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Synthesisofalka)jne-earthmetalpicrates

MakotoMatsukawa●,TakehiroMatsunaga'',MasatakeYoshida'',andShuzoFujiwara.●

Picricacidisknowntorcactwithmetalstoformhighlyunstab1cmctamcp】cratcs,whicharcknown暮Ohave

beeninvolvedinseriousexptosiveaccidents.Inthisstudy,alkaline-ea仙 metalpicratesofmagnesium,calcium,

sl10ntiumandbariumsaltsaresynthesized.TTlen,theirthcrmodynamicandexplosivepropertiessuchas

initI'atI-onsensitJ'V]'tyareexanlirLed.

Thedecompositionofa)ka]inc-earthmelalpicTateSbeginsatahighertcmperaturcthanthatofpicdcacid.The

heatofdecompositionofalkaline･earthmetalpicratcswasfoundtobclowerthanthatofpicricacid.Jukaline

earth一metalpicratcscontaincrystalljncH20,whichdehydratesstepw暮Sewithincreas)ngtemperature.

ExperJmentalresultsshowthattheamountofcTyStatlitlCH20inplcratcinme(astablephaseis9･2-9･9H20for

Mg･picraLe,10･4-10･7H20 forQ･picrate,5･0-5･lH20forSr-picrate,and5･9-6･4H20forBa-picrate.

However,therespectivepICrateSChangedLo(hcstablcformwhichcontaiTtCdthefo]lowlngamountsOf

crystallinewatersuchas6.5H20forMg-picTatC,4.8H:0forCa･picrale,4.0H20forBa-picrate(Sr-pimtewas

notchanged).TbdehydrationofcTySta]h'newateroccurredbetweenroomtemperature(about298K)and480

KA)kalineヰaHhmclalpicTateSWeredehyd-atcdbyhealingLnaVacuumal473Kunder133PalTTLeaCtiyation

energiesattheinitiationstageofexothermicdecompositionare125.6kJforMB-picrate,I40.3kJfora-pimte,

171.3kJforSr･picTate,and257.7kJforBa-picratc.DropbammerlestresultsshowthatSr-picmteaTld

Ba-picratearemoresensiLivcthanplc-icacid..

1.htroduction

Picricacidwasusedasamilitaryexplosive丘om

worldWarIuntI･IthecndofWortdWarItl).AtthatI)･mc,

pICnCacidwasknowntoreactWithmeta]stoformvery

uJutab]emetaI]icpICTatCS･Leaandotherauthors7日 〉

attemptedtosyT]thesizethesepicmtes.MetallicpICrateS

weresaidtobeseTuitive.Forexample,Onetypeof

a∝identwasascribd tometa]licpLCrateWhichwas

prducedwhenptmcacidwasbroughtintocontactwith

metal.ExplosionofmetallicpICTatebystrikingwasother

examplesofaccidents,inwhichitwasproducedby

splashiLIgOfpicricacidontoametalsteampIPea触ra

metal的gmentfellintobuminsplcncacid.).Also,
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Ca-picTatCWasSynLhcsizedwhenplcncacidcameiTltO

contactwithconcrete,leadingtoa∝idcnta]explosion4).

Tnrcccntyears,onlyafewstudiesonmetaIIl'cpl'cTateS

havebeencardedoutusingmodemanalyticaltechniques

tocxamincchemicalandpyrotechnicp-opeTties.

Inthisstudy,alkaline･e机hmetalpicrates(Mg-,Ch-,

sr-,Ba･picTale)wcrcsyTlthcsizcdhmpicricacidand

alka)irN:-CarLhmctalcartx)nato.Figure1showsasynthesis

reaction,wbclctwoplcTatCanionsformsbondtoan

alka]incぺarth metalcation.men,chemicaland

pyrotcchn)'ca)propcrtt'es,mainlythermalpropertI.es,were

ana)yzed･1mcresultsofanalysiswere00mparedwiththe

dataonp)mcacidproperties.Moreover,tlleamountOf

crystalHneH20inmctallicptcrateiskJIOWntOinfluence

explosionsensitivityl)5㌧andthisisanimportantfactorir)

00nsiderationofsafety.1merefore,researchhasbeen

conductedoncrystallineH20inalkaline･earLT)melat

PtCratCS･

2.ExperinentS

2.lSarnple

PicricacidobtainedhmKantoKagakuwasprepared
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Fig･1AJkalineヾarthmetalpicmtesynthesiseqtJation(MmeaJtSalhlineearth-metalelement).

byrecTySlalLizalionfbmadcionizcdH:0solution.Metal

carbonatebydroxides丘om払ntoKagakuwcrc used

withoutmodi応calion.Deionizedwaterwas usedasa

synthesisso)vent･TT)esynthesizedsampleswe-cddcdby

vacuum,subsequcndy;thesampleswcrcbathedin

dcionizcdH20at24hourslostabiIizcthecrystal)incH:0

condition,andwetsamplesweredriedinavactJtJTTI

chamberat298K.

211.lSynthesisofmagleSiurTIPicrate(Mg-picrate)

かOm mapesium carbonatehydroxideand

pJCricacid

MagnesiumcadDrmtehydroxide(4g)wasaddeds]owly

to1500mlofpicricacidsolution()%),andthemixture

wasstirredfortwohoursatmomtempcmturc.Bubb】es

wcrcgcncratcdinthereactingso一ution,andtheseseemed

tobcby･produccdcarbondioxide.ALtcTreaction,the

soILJtion was fne-ed,and unTCaCtCd magncsjum

carbonatchydroxidewasseparatedasresidue.｢mcfnrate

waspouredintoap]asticvcssclanddriedbydra允

vcntJlation,yie一dingacrudecrystaLTlleCTudccTySlaI

wasthendisso]vcdinloomlofacelOnC,andimpuTitics

wereremovedbyfiltration.Dryingtheacctoncsotulion

yieldedarcfhcdp-oductbmwhichinsotublcimpurities

hadbeenrcmovcd.ThefillratcwasaddedtoCH:C1:

(2000ml)forpurifica(iontoremovepicTicacidasa

contaminaJlt)andfo日eCryStallization･Unrcactcdpicric

acidwasexLractcdasa81tTateS)･Thesynlhcsisprocedure
produced18･9gofEinalp-odLJCt･

2.1.2SyndleSisofcalciumPicrate(Cal)icrate)斤on

calciumcarbonateandpicn'cacid

Calciumcarbonatc(2g)wasaddedslowlyto500mI

picricacidsolution(I%),andthemixturewasslirrcdfor

twohoursatrcN}mtemPerature･Bubb)Cswcrcgcncrated

jnthereactingsolutioncausedbyby-producedcarbon

dioxide.ARcrrcactjon,theso一utionwasriltcrcd,and

tJnrCaCtCdcaJcitJmCarbonatewasseparated asrcsiduc.

TTICmlralcwaspouredintoaplaslicvesselanddTicdby

dra允vcnliLation,yieldingacrudecrysta一.Thecrude

亡rySta]wasthendissolvedin500mlofacctonc,and

impuritieswcrcTCmOVCdbymb,ation.Dryingtheacetonc

solutionyieldedarefinedprducthmwhichinsoluble

impurities had been lemOYCd.The fiJtratC W as

conccntmtedtoloom),andthe00ncentIated solulion

wasaddedtoCH2C1:(2000m))forpudEicaLiontorcmovc

picTicacidasacontaminant,andforrccTySta暮lizalion.

UnrcactcdpicricacidwasextractedbyamcLhodsimHar

tothatdcscribcdinscclion211･ThesynthesisprDCCdtJrC
produced8･3gofnnalp-oduct･

2.1.3Sp廿旭Sisof加 点umpicr* (SrTPicr7te)斤om

strontjumcaTbonateandpicn'cacid

St-ontiumcalbonatc(5g)wasaddedslow)yto1500

m]picricacidsolution(1%),andthemixlurcwasstirred

fortwohoursatroom temperature･Bubbteswcrc

gencratcdinreactingsolutioncausedbyby･produced

carbondioxide.AfkHCaCtion,thesolutionwasfi)tered,

andunrcactcdstrontium carbonatewasscparatcdas

rcsidue･nefiltralcwaspouredintoaplasticvesseland

driedbydramventihtiorL,yicldingacrudecTyStaJ.¶le

crudecrysta暮wasthendissolvedin500mlofacelone,

andimpuritieswereremovedbyfilt-alion･Dryingthe

acetoneso】tJtionyieldedare丘nedproductflomwhich

insolubleimpuritieshadbeenremoved.Tllefiltratewas

concentratedtolooml,andtheconcen(ratedso)uLion

wasaddedtoCHZC12(2000ml)forptJrificationlo

removep]cncacltdasa00ntaminant,andforrecrystaltiZation.

UnreactcdpicricacidwasextractedbyamethodsimHaT

tolhatdcscn'bcdinsccII'on2.I,yieldingaycl)owish

refinedcrystal.TTtcsynthesisprocedureprodtJCedI9.45g

ofhalprodLJCt.

2.1.4 SyndleSisofbariumpicrate(Ba-picrate)斤om

ban'umcarbonateandpicn'cacid

Bariumcarbonatc(]2g)wasaddedslowlyto1000ml

picricacidhotsoltJtion(2.3%)andthemixturewas

stirredfortwohours･Bubbleswerevio)entlygenemtedin

thereactingsolutioncausedbyby-producedcarbon

dioxide.ARcrreaction,thesolutionwasEiltcrcd,and



unrcacledbariumcarbonalcwasscparalCdasresidue.

ThcrILLralcwaspouredintoaphsticvcssc]anddried

bydraRventila(ion,yicldingacmdecrysta一.Thecrude

crystalwasthendissolvedin500mlofacctone,and

impuritiesWCICremovedbyfnration.Dryingtheacetone

solutionyicldcdarefinedproducthmwMchinsolubIe

impurities had bccn rcmovcd.TTIC fi)tratc was

conccnLratcdtoI00ml.Forpurificationtheconcentrated

solutionwasaddedtoCHlCIl(2000mI)torcmovc

plCTLCacidasacontaminantbcrorcrccrys(a)lization.

UnrcactcdpicricacidwascxtlaCtCdbyamethodsimilar

tothatdescTibcdinsection2｣,yieldingaycl)owish

-cfincdcrystaLTTICSynlhcsisproccdurcproduced32･75g

ofrlnaTprodLJCt･

2.2Analysisofsample

2.2.1TherTTlalanalysis

DiWcrcntialscanningcatorimctryann)ysis(DSC)was

usedtocharacterizethethcrTTIOdynamicpropertiesofthe

prodLJCt.DSCmeasuremcntswereconductedonaTA

InstrumentsdifrcrentialscannLngCalorimc(cr,modcl

DSC2920.Dcvicc paramcLcrs,hcalproperty and

tcmpcmturepropcrLy,wcrccaIibmtcdwithrespectto

fusiontcmperalureandcndothermicheatormeltof

inditJm.nCSamplewasscalcdinanAuevaporated

aluminumcrimpdland)oadcdintotheapparatus,

whichmaintainsa3MPanitrogengasenvironment.

Am lysiswaS叩I向mledonsamplcswcidlingappmximatcly

Ol5mgataheatingrateof10K･min-JITTlemcasuremcnt

rangewashmroomlempclaturC(about298K)to

823K.McasurementswcrcalsocondtJCtCdatheating

latCSOf1,2,5,10,and20K･min-Linordertoobtain

activationcncrgy.

nermogTaVimetry(TG)wasperformedino一derto

dctcrminctbccrystallinewatercontentoftheprducts.

McasurcrncnLswereconductedtJSingaTAInstruments

simullaJICOtJStheTmOgmV]metTyanddiqcrcntialthermal

analysis (TG-DTA) instrument,modelSDT29601

TcmperatLJlePropertyOfdcviccparamctcrwascalibrated

withrcspccttofusiontempclaturCOfmeltofindium･

DuringmeastJremCrLt,theappamtuswasnLJShedbyAr

gasflowingatatmosphericprcssuTe･Samplcwcighlwas

app-oximate]y10mg'andheatingrateWas10K･mhl-]

2.2.2CrystaMnewateramountsanalysis

Crysta][incwatercontentwasa)Soinvestigatedbylhe

KarlFischermethod,byuseofaMclrohm758KFD
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Tltrinoapparatus.Ricdc]･dcHacTtHydranatComposite5

wasusedasKarlFischcrrcagcnt,andthemachinewas

ca)ibratcdbyuseorapproximatcly30pLofdeionized
wateL

2.2.3Metallicelementdetection

X-my f)uorcsccncc analysiswas employed to

determinclhcmetallice1cmentscontainedintheproducts.

Measuremen(swcrcconductedbyuseofaShimadZu

wavelengthdispcTSivcx･mynuorescencespcctrometcr,

modc)XRFI500･AnalysisofCa,Sr,andBaemployed

anLiFcrystalhavingalatticecoTtStant(2d)of4.0267

angstTOmS,andana]yslSOrMgempIoycdaTAP

(ThalliumAcidPhthatc)crystal.

2.2.4Molecularformanalysis

MolecuhTformsoftheproductswcrcanalyzedby

FouTicrtransforminbared(Fr-JR)spectroscopybythe

KBrmethodusingaShimadzuspectroscope,mode)

FnR-8200pc･Themcasu一cmentrangewaschosenas

400to2000cm~linordertoavoidinnucncc斤om

moistuTCinLhcair.

2.3 Sensitivitytest

Adrophammertestanda舟ictionsensitivitylcstwere

performcdinaccordanccwithJlSK48106)･

3.Resu一tsandDiscussion

3.lThermalproperties(DSCandTG-DTAresults)

Figurc2andTable)showthercsu]lsofDSCanalysis.

Theresu)tsofanalysisshow thatalla)kaline-earth

picrateshavecxolhermicpeakscausedbythermal

de00mpositionwhicharcsplitintotwopeaks,andthcsc

appearatneaI】ycqualorslightlyhighertemperaturethan

thatofpie-icacid.Underaheatingrateof10K･min-',

exothermicde00mpositionstarted atlhcfo]]owlng

temperatures:Mg･pimtc:538.5K;Ca･picTate:550.6K;

Sr-picratc:579.0 K;Ba-picratc:579.4 K.¶lCSC

tcmpemtLJreSarcnearlycquaItoorhigherthanthe

tcmperatuICatWhichcxothcrmicdecompositionofpicric

acidstarts(542K).observationofpeakformrcvca]cd

thatthe cxothcrmic curve ofdecomposition of

alkatine･earthpicratchasasLceperslopethandoesthe

exothermiccurveordecompositionofpicricacid.

Consequently,productionofalka)incICarthDictatesWas

assumed,inwhichthereactionoflherma]decompos)tLOn

progcsscdrapid)y.1¶eheatofdecompositionof
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300 400 500 600 700 800TempraturelK]Fi

g.2DSCrcsu]tsforalkaTine･earthmetalpICralesand
picricacid.A;Mg

-picrate,B;Ca･piclate,C;Sr･picratc,D;Ba-picrate

,E;PicricAcidalkalirLe-ear(hpicratefaI]Swithin3600-4

400J･g-I,whichislowerthantheheatofdecomp

ositionofpicricacid,5590J･g-I.Figure3

showsTG-DTAanalysisresults.ImmediatelyaRcrsynthesis

ofthecrystals,crystallinewaterpropertiescallbechang

edbyrehement.n us,thesynthesizedsample,which d

isso]vcd in dcionized H20,wasrecrysLallizcdanddr

iedinvacuumat298Kfor24hours.RcsultsofTG･DTA

ofalkalineearthmetalpjcratesrevealedthateveryendo

themicphenomenonaccompaniedwejBhtreduction,andt

heweigh(lCducLionsofMg-piCrale,Ca･picrate,Ba･Pi

cratestartedatrumtcmpclatureandcndcdatabout480KTheweightredtJCLionofSr-picrate

startedatab out340K,an
de nded

alabout480K.neweightreductionsobtaincd丘omTGcurv

eso∝ urTedinafewsteps,anddehydrationofcrystallinewaterWas 1009080-060[%]uo!19nPOJ1LJ叫!eNtlO叩L

LuB上一〇XO9!uJJl〇

tJ一〇P亡01 250 300 350 400 450 500

550TemperaturelK]Fig.3TG-DTArcsl山sfor

alkalirte-earthlT)etalpicratesandpicricacid,(uppe

rcDltm :Tqbwercolumn:DlA)A;Mg-picralc,a;C叩i

cratcYC;Sr-pt'cTde,D;Ba･picTate,E;PicricAcid.tho

ughttooccurstepwisconheating･necndolhcrmicpheno

menonwasobservedinDTAtrace0falkalincCarthmetalp

icTateS.hrgestcndolhermicpeakofeachpicratewcrc

appearedatabout420KinMg-picrate,atabout

380KinCh-picmte,atabout370KinSr-picrate,

andatabout400KinBa-picrate,TG･DTAanalysiscla

rificdthattheendothermicpeakoftheDTAcurveaccornpar

LiedwejghLreductionintheTGcurve.DSCandTG-D

TAtracesofalkalineearthmclalpICrateShavecndothcrmicpea
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∝l]u血r3MPapⅧ tJre,Wkl呪SinTG一m rncaBuJCment

thesamplewaskeptinanopenceI)atatmospheric

pressure.刀leendothermicphenomenonobservedin

TGrDTAmeasurementofpicricacI'd)'ndicatedmc]h'ngof

plmCaddcrystal,whereastheweightreductionat

approximately430Kisthoughttobeduetodecompositt'on

orevaporationofthepicricacid,orbothT)I

3.2Structureofpicrates

TheresultofX･TaynuOreS∝nCeanalysis,obtainedby

TAPspectrum crystal,revealedthatMg-picratehas

renectJ'onpattenlSat45.1degrees.11血 pattem is

characteristictoX-raysofmagnesium.TT)crcsutt

obtainedbyLipspectrumcrystalrevealedthatCa･picratc

hsreflectionpattemsatI00.2degreesandII3.1degrees.

ThesepatternsarechalaCterislictocalcium.Sr･picrate

hasreneC(ionpattemsat25.1degrccsand22.4degrees.

nesepatternsarecharacteristictostrontium.Morcovcl,

Ba-picratehas renec暮ionpattemsat87.1degrees,79.2

degrees,77･3degrees,73･2degrees,67･6degecs,and

64.0degrees.Thesepatternsarecharacteristictobarium.

Figure4showstheresultsofFT-IRanalysisofall

alkaline-earthmetalpicrates.Fr･IRresultsaresimilarfor

al1alkaline･他山hmctaJpimtes,whicharesimilartothe

resultsforironpl-tC,CopperPICrate,andzincpICratC刀の

9).Adsorptionof1270cm-IintheFT･IRresultsiTtdicates

bondstretchingbetweenapheny】groupandanoxygen

atom.FurthermoTC,absorptionsatapproxI'mately1330cm'I

and1560cm-IsuggestN･Obondstretching･nepeaka(

1315cm~1,whichappearsinpICnCacidanddisappcarcd

ina]kalineヰaTthmetalpICrateS,indicating0-Hbond

stretchingOfthephenolgroup.1meTeSultsofFF-1Rof

alkalinel加hmetalpicmtesandpicricacidarevery

similar,andthercforcalkalinc<arthmctalpimtcsarc

thoughttohaveamo)ccularformsimilartothatofpicric

acid･SimHar resultshavebccnobtainedinprevious

stud]･esTW 9)of)･ronpICTate,CopperPLCrate,andzincpICTa(e･

3.3Stabilityofcrystal]inewater

Jukalir)e･earlhmetalpicratcmonocrystal,Obtainedby

2000 1600 1200 800 400-1CTTIFi84FT･tRspectraOfalkalineヰarth

metalpicratesandpicricacid.A;Mg･picTate,B;Ca-picratc,C;S叩icratc,
D;Ba-picrale,E;PicricAcid.

Table2Water00ntentsinmetastabtephaseofalkaline･earlh

metalpicratcsobtainedfromTGanalysis.Mg-picratc Ca-picrate Sトpicrate B叩imteWeightーCducion 25.5% 27｣4%

14.2% 15.1%H20molecules' 9.2 10.4 5.0 5.9

書NumbersofH20moleculesperImetal-pic

ratemolcculcTable3WatercoTtlentsinmetastablcphaseofalkalinc<arthmetalpicra
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synthesizeda暮ka)ine･倒rthmcta)picratc,wasdissolvedin

H20solutionandptJLIcdIbmso)ution.ARcrexposureto

atmosphcric00nditionsthea]kalinc･carthmetalplcralcs

wcrcdcvilrificdartcrafewmintJtCS.Thesuspected

reasonisthebrcakdowTIOfcrystalHnily･Spcciflcally,

CrystamncH20 molccu)csinpICralccrystalwcrc

dehydratedtodissjpatcintheatmosphcIC.Thissuggests

thatafewmoleculesofcTySla】lineH200falkaline-earth

metalwcrcinmctasLabk phaseunderalmOSPhcric

conditions,andthatlhcscwcledchydratcd.Tbotypesof

alkalineぺ且nhmeta)pICTatewereana)yzedinorderto

comparetheamountsorcTySLa]lineH:0;oncwith

cTySta)lincH:0rut)yincluded(mctastab]cphase),and

another,Whichhadbccndriedbyvacuumchamber,wasa

fewmolcculcstessamountorcTyStallincH'Oincluded

thanhllyincludcdsample(slabTcphase).

3.3.1MetastabTephasesamples

SamplcsforlhccTyStamnCH20analysIS,Whichblty

includedH20molcculcs,wcrc usedaRerthemoisture

adheringtothecrystalsurfacewaswipedoff.The)Squid

ofsoltJtion,whichadhcrcdtolhcsurfaceofpicTatC

crystaljusthavingbeenpuucdtJPfromsolution,was

washedbydichloromcthne,andthesamp)ewasqtJickly

setirLtheanalysisapparattJS.

TablC2showsthercsullsofTGana暮ys)S,andlもble3

showstheresu)tsofwatercontentoblaincdfromtheKarl

Fischcrmethod.TTICtworCSu)LsdonotconrLrmalarge

di触renceincrystal)ineH20 quantity.TG analysis

confirmedlhalMg-picrate00ntained9･2H20m01ccules,

Ca-picTatCCOntaincdlO･4H:0 mo)eculcs,Sr-picratc

contaitlCd5.0HIOmolccu]cs,andBa･picrale00nLained

5.9HzOmo)ecules,rcspcctivc]y.KarlFischermethod

confirmedthatMg･picTatC00ntaincd9.9H20molccuIes,

Ca-picratccontainedlO･7H20 molecules,Sr-picrate

contained5.1H:0molccules,andB叩icratccontained
6.4HzOmotccu]cs,rcspcctivcly.TT]eresullSobtained

fromKarlFischcrmethodshowslightlymorecTyStamne

H20thanfromTGanalysLS.

3.3.2Stablephasesamples

Metal-picrateunderastab1cconditionwasemployed

todeterminetheamountorcTyStaJlineH20;thesample

crystalwasusedjustaftersynthesized(dryingmethod

waswriltcninsection2.1).Table4showstheresu)tsof

theKarlFischcrmethod,wbicbconfirmedtheamountof

clySta】lincHlOas6.5HlOmolcculcsforMg･picTate,418

H:0moleculesforOl･Picrate,5.1H20mo)cculesfor

Sr-picmte,and4.0mol∝ulcsforBa･picTatC･1¶erefore,

cxceptfoltheciLSCOfSr･picTate,Vacuumdryingatroom

temperatureredLJCCdtJleafewmokcu)esofcrystalline

H:0ina)kaHncICarthmeta)pjcTateS,anditwasbe00Tne

instablephase.TTLCKarlFISChcrmethodgaveagrtnter

amountofcTyStalIineH20 thanTG analysis.ne

supposedreasonisthatTGanalysisinvolvedalonger

saTTIPIcloadingtimethantheK打)Fischermethod,and

duringthattimecrysta)]itleH20wasdehydratedslightly･

Mcanwhile,inthecasewherethea)kalincICarthmetal

p)cTalcwasrccrysla))izcdhmsoltJtion,on)yCa･PicTate

wasnotrecrystaltizcdatr00mtcmpcraLurC(2901300

K),but]ameIIarcTyStalwasrecrystallizcdwhenthe

solutionwasomlcd.TT]issuggestslbatwhenCa-picrate

isrccrystanizcd,lhccrystaltincH20didnoHakeastable

positioninthecrystalnear-00mtemperature,butwhen
thesolutioniscooledthecrystallineH20takesastable

positioninLJICCTySta1,Whcrcbyrccrysta]lizationo∝uTS･

TheaboveanalysissuggeststhatneatroomtemPeratuTC

crystal]ineH20ina)kaline<aTLhmetalpicra(esiseasily

dehydratedandthereforeveryunstable.As indicalcdby

theresultsofTGana一ysis,ShowninFig.3,theweight

reductionofSr-picratestartedatapproximatcly340K

ConseqL)Cntly,Sr-picratcwascstimaledtobet∞hardto

tJndergodehydrationatroomtemperature･

3.3.3Hyqoscopicityofpicricacid

TTLerCSu]tsoftheKarlFischermethodforpicTicacid

show tha(p]cT)CacidhasaslightamountofH20.

Conscqucnt)y,Fig.3Showsthatpicricacidwasreduced

inweightatapproximatcly400Konbeating,notbecause

Table4WatercontcnlsinaLkaJinc･carthmcta]picratcs,whichprctrcaLcdbyvacuumat298K,
obLaincdfromKarlFischcrmethodanalysts.

Mg-picratc C叩icーate S叩icrale Ba-picr

atcH20quantity 19.6% )4.9% 14.3

% 10.8%H20moLcculcs' 6.5

4.8 5.1 4.0'NtJmbcrsofH:0molcculcsperlmcta)･p



ordchyd-ationofcrystal]incH20,bLJLsupposedly

bccauscofvaporizationofpiericacI'd.Vaporizationfbm

thesamp一ecclIofTGiscoTtSideledtoo∝urbecausethat

the∝Hdidnothaveacoverandthatanalysiswas

pcrformcdbytJSCOfanopencell.

tt]LJ0苫

aJ一息
(○̂

250 300 350 400 150Ternp胴 tUTe

【K]FiB5TG 同山bbraJkaJird m血IpicZab

sdehPJdcdurKhⅦ tlm(]33由)aJ473K.Ih.～Mg-picratc,a;也-pimlc,C;Sr･picrale,D;Ba-picmtc. ScLandTech.

EnorBeticMaterials,Vol.64.No.6,2003 2333.4 De

hydrationofcrystaMnewaterAJkalincCartbmelalplcmtc

sweredehydratedundertheconditiorLSOf473Kina

vactJUmChamber(underI33Pa),therebyconfirming

theo∝urrenceofdehydration.FigtJre5andlもble5showt

hedehydratJ'onbehaviorofpICTatCSObtaincd舟omtheTGrcs

uILs,andTablc6舟ontheEar)Fischcrmelhodforthev

acuum-heated samplc･TTteresultsofanalysisindica

tethepresenceofasligbtqtJantityofH20inthevacuum･be

atcdsample･Chnsequendy,alkatine･飽rtbmetalpicmtcwas
con抗rmedtohavebccnalmostcomplctc)ydchydratcdat473Kunder

vacuLJm(of133Pa).Theresu)Lsofpriordehydratio

ntestsforironp]cmle,copFX:∫PIC73tC,andzincpIC73te
00n丘mo∝urrcnccofdehydraLionunderidenticalcondI't

iorLS7)lH)3.5YieJdTablc7Showslhcsynthesis

yieldsofalkalineCarthmctalpicTateS･nedesqiption

inscclion3･3･2isshowingthata】kalincやarth metalp)

cTatCSCryStalS･includedcTyStallineH20･Tllereforc,amountofcTyStalliTtCHlOwasca]cu

laLcdusingthercsullsofTab)C4.YieldorCa･pimtewas]Owcrthanthatoftheotherpicratcs

,butTab一e5Water00ntentsobtajned触mKarlFischermethodann)ysis
foralkalincICaTthmetalpicm teswhichdchydratcdat473

K,underI33pa,Ihour.Mg-picrate a-picratc Sr-picTate Ba-picratcWeigl]hcducion 0.60%

0.54% 0.67% 0.56%H20mo)ccule

s' 0.2 0.2 0.2 0.2+NumbersOfH20moleculesperImcta)･picratemolecul

eTable6Watercontentsobtained斤omTGanalysis血ralkalinc一七arfhmelaJpicTatCSWhich

dehydrateda1473K,under133Pa,1hour.Mg-picーale C叩icratc Sr-picrate

Ba-picTateH20quantity 0.4)% 0.57% 0.7l% 0.45%H20m01ccu)es' 0.1 0.2 0.2 0.

1+NumbersofHzOmolcctJ]csperlmetal-picratcm

olectJ]eTable7Yieldofalkaline-earthmetalpicTatebasedoncrystallineH20amount.
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theoLhcrpie-ateshadayield higherthan 90%･

3.6Actjvatjonenergyofexothcmaldecompos'don

ThcDSCtTaCCSWeremeasuredattheheatingrateof1

K･min-1,2K･min-1,5K･min一㌧10K･min~l,and20K･

min-),andthetemperaturesatwMchthedecomposition

starts(TJwereobtained舟omthecxotbcrrniccurveof

decomposition･TheactivationenerglCSOfa]kalinc-e加h

metalpicraleSWe-eObtainedbytbcOzawamethodU)I

TTtctemperatureatwhichdecompositionofMg･picTate

andCa-picmtestartarelowerthanthoseofSr-pie-ateand

Ba･picTate,andtheactivationencrgLCSOfMg･pic-a一eand

Ca･picratcarclowerthantheothcrs･

3.7Sens'dv軸test

Tabk9showsdrophammerand糾ctionscTISilivitytest

rcsultsforIkesamplethathadbccnpTCtrCatCdbyvactLum

at298K.TTLC reStlltsofthedrophammertestrevealed

thatSr･picTateandBa-PicTateaTCmoreSCnSitivcthn

ptc｡cacid･neresultsofthe純Iionsensitivitytest

rcvca]cdthatallalkaline{arthmetalptcTatCSarcless

scnsitivcthanpICnCacidorequallyscnsitivc･

4.Cbnclusions

X･my仙orescenceanalysisresultsprovethatthe

syntJleSizedproducbhadthercspcctivcclcmentsofthe

synthesissubjectsofalkalinc-eaTlhmcta]pICratCS,and

lL}0.
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_
u
!
u
･N
]
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leJ
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.[

0.0017 0.0018 0.0019 0.0020T11lK-1]FTg･60zawa'Splotsforthedecompositionofalkali

nccaTthmetalpicTateS･々Mg･picralc,B;C叩icmte,C;S

r-picrale,D;Ba-picmtc･Fr-IRrcsulLsindicatethattheproductshaveamol

ccu]arslructuleSimilartothatofpi

cricacid.TTtcscTCSultswcrcobtaincdfora)1thesyllthesizcda]ka]inc-earth

metalpICTatCS･Theresultsshow thatalhJincICaTthmetalTable8Thetemperatureatwhichdccomposilionstarts(T.)andactivationcncrgyofexothermicdecompositio

n･Hcatingーate Mg-picratc Ca-picrale Sr-pjcratc Ba

-picratcTo lK.min~l 501.3K 517.3K 554.2K 580.lK2K.min-t 512.7K 520.8K 562.6K 588.8K5K.min-

I 524.1K 537.6K 573.2K 599.2Klox.min-] 538.4K 552.8K 587.9K 608.7K20K.minー】 5

54.6K 561.9K 599.3K 610.OKAetiv
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pICrateSWereSynthesized.

DSCatlalysisresultsofalka)incヰarthmetalpicrates

showthatthedecompositionreactionsofaJb]ine胡dh

metalpicratcso∝uratahi豆hcrtemperaturethanthatof

pICnCacid decomposition,and thattheheatof

decompositionrcactiotlSarelowerthanthatofpicricacid･

TGarLalysisresultsshowthatcrys血IineH20 was

dehydratedtxheenrCOmtemPeratuC ad480Kina危w

steps.伽 TtSultsofTGanalysisandtheKad触 Imethod

showthHhcamoLntSOfcrystauirx:waterinsamplesin血山y

includedcoTdilionGneQLd lephse)aJC9.219.9H:0for

MB･Picratemo]弧 lles,10.4-10.7H20 molecdesfor

Ch･picTatC,5.0-5.1H20moleculesforSr･picmte,and5.9I

6.4HlOmo]eculesforZh-pim tc.UJnnVacuumdehydration

at298K(stablephase),alkaJiM七打仙Tneta]Dictates,e7ccePt

Sr-picmte,showdehydrationofafewH20mol∝des.｢men,

Mg-picTabt00ntai侶6･5H20mol∝lllcs,a-Picrate00mtaim

4.8Hz0 molecules,aJd Ba,picmb:00ntaiJ芯4.0Hz0

molcctJteS,申 ively.CbStalIi舵 qnLIcrofalka血eぺar山

metalpicmteswasdehydmtcdat473Kundervacuum(of
133Pa).

TheactivationenergiesOfthedecompositionreaction

ofalkaline･朗dhmetalpicratcsare125.6kJ.mol~lfor

Mg･picTate,140.3kJ･morIforch･picTale,17113kJ･

morlforsr-picrate,and257･7kJ･morlforBa-picrate･

D10PhammertestsshowthatSr-picrateandBa-pi打ate

aremoresensitivethanthatofpicTicacid.Moreover,

alkalincd hmetalpicrateswcrc00nfirmedtohvelow

Bictionscnsilivity.
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