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The dynamicsof mettyl grouprotationqualitatvely changewvhenthe enepgy in thetorsionalcoordinateexceedshe barrierto internal
rotation. This problemis similar to the simplependulum.Below the barrier the motion of the methyl top is torsionaloscillationwhile
abovethebarrierthetopundegoesfull rotationaboutits symmetryaxis. In aphasespacedescriptionaseparatrixdividesthephasespace
betweernthesetwo characteristidypesof motion. Recentonlineardynamicsstudiesof isomerizatiorreactionandicatethatthereis a
barrierto enegy flow acrosshe separatrixhatleadsto violationsof transitionstatetheoryratepredictions.We apply our techniqueof
dynamicalrotationalspectroscopto measurehe enegy flow rateacrosshe separatriXor Z-penteyneatatotal enegy of 3330cm™!.
This enegy greatlyexceedshe barrierto internalrotation(V3 = 390cm™1). Throughthe procesof intramoleculawvibrationalenegy
redistritution (IVR), theenegy localizedin thetorsionalcoordinates time-dependentUnlike conformationalsomerizatiorreactions,
thereis no geometrychangeassociatedvith going over the barrierfor the threefold-symmetricotor. However, thereis a changein the
characteristicotationalfrequenciesvhenthe enegy in thetorsionalcoordinateexceedghebarrier This changds causedy molecular
gyroscopeeffects. As aresult,the kineticsof enegy flow acrossthe separatrixeadto a modulationof the rotationalfrequeng. This
frequeny modulationmodifiesthe frequeng-domainrotationalspectrunof the moleculethroughcoalescencef the overallline shape.
Fromaline shapeanalysisve determinghetime scalefor enegy flow acrosgheseparatrixo be 39 psfor Z-penteryne. Thistime scale
is significantlylongerthanpredictedoy quantuntransitionstatetheory(0.35ps).



