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For large polyatomicmolecules,the normal-modevibrationsareno longerstationarystatesof the full molecularHamiltonianat high
energy. In thehigh-energy regions,thenormal-modestatesareextensively coupledto thedensesetof near-resonantvibrationalstates
comprisedof overtonesand combinationbandsof the lower frequency modes. As a result, energy initially depositedin a normal-
modestateis redistributedto othervibrationalstates.This processis calledintramolecularvibrationalenergy redistribution (IVR) and
playsa fundamentalrole in chemicalkinetics. Previousmolecular-beam,infraredfluorescencestudiesshowedthat IVR occursfor the
hydridestretchfundamentalsoncethevibrationalstatedensityreaches10-100states/cm
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. This”IVR threshold”hasbeenconfirmedin
recentyearsby high-resolution,eigenstate-resolvedvibrationalspectroscopy in molecularbeams.Althoughthethresholdstate-density
is ”universal”,molecule-specificIVR ratesarefound. For example,the time scalefor IVR in terminalacetylenesmeasuredby high-
resolutionspectroscopy rangefrom 60 ps - 3000ps. Theseratesdo not correlatewith the total statedensity, despitethe expectation
basedonFermi’sgoldenrule. For moleculesin solution,new pathwaysfor vibrationalenergy relaxationexist thatcomefrom interaction
with thesolvent.Wepresentaseriesof two-colorpicosecondinfraredmeasurementsof thetotalenergy relaxationrateof theacetylenic
C-H stretchfundamentalin aseriesof terminalacetylenes.Thesemeasurementsdirectlyprobethepopulationof thefirst excitedstateof
theacetylenicC-H by measuringthetime-dependentabsorptionat theanharmonicallyshiftedv=1 - v=2 transitionfrequency. Molecule-
dependentrelaxationratesbegin to appearat the sameIVR thresholdpreviously found in molecular-beamstudies.Furthermore,the
IVR ratesin solutioncorrelatewell with themolecular-beamratedeterminations,althoughtheratesin solutionareabout20timesfaster.
Usingthetwo-color(double-resonance)measurementwe indicatethedifficultiesin interpretingsingle-colorpump-probemeasurements
of vibrationalrelaxationrateswhenIVR occursanddescribethe acetylenicC-H stretchvibrationalspectrumof the vibrationally hot
moleculescreatedby rapidIVR.


