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This paper fnvesticates the possibifine af estinneiine relaiive
«ring-current tensivies in polvevclic, conjneated hyvdrocar
hrans fronr some sinple topologica fearnres of these molecides.
Sueh topetogical analvses have in the past iy been ased o
correlute resenance enersies and reaciivities of this clavs of com-
pewnds. A4 very simple prescriprion is here proposed for estinai-
ing refative «rine-currenty ntensities gndd i is then stccessfulle
applicd 1o a wide runge of conjugated hvdrocarbons - alternant
and nosi-aliernam, benzenord and non-benzenoid. In the appli-
cation af this prescripeion it is assumed that the so-cafled weon-
Jjupation circuitsy i all Kekulé structures which may be devised
Sfor any given molecule make contritmions which are additive,
the size of such individua! conributions heing estimated from
the wring-curreni» effects calculaied 1o he associaied with ihe
carresponding model-anndenes. The concept of «canjugaied
circits» andd the search for them are both purefy topological in
nature: the centtribution 10 the Yarious «ring-curretd» Iensiies
made by each sich circuit must iowever depend also on the area
af that circult, and on the aring-current» intensity and ring area
assumed for the related model-annulene — hence the description
of this method as «quasi-topological». It is concluded that this
novel method for «ring-current» estimation should be adequare,
nwmericatly, for most rourine-applications of the concept and it
is therefore hoped that this new approach, whilst adimitiedly
naive, will prove a considerable convenience when more-sophis-
ticated, quanin-mechanical calculations are not available.
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P — INTRODUCTION

{dcas aboul the circulation of z-clectronic currents
in (polvievelic, conjugated hydrocarbons, originally
invoked in order 10 explain the large antsotropies of
magnetic suscepithility observed in 1his class of
compounds, have a long history in the Lierature.
Pacuna [H], and the late Dame Katuieen Loxspalk
[2] proposed a free-clectron model for benzene,
while Loxnox 3] gave the Tirst guantun-mechanical
account of these properties, using an LCAO-MO)
theory which incorporated whas have since been cal-
led wgaugc-invarianty» atomic-orbitals. With the de-
velopment of TH-NMR in the mid-1950"s. interest in
what were by then being called «ring-currents» was
revived, once it was realised 4] that these same
«ring currents» cowdd account gquite naterally for
the low-field chemical-shifts of the protons in pla-
nar, condensed, benzenoid hvdrocarbons [5],
without any essential change in the models em-
ploved. Simple extensions of (the London iheory, by
Portt 6], Meavtesy [71 and one of the present authors
[8), give a good account [8, 9] of the experimental
proton-chemical-shifts in these molecules [10},
when the calculaiions are appropnatcly  parane-
trised [11].

More-recent theortes of the «ring-current» cffecl
liave been cast in terms of (counled or uncoupled)
SCT wave-functions (for bibliography, see refs, [12,
13]) and when the predictions of these theories have
been confronted with experimental '"H-NMR data
{104 Ihc;v have in ecneral also met with gratifying,
albeit qualified, success. Furthermore, although the
concept of «ring-currents» has in the past been con-
troversial [14-16], recent work by one of us [17, 18}
has given strong jusiification for their use as an in-
termediate in the calculation of molecular proper-
ties (such as magnetic susceptibilities and NMR-
-shieldings) that depend on the current-density field.
We therefore start from the proposition that the
aring-current» idea gives a satisfactory account of
the way in which the m-clectron system of a poly-
cyclic, conjugated hydrocarbon reacts to an exter-
nal magnetic-field.

In this paper we present a prescription for estimat-
ing the relative «ring-current» intensities in polycy-
clic, conjugated hydrocarbons, @ prescription which

{1} Present address: The King's School, Canterbury, United
Kingdom.

Rev. Port. Quim., 21, 82 (1979}




*RING-CURRENT» INTENSITIES IN POLYCYCLIC, CONJUGATED HYDROCARBONS

is based on the topological (¥} features of these mo-
lecules; we shall then test this formulation by ap-
plying it to a large number of conjugated hydrocar-
bons — alternant and non-alternant, benzenoid
and non-benzencid, diamagnetic and paramagne-
tic — and by comparing the results obitained with
those of more-traditional methods of estimating
«Ting-current» intensities, numerical values of
which are available in the literaiure.

The graph-theoretical aspects of simple «ring-cur-
rent» calculations on conjugated systems have been
discussed in detail by one of us [19] and these ideas
arc here extended by incorporating the concept of
«conjugation circuits», recently introduced by
Ranoic [20], and independently arrived at by one of
the present authors [17].

2 — THE RELEVANCE OF «CONJUGATION
CIRCUITS»

The classical approach [1, 2] to the problem of cal-
culating the currents induced in a general, conjug-
ated hydrocarbon by an external magnetic-field is a
typical application of electrical-network theory (e.g.
refs. {25, 26]); even the simple MO-formalisms
bBased on HMO-theory, such as that of Mowrim £71,
are also amenable (o an interpretation in such lan-
guage, for the fundamental system of circuits and
the spanning-trees of the graph representing the car-
bon-carbon g-bond connectivity of the conjugated
system under investigation are also of relevance in
this method, as was much discussed in ref. [19] (to
which the reader is referred for an explanation of
the graph-theoretical terms used here).

In Moveeny’s method (7], each «circuit» [7] within
an M-cyclic molecule is formed by taking an arbi-
trary spanning-tree {27, 19} of the molecular graph
and adding to it ene {(and onfy onc) of the M edges
of the original molecular-graph that does nos
appear in the particular spanning-trec on which the
calculation is being based [19]; a circuit constructed
in this way is unique and, for an M-cyclic molecule,
there are M such distinet circuits [19]. The effect of
the magnetic field should therefore properly be con-
sidered as acting separately on M independent cir-

£*) We use the term «lopologicaly in this paper to degribe any
nroperty that may be derived from the graph which represents
the carbon-atom, -bond connectivity of the planar, conjugated
vdrocarbon moquesiion. For further discussion on the use of

s adiective in g chemical context, see refs. [21-24].

i
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cuits to be found within the molecular graph. This is
a direct translation into classical language of the
interpretation of McWeeny’s method discussed in
ref. [19].

Thus, once the actual magnitudes of the «ring-cur-
rents» have been estimated quantum-mechamcally,
a network-theoretical analysis would be useful in
the calculation of any property derived from them,
since the currents per se, of whatever magnitude,
may be assumed to behave truly classically. (This
point is considered in detail in the footnote on page
1421 of ref. [8]). As is well known, however, the
«ring-current» intensities themselves cannot be suc-
cessfully estimated classically |1, 28). Consider, for
example, the case of perylene (molecule (VII) of
Figure 1); quantum-mechanical cstimates of tf,e
«ring-currenty intensity in the central ring predict a
value [29-31, 9] of ca. Y of the benzene «ring-cur-
rent», while classically one might expect [1} an inten-
sity in this ring more ncarly equal to the benzene
onc. The contrast between classical and quantum-
-mechanical behaviour is more dramatically
emphasised by the fact that, classically, no para-
magnetic currents can be predicted. W is evideny,
therefore, that classical laws of independent be-
haviour of individual circuits, and consequent addi-
fivity of the magnetic induction arising from com-
posile circuils, cannot be translated into a guantum-
-mechanical formalism, as far as the calculation of
«ring-currenty magritudes is concerned. This con-
clusion is strengthened by the work of Mappox and
Mewrrny [28] and Barr ef a@l. [32]; the latter workers
showed by means of a one-dimensional electron-gas
model in a periodic potential that the induced cur-
rent in monocychic annulenes depends not only on
(of course) the ring area but also on whether the
number of maxima possessed by the periodic poten-
tial around the ring is a multiple of 4, or 2 plus a
multiple of 4.

Other workers [33-36] simultaneously discovered
the dramatically contrasting magnetic-properties of
[4n]- and {4n+2]-annulenes, and the relative
stabilities of these {two types of systems have also
been investigaled [35, 37, 38]. There have since been
attempts to regard pyracylenc (X V) and some of its
isomers as «perturbed» [12]-annulenes 139, 40]; this
model remains, however, controversial [41, 42].
Now Ranme [20] has recently correlated the reson-
ance cnergy of benzenoid hydrocarbons with the
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number of circuits, in the various Kekulé-structures
that may be devised for such molecules, that consist
entirely of alternating single- and double bonds
— circuits which Randic refers to as «conjugated
circuits». This dissection appears to allow a locali-
sation of the resonance cnergy — i.e. a decomposi-
tion of the resonance energy inio individual contri-
butions from the various rings which constitute the
molecule. InRanoic’s analysis [20], the contribution
from each «conjugaled circuit» was obtained by fit-
ting the circuit-count to calculated resonance-ener-
gies for a number of reference compounds. In view
of the network-theoretical analysis outiined above,
it is possible that Randi¢’s concept of «conjugation
circuits» might be a factor determining the magnetic
properties of a molecule, as well as its ground-state
encrgy. Now a property which is «local» in charac-
ter («local», that is, 10 each ring) and from which
other magnetic properties may be calculated [18], is
the very «ring current» which we have been discus-
sing. Hence, we now attempt to corrclate «ring-cur-
rent» intensities in polycyclic, conjugated hydro-
carbons with the «conjugation circuitsy» extant in
their various Kekulé-structures. In order to mini-
mise the number of arbitrary assumptions involved
in estimating the contribution to the various «ring-
-current» intensities arising from each «conjugated
circuit», and o avoid having 1o fit our ¢circuit-count
expressions to other computed guantities, we make
use of the systematic calculations of Bae ef af. {32]
concerning the «ring-currents» in {de}-and [4n + 2}-
-annulenes. These calculations, which are based on
a free-electron, one-dimensional model involving a
periodic potential, are the only systematic ones
available for the whole series of the annulenes, there
being difficulties with the use of more-realistic
quantum-mechanical methods for [4n]-annulenes
[32, 17}]. We also make a correction for the fact that
the actual area enclosed by a particular «conjugation
circuit» comprising a given number (&) of carbon
atoms will in general be different from that of the
regular polygon of N sides assumed for the corres-
ponding model-anulene; the magnetic effect is
taken 1o be proportional to the truc area of the cir-
cuit — as indeed it is, both classically {1, 2] and in
simpie quantum-mechanical calculations {3, 6-9, 19,
34, 43-47].
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3 — PRESCRIPTION FOR CALCULATING
«RING-CURRENTS»

By virtue of the discussion in § 2, it is assumed in
this prescription that the effect of the magnetic field
on a molecule is felt independently by cvery one of
the various «conjugation circuits» which are extant
in cach Kekulé-structure; as far as the magnetic
propertics are concerned, an individual Kekulé-
structure may be regarded as a superposition of its
constiluen! wconjugation circuits», the effects of
which are simply additive. The system of «ring cur-
rents» in the actual molecule is then obtained by
finally averaging the contributions from individual

Kekulé-structures over all possible Kekulé-struc-

tures which can be devised for the molecule as a

wholc. Accordingly, the method proposed here for

estimating the relative «ring-cusrent» intensities in a

given molecule is based on the following postulates:

(1) The mcthod of Base ef ¢f. [32] gives reliable es-
timates of the relative «ring-current» intensi-
ties in regular annulenes, when an amplitude
of 3.60 eV (ca. 348 kJ mol} is taken for the
harmonic potential that occurs in their cal-
culations {177,

{ii} A «conjugation circuit» within a given Kekulé-
-structure of an arbitrary, planar, polyeyclic,
conjugated hydrocarbon is a circuit that con-
sists entirely of alternating single- and double
bonds [20].

(ifiy If at ieast one bond of a particular ring forms
a part of a given «conjugation circuit», this ring
shall be said to «participate» in that «conju-
galtion circuil».

(iv) The «ring-current» intensity in any particular
ring of such a polyeyclic hydrocarbon receives
a non-zero contribution from each «conju-
gation circuit» that occurs in all the various Ke.
kulé-structures that can be devised for the mo-
lecule as a whole, provided that the ring in
question parficipates in that «conjugation cir
cuit». These contributions are strictly additive.
If the ring in question dees nof participate in
a specific «conjugation circuit», that parti
cular «conjugation circuit» makes no contribuy
tion to the «ring-current» intensity in the ring
under discussion.

(v) This non-zero contribution to the «ring-cur-
rent» intensity in a given ring from an indivi-

Rev. Port. Quim., 21, 82 (1979)
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dual «conjugation circuit» comprising N bonds
is equal to the «ring-current» intensity cal-
culated (vig (i), above) to be associated with a
model [N]-annuiene, except for a correction
which takes into account the difference bet-
ween the area of the model [N-annulene and
the actual area of the gconjugation circuit» in
gquestion: in appiving this correction 1t IS as-
sumed that «ring-currents» are proportional
to ring areas. Any one, specified, «conjugation
circuite contributes equally 1n this manner te
the intensities of the «ring-currents» in aff the
rings thal participate in if.

{viy The relative «ring-current» intensity in a given
ring may finally be obtaincd by averaging all
such contributions {including the zero ones)
over the total number of Kcekule-siruciures
possessed by the complete molecule.

T onsistent with the rule (V). the «ring-currents» con-

sriburion due to the ath conjugated cireuit, of N

sides and area 4", is taken to be proportional 1o the

guaniity J 7, where

in which J, and A, are, respectively, the «ring-cur-
renis inlensty and the ring arca associated with an
ideatised, regular, planar [Nj-annulene (see Table
11, By rules tivy and (vi), the refative «ring-current»

inrensitv, Jina givenring r, is then

S = Ji'ff) (2}

All aconjugation circuitss
in which ring r participales

where K is the total pumber of Kekulé structures
that may be devised for the molecule as a whole; the
summation runs over all «conjugation circuits», #,
in which the ring r participaies and all Kekulé struc-
rures are to be considered, onc at a time,

1 — ILLUSTRATION, TESTING, AND EVA-
LUATION OF THE NEW «RING-CUR-
RENT» PRESCRIPTION

A% an example, we apply this prescription to napht-
halene. The first step is to draw all possible Kekulé-
-structures and find the «conjugation circuits» in
zach of them, By equation (2), the «ring-current»

Bev. Porr. Ouim., 21, 82 (1979)

Table T
Ring Areast and « Ring-Current» Iniensities” for Regular
Annulenes, Calcrlated by the Meiliod of Baer et al. 321,

Number of Bonds Ring Area? «Ring Currcats?

(N (A v (\f_.\)

4 0.383 2189
5 0.662 —

6 i {

7 1.339 —

8 {.858 1.273
10 2.962 + (.721
12 4.309 - {,691
14 5902 + 0.3758
16 7.740 - 0375
18 9.823 + 0.165
2) 12,151 - 0.

4 Expressed as a ratio 1o the area of a standard benzene-hexagon.

by Expressed as a ratio to the benzene «ring-current» inlensity
caleulated, by the same method [32], for benzene.

<) With the parametrisation deseribed in § 3.

& (Esrapetated),

intensity in a particular ring of the molecule is then
obtained by adding the contributions JU {(equation
(1)) from all the «conjugation circuits» in which that
ring participates. For naphihalene, £ = 3 and the
«conjugation circuits» are shown in fig. 1. It is
clear that, by symmetry, the «ring-current» intensi-

/A

FIG. 1
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Table 2
wRing Currentsn, and Related Quantities, Estimated by Various Methods
«lntegrated «Ring Current»
) L{mcion.-Popiechchny T-Electron Estimated by
Molecule Ring «ng-Cu.rrcant» Cuirents Present
Intensity Intensity” Prescription®
Benzene (1) ] 1 1
Naphthalene (1D A 1.09° 1.07 0.99
Anthracene (11D A 1.08° 1.05 (0.96) 0.84
B 1.28 1.28 (1.32) 1.08
Phenanthrene {IV) A 1.13° 113 1.07
B 0.97 0.95 0.86
Pyrene (V) A 0.96' 0.94 0.80
B 1.33 1.34 1.20
3,4 Benzopyrene (VD) A §.21% — .01
B 1.29 e 1.15
C (.85 - 0.61
o 1.30 - 1:18
E 1.08 — 0.94
Perylene (VI A 0.97" 1.03 0.99
B 0.24 0.22 0
Zethrene (V1D 4 6.37 - 0
B 0.87 — 0.99
c 0.92 e 0.99
Peropyrens {IX) A 1.03] — 0.80
8 1.45 - 1.34
C 1.33 - 118
Diphenyl (X) A 0.94% 0.96 1
Biphenylene (X[ A 0.25% 0.40 0.27
B —1.81 -1.76 - 1.79
Azulene (Xil) A .07 1.03 0.49
B 115 1.28 0.49
Acenaphthyiene (X111} A 0.93* 0.94 0.99
8 011 ~0.14 0
Fiuoranthene (X1V) A 0.99™ 1.00 ( 1.02) 0.99
B 0.05 -0.04 { - 0.02) o
c 0.86 089 ( 097 1.00
Pyracvlene (XV) A -0.39 (+ 030" -0.20 (+ 0.56) 0.29
B -232 (- 1.0D —2.16 ( —0.74) ~ 0.64

a

"

b

—

36

«Ring-Current» inlensities (expressed as a ratio o (he «ring-currenty inlensity calcwlated, by the same method, for benzene) by the
Londoa-Pople-McWeeny methad [6-8], taken from a varicty of literature sources. Figures in parenthesis are from the iterative cal-
cutation described in ref. [41]. A positive entry indicales a diamagnetic current; a negative entry signifies a paramagnetic current.
«lntegrated Tr-clectron curreni-densitics» by the method of Couson ef al. [12]. For eésy comparison with the other two columns of
this Table the values here (which, except Tor those in parentheses, are taken from ref, {12]jare given as ratios o the «integrated -elec-
tron current-deasily» calculated, by the same method, for benzene (928/2m(,x 0,946 A nm) [17}. The results in parentheses are from an
unpublished, iterative calculation by the present auihors, in which resonance integrals between pairs of ¢ -bonded carbon-atoms have
been made self-consistent with the corresponding bond-orders. (A positive entry indicates a diamagnetic current; a negative entry de-
notes a paramagnetic current.)
<} «Ring-Current» estimares obtaindd vie equations (1y and (2} and the data of Table 1. A positive entry indicates a diamagnetic cur-
rent: a negalive entry signifies a paramagnelic cureent,
¢y Refs. [7.29,19]. ¢) Ref. [29]. N Refs. [29, 30, 91 ©) Refs. {30, 481. " Refs. {30, 91 %) Refs. [19, 47]. iy Ref, {31]. %} Ref. [12].
I} Ref. [6]. ™ Ref. {45]. v} Refs. 41,12}

Rev, Port, Quim., 21, 82 (1979}
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ties in the 1wo rings, i and 2, of naphthalene will be

equal and, by equations {1} and (2}, they are:

(1+1)

-— N= 0.99
2.962 )}

{to 2 significant figures)

e i%zxgxg_)ﬂzxcz_m x
3L $

— i.e., each ring receives a «[6]-annulenc»
comiribution {twice) and a «{10}-annulene» contri-
manon {twice}. This result 15 10 be compared with
the 1.09 obtained vig the Hiickel-London-Pople-
-McWeeny approaches [3, 7, 29, 19, 34} and the va-
ine of 1.07 which Couvison er al. [12] reported for
their so-called «iniegrated m-electron current».
Eguations (1} and (2) and postulates (1)-(v1) were
applied to the 13 conjugated hvdrocarbons shown
in fig. 2; the results are shown in Table 2 where the
corresponding «ring-current» iniensities calculated
by more-conventional methods are also reproduced,
for comparison.

By and large, a very reasonable qualitative agree-
ment 15 observed with the results of conventional
methods of calculation, particularly as far as the
condensed, benzenoid hydrocarbons are concerned,
and several important details of «ring-current» dis-
wibuiion in these molecules displaved in the more-
~traditional «ring-curreni» calculations are properly
reproduced by the present prescription. For
example:

{1y The relative order of aring-current» intensitics
within a given molecule is correctly predicled
for all the condensed, benzenoid hydrocarbons
treated. This is true even of the carcinogen
3,4-benzopyrene (VI} with five symmetrically-
-non-equivalent rings, where the smallest cur-
rent is correctly predicied to be in the «K-region»
ring, ring C.

{i1) Full quantum-mechanical «ring-current» cal-
culations predici {31} that the central ring (B)
in peropyrene (1X) bears a much larger «ring-
-curreni» than does the (formally) analogous
central ring {(B) in perylene (V1I}, which is simi-
larly condensed, with four surrounding rings.
One of us [31] has intuitively and heuristically
rationalised this observation by invoking the
well known fact that the central bonds in pery-
iene, conneciing the two naphthalenic units,

Rev. Port. Quim., 21, 82 (1979)
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never appear other than as single bonds in any
of the several Kekulé-structures which can be
devised for the molecule as a whole: in pero-
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pyrene, however, there is no such «bond fixa-
tion» and hence, in this molecule, a/f bonds in
the central ring necessarity participate fully in
the conjugation between the upper and lower
halves of the molecule. This interpretation is
fully supported by the prescription we are pro-
posing in this paper (¥).

{(iit) Zethrene (VIHD, in which there is also such
«bond fixation» [19, 46] in the ceniral rings
(A}, 15 predicted to bear «ring-currentsy» which
are all smaller in inlensity than the benzene va-
lue, that in the central ring being the smallest.

Thiose molecules considered that are alternant, but

not condensed, benzenoid hydrocarbons (X) and

(XI3) arc

are nicely in accord with the corresponding values

calculated by quantum-mechanical methods. It

precicted to bear «ring currents» which

should, in all fairness, be pointed out, however,
that, in view of what we shall say below concerning
strongly paramagnetic molecules, it is very likely
that the extremely pood agreement amongst the
varicusly calculated «ring-current» intensities for
biphenylene (XI), whilst gratifying, is probably fortui-
tous. As for the non-allernant hydrocarbons consi-
dered ((XI10-{XV)).
for azulene (XTI {particularly as the molecule is un-
ambiguously diamagnetic in both rings) but encour-
aging for acenaphthyiene (X111} and fluoranthene
(XTV)in which, for the latter two hydrocarbons, the
quantum-mechanical predictions of a very low

the agreemient 15 disappointing

«ring-current» intensity in the five-membered rings,
B, are confirmed. The two guantum-mechanical
calculations gquoted in Table 2 differ on whether this
small «ring-current» 15 diamagnetic or paramag-
netic, while the present prescription does not enter-
tain the notion of a «ring-current» of any tvpe in
these rings, for the rings in question never parti-
cipate in any conjugated circuits, In the case of the
one non-alternant molecule studied that has para-
tropic [13] regions (pyracylene (XV)), the «ring-
-current» estimates obtained on the basis of the pre-
sent prescription correlate better with the results of
iterative quantum-mechanical calculations (in
which resonance integrals between o-bonded car-

(*) The strikingly different «ring-current» intensities in the
central rings {B) of perylene (VII) and peropyrene (1X) have also
been explained, vig a superficially very different approach, by
onie of the present authors and Haicu [46] who make appeal to a
molecular-orbital argument based on perturbation theory.
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bon-atoms have been made e
sister with respect to the corrgsp
7 -bond-ordersy than with the pr
tuni-mechanical calculations in

velv self-con-
i caleulated

ment has not been made. This i<
since, as we [44, 17, 42] and other . -“58 9} ha\e
previously pointed our and razionalised [41, 42]
(and as is well iltusirated by th
lene quoted in Table 2}, quantum

res foT pyracy-
chanically pre-
zlv para-
o whether

dicted aring-curreni» iniensies
mannetic systems are exiremely sensi
or not the wave-funciion used 1o cakulaie them has
been made iteratively self-consisient w
fared himg

resonance integrals and calcu
S~ CONCLUSION

On the strength of the above esis
conclude that when no elaborale g .m~mecha—
nical calculations are available for a particular con-

jugated, ]’)OI\L\L]IL hvdrocarbon, the ;‘.H::Gum des-
atuarsd in § 4re-

presenis a mj;d method of obaining swimares of

«ring-current» intensities reliable encuzh 10 be used

in the qualitative or semi-gquantitative prediction of

w-clectron magnetic-susceptibilities and H-NMR

chemical-shifls.
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RESUMO

Neste artieo sdo exploradas as possibiliclades de estimar as inten-
sidades relativas das «correnies de anel» em hidrocarbonetos
conjugados policiclicos, a partir da simples caracterizacdo [opo-
{ogica das molécutas. Andlises topologicas deste tipe tém, no
puassada, sida usadas principalmenie para correlacionar energias
de ressondncia e reactividades deste classe de compostos. Pro-
pde-se agora wimae prescriedo muito simples para estimar intensi-
dades relativas de «correntes de aneln» e foz-se aqui a sua aplica-
cdar g unt gpreciave! misiero de hidrocarbonetos de vdrios lipos
alternantes ou nda, hensendides ou ndo.

Consideram-se as contribuigcdes, supostas aditivas, de todos os
chamados «oircuitos conjugadoss em todas as estruturas de Ke-
kulé gue podem ser escritas para o molecule; a grandeza destas
contribuicdes ¢ estimada directumente das «correntes de anel»
calcrladas para os amdenos modelo associados aos «oircuitos
conjugadosy», () conceito de «circuito conjugadon ¢ o processo
de o5 encontrar sGo de natureza puramente lopolagica, a conlri-
buicdo para as vdarias «correnles de anel» que & provenicnie de
cada circuito deve contudeo depender também da dreua desse cir-
cuito e da intensidade da «corrente de anel» e area de anel consi-
derudas para o anuleng — dai a descrigdo deste método como
quase topolégico.

Caonclui-se que o méiodo agui proposte para o estimativa de
«wcorrentes de anel» deve ser apropriada para a grande maivria das
aplicacdes de roting; ainda gue se admitag ¢ seu simplismo, es-
pera-se que este novo métode seomostre muilo conveniente
quarido ndo se disponha de resuitados de calculos por processos
mais safisticados de mecinica guéntica.
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