
ELECTRICDIPOLEMOMENTSOFHIGHLY EXCITED VIBRATIONAL STATESOFH � O: INTERACTION OFRO-
TATION AND LOCAL MODE TUNNELING.
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WehaveusedLIF-detected,StarkPhotofragmentQuantumBeatSpectroscopy to measuredipolemomentsof highly excitedvibrational
statesof

�����
. Unlikethecaseof HOD discussedin theprevioustalk, thetwo bondsin

�����
areequivalent.Hence,thepermanentdipole

andoneof the axesof the vibrationally averagedinertial tensorarealwaysalignedwith the molecularsymmetryaxis. We show that
thesehypothesesandtraditionalpermanentdipolemomentStarkanalysisbadlyfail to modeltheobservedquantumbeats,asthey donot
accountfor two importantcharacteristicsof water. First, thehighly excitedOH stretchingmodesof waterinvestigatedarebestdescribed
by properlysymmetrized� �
	���
 combinationsof localmodes,whichform analmostdegeneratepair. Second,typicalseparationbetween
rotationalstatesis muchlargerthantheseparationbetweenthe � �
	���
 pair, that is, rotationsoccuron a time scalemuchfasterthanthe
tunnelingtime for local modeexcitationto swapbonds.Therefore,theequivalencebetweenthetwo bondsenforcedby thetunnelingis
dynamicallybrokenon thetime-scaleof molecularrotation.A simplelocal-moderovibrationalHamiltonian[K. K. Lehmann,J. Chem.
Phys.95, 2361(1991)]correctlyaccountsfor all of theaboveandprovidesclearphysicalinsightinto theproblem.

In addition to providing a stringenttest for calculationof dipole momentsurfaces,the resultspresentedherehave significant
implicationsfor themodelingof overtoneabsorptionintensitiesandlineshapes,andof collisionalenergy transferprocessesinvolving
vibrationallyexcitedwatermolecules.
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