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AStudyonthecharacteristicsofazole-metalcomplexes

Wa8anaKowhakul★,IteiMiyasaka*,MiekoKumasfLki★★,YujiWada***,
MitsttruArai*,andM888mit8uTamura★

Thepurposeofthisstudyi8tOinvestigatetheerrectofvariou8metalsonthethermal

decompo8iLionandsensitivityorazoleSlCOmplexes.lH･tetra三〇le()HT)andlH-I,2,4-triaw]e

(1Htri)weretJSedaS1igandswhichcontainnitrogenatomsandcancoordinatewithmetalSuch

a8Copper.nickelandcobalt.ThesemetalsWereSelectedasthecentralrationfortheircatalytic

ahility.Garber8ynthe8ized1HTICucomplexesin1967,andHaSSnOOt8ynthe8iZed)Htri･complexes

inl977.SAmplesinthisStudywereprepLIredfollowingtheirmeLhodS.AnelementalanalySiS

wa8Carriedouttodeterminetheircompo8iLionandtheresult8WereCOmparedwiththecalculated

va)ue.IHT･complexeSWereObtaineda8the白alt,【cu(CNIH)1.)･I.5Hl.0,Lco(cN.H)J･2H20and
lNi(CN.H)J･3H,0.1Htri･complexe8WereObtainedaSLCu(Cl,H:.N:.)2(NO3)2]IH,0.
LCo2(C2H｡N.I)7(No..)J･2H20andlNi..(C2H..Nl)6(H｡0)J(NO3).i･2Hz0.
DuringSealedCell･Differenti8)ScanningCalorimetry(SC･DSC)ismeasured.pureazoleS

exhibitedanendothermicpeak.whichcorrespondedLomelting.Inthecaseofcomplexes,the

endothermicpeakdisappears.Thisphenomenonmightbeduetothechangeoftheirelectronic

slate.However,theresultsorthesensitivitytestshowedth8LlHtri-complexesareinsensitive

tofrictionandimpact.Ontheotherhand.theyaresensitivetoBLaticelectricity,especial)yln

lHtri･Cucomplex.Furthermore,SenSitivityi8CloselyrelatedtoLi卯ndsSucha8inthec88eOr

JHT,whichiSmoreSensitivethLInlHtri.

1.lntrodu¢tion

Energeticmflterialshavebeeninve8Li卯LedTor

their叩plicAtionasdevicessuchasairb叩innaLorS.

Amorerecentdevelopmentistosynthesizenew

energeticmaterials,whichcouldexhihiLhigher

stbbilitvFLndreaCtivitythanconventiollatenergetic

materials.Iti8WellknownthatintertLCtion

betweentrEInSitionmetalcatalystAndthL,Fueli8

0PtimumwhentheinteractiondistanceiSShort･

Therefore.theenergeticmaterialsaSCOmplexes

areexpectedtohaveadvantagesforellhLInClngthe
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reactivitymtherthnmixtures.

Azole8arekinds0rrLtelanditsSeveralimportant

propertiesarebroughtaboutbyitswidespread

interest.73ecau8eOrthepo8iLionorthedonoratoms

intherlVe･memberrlng.theyappeartopossesttle

possibilityorlinkinglrnnsiLionmetalionstDFether.

However,iL8re爪CいviLylliSlowasmixture･

'rherefore.toimprovethereactivity,FLdditionor

ctTttalyststotheSy8temCanbeeffective.1H-

tetrazole･coppercomplexesandlHll,2,4-triaZOLe

-coppercomplexeswereSynthesizedandtheir

propertieswereinveStigacedごI,thoughother

"- C:

r"TyN＼/N-NH HIH.telraZO

Ic IH-13,4｡azoleFig.1Chemicalstruct
ureoflH･tcLra御lle(lHrr)AndIH･1.2.4･triazi



Table1Chemicalanaly8i8datafora之01e･metalcomplexes

Chemicalformula Colour
C H N

1 lCu(C2H,N｡)2(NOJ2)･H,0 darkblue
2 【Co2(C2H,N.,),(NO｡),)･2H20 1ightorange
3 【Nil(C2H.,N,)6(H20)61(NO,)A･2H20 1ightviolet
4 lCu(CN.H)2卜 1.5H20 blue
5 LCo(CN.H)J･2H20 orange
6 LNi(CN.H).J･3H20 violet

14.0(14.0)
19.0(19.0)
13.8(13.0)
9.7(9.4)
8.7(8.7)
9.3(9.6)

1,9(2.3) 30.6(32.6)
2.3(2.8) 39.0(39.6)
2.5(3.1) 31.2(30.4)
2.0(2.1) 47.6(49.2)
1.9(1.5) 44.4(44.5)
2.3(2.4) 44.2(50.5)

transitionmet818areabletoformcomplexesWith

aZOle8.

Chemicalanaly8iB,thermalAn81y8i8andthree

8en8itivityte8t8WereCarriedoutforthe

synthesized88mple.Insensitivityte8t8.8arnpleS

thatwerenegativeinallthreeteBtBWere

consideredrelativelyinSen8itivetoftiction,impact,

andelectrostaticdischarge.ThoseBampleSWhich

werepositiveatthethresholdvaluewerefurther

testedandthelevelatwhich50%ofthetestWere

positivewasdetermined.Furtherrnore,

electrostAticdischargeSensitivityisanimportant

parameterintheSAfehandlingorenergetic

materialsSinceelectric8park8maydevelopln

handleSituationB.However,thebehaviorofother

tr8n8itionmt加180mthethermaldecomposition

and8en8itivityofa之01escomplexesArenotyet

reportedinliterature.A8apartOrOurresearchis

preparation.characterizationandthermoly8i80f

energeticmateri818,Studiesonazolemetal

complexesarealsoreported.1H･1,2,4･tria2:01e

(lHtri)andlH･tetrazole(lHT)(seeFig.1)wereused

forligandswhichcontainnitrogenatomsandcan

coordinAtewithmetals.Copper,nickelandcobalt

wereselectedasthecationfortheircatalytic

ability.andnitratewaSusedforacounteranion.

2.Experimental

2.1Synthesisofazole-metalcomplexesand

analyticalmethods.

Thechemicalsusedinthisinvestigationwere

reagentgrade.AnelementalanalyBi8WASCarried

outtodeterminethepresentedweightorC,H,and

Ninthecomplexes.Theresultsoftheelemental

analy818WereCOmparedwiththeliterature

value.II･37.

1Htri-copperco叩Iex

Water801utionor12.5mmoloflHtriin15mlof

waterand2.5mmolofCu(NO.),I3H20inlSmlof
waterweremixedtogetherandtheresulting

801utionw88Stirredatroomtemperature.The

solutionwasfilteredoff.Adarkblueprecipitate

wasEiltrAtedAnddriedunderreducedpreSSure.

1Htri-Cocornplex

Watersolutionor5,0mmolorlHtriin15mlor

waterand2.5mmolofCo(NO,)2･6H20in15ml

orwaterWeremiⅩedtogetherandtheresulting

BOlutionwasstirredatroomtemperature.The

BOlutionwasfilteredoff.Alightorangeprecipitate

wasfiltratedanddriedunderreducedpreSSure.

1Htri-Nicomplex

WAtersolutionof5.0mmoloflHtriin15mlof

waterand2.5mmolofNi(NO,)2･6H20in15ml

orwaterWeremixedtogetherandtheresulting

801utionwasStirredatroomtemperature.The

solutionwasfilteredoW.Alightvioletprecipitate

w88rlltrAtedAnddriedunderreducedpreSBure.

1HT-coppercomplex

Methano180lutionof12.5mmoloflHTin15ml

ofmAthanoland2.5mmolofCu(NO,),･3H20in

15mlormethanolweremixedtogetherandthe

re8ulting80lutionw88StirredAtroomtemperature.

The801utionwasfilteredoq.Adarkblueprecipitate

w88rlltr8tedanddriedunderreducedpreSBure.

1HT-Cocomplex

MethanoIsolutionof5.0mmoloflHTinlSml

ofmethanoland2.5mmolofCo(NO,)2･6H20in

15mlormethanolweremixedtogetherandthe

resultingsolutionwasStirTedatrtM)mtemperature.

The801utionwasGlteredoEr･An orangeprecipitate

w88filtratedanddriedunderreducedpre8Sure.
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1HT-NiComplex

Methano1solutionor5.0mmolorlHTim15ml

ofmethanoland2.5mmoIDfNi(NO｡)2･6H20in
15mlormethanolweremixedtogetherandthe

resultingsolutionw88Stirredatroomtemperature.

Thesolutionwasrilteredorr.Adarkviolet

pz,ecipitatewasfiltratedanddriedunderreduced

preS8urel

2.2ThermaJand)ysis

SealedCell-I)ifferentiAIScanningCalorimetry

(SC-DSC)wasusedforthermalarLalysis.The

instrumentwasDSC20andoperatingBy畠temWas

STAReSystem(MettlerToledoK.K.).Samples

weightwereabout1.0mg,whichwa島heatedin

stainlesssteelsealedcellswhiletheheatingrate

was10KImin.

2.3Infraredstudies

TheIRSpectraofthelHtrimetalcomplexes

andlHTmetalcomplexesWereObtainedusingthe

KBrdiscmethod.

2.4Sensitivitytest

2.4.1Electrostaticsensitivitytest

The8enSitivitytoStaticelectricitywasmeasured

byanelectrostaticsensitivitytester.Theapparatus

wasde8ignedbyMiauShirna4).Itisequippedupper

AndlowerelectrodesWithfixeddistance,which

wereconnectedtoa8etOfcondensersata

predeterminedcapacitAnce.Thesamplewas

sandwiChedbetweenthetwoelectrodesandignited

bydischargingofcondensers.

2.4.2Frictionsensitivitytest

TheJuliu8Peters(BAN)frictiontesterwasused

todeterminethefriction8en8itivityofthevarious

metalcomplexesinthisStudy.Thetesteroperates

byrubbingamovlngplateagainstafixedpinwith

thematerialbeingplacedbetweentheplateand

pin.Thel/6explosionpointwasdetermined･

2.4.3Drophammertest

Thesensitivitytomechanicalimpactwas

measuredbythedrophammertestaccordingto

Japaneselndu8tria)Standards(JIS).Adrop

hammertesterw88aSetupmadebyHo80ya

-3641

Table2TDSCandQDSC

Sample TD.紺(℃)BD農地 )850 QIBC(M/mole/lHtri)l比tri 343
587lHtri-Cu 297

1525 262lHtri-Co 3
43 1496 189lHtri-

Ni 379 1418 262T

able3TDSCandQDSCSample Tn.qc(℃)QnRC(JIg)Qnsn(kJImole
/lHT)lHT 209 348

4 246lHT-Cu 262
1840 186lHT-Co 299 2094

211lliT.Ni 329 1 602 171

1∬t

rl工伽WlⅠⅠtr
I .CtllHtr

l-C○lEltri-Nl -

50 30

0 350 4○〇 一50℃Fig.2SC･DSCcurves
oflHtrianditsmetalCo

mplexe8lETI.ODW IHT_AlFT-OI

lHT-Zq

54 10



Firework.Co.Ltd.Inoperation,a8mall組mpleof

approximately0.03gramofthemateriali8placed

inabrassCup.ThecupISplacedinthedeviceand

aweightisdropped鉦omapredeterminedheight･

Thetesti8repe8tedfoIloⅥngupAnddownmethod

todetermine50percentignitionenergy.

3,ResLJltsanddiscussions

3.1Thermalanalysis

Figure2and3showSC･DSCcurves0fazole-

metalcomplexesataheatingrateof10E/mim

Belowdecompositiontemperatures,aZOleexhibited

anendothermicpeak,whichcorrespondedto

melting.

Incaseofcomplexes,theendothermicpeak

disappeared.Kuma2iaki2)reportedthat

phenomenonmightbeduetothechangeOftheir

electronic8t8te.Theycanbeconsideredthationic

aZiOlemoleculeslinkviaCoulombinteractionin

complexsoliditywhileneutralmoleculelink

togetherviaVanderWaalsbondinpurea2;01e

crystal.SincetheCoulomb'sforcei88trOngerthan

theVanderWaa18force,anioniccrystalisdimcult

tomeltcomparedtoamolecularcrystal.

Furthermore,exothermicpeaks0fcomplexes

becamesharpCOmparlngwithpureaZ;0le.These

resultsconfirmedthatazoleinteractedwithmetal

andcoordinationtometalwaseffectivein

improvementofthermalStabilityofpurea210le.

QDSCOflHtri･metalcomplexesmaybelarger

thanthatof1Htri,becausethefragmentationi8

easilyprogressedinlHtri･metalcomplexes27.

Williamet81.reportedthattriaZiOlewasableto

formpolymers5).Therefore,ahigh reactivity

causesfragmerLtationduringdecorrLpOSitionanda

moreexothermicreaction.

3.2Sensitivitytest

Table5Summarizedtheresultoftheeach

SenBitivitytest.Withineachmetalcomplexthe

claS80rfrictionsensitivityandthe50%explosion

energyofimpactBenBitivitywerenearlyidentical.

From thefriction8enSitivitytest,thel/6

explosionpointwasequalto78･157NforlHtri

.Ontheotherhand,metalcomplexe8didnotexplode

eventhoughatthehighestloadof353N.lnthe

caseoflHT,1HTICOmplexeBarenotdifferentin

itsfrictionsensitivity,inwhicheverysamples

explodeatload157-353N.

Thedrophammerte卓tWasCarriedoutbasedon

theupland-downmethod.The50%explosionheight

(E帥)wasdeterminedtobe6.76cmforlHtriand

26.92cmforlHT.WhereasinthecaseOfmetal

complexes,thetestwa8Carriedout6timesata

hammerheightsettingor50cm.Thosecomplexe8

didnotexplodeinthistest.Therefore,theyare

categoriZieda8grade8accordingtoJIS.

FromaSummariZiedresultofeachsensitivity

testintable5,1Htrianditsmetalcomplexeswere

nearlyin8en8itivethanlHTanditsmetal

complexes.ItiswellknOwnthatbothimpactand

frictionsensitivitydependonthechemical

structureoftheexplosivemolecule6).Moreover,

SenSitivityiSalsorelatedtoothermeasurable

quantitiesSuchasioniZiationpotential7).while

aE01eshavelinkngewithmetal,lHThavemore

electronsinitsmoleculethanlHtri.Therefore,

lHTmetalcomplexes8eemlikelyhavingmore

electronthanoflHtrimetalcomplexes.

Consequently,lHtrimetalcomplexesare

Table4Thedataofazole-metalcomplexes

Sample Electrostatic DropHArnmer(H.IJcm) Fricti
onSensitivity SenSiti
Vity(EJJ) (

MIIJN)lHtri 1.26(cla8S4) 6.76(cla882) 78-1
57(clas85)1Htri-Cu 0.19(cla883) >50(clas88)
>353(cla887)1Htri-Ni 0.49(cla884) >50(cl8

888) >353(cla887)lHtri-Co 0.69(cla884) >5

0(cla888) >353(chS87)1HT 0.14(cla883) 26.9

2(cla885) 157-353(claSs6)lHT.Cu 0.18(claS83)
>50(cl8888) 157-353(cla8B6)lHT.Ni 0.22(cl8

663) >50(cla888) 157-353(cla886)lHT-Co 0.2

1(cla883) >50(cla888) 157-353(clA886)KayakuGakk



APPrOXimatelyconsideredmoreinsensitivethan

lHTmetalcomplexe8.

4.Conclusion

AzoleSWhichcontainnitrogenatomsCaneasily

coordinatewithmetal.Complex･formationofligand

aZOle8WithmetalsW88attemptedinorderto

improvethereactivityof1Hll,2.4-triazole(lHtri)
andlH･tetrAzole(lHT).

SomeconcluSion8CanbedrawnfromthisStudy:

･lHtri'sAndlHT'8endothermicpeaksCaused

bymeltingdi88ppearedwhentheseCOOrdinated

withmetal.

･QD8COflHtrimetalcomplexesWerelargerthan
thatorlHtri.

･interactionand/orcoordinationofazoles(lHtri

andlHT)withmetal(Cu.Ni,Co)weree触 tive

inimprovementoftheirthermalreACtivity.

･lHtrimetalcomplexesWerele888enSitivethan

lHTmetalcomplexes.

TheresultsinthispaperShowedthatmetals

coordinatingtoa乙01eimprovedmechanicaいmpact

Andfrictionsen8itivitie80ra之Ole8.
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