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Abstract
The properties of Frenkel excitons in columnar mesophases are analysed using numerical calculations with a particular emphasis on the o-diagonal disorder induced by rotation of the molecular disks around the column axis. The
in¯uence of degeneracy of the molecular electronic transitions and the eect of the chromophore size are illustrated by
means of the extended dipole model. The localisation/delocalisation behaviour of the exciton states is characterised by
calculation of the participation ratio. It is shown that the existence of two orthogonal dipolar transitions per chromophore makes the optical spectra less sensitive to chromophore rotation and maintains the eigenstates bearing the
oscillator strength quite delocalised, even in the presence of complete orientational disorder. Ó 2001 Elsevier Science
B.V. All rights reserved.

1. Introduction
Columnar liquid crystals are usually formed by
molecules composed of a disk-like, ¯at and rigid
core, surrounded by ¯exible chains [1]. The disks
stack yielding segregated columns (Fig. 1). As the
 compared to the
stacking distance is short (3±4 A)
 elecintercolumnar distance (typically 20±40 A),
tronic interactions within the same column are
much stronger than interactions between chromophores in neighbouring columns. Due to their
highly anisotropic constitution, these materials are
quite promising for applications in the ®eld of
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molecular electronics and optoelectronics and as
such, they have been the object of numerous
studies dealing with photoinduced energy [2±9]
and charge [10±13] transport. The ®rst step of any
photoinduced process is the formation of a collective excited state whose properties (energy, oscillator strength, degree of delocalisation, etc.)
depend on the structure of the constitutive molecules. The latter determines not only the molecular
excited states but also the various degrees of
freedom in the system and, therefore, the type of
disorder which will mainly aect its behaviour. It
is thus important to predict this behaviour in a
quantitative way and design the appropriate molecules accordingly.
In some discotic columnar phases a helical arrangement of the molecules around the column
axis is encountered [14,15] whereas, in most of
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Fig. 1. Schematic representation of a typical discotic columnar
mesophase. D and d denote the intercolumnar and the stacking
distance, respectively.

them, molecules can rotate freely around the column axis [16] resulting in orientational disorder.
As the absorption maximum in the visible or the
near UV spectral domain corresponds to p ! p
electronic transitions polarised within the molecular plane, such a structural disorder may lead to
important modi®cations in the dipolar coupling.
Due to the particular characteristics of the columnar liquid crystals, two factors play a crucial
role in the way that the o-diagonal disorder will
aect the properties of the Frenkel excitons [17±
19]: the number of the molecular electronic states
involved in the collective states and the chromophore size.
Frenkel excitons may be built on one or more
electronic states of the individual chromophores
depending on whether the coupling between the
corresponding transition moments is larger or
smaller than the excited state separation. The disklike part of the molecules forming columnar liquid
crystals typically possesses a C3 (i.e. triphenylenes
[7]), C4 (i.e. metal phthalocyanines [3,4]) or C6 (i.e.
benzenes [20], coronenes [21]) symmetry axis. As
a result, the electronic transitions corresponding
to the absorption maximum are doubly degenerate. Other discotic chromophores (i.e. metal free
phthalocyanines [3], triarylpyrylium cations [22±
24]) are characterised by two orthogonal transitions close in energy. Finally, others (i.e bent-rod
hexacatenar mesogens [25]), have a well separated
in energy non-degenerate dipolar transition. The
above patterns of dipolar transitions aect in a
dierent manner the behaviour of the corre-

sponding exciton states in the presence of orientational disorder. In particular, orientational
disorder is expected to have only a weak eect in
the case of degenerate molecular transitions. Indeed, it was shown [26] that the absorption spectra of silicon phthalocyanine dimers change only
slightly upon rotation of one monomer with respect to the other around the fourfold symmetry
axis. A similar eect was observed for larger columnar triphenylene aggregates [27]. In contrast,
large ¯uctuations are observed for rod-like aromatic cores characterised by single dipolar transitions [25].
The chromophore size in columnar phases is
always larger than the stacking distance. Therefore, the point dipole approximation for the
calculation of the dipolar coupling is quite inadequate. In this case, the atomic charge distribution model gives a correct determination of the
coupling as revealed from a comparison between
experimental and calculated absorption spectra
of triphenylene aggregates [27]. Alternatively, the
extended dipole approximation [28] can be used,
provided that, for a given chromophore, the extended dipole length has been correctly adjusted
[27]. The practical issue is that, for a given transition moment, when the chromophore size increases the dipolar coupling between neighbouring
chromophores becomes weaker. Consequently, we
expect the absorption spectra to shift towards
lower energies. The eect of the extended dipole
length on the absorption spectra has not been examined so far. In contrast, such an eect was recently simulated for the ¯uorescence spectra of
rod-like aromatic cores [25].
Although it is possible to predict in a qualitative
way how the degeneracy of the molecular electronic transitions and the chromophore size will
in¯uence the properties of Frenkel excitons in
columnar phases, it is important to study their role
in a systematic way. With this in mind, we have
undertaken a numerical investigation focused on
the eect generated by rotation of the chromophores around the column axis. We deal only with
o-diagonal disorder and we examine the position of the eigenstates within the exciton band,
their degree of delocalisation and the absorption
spectra.
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In the present communication, ®rst we describe
the characteristics of the studied systems (Section
2) and the formalism we use in our calculations
(Section 3). Then, we present and discuss our results obtained for ordered aggregates with helical
structure, followed by those found for disordered
aggregates (Section 4). Finally, our conclusions are
drawn in Section 5.
2. Description of the system
The geometric and electronic parameters of the
systems examined in the simulations are inspired
from the properties of columnar liquid crystals
whose photophysical properties are experimentally
studied. The aromatic cores are centred to the
column axis perpendicular to it. The stacking dis The angle h formed between two
tance d is 3.6 A.
neighbouring chromophores either has a constant
value, corresponding to a helical arrangement, or
it varies randomly, yielding orientationally disordered aggregates.
We consider single aggregates with aggregation
number N  200. We have veri®ed that the computed quantities remain practically unaltered upon
further increase of N or upon adding additional

columns at distances equal or larger than 20 A.
The properties of orientationally disordered aggregates correspond to the average of 500 random
con®gurations.
The properties of electronic transitions of noncoupled molecules roughly correspond to the
experimental absorption maximum of hexasubstituted triphenylenes (S0 ! S4 transition) [27]. The
latter absorption band can be represented by a
non-degenerate transition with a dipole moment of
10 D or by a doubly degenerate transition, each
component of which has a dipole moment equal to
7 D. All chromophores characterised by either a
single non-degenerate transition or by a doubly
degenerate transition have the same excitation
energy E0  30 000 cm 1 which is chosen as origin
energy. For chromophores characterised by two
non-degenerate orthogonal transitions, we consider that each one has a transition moment of 7
D; their energies are symmetrically located with
respect to E0 E0  DE=2, E0 DE=2. The energy
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dierence between them DE varies from 0 to 4Vk ,
where Vk is the dipolar coupling between two
parallel transition moments of neighbouring molecules.
We consider that only dipolar coupling is acting. The dipolar coupling is calculated according
to the extended dipole approximation (Section 3).
Since the important factor is the chromophore size
with respect to the stacking distance d, the relevant
quantity is l=d, where l is the extended dipole
length; l=d is given the values 0, 1, 2 and 3. The
extended dipoles are centred on the column axes.
A non-degenerate electronic transition is represented by a single extended dipole. When there are
two transitions (degenerate or not) per chromophore, they are represented by two perpendicular
to each other extended dipoles (x and y polarisations).

3. The Frenkel exciton states
Let us consider a linear chain of N identical
chromophores featuring a columnar aggregate.
The excited states of such an aggregate can be
described as an ensemble of two-level systems
(ground and excited states) in the framework of
the Frenkel exciton theory since the electronic intermolecular interactions are weak compared to
the molecular energies. In the localised site representation the total Hamiltonian is written as
X
X
H0 
Eis jisihisj 
Vis;jt jisih jtj:
1
i;s

i6j;s;t

Eis are the molecular site energies i; j  1; n,
and s; t  x; y denote the polarisations of the
molecular transitions in the case of two transitions
per chromophore. The term Vis;jt describes the dipolar interaction between transition moments of
chromophores at the sites i and j. As emphasised
in Section 1, for the columnar mesophases investigated, the simplest approach of point dipoles to
describe the dipolar interactions is not valid. Thus,
we use the extended dipole approximation according to which an electronic transition is represented by two opposite charges q and q at a
distance l, so that l  ql, where l is the transition
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moment of the isolated molecule. The dipolar
coupling between two non-degenerate transitions
Vij is then given by
2
! 1=2
2l2 4
l2
Vij  2
1  2 1 cos hij 
l Rij
2Rij
! 1=2 3
l2
5;
2
1  2 1  cos hij 
2Rij
where Rij represents the distance between the
centres of the corresponding extended dipoles and
hij is the angle formed between them.
In the case of two orthogonal transitions per
chromophore with x and y polarisations, the matrix representation of the electronic interaction
between the i and j chromophores is
jixi
jiyi
DE=2
0
0
DE=2
Vijxx
Vijxy
yx
Vij
Vijyy

hixj
hiyj
h jxj
h jyj

jjxi
Vijxx
Vijyx
DE=2
0

jjyi
Vijxy
Vijyy
0
DE=2

3

jk i 

i;s

Cisk jisi:

6

The transition moments associated with the
various eigenstates are easily obtained
X
~
lk 
Cisk ~
7
lis ;
is

as well as the oscillator strengths
2

fk  C E  Ek j~
lk j ;

8

where C  4:68  10 7 and E is the energy of noncoupled transitions.
For the simulation of the absorption spectra
each transition is represented by a gaussian curve
centred at Ek , with a standard deviation r  200
cm 1 (Boltzmann factor at room temperature) and
a maximum height proportional to the oscillator
strength per chromophore fk =N .
When there is one transition per chromophore,
the localised or delocalised behaviour of the eigenstates is generally analysed by means of the
inverse participation ratio de®ned as [29,30]
Lk 

with

X

N
X
4
jCik j ;

9a

i1

2

Vijxx  Vijyy  Vij cos hij ;
Vijxy  Vij cos hij  p=2;
Vijyx  Vij cos hij  3p=2;
DE is the energy separation between the two
transitions.
If Rij  l, we recover the well-known expression for dipolar interactions in the point dipole
approximation
Vij  5:04

l2
cos hij ;
R3ij

4

in which the numerical constant is introduced in
order to express Vij in wave numbers, l in Debye
and Rij in nanometers.
Diagonalisation of the Hamiltonian H0 gives
the N eigenenergies and eigenvectors (or 2N in the
case of two transitions per chromophore):
X
H0 
Ek jk ihk j;
5
k

in which Cik represents the square amplitude of
the site i on a given eigenstate k. Lk equals unity for
states localised on a single molecule, whereas it
goes to zero as 1=N for states evenly delocalised
over N molecules. The participation ratio, de®ned
as Nk  1=Lk , gives for each eigenstate the number
of coherently coupled molecules. When there are
two transitions per chromophore, the inverse
participation ratio given by Eq. (9a) becomes [27]

N 
X
2 2
k 2
k
Lk 
Cix  Ciy
:
9b
i1

We shall use in what follows the normalised
participation ratio rk  Nk =N . Another quantity of
interest is the eective number of molecules coupled to the electromagnetic radiation which can be
de®ned as
P

Neff

Nk fk
 P
fk
k

k

10
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Fig. 2. Energy (Ek E0 ) dispersion curves for columnar helical aggregates as a function of the helical angle h in the case of (a) a single
non-degenerate transition and (b) a doubly degenerate transition; l=d  2.

and represents the average number of molecules
calculated over the distribution of the oscillator
strength.
4. Results and discussion
4.1. Ordered helical aggregates
First, we consider helical aggregates with several typical helical angles h (0°, 30°, 45°, 60° and
90°) and we address the question how the helical

angle aects the structure of the exciton band. Our
results are shown in Fig. 2, where the eigenstate
energy is plotted as a function of the eigenstate
index. If we consider a single non-degenerate
transition per chromophore, we observe large variations as a function of h. Upon increasing h, the
bandwidth, de®ned as the energy dierence between the upper (Etop ) and lower (Ebottom ) eigenstates, decreases considerably; it is 14 000 cm 1
when h  0° and it becomes only 3500 cm 1 for
h  90°. The upper and lower eigenstates are not
symmetrically located with respect to E0 , even for
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parallel transition moments. Such an asymmetry
of the exciton band is due to the existence of
long range interactions. When only nearest neighbour interactions are considered all the curves are
symmetrically distributed around E0 and they
cross at the middle of the band. This asymmetry
has been largely discussed in the case of J aggregates where the transition moments are parallel
[31]. Our results show that the asymmetry of the
band, de®ned as Etop = Etop Ebottom , diminishes
when h increases up to 60° but it increases again
for h  90°. Another important feature in the energy dispersion curves is the existence of a large
number of eigenstates lying in a narrow energy
domain, as it appears from the almost horizontal
rightmost part of the plots obtained for h  30°,
45° and 60°. This feature is also related to the
existence of long range interactions but it also
depends on the chromophore size. As a matter of
fact, as the chromophore size increases (i.e. l=d
increases) the position of the in¯ection points
moves to lower eigenstates.
When the molecular transitions are doubly degenerate, all the eigenstates are also doubly degenerate, which gives a step-like aspect to the
energy dispersion curves (Fig. 2b). In this case, in
spite of the fact that long range interactions are

considered, all the curves cross at a common point
at the middle of the band, for all l=d values.
However, they are still asymmetric and a larger
density of states is found at the lower part of the
exciton band. As expected, the helical angle h has
only a small eect on the dispersion curves. This
happens because, in the case of degenerate transitions, there are four interactions for each molecular pair; when the angle h changes, two of them
decrease while the other two increase, compensating each other.
According to whether the molecular transitions
are degenerate or not, the index of the eigenstate
bearing the maximum oscillator strength kfmax
shows a dierent pattern as a function of the
helical angle. In the former case, the oscillator
strength is concentrated on very few eigenstates
located on the upper part of the exciton band and
its maximum corresponds always to the upper eigenstate. For non-degenerate transitions, a more
complex picture appears (Fig. 3). Upon increasing
the angle h up to a certain value h0 , the maximum
oscillator strength is born by continually lower
eigenstates. Then, the opposite trend is observed.
Finally, at 90°, kfmax coincides again with the upper
eigenstate. The magnitude of this variation depends on the size of the chromophores: the smaller

Fig. 3. Columnar helical aggregates with single non-degenerate molecular transitions: index of the eigenstate bearing the highest
oscillator strength (kfmax ) as a function of the helical angle h for dierent l=d values. For degenerate transitions the highest oscillator
strength is always born by the upper eigenstate.
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Fig. 4. Normalised participation ratio rk of the eigenstate bearing the maximum oscillator strength as a function of the helical angle
obtained for columnar helical aggregates with single non-degenerate molecular transitions (±±) or doubly degenerate transitions (- - -).

the l=d value, the lower the h0 value. For l  0 (i.e.
point dipole approximation), the kfmax state is rather close to the middle eigenstate.
Another interesting quantity to examine is the
participation ratio of the eigenstate bearing the
maximum oscillator strength because this state can
be reached directly by light absorption. We can see
in Fig. 4 that when the molecular transitions are
degenerate, for any value of the helical angle h, the
normalised participation ratio of kfmax is always
high and equal to 0.7. For single non-degenerate
transitions, the normalised participation ratio of
kfmax as a function of the helical angle shows the
following behaviour. For h  0°, it is equal to 0.7
and it decreases slightly reaching very rapidly a
plateau at the value of 0.68. Then, following an
abrupt transition, a second plateau at 0.48 is observed. The two plateaux values do not depend on
the chromophore size. In contrast, the chromophore size does aect the angle at which the abrupt
transition between the two appears; as l=d increases this transition appears at smaller angles. If
we compare Figs. 3 and 4, we remark that both the
index of the eigenstate bearing the maximum oscillator strength and its participation ratio show a
change in their behaviour at the same angle h0 .
This happens because the pro®le of the wave
function of kfmax undergoes a drastic modi®cation

at h0 . For helical angles smaller than h0 the wave
functions are roughly represented by a sinusoidal
curve of constant amplitude, whereas for h > h0
large variations in the amplitude are observed.
Next, we compare the spectra of helical aggregates calculated for non-degenerate and degenerate transitions (Fig. 5). All spectra consist of one
main peak which is quite structureless and a tail
situated at the red part of the spectrum. This tail is
related to the existence of lower energy eigenstates
bearing a non-zero oscillator strength. For nondegenerate transitions, upon increasing h; the main
peak is red-shifted and its intensity decreases
slightly. The absorption maximum corresponding
to h  0° (parallel transition dipoles) is located at
9000 cm 1 , whereas when the consecutive transition dipoles in a column are perpendicular to each
other (h  90°) it appears at energies lower than
2000 cm 1 . The spectra obtained for degenerate
transitions are less sensitive to the variation of the
angle.
The above trends are illustrated in a more systematic way in Fig. 6, where we have plotted the
absorption maximum (Emax ) as a function of the
helical angle h. For non-degenerate transitions a
variation of h from 0° to 90° induces a decrease
of Emax by 7000 cm 1 . In contrast, ¯uctuations
smaller by more than one order of magnitude
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Fig. 5. Absorption spectra of helical columnar aggregates calculated for various helical angles for single non-degenerate (±±) and
doubly degenerate (  ) transitions; l=d  2. Origin energy: E0  30 000 cm 1 .

Fig. 6. Absorption maxima (Emax E0 ) of helical columnar aggregates as a function of h, for single non-degenerate () and doubly
degenerate () molecular transitions; l=d  2.

(400 cm 1 ) are found for degenerate transitions.
In the latter case, the Emax has a minimum value at
h  45°. The dierence in symmetry observed in
the two curves is understandable since doubly degenerate dipolar transitions present a C4 symmetry
axis, while non-degenerate ones are characterised
by a C2 symmetry axis.
The plots in Fig. 6 were calculated using an l=d
value equal to 2. Quite similar patterns are re-

produced for other l=d values but the magnitude
of ¯uctuations observed as a function of h decreases with increasing l=d. For example, the Emax
variation corresponding to a single non-degenerate
transition is 22 500 cm 1 when l=d  0, but it is
only 4500 cm 1 when l=d  3. This is understandable because as the chromophores become
larger while their transition moments remain constant, the coupling decreases. For example, when
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the transition moment is 10 D and h  0, the dipolar interaction between nearest neighbours is
10 800, 6300, 3000 and 1600 cm 1 , respectively for
l=d equal to 0, 1, 2 and 3.
The variation of the total oscillator strength,
P
i.e. the sum of the oscillator strengths
fk
corresponding to the transitions towards all the
eigenstates k of a given aggregate, with the helical
angle exhibits the same pattern as that shown in
Fig. 6. Such a similarity can be demonstrated analytically with the nearest neighbour approximation, 1 but it is not so straightforward for the
systems studied here. It is worth noticing that such
a change of the total oscillator strength was invoked to explain the hypochromism (decrease in
the absorption intensity) observed upon pairing
two DNA single strands and formation of a double helix [32].

4.2. Disordered aggregates
In Fig. 7 we compare the absorption spectra
of disordered columnar aggregates obtained for
chromophores characterised by a single dipolar
transition with those having two orthogonal
transitions diering in energy by DE. We observe
that non-degenerate transitions yield extremely
broad spectra, with noticeable structure. Such a
spectrum width is derived from the fact that, when
the angles are random, there are many dierent
con®gurations of the transition dipoles sampled,
and each con®guration has its own characteristic
energies. The combination of all these energies
results in a broad spectrum. We also remark a
smaller peak at E0 which corresponds to eigenstates localised on single chromophores.
The spectrum width found for disordered aggregates with degenerate transitions DE  0 is
®ve times smaller (500 cm 1 instead of 2500 cm 1 )
1
This is understandable because the total oscillator strength
is obtained by summing over all the eigenstates the squared
transition moments multiplied by the corresponding eigenenergy. As the oscillator strength mainly arises from eigenstates
located at a spectral region around EP
max , which is small
compared to the energy of the exciton,
fk can be approximated by a constant multiplied by Emax .
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and quite similar to that found for the corresponding helical aggregates. If the dierence in
energy of the two components of the initially degenerate transition increases, the spectra of disordered aggregates shift to higher energies, and also
they become broader and less intense. At the same
time the tail at the red side of the spectrum becomes more and more pronounced and a weak
intensity band appears at negative energy values.
We remark that even when the energy dierence
equals 4Vk , which is roughly the exciton bandwidth, the eigenstates are still built on both
molecular transitions. We stress that when only
nearest interactions are acting, two independent
exciton bands appear for DE  4Vk .
In Fig. 8 we plot the average values over 500
con®gurations of the normalised participation
ratio hrk i determined for all the eigenstates of
disordered aggregates. In the case of single nondegenerate molecular transitions, all the exciton
states have a participation ratio close to zero. This
means that all the eigenstates are localised on a
small number of molecules only. For chromophores presenting doubly degenerate transitions, a
non-uniform behaviour is observed. Eigenstates
located at the upper half of the exciton band remain largely delocalised in spite of the disorder,
whereas those located on the lower part become
gradually localised. It is worth noticing that the
most delocalised eigenstate is not the one bearing
the maximum oscillator strength which is located
at the top of the band. Such a pro®le of the participation ratio will aect energy transport via intraband scattering in columnar aggregates [33].
Although the photon energy is initially distributed
over a certain number of molecules, it will be
rapidly spread over a much longer distance since
the system will relax going through eigenstates
with larger participation ratio.
When the energy dierence between the two
components of the initially degenerate transition
increases, although the pro®le of hrk i as a function
of the eigenstate index remains similar, all eigenstates have continuously lower hrk i values (Fig. 8).
For those systems, although the maximum value
of the oscillator strength is born by an eigenstate
at the top of the exciton band, the total oscillator
strength is distributed over a large number of other
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Fig. 7. Absorption spectra of disordered columnar aggregates obtained for chromophores characterised by a single dipolar transition
(thick line) or two orthogonal transitions (thin lines) with energy dierence DE expressed in Vk units. Vk is the coupling between two
parallel transition moments of neighbouring chromophores; l=d  2 and Vk  1500 cm 1 . Origin energy: E0  30 000 cm 1 .

Fig. 8. Average values over 500 con®gurations of the normalised participation ratio hrk i obtained for the eigenstates of disordered
columnar aggregates for chromophores characterised by a single dipolar transition (thick line, 200 eigenstates) or two orthogonal
transitions (thin lines, 400 eigenstates) with energy dierence DE. Vk is the coupling between two parallel transition moments of
neighbouring chromophores.

eigenstates, as shown by the increasing width of
the absorption spectra. Therefore, the degree of
delocalisation of the eigenstates formed directly by
photon absorption is better illustrated by consid-

ering the eective number
coupled to
P of molecules
P
the radiation Neff 
Nk fk = fk . Upon increasing DE, we observe a narrowing in the dispersion
of the Neff values which become smaller (Fig. 9).
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P
P
Fig. 9. Eective number of molecules coupled with the radiation Neff  Nk fk = fk obtained for disordered columnar aggregates
with chromophores characterised by two orthogonal transitions with energy dierence DE. Vk is the coupling between two parallel
transition moments of neighbouring chromophores. Average values over 500 con®gurations with l=d  2 and Vk  1500 cm 1 .

We stress that, although the participation ratio of
kmax depends on the l=d value (circles in Fig. 8),
Neff is not aected by the chromophore size.
5. Conclusions
The main conclusions of our numerical calculations are summarised as follows. With the present simulation model we found that Frenkel
excitons in columnar phases can be well approximated by excitons in single columnar aggregates
with an accuracy of 200 cm 1 .
As expected, the absorption spectra of columnar aggregates composed of chromophores with a
doubly degenerate transition are only weakly affected by rotation of the molecular disks around
the column axis. In contrast, large variations are
observed in the case of chromophores with a single
dipolar transition and the magnitude of those
variations increases upon decreasing the chromophore size.
For helical aggregates with doubly degenerate
molecular transitions, the maximum oscillator

strength is always born by the upper eigenstate
and its extent does not depend on the chromophore size. For single non-degenerate molecular
transitions the properties of the eigenstate bearing
the maximum oscillator strength are dierent according to whether the helical angle is larger or
smaller than a limiting value determined by the
chromophore size.
All the eigenstates of disordered aggregates with
a single dipolar transitions per chromophore are,
on the average, localised on very few molecules.
For doubly degenerate transitions, the eigenstate
bearing the maximum oscillator strength is, on the
average, quite extended; as the system evolves to
lower eigenstates via intraband scattering, the excitation energy can be spread over longer distances.
When the energy dierence between the initially
doubly degenerate molecular transitions increases,
the absorption maxima of disordered aggregates
are shifted to higher energies. For an energy difference as large as four times the maximum value
of dipolar coupling, the two molecular transitions
are still coupled within the same exciton band.
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Finally, we illustrated the degree of delocalisation by the eective number of molecules coupled
to the radiation and we have found that this
number does not depend on the chromophore size.
The model used in our calculations has been
compared successfully with experimental data in
the speci®c case of triphenylene columnar phases
for which a quantitative agreement between simulated and experimental absorption spectra was
found [27]. The conclusions drawn in the present
work could provide a guideline to experimentalists
working with these molecular materials and inspire
new experiments. For example, a comparison of
the excitation transfer eciency for chromophores
characterised by single and doubly degenerate
electronic transitions seems quite appealing. Moreover, they could suggest the appropriate design of
new discotic chromophores aiming to minimise the
perturbation of the photophysical properties by the
orientational disorder.
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