision arc distortions around a four- 
fold axis or a three-foM axis. Since the former probably involves stretching or 
contracting bonds, it seems unlikely. The distortion along the three-fold axes may  
occur primarily with a distortion of F - X e - F  bond angles away from 90 ~ The 
symmetry  of the distorted species is hard to predict a priori, although it appears 
it distorts to at  least Cdv symmetry.  For this symmetry  group, the dz, orbital has 
the correct symmetry  to combine with the a~g antibonding orbital. Thus the 
distortion of the molecule from Oh symmetry  seems likely, even necessary, even 
ff the d orbital contributions to the bonding are small, but  not negligible although 
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the extent of the distortion can only be predicted by making detailed calculations. 
This type of distortion would not necessarily have to be a static type of distortion 
but could be a dynamic distortion, the distortion being capable of oceuriug along 
any of the three-fold axes of the Oh point group. In  any ease, it seems clear that  
the dominant factor in determining the structure is the tendency to deloealize the 
electrons as much as possible whereas the role of the d orbitals, while of importance, 
is more subtle. 

Xe gO F 

Fig. 2. Molecular Orbitals for XeFe in 0~ Symmetry 

I t  should be pointed out that  this type of distortion would not be expected, 
andis not observed, in species like SF 6 and XeO~-. These species contain 12 valence 
electrons in the a system and thus the eg non-bonding is the highest occupied 
orbital and this may be stabilized by contribution from the dx~-y~ and dz~ orbitals 
of Xe. On the other hand, the isoeleetronie IF~ ion should be distorted [5]. 
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