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Thethermalbehaviorofvariou8metalcomplexmitrate8(Ⅱ)

TheFeandCrcomplexnitrates0ftlrea

MiyakoA灯YOSHÌ,ndetSu即 NAKAMURA●,andYa8utikeHARA●

Themeblcomplexnitratesareexpectedtobenewp sgenerantBforaubmobileairb叩8.In

thi8report,thethennalbehavioroftheFeandCrcomplexmitrate80ftl柁aWasinveBtiptedusing

onlythecomplexAndiJIthemixed8yさtemwithXBrO3.

TheCoordinationofureatoameblincm 8editsthermal8tAbilityandthethermalreactivity.

ThethermalStabilityofCrURwas伊℃aterthnthatofFeUR.

FeURdecoEElpO8ednottoFe208buttoFe(NOB)2,Wも血eCrURdecomposedtoCr203duriJ)どthe

i80thermald∝ompogitionoverthetemperatuzcrangeof160to220℃.Afir8t･Orderequationcan

bestde8Cribethedecompo8itionreactionforbothcomplexe8.Theobtainedactivationenergies

were160.4kJ/molforFeURand174.OkJ/皿01forCrUR.methermalreaCtivityofCrURWAB

lower･thnthatorFeUR.ThisWa合postulatedtobe catwedbythe血ctthatCr3'h8threeel∝･

tron8inthed･orbitalandthe8eelectron8increa8edthecrystalGeld8tAbili祖 tionenergy.

InWABClezLrthatthecombuOtionreactivityofCrURwasgreaterthanthtofFeURba母edonthe

combtJBtionresidueandtheevolvedgas.ForFeUR,partofthenitrateioninthemoleculepartici･

patedonlyBhghtlyinthereaction.Itw舶generauyBugg軸tedtbt叫岨rtOfthemitrateioninthe

complexparticipatedonly8lightlyinthereactioninthecaseOftheFecomplexnitmte.

1.Jntroductjon

Re伐ntbr,autOmObik8βoldinJapanareeqtdpped

withanairbag8ygtemforSaferdriving.Anon-azide

p8generanta8aBub8titutefor80diumasidehas

been8tudied.aJldtetrA2Dlederivative8日,tm le2)

andaZiOdicarboamide3Jwerethe8ubJ･ect80fthi卓

8tudy.nen∝ e888ryPrOperti鴇Ofthep 8genermt

i8high thermA18tability,theevolutionofalarge

volum eofhrmie88g88duringthecombu8tionre-

actiom8,high combtlBtion8tabiJity,etc.

Theauthorsevaluatedthemetdcomplexe80f

orp zdcのmpOundB(cArtX)hydmdde,Bemi cAd)azide,

amino即anidine.etc.),whicharecomposedofmany

mitrogenAtom8,8Banewgasgenemnt.Variou8
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metalcomplexmitrate8WereBynthe8iZedandthe

gasevolutionbehaviorw88qualitatively

inve8tigatedl卜10)

Inthisreport,fortheme血tcomplexdtratesof

urea(M(UreA)6(NOB)3,M=Metal.･Fe,Cr.hereafter

MUR),thethermalbehviorwa8inve8tip tedfor

the00mplexonbTAndforthenixedBy8temwith the

oxidizingagent.

2.ExFIedment

2.1 Reagents

TheFecomplexnitrateorureAWa8Bynthe8iZBed

basedonthe8ynthe8i8methodlHoftheCrcomplex

mitrateofurea･Crnitrate(Cr(NOB)2･9H20)orFe

nitratc伊e(NOJ2･9H20)andureaWeremixedinthe

molec血 ratioofIto6inwarmWater･Thecry8tal

precipitatedbycon飴ntrationduetoevapolationin

awaterbathatらo℃.Theobtainedproduct8Were

aTlalyZX!dbyanemi88ion8peCtrO8COpicanaly8i80f

themetalandelementdaJlaJyOi8.
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Table1Compo8ition80fmixtures

Molecularratio
mol/mol

Weightratio
wtノwt.

FeUR/Sr(NO3h2 32.3/67.7 室 57.5/42.5

FeUR/KC104 27.6/72.4 162.3/37.7

FeUR/KBrO3 i 22･2/77･8 i.50･7†49･_3"_

TabTe2CompoBition80fFeUR/KBrOamktu柁8

･01- hr-tioi&eightmtioi0- m占Lan-

ーTTPl!mp_I___｣ Wt･/wt･ g/100g

28.6/71.4 ど59.O′d..｡ トー 二示 lud

25･0/75･0 54･6/45･4 ; -2･18
22.2/77.8 50.7/49.3 0

20.0/80.0 F47.4/52.6 r +1.89

16･7/83･3‥ 41･9竺l_ +5101

Ta一k3CompositionofCrUR/KBrO3mkture8

MolecularratioFWeightratio1Oxygenbalance

mol/mol iwt･/wt･ 1 g/l00g

25.0/75.0 i54.4/41.0 巨 -2.18

22.2/77.8 .50.6/49.4 j 0
20.0/80.0 i47.2/52.8 二 十1.89

Themetal00mplexe8andtheoxidi2iingagents

8Creenedtounder63FLmWeremixedforminety

minuteBuBing叩littablechop8tickBOnparClm ent

paper･Auu8edreagent8WereW姐oPureChemical

reagentgmde.

Thethermalbehviorandthei訂Iitabilitywere

inve8tiptedinFeURmixture8withttleOXidizing

叩ent8恥 blel).InthemixtureBy8temwithKBrO3･

thecombu8tionreacitivitywasinve8tigatedu8ing

compo8ition80fnegativeandpositiveoxy酢nball

anceinadditiontoa8tOichionetricone.Thecotn-

position80fthemixture8ZLreBho- inTable82and

3.ThemixtureBWerepreparedbaBedoneq8.1～3

8howingthechemiCal8tOichiometricequation･

10MUR+21Sr(NOB)2

1･SM903+21SrO+96N2+60CO2+120H20 (1)

8MUR+21KCIO4

-4M208+21KCl+CON,+48CO2+96H20 (2)

2MUR+7EBrOB

-M203+7KBr+15N2+12CO2+24H20 (3)
M:Fe.Cr

KayakLJGakkaishi･Vol･61･No･5･2000

Tab一e4ConditionBforp8Chromatography

Ga8e8 NかCO NCO,COS

Column Molec血 Sieve5 Actiyatedchrtx)al
Particlesi2e 60-80me8h ミ 60-80meBh

Length 2m

Tbmp. 40℃

carriergzLBIHe,20ml/min.

‖けり

40℃

He,60ml/min.

2.2 DWfbrerTtiaIthermalanalysisapparatusandmothd

ThethermalAndyBiBandthennogTnViJnetryWere

carriedoutu8i叩 ARigakuTAB-200ThermalAm･

ly雄r.The88mplecontainerwaJ?anOpenalunina

伊IlandtheSampleamountwas8vemg.me姐mple

w88heatedto800℃ataheatingrateof20℃/min

underAr.

2.3 Isothermaldeconpositjon

Tl血tymgofthe88mplewasWeightedintoagla88

tube8ealedatoneend(6mmininsidediameter

and60mminlength).Thi且gla88tubewacthen

placedinanoilbathkeptatⅥlriou8temPemttm .

A氏erbeingheatedforiL8peCi丘edtime,theweight

oftheSamplewa8measured.Thedecompo8ition

residuew88analyzedbyX･raydi瓜aCtionu8inga

NipponDetamJDX-3500KandinAd Absorption

8PeCtrOmetryu8ingaShima血uFTIR-8100A･

2.4 CombustionroaCtjvity

TheheatOfcombu8tion(reaction)waJimeiLBured

uBingaShimadZuCA-4Th)eAutomaticBombCdo･

rimeterAtI.1MPaunderarpn.TheSamplewa台

0.5g.The8amplew88igmitedbySwitchingonthe

electriccurrentu8iJlgthenichmmewire.

2.5Gasevo一utionbehvior

mep帥8evolvedduringthemea8urement80f

theheatOfcombuBtionwerecouectedintoaCOIIec･

tionbag恥 d血rb叩,380mlCapacity)･Theamounti

oftheN,,CO,CO,JmdN雪o gzLBe8evolvedwereqt姐n一

也丘eduBin印 ShinAdzuGC-4CG8BChzDmatOP ph

olereafter.GC).Table48how8themea8urement

conditionBfortheGC.TheNOandNOBPBeBWere

quantitativelyan81yuduBiJlgaGaBteCPBdetec･

tortube.TheNH8andN,HIP BeBWerequantiGed

bytheindophenolmethodl2'(1≡630nm)andthe
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TGcuzIVeBforMUR(M:Fe,Cr)andureap-aminobenEaldehyde

methodlal(1=458nm),re･Bpeetively.Thede

CompoBitionandcombustionresi血 Ie8WereanBlyZedbyX･raydifB･actionusingaNipponDe

tamJDX-3500.3.Resulbanddiscus

sion3.1 D'dfbrentialtherTTlalanabsis】朽g.18
how8there8ult80fthediLrerentialther･malana

lyBi8forFeURandCrUR,inwhichthere･8ult8fortheu柁a

OftheligandareBhownforrefer-ence.FeUR

8tartedtomeltatabout175℃,andthenexoth

ermdlydecomposed.The血alweightlo8BWas89%,wtdchwaBCOn8i8tentwiththetheoretic

alonefortheformationofFe208(86.7%).For

CrUR,thethermalbehviorwasapparentlyBimihr

tothatofFeUR,though theinitial tempera･Cure

ofmeltingwa島20℃higherthanthatofFeURThe丘na

lweightlo88Was85%,whichwa島COn8i与.tentwith

thetheoreticalvaltJeforthefomAtionofCr203

(87.2%).mefomationofAmetanicoxidew舶co血 medbyX･rzLydiLZ iactionofbothc on plexeB.

0

0

0000CO′04つ】

1(%)sso二鳥!aA▲190℃ ●180℃ ●170℃◆160℃Fig.2ThedeoDmpO8itio

nofFeURatvariou8tem-peraturesThein

itialtemperatureoftheexothermicpeakfor

FeURwas195℃ andthatforCrURw8815℃higher

thanthatofFeUR.As previou81yreportedaboutt

het.hermalbehaviorofvariou8metalcom-plexe80fc

arbohydrazide,thehighertheinitialtem･perature

oftheexothermicpeakinDTAcurve,thegreatert

hethernal8tabilityofthecomplex.Thistendency

wa合COnSi8tentwiththeorderofthelrv-ingWiniam8

8yBtem;theStabilityofthecomplexiBgreaterinth

eupperrightβideoftheperiodictable.However,

thei血tialtemperatureoftheexothermicpeakfort

heURcomplexofFe,whichi80ntherightsideinco

mparisonwithCrintheperiodictable,wash

igherunuketheabove･mentionedtendency.Ontheo

therhand,theureaintheligandStartedtomelt

atabout135℃,andthenendothermanyde-compos

edoverwideteznperatu托range.Coordinat-ingtheureatoametalincreasedthethermal

Sta-bilityandthethernalreactivity.3.2Themalbehaviordun'ngl'SOtherTnaldecomp

os卜tjon3.2.1 Changeinthewe妙tlossFig.2

8how8theweightlo88CurveVer8u8time血lringth

eisothermaldecompoBitioninthetempera･lurer

angeOf160℃to190℃forFeURa8arepre-sentati

veexample･Intheexperimentaltempera-turera

n野,thefiJIAIweightlo88COnWr酢dto71%,whichwas

leesthanthetheoreticalvaluefortheformation

ofFe203(86.7%).ThisValuewa白COnBi8.tentwit

hthetheoreticalvalueoftheformationoffezTOu8

nitrate(Fe即03)2,71.1%).Fig.38how8IR8peCtrumOftheprodu



wavenumber/cm･l

FiB3IR8peCtrumoftheresidueduringi80the
rmaldccompo8

itionforFeURioninthereei

duewa8COnfirmedbytheurgepeakat1390cm

-1･Basedontheweightlo88andIRSpec-trum,no

tFe203butFe(NOD)2Wasthoughttobeformedby

thed耽OmpO8itionofFeUR.DuetoabadcryBtal･it

w88notPO88ibletodoapowderX･mydif-fraction･

However･itiStmClezLrWhethertheanhy･droLJB

8dtorFb(Noahi88tableornotwhilehexahy-dratean

denneahydrateofFe即OJ2Weregenera山yveryfamiliar

L4).Ontheotherhand,CrURa180hdthe母ameweightlo88CuⅣea8thtofFeUR.and

theweightlo88COnVergedto81%,whicha耶 edw

itllthetheo･reticalvaluefortheformation



.O
X
凹
-

ト
『

1

.Opu凹

------- ーFcUR/KClO
一一 一ヽ一

tI■■●●一一一一●■■●ヽ■■

. ( I l■t l-FeU舟ⅩβrOJ----､-､--

l -■l I-ll

■■-■I一■■■■ーtt FeURJtSrqOi)I
I●～----ー■一一一一一●●●-l

一ヽ一一____一.

. t 一.-■~一~ヽ -一 一 l l l 05
0畑50t000 200 400 600 800

Temperat
urefCFig.61yrA-TGcurve80rmixture与 %Jsso〓鳥

!3き与ult80btainedforthevariou8metalcomplexe

80fcubohydrBdde4).･theactivationener野ObtA

inedforthemetalcomplexes0fcArbohydraddew舶

60.2-186.9kJ/mol.Thethermdreactivityof

thehgandmightin且uencet

hatofthene血lComplex.3.3 CombustJ-onreaGtjv軸

3.3.1 DifFerentjalthermalanalysis

ofm;xturosys-temwidlVadou80Xidizingagen

tsFig.68how与thereBultbOrthediLrerentia

lther･matandy合iBforFeURmi貫ture8wit

hvariou且0Xi-di血 gAPnt8aBrePreBentativeexampl

e8.FortheKBrO88y8teTn,thやreWa8adiuerenc

einthetherndbehaviorbetweenthemixture8an

dthecomplex.AvigorouseXOthermicreaction8tArt

edatxlut176℃inthis8yBtemW山kethecomplex

only.Thefinalweightlo88Wag64%,whichwa合ge

aterthanthetheoreticalvdue(68.4%).The8a

mPlew舶thoughttoBCatterduebthevipmu8reac

tion.FormixtureSyBtetnJ?withtheotheroxidi

2iinga酢nt8eXCeptforEBrOa,therew舶httlediqe

renceinthethemalhehaviorbetw合enthenixture8a

ndthecomplexonly.IntheSr(NOB)28yBtem,theen･
dothe-ic搾aCtion oftheunr飽Ctiveoxidi血 g叩ent 叫＼rJuot!sttquo

DJOlt2UH 300 -5

0 5Oxygenbalance/a/loosOFeUR,ACrUR

Fig.7HeatofcombuBtionforMURmixture8(M=Fr,

Cr)wa8COn丘rmedabout560℃,andtheweightlo88

atthattimew舶20%,whichWABIcB8tlmnmixratio

ofSr(NOB)2inthemixture(42.5%).IntheKC10.

syB･ten,theweightlo88(20%)duringthedecomp

o与i-tionoftheun托aCtiveKC10-above島oo℃wa卓

1e88thanthenixratioofKC104tOmixture(37.

6%).Consequently.theFecomplexnitrate0fu柁aβ

eentomoderatelyreaCtwiththeoxidi21ingagen

t卓eX-ceptforKBrO3.ForCrUR,thethermal

reactivitywithvar

iou与OXi出血喝且野ntSWaBthe姐metendencyaBthAtforF

eUR.hcidentAIJy,the∞mbuBtionr鴎Ctivitymentio

nedbelowwaBinveBtiptedinthemixture8y8temO

nlywithKBrO8.becauseitwa8pO88ible

toigniteinKBrOaBy8tem.3.3.2 Heatofcombu

stjonFig.78how8thecompositiondependenceof

theheatorcombuJitioT)forbothcomplexe8.The

yhadnomaximumvalueatthe8tOichiometriccompo8

i･lion.andincrea8edaathemixratioofXB

rO3iれlcm 8ed.m BW舶thoughttotneau8edbyth

eexo･thermicd餌 OmPOaitionoftheunreaCtiveXBr

Oa.Futhernore,Fig.88howBtheresultsofthe

pow-derX･raydi缶actionofthecombu合tion柁さidue

atthe8tOichiometriC00mpo8itionforbothcompl

exe8.FortheFeUR8yBtem,thediErractionpAtte

rn OfKNOBWa台∞nfirmedinadditiontotlmtofEBr

andFe203･KNO3mightbeformedduriJVC00 止n

gofthe与ample･bemuBeE打OSdecompD8eatOENO2abve
them



20/deg.Cu-Ka●KBr､◆Cr203､▲Fe203､△KNO
3Fig･8ⅩRDpattemofthe

combu8tionruiduethedecompositionofFeURaB8eeninthe
i80ther_mal血 00mpo8ition,andFe(NO.i,wasPO8t
l血 tedt｡metatheticalreactwithKBr･Inanycase,par

tOfthenitrateioninthemolecdeonly8hghtb,part
ici-patedinthere

action･OntheotherhzLnd,forCrUR,thediffractionpatternOfKBrand

Cr208Wa合COn･finedintheoDmbu8tionre

8idue･Inaddition.thecombu8tionzWiduein

thiseyJ}temWasBCatteredbythevigorou8reaCtion･T

herewa8耶 atdiZrerenceinthecombu8tionreactivitybetweenFe

URandCrUR.3.4 EvohledgasesdLlringthecom

bustionTable58how8there8ult80fthequantit

ativeanaly8i80ftheevolvedgasuBi叩 the8tOic

hiometriC00mpoSition8for

bothcomplexe8duringthe00mbu8･lion.ForCrU

R,maiulyN2andCo℡Wereevolved,andthe白ega8e8

ACCOuntedfor99percentofalIevolvedpBeS.COandN

HSP S鴎Blightlyevolved.Inaddi･Lion,thema8

8balanceofnitrogenandcarbonat-omswereve

rygoodbeforeandaRerthereaction.Onthecon

trary,forFetJR.theevolutionofN2g88e8decre

a8ed,whileCOandNHaga8e8COn8iderablygenera

ted.FeURimuJRcientlyreactedwithKBrO8basedonthelowmoveryratioofnitr｡genatomand T

able5Theevolvedga8behaviorduringthecom･

bu8tionforFeURandCrUR(u血t:

mol/mol)gHI jNOS-'6?0-CO｡N%C% FeUR crUR

3.09 7.5411.07 8.95×10-23145×

10-2 1.54×10-21.48×10-3 00 ' 00.64 0.30

3.59 4.617.25 15.1648.3
101.1▼ ± ー

4･34 4.9172.3 81.8thecombustionre8id



percentofAntheevolvedga8eO.Ontheotherhnd,

forFeUR,apartOfthemitrateioninthemolecule

only8心ghtbTparticipatedinthereaction.Notonly

N2andCOSg88e8butalsoNH8AndCOp8eSWere

Bi蜘 tbrgerLerateddudJq;thecombu8tion.The

00mbuBtionreaCtivityofCrURwa且greaterthnthat

ofFeUR.

ⅠtwasgenerallyBugge8tedth上apartoftheni･

traceioninthecomplexonlyBIightlyparticipated

inthereactionfortheca卓eOfFecomplexnitrate.

Fhference

1)Ji且nZhouWU,H.YuRnWa,T.Mat8uZiaWa,M.

AraiandM.TaJnura,a.JapanExplo8ive8Soc.,

55,66(1994)

2)KIchiknwa,M.Ar°,M.Tamuraand氏.Wiki,

An aeademicmee山喝OfJapanExpl00ive8Sn,

1997(autumn),p87

3)T.Ka乱Imi,Y.Su2iuki,T.Okada,T.Ha8egaWa

andT.%8hida.I.JapanExploeive8Soc.,66,

卦は(I995)

4)M_Akiyo8hi,N.Hirata,H.nakamuraandY.

HiLra,J.JapanExploSive8Soc.,57,238(1996)

5)班.Abyo8hi,N.Hirata,H.Nakamura,andY.

Hara,ibidり57.244(1996)

6)M.Akiyo8hi,Y.Imani8hi,N.Hirata,H.

NakamuraandY.HaJn,ibid..68,68(1997)

7)M.Akiyo8hi,G.Kino8hita,N.Hirata.H.

NakamuraandY.Hara,ibid.,69.192(1998)

8)M.AkiyoBhi,Y.ImaniBhi,N.Hirata,H.

Nf血amuraandY.Har乱,ihid..59.320(1998)

9)M.AkiyoJBhi.Y.Imani8hi,N.HirAta.fT.

NakamuraAndY.Hard,ibid.,59.328(1998)

10)M.Abyo8hi,H.NakamuraandY.Hara,ibid.,

Bubmittedforpublication

I1)nExperimentAlchemistrycourse17-inorgnic

complex,chelatOCOmplex-,p86(1991),ed.by

theChemicalSocietyofJapan

12)JISKOO99-1983

13)"An alytiC81chemi8trybandbookl●,p463(1961).
ed.bytheAn alyticdChemicdScK:ietyofJa･

pam

l4)'■ChemiStryhndbookn,vol.4,p783(1960),ed.by

theChemicalSocietyofJapan.

15)●●Complexe8Chemi8try",P79(1994),ed.bythe

fkxietyofPure&ApphedCoordizutionChem･

iBtry.

種々の金属錯体硝酸塩の熟的挙動(第2報)

-鉄及びクロムの尿素錯休硝酸塩一

歌書美也子●.中村英嗣'.原 泰毅●

エアバッグ用新規ガス発生剤として.有機金属錯体硝酸塩の実用可能性を検討 している｡その研究の一

環として･Fe及びCrの尿素錯体硝酸塩について錯体単体及び酸化剤混合系での熱的挙動を比較検肘した｡

尿素を金属に配位させることで,その熱安定性,熱反応性は向上する｡また,両錯体を比較すると,α

錯倖硝酸塩の熱安定性が高い｡

160-220℃の温度範囲で等温分解を行った結果,Fe錯体硝酸塩は酸化鉄ではなく硝酸鉄を.C.錯体硝酸

盤は酎 ヒクロムを生成した｡丙錯体の分解反応は1次式によく適合 し,活性化エネルギーは各々160.4kJ/

moll174･OkJ/molとCr錯体の熱反応性は低い債を示した.これは,Cra･の外殻d軌道電子数が3つで,蘇

晶場安定化エネルギーが大きくなるためと推測される｡

一方･臭素酸カリウムとの泡合系での燃焼反応性は,反応銀波と,この時の発生ガス挙動からCr錯体の

方が高いことが明らかとなった｡即ち･Fe錯体では,分子内の硝酸銀が反応に限与しないため,反応性が

低い｡一般的に･金属錯体硝酸塩において･中心金属を鉄にすると,硝酸銀が反応に寄与しなくなる可能
性が示唆された｡

(●九州工業大学工学部応用化学教室 〒805-8550北九州市戸畑区仙水町 卜 1)
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