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Introductlon

Lt€ hsve recently reported prellnlnary
Í¡easuran€nta of the electron paranagnetlc
r€aonence (EPR) of Lhe isotropic end Enlsotroplc
phares of msophase pitches _ sopsret€d by
high-terperature centrlfugatlon. I In thls
paper, the result¡ of nor€ detaited EpB
ÍEaauremnta of eaturatl.on, llnerldth, end apln
concentratlon are deecrlbed for the various pltch
fcactlone. Alao, . slectron-nucle¡r double
reaonance (EIDOR) and lts t€ry€raturo dependence
have been néasured. lh6 BpR and EUDOn reeults
can be understood ln termg of free radlcal
structure, molecular relght dlstclbutlon, end
mlecular noblllty ln the vgrlous phaees.

E)oerln€ntal

The three nesophase pltehes eugloyed e€re
derived from naphthalene, petroleun, and Ql-free
coal t"T by stand¡rd hest-tre¿trent
procedures. I The nesophase conteots end
solubillties are descrlbed ln T¡ble l. Tt¡s
uaophase content¡ ser6 obt¡lned on the
centrifuged sanplea ̂  by nlcroscopy technlques
descrlbed elsethere.z The solubilttleg of the
pitches in pyrldlne rere deter:nlned by Soxhlet
extcaction and the gercent pyrldlne ln¡olubles
(PI) are given ln Table l. Other constltutlonel
paaaneters of_the separated phaees have alrearty
been reported.l

The EPR/EUDOB nsasureméntg sere nade rith gn
I8¡l Instn¡m€nts, Inc., ltodel EB/2OOD_SRC EpB
Spectrometér eguipped rlth a lor porer (9O db)
bridge, lor and standsrd frequency slgnal
channels, fleld-frequency lock, varlable
teqerature system and the 8n251 ETDOR/IRIPLB
systeo rith the ASPSCT 2000 cornputer.

t¿ble 1. llesophase Contents and Solublllties of
llesophase pltches

lotal
Total  Isotropic

Eesophase l{esophase ph¡se pI
Pi tch (voI .  a)  (vol .  a)  (Ut .a)

lha EPR saruples eere
evacuated
elinlnate

nltrogen-f i l led
effects of

Spln concentratlona were
lntegcation erlploylng smell
G.!SO4.5H2O as pclnary
of the long relaxatlon tines
in theee pltchas, sll spln
deternined at nlcrogave
25 yretts or le¡¡.

alI  neasured
sanple tubes

paranagnetlc oxyten.
obtalned by double

single crystaLs of
standards. Bécause
of the free radicals
conc€ntcetiona r€re
poror levels of

in
boof

the

Petroleun 74.1
SoeI Ter 52.4
Iaphthalene 39.3

2s .3
1 t  . 6
60 .7

5 4 . 6
5 0  . 0
42.1

Bssult¡ and Dtscusalon

The free radlcal or spln concentcation varles
es shos¡ ln Flgure 1. As expected, for a glven
pltch, the spin concentratlon increases wlgh
lncreaslng ¡nolecular reltht of the fractlon. Thé
coel ter-dérived pitch contalns considerably nore
radicsls than the other tyo pitches, presumably
due to lts graater aronetic character. The EpR
llnesl<tth ln Flgure 2, except for the pyridlne
solubles (PS), decreaaes as a functlon of
rmlecular relght , ea e¡(pected. The epperent
narrowér llnesldths of the pS frsctlong could be
the result of the changes In lineshape fron
predominantly Gausolan to predonlnantly
Lorentzlen as the spin concentrationa end
correspondlng nolecular weighüs lncrease.

Flguce 1, Free Radical Concentrstion for Vaelous
Fractlons of l{esophase pitches Derived
fron Xaphthalene, petcoleum, and
QI-Free Coal  Tar.
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Fl8ure 2. EPB Peat-to-Peak Linerldths for th€
llerophaaa Pltche¡ end Fractlona
Descrlbod In Flturs 1.

The g¡turatlon behavlor Indlcateg the
dra¡natlc dependance of the electron spln-lattlce
rel¡x¡t lon t ine,11, on radlcal concentrat lon
¡nd nolecular ¡lze, tlgure 3 ghowe

Blonb€rten-h¡ccell-Pound (BPP) ssturation
plotss for ths dlfferent fractlon¡ of the
naphthalene-derlved maophaee pltch. Thc
mlcror¡ve porsr, P!12, ¡t st¡ich the norn¡llzed
BPB a¡plitude fallr to one-half of ltg
unratur¡ted value, l¡ ¡ convsnlent qumtlt¡tlve
peraneter wi¡lch correl¡te¡ ¡rith the lnvcrs¡ of
the spln-lattlce rel.¡xatlon tlo€ 11. Tt¡e¡e
curves eqharlzc the lor pousrs required for
neenlngful EPR ooaaur€ocnts of egln
concentration¡ a¡rd llneshapea. Dlfferent tyPos
of e¡turetlon plotr, auch aa augg,ested by
Portia,4 provo that the pltch free redlcals,
even ln a separated fractlon. cennot be descrlbed
by a slngle rel¡x¡tlon par8mtsr, but o.¡st be

F1turs 3. EPR saturatlon Gr¡rveg for the varlou8
Frectlon¡ of the Iaphthalene llesoph¡se
Pltch. tto p¡r¡mtec PLt2 1¡ deflned
es tl¡e oicrorave porrer at strlch the
nornsllzed BPR a4litude fall¡ to
ons-h¡lf of lts unsaturatad value.

descrlbed by a distribution of relsxatlon tlnes,
as the nolecular reight dlstrlbution sould
Euttest.

The EIDOR phenonenon ln pltches5,6
indlcates trc interactlon¡ bet¡reen electron splns
¡nd ühe n¡nlr protons pr6aent, narnely a hyperflne
EúDOR due nelnly to Fenni contaet interactions,
snd s rn¡trlx or dl¡tant EUDoB at the free proton
freguency due to anlsotroplc electron-nuclear
dlpolar lnter¡ctlons. lhe letter depend8 very
aanrltlvcly on mlecular úotlons snd thus
tecAeceture aa ghorrn ln Rlg,ure 4 for the
leotroplc and anlsotroplc phaaee of a petroleuu
reopheee pltch. The preclpltoue drop ln n¡trix
BIDO¡ lntenelty occurs ln the vicinlty of the
glera trenaitlon tenpereturo of thege and other
pltch nstsrisls.
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F1ture 4. ü¿trix EIDOR flplltude ao a qunctloo
of leqerature for the Isotropic and
Anleotroplc Phases of a Petroleuo
llo¡ophase Pltch. The arryIitudés veré
norm¡llzed to unlty et 30'C. lhe DSC
g,laer transltlon tenperaüurea are
denoted bY lc.
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