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Temperatureandconcentrationdependencesofthetrap-delayedfluorescenceobservedinthenaphtha-

lene(guest)-biphenyl(host)mixedcrystalsystemhavebeenstudied...Someremarksaremadeonthe

mechanisminvolvedinproducingthetrap-delayedHuorescence．
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１．Introduction

Wehavestudiedthetemperatureandconcentrationdependencesofbothintensity

anddecayoftheguest-delayedluminescence(guest-phosphorescence（Gp）ａｎｄguest‐

delayedHuorescence（GDF)）observedinthemixedcrystalsofbenzo[/]quinolineor

naphthaleneguestinbiphenylhost､'-5）Inthoseworks，withlowerconcentrations

andhighertemperatures,wehavedetectedtheveryweaktrap-delayedHuorescence(HDF）

aswellasatrap-Huorescence(HF)inashorterwavelengthregionthanthatoftheguest

emission(GDFandguest-nuorescence(GF)).4）AsfbrHDF,noobservationwasmade

inthepreviousexperimentsonthemixedcrystalscontainingbiphenylasahost､6）On

theotherhand,YeeandEl-Sayedreportedboththeguest-andhost-delayedHuorescence

intheanthracene-in-phenanthrenesystem､7）Accordingly,thefactthatwehaveobserv‐

edbothGDFandHDFhassuggestedthatitissignificanttostudyindetailtheirtemperature

dependenceat'thewavelengthsofthemainbands、

Akineticmodelfbrtheguest-trapandtrap-trapannihilationshasbeenproposed､8）

Misrahasalsodiscussedthekineticsfbrsuchaguest-trapheterogeneoustriplet-triplet

annihilationinsomedetai1.9）Thekineticmodeltreatedabove,however，ｗａｓｔｈｅｏｎｅ

ｌｅａｄｉｎｇｔｏＧＤＦｂｕｔｎｏｔｔｏＨDF・

Inthispaper，ｗｅｗｉｌｌｐｒｅｓｅｎｔｔｈｅｒｅｓｕｌｔｓｏｆｔｈｅｔｅmperatureandconcentrationde‐

pendencesofHDFobservedinthenaphthalene-biphenylmixedcrystalsystem,andbrieHy
discussthemechanisminvolved．

ＳｏｍｅＣｏｍｍｅ皿tsontheTrap-DelayedFImIOrescenceof

NaphtIhaIlene-BiphenyIMixedCrystals

Bｙ

２．ExperimentaI

Allapparatusandtechniqueswereidenticaltothosealreadyreportedbyus､3）Chem-

icalswereobtainedfromTokyoKaseiKogyoCo.，Ltd・Purificationandpreparation

methodswerealsoidenticaltoonesalreadydescribedbyus､3,5）
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3．ResultsandDiscussion

3.1．Obse”α伽"sat77K

Figurelshowsacomparisonofthedelayed(observedbyuseofaphosphoroscope）
andnormal(so-called‘‘Huorescence，，)fluorescenceofapolycrystallinesampleofbiphenyl
dopedwithnaphthaleneat77KwithaguestconcentrationoflO-3mol/ｍCl,bothspectra
beingrecordedphotoelectrically・Itmaybesuggestedthatourbiphenylcrystalsare
notabsolutelypure,asitisthecaseusually・Ｔｈｅｎwehavetriedtoobtainthelumines‐
cenceofthebiphenylcrystals:atypicalfluorescencespectrumofthebiphenylhostcrystals
isshownｉｎFig.２，ａｎｄｉｔｈａｓｂｅｅｎｆｂｕｎｄｔｏｄｅｐｅｎｄｔｏｓomeextentontheparticular
crystalspeclmeninvestigated・Detaileddiscussionontheluminescenceoftheneatbi‐
phenylcrystalwillbepresentedelsewhere・１０）

WllI11リ１，(A）

Ｃ

(B）ｅ

。

Ｎｏｗ,itcanbeconcludedthatthefirstbandsoftheemissionspectrashowninFig.１
Originatefiromahost-associatedtrap(perhapsX-trap)bycomparingwiththefirstband
ofthehostHuorescencespectrumshownｉｎFig.２．Theremainingbandsofthespectra
showninFig、１originatefromtheguest,ａｓｒｅｐortedinRef､５．
ＡｓｓｈｏｗｎｉｎＦｉｇ､１，thenormalandthedelayedfluorescencespectraofbothguest

andtrapareingoodcorrespondencewitheaChother，givingaconfirmationthatthe

３００３２０３４０３６０

Wavelen9th/nｍ

Fig.１．Comparlsonof(A)normaland⑱)delayed
Huorescenceofnaphthalene-biphenylmixed

crystalsystemat７７Ｋ．Concn.：１．０×10-3
mol/moLThebandeandtheremaining
bands(bandsb,c,anddinclusive)originate
fifomthetrapandtheguest,respectively．

３００３２０３４０３６０
Wavelen9th/nｍ

Fig.２．Fluorescencespectrumofbiphenyl
hostcrystalsat77K．
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observedGDFandHDFaregenuine．

Ｗｅｈａｖｅｍａｄｅａｎｅｘｐｅｒｉｍｅｎｔｏｆｔｅｍｐｅｒaturedependenceinthedelayedluminescence

byobservingatseveralbandsshowninFi9.1,wherethenotationisgivenfbrrepresenta‐
tivebandsofthedelayedHuorescenＣｅ．

3.2．Tbmpeγａｔ”eDepe”e"ｃｅＱ/・Ｉ"te"sity

Ｔｈｅｒｅsultsofthetemperaturedependenceofthedelayedluminescenceinthismixed

crystalsystemwithtwodi鮭rentconcentrations,1.0×10-3ａｎｄ1.0×10-4mol/mCl,are

showninFig､３，wheretheresultsonGDFobservedatbanddarenotshownbecausethey

8０１ ２０１６０２００２４０

Ｔ/Ｋ

B）
A）

2０

１５

１０

５

叩

ａｔ３１８ｎｍ,the０，０－band；（c)ａｎｄ(e):GDFandHDFintensitiesobservedatthecorrespond‐

ｉｎｇｂａｎｄｓｓｈｏｗｎｉｎＦｉｇ・LNocorrectionwasmadeforthespectralresponseofthe
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Fig.３．Temperaturedependenceofthedelayedluminescenceofnaphthalene-biphenylmixedcrystal

systeminthetemperatureregionabove77K、Concn.:Ａ)1.0×10-3,Ｂ)1.0×10-4mol/ｍｏＬ

(a):GpintensityobServedat475nm,the０，０－band,ｓｅｅＲｅｆ５；（b):GDFintensityobserved

andhost(』.ａ,nocontributionofthetrap)．

AscanbeseeninFig､３，theresultsattheconcentrationsoflO-3-10-4mol/molhave

apparatus．

twocharacteristics:(1)thevaluesofThma×(thetemperatureatwhichmaximumintensity

ofGDFoccurs)undergoconsiderableshiftstowardthelowertemperaturesascompared

withthat(aboutl77K)inthemixedcrystalsystemdopedwiththehighconcentration

concerned・Intheresultsataconcentrationof1.0×10-2mol/ｍCl,alreadypresented

elsewhere,5）thebandehasnotbeenobserved，ｔｈａｔｉｓ，wehavenotobservedHDF，in-

dicatingthatthemixedcrystalsdopedwiththeguestconcentratｉｏｎｏｆｌＯ－ｚｍｏｌ/ｍCｌ

canessentiallyberegardedasthetwo-componentsystemexclusivelyconsistingoftheguest

oflO~２mol/ｍｏ1,ａｎｄ(2)ＨＤＦ(bande)isdetected，Additionalresultsobtainedfrom



TheratiooftheGpintensitytotheGDFintensityat71naxdecreaseswithdecreasing

guestconcentration,ａｓｃａｎｂｅｓｅｅｎｉｎＦｉｇ､３．Inaddition,theratiooftheHDFintensity

totheGDFintensityat71naxincreaseswithdecreasingconcentration･Then,inthepresent

stageofknowledgewewouldliketomaｋｅｓｏｍｅｒｅｍａｒｋｓｏｎｔｈｅｏｒｉｇｉｎｏｆＨＤＦ．

（１）Withdecreasmgconcentration,theratiosofbothGDFandHDFintensitiestothe
Gpintensityincrease，asmentionedabove・Accordingly，itmaybesuggestedthatthe
process

Ｔ１Ｇ－･TfG､~､-.Ｔ１Ｈ－骸T1D，
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Fig.３ａｒｅａｓｆｂｌｌｏｗｓ：

（i）ThesamplesofthemixedcrystalsdopedwiththeguestconcentrationsoflO-3-

10-4mol/molmaybetakenasatleastthree-componentsystemconsistingoftheguest，
host,andtrap．

（ii）７;naxonHDF(bande)andthoseonGDFarenotverydifferentfromoneanother・

ＨＤＦａｎｄＧＤＦｓｅｅｍｔobesimilarinthermalbehavior．
（iii）HDFobservedatbandedecreaseswithincreasingguestconcentration・In

addition,theratiosofbothGDFandHDFintensitiestotheguest-phosphorescence(Gp）

、Ｇｕｅｓｔ

ｃｏｎｃｎ．

(ｍCl/Inol）

intensityat90Kdecreasewithincreasmgguestconcentration．

（iv）Judgingfromanempiricalrelation,6b)T1nax＝0.064E/k,where4Eistheenergy

separationbetweenthehostandguest(ortrap)tripletstates,andkBoltzmann，sconstant，
itmayfbuowthatthetraptriplet(ifitexists)ishigherthanthegueSttripl眺

3.3．ＣＯ"ＣＭ航ｇＲｅｍαγkｓｏ〃Ｈｂ風

InTablelarecollectedthevaluesof7HnaxonHDF,andthehost-traptripletseparations

４Ededucedfifom71mnaxthroughtheabove-mentionedempiricalrelation.6b）Thevalues

of71naxseemtobeinagreementwitheachotherwithintheexperimentalerror,andhence
soseemthecorrespondingvaluesof4EAsmentionedinsection3.2,itisfbundthat
thevaluesof4EestiｍａｔｅｄｏｎＨＤＦａｒｅｓｍａｌｌｅrbyabout80cm-1thanthecorrespoｎｄｉｎｇ

ｏｎｅｓｏｎＧＤＦｉｎＲｅｆ４・Ｔｈｅｄｉｉｆｅｒｅｎｃｅｂｅｔｗｅｅｎ４ＥｏｎＨＤＦａｎｄｔｈａｔｏｎＧＤＦ,however，

mayfanwithintheexperimentalerror．
’

＃

TABLE１．VALuEsoFTmaxANDAcTIvATIoNENERGＩＥｓｏＮ

ＨＤＦ(BANDe）

'１

犯
幻

１
１

４Ｅａ)/cm-1

FrOmTmaxc）Tmaｪ/Ｋｂ）

a）Thespectroscopicenergygapofhosttriplet-traptriplet

stateisunknownbecauseHphasnotbeendetecte｡、That

ofhosttriplet-guesttripletｓｔａｔｅｉｓｌ９４０ｃｍ－'･ＳｅｅＲｅｆ６ｂ．

b）Ｔｍa工isthetemperatureatwhichmaximumintensity

ofHDFoccurs．Ｃ）Calculatedfromanempiricalrelation，

Tmax＝0.064町k、ＳｅｅＲｅｆ６ｂ．

1.0×10-3

1.0×１０－４

判
帥

７
７
１
１
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wheresubscriptedlettersG,Ｈ,andDsignifyguest,host,andtrapmolecules,respectively，

andTiifGdenotesaguesttripletinhighervibrationalstate,givingrisetoHDF,anddecreas‐

ingGpmightbeoperativealthoughwehavedetectednotrap-phosphorescenＣｅ（Hp)．

InthecomparativelylowerguestconcentrationsoflO-3-10-4mol/ｍCl,thetrapcon‐
centrationbecomesrelativelyhigher・Ｉｎｓｕｃｈａｃａｓｅ，thefbllowingprocessmightalso

bepossible：ｔｈｅｐｍｃｅｓｓ

Ｔ１Ｄ一ヶｒｉＤ－>Ｔ１Ｈ－>Ｔ１ＤａｎｄＴ１Ｇ，

whereTiibdenotesatraptripletinhighervibrationalstate,contributingtotheproduction

ofHDFandGDF、Theprocess

T1G->TfG一歩T1H~→T1G，

leadingtotheguesttriplet-guesttripletallliihilation，ｍａｙａｌｓｏｐｌａｙａｎｉｍｐｏｒｔａｎｔｒｏｌｅ

ｍｐｒｏducingGDF・Theabove雪mentionedtwoprocesses，ｉ､ｅ､，theprocessesT1G--→

TfG~､~>Ｔ１Ｈ－>Ｔ１ＤａｎｄＴ１Ｇ，ａｎｄＴ１Ｄ－う吋D一・Ｔ１Ｈ－今Ｔ１ＤａｎｄＴ１Ｇ,ｓｅｅｍｔｏ

ｂｅｏｐｅｒａｔｉｖｅａｔｔｈｅｓａｍｅｔｉｍｅ．

（２）Asmentionedinsectionl,YeeandE1-Sayed7)reportedboththehost-andthe

guest-delayedfluorescencefromtheanthracenegUest-phenanthrenehostmixedcrystal

systemcharacterizedbyanaddedimpurity(guest)inlowconcentrationsandoflarge

triplettrapdepth・Incidentally，inthepreviousreports6）onthethermallyactivated

delayednuorescenceduetoheterogeneousannihilation,onlyGDFwasobserved・Follow‐

inginterpretationcanbegiventothisphenomenon・Owingtotherelativelyhighguest

Concentrationsusedinthepreviousexperiments,6）anysinglethostexcitationcreated

bytheannihilationprocesswouldhavebeenquenchede伍cienlybythesinglet-singlet

energytransfbrtotheguestsingletmanifbld，andhence，onlyGDFresulted・Above

interpretationmaybeappliedtoourmixedcrystalsystemwiththerelativelyhighguest

concentrations・Thatis,thefactthatHDFdecreaseswithincreasingguestconcentration

(Infact,HDFwasnotobservedfbrthemixedcrystalsdopedwiththehighguestcon‐

centrationoflO-2mol/ｍCl,asmentionedinsection32.)wouldbeinterpretedasdueto

thequenchingbythesinglet-singletenergytransfもrfromthetraptotheguest、

Theexperimentsmadeso血rarenotenoughtoelucidatethenatureandoriginofHDF・

Furtherdetailedexperiments,particularlyondecaybehaviorofHDF,arerequiredtoclarify

thisquestionfnlly．
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