
研 究 拾 文

StudyonSilverNitrobenzoates

A.P.AGRAWAレ,S.R.YOGANARASIMHAN●and∫.P.AGRAWAL●

Thesilversa)tsof3-nitr0-.3,5-dinitro-and2.4,6-trinitro-bcnzoicAcids have

beenpreparedandtheirst-ucttJrCSbyebeenestablishedorLthebasisoEdementAl

analysisAndinfm-redspectm.TheirbehaviotJrtOdiEEcrentstimu一ilikeheat(onthe

basisoEDTA).impactAndfrictionhasalsobeenstudied.ThedatarorthernAIAnd

itnpctsensitivitysuggestthattheiniLi&tionoEexplosion/ignitiorlinsilvernitrobenzo･

8teSbyimpacti8thermalinorigin･

1.lntrodLJCtion

HeAVymetalsELltsolcertainweakacids have

foundextensiyeApplicationsinciyilaswell85in

tnilitAry.Leada王idehasbeenwiddytJSedin∬ l･

merci8IblastingcapsandmilitaryAmmunitions)).

A systematicstudyonmetalpicmtesandpic･

ram&teShasrecentlybeencarriedoutbyApwd

etAI))-8).Aliteraturesurveyrevca]sthatsilver

salL80fmono-,di-andtri-nitrobcnzoic acids

havebeenpr叩ared9)-川 buta comprehensive

sttJdyre伊rdingtheirstrtJCtur8ⅠAndlhcrnaIchar.

ACteri王ationhsnotbeenreported8Syet.

TheobjectoEthepresentstudyistopreparesill

vcrsaltsof3-mon°-.3.5-di-and2.'4.6-trini･

troben王OicacidsinpureEorTnS,eStabilish their

strtJCtt)resandstudytheirbehaviourtodifferent

stimulilikeheat.impactAndfriction.

2.MaterialsBodMethods

3-monol.3,5-di-and2.4.6-tri-niLroben之Oic

Acidswerepreparedbyu8irlgthemethods aL･

readyreportedinthelitemturel1-117Jlndallo血er

chemicalswereoEBDH(AR)quality.

2.1 PrepiIrationofsilvor88ItsofMono-.Di-

8ndTri-Nitrobenzoicacids

Asilversaltof3-mononitrobenzoicacid was

prcpredbysuspendingknownWeightoE the

acidin50%AlcohoIandthentreatingitwith&n

equimolarqu&rLtityoEsilvernitrateintheaque･
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+ExplosivesResearchArtdDevelopmcntLabor･

81ory,Pashn,Pu°e-411021.Tndia.

oussolutiotl.Theresultingproductw8Sdigest･

edonAWaterbathloensurecomplete reaction.

Thesolutionwasallowedtocool.The pTOduct

wasthenrtlteredAndwAShedwithwateraJld rI･

nat)ywithalcohol.Thecompoundwas dried

indesiccAto=oconstantWeighL Similarly88iI･

vcr弧ltoE2.4,6-trinitrobenZOicacidWAS Pre･

paredAnddriedtoconstantWeight. A silver

saltoE3.51dinitrobcrLZOicacidwasAl60Prepared

simihrlyusingtheaqueousmediumAt60-70℃.

2.2 Elomontddnalysi$andJRspoctra

Thecontentsotcarbon.hydrogenandnitrogerL

weredetermirLedbythestAJ)darldncthods. The

silverconteTItWASdeterminedbythevoluttLetric

methodusingan8mmOniumthiocyanELteSOLution.

ThenumberoEnitrogTOtJpSWasdetermined by

thetitaniumlrichloride(TiC13)reductionmdhod.

ThehfrA-red(IR)spectraoftheacidsZLSWCH

astheirsilver88)tswerLLrecordedintheLrequcn･

Cyrange.40001250cm-1.inKBrznatrixbyI.Per･

kin-ElmerModel.457SpecLrOphotomeler''.

2.3 D附erentialtherm818nalySlS8nd dotor･

rninationofactivationenergy

DiELerentialTherTnalAnalysis(DTA)wasCBr･

riedoutinAn叩PratuSE8bricateJindlisl8bor･

atOry.Itconsi8teJoEaStiLntOnRedcrdtlinear

ratetemperatureProgrammergiyingheatingl舶

from21020℃ perminute.ThesampleandAre.

fercncc material(AllO3)werehousedinpht･

iniumctlpswithPL/Pト Lu (13%)thcznoa)upk

fusedtotheirbottoms.ThetemperAtureSanddi･

EferentiAltempemtureswererecordedon8Deg･
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T8blo1 CompositionoESilverSJlltsDeterminedbyElementalAnalysis.

SilyerandNitroGroupEstimation

Compound Silver Carbon Hydrogen Nitrogen NitrOgr
oupswt.% wt.% wt_%

wt.% VL%Silvet.3-nitrOben‡Oatc FOund 39.25 30.62 1.

85 4.95 16.69lCeH4(NO})COO]Ag CAIc.(S3-MNB) 39.40 30.

66 1.83 5.ll 16.80SiLyer3,5-diTIitrobenzoate F○und 33.7

5 26.50 1.55 8.64 28.45〔C○H}(NOI)lCOO]Ag C8ⅠC.(S3,5-DNB)

33.85 26.33 I.57 8.75 28.80Silycr2,4,6-trinitrobeーほOate

Found 29.63 23.02 0.83 ll.45 37.45【C4H7(NOI)}COO〕Ag CAlC_

(S2.4,6-TNB) 29.67 23.07 0.82 ll.54 37.90ilogTwinChartne)StripChartRecorderwithdle

8enSitiyilyof5IJV.A samp)e(叩prOXimately331

30m首s)andAreferencematerialwcrctAkL･nins

AmP)eandrcLerencecupsrespectivelyAndhcat･edAtdesiredheatingrates.Theactivatiotl en灯g

yEorcompoundswasCJIIculaLedb

yplotting Log議Fagainst去 (Kissin
germethodL"

)Andbyplotdnglog毛 agA
ind
去
(ozAWa

method

Ie)Where≠- Rateo‖

leatingIZLUN一ドト吉NS】卜l T.4 - PcAkteTn

pe柑Iure2.4 lrTIPBCtandfrictionsenSjti

vjtyTheimpctsensitivitywasdetermined withJL

)1iusPcler●sImpactSensitivityAppratlIS.Thetestconsistedoldropping8haJnmerOEdeli

niLeweightfromaknownheightonlo A weighedq

u8rttityolthesamplekeptinbetweenthesur･hcesoEtwostainlesssteelHofrmanrollerswhid

lwerekeptinpositionbythesteelcouors_ Ate

achheight.twentyreadingsWeretakenaJldthepercetttBgeo【eェplosiorL/ignitionwasCalcuhted.
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helpoIJuliusPeter'sFrictionSensitivityAp

pr･atu8.3.ResLJltsandDiscuBBionTheres

ultsofsilverandni一rogroupdetermi･mtionsA

ndmicro-analysisoIcarbon,hydrogenarLdnitrogen

JlregiveninTabLc1.ThcirLEm-redspect

ra0nnitrobelはOiczLddsandtheirsilyersaltsaregl

VCninFig.I.2and3.Nor･mallycarboxylicacidsin

liquidorsolid StalesexistindimcricEarn w

ithverystroTtghydrogenbondingbetweenthe cArbonyland hydroxyl groupsollhetwomoLecul

t=S.The abnortnAllystronghydrogenbondinginthese nitrobenz



00H g-oupat2700cm~1-2500cmll conplete･

Lydis叩Pe8rS(Fig.lB,28and38).Thebandsa

1730cm~I-17榊 cm-1torcArbonylstretching.

1440±10cm-1And288±10cm-ldueto-C=O

groupAnd-OH deLornAtionperpendicularlo

planer飴PeCdyelyeitherdisappearOr ChAngc

markedlyinintensity.Thisindicites'therep]A･

l 2

cementolhydrogenoE-OH groupby silver

(Ag)･ltiSalsosupportedbytheworkalready

reportedintheliteratureIB) in czLSeOtSOdium

ttLOnOnitroberLZOAte.

OnthebzLSisolcleJnentAlanatySisAndinfrad

spectraltlleFollow)ngstructu-esJnAybeASSigrLed

tosilversA)tsoLnilrobenzoicacids.

3

S3-MNB S3.5-DNfi S2.4.6-TNB

lC●Hl(NOl)COO]Ag 【CIH3(Not)'COO]Ag [CoH.(NOl)8COO]Ag

o1-&ONA.g, .,NOL oNA.g,
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Fig.5 DTAprofilesoISilver3,5-dinilroberLZdAte

atdiEterentheatingrates

Thisisfollowti･dbytwocxothermicpeaksat312

℃ And360℃. Firstexotherrnshowsamodcralc

heateffectwithApeaktemperatureOE318℃ And

thisreactionJllmostover-1叩SOmtheearlierendo.

thermiceLLcct.TheexothermicrcBdionrepresent･

edbytheFirstpeakdoesnotseemtoreiLChtカm･

pletiortbeforetheon-setoIthesecondplOmin飢t

exotherTrLicreaction.Thesecondexothcrmhasa

verylargeheatellectwiththeinceptiorLat360℃

andapeaktemperattJrCO1370℃. The reaction

seemstocontinueoverahirlywidemngeof血II

pcrzLtureul1tilthecuryereachesthebase一ineAt

around600℃.

TheDTA profilesofS3.5-DNBat8.10.12.

14And16℃/JTLinheatingratesareshownin Fig.

5･At8heatingrateoI8℃ permin.nothermal

eEfectsareSeenuntil288℃ whereanexothermic

reactionstArt8舶 ShownbyArisingb8SCline.

ThisisEoIIowcdbyashAtPbutweakendother-

micdipat323℃ whichappearstObeduetothe

meltingoILhcsilversa)I.Thisisfollowedbya

tuLc
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TBblo2 ActivAtionEllergiesforSilyerNilrobenzo8teS

Compound ActiyatiOnencrgy,KcAl/mole
KissingerMethOd OzAW&Metho

d〔C○H一(NOI)COO〕Ag(S3-MNB)〔CCH3(Not)ICOO】Ag(S3.5-DNB)〔C4HI(NOl)3COO〕Ag(S2.4.6-TNB) 89.00

87.仰53.00

53.0036.

00 38.00PEJtCENTAGE:OF EXPL.OS10NFj9.9 ImpactSenSilivilyofsilverni

trobenzoatesTdblo3lmpaCtandFrictionSensitivitiesoESilverNitro

berIfOAteScompound LT,p.a.csti.Hnei鑑 Lp:n.50qA

WejCht-2kg FrictiOnSenSitivityupt○36kgweightS3

-MNB 144 InsensitiyeS3.5-DNB 77 Ⅰnscnsitive

S2,4.6-TNB 50 InsensitiveS2.4.6-TNBdon

oteJEploJe/igniteupto36kgweightwhereasthecri

tiCalheightfor50% explo･sior

L/ignitiondecreasesASthenuJnbcrofnitrogr

oupsincreasesinc舶eOEtheimpctsensitiyityi.

e.ItheimpactSen8ilivityincreASeSASthenum･bc

roEnitrogrotlpSincreases.IthasAlreadybeeneStAbliShedthatthe血ermaI thattheinitiation

oEe叩losion/ipitionbyhpaJJinsilversaltso

EnitrobenzoicAcidsisthcrmAIinorigirLjl)sim

i1即 tOmetLL]picrAmAteSl). ThAtistosay.Lhc

mechAni仇Ienergyolimpactis rlrStchangedintohcAtandconcentralcdinA SmAlllocAJiZedregioJltOFor



becauseOftheexothermicnatureOEthedecompoI

sition.LhcrAtcotdecompositionmpidlyiJlqⅧ S

andAthermALexplosionresultsH).Thewayin

whichexplosion/ignitiong一〇wslromthehotp t

maybeACCOutttedintermsolthethermJlItheory

oEexp)osion別)

AckrIOWrOdgernontS

TheAuthorsAregrAte【uttoDr.K.氏.K.Rae.

Director.ERDL.PunetoproyiJelabomtory h-

ciJitiesAndpermissiontopublishthiswork.

Roforonce8

1)Urbanski.T./.Chemi81ryand叫 ofh･

plosiyes''Vo13.p.169(1964),PerpnanPress,

NewYork.

2)AgTELVAL.S.P.皮AgrBWAJ,I.P･,IndianJ･CLtn,

7.126(1969)

3)AgrAWAl.S.P.皮AqAWaJ,J.P..DeLenccSci･J･,

20,237(1970).

4)AgrawAl.S.P.皮AgrAWal.∫.P..CombtlstiorLa

Flame.14,407(1970),

5)AgrAWAl.I.P.,IndianJ･Chcm･,9,585(1971)･

6)AgrAWAI.I.P..J.Ind.ExplosiveSoc..JAp8n.32

(4).208(1971).

7)AgraWaL,I.P.,ExploSivstoELe,19(9/10),171

(1971).

8)AgraW81.∫.P.,皮AgraWal,S･P･,PropeIlm ts皮

ExplosiveS.6.112(1981)･

9)Kosteritch.M.Z.,gelSchiess-Sp-engsto恥.23,

156(1928).

10)Bresfer8tA.H.W..tkr..39679(1906)AJ･Chem･

Soc..322(1906).

ll)Murcton.D..Chem.Ztt,42,19(1918)･

12)Vogel,A.I..-■TextbookoLPracticalOrganic

ChcmistTy'●Vol.4.p.769(1956),EnglishLam

gu咽eBookSocALongmanGroupLtd･･Lon･

don.

13)Vogel.A.L,I-TextbookoEPrActicaLOrganic

Chemistry''Vol.4,p.770(1956),EnglishLAn･

guAgeBookSoc皮LongmarLGroupLtd..Lon･

don.

14)Vogel.A.I...lTcxtbookorPrACticAI Organic

Chemistry"Vol.4,I.758(1956).EnglishLan･

gtJageBookSoc皮LongTnAnGroupLtd.,Lon･

don.

15)Kissinger.H.E.,I.Res姐rChMAt.Brit.StBnd･

Ards.27.217(1956).

16)0aWa,T..BulLChen.JaPrL.38,1981(1965).

17)Jones.氏.M.皮SAndorEy,C.,MTheApplication

ollnh-redAJldR8manSpectromctry tothe

ElucidAtionofMolecuhrStructure''.I.426

(1956),IntersciencePub)icatiot一S.NewYork.

18)Beuamy.L.I....Thelnfm-redSpectnJmOECom･

plexMolectJles",p.162(1956),ChBPnAn &
HallLtd..London.

19)Devies.M.AndJones,L.J.ChcmSoc.120

(1954).

20)Garner,W.E.(Editor),…ChemistryoESolid

StAte",I.254(1955),Butterworlhs Scientitic

PublicAtions.London.

21)Bowden,F.P.andYolEe,A.D..-thitiAtionAnd

GrowthoIExplosioninLiquidsAnd Solids''.
(1952).CambridgeUniversityPr鰯 ,Londoll.

22)Bowden.F.P.AndYouC.A.D..■lFastReACtiorL

inSolids'',I.20(1958),ButterworthsScientirIC

Public8tions.London.

ニ トロ基を含有する安息香蜘 壇に関する研究

3-ニトt'.3.5-ジニトt',および 2,4,6-トリニト.Z安息香酸の銀盤を合成し.その構

造を元来分析と赤外吸収スペクトルから稚足した｡魚(DTAによる),衝撃および劇 かこ対する

感度についても洞べた｡熱および輔革感度の7･-一夕はニトp安息香酸銀盤柄の衝撃による爆発

･発火の開始が本来,削こ起因することを示唆している｡
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