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For large polyatomicmoleculesthe normal-modevibrationsare no longer stationarystatesof the full molecularHamiltonianat high
enepy. In the high-enegy regions,the normal-modestatesare extensvely coupledto the densesetof nearresonantibrationalstates
comprisedof overtonesand combinationbandsof the lower frequeny modes. As a result, enegy initially depositedn a normal-
modestateis redistritutedto othervibrationalstates.This procesds calledintramoleculawibrationalenegy redistritution (IVR) and
playsafundamentatole in chemicalkinetics. Previous molecularbeam,infraredfluorescencetudiesshavedthat VR occursfor the
hydridestretchfundamentalgncethevibrationalstatedensityreached.0-100states/cm*. This”IVR threshold”hasbeenconfirmedin
recentyearsby high-resolutiongigenstate-resodd vibrationalspectroscopin molecularbeams.Althoughthe thresholdstate-density
is "universal”, molecule-specifi¢VR ratesarefound. For example,thetime scalefor IVR in terminalacetylenesneasuredy high-
resolutionspectroscop rangefrom 60 ps - 3000 ps. Theseratesdo not correlatewith the total statedensity despitethe expectation
basedn Fermi’s goldenrule. For moleculesn solution,new pathwaysfor vibrationalenegy relaxationexist thatcomefrom interaction
with thesolvent. We present seriesof two-colorpicosecondnfraredmeasurementsf thetotal enegy relaxationrateof the acetylenic
C-H stretchfundamentain a seriesof terminalacetylenesThesemeasurementdirectly probethe populationof thefirst excited stateof
theacetylenicC-H by measuringhetime-dependerabsorptiorattheanharmonicallyshiftedv=1 - v=2 transitionfrequeng. Molecule-
dependentelaxationratesbegin to appearat the samelVR thresholdpreviously found in molecularbeamstudies. Furthermorethe
IVR ratesin solutioncorrelatewell with themolecularbeamratedeterminationsalthoughtheratesin solutionareabout20timesfaster
Usingthetwo-color(double-resonancejeasuremente indicatethedifficultiesin interpretingsingle-colopump-probeneasurements
of vibrationalrelaxationrateswhenIVR occursand describethe acetylenicC-H stretchvibrational spectrumof the vibrationally hot
moleculescreatedby rapidIVR.



