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Thethermalbehaviorofthecarbhydrazidecomplex飴Ofcertainmetals(2)

-Theisotherm.aldecomposition-

byMiyakoAKIYOSHI.,NorimasaHIRATA++,HidetsuguNAM m●
andYasutakeHARA+

ThecarbohydraBide(hereafter.CDH)metalcomplexes,Whichaqe印 eCtedtobeanew

gasgenerantfortheautomobneairbags,weresynthesiedbasedonthetnethdoflyanov‖･1),

andtheisothemaldecomposidonbehayiorWasinyestigatedinthetemperattm rangeOf

250-300℃.

WiththeMgandZncomplexes,stableintermediateswereformedinthecotmeofthe

decomposition,Ⅶ此etheothers.¶leOthermetalcomplexesfinallyproducedthedivalent

metallicoxide.TheintermediateswerepredictedtobenotintheformofM(CDH).A(NO3)A

(M-Mg,Zn).As onepossibihty,thestablecomplexmaybeformedbyre-CoordiJlationof

substanccsevolvedbythedecomposition.h addidon,bycomparisonoftheactindon

energiesforyariotwCDHmeblcomplexesduringisothermald∝omposidon,itwasfoundthat

thedecomposidonbehviordepezldedhrgelyonthecomplexstability2)I3)

Ontheotherhand,intheCaandSrcomplexes,twoCDHmoleculeswerecoordinatedwitha

metalatomtoformamorestablecomplexconsideringfromthecomplexstability2J･3J.These

complexesalsoformedstableintermediatesinthecourseofthereacdon.butiti8Veryunlikely,

thattheywereformedbyre･ccordinadonb∝auseofthehrgeriomicradius0fthesecoor-

dinatcdmetals.Perhaps,thesecompleDLeSaLreVerylikelytotlaYeadifk托ntdecompsidon

mec地 mbmthatofthecomplexescoo血 tedbythreeCDHcomplexes.

L LntrodLJCtion

Recendy.automobilessoldin.Japanhavebeen

equippedwithanairbagsystemforSaferdriving,

TboqghNaNJiSpremtlyusedasthetnaincotnponent
ofthegasgenerator.ithasatreatmentproblemり.

Conseqtlently,anewgasgm erator.whid1Offershigh

thernalstabi払tyaJldwhicheyolyesahrgeamOtmtOf

harmleSBgasOndecomposidon.hauBbeendesiredaBa
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subsdtuteforNaN3.

TheCDH,whidhiscomposedoffotq nitrogen

atoms,acNbonatotn andanoxygenatom,isex-

pectedtobeoneofthenewgasgenerators.hthe

preyiousreportlJ,inordertohycSdptethepu l)ili･

tyofpracdcalappucadonofCDH,yariotLSCDHmetal

complexesweresyTIthesizedaJIdthedlernalanalysis

ofthemwascarriedout.Inthisreport,Eorvarious
CDH metalcomplexesM(CDH)3(NOB)2;M-Mg,
Zn.MJl,Coand M(CDH)2(NO3)2/(H20)b ･.

M-Ca(n=1),Sr(A-0)).thebehavioroftheisother･

mal decompositionwasinveSdgatedatvarious

teJnperattm .

2. Experiment

2.1 SamPlo

CDH metal complexesweresynth esized hm

variousWakopurechemicalreagentgrademetal

nitrates(M(NO3)2'.M=Mg,Zn,Mn.Ni.Co,Ca.Sr)
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reSandCDHhmJapanHydraBineCorpration,

basedonthemethd descnM hthepreyiousrepo

rtl).Theobtmiedprductswerestlb3ectedtoelem

entalanalysis,aJlalysisof〔NO3]-1concentrationbyco

nduc･tometricdtradon(orabsorptiometry)amdむIdys

isofthemetallicionbychelatometricdtradon.Inth

eob･taiJledcomplexes,threeCDHmoleculeswere

00or･dinatedwithametalatomexceptfortheCaa

ndSrcomplexes,inwhichtwoCDHmoleculeswere

coor･dinatedwithametal

atom.2.2 180therrTlaldecompo

由tionFiftymgofeach nJnplewasWeighedintoa

ghsstubesealedatoneend(6也 ininsidediametera

nd60dn inkngth)aJldphcedin anironblockhav

ingahole8zEnin血meterand50TZhinlength.Tusbl∝k giS'書
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80 100Tin

e(bin.)ム292.5℃ E)283℃ 027

5℃ o267℃Fig.3 ThedecomposidonofNi(CDH)3
(NO)2atvariOustemper

atureswasinsertedintoanelectricfumacekeptat

varioustemperattwes･A触rbeingheatedforaspec

ibddme,theweightoEthe弧mPleⅦ measured.Th

edccom･pc6idonresidueⅦsanalyzedbyX-raydifh

cdonus･ingaRigakuRotorn既 RU1200,by

elementdanalysisusingaYinaginotoCHNcorderMT

-3typeaJldbyinfraredspectroscopyusingaShimamFTIR

･8100A.3. Resultsanddis

cussions3.1 はothermaldecompositionofMg,Mn
.Co.NiandZnc

onplexeS3.1.1 ChangeOfweight一ossagai

nsttimeFi釘IreSI,2and3showtimeversusthewei

ghtlos8curvesforMg,MnandNicomplexesastyp

icalex･amples.Inthesefigures,forreferencethedot

tedline血owsthewdghtlossthatmusthavebccnre

achedifthedcm poSidon代金idueisthediydeAtTneta

llicox･ide.hthis regaJd.ithasbeenconk ed:

thattheresidueintherTnalanalysisl)isthediyalent

metdlicoxideforyariousCDH metalcomplexes,

andthedecomposidoncanbepresumedtobea

reacdonwhichgeneratesgasess血 asN2,CO,etc.

,祉dpro･ducesthemetallicoxideasa

residue.Theweightlossinisothemddecompositio

noftheMgcomplexinthetemperattqemngeOf2

50-280℃convergedto0.570,asshown inFigure1.Atl

owerex･perimentaltemperatures,theweightl咋sdid

notcon･vergetoB血edyahetq)tolOOminutesa

fterthestartofthereactionbutconvergedto0.570a

fterre･tzLalnngatthe弧meeXPerineJltd temper

attm Eorsevezdhours.TMsvalueof0.570isobviou

slydiE-KayakuGakkaisM.Vol.57.No.6.19



Table1Theresdtsofelementaryanalysis0fthere8idtle
(Unit:wt.%)

M(CDH)3.(NO3)2M= C H N M 0 Molecuhrf

omulaMg ll..53 5.00 9.00 13.50.61.00●
Mg(C2HBNO6)Zn 8.74 I.24 22.8 40.63*26.59● Zn(CH2N2

02)M;metal

+;Calcuhtedvalueferentfromthecalcd.Value(0.

9037)forthedivalentmetalb oxide(MgO)oft

heresidue.ntu,itⅦpredictedthatinthisexperimen

taltemperattuerangeastableintermediateⅦ form

edinthecotm ofthereacdon.nemmepheJIOm

eJlOnWasalso駅 enwiththeZncomplex:theweightl

o貼 COnYergedto0.630,wher8娼itshodd00nvergeto0.

823iftheresi血eWasZnO.TusisbecatBethed∝o

mpositionreacdonmaynotbetheelementaryproc

ess.Fw血emore,thisisalsostronglysupprtedbyth

efactthatseveralc叉-othermicpeaksare紀en

OYerawidetemperattmrangefrom220℃to700℃inthethernalanalysis

lJofthe紀COmplexes.Assuming血 tstablei

ntermediates arefomedLromthesecomplexes,themolec
ularweightofthein･termediateswascalculatedusing

thevalueofthefhalweightloss;theresultsoftheca

lcdatiozIWere179.98fortheMgcomplexand170.0

7fortheZncomplex.ThesevalucSmeanthat8

ignifICantamountsOforganiccomponents,

otherthan themetals(Mg=24.31.Zn=65.37),

sduremainin thein･termediates. Thepsibil

itythattheCDH (themolecuhrfom 血 :NIH6CO)
remainstndecomposedintheinternediateSisnotden

ied.TableIshowstheresultsoftheelementalanalysi

softh esedecomposi･donresidues.Themetalconte
JltSinthetablewerecalcuhtedbasedontheasmJnp

dontbtthemetalcon･tentsremaintJJIdlangedth

roughoutthedem posi-don;theb血 cewasre阿d

edtobeoxygen([0%]=100-([CX]+〔H%

]+lN%〕+【M%]).neradooftheelementsinthemo

lecubform血 derivedhmtheelementalanalysisdeniest

hepo岱ibiutythattheCDHremainsinthereSidue8.Th

eIRspectraofthesedecomposidonresiduesdidnot

showabsorptionbyanewfunctionalgroup.and

noinfomLadonenabhgiden雌 cadonoEthesubst

anceⅦ obtained.An ab-sorpdonattributabletonitrat

eionwasobservedat1390Cn-I.However,intheZncomplex,theex･ istenceofnitrateionisincons

istentwith theradooftheelementsinthemolecular

formula,andintheMgcomplexthebalanceOEyalenc

eisnotgood.Conse･quentlytheintermdiatesmay

beamixttm ;althoughtheiriden雌 cadonisdiだicdt.iti8

inferredthatthein･terTnediatesdonotexistintheformofM(CDH).,

,･(NO3).(M=Mg.Zn).As shovninFigtm 2.thew

eightlossfortheMbcomplexconyergedtotheyalue

(0.842)showingthatther塔iduewasthediyalentm

etalucoxide(uno).ASinaarresultwasalsoobtaine

dfortheCocomplex.hboth cases.theEormadon

ofthemetaloxidesⅦcon五medbyX-raydiffractiona
nalysis.Thus,Stableintermediateswerenotcon

firmedtoform duringisothermaldecompo8itionoE

thesecomplexesinthetemperahr

e'rangeof2401300℃.IntheNicomplex,aSseenin
Figure3,thectmeoftheweightlosshasan id

ecdonpoint.Somein･termediatemaybeformeda8

inthecaseoftheMgandZncomplexes,butthereact

iongoe8further.Theweightloss五mallyconyergedto

theyalueof0.8350.TheresiduewasNiO,whichwasconRrmedbyX-ra

ydifhcdonaJ)alysis.Predictably,theMgaJldZ

ncomplexeswmakobeM ychangedtothemetaluc

oxidesastheNicom･plex (Figure3),iLi80t

herndyd∝omposedatahigh erteznperahreortor

alonger血 eatthe温 meexperimentaltempera

tures.Therefore.thetemperattuedependenceofthe

reacdonhastobein･ve

sdptedinthefuttJre.3.I.2 ActJ'va伽nenerg

io8fordocompositjonForyariou8metalcomplex

es.thefねcdonddecom･positionwasderivedLromthe

weightloBB血allyob-tained, aJldallapplicable

rate equadonwasin･ycsdgated;theredtⅦ th

ata血らt-OrderequadonczLnbestdeKribethercacdon.

PlotsfortheMgcon･plex,aSatypical耽ample,ar

eBhown inFi卯re4.inwhichgoodlinearityiS各班nOvertherageo
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2tionaldecomp岱idonfrom10to85%.Therateco

ns･CantateadltemperatureWasObtainedfromtheg

ra･dientsofthesestraightlines.Ardleniusplotsof

therateconstzLntSgivestheactivatiOnenergies(Fig.5 andTable2)ofthereactions.Fiplre6isagrap

hicrepresentationoftheactintionenerw datainTa

ble2,inwhichtheini血dontemperattwcsEortheexoth

er-micpeakshthennal analysisinthepreyiousreport

4)areabogiyenforreference.neactivadonenergy

forCDHmetalcomplexesincreasedinorderofMn,

Ni,Co,andZninthesameperiodoftheperidictabl

e;thisorderisconsist蝕twith thatiJ)theIⅣ

bg-Wmbmsserie$2)whichdescribethestabnity

ofmetalcomplexes.¶血m飽nStbtthemorestabl

eacomplexis,themoredi臨cultisthedecompsition.

intheexperimentaltemperattweran

ge.As fortherateconstaAtS(Figure5).bythec

om･parisonamongtheMn,Co andNicomplexes,it

wasrevealedthattheirdecomposidonrateswerein

thede虻 endingorderofMn.CoandNiatatemperat

ureof2名8℃orlower.Tusisconsistentwith thetend

en-cyKenintheiractivationenergies.Howeyer,

theorderofthedecomposidonrateswasreyerseda

tatemperatureof304℃orhigher.Probably也isis

at-tril)utedtoacompensadoneuect.Therefore,itisd

if一丘culttodiscusstheorderoftheirreacdvitiesbyc

om･paring theirrateconstazltSOnlyatasin

gletemperatt

we.As forcomplexeshawingmetalsinthesameper

iodoftheperiodictable.thereisatendencythatthem

orestableacomplexis,themoreeasilyitformsan

in･temediate.TheCDH metalcomplexesgener

ategzLSCS,StldhasNth,CO,etc.,whichcanbealigan



Table2 Activationenergyofdecompositionforcar-

bohydrazidemetalComplexes

Sample AE(kJ/mol)

Mg(CDH)3(NO3)2 146

.9Zn(CDH)3(NO3)2 1

86.9Mn(CDH)3(NO3)2

50.2Ni(CDH)3(NOB)

2 138.9Co(CDH)3(NO3)281.
3
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Fig.6 Acdvationenergiesforthedecompositionof

thecubohydrazidemetalcomplexesbyd∝omposition.

htheMgaz)aZncotnplexes.thereisapossibnitythatth

esegasesmightbecoordinatedagain,becausethesemet

alcomplexesarerelativelystableasunderstoo

dfromthelrving-Wiuiamsseries2);thatis,there

isapossibilitythattheintermediatemightbeacomp

lexformedbyre-coordinadonofgeneratedgases.Ⅰnthisregard,the

authorsarenowinyestiga血gwhatgasesate

generatedandtherateofgenerationforthosegasesanddlreporHheresult

sh thenextpaper.3.2 Decomposition ofmetalcompl

exescoor-dinatedbytwoCDHrTIOlecuTes3.2.1 C

hangeintheweightlosswithtimeFipre7show

stheweightlossvs.timecurvesfortheCa

complex.Thedottedlineinthefi即re8howsthecal

culatedweightloss(0.845)basedontheassumpdo

nthattheresidueisCaO.As seenintheti即re.theweightlossconyergedto0.450intheex･

pedmentaltemperattuerange,indicatingth

efonm･lionofastableintermediateinthecourseofthereac- 10.8万｢.1,2 0.6･

●■J∃晋 0.4a

0.2

00 10203040
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ロ290℃ 0281℃ o263℃Fig.
7 ThedecomposidonofCa(CDH)2(NO3)2･H20a

tyarioustemperattwes8

64200000sso〓鳥!3Lh 020 40 60 8

0 100Time(mh.)△290℃ ロ285℃ 0271℃ o261℃Fig
.8 ThedecomposidonofSr(CDH)2(NO3)2atvarious

temperatureslion.Fi即re8sbwstheexperimentalresu

ltfortheSrcomplex.¶leWeightlossconyerg

edto0.460.whileitshouldbe0.736ifSr
Owastortned.Table3showstheresultsoftheelem

entalanalysisofthcsedecomposidon residues. From th

eratiooftheelementsobtainedbythemolec血 forn

dainthetable,itiscondudedthattheinterTnediat

eintheCacomplexdoesnotharetheformofCa

(CDH)En(NOB)P.TheIRSPeCtradidnotprovide

informationwhichwouldenabletheintermediatetobe

identiBed.Furlthermore,thereisnoabsorpdonattributable

tonitn



Table3 Theresdtsofelementary aJlalysisoftheresidue
(Unit:wt.形)

M(CDH)2.(NO3)2M- C H N M 0 Molecularf

ormuhCa 6.59 2.12 21.47 23.50*46.80+
也 (CH4N305)Sr 0.62 0.18 17.59 41.40事 40.21● Sr(N

Oつ)2M;Mebl
+

;Calculatedvaluemoredifficulttoform;there

fore,unliketheMgandZncomplexes,itisdifBcdtfort

hegasesgeneratedbythedecompositiontocoordina

teagain.ConsideringfromitsmolecuhrEormuh,the

Chcomplex existsinthefo仙 ofabridgedcomple

x,takingastructureclearlydifferentfrom thatofthecomplexescoor･ .j
E/二dinatedbythreemolecules;therefore,

thedecomposi･ h 2000lionoftheCacomplexmightpro

ceedbyadifEerent 月mechanismfromthatofthe

complexescoordinatedbythreeCDHmolecules.hthis

regard,furtherstudyhastobedone.Figure9show

stheresultsofX-raydiffractionofthedecompositi

onresiduefortheSrcomplex;theresultsrevealedthe

existenceofthedif･fractionpattemforstrontiumnit

rate.whichresultisconsistentwith themolecul

arfomdaderivedfromtheelementalanalysis.Although

thestructtqeofthiscomplexisnotpredictedかomt

hemolecularformula,nitrateionsmightbecoordinatedasauga

zld.The■て5-3 10 20 30 40 50 6

0 70 802C/OFig
.9 X-raydiffractionpattem ofthedeconposi-tionresidueofSr(CDH

)2(NO3)2烏 / sr1.75

1.80 1.85 1･90 1･951/T



Table4 Activadonenergyofdecompositionforcar-
bohydrazidemetalComplexes

reactionmedlaLni訂nOftheSrcomplex,hkethatofth

eCacomplex,isdiuerentfromthatoftheothe

rcom･Flexes.3.2.2 Activationenergiesforthedec

ompositionFortheCaandSrcomplexes.thefractio

naldecom-positionwasderivedfromtheweightlos

sobtained,andapplicablerateequationswereinvestigated.The

resultwasthatflrSt-Orderequationsarebes

tap･plicabletoboth Complexes.Therateconstant

satvarioustemperatureswereobtainedfromthegra

･dientsofthesestraightlines.Arrheniusplotsoft

herateconstantsgivetheactivationenergiesforthereactions(Fig.10andTable4).FromtlleViewpoint

ofcomplexstability,theCacomplexhasalargervalueim仙esameperiodofthepe

riodictable,andmeSrcomplexhaslargervaluei

nthesamegroup.Thisisconsistentwiththetend

encyseenintheactivationenergleSObtainedbythe

Ki防ingermethod6Jandintheinidaltemperattwe

oftheexothemi cpeakbyther･malanalysisin.t

hepreviousreportl).However,itisinconsistentwith t

hetendencyofthecomplexstabili･ty.Presumably.

intheCaandSrcomplexes,amorestablecomplex

canbeconsideredtofom duetothelowercomplexst

abilitycomparedwith theothers.4. ConchSionTheCDHmetalcomplexes,whichareexp

ectedasanewgasgenera

ntfortheautomobueairbags,weresynthesizedbasedonthemethodoflvanovL),an

dtheirisothermaldecompositionbehaviorwasin･

vestigatedinthetemperaturesrangeof250-300

℃.TheCDH metalcomplex

eswerepredictedtogenerategasesbydecomposition

andtoproducethebivalentmetallicoxides･Howev

er,with theMgandZncomplexesadifferentbehav

iorwasrleCOgnized:their丘nalweightlossesinisothennaldecomposition

werelessthantheexpectedvalues,andthisreveal

edthatstableintermediateswereformedinthe

courseofthereaction･Although theiridentificationisdifficult,

itiscondudedthatatleaStthesearenoti

ntheformofM(CDH).n(NO3)n(M-Metal)



カルポノヒドラジド金属錯休の熱的挙動(2)

一等温下での熱分解一

秋書美也子',平田哲正相,中村英嗣*,原 審毅*

新規のガス発生剤 として期待されるカルポ/ヒドラジド金属錯体(M(CDH)3(NOB)2:

M-Mg,Zn,Mn,Ni,CoおよびM(CDH)2(NO3)2(H20)A:M=Ca(n=1),Sr(A-0))を合

成 し,250-300℃の温度範囲での等温分解挙動を検討した｡

カルポノヒドラジ ド金属錯体は分解によりガスを発生し.2価の金属酸化物が残留する

ことが予測されるが,Mg,Zm錯体は挙動が異な り,反応途中で安定な中間生成物を形成

する｡これらの分解残留物は元素分析の結果より,少なくともM(CDH)n(NO3)Aの形では

ない｡同定は困難であるが,1つの可能性として分解により発生する物質が再配位 し,安

定な物質(錯体)を形成することがあげられる｡さらに,等温分解における活性化エネル

ギーを比較することにより,錯体の安定性が,分解挙動に及ぼす影響が大きい事が判明し

た｡

一方,Ca,Sr錯体は,錯体の安定性が低いため,より安定な錯体,CDH2分子配位錯

体を形成することが推測された｡これらの錯体も,反応途中で安定な中間生成物を形成す

るが,各々金属イオン半径が大きく,再配位錯体を形成する可能性は考えられない｡従っ

て.3分子配位錯体の分解とは磯橋が異なる可能性が高い｡

(*九州工業大学応用化学教室 〒804北九州市戸畑区仙水町 1-1

*+ダイセル化学工業株式会社技術開発センター 〒671-16兵庫県揖保郡揖保
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