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ESRStudyofFreeRadicalsinthePyrolysisofPicricAcid

KaLuroKawamura*

TheEpeerAJicAIBFormedinthepyrolysisoEpicricacid (PA)AreObservedby

theESRmethod･Thetrip一etline8WithahyJ'e血 e叩littingconstantOf28-29

gAuSSqJ)beAttributedtother8dicaI,)C-NO･.TheradicaJsm叩 t)eEorneJby

thedecompositionoEtheELitrog-oursillthepa'aposition" ndtheorLhopositio耶･

ThechngeoEtheESRsipAlinteEL8itywithtimebelow 210℃ ismeasuredin

AYACtlum･Theintegrated8reASfrom thect)rvesArePrOPOrtionaltothelifetime
oltheradicals.

I. htrdtlCtion

TheelectronBPinresonance(ESR)SpecrAof

AromaticnilrocompouJ)dsheatedaboyetheir

meltingpoint8hvebeenobservedbyJAtuenI).

AndheAtSOhasreportedthatahydroget"tom

tmnBEermechAni8m 8eemedmostfeasiblefor

themJic8lformationinthc 皿SeOEnitrop-

hcnolsFromtheresultontheeffectoEStructure

AndtempemttJreinthepyroly8is. Hesho耶

thtthemdicnlsinnitropheno18SuchasJ･-

nitrophenoIAnd picTicAcid(PA)byebeen

detectedAtI°o℃ and130℃ re叩eCtively.

Whenthepre8entAuthorheatedpurePA8t

yAriou8temper8tlJreS.themdicAIappearedat

170-180℃.ThetemperzLtt)rCAtWhichther8-
JicAIsarelortnedmaydiqerinthepurityand

theheatingconditionofPA. K且Sthsrepor-

tedthatPAbepntodecomposeslightly,AnJ

At)insigれi氏cAntevolutionoEUseso∝uredwhen

heheatedPAat160℃8). HAraetALhye8IB○

reportedlhAtPA decomposedat160℃ with

evoltJlionoINOlorLheating,8ndchngedlittle

init$StructuretJptO260℃lI.Thehclssuggest

thatthemdicaIFormationmayhkepuceinthe

dccompoSitionoEnitrogroupHL=hetempera-

tures160-180℃. TheauthorAtlempted to

Analysethehyper血e structureoEtheESR

spectnlmOEtheradicAls,inorderlocomGrm
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whetherther8dicalsAreEortnedbythedecom-

positionofthenitrogrotlPSinPA.Thisp叩er

A)sodisctISSeSOTIthesignificanceoEttleChatty

ofthesigt)alintensitywithtimeAtVAriou8

temper8turCSOnthebasisoftheresultofthe

ESRmcA81Jrement.

2,Experimenh)

2.I MatterJdB.

PA(mp122-122.5℃)Waspurifiedtwotimes

byrecrystAllizationintwicedistilledwater.0-

Nitrophenol(np45.5-46℃)andm-nitrophenol

(mp97-汎 5℃)werepuri点edtwotimesby

recryStAll血IioJliAether.respectively,Andp-

nitrophenoI(mp114-115℃)wasPrePredin

to]ueELeinthesaneway. Etherandtoluene

werelmctionallydistilledbeforeuse. These

mononitrophcnolswereusedinordertoinyeB-

tigAtetheeffectoEthenumberolnitrogroups

ontheESRspectra.

2.2 8feABtlremeht,

TheESRmeasurementw舶CArricdoutu8ingA

JEOLPEllXX-bandspectrometcr.1(氾KH王点eld

modtlhtionAndphaseSensitivedelectiorLAtthis

ErequeIICyWASUsedtoobtainthefirBtderiyA-

tive叩eCtra. ThetempemturcoEthecavity

w88ControlledwithastanJArJJEOL variable

tempemturea∝essorybe]'ngpossibletorcBtlhte

ambient(emperaturetJptOSOOT:,Andbeing
controlledwithin±1℃. PAwasphccdinthe

StAnJArdquartztube,aELdtheESR SPeCtrum

WASmea別lredin叫 airAnJiJ)Avacuum.When
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theBPeCtmmWASmeasuredin8Vacuum,the

sAJnp]ettlbeWASSeAIcdoだtlnderAVACt)umOf

About10-3mnHg8Eterpermittiq tostandfor

otlehour.

3.M t8AndDiBCtl88lorL

3.1 EqectoEVemper8ttlreOhE8RS阿 tr8.

h orJeHoobseryethechngeoEtheESR

spectmminAnair,theBJ)mP)cwasheatedby

mi8ing一hetemperzLtureI)ylot.Jlnditwas

lefteyery20minute8. Thetriplct叩eCtrum

WithAhypcrLhesplittihB(hEB)con81AntOE28

gAu88andWithApeak-1O-peaklinewidth(A

Hmd)of2ptl88appearedAt180℃88Shownin

Fig･1(A).OnecomponeJltOEthetripletzLtthe

high16eldBidc叩IittedintoAdoubletASSymet-

rically･Whenthetempcr8tureWASmisedhig-

her,tJ)eiDteJISityoEthetripletincreasedtIJ)tO

200-210℃ butJi88PPCAredAfterALewJninu-

tes. whichVASBhovJ)iJIFig.I(h).Inthe

teJZIPer&ttlreregionbetween220-250℃thetrip-
Jet叩peAredapin. TJ)iBtrjpJetwithAhEs

constantoE29pu8SAndwithAAHEDdO13gAtJSB

isBhovninFig.1(C).The叩eCtnJmWASnotSO

stablethatitchangedimmediatelyintoASing-

Flg.1Ch



曾8bie1VAItLe80hhenitrogenhEBCOn-
BtAnt80ftheradiC818.
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hAticoraromaticgroupさ.Tablel8howSthe

yAltleBOfthenitrogenhEsconsbnt80Ethem-

dic&18Whichmaybeproduceinthepyrolysi8

ofPASトIl).ThetripletwithAhbCOn8bnt28
-29PtIBSinFig.1(a)And(C)JnAybeAttributed

totheraJical,メ:-NO･beinBcalledtheiJni-

noxyzdic81byThomasLl),fortheyAIuei8

veryclosetothoseOEotherkinds0Liminoxy

rAdi位lsreported.Ther8dicalBmaybeformed

bytheprtiAldecompositionoEnitrogroups

inthe94114POBition8below210℃.andinthe

o～hopo8itionSAbove210℃.ThisYieY i8

supportedbythehctS thtthetripletdi組p-

peArBbelow210℃anddleJl叩PeAr8BPiJ)Aboye

210℃,andd)8日henitrogroupsillQt･LhopoSi-

tionSAremoreSt8blethantJ)oBeinPardposi-

tionsforthereasonofinternalhyJroBeAbon-

dingbetveeAthetIitrogrotlPAhaphenolic

grotIJ).hdeeJ.in8ccOrd&ncewiththepreyil
otLSre5tllt.p-AitropheJl01begantO¢■rbonizeAt

lowerteJnPeFattIrethno-Jlitrophenoldid.

OJleCOmPOnentatthehigh一触)dofthetrip-

1et印littedinAdditionintoAdoublQtA8ymmt-

ricAlly舶 de畠CribedinFig･1(8). ItiBASBumed

thttheAddition81lineisAprtiAlre801111ion

oneoEtheEtLrtherhyperBAeBtruCttLreArising

EroJn血eintenctiotLbetweenthenitrogennu-

cltleSAJldringprotons. TheAdditionalline

seemstObemostprobabletoariseEromAIL

Ani80trOPiciELterACtionbetweenthenitrogenAnd

riJ)gProtons. u theinter8C一ioJIbkeJIPuce

betveegthenitrogenntLdue8Andtwonob-

Yd.aP.NhL.1m

equiyAtentrizIgprotons,theeachcomponetLtOL
thetripletwillsplitintotwodoublets. In

SpiteoLtheview,SuchSplittingwMnotOb8er-

vedunexpectedly.Ingeneral.thewellreSOト

TedspeCtnlmi80bser▼eJAtthe8tAteOEdilu-

entsolutionBAtlowteJnpemttlre. h tJ)ise7L-

periment.lhelessresolyeJ叩eCtrum naybe

observed.beqluSetheBELmPIei8in8nOlten

environmentwherePAmolecIJle8getClosetO
lnterEereeachother.

3.3 Lhe8h8PeAndTBhoEE8R8pectTtLn

JEtheobseryedlineさhAPeAgreesWiththe

GAu88iAELOrtheLorentzhAline8h叩e.thearea

EroJnthecurye,WhichisproportioAAltothe
concentrationoEndicals,canbeeS一iJZLAtedfrom

theequationS六ゴm 2znd･h.wherehi8thepe山一

to-peakheight.InordertoAnAly8etheJine

sh叩eOEthe叩eCtrum.thecenterlitleoEthe

tripletisobseryedat180℃. OnthisAnAly8i8

themeaBtJredline8h叩eiBCOJnPareddirectly

withtheGauBSianoHheLorentziAnliJIeSh叩e

l与). There8ultisshowninFig.2.Themeasu-

redctlrVecamedosertotheGAIJSBiAblineBh-
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l LOr帥tzbnlint t
esbpet.0 2.0
3.0Cqlculotedlinew
idninunilsofAHrnll/2t
qouss)Flu.2 Lineshpe,AnAlyBi80Et
heESR与ignaloEPA heatedAt1
80℃ inYAC

tlun.3.4 81gndhten且itTaJIAh ctlozLOf

Tithe.Thetripletobseryedzlt180℃ inAVa

CtltLDchngeJinAbutyerylittleinJHtnd.
SotheSipAlitltenSityyasbkeAASh.Theinte

tLBityoftheceJ)terJizleOfthetripletwA8p

lottedAPib8日imebychatLgiJ)gtheAJnOllntEron

0.05gto0.3goLPA. ThereJmltisBho甘JLi

AFig.･
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Jletimede pendeTICeOEtheESR

signAHntensitiesofvariousAmO-
untsoEPAheatedat180℃in
YaCtJtln.
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Fig.4T
hetimede pendenceoLtheESR

signAlintensitiesoE0.
lgoEPA

whichwereobservedonJ)eating
AtVarioustemperaturesinvA-
Cutlm.

3
.
Thesigna)intensityincre88edtoAmAXi-

mtlmafterseyer8ldecades0EJninute8.W
hich

washeldcon8bntin80meminuteS.An
d8tld-
denlydecreASeJ.
ThisptternJiJJtOtChange

regardlessottheAnOtlntOEPA.
Moreoyer,
thesiplintensitywasitldependeELtOEtI)e

aJnOtLntOEPA.
btltthetimeoEtIlemdicalEor-

JZLAtionbecAnel
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FIg.SPlotsoftheintep tedafeAStLJlder
thecuryeBWhidlWereBhovnin

Fig.38g8insttheAnOuntOEPA.
Sx:htegrated &rcASObtainedby
theyAriousamou益ioEPA.

So.1:htegratedAreaobtainedby0.1
gofPA.

followingeqtJAtionshouldbeheld:

S
面∝ r

whereSiStheintegrated&re8,Nistheamo-
untofPA.AndTiBthemeanlifetimeofrAdi-

cAlB.AplotoEtheratios(S./So.1)ofintegrated

AreA8EromttleCuTVe8inFig.3againsttheamo-

untoEPAexhbitSalinearre18tion8hip8Sisto

bee叩eCtedfromthe8boyeeqtlation,andwhich

i8ShowniIIFig.5. AplotoEtheratios(S-/

SIIO)oEintegratedarezLSLronthecurvesinFig.

4APinsttemperaturealsopveagoodlinear

relationship. ThishctindicatesthttheliEe-

tiDeOfdiemdimlshortensStrighllyyithmi-

Biq temperatureinthenngeof180-210℃.

Howeyer,iListoberegrettedthttheaboye

eqtIAtiotLCOtIldnotgiyetheACttlalliEeti血eOE

therAdicAIs.
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ピタ))ン酸の熱分解時に生成するラジカルのESR

川 村 和 郎暮

ピタt)I/酸の紛 癖時に生成するラ･}カルを ESR法{･調べて次の爵鞄を持た｡

熱分解時にみられるはば等強度の3本放 く為政El牙距定故28-29ガウス)はラジカル=C-
NO･に短日する｡ このラジカルは9-位のこい･基のみならず 〇一位のニトp盗からも生成す
ると患われる｡

シグナル敢庇の変化を時間に対してプt･サトして持た由良と∬軸{･閉まれる面静 ま.ラジカ

ルの平均狩命に比例した丑である｡

(+防荷大学校化学教室 〒239析須焚市建水l1-10420)
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