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TheyieldsfortheproductionofH（D）atomsinthe reactions ofXe（6sl3／2］1）

Withsimplehydrocarbonsandtheirdeuteratedvariantsweredetermined．Xe（6sl3／2］1）

WaSPrOducedbytwo－PhotonlaserexcitationofXe（6pl1／2］0）followedbyconcomitant

amPli丘edspontaneousemission．H（D）atomsweredetectedusingavacuum－ultraviolet

laser－inducedfluorescence（LIF）teclmique．TheH（D）－atOmyieldswereevaluatedfrom

the LIFintensities and the overall rate constants fbr the quenching，Which were

determinedfromthetemporalpronIemeasurementsoftheresonancefluorescencefrom

Xe（6sl3／2］1）．H／Disotopee脆ctswereobservednotonlyintheoverallrateconstants，

butalsointheH（D）－atOmyields．TheyieldsforCH4，C2H4，andC2H2Weredetermined

tobeO．89，1．43，1．03，reSPeCtively，WhilethosefbrCD4，C2D4，andC2D2Werefoundtobe

Smaller；0．63，0．86，andO．79，reSPeCtively．TheHDyieldratioforCH2D2WaSl．76．

Thepresenceoftheisotopee脆ctsbothintherateconstantsandtheyieldssuggeststhat

electronic－tO－electronic energy transfbr processes and abstractive processes are

COmPetlng．



Ⅰ．INTRODtTCTION

Recently，WehavereportedthattheproductionyieldofDatomsinthereaction

ofN2（a，1∑u‾），thelowestsingletexcitedstateofN2，WithCH2D2COincideswiththatofH

atoms withinthe errorlimlt・1Thisisin contrasttothe generaltendency ofdirect

vacuum ultraviolet（VUV）photodissociation ofpartially deuterated hydrocafbons．2‾7

The H－atOm yields are muchlargerin direct photolysIS．For examPle，the H／D

PrOduction ratiointhe photodissociation ofCH2D2at121．6nm，Lyman－α，has been

reportedtobebetweenl・6and4・0・2－4　Theabsenceofanisotopee脆ctinthereactionof

N2（a’）hasbeenattributedtotheformationofboundHNNCHD2－andDNNCH2D－tyPe

intermediate complexes，Which decompose to H＋N2＋CHD2　and D＋N2＋CH2D，

respectively，Withunitprobabilities．TheelectronicenergyofN2（a，），815kJmol‾1，may

betoosmalltocausethedirectenergytransfbr．Lyman－αCOrreSPOndstotheenergyof

984kJmol‾1．sincetheelectronicenergyofXe（6sl3／2］1），814kJmol‾1，isverysimilar

tothatforN2（a’），itisinterestingtocheckforthepresenceorabsenceofisotopee飴ctsin

thereactionsofXe（6sl3／2］1）．

AlekseevandSetserhaveshownthattwo－PhotondrivenamPli丘edspontaneous

emission　from Xe（6pl1／2］0）provides an excellent time－reSOIved source fbr the

Xe（6sl3／2］1）resonancestate．8　Thistechniqueisbothsimpleandemcient．Thepresent

authOrhasalreadyemployedthistechniqueandfoundthatitisnotnecessarytofocusthe

laserbeamtOCauSethetwo－Photonprocess・9　AlekseevandSetserhavedeterminedthe

rateconstantsfbrthequenchingofXe（6sl3／2］1）byvariousmolecules．8　However，they

Paidlessattentiontotheidenti丘cationofthereactionproducts．Thedeterminationof

theH－atOmyieldsinthedeactivationofmetastableXe（6sl3／2］2）andXe（6S’［1／2］0）was

reportedbyBalamutaetal・，10whoproducedthesemetastablestatesbyelectricdischarges

anddetectedtheHatomsbyresonancefluorescence．Theydeterminedtheyieldsfor
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CH4andC2H6tObealmostunity，buttheyhavenotreportedontheHDisotopee脆ct．

Inthepresentwork，theyieldsfbrtheproductionofH（D）atomsinthereactions

OfXe（6sl3／2］1）Withsimplehydrocarbonsweredetermined，Paying specialattentionto

the H／Disotope e脆ct．The rate constantsfor the overall quenching were also

determined．

ⅠⅠ．EXPERIMENT

Theexperimentalapparatusandtheprocedureweresimilartothosedescribed

elsewhere．9　¶1efrequency－doubledoutputofadyelaser（LambdaPhysik，LPD3000E）

PumPedwithaQ－SWitchedNd：YAGlaser（Quanta－Ray，GCR－170）at249．6nmwasused

to two－Photon excite ground－State Xe tothe　6pl1／2］olevel．Xe（6sl3／2］1）can be

PrOducedselectivelyfromXe（6pl1／2］0）throughamplinedspontaneousemission（ASE）at

828．Onm．ThetypICalpulseenergywaslmJanditwasnotnecessarytofocusthelaser

beamtOCauSethetwo－PhotonexcitationandASE．

The production ofXe（6sl3／2］1）was connrmed by resonancefluorescence at

147．Onm．Theoverallrateconstantsfbrthequenchingofthisstatecanbedetermined

from the quencher pressure dependence of the temporal pronles of this vacuum

ultraviolet（VUV）emission．Asolar－blindphotomultipliertube（Hamamatsu，R6835）

WaSuSedtomonitortheVUVemission．AnMgF21ensandaninterfbrencenlter（Acton

Research，145－N）were usedto collimate andisolatethe resonancefluorescence．The

inside of the photomultiplier houslng WaS　flushed with dry nitrogen　flow．The

Photomultipliersignalwasprocessedwithadigitaloscilloscope（LeCroy，6051A）．

InthedetectionofH（D）atoms，aSeCOnddyelaserpumpedwithaNd：YAGlaser

（Quanta－Ray，GCR－170／PDL－3）was used．Ground－State H（D）atoms were excitedto

22p，StateSbyaVUVlaserpulseat121．6（121．5）nm，Iiyman－α．Thetypicaldelaytime
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betweenthepumpandprobelaserpulseswas3トLS．TheprocedurestoproduceLyman－α

radiationweresimilartothosedescribedelsewhere・11，12　Theoutputofthedyelaser

around729．6nmwasdoubledinfrequencybyaKDP（KH2PO4）Crystalandthentripled

byamixtureofKrandAr．Anautotracker（Inrad，AutotrackerIII）wasusedtoa4iustthe

angleofthecrystalwhenthewavelengthwasscanned．ThetypICalpressuresofKrand

Arwere13and53kPa，reSPeCtively，Whilethelaserpulseenergyatthedoubledstage

WaS3mJ．Thedoubledoutputaround364．8nmwasfocussedintothetriplingcell，15

cminlength，bya120mmfbca1－lengthlens．TheresultedVUVlightwascollimated

With an MgF21ens and entered the reaction vessel．Theinducedfluorescence was

detectedatanangleperpendiculartothelaserbeamWithasolar－blindphotomultiplier

tube（HamamatSu Photonics，R6835）through an MgF2　COllimatinglens and an

interferencenlter（ActonResearch，122－N）．Thephotomultipliersignalwasprocessed

With a boxcar averager一gatedintegrator system（Stanford Research Systems

SR240／SR250／SR280）andacomputer．

MeasurementsofthephotoabsorptlOnCOe鋭cientsatLyman－αWereneCeSSary，

insomecases，tOCOrreCttheLIFsignalintensities．Forthispurpose，aSmallvessel，15

cminlength，WithanMgF2Windowwasattachedtotheendofthereactionvesseland

nlledwith130PaofNO・TheNO＋ionsproducedbytheVUVlaserradiationwere

COllected by parallel electrodes and theion current was measured withthe boxcar

averager一gatedintegratorsystem．Allthemeasurementswerecarriedoutat293±3K．

H2（Takachiho，99．99995％），D2（SumitomoSeika，isotopicpurity99．5％），NO

（NihonSanso，99％），CH4（NihonSanso，99．999％），CD4（Isotec，isotopicpurity99％），

CH2D2（Isotec，isotopicpurity98％），C2H6（Takachiho，99．9％），C2H4（SumitomoSeika，

99．9％），He（Tbisan，99．995％），Ar（NihonSanso，99．999％），Kr（NihonSanso，99．995％），

andXe（Tbisan，99．995％）wereusedfromcylinderswithoutfurtherpuri丘cation．C2D4
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WaS the product ofICON StableIsotopes（isotopic purity99％）．C2H2（C2D2）was

synthesizedfromCaC2（KatayamaKagaku）andH20（D20）．13　D20wastheproductof

Aldrich（isotopicpurity99．9％）．

ⅠⅠⅠ．REStTIJ S

A．QuenchingofXe（6sl3／2］1）

The experimental conditions　for the decay pronIe measurements of the

fluorescencefromXe（6sl3／2］1）Werethesameasthosedescribedpreviously．9　TheXe

PreSSureWaS267Pawhilethetotalpressurewaskeptconstantat13．3kPabyaddingHe．

Thedecaypronleswereslngleexponentialundertheseconditions．TherecIPrOCaltime

COnStantfbrthe decaylnCreaSedlinearlywiththe quencherpressure．The resultsfor

C2H2andC2D2areShowninFig．1．Itispossibletoevaluatetherateconstantsforthe

quenchingofXe（6sl3／2］1）fromtheseslopes．TherateconstantsforH2，D2，CH4，C2H6，

andC2H4havebeenreportedinapreviouspublication・9Inthepresentwork，theauthor

CheckedthefbrmerreSultsandfoundthatthepreviousvaluesarecorrectexceptforD2．

AsforD2，thepreviousvaluewasfoundtobe17％smaller．ThecorrectvalueforD2is

listedinTableI，tOgetherwiththenewresultsforCH2D2，CD4，C2D4，C2H2，andC2D2．

Theerrorlimitsarethestandarddeviations．Literaturevaluesarealsoincluded．8，14，15

B．H（D）－atOmyields

Inthe H－atOm yield measurementsfor hydride species，thelaser－induced

fluorescence spectra　for H and D atoms were recorded fbr Xe／H2／D2／He and

Xenlydride／D2／He systems．TypicalLIFspectrafortheXe／H2／D2／He，Xe／C2H4／D2／He，

andXe／CH4／D2／HesystemsareshowninFig．2．ThepressuresofXe，H2，andD2Were

keptconstant，267，133，and133Pa，reSPeCtively．Thehydridepressurewaschosento
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SatisfykH2lH2］＝kRHlRH］，Where kH2and kjiZl are the overall rate constants fbr the

quenchingofXe（6sl3／2］1）byH2andthehydride，WhilelH2］andlRH］aretheirpressures．

Inthesesystems，theD－atOmSlgnalcanbeusedasanintemalstandardandtheratioof

theH／Dsignalratioscanbecorrelateddirectlytothequantumyieldfortheproductionof

Hatomsforthehydridemolecules，SincetheyieldfortheproductionofHatomsfromH2

canbeassumedtobetwo，aSforthereactionsoftriplet－StatemetaStableXeatoms・10

ThequenchingprocessesofH（22p，）andD（22p，）Werenottakenintoaccountalthoughthe

rateconstantforthequenchingofH（22p，）byH2hasbeenreportedtobelargeandthere

maybeanisotopee脆ctintherateconstants・16　Theunimportanceofthee銑ctofthe

quenchingofH（22p，）andD（22p，）wascheckedbychangingtheH2andD2PreSSureS．

Therewasnochangeinthesignalintensityratioswhenthepressureswerehalved．He

WaSaddedtoinducepressurebroadeningandconsequentlytoincreasetheslgnalintenslty．

The di凪ISionalloss ofH（D）atoms was minoreveninthe absence ofHe．Thiswas

COnnrmed bymeasuringthe H（D）－atOm Signalintensity as afunction ofpump－PrObe

delaytlme．TherewasnochangewhenthedelaytlmeWaSChangedbetween2and6トLS．

Nochangewas observedeither，lntheH／D ratlO，WhentheHepressurewas changed

betweenO．8and6．1kPa．NoH－atOmSlgnalswereobservedintheabsenceofhydride

molecules orin the absence of the pumplaser．　Thelatter shows that the

Photodissociationofthehydridespeciesbytheprobelaserisnegligible．Itshouldbe

notedthattheslgnalintensitiesfbrHandDatomscannotbecompareddirectlybecause

theVUVlaserintensltydependsonthewavelength．ThechangeintheVUVradiation

PrOducedbythetriplingbyKrcanbedeterminedbydetectlngtheproductHandDatoms

inal：1mixtureofH2andD2．Ascanbe seeninFig．2，therewasnochangeinthe

Slgnalintensities；theratiowasl．00土0．02，althoughtherateconstantforthequenching

by H2isl．37timeslargerthanthatby D2．Then，the VUVintensityat121．53nm，
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Lyman－α（D），muSthavebeen37％moreintensethanthatat121．57nm，Lyman－α（H）．

ThisvariationintheVUVintensitycanbereducedbya鴎ustingtheKr／Arpressures，but

theconversionemciencymaybecomelower・17

Similar measurements were carried out to determine the D－atOm yieldsfor

deuteridespecies．TheLIFspectraforHandDatomswererecordedforXe／H2／D2／He

andXe／H2／deuteride／He systems．Thedeuteridepressure，lRD］，WaSChosentosatisfy

転2［D2］＝転か［RD］．

Here，tWOCOrreCtionsarenecessary．The丘rstoneiscausedbythedi飴rence

intheabsorptioncoefncientsatLyman－α（H）andLyman－α（D）．Organicmoleculesmay

absofbLyman－αradiationtoreducetheLIFintensity．Whentheabsorptioncoefncient

dependsonthewavelength，aCOrreCtionisnecessary．TheabsorptlOnCOefncientswere

evaluatedfromthetransmittedVUVlaserintensitymeasuredbytheNO＋ioncurrent．

Theabsorptioncoe鋭cientsatLyman－α（H）andLyman－α（D）byC2H2Weredeterminedto

be2010and1600atm‾1cm‾1，reSPeCtively（1atm＝1．013×105pa）．Thepathlengthof

theLIFdetectionwas14cm，WhiletheC2H2PreSSureWaSl．4Pa．Then，thecorrection

factorshouldbel．08．Theabsorptioncoe鋭cientsatLyman－α（H）andLyman－α（D）by

C2H4Weredeterminedtobe810and750atm－1cm，reSPeCtively・Thecorresponding

COrreCtionfactorshouldbel．01inthepresenceofl．2PaofC2H4．Nocorrectionsare

necessaryforotherquenchers．Forexample，the absorptlOnCOe鋭cients by C2D4are

Similartothoseby C2H4，butthe di飴rencebetweenLyman－α（H）andLyman－α（D）is

onlylOatm－1cm－1・TheabsorptlOnCOe鋭cientsbyC2D2aremuChsmallerthanthoseby

C2H2；90andllOatm‾1cm‾1，reSPeCtively，atLyman－α（H）andIiyman－α（D）．Itshouldbe

notedthatIiyman－α（H，D）coincideswiththeabsorptionatthe4R”21。tranSitionofC2H2

butwithnoneofthetransitionsfbrC2D2．18

ThesecondcorrectionisrelatedtothequenchingofXe（6pl1／2］0）byH2andD2．
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NoquenchingofASEwasobservedunderthepresentexperimentalconditions，9butthis

doesnotnecessarilyexcludethepossiblequenchingofXe（6pl1／2］0）a氏erthetermination

Ofthelaserpulse．The radiativelifbtime ofXe（6pl1／2］0），26．8ns，islongerthanthe

laserpulseduration・19Inordertoestimatethiscontribution，thechangeinthepeak

intensityofthe147－nmemissionwasmeasured；itdecreasedby2．5％when133PaofH2

WaSintroduced．AswillbeshownintheAppendix，thisdecreaseleadstothecorrection

factorof1．07．When133PaofD2WaSintroduced，the147－nmemissionpeakintensity

decreasedbyl．5％．ThecorrectionfactorforD2－addedsystemsisl．06．

No other corrections are necessary．The reaction rates ofH atoms with

RH（RD），SuCh as C2H2and C2H．，are Slow enough．20，21Thetime constantforthe

reactionofHatomsinthepresenceofl．2PaofC2H4is3ms．Itispossibletoignorethe

PrOduction ofH atoms bythe photodissociation ofhydrocarbonsthrough resonance

radiationat147・Onm・TheabsorptioncoemcientofC2H4at147nmis400atm－1cm，

WhichisthelargestamOngthehydrocafbonsused．Itisdi鋭culttoestimatetheprobe

laserbeamdiameterbutthatmustbelessthanl cmandthe absofbanceofthe resonance

fluorescenceinthepresenceofl．2PaofC2H4ShouldbeO．005．Inthepresenceofl．2

Pa of C2H4and133　Pa of D2，58　％of Xe（6sl3／2］1）is quenched．Then，the

OVereStimationoftheproductionyieldisonlyO．002，Whichcancompletelybeignored．

TheproductionyieldsofH（D）atomsafterthecorrectionsarelistedinTableI．

TheyieldfbrC2H4islargerthanunity．ThissuggeststhatadecompositiontoC2H2＋2H

takesplace．IndirectphotolysIS，thepresenceofthischannelwasproposedasearlyas

inthe1960S・22，23　Morerecently，Linetal・eXaminedthephotolysisprocessesofC2H4

and C2D4at157nm，and concluded that this processis moreimportant than the

production of H2C＝CH＋H・7　Lin et al・also presented the energetics of the

decompositionprocesses．TheyshowedthattheproductionofHC≡CH＋H2，H2C＝C＋H2，
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H2C＝CH＋H，andHC≡CH＋2Hareallexothermicandpossible．Inaddition，theauthor

COnnrmedbydensityfunctionalcalculationsthattheproductionofH2C＝C（singlet）＋2His

29kJmo1－1exothermicandenergeticallypossibleinthepresentsystem，althoughitis

inaccessiblein the157－nm PhotolysIS．The computationalprocedure ofthe denslty

functionalcalculationsissimilartothatdescribedelsewhere．24

ⅠVDISCtTSSION

Kawasaki et al．examined the Xe（6pl1／2］0）／H2　SyStem by employing a

two－Photonexcitationtechniquesimilartothepresentoneandconcludedthatthemqor

PreCurSOrOfHatomsisXe（6pl1／2］0）ratherthanXe（6sl3／2］1），Whichisincontradictionto

thepresentscheme・25　However，aSWaSPOlntedoutbyAlekseevetal・，26Kawasakietal・

did not takeinto account the ASE processes，andthis should bethe cause ofthe

discrepancy．Kawasaki et al．foundthatthe slope ofthe Stem－V）lmer plotforthe

infrared（IR）emissionfrom Xe（6pl1／2］0）at828．0nm agrees withthat fbrthe VUV

emissionfromXe（6sl3／2］1）at147．0nmanddemonstratedthattheprecursorofHatoms

isXe（6pl1／2］0）basedonthisagreement．Thefollowingschememaybeassumedforthe

Xe／H2SyStem．

Ⅹe＋2hv　　　　　→Ⅹe＊＊，

Ⅹe＊＊　　　　　　　→Ⅹe＊＋hvつ

Ⅹe＊＊＋H2　　　　→Ⅹe＋2H

Xe＊　　　　　　　　→Ⅹe＋hv”

Ⅹe＊＋H2　　　　　→Ⅹe＋2H

ノ上

転

転

毎．

Here Xe＊＊and Xe＊represent Xe（6pl1／2］0）and Xe（6sl3／2］1），reSPeCtively．The rate
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COnStantS are rePreSented by kj．IfASE processes can beignored，the slopeforthe

Stem－V）lmerplotfortheintegratedIRemissionintensltyShouldbek2／kl，Whilethatfor

VUVshouldbe（k2hl＋k4／k3）．Thecoincidenceoftheslopessuggeststhatk2hl＞＞k4／k3

andthatcollisionalquenchingofXe（6sl3／2］1）isminorcomparedtotheradiativedecay．

However，ifwetakeintoaccounttheASEprocesses，the situationisdi飴rent．Since

Kawasakietal．observedtheIRemissionperpendiculartothelaserbeam，theymusthave

Observedthefluorescencea氏erthelaserpulseaswellasa氏erASEterminated．Insuch

acase，their Stem－V）lmeranalysisforIRemission should be reasonable．However，

Xe（6sl3／2］1）should be producedinstantaneously via ASE and the slow rise can be

lgnOred．Then，theslopeoftheStem－V）lmerplotforVUVshouldbek4／k3，ratherthan

（k2／kl＋k4／k3）．Inthiscase，thecoincidenceoftheslopesoftheStem－V）lmerplotsforIR

andVUVshouldbefortuitous．Thee飴ctiveradiativelifbtimeofXe（6sl3／2］1）underthe

COnditionsofKawasakietal．iscalculatedtobe3．8トLS，Whichisnotmuchdi飴rentfrom

thatobservedinthepresentsystem，3．5トLS，andseemstobereasonableinthepresenceof

radiationimprlSOnment．Itshouldbenotedthattherateconstantforthequenchingof

Xe（6pl1／2］0）determinedbyKawasakietal．isstillvalid．

The present results on the H／Disotope e脆cts，bothin rate constants and

quantumyields，Canbeexplainedbyassumlngthatnotonlyelectronicenergytransfbrbut

also abstractiveprocesses arepresent．ThbleIIsummarizesthe results．Theisotope

e銑ctsobservedintherateconstantsaresimilartothoseobservedinthequenchingof

N（22D）andN（22p）asisshowninTableIII．27‾30　N（22D）isknowntoinsertintotheC－H

bondsofalkanehydrocafbons，35whileadditionprocessesareexpectedtotakeplaceto

unsaturatedhydrocafbons・29　Theproblemisthattheisotope e飴ctobservedinthe

H（D）－atOmyieldsinmethanecannotbeexplainedbyaninsertionmechanism．Inorder

toexplainthe smallD－atOmyieldinthe CD4SyStembyaninsertionmechanism，ltis
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necessary to assume that D3C－Xe－D complexes decompose e鋭ciently to CD4＋Xe or

CD2＋D2＋Xe．Bothsoundunrealistic．Inthelattercase，DatomsmustmlgratemOre

rapidlythanHatoms．Besidesthis，Xe（6sl3／2］1）mustbetoolargetoinsertintoC－Hor

C－Dbonds．The sizeofXe（6sl3／2］1）mustbe similartothoseofground－State Csand

excited－StateKatoms．IthasbeendemonstratedthatNa（42p）caninsertintoH－Hbonds，

butK（52p）cannotbecauseofitslargesize．36，37Inthereactionswithunsaturatedspecies，

addition－tyPeCOmPlexessuchasH2C（－Xe）－CH2maybeproduced．D2C（－Xe）－CD2may

belonger－lived than H2C（－Xe）－CH2and collisionally relaxedto D2C＝CD2and Xe to

lowerthe D－atOm yield．However，nO He pressure dependence was observedinthe

H（D）－atOm yields between O．8and6．1kPa．The HDisotope e脆ctsinthe rate

COnStantSCanWellbeexplainedbyanabstractionmechanism，Whichmaytakeplacefor

all species examined．Theisotope e飴cts can be ascribed to the di飴rencein the

ZerO－POlnt energleS Ofthe C－H and C－D bonds．However，theisotope e飴ctsinthe

H（D）－atOmyieldscannotbeexplainedbyanabstractionmechanism．OnceXeHorXeD

moleculesareformed，theHorDatommustbeqectedeventually．Aswasmentioned

intheIntroduction，Stilllargerisotopee飴ctshavebeenobservedindirectphotolysisby

VUVradiation・2－7　Moleculareliminationismoreimportantindeuteratedspecies・3，4，7

Theisotope e銑ctsin yields observedinthe present work can be rationalizedif

electronically excited species are produced by energy transfbr and decomposes

SPOntaneOuSly．However，ln SuCh an electronic－tO－electronic energytransfer，nOlarge

isotope e脆cts are expectedinthe rate constants．In conclusion，theisotope e銑cts

Observedinthepresentsystemcannotbeexplainedbyaslnglemechanismandatleast

twoprocessesarecompetlng．

AsshowninTableIII，largeH／Disotopee脆cts，arOundoneorderofmagnitude，

wereobservedinthequenchingofO2（bl∑g’）andNH（bl∑＋）byStuhlandcoworkers．32‾34
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However，thesituationisdi脆rentinthesesystems．TheelectronicenergiesofO2（bl∑g’）

andNH（bl∑＋）are158and254kJmol‾1，reSPeCtively，Whicharemuchsmallerthanthe

electronic energleS Ofthelowest excitedlevels ofhydrocafbon species．One ofthe

POSSible explanations ofthelargeisotope e脆ctsis thatthe quenching proceeds via

electronic－tO－Vibrationalenergytransfbr・33Insuchacase，thequenchingrateconstant

may strongly depend onthe vibrationalfrequencies ofthe quenching molecules．Of

COurSethere remainsthe possibilityforchemicalquenching，SuCh asNH（b）＋C2H4→

NH2＋C2H3．

Finally，ThbleIVcomparesthe presentresultsforCH2D2Withthose fbrthe

reactionsofotherexcitedspeciesandthedirectphotolysIS．TheH／Dproductionyield

ratiosaresmallfbrN（22D）andN2（a，）andlargeforXe（6sl3／2］1）anddirectphotolysis．

These results are consistentwiththe above model，namelythatdirectenergytransfbr

PrOCeSSeSPlaysomeroleinthequenchingofXe（6sl3／2］1）．

VCONCLtTSIONS

The quenching processes ofXe（6sl3／2］1）by simple hydrocarbons and their

deuteratedisotopologueswere examined．Boththe rate constants andtheH（D）－atOm

yieldswerefoundtobelarge，andH／Disotopee銑ctswereobservedinboththeoverall

rateconstantsandtheyields．Theseresultssuggestthatnotonlyelectronic－tO－electronic

energytransfbrfbllowedbyspontaneousdecomposition，butalsoabstractiveprocessesto

PrOduceXeH（XeD）arepresent．
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APPENDIX

EvaluationofthecorrectionfactorforthedirectquenchingofXe（6p【1／2］0）

Inthe Xe／H2／D2SyStem，theproductionprocessesofHandDatomsmaybe

representedbythefollowlngSCheme：

Ⅹe＊＊ →Ⅹe＊＋hvつ

Ⅹe＊＊＋H2　　　　→Ⅹe＋2H

Xe＊　　　　　　　　→Ⅹe＋hv”

Ⅹe＊＋H2　　　　　→Ⅹe＋2H

Xe＊＊＋D2　　　　→Ⅹe＋2D

Xe＊＋D2　　　　　→Ⅹe＋2D

ノ上

転

転

転

転

転

Here，Xe＊＊and Xe＊standfor Xe（6pl1／2］0）and Xe（6sl3／2］1），reSPeCtively，While kl

representstheradiativedecayrateofXe（6pl1／2］0）includingthee飴ctofASE．Asfaras

thelossprocessesofHandDatomscanbeignored，theHDratioafteralongdelaymust

be：

［H］

ん2［H2］＋んヰ［H2］
んj＋んヰ［H2］＋ん6［D2］

［D］村D2］＋硯D2］
んj＋鶴［H2］＋ん6［D2］

IntheXe／RH／D2SyStem，Similarschememaybeconsidered：

Ⅹe＊＊ →Ⅹe＊＋hvつ

13
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Ⅹe＊ →Ⅹe＋hv”

Ⅹe＊＊＋D2　　　　→Ⅹe＋2D

Xe＊＋D2　　　　　→Ⅹe＋2D

Xe＊＋RH　　　　　→Ⅹe＋R＋H

→Otherproducts

甲ち［RH］
尼j＋鶴［D2］＋ち［RH］

2（ち［D2］＋鶴［D2］
尼j＋鶴［D2］＋ち［RH］

転

転

転

庫7，

（1－両ん7．

Here，q，lS the yield to produce H atomsfrom RH．The quenching process of

Xe（6pl1／2］0）by RH wasignored becausethe pressure waslow．In the present

measurements，lRH］waschosentosatisfyk4lH2］＝k7lRH］，WhilelD2］waskeptconstant

at133Pa．TheH2PreSSureWaSalso133Pa．Then，theratiooftheabovetwo［H］／lD］

ratios，R，Shouldberepresentedby

んj＋んヰ［H2］＋ん6［D2］［RH］

2（ん2＋んヰ

んj＋鶴［H2］＋鶴［D2］

Ifprocess2can belgnOred and k2＝0，the value ofR agrees with thatfor simple

expectation；

月′＝堕些型
2んヰ［H2］

14



Now，WeWOuldliketoevaluatethecorrectionfactor，RγR．

舟木

月′　上　方j＋鶴［H2］＋鶴［D2］

月　　　　　　舟木

んj＋鶴［H2］＋鶴［D2］

Therateconstantsk3，k4，andk6havebeendeterminedtobe2．9×105S－1，7．4×10－12

cm3S－1，and5・4×10－12cm3S－1，reSPeCtively，bythepresentauthor・Kawasakietal・have

determinedthevalueofk2tObel・0×10－9cm3S－1・Thepeakheightofthe147－nm

emission decreased by2．5％bythe addition of133Pa ofH2．This means that

k2lH2］＝0．025klandthatkl＝1．3×109S‾1．Whenwesubstitutethesevalues，WeObtainthe

COrreCtion factor，RγR，Ofl．07．Similar correction factors can be obtainedin the

deuteratedsystems．
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TABLEI．R加econstantsfbrthequenchingofXe（6sl3／2］1）inunitsoflO‾11cm3S‾1and

theH（D）－atOmyields．

Reactant Rateconstant

Presentwork Literaturevalues

H（D）－atOmyield

0．74土0．01　　　0．86a

O．54土0．01　　　0．47a

34．3土1．1　　　33b

22．3土0．3

64．5土2．7　　　　61C

79．9土1．9

71．0土2．0

70．4土1．8　　　　75b

57．1土1．0

27．3土0．9

2d

2d

O．89土0．07

0．63土0．06

0．83土0．08

1．43土0．13

0．86土0．09

1．03土0．10

0．79土0．07

1．76土0．15（H／Dratio）

aKanaev．

bAlekseev．
8

CAlekseev．

dTheyieldforH2（D2）wasassumedtobe2．
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TABLEII．Ratios of the rate constants　forthe quenching of Xe（6sl3／2］1）by

hydrocarbons tothose offully deuteratedisotopologues andthe ratios ofH（D）－atOm

yields．

Reactant Rateconstant H（D）－atOmyield

Methane

Ethene

E也yne

1．54土0．07

1．13土0．06

1．23土0．05

1．41土0．25

1．66土0．32

1．30土0．24

20



TABLEIII．Ratiosofthequenchingrate constantsbyhydrocarbonstothose offully

deuteratedisotopologuesatroomtemperature．

Reactant Xe（6sl3／2］1）a N（2D）N（2p）N2（a，）f N2（A）g NO（A）hNH（b）102（b）

Methane l．54

Ethene l．13

E也yne l．23

1．7b l．5C l．1

1．8C

l．2d l．1d

l．1e l．1e

5．8　　1．4」

1．0　　1．1　10．8　　3．1k

l．0　　1．0　　　4．6　　5．5k

aPresentwork．

bUmemoto27．

CThkayagnagl・

ds加029．

e「hkayanagl・

fUmemotol．

gUmemoto31．

hUmemoto13．

1zetzsch32．

」Kohse－H6inghaus33・

kstuh134．

21



TABLEIV HDproductionyieldratiosforCH2D2．

Reactant Xe（6sl3／2］1）a N（2D）b N2（a，）C o（1D）dIiyman－αPhotolysis

1．76

aPresentwork．

bUmemoto35．

CUmemotol．

ds叫apa138．

eHeck2．

fw肌g3・

gw肌g4・
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FigureCaptions

FIGl．Reciprocal time constantsfor the decay of the resonancefluorescence of

Xe（6sl3／2］1）at147．OnminXe／C2H2／He（opencircles）andXe／C2D2／He（closedcircles）

SyStemSaSafunctionofethynepressure．TheXepressurewas267Pa，Whilethetotal

PreSSureWaS13．3kPa．

FIG　2．Vacuum－ultravioletlaser－induced　fluorescence spectra of H and D atoms

measuredinthe（a）Xe／H2／D2／He，（b）Xe／C2H4／D2／He，and（C）Xe／CIi4／D2／He systems．

Thepump－PrObedelaywas3トLS．ThepartialpressuresofXe，H2，D2，C2H4，CH4，and

He were267，133，133，1．2，2．9，and800Pa，reSPeCtively．The verticalscales were

a鴎ustedtoglVethesameintegratedintensitiesfortheD－atOmSlgnals．

FIG　3．Vacuum－ultravioletlaser－induced　fluorescence spectra of H and D atoms

measuredintheXe／CH2D2／Hesystem．Thepump－PrObedelaywas3トLS．Thepartial

PreSSureSOfXe，CH2D2，andHewere266，6．7，and800Pa，reSPeCtively．
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