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Dipole momentsof vibrationally excited moleculesplay centralrolesin mostenegy transferprocessesin spiteof this, experimental
measurementsave beenwith veryfew exceptions)imited to groundandfirst excitedvibrationalstatesdueto thedifficulty of achiezing
sufficient excited statepopulationfor spectroscopiobsenation of the Starkeffect.

We have recentlydevelopeda techniquethatovercomeghesedifficulties andallows dipole momentmeasurementsn a large class
of moleculesandexcited states.Pulsedlaserpump-probeechniquesStarkquantumbeatspectroscop and photofragmentletection
arecombinedn theseexperimentsin the specificcaseof waterpresentedhere,a 10 nslaserpulseprepares wavepacletformedby the
coherensuperpositiorof Stark-splitM statesof therovibrationalenegy level of interest.After a prescribedime delay a secondaser
pulseprobesthis wavepaclet by transferringt to the dissociatie A* B; electronicsurface.A third laserpulsedetectshe resultingOH
fragmentshy LaserinducedFluorescencélLIF). TheobseredLIF signalreflectsthe time evolution of the wavepaclet which, in turn,
depend®ntheappliedStarkelectricfield, the pump-probelelay andthe sought-aftedipole moment.

We have usedthis approachto measuredipole momentsof waterandsingly deuteratedvater containing4 and5 quantaof OH
stretchingvibration. Further usinga doubleresonancexcitation schemeye have measuredlipole momentsof both specieshaving 8
quantaof OH stretchingexcitation. Thesestateshave ~ 25,000 cm™! of internalenegy, morethanhalfway to the bond-dissociation
limit. The resultspresentechererepresenttherefore,a stringenttestfor dipole momentsurfaces,which are routinely employed to
calculatdarge databasesf waterabsorptioriines.

Further this work shavs thatin the caseof HOD the inertial frame rotationwith OH excitation plays animportantrole in the
transitiondipole momenttilting away from the OH bond,which waspreviously attributedto electricalanharmonicityalone.
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