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ElectronParamagneticResonanceStudies

ofNitrogenOxideAdsorbedonZeolites

HidenoriYAHIRolandAndersLuND2

Continuouswave(ＣＷ)-electronparamagneticresonance(EPR)studiesofNOadsorbedonsodiumion-and

otherion-exchangedzeoliteｓａｒｅｒｅｖｉｅｗｅｄＴｈｅＥＰＲｓｐｅｃｔｒｕｍｏｆＮＯmonoradicaladsorbedonzeolitecanbe

characterizedbythethreedifferentg-tensorcomponentsandtheresolvedy-componenthyperfinecouplingwith

the14Nnucleus・Amongthegtensorcomponents,thevalueofgzzisverysensitivetothelocalenvironmentof

zeoliteandbecomesameasureoftheelectrostaticfieldinzeolite・TheEPRspectraofNOadsorbedonalkaline

metalion-exchangedzeoliteareessentiallythesameasthoseonsodiumion-exchangedzeolite・Thesignals

assignedto(NO)2biradicalwercdetectedfbrEPRspectrumofNOadsorbedonNa-LTA､CW-EPRspectraas

wellastheirtheoreticalcalculationsuggestedthatthetwoNOmoleculesarealignedalongtheirN-Obondaxes．

K2ywords:elecn･onparamagleticresonance(EPR),nitrogenoxide,zeolite,adsorption．

Introduction

Nitricoxide,ＮＯ,hasbeenrecognizedasanatmosphericpollutantandapotentialhealthhazard,Ontheother

hand，ｉｔｉｓｒｅｃｅｎｔｌｙｋｎｏｗｎｔｈａｔＮＯｉｓａｕｂｉｑuitousmessengermoleculeinthecardiovascular,nervous，and

immunesystems・Thus，ａｇｒｅａｔｎｕｍｂｅｒｏｆｓｔｕｄｉｅｓｏｎｔｈｅＮＯｍｏleculehavebeencarriedoutinthefieldof

enviro､mentalchemistryandbiochemistry[l]･NOisanunchargedfiPeeradicalpossessingoneunpairedelectron

withelectronicconfiguration，（K2K2)-(2so)2(2ｓｏ*)2(2p冗)4(2po)2(2p冗*)'・Electronparamagneticresonance

(EPR)isthemostappropriatetoolfbrthedetectionoftheunpairedelectronandprovidesvaluableinfbrmation

concemingthegeometricalstructu唾ofmoleculesandmetalionscontainingunpairedelectronsandthe

interactionbetweentheunpairedelectronandnucleiintheadjacentatoms・

TheNOmoleculeinthegroundstateexhibitsorbitaldegeneracyofthe冗・orbitals・Thedegeneracyisremoved

bytheinteIactionbetweentheNOmoleculeandanelectrostaticfield,ｅ､ginanadsorbedstateandininorganic

matrices､TheoreticalstudiesonthegtensorsfbrtheNOadsorptioncomplexeshavebeendeveloped[2,3]and

recently,Rudolfetal.[4]proposedthefbllowinganalyticalexpressionsfbrtheprincipalvaluesofthegtensors，
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where入istheNOspin-orbitcouplingconstant(123.16cm.')，ノtheeffectivegfactoroftheorbitalconmbution
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whichequalslfbrthe6PeeNOmoleCule，Etheenergysplittingbetween2Z＊［(K2K2)‐

(2s｡)2(2so*)2(2p冗)4(2pG)2(2pG*)'］and211y＊［(K2K2)-(2so)2(2s｡*)2(2p冗)4(2ｐＧ)2(2”*)'］states，ａｎd4the
energysplittingbetween2nx＊［(K2K2)-(2so)2(2so*)2(2p冗)4(2pG)2(2p冗X*)ｌ１ａｎｄ２１１ｙ＊States・Ｔｈｅｕｎｐaired
electronrBsidesiｎｔｈｅ２１１ｙ＊level・TheenergysplittingvaluesEand4aｒｅａ碇ctedbythelocalelectronic

structure,leadingtothechangeingtensorsofNOadsorbedonsolids､Theexperimentallyobtainedprincipal

valuesofthegtensoraliowthedeteIminationofthethreeunknownparameters,Ｅ’４andノinprinciple・

AdsorptionofNOonzeoliteshasbeenstudiedfbrmorethanlhreedecadesapplyingEPRfbrthe

characterizationofadsomtionanddesorptio、behavior､Lunsfbrd[2]wasthefirsttorcporttheEPRspectraof

NOadsorbedonNa-FAU(Y)andNH4-FAU(Y)zeolites､Afterthis唾portlanumberofEPRstudiesofNO

adsorbedonzeoliteshavebeenreportedbysevemalauthorsdmingthel97０，s・Ｆｏｒexample，Gardnerand

Weinberger[5]haveobservedEPRspectrafbrNOadsorbedonNa-LTA,Ca-LTA,Na-FAU(X),andH-MOR・

TheNOEPRspectmreportedfbrthesezeoliteswereverybroadandill-resolved,KasaiandBishop[6]have

noticedthatthespectmfbrNOadsorbedonBa-FAU(Y)andZn-FAU(Y)zeolitesbecomesharpafterkeeping

thesamplesatroomtemperaturefbrseveraldaysanddemonstratedthatthetriplethyperfineintemctionwiththe

l4Nnucleus(I=l）isclearlyresolvedatthey-component､TheseearlierEPRstudiesoftheNO/zeolitesystem

havebeensummarizedinseveralreviewpape応[3,7]・Also,alargenumberofEPRstudiesofNOadsorbedon

oxidessuchasMgO,ＣｏＯ－ＭｇＯ,ＺｎＯ,ZnS,ａｎｄ

Table１．InfbmlationofzeolitesamDlesTiO2hasbeencarriedoutinthel970，sandChe

andGiamellohavepublishedacomprehensiveacomprehensive Zeolitesabbreviations Si/Ａｌratio

reviewoftheNO/oxidesystemsinl990[8].HereA-tyPe LTA１．０

therecentprog1℃ｓｓｏｆＣＷ－ＥＰＲｓｔｕｄｉｅｓｆｂｒＮＯＸ~type FAU(X）１．２５

FAU(Y）２．７５adsorptionespeciallyonzeolitesisreviewed・ＴｈｅＹ~type
Mordenite MOR７．７

infbrmationofzeolitesamplesissummarizedinZSM-5ＭＦＩｌＬ９
Ｔａｂｌｅｌ．

EPRandENDORstudyofNOadductsfbrmed0nsodium-zeolite

X-bandEPRspectrumfbrNO(0.ＩｋＰａ)adsorbedonNa-LTAzeolite,whichwasrecordedat30K,isshown

inFig.'(a)[91.T11eobservedEPRspectrumofNOwascharBcterizedbythethreedi碇rentgbtensorcomponents

andtheresolvedy-componenthyperfinecouplingwiththel4Nnucleus・ＴｈｅｓｉｇｎａｌｓｃａｎｂｅａｓｓｉｇｎｅｄｔｏｏｎｅＮＯ

moleculeadsorbedprobablyonaNacation・TheEPRparametersdetenninedbythebest-fitsimulationare

summarizｅｄｉｎＴａｂｌｅ２・Non-overallsymmetricgprincipalvalueswereobserved・Thissuggestsabentstructure

ofNa+-Ｎ－Ｏｄｕｅtotheelectrostaticfieldassociatedwiththezeoliticsodiumions,aspointedoutbyKasaiet

al.[3]Itisknownthattheg室componentismoresensitivetothelocalenvironmentofthezeolitesthanthegXx

andgyycomponents，reflectingthedegceoftheenergyseparationbetweenthe冗＊ｏｒｂｉｔａｌｓｏｆＮＯ，４，in

accordancewitheqn.(1).Ifﾉineqn(1)isassumedtobeunity,theestimationof4issimplifiedandtheordering

of△詮(=９６‐gZz)agreeswiththatoftheelec廿ostaticcontributiontotheinteractionstrengthbetweenNOand

thesodiumion・ＡｓｃａｎｂｅｓｅｅｎｉｎＴａｂｌｅ２,theorderingof△ｇ垂determined6romlowtemperaturemeasurement

(4.oor5.0Ｋ)isNa-MOR＞Na-MFI＞Na-LTA,suggestingthattheslrongestelectrostaticfieldassociatedwith

Na＋ｉｏｎｓｉｓｉｎＮａ－ＬＴＡ・Itwasexperimentallydemonstrateｄｔｈａｔノdependsonthezeolitestructure，ｅｇ

1.051±0.090fbrNO/Na-LTAandO､848±0.082fbrNO/Na-ＭF1,1℃spectively[4]､The4valuescalculatedwith

theseノvaluesｗｅｒｅ0.272±0.040ｅＶｆｂｒＮＯ/Na-LTAandO・'65±0.Ｏ２９ｅＶｆｂｒＮＯ/Na-MFI,beingconsistentwith

theaboveconclusionthattheelectrostaticcomributiontotheinteractionstrengdlbetweenNOandsodiumionis

higheronNa/LTAthanonNa/MFI､Recently,theQ-bandEPRspectraofNOadsorbedonNa-LTAhavebeen
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carTiedouttodeterminethepreciseEPR

parameters【１０].Ｔｈｅ妃sultsprovidedtheEPR

paInmeters：ｇＸｘ＝2.0019,ｇｙｙ＝1.9961,ｇＺｚ＝

1.8856andAxx('4N)＝,4zz('4N)再omT,′4yy(14N）
＝３．０ｍTfbrNOmonoradicaladsorbedonNa-

ＬＴＡ・

Theinfbrmationaboutadsorptionsiteand

thecoordinationgeometryoftheNOadsorption

complexesfbrmedinzeolitescanbepotentially

obtainedfiPomsuperhyperfine(s肋intemction

betweentheunpairedelectronspinoftheNO

moleculeandthenuclearspinofthemetalions；

however,ｏｎｌｙａｆｅｗｃａｓｅｓｓｕｃｈａｓ（AlxOy)n+‐

ＮＯ[2,3,11,12]andＣｕ+~ＮＯ[13]werestudied

byCW-EPRstudies・Nosufficientspectral

resolutionofthe23Nas〃couplingwasobtained

byCW-EPRstuｄｉｅｓｏｎ２３Ｎａ+出NOcomplexes・

Ontheotherhand，pulsedENDOR(electron

nucleardoubleresonance）spectroscopyatW‐

andX-bandfiPequencieshasbeensuccessfmly

employedtodeterminethestructurcofNO

monoradicalatlowtemperature［l４１Ｔｈｅｂｏｎｄ
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Figurel・EPRspectraof(a)ＮＯ(０．１kPa)and(b)ＮＯ(1.2

kPa)adsolbedonNa-Ijn6L(３０Ｋ).TheEPRparametersare
EiveninTをlbles2and3．

angleofNa+-N-OandthebondlengthofNa+-Nwereestimatedasl42degreesand０．２１nmfiPomtheanalysisof

the23Nahyperfinesplittings(N恩(23),4xx＝Ｎａ(23),４yy＝６３±０．２ＭＨｚａｎｄＮ固(23)Azz＝１０．９±0.2ＭHz),whichwere
observedbypulsedENDOR・Furthermore，the23Nanuclearquadrupoleinteractionwasobtained・Thesedata

couldprovidethattheNa十一NOcomplexinNa-LTAzeoliteisprefも、blyfbrmedatsodiumionsatsiteS21ocated

nearthesix-memberedrings･

EPRinvestigationsoftheadsorption-desoIptionbehavioroftheNOmoleculescouldprovideexperimental

Table２．RecentlyreportedEPRparameters（gtensorsandhyperfinecoupling（ﾉ!/t）tensors）ofNO

monoradicalfbrmedincation-exchangedzeolites.a）

ＺＺ

Zeolite

type

Metal
●

ＩＣ、

Meas・

Temp．

ｇvalue ﾉ1/f，
/ｍＴ

Ｒｅｆ

５．０２．００１９Ｎａ1.99611.8856

４．３２．００１Ｎａ1.9961.888

４．７Ｎａ1.9991.9931.884

１０、1.9993Ｎａ1.99361.8842

３０Ｎａ2.0021.9961.886

８０1.980Ｎａ1.9891.906

Ｌｉｌ６～1.99b）～1.99b）1.780
Ｌｉ７７1.9961.9961.971

４．２Ｎａ1. 99 71 .9 95 1.855

７７Ｎａ1.9 96 1. 99 51 .853

４．２Ｎａ1.9961.9951.862

１０1.9939,Ｎａ１．９９１４1.8460

Ｎａ７７1.9941.9921.862

LTA

/Ｋ Ａｘｘ Ａ

８５

８
８
９
６
５
１
２

０
０
０
０
０
Ｌ
け
－
０
０
０
０
１

●
●

●

１
１
１
１
１
１
１
１
１

０
４
５
１
１
５
７
７
６
６
６
１

１
１
１
４
９
１
１
１
２
２
２
４

１
１
１
１
１
１
１
１
１
１
１
１
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３
６

３
２
２
３
３
０
１
Ｏ
２
０
２
６

ａ
ａ
３
３
ａ
ａ
ｂ
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３
３
３
３
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a)EPRparametersreportedearlierweresummarizedinRef[7].b)Precisevaluescouldnotbedetermined．
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infbrmationabouttheadsorptionenergiesoftheNOprobemoleculesattheLewisacidsites［15,16]､The

desorptiontemperatu1℃ｓｏｆＮＯｍｏｌｅｃｕｌｅ丘omNa-LTA，Na-MFI，andH-MFIwereestimatedfromthe

temperature-dependenceEPRstudiestobel5０，１９０，ａｎｄ２４０Ｋ，respectively・Thusobtaineddesomtion

temperaturecanbeconsideredasameasureoftheacidstrengthoftheLewisacidsite；sodiumcationsin

sodium-zeoliteandaluminumdefbctcentersinproton-zeolitearcknownasweakandstmngLewissites，

respectively・ThedesorptionoftheNOmoleculefiFomtheadsorptionsitesleadstothecorrespondingdecreasein

theEPRsignalinte､sityoftheNOadsorptioncomplexes,AtthesametimetheEPRsignalswereaccompanied

byastrongincreaseinthehomogeneouslinewidth6g1omwithrisingtemperature､Thehomogeneouslinewidth

canbeexpressedasafimctionoftemperaturcandfbllowsanArrheniusbehavior，

aBhom(r)雲卿(-器） (2)

withthepreexponentialfactor61andtheBoltzmannconstantAB､Theactivationenergies,ＥＡ,ofNOdesorption

weredeterminedusingbotheqn.(2)andthetemperaturedependenceofthelinewidthsas41±L5kJmol~Ifbr

Na-MFI,７．１±2.lkJmor1fbrNa-LTA,and20.2±7.3kJmol~lfbrH-MFI､TheobtainedvaluesofEAareconsistent

withtheexpectationthattheactivationenergyofH-MFIwithstmngLewisacidityislargerthanthatofNa-MFI

withweakLewisacidity．

EPRstudyofNOadductsfbrmedonzeolitescontainingothercations

TheEPRparametersofNOintroducedtofilllylithiumion-exchangedLTAzeolite，Li-LTA，arelistedin

Table2[17]・ThegtensorsofNOmonomdicalfbrLi-LTA(１６Ｋ)werecompa1℃dwiththosefbrNa-LTA(5Ｋ)．

△g2z(=9℃‐g2z＝2.0023-1.780＝0.2223)ofLi-LTAwaslargerthanthat(2.0023-1.8856＝0.1167)ofNa-LTA・

Thismeansthatthe4valueissmallerfbrthefbrmerthanfbrthelattersystem;theelectrostaticfieldassociateｄ

ｗｉｔｈＬｉ+ionsinLTAzeolitesmaybeweakerthanthatwithNaﾅions・

ＷｈｅｎＮＯｗａｓｉｎｔｒoducedintoH-MFIactivatedatlO73K,theEPRspectrumexhibitedananisolropicg

tensorandas〃splittingofaboutl､lmTintosixlinesduetothemagneticinteIactionoftheunpairedelectron

atthenitricoxidemoleculewithone27Al(I=5/2)nuclearspin[16]・Althoughthes〃intheCW-EPRspectrum

wasill-rcsolved,theassignmentofthes〃splittingwasprovedbypulsedENDORspectroscopy[12]､Thus,NO

wassuccessfilllyemployedtostudythestructureofaluminumcente１５，so-called‘‘true，,Lewissites,inproton-

exchangedzeolitessuchasH-MFI[11,12,16]andH-FAU(Y)[18]．

Amongvarioustransitionmetalion-exchangedzeolites，thecopperion-exchangedzeolitesarethemost

extensivelystudiedusingEPRbecausetheyshowedhighcatalyticactivityfbrNOdecompositiｏｎ［19]・

Copper(II)ionspossessad9electronconfigumtion(S=l/2)appropriatefbrEPRstudy・WhenNOwasintmduced

inzeoliteswithpartiallyreducedcopperions,coppernitrosylcomplexeswerefbrmedinthezeolite[20,21]､Itis

reportedthatthemodeofcoordinationoftheNOspeciesisessentiallycontrolledbytherelativeenergiesandthe

symmetIymatchbetwee、the冗＊ａｎｄ〃orbitalsoftheNOligandandorbitalsofthedmanifbldofthecopperion．

TwotypesofcoppernitrosylcomplexesfbrmedinY-typezeolitewerediscussedinearlierstudies，Ｃｕ白ＮＯ６＋

withelectrontransfbrfromNOtoCU2+andＣｕ当NO＆withthatfFomCu+ｔｏＮＯ､Thecationicnitrosylligand

resultsinanearlylinearCu-NObond，whileananionicnitmsylligandischaracterizedbyabentend-on

coordinatedNO・SincethelatternilrosylcompoundisactivefbrEPR,theanalysisofitsstructureisoneofthe

potentialsuhjectsdebatedfbrcopper-zeolitesystemRecently,SQjkaetal.[13］haverepo就edthedetailsof

structureoftheCuさNO6~adductfbrmedinCu-MFIzeolite・ＷｈｅｎｔｈｅＣｕ(11）ｉｏｎｗａｓｒｅｄｕｃｅｄｔｏＣｕ(1)，

introductionofNOintothezeolitecausedreappeamnceofEPRsignalswhichwerecharacteristicoftheunpaired

８６



electmnessentiallyresidingonNO,ThereportedparametersoftheCu-N０６.adductfbrmedinMFIzeoliteare

gkx＝1.999,動＝2.003,塁＝1.889,|Ｃｕ(63'65),4xxl＝１６．０ｍT,lcu(63,65),4yyl＝ｌ５ＳｍＴ,|Ｃｕ(63,65)Azzl＝２０．５ｍT，
|N('41,4xxl＝３．０ｍT,|N('4),4yyl＝０．４３ｍT,andlN('4)Axxl＝０．５５ｍT・BasedontheexperimentalEPRpammeters,an

end-onl7lbentstructurewasproposedfbrthisadductinwhichtheunpairedelectron雁sidesmainlyonthe

coordinatedNOandthecoppers〃splittingsarisefiPomdelocalizationoftheunpairedelectl･ondensityontoCu

orbitals・Thespindensitywasestimatedtobe０．２oncopper,０．５５ｏｎnitrogen,ａｎｄ０．２５onoxygen．

TripletstateofNOadductsfbrmedinzeolite

KasaiandGaura[22]havefiIちtreportedthattheEPRspectrumofNOinNa-LTAconsistsoftwosignals,one

duetoNa-NOcomplexandtheotherduetoanunusualNO-NOspecies(hencefbrthabbreviatedas(NO)２

biradical)withatripletstate,TheyobservedanX-bandEPRsignalduetothefbrbiddentransition,|△州=2,ａｔ

ｃａ､ｌ７０ｍＴ(g三4),whenthecorTespondingallowedtransitions,|△州=1,wereobservedfbrthesamesampleat

ca､３４０ｍＴ(ｇ三２).Thisverifiedthepresenceofatripletbiradicalspecies・Inthissection,detailsof(NO)２

biradicalwithtripletstatewillbepresentedonthebasisofrecentresults・

X-bandEPRspecmmfbrNOadsorbedonNa-LTAisshowninFig.’(b).ＩｎＦｉｇｌ(b),itisclearthatthe

signalsoftheNOmonoradicalandtheNObiradicalweresuperimposed・ThecomparisonofFigs.’(a)andｌ(b）

showedthattheNOmonoradicaldominateswhenthepressureislow,whiletheNObiradicalbecomesd6minant

athigherNOplPessure[7]､Q-bandEPRmeasurementswerecarriedoutfbrthesamesystemat5Ktoevaluate

thepreciseEPRparametersofthe(NO)2biradical[１０]:gXx＝2.0042,9ｼy＝1.9770,andg2z＝1.9120andDandE

pammeters(|D|＝33.lmTandlE|＝2.8ｍT)ofthezerofieldsplitting(ZFS)．BothNOand(NO)2radicalswere

alsoobservedfbrNOadsorbedonpartiallylithiumion-exchangedNa-LTA[17]andsulfatedzirconia[23]．

TheEPRparametersofthe(NO)2biradicalobtainedfiFomthebestfitsimulationareshowninTable3､Itis

wellestablishedthatthezero-fieldsplittingtensors(ZFS)ofradicalpairsgenerallyoriginatefiPomthedipolar‐

dipolarinteractionbetweenthetwounpairedelectronsoftheradicalunits・TheD-parameterofZFSdependson

theaveragedistancebetweentworadicals,Ｒ,accordingtothefbllowingequationderivedfiPomapoint-dipole

approximation[24]，

型
那

一
一， (3)，

whercgandβarethespectroscopicg-factorandtheBohrmagneton,respectively､ThevaluesofR,evaluated

fiPomtheexperimentalDvalues,arelistedinTable3・

ＴｈｅｇａｎｄＤ－ｔｅｎｓｏｒｓｎｅｅｄｎｏｔａｌｗａｙｓｔobeparallelwitheachother,ａｎｄtestsimulationswereperfbrmed

tIyingtoreproduceinparticulartheexperimentalEPRpowderlineshapeofthebiradical［10]・T11ebiradical

lineshapewasverysensitivewithrcspecttotherelativeorientationsofthegandtheDtensors・Bestagreement

Table3.gtensorsandzero-fieldsplitting(ZFS)tensorfbr(NO)2biradical．

邑空

Material ZFS/ｍＴ Distanceof Ｒｅｆ

1.9120

1.912

1.900

摩tensor

33.1

28.8

４１．０

1.9770

1.976

1.989

Ｅ’radicalDairs／ｎｍ
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OfNitrogenOxideAdsorbedonZeolites

ＸＸ

a)Theexchangeleveloflithiumionis６６％．

Na-L TA2.0042

Na-LTAL9 7 6

LiNa-LTAa） 1.989

SulfatedZirconia 1.993 1９．５

AnnualJoumalofEng，

EhimeUnivo，Ⅲ.，Maro，２００４
８７

2.8 0.45

0.45

0.42

[１０］

[22］

[17］
12311.9931.994 0.52
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wasobtainedwhengZzandDzzarc

pamlleltoeachother・Complementary

lineshapesimulationsusmgsmall

deviations廿omcompletecoincidence

werealsocarTiedoutusingthemodelin

Fi９．２．Thesystemwasdescribedbya

spinHamiltonianinvolvingtheZeeman

terｍｓｏｆｅａｃｈＮＯｕｎｉｔａｎｄａｄｉｐｏｌａｒ

ｃｏｕｐｌingbetweenthetwounpaired

eleclrons・Theprincipalvaluesoftheg

tensorsofeachmoleculewerethe

experimentalonesfbrthebiradicalwith一‐-Ｆ一一一一一一一一一一一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一

Figure2・Proposedmodelof（NO)zbiradicalfbrmedin
theprincipalaxespamllelandNa-ljnﾍ．

pemendiculartotheNObondandalong

thecommonx-axis(g＝2.0042).ThedirectionofDzzwastakenalongthelineconnectingthemidpointsofthe

twoN-Obonds,ItisconcludedthattheprincipalaxesofgZzandDzzcannotdeviatebymorethan30degrEes

fiFomeachotherinthismodel・

Refinementoftheabovegeometricmodelofthe(NO)2bimdicalfbrmedinNa-LTAwasachievedbypulsed

EPRmeasurement[25]､TheexperimentaldataofpulsedEPRclearlyindicatedthattripletstate(NO)2bimdical

interactswithsodiumionsintheNa-LTAzeolite・TheoreticalMOcalculationshavebeenperfbrmedwith

UHF/6-31+G(d)toobtaintheoptimizedgeometricalstructureandwithB3LYP/6-31+G(d)toobtainthespin

densitiesandthedipolarcoupling・Theplotsofenergyvs､theangle(O)NさNa-N(O),ｅ,showedthatatl50degree

＜ｅ＜l80degree,the廿ipletstateismorestablethanthesingletstate,supportingthesmalldeviationofthe

principalaxesof(NO)2biradicalasmentionedabove．

C0nclusionSandoutlooks

lnthisreview,therecentCW-EPRstudieshavebeensummarisedfbrNOadsorbedonmetalion-andproton‐

exchangedzeolites・CW-EPRmeasurementsofNOadsorbedonNaion-exchangedzeolitegavespectmwiththe

anisotropicgfacto鱈，whichcanbeassignedtotheNOmonomdical・InordertodeterminethepreciseEPR

parameters,measurementsathigherfiFequencieshavebeenmadefbrNOinNa-zeolites､Onlyonecomponentof

theI4NhyperfinecouplingtensorcouldberesolvｅｄｂｙＥＰＲ,butthesmallercouplingspeIpendiculartotheN-O

axｉｓｈａｖｅｂｅｅｎｄｅｔｅｒｍｉｎｅｄｗｉｔｈＥＮＤＯＲ・ＩｔｗａｓａｌｓｏｐｏｓｓｉｂｌｅｔｏｏｂｓｅｒｖｅａｎｉｎtemctionwithNa＋ｉｏｎｓｂｙ

ＥＮＤＯＲ,ａｎｄ廿omthisageomelricmodeloftheNO-Na＋complexwasconstructed・EPRinvestigationsofthe

adsoIption-desorptionbehavioroftheNOmoleculescouldprovidetheadsorptioｎｅｎｅｒｇｉｅｓｏｆｔｈｅＮＯｐｍbe
moiecules・

ＡｌａｒｇｅｎｕｍｂｅｒｏｆＥＰＲＳｔｕｄｉｅｓｈａｖｅｂｅencaITiedoutfbrNOadsorbedoncation-exchangedzeolites，ｉｎ

particular，proton-andcopperion-exchangedzeolites・Ｉｎｔｈｅｆｂｒｍｅｒｃａｓｅ，ｔｈｅｍagneticinteractionofthe

unpairedelectronatlheNOmoleculewithonｅ２７ＡｌｎｕｃｌｅａｒｓｐｍｗａｓｏｂｓｅｒｖｅｄｂｙＣW-EPRmeasurement，

demonstratingthatNOwassuccessfUllyemployedtostudythestructurcofaluminumcenter:‘‘true'，Lewissites・

ThelatterstudyisinterEsting6romthecatalyticalpointofviewbecausecopperion-exchangedzeoliteshowsan

activityfbrNOdecomposition・

ApeculiarpropertyoftheNO/Na-LTAsystemisthefbrmationof(NO)2biradicalseparatedbyabout0.45

,m・Q-bandCW-EPRspectmaswellastheirtheoreticalcalculationsuggestedthatthetwoNOmoleculesare
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alignedalongtheirN-Obondaxes・AconfirmationofthiSmodeliscomplicatedbythedifficultyofsimulating

theEPRspectrawhentheaxesarenotaligned、ＰｕｌｓｅｄＥＰＲｓｔｕｄｉｅｓｗａｓｍａｄｅｔｏｏvercomethisdifficultyand

gavetheimportantinfbrmationthatthestabilityofthetripletstatestructurewasattributedtoanunusual

geometricstructureimposedbythezeolitematrix,withtheN-Obondsalongaline．
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