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ThesynthesisofcopperpICrateS

MakotoMatsukawa,TTakehiroMalSunaga'',Ken-ichiMiyamotot事,MitsuakHida''

MasatakeYoshida●●,HirokiMorjnaga●,andShuzoFuJ･iwara

ThispaperreportsthechemicalpropertiesofcopperpICrateSynthesizedbythreedifferentnlethods,

DifferentialscannJngCalorimetTyanalysisshowedthatthedecompositionofcopperplCratestartsaLa一ower

tempcmturethanthatofpicricacid,andthatlhchealofcxothcrmicrcaclionforcopperpICrateWaslessthanthat

forplcrLCaCid･Theresultsofelementalandthermogravimetryatlalysesshowthatthehydrateofthecopper

picTatCrartged丘omtrihydIatetotetrahydratebutthatithasmorecrystallinewateratlowtemperature.

Crystallinewaterdehydrationoccurredbetween300-400K･CbpperpicraLewasdehydratedbyheatingina

vacuumandcopperp]crateTtOn-tlydratcconfirmedtohavethepropertyofre-hydration.771ccopperpICrate
synthesizedinthisstudyhadsimitarchemicalpropertiesforal一synthesismctbods.

1.lntroduction

Picricacidwasusedasamilitaryexplosivefrom

wor一dWarItilltheeTldofWorldWarTIl).Atthaltime,it

waskr10Wntha(picricacidreactswithmeLalstoform

veryunstablemctaMcpicrates.ltwaskr10WnthaHhc

heavymetalsallofazidehasveryscnsitivcproperties,

andlhcheavymc(a)saltofpicricacidhassimilar

propertiesaswell.Indeed,leadpicralewasstudiedfor

useasapnmaryexplosiveofdetonators2)3)･

lnthisstudy,copperplcratesweresynthesizedbythrcc
mcLhods:thereactionofcopperpowderwithpicricacid

solution,thereactionofcopper(II)su)fate(CuSO.)

withbariumplcTateSOILJlio-I,aJldthercaclionofcopper

carbonatc,【basic)(CuCO3) withpicricacidsolution.

¶1eSeprOdLJCIsweretheninvestigatedtodctcmlinc

whethertheyhavesimilarproperties.

2.Experiments

2.1Synthesisofcopperpicratefromcopperpowder

andpicricacid

PjcricacidobtainedfromRan(oKagakuwasprcparcd
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byrecTyStallizationfrom adcionizedH20 solution.

Cわpperpowderwasobtained丘omWakoPureChemical

Industries,Ltd.andwasusedwithoutmodification.

Deionizedwaterwasusedasthesynthesissolvent.

PicricacidwasdissolvediTtH･lO(500m))instJmcicnt

quantitytomakeasaturatedpicricacidsolution.Copper

powder(under75〝m:20g)wasaddedslowly(othe

saturatedpicricacidsolulionandthemixttJreWasStirTCd

fortwohoursatroomtempcratuTe.TT]ercactcdsoLutiort

wasfiltercdandprecipitationofunrcactedcopperpowder

separated･nefiltntewasheatedandcondcnscdLJntilthe

quantityofthesolutionreachedapproximately200m]

andthesolutionwasthenpouredintoaplasticvat.The

solutionwasdriedbydTa氏ventilationandabrown

crysta)wasobtainedastheproduct.Thesynthesized

coppcTPICrateWaspuri茄edwithdicTlloromethanein

orderloextractthecontaminationofunTCaCtCdpicTicacid
infiltratel).

ThcamouJltOfreactedproductwasapproximately

86%ofthetheoreticalamount.

2.2SynthesisofcopperpicratefromcopperO))sulfate

andbaritJmPicratesolution

lnthismethod,copperplCTateWasSynthcsizcdbyway
ofbariumpICrateaSanintermediate.BariumpLmteWas

prepared舟om plmCacidandbarium carbonateitt

deionizedH205)･An equivalcntquanlityofbarium

carbonatewastJSedtoreactwiththesaturatedsolutionof

picricacid(500ml).cbppeT(Il)sulfate(CuSO.)was
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addedintoLhcbariumpICriLtCSOlutionandstirredfortwo

hours･BaliumsulfalcasilPrCC1P)tationby･prtxJucLwas

fiLIcrCdandseparalcd.TheriLtriLtCWaspouredintoa

plasticva(,driedbydraftvcnli]ation,andayellowish

greencrystalwasobtaineda.uhcproduct.

Theamountofproductobtainedwasapproximalc]y

83%ofthethcorcticaLamount.

2.3SyntheskofcopperpkratehmcopperOI)Carborlate,

lbasic]inpicricacidsolution

AquantityofcopfX:†(Il)GUtX)mate,lbasic)corrcsTX)nding
tothereactionwasaddedin(0apICricacidsoltJlionand

themixturewasstirredfortwohoursatrtx)mtcmpcraturc.

BLJbblesweregenemtcdinthercacLlngSOIutionwhich

scemcdtobccarbondioxide.AnerrcacLion,lhcmixLtJre

solutionwasfiLtratcdandunrcactcdcoppercarbonatcwas

separa(edasrcsiduc.TherilLratcwaspouredintoaPlastic

vat,driedbydraftvcnLilation,andaycllowishgrccn

crystalwasobtainedastheproduct.Thecontamjnalionof

unrcaeLedpicricacidwascxtractcdhyamethodsimilar

Lothatdescribedinscclion2.3,

TTleamountOfprtxJucloblaincdwasapproximately

97%ortheoreticalamounl.

2.4AnalysisMethod

DiqcTCntialscanningcalorhetryanalysis(DSC):DSC

mcasuTCmCrttSWCrCObLaincdonaTAlNSTRUMEトrrS

DSC2920diffcrcntiaLscanningcaLorimclryapparatus･

TheappamluSWasCalibratedbasedonthemcltingpolnt

andheatoffLLSionofindium.TTICSamplewassealedin

analuminumcrimpeel)andanaLmosphcricconditionin

theapparatuswasmaintainedwith3MPaprcssurizcd

nitrogengas.TT]csamp]cwcighLwasabout1mgandthe

healingrate]OK･minl･

Thcrmalgravityana一ysis(TG):TIICTAInstruments

SDT2960andSimuLLancousTGA･DTAappara-uswasused

todcLerminclhcquantllyofcombincdH.･OirtLhcproducts.

TheexpcrimcnlwasearTjcdoutunderA∫gasstream.

TTICSamPIcweightwasaboutlmgandthehcaLingrate

20K･minl.

ELcmcntaIanalysis:EIcmcnlalanalyseswerecarried

ou(usingaPcrkinEImcr2400scricsHCHNS/0Analyzer.

X-raynuoresccnceanalysis:TllCCXisLcnccofcopper

wasdctcrmincdusingaShimadzuXRF･1500Wavelength

DispersiveX-rayFLLJOrCSCCnCCSpcctromctcr.

Fourierlransform infmrcd叩CClroscopyanalysis

(FT-IR):IRspectrawcrcobtainedbyaShimadzuFTIR

18000PC FouricrTransform lnfmred SpccIIOSCOPy
Apparatus.ThesamplewasprepaTCdbytheKBrmethod.

3.ResultsanddisctJSSion

3.1Thermalanalysis

Thesamplessynthcsizcdbythethrccmethodswcrc

aJlalyzcdbyDSC(seeFig.L).llwcxolhcrmicde00m叩Sition

of00pperpLCmlCStartedat180K-500Kandcxothermic

peakswereconfirmedaltwopositions,approximately

530Kand570K.whicharcSimilarpeakspositionswith

allcopperptcTalCS.ThisdecompositiontempcratLJreWas

lowerthanthatorpicricacid,whichwasapproximate)y

540K･Moreover.theheatofexothermicofcoppe-

plcratewas4300J･gTL-4100J･g',whichwas)cssthan

theapproximatevalueof5400J･glofPicTjcacid･TTte-C

wasaslightdirfcrcnceinthe.qhapcorcxolhermic

dccomposltIOnCurves,butthepeaksappearedatasimilar
temperature.ThissuggcslsthatsimilarreactionsoccLJrrCd

iTlaltdecompositionproccsscs.TtleTG-DTAanaLysIS

resultwasshowedirLFig･2･Thecndothermicpeakor
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resu)ts forcopperpicTdeatroomtemperature

(app10Ximatcly29 3K)
.
A;Synthesizedfrom
pICnCacidandcopperpoIVder,
a;synthesized
斤ombariumpICT7LtCaJldcoppersulfatc,
C;
synLhesizcdfromPicricAcidandcopper
carbonatc,

D;p]'cTicacid(KANTOKagaku)

approximately400冗wascstirnatcdbydehydrationor

crystallinewater.
TllCICSultorTG･DTAofcopperpICT
atCS

showedwhichendothcrmicphcnomcnonomrrcdwith

weightreductionl1llCresultofTG･DTAofpiclicacid

showedlheendothcmlicpeakbutwcigtltreductionwas

uncoTlfirmedatthesametcmpcmluTt:.
rnluS,t
heendolhcrmic

phenomenonofcopperp1cmLcwasasstJmCdtobcthe

dehydrationofcTyStallincwater,
buHhccndothermic

phenomenonofpiCricacidwasindicatedbythemeltingof

p]cncacidcTySta
L6)
･
TheendotheTmicfX:akorcopper

plcrateappearedatadifferenttempclatuICbctwccnthe

DSCresultandTG-孤resulいoDSCmeasurementby

crimped∝11andunder3Mpaprcssurc,
butTG･DTA

mcasurcmentbyopenccllandatatmosphericprcssurc･

3
.
2NotectJleformofcopperpicrate

TheresultofX-raynuorcsccnccanalysisshowsthe

prod uctsfbmeachsynthesismethodhadchaTaCterislicX
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3FT･lRspec(raofcopperp]cratcsandPicricAcid･

rays,w
hichshowedthecxistcn
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Table1Elementalanalysisrcsultofcopperp]crate

ELcmcnl Atomicweighl● PicricAcid+CoppeTPOWdcr BariumpLCralc+CuSO4 PjericAcid+CuCO.1Jresu)Ls'' elementthe o retl'Ca1weight resLJ]Ls'' elemenlLTICOreL)'Ca)weight ーeSullS'■clerncnt(hcorc

ticalweight(wt.%)【i .■●●rallo .■■■●ral10(wl.%) ド(wt.%)i ーatio… .■●■■ーallOI (wt.%) (wt.%) .■●■r

al10 ralio●●●●(wL%)C 12.01 r24.99】 12 25.J2 r23.;8

12 i 24.73 i24.71 ll- 25.l2H J.OI I.76】 )0

rト 1.76 ).81 H 1.91 l; 1.67! lO ).76N

14.01 ∴ ⊥三 14.65 13.30 6 H.42 昌14-08 6 ll.65o●●… ]6.00 47.40 45.83 17.5 48.04 46.15 l

7 47.40cu●●… 63.54 ll.0

2 I ll.07 10.40 I 10.90 )0.89 I ll.07CombinedH:0日日

日 3 3.5 3'QtJOta(ion斤omNISTStandardRefereTtCeDatabase69

(2001)''Ana)ysisres
ults(includedthequaTttityofcombiTtedH20molecules)…calculateba

se:C=12'…Theore(ica]weightratiowerecalculatedbybasedonelementratioOxygenandcopper
elementratioweleCakuLalCdbybasedonresultofcarbonandhydrogenquantityTbcquanlilyofcombinedH･Owascalculatedby

basedonresullofhydrogenquantity3.3Crystalline

waterirlCopperPicrateTGIDTAanalysisrcsu]tsaresh

owninFig.2andTable2･weightreductionoccurredgr

adua]Lyfromabout300K,andendedatabout420K.

Theweightofthesampleh)mplcncacidandcopperpow

derwasreducedby9.17%,thatofthesamplcofcoppe

r(ⅠⅠ)SulfateandbaritJmpicrateaswellasthatofth

esamp一eofcopper(II)CarbonalCwereCaCTlreduced

by10.3%aTld10.5%.Thisreductionwas3-4mo]cculcsa

sHl0.¶lerefore,thesesampleswereestimatedtobet

lihydrate-tetrahydrate.刀lereSulLs付omelementana

lysisa托SimilartothoseofTGIDTA.Fortheabovereason,eachcopper

plmteWascsl)'maLcdtohave3-4motccLJIcsofcrysta

llinewater(secTab)cI).Thequantityofcrystallinewateratlowtemperature wasanalyzedbycopperpicrat

emaintainedinhumidairallowtcmpcrature(approx

imately270K),andthatof(TICObtainedsamplewasan

alyzedbythcmaLgravityanalysiswhoseresultwasdec

a･hydratethatwassevcrLmoleculesmorethaTltheresult

ofthesampleinr00m(emperature(Fig･4)･Accordingto

literature7川),copperpICTateObtainedbycoolingoflhch

otsolutionhadaboutl0molecul

esofH:O･Becauseofthis,copperpLCratCWasdcca-hydra

teatlowtemperatuTC.Tntheaboveresults.thequanL

ItyOferystaltinewaterdiffcTCdslidltlyunderthesame

analytica)conditionswitheachmethodofsynthesis.1m

is,itwassurmised,wasbecausethecTyStamneWate

rsincopperpICTateWerejnthemetastablephaseatro

om atmosphere.Thus,fewmolccutcsofcrystallinewaterswereconsideredcasllyTable2ResultofTGanalysisforcopperpicrateatroomtcmpcrature(approximately293K)andlo

wtemperature(273K-276K) CoppcTPOWdcr+PicricAcid CuSO1+BariumplCrat

e CuCrystalinroomtcmp
eraturc(approx]'TTlalely293K) Weigh(reduction 9.l7% 10.54%H,Omo】ecu】e 2.92 3.41 i



dchydra(edatroom atmosphere･Room almosphcric

conditionswerecsLimatedLobedissinliLarwhensarnplcs

weremeasured.

3.4DehydrateofcrystaMnewater

CopperpJCrateWasdehydratedunder(TICCOnditions
dcscrjbcdbelow,inavacuumchamber,andlhcpTOPCr(y

ofdehydrationwasconfirmed.

I)Roomtemperature(approximately293K),I2hours,
vacuum(under133pa)
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2)393K
,
4hours,vacuum
(under133pa)

3)473K
,
Ihour,vacuum
(underASSPa)

TheresultsofTGfortheabovedehydratedcondition

samplesar eshowninFig s.5,6,and7andinTablc3
.
The

rcsuttofdehydrationbyconditionl)isancstinlated

sjmilarweightreductionforlhcsamplebcforc

dehydration,approx
imalelyl√i-hydrate,an
dthissamp]C

wastto【confirmedtodehydrate.
TtleSamplesdehydralcd

rromcondition2)and3)wereconfirmedlobcalmost

dehydrat ed.
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ndcopperpowder,a;synthesized舟ombarium
pICratCandcoppersulrate.C;synthcsized斤omPicr

icAcidandcoppercarbonate.｣09
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Table3ResultofTGaTtalysisforcopperpicratcaRcTdehydration(seetext3.41)-3))

Copperpowder+PicricAcid CuSO4+BariumpLCrate CuCO3+P)'crt'cA

cidVacuumatroomtcmpcraLurc Weightreduction 9.11% 10.05
% 9.08%H:OmoLecuLe 2.90

3.23 2.89Vacuumat393K.4h. Wcightrcdt)ction 1
.39% 1.06% 1.日%H.OmoJecu

)e 】 0.4l 0.31 0.32Vacuumat473K.lh. WcI'ghtredu
etion 0.62% 0.68% 0.58%

H:OmoleCule 0.18 0.20 0.173.5Re

-+ydrationofcrystalliJleWaterCoppcrpicraLcdchydraL

cdasdescribediT13.43),wasusedforarc-hydra

tionpropertytest.AdchydTatCdsamplewaskeptirtwalc

rdesiccatoratroomtemperature(approximately293K)

forfourhours,thenanalyzedbyTGanalysis(Fig.&).T

he-csu]twasaconfirmedweightreductionof10

-I5% whI'chcorrespondstoSISmolecuLesofH20･TT]isre

sultsuggeststhepossibilityofre-hydration.Copperpie-atehad3-5moleculesofH!O

asre-hydrated

H20molecules.4.ConclusionsFrom theexpcrimeTt

talattdanalytica)results,thefo

tlowmgconclusionscanbedrawn:(1)ThercsuILofX･ray

nuoresccnceprovedtheexistenceofa00pperelem

entinsynthesizedproducts,andFTIIRJTSultsind血tcd

productsw1-thsimilarm01ecutarformtopICrlCa

cid.ThcscresultswerethesameregaTdlessoftheme

thdofsynLhcsjs.Asaconc一usion,itisshownthat

copperpJClateWasSynthesized.(2)TlleresultsofTG･DTA

analysisandelementalanalys]'sshowedtheproducts

weretrihydratetotetrahydrate.FLJrther,thesamplea

Howtcmperaturcwasdecahydrate.(3)cTyStamneWaterOf

copperpicTateWasdehydratedatover393K,for

4hoursandundervacuum(urlder133pa),anddehydratedcopperpicrateha

dthepropertyofre-hydration.(4)Thisstudyindintesth

at00pperpicratewassynthesized血)mthepjcricacid

so]utiortandcopperpowder.TheprdLJCtSOfd

i触renLmethodsofsynthesisweredi飴ren(inappearance,buttheirchemicalproperties

105

日I

O冨 9

5葺○き 906580 280 300 320

:MO 368 380 400 120 1140 460480Tcm

pcraLurelt(]FjgB TGresuLLsforcopperpicnteaRcr
rc-hydra(ion･A;synthesized斤om p]cncacidandcopper

powder,B;synthesl'zed斤ombariumpLCrateandcoppersulfate,C;synthesize
d斤omPicricAcidandcoppercarbonaE

e.weleSimilar.CbnseqL)erLtly,itwasprov

ed(hatcopperplcTateWasSynthesizednotonlybythe

Tcactionofotherpi

crates(ex.baTiumpicrate)orpLCTlCacidwithcoppersalt,butalsobythereacti

onorapicricacidsotutioTtWithcopperpowderreac
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