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Thedynamicsof methyl grouprotationqualitatively changewhentheenergy in thetorsionalcoordinateexceedsthebarrierto internal
rotation.This problemis similar to thesimplependulum.Below thebarrier, themotionof themethyl top is torsionaloscillationwhile
abovethebarrierthetopundergoesfull rotationaboutits symmetryaxis. In aphasespacedescription,aseparatrixdividesthephasespace
betweenthesetwo characteristictypesof motion. Recentnonlineardynamicsstudiesof isomerizationreactionsindicatethat thereis a
barrierto energy flow acrosstheseparatrixthat leadsto violationsof transitionstatetheoryratepredictions.We applyour techniqueof
dynamicalrotationalspectroscopy to measuretheenergy flow rateacrosstheseparatrixfor Z-pentenyneata totalenergy of 3330cm
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This energy greatlyexceedsthebarrierto internalrotation(V3 = 390cm
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). Throughtheprocessof intramolecularvibrationalenergy
redistribution (IVR), theenergy localizedin thetorsionalcoordinateis time-dependent.Unlikeconformationalisomerizationreactions,
thereis no geometrychangeassociatedwith goingover thebarrierfor thethreefold-symmetricrotor. However, thereis a changein the
characteristicrotationalfrequencieswhentheenergy in thetorsionalcoordinateexceedsthebarrier. Thischangeis causedby molecular
gyroscopeeffects. As a result,thekineticsof energy flow acrosstheseparatrixleadto a modulationof the rotationalfrequency. This
frequency modulationmodifiesthefrequency-domainrotationalspectrumof themoleculethroughcoalescenceof theoverall line shape.
Fromaline shapeanalysiswedeterminethetimescalefor energy flow acrosstheseparatrixto be39psfor Z-pentenyne.This timescale
is significantlylongerthanpredictedby quantumtransitionstatetheory(0.35ps).


