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Aninstrumentfbrmeasuringemissionlifetimeswasconstructed・Asexamplesofitsapplication，

theHuorescencelifetimesofquinineinaqueoussulfUricacid，andpyreneinwaterandcyclohexane
weremeasuredtobe20.3,186ａｎｄ２２．４ｎs,respectively・ItwasshownthatthisapparatusisefIiciently

powerMfOrspectroscopicstudiesinthenanosecondrange・Theconstructionoftheapparatusisalso
givenindetail．

1．m1trdoduction

Recently，muchoftheinfbrmationconcemingmechanismsofphotochemical
reactionsinaqueousjmicellarandcyclodextrinsolutionshasbeenobtainedbyspectro‐
scopicmethodsincludingabsorptionandHuorescencemeasurements・
Ｆｏｒexample，studieswereperfbrmedonHuorescencequenching'－３）andenergy
transfer4,5）inhomogeneousand（pre)micellarsystems,andinclusionphenomenain
cyclodextrinsolutions､6）Measurementsofthespectroscopicpropertiesinsuchsystems
areessentialfbrinvestigatingthephotophysicsandphotochemistryoftheexcitedstates
aswellasgroundstatesofthespecies・Especially,thechemicalandphysicalproperties
ofHuorescentmoleculescanbequantitativelystudiedbythedetailedmeasurementsof
Huorescencelifetimeandtime-resolvedspectrum・Itiswellestablishedthattime‐

resolveddecaymeasurementsserveasanimportanttoolinphotophysicsandphoto‐
chemistry、

Ｉｎｔｈｉｓｐaper,theexperimentaldetailsfbrobtainingtheemissionlifetimeofexcited
speciesarepresentedalongwithsomeapplications．

2．ExperimentalSecti0n

2､１．肋Sか"ｍｅ〃αがo〃

Theexperimentalapparatusconsistsofexcitationlightsource，spectrometerand
photo-detectionsystemincludingmicrocomputers・Theschematicdiagramofthe
apparatusisshowninFi9．１．

＊AuthorstowhomcorrespondenceshouldbeaddressedatKagoshimaUniversity．
』

９５
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Ｆｉｇ．１．Blockdiagramoftheemissiondecayapparatus．

Ｓ：sample，IRfilter，Ｍ：mirror，Ｌ：lens，ＢＳ：beamsplitter，ＰＭ：photomultiplier．

ALambdaPhysikM100ANitrogenlaserandanOmnilite60-30Dyelaser(Nippon

DynamicDistributionCo.）wereusedastheexcitationsourceThisnitrogenlaser

consistsofthreeparts；thelaserhead,thepowersupplyandcontrolunit,andthevacuum

pump(ModelVP15)．Thislasercanbeoperatedathighimpressedvoltageupto20kV

andemittsintenseradiationat337.1ｎm,thelaserpulsebeing牛5nsinwidth(fWhm)．

Thisrepetitionfrequencycanbeadjustedbetween5andlOOHzAIlmeasurements

inthepresentstudywerecarriedoutatarepetitionrateof7０Ｈｚ,andanaveragedpulse

energyofL5mJ・Thebeamdimensionsare7mm×15mmanditsdivergence(half

angle)is25mrad×７mrad

Thedyelaserhasthefollowingspecifications:exchangee価ciency(morethan１０％)，

limitedtunability(340-760,m)andwavelengthresolution(2-3ｎm)．

Thelaserlightisdirectedtoaquartzcellinacellbox，ａｓｉｓｓｈｏｗｎｉｎＦｉｇ‘１．The

emissionisobservedatanangleof90orelativetotheincidentlaserbeam・Thediscrete

spectrallifetimeismeasuredwithafilter(IF)and05-5.8nmbandpasssetontheCT-25N
monochromator(JapanSpectroscopicCo.,Ltd.)．Thefilter(IF)mountedatamono‐

chromatorentrancerejectsthescatteredlightfromthelaser，

ThephotonsaredetectedwithanRCA8850photomultipliertube(responsetime＜

２．５，s）equippedwithathermoelectriccooler・Foradetectionintheredandnear

inｆｒａｒｅｄｒｅｇｉｏｎｓａｎＲＣＡ８８５２ｏｒａＨａｍａｍatsuR1333photomultiplierisused・

Thesignalpassesthrougha50-Qcoaxialcablefromthephotomultiplieｒａｎｄｉｓ

ａｎａｌｙｚｅｄｂｙａＰＡＲＭｏｄｅｌｌ６２ＢｏxcarintegratorwhichiscombinedwithaPARModel
l64ProcessorModule・Theboxcaraveragingisaprocessofcontrolledsamplingand

averaging・Theboxcarintegratoristriggeredbythetriggeroutpｕｔｏｆｔｈｅｐｕｌｓｅｄｌａｓｅｒ

ａｎｄｉｓｕｓｅｄｔｏｄeterminetheexactshapeofrepetitivewavefbrm，Fig.２showsthebasic

timingrelationshipsofthisdevice・Thissystemsynchronouslysamplestheinputsignal

withanaperturethatcanbefixedatdesiredpoints・

TheoutputsignaloftheboxcaraveragerwasstoredbyusingaDataProcessor
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Fig.２．Thebasictimingrelationshipsofboxcarintegrator・

ModelR800DPF(JapanSpectroscopicCo.,Ltd.）asadigitalsignal,ａｎｄｔｈｅｎｆＭｔｏ

ａｎＸ－Ｙｒｅｃｏｒｄｅｒ・ThestoringprocessisconvenientlｙｍｏｎｉｔｏｒｅｄｗｉｔｈｔｈｅｕｓｅｏｆａＴｒｉｏ

７９０４０scilloscope・Thisdataprocessorservesasagatedphotoncounterbycontrolling

theboxcarintegrator・Furthermore,atime-resolvedspectrumcanalsobemeasuredby

usingthisdevice・TheblockdiagramofthisdataprocessorisshowninFig、３．

DataisanalyzedwithOKIif800Modeｌ３０ａｎｄ５０ｍｉｃｒocomputers､7,8）
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Fig.３．Blockdiagramofdataprocessor．

3．ResultsandDiscussion

3､1．加伽、伽Ｐｅｱｂｒｍα"ce

Themeasureｍｅｎｔｓｗｅｒｅｍａｄｅａｔ２５ｏＣｕｓｉｎｇａ３３7.1-nｍｂｅａｍｆｒｏｍｔｈｅＮ２１ａｓｅｒａｓ

2.2.Ｍα陀祁aIs

QuininesulfatedihydratewaspurchasedfromWakoChemicallndustriesLtd､and
wasrecrystallizedfromwater，Thequininewasdissolvedinl・ONaqueouSH2SO4in
aconcentratioｎｏｆｌ×10-5moldm-3・Pyrene(UPgrade,zonerefined)ｗａｓobtained

fromTokyoKaseiKogyoCo.，Ltd・ａｎｄｗａｓｕｓｅｄｗithoutfUrtherpurification、
Cyclohexane(DotiteLuminasol)ａｎｄＨ２ＳＯ４(reagentgrade)wereobtainedfromWako
ChemicallndustriesLtd・Laboratorydeionizedwaterwastwicedistilled．
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theexcitationwavelength・

Ｉｎｏｒｄｅｒｔｏｔｅｓｔｔｈｅｐｅｒｆｂｒｍａｎｃｅｏｆｔheapparatus，wemeasuredtheHuorescence
lifetiｍｅｏｆｑｕｉｎｉｎｅｉｎｌ・ONaqueousH2SO4，ｓｉｎｃｅｑｕｉｎｉｎｅｈａｓｂｅｅｎｕｓｅｄａｓｏｎｅｏｆ
standardmaterialsfbr伽orescencelifetimemeasurements､9－'3）

Figure4showstheobserveddecaycurveofquinineinaeratedaqueousH2SO4・
Emissionfi･omquininewasobservedat460nmwithspectralresolutionof１．５，ｍ．

Ｕｓ､timecurve・Thisisinexcellentagreementwiththose(18.99)，19.2710),１９．４１１),20.112）

and20.413)ｎs)obtainedbypreviousmvestigators．
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Fig.４．Log-convertedHuorescencedecaycurveofquinineinaeratedaqueousＨ２ＳＯ４

（1.0Ｎ)．Thepoints:theobservedfluorescenceintensity,solidline:asimulated

fittoasingleexponentialdecay．

Ｏ，Ｃｏｎｎｏｒｅｔａ1.14）havefbundthewavelengthdependenceofthedecaycurvesof

quininebisulfateandsuggestedthattheyarecomposedofthetwocomponentshaving

thelifbtimesof-20nsand-2ns,thoughthelattercomponent(２，s)hasasmallcontri‐

bution(2％）tothetotalfluorescence・Ontheotherha､d,BarrowandLentz'０)have

pointedoutthatquinineexhibitsasingle-exponentialdecay・

Althoughweimprovedsignal-to-noiseratiosandHuorescencewavelengthresolution

byadjustinganopticalsystem,theshort-lifbtimecomponentcouldnotbeobserved
becauseoflowtimeresolution・Ｔｈｅｄｅcaycurveobtainedinthepresentworkcould

befittedtoasingle-exponentialfimction・ＴｈｅｌｉｆＥｔｉｍｅｗａｓｄｅｔｅｒｍｉｎｅｄｔｏｂｅ２０．３＋

1.56nsfifomtheleast-squarestreatmentoflinearportionofthelogarithmicintensity

３．２．４ppIjcaZjo〃s

Thepresentapparatushasbeendevelopedtostudydynamicprocessesofphoto‐
ChemicalreactionsofHuorescentmoleculessuchaspyreneandchlorophyll，ｉｎｍｉｃｅⅡar

andpremicellarsolutions・Pyrenehasbeenusedasasuitablefluorescentprobefbr
investigatingthemechanismsofelectronandenergytransfersbetweensolutemolecules
becauseithasalong-livedHuorescence．
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Fig.６．Log-converteddecaycurveofpyrenｅ

（1×ｌ０－６ｍｏｌｄｍ－３）inundegassed

cyclohexanesolution．Thepoints：ｔｈｅ
observedfluorescenceintensity，solid

line：asimulatedfittoasingleexp-

onentialdecay．
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Ｆｉｇｕｒｅ５ｓｈｏｗｓｔｈｅｄｅｃａｙｃｕｒｖｅｏｆｐｙｒeneHuorescencemonitoredat373nm，in
aeratedaqueoussolutionof4×10-7ｍｏｌｄｍ－３（monitoredbyabsorptionspectrum)．
Theresultshowsasingle-exponentialdecaywithalifbtimeofl86＋２０，s,whichiscon-
sistentwiththose(200'５)andl7516)ｎs)bypreviousworkers・
ThelifetimeoftheHuorescentmoleｃｕｌｅｉｓｋｎｏｗｎｔｏｄｅｐｅｎｄｏｎｔｈｅConcentration，

thesolventandthepresenceofquenchers、Ｆｏｒexample，thedecaycurveofpyrene
inundegassedcyclohexanesolution(Fig.６)givesalifetimeof22､4＋６nswhichagrees
withthat(20.5,s)obtainedbyCraigeta1.17）Itwasfbund'7)thatthelifetimedepends
onthesolventused．
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Fig.５．Log-converteddecaycurveofpyrenｅ

（4×l0-7moldm-3)inaeratedaqueous

solution．Thepoints：ｔｈｅobserved

fluorescenceintensity，solidline：a

simulatedfittoasingle-exponential

decay・Ｌａｍｐ(Nzlaser)flashprofileis

givenbythebrokenlineinlinearscale．

4．ConcludingRemarks

EmissionlifetimemeasurementsareapowerMtechniquefbrinvestigatingdynamic

processesofphotoexcitedspecies・TheapparatuscapableofmeasuringpreciselifEtime
hasbeendescribed・Ｔｈｉｓｓｙｓｔｅｍａｌｌｏｗｓｕｓｔｏｍｅａｓｕｒｅｔｈｅｌｉｆｅｔｉｍｅａｓｓｈｏｒｔａｓ－１ｎｓ

ａｎｄｔｏａｎａlyzecomplexdecaycurvescomposedofmulticomponents・Anapplication
oftheinstrumentfbrstudiesofthemolecularinteractionsinheterogeneousaswellas

homogeneoussystems，suchasaqueous，（pre)micellarorcyclodextrinsolutionｓｏｒ
polymerparticlesisinprogress．
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