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Abstract
The ipsocentric pseudo-π model is used to predict maps of induced current density for isomeric variations of coronene
in which the central hexagonal ring is surrounded by 5, 6, and 7-membered rings. All isomers in the set are predicted to
support strong diatropic perimeter ring currents, thereby conforming to the magnetic criterion of aromaticity.
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1. Introduction

Calculations of ring currents1 have a long history,
and in 1962 two independent calculations for coronene
gave results that were in agreement. 2 It has been reported
that in an axial magnetic field, a number of annular mole-
cules such as coronene,3 corannulene ([5]circulene3),
[7]circulene4 and kekulene5 all support disjoint counter-
rotating ring currents with the periphery having a diatro-
pic ring current and the hub a paratropic ring current. By
contrast, [10,5]coronene with ten fused pentagons around
a central decagon was found to support inverted counter-
rotating paratropic-rim versus diatropic-hub ring cur-
rents.6 A similar pattern was found for the hypothetical
corazulene molecule.7 This sensitivity of current maps to
changes in arrangements within polycycles is of course of
interest in view of the connection between induced cur-
rent and one popular definition of aromaticity, in which
the defining characteristic of an aromatic cycle is that it
should sustain a diatropic ring current.8 This association
of aromaticity and magnetic properties has been subject to
much discussion over the years.9

A case of strong diatropic peripheral ring current
which lacks opposition from the ring current in the hub
was discovered for a valence isomer of coronene (which
will be called here '[575757]isocoronene' for short)10 ha-
ving alternate heptagons and pentagons surrounding a
central benzenoid ring. One may view this valence isomer

as arising from the replacement of three naphthalenic
units by azulenic subgraphs on the coronene periphery,
without drastic reduction of aromaticity.

It is easy to imagine a gradual transition from coro-
nene to this valence isomer, replacing stepwise a pair of
peripheral hexagons of coronene by a pentagon and a hep-
tagon in various positions around the central hexagon.
One may also conceive more drastic changes correspon-
ding to replacement of non-adjacent pairs of hexagonal
rings, which may lead to adjacent pentagons and/or hepta-
gons. Lower aromaticity will be associated with the pre-
sence of two adjacent five-membered rings (introducing
an 8-circuit subgraph) or two adjacent seven-membered
rings (forming a 12-circuit). Of course, the geometry of
the valence isomers involving deviations from planarity
must be taken into consideration.

The theoretical approach used here for the assess-
ment of these progressive changes in aromaticity, at least
in so far as this is determined by the presence of diatropic
ring currents, involves the ipsocentric11 (CTOCD-DZ)12,13

method. Figure 1 shows the 18 isomers considered. They
represent possible stages in a stepwise transition from co-
ronene (1) to [575757]isocoronene (18). To begin with,
two of the hexagons around the central benzenoid ring are
replaced by one heptagon and one pentagon in all possib-
le ways to give the para (2), ortho (3), and meta (4) confi-
gurations. In the next step, the central ring is surrounded
by two pentagons, two hexagons, and two heptagons. The
11 possible configurations are represented in isomers
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5–15. Isomers 16–18 show the three ways of arranging
three heptagons and three pentagons around the central
hexagon. Each isomer has a six-figure code which details
the cyclic sequence of pentagons, hexagons and hepta-
gons around the benzenoid centre. Several of these sys-
tems were considered in the early work of Randi} and Tri-
najsti} on conjugation and aromaticity in corannulenes,
which concluded that many of them were aromatic in cha-
racter.14

2. Method

All geometries are optimized at the B3LYP/ 
6-31G** and RHF/6-31G** levels using GAUSSIAN 09.15 In
the first instance, all structures are constrained to their
maximum symmetries and optimized using both methods.
Any structures found to be transition states or higher sta-
tionary points are then re-optimized without symmetry
constraints to find the minimum geometry. 

Ring currents are calculated using the well-estab-
lished ipsocentric CTOCD-DZ approach at the CHF
(Coupled Hartree-Fock) level.11–13 Rather than comple-
ting full ab initio calculations for each structure, the
pseudo-π approximation is used,16 where each carbon
atom is replaced with a hydrogen atom bearing a single

1s (STO-3G) orbital. This method relies on the one-to-
one correspondence between the π orbitals of a planar
conjugated system and the σ orbitals of the hydrogen
cluster.

There is an astonishingly good numerical match bet-
ween the σ current density of the hydrogen framework
plotted in the molecular plane and the π current density of
the original carbon system plotted at a height of 1a0. The
pseudo-π method provides an economical way of repro-
ducing the features of a ring current, and has already been
successfully used on large polycyclic aromatic hydrocar-
bons.17 Pseudo-π current-density maps for 1 and 18 in this
paper compare well with ab initio π maps calculated el-
sewhere.18

The pseudo-π current-density maps are plotting us-
ing a combination of GAMESS-UK19 and SYSMO20 as
implemented by Dr. R. W. A. Havenith. In the maps, anti-
clockwise (clockwise) circulation represents an induced
diatropic/aromatic (paratropic/antiaromatic) current.

3. Results and Discussion

The maximum symmetries of 1–18, along with
the point group of their geometric minima at both the
RHF and DFT levels, are given in Table 1. The table

Figure 1. The 18 ring-replacement isomers of coronene (1) studied here. This figure shows skeleton geometries optimized at maximum symmetry
at the B3LYP/6-31G** level. No particular bonding scheme is implied. At this level, 7 and 16 are transition states. The arrows on the figure are re-
ferred to later in the text.
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shows how unconstrained DFT optimization of these
isomers often yields a structure with higher symmetry
than the equivalent RHF result. Situations in which
Hartree-Fock geometry optimization gives a lower
symmetry than expected from the molecular graph are
not uncommon, but DFT optimization tends to restore

the higher symmetry, suggesting that the HF symmetry
breaking is spurious.21 It is often said that DFT optimi-
zation tends to favour more ‘delocalised’ systems,22

and this is illustrated in the present series by reduced
bond alternation compared to the RHF-optimized struc-
tures. 

Figure 2. Pseudo-π current-density maps, calculated using the maximum-symmetry B3LYP/6-31G** geometries of isomers 1–18.
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A recent study23 of current-density maps for DFT
and RHF geometries of polycyclic systems concluded
that calculated ring current can be affected significantly
by choice of geometry and use of a DFT optimized geo-
metry was recommended. To provide consistent results
across the range of isomers considered here, DFT geome-
tries are used to plot the ring currents displayed in this
paper.

Not every polycyclic system can achieve the theore-
tical maximum symmetry consistent with the graph of its
carbon framework. Here, isomers 7 and 16 have geome-
tric minima at the DFT level with lower than the maxi-
mum possible symmetry. In these isomers, adjacent penta-
gons and heptagons around the perimeter apparently cau-
se sufficient strain to force the system to relax into a non-
planar conformation. 

Figure 2 shows the pseudo-π current-density maps
plotted using the symmetry-constrained geometries, opti-
mized at the B3LYP/6-31G** level. The isomers all show
a strong diatropic perimeter current. Less intense currents
are also apparent in the molecular interior, and in some ca-
ses (e.g. 7, 16, and 17), this amounts to a marked diatropic
circulation on the central hexagon. Apart from coronene
(1) itself, none of the isomers show a diatropic-rim/para-
tropic-hub pattern.

Figure 3 shows the low-symmetry geometries of iso-
mers 7 and 16 and their pseudo-π current-density maps.
For these non-planar isomers the maps are plotted in the
median plane and show the projection of current into that
plane. Both molecules retain the diatropic perimeter cur-
rents seen in Figure 2, although here these are made harder
to see by the undulation of the carbon framework with res-
pect to the plotting plane. Relaxation of symmetry does not

disrupt the rim-and-hub pattern of ring currents signifi-
cantly.

One model often used when discussing currents in
circulene-type molecules is the “annulene-within-an-an-
nulene” model (AWA).24 In this model the perimeter and
hub are be considered as separate cycles with their own
electron counts, each subject separately to the Hückel 4n

Figure 3. The structures and current-density maps for the uncon-
strained B3LYP/6-31G** optimizations of 7 and 16. Sideways-on
views (from the left) indicate the extent of deviation from planarity.

Gmax Gmin Number of Kekulé Structures Pauling Bond Order of the ‘spokes’ (total)
1 D6h D6h /D6h 20 0.40, 0.40, 0.40, 0.40, 0.40, 0.40 (2.40)
2 C2v C2v /Cs 8 0.13, 0.25, 0.13, 0.13, 0.25, 0.13 (1.02)
3 Cs Cs/Cs 12 0.25, 0.42, 0.33, 0.42, 0.25, 0.00 (1.67)
4 Cs Cs/Cs 10 0.30, 0.10, 0.10, 0.30, 0.30, 0.30 (1.40)

5 Cs Cs/Cs 7 0.14, 0.00, 0.14, 0.00, 0.14, 0.43 (0.85)
6 Cs Cs/Cs 8 0.25, 0.13, 0.13, 0.13, 0.13, 0.25 (1.02)
7 C2v Cs /C1 9 0.11, 0.22, 0.22, 0.11, 0.22, 0.22 (1.10)
8 C2v C2v/ Cs 7 0.14, 0.00, 0.14, 0.43, 0.14, 0.00 (0.85)
9 Cs Cs/Cs 8 0.13, 0.13, 0.25, 0.25, 0.13, 0.13 (1.02)
10 C2v C2v/C2v 9 0.22, 0.11, 0.22, 0.22, 0.11, 0.22 (1.10)
11 C2v C2v/Cs 7 0.43, 0.14, 0.00, 0.14, 0.00, 0.14 (0.85)
12 Cs Cs/Cs 7 0.00, 0.14, 0.00, 0.14, 0.43, 0.14 (0.85)
13 C2h C2h/Cs 9 0.22, 0.11, 0.22, 0.22, 0.11, 0.22 (1.10)
14 C2v C2v/Cs 8 0.25, 0.13, 0.13, 0.13, 0.13, 0.25 (1.02)
15 C2v C2v/Cs 8 0.13, 0.13, 0.25, 0.25, 0.13, 0.13 (1.02)

16 C2v Cs/C1 4 0.00, 0.00, 0.00, 0.00, 0.00, 0.00 (0.00)
17 Cs Cs/Cs 4 0.00, 0.00, 0.00, 0.00, 0.00, 0.00 (0.00)
18 D3h D3h /C3h 4 0.00, 0.00, 0.00, 0.00, 0.00, 0.00 (0.00)

Table 1. The maximum symmetry of each isomer (Gmax) and the symmetries of its geometric minima (Gmin) at the DFT/RHF levels are shown,
along with the number of Kekulé structures. The Pauling Bond Order of each of the six ‘spokes’ bonds is given, beginning with the spoke highligh-
ted by an arrow in Figure 1, and continuing in a clockwise direction around the central hexagon.
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+ 2 rule. In the limit where the cycles are non-interacting,
this picture of the electronic structure leads to the predic-
tion of con-rotating diatropic rim-and-hub currents for
systems where both cycles achieve the aromatic electron
count. Where the coupling between rim and hub cycles is
strong, a simple Hückel-London treatment25 predicts that
the central hub current will be reversed, giving a counter-
rotating system. 

In this connection, our maps for 7, 16 and 17 con-
form to the classic AWA prediction. On the other hand, as
has already been noted,26 the central paratropic current in
coronene (1) can be reconciled with the AWA model only
if it is assumed that there is strong coupling between peri-
meter and hub. Most of the remaining maps fall into the
crossover region where the central current is weak, which
would be characteristic of intermediate coupling
strengths.25,27 Some support for this interpretation of the
pseudo-π maps comes from consideration of Kekulé struc-
tures and Pauling bond orders. The Pauling bond order
(PBO) of a C-C bond in a Kekulean hydrocarbon is the
fraction of molecular Kekulé structures in which that bond
is formally double. As Table 1 shows, the ‘spoke’ bonds in
16 and 17 all have PBO = 0 whereas the total PBO for the
spoke bonds in 1 is 2.4, the largest sum within the isomer
set. The correlation with the computed maps is clearly not
perfect, however, as for example isomer 18 has six spokes
with PBO=0 but no concerted hub current.

The ring replacement strategy described in the intro-
duction can be taken further, replacing the outer hexagons
of coronene with squares and octagons, rather than pen-
tagons and heptagons. At the B3LYP/6-31G** level of op-
timisation, the [484848] arrangement has a non-planar C3v
structure, and the pseudo-π current map displays con-ro-
tating paratropic hub and perimeter circulations. Figure 4
shows the map for the maximum symmetry D3h transition
state, which has essentially the same pattern as the stacked
currents of the C3v structure, even if probably overestima-
ted in this model owing to the small HOMO-LUMO gap;
the D3h map has the advantage that it can be viewed on a
single current-density plot.

4. Conclusion

The observation that all isomers 1–18 support strong
diatropic perimeter currents corresponds to a prediction of
(magnetic) aromaticity for all these species, which would
be reflected in the chemical shifts of exo-protons, for
example. Starting with Polansky and Derflinger’s paper,28

some theoretical chemists have also argued that one can
compute local aromaticities or antiaromaticities for indi-
vidual rings of polycyclic conjugated compounds. On the
other hand, the difficulties that plague the precise defini-
tion of global aromaticity are magnified for local aromati-
cities.29 Progress in reconciling, for example, NICS30 va-
lues for individual rings and current-density maps in
polycyclic aromatic hydrocarbons (PAH) has been made
using multicentre delocalisation indices.31,32 A direct qua-
litative insight into the partitioning of π-electrons between
rings is given by the Randi}-Balaban model,33,34,35,36

which is based on Kekulé structures, and has shown good
correlations with ring current for some classes of PAH,
but has difficulties with coronene-like systems. For coro-
nene, relative ring currents37 do not correlate well with π-
electron partitions, as recently discussed.38

What is clear from our model calculations for iso-
mers 1–18 is that the coronene structure shows conside-
rable tolerance of variation in ring size and placement. All
18 isomers have an equal claim to the label ‘aromatic’ (on
the ring current criterion) in spite of their likely differen-
ces in stability and reactivity.
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