
ISOMERSIN HELIUM COMPLEXES:OBSERVATION OFT-SHAPEDAND LINEAR He-CH� F, AND PREDICTION
OF TWO NEARLY ISOENERGETICFORMSOFHe-ClF�

KELLY J.HIGGINS, andWILLIAM KLEMPERER,Department of Chemistry and Chemical Biology, Har-
vard University, Cambridge, MA 02138.

Theexistenceof multiple minimaon theintermolecularpotentialenergy surfaceof raregas-moleculecomplexesappearsquitegeneral.
Localizationof theraregasatomin thevariouspotentialenergy minimaresultsin several ”isomeric” formsof a singlecomplex. The
combinationof ab initio calculationsandmicrowave/millimeterwave spectroscopy of helium-moleculecomplexeshasproven quite
valuablein thestudyof thisphenomena.

As presentedpreviously,a theab initio intermolecularpotentialof He-CH� F exhibits two mainwells: -46.9cm�
�

in the”linear” position
at theC endof theC-F axis,and-44.8cm�

�
in the”T-shaped”positionon thesideof theC-F axis. Boundstatecalculationsplacethe

groundstatein the T-shapedposition with a statelocalizedin the linear positionbeing4.0 cm�
�

higher in energy. Purerotational
transitionsof stateslocalizedin eachminima,aswell astransitionsbetweenthe states,have now beenobserved experimentally. The
initial observationof thelinearstatedependeduponstrongmixing of the
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level of thegroundstatewith the

���������
level

of the linear state.This mixing is accuratelypredictedby the ab initio potentialandservesasa sensitive probeof the intermolecular
potential.TheobservedT-shapedto lineargapis 4.4cm�

�
.

Theintermolecularpotentialof He-ClF� at theMP2level waspreviouslypresented.b While qualitatively correct,significantquantitative
differencesexistedbetweentheMP2surfaceandselectedpointscalculatedat theMP4 level. Wereportamuchrefinedfull MP4surface
andboundstatecalculations.Two primary minima exist: -53.9cm�

�
in the linear positionat the Cl endof the C

���
axis, and-59.9

cm�
�

in theT-shapedpositionabove themolecularplane.Boundstatecalculationsplacethegroundstatein thelinearminima,with a
T-shapedstatelessthan1 GHzhigherin energy. It is interestingto notethatin bothHe-ClF� andHe-CH� F thegroundstateis localized
in theshallowerof thetwo potentialminima.
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