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Thecarbohydrazide(hereafter,CDH)metalComplexcsexpectedtobeagasgenerzLntfor

theautomobileairbagsweresynthesizedonthebasisofthemethodbylyanovII.ForCDH

metalcomplexes,itappearedthatwateraffectedthecrystalstability.SodieCauseOfthisre･

quiredinvestigadorL.

Thethermalr現CdyityincreasedoncoordinationofCDHtoametalcomparedwithCDH.

TheinAuenceofthecoordinatedmetalonthethermalrcacdyitywasinyesdptedbytheinidal

temperatureofdecompositionandtheactivationenergyofdecompositioneyahatedusing

Kissinger'sequa血n2)･Itm spredidedthatthereactivityofCDHmetalmitratecomplexes

decreasedintheorderofMn,Mg,Co,NiandZn.ThistendencywasrenectedinthetendezICy

ofcomplexstabuty3),andthecorrelationbetweencomplexstabilityandthermalstability

wasrecogniヱedinCDHmetalcomplexes.Ther組CdvityforperchloratewashigherthaJlthat

Eornitrateinthesamemetalcomplex.

l. lntroduction

Recently,automobilesoldinJapanhavebeenequip･

pedwithanairbagsystemforsafetydrive.Though

NaN3hasbeenusedasthemaincomponentofthegas

generatoratpresent,ithasatreatmentprobleml)･

Consequendy,aW gasgeneZW ,wiichdezshigh也血

shbiutyandw血 evolwesahrpamoLFd:ofhannhsgason

decompoddon,hasbeendesiredasasdbsdtuteforNd3.

CDH,whichiscomposedoffoⅦ･mitrogematoms,a

carbonatomandanoxygenatom,isexpectedtobe

oneofthenewgasgenerators.

Inthisresearch,inordertoinyesdgatethep僻S弛ili･

ReceiyedonJtue3,'96
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tyofpracticalapplicationofCDH,va血usCDHmetal

complexes(M(CDH)3(NO3)2,M(CDH)3(Clod)2

:M-bivalentmetal)weresynthesizedandthermal

analy8iswasperformed.

2. ExperimontS

2.1 SynthesisofCDHrnetalnitr?tecomplex

FortheCDHmetalnitratecomplex,hotaqueous

soludonsofvariollSWakopurechemiCalreagent

grademetalnitrates(M(NOB)2,M-Mg.Zn.Mn,Ni.

Co,Ca,Sr)andCDHfromJapanHydrazineCorpora-
tionweremixedinamoleratioofI:3.Wh enethamoI

wasaddedtothecooledmiXture,partoftheprduct

crystanizedoutofsolution.TheproductⅥ甘S欄 hed

withethanolanddriedafter点ltradon.

TheCDHmetalperchloratecompl既 Ⅶ 印 thesiz･

edusingvariousWikoptm dlemi Calreagentgrade

metalpe血 lorates(M(CIOl)2,M=Mg,Zn)ZLnd
CDHfromJapanHydrazineCorporadonaswen as
nitrates.

Theproductwasusedaftercon丘rmationby

elementdanalysis,conducdmetricdtration(orab･

sorptiometry)andchelatometricdtradon.
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Tab)e1 TheidentificadonofCDHcomplexofcalcium

EouJId(%) calcd.(%)Ca(CDH)I(NO3)Tn(H20

)A1-3,m-2,n-0 I-2,m-2

,m-1C* 6.68. 8.

29 6.63IP 4,04

4.18 3.90N* 38.

68 45.15 38.67lNO3]-**

34.35 .28.55 34.23lCa]2+'*' ll.06 9.23

ll.06事elementalanalysis
+*conducdmetricdtration
I*+che

htometricdtrationiTable2 TheidentificationofCDHcomplexofstr

ontiumfotmd(%) Calcd.(%)Sr(CD耳)l(NO3).A(H2

0)Al=3,m-2,n-0

1=2,m-2,a-0C■

6.ll 7.48 6.12H■

3.09 3.77 3..09N+ 35.

91 40.70 35.75lNO3]-''

31.54 25.74 31.65lSr]2'''

' 22.60 18.19 22.36'el
ementalanalysis叫conductimetrictitradon

…tdlelatometrictitration2.2 Thermalana

lysJ'sThermalanalysiswascarriedoutusinga

Ri由kuTAS-200thermalaJlalyzer.nesamplecont

ainerwasanopenalLminaceuandtheamountofsamp

lewas5EELS.ThesampleⅦSheatedto600

℃inArat･mosphereataheatingrateof20℃/mi

n..Furthermore,theheatingratewasalsochangedt

o2,5,10and20℃/min.,andweevaluatedtheactiva
-donenerw ofdecompositionusingKissing.er'sequa

ldon2).2.3 1dentificationofdecompositionres

idue50噂Ofeachsamplewasweighedintoaglasstubesealedatoneend(6nEDininsidediameterand60DZn

inlength)弧dplacedinanironblodkhavingahole

8EEdbindiameterand50p inl印gth.Thisblockin-

sertedintoaelecbicfLmaCeWasheatedataheatin

grateof1℃/min,untilthe8amPlecompletelydecom･

posed(see.theresdtsofthermalanalysis).ALtercool

･ing.theobtaineddecompositionresiduewasana

lyzedbyX-raydifEracdont

win首a蜘 RotorFl由⊂RU-200. 3. ResultsandDiscussi

on.3.I SynthesisofCDHcomplexesofc

ertainmetals3.I.I NitratesofCDHmetalc

omplexesThefomadonofmetalnitratecomplexes

Ⅵ 虐COn･丘medbytheabove-mentionedanalysisexcept

fortheSrandCacomplexes.AsfortheCaandSrc
om･Flexes,becauseoEthehckofadescription

inthereportbylvanoyetal.,TablesIand2show

theresultsofelementalanalysis.etc..Thethird

andEourthcoltm softheSCtablesshowtheth

eoreticalvaluesforM(CDH)I(NOB)m(H20)A(M-a and

Sr)Eorcomparison.Therewasgoodagreementbetwee

nthecalculatedyaluesforCa(CDH)2(NOB)2･H20

andEorSr(CDH)2(NO3)2andthefoundvalues,t

husin･dica血gthato

tllytwoCDHmolecdeswerecoor･dinatedtothemetal

.Regardingthis,thestabil

ityofthecomplextendtobepropo

rdotionaltoion盟 tochargeandbeinverselypropor･ius3)･m tisto朗y,thestabihtyo

ftheCazLndSrcomplexesislowerthazlthatof
theothermetalComplexes,anditwasthoughtt



stablecomplexwasforTnedbecauseofsterichin･

draJICe,etC..Futhermore,regardingthewaterof

crystallizationintheCacomplex,itsexistencewas
confirmedbyinfraredspectrumandthem al az)aly由･

B∝ auSethecrystalstructuresofthe紀COmplexesare

yetunknown,weintendtocarryoutstructural

andysisofthese00mplexesinthefuttlre･Regarding

theCacomplex.itwasassumedtofom abridged

complexconsideringfrom itsmolecularformula･

Ivanovetal.reportedlJthtthestructureofthese

complexes,exceptforCaaLndSrcomplexes,wasasix-
lCOOrdinatedoctahedron,inwhichboththeterminal
nitrogenatomsofCDH werecoordinatedtothe

metal.

Recrystallizadonかomwaterwasperformedtoin-

creBLSethepurityoftheproducts,batheMnaJldCo
complexesshowedadifferencebeforeandafterthe

recrystallization.FortheMncomplex,twotypesof

crystalswereyieldedatthesamedme:Mn(CDH)3I

(NO3)landMn(CDH)2(NO3)21H20.Theformer

showedadhangeincolorfromatransparencyand

evolvedthesmellofNH3withdme.Thiswasascrib･

edtogradualdecomposition.CDHalsodisplayedthe

samebehaviorofNHSeVOhldonsometimesafter

recrystallization,although themechanismof托aCtion

wastmexphinedinthisstudy.As theoneofthe

posibility,thepresenceoEwaterwasthoughttoac･

celeratethedecomposition.

OntheotherhaJId,theCocomplexcausedthe

hydrationafterrecrystalLzationandadlangein

physicalcharacteristics(i.e.,ad∝rcaseinsolubility

inwater)wasobserved.However.nodecomposition

withtimewast10ted.BasedontheSefacts,itwas

estimatedthatwaterafEectedthestabilityoftheCDH

metalcomplcRC5.

3.I.2 CDHrnetalperchloratecomplexes

TheformadonofMgandZnperchlolatecomplexes

(M(CDH)3(C104)2)wasconfirmedbytheanalysis

mendonedill2.1.3.Recrystallizationfromwater

wasperformedtoinaeasethepurityoftheproducts,

andbothcomplex飴di血'tshowadifEerenαbefore

andaftertherecrystallization.

3.2 BehaviorofCDHmetalcomplexes

3.2.I Metalnitratecomplexes

Fig.1(a)showstheresdtofthethermalanalysis

forCDHitseK,and_Fig.1(b)～(i)Showsthosefor

variousCDH metal nitratecomplexes.Thefinal
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Fig.
3Theinitialtenperabreoft heendo

th
emic
andeXOthermicpeaksintheDTAcurves

thatofCDH.
The血alproductat600to700℃inthernd

analysiswascomfimedtobeabivalentmetauicox･
idefromtheweight
l
ossradosh叩ninFig.
1
azld又-

raydi放actionanalysis.
Fig.
2showstheresultsofthethern

alanalyBisoftheCaandSrcomplexesinwhichtwomolecule
sofCDHarecwrdinated.The也complexreleasedwater Table3

Activationenergyofdeco
mpositionevaluatedfromEissinge

rlsequadonSample AE(

U/mol)Mg(CDH)3(NO3 )2134.1
Zn(CDH)3(NOB)2214.0
hb(CDH)3(NO3)298,3
Ni(CDH)3(NOB)2189.1
Co(CDH)3(NO3)2173.I
Ca(CDH)2(NO3)2.H2
0133
.8
Sr(CDH)2(NO

B)2 148.400000040tP284
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idecom･
p
l
exesofcertainmetals

creasedintheorderofionicradiusreductioninthe

samegroup.
Thatistosay,
itcanbeconcludedthat

theinitialtemperatureoftheexothermiCpeaktended

tobeingoodagreementwiththetendencyofthe

metalComplexstabilityreladvetoanyugands･
Furthermore,
inoneevaluation,
Table3andFig.
4

ShowtheactivationenergiesOfdecomposition

evaluatedusingKissinger'smethod2)basedonthe

dependenceofthereactiononthehea血首rate.
Fig.
4

showsthetendencyofcomplexstabilityschematical･
ly(thedottedline)inthesamefi酢lreforcomparison.
Basedonthetendencyoftheacdvadonenergies,
it

wasesdmatedthatd∝omp9Sitiom-hkelytopro-

ceedintheorderofZn,
Ni
,
Co,
Mg,
Sr
,C
aandMn

andthistendencyagreedwiththestabilityofthecom-

plexexceptfortheCaandSrcomplexes.Becau紀the
inidaltemperattlreOftheexothermicpeakinthe
DTActme8Showedthe姐metendency,t
hecorrela･
lionbetweenstabilityaJldthemalstabilityⅦ

recognizedintheCDHmetalcomplexes.
Theactiva･
donenergyoftheaaJ)dSrcomplexeswashigh.
thoughthestabilityof
thesecomplexesⅦlow

amongthemetalcomplexes.
Thisnaybeduetothe
hctthattwomoleculesofCDHwerecoordinated,
resd血ginadifferentstructtwe

血〉mthatofothermetalcomplexes.hotherwords,血eformationofa morestablestructurecodabecon

sideredbcausethestabilitywaslowasmentioned

above･SimihrlylinacomparisonoftheCacompl
exandtheSrcom･plex.theCacomplexwaslessthe
rmanyStablethaAthesrcomplexIthecationofwhich
iSlowerintheperiodicTable.Perhps,themechamis

mofcoordina-tionwasdifferentconsideringthe

molecularfornda･However,thereisapossibilityt

hatthewaterofcrystal血tionintheCacomplexhad
aneffectonthedecomposition,assuming

thatdecompositionwasac･cele

ratedbywaterasdescribedabove･3.2.2 MetaTpe

rchloratecomplexFig.55howsheresultsoftherma

l analysisoftheperchlorateoftheMgcomplexandZn

complexlTheinidaltemperatureofmeltingofthepe

rchlorateswashigherthanthoseofthenitrates

asshowninFig･1･An exothemi cbeakcausedbydecom

positiono∝ W -redsoonaftermeldng,andthe

temperattlrerangeOfthepeakwasnarrowcomparedw

ith thoseofthenitrates.Consequently,itcanbe

condudedthatthedecomposidonrateoftheperchlo

ratewasgreaterthanthatofthenitrate.Howev

er,fortheMgcom-plex,theactivationenergy

oftheperchlorateevaluatedusingKissinger'

smethod2)washrgerthannitrate(Table4)andd

idnotagreewiththeresdtsofdlermalanalysis

.Thismayoriginatefrom thefactthatthedecomposition

wasnotanelementaryreaction.Thus,itisnessesary

tocarryoutadetailedanalysis,suchastheiso

thermaldecomposi･don,inordertoclari&thereacd

onmedl血ism.Thedecompositibnresiduewasconfirm

edtobeMgOandZnObasedonweightlossdata

andX-raydi飴actionasinthecaseofthenitrate

.4. Conc]LJSionsThecarbohydrazidemetalcomple
x,expectedtobeanewgasgenerator,wassynthes

izedbasedonthemethodbylvanovetal.1).Fordte

CaandSrcom･Flexes.whicharerelaかelylowin
complexstabiutyasasixICOOrdinatedoct

ahedron,theproducdonofCa(CDH)之(NO3)2･H20 andSr

(CDH)2(NOB)2WaSconfinedbymanyaJlalyses.Ita

ppeauedthatwateraffectedthecrystalstbiXtyinthe

CDHmetalcom･plex.SothecatBeOfthisrequiredin

vesdgation.Thethernalreactivityincreasedonco

ordinationofCDHtoametalcomparedwithCDH.It

waspredictedthatthe托aCdvitydecreasedintheorderofMn



tendencyofcozq)lexstabuty3)･5).andthecorrela･
lionbetweencomplexstabilityandthermalstability

wasrecognizedintheCDH血etalcomplex.Itvas

abefoundthatthereacdyityoftheperchloratewas

higherthamthatofthenitrateinthesamemetdcom-

plex.
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カルボノヒドラジド金属錯体の熟的挙動くり

一合成と熱分析一

秋書美也子*,平田 菅正書,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ノヒドラジド金属錯体(M(CDH)3(NOB)'2:

M=MgiZn,Mn,Ni,Co,M(CDH)2(NO3)2(H20)A:M=Ca(n-1),Sr(n=0),

M(CDH)3(CIO.)2:M=Mg.Zn)をIvanovらl)の方法に基づき合成した｡カルポ/ヒドラ

ジド金属錯体においては水分が結晶安定性に影響を及ぼす事が懸念されるため,その原田

解明が必要である｡

また示差熱分析より,カルポノヒドラジド単独より金属に配位させることで反応性が高

まる事を確認した｡熱反応性への配位金属の影響を熱分解開始温度およびEissinger法2'

(非定温)よ り求め た分解 の活性化 エ ネルギ ーか ら比較検討 した結 果 ･

zn<Ni<Co<Mg<Mnの塀に反応性が高まることが予測された｡これ-蛸 体の安東性の

傾向と一致しており,カルポノヒドラジド金属錯体では錯体の安定性と熱安定性とに相関

性が認められた｡また,同じ金属錯体でも,過塩素酸塩の方が硝酸塩より反応性が高いこ

とがわかった｡
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