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Rotationaltransitionsfor six isotopomersof o-benzynewere measuredusing a pulsed-beam,
Fouriertransformmicrowavespectrometer. Theo-benzynewasefficiently producedwith a dilute
mixtureof benzenein neon,flowing througha pulsed-DCdischargebeamsource.Although all
reportedtransitionsweremeasuredto 1 to 2 kHz accuracy, androtationalconstantswereobtained
with uncertaintieslessthan1 kHz, thefirst attemptsto fit a planarstructureto themeasuredrota-
tional constantswerenot satisfactory. Vibrationalaveragingeffectsresultin an inertial defectof�

= 0.06935(1)amuÅ � . Althoughthissmall,positivevalueis consistentwith a planarstructure,
thedeviationsfrom theleastsquaresfit to calculatetheatomiccoordinatesareaslargeas1 MHz,
if no vibrationalaveragingcorrectionsaremade.Thesedeviationsareapproximately1000times
experimentaluncertainties.Thekey to improving thestructuralfits is to subtractcalculatedcontributionsto rotationalconstants,dueto
vibrationalaveragingfrom themeasuredrotationalconstants,andto includesmall,mass-dependentcorrectionsto atomiccoordinates.
Evenfor this10-atommolecule,calculatingall of thevibrationalaveragingcorrectionsfrom abinitio theorywouldbeaformidabletask.
FortunatelyJim Watsonprovided a procedureto obtainapproximate,harmonicvibrationalcorrectionsfrom the measuredcentrifugal
distortionconstants.This procedureallowed substantialimprovementsin the structuralfitting. The resultingacetylenicC1-C2bond
lengthis 1.264(3)Å, andtheotherbondlengthsare:C2-C3= 1.390(3)Å, C3-C4= 1.403(3)Å, C4-C5= 1.404(3)Å, C3-H1= 1.095(9)
Å, andC4-H2= 1.099(4)Å
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