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The interhalogen compound chlortrifluoride, ClF3, is a very reactive gas and experimental investigations of the compound are difficult.  In 1955 Rogers et al. (J. Chem. Soc. 77, 5280) could show that ClF3 has a dipole moment, and in 1958 Claassen et al. (J. Chem. Phys. 28, 258) succeeded in measuring the IR spectrum. This shows absorption bands at 326, 364, 434, 528, 703, and 752 cm–1 , and it is assumed that these bands correspond to the IR active fundamental levels of the compound. In this problem we attempt to draw conclusions on the molecular geometry of ClF3 on the basis of a symmetry analysis. The following structures are suggested:  (1) pyramidal C3v structure, (2) symmetrical planar D3h structure, and (3) asymmetric planar C2v structure (e.g., like a “T”):
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                  (1)  C3v                                     (2)  D3h                                  (3)  C2v
a) It is known that ClF3 has a molecular dipole moment. Which of the three suggested structures (1), (2) may (3) may have a dipole moment? 

b) Answer for each of the three suggested structures:  What are the symmetries (irreducible representation) of the normal vibrations? Which of the normal vibrations are IR active? How many fundamental transitions would one expect to see in the IR spectrum, and what are their polarization directions? 
c) Determine on the basis of the results in questions a) and b) which of the three structural suggestions that best account for the experimental data. 
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