


CONTENTS

TransitionStateSpectroscopyofBimolecularReactions
UsingNegativeIonPhotodetachment1

ByRichardoB.Metz,StephenE.Bradforth,
andDanielM.Nuemark

InfraredVibrationalPredissociationSpectroscopyof
SmallSize-SelectedClusters63

ByFriedrichHuisken

TheDynamicsofTripletExcitonsinMixedMolecular
Crystals141

ByRossBrownandPhilemonKottis

TheoreticPhysicochemicalProblemsofClathrate
Compounds269

ByVladimirE.Zubkus,EvaldasE.Tornau,
andVladimirR.Belosludov

SimulationandSymmetryinMolecularDiffusionand
Spectroscopy361

ByM.W.Evans

VibronicInteractionsinPolynuclearMixed-Valence
Clusters703

ByI.B.BersukerandS.A.Borshch

AuthorIndex783

SubjectIndex803





CONTENTS

I.Introduction
II.ExperimentalMethods
III.TheoreticalMethods

A.Time-IndependentAnalysis
B.Time-DependentAnalysis

IV.SymmetricHydrogenExchangeReactions
A.PhotoelectronSpectrumofBrHBr‾

1.SummaryofResults
2.Analysis:PreliminaryConsiderations
3.One-DimensionalSimulationofBrHBr"Spectrum
4.Two-DimensionalSimulation(Time‾Independent)
5.Time-DependentAnalysisoftheBrHBr‾PhotoelectronSpectrum
6.DiscussionofResults

B.PhotoelectronandThresholdPhotodetachmentSpectraofIHI"
1.PhotoelectronSpectroscopyofIHI‾andIDI‾
2.ThresholdPhotodetachmentSpectroscopyofIHI‾

V.AsymmetricHydrogenExchangeReactions
A..GeneralConsiderations
B.PhotoelectronSpectroscopyofBrHI‾

1.ResultsandQualitativeAnalysis
2.Time-DependentSimulationsoftheSpectra
3.ExcitedElectronicStatesintheBrHI‾PhotoelectronSpectrum

C.PhotoelectronSpectroscopyofFHFandFHBr‾
D.PhotoelectronSpectroscopyofCH3OHF‾andCH3ODF‾



VI.Summary
Acknowledgments
References







CONTENTS

Abstract
I.Introduction
II.KinematicConsiderations
III.ExperimentalSetup
IV.DataCollectionandAnalysis
V.Results

A.Ethene
B.Benzene
C.SulfurHexafluoride
D.Ammonia
E.Methanol

VI.ConcludingRemarks
Acknowledgments
References





CONTENTS

Introduction

I.TheExperimentalProblem

II.Hamiltonian

A.Overview

1.MolecularHamiltonian

2.Born-OppenheimerSeparabilityinMolecularSolids

B.HamiltonianofaMolecularCrystal

1.ElectronicHamiltonianofaRigidCrystal

2.PhononsinMolecularCrystals

3.Exciton-PhononCoupling

III.Temperature-DependentHoppinginNarrowImpurityBands

A.QuantitativeConsequencesofHoppingTransportofSite

Excitations

B.HoppingRatesBetweenNearlyResonantGuests

1.GeneralRelations

2.TransitionAmplitudesforOne-andTwo-PhononProcesses

3.TransferRates

C.ApplicationtoNaphthalene

1.ApplicationtotheTemperatureDependenceofDonor-

AcceptorTransfer

2.DifficultiesoftheHoppingModel

IV.TransportofExcitonsDescribedbytheElectronicDensityMatrix

A.Introduction

1.TheDensityMatrix
2.OpticalCoherence,ExcitonCoherenceandSiteCoherence

B.ThePilotEquationfortheElectronicDensityMatrix

1.DerivationandMeaning

2.RelaxationRatesintheElectronicEigenbasis



3.DerivationandLimitsofValidityoftheMasterEquationfor

thePopulationsintheSiteBasis
V.CoherentandIncoherentTransportinDisorderedSolids

A.Introduction

1.ElectronicEigenstates

2.ElectronicRelaxation

3.ValidityoftheMasterEquationintheEigenbasis

4;ApproximateFormoftheRelaxationRates
B.InterpretationoftheTemperatureandConcentrationDependence

ofExcitonTransport
VI.DiffusionlessTransfer

A.DonorEigenstates

1.Hamiltonian

2.GuestWavefunctions

B.DirectDonor-AcceptorTrapping

1.Introduction
2.ApproximateYieldofAcceptorEmission

VII.DispersiveHoppingTransport

A.HoppingandDiffusion-LimitedReactionsonFractals

B.SimulationofVariableRangeHopping

1.AnomalousDiffusionbyTunnelinginTwoDimensions

2.InapplicabilityofHoppingonPercolationClusters
3.TunnelingRepresentedasaWalkonanUltra-MetricSpace

C.SlowKineticsandExperimentalConditions

VIII.Conclusion

References







CONTENTS

Introduction

I.StructuralandChemicalPropertiesofLatticeClathrates
A.Hydroquinone

B.Hydrates

C.ClathrateCarcassesofUreaandThiourea
II.MicroscopicHamiltonian

III.CalculationofThermodynamicFunctions

A.SphericalGuestMolecules

B.NonsphericalGuestMolecules

C.SphericalGuestMoleculesinDifferentCavities

D.ThermodynamicsofClathratesinClusterApproximation
E.GuestMoleculesinChannel-TypeClathrates

IV.PhaseDiagrams

V.PhaseTransitions

A.OrientationalPhaseTransitions

B.ConcentrationalPhaseTransitions
C.InducedPhaseTransitions

VI.EstimationofIntermolecularInteractions

A.Guest-HostPotential

B.Guest-GuestPotential



VII.ComputationalMethods

A.MolecularDynamics
B.LatticeDynamics

VIII.ThermodynamicPropertiesofConcreteClathrates
A.Hydroquinone

1.ThermodynamicsatZeroPressure
2.PhaseP,T,cDiagrams

B.Hydrates
C.Urea

Conclusions

Acknowledgments
References







CONTENTS

Introduction

I.TheTraditionalView

A.Einstein'sTheoryofTranslationalBrownianMotion

B.TheLangevinEquationforTranslationalBrownianMotion

C.ContemporaryCriticismoftheTraditionalApproach

D.MolecularTranslationandRotation

E.DielectricRelaxationandtheDebyeTheoryofRotationalDiffusion

F.LossofPolarization

G.TheConceptofRotationalDiffusion

H.RiseTransient

I.TheFallTransient

J.PolarizationandFrequencySpectrum

K.DielectricandFarInfraredSpectrum

L.TheDebyePlateau

M.FarInfraredInterferometry

N.TheEffectofIncludingtheInertialTerminEq.(8)

O.RotationalDiffusioninaPotentialWell:TheItinerantOscillator

P.TheHarmonicApproximation

Q.TheItinerantOscillator

R.ExperimentTestingoftheItinerantOscillator

S.RelationshipoftheItinerantOscillatorwiththeLiouvilleEquation

T.TheGrigoliniContinuedFraction

U.TheStatisticalCorrelationbetweenRotationandTranslation

V.TheChallengetoTraditionalDiffusionTheory
II.KeyExperiments

A.InterferometricSpectroscopyofMolecularLiquids



B.TheBasicPrinciplesofFourierTransformSpectroscopyintheFar

Infrared
C.TheInterferogram

D.KeySpectralData:TheChallengetoDiffusionTheory
E.CondensationofGastoLiquid

F.TheMolecularLiquidatRoomTemperatureandPressure
G.MolecularDynamicsSimulation

H.FromLiquidtoGlassatConstantPressure
I.TheChallengetoComputerSimulation

J.SurveyofDataforLiquidDichloromethane

K.TheRelaxationofNuclearMagneticResonance

L.TheChallengetotheTheoryofNMRRelaxation

M.AnisotropyofDiffusionintheAsymmetricTop
N.LightScattering

O.RamanScattering

P.TheChallengetotheTraditionalApproachtoLightScattering
Q.NeutronScattering

R.InfraredAbsorption

S.TheRoleofComputerSimulationinDataCoordination

T.DielectricRelaxationandFarInfraredAbsorption
III.ComputerSimulation

A.SummaryofNumericalApproximations
B.PeriodicBoundaryConditions

C.NumericalIntegrationoftheEquationsofMotion

D.TheGearPredictor-Corrector
E.TheLeapfrogAlgorithm

F.IntegrationoftheRotationalEquations

G.OtherMolecularDynamicsSimulationAlgorithms

H.Rahman'sComputerSimulationofLiquidArgon

I.SomeFundamentalPropertiesofTimeCorrelationFunctions
J.TheLongTimeTail

K.TheInteractionbetweenRotationalandTranslationalMolecular
Diffusion

L.SimulationofLiquidDichloromethane
M.ComparisonofSimulationwithSpectralData

N.TheLennard-JonesAtom-AtomPotentialforDichloromethane
O.ComputerSimulationMethods

P.SomeTestsfortheLiquidState

Q.ThermodynamicProperties

R.ThermodynamicResultsforDichloromethane
S.DynamicalandSpectralProperties

T.MicrowaveandFarInfraredAbsorptionandDispersion
U.InfraredAbsorption

V.RelaxationofNuclearMagneticResonance
W.DepolarizedRayleighScattering

X.Incoherent,InelasticNeutronScattering
Y.SurveyofCorrelationTimes

Z.ASurveyofMolecularLiquids
IV.Simulation―NewResults

A.LinearResponseTheoryandtheFluctuation-Dissipation
Theorem



B.TaylorExpansionoftheSmoluchowskiEquation

C.TheConceptofLinearResponse

D.RotationalDiffusion

E.SolutionforArbitraryFieldStrength

F.ComputerSimulationofRiseandFallTransientsinanArbitrarily

StrongExternalField―ViolationoftheLinearResponseTheory

G.ComputerSimulationinanAppliedExternalField

H.RiseTransients

I.TheLangevinFunction

J.TimeDependenceoftheRiseTransient

K.TheFallTransient

L.CorrelationFunctionsintheFieldonSteadyState

M.TheDecouplingEffect

N.NewTypesofBirefringence

0.TheKerrEffect

P.TheCotton-MoutonEffect

Q.BirefringenceInducedwithElectromagneticandNeutron

Radiation

R.Flow-InducedBirefringence

S.BirefringenceEffectsDiscoveredbyComputerSimulation

T.Electric-Field-InducedTranslationalAnisotropy

U.BirefringenceInducedbyaCircularlyPolarizedLaser

V.ComputerSimulationofBirefringenceduetoCircularFlow

W.FieldEquationsforCircularFlow

X.AnisotropyinLinearDiffusionProducedbyaCircularlyPolarized

Laser

Y.ElectricorCircularlyPolarizedLaserFieldAppliedtoaDilute

Gas

Z.CorrelationbetweenRotationandTranslationInducedbyElectric

Fields

AA.ConsequencestotheTheoryofPolarization

BB.DiffusionEquationsforRotationandTranslation

1.TheProblemofAnalyticalTractability

2.TheProblemofOver-Parameterization

V.Symmetry

A.ParityInversion

B.TimeReversal

C.ApplicationtoTime-CorrelationFunctions

D.TheApplicationofGroupTheorytoTime-CorrelationFunctions

E.Point-GroupTheoryinFrame(X,Y,Z)

F.Frame(x,y,z)MolecularPoint-GroupTheory

G.EnsembleAveragesofScalars

H.EnsembleAveragesofVectors

1.EnsembleAveragesofTensors

J.EnsembleAveragePropertiesinFrame(x,y,z)-SomeExamples

K.Higher-OrderTensors

L.TheEffectofExternalFields

M.FundamentalDynamics:TheNoninertialFrameofReference

N.ConsequencesfortheTheoryofDiffusion

O.ASimpleLangevinTheoryofccf'sinFrame(X,Y,Z)

P.TheRoleoftheIntermolecularPotential



Q.PatternsofCrossCorrelationsinFrames(X,Y,Z)and(x,yz)

R.TheOmegaPatterninFrame(x,y,z)

S.TheDfPatterninFrame(X,Y,Z)

T.OtherPatternsinFrame(X,Y,Z)

U.SymmetryofSomeccf's

V.AnalyticalTheoryofField-Inducedccfs

VI.Time-CrossCorrelationFunctions―AMajorChallengetoDiffusion

Theory

A.Ccf'sInvolvingMolecularVibration

B.ComputerSimulationofFlexibleWater

C.TheEffectofInternalVibrationsonCorrelationFunctions

D.Cross-CorrelationFunctions

E.Vibration-Translation

F.Rotation-Translation

G.SimulationResultsforWaterfrom10to1273K

H.Timeccf'sfrom10to1273K

I.Higher-Orderccf's
J.SolutionsofWaterinCarbonTetrachloride

K.LiquidsofSphericalTopMolecules

L.TheEffectofExternalFieldsinLiquidWater

M.CircularlyPolarizedLaserField

N.ChiralLiquids

O.CircularFlowinLiquidWater

P.OtherTypesofAppliedExternalField
Q.RemovalofH-Bonding―TheComputerSimulationofHydrogen

Selenide
R.SomeConsequenceforQuantumMechanics

S.AnalogiesbetweenQuantumandClassicalMechanics

T.Rod-likeMoleculesandLiquidCrystals

U.SurveyofResultsandFutureProgress

VII.GroupTheoryandStatisticalMechanics

A.Point-GroupTheoryinFrame(x,Y,Z)

B.TheFirstPrinciple(Neumann-CuriePrinciple)

C.DRepresentationsinFrame(X,Y,Z)

D.Point-GroupTheoryinFrame(x,y,z)

1.Principle2

E.TheEffectsofFields-Principle3

1.Principle3

F.SymmetriesinFrame(x,y,z)

G.ExternalFields:Symmetries

H.TheWeissenbergEffect

I.Chirality
J.Nonequilibrium:NewFluctuationDissipationTheorems

K.ApplicationoftheTheoremtoDielectricRelaxationandthe

DynamicKerrEffect

L.ExperimentalObservations
M.NewDichroicEffectsandAbsoluteAsymmetricSynthesis

N.Spin-ChiralandotherDichroicEffectsfromPrinciple3

O.SymmetryEffectsinLiquidCrystals
P.BasicSymmetryArgumentsinNematogensandCholesterics

1.TheC∞hSwarm



2.TheD∞hSwarm

3.TheC∞Swarm

4.TheD∞Swarm

5.TheElectricallyAlignedNematogen

6.TheC∞υNematogen

7.TheD∞hNematogen

8.TheGoCholesteric

9.TheD∞Cholestric

Q.TheEffectofaShearingField

R.ComputerSimulation―ASpecificApplication

S.SymmetryinSmecticLiquidCrystals

1.LocalSmecticPointGroups

2.MappingfromRh(3)totheSmecticPointGroups
T.Time-ReversalSymmetry

VIII.SimulationandSymmetryinNon-NewtonianFluidDynamics

A.RepresentationofSimpleCouetteFlow

B.ConsequencesforLangevinTheory

C.DerivationandSolutionoftheLangevinEquations

D.Shear-InducedStructuralEffectsandgtsm

E.Crystal-LikeArrestedStatesatHighShearRates―AnExcessof
Symmetry

F.HexagonalC3h(HermannMauguin6)

G.Shear-InducedDepolarizedLightScattering

H.Light-ScatteringGeometry

I.Polarimetry

K.ShearSymmetryintheDielectricandFarInfrared

L.Shear-InducedMolecularPolarizabilityandPolarization

M.AdaptationoftheMorriss-EvansTheorem

N.Shear-InducedDipoleRelaxationandFarInfraredPower
Absorption

O.TheDSymmetriesofShearinthePresenceofFields

IX.NewPump-ProbeLaserSpectroscopies:SymmetryandApplicationto

AtomicandMolecularSystems

A.BasicSymmetryConcepts

B.CompleteExperimentSymmetry

1.Wigner'sPrincipleofReversality(T)

2.Wigner'sPrincipleofParityInversion(P)

C.TheSymmetryofCauseandEffect:GroupTheoreticalStatistical
Mechanics

D.TheDSymmetriesofNaturalandMagneticOpticalActivity

E.Applicationofgtsm―CombinedFieldSymmetries

F.ApplicationofgtsmtoNonlinearOpticalActivity

G.OpticalActivityInducedbyaPumpLaser

H.SomeExpectedII-InducedSpectroscopicEffects

I.II-InducedZeemanSplitting

J.Rayleigh-RamanOpticalActivityInducedbyΠ

K.Forward-BackwardBirefringenceduetoΠ

L.ParityViolationinMolecularEnsemblesduetoΠ

M.TheOpticalZeemanEffect―QuantizationoftheImaginaryPartof

theAtomicorMolecularPolarizability(theElectronicOrbital-Spin
AngularPola'rizability)



N.SemiclassicalTheoryoftheOpticalZeemanEffect
O.Laser-InducedElectronicandNuclearSpinResonance

P.Rayleigh-RamanLight-ScatteringOpticalActivityduetoOptical
Rectification

Q.Forward-BackardBirefringenceduetoOpticalRectification
R.TheOpticalFaradayEffect―Order-or-MagnitudeEstimateofthe

AngleofRotationofaPlane-PolarizedProbe
S.ElectricCircularBirefringenceandDichroism

T.Frequency-DependentElectricPolarizationduetoOptical
RectificationinChiralEnsembles

U.SymmetryofLaser-InducedElectricPolarizationinChiralSingle
Crystals

V.ElectrodynamicsofaRotatingBody―SomeSpectralConsequences
oftheLorentzTransformation

W.ParityNonconservationinNewLaserSpectroscopies
Acknowledgments
References
Appendix:MolecularDynamicsSimulationAlgorithm"Tetra"







CONTENTS

I.Introduction

II.TheVibronicModelforMVDimers(ThePKSModel)
III.One-CenterInteractionsinMVDimers

A.Low-SymmetryCrystalFieldsandSpin-OrbitalInteraction

B.ElectronDelocalizationinMVDimersinthePresenceofaLocal
PsuedoJahn-TellerEffect

IV.TheVibronicTheoryofExchange-CoupledMVDimers

A.ElectronicEnergySpectrum

B.VibronicStatesandMagneticCharacteristics

C.TheFeaturesofOpticalSpectra
D.KineticsofElectronTransfer

V.ElectronDelocalizationinTricenterMVCompounds
A.TricenterClustersasEquilateralTriangles
B.MossbauerSpectra

C.ElectronDelocalizationinLinearMVTrimers
VI.TheVibronicTheoryofMVTrimers

A.VibronicStates

B.IntervalenceTransferBand

C.MagneticProperties

D.ElectronDelocalizationwithDoubleExchange.Applicationto
Ferredoxins

VII.MVSystemsofHigherNuclearity
VIII.ConcludingRemarks

Acknowledgments

References


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19
	page20
	page21
	page22
	page23
	page24
	page25
	page26

