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Thermalbehavibrofvariousmetalcomplexnitrates(1)
-Qualitativegasevolutionbehavior-

MiyakoAKIYOSHI●.Hidetsu即 NAKAMURA●andYasutakeHARA●

Variousmetalcomplexesexpectedtobeanewgasgenerantforautomobileairbags

weresynthesizedandtheirgasevoludonbehaviorwasinvesdgated.Thesynthesizedsub･

stancesweretheZncomplexesoEhydrazine.semicarbazide.triaminoguanidineandurea

andtheCucomplexoEaminoguanidine.

FortheZncomplexesofhydraZineandtriaminoguanidineandthecoppercomplexof

aminoguanidine.fragmentnumber28(N2)wasmainlycoJl丘rmedduringthedecomposi･

LionataheatingrateoE20℃/min.

FortheZncomplexesofsemicarbazideandurea.mainlyfragmentnumber44(N･_･Oor

NfもCO)wascon丘rmed.hthecaseofthecoppercomplexofaminoguanidineandtheZncom･

plexoftriaminoguanidine.theevolutionofcyangaswassuspectedfromthe･C≡N･bond･

lnginthestructure.

1.lntroducuon

RecentJy.anautomobilesoldinJapanhasequipped

withaJlairbagsystem.forsaferdriving.Anon･azide

gasgenerantasasubstitutesforsodiumaZ:i°ehas

beenstudied.andtetrazolederivativesl).ura201e2I

andaZOdicarboamide3'werethesubjectsofthis

study.

TheauthorsevaluatedtheJnetalcomplexesof

organICCOmPOunds.whicharecomposedofagreat

dealolnitrogenatoms.asthenewgasgemeranLh

previousreportsM J.thethermaldecomposition

behaviorofthemetalcomplexofcarbohydrazidewas

invesdgated.

Inthisreport.themetalcomplexnitratesof

hydrazine.semicarbazide.triaminoguanidine.amin0-

guanidineandureaweresynthesized.andthegas

evolutionbehaviorwasquah'tativelyinvestigated.

2.Expedment

2.1RoagOntS

Themetalnitratesandvariousligands(Table1)
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Td)Je1一istsofJipnds

i.:架 ilcN'HS2B)

Hydradine(NN)Sem
NH2NH2

R H

H2"′'.甘
TriAminoguAni_dinetTAG) Ami爪0Su

H2N.N,官′N､NH2 H2N-信

Urea(UR)

H2"Y"H2
0

BJlidiJle(AG)

wereWakoPureChemicalreagentgrade.Thelig-

andsareexpressedbythesymbolsinparentheses

inTablel.Trianino即anidinenitratewassynthesized

かomaminoguaJlidinenitrateandhydrazinemonohy-

drate.andtheproductwasusedafterevaluadngthe

puritybyiodimetry.

Thechemicalformulasofthesynthesizedmetal

complexesareshowninTable2andareidenti点ed

bythesymbolsinanglebracketsinonetable.

2.2Apparatusandmethod

DiuerentialthermalanaJysisandthermogravime･

trywerecarriedoutusingaRigakuTAS･200Ther･

matAnalyzer.Thesamplecontainerwasanopenalu-

minaceuandthesampleamountwas5mg.Thesam･
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Table2AnalyticalResults

C H N M'

zn(NN)3(NO3)2くZnNN> found - 3.73 41.6122B5calcd. - 3.62 41.7122

.90Zn(SB)3(NOユ)2くZnSB> found 9.00 3.95 37.80 15.70calcd. 8B9 3.75 37.1

6 15.77Zn(TAG)3(NO3)l'くZnTAG> found 6.10 4.10 49B 1638caIcd. 6.04 4.06

4933 16.44Cu(AG)ユ(NO3)2くCuAG> found 723 3.73 41.611890calcd. 7.15 3

.62 41.711893Zn(UR)6(NO312くZnUR> found l2.90 4.41 35.13 11.78calcd.13.09 439 35.

60 11B9M':Metalplewasheatedto800℃ataheatingrateof

20℃/min.inair.Thequalitativeanalysis(TG･

Massmeasurement)oftheevolvedgaseswascarriedo

utusingYokogawamassspectrometerHP5972conn

ectedtoaRigakuTAS･300Thermalanalyzer.The

samplecontainerwasanopenaluminacellandthe

sampleamountwas2mg.Thesamplewasheatedt0

soo℃ ataheatingrateo

E20℃/min.inHe.3.RosuJ

tBBoddISCuSSlon3.1Syntheslsofrrlotal

conplexnltratosZnwaschosenasthecoordI'na

tedmetalbecauseofthecoordinadonstability(natura

lorderofstabu･ty).andZncomplexnitratesofvariousligands

weresynthesized.ZnNNwassynthesizedbymixin

gZnnitratehex･ahydratewithwaterandhydrazine

monohydrateina1to3ofmolecularratio.Amostcase
s.themetalele-mentsinthefirstandthirdtrans

itionseriesformfour･orsix{oordinatedcomplexe

s.However.theZncomplexcoordinatedwiththree

molecularsofNNwasobtainedevenonmixingwit

hanextraNN(Znnit

rate:NN=1:6).ZnURwassynthesizedbased

onthemethodofsynthesizingthescandiumcompl

experchlorateofureaThe00ordinadonreactionpro

gressedbyheadngtorenuxat40℃ forafewhou

rsaftermiⅩingZnnitratewithrnethanolandurea.A

ftercooling.thesix{oordinatedcomplexwasobtai

nedbyconcentra-donunderreducedpressure. OntheotherhaJld.SBcouldn

otbecoordinatedwithmetalhcZnbymixingZnnit

rateandSBchlo･ride;ZnSBwasobtainedfrom

theZncomplexofammineandSBchloride,asdiss

cussedbelow.TheZncomplexofamminewassynthes

izedbythereac-donofZnnitrateandammonia.

AmmoniawasaddedtotheZnnitratewithwaterlittle

bylittleuntilatransparentsolutionwasformedwi

ththeaddidonofammonia,awhitesolid(theform

ationoEZnO)was丘rstprecipitated.TheZncomp

lexofamminewasthenobtainedbytheconcentradon

ofthatsolutionunderreducedpressure.Theobt

ainedamminecom･plexandSBchlorideweremixedin

a1to3molecu･lar radoandthenrefluxedat7

0℃inawaterbathforsevenhours.NotSBnitratebu

tSBchloridewasusedbecause

ofhigh stability.ZnTAGwasalsoobtainedfmmZ

ncomplexnitrateofammineandTAGnitratebyt

hesamemethodasthatfo

rZnSBsynthesis.AGwascoordinatedwithcopper

butcouldnotbecoordinatedtoaZn.TheCucompl

exofAGwassyn･thesiZedfromtheCucomplexofammin

eandAGnitrate.Theobtainedcomplexeswere

idもntはedbyele･mentalanalysisandpolan'zed

lightzeman atomicabsorptionspectrometry,becauseo

iinsolubilityinwater.Table2showstheresultso

fanalysisoftheob

tainedcomplexes.3.2Dlfferentlalt

herlTlaranalystsFig.1showstheresultsoftheth

ermalanalysisfor丘vekindsofmetalcomplexes.Inthis

五gure.theresultfortheZncomplexofCDHisalso

shown.Thether-malbehaviorofZnSBwasapparent

lysimilartothatoftheCDHcompleLbecausethef

undam entalskele･tonofbothcomplexesisthesame

.Theinitialtem-peratureofmeldngintheZnSB

was20℃lowerthanthatof

theCDHcomplex.ForZnNN.theexothermicde

compositionwithasharppeakwasconGrmedaftera

smallendothemi C.peakat170℃.Theresidueafte

rthefirstsmallendothermiCpeakat170℃wasr

ecoveredandRna_lyzedbyX･raydifFracdon.beca

useitspeakmightindicatetheexistenceofan impu

rity.Thedih cdonpatternoftheresiduewasnotata

lldifferentfromthatofZnNN.Furthermore.the

absorbanceofthenitrateionwasalsocon丘rmedint

heIRspectrumoftheresidue.Consequently.inthissta

ge.apartoftheKayakLJGakkafsM.Vol.60.No.



0

50

100
0
50

100

(%
)
sso
二
鳥
!aJh

020!cm,4eOm?bret%0) 800

(a)ZnCDH.(b)ZnSB.(C)ZnNN.(d)ZnTAO.
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Ftg.1DTAITGcurvesforvariousmetalcomplex
nitrates

NNoftheligandmightgraduauydecomposewhile

retaining山efbm ofthemetalcomplexnitrate.

TheZnTAGandCuAGstartedtoexothermally

decomposeat170℃.andthed∝ompositionreaction

wascompもCatedoverawidetemperaturerange.For

theZnUR.theexothermicdecompositionoccurred

above120℃aftermeltingat90℃andgraduallypro･
gressedto650℃.Thethermalstabilityofthiscom･

Plexwaslow.

Inallcomplexes.the広naldecompositionresidue

wascon点rmedtobeabivalentmetallicoxidefrom

the点nalweightlossandx･raydiffraction.

3.3QLJalitatjveanalyslSoftheevolvedgasdurhgthe

lsothermaldecomposLtlon

Fig.2ShowsthechangeinthetotalionicamountoE

theevolvedgasesduringthedecompsidonataheat･

ingrateof20℃/minfortheZnTAGasarepresen･
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t川●e(し:)FJg.2 Thechangeinthetotalionicamou
ntoftheevolvedgasesduringthedecompositionfor

theZnTAGtative

example.Gasstartedtoevolveassoonastheweigh

tofsam･Plcstartedtodecreaseduetothedecompos

ition.andthegasevolutionbehaviorwasconsistent

withthethermalbehaviorseenintheDTAcurve

.Table3Showsthefragmentvalueobtainedatthe

pointinFig.2.inwhichthekindoEtheevolved

gaseswasalsopresumedかomtheA.agmentvalue.Nit

rogengasismainlyevolvedconsideringthestructure.

ThekindoEthegasscarcelychangedduringtherea

cdonpro･cess,aJldFig.3showsthechangeintheio

nicamOuntofeachfragmentduringthedecompositio

n.Attheinitialstageofthereacdon.nitrogen.hydr

azineandammoniagaseswerethoughttoevolveb

ecauseofthedetecdorLOfhpents2&32and17.Ina

ddidontothesegases.Carbondioxideandnitrousox

idegasesevolveabove200℃;丘agments44and30

werecon･Tab一e3Theかap en t valuesforthe evol

v ed gasesm′e compone

nts17 NH3

18 H.LO

26 C

N28 N2.C
O30 NO

32 N2H1.0 2
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Temperature(℃)Fig.3Thechangeintheionicamoun tofeachfrag･
mentduringthedecomp ositionf

わrtheZnTAG点rmed.andthepeakbehaviorof

fragment44wasconsistentwiththatof血･agments28

and30.At400℃inthehightemperaturerange.mainl

ynitrousoxideaJldnitrogenmonoxidegasesevolv

edbasedonthedetecb'onof血1釘IlentS44and30.Furt

hermore,hydrt>gencyanidegasmightevolveabou

t280℃basedontheslightdetecdon
offragment27.FromtheresultsoEthemeasure

mentofTG･Massforthe五vemetalcomplexes.Fragment
s44.3乙30.28,18and17werefundamentallycon丘r

medinallcom･plexes.Fragment26detectedsligh
dyinZnTAGwasobservedinCuAGalso.whichwasth

oughttobeduetotheexistenceofthe･CE王N.bo

ndinbothcom.plexes.InZnSBandZnUR.fragm
ent43wasCOn･丘rmedinaddidontotheabove･me

ndonedsix&ag･ments.NHCOgasseemstobeevo

lvedduetotheexistenceoftheNH2COpartinthest

ructureofbothcomplexes.ConseqtJently.theevolu
donofnotonlycarbondioxideandmitrousoxidebut

alsoNH･LCOgaswereassumedfromthedetectionof

fragment44int

hesecomplexes.Furthermore.asoneindication.the

evoludonratiooEeachionicamounttothetotalwa

scalculatedbythecomparisonofthepeakheightatthepointinFig. Z

n

NNZnTA

GCuAG

ZnS

BZnURZnODH0 0.2 0.4 0.6 0.8 1

Ra

tio′̀~ ■●■◆●!四28E)44【コ30r

32E=7E]18日43…Rg.4Theevoludonratiooftheionic
amountofeachかagme

nttothetotal3forthe点vecomplexes.Fig.4show
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種々の金属錯体硝酸塩の熟的挙動(1)
- 定性的なガス発生挙動 -

秋書美也子●,中村英嗣●,原 番数●

新規のガス発生剤として期待される金属錯体硝酸塩を種々合成し,その定性的なガス発生挙

動を検討した｡合成したのは.ヒドラジン,セミカルバシド, トリアミノグアニジン及び尿素

の亜鉛錯体とアミノグアニジンの銅錯体である｡

昇温速度20℃/min.下の熱分解において,ヒドラジン,いJアミノグアニジン及びアミノグ

アニジン(Cu)錯体はフラグメント28(N2)が,セミカルバジド,尿素錯体はフラグメント44(N20

及びNH2CO)が主に確放された｡アミノグアニジン(Cu), トリアミノグアニジン錯体について

は,フラグメント26が確盈され.構造中{=N･があるため,シアンガスの発生が懸念される｡

(●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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