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Intrcductlon

Graphlte ard ¡nany other cartonacecn¡s materlals
conslst pr1nar11y of polyrnrclear an¡natlc trydro-
carbons. Ihe lnablllty to lsolate such ccrrpourds
for lrlllvlduaL study bas r"eeulted ln thelr rcactlons
belr¡g descrlbed ln ver.5l general, phersrrerologfuaf
terns. Reactlvlty 1s bel:l.eved to lr¡volve actlve
sltes whose ctsnlcal r¡atur€ 1s speculatlve.

Because we belleve that r€actlons of ca¡.bona-
ceous raterlals are ll}cely to follcn stralghtfor$Enl
organlc mechanlus, we have beer¡ applylng senl-
arplr1ca1 pl-electr"ur tfForles to verX¡ la¡ge po\y-
arcnatlc specles. Several of these theorles ar€
well-sulted for thls purpose slnce they are conputa-
tlonally slnple a¡d have been qulte successfl¡1 fo¡'
polybenzenold structr¡r€s. By uslrg these ttreorles
to develop structu€,4€actlvlty r.elatlons, we hope
to devlse models for r.eactlor¡s of carbonaceq.¡s
materlals.

Itreo!.les Based on Ke¡o¡le Structure Cq¡nts

Stn¡ctr¡¡re-R¡s^háñ^^ n -
ttrls tt¡eory ls the slrplestrard cot¡ld be ap-

plled to the largest stnrctr¡¡¡es.' Uslrg thls
¡¡ethod we have exa¡nl¡Fd graplLltlc 4olecutes ccr
taJ¡J:rg as many as 16,000 C-atcos."J l4ost t¡ends
predlcted by SRI are cor¡slster¡t and ¡"easor¡able.
Iocal propertles such as boñl o¡dens ard aronatlclty
1¡d1ces converge pr.operly to gl?phltlc limlts ar¡t
appear to be quaUtatlvely corr€ct. l¡xfortunately,
overall nplecular propertles such aq lonlzatlon
potentlals do not cmverBe wlth lncr.easlrg s1ze,
ard others corwerge to dlffe¡.ent values dependlrg
on edge structure.

Perturbatlon li{clecular @bltal (Pt'0) Theo¡v
l'latt¡snatlc¡'lIy related to SFf, thls thegry

always y1elds reasor¡able collve!€ence lt¡nlts.' It
predlcts electncn locallzatlm energles, a key
factor determlnlrg tt¡e l1kel1hood of f¡ee-radlcal
attack at a speclfled posltlon tn the rp1ecule.

üreo-
r1es, lt ls st1ll cor¡s1de¡ed to be ft¡ndaÍEnta[y
corz€ct for benzenold polyarcmatlc Íplecules. It
y1e1ds energles ef ¡'l'l occupled enerEf 1eve1s along
wlth the eLectrrcn der¡sltles assoclated wlth each
1evel. Itre least stable (1.e., hlghest) occupled
orbltal 1s ofben cor¡slde¡ed to be tt¡e one thrrcugh
¡¡t¡lch ctlernlcal neactlon occuns. Tlne largest ncJ.e-
cules we have e¡canlned so far by thls theory con-
tal¡ed 1500 C-atc¡rs.

Self-Conslstent F1e1d (SCF) ltporles
Although note ccrnplex a¡ri tÍre-cor¡sunlng than

H!0 c¡'lculat1ons, SCT'tfleorles ar.e genera].ly con-
sldered to be rpr€ accr¡¡ate. litcst of our r€cent
work has been on the developrcnt of efflclent cc¡r¡-
puter codes to adapt ttrc Pople vqr¡lon of ttese
nethods to very la¡ge rno1ecu1es.""

AII of the slrpler theorles v{e exarnlned re-
qulred constructlng the gecalled bond matrlx whlch
descrlbes trr,¡ the carbon atcms ar€ coryrected. Íhe
key to tt¡e1r exter¡slon to large rolecules was the

use of a unlque ntunberlng systern for the carbon
atqüa wfúch ¡"esulted 1n a narrow banded bord matrlx
tütose elgerryalues and lnverse could be eas1ly
determlr¡ed.' If, ho$rever, one ls lnterested 1n
tte electron densltles assoclated w'lth the ener6r
Ievels, or r€qulrEs thel¡ use 1n lteratlve calcu-
latlons as ln SCF rethods, then ccÍputatlonal pre
blens rapldly becore enonrpus for molecules of even
npdest slze. In tf¡ese cases, the only way to
str.¡dy la¡ge rpl_ecules ls to requlrE th6n to have
tte r¡a¡rlr¡¡n syrÍEt4f . then, grotrp theor.etlcal
rettpds can be applled to gneatly s1rp11fy the cc¡n-
putatlqral prcblern. Another advantage of uslrg
sy¡trrEtrlcal structures 1s that they are easlly
fo¡rned lnto horologous serles, each serles conslst-
1ng of a pr"ogresslon of lncreaslrgly large nrole-
cu1es. Uslrg thls approach we have been able to
u¡e the SCF retl¡ocl on rr¡Lecules contalnlng up to
1000 C-atqns. For ccnplete convergence of thls
lteratlve nnthod, such rplecules rcquf€d thr€e
to slx days on a hlg|t speed corputer. Ib our
Ispwledge, the largest nplecr¡le to whlch thls
rethod had prevbusly beerr"applled r¿as kelo¡lene
whlch contalns 42 C atqns. r

¡mr@.
So far, o¡r Ñts yrlth ttre lvO theortes ane

¡¡srre]$ 1n qrralltatlve agr€srent wlth sfupler
theorles. Ore cr1tlcal dlfference, hoh¡ever, 1s
that these methods, ln accord wlth 1ntult1on,
lr¡dlcate that r€sona¡¡ce energles per C-aton
approach a unlque value wlth lncreaslng noleglrlar
s1ze, lrdeperdent of edge type. For the slnplest
theory used ln pr€vlous studles, dlfferer¡t Umltl¡g
vaLues vrere approached ¡¡tr1ch deperrled on edge type.

For the hlghest occupled orbltal, both HIíXI and
SCF predlct a large prrbablUty for tf¡e electrcn to
be corcentrated at the perlneters of Iar1ge hexagonal
molecules havlng an antf¡racene-Ule edge str:uctr¡¡€.
I!r1s 1s 1n contr€st to sl¡nlla¡ nplecul"es wlth
ptlertanthr€ne-llke edges. For these the electron
dlstrlbutlon 1n tt¡e hlghest orbltal 1s very unlfo¡m
over the whole molecul"e. In the antlrracene-type
structures thls concentratlon of electron prcba-
b1l1ty at ttte edge of tlre nolecule ls not lj¡nlted
to orüy tte hlghest fevel. It 1s evldent ln
orbltal"s whose energles l1e as rillch as 0.8 eV
beLow the hlghest 1eve1.
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