RUC, November 2006

Quantum Chemistry & Spectroscopy.

Problem 20
To the surprise of many chemists, it was discovered in the early 1960’ies that the so-called noble gas elements may participate in regular chemical reactions. Among the first noble gas compounds to be synthesized were the xenon fluorides. The most easily accessible of them is xenon tetrafluoride, XeF4, which is a very stable compound.   
In this problem we perform an analysis of the IR spectrum of xenon tetrafluoride in order to determine the symmetry of the molecule. The IR spectrum of gaseous XeF4 was published by Claassen and co-workers, J. Am. Chem. Soc. 85, 1927 (1963). The following discussion closely follows the argumentation by Claassen et al.
The IR spectrum shows strong bands at 123, 291, and 586 cm-1, and two weaker bands at 1105 and 1136 cm-1.  The three strong bands can be assigned to IR active fundamental levels; the 586 cm-1 band must be assigned to a Xe-F stretching vibration, while the two bands at 123 and 291 cm-1 must be assigned to bending vibrations (the stretching frequency of a bond is generally two to three times as large as corresponding bending frequencies). The observation of only one IR active stretching level indicates a high molecular symmetry. We shall consider the possibilities of a quadratic (D4h) or a tetrahedral (Td) geometry. 
a) How many IR active vibrational modes are predicted for D4h and Td xenon tetrafluoride? (see footnote)
b) How many IR active modes for the two structures can be characterized as stretchings and how many as bendings?
c) Determine on the basis of a comparison of predicted and observed fundamental transitions for XeF4 if the molecule is quadratic or tetrahedral.
__________________________

Hint: Three Cartesian displacement coordinates {x, y, z} for a nucleus on a Cn rotational axis contributes with the amount 1 + 2(cos(2/n) to the character
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 for the representation 3N. This applies independently of the orientation of the coordinate axes relative to the Cn axis. The corresponding character
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 is given by  –1 + 2(cos(2/n) if there is a nucleus in the symmetry centre of the molecule, otherwise 0. These relations are frequently useful in the symmetry analysis of displacement coordinates in point groups with higher order axes.
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