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Forensiccharacteristicsoforganicperoxideexplosives

(TATP,DADPandHMTD)

Gail♂McKay★

Triacetonetriperoxide(TATP),diACetOnediperoxide(DADP)andhexamethylenetriperoxide

diamine(HMTD)areSenSitiveandpowerfulorganicperoxideexplo8ive8.Theyhavebeen

encounteredbytheUKPolice,bothinterroristandnon･terroristcaBe8.ⅠnitiELlly,lnreSpOnBe

totherecoveryof88ub8tAntiAlquantityofTATPintheUK.itwa白foundthattherew88alack

orreliablechemical,explosiveandanalyticaldataonorganicperoxideexplo8iveB.Sincethen,

extensiveresearchhasbeencarriedoutbyFELinordertobuildupadetailedforen8icknowledge

orthesematerials.AsystematicStudyorthephysicalandchemicalproperties0rtheseeXploSive8

alongwithmethodsforqualitativeAnalysisanddetectionh88beenundertaken.Theresearch

carriedoutbyFELhasroundTATP,DAI)PandHMTDtobepowerfulprimaryexplosives.

Theycanbepreparedinthehomefromreadilyavailablerawmaterials.althoughtheir8en8itivity

toaccidentalinitiationmakesthemextremelyhazardousmaterialstohandle.Informationon

their8yntheSi8andpropertieshasbeenpublishedandisavailableontheInternet.Theyexist

aswhitesolidsWhichburnrapidlyorinstantaneouslywhenexposedtoanakedname.Analytical

technique8includingFT･IR,TLC,GC/MSandLC/MScanbeuSedfortheirforensicanaly8i8

andidentirlCation.FEl.hasalsodevelopedalow･haZlardTATPtrainingAidforUKPolice

explosiveSearchdogs.

⑳Briti8hCrowncopyright2002.Publi8hedwiththepermi88ionoftheDefenceScienceand

TTechnologyLaboratoryonbehalfortheControllerofHMSO.

1.lntroduction

TheForensicExplo8ive8Laboratory(FEL)

providesatwenty-fourhourforensicServicetoUK

Po)iceforcestoA88iBtwithcriminalinve8tigationB

relatingtoexplo8ive80ntheUKmainland.Within

FELthereisalsoaresearchdepartmentWhich

look8AttheforensicaspectsOrnewexplosive

threats.

In1994,duringtheinvestigationofabombing

ontheUKmainland,aquantityorwhitepowder

w88recovered.ASampleofthispowderwas

SubmittedtoFELforanalysis.Itwaspositively
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identifiedastriacetonetriperoxide(TATP),an

organicperoxideexplosive.A88resultorthis

incident.afullliterature8e8rChwasCarriedout

anditwasfoundthattherewasalackorreliAble

chemical,explosiveandanalyticaldataonTATP.

TheliteratureSearchalsorevealedtwoother

organicperoxideexplo8ive80fpotentiAlforenSic

interest,narnelydiacetonediperoxide(DADP)and

hexamethylenetriperoxidediamine(HMTD).FEL

hasSincecarriedoutextensiveresearchinorder

tobuildupadetailedforen8icknowledgeorthese

materi818.Theempha8i80fthiSWorkhasbeenon

TATP,withparallelStudie80fDADPandHMTD

beingcarriedoutwherepo88ible.

Theresearchhasincluded:Synthe8iSingthese

exploBiveSfromavarietyorreclpe8;Studyingtheir

phySic81,chemicalandexplosivecharacteristics;

lookingatmethodsforthequ81it8tive8naly8i80f

bulkquantitiesoftheseCOmPOund8;investigating
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theforensicrecoveryandanaly8i80ftraces0f

TATP;88WellaSlookingatthepost-blasttrace

Analy8i80fTATPanddevelopingalow･hA乙ardTATP

trainingAidforusebyPoliceexplosiveSearchdogs.

2.Forensicinterest

OrganicperoxideexplosivesAreofparticular

foren8icinterestbecausetheyhavebeen

encounteredbythePoliceintheUKbothin

terroristandnon･terroristca8e8Sincetheincident

in1994.Theseexplosivescanbemanufactured

e88ilyinthehoJnefromreadilyavailableand

inexpen8iverawmaterials.Details0ftheir

8yntheSi8andpropertieshavebeenpublishedand

areavaihbleontheInternet.

3.Synthesis

A8Statedabove,themanufactureOfthese

exploSive8i8relativelysimple,requiringlittle

chemicalknowledgeandonlyb88iclaboratory

equlPment.Therawmateri818u8edintheir

ByntheBiBCanbeeasilypurchsedfromavariety

or80urCeB.The8ynthesi80ftheseeXploSivesis,

however,extremelyh82:ardou8!

TATPandDADPcanbeByntheBiBedfrom

8CetOne,hydrogenperoxideandAnacidcatalyst.

AlteringtheproportionsortheseingredientsAnd

thereactionconditionsused,determineswhether

払.駕Hn
/

I

{u
r

oI
o /

C＼

thetrimer(TATP)ordiner(DADP)i8formed.

HMTDcanbeBynthe8iSedfrom hex8mine,

hydrogenperoxideandcitricacid.

TherawmateriA18usedcanincludelaboratory

reagent8e.ど.analarhydrogenperoxide20%,30%

or60%andconcentrated8ulphuriC,hydrochloric

ornitricacid.山Hou8eholdMmateriA18Can8180be

usede.ど.aCetOnefromnailpoli8hremover8and

usedaSadomestic801vent,acidsfromcarbatteries,

deSCalerBOrCitricacidusedinthepreparationof

beveragesandconfectionery,hexAminefromfuel

tabletsandhydrogenperoxidefromhairdye8and

usedaSaCOntaCtlensdeaner.

PoB8iblestructuralformulaeandrelative

molecularm888e8forTATP.DADPandHMTDare

giveninFig.1.

4.Physicalcharacteristics

TATPandDADPexistaSWhitecry8tAlline

materi818.Variation8inAppearancemaybe

ot)ServedbetweenBAmples8yntheBi8edfrom

differentrawmAteri8181).TATPh88adistinctive

odourSimilartoamixtureofbleachAndvinegar.

ThiseXplo8iveh88beenfoundtoSublimeon

BtOragel).HMTDexi8t8888氏nedrywhitepowder.

Iti8thermAllylabile.Whenmilligramquantities

0ftheseeXplo8ive8Wereexposedtoanakedname,

theyburnedquicklyorinstantaneOu81ywithAn
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Fig.1PossiblestructuralformulaeandrelativemolecularmaSSeSfora)TATP.
b)DADPandc)HMTD.
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orangefireballII.

5.Sensitivitytoaccidentalinitiation

TbdeterminetheSensitivityofthesecompounds

toaccidentalinitiationbyvariousStimuli,aseries

ofsmallscaletest白WereperformedonTATPand

HMTD.Re8ult80fthesetestsindicatedboth

compoundstobeprlmaryeXplosiveSWhichwere

verySensitivetoinitia.LionbyvariousStimuli,

includingfriction,impactandelectrical

discharget).Thesematerialsare,therefore,very

hazardoustohandle!

6.Forensicanalysisandidentification

AnyitemSubmittedtoFELforexamination,

whichis8uSpeCtedofcontainingorganicperoxide

explosives,maybeanalysedbyoneormoreofthe

followingtechniques.Thechoiceofanalytical

techniquemaydependuponthequantityof

suspectedmaterialavailableforanalysi8.Dueto

theha2:ardsa880Ciatedwiththehandling,

transportandstorageororganicperoxide

explosives,Onlytheminimum quantityof

suspectedmaterialrequiredforanalySiswouldbe

白ubmittedtoFEL

6.1Fouriertransforminfra-redspectroscopy

Ifàbulk"quantity(i.e.milligrams)ofsuspected

organicperoxideexplosiveisavailable.Fourier

Transformlnfra･RedSpectroscopy(FT-IR)maybe

usedforforensicidentification.TheFT･lR

spectrumobtainedforthesuspectsamplewould

becomparedtothatofreferenceStandardsfor

TATP,DAI)PorHMTD.Figure2illustratesan

exampleofaFT･IRspectrumofTATP.Possible

assignmentsfortheabsorbancebandsshown,
includeCIHStretchingat3006cm-1and2947cm~L,

Symmetricc･HbendingoftheCH｡groupat

1377cm~Land1363cm-A(splitduetothepresenceof

twoCH,groupsOnthecarbonatom)withskeletal

vibrationsandC･0,C･CandOl0Stretchingat

1275cm~'andbelowl)2I3). Ifthemajorabsorption

bands,theirrelativeinten8itiesandthefingerprint

regionabsorptionpatternsmatchbetweensample

andreferenceStandard,thenapositive

identificationmaybeindicated.

6.2ThinLayerchromatography

lfSuLricientSu8peCtmateriali白aVAilable,itmay

alsobeanalysedbyThinLayerChromatography

(TLC).SpotviSualisAtionandtheRfvalue

calculatedforthesuspectsamplewouldbe

comparedtothatforTATP,DADPandlorHMTI)

StandardsanalysedonthesameTLCplate.Ifthe

Rfvalues(Calculatedbydividingthedistance

travelledbythecomponentbythedistance

travelledbytheeluent)between8uSpeCtSample

andstandardcorrespond,andthevi白uali8Ationof

theSuspectandStandard8pOt8areBlmilar,thenA

positiveidentificationmaybeindicated.

Fig.2FT-IRSpectrumofTATPlI.KayakuGakkakhi.Vo



Fig.3TLCplateforTATPandDADP.LAne8
1&2contain20pgTATP,lanes3&4

containlOpgTATPandlOpgDADPand

lane5cont8inS20帽 DADPl)IFigure3illuBtr8

te8anexampleofaTLCplateforTATPandDADP.u

sIngtOlueneaSaneluentand1%diphenylaminein

concentrated8ulphuricacida8aViBuali88tionre

agent.Lanes1&2contain20pgTATP,18neB3&

4containlop首TATPandlOpgDADPandlane5contains20pgDADPり･ 6.3Gaschrorn8tOgraPhy/m

assspectrometryGaSChromatographycombinedwith

MassSpectrometry(GC/MS)WASthefirstmethod

employedbyFELtoobtaindirectandstructura

linformationonorganicperoxideexplosive

s.ThismethodwasuSedforbothbulkandtrace

analySiSoritems8uBpeCtedofcontainingthesee

xplosives("trace''meaningnotviBibletothena

kedeye).Bulk8ample8Werepreparedforanalys

isbySimplydissolvingsomeofthesuspectmateri

alinaSuitablesolventandinjectingthisOntoth

eGCcolumn.lranitemwassuspectedorconta

imingtracequantitie80f,forexampleTATP,

thenahead8paCeBAmplemayhavebeentaken.Thissamplingmethodwa白alsoemployedforthepost-blasttraceanalysis0fTATP.Headspace

samplinginvolved8eaIingtheiteminanylonb喝 WithanadB

Orbenttube(e.ど.AmberliteXAI)-70)insertedhalfwayint



thenemptiedintoethylacetatetOde80rbany

SubstanCe8.heEbretheresultingsolutionwas

injectedontotheGCcolumnl'.Figure4il)u8trateS

anexampleorAtotalionchromatOFrAmObt8ined

forahe8d叩ACeSampleofTATPRI･Thisincludes

theretentiontimemArker.2･nuoro･5･nitrotoluene

(FNT).Fiure5illu8trate88nexampleofthe

corre叩Ondingm8888peCtrum fortheTATP

head叩ACe8Ample'･'･ThisSpectrumWasCOllected

usingelectronimpactmaBSBpeCtrOmetry,infull

scanmode.

TherelativeretentiontimefortheSuspected

TATPpeakonthechromatogmm wouldbe

comparedtothatforaTATPStandard.ThemBBS

spectraldataforthe8nmplewouldalsobecompared

LothatfortheStandard.Them8888peCtrumfor

TATP8how8mostOrthefragmentsinthelowmass

region.ThispartOrtheSpectrum(withpeaksat

ma88/chargeratio(m/Zi)43,58,59and75)i8Similar

tothatforaCetOne.ThetwopeaksAtm/Zi101and

117,diLrerby16m888units.indicatingthepossible

lo880fanOXygenatomWhichmaybeindicativeof

thepresenceOfaperoxide.Thepeakatm/Z222

corre叩Ond8tOthemolecularionofTATP6㌧Irthe

relativeretentiontime8andmASSSpectraldata

betweenthesuspected88mPleandStandard

correspond(withinacceptablelimits)thena

positiveidentirlCationmayberecorded.

Problem8,however,havebeenencountered

anAly81mgOrganicperoxideexpl08ive8bygas

chromatOgraphy.FELh88foundthatWith

repeatedAnalySi8,VariouspolarGCcolumnshave
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becomeactivatedbythesematerials,resultingln

verybroad,asymmetricalchromatographicpeaks.

GasChromatogrAphyhasposedparticularproblems

fortheanalystsOfHMTD,whichisthermally

labile71.

6.4Liquidchro打IatOgraPhy/rnassspectroJTletry

Asaresultoftheseproblems,FELhas

investigatedtheuseofLiquidChromAtOgraphy

withMassSpectrometry(LC/MS)a88nalternative

technique.WithliquidchromatOgraphybeing

performedclosetOroomtemperature,thethermal

decompositionofHMTDisavoided.

Duetothesubmissionofalargenumberofitems

toFELSu8peCtedofcontainingHMTDtracesin

theyear2000,therapiddevelopmentoraLC/MS

methodf♭rHMTDbecameaprlOrity.Amethod

fortheanalysisofHMTDtraceshasnowbeen

developedbyFELandmethodsfortheanalysisof

TATPandDADPtmcesarecurrentlyunder

development.

Figure6illustratesanexampleofacomposite

ionchromatogramforHMTD71.Thisalsoincludes

apeakarisingfromacetone(thesolventusedto

di8801veHMTD).Figure7illustratesanexample

ofamassSpectrumObtainedforHMTD.Thema88

spectrumwasCOllectedusingatmosphericpressure

chemicalionisationinpositiveionmode仏PCI+)

andusingfull8CanmOdeRI･

ASforGC/MS,theretentiont.imefort.he

suspectedHMTDpeakonthechromatogramwould

becompart∋dtothatfb∫aHMTDStandard.The

ma88Spectraldataforthesamplewouldalsobe

comparedtothatforthestandard.Themass

spectrumforHMTDshowsthestrongestpeakat

m/2:209(assignedtotheLHMTD+H]'ion).Other

peaksasslgnedtoHMTDfragmentsShownonthe

massSpectrumarem/Z62,90.106,179and207.

(SeveraladditionalionpeaksShowminthemass

SpectrumWerealsofoundintheacetonesolvent

usedtopreparetheHMTDsolutionandwere

assignedtoanimpurity,notyetidentified)7).If

theretentiontimesandmassSpectraldata

correspondbetweensampleandstandard(within

acceptablelimits)thenapositiveidentificationfor

HMTDmayberecorded.

InSummary,FELhasdevelopedarangeof

analyticalmethodsthatmaybeusedforthe

forensicidentirlCationoforganlCperoxideexplosives.

Thesedevelopmentshavebeeninresponsetothe

emergingthreatposedbythecriminalmisuseof

theseexplosivesintheUK.

7.TATPtrainingaidforpoHcedogs

Duetothecontinuingthreatfrom these

explosivesintheUK,ithasbecomedesirableto

trainPoliceexplosivesearchdogstOdetectthem.

Conventionaldogtraininginvolvestheuseof

threatquantitiesofliveexplo8iveS.Itisnotpossible

however,toprovidelargequantitiesoforganic

peroxideexplosivesfortraining,becauseOftheir

particuhrsensitivitytoaccidentalinitiation.A

lowhazardTATPdogtrainingaidhasbeen

developedbyFEL.Thishasbeenachievedby

incorporatingmilligramquantities0rTATPonto

filterpapercamier8.Trialresultshaveindicated

thatdogscanreliablydetectTATPodourfromthese

trainingaids5㌧

8.Conclusions

TheresearchcarriedoutbyFELha8found

TATP,DADPandHMTDtobepowerfulprlmary

explosives.Theycanbepreparedinthehomefrom

readilyavailablerawmaterials,although their

sensitivitytoaccidentalinitiationmakesthem

extreJnelyha21ardousmaterialstohandle.

Informationontheirsynthesisandpropertieshas

beenpublishedandisavailableontheInternet.

Theyexi8ta8Whitesolidswhichbum rapidlyor

instantaneouslywhenexposedtoanakedflame.

An alyticaltechniquesincludingFT-IR,TLC,GC/

MSandLC/MScanbeusedfortheirforensic

analysisandidentiGcation.FELhasalsodeveloped

alow･hazardTATPtrainingaidforUXPolice

explosivesearchdogs.
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