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ThermalbehaviorofvariouSmetalcomplexmitrate8(Ⅳ)

-NiComplexnitrates-

MiyakoAmOSHÌ,
Hidet8uguNAMURA',an
dYasutakeHAR〟

As anewgasgenerant,thethermalbehavioroftheNicomplexmitratesofcarbohydra2:ideand

aminoguanidine(hereaAer,NiCDHandNiAG,respectively)wasinve8tigatedwhenmixedwith

Sr(NO｡)20ftheoxidi2:i喝agent.

Thetherma18tabilityofNiAGwa卓higherthantl一atOfNiCDHbasedonthereSult8inDTA.h

bothComplexeS,therewasaSlightdiLrerenoeintheheatorcombu8tionandtheburningtempera-

tureinatubeattheStOid血metricoompoSitionwithSr(NO3):.rlowever,fortheburmingratein

atube,theNiCDH8yStemWastwotimesaSfa8taStheNiAG8y8tem.Theburmingrateforthe

NiAG8y8temWasalmostequaltoonefortheMgCDH8yStem7IwhentheCDHwasC00rdinatedto

Mg.Anon-8tOichiometricNiO(Niじ◆卜xNi3'2tO)producedduringthedecompo8itionoftheNicom-

plexwasa88umedtobethecataly8tintheoxidation-reductionreactionduringtlleCOmbuStion.

Fortheevolvedga8e8,N2andCO.accountforabout99percentofallevolvedga8eSinboth

complexmixtures.IntheNiAG8y8tem,theevolutionamountofHCNgaswasVeryBlight(10-1

mol/mol-complex),andtheamountOrCOgasWa8alBOBlight(10-2mol/mol-complex).

1.1ntroductjon

Recently,automobilesboldinJapanareequipped

withanaifbag8y8temforSaferdriving.Anon-adde

gasgeneranta8aSub8tituteforsodiumazideha阜

been8tudied,andtetrazolederivative8日,ura2X)le-i)

anda2X)dicarboamide3}werethesubjects0rthis

Study.

Theauthorsevaluatedthemetaleomplexe80r

organiccompound8,Whicharecomposedofmany

nitrogenatom8,88thenew ga島generant.Tn

previousreports0-12㌧thethermal de00mpo8ition

behaviorofmetalcomplexe80fcarbohydrazidewa卓

inve8tigated.

Inthisreport,theNicomplexnitrateof

carbohydrazide and aminoguanidine

(Ni(N托NHCONHN托)3(MOS)ど,Ni(NHCZW .q).～(NO3)..:
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hereafter,NiCDHandNiAG,re8peCtively)was

Synthesized,andthetl一ermalbehaviorwaSinveSti･

FatedwhenmixedwithSr(NOB)2.

2.Experhent

2.1 Reagents

NiCDHwaeeyntheSkedbasedonthemethodby

lvanovet･allL3).NiAGwa台8ynthe8izedbasedon

thesynthesismethodofCuAGpreviouslyreported.

TheNicomplexnitrateofamine川waBSlowlyadded

totheAGnitrateinwaterina1to2molarratioat

65℃inawaterbath.Thesolutionwa8COnCentrated
byevaporation.Theobtainedcomplexeswere

identifiedbyelementalanalyBi8andpolariォedlight

2x2manatomicabsorptionSpeCtrOmettYduetotheir

in801ubilityinwater.

TheSrnitrateoxidizingagentwasWakopure

chemicalreagentgrade.Reagent88Creenedto

under63FLmWeremixedforSixtyminutesusing

splittablechop8tick80nparchmentpaper.Five

kindsorSampleswerepreparedbymmng:a8tO･

ichiometriccompositionandtwooompo8itionBeach
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Table1Compo8ition80fmixture8(Nicomplex/
Sr(NO3)2

I

Nicomplex/Sr(NO3)2㍗Oxygenbalance

(mol/mol):(wtノwt.) (ど/100g)

0.57/0.43ど0.74/0.26 1 0

0.49/0.51 0.67/0.33 - 5

NiCDH1o･42/0･58

::23:;::;;

0.60/0.40

0.54/0.46
0.47/0.53

-10

0.57/0.43】0.68/0.321 -5

NiAG 【0.50/0.50∃0.61/0.39 0

0.43/0.57i0.54/0.46 +5

LO･37†0･93io:竺 o･521 ･10

withpo8itiveandnegativeoxygenbalancesba8ed

oneq.1.Table18howsthesecompo8itiom8.

5NiCDH+7Sr(NO3)2

ー5NiO+7SrO+42N2+15CO2+45H20 (1)

NiAG+Sr(NO3)2

→ NiO+SrO+6N2+2CO2+6H20 (2)

2.2 ApparatusandmetJ10d

2.2.1 TherTnalanalysis

ThediqerentialthernalanalyBi8andthegravi-

metricanalyBiSWereCarriedoutu8ingaRigaku

TAB-200Thernal軸 r.The8amplecontainer

wasanaluminacenandthe的mpleamountwa台3

mg.TheSamplewa白heatedto800℃ataheating

rateof20℃/minunderAn.

2.2.2 CombLJStjonreacbvity

Theheatofthereactionwasmeasuredu8inga

Shimadm CA-4Th)eAutomaticBombCalorimeter

inargon.Theresultsoftheinve8tigationAtambi-

entpre88ure8howedavariationinthemca8ured

values0f3%toJI%Overthepre88urerangeOf1.1

MPato3.1MPa.A180,therewasnOCOmbustionat

0.1Mpa;therefore,themeasurementWasCarried

outatL1MPa.

Themeasurementoftheburmingratewas

carriedoutunderthefollowingconditions.A

preliminaryinvestigationShowedthatthelinear

burningrateinthetheoreticaldensityrangeofO.65

to0.70became8mallaSthetheoreticaldensity

becilmelarge,whiletheweightburningratewas

independentofit.Also,Whenthediameterofthe

burningttlbewas6mm.thebumi ngratehda

maximumvalue.Con8equentlyitheSamplewas

loadedat0.60fthetheoreticaldenSityina6mm

i.d.aluminumtube.Thepre88uredependencewas

measuredoverthepze88urerangeOfO.1to4.1MPa

andtheinnuenceofthecompositionontheburning

ratewaginvestigatedat1.1MPa.Thebumingrat.e

wasdeterminedbythetimethtwasneededforthe

combustionwavetoprooeed10mm.

Theburningtemperaturewa8al80measured

u8ingthe8ametheoreticalden8ityandtube

diameteru8edforthemeasurementOfthebmi ng

rate.A0.25mmdiameterW/Rethermocouplewas

vertical1yinSertedintotheburningtubeagainst

thecombu8tiondirectionandwa白Connectedtoa

YokogawahoknsinnAn alyzingRecorder.

Thecombustionresiduewa卓analyヱedbyX-ray

di鮎 ctionusingaRigakurotanexRU-200.

2.2.3 Theevolvedgas

Theevolvedgases,Producedwhentheheatofre･

actionwasmeasured,Werecollectedinacollection

bag(Tbdlarbag,350mlcapacity).Theamounts0f

N2,CO,CO2andN20ga8e8evolvedwerequantified

usingaShimad2iuGC-4CGa母Chromatograph

(hereafter,GC).Table28how8themeasurement

conditionBfortheGC.TheNOandNO2gaBe8Were

Table2Gaschromatographconditions

Ga8eB N2,CO NCO,CO …

Column Molecularsieve85A ActivateddlarOOal
Particle8ize 60-80me8h 60-80mesh

Length 2m 1m

TTemp. 40℃ 40℃
carrierga8 He,20ml/min. He,60ml/min.
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ture/℃Fig.1DTA-TGcurve8fortheNicomplexnit

rate8quantitativelyanAly2;edu8ingaGaSteCga8

detec･tortube.TheNH,andN2H.ga8e8Werequ

antiGedbytheindophenolmethodl5'(1=630nm)

andthep･aminobenaIdehyde method 16' (1=4

58nm),reBpeCLi

vely.3.Resultsanddis

cussion3.1 Thermala

nalysisFig.1ShowBthere8ult80fthethermala

naly8iBforNiCDHandNiAG.ForNiCDH,theen

dother･micpeakformeltingwa卓COn丘rmeda

t230℃;immediatelyaftermeltingtheNiCDHSta

rtedtoexothermal1ydecompose.Thedecompositio

nreac･Lionwas00mphcBtedoverawidetemperature

range.ThefinalresiduewasNiO,whichwasCOnfi
rmedbypowderX･raydiEBTaCtionandthefinalweig

htlo88(83.5%,theoreticalvalue:84%).Onth

eotherhand,NiAGStartedtoexothermallydecom

po8eat270℃.The丘nalweightlo88Was95%,wh

ichw88incon8i8tentwiththecalculatedvaluefor

theNiOformation(83%).The88mplewasi3Cattered

duetothevigorou8reaction.CompariJlgtwoNi

Complexnitrate8,thethermal8tAbilityofNiAGw88

largertbnthtofNiCDHbasedontheinitialt

empera･Cureoftheexothermicdecompo8ition.Thi

smightbecausedbythefactlT)thatthecomplex8tabi

lityoftheNiAGwa卓higherthanthatofNiCDH:t

heNiAGisafour-coordinatedplanearさtruCture

,WhileNiCDHiBa8ix･Coordinatedoctahedronc

omplex.ForNiAG,however,thedecompo8itionreaction
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▲ NiCDH,●NiAGFig.3Heatofc

ombu8tionformixturesproqe88edaccel

eratedly.onoeStarted_Fig.28how8there8ult

80fthethemalanaly8i8forthemixture8withSr(NO

B)2atthe8tOichiomet･riccompo8itionforbothN

icomplex飴 .Therew888littlediLrerenceinthe

apparentthermalbehviorcompAredwiththeofonl

ythecomplex(舶8eeninFig.1).TheunreactiveS

r(NOB)2oxidizingagentwaBfoundtodecompo8e

at560℃ inboth8y8tem8.TheunJtaCtedSr(NO,):fo

rtheNiAGByBtemW88a8mauamountCOmpare

dtDthatfortheNiCDHJiy8tem,andthereacti

vityofNiAGwithSr(NO3)2wasexpectedtobehigherthanthat

OfNiCDHwithSr(NO3)23.2

CornbustionreactjvityFig.38how8thecompo8

itiondependenceoftheheatofreaction.meheatO

fcombu8tiOnhadamaxi_KayakLJGakkaishi.Vor.62.
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NO｡):mixttm8mumvalueatthe8tDichiometriCoDmp

O8itioninboth8y8temS,andtheirvalue8Wereapprox

imatelyeqtJal.FortheNiAG8y8tem,therewasaSl

ightdiaTerenceinthecalorificamount8atthe8tOi

chiometriccom_positionandat-5ど/100どofthe

oxygenbalance.Fig.48how8theXRDpatternsO

fthecombu8tionre8iduefortheNiCDH8y8tem8.

TheXRDpatternofunreactiveSr(NO｡)2WasCO血

medatthe8tO･ichiometric00mp岱ition.TheXRDp

atternofNiwasalsoCO血 medinadditiontothato

fNiO.ApartofNiO,whichwasproducedbythed

ecompositionofNiCDH,wa白thoughttoactaeanox

idi2;ingagent.SrCO3Wasproducedbythereaction

ofSrOandCO2.Fig.58how8theXRDpatterno

fthecombu如ionresidueatthe8tOichiometriccom

poSitionfortheNiAG8y8tem.UnreactiveSr(NOB

)2Wa白notCOn･氏rmedinthisSy8tem.However,

theXRDpatternofNiwa白alsoCOn五medinaddition

tothatOrNiO,80thecompo8itioT1Seemedtobenot

a8tOichiomet･ricbutoneataBlightpo8itive

oxygenbahnce.Fig.68how8thecompositionde

pendenceorthebtJrmingrateandtheburningtemp

erattm.Fortheburmingtemperature,therewa8a8hghtdiLrerence 三
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AGFig.6Combustioncha

raCteri8tic8forNicomplex/Sr(NOB)2mixtures

inthevaluelevelintx)thcomplex8yStem8:Ni

CDH1300℃,NiAG1400℃.OntheotherIland,thebu

rn･ingrateoftheNiCDH8y8temWas

abouttwotimesaSfasta8thatoftheNiAG

8y8tem.Fig.78how8thepre88uredependenceoft

hebumi ngrateinbothSy8tem8,inwhichthe

re8ultBoftheMgcomplexorCDH(MgCDH,hereaft

er)71andtheCucomplexofAG(CuAG,hereaRer)18

'W 88also8hownforcotnpari80n.TheMgCI)Hhasth

reeCDHmolecule8COOrdiJlatedtoMg,whilethe

CuAGha8twoAGmoleculesCOOrdinatedtoCu.Table

31iBtedtheconBtant80fthebumi ngratecalc

uhtedbasedontheVieiue'8equation(Ⅴ=aPn) i

nallSy8tem8.Wh encompariJlgthemetalComplexeBwit

hthe8ameli
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metricmixturesTable3ConBt,antsOftheburningmte

X/Sr(NO,):X=: a NNiCDH 1.285 0.344

NiAG 0.771 0.377MgCDH 0.520 0.896

CuA

G 0.618 0.7221ineBfortwokinds0ftheNic

omplexwa8Smallerthantheone8foreachcomplex

inwhichthe山gand,CI)HorAG,wasCOOrdinatedto

theanothermetal.A8al808eeninTable3,thepre8

Bureexponent̀ǹ"fortheNicomplexe8Wa台8mAlle

rthanthoSefortheothers,Whiletheconstant"a

"waBlarger.Thismeansthat.inthecaseOftheNi

complex,thereac-tionillthegasphaseWa8more

inactivecomparedwithanothermetalcomplexes,

Whilethereactionintl一eCOnden8ationphaseWa

卓moreaCtive桝 . Inaddition.theburningrateina

tubeintheNiCDH8yStemWa合abouttwoI.ime8aSfa

staSthat.intheMgCDH8y8tematI.01MPa.Th

eburninsrateinatubei8decidedbysomefac

tors,8uClla8thecombustionreactionrate.thehe

atconductivityinthedirectionofthecombusti

on,and800n.ThediqerencebetweentheNicomp

lex8y8temBodtheothersW88thefinAlmetalo

xide;NiOmightbeactinga8aCataly8i8forthecombu

stionreaction,inparticular,ofthereactioninthec

ondensationphase.Though themetalNi,whichha

shigh heatconduc･tivity,wagalsoproducedduring

thedecompositionoftheNicomplex.itwa8thought

thattherewasnOinfluenceonthebumi ngrate.No

tethedatafortheCuAG8y8teminFig.7;notCuO

butonlyCuofhighheatconductivitywa叩rOduced
L7'
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aA MgCDH/Sr(NO3)2

▼ 十NiOA +NjObFig.8TheadditionemTectofvariouSNiOonth

eburningrateTable4Con8tantB

OrtheburrungrateMgCDH/Sr(NO,

)JX,Ⅹ=; a nNiO

0.524 0.732NiOb

0.618 0.620ForthediLrerenoeintheburning

rateoftwokind80fNicomplexes,thefollowingh

ypothe8i8couldbeproposedaBapO88ib止ity.There

wasadi飴renceintheproducedNiOinthetwokind

JiOfNicomplexe8.Fig.88how8thepre88uredepen

denceoftheburn-ingratein theMgCDH/Sr(NO,)

28y8temwithaddedNiOofWakopurechemicalr

e喝entgradeoroneproducedfromNi(OH):･6H:0(

NiOb,hereaaer)inatenpementri8eOrtheweightrati

otothe8tOichio･metricmixture.Table41i8t8t

hecon8tant80fthebuJ･ningratecalculatedbasedonV

ieille'13equation(V=aPn).Therew88aSlightdiL

rerenceinthe8lopeorthelinebytheadditionorNiOa

8BeenillFig.8,whilethedecrea8einthe8lopea

ndtheincreA8einthecon8tant"8"wasClearl

yconfirmedbytheadditionofNiOb.ItiB8ug%e8ted

thattheadditioneErect,thecatalyticeffect,vari

esa∝OrdingtotheformationconditionorNiO201.A

non-8tDichiometricNiO(Ni2●卜xNiユ●2]0)produced

during白omeCOndi･tionBhaseXα 880XygenOntheSu

rfaceofthemetaloxide.Theinfinite8imaladdit

,ionandreductionofthismight,beinvolveda8

aCataly8tintheoxidation･reductionreaction.

Forthi8,furtherKayakLJGakkaishi.Vol.62.No.



Table5TheamountOrtheevolvedg88e8

NiCDH/Sr(NO,): NiAG/Sr(NO3)2-

蕊 , i:Z42×1｡ ･, 5,:;て×1｡II

N,H. o.o o.o
NO 2.93×10ー: 1.85×10~

NO. 4.26×10-ユ 1.30×10~3

N:0
HCN

CO:

CO

Nnumber

%

Cnumber

%

0.0 0.0

6.66×10-. 4.63×lol

1.77 1.36

0.13 1.85×10~

14.48 11.62

86.LI g6.8

1.9 1.38

63.42 69.0

investigationi8needed･

3.Gasevolutionbehavior

Table51i8t8theanalyBi8reBult80ftheevolved

ga8e8duringthecombustion,N｡andCO,ga8e8

8ccountforabout99percentofallevolvedg舶eS･

ForNiAG,HCN,who8eevolutionwa台Predictedby

theC≡Nbondinthe8truCt.ure,evolvedintheratio

orlol一molper1molorthecomplex･Theevolved

amountofthi8g的Wa8atX)utequiLltDthtproduced

byNiCDHwhichwasnO-C=NbondintheStruc-

ture.TheevolutionofCOgabintheNiAG8y8tem

wasaBlightamountcomparedwiththatinthe

NiCDH8y8tem.Thecad)Onylbondinthe8truCture

mightbere8pOnBiblefortheevolutionofCOga8･

Thelowma88bAhnceofCmolecule8Wa合duetothe

fomationorSrCO.1bythereactionofSrOandCol.

4.ConChsion

As anewgasPnerant,theNicomplexmitrateS

ofearbohydrazideandaminogtlanidine(hereafter,

NiCDHandNiAG.re8peCtively)WereBynthe8ized,

andthethermalbehviorwasinvestigatedwhen

mixedwithSr(NO3)20ftheoxidizingagent.

Thethermal8tabilityofNiAGwashigherthan

thatOftheNiCDHba母edonthere8ult80fdi飴ren･

tialthermalanaly8i8'.theinitialtemperatureof

theexothermicreactionWAB250℃intheNiCDH

Systemand270℃intheNiAG8u8tem.Thereactiv-

itywithSr(NO3):OrNiAGwasalsohigherthnth上

oftheNiCDHundermudheating00ndition8.

Theheatorcombuetionandthebumingtempera･

turein8tubewasabout母ameValuelevelatthe

stoichiometriccompositioninbothcomplexmix-

tures.Fortheburningrateinatube,theNiCDH

systemwastwotimes88hot88thatnotonlyinthe

NiAG8y8tembuta180intheMgCDH8y8temin

wtdchtheCDHwasCOOrdinatedtoanothermetal.

Mg.Thepre88uredependenceortheburningrate

inbothNicomplexmixture8W888malleroDmpared

withthatinanothermetalcomplexnitratemixtureB･

N.n-BtOichiometricNiO(Ni2●卜INi3◆2xO)mightbe

produoedduringthedecompositionoftheNicom-

plex,andtheim丘nite8imaladditionandreduction

oftheexce88Oxygeninanon･8tOichiometricNiO

mightbeinvolved88aCataly8tintheoxidation･

reductionreaction.

N2andCO2888e8accountforabout99pementOf

dlevolvedga8e8inbothcomplexmixture8･Inthe

NiAG8y8tem,theevolutionamountofHCNpBW a卓

10-4molperImolofthecomplex,andw88about

equaltoth上intheNiCDH8y8t8mWhichwa月nO

IC=NbondintheStructure.TheevolutionofCO

wa卓alJaOaβlightamount.
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種々の金属錯体硝酸塩の熟的挙動(第4報)

一ニッケル錯体硝酸塩一

秋吉美也子●.中村英嗣●,原 泰毅●

新規ガス発生剤として,カルボノヒドラジド.アミノグアニジンのNi錯体硝酸塩(以後,各々NiCDH,

NiAGと略)の熱的挙動が硝酸ストロンチウム混合系にて検討された.

2種類のNi錯体の熱安定性は,熱分析結果の比較から,NiAGの方が安定である｡酸化剤混合系での反

応熱(燃焼熱),燃焼温度は.両錯体系で大きな差異は認められなかった｡ しかし,NiCDH系で得られた

燃焼速度は,NiAG系だけでなく.同じくカルポノヒドラジドをMgに配位させたMgCDH錯体よりも,

2倍近くの値を示した｡Ni錯体の分解で生じる非化学丑論組成のNiO(Ni2'hNi3●,xo)が燃焼反応時の酸

化遊元反応に触媒として作用する可能性が示唆された｡

燃焼反応時の発生ガスは,いずれの鈴体系においても,99%が蛮素と二酸化炭素であった｡NiAG系で

はシアン化水素ガスの発生は極微放く10~4mol/moトcomplex)で,さらに一酸化炭素ガスの発生も少ない結

果が得られた(10~2mol/moトcomplex)0
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