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TheproductionyieldsofH（D）atomsinthereactionsofN2（A3∑。’）withC2H2，

C2H．，andtheirdeuteratedvariants were determined．N2（A3∑。’）was producedby

excitationtransfbrbetween Xe（6sl3／2］1）and ground－State N2followed by collisional

relaxation．Xe（6sl3／2］1）wasproducedbytwo－PhotonlaserexcitationofXe（6pl1／2］0）

fbllowedbyconcomitantampli丘ed spontaneousemission．H（D）atomswere detected

by using vacuum－ultravioletlaser－inducedfluorescence（LIF）．The H（D）－atOmyields

WereeValuatedfromtheLIFintensitiesandtheoverallrateconstantsforthequenching

Which were determinedfromthe temporalpronles ofthe NO tracer emission．The

absolute yields were evaluated by assumingthat the yieldfor NH3（ND3）is O．9．

AlthoughnoH／Disotopee飴ctswereobservedintheoverallrateconstants，therewere

isotope e飴ctsintheH（D）－atOmyields．TheH－atOmyieldsforC2H2and C2H4Were

O．52andO．30，reSPeCtively，WhiletheD－atOmyieldsfbrC2D2andC2D4WereO．33and

O．13，reSPeCtively．The presence ofisotope e脆ctsin yields suggests that H2（D2）

moleculareliminationprocesses arecompetlng andthatmoleculareliminationismore

dominantindeuteratedspeciesthaninhydrides．



Ⅰ．INTRODtTCTION

Thelowesttriplet－State mOlecularnitrogen，N2（A3∑。’），is one ofthe most

importantspeciesinactivenitrogenandplaysimportantrolesinplasmachemistry・1，2

Sincethe electronicenergyofN2（A），601kJmol‾1，islarge enoughtobreakmany

Chemicalbonds，ithasbeenproposedthatradicalspeciesareproducedinthereactionsof

N2（A）withunsaturatedhydrocafbons．3，4　However，nOquantitativedataareavailable，

althoughMeyeretal・havereportedthattheH－atOmyieldinthequenchingofN2（A）by

C2H4isratherlow，fromtheirnnalproductanalysisresults・5　Theoverallrateconstants

fbrthedeactivationofN2（A）havebeenreportedbymanyinvestigators．1Ithasbeen

Shown thatthe rate constants arelarge fbr unsaturated hydrocafbons，but smallfor

Saturatedhydrocarbonsandsomeclosed－Shellinorganicmolecules，SuChasH2andN2．

Thisisincontrasttothelowestexcitedsinglet－StatemOlecularnitrogen，N2（a，1∑。‾）．

EfncientproductionofHatomshasbeenconnrmedinthereactionsofN2（a’）withH2，

CH4，andH20．6－8

N2（A3∑。’）isoftenproducedbytheenergytransfbrfromAr（4S3p。，2）toN2in

discharge－flowsystems・1，5，9－12Inthistechnique，theproductionofatomicnitrogenis

minorandthisprocedurehasbeenregardedasacleansourceofN2（A）．However，the

electronicenergyofAr（4S3p。，2）ishigherthanthoseofsomemetastabletriplet－StateSOf

molecularnitrogen，SuChasB，3Eu－andW3△u，13andtheproductionofthesespeciesmay

notbeignored．Insomecases，metaStableXeatoms，SuChasXe（6sl3／2］2）andXe（6S’

［1／2］。），areuSedinsteadofAr（4S3p。，2）．14‾17　TheenergylevelsofXe（6sl3／2］2）and

Xe（6S’［1／2］0）arelowerthanthedissociationlimitofN2，butstillhigherthanthoseof

N2（B’）andN2（W）．Whentheseexcitedraregasatomsareproducedinglowdischarges，

thetotalpressuremustbelow，intheorderoflOOPa．Undersuchconditions，highly
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excitedmetastablemolecularnitrogen，SuChasN2（B’）andN2（W），maynOtbedeactivated

COmPletely．Theincomplete quenchingofthesehighlyexcitedspeciesmayleadto a

largeerrorinyieldmeasurementswhenthequantumyieldfbrthereactionofN2（A）is

Small．Fraserand Piperhave triedto determinethe O－atOmyieldinthe reaction of

N2（A）withO2byusingadischarge－flowapparatusandfoundthattheapparentyieldis

6・6・12　Thisunreasonablyhighyieldsuggeststhecontributionofexcitedspeciesother

thanN2（A）undertheirlow－PreSSureCOnditions．

N2（A）canbeproducedunderhigh－PreSSureCOnditionsbythe energytransfbr

fromlaser－eXCited Xe atoms．Recently，the present author has succeededin the

productionofequilibratedN2（B3ng）andN2（W3△。）bytheenergytransfbrfromXe（6s

l3／2］1）．18　xe（6sl3／2］1）wasproducedbytwo－PhotonlaserexcitationofXe（6pl1／2］。）

followed by concomitant amplined spontaneous emission．　This teclmique was

originatedbyAlekseevandSetser．19，20　N2（A）Canalsobeproducedjustbyincreasing

theN2PreSSure．ThepresentauthorhasalreadyconnrmedtheproductionofN2（A）in

thissystembyobservingtheemissionfromNO（A2∑＋）producedbyenergytransfbr．18

TherateconstantforthequenchingofXe（6sl3／2］1）andthatofequilibratedN2（B）and

N2（W）byN2havebeendeterminedtobel．4×10‾11and2．9×10‾12cm3S‾1，reSPeCtively．18

Inthepresenceof13．3kPaofN2，Xe（6sl3／2］1）isquenchedwithinO．02トLS，WhileN2（B）

andN2（W）are removed within O．1トLS，and excited species otherthanN2（A）may be

removedinthepresenceofasufncientamountofN2Withinashorttime．Itshouldbe

rememberedthatthequenchingofN2（A）byN2itselfisextremelyine鋭cient．1Inthe

PreSent WOrk，this energy transfbr techniquefrom Xe（6sl3／2］1）was employed to

determinethe quantum yields fbrthe production ofH（D）atomsinthe quenching of

N2（A）byunsaturatedhydrocafbonsandtheirdeuteratedvariants．
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ⅠⅠ．EXPERIMENT

Theexperimentalapparatusandtheprocedureweresimilartothosedescribed

elsewhere．18，21The　frequency－doubled output of a dyelaser（Lambda Physik，

LPD3000E or Quanta－Ray，PDL－3）pumped with a Q－SWitched Nd：YAGlaser

（Quanta－Ray，GCR－1700r PR0－190）at249．6nm was used to two－Photon excite

ground－StateXetothe6pl1／2］olevel．Xe（6sl3／2］1）canbeproducedselectivelyfrom

Xe（6pl1／2］0）throughamPli丘edspontaneousemission（ASE）at828．Onm．ThetyPical

Pulse energywaslmJanditwasnotnecessarytofocusthelaserbeamtOCauSethe

two－PhotonexcitationandASE．

TheproductionofN2（A3∑。’）wasconnrmedbyobservingthetraceremissionof

NOaround236nm，the（0，1）bandoftheA2∑＋－X2nsystem．Thisγ－SyStememission

WaSmOnitoredatanangleperpendiculartothelaserbeamwithaphotomultipliertube

（HamamatSu Photonics，R212UH）through amonochromator（JASCO，CT25C）．The

Photomultiplier signal was processed with a digital oscilloscope（LeCroy，6051A）．

Fromthequencherpressuredependenceofthedecaypronles，ltispossibletoevaluate

therateconstantsforthequenching．DetectionofN2（A）byacavityringdowntechnique

around619nm，the（4，0）bandoftheB3ng－A3∑Jsystem，WaSalsotried，butthiswas

Obscuredbythethermallense飴ctbythepumplaserpulse．

InthedetectionofH（D）atoms，aSeCOnddyelaserpumpedwithaNd：YAGlaser

（Quanta－Ray，GCR－170／PDL－3）wasused．Ground－StateH（D）atomswereexcitedto2p

2p，StateSbyvacuum－ultraviolet（vuv）laserpulsesat121．6（121．5）nm，Lyman－α．The

typICaldelaytlmebetweenthepumpandprobelaserpulseswaslOトLS．Theprocedures

toproduceLyman－αradiationweresimilartothosedescribedelsewhere・21，22　Theoutput

Ofthedyelaseraround729．6nmwasdoubledinfrequencybyaKH2PO4CryStalandthen

tripledbyamixtureofKrandAr．Anautotracker（Inrad，AutotrackerIII）wasusedto
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a鴎usttheangleofthecrystalwhenthewavelengthwasscanned．ThetypICalpressures

OfKrandArwere13and40kPa，reSPeCtively，Whilethelaserpulseenergyatthedoubled

StageWaS3mJ．Thedoubledoutputaround364．8nmwasfbcusedintothetriplingcell，

15cminlength，bya120mmfoca1－lengthlens．Theresultingvuvlightwascollimated

Witha100－mmfocallengthMgF2lens（Oken）andenteredthereactionvesselmadeof

Stainlesssteel．Theinducedfluorescencewasdetectedatanangleperpendiculartothe

laser beamWith a solar－blind photomultiplier tube（Hamamatsu Photonics，R6835）

through anMgF2COllimatinglens and aninterference nlter（ActonResearch，122－N）．

Theinside ofthe photomultiplierhouslng WaSflushed with dry nitrogenflow．The

Photomultipliersignalwasprocessedwithagatedboxcaraverager（StanfbrdResearch

Systems，SR240／SR250／SR280）and a computer．　The two－Photonlaser－induced

fluorescencetechniques，bothat243nmtoexcitetoH（2S2S）andat205nmtoexciteto

H（3S2S，3d2D）employedinpreviousstudies，22，23CannotbeusedinthepresenceofNH3

becauseofefncienttwo－Photondecomposition．

MeasurementsofthephotoabsorptlOnCOe鋭cientsatLyman－αWereneCeSSary，

in some cases，tO COrreCtthe LIF signalintensities．Forthispurpose，aSmallvessel

nIledwith130PaofNOwas attachedtothe endofthe reactionvesselto determinethe

transmittance ofthevuV radiation・21，22　The NO＋ions produced bythe vuvlaser

radiationwerecollectedbyparallelelectrodesandtheioncurrentwasmeasuredwiththe

gatedboxcaraverager．Allthemeasurementswerecarriedoutat293±3K．

N2（Tbisan orJapan Air Gases，99．999％），NH3（Thkachiho，99．999％），NO

（NihonSanso，99％），C2Ii4（SumitomoSeika，99．9％），He（JapanAirGases，99．999％），Ar

（NihonSansoorJapanAirGases，99．999％），Kr（NihonSanso，99．995％），andXe（Tbisan，

99．995％）were usedfrom cylinders withoutfurtherpurincation．C2D4WaS Obtained

fromICONStableIsotopes（isotopicpurity99％）．ND3（Aldrich，isotopicpurity99％）
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WaS SeParated　fromits D20　solution．C2H2（C2D2）was synthesized　from CaC2

（KatayamaKagaku）andH20（D20）．D20was obtainedfromAldrich（isotopicpurity

99．9％）．ND3，C2H2，and C2D2Were Puri丘ed by repeatedtrap－tO－traP distillations by

uslngaPPrOPnateSlushbaths．InordertoavoidHDexchange，thevacuumsystemwas

exposedtoD20vaporformorethanoneweekbeforetheintroductionofND3．

ⅠⅠⅠ．REStTIJ S

A．OverallrateconstantsforthequenchingofN2（A）

The overallrate constantsforthe quenching ofN2（A）canbe determinedby

measunng the quencherpressure dependence ofthe decay pronles ofthe NO tracer

emission．The emission decayed exponentially a氏era shortrise，andthe decay rate

increasedlinearly with theincreasein the quencher pressure．Figurel showsthe

reciprocaltimeconstantsfbrthedecayoftheNO（A－X）emissioninXe／N2／NO／C2H2and

Xe／N2／NO／C2H4SyStemSaSafunctionofC2H20rC2H4PreSSure．ThepressuresofXe，

N2，andNO，meaSuredwithcapacitancemanometers，Were267Pa，2．67kPa，andl．3Pa，

respectively，WhilethequencherpressureswerechangedbetweenO．Oand3．2Pa．Under

SuChconditions，thetimeconstantforthedecaywasontheorderoflOトLS．Thisslow

decaymustcorrespondtothequenchingprocessesofN2（A）becausetheproductionof

Xe（6sl3／2］1）aswellasN2（A）mustbemuchfaster．TheradiativedecayofNO（A）is

also fast・13　The slopesoftheplots showninFig・1correspondtothe overallrate

COnStantSforthequenchingofN2（A）．Similarresultswereobtainedforotherquenchers

andthe results are summarizedinThbleI，tOgetherwiththe results reportedbyother

investlgatOrS．The agreementis fair，eXCePtforthatofNH3rePOrtedby Callearand

Wood．26

B．QuantumyieldsfortheproductionH（D）atoms
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TheabsolutequantumyieldsfbrtheproductionofHatomsinthequenchingof

N2（A）byunsaturatedhydrocarbonscanbedeterminedbycomparingthelaser－induced

fluorescenceintensitiesofHatoms，SincetheabsoluteH－atOmyieldforNH3hasbeen

reportedtobenearunlty・10，11Theproblemisthatunsaturatedhydrocafbonsaswellas

NH3absorbthevuvradiationaroundLyman－αtO reducethe LIF signalintenslty．In

Order to avoid this problem，the HD slgnal ratioin　the Xe／NH3／C2D2／N2　and

Xe／unsaturatedhydrocafbon／C2D2／N2SyStemSWeremeaSured．Inthiscase，theD－atOm

SlgnalfromC2D2Canbeusedasastandard．Figure2showsthetypICalLIF spectra．

ThepartialpressuresofXe，NH3，C2D2，C2H2，C2H4，andN2Were667Pa，1．3Pa，1．3Pa，

1．3Pa，1．3Pa，and13．3kPa，reSPeCtively．TherewerenosystematicchangesintheH／D

SlgnalratioswhentheN2PreSSureWaSChangedbetween6．67and26．7kPa，13．3kPaof

Hewasadded，theC2D2andC2H2PreSSureSWeredoubled，OrWhenthepump－PrObedelay

timewasincreasedfromlOto20トLS．Theseratiosdidnotshowanysystematicchanges

When thelaserintensities were reduced to halfthe slgnalintensities，either．No

H（D）－atOm Signals were observedinthe absence ofthe pumplaser showingthatthe

Photodissociationbytheprobelaserisunimportant．AsfbrC2H2andC2H4，COrreCtions

arenecessaryforthedi飴renceintheabsorptlOnCOe鋭cientsattheabsorptlOnPeaksbyH

andD atoms，butthe correctionfactors are small．ThispolntWillbediscussedlater．

Theoverallreactionschemecanberepresentedasfollows：

Ⅹe＊

Ⅹe＊＋N2

N2＊＋RH

N2＊＋RH

N2＊＋C2D2

N2＊＋C2D2

→Ⅹe＋hv

→Ⅹe＋N2＊

→N2＋R＋H

→Otherproducts

→N2＋C2D＋D

→Otherproducts

（んノ），

（毎），

（α毎），

（（1－両毎），

（凪），

（（1－月毎），
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H＋hvつ　　　　　　　→H＊

H＊　　　　　　　　　→H＋hvつ

H＊＋N2　　　　　→H＋N2

D＋hv”　　　　　　→D＊

D＊　　　　　　　　　→D＋hv”

D＊＋N2　　　　　→D＋N2

（左），

（ら），

（毎），

（左），

（ち），

（毎）．

Here，Xe＊standsforXe（6sl3／2］1）andN2＊representsN2（A3∑。’）．H＊andD＊represent

H（2p2p，）andD（2p2p，），reSPeCtively．RHstandsfbrC2H2，C2H．，OrNH3．Therate

COnStantSarerePreSentedbykj，WhiletheintensitiesofthevuvlaserpulsesareglVenby

LlandlD．Itis assumed that the production ofXe＊isinstantaneous and thatthe

quenchingprocessesofXe（6pl1／2］0）byRHandC2D2areminor．Thenaturalradiative

lifbtimeofXe（6pl1／2］。）is26．8ns．36　UndertheconditionsthatASEtakesplace，the

e銑ctivelifbtimemustbemuchshorterthanthis．ThepressuresofRHandC2D2aretOO

lowtocontributetoquenching．ThequenchingbyN2maynOtbecompletelylgnOred，

butifsomehighlyexcitedstates ofN2arePrOduced，theymustbe relaxedrapidlyby

COllisionswithN2．ThedirectquenchingofXe＊byRHandC2D2muStalsobeminor

SincetheN2PreSSureisfourorders ofmagnitude higher．The rate constantsforthe

quenchingofXe＊byC2H2，C2D2，andC2H4arelargerthanthatbyN2，butthedi脆rence

lSJuSttWOOrdersofmagnitude・18，21TherateconstantforthequenchingofXe＊byNH3

wasmeasuredinthepresentstudytobe（7．33±0．22）×10‾10cm3S‾1，Whichisalittleless

thanthatfbrC2H．，（7．99±0．19）×10‾10cm3S‾1．18　ItisalsoassumedthatN2（A）is

PrOduceddirectlyfromXe＊andN2．ThisisnotstrictlytrueSincetheauthorhasalready

shownthatN2（B）isoneofthemainproducts．18　However，inthepresenceofanexcess

amountofN2，itispossibletoassumethatthecollisionalrelaxationoftheprecursorstates，

likeN2（B），isfastandthatquenchingoftheprecursorstatesbyRHandC2D2isminor．
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Forexample，inthepresenceof13．3kPaofN2，thepseudo一首rst－Orderrateconstantfor

thedecayofN2（B，V＝0）is9．6×106S‾1，Whilethatbyl．3PaofC2H．isjust6．1×104S‾1．

ThequenchingofH＊（D＊）byRHandC2D2arenOttakenintoaccountforthesamereaSOn．

Finally，the energypooling betweentwoN2＊molecules andthe production ofhighly

excitedspeciescanbeignoredunderthepresentconditions．Thetransmittanceofthe

249．6－nmradiationwasmeasuredbyuslngalongabsorptlOnVeSSel，100cminlength．

WhentheXepressurewasl．33kPa，thetransmittancewas91％．NoabsorptlOnWaS

ObservedwhenthewavelengthofthelaserwasofflresonantorwhenN2WaSintroduced

insteadofXe・ThepulseenergywaslmJ，WhichcorrespondstolxlO15photons／pulse・

Thebeamradiuswas3mm．ThiscorrespondstotheexcitedXe－atOmdensltyOf2×

1012cm－3・Underthepresentexperimentalconditions，at667Pa，thatshouldbelxlO12

cm－3・ThisisthemaximumdensltyOfN2＊・Therateconstantfortheenergypooling

3－117　Then，thetimeconstantforthedecay

betweentwoN2＊moleculesis3×10－10cms．

OfN2＊by energypooling mustbelongerthan3ms，Whichis muchlongerthanthe

PreSenttimescale．

Whentheabovereactionschemeisassumed，theH（D）－atOmdensitiesshouldbe

glVenby：

［H］＝

［D］＝

αん3［M］

ん3［M］＋ん4［C2D2］

匹4［C2D2］

ん3［M］＋ん4［C2D2］

匹2＊］。［1－eXp〔（ち［M］＋転［C2D2］）弓1

匹2＊］。［1－eXp〔（ち［M］＋転［C2D2］）翔

Here，［N2＊］oisthedensityofN2＊justa氏ertheproduction．TheratiooftheLIFsignal

fbrH，Szl，tOthatforD，SD，Shouldbetimeindependentandgivenby：

∫ガ　左αち［M］（んr＋ん6［N2］）

ぶ，左β昨4［C2D2］（んr＋ん5［N2］）
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Sincethe LIF signalintenslty Shouldbeproportionaltotheproductoftheprobelaser

intensity，theH（D）－atOmdensity，andtheyieldoffluorescence．FromtherelativeLIF

intensitymeasurements，itispossibletodeterminetherelativevaluesofak3．Thevalues

Ofk3WeredeterminedfromthetemporalpronlemeasurementsoftheN2＊densityinthe

PreSentWOrk．SincetheabsoluteyieldfortheproductionofHatomsfromNH3hasbeen

reportedtobeO・9，10，11itispossibletoscaletherelativevaluesofαintotheabsoluteones・

TheresultsaresummarizedinThbleII．

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

unsaturateddeuteratedcafbons，SuChasC2D4．Inthiscase，ND3WaSuSedasastandard

and the HD slgnal ratios were measuredin Xe／ND3／C2H2／N2and Xe／unsaturated

deuterated cafbon／C2H2／N2SyStemS．The results are also summarizedin ThbleII．

AlthoughnoH－atOmSlgnalswereobservedintheXe／C2D2／N2andXe／C2D4／N2SyStemS，

Smallslgnals ofHatomswereobservedinthe Xe／ND3／N2SyStem．Thiscontribution

WaSrOutinelycorrectedinthedataanalysIS．

Correctionsforthedi銑renceintheabsorptlOnCOe鋭cientsatLyman－αforH

atomsandthoseforDatomsarenecessaryforC2H2andC2H4・21Thedi脆renceinthe

absorptlOnCOefncientswasdeterminedbymeasunngthetransmittedvuvlaserintenslty．

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

be2010and1600atm‾1cm‾1，reSPeCtively（1atm＝101．3kPa）．Thepathlengthofthe

LIFdetectionwas14cm，Whilethe C2H2PreSSureWaSl．3Pa．Then，the correction

factorshouldbel．07．Theabsorptioncoe鋭cientsatLyman－α（H）andLyman－α（D）by

C2H4Weredeterminedtobe810and750atm－1cm，reSPeCtively・Thecorrectionfactor

isl．01atl．3Pa．Nocorrectionsarenecessaryforotherquenchers．ForexamPle，the

absorptlOn COefncients by C2D2are muCh smaller than those by C2H2；90andllO

atm‾1cm‾1，reSPeCtively，atIiyman－α（H）andIiyman－α（D）．
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InordertoconnrmthattheprecursorofH（D）atomsinthepresentsystemsis

N2（A），nOtXe（6sl3／2］1）orN2（B），thegrowthcurveSOftheH（D）－atOmdensitieswere

recorded．Figure　3　shows the resultin the Xe／C2D2／N2SyStem．The solidline

representstheexperimentalresult，WhilethedashedlinerepresentsthecalculatedpronIe

basedontherateconstantlistedinThbleI，undertheassumptlOnthattheonlyprecursor

OfDatomsisN2（A）．Asimilarresultwasobtainedinthe Xe／C2H2／N2SyStem．The

agreementbetweenthe experimentaland calculated results suggests notonlythatthe

PreCurSOrOfH（D）atomsisN2（A）butalsothatthedi凪ISionallossofH（D）atomsisminor

underthepresentconditions．

ⅠVDISCtTSSION

Meyer et al．have reported that the only condensable丘nal productin the

reaction ofN2（A）with C2H．is C2H2．5　They have suggested that the molecular

elimination，N2（A）＋C2H4→N2＋C2H2＋H2，isthe only m毎Or process．Their

COnClusionisnotinquantitativeagreementwiththepresentresultthattheH－atOmyieldis

O．30±0．05．TheproductionofradicalspeciesinthepulsedradiolysISOfamixtureofN2

andC2H4hasbeenconnrmedbyUmemotoetal・37　Undertheirconditions，theN2

pressurewasashighas93kPaandexcitedspeciesotherthanN2（A），SuChasN（2p32D）

andN2（a，1∑。‾），muSthavebeenquenchedrapidlybyN2．6，38　similarradicalproduction

wasalsocon丘rmedforC2H2・37　Theimportanceofmoleculareliminationprocessesfor

C2H4Willbediscussedlater．

Thereisnodoubtthat7telectronsofethyneandetheneplaylmPOrtantrOlesin

thequenchingofN2（A）sincetherateconstantfbrthequenchingbyethaneisextremely

small．1IfN2（A）canabstractHatomsfromC2H20rC2H．，Similarprocessesmaytake

Place fbr C2H6．Thelack ofthe H／Disotope e銑ctinthe quenching rate constants
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SuPPOrtStheenergytransfbrmechanismtoproducetriplet－StateSPeCies．Thetriplet－State

moleculesthus producedmustdecompose to dectH（D）atoms．These situations are

di脆rentfromthequenchingprocessesofN2（a’1∑。‾）andN（2p32D）bymethane．Inthe

formerN2（a’）system，intermediate complexes areformedandH（D）atoms are dected

fromthecomplexes．6Inthelattersystem，N（2p32D）insertsintotheC－H（C－D）bondsto

dectH（D）atoms．TheproductionofNH（ND）hasalsobeenconnrmed．23

In order to make clear the energetics，densltyfunctional calculations were

carriedout・Thecomputationalprocedurewassimilartothatdescribedelsewhere・39　A

GaussianO3program was used andthe geometry optlmization was carried out atthe

B3IXP／6－31G（d）levelwhile the potentialenergies and the zero point energies were

evaluatedatthe B3IXP／6－31＋G（d，P）leveloftheory．40　The di銑rencesbetweenthe

OPtlmizedenergleSOfthevibrationalgroundstatesofthelowestslngletstatesandthose

Ofthelowesttripletstateswerecalculatedasfollows：

N2　　　　　　668．7kJmorl，

NH3（ND3）　　500．9（511．4）kJmorl，

C2H2（C2D2）　344．8（344．9）kJmorl，

C2H．（C2D．）　251．3（253．9）kJmol‾1．

1ねIuesinparenthesesarethosefordeuteratedspecies．Thepresentcalculatedresultfor

N2isnotinquantitativeagreementwiththeexperimentalvalue．Thecalculatedvalueis

12％higherthantheexperimentalone，595・2kJmo1－1・13　However，theabovevalues

maybeusedfbrseml－quantitativediscussion，andtheyclearlyshowthattheformationof

tripletstatesispossible fbrallquenchersexamined．ThisistrueWhenthefollowlng

VerticalexcitationenergleSareCOnSidered：

NH3　　617．6kJmorl，

C2H2　531．9kJmorl，
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C2H4　411．7kJmo1－1．

Inthe case ofNH3，the electronic energy ofthe triplet stateislargerthanthe bond

dissociationenergyofH－NH2，434・5kJmo1－1，andthisshouldbetheonlymqorexit

channel，althoughtheproductionofNH（X3∑‾）andH2isalsoexothermic．Manzetal．

havedemonstratedthatthelowesttripletstateofNH3，言3A〝2，COrrelatestoNH（X）＋H2

andthischannelisenergeticallymorefavorablethantheNH2＋Hchannel，41butthismay

notbethecasejudgingfromtheexperimentallyobtainedhighyieldsofHatoms．10，11

The H／Disotope e脆cts observedin yields cannot be explained by the

di脆renceinstatedensities．AsforC2H2andC2H4，theelectronicenergiesofthetriplet

StateSarelessthanthoseoftheC－HbondscissionenergleS．Itispossibletoexplainthe

H－atOmyieldslessthanunityby consideringthattriplet states belowthe dissociation

limitsareproduced．However，ltisdifnculttoexplainthelargeH／Disotopee脆ctin

yields bythis model．The C－H（C－D）bond dissociation energy of C2H2（C2D2）is

calculatedtobe550．3（557．8）kJmol‾1．IftheavailableenergylSPartitionedintoallthe

degreesoffreedomstatistically，lnCludingthetranslationalandintemalenergleSOfC2H2

andN2，theprobabilitytoproducetriplet－StateC2H2WithitsintemalenergyovertheC－H

bond dissociation energylS O．61．Thatfor C2D2is calculated to be O．58．The

proceduresofstatisticalcalculationsaresimilartothosedescribedelsewhere・42，43　The

Vibrationalfrequenciesoftriplet－State C2H2（C2D2）wereevaluatedbydensityfunctional

calculations・AlthoughthereareatleastthreetripletstatesforC2H2，3B2，3Au，and3Bu，

belowtheelectronicenergyofN2（A），44‾460nlythelowestone，言　3B2，WaSCOnSidered

fbr simpliclty．The calculated quantum yieldfor C2H2isin fairagreementwiththe

experimentallyobtainedone，0．52，butthatforC2D2istoolarge．Althoughthe state

densltyOfC2D2ismuchhigherthanthatfbrC2H2，therelativestate－densltydistributions

aresimilar．Theminorisotopee銑ctappeannginthisstatisticalmodel，0．61vs．0．58，is
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mainlycausedbythedi飴renceinavailableenergleS．Itisalsoimpossibletoexplain

theresultsforC2H4andC2D4bythestatisticalmodel．TheC－H（C－D）bonddissociation

energyforC2H．（C2D．）wascalculatedtobe451．1（461．1）kJmol‾1．Accordingtothe

abovestatisticalmodel，theH（D）－atOmyieldforC2Ii4（C2D4）isexpectedtobeoverO．9，

muchlargerthantheexperimentalone．Itisalsohardtoexplainthequantumyieldsless

thanunltybycollisionalstabilization．Ifthisisthecase，theyieldsmustdependonthe

totalpressure．Ashasbeenmentioned，the yields dependedlittle ontheN2PreSSure

between6．67and26．7kPa．Inaddition，therewasnochangewhen13．3kPaofHewas

added．The present results should represent thelow－PreSSurelimits．The present

results cannot be explained by the e鋭cient tunneling of H atoms，either．The

H（D）－atOm dection processis aninverse ofa radicalrecombination process and no

POtentialbarrier，eXCePtaCentrifugalone，lSeXPeCted．Inaddition，thelifbtimesofthe

tripletstatesmaybe a脆ctedbytunnelingbuttheyieldsmaynotifthe atomqection

PrOCeSSistheonlychannel．

ThepresenceoftheH／Disotopee脆ctsinyieldssuggeststhattheremustbe

SOmeCOmPetlngPrOCeSSeS．IftheeliminationofHorDatomsistheonlyexlt，there

Should be noisotope e銑ctin yields，Since excited triplet states must decompose

eventuallyto dectH（D）atoms．The di脆renceinlifbtimes ofthe triplet states may

COntributelittletotheH（D）productionyields．Theonlycandidatesforthecompetition

PrOCeSSeSaretheH2（D2）moleculareliminations．Thefollowingprocessesarenotonly

exothermicbutalsospln－allowed：

N2（A）＋C2H2→N2＋3C2＋H2＋87．OkJmol‾1（90．3kJmol‾1forC2D2），

N2（A）＋C2H．→N2＋3HCCH＋H2＋141．9kJmol‾1（130．9kJmol‾1forC2D．），

N2（A）＋C2H．→N2＋3H2cc＋H2＋123．7kJmol‾1（113．6kJmol‾1fbrC2D．）．

Theexothermicitiesaretheresultsfromdensityfunctionalcalculations．Ofcourse，D

14



atomsaremorelikelythanHatomstoremainbondedtoCatomsandHatomsmustbe

Prefbrentiallyqectedeitherasatomsorasmolecules．However，therelativeimportance

OftheqectionasatomsislessforDatomsandtheD－atOmyieldsfordeuteratedspecies

islessthantheH－atOmyieldsforhydrides．Similarsituationshavebeenobservedinthe

photodissociationofC2H4andC2D4byLinetal・47whohavereportedanH／Disotope

e銑ctinyieldsfromthephotodissociationofethene at157nm．Theyfoundthatthe

yieldofHatomsforC2H4isO・56，WhilethatofDatomsfbrC2D4isO・40・47　Theirresults

havebeensupportedbyRRKMcalculationsfromChangetal．，Whohaveshownthatthe

H－atOmyieldinthe157－nmPhotodissociationofC2H4is17％largerthanthe D－atOm

yieldforC2D4・48　Theisotopee銑ctinthe193－nmPhotodissociationhasbeenshownto

be stilllarger，39％・48　wang etal・have also shownthatthe H－atOmyieldinthe

121．6－nmPhotodissociationofCH4islargerthanthesumoftheH－andD－atOmyieldsfor

CHD3・49，50　Theseisotope e飴cts have been explained bythe competition withthe

moleculareliminationprocesses．Thesituationmustbesimilarinthepresentsystems．

InH（D）－atOmdection，thetransitionstatesmustbeloose，becausetheproductsaretwo

radicalspecies and nolarge activation barriers are expected．Onthe otherhand，in

H2（D2）molecular elimination，the transition states may be tight．Then，inthe atom

qectionprocesses，thee脆ctofthedi飴renceinthezeropolntenergleSOfthereactant

moleculesmaybemorecriticalandtheisotopee脆ctcanbelarger．

VCONCLtTSIONS

TheH（D）－atOmyieldsinthereactionsofN2（A3∑。’）withC2H2，C2H．，andtheir

deuteratedvariantsarelessthanunltyandfairlylargeH／Disotopee飴ctswereobserved，

althoughtheisotopee脆ctsinoverallrateconstantsareminor．Theseresultsshowthat

molecular elimination processes are more dominantfor deuterated species．The
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transitionstatesformoleculareliminationmustbetightwhilethoseforatomicqection

mustbeloose，andthee脆ctofthedi脆renceinzeropolntenergleSislargerinatom

qectionprocesses．
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TABLEI．R加econstantsforthequenchingofN2（A）inunitsoflO‾11cm3S‾1．The

errorlimitsarestandarddeviations．

Quencher Rateconstant Literaturevalues

C2H2　　　　14．0±0．2

C2D2　　　　14．5±0．3

C2H4　　　　　9．7±0．4

C2D4　　　　　9．3±0．4

NH3　　　　　12．4±0．5

ND3　　　　　12．1±0．6

16a，25b，16C，20d

15a，16b，11C，14e，6112g，10h，121

16b，＜2C，8d，17」，13k，81，14m

aYoungeJd．（Ref．24）．

bMeyereJd．（鮎f．25）．

ccallearandWood（Ref．26）．

dBohmerandHack（Ref27）．

eTaylorandSetser（Ref．28）．

breyerandPemer（Ref29）．

gClarkandSetser（Ref．30）．

hThomasetal．（Ref31）．

1HoandGolde（Ref．32）．

」MeyereJd．（Ref．33）．

kslangereJd．（Rer34）．

1DreyereJd．（鮎£35）．

mHacketal．（Ref．11）．
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TABLEII．H（D）－atOmyieldsinthequenchingofN2（A）．

Reactant H（D）－atOmyield

NH3　　　0．9aカ

ND3　　　　0．9c

c2H2　　　　0．52±0．07

C2D2　　　　0．33±0．06

C2H4　　　　0．30±0．05

C2D4　　　　0．13±0．03

arhoeJd．（Ref．10）．

bHacketal．（Ref．11）．

CAssumedtobethesameasNH3．
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FigureCaptions

FIGl．Reciprocal time constants　for the decay of the NO（A－X）emissionin

Xe／N2／NO／C2H2（opencircles）andXe／N2／NO／C2H4（closedcircles）systemsasafunction

OfC2H20rC2H4PreSSure．ThepressuresofXe，N2，andNOwere267Pa，2．67kPa，and

l．3Pa，reSPeCtively．

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

measuredinthe（a）Xe／NH3／C2D2／N2，（b）Xe／C2H2／C2D2／N2，and（C）Xe／C2H4／C2D2／N2

SyStemS．Thepump－PrObedelaywaslOトLS．ThepartialpressuresofXe，NH3，C2D2，

C2H2，C2H4，andN2Were667Pa，1．3Pa，1．3Pa，1．3Pa，1．3Pa，and13．3kPa，reSPeCtively．

Theverticalscaleswerea鴎ustedtoglVethesameintegratedintensitiesfortheD－atOm

Slgnals．

FIG3．Pump－PrObedelaytlmedependenceoftheD－atOmdensltylnthepresenceof667

PaofXe，1．3PaofC2D2，and13．3kPaofN2．Thesolidlinerepresentstheexperimental

result，WhilethedashedlinesrepresentthecalculatedpronIebasedontherateconstant

listedinThbleI．
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