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Synthesisandpropertiesofalkalimetalpicrates

MakoloMalsukawa,TakehiroMatsunaga●●,MasatakeYoshida●■,andShuzoFuJ･iwara''

PicricacidisknowntoTCaCIwithmetalstoformhighlyunstablcmetallicplCrales,whichhavecausedscrioLLS

explosivea∝idents.Inthisstudy,alkalimela]picratesoflithium,sodium,Potassium,rubidium,andcesiumsalts

weresynthesized,andthethcrmodynamicandinitiationsensitivityWereCXaTTlincd･Di飽rentia】scannlng

ca)orimetly(DSC)resultsrcvcalLhalthedccornpositL'onofa]kalimc(a)p]lcralcsbeginsatahl'ghertempcraturc
thanthatofpicricacid.Theheatofdecompositionofalkalimetalpicmtesisfoundtobelowerthanthatofpicric

acid.ThermalgravlmetricanalysisandKarlFischeranalysisconrlrmlhatalkalimetalpICrateSCOntain
crystallineH20･ExpenmentalresultsshowthattheamountofcrystalliTICH20inpICrateSisIlohydralcfor

Li-picratc,andLOhydratcforNa-picrate.Howcvcr,K-picrate,Rt)-picrateandCs-picrateareanhydratc.

Li-picratemonocrystal,whichincludesafu])crystallirLeH20condition,js3･Ohydrateinthemetastablephasc･

TheresultsofthermogravimetTyanalysisstlOWthatcrysta)linewatc【dehydration∝cursbctwccn350Kand500

KActivationcncrgJcsatstartofexothermicdecompositionwasanalyzedbyditrerenthealingratesofDSC

ana)yscs･RcsuILofanalyseswere;Li-picratel27･4kJ,Na-PicrateI5I･3kJ,K-picrate207.9kJ,Rb･pt'crate204.9

kJ,aTldCs-picra-eI7218kJ･Drop-hammertest-esu]tsshowthatalkalimetalPicratesdemonstrategrealcrimpact

sensitivitythanplcricacid.Fric(iontestresutLsshowthatanhydratcpLCratCSShowmoresensitivitythanhydrate

pICTatCS･

l.htroductjon

PicricacidwastJSedasamilitaryexplosivcfrom

worldWarIunti日hcendofWorldWarII.L)Atthatlime,
plmcacidwasknowntoreactWL'thmetalstoforTTIVery

unstablemcta】licplCrateS,andLeaandotherauthors.l･3)

attemptedtosynthesizethcscpICrateS.MetamcpLCTatCS

weresaidlobeverysensitive:examp)esofaccidents

ir)volvingrnctalHcptcralesinc一udethedetonationof

metallicpICra(Ca鮎rameta】fragmenlfellintoburning

pICnCacid,andlhcsplashingofpicTicacidontoamc(a)

steam pIPe,WhichprodtJCed mctal]icplCratethat

subscquent]yexplodedwhenstruck･1)Tnexamplcsof

industrialapplications,sodiump)cralcwasusedlodye

industrialmatcria)S,andpotassitJmPICrateWasusedasa

Reccivcd:AugustH,2003
A批PtCd:Seplcmber16,2003
Shm KinzDkuKDgyOCれLJd.ⅠⅧ 2120,Iw耽,Nidli･ttnraki
Gt)n,]balaki309-I211,JAPAN
TEL十81-296-76-1811
FAX†81-296-7611815

.E-MailrwkfB264@niRy.com
NationalLndhteorA血 ldhdustJjaLScien∝and触 hnoloBy.
I-1-1,Higashi,TukubaCentral5,Tsukuba,tbaraki
305-8565,JAPAN
TELI8卜298-6ト4785
FAX十8L-298-61-4783
E-MailL･maLsunaga@al.St.gO.jp

fireworkwhist]erandinitiator.I)Theriskofmeta日ic

ptcratcinindustrialsituationsneedstobeexamined,and,

hopcfuHy,alkalipicrateswillbeappliedasanewmalcriaI

ofpyrotcchnics･Inrecentyears,Onlyafewstudieson

metamcplcTateShaveusedmodemanalyticaltechniques

toexaminetheirchemicalandpy-otechnicp-opcrties･

TntMsstudy,alkalime(alpicmtcs(Li-,Na-,K-,Rb-,

Cs-pic【atc)weresyr)thcsizedhmpicricacidandalka】i

metalcarbonate･Figure1showsthesynthesisreaction,

whcrcapICrateanionbondstoanalkalimetalcation.

ChemicalandpymtechnicalpropertleS,butmain)y

thcrma)properties,wcrcanalyzed.Becausetheamountof

crystalHncH20 inpICTa(Cisknownto innuencc

scnsitiviLyu)'thisisanimportantsafetyfactor･Therefore,
researchwasconductedonthecrysta]lineH.)0inatka)i

metalpicratcs･neresultsortheana】yscsarecompared

withdataonpICnCacidpropcrties･

2.Experimental

2.1Samples

hchalkalimetalpicTateSWCtCSynlhesizedbmareaction

ofpicricacidandalka)imeta)功加nate.Picricacidobtained

bmKantohgakuwasp-cpa-edbyrecrystallization舟oma
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H･･00& 02

+ 1/2Mn2CO3I- M(L)+
･oo&NO2 十 1/2H20 + 1/2CO2

Fig.1 A】ka)imetalpicralcsynthesisequation(Mmeansalkalimctalelement).

dcionizcdH:0solution.MetalcaTtX)nateSWere血)mKMtO

Ka伊kuuseddthutrnodi6calion.Deionizdwa(crwasused

asasyTtthcsissolvent.

2.1.1Syn仙es')sofJiUl'LumPicrate(Li-p'JCrate)斤om

lithiumcarbonatehydroxideandpicricacid

LiIhiumcatbonate(7.4g)wasaddedsbwlyto2000

mlofpicricacidsolution(1.15%).Bubb】cswere.

generatedinthereactLngSOhtion,andthesesccmedtobe

acarbondioxideby･product.Reactioninthesolution

endedquickly,ar)dasolutionbecameclear.ncsoILJLion

waspouredintoaplasticvesselanddriedbydraft

venti一ation,yieldingac†udccrystaLThecnJdecrystal

wasthendissolvedin100mlofacetone,andlhesolution

wasfi]trated.neGItratcwasaddedintoCHlC】?(2000

m))forpuriBcationLOrCmOVCthepicricacidasa

00ntaminantandforrecrystallization.¶lCLJnrCaCted

pICrlCacidwasextractedasafiltrate･与ITTLeSynthesis

procedureproduced15･04goffinalproduct･

2.1.2SyndleSisofsodiumpkrate(Na-picrate)払m

sodiumcart)onateandpicricacid

sodiumcalbonate(5g)wasaddedslowly101000ml

ofpicricacidsolution(1%).Bubbleswcrcgcneratcdin

thereactingsolution,andtheseseemedtobeacarbon

dioxideby-product･Reactingsolutionbecamec)earaRer

thereaction.Solutionwaspouredintoap)asticvcsscland

driedbydra允vemtiIation,yieldingacrudecrystalCrude

crystalwastheTtdissolvedin200mlofacetone,and

insolubleimpuritiesweTC一cmOVedbyfiltration･FHtrate

wasconcentratedto100mI,andconcentraLcdsolution

wasaddedintoCH2Cl2(3000m))forpurirtcationto

removetheplmCacidasacontaminantandfor

recryslat)ization.Unreactcdpicricacidwasextractedbya

methodsimilartothatdescribedhlSection2.1.The

synthesisprocedureproduced11･47goffinalproduct･

2.1.3SpTthesisofpotassiLmPicrate(K-picrate)hm

potassiumcarbonateandpicricacid

potassiumcarbonate(6.5A)wasaddedslowlyto1000

mlofpicricacidsolulion(1%).Bubb)esweregenemted

inareactingsolution,andtheseseemedlobeacarbon

dioxideby-producLSolutionbecameclearaRerthe

reaction.Thesolutionwaspouredinloaplaslicvessel

andcondensedbydraftvcnti】ation,yieldingasilky

crystalinthecondcnscdsolution.Crystalwas伽rated

anddried.TTle紬 TatCWasapproximately100mI,andthe

so】ubHityoftheK-picratcinHlOwasasmal一amount･')

Thcrcforc,itwascstimalcdthatasmallamountof

productexistedinsolution,anditwasdcposiled.The

cTySlalwasthendisso】vcdin200mlofacetone,and

insolubleimpuritieswcrcremovedbyfi)lration.Fi]trale

wasconcentratedto100mlandaddedintoCH2C1l(2000

m))forpurificationtoremovepicricacidasa

contaminantandfor†ccrystallization.UnTCaCtCdpicric

acidwasex(raCtedbyamethodsimilarLOthatdescribed

inSection2.1,yieldinganccd]e-likeye]lowishrefined

crystal.刀leSynthesisprocedureproducedI0.680ffinal

product.

2.1.4Syn仙esisofrtJbid)umpicrate(Rbr)'ICrate)如m

rubidiumcarbonateandpicn.cacid

Rubidiumcarbonate(7.5g)wasaddedslow)yto1500

mIofpicricacidsohJtion(1%),andmixlurcwasstirred

fortwohours.Bubb)csweregeneratedinareacting

solution,andthesesccmcdtobeaCarbondioxideproduct･

Anccdle-likecrystalrccrysta)]izedinthesolutiona鮎ra

fewminutes.A触rthereaction,thesolution,which

includedtheneedle-1'lkecrystalandunreac(edrtJbidium

carbonate,waspouredintoaplasticvesselanddriedby

d-aRvenLilaLion,yie)dingacnJdecrysta)･Crudecrystal

wasthendissoIvcdin500mlofacetoTle,andinsoluble

impudtics (e･g･,umtnctcdnbidium cadx,male) were

reTTDVCdbyfitLration･FiLtratewasconcent-alcdto100ml･
andconcentratedsolutionwasaddedintoCH2ClZ(3000mD

forpurificationtoremovepICnCacidasacontaminant

andforrecrystal】ization.Umreactedpicricacidwas

cxtractcdbyamcthdsimilartothatdescribedinSection

2･I,yic]dingaTtCCdle-like,yellowishrefinedcrystal･The

synthesisprocedureproduced19･77goffinalproduct.



2.1.5Synthesisofcesiurnpicrate(CsIPicrate)斤om

ces;umcarbonateandpicricacid

cesiumcarbonate(10g)wasaddedslowlytoahot,

1000m]picricacidsolution(1.4%),andmixturewas

stirredfortwohours.Bubblesweregeneratedina

reactingsolution,andtheseseemedtobcacarbon

dioxideby･pIOducl.Ascalycrys(atrecrystamzedirLa

largequantity.llisestimatedthatasolubilityofthe

productinwaterwasanextremelysmallamotJnt･ARer

filtration,crystalofproduc(wasdriedinavacuum

chamberanddisso一vedin200mlofacetone,but

precipitationwasnotconfirmedinace(oneso)ution.

AcctoncsolutionwasconcentratedtoapproximatetyI00
m),andconcentrated solutionwasaddedintoCH2C12

(1500ml)forpuriぬ tiontoremovepicricacidasa

conLaminanLandforrecrysta)]ization.UTIreaCtedpic†ic

acidwascxtractcdbyamethodsimilaHothatdescribed

inSection2.1,yieldingascaly,yellowishrefinedcrystal.

nesyntbcsisprocedureproduced16.8goffinalproduct.

2.2Analysismethod

DiffercntialscanTtingca10rimctryanalysis(DSC)was

usedtochalaCterizx!thethermodynamicpropertiesofthe

prodtJCt.DSC meastJrementSWereCOrLductcdona

diaTerenlia)scannLngCal0rimctcr,TAInstrumentsmodel

DSC2920･TTlcdeviceparamctcrs,i･e･,theheatand

temperatureproperties,wereca]ibmtedwithrcspcctto

theftlSiontemperatureandendothermicheatofthe

meltingofindium.ThesarnpIewasscaledina

goldlさVaPOrateda)uminumcrimpcc)1andloadedintothe

apparatus,whichmaintainsa31MPanitrogengas

environmcnl･Analysiswasperformedonsamples

weighingapproximately0.5mgataheatingrateof

10K.min~L･ncmeasurementrangewasroomtemperature
(about298K)to823K.Measurcmentswerealso

00nductedalheatingratesof1,2,5,10,and20K/minin

ordertoevaluatetheaclivationcncrgy.

nernlalgravimetriC(TG)ana)ysiswasperformedin

ordertodeterminethecrystamncwatercontentofthe

products.McasurcTnentSWeremadcwithasimLJItaneoLJS

therma一gravimctryanddi飽rentiaHherma]analysIS

(TG-DTA)instrument,TAInstrumentsmodelSDT2960.

nedeviceparameter･i･e･･lhctempc-atureproperty,was

calibratedwithrespecttothefusiontemperatu-cofthe

meltingofindium･Duringthemeasurement,the

apparatuswasRushedwithargongasflowingat

atmosphericpJeSSure･TT]esarnp]cweightwasapproxjmatcly
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10mg,andlhcheatingratewas10K･min一㌧Theamount

ofsamplcusedforTGIDTAwasmorethanthearrLOtJntOf

sampleforDSC.Thercforc,themaximumtcmpcratureof

lhcanalysiswassetat523KloprotecttheTG-DTA

instrumentfroma∝identa)explosion.But,incasethe

anaLysLSneededahighertemperature,anend･of･attalys]s

lemperaturewassetat573K.

CrystaHjnewatercontentwasalsoiTIVCStigatedbythe

KarlFischermethodonaMetrohm758KFDlltlino

apparaLus.Riede]JcHaenHydranalQ)mposite5wasthe

Kar]Fischerreagenl,andthemachinewascalibrated

withapproximately30pLofdeionizedwater.

Mclal)icelementscontainedintheprodtJCtSWere

determinedbyXィayf]uoresccnce.Measuremcntswere

madcusingaShimadzuwavelengthdispersivexィay

nuoresccnccspectrometcT,modelXRF1500.Analysisof

K,Rb,andCsemployedaLipcrystalhavingala暮tice

constant(2D)of4.0267angstroms,andanalysisofNa

cmp]oycdaTAP(nal)iumAcidPhthate)cTyStaL

MolccLJ)arformsofthep【Oduclswereanalyzedby

Fouriertransform infraTCd(FTllR)spectroscopyby

polassiumbromide(KBr)method,usingaShimadzu

speclros00pe,m∝lelm R･8200pC.Themeasurement
ranBCChosenwas400to2000cmll,inordertoavoidthe

innuenceormoistu陀inl九eair.

Forasensitivitytest,strikesensitivitywas00nductcd

byadrop-hammertest,and舟ictior)sensitivitywas

conducledbya丘ictiontest.Thed10P･hammcrand

糾ctiontestsweleperformcdinac00rdanccwithJISK

4810.6)

3.Resultsanddiscussion

3.1MoJecularfom

As ShowninFig･2,thercsu]tofX-rayfluorescence

analysis,obtainedbytheTAP(ThalliumAcidPhthate)

speclrumcrysLa),revealsthatNa-picraLehasICf]cction

patlcmsat55･1degrees･Thispatternischaractcrjsticof

sodiumX-rays･AsShowninFig･3,theresultobtainedby

theLiFspectrum crysta)revealsthatKIPicratchas

rcnectionpattemsat136･7degreesandI18･ldegrees.

n escpatternsarecharac(cristicofpotassiurrLX-rays･

TheresultsshowninFig･4rcvcaJthatRb-picratehas

rcnectionpattemsat26･6degreesand23･8degrccs･

TTICSepaltemsarecharacteristicofrubidiumX-rays･

Morcovcr,asshowninFl'g･5,a-pimlehasrcnecLion

paltcmsat91･8degecs･ncscpattemsarecharacteristic

ofcesiumX-rays.Thedetectionoftheli山iumclement



186 Sci.andTech.EnergeticMaterl'als.VoI.64.No.5.2003

52 53 54 55 56 57 58de

g.Fi82X･raynuorcsm am)ysisrcdtfarN叩
imtC(Spectrumcrys

talTAP,wavelengthrange52-58degrees).90 100

110 120 130 140deE.Fig･3X-Tayf]um ardysk

TtSu)1brKi)kJatC(SpectrumcTyStatLip,wavclcngthr

ange90-I40dcgrces).wasnol00nfirmcdintheX･ray
nuoICSCenCeanalystsrcsu]tofLi･picmtc.X･mynuorcsccn

ccanal)rsiscannotdctcctthelithiumc]cment,bccatJSC

thewavc]engthof)ithiLJmis10ngcrthanthemcasuremcnt

LimitofX-raynLJOreSCenCCanalysis.But,itwasconflrmcd

thatotherelcmentsbesideslithiumwcrcnotdeLcclcdinLi-

picraLc.Figure6showsthercsullSOftheFT-

lRana一ysisorallalkalimctalpicmlcs.TTIeFT･lRresultsa

ICSimitarforallalkalimetalpICratCS,andalsosinlilar

lotheresult.Horiron p]cralc,copper plcrate,zinc p

ICratC anda]ka]inc･earlhmclalpicratcs･;-ll)'AdsoT
Ptl0nOfI270cmーlintheFT･IRrcsullsindicatesbondstret

chingbclweenthephenylgroupandoxygenatom･Furtherm

ore,adsorptionsalapproximatelyL330cm-landI560

cm-lsuggestN･OboTldstretching.Becausethercsu]tsof

theFT-IRoralkalimcLatpICratCSandpicricacid

arcvcTySimilar,alkalimetalpICratCSarcthoug

httohaveamolecularformsimilartothatofpicricacid.Similarresultshavebccn 0 20 40 60 80 100

dea.FiB4X-myf]uorcsccrKX:analysisrtsu)Ib Rbpi

mte(SpectrumcTySta]Lip,waveIengthrangel

0-90degrees).｢ cs-Kq90 100 110 120

130 140dcg.Fig･5X一myf]tJ)Ttm ardyskTtSu)tfoT

G･pim lc(spectrumcrysta一LiFT,wavelcngthrange90-I

40degrccs).obtainedinprevioLJSSludics7-10)of

ironpImte,CopperpICTatC,Zincp)crateandalka]incヰart

hmctalpicrates.3.2Thermalanalysis(DSCandT

G-DTAresu一ts)Figurc7andTbb]C)showlhcresultsof

theDSCanalysis.TT)erestJltsoftheana)ysisshow

thatalla)kaliplCratCShavetherma一dc00mpositionpeaks

Lhalappearathighertcmpcraturcsthanthedecompositi

onpeakofp]cricacid･ForaheatingrateofI0K･min一㌧c

xothcrmicde00mposilionstartedallhclbIlowmgtemperalu

leS:Li-pic†ale582.7K,Na･picratc591.2K,K･piclatC

602.4K,Rb-picratc606･6K,andCsIPicrate589･4K･
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-ICmFig.6Fr-1Rspectraofalkalimetalptcr
atesandplm

CaCid･(Li:Li-picTatC;Na:Na-picratc;K:K-p
icmtc;Rb:Rb-picmtc;Cb:C叩icrate･,FA:pie-ica

cid)dccomfX)Sitionofpicdcadd･Cbnsequendy･
th叩rductionofalkalimetalptcTatCS WasaSSUTnCd,inwhichth

ereactionoflhcrnlaldec

ompositionI-ogressedmpidIy･1¶cheatofdecompos

itionofalkalimcta]picratcfallswithinapproximate)y

4100-5100J･g一㌧whichislowcrthantheheatofdcc

ompositionofpicricacid,5590J･8-I･Figurc8showst

heT6-UTA analysis-esu)ts･)mmediatclyaRersynthesis

ofthecrystals,thecTyStallincwaterproperties

arcchangedbyrehement･n)us･thesynthesizedsample,

whichwasdisso]vcdindcionizedHlo,wasrecrystalli
zcdanddriedinavacuumat298Kro√24hours.1mere

sultsoftheTGIDTAorLi･piclateandN叩icTatereVCa]thattheendothcrmicphcnomcnon 300 400 500

600 700 800Ternporat

urelK】FiB7DSCresultsfora一kalimetalpicTalesand

p)cric
acid(Li:u･picrate;Na:Na･picTate;K:K-picTa

tC;Rb:Rb･picrale;Cb:0叩icTatC;臥:picdcacid)accompaniedtheweightrcduc(ion,andtheweig

htreductionsofLj･picTate,Na･pi
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500 550 60OTerq)eratqelK】Fi88TG-DTAresultsforalka)imcta)plmte
sandpicricacid,(upper:TG10wcr:DTA)

A:Li-picTate;B:N叩icrate;C:K･picTale;D:

Rb･picrate;E:Cs･pjcralc;F:PicricAcjd.tcmpc

ralurc(523K),butthemeasurcmcnLwasdoneasaln

aRerthemeasurcmcntCndingtcmpcrattJrCWasrcsctat57

3K(Figl8,curveD).As aresult,Rb･Piclatchadanc

ndothermicpeakwithoutweightredtJCtionatabout548

K,andthesamplcinthecc)Imeltedasthemcasurcmen

tfinjshed･TTICTCforc,theendothermicpeakatappr

oximate)y548冗wasestimatedasthemcltingpoi

ntofRb-picTate･Theendotbermicphenomenonobscr

vcdintheTG･DTAmeasurementofpicTicacidindicatesthe

mc)tingofthepicricacidcrystal,whcrcasthewcighlreductionbcginn]ngatapproximatcly430K indicatesth

edccomposLL10mor

evaporationofthepicricacid,or

both.TI3.3Quantityofcrysta"inewaterPrelreatmcn

torthesamp]ccrysla]includcdpullingthesampZe舟omsolution

anddryingitinavacuumchamberat298K.Td)le2show

sthercsultsoflhcTGanalysis,andTable3showstheIcs

ultsorlhcb JFischermethod.1¶eseresu一tshmlhet

wodifrcrcntkindsoranalysismethoddonotconfirmalarg

edi触renceinthequantityorcrystaHincH20･TlleC

OnrlrmCdTGanalystsTCSu]tsarcasfo)Tows:Li-picrate

withI･OHzOmoleculcs,Na-picratcwithLOH20

molcculcs,K･picTatewith0.lH:0 molecu]es,Rb･picratc

withO･OH20molecules,andCs-pie-aLcwith0.1

HiOmolccu】cs.ConfimledKarlFischermethodrestJltsare

asfoHows:Li･picratewithl.0H:0molecu]es,Na-picrat

cwilhl･OH:0mo)ecu)es,K-pjcratewith0.0H20molccL

Jlcs,Rb･picTateWith0.0H:0molcculcs,andCs･picTatC

Wilh0.0H:0moleales.Tbcweightrcduclionamountof

thethermalgmvimetricanalystsWasSlighLlymore

thanthemoistureamountortheKar)Fischcranalys)s

inal)samplcs.ARertheTGrncasurcmen(,ayc)lowlayer
adhcrcdtoaninnerwaIlofthesampleceltandthe

insjdcoftheinstrument.TTlisadhesionwasthoughtto

bcduetolhesublimationorhcatcdpicTate･TTIeT℃rOrC,the

reasonthattheamoLJntOfweightreductioninthether

malgmvJmet-yanalysisiss]ighllymorethanlhemoi

stureamountoftheKarlFischeranalysisisprobab

)ybccauscthesampleweightwasredLJCedbysublimatio

nofthesample.ThelCSultinlbble3Showsthatpicric

acidinchJdcdaslightamountormoistureinthecTySta1,an

ditisestimatedthatthismoislu-Cadheredonthesurfaceo

flhccTySta】.KarlFischcranalysisresultsofK-picratc

,Rb･picTateandCs-picratearcalmostequalTab一e2TGresultsforalkalimetalpic†atcs

.Na-picTate K-picratc Rb-picratc C

s-picratc6.9% 0.39% 0.20% 0.36%1.0 0.I 0.0 0.1Tab一e3KarlFischeImethodanalysisresultsforalk

alimcta)picrates･Li-pie-ateH20

quaTttity 1 6.9% 1 6.6%TEh_0.L_⊥ H20molccuLcs上l:生｣_望
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Table4Ca]cutationrcsultsofyic)d(basedoncrysta]ljncH20amount)

Moleculewcightasanhydratc crystal】inewaermolecuks● Produclamou叫glⅥeld
【%】u-pimte 235.05 1.0 】 15.

04 59.2Na-picTatC 25】.10 1.0

･ ll.47 97.7K-picrate 267.20

0.0 )0.60 90.9Rb-picrale

313.58 0.0 Ⅰ9.8 97.2Cs-picr

atc 361.01 i O.0 16.8 75.8●crysta)lineH:0valuewasobtained丘om

Tab)C3,KarlFischcrmcthod･Table5Rcsu]tsofactivationenerg

yofcxothcrmicdecomposition.Li-picratc Na-pimle K-pimte

Rb-pimte I Cs-pierate lpicticacidActivatioTtCnCrgy 127.4KJ.mol-)151.3KJ.mol~l207.9KJ.mor

l204.9KJ.morl)72.8KJ.nor))44.OKJ.mo)-Jtothe

amountofmoisttm ofpicTicacid,andsothemoistu

reofK･picTate,Rb-picTatCandCs-Dictateiscslimateda

sthatadheredonthesurfaceofthecrystal.1¶crefore,K･picratc,Rb-picTatC

andCs-picratcarcthoLJghttobeanhydrates.AJka]ine･e

arthmetalpicTalcswhichincludccrystallineH20werecon

firmedasthedevitrirLCationofcrystalfromLhcdehydr

ationofcrystallineH20forafewminutesinroomatmosph

crc･LO)InthecaseoralkalimeLa]pie-atcs,on)yu-p

icratchadlheprt)pcTlyofdevitri広cation斤ombeing

placedintheroomatmosphere.Li-PicTatCmonocrysta),

whichhadafullcrystalHncH2000ndiLion,wasestimat

edinthemeLastablephase,andtheamountofcrys

talIincH20wasmeasLLredbythermalgavlmCtryana]ysis･L

i-picratcmonocTySta1,WhichwasobtainedintheH20

solution,waspulled舟omsolutionandanalyzedaRcrthe

moistureadheringtolhccrystalsurfacewaswipedoff

.TTLCSOltJtionliquid,whichadheredtothesL)rfaccof

thepicTateCryStaljustpulled丘omso]tJtion,was

washedbydichlorDmethane.andthesamplewasquicklyp】ac

cdintheanalysisjnstrL)mCnt.ThercsulLofanalysisforLi･picrate,whichincludcdmetastablc･phasc

crystaHincH20･wasconRrmcdtohaveaweightre

ductionof18･91%･nisrcsu]tshowsLi-picTateincludes310molccu]

escryslallincH20inlheLi･picratemolecu一e.InthecBLSe

OfNa-picTate,thecrysta]wasrecrystallizedtoaverySmaltsi)kycrystal斤omaqueoussolulion;dueto
traTISParenC

y,tbccrystalwasnotobtained.3.4YieldTable4showsthesynthesis yic)ds ofthea】kalimcta )
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yie一dhJ'ghcrthan75%.TT]crcfore,thercaclionlatCOf

Li･picmtcwaslowerthantherateofthcotherpicrates.

3.5Actjvatjonenergyofexothermald8COmPOSitjon

ThcaclivationcncrgICSOfalkalimetalpicrateswere

obtainedbytheOzawamcthod‖)(Tablc5).

ThcDSCresultswcrctTICaSuleda(1K･min-),2K･

min-),5K･min一㌧loK･min-J,and20K･minrl,andlhe

decompositionstarttCmPCralurcs(TJobtained斤omthe

cxothcrmiccurveofdc00mpositionwcrccxtrapo】atcdto
detcrmincthebasclinc.Towasp)ottcdaleachhealingrale

(Fig.9),anddeteminedbyOzawa'sequalion.

TncanalysisofLi･picratc,whichwasobtainedatrates

of1K･min~Iand2K･min'Ⅰ,weTCPerformedscvera-

timcs,buttheresultswcrcnotreliabkanduniform.

TTIerefore,theaJla)ys)SresultsofIK･min-Iand2K･

minーlwerenotusedwhenana)yz]ngLhcLi-picTatC

adivationenergy.As aresultoftheanalysis,Li-Picrate

hasaloweractivatioTLenergythaJlthatofotherpicTateS

andpicTicacl'd(Ⅰ44kJ･morl),and,lheICfore,the

(hermalslabiHtyofthedecompositionreal(ionislower

thanlhalfortheotheraLka)imcta)plCraLCS.Mcanwhilc,

theactivationcncrgIcsofK･picratcandRb･picratewere

morethan200kJ･morlandhigherthanolhcrpimtes･

Duetothisfact,thcscpLCrateSareestimatedashaving

higherstabi一itylhanolhcrpICraleS,btJttheresuJtsofthe

diffcrcntialscannlngCa]orimetryanalysisinFiguTC7

Showthattheexothcrmicreactiono∝uTTCdvio)ently.

¶lereforc,K-picmtcandRb-picTatecanbcestimatedto

bcmorestablewhencxposcdhighlempcraturethanother

pICrateS,butviolent)yreactwhenignited･

AsatcndcncyofrcsLJ)ts,Ikeactivationcncrgyofheavy

metale)cmcntspicmtcis)aTgertJlan)ightmetalelement

pICratCSandpicTicacid･The-cforc,whenthepicTatC

anionionicallybondsheavymetalofalka)iclement,it

maycaLJSCtheincreaseintheactivationenergyof

decornposition.

3.6Sensitivitytest

Table6showsdrop-hammerandkictiontestresultsfor

thesamp)csthathadbeenpretreatcdbyvacuumdryingal

298KTheresultsofthedrop-hammertestrcvcalthata]l

alkalimetalpLCTa(esaremoresCnSitivclhanp)cncacid,

orequallysensitive.Impactsensitivitywascomparedby
specleSOfmc(a))icclement,andthercsut(wasinorderof

highsensitivity･,Na>Li,K,Cs>Rb.Factorsofinfluence

ro√impactscnsilivitywcrccstimatcdafewcauses.TT)e

factorinthisstLJdymaybcactivationenergyandparlicle

sizeand/orparliclcshape.SccLion3.5showedthe

activalioncncrg]csorNa-picrateatldLi-Picratewere

lowerlわanotherpICratCS,COnSequent]y,itcanbe

estimatedthathotspot,Whicho∝und impactshock,

waseasi一yo∝umngareactiontoinitiate.And,llese

sampleshaddi飴rentparLiclcsizeandshape.TT]emost

sensitivesamplcofNa-picTalcwasrimepowder,butthe

mos(insensitivesamp)eofRb･picTatC had laTge

needle-)ikecrystalshape.a)nscqucnt)y,itcanbe

estimatedthattheimpactsensitivitywasinfltJCnCCdby

sizeandshapeofsampleparticlc.

Thcresultsoflhc&jctiontestshowthatKIPicTale,

Rb-picrateandCs-picratcarcmoresensitivethan

Li-picrateandNa-picrate.Hoppcr･srcportS)statestha=he

crystallineH20amountinapLCmlcinnuencessensitivjties･

Factorsofinflucnccforimpactsensitivitywcrccslimated

arcwcausestoo.But,inthisstudy,table6Showingthat
theamoLJntSOfcrysta))incH:0and斤ictionsensitivitics

werehadfinerelation.Thcrcforc,theseanbydrous

picTatCS(K,Rt"ndCssalIs)arethoughttobemore

sensitivethanhydrouspicralcs(LiandNasalts)･

4.Conclusions

Theexpcnmcntalandana]ysISreStJltsyic]dthe

fouowlnSconclusions:

())x-rayfluorcsccnceanalysisrcsultsproyethatthe

productsofsyllLhcsiscontaintherespectiveclcments

Tab一e6 Rcsultsofdrop･hammertestandfrictiontestforalkalimcta)picratcs･

Li-picrate Na-picーale K-picrate Rb-picratc Cs-pCーalePicーi

cat:idDrophammertcst()/6Explosionpojnt) 5-10cm under5cm 5-10cm I5-20cm 5-10cm 15-20cmC1ass2 Class1 Class2 C)a

ss4 Chss2 Class4Fricliontest(l′6Explosionpoint) over36kgr 16-36kgf 8-16kgr 4-8kgf 8-16kgー 16-36kgfClass7 Class6 c

lass5 弓C)ass4 ■ class5 C)ass6Crystamne



ofthesynthesissubjcclsOralkalimetalpicTateS･FT･lR

rcsulLsindiGltCthattheproductshaveamolecular

struclurCSimilartothatofpicTicacid.TT)erestJltsshow

thatalkalimetalpLCmtCSWCrCSyntTICSL'zcd･

(2)DSCanalysisresultsofalkalimetalpicralcsshow

thatthedecompositionTCaCtionsofa】kalimcl;ll

pICratCSOccurataMghcTtCrnPCraturCthanthatof

plenCaciddecomposition,buttheexothermiccurves

ofdecompositionofalkalimetalpLCratesarcstccpcr

thanthatofpicricacid,TllCheatofdccomposilion
rcactionsislowcrthanthatofpicricacid.

(3)TGarLa]ysisICSu]tsofLl'-picralcandNa-picTalcshow

LhatcrystallineH:0isdehyd-atcdbcrwccn350Kand

500KTT)cfo110wlngresultsoftheTGanalysisand

theK打lFischclmethodshow theamountsof

cTyStal)inewaterinsamplesuponvacuumdehydration

at298K:Li-picratel.0H20molcculcs,Na-picmtc1.0

H20mo]ecutcs.KIPicrale,Rb-picTalCandCs･picrale

arcanhydralc.Crystal)ineH20inthefu)]･inc]uded

conditI'onofLi-picratct'S3.0H:0mole仙1es.

(4)ThcTma]an且)ysisshowsthemc]ting pointof

Rb-picraleisappTOXimately548K.

(5)Activationenergiesalstartofexolhermicd∝omposition

ofalkalimcta)pICratCSWCrCana]yzcdbydifrcrcnl

hcatingratesofDSCanalyses.Rcsultofand)yscs

wcTC;Li-picTatCt27.4kJ,Na-picTatCl51.3kJ,

K･picrate 20719kJ,Rb-piCrate 204･9kJ,and

Cs･pt'cTatC172.8kJ.

(6)Drop-hammertcslrcsu]tsshow thatthestrike

scnsilivilicsofalkalimcta]picratesaremorescnsitivc

thanthoseforpLCricacid,orequa一)yscnsitivc.

FrictiontestrcsulLsshowthatanbyd10uSPICralcsarc

morescnsitivcthanbydlatcpICratCS.
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