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Pulsedlaserphotolysisofcyanurictriazide

byTakehiroMATSUNAGA事,TsuguyoriOHANA書,TakakoNAKAMURA◆
Keuchiro.ISHIKAWA■,MitsuakHIDA暮,YoshinoriKOGA●
BLndShu2:0FUJⅣWARA事

Wehaveidenti鮎dall･nitrogenca也onsbyMS/MSspectrometryfrompulsedlaser

irradiationofcya'nurictria2lide.TherewerethefragmentpeakswhichTnaybecom･

posedonlyofnitrogenatoms(atomicmassis14)intherLrStMS(MSI).Especially,

thepeakatmass70wasstrong,Successively,thesecondMS(MS2)showedthatthe

fra8mentOfmass70iscomposedoftheingredientofmass14.Similarresultswere

alsoobtainedfromtheexperimentwiththecyanurictriazidelabeledwithI3C･Ac-

cordingly,thefra島mentOfmass70(14×5)isidendrledtoNs+whichisconsideredto
havecovalentbonds.

1.Jntroduction

Therecentdiscoveryofnewallotropicforms
ofcarbonhasalso岳timulatedarenewedsearch

fornewallotropicformsofnitrogen)-91･How一

ever.polynitrogencompounds,Nれ,WherenexI
ceeds3,havesofarnotbeenprepared･An im･

portantmodvadonfortheresearchisthepossi･

bilitythatsuchnitrogenauotropescambeused

tostoreenergy.ThedissociationenergyofN2

(N≡Ntriple-bondenergy)is225kcal/mol,while

thestandardN=Ndouble･bondenergyisloo

kcal/molandthatofdleN-Nsinglebondisabout
40kcal/mol.SincetheN≡Ntriple-bondenergy

ismuchmorethanthreetimesthesingle-bond

energy,thisargumentsuggeststhattheNnclus･

terswithallN･Nsingle-bondsmayreleaseslg･

nificantamountsofenergywhentheydissoci･

ateintoN2mOIecules･Fromthepreliminary

inves也eadonLOlbyusingSemi･emPiricalmolecu･
tarorbitalcaLculationssuchasAMIandPM3

methods,itisshoⅥ肌thattheexplosionenergy
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oftheNndustersismuchmorethanthatofTm

(trinitrotoluene).Furthermore,theNnclusters

wouldbeparticularlyagoodrocketpropellant

composition,becausetheygeneratealarge

amountofcleAnnitrogengaswithoutoxygen.

meNnclusteJLSWithN=Ndouble-bondsmay

alsorele舶emuchamotlntOEenergy.TYluS,the

allotropesexcept'normardinitrogenshouldbe

oneofidealexplosives.

Manypolynitrogenandnitrogen･richsystems

havebeeninvestigatedextensivelyatvarious

LevelsoftheoryI-9)･previouslycalculatedbut

pr窃entlys也llunknownplymitrogen(n>3)com-
poundsincludeN4,NS,N6,N8,N12,N20andso
on.Especially,muchofthepublishedworkis

concentratedonN-andN65-91.Athigh theo-

reticallevels,anopenchainstructureofNJis

thelowestenergyIsomer.Thelowestenerw

cyclicN6minimumisnotthebenzene-like

DabuttheD2tWist･boatform･Furthermore･
themoststableisomerofN6hasanopen-

chainstructure.However,polymitrogencom-

pounds,Nn,Wherenexceeds3･havesofar

notbeenprepared.In1980,VogleretaLsug-

gestedtheformationofhexaazaben之enein

thephotochemlcalreductiveeliminationof

Gis-【Pt(N3)2(PPh,)21).)I However,therehas
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neverbeentheevidencethatthespeciesare

composedonlyoFnitrogenatomsandhave
covaLentbonds.Ontheotherhand.vander

waalsclustersofnitro8en,Suchas(N2)n'and

N(N2)h'.havebeenwidelystudiedbysecond-

aJYionmassspecb･ometry(SIMS)13～lS)･Theclus-

terareformedinasupersonicnoZ:2ileexpan-

sionofnitrogen(N2)andconnectedtogetherby
weakvanderWadisforces.Therefore.vander

WaaLsclustersoFnitrogenarenotOfinterestas

energeticmaterials.

Weinvesdgatedpulsedlaserphotolysisofcya-

nuricacidbyMS/MSspectroscopy,inorderto

氏ndthepossibilityof8enerationofpolymitrogen･

2.Expen'mental

Wehaveidendfiedpolynltrogencationsby

MS/MSspeetrometJYlZ)EtonPulsedlaserpho-

tolysisofcyanudc廿bzide(C3NlZ)I6)･weselected

cyanurictriaヱideasastartingreactantof

polynitrogencompounds,becauseweneeded

theconditionwherereactivenitrogenSpecies,

insteadofstableNZandN3-,Canbe8enerated･

Inorganicazides.suchassodiumazide(NaN3),

maynotbeadequate.CyanurictJ'iaZideshould

beagoodcandidate.becausecyanurictriaZide

ishighlyreacdveandthecyan08rOuPIshighly

electron･withdrawing,Sowepredictedthatthe

compounddecomposedintoreactivenitrogen

speciesratherthanN20rN3-･ Moreover.
polymitrogencompoundsshouldbeeasilyiden-

tified,becausecyanuTIctria2iideiscomposedof
twoelements,thatis,nitrogenandc打bon.Cy-

BLnOgenaZ:i°e.NC･N31salsooneofcandidates,
butthisgaseouscompoundislessstablethan

cyanurictriazide.

cyanurictrial:ldelわwaspurirLedandsolved

inacetone･Thesolutionwasappliedtoahigh-

puritymetalplateanddriedout.Silicon.silver,

andstainlessplateswereused.Then.theplate

withthelaminarcyaJlurictria乞idewasputinto

avacuumchamber.mecyanurictrial;i°ewas

photoly2:edandlonlzedbyaNd:YAGpulsed

laser(thirdharmonlc8eneratlon;A-355nm,
fullwidthathalf-maximum;JOns,30H之.400

〝J/pulse)atroomtemperatuJ･e.Theionized

hgmentswereinvesdptedbyMS/MS.Allm飽 -

surementswerecarriedoutinthepositiveion

T'N/ ㌔ N T,Nノ 3号N

Il lN{ C＼H:;C＼N, lJN/ てC-
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l○○心ollAN.●trnJz70)CoMdoIIJJ

dlJCd DI8別帖暮adoTIbyHo蜘 N.Frz)Bn○rltS;
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8).'trnJz42).N.●tmJz56)Scheme1OudineoftheidentirLCationof

nitro･gQnClustersmodeusingaJEO
L(Tokyo,Japan)HX/HXllOAfour-Sector

tandem massspectrometerofEB/EBcon氏gurat

ion.Theresolutionorbothmassspectrometers

wasapproximatelyIOOO.InsecondMS(MS2)

experiments.heliumgasWasintroducedintoaco

llisionchamberbiasedat7kVtothepressurel

eadingtOa50%attenuationorprecursorions(He

collision-induceddissocia･lion(ClD)).Thespectrawererecordedby

aJEOLDA7000datasy

stem.3.Resurtsanddiw 'onSchemeIisano

udheoftheindentirICationofnitrogencluster

.AsshowninFig.).therearethe打agment

peakswhichmaytxcompsedonlyofnitrogen

atoms(atomicmassis14日nthefirstMS(MS

I).OfaLLthepeaksatmass14Xn(n>3),th

epeaksatmass14×4(m/之56)and14×5(m/Z70)a

restrong.mepeaksatmass14×6(m/2;84),14×1

0(m/zI一o),14×12(m/z168)aremediumand

thepeaksatmass14×9(m/Zi126),14×14(m/zI9
6)ateWeak.Cautionshouldbea ercisedthatm

ethyleneCH2isalsoato山icmass14and

siliconisatomicmass28.Succesively,thedau

ghterFra8mentSOfthepar･KayakuGakkaishi.
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JTLIzFig.1TheRrstmassspectrometryofcy
anurictJ'iazidephotolyZedbypulsedN
d:YAGlaseJ･.Peaksatmassl4●narefotJJld
.111epeakatmass204

isM◆･entfragmentatmass14×5weremeasu

redbythesecondMS(MS2).TheMS2spect

rumisshownlnFig.2.Obviously,the触gmento

fmass14×518Composedoftheingedientofma

ss14.Furthermore,cyanurlctrlzidelabeledwi

th13Cwasalsomeおuredbythesameprocedure.As
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Rg.2Collisioninduceddissociationmassspec-
tromeby(MS2)oftheParenthgm

entatmass70.ObvlotJSly,theかa喜mentOfmass70iscomposedofnitrogen.

aresult,thepeakat14×5watsalsoshoⅥminthebstMSspectrumandt

hese∝〉ndMSspectruJnwassimilartoーFig.2.Accordingly,theEmgmentofmass14×5isNs+･Thepulsedla



MS/MSfromthecollisioninduceddissociation

withhelium norbyMSFromelectronimpaction･

ization.Thesiliconplateusedgavegoodre･

sultswherestrongPeaksat14XDWereShown.

However,itisambiguousthatclustersofnitro･

genandsilicon.SimNnhavepeaksatmass

28m+14J7.InoJ･dertoavoidtheconfusion,We

usedthesilverandstainlessplateandwecon-

rlrmedthattherewasthepeakat70.although

theheightofthepeakwaslowerthan thatwith

siliconplate.Aboutotherfragments,Suchas

N4,NB,N9,N10,N12,andN14,theirMS2spectrum

arenotmeasured,becausetheirintensifiesoF

MSlareloolow.

mestructureandelectronicstateofN5'are

unknownatpresent.However,generally,Weakly

connectedvanderWaalsclustersshouldbebro･

kenbytheHeCID.Moreover,asNh'(n=卜5)

weredetectedequivalentlyasshowninFig.2,

山eNJisconsideredtobenotaVanderWa負ls

clustersuchas(N2)(N3')or(N2)2(N').buta
molecularionwhichhascovalentbonds.Pos･

siblecovalent･bondedmolecularstructuresare

showninFig.3.FromourabinitioMOcalcula･

tions,thestadonarypointsofanve-memberrn8

molecule(V)andthatofaspiromolecule(VI)

havenotbeenfound.Alinearmolecule(IV)

hasbeenstableenergetically.buthastwoima8l･
maryfrequencies.¶luS,aunearmoleculewould

beunstable.FromtheresultatHF/6131G'Level.

achainmoleculehasbeenstableener8etieally

andvibradonally.Thebondlengthsandbond

anglesatHF/613IG'Ievelarealsodescribedin

Fig.3(ⅠⅠ)..However.atMP芝/6-31G'leveI,the

stationarypointoFthechainstructurehasnot

beenfound.ThemolecularstructureofN5'will

bedeterminedexperimentallyinthehture.
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シアヌール酸トリアジドのパルスレーザー光分解

稔永症裕●,大花継頼事,中村挙手●,石JIl啓一郎●

飯田光明●.古賀義紀書,藤原修三`

新しいポリ窒素化合物を探索するために,シアヌール敢トリアジFをパルスレーザー光分

解させて生成物をMS/MSにより職 した｡まず,基板上に塗布したシアヌール酸トリアジ

ドにNd:YAGレーザーを照射し,発生したイオンを1次MSにより検出すると窒素だけか

らなると思われるフラグメントがいくつか見られた｡その中で特に強いピークであるm/Z70

のフラグメントを再瓦 ヘリウムの高速衝突により分解させ,質量分析(2次MS)したとこ
ろ,それは質畳数14からなることがわかった｡炭素同位体L3Cを用いた実験および基板の材

質を変えた実験でも,同様の籍黒が得られた｡したがって,m/270に相当するフラグメン

トN5'であることが示された｡このフラグメントのMS2スペクトルは14毎に等脚こ解離し

ているため,VanderWaalsクラスターではなく,共有結合を持つクラスターである可能
性が高い｡

(●物質工学工業技術研究所軽限反応部 〒305-8565つくば市東1-1)
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