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The orientational behaviour of the nematic discotic phase of 2,3,6,7,10,11-hexa(4-n-octyloxy-
benzoyloxy)triphenylene (C8OBT) on substrates coated with a polyimide or cetyltrimethyl-
ammonium bromide (CTAB) was investigated by polarizing optical microscopy. The averaged
order parameters and directions of the triphenylene core and the carbonyl groups of C8OBT
were evaluated by an infrared dichroic method. The discotic nematic (ND ) phase of C8OBT
exhibits a homeotropic alignment on a polyimide � lm, a typical nematic schlieren texture on
a glass substrate, and a tilted or planar homogeneous alignment on a CTAB-coated substrate.
The order parameter of the triphenylene core is higher on a polyimide � lm (S 5 0.6) than on
a CTAB-coated substrate (S 5 0.2), whereas that of the carbonyl groups remains roughly
constant at 0.2 to 0.3 independent of the substrate for the ND phase.

1. Introduction [8] or photoalignment induced by infrared laser light
One of the characteristic features of liquid crystals, irradiation [9, 10]. In addition, recent studies of photo-

especially nematic liquid crystals, is the controllability polymerization in liquid crystals indicate that the
of the molecular alignment exerted by the surface. At molecular order of a discotic liquid crystal can be � xed
present, a rubbed polyimide-coated substrate is widely in a solid polymer � lm [11], and this leads to appli-
used to obtain a homogeneous alignment of rod-like cations such as widening the viewing angle of � at-
mesogens [1]. Indeed, surface eŒects and shear � ow panel liquid crystal displays [12]. Molecular alignment
have often been used too, in order to obtain uniformly behaviour and controllability are important features in
aligned phases of discotic mesogens for studies of their device fabrication using organic materials, and therefore
potential as novel optoelectronic functional materials it is essential to understand the mechanism of molecular
[2–5]. Recently, UV-vis photoalignment of discotic alignment at the interface between discotic liquid crystals
liquid crystal materials in the ND phase induced by and substrates. As an aid to understanding this mech-
trans-cis-photoisomerization of an azobenzene mono- anism, knowledge of the local alignment of each part of
layer substrate has been reported, indicating that it the liquid crystal molecule provides valuable information
is possible to control the optical properties of liquid for analysis of the interaction between the liquid crystal
crystals and devices by photons [6, 7]. Furthermore these and substrate. Although there are many reports con-
methodologies using organic thin � lms are interesting cerning orientational behaviour of rod-like systems, there
from the viewpoint of device fabrication. are very few reports for discotic liquid crystals [2–5, 13].

Few results on molecular alignment switching of a Several studies have reported on the use of infrared
discotic liquid crystal have been reported so far, and

dichroism to measure the molecular orientation and the
those that have involved external magnetic � eld eŒects

order parameters of uniformly aligned columnar phases

of discotic liquid crystals. Kruk et al., for example,

reported the evaluation of the order parameter of the*Author for correspondence; e-mail: yo-shimizu@aist.go.jp
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columnar discotic phase of hexapentyloxytriphenylen e
using unpolarized infrared radiation, by comparing the
IR absorption intensity of the columnar phase with that
of the isotropic phase [2]. Whilst in theory this tech-
nique can also be applied to the ND phase, few experi-
ments have been reported due to the high transition
temperature to the isotropic phase, which makes the
experiment impractical, and because of the di� cult
problem of obtaining a uniformly aligned sample.
However, this method is useful for analysing molecular
alignment mechanisms of liquid crystals because of the
ability to evaluate independently the order parameters

Scheme. Chemical structures of the compounds studied.and the averaged directions of individual functional
groups in the molecule. This method has been extended
to evaluate the dependence of the alignment of the
hexagonal columnar phase of a triphenylene derivative

Table 1. Phase transition temperatures ( ß C) and enthalpieson various types of inorganic substrate structures such
(kJ molÕ 1, in italics) of C8OBT.

as freshly cleaved mica [3]. Recently, Perova et al.
reported the use of this method in evaluating an Crystal Colr ND Isotropic
anchoring transition for a discotic liquid crystal on a

150 167 238nylon-coated substrate [4]. Favre-Nicolin et al. also
21 6.0 0.5reported the order parameters in the ND phase of

acrylate derivatives of triphenylene calculated from the
refractive index using the Vuks approximation [13].
However, this method provides the parameters for the
molecule as a whole, rather than those for individual 3 min; it was then heated at 90 ß C for 1 min, followed by

drying at 180 ß C in air for 1 h. This � lm was not treatedfunctional groups. Detailed studies of the dependence
of the alignment and the order parameters for each by rubbing. The thickness of the polyimide � lm was

estimated by ellipsometry to be c. 45 nm. The CTAB-functional group within the ND phase on substrates
coated with an organic layer have not yet been reported. coated substrate was prepared by dipping glass plates

into a saturated aqueous solution of CTAB. C8OBT wasIn this work, the orientational behaviour for the ND
phase of 2,3,6,7,10,11-hex a(4-n-octyloxybenzoyloxy )tri- sandwiched between these substrates using silica bead

spacers (2 mm diameter) . For infrared spectra collection,phenylene (C8OBT) on a spin-coated polyimide (JSR
Co. Ltd., AL1254) � lm and a cetyltrimethylammonium BaF2 plates were used instead of glass plates.
bromide (CTAB) coated substrate has been investigated
by polarizing optical microscopy (POM) involving a 2.3. Observation of alignment behaviour

The textures of the ND phase were observed using anhot stage, and the order parameters have been evaluated
by FTIR spectroscopy. Olympus BH-2 polarizing microscope in conjunction

with a Mettler HT80 hot stage. The temperature depend-
ence of the FTIR spectra was measured in order to

2. Experimental
evaluate the directions and order parameters for the tri-

2.1. Compounds
phenylene core and the carbonyl groups of C8OBT. The

C8OBT was synthesized according to a literature
order parameters were evaluated by infrared dichroism

method [14] and commercially available CTAB was
following the method of Kruk et al. [2].

used. C8OBT shows the ND phase in a relatively low
The local order parameter that describes degree of

temperature region and the phase transition behaviour
alignment of a sub-unit in the liquid crystal molecule

is shown in table 1. C8OBT shows three enantiotropic
was obtained by this method. Infrared dichroism was

phase transitions [15] and has two mesophases; these
used and the intensity of absorption in the isotropic

are the rectangular columnar phase (Colr ) and the ND phase was compared with that in the mesophases. The
phase.

direction angle h of the transition moment for the
infrared incident light was obtained from the absorption
ratio. In other words, the manner of alignment can be2.2. Preparations and measurements

The polyimide � lm was prepared by spin-coating on identi� ed as homogeneous-like or homeotropic-like. The
estimation of the order parameter S by Kruk’s methoda thoroughly cleaned glass substrate at 3000 rpm for
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was carried out as follows:

S 5 1 Õ 3/2 7 sin2 h 8 . (1 )

From NeŒ’s method for unpolarized radiation [16], the
integrated absorbance of the band in the mesophase IM ,
and that in the isotropic phase IIso are

IM 5 cos2 y 7 sin2 h 8 1 1/2 sin2 y 7 1 1 cos2 h 8

IIso 5 cos2 y 7 sin2 h 8 Iso 1 1/2 sin2 y 7 1 1 cos2 h 8 Iso
where y is the angle between the functional group and
the normal to the substrate, and h is the angle between
the direction of the transition dipole moment and the
direction of the incident IR.

In the isotropic phase:

7 sin2 h 8 Iso 5 2/3, 7 cos2 h 8 Iso 5 1/3, i.e. IIso 5 2/3.

The dichroic ratio Ri 5 Im /IIso 5 IM Ö 3/2, i.e. Figure 2. FTIR spectrum of a C8OBT � lm sandwiched by
BaF2 plates.

Ri 5 3/2 cos2 y 7 sin2 h 8 1 3/4 sin2 y 7 1 1 cos2 2h 8

(2 )
3. Results and discussion
3.1. T exture observationwhere IM is the integrated absorbance of the band in the

ND mesophase and IIso is that in the isotropic phase. As shown in � gures 3 (a) and 3 (b), respectively, C8OBT
shows a typical nematic schlieren texture on the glassFrom equations (1) and (2)
substrate, while a homeotropic texture was observedS 5 2(Ri Õ 1) (for y 5 90 ß ), S 5 1 Õ Ri (for y 5 0 ß ).
when the substrate was polyimide � lm. As shown in
� gures 3 (c) and 3 (d), the texture on the CTAB-coatedThe value of h is estimated from the dichroic ratio Ri

between the isotropic phase and mesophase. A schematic substrate shows a tilted or planar homogeneous texture
in which the optical axes lie more or less parallel to thediagram showing the use of the infrared dichroic method

for evaluating the order parameters of individual functional surfaces, and the molecules themselves lie on their sides
on the substrate. This indicates that in the case ofgroups is shown in � gure 1.

The IR spectrum of C8OBT is shown in � gure 2. The polyimide � lm, the molecular core is aligned parallel to
the substrate and the polyimide � lm induces homeo-bands of most interest were attributed to nmax /cm Õ 1 :

1745 (C O str.), 1603 (Aromatic C C str.). tropic alignment of the C8OBT ND phase. In contrast,
the eŒect of the CTAB layer is to induce alignment of the
core perpendicular to the substrate. The imperfections in
the texture in � gure 3 (b) were possibly due to dust and/or
blemishes in the � lm resulting from the preparation
processes. Whilst these results show control of alignment
in the ND phase, it was found that in the Colr phase, the
C8OBT molecules do not uniformly align, but instead
form � ne domains directed randomly regardless of the
substrates. This indicates that the intermolecular inter-
actions in the Colr phase are stronger than the interaction
of the molecules with the substrates. These characteristics
were unaŒected by temperature over the full range of
those mesophases.

3.2. Order parameters and alignment behaviour
The temperature dependence of the FTIR spectra was

measured in order to evaluate the directions and the order
parameters for the triphenylene core and the carbonyl
groups of C8OBT in the ND phase. An independentFigure 1. Diagram illustrating the infrared dichroic method

used to evaluate the order parameters of chemical bonds. evaluation of the alignment behaviour of the triphenylene

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1256 H. Monobe et al.

Figure 3. The textures of the ND phase (200 ß C) of C8OBT when cooled from the isotropic phase and sandwiched by (a) glass
plates, (b) polyimide, (c) CTAB, and (d) after the sample in (c) was rotated by 45 ß around the optical axis.

core and the carbonyl groups is important in order to Figure 4 shows the temperature dependence of the
relative IR absorption intensity. The two characteristicanalyse the interaction between the liquid crystalline

molecules and the alignment layer of the substrates. absorption bands at 1603 cm Õ 1 (triphenylene aromatic
C C stretch) and 1745 cm Õ 1 (carbonyl C O stretch)Dipole–dipole interactions of the molecules with the sub-

strate surface and the ease of movement of the carbonyl were used for the evaluation of the relative absorption
intensity. In the case of the polyimide, the relativegroups around chemical bonds could also be appraised.

Figure 4. Temperature dependence of the IR absorption intensity relative to that of the isotropic phase for the C O stretching
vibration at 1745 cm Õ 1 (_ ), and the aromatic C C stretching vibration at 1603 cm Õ 1 (D ): (a) on the polyimide � lm, (b) on CTAB.
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Table 2. The directional alignment and order parameters Sabsorption intensity of the aromatic C C bond increased
of the triphenylene core and carbonyl groups of C8OBTin the temperature region of the ND phase, while that
in the ND phase at 170 ß C.

for C O decreased as shown in � gure 4 (a). This indicates
that the triphenylene core plane is parallel to the sub- Functional Director to the

Substrate group S substratestrate, with the carbonyl groups tending to align perpen-
dicular to the substrate coated with polyimide. On the

Polyimide triphenylene 0.60 parallelother hand, in the case of CTAB, the relative absorption
carbonyl 0.21 perpendicular

intensity of the aromatic C C bond decreased in the
CTAB triphenylene 0.21 perpendiculartemperature region of the ND phase, while that of the

carbonyl 0.33 parallelC O groups increased as shown in � gure 4 (b). This
indicates that the triphenylene core plane tends to align
perpendicular to the substrate, while the carbonyl groups
align parallel to the substrate, contrary to the behaviour with the results of the POM texture observations for

the ND phase. The order parameter of the triphenyleneon the polyimide substrate. The direction of these groups
is determined from the change in the relative IR absorp- core on the polyimide (S 5 0.6) is higher than that on

CTAB (S 5 0.2), though the values for the carbonyltion intensity between the isotropic and the ND phases.
These results agree with the POM observations. groups are roughly comparable (S 5 0.2~ 0.3) for each

substrate in the ND phase. We believe that the tri-The temperature dependence of the order parameters
of the triphenylene core and the carbonyl groups were phenylene core of C8OBT is strongly anchored parallel

to the polyimide, while it loosely aligns perpendicularevaluated and are shown in � gure 5. When the substrate
is the polyimide � lm, the order parameter in the ND to the CTAB-coated substrate due to the small inter-

actions between the substituent alkyl chains of C8OBTphase of both the triphenylene core and carbonyl groups
increases with decreasing temperature. A similar behaviour and the long alkyl chain of CTAB. This causes the

higher value of the order parameter of the triphenyleneis observed on the CTAB-coated substrate, although the
eŒect of temperature is less marked for the order para- core on the polyimide � lm. This order parameter of the

triphenylene core is a little small compared with thatmeter of the carbonyl groups. This may indicate that in
the ND phase the triphenylene cores are mutually well evaluated from the ordinary and extraordinary refractive

indices of acrylate derivatives of triphenylene (S 5 0.7)aligned, as the molecular � uctuations get smaller with
decreasing temperature for both substrates, while the [13]. This could be caused by the absorption by the

phenyl rings of the benzoate substituents of C8OBT.carbonyl groups become gradually aligned with decreasing
temperature for the CTAB-coated substrate in the ND According to modelling studies of triphenylene benzoates

[17], the phenyl rings tend to form an angle of 80 ß withphase.
The directions and the order parameters at 170 ß C the triphenylene core; while the angle between the plane

of the peripheral phenyl ring and the plane of the esterof both the triphenylene core plane and the carbonyl
groups are summarized in table 2. These results agree linkage which contains the carbonyl group is negligible.

Figure 5. Temperature dependence of the order parameters for the C O stretching vibration near 1745 cm Õ 1 (_ ) and the aromatic
C C stretching vibration at 1603 cm Õ 1 (D ): (a) on the polyimide, (b) on CTAB.
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