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Thermalbehaviorofvariou8metalcomplexmitrate8(Ⅱ)

-Cucomplexofaminoguanidine-

MiyakoAKⅣOSHI●,HidetSuguNAXAMURA',andYaButakeHARA'

As anew等88generant,theCucomplex血trate80faminoguamidine(Cu(NHCNNIl2)2(NO3)2:

hereabr,CtJAG)waやBynthe8ized,andthethermalbehaviorwa8inve8tigated.

Duringthei80thermaldecompo8itionreactionat101to125℃,theCuAGcomplcxformeda

さtableintermediate.An autocatalyBiJBequationcandeSCrihethereactionuptothefornationof

theintermediate,andtheaminoguanidineoftheligandSeemedtograduallydecomposewhle

maintaimiJlgthecomplexnitrateform,Theactivationenergyorthereactionwas51kJ/InOl.

Above125℃.theCuAGdecompo8e880rapidlythatignitionm r8.

TheburIlbgrateandbumingtemperatureatthe8tOichiometriccompoSitionwithSr(NOB)2

was6.48mm/8and1343℃,respectively.Concemi ngthega8evolutiondtLringthecombustion,

theN2andCO2ga8eBaCCOuntfor98.8%ofalltheevolvedga8eB,WhiletheevolutionofHCNga母

W880uly6.67×1014mol/mol.TheevolutionofCOgadW88Verylowevenduringthei印itionof

thecomplexin8piteoftheneptiveoxygenbalance(-0.237g/ど).

1.Introduction

Re00ntly,automobiles801dillJapanAreeqtJipped

withanairbagByBtemfor88ferdriving.Anon-a五ide

gabgenerAnta8aSub8titutefor80diumaddehB

beenStudied.andtetraZDlederivativeBI),ura2Dle2)

andaZDdicarboamide3)werethe8ubject80fthis

8tudy.

TheauthorsevaluatedthemetalcomplexeBOf

organiccompounds,Whicharecompo8edofmany

nitrogenatomさ,aSthenewgasgenerant.Inprevi-

ousrepOrt81)～II),thethermaldecompoBitionbehav-

iorofthemetalcomplexofcarbohydrazidewa島

inve8tigated.

Inthisreport,theCucomplexnitrateof

aminopanidine(Cu(NfICNNH2)2(NO3)2:hereaf･

ter,CuAG)wa合8ynthe8i2;ed,andthethermal
- -■ _.
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behaviorwa8inve8ti伊ted.

2.Expen'ment

2.1 Reagents

CtJAG wa合ByntheBi21edu8ingapreviou81y

reportedmethod12)･TheCucomplexmitrAbofthe
amminewasBIowlyaddedtotheAGmitratein

waterinaito2molarratioat50℃inawaterbath.

TheobtainedcomplexeBWereidenti丘edbyelemen･

talanaly8i与andpolari2:edlight2iemanatomic

ab80rPtionOpeCtrOmetryduetotheirin801ubiJityin
water.

TheSrnitrateoxidi2;ingagentw舶Wakopure

chemicalreagentFade.Reagent88Creenedto

under63JLmWeremixedforBixtyminute8uBlng

BplittablechopBtick80mparchmentpaper.Five

kind80f88mple8Werepreparedbymixing,i.e.,a

StOichiometriccompo8itionandtwooompo8ition8

eachwithpo8itiveandnegativeoxygenbalancc8

basedoneq･1･Table18hoふ8the8eCOmPO8ition8.

5CuAG+4Sr(NO3)2

ー5Cu+4SrO+29N2+10CO2+30H20 (1)
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Table1Compo8itionBOfmixtur餌(CuAG/Sr(NO,)2)

CuAG/Sr(NO3)2 0xyqenbalance

Molarratio (wt./wt.) (ど/LOOビ)

5/2 0.80/0.20 -9.14

5/3 0.73/0.27 -4.15

5/4 0.66/0.34 0.

5/5 0.61/0.39 +3.51

n /0153十一 '13･40

2.2 ApparatusandJTlethod

2.2.1 TherTnaJanalysis

ThediqerentiAlthemaIanaly8i8andthegravi -

metricanaly8i8WereCarriedoutusingaRigaku

TAS-200The-81Analyz耽 The88mplccontainer

wa卓analuminacellandtheSampleamountwa卓3

mg･The8amplewa卓heatedto800℃atAheating
rateof20℃/minunderAr.

2.2.2 IsothenTLaldecomposhjon

50mgorCuAGwasWeighedintoagla88tube

Sealed8tOneend(6mminsidediameterand60mm

length)aJldplacedinanironbl(光khavingan8mm

diameteranda50mmlengthhole.Thisblockwas

insertedintoanelectriCfumacekeptatVariou8

temperature8･A氏erbeingheatedforaSpecified

time,theweightoftheSamplewa8mea8tlred.The

decompositionresiduewa且analy25edbyX-ray

diffmctionu8ingaRipkurotaneXRU-200,by

elementalanaly8iBu8ingaYanagimotoCHNcorder

MT-3typeandbyinfrared8peCtrO8COPyu8inga
ShimamFTTR-8IOOA.

2.2.3 Combustionreactjvity

Theheatofthereactionwa島me88uredu8inga

Shimad2;uCA-JI'吋peAutomaticBombcdoriJneter

inarpn.There8ult80ftheinve8tigationAtambi-

entprewureShowedavariationinthemeasurement

values0r3%to4%Overthepre88urerangeOf1.1

MPato3.1MPa.Also.therewaBnOCOmbu8tionat

0.1MPa.therefore,themeasurementWaやCarried

outatI.IMPa.

ThemeasurementOftheburmingratewa且

carriedoutunderthefollowingconditions.A

preliminaryinvestigation8howedthatthelinear

burningrateinthetheoreticddensityrangeOfO.65

toO･70becameSmalla8thetheoreticaldensity

becamelarge,WhiletheweightburningrateWas

independentofit.Also,Whenthediameterofthe

burningtubewas6mm,theburmingratehada

maXimum Value.Con8equently,the88mplewa合

loadedat0.60fthetheoreticaldensityina6mm

i.d.aluminumtube.ThepreB8tlredependencewa合

measuredoverthepre舶 urerangeOfO.1to4.IMPa

andtheinfluenceofthecompo8itiononthebur血 g

ratew舶inv88tigatedat1.1MPa.Theburningrate

w88determinedbythetimethtw88neededforthe

combu8tionwavetOPrOO耽d10mm.

Theburnl喝 temperatureWa卓dBOmea8u.ed

usingthe母ametheoreticalden8ityandtube

diameteru8edforthemeasurementOfthebuming

rat･e.A0.25mmdiameterW/RethermocouplewaB
verti¢auyinsertedintotheburningtubeagaimtthe

combustiondirectionandwaJiCOnneCtedtoa

｢ぬkogawahoku8innAnalyzingRecorder.

Thecombu8tionresiduewa卓analyZhdbyX-ray

di鮎 ctionu8ingaRigalm rotdexRU-200_

2.2.4 TheevolvedgaS

Theevolvedga8e8inwhichtheheatofreaction

wa卓measuredwerecollectedinACOllectionbag
(1tdlarbag,350mlcapacity).Theamount80fthe

N2,CO,CO…andN20g88e8evolvedwerequanti･
Gedu8iJlgaShinad孔IGCl4CGa8Chromatop ph

(hereafter,GC).Table28howBthemeasurement

condition8fortheGC.TheNOandNO 2gBBe8Were

Table2GaJiChromatographconditions

Ga8e8 N2,CO N20,CO.

Column Molecular8ieve85A Activatedcharooal

Particle8iZie 60-80me8h 60-80me8h

Length 2m Im

恥mp. 40℃ 40℃

Carrierga8 He,20ml/min. He,60mi/min.
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quantitativelyanalyzedusingaGaSteCgasdetec-

tortube.TheNH3andN2H.gasesWerequantified

bytheindophenolmethod13)(1=630nm)and

thep-aminoben血ldehydemethod川 (1≡458nm),

respectively.
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dueforCuAGduringthedecompositionatheatingr

ateor5℃/min.KayakuGakkaishi.Vol.62.No.2.2001 3.Resultsanddiscussion3.1 Thermalan

a一ysisFig.1Showthere8ultBOfthetherna

lanaly8i8forCuAGatvariousheatingrates.CtdGSta

rtedtoexothermallydecomposeat170℃,andthed

ecom-positionreactionwa8COmPlicatedoverawidetempe

raturerange,aBpreviou81yreportedJ21.Atahea

tingrateof5℃/min,theweightlo88COnVergedto18,48,68%at180,210,290℃,re8peCtively.Fi

g.2Showstllere8ult80fthepowderx･raydi

qractionfortheproductscollectedforeachweight

los8inFig.1(b),andFig.38how8there8dt80

ftheirIR8peCtra.ThepattemofCu2(OH),(NO,)

wa号COn･氏rmedupto48%oftheweightlo88,thou

ghiti8difrlCulttocon8iderbecauseOfa

badcry8tal.Cu2(OH)3(NOB)mightbeformedduet

oH20beinggeneratedbytlledecompositionofaminog

uamidineoftheligand.Theformationmecllani

8m OfCu2(OH)3(NO3)wa合notClear.Ontheotherhan

d,inthem8peCtra,theabsorptionattributablet

othefunctionalgroupor[NO31wasObsezvedat

1390cm-1upto48%oftheweightl

oBS,and8eVeralab-80rp

tionpeaksattributabletotheaminopanidine.105
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王紛 ▲110℃･Fig･5Thei80thermaldecompo8itionof
CuAGatvariou8temper

aturesSuchaBtheNH8tretChinFVibrationat3

300cmlandthe-C≡N8tretChingvibrationat17

00cmT',becameSmall88thedecompositionreact

ionpr0-gre88ed.Aminn叩uanidineortheliga

ndmightgradudlydccompo昨Whilemaintainingth

e00mplexmitrateformundermildheatingcon

dition8.Fig.48how8there8ultBOfthethermal

analy8i8fortheCl止GcomplexmixturewithSr(NO3

)2.TheurLreACtiveSr(NO3)2OxidizingagentwaB

foundtodecompo8eAt560℃.meunrt!aCtedSr(N

Oつ)2WasA8mallamountcomparedtothecarbohy

dra2:i°ecomplexnitratespreviouslyreported7)

･8I. ThereactivitywithSr(NO,)2Wasexpect

edLobecomparativ81y

high.3,2 lsoth!rTTtaldec

ompos柏onFig.58how8theweightloBSVer8u8tim

ecurve8foronlytheCuAGcomplexduringthei8

0thermaldecompo8itionatvarioustempemtureBfro

m101to125℃.meCuAGdecompo8e880rapidlyth

ati町Ii･LionoocurBAbov

e125℃.Theweightlo8BCOnVergedto21%inthe

experi-mentaltempemtuzerange.indicatingtheformAtion
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eAtLmber/cn 'IFiB7IRaPeCtraOfthere8iduefo
rCuAGd也 gthei80thermaldecompositiona

tI10℃/mimofaBtableintermediateduringthe

corur8eOfthereaction.Thedecompo8itiondidnot

progre88evena氏erholdingattheexperimental

temperatufeforSeveralhours.Fig.68how8thereさ

ult80ftheXRDfortheintermediateduringthei8

0thermaldecom･positionAt110℃ AndFig.78how8

there8ultortheIR8PeCtrumforoneexperimen

t.ThepatternofCu2(OH)3(NO3)wasCOn丘rme

d.BBOb8erVedduringthedecompositionattheheat

ingrateOf20℃/min.Ftlrthermore,theabsorptio
nattributabletothemitrateionwasal800bgerYeda

t1390cm~JintheIRSpectrum.Thereactionm

echanism8eem8tobeBameintx)thdecompositioncondi
tion8COnJ?id･eringfromthere8idueinthecourseO

freaction.TheintermediatewasClea

rlyamixture.ForthefirBtBtAgeOfthereaction

(upto22%oftheweightlo88),anaPphはblerat

eequationwasinveBtiptedbythederivedhction

dde00m叩 ition.A88howninFig.8,anautOeAtaly8i

8equationcandescribethereaction.InthecaseOf

thedecomp08i-tionofCuAG.theproductsActa8

thecataly8i8･Arrheniu8plot80rtheratecon

8tantSateachtemperaturegiveBtheactivation

energyofthereactionof51kJ/mol(frequenqy払ctor:7.8×108
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8thecompo8itiondependenceortheheatofreactio

n.Theheatofreactionhadamaxi･mumvdueatthe

J)tDichiometriccomp鵬ition.Fig.108how8there

8ult80fthepowderX･raydiqmctionfortheresid

ueor8aChcompo8ition.CuandSrCO awereco血 me

datthenegativeoxygenbAn nceand8bichiomet

riC00mpoBition.TheCtLAGd∝ompo8edtoCuO

duringthedecompositionundermildheatingcond

itionB,SuchaSthethermalanaly818.whileitde00mp

o9edtoCuundervigorouB00ndition8.8uCha8the

combustion.Ontheot,herhand,notCubutCuOwe

reoonfirmedatthepositiveoxygenbahnce,andunr

eactiveSr(NOD)2Wa8al80Observedinadditiont

oCuOandSrCO3.CuOwa卓thoughttobeformedb

ythereactionofCuandunreactiveSr(NO3)2.SrCO3W88fonnedbythereactionof

thereactionproductsSrOandCol.Fig.ll8how8there8ult80fthecompo8ition 20/deg. b･K
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dependenceoftheburningrateandburning

temperature.
ThcBe8180hadamaximumvalueat

a8tOichiometriccomposition;thebur血grateand

burniJlgtemperatureAtthe8tOichiometriccomp0-

8
itionwas6.
48mm
/aZLnd1343℃,r堺peC
tively.
Fig.
128how8thepre88tuedependenceofthe

bumingrateata8tOichiometriceompo8ition.
The

pre88urCexponentWa且estimatedbasedonVieille'8

equation(V=aPn).
Thepre88ureexponentWas
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AFi812BurningratechiLraCteri8tic80ftheStOichio
-metricmixtur

eTable3Theamountofevolvedga8e
S(uI止t:mol/md

)Ga8eS

N

2NH

3HC

NN2
0N

ONO

2C

OCO

…Nnu皿ber

iーLーーLB%空

CuAG/Sr(No
.,
) 2Mixture

8Ignition 1 Combustio

n3.25 5.5

5I.07 0.00243

51.4

10.4

40.025 0.

00.

00.01

50.0 0.

00.14 0.1

30.57 1.41

9.89 11.l

l98.9 t 95.

82.12 1.5

4106.0 77.

0StepOfthecombustion'5).Themitrateoftheoxidi2i

･ingagentnightgeneratehighlyreactiwNo又gaBeB

.A叩reviou81yreported7川,thepreBBtlZeexponen

t8how8atendencytobehighinthecaseOfu8ingth

enitrateaBtheoxidizingagenL

3.4 Theevolvedgasesduringthecombustio

nTable3li号tstheanaly8i8re8ult80ftheevolve

dg88e8duringtheignitionforthecomplexonlyan

dduringthecombu8tionforthemixture.Inthecas

eoftheigmitionforthecomplexonly,HCNgasattrib

･utabletotheC≡NbondintheStructureandNH

ユgaBe8generatedmoretl岨n1molper1molofCuA

GduetothenegativeoxygenbalanceoftheCuA

G(-0.237g/普).However,theevolutionofCOgasWa

sverylowevenduringtheignitionofthecomplexi

nSpiteofthenegativeoxygenbalanoe･ThiBphenom- enonwa且apeCu上arityoftheCtlAGcomplex.N

ocNbonylbondinthe8truCtureWasgivena8OneO

ftherea80nS.An inve8tigzLtionwasneededtodeter

･minetherelationofthecomplexetruCtureandth

egasevolutionbehavior

.Ontheotherhand,inthemixture8yStemwit

hSr(NO,)2,theN2andCO2gaBe8aCCOuntfor98.8

%ofaueyolvedga8e8,WhiletheevolutionofHCNg8

8wa8Verylow;6.67×101mol/mol_FortheCOgas
,therewa卓nOdiqerenceintheamountOftheevolve

dgasCOmParedwiththeoneduringtheignitiono

fonlythecomplex.

4.Conclusio

nAs newga母generant,theCucomplexnitrates0

faminoguanidine(herea氏er,CtlAG)were8ynthe

-8ized,andthethermalbehviorwasinve8tigated

.Fmmtheisothermaldecompositionat101to12

5℃,CuAGcomplexformcda8tableintermediat

eduringthecorur8eOfthereaction.Theweightlo8

8convergedto22%,andaautocatabrsi8equationca

nde8Cribethereactionupto22%oftheweightloB8

.Forthisreaction,theaminoganidineoftheligan

dwaspostulatedtogadual1ydecomposewhilemain

-ta血血gthefornofthecomplex.Am heniu8plots0

ftheratecon8tant8ateachtemperatureprovide

dtheactivationener幻rOfthereaction,51kJ/mo

l(frequencyLhctor;7.8×105).Above125℃,tll

eCtJAGdeCompoSed80r8pidlythatignitionoccurred

,andthe丘nalresiduewasCuO

.Theburningrateandbur血 gtemperatu托atth

eBtOichiometriccompo8itionwithSr(NO,)2Was6.4

8mm/8and1343℃,respectively.The丘nal re8idu

ewasnotCuObutCu.Fortheevolutiongasdurin

gthecombustion,N2AndColgaBeSaCCOuntfor98.

8%ofalltlleevolvedgaBe8,Whiletheevolutio

nofHCNgasWaslow,6.67×10-4mol/mol.Th

eevolutionofCOgasWaBVeryhttleevenduringth

eignitionofthecomplexonlyinSpiteofthenegativ

eoxygenbahnce(-0.237ど/ど).Havingnocarbony

lbondsintheJBtruCtureWZIBPVena8OneOfth

ereaBOn8.
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種々の金属錯体硝酸塩の熟的挙動(第3報)

-アミノグアニジン銅錯体一

秋吉美也子●,中村英嗣暮.原 泰毅●

新規のガス発生剤として,アミノグアニジンの銅錯体硝酸塩(以後,CuAGと賂)を合成し,その熱的挙
動を検討した｡

101-125℃での等温分解では,CuAGは反応の途中で安定な中間体を生成する｡中間体生成までの反応

は,自触媒の式に最もよく適合し,この時,錯体硝酸塩の形態を維持しながら.配位子であるアミノグア

ニジンが徐々に分解する｡分解反応の活性化エネルギーは51kJ/molであった｡尚,125℃以上では,反応

が急激に進行して,発火にいたる｡

硝酸ストロンチウムとの色絵組成での燃焼速度及び燃焼温度は,各々6.48mm/8eC,1343℃となったO

燃焼時の発生ガスは,その98%が窒素及び二酸化炭素で,わずか6.67×10~4md/molのシアン化水素ガ

スが検出されたOまた.一酸化炭素ガスは,CIJAGの酸素バランスが負(-0.237g/g)であるにもかかわら

ず,錯体単体発火時でさえ,その発生量は少なかった｡

(●九州工業大学工学部応用化学教室 〒804-8550北九州市戸畑区仙水町1-1)
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