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Introductlon

0rlentatlon of opti.cally anlsotroplc nesophase
apheres in the nagnetic field hae been lnve_gtigated
by neans of the polarlzed-llght microscopy$-31. Our
stud¡r ree initiated to drau lnformation from a dlf-
ferent point of vier on the nesophase converclon atd
on tbe behevlors ln the nsgnetlc fleld on the baals
of the ESR spectra of pararaagnetlc vanadyl cheletes
ln the nesophase. Also, from the spectra observcd at
elevated tenperaüures rotatlonal correlation tin¡es of
the cheleteo weno estlneted as e kind of the fluldlty
during the carbonlzatlon proceas a¡¡d the actlvatlon
energJ¡ obtained fron the tenperature deperdencc of
the correlatlon timeg rúas discussed in rel¿tlon to
the glze of the nesophase.

E¡cperi¡ental

Iranian heavy oil(IH) wae ueed as one of petro-
Ieun heany oils rith hlgh vanadlu¡n content(306 pp¡ aa
vanadlu¡ netal). 0n the other hand, vanadyl tetra-
phcnylporphyrln vhlch ls sitnilar to vanadyl chelatcg
exlstlng in the hearry oils, vas doped to Ethylerr tar
piüch(ET) free fron vanadil¡m.

In o¡der to heat the sanple in the nagnetic
fleld a¡¡d to neasure the ESR spectre ln sj.tu the sa¡¡-
pJ.ee were heat-treaüed in nitrogen atnosphere ln the
cevlüy, wt¡ich had been specially deslgned for tt¡is
e:cperlnrent. By thia cavlty lt was posalble to nake
auch a heet-treatnent end observatlon of spectral
changeE at hlgher tenperatures to about 50O"C: for a
üenperaüure variation experinent, tenperaüure of a
sanple ln the cavlty ras controlled by hot alr pass-
ing ührough a spiral sillcon-carbide heater lnstalled
Juet under the cavlty.

Results end Dlscussion

l{hen the orlginal IH sanp}e was heated to 430'C,
renarkable spectral changes were observed neer ca.
30O ar¡d l+3O"C. The typlcal" spectra a^re represented
ln Flge. l(s)-(c). The ani.sotroplc structure aü room
temperature ls sird-lar to that prevlously reported
e¡¡d ühe ESR paraoet€rs are conparable to those of
pure vanadyl porptryrln conplexesff]. Therefore, the
Epectrun ls coneldered to be due to vanadyl chelate
complexes coordinatlng to porphyrin rlngs.

The converslon of the anisotroplc spectnrn lnto
the isotr^opic one appeared at the tenperature near
3OOoC. However, an anlsotroplc structure energed
agaLn ln the vlclnlty of 430'C. Appearance of ühe
anieotropy by heating nas fourd to be irrewralble:
once the anlsotroplc pattern ras forrcd, no lsotropic
spectrun ras obserrr€d in the range bctween 43OoC and
roon tempereture. It suggeets that sone change ln
the etructure ras lr¡ducod by such heatJ,ng of the san-
ple and that the ¡rolecular ¡notion uas so hlndered on
the changed structure as not to pr.odwe sufflclent
averaglng of anisotropy.

The spectral changes slnllar to those of IH uere
observed aleo 1n the case of ET doped vanadyl tetre-

phcnylporphyrln. Honuvcr, thc spectnln gavc only
lsotroplc stn¡ctunc ln the ranpe of ebout 250-4@oC.
Thc anlsotroplc spectnn oeeurrcd wlth the treatncnt
at 4@oC for 2 hr.

The IH ¡aryle ras trceted at t SO.C for 30 nrln
1n thc v¡rlora rngnetS,c flcldg and thcn frozcn to
roon tcnpcratur:e. Thus, one can obtain lnforrnatlon
on thc orlcnt¡tlon by naqnctlc lleld at such hlphcr
tcnpcrature llkc 45O'C, slnce the vanadvl chclatcs
arc rce¡onably assurned to be tnvolwd into ihe formcd
¡rccophasc[5] enn to behave ln the sane nenner to the
necophaac. Accordlng to Schwerdtfep¡r awl lltchl[6],
thc lntenslty ratlo ls related to an orderlng peran-
cter, s, wtrlch ts e ncaüurc of the arrangolcnt ol
the nesophaae:

s =<3cos1o -  l> /2
rhere t lc the angle bctrecn the s¡zmctry axic end
thc optlcal a¡ús of thc llquld cryctal. ft ls ap-
parcnt th¡t thc ordcrlng para,netcr Íneroase¡ llncar-
ly rlth the nagnetlc flcld(Flg. 2), but the value at
lO Kgauaa, -0.O9r ls consldcrebly am1l, conr¡nr.cd
rlth that of purc llould cryttels.

The IH sanple ln the cavlty rac hcatcd 1n the
fleld of l0 Kgausa et 35O arrt 45OoC for 30 nln and
thcn cooled to roon tenpcrature. The Epectra Í€rc
recorded ln situ by r"otatlng thc sanple tube fron 0
to 90' eround the a¡ds pcr,pcndlcular to tha nagnetic
fleld. As csn be scen ln Flg. 3, thc carrple treated
at lr5Ot0 represente the lergc angular depcndenee,
whlle the spectrum ts llttle affeeted bv the rotatlon
for the aarnple heat-ürcatcd at 35OoC. 0n the other
hand, the intenslty ratio of the parallel nart to the
perpendtculer one for EI treated at 40o'C for 2 hr
elso changes rlth the rotatlon, although the angular
dependencc Ls smaller than that of Ill treated at
43OoC for 30 ¡¡ln. The necophase h¿s a staeklng tex-
ture of the l¡rcIlee whLeh conslst of larqe aronatLc
Dolecules. Accordlngly, whcn the naenetle fleld ls
applled, c-axls of the neaophase ls considered to be
allgned perperdlcular to the field because of dla-
nagnetlsm due to aronatlc sheets. If the eheletes
arc lncorporaüed betneen and,/or ln the larnellae, onc
can e:Qlain rcasonably the hlgh value of nerpendlcu-
lar conponent at O'. In addl,tlon, the lncreasc of
I¡g rtth the rotatlon cen be lntcrprgted as follows:
slnce the c-axlE of the nesophaso 1s alloved to take
ar¡y directlons Ln the plane pcrcendicular to the
fleld, the chelatcs in the nesophaae rhoae e-axls ls
wrtlcal to both the field and the sanple,tube nake
posltlve contrlbutlon, for cxanple I¡6 rtth the

. rotetlon of the e¡¡Fle tubc.
In llould, in which Bromlan notion ts suffl-

clently rapld, the anlsotropy of the ESR spectnm ls
averaged out end app€ars lsotroolc. For this ease
the Kl.velsonrs theory[il ls the nost eonvcnlent for
the analyals of the sxpcrlnontal results. The eor-
relatlon tirne a. ls estlnated by uslng t,he thcorT
fron the ltne rvtdths ant the hcights at each tcnper-
eture at whlch the lsotroptc spectnn eppeers. FtC. r.
ghows the chenges of ac, wlth the redueed tenrprature.
The corrclatlon tlne of cach eanple deereased wlth
rlslng tcmpcrature, but lt lncreaaed drectically
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near 370-39OoC. Fron_th'e fact that no sphore is ob_;erved nlcrographically aü ttrese ternfJrlt*"", or,"can say that the mesophase p"""u"uo"-r-piesurnaUfy Ue_gin to grow in the mairix.

Flg. I ESR spectra of IH at (a) roorn
üenqerature, (v) 36 
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Fig. 2 Variaüion of ordering paranreter
for rH riüh rhe *e"ári"-ii"ij.
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Ftg. 3 Angular_depenrlence of the intensi-ty
ratlo, rey, hty, , for rH ;; Eineat_rreeted ln the field of 10
Kgauss.
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Flg. 4 Varlatlon of comelatlon tir¡e forIH and E? w1th tenperature:-- "- '
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