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Abstract

Microscopic solution dynamicsis a central topic in the condensematter sciences Optical spectroscopieplay

importantrolesin theinvestigationgn thisfield. Analysisandunderstandingf the solutionspectraareusuallynon-
trivial dueto the complexnatureof the systemsWe carriedout seriesof spectraimodelingbasedon the molecular
dynamicssimulationto help understandinghe dynamiceventsin the proteinaqueoussolution andionic solution
systems?A techniquecombiningthe Markov StateModel (MSM) andthe NonlinearExciton PropagationNEP)

methodswas developedo simulatethe T-jump triggeredlong time peptideunfolding processandthe relatedIR,

2DIR andfluorescencespectra.Furthermoreto overcomethe convergencassuein the samplingand reducethe
computationalcost, implicit solvent model was introduced into the simulation, which generatesconverged
temperaturedependenpeptide configurationdistribution We demonstratedhat IR and 2DIR spectrasimulated
basedon this distributionnicely reproducehe temperaturelependencesf experimentakignals? An important,but

not yet clearly addressedissuein ionic solution researchis how the microscopicdynamicsin the solution is

influencedby the ionic density distribution Molecular dynamicssimulationswere carried out to investigatethe

microscopicorigin of the dynamicalheterogeneitiegn the ionic solutions,which was probedrecentlyusing the

ultrafastvibrationalenergyexchangeandanisotropymeasurement©ur simulationsrevealedthat thesedynamical
heterogeneitieobservedoriginate from the inhomogeneouson density distribution in the solution, and are
detectableusing the combinationof the ultrafast infrared, the dielectric relaxation and the optical kerr effect

techniques Simulations further suggestthat, in some of the solutions, the ion pairing effect has significant
contributionto the ion distributioninhomogeneity Our studiesthus provide a microscopicinsight on the origin of

the inhomogeneousn densitydistribution andits connectionwith variousexperimentallyobservabledynamical
phenomenin theionic solutions
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Wei Zhuanggot his bachelordegreefrom University of Scienceand Technologyof Chinain 2000 and his PhD
degredrom Universityof California,Irvine in 2007.His researclinterestsare:

1Developing a theoretical protocol, which combines molecular dynamics simulation, QM/MM Hamiltonian
constructionand QuasiparticleGreen’sfunction representatiomf the responsefor the investigationof proteinand
RNA folding andmisfoldingmechanism

1Developing theoreticaland computationakechniquedor the study of pathwaysfor electronand energytransfer
andselfassemblyphenomenan thenaturallight harvestingandphotosynthesisystems.

1Developing user friendly computationalsoftware which bridges betweencomputer simulation and ultrafast
experimentandprovidesa unigueway to investigatethe spectroscopiceflectionof the MD simulationobservables
aswell asunderstandhe physicsunderlyingtheexperimentaspectroscopiteatures.

1Applying ultrafastcorrelationspectroscopie® investigatdargecomplex biologicabystems and phenomesiach
asamyloidfibrils, membranechemicakxchangelight harvestingsystemsbiosensoand polymematerials
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