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The anisotropic optical properties of thermotropic columnar liquid crystals absorbing in the visible range are
investigated for different discotic compounds unidirectionally oriented in open supported thin films. Two
methods to monitor the alignment of columnar mesophases in thin films are reported, making possible to
achieve either homeotropic anchoring �columns normal to the substrate� by a specific thermal annealing, or
unidirectional planar orientation �columns parallel to the substrate� by using a rubbed Teflon coating. The
columnar liquid crystal anchoring is found to depend on the nature of the compound, either parallel or
perpendicular to the Teflon orientation. Based on this control of the mesophase alignment, the dichroic ratio
and the orientational order parameter of oriented samples are measured, and a high order parameter of 0.9 is
found in the case of parallel alignment. From the polarized absorption data of the columnar liquid crystal films,
the light wavelength dependence of the birefringence and of the real and imaginary parts �refractive index and
extinction coefficient, respectively� of the anisotropic optical indices are determined over the whole visible
range.
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I. INTRODUCTION

Columnar liquid crystals �CLCs� have attracted consider-
able interest for their outstanding optical and electronic prop-
erties. These mesogens, consisting of an aromatic core sub-
stituted with flexible side chains, self-organize into columns
which in turn form a two-dimensional lattice �1�. These ma-
terials exhibit high charge mobilities and large exciton diffu-
sion lengths �2� along the column direction �3�. Such prop-
erties stem from the overlapping of � orbitals of adjacent
molecules inside a column, providing a one-dimensional
pathway for charge migration. Thus, CLCs can be used as
active layers in optoelectronic devices if the columnar stacks
are properly aligned between electrodes. While unidirec-
tional planar anchoring, where columns are parallel to the
substrate �Fig. 1�, is needed for organic field effect transistors
�4,5�, homeotropic orientation, for which columns are nor-
mal to the interfaces �Fig. 1�, is required for photovoltaic
cells �6,7� and organic light-emitting diodes �8�.

However, despite the growing interest in CLCs, a detailed
characterization of their optical properties remains challeng-
ing and experimental values are scarce to date �1,9�. Progress
in this field has been hindered by difficulties in unidirec-
tional alignment of columnar liquid crystals in thin layers
over large areas. While a competition between homeotropic
and planar orientations has recently been shown in the ge-
ometry of open supported thin films �10�, unidirectional pla-
nar alignment of columnar mesophases corresponding to a
given direction of the CLC optical axis in the observation
plane is hard to achieve. Indeed, in the absence of specific
surface treatment, columnar liquid crystals preferentially
adopt a degenerate planar orientation, characterized in polar-
izing microscopy by developable domains �11�, which are
known to be a distinctive texture of columnar mesophases. In

this case, the rotation of the optical axis, associated with the
column curvature, does not allow the determination of the
optical properties. Among the different methods developed
for CLC orientation �12–18�, one of the most efficient align-
ment procedures to obtain unidirectional planar anchoring
involves the use of a friction transferred Teflon orientation
layer �19–23�. Taking advantage of the control of the CLC
alignment in the geometry of open supported thin films, we
report a complete optical study of two discotic compounds,
which exhibit a hexagonal columnar liquid-crystalline phase
at room temperature. From their polarized absorption spec-
tra, we have determined the anisotropic complex optical in-
dices as a function of the light wavelength �, denoted the
extraordinary ñe���=ne+ ike and ordinary ño���=no+ iko
complex indices, respectively �24�. The real parts define the
refractive indices of the material and the imaginary parts the
extinction coefficients. The sign and the light wavelength
dependence over the whole visible range of the birefrin-
gence, defined as �n���=ne−no, have been independently
obtained. Finally, the orientational order parameter deduced
from the dichroic ratio is evaluated, and the CLC anchoring
onto the Teflon layer is discussed.

II. EXPERIMENTAL SECTION

A. Materials

Two different CLCs have been studied �Fig. 2�, namely,
pyrene-1,3,6,8-tetracarboxylic tetra�2-ethylhexyl�ester �Py�
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FIG. 1. �Color online� Schematic representation of the homeo-
tropic �1� and unidirectional planar �2� alignments of a uniaxial
columnar liquid crystal. The CLC optical axis is defined along the
column direction.
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�25� and benzo�g ,h , i�perylene-1,2,4,5,10,11-hexacarboxylic
1,2-di-�2-ethylhexyl�ester 4:5,10:11-di-�4-heptyl�imide �Bp�
�26�. These molecules are composed of an aromatic core
surrounded by aliphatic chains, and absorb light in the vis-
ible part of the spectrum �blue and green absorption, respec-
tively�. Both compounds exhibit a hexagonal columnar me-
sophase from the isotropic liquid phase down to ambient
temperature �27�.

B. Preparation of oriented samples

In order to obtain a unidirectionally planar aligned film, a
Teflon �poly�tetra�fluoroethylene or PTFE� coating is depos-
ited on a glass substrate by the method described in Ref.
�28�. The glass slides are previously cleaned with three suc-
cessive ultrasound baths of distilled water, acetone, and eth-
anol. They are then dipped in sulfochromic acid before being
rinsed with distilled water, and dried with nitrogen. A cylin-
drical bar of Teflon, heated up to 270 °C, is slid with a
controlled force of about 30 N on the cleaned glass plates at
a constant speed of 0.5 mm /s. The PTFE obtained coating is
a thin layer ��50 nm thick� made of stripes of different
widths and heights, parallel to the rubbing direction. The
birefringence of the Teflon layer is too weak to be detected
by polarizing microscopy. A solution of columnar liquid
crystal, of 2 wt % in chloroform, is spin-coated at 2000 rpm
during 30 s on the Teflon-covered substrates. The resulting
CLC thin film exhibits a significant degree of orientation
characterized by a uniform birefringence between crossed
polarizers �Fig. 3�.

Homeotropically oriented open supported thin films of co-
lumnar mesophase are obtained by applying the procedure
described in Refs. �7,10�. A liquid crystal solution of 3 wt %
is spin-coated on cleaned substrates �see above� without any
additional coating. A heating stage is then used for thermal
annealing of the discotic compound in the isotropic liquid
phase, followed by a cooling �10 °C /min� down to room
temperature. This thermal process induces a homeotropic ori-
entation of the columnar mesophase, which is thermody-
namically metastable in the geometry of open film, but
which can be preserved during a few days at room tempera-
ture �10�.

C. Techniques

The thickness d of the different films is measured by us-
ing an atomic force microscope �AFM, Digital Instruments,
Nanoscope Dimension 3000� in tapping mode acting as a
mechanical profilometer. A zone free of CLC is made on the
sample surface with a razor edge to create a step with the
film. In the case of CLC films with homeotropic anchoring,
the film thickness, corresponding to the step height, is
257�10 nm and 217�10 nm for the pyrene and the ben-
zoperylene derivatives, respectively. In the case of unidirec-
tionally planar aligned films, the thickness is 176�10 nm
and 162�10 nm for the Py and Bp compounds, respectively.

A heating stage �Linkam, THM600� and a camera �JAI,
CV-M7� are combined with a polarizing microscope �Olym-
pus, BX51� to perform thermal annealing while visualizing
the CLC alignment. In order to measure the absolute value of
the birefringence, a Berek compensator, which quantitatively
determines the optical retardation �29�, is used with three
different monochromatic interference filters of 490, 550, and
602 nm transmitted wavelength.

The sign of the birefringence is determined by the inter-
ference figures obtained by conoscopy �30�. This method
consists of the observation of an anisotropic material viewed
in the focal plane of the microscope objective lens under
convergent polarized light. The interference figures are
modified by inserting a full wave retardation plate ��-plate�
in the optical path, and different colors appear revealing the
sign of the birefringence �30�. For this specific measurement,
the CLC material is studied between cover slip and slide in
order to conveniently obtain a homeotropically aligned
sample free of dewetting. For this sample thickness of about
a few micrometers, the phase retardation is large enough to
be observed by conoscopy.

Nulling ellipsometry �Nanofilm Technologies GmbH, EP-
MW� is carried out for the evaluation of the mean refractive
index nmean of an open supported thin film without any sur-
face treatment or thermal process. After spin coating, it has
been shown that open CLC film exhibit a degenerate planar
orientation �31� with a typical domain size of a few mi-
crometers. The mean refractive index of this two-
dimensional powder can then be defined as an average over
all the orientations in the sample plan: nmean���= �ne+no� /2.
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FIG. 2. Molecular structure of the two studied discotic com-
pounds: the pyrene �Py� and benzoperylene �Bp� derivatives. These
two materials exhibit a hexagonal columnar liquid crystalline phase
from the isotropic liquid phase �Iso� at TCLC-Iso down to ambient
temperature.
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FIG. 3. �Color online� Optical textures observed after thermal
annealing by polarizing microscopy of pyrene �a� and benzo-
perylene �b� CLC films, respectively. The Teflon stripes �indicated
by a double arrow� form an angle of about 45° with respect to the
direction of the crossed polarizers. The black regions correspond to
CLC dewetted zones.
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The measurements have been performed at ambient tempera-
ture with a light wavelength of �=635 nm.

Polarized absorption spectra are obtained between a pair
of parallel polarizers using a spectrophotometer �Unicam
UV-Vis spectrometer, UV4-500�. All spectra are recorded in
the visible range from 350 to 650 nm, with a scan speed of
30 nm /min. The illuminated area on the sample by the light
source is about 1 cm2. In order to remove the substrate ef-
fects, a baseline is achieved with a Teflon-coated glass slide.

III. RESULTS AND DISCUSSION

A. Influence of thermal annealing

Due to the rubbed Teflon coating, the columnar liquid
crystal film exhibits a uniform birefringence between crossed
polarizers, which features a unidirectional planar alignment
�Fig. 3�. Nevertheless, a more detailed observation indicates
some inhomogeneities in the CLC orientation. A thermal an-
nealing is then applied to improve the unidirectional orienta-
tion of the columnar mesophase �20� by removing defects,
such as grain boundaries between CLC domains. This an-
nealing is performed during about three hours at a tempera-
ture of 60 and 180 °C for the pyrene and the benzoperylene
compounds, respectively �Fig. 2�. At theses temperatures, the
viscosity of the columnar mesophases substantially decreases
allowing an easier column rearrangement in the Teflon
stripes. However, some dewetting is also promoted due to the
low surface tension ��Teflon-air=20 mJ m−2� of the Teflon
layer. A compromise has thus to be found between the align-
ment improvement and the increase of dewetted zones, as
shown in Fig. 3.

B. Dichroic ratio

The obtention of CLC films exhibiting a unidirectional
planar anchoring, i.e., having the optical axis lying in a given
direction in the plan of the film, allows the investigation of
the anisotropic optical properties. An opposite direction of
the optical axis with respect to the Teflon rubbing direction

has been found for the two studied compounds and will be
discussed in Sec. III E.

Polarized absorption spectra have been measured with the
incident light polarized both parallel and perpendicular to the
optical axis of the uniaxial sample, corresponding to the ab-
sorbances A� and A�, respectively. The spectra of both CLC
materials �Fig. 4� reveal a significant polarized absorption
anisotropy, with a higher absorption for the light polarized
perpendicularly to the optical axis �A��. This anisotropy is
characterized by the dichroic ratio AOD defined as �32�

AOD =
A�

A�

�1�

at the light wavelength corresponding to the maximum of
absorbance. The measured dichroic ratio is AOD=14.3 at �
=442 nm for the Bp compound �Fig. 4�. This dichroic ratio is
one of the highest values reported for thermotropic discotic
compounds �20,22,23�. Note that, before thermal annealing,
the dichroic ratio was only AOD=2.5, demonstrating thus the
efficiency of such a thermal process for the unidirectional
columnar organization. The dichroic ratio, which quantifies
the performance of a polarizer, shows that the benzoperylene
derivative is a promising material to be used as a selective
polarizer in the green part of the visible range �33�.

For the pyrene derivative, the dichroic ratio is AOD=8.9 at
�=392 nm �Fig. 4�. The lower value might stem from the
larger dewetted area appearing during thermal annealing, as
shown in Fig. 3.

C. Birefringence: Values and sign

The birefringence is an important feature of liquid crystals
for their use in optical devices. Taking advantage of the uni-
directional alignment of CLC films, the birefringence �n is
first determined from the spectroscopic data over the whole
visible range according to the method developed in Ref. �34�.
The intensity transmitted by a uniaxial material with its op-
tical axis oriented at the angle � with respect to the two
parallel polarizers is

FIG. 4. �Color online� Polarized absorption spectra of pyrene �a� and benzoperylene �b� CLC films in homeotropic �pink lines� and
unidirectional planar �black lines� orientations. For the planar alignment, the spectra are measured after thermal annealing, with the incident
light polarization parallel �A��, perpendicular �A��, and at 45° �A45� with respect to the optical axis of the sample. Each absorbance is
normalized by the corresponding film thickness.
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t = t� cos4 � + t� sin4 � +
�t�t�

2
cos����sin2�2�� �2�

with �� the phase retardation given by

�� =
2��nd

�
, �3�

where d is the sample thickness and � the light wavelength.
In order to determine ��, and therefore �n, an additional
measurement is required, which is performed at �=45°,
where the best accuracy is achieved for Eq. �2�, which can
then be reduced to

cos���� =
4t45 − �t� + t��

2�t�t�

. �4�

The transmittances t�, t�, and t45 are obtained from the opti-
cal absorption by the relation

t = 10−A. �5�

The calculated birefringence spectra are presented in Fig.
5. In the two graphs, the dashed regions represent the CLC
absorption bands. Their width is defined by the full width at
half maximum of the corresponding absorption peak �Fig. 4�.
Note that the nonmonotonic behavior of �n��� near the ab-
sorption bands can be attributed to the effect of anomalous
dispersion �24�.

In order to confirm the birefringence values obtained from
absorption data, the birefringence has also been measured
according to a more classical technique with the use of a
Berek compensator. The results are shown in Fig. 5. In gen-
eral, there is a good agreement between the two methods.
However, it has to be noted that, for the pyrene compound,
the birefringence measured by the Berek technique is slightly
larger than the one calculated from the spectroscopic data.
The Berek compensator provides a local measurement of the
birefringence: a highly aligned zone, free of defects, with a
typical area of a few 	m2 is chosen under the microscope to
perform the measurement. Conversely, the birefringence
based on the absorbance data is the mean value over the area

��1 cm2� probed by the light beam of the spectrophotom-
eter, which includes orientational topological defects. The
difference between the two measurements probably stems
from some misalignment of the CLC film. For the benzo-
perylene derivative, no significant difference is observed be-
tween the two methods, which reveals in this case the high
degree of columnar organization. Only a few studies of the
birefringence of columnar liquid crystal have been reported,
mainly on triphenylene derivatives which do not absorb in
the visible part of the spectrum �1,35�. The birefringence of
these compounds is very similar to the value found for our
materials far from their absorption band. The great advantage
of the method based on the absorbance is the determination
of the birefringence over all the visible range, and not only at
few discrete wavelengths.

However, none of these techniques provides the sign of
the birefringence, which can be determined by using conos-
copy on a homeotropically oriented sample �Fig. 6� �30�. The
birefringence is found to be negative for both compounds, in
agreement with previous measurements �1,35�, and as ex-
pected for discotic materials for symmetry reasons.

D. Anisotropic refractive indices

From the absorption data, the anisotropic refractive indi-
ces ne and no are calculated using the Kramers-Kronig rela-

FIG. 5. �Color online� Absolute value of the CLC birefringence as a function of the light wavelength for Py �a� and Bp �b� compounds,
respectively, obtained from Eq. �4� �black open circles� and obtained from a direct measurement with a Berek compensator at three
wavelengths ��=490, 550, and 602 nm� �pink solid circles�. The dashed regions indicate the wavelength range of the CLC absorption band.
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FIG. 6. �Color online� Determination by conoscopy of the sign
of the birefringence for an optically uniaxial material. �1� Interfer-
ence figure observed for homeotropically aligned CLC samples be-
tween cover slip and slide. �2� After insertion of the full wave
retardation plate, the birefringence is defined as positive �a� or
negative �b� according to the relative positions of the blue and yel-
low colors in the interference figure. The birefringence of both
discotic materials is therefore negative.
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tion, which interconnects the real and the imaginary compo-
nents n and k of the complex optical index �36�:

n��i� = n
 +
2

�
P�

0


 �i
2k���

���i
2 − �2�

d� , �6�

where P is the Cauchy principal value of the integral. The
quantity n
 is defined as the offset of the refractive index
generated by the Kramers-Kronig relation, if the wavelength
range from zero to infinity is used for the evaluation of the
integral. Experimentally, the absorbance is measured only on
a finite wavelength interval corresponding to the visible
range. It has been recently shown �37� that this restriction
does not prevent the use of Eq. �6�, which can be approxi-
mated by

n��i� = noffset +
2

�
P�

�L

�U �i
2k���

���i
2 − �2�

d�, �L � �i � �U,

�7�

with noffset a constant. The extinction coefficient k��� is ex-
tracted from the optical absorption A �Fig. 4� by �29�

k��� =
A� ln 10

4�d
. �8�

The Cauchy integral has been numerically determined
over the entire visible range �350–650 nm� by using the
MATLAB software �The MathWorks, Inc.�. In order to esti-
mate noffset of each anisotropic refractive index for both
discotic compounds, two relations connecting ne and no at a
given wavelength have to be known, such as the birefrin-
gence �n=ne−no �Fig. 5� and the mean refractive index
nmean= �ne+no� /2 measured by ellipsometry. This index is
found to be nmean=1.49 and 1.57 for the films of pyrene and
benzoperylene compounds, respectively. Thus, the aniso-
tropic refractive indices ne and no have been calculated ac-
cording to the Kramers-Kronig relation �Eq. �7��, and the
results are shown in Fig. 7.

An error bar of about �0.03 is estimated for all the re-
fractive indices of both compounds. It mainly stems from the
nmean measurement used in the noffset calculation. For the Py
derivative, some misalignment of the columnar liquid crystal
in the Teflon layer can also be invoked. The birefringence
obtained from the refractive indices calculated by the
Kramers-Kronig relation is found to be similar to the bire-
fringence experimentally measured for each CLC derivative
�Fig. 5�, which evidences the self-consistency of the results.

FIG. 7. Dependence on the light wavelength of the anisotropic refractive indices ne and no and of the extinction coefficients ke and ko for
the Py �a�,�c� and Bp �b�,�d� compounds, respectively. The dashed regions indicate the wavelength range of the CLC absorption band.
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E. Alignment on the Teflon coating

1. Comparison with a homeotropically aligned film

As previously shown, the Teflon coating is an efficient
method to unidirectionally orient columnar liquid crystals. In
order to evaluate the quality of the obtained alignment for
each compound, the absorption of homeotropically aligned
samples, Ahomeo, is measured. Indeed, the unidirectionality of
the homeotropic anchoring with the columns normal to the
substrate can be considered as almost perfect �Fig. 1�. There-
fore the incident light is sensitive only to the ordinary optical
index ño=no+ iko, and the absorption Ahomeo can be used as a
reference �Fig. 4�. In the case of the benzoperylene deriva-
tive, the absorbances Ahomeo and A� �normalized by the cor-
responding film thickness� are very similar �Fig. 4�. The
good superposition of the two spectra demonstrates the high
degree of alignment of the Bp liquid crystal on the Teflon
layer. Consequently, the measured dichroic ratio is close to
the highest value which can be reached on this kind of sub-
strate for this specific molecule. On the contrary, for the
pyrene compound, a small shift exists between the two spec-
tra Ahomeo and A�, revealing an alignment of lower quality on
the rubbed Teflon layer. This is confirmed by the presence of
weakly extended developable domains in polarizing micros-
copy at high magnification, where columns are only slightly
bent. The same optical texture has been observed in Ref. �16�
for a phthalocyanine derivative prepared as a thin film by the
zone-casting process, where the columns have been found to
be normal to the deposit direction.

2. Orientational order parameter

To quantify the degree of alignment of the columnar me-
sophase, the scalar order parameter is obtained from the ori-
entational distribution of the short axis of the discotic mol-
ecules by

S =
1

2
	3 cos2 � − 1
 �9�

where the angular brackets represent an average over all mo-
lecular orientations �38�. For dichroic molecules, the orien-
tational distribution is experimentally connected to the mo-
lecular transition moment, with the corresponding order
parameter ST. According to Ref. �39�, the general expression
between S and ST is

ST = S�1 −
3

2
sin2 
� �10�

with 
 the angle between the transition moment and the liq-
uid crystal director. For the discotic molecules studied here,
the transition moment is in the plane of the molecule, i.e.,
normal to the column long axis �
=90° �, reducing Eq. �10�
to

S = − 2ST. �11�

Thus, when no orientational order exists, as in the isotropic
liquid phase, ST=0 and A�=A�. For a perfectly oriented sys-
tem with the strict alignment of all the columns and of the
discs in the columns, ST=− 1

2 �or equivalently S=1� because

the orientation of the transition moment of such discotic mol-
ecules is degenerated in the plane normal to the columns.
Consequently, the absorption parallel to the optical axis, i.e.,
along the columns, is null �A� =0�. Therefore, the scalar order
parameter of the transition moment ST can be expressed as a
function of the absorbances A� and A� �39,40�:

ST =
A� − A�

A� + 2A�

=
1 − AOD

1 + 2AOD
. �12�

Using Eqs. �11� and �12�, an orientational order parameter
of SBp=0.90 and SPy=0.84 is found for the benzoperylene
and the pyrene derivatives, respectively. These values evi-
dence the high degree of alignment obtained for columnar
liquid crystals with a rubbed PTFE coating. For highly bire-
fringent materials, the effect of the internal field can be taken
into account �39,41�, with a corrected expression of the order
parameter:

Scorr = − 2 �
neA� − noA�

neA� + 2noA�

. �13�

The values obtained are SBp
corr=0.91 and SPy

corr=0.85, showing
therefore that the correction is negligible for both com-
pounds studied.

3. CLC anchoring with respect to the PTFE stripes

By measuring the polarized absorption spectra parallel
and perpendicular to the optical axis of the CLC thin films, a
different column orientation has been observed for each
compound with respect to the PTFE stripes. In order to prove
the change of the columnar anchoring, a full wave retarda-
tion plate has been used to localize the position of the slow
and fast vibration axes of uniaxial birefringent materials
�30�. If the slow vibration axis of the sample is superimposed
over the corresponding axis of the �-plate, the additive retar-
dation effects give higher-order interference colors �blue
color�. However, if the fast vibration axis is parallel to the
slow axis of the retardation plate, it results in lower-order
interference colors �yellow color�. For both discotic com-
pounds, the birefringence is negative, i.e., ne�no, which im-
plies ve�vo, where v is the corresponding speed of light in
the medium. For a uniaxial material exhibiting a negative
birefringence, the slow axis therefore corresponds to the or-
dinary axis and the fast vibration axis to the extraordinary
index. For the benzoperylene derivative, when the Teflon ori-
entation is parallel to the slow axis of the �-plate, a yellow
color appears �Fig. 8�: the direction of the extraordinary in-
dex, which has been defined along the columns, is parallel to
the PTFE stripes. Conversely, a blue color appears in the
case of the pyrene derivative �Fig. 8� for the same Teflon
orientation with respect to the retardation plate slow axis,
showing thus that Py columns are normal to the PTFE
stripes. The pyrene derivative exhibits an unconventional be-
havior: for most discotic molecules, rubbed Teflon coatings
have been reported to induce homogeneous planar alignment
with columns parallel to the PTFE stripes �21,23�. This op-
tical method also validates that the main transition moment
of the Bp and Py discotic molecules is in the plane of the
disc, i.e., normal to the columns.
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4. Origin of the different columnar orientations

Various rotational orientations of crystals have been re-
ported on the Teflon layer in Ref. �42�. The explanation of
this behavior is based on an adequate interlocking of the
substrate and the deposit contact planes. If an acceptable
substrate-deposit lattice matching is observed in most cases
where the PTFE interchain distance can be slightly distorted
to accommodate the material periodicity, the cost in energy
of the lattice distortion is sometimes too high �42,43�. Con-
sequently, a different crystal orientation with tilted molecules
can be observed. However, such an explanation seems not
suitable in the case of these columnar liquid crystals, given
that both materials exhibit the same hexagonal lattice param-
eter �q100=0.35 Å−1� �25,26�, as shown by x-ray diffraction.

The change in column orientation could stem from the
polar-apolar feature of the studied discotic molecule. Indeed,
the Bp derivative is more polar than the Py molecule �Fig. 2�.

Depending on the polarity, repulsive �attractive� van der
Waals interactions with the Teflon layer can be created for an
apolar �polar� molecule originating from the different sign of
the Hamaker constant �44�. This variation of the intermo-
lecular interactions based on the compound polarity, which
can moreover be associated with an epitaxial mechanism as
described above, could lead to a different alignment of the
discotic mesophases with respect to the PTFE stripes. This
assessment needs to be further supported by more experi-
mental investigations, such as a systematic study of colum-
nar liquid crystals with varied aromatic cores.

IV. CONCLUSION

By achieving highly aligned columnar liquid crystal
samples, we have measured polarized absorbance spectra,
and determined the maximum anisotropy of absorption �di-
chroic ratio�. From this measurement, the orientational order
parameter has been calculated, showing the efficiency of the
rubbed Teflon layer in orienting discotic compounds in open
supported thin films. A different orientation of the columns
with respect to the PTFE stripes �parallel and perpendicular�
has been revealed. The birefringence over the whole visible
range has been deduced from absorption data, and its sign
has been found to be negative by conoscopy. Finally, all the
complex optical indices have been calculated, especially the
anisotropic refractive indices ne and no by use of the
Kramers-Kronig relation. The method developed in this work
not only is relevant for columnar liquid crystals, but can be
extended to any optically uniaxial material exhibiting well-
defined absorption bands in the visible range and for which
the orientation can be controlled.
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