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Abstract

The properties of Frenkel excitons in columnar mesophases are analysed using numerical calculations with a par-
ticular emphasis on the off-diagonal disorder induced by rotation of the molecular disks around the column axis. The
influence of degeneracy of the molecular electronic transitions and the effect 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 chro-
mophore 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. © 2001 Elsevier Science

B.V. All rights reserved.

1. Introduction

Columnar liquid crystals are usually formed by
molecules composed of a disk-like, flat and rigid
core, surrounded by flexible chains [1]. The disks
stack yielding segregated columns (Fig. 1). As the
stacking distance is short (3-4 A) compared to the
intercolumnar distance (typically 20-40 A), elec-
tronic interactions within the same column are
much stronger than interactions between chro-
mophores in neighbouring columns. Due to their
highly anisotropic constitution, these materials are
quite promising for applications in the field 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 first step of any
photoinduced process is the formation of a col-
lective excited state whose properties (energy, os-
cillator strength, degree of delocalisation, etc.)
depend on the structure of the constitutive mole-
cules. 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 affect its behaviour. It
is thus important to predict this behaviour in a
quantitative way and design the appropriate mol-
ecules accordingly.

In some discotic columnar phases a helical ar-
rangement 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 col-
umn axis [16] resulting in orientational disorder.
As the absorption maximum in the visible or the
near UV spectral domain corresponds to nm — r*
electronic transitions polarised within the molec-
ular plane, such a structural disorder may lead to
important modifications in the dipolar coupling.
Due to the particular characteristics of the col-
umnar liquid crystals, two factors play a crucial
role in the way that the off-diagonal disorder will
affect the properties of the Frenkel excitons [17-
19]: the number of the molecular electronic states
involved in the collective states and the chromo-
phore 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 disk-
like part of the molecules forming columnar liquid
crystals typically possesses a Cs (i.e. triphenylenes
[7]), C4 (i.e. metal phthalocyanines [3,4]) or Cq (i.c.
benzenes [20], coronenes [21]) symmetry axis. As
a result, the electronic transitions corresponding
to the absorption maximum are doubly degener-
ate. Other discotic chromophores (i.c. metal free
phthalocyanines [3], triarylpyrylium cations [22—
24]) are characterised by two orthogonal transi-
tions 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 affect in a
different manner the behaviour of the corre-

sponding exciton states in the presence of ori-
entational disorder. In particular, orientational
disorder is expected to have only a weak effect in
the case of degenerate molecular transitions. In-
deed, it was shown [26] that the absorption spec-
tra of silicon phthalocyanine dimers change only
slightly upon rotation of one monomer with re-
spect to the other around the fourfold symmetry
axis. A similar effect was observed for larger col-
umnar triphenylene aggregates [27]. In contrast,
large fluctuations are observed for rod-like aro-
matic cores characterised by single dipolar transi-
tions [25].

The chromophore size in columnar phases is
always larger than the stacking distance. There-
fore, the point dipole approximation for the
calculation of the dipolar coupling is quite in-
adequate. In this case, the atomic charge distri-
bution 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 ex-
tended dipole length has been correctly adjusted
[27]. The practical issue is that, for a given tran-
sition moment, when the chromophore size in-
creases the dipolar coupling between neighbouring
chromophores becomes weaker. Consequently, we
expect the absorption spectra to shift towards
lower energies. The effect of the extended dipole
length on the absorption spectra has not been ex-
amined so far. In contrast, such an effect was re-
cently simulated for the fluorescence spectra of
rod-like aromatic cores [25].

Although it is possible to predict in a qualitative
way how the degeneracy of the molecular elec-
tronic transitions and the chromophore size will
influence 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 effect generated by rotation of the chromo-
phores around the column axis. We deal only with
off-diagonal disorder and we examine the posi-
tion of the eigenstates within the exciton band,
their degree of delocalisation and the absorption
spectra.
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In the present communication, first 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 re-
sults 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-
tance d is 3.6 A. The angle 0 formed between two
neighbouring chromophores either has a constant
value, corresponding to a helical arrangement, or
it varies randomly, yielding orientationally disor-
dered aggregates.

We consider single aggregates with aggregation
number N = 200. We have verified that the com-
puted 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 ag-
gregates correspond to the average of 500 random
configurations.

The properties of electronic transitions of non-
coupled molecules roughly correspond to the
experimental absorption maximum of hexasubsti-
tuted triphenylenes (Sy — 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 E, = 30000 cm~! which is chosen as origin
energy. For chromophores characterised by two
non-degenerate orthogonal transitions, we con-
sider that each one has a transition moment of 7
D; their energies are symmetrically located with
respect to Ey (Ey + AE/2, Ey — AE/2). The energy

difference between them AE varies from 0 to 47,
where V| is the dipolar coupling between two
parallel transition moments of neighbouring mol-
ecules.

We consider that only dipolar coupling is act-
ing. 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 //d, where [ is the extended dipole
length; //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 repre-
sented by a single extended dipole. When there are
two transitions (degenerate or not) per chromo-
phore, they are represented by two perpendicular
to each other extended dipoles (x and y polarisa-
tions).

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 in-
termolecular interactions are weak compared to
the molecular energies. In the localised site repre-
sentation the total Hamiltonian is written as

Hy = ZEis|is><is| + Z Vis.,jt|is><jt|' (1)

i

E;; are the molecular site energies (i,j = 1,n),
and (s,z =x,y) denote the polarisations of the
molecular transitions in the case of two transitions
per chromophore. The term V¥ ;, describes the di-
polar interaction between transition moments of
chromophores at the sites i and j. As emphasised
in Section 1, for the columnar mesophases inves-
tigated, the simplest approach of point dipoles to
describe the dipolar interactions is not valid. Thus,
we use the extended dipole approximation ac-
cording to which an electronic transition is repre-
sented by two opposite charges +¢ and —¢ at a
distance /, so that yu = g/, where u is the transition
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moment of the isolated molecule. The dipolar
coupling between two non-degenerate transitions
V; is then given by

20 P -1/2
V,= PR, (1 +m(1 —cos (9,-,—))

g —1/2
— (1 +W(1 + cos 9,,)) , (2)

where R;; represents the distance between the
centres of the corresponding extended dipoles and
0;; is the angle formed between them.

In the case of two orthogonal transitions per
chromophore with x and y polarisations, the ma-
trix representation of the electronic interaction
between the i and j chromophores is

ix) ) ) )
(ix| —AE/2 0 e g
0 AE2VE (3)
(x| vy v —AE/2 0
v vy 0 AE/2

AE is the energy separation between the two
transitions.

If R;; > I, we recover the well-known expres-
sion for dipolar interactions in the point dipole
approximation

2
v = 5.04% cos(0),), 4)
j

in which the numerical constant is introduced in
order to express V; in wave numbers, u in Debye
and R; in nanometers.

Diagonalisation of the Hamiltonian H, gives
the NV eigenenergies and eigenvectors (or 2N in the
case of two transitions per chromophore):

Hy= " EdJi) (k] (5)

k) = > Cllis): ©)

The transition moments associated with the
various eigenstates are easily obtained

=Y Cliiy, (7)

as well as the oscillator strengths
Jfi = C(E+ EQ|i[, (8)

where C = 4.68 x 1077 and E is the energy of non-
coupled transitions.

For the simulation of the absorption spectra
each transition is represented by a gaussian curve
centred at E,, with a standard deviation ¢ = 200
cm~! (Boltzmann factor at room temperature) and
a maximum height proportional to the oscillator
strength per chromophore f;/N.

When there is one transition per chromophore,
the localised or delocalised behaviour of the ei-
genstates is generally analysed by means of the
inverse participation ratio defined as [29,30]

N
L= |, (9a)
i=1

in which ]Cﬂz represents the square amplitude of
the site i on a given eigenstate k. L; 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, defined
as N, = 1/L;, 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]

k
G,

N
L= [letf+
1

i=

2] } (9b)

We shall use in what follows the normalised
participation ratio », = N;/N. Another quantity of
interest is the effective number of molecules cou-
pled to the electromagnetic radiation which can be
defined as

> Nifi

Nop =
eff zk:fk

(10)
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Fig. 2. Energy (E, — E,) dispersion curves for columnar helical aggregates as a function of the helical angle 0 in the case of (a) a single
non-degenerate transition and (b) a doubly degenerate transition; //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 sev-

eral typical helical angles 0 (0°, 30°, 45°, 60° and
90°) and we address the question how the helical

angle affects 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 vari-
ations as a function of 0. Upon increasing 6, the
bandwidth, defined as the energy difference be-
tween the upper (Eyp) and lower (Eponom) €igen-
states, decreases considerably; it is 14000 cm™!
when 0 = 0° and it becomes only 3500 cm™' for
0 = 90°. The upper and lower eigenstates are not
symmetrically located with respect to Ey, 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 neigh-
bour interactions are considered all the curves are
symmetrically distributed around E, and they
cross at the middle of the band. This asymmetry
has been largely discussed in the case of J aggre-
gates where the transition moments are parallel
[31]. Our results show that the asymmetry of the
band, defined as Eiyp/(Ewop — Evotom), diminishes
when 0 increases up to 60° but it increases again
for 0 = 90°. Another important feature in the en-
ergy 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 6 = 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. //d
increases) the position of the inflection points
moves to lower eigenstates.

When the molecular transitions are doubly de-
generate, all the eigenstates are also doubly de-
generate, 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

D. Markovitsi et al. | Chemical Physics 269 (2001) 147-158

considered, all the curves cross at a common point
at the middle of the band, for all //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 0 has
only a small effect on the dispersion curves. This
happens because, in the case of degenerate transi-
tions, there are four interactions for each molec-
ular pair; when the angle 6 changes, two of them
decrease while the other two increase, compen-
sating each other.

According to whether the molecular transitions
are degenerate or not, the index of the eigenstate
bearing the maximum oscillator strength kg
shows a different 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 ei-
genstate. For non-degenerate transitions, a more
complex picture appears (Fig. 3). Upon increasing
the angle 0 up to a certain value 0, the maximum
oscillator strength is born by continually lower
eigenstates. Then, the opposite trend is observed.
Finally, at 90°, kg,ax coincides again with the upper
eigenstate. The magnitude of this variation de-
pends on the size of the chromophores: the smaller

fmax
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Fig. 3. Columnar helical aggregates with single non-degenerate molecular transitions: index of the eigenstate bearing the highest
oscillator strength (kgmay) as a function of the helical angle 0 for different //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 r; 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 //d value, the lower the 6, value. For / =0 (i.e.
point dipole approximation), the k., state is ra-
ther 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 0, the
normalised participation ratio of kg, 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 6 = 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 ob-
served. The two plateaux values do not depend on
the chromophore size. In contrast, the chromo-
phore size does affect the angle at which the abrupt
transition between the two appears; as //d in-
creases 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 os-
cillator strength and its participation ratio show a
change in their behaviour at the same angle 0.
This happens because the profile of the wave
function of kg, undergoes a drastic modification

at 0,. For helical angles smaller than 6, the wave
functions are roughly represented by a sinusoidal
curve of constant amplitude, whereas for 0 > 0,
large variations in the amplitude are observed.

Next, we compare the spectra of helical aggre-
gates calculated for non-degenerate and degener-
ate 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 non-
degenerate transitions, upon increasing 6, the main
peak is red-shifted and its intensity decreases
slightly. The absorption maximum corresponding
to 0 = 0° (parallel transition dipoles) is located at
9000 cm~!, whereas when the consecutive transi-
tion dipoles in a column are perpendicular to each
other (0 = 90°) it appears at energies lower than
2000 cm~'. The spectra obtained for degenerate
transitions are less sensitive to the variation of the
angle.

The above trends are illustrated in a more sys-
tematic way in Fig. 6, where we have plotted the
absorption maximum (E,) as a function of the
helical angle 0. For non-degenerate transitions a
variation of 0 from 0° to 90° induces a decrease
of Ena by 7000 cm~!. In contrast, fluctuations
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; //d = 2. Origin energy: E; = 30000 cm™!.
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Fig. 6. Absorption maxima (E,x — Eo) of helical columnar aggregates as a function of 6, for single non-degenerate (+) and doubly

degenerate (x) molecular transitions; //d = 2.

(~400 cm™") are found for degenerate transitions.
In the latter case, the E,, has a minimum value at
0 = 45°. The difference in symmetry observed in
the two curves is understandable since doubly de-
generate dipolar transitions present a C4 symmetry
axis, while non-degenerate ones are characterised
by a C, symmetry axis.

The plots in Fig. 6 were calculated using an //d
value equal to 2. Quite similar patterns are re-

produced for other //d values but the magnitude
of fluctuations observed as a function of 6 de-
creases with increasing //d. For example, the E,.
variation corresponding to a single non-degenerate
transition is 22500 cm~! when //d = 0, but it is
only 4500 cm~! when //d =3. This is under-
standable because as the chromophores become
larger while their transition moments remain con-
stant, the coupling decreases. For example, when
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the transition moment is 10 D and 6 = 0, the di-
polar interaction between nearest neighbours is
10800, 6300, 3000 and 1600 cm™~!, respectively for
//d equal to 0, 1, 2 and 3.

The variation of the total oscillator strength,
i.e. the sum of the oscillator strengths Y f;
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 an-
alytically with the nearest neighbour approxima-
tion, ! 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 in-
voked to explain the hypochromism (decrease in
the absorption intensity) observed upon pairing
two DNA single strands and formation of a dou-
ble 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 differing in energy by AE. 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 different
configurations of the transition dipoles sampled,
and each configuration has its own characteristic
energies. The combination of all these energies
results in a broad spectrum. We also remark a
smaller peak at E, which corresponds to eigen-
states localised on single chromophores.

The spectrum width found for disordered ag-
gregates with degenerate transitions (AE =0) is
five times smaller (500 cm™' instead of 2500 cm™!)

! This is understandable because the total oscillator strength
is obtained by summing over all the eigenstates the squared
transition moments multiplied by the corresponding eigenen-
ergy. As the oscillator strength mainly arises from eigenstates
located at a spectral region around En., which is small
compared to the energy of the exciton, Y f; can be approxi-
mated by a constant multiplied by Epax.

and quite similar to that found for the corre-
sponding helical aggregates. If the difference in
energy of the two components of the initially de-
generate transition increases, the spectra of disor-
dered 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 be-
comes more and more pronounced and a weak
intensity band appears at negative energy values.
We remark that even when the energy difference
equals 4F), which is roughly the exciton band-
width, the eigenstates are still built on both
molecular transitions. We stress that when only
nearest interactions are acting, two independent
exciton bands appear for AE = 4V.

In Fig. 8 we plot the average values over 500
configurations of the normalised participation
ratio (r;) determined for all the eigenstates of
disordered aggregates. In the case of single non-
degenerate 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 chromo-
phores presenting doubly degenerate transitions, a
non-uniform behaviour is observed. Eigenstates
located at the upper half of the exciton band re-
main 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 profile of the par-
ticipation ratio will affect energy transport via in-
traband 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 difference between the two
components of the initially degenerate transition
increases, although the profile of (r;) as a function
of the eigenstate index remains similar, all eigen-
states have continuously lower (r;) 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. 8. Average values over 500 configurations of the normalised participation ratio (r;) 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 difference AE. V] 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 effective number of molecules coupled to
the radiation Ner = > Nifi/ > fi- Upon increas-
ing AE, we observe a narrowing in the dispersion
of the Ny values which become smaller (Fig. 9).
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We stress that, although the participation ratio of
kmax depends on the //d value (circles in Fig. 8),
N 1s not affected by the chromophore size.

5. Conclusions

The main conclusions of our numerical calcu-
lations are summarised as follows. With the pre-
sent simulation model we found that Frenkel
excitons in columnar phases can be well approxi-
mated by excitons in single columnar aggregates
with an accuracy of 200 cm™!.

As expected, the absorption spectra of colum-
nar aggregates composed of chromophores with a
doubly degenerate transition are only weakly af-
fected 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 chromo-
phore 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 chromo-
phore size. For single non-degenerate molecular
transitions the properties of the eigenstate bearing
the maximum oscillator strength are different ac-
cording 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 ex-
citation energy can be spread over longer dis-
tances.

When the energy difference between the initially
doubly degenerate molecular transitions increases,
the absorption maxima of disordered aggregates
are shifted to higher energies. For an energy dif-
ference 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 delocalisa-
tion by the effective 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 specific case of triphenylene columnar phases
for which a quantitative agreement between sim-
ulated 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 efficiency for chromophores
characterised by single and doubly degenerate
electronic transitions seems quite appealing. More-
over, 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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