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PART I-SUMMARY OF COMPLETED PROJECT (FOR PURLIC USE)

The objective of this project was to understand the quantum mechanics of ro-
tating vibrating molecules and their high resolution-laser spectra. In particular,
understanding and implications were sought for the spectral clusters which appear in

10pum and léum infrared spectra of SF The clﬁstering permits nuclear spin moments

to have an unexpectedly large effectﬁon the molecular wavefunction, and we predicted
that the nuclear spin symmetry species would be mixed. Mixing of species had been
ruled out in texts on molecular spectroscopy such as Herzberg's famous works, but it
has recently been observed by Borde” and coworkers in Paris. Detailed theories and
formulas for the mixing effects was worked out in this project using unitary and’
permutation operator analysis. New mathematical tec@diques including tableau hook
algebra were developed; and a new type of energy surface called the rotational energy

(RE) surface was invented. The latter invention lead’to'the extending the scope of

investigation to other molecules besides SF it was discovered that spectral clus-

6)
tering is a universal effect which occurs in virtually all polyatomic molecules. It

happens in even the lowest symmetry complexes such as H,0, and its presence and

_ 2
implications have been almost completely ignored. Knowledge of these new effects

¢

should lead to new physical and chemical phenomena and applicatiomns.
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