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The8ynthe8i80fironpicrate8

MakotoMat8ukawa★.TakehiroMat8umaga★★,Ken･ichiMiyamoto★★,Mit8uaki

lida州.Ma8atakeYo8hida州,HirokiMorinaga★,andShuzoFujiwara''

Thi8paperrepOrt8thechemicalproperties0fironpicrate8ynthe8izedbytwodiqerentmeth･

odS.Differential8Canningcalorimetryanaly8i88how8thedecompositionofironpicrate8tArt8

atalowertemperaturethanthtofpicricacid,andtheheatofexothermicreactionforiron

picratewas1e88thanthatofpicricacid.Theironionvalenceinironpicratethati88ynthe8ized

bythemethodofthisStudyi8Fe2◆.ThereSult80felementalan81y8i8andthermogravimetry

Showthatthehydrateofironpicratei8hexahydratetooctahydrate.Dehydrationofcombined

H20occur8between3001400K.Ironpicratei88ynthe8izednotonlybythereactionofother

plCratewithirorISalt,butal80bythereactionorpicricAcidsolutionwithironpowder･

1.Introduction

Picricacidw88u8eda8amilitaryexpIo8ivefrom

worldWarItintheendofWorldWarHn.Atthat

time,itw88knownthatpicricacidre8Ct8with

meta18tOformveryun8tablemetallicpicrate畠.

Indeed,leadpicratehadbeen8tudiedforusea8a

prlmaryexplosiveofdetonator8inGermany2)･

Duetoana88umPtionofaccidentaloutnowof

thepicricacidinenvironmental,itform8theiron

picrateWhenitcontactSWithiron.Whileiron

picrateh88beenu8edaSafueladditive3",few

Btudie8have80farbeencarriedoutonthe

mechanismOf8ynthesi8andthechemicaland

pyrotechnicsproperties.InthisStudy,ironplCrate8

were8ynthe8izedusingtwomethods:thereaction

ofironpowderwithpicricacid80Iution.andthe

reactionofiron8ulrate(FeSO.)withbariumpicrate

80lutionS).TheproductsWeretheninvestigatedto
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rindwhethertheyhveSimilarproperties.

2.Experimental

2.1SynthesisoHronpicratefrorTlironpowderand

picricacid(IronpicrateA)

PicricacidwasObtainedfromltantoKagaku.It

wa白preparedbyrecrystallizationfromdeioni2ied

H20801ution.Ironpowderwas0btainedfromWako

PureChemicalIndu8tries,Ltd.Itwa8u8eda8

received.Deionizedwaterwasusedforthe

8ynLhe8i8solvent.

Picricacidwa卓di8801vedintoH20(500ml),and

thequantityofpicricacidwasenoughtomakea

88turatedpicricacidBOllltion.Ironpowder

(200me8h:20g)wasaddedSlowlytotheSaturated

pICricacid801utionandthemiXturewac8tirred

for2Sparehour8atroom temperature.pH

variationofthe80lutionwasmeasuredfor

confirmationoftheendofreaction･ThepHof

80lutiorlturnedtopH6attheendofreaCtion.The

reacted801utionw88丘1teredandprecipitationof

unreactedironpowderwa台Separated.Thefiltrate

washeatedandcondenseduntilthequantityof

tlle801utionreachedapprOXimatoly200mlandw88

pouredintoaplasticvat.The80lutiorLWa8dried

withventilationinadra氏andtheblackcrystal

wasObtainedaBprOduct･Synthe8i2:edironpicrate

wa卓ptIrifiedwithdichloromethaneinorderto
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extractthecontaminationorunreactedpicricacid

inthefiltmte.0.

2.2SynthesisofironpicratefrorTlironsulfate(Il)and

pJ'crl'cacl'dsolution(Ironpl'cr8tOa)

Inthismethod,ironpicr8teW888ynthe8izedby

wayofbariumplCrateaSintermediate.B8rium

plCrateWa8preparedEtonplCriCacidandbarium

cArbonateindeionizedH20m.Thequantityof

bariumcArbonateWasusedforequivalenttoreact

withthe8Aturatedsolutionofpicricacid500ml.

FerrousSulfate(FeSO一)wasaddedintothebarium

plCratesolutionandStirredfor2hours5I.Barium

sulfateasprecipit且tionofby･productwasfiltered

andSeparated.ThefiltrateWasheatedand

condenseduntilthequantityorthesolutionreached

approximatelyto200mlandpouredintoAplastic

vat.The801utionwasdriedwithventilationina

draftand8yellowcrystalwa8Obtaineda8product.

ThecontaminationofunreaCtedpicricacidwas

extractedby8Similarmethodtotheabove.

2.3Anz)lysISrnOthod

DifferentialBCAnningcalorimetryanaly818

(DSC):DSCmeaBurement8Wereperformedusing

aTAINSTRUMENTSDSC2920differential

SCarLnlngCalorimetryapparatus.Theapparatus

wasCalibratedbasedonmeltingpointandheator

fusionofindium.Thesamplew88Sealedintoan

AluminumcrimpcellandAnatmO叩hericcondition

intheapparatusWaskeptwith3Mphpre88urized

bynitrogengas.TheSampleweightwasaboutlmg

andheatingrateWas10K･mirL'l･

Thermogravimetry(TG):TheTAInstrumentS

SDT2960SimultaneousTGA･DTAapparatuswas

usedtodeterminethequantityofcombinedH20

intheproducts.ExperimentwasCarriedoutunder

ArgasStream.Sampleweightwasaboutlmgand

theheatingrateWas20K･min'l･

Elementalanalysis:Elementalanalyseswere

carriedby8PerkinEITner2400SeriesIICHNS/0

AnAly2;er.

X･raynuoreBCenCeanalyBi8-･TheexistenceOfiron

wasdeterminedbyaShimadzuXRF･1500

wavelengthdispersivex･myfluorescence

spectroneter･

Fouriertran8forminfraredSpectroscopyAnalySi8

(FT-IR):IRspectmwereobtainedbyaShimad2:u

FTIR･8000PC Fouriertransform infrared

SPeCLroscopyapp8ratuS.Thesamplew88prepared

bytheKBrmethod.

Detectionofironionvalence:Ironionvalence

wasCOnVenientlyidentifiedbyreagentcolor

reaction,inwhichpotABSiumhexACyanOferrate(u)
turnstoblueinexistenceOfFe2◆ionAndammOmium

thiocyAnateturnstOredinexistenceOfFe3'ion.

3.ReBUltsanddiscussion

3.1ThermahnalyslS

TheBample8thatWereSynthe8i之edbyboth

methodswereanalyzedbyDSC.Theexothermic

decompositionor8amplesironpicrateWa卓Started

atapproximately473K(Fig.1).Bothdecomposition

temperatureswerelowerthanthatofpicricacid

whichwasapproximately540K.Theexothermic

heatofironplCrateWas4000to4100J･g●1,which

iSle88thantheapproximatevalueor5400J･g●lof

pICricacid.Theexothermicdecomposition

behaviorsofbothsamplesaboveexothermic

reactionwereverySimilartoeachother,whictT.
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wa卓8uggeStedthatSimilarreactionsOccurredin

bothdecompositionproce88.But,whetherthe

endothermicpeakaround330Kappears0rnot

dependedonsynthe8i8metl10d･Thereasonofthis

differencewasSPeCulatedaBtOascribeadditional

Stat,eOfcombinedH20.

3.2Moleculesformofironpicrate

TheresultofX-raynuore8CenCeanalySi88how8

theproduct8fromeach8ynthe8ismethodhad

characteri8ticKαpeak80firon,whichindicates

theexistenceOfironelement.

Ad80rPtionof3100cm̀LofFT･IRexhibitsC･H

Stretchbonding,and1330-1340cm~Land1530-

1560cm1-absorptionexhibitN･0Stretchbonding

(Fig.2).There8ult80fFT･IRbyironpicrateand

picricacidwerevery8imiIartoeachother,except

tllatironpicratehadaabsorptionaround1480cm●

..Therefore,ironpicratemoleculeform wa卓

estimatedtohaveasimilarmOleculeformtopicric

acid.300013600cm-Lbroadpeakindicate80･H

Stretchbonding.ThisPeakofironpicratewas

largerthanthepeakofpicricacidbecauseiron

picratehad6-7molecules0fH20a8hydrate(See

belowforfurtherdetai18)andpicricacidhadonly

さingle0-Hbonding.

5000 4000 3000 2000 1000 0

-1cmFi

g.2FTLIRSpectraOfironpicrate8仏,B)andpicricacidA

;Synthe8iヱedfrompicricacidandironpowde

r,B;Synthe8iZiedfrombariumpicrateandf

errollSSulfate,C;picricacid2 HOOb NO2 ･ F
e2㌧02NS0:FeOObNO2･ 2H･/-I_kl

NO2 02トjFig.3Chemicalreactionandform

ofiI･OnpicratemoleculeTableIshowsthere8

ult80felementalanaly8i8,howeverre8111t80relem

entalratioofoxygenandironwerecalculatedba母

edonre8ultOfcarbonquantity,andthequantity

ofcombinedH20wa島calculatedbasedonresultofh

ydrogenquantity.Theresultsofspecie8and

numbers0felementweree8timatedformolecules0ft

wopleCepicrateanion.Therefore,itwa卓COnfirme

dthatironpicratehadtheformofanironcationwithtwomolecule8

0fpicrateanion(Fig,3),whichweretheS

amereSult8forthesamplesobtainedbybothsyn

theSi8method白.Table28how8there8ult80fcolori

ngteatfordetectionofironionvalence,whichindicate theexi8tenCeOfFe2'ioninthe8ampleandth

eabsenceOfFe3◆ion.3.3WaterofcrystaHizat

ioninironpicrateTGanalysisresultsare8ho

wninFig.4.Weightreductionoccurredgraduall

yfromaboutat3001(,andendedaboutat400

K.TheresultoftraceAinFig.48110W8tha

t8amplefrompicricacidandironpowderreducedwe



Tabl81ElementalAnalysisresultofironplCrate

Element ALomicWeight★ IronpicrateA IronpICrAL

eBPicricAcid+lmnpowder Bariumpicmte+F

eSO1re8ults★★ element result8★★
element(wt.%) ratio★★★ (wt.%

) rat.io***C 12.01 22

.59 12 22.08 12H 1.01 2.55 16 2.57 16

N 14.01 12.59 6 12.70 6

0★★★★ 16.00 50.29 20

49.84 20Fet●★★ 55.85 8.

75 1 8.56 1ConbinedH20***** 6.05 6.06'Quotationf
romNISTStandardReferenceDatabase69(2001)**Resultsincludedthequantityof

combinedH20noleculeB★★★CalCulateb88e:C=12**''Oxygenandironelementratiowerec
alculatedbybasedonresultofcarbonquantity**'*'ThequantityorcombinedH20wasCalculatedbybasedonresultorhydrogenquAn叫y

2l.02%,whichw88equalto8molecules0fH2

0.Consequently,the88mplewase8timAtedtobeoct

8hydrAte.Thi且resultwasdifferentfromresulto

felementalAnaly8i8(TableI).Thi8reasonWasest

imatedthattheSampleforTGanaly818WASjustaf

ter8yntheSiS.IronpICrateWa卓liberated2H20moleculeswithin8eVerAldaysaftertheSynthesis,

vヽhichwasStablephaseOfhexAhydratei

nroomFig.4DTAa
ndTGcurves0fironplCrateA(TG)Anda(DTA);iron

picrateSynthesizedfrompICricacidandiro
npowder･B(TG)andb(DTA);ironpicrate8y

nthe8i苫edfrombariumplCrateandferrous8ulrate･ Table2Resultorreagentcolorreaction

colomtion resultPotassiumhexacyAnOfemte(ⅠⅠⅠ

) AmmoniumthiocyanatePicricAcid+hnnpowder Bl

ue colorle88Fe2◆eXistBadumpicr8te+FeSO4 Blue

colorle88Felt+existtemperature.Conさequentl

y,thewaterorcrystallizationinironpicrateWa

且met88t且blephaseatjustafter8ynthe

Sis.ThedirrerenceinTGtracesofeachSamplea

tapproximately330Kwasascribedtoth

eSimilarreasonOfdifferenceinDSCtraces.T

hereSult8fromelemental8nAly8isareSimilarbthatorTG.EachironpicraLehad6molecules0

fcombinedH:0(TableI).ConcILJSionsFromthe

experimentalandanalysisresults,thefollowln

gCOnCluBionSCanbeobtained:(1)T

heresultorX･raynuore8CenCeprovedironelementexi8tenCeinSynthe8i

乙edproducts,andFT-IRreSult8indicatedthattheproduct
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analySi88howedtheproductsWerehexahydrate

atStableplm良einroomtemperature.

(4日ronpicratewassynthesizedfrompicricacid

solutionandironpowder.Theappearanceof

product8WasdiffereJltfromeachother,but

theirchemicalpropertiesWereresembled.

Consequently.itwasprovedthatironplCrate

waSSynthesizednotonlybythereactionofother

picrate(ex.bariumpicrate)withirorL881t,but

alsobythereactionofpicricacidsolutionwith

ironpowder.
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