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This is a progressreporton our effort to investigatethepossibilityof obtainingusefulspectrosopicinformationfrom abinitio calcula-
tions. Previously, we have showna thatquantumchemistryresultsfor methanolat the top andbottomof the torsionalbarriercouldbe
usedto determinethecos3� dependenceof the torsionalpotentialenergy (i.e., the barrierheight)to betterthan0.5 %, andthecos3�
dependenceof the rotationalconstants(threediagonalandoneoff-diagonal)to accuraciesrangingfrom 7 % to 40 %. Resultsfor ac-
etaldehyde wereaboutten timesworse,thoughtheselarge discrepanciescould be improved significantlyby an empiricaladjustment
procedure.We thenhave shownb thatG98deliveredvery smoothforceconstantplotsasa functionof anglealongtheinternalrotation
coordinate(definedto be0� at thebottomand60� at thetopof thebarrier),andthatwhensymmetrizedcoordinates(in thepermutation
inversiongroupG� ) wereused,theseplots exhibited the sin3� or cos3� behavior expectedfrom the symmetryspeciesof the pair of
vibrationalcoordinatesmultipliedby theforceconstant.
In thepresentpaperweinvestigatealgebraicallythemeaningof variousoff-diagonalelementsoccurringin aHessianmatrixobtainedby
rotatingtheCartesianHessianmatrix (containingsecondderivativesof thepotentialsurface)to a coordinatesystemconsistingof 3N-7
small-amplitudevibrations(whereN is thenumberof atomsin themolecule),onelarge-amplitudevibration(thetorsion),threeoverall
rotationsof themolecule,andthreetranslationsof themolecule.Wethencomputetheseelementsnumericallyusingquantumchemistry
methods.Finally we discusshow theseelementscanbeappliedto analysesof vibration-torsion-rotationbandsof methanol.
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