
THE INFLUENCE OF METHYL GROUP INTERNAL ROTATION ON THE INTRAMOLECULAR VIBRATIONAL
ENERGYREDISTRIBUTION DYNAMICS OF E-PENTENYNE

JOHN C. KESKE, FRANCESS. REESand BROOKSH. PATE, Department of Chemistry, University of
Virginia, McCormick Rd., Charlottesville, VA 22901.

Theintramolecularvibrationalenergy redistribution(IVR) dynamicsof E-pentenynearestudiedusinghigh-resolution,molecular-beam
infraredspectroscopy anddynamicalrotationalspectroscopy at a total energy of 3330cm

� �
. Thecombinationof largemolecularsize

(27 vibrationalmodes)anda low barrier to internal rotation (V � = 670 cm
� �

) leadsto a situationwherethereis a high densityof
torsionalstateswith energy exceedingthe barrierto internalrotation( � 10 states/cm

� �
) at theenergy investigated. Spectralevidence

for theparticipationof thesehighly excitedtorsionalstatesis foundin boththeinfraredandsingle-eigenstaterotationalspectra.These
featurescanbeattributedto thestronga-typeCoriolis interactionscausedby thenearlyfreeinternalrotation.Becausethemethyl group
is directlypredominantlyalongthea-principalaxis,theseinteractionsbetweeninternalrotationandoverallrotationdominate.Oneresult
of theparticipationof theabovebarrierstatesis thecollapseof themolecularasymmetry. Throughanalysisof thecorrelationof infrared
spectraoriginating from differentKa=1 asymmetrylevels in the groundvibrational statewe estimatethe time scaleof energy flow
betweenbelow- andabove-barriertorsionalstatesto be6 ps. This time scalefor IVR is muchfasterthantheIVR rateof theacetylenic
C-H stretch(lifetime of 70ps)indicatingmode-specificenergy flow. Fromtheanalysisweconcludethattheinteractionbetweeninternal
rotationandoverall molecularrotationdoesnot enhancetheIVR rate,but doesredirectanharmonicinteractionsinto apparentCoriolis
interactions.Theseeffectsareillustratedthroughstatisticalmodelingof thespectrumthatincludesthetorsion-rotationinteraction.


