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Mechani8mforthermaldeconpo8itionoflH･tetra2:Ole

SlmheiKAWAGUCHI●,MiekoKtJMASAKr,YujiWADAH,

MitfltLruARAl''',andMa姐 mitSuTAMtJRAH

Thermaldecompo8itionoflH･tetraZX)lehasbeencarriedoutatvariou8heatingrate8and

yadouBendpointtemperature8.ApyrDprObewa白useda88heatingdevioeandthedecompo8ition

productshavebeenanalyZX!dhyFT･IR.

A8are8ult,thetwodiqerentmechmi8m8forthethermalde00mpo8itionoflH･tetra劫leAJ･e

proposeddependingonthede00mpo8itiontemperature.Atthelowerdecompositionteznperature,

lH･tetra2泊1ecanbethoughttoinduceonlythecleaVaPOfC5lNlandN3-N4bond8,becau8e

HCNaJldHN3aredet∝tedaBde00mpoBitionprductB.Ontheotherbnd,atthehigherde00mpo･
8itiontemperature,variou8decompositionreaction8may∝Cur8imultaneOu81ytoform8uCh

productsa8HCN,NHa,CH-AndC2H2.

1.LntroductJron

ReαntlytetTa2Dle8receivedmuchpaidattention

a8newenergeticmaterials.Figure18how8their

g8nem1Structure.Some8tudie80nthethermal

de00mp8itionoftetraZDle8havebeenreported8in ce
1950川 .

ThethernaldecompoSitionoflH･tetraZDlewas

Studiedatheatingrate80f0.6-20K/minusing

differential8Canningcalorimetry(DSC)by

Le8nikovichetal2).Hereportedthemeltingpoint

of166-161℃,thedecompoBitiontemperature

of170-174℃andtheaCtivationenerw forthe

decompoBitionof152-178kJ/mol.ByanalyBiB
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Fig.1Structureoftetrazole8

ofthedecompositionproducts,itwasdArifiedth上

lH･tetrA乙01edecompo8e8tOgiveHCNAndHNa

under80meOOndition8andtoginapolym erunder

othercondition8.

The888hthermoly8iBOflH･tetrazolewa月Btudied

byGuimonetal.1)andtheproductsWereanaly2X!d

usingHe‡(Here80nan飴knei8tJBed aBlight80uZtn)

photoelectric8peCtm8COPy.ⅠnhispapeZT,hetriedto
clarifythedecompositionmechani8mbasedon

molecularorbitd calculation8.

Thethermaldecompo8ition80f各ixkinds0f

tetraZOIc8Were8tudiedbyWuetal･丘)uBingthe

CuriepointpyrolyZerAtthelowertemperature

rangearound300℃andinthetdghertempemture

rangearound750℃.Themechani8tnforthe

thermaldecompositioninthesetwodiLrerent
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1H･tetrazoTe(R=H)
>CH3CN+HN3

5･Methyl･tetriLZOle(R=CH3)

> HCN+HMS

Fi島2Thedecompositionproductsoftetra2K)leaat
lowertemperature

temperatureran野8WasSugge8ted.Atthehigher

temperattJre8,intermediaお fouJldduringpym py8iS

furtherdecomposedtogivereactivechemical

8peCie8thatt㌍neratedmaJlykindsOfproductS.In

thelowertemperaturerange.N2,HCNandHN3

weredetectedfromthelH･tetraZX)le,andCH3CN

andHN3Weredetectedfrom5･methyl･tetra2Dle88

thedecompo8itionproduct8.Thedecompo8ition

products0ftetra乞01e8atlowertemperatureare

8howninFi酢lre2.

Theenergygiventothetetrazole8under8tOrage

condition8maybedifferentdependingonthe

handling(氾nditionB.Tlはd耽OmpOBitionmechniBm
JihouldthenbediqezentdependingonthehndJing

condition8.However,a8y8tematicStudyonthe

decompo8itionmechaniSmfortetr82;01e8ha8not

beencarriedoutfromthe8tandpointoftltegiven

enerW･

Therefore.inordertoobtainBOmeknowIedgeon

thethermaldeoompoSitionmechni8munderdiffer-
entgivenenergies,WehaveattemptedtoStudythe

thermaldecompositionoflH･tetrazoleatdiqerent

heatingrate8andendpointtemperature8usingA

pyroprot治88aheatingdevice.nd8PperdeBCritx8

thedecompositionmechani8mObtainedfromthe

experimentfordidTerentheatinput8.

2.Experirnent

lH･tetraヱOle(abbreviateda81HThereafter)

poB8CB8ingahydrogenatombothatthel･and

S･poBitionBWa且u8eda8atypicaltetraヱOleforthe

thertnaldecomposition.About2mgofl打Twa卓

deeompo8edinaBrill°entinderanatmo叩hereof

JdtrogentlaiJlgapyrOprObe(Pyroprobe2000.CDS

Fig.3BrillcellandPyroprobe2000Analytical
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80 2401廿ne/8Fie.5IRrehtivea
bsorbanceofproduct8V.8.timeaLterreadledatdecompo8itiontemperature insteadortheir

concentrations.N2couldnotbedetectedbecau8e

OftheirIRinactivene88.For(a)and(b),HCN,

NH 3,CH.andC2H2Weredetecteda8theinitia

ldecompo8itionproducts8tthehigherheatingrat

e8.1tmaybedimculttodeterminetheexacttimea

ndtempemturefortheinitialdccompo8ition

becauseOfthedelaytimecau8edbytheheatcon

ductioninthe8ample,gasdiffu8ionand8&mplin

gintervals.ABforHCN,however.thegabevolu

tionrateiBhigherandthevolumeofga合i8lar

geratthehigherheatingmte8thnth上Atthelower

headⅠ喝mte8(Fipre5).For(C)and(d),

HCNandHNsweredebatedaJitheinitialdecomp08

itionproduct88tthelowerheatingrates.Thedec

ompo8itiontemperaturesatWhichth

einitialdecomp08itionproductsaredetectedcan

bee8tinatedfromtheheatingprogram.meywere

297℃for(C)and262℃for(d).Sincetheab80rbanc

eat10K/8ri8e8quickly.Itcanbe母aidthtthe

卵 eVOlutionattlleheatingrateat10K/8Wa卓faster

thanthatat1K/8.TheJ?ere8ult8Bugge8ttha

tthethermaldccoJnp0-8itionmechami8mforl

HTShouldchangeattheheatingratebetween10X/8
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FiB6ProqamofheAting
at15K/88mdIRrelativeabsorbanOeOfproductsvB.timeaRerr組Ched

d

∝ompo8itiontemperatureheatingrateof15氏

/8areShowninFigure6.Lowconcentr8tion80fH

CNandHNaweredetectedafter14.4Second(co

rre8POndingto356℃)fromthebeginAn gofthe

heatingandthentheircon館n･trAtionBgra

duallyincreased.CH一,C2H2,Nに8andahighconce

ntrationofHCNweredetecteda洗er30.0Second

(corre叩Ondingto590℃).TheBere8ulteindicat

eth上atthelowerheatingrate8,1HTgraduanyd

ecompo8e8at260-360℃togiveHCNandHN8an

dthatatthehigherheatingrate8,itrapidbTdec

ompo8eBtOgiveHCN,NHS,CH4andC2H2.Wh enth

emea8urementWa8Carriedoutat12K/8,the8ame

Chngetookplace.3.2 In¶uencoofendpo

intterTIPeraturemeproductdiBtributionOatea

chdecompo8itiontemperatureareShowninFigure7.

Inordertounderstandtheab80rbancetendencies,白umOfthe mm60｡糾棚INIeJnPJdu"i 0.

0 0.2 0.4 0_6AbsorbiLrL○○ 0.0

1.0Fi87TheproductdiBtributio

n8ateachdecompoSi-tiontemperAtureab

80rbancewasnOrmdi25edto1.medecompoei-tionproductsatqeaterthan400℃werediqerent

丘omtho8eat300℃ .At300℃,HCNandHN3Weredet∝

teda8themajorproducts.Attemperatureshighertha

n400℃,Nfも,CH小andC2H2Weredetectedinsteadof

恥 .Therefore,thedecompo8i-tionmechanismmaydiqer

dependingontheendpointtemperatu托.Thedeco

mpositiontempentureateachreactionwaBe8t

imated血mtheheatingm teandthetiJneWhenthe

productsWeredetected.Thkingintoa∝ountthe

influenceoftheheatingrateandendpointte

mperature,twoBtage80fdecompo8itionexiBtfor
lHT.honeofthe8tage8,1HTpaduanydeeom

po8e8tOgiveHCNandHN3.Itoccursatthelowe
rtemperature80th上itwasobsezvedatthelowerhea



Table1De00mpoSitiontemperatureateachheatingrate

lowtemperature8tage hightemperatureStage

Heatingrate1Dccompo8itiontemperature -Decompositiontemperature
[K/8] ofHCNandHMSproductionofHCN,Mも

1 261-262℃

10 291-297℃

12

15

10000

296-303℃

347-356℃

一ively,Therefore,thereactionduringthelow

temperatureStageShouldbeendothemic.Onthe

otherhand,theheatofformationforC2H2,CHJ

andNH8are226.8kJ/mol,174.9kJ/moIAnd-45.6

kJ/mol,respectively,80thereactionduringthehigh

StagereactionShouldbeexothermic.Althoughthe

decompo8itionduringthehigh temperature8tage

iSendothermic,thehightemperatureStagemaybe

inducedwhenthereactant8Obtain8tdRcientenergy

to8urpa88theendothermicreactionvelocityduring

thelowtemperatureStage.Therefore,thedecom･

positiontemperaturebecamelowerduringthehigh

temperature8tageaStheheatingrateincrea8ed.

3.3 Thcrrnaldecomposhionmechanism

Durimgthelowtemperatllre柁aCtion,lHTdeeom-

po8etOformHCNandHN3.TheseprOduct8Can

beeasilyproducedfromthecleavageofNトC5

andN3-N4cleavage(Figure2).Dtlringthehigh

temperaturezeaction,lHTde00mpoSedtoformCH4,

C2H2,NHS,andHCN.Partorthereaction8during

thehightemperatureStageappearedtobeBa血ea8

inthelowtemperattlrereactionbecAuBeHCNw舶

detectedfrombothofthem･However,NH3WAB

detectedinsteadofHN3thati88imultaneOu81y

generatedwithHCNinthelowtemperatureStage.

Thedifferencein productSdepend8upontheir

reactiontemperzLture.A8thedecompositiontem-

peratureinc托a8e8,恥 mayde00mpoBetOgiveH2,

N2,andNHS.mefollowinginitialdecompo8ition

StepWasproposedbyMeyeretal .6)

HN3ー NH+N2 (Ⅰ)

NHreact8withHNaandproduce8NH30rN2･

FromMeyer'8re8ult8,94%ofNHgenerate8NH8

CH-andC2H2production

632-639℃

581-590℃

below400℃

(8tCpII･a),and6%ofNHmakeatI2(8tepII･b).

NH+HN3-N2H2+N2 (ⅠⅠ･a)

N2H2+HN.1- NHS+2N2

NH+HNa-2N2+H2 (Ⅰ1-b)

HN8(8inglet:groundState)andtheHNabiradical

(triplet:excitedState)WereinferredtobehveaS

reaCtant8inStepI.Theyappearedtobedirectly

producedLhmlHT.Basedontheproposedmecha･

ni8m,the8truCture80flHT,thedecomposition

productsandtheirtransition8tate8WereOptimized

andtheirenthalpieBWereCalculatedwiththe

GAUSSmN94/PM3method.Figure8Bhow8the

enthalpyleveldiagramofthe8peCieSbasedona

tetrazole.TheSchemeindicate8thatthereactioni8

endothermicandtheactivationener野fortheHN3

generatingpathi8estimateda8226kJ/mol.m 8

kJhlld
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HCN･N2･与 NH.

Fig･8Enthlpydiagrams0fdecompo8ition8peCie8
calculatedbyGAUSSIAN94/PM3method.
(basedonatetra之01e)

-〟 - 火薬学会藷



H-N-N､H H-cBN､N-H
▲(295) l t121)

虫範 遵 呈+id Lc-q"9:,N"
♂ :''-:".;管"､N-N㌔､H
:>N-CtNlt籾)

甘CIN-N
..㍗
:>cCN,N′HiO50)
:也(457)

HH＼JC/＼NfJNA(況)

｢" ＼/～

ヱ029)

tCttt
CSZB)

l
C2rt20rCIも
(2N) 067

Fi89Thedecompo8ition8ChemeoftetraRDle8

Thevaluesinparenthe8e8areentllalpie8
(kJ/mol).

decompo8itiondo軸nOtOCCurwithoutheating.

Furthermore,207kJ/moli8requiredifHN3

(8indet)proe飴dBtOStepI.Ontheotherhand,HN

generationfromtheHN3biradicAl(triplet)w ed

easierbecauBetheenergyoftheHN3birAdical

(triplet)wa且higherthntlはtOfHN3(8indet).In

otherwords,molecularorbitdcalculation8ug官e8ted

thatthe柁aCtionviaHNabiradical(triplet)m rred

easierthzLnviAHN3(Singlet).Onehypothesi8th上

explain8WhyNH3W88detectedonlyatthehigher

de00mp侶itiontempemturei8thttheHN3birzldical

(triplet)couldbeformedandactivatestheNHS

directlyunderthesemnditions.

Although CH-AJldC2772Weredetectedduringthe

hightempemture8tage,theydidnotappearinthe

propo8edmechmi8m.SinceCHJandC2H2Cannot

bedirectlyformedfromlHT.itcanbethoughtthat

radicalBmaybeformedbybondcleavageand

recombinetogiveCH4andC2H2.Tbclari&the
radicalformation,80medecompositionpathways

werepropo8ed.Figure98howBtherelationshipof

lHTandtheimaginaryAndrealdecomposition

products,whicharetherevi8edandre租Iculatedone
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Fi810Enthlpydiagmmoofde00mpo8ition叩eCie8
rorhigh temperaturereaction(ba令edona
tetra名01e)

ofGuimonetal･1)AlltheBpeCie8arerevealeda8

groundStateOnebyLkquencyanaly8iさ.

InviewofthechemicalStructure,iti8&88umed

thatCH-andC2H2Shouldbegeneratedviai80mer

8or9･Thecalculatedenthalpie8SupporttherAtio･

nAloftheemitenoeortwoi80merB･Fi即m108how8

theenthalpydia酢am80fdecompo8ition8peCie8for

themo母trea80nablereaction8inthehightempera･

CureStage.HigherenergyiJ)needfortheNl-N2

bond丘88ionthantheNl-C5bondfi88ion.

4.Conclusion

Amechni8mforthethemaldecompo8itionfor

lHThasbeen8ugge8tedundertwodiLrerentheat-

ing00nditionB.Atthelowerheatingrates,1HTmay

decompo8eOnlybythecleavageoftheC51Nland

N3-N4bon血,血 u8eHCNandHN3Weredetected

a8decompo8itionproducts.Atthehigherheating

rates,manyreactionsmay8imultaneou81yo∝urto

formproducts8uCha8HCN,NHa,CH4andC2H2.

Inve8tigationofthein且uenceofthedccompo8ition
temperatureindicAtedthatdecompo8itiont8mpera･

Curechangeddecompositionmechni8m.The

8cmi･empiricalcalculationclarifiedthatthe

differencedependedupontheenergylevelofthe

reactant8,products,andintermediate8.Wh ere88

duri喝lowtemperature8tage,lHTdirectlyrele88e8

HN3,HN3i8activatedandreACt8furtherduring

KayakuGakbl'shi.VoI.62.No.1.2001 -21-



thehigh temperature8t叩e.CH-andC2H2Were

characteristicproductBinhightemperature8tage,

andthecdculatedenergies8upPOrtCdtheirforma-

tionfromintemediAte8.
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1日-テトラゾールの熱分解機構に関する研究

川口周平●,熊崎美枝子沖,和田有司小,

新井 充.'',田村昌三桝

種々の昇温速度や到達温度の条件下で,lH-テトラゾールの熱分解実験を行った｡英験に際してはパイ

ロプローブを用いて就料を加熱し, FT-IRを用いて生成物分析を行った｡その結果,lH-テトラゾールの

熱分解は,分解温度によって2つの異なった機構が考えられた｡低温においではシアン化水素とアジ化水

素が検出されたことから.テ トラゾール環のC5-Nl.N3-N4結合が解離していることが予想された｡一

方,分解温度が高温の場合,シアン化水#,アンモニア,メタン,アセチレンが検出され.複数の反応が

同時に起こっていることが示唆された｡
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