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Highly excited moleculesplay a centralrole in many importantfields. Combustion,atmosphericandinterstellarchemistry, uni- and
bi-molecularreactionsarejusta few exampleswherethepropertiesof suchmoleculesarerelevant.

Among theseproperties,theelectricdipolemomenttakespart in both radiative andnonradiative energy transferprocesses,such
as light absorptionand collisions, and its knowledgeis of fundamentalimportancewhenever theseprocessesoccur. Experimental
measurementsof dipolemomentshave mostlyfocusedon moleculesin theirgroundor first excitedvibrationalstates,producinga large
bodyof veryaccuratedata.In contrast,only ahandfulof measurementsexist for highly vibrationallyexcitedmolecules.Thisunfortunate
situationhasits rootsin thecombineddifficulty of preparinghighly excitedvibrationalstatesanddeterminingwith high accuracy the
small level splitting inducedby anexternalelectricfield.

We have developednew techniquesto measurethedipolemomentof highly vibrationallyexcitedmolecules.Thesetechniquesare
basedon a combinationof multiple laserovertoneexcitationschemeswith microwave-Starkor quantumbeat-Starkmeasurements.The
varietyof excitation/detectionschemesandStarkmethodsavailablemakesthesetechniquesquitegeneralandapplicableto avastrange
of molecules.

Theimportanceof thesemeasurementsis well exemplifiedby thecaseof water, wherethedipolemomentsurfaceis usedto calculate
absorptionintensitiesof atmosphericwatervapor. Ourmeasuredwaterdipolessignificantlydisagreewith thosecalculatedfrom thebest
availableab initio dipoleandpotentialenergy surfaces,showing theneedfor moresophisticatedcalculations.
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