
pubs.acs.org/cmPublished on Web 11/12/2009r 2009 American Chemical Society

Chem. Mater. 2009, 21, 5867–5874 5867
DOI:10.1021/cm902634r

Homeotropic and Planar Alignment of Discotic Liquid Crystals: The Role

of the Columnar Mesophase

Guillaume Schweicher, Gabin Gbabode, Florence Quist, Olivier Debever,
Nicolas Dumont, Sergey Sergeyev, and Yves H. Geerts*

Laboratoire de Chimie des Polym�eres, Facult�e des Sciences, Universit�e Libre de Bruxelles (ULB),
CP206/1, Boulevard du Triomphe, 1050 Brussels, Belgium

Received August 26, 2009. Revised Manuscript Received October 26, 2009

Blends of two metal-free phthalocyanine mesogens exhibiting different mesophases (Colr phase
from room temperature to isotropization for the first one, and Colr at room temperature then Colh
from around 60 �C to isotropization for the second one) have been studied in order to determine the
relationship between the type of mesophase and the alignment behavior. The phase diagram of this
system has been built and evidence of full solid-state miscibility of the two pure constituents in all
proportions and temperatures is presented. Investigation of phase alternation at room temperature
as a function of composition revealed that border compositions exhibit Colr phases similar to the pure
constituents, whereas Colh mesophase was stabilized for intermediate compositions. Combined
polarized optical microscopy observations and X-ray diffraction measurements showed that home-
otropic alignment is adopted only for mixed samples exhibiting Colh mesophase, thus demonstrating
that the presence of a Colh mesophase is a necessary condition for homeotropic alignment.

Introduction

Organic semiconductors have aroused much interest in
the past few years1 and among the different materials
under study, π-conjugated liquid crystals have attracted
particular attention due notably to their self-assembling
ability, their malleability and their ease of processing.
Generally speaking, there exist two types of liquid crystal-
line mesogens, which differ not only in their shape, but
also in the type of self-assembled structure they yield and
in the dimensionality of charge transport and exciton
migration within such structures.1 Rod-shaped calamitics
can form nematic (orientational order) or smectic
(orientational as well as positional order) phases and
present a two-dimensional charge transport in directions
perpendicular to the long axis of the molecules. In addi-
tion to forming nematic mesophases, disk-shaped disco-
tics can self-assemble into columns, which can then
arrange into a hexagonal, a rectangular, a tetragonal,
an oblique, or a cubic lattice.2 Charge transport in such
columnar mesophases is one-dimensional and its direc-
tion is parallel to the column axis. To construct efficient
devices, it is therefore necessary to control the self-
assembled structures formed by such materials and, in
particular, to control the charge transport direction rela-
ting to the alignment of the mesophase. Although the
alignment of low-molecular-weight calamitic nematic

mesophases onto surfaces, through rubbing or photo-
alignment techniques in particular, has been extensively
studied (notably because of their use in liquid crystal
displays, LCD2-4), the alignment of discotic columnar
mesophases has not received asmuch attention. The latter
can present two types of alignment with respect to a
substrate: planar alignment, in which the column axes
lie parallel to the surface and homeotropic alignment
where the column axes are perpendicular to the surface.
These two orientations can be used in different applica-
tions. For example, uniaxial planar orientation is needed
for field-effect transistors applications, whereas home-
otropic alignment can be used in solar cells or light-
emitting diodes.1

A few examples of induced alignment of discotic co-
lumnarmesophases, through construction of Langmuir-
Blodgett thin films,5,6 zone-casting techniques,7-9 photo-
patterning10 or use of magnetic fields11 have been reported
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in the literature; however, spontaneous alignment, ob-
tained without application of external forces, is still
poorly understood. From previous studies led by Grelet
and Bock,12 spontaneous alignment of discotic columnar
phases seems to depend strongly on the air-liquid crystal
(LC) interface. This is supported by the fact that some
mesogens can form one type of alignment when sand-
wiched between two substrates and another one on a
single substrate.13 However, it has been proven for
phthalocyanine discotic liquid crystals that the chemical
composition and surface tension of solid substrates with
low roughness play no role on alignment, as homeotropic
alignment has been observed for hydrophilic, lypophilic,
fluorophilic andmetallic surfaces.13 Other factors such as
molecular structure, annealing temperature, cooling rate
and purity have also been investigated in order to get
further understanding of the alignment phenomenon but
no particular trends could be discerned.1,3,12,14-20

Although several factors contribute to the alignment
process, a survey of the literature shows that all reported
homeotropic alignments seem to coincide with the exis-
tence of a columnar hexagonal (Colh) phase.

7,12,13,15,21-28

However, the following question has never been, to the
best of our knowledge, explicitly addressed in the avail-
able literature reports: does the type of mesophase influ-
ence the alignment behavior? This article intends to
evidence a clear relationship between mesophase type
and alignment behavior. Toward this end the sponta-
neous alignment of thick films on one substrate and
between two substrates was systematically studied for
blends of two miscible phthalocyanine mesogens posses-
sing different thermotropic behavior.

Experimental Section

The synthesis of compounds 1 and 2 is described in previous

publications by our group.29-31 Blends of 1 and 2were made by

weighing appropriate amounts of the two compounds, solubi-

lizing in dichloromethane and then evaporating the solvent

under reduced pressure. Fifteen blends of different composi-

tions (defined as the molar fraction (x) of compound 2 in a

blend) varying from 0 to 1 were prepared.

Thermal transitions were determined by differential scanning

calorimetry (DSC) performed using a Pyris DSC Diamond

(Perkin-Elmer) at a scanning rate of 20 �C/min. Three heat-

ing/cooling cycles were performed on two different samples for

each composition. First scans were discarded because of the fact

that these are dependent on the thermal history of the sample.

Average of the onset temperatures was determined for the

transitions of the consecutive scans. Onset temperatures could

not be determined manually for compositions x = 0.05-0.15

because of the extreme broadness of the isotropization peak.

Estimation of the transition temperature was then performed.

See the Supporting Information for related calculation of these

transition temperatures.

Optical textures were observed with a polarizing microscope

(NikonEclipse 80i) equippedwith a hot stage (LinkamScientific

Instruments, CI94). All samples were prepared on precleaned

glass slides. Powder X-ray diffraction measurements were per-

formed on a Bruker D8 Advance diffractometer using Cu KR
radiation (λ = 1.5418 Å). All samples were prepared on thin

precleaned aluminumplates (rugosity rms: 0.3μm, contact angle

with water: 92�). The material was spread on the aluminum

substrate to formauniform layer (thickness of a few hundreds of

micrometers) to avoid additional broadening of diffraction

peaks. Diffraction patterns were collected in the scattered

angular range between 1.6� and 30� with an angular resolution

of 0.02� per step and a typical counting time of 10 s per step,

using Bragg-Brentano geometry (θ/θ setup). X-ray diffraction

patterns are represented as the scattering intensity versus

2θ (in degrees), the angle between incident and diffracted

X-ray beams. Sample temperature was controlled within

0.1 �C accuracy.

Results

1. Thermotropic Behavior of Pure Constituents.Prior to
constructing the phase diagram of the blends, we analyzed
the two pure constituents 1 and 2 (Scheme 1). The phase
transitions observed by DSC and XRD for both com-
pounds corresponded to those reported previously.29-31

Compound 1 showed Colr-isotropization at 151.6 �C
(8.18 kJ mol-1), whereas compound 2 exhibited a
Colr-Colh transition at 58.3 �C (0.07 kJ mol-1) and
Colh-isotropization at 181.6 �C (4.8 kJ mol-1). For com-
pound 2, higher transition temperatures than those found
in the literature22,29,31,32 are observed because of a higher
purity of samples used in this study. Plane group c2mm
(Figure 1, left) had been ascribed to both Colr phases 1 and
2 in previous publications.29-31
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2. Thermotropic Behavior of Blends. Compiling the
transition temperatures obtained by DSC analysis as a
function of composition allowed us to obtain a phase
diagram of the binary system (Figure 2). The smooth,
continuous evolution of transition temperature with
composition is a clear indication of the full solid-state
miscibility of both compounds and this conclusion is
reinforced by the observation that transition tempera-
tures upon heating and cooling are superimposed (see
Figure S1 in the Supporting Information). Such solid-
state miscibility was expected because of the fact that the
two phthalocyanine mesogens used in this study present
similar backbones, and has already been observed in the
case of other mesogens blends.33-35 Conspicuous also is
the rapid disappearance of the Colr-Colh transition,
which was only observed for molar fractions of 2 above
0.925, that is, minimal addition of compound 1 to com-
pound 2. This transition occurs over a large temperature

range for mole fractions 0.925 and 0.95 and could be
observed only by POM and XRD (Figure 2 and S2). All
other compositions presented only one transition corre-
sponding to isotropization.
Three main regions can be discerned in this phase

diagram: compositions from x = 0.975 to x = 0.925,
from x=0.90 to x=0.40 and from x=0.30 to x=0.05.
X-ray powder diffraction patterns have been measured

at room temperature for each composition in order to
investigate the evolution of the structural arrangement as
a function of composition. Figure 3 shows the evolution
of the low-angle region of the X-ray diffraction patterns
measured at room temperature as a function of composi-
tion from 1 to 2. The three above-mentioned domains of
composition can also be recognized here through differ-
ent trends in the evolution of the position and intensity of
the diffraction peaks. The cell parameters determined for
all compositions, together with observed and calculated
positions of hk reflections, can be found in the Supporting
Information.

Compositions from x = 0.975 to x = 0.925. X-ray
diffraction patterns measured for these compositions are

very similar to the one of the Colr phase of 2. Two intense

partially overlapping diffraction peaks are visible in the

3-4� 2θ range which have been indexed as 11 and 20

reflections, as for 2. Higher order reflections are also

present between 5� and 7� with similar positions and

relative intensities to 2 and can be given the same hk

indices (see Table S2 and Figure S3 in the Supporting

Information). This indicates that compositions from x=

0.975 to x=0.925 exhibit a Colr phase similar to that of 2

at room temperature. However, a gradual translation of

the 20 reflection toward lower angles is observed from

x=0.975 to 0.925, which implies a continuous increase in

the a parameter (see Table S2 in the Supporting In-

formation). Plane group c2mm can be attributed to the

Colr phase of these blends as in the case of compound 2.

Scheme 1. Molecular Structure and Properties of Mesogenic Phthalocyanines

Figure 1. Schematic representation of Colr unit cells of 1 and 2 (c2 mm).
Unit cell with p2gg symmetry is shown for comparison.
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X-ray powder diffraction measurements as a function
of temperature confirmed that these three compositions
all undergo Colr to Colh transition when temperature
increases. The X-ray diffraction patterns measured at
70 �C for these three compositions all show a sharp
intense peak at low scattering angle followed by three
additional higher-order less intense peaks. Reticular dis-
tances of the observed reflections follow a ratio 1:1/

√
3:1/

2:1/
√
7, which is typical of the Colh phase of 2.29,31 It is

therefore apparent that the structural behavior of com-
positions 0.975-0.925 is similar to that of compound 2.

Compositions from x = 0.90 to x = 0.40. When the
amount of 1 is further increased, Colh arrangement is
stabilized at room temperature. X-ray diffraction pat-
terns of compositions x=0.90 and x=0.75 measured at
room temperature exhibit the same characteristic peaks
observed for the high temperature Colh phase of compo-
sitions from x = 1.00 to x = 0.925 (see Figure S4 and
Table S3 in the Supporting Information). For composi-
tions from x = 0.60 to x = 0.40, the higher order
diffraction peaks are no longer visible, but a sharp strong
intense peak (10 reflection) is still present at low angles,
indicating a Colh arrangement. We hypothesize that a
random distribution of molecules of 1 within the
columns is detrimental to the occurrence of higher order

diffraction peaks. Compositions from x = 0.90 to x =
0.40 all exhibit a Colh phase at room temperature. Only
one transition from Colh to isotropic is observed by DSC
(see Table S1 in the Supporting Information).

Compositions from x= 0.30 to x= 0.05. For composi-
tion x=0.30, the 10 reflection, observed until x=0.40, is
now split into two convoluted reflections. From x=0.30
to x = 0.05 the positions and relative intensities of these
two diffraction peaks evolve so that they nearly match
those observed for 1 at x = 0.05. These two reflections
have been attributed to the same hk indices as for 1 (see
Table S4 in the Supporting Information). Furthermore,
the 13 reflection, which is observed for 1, is also present
for compositions from x=0.15 to x=0.05. This clearly
indicates that they exhibit a similar Colr phase and also
allows us to conclude that these phases have c2mm
symmetry. The 13 reflection is no longer observed for
compositions x= 0.30 to x= 0.25, probably because of
random distribution of compound 2 within the columns.

Solid-State Miscibility of Compounds 1 and 2. When
looking at X-ray diffraction patterns of all compositions
at room temperature, coexistence of diffraction peaks
belonging to two different columnar arrangements is
never observed. This constitutes clear evidence that no
phase separation occurs in the entire composition range
and that the two compounds are miscible in all propor-
tions at the solid state. This is in agreement with the
absence of invariant transition in DSC. Instead, a con-
tinuous transition, from Colr to Colh and from Colh to
Colr, is observed on increasing x. It is further demon-
strated by the continuous evolution of the position and
intensities of the diffraction peaks for blends from 1 to 2

and supported by the evolution of the surface per mole-
cule ratio (S/Z) calculated from the cell parameters (S=
ab and Z=2 for the Colr phases, S= a2(

√
3/2) and Z=

1 for the Colh phases), which is shown in Figure S5 of the
Supporting Information. To summarize and rationalize
the phase alternation at room temperature in this binary
mixture, we give the evolution of cell parameters as a
function of composition in Figure 4 (ar and br refer to cell
parameters of Colr phases, and ah to cell parameter of
Colh phases). The three above-mentioned zones are again
well distinguished in this representation. In the two Colr
domains, a similar trend is observable: br remains con-
stant, whereas ar increases continuously upon addition of
the other constituent. For the Colh domain, which lies
between the two above-mentioned Colr domains, a small
continuous increase of ah with x from the br value of x=
0.30 (limit of the Colr domain of 1) to the br value of x=
0.925 (limit of the Colr domain of 2) is noticeable.
Transitions from Colr to Colh as a function of composi-
tion can then be rationalized by a continuous distortion of
the rectangular lattice. Indeed, the cell parameter br is
almost equal to ah, and ar increases until reaching the
value of ah

√
3. This value corresponds to the length of the

rectangular cell that can be built in a hexagonal lattice
(Figure 4). For the two boundary compositions
(Colr-Colh border) x = 0.30 and x = 0.925, the ar/br
ratio is indeed almost equal to

√
3 (relative error less than

Figure 3. Evolution, as a function of composition, of the low-angle
region ((2-6� 2θ range) of the X-ray diffraction patterns measured at
room temperature.

Figure 2. Phase diagram of binary system 1 and 2. Gray strips represent
Colr-Colh transition temperature range.
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5%). This composition-dependent Colr-Colh transition
is similar to the temperature-dependent Colr-Colh tran-
sition observed for 2 and for the blends with compositions
from x = 0.925 to x = 0.975 (see Figure S1 in the
Supporting Information). For the latter compounds in
particular, the values of ah of the high-temperature Colh
phase (open squares in Figure 4) are very close to those of
br of the room-temperature Colr phase.
The shape of the experimental phase diagram found,

i.e., the isotropization curve going through aminimum, is
expected for a blend of two compounds with similar
crystal structures and a dimensional factor36 higher than
15% (Hume-Rothery rule37). It is assumed that such
difference in the size of the components introduces into
the solid solution a lattice strain energy which is not
present in the liquid solution, thus giving a tendency to
stabilize the liquid rather than the solid state.5 In the
present case, 1 and 2 do present a dimensional factor
higher than 15% (estimated using Chem3D). The mini-
mum is situated close to x=0.30, which indicates that the
aforementioned lattice strain energy is the highest at the
Colr-Colh transition in molar fractions.
3. Alignment between Two Substrates. Textures of the

binary mixtures confined between two glass substrates
were observed by POM (Figure 5). Samples are several
centimeters wide and a fewmicrometers thick. Therefore,
no edge effects have been observed. As has been stated
previously, compound 2 tends to align homeotropically
when confined between two substrates, whereas com-
pound 1 adopts planar alignment. This is visible through
the absence of texture for annealed compound 2 and by
the typical fan-like texture for annealed compound 1.

In agreement with the phase diagram, it is possible to
discern three different behaviors.
Above x=0.925, a pseudohomeotropic13,38 alignment

as in pure 2 is observed.
Fromx=0.90 to x=0.40, where theColh-isotropiza-

tion transition occurs, homeotropic alignment is ob-
served. This alignment is characterized by an absence of
texture (image appears black because the optical axis is
equivalent to the columnar axis and to the normal of the
disklike molecules, which cancels out any birefringence
phenomena). Only a few defects, probably due to dust
particles present on the original glass slides, are observed.
Finally, for concentrations between x= 0.30 and x=

0.05, where only a Colr-isotropization transition occurs,
fanlike texture typical of planar arrangement is observed.
It is, however, apparent that domain sizes become smaller
as the concentration increases. In this concentration
range, compound 2 acts as an impurity that destabilizes
the Colr mesophase of compound 1. At concentrations of
0.30 and 0.25, the typical fanlike texture is no longer
obvious, but can still be observed at higher magnification
in the remaining birefringent areas.
4. Alignment on One Substrate. POM images taken on

one single substrate showed planar alignment upon an-
nealing for both pure compounds, 1 and 2 (Figure 6). This
has also been established byX-ray diffraction by compar-
ison of patterns measured at room temperature before
and after isotropization. By analyzing the evolution of the
relative intensities of the characteristic peaks (2-5�

Figure 4. Evolution of the cell parameters determined at room tempera-
ture, as a functionof composition.ar and br refer to cell parameters ofColr
phases, and ah to cell parameter of Colh phase.White squares correspond
to cell parameters of high temperature Colh phase. The figure in the
middle is a schematic representation of a hexagonal arrangement of
discotic molecules (the axis of the columns is perpendicular to the plane
of the figure). The hexagonal unit cell is drawn in red and the rectangular
unit cell, which can also be built from this arrangement, is in blue.

Figure 5. POM textures of different blends between two substrates.
Images taken at room temperature.

(36) The dimensional factor is defined as the ratio of the molecular
diameterD of the constituents. So, in our case dimensional factor is
(D2 - D1)/D2.
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W.; Nielsen, M. M.; Viville, P.; Lazzaroni, R.; Gbabode, G.;
Geerts, Y. H. J. Phys. Chem. C 2009, 113, 14398–14406.
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2θ angle region) between the two experiments, one can
qualitatively assess the molecular alignment.8,39

Figure 7 shows a superposition of the low-angle region of
X-ray diffraction patterns measured at room temperature
before and after isotropization for 1 (Figure 7a) and 2

(Figure 7b). For both compounds, significant changes of
the relative intensities of the 11 and 20 reflections are
observed, which is different for the two compounds. In
the case of compound 1 the intensity of the 11 reflection
overwhelms that of the 20 reflection after isotropization.
The opposite can be seen for compound 2. Moreover, only
the second order of the most intensive reflections is ob-
served at higher angles in each case (not shown). This

implies that both compounds exhibit a planar alignment
with a well-defined orientation of the 2D rectangular unit
cell toward the substrate: along its diagonal for 1, 11 planes
being parallel to the substrate and along its short side for 2,
20 planes being parallel to the substrate (insets in Figure 7).
Note that these results do not mean that columns are all
oriented in the same direction in the plane of the substrate
(homogeneous alignment) but rather that their stacking
along the substrate normal is regular in the entire sample. In
the plane of the substrate, the columns are likely to be
curved as has been previously observed by AFM for 2.13

Alignment behavior of the blends can once again be
divided into the three regions. POM observations
(Figure 6) show that above x = 0.925, planar alignment
is found, similar to compound 2. From x = 0.90 to x =
0.40, the columns align homeotropically on the substrate.
This alignment is once again characterized by an absence
of texture. Fromx=0.30 tox=0.05, planar alignment is
observed. Similarly to what was seen for confined sam-
ples, the domain size decreases gradually throughout this
concentration range.
X-ray diffraction measurements also confirmed these ob-

servations. For compositions x = 0.975 and x = 0.95, a
similar trend to that of 2, i.e., enhanced intensity of 20
reflection compared to 11 reflection, is observed (Figure 8).
Preferential orientation is so apparent for x=0.975 that not
only intensity of 20 and 40 reflections increases significantly
but even the 60 reflection can be observed (not shown in
Figure 8). Similarly to 2, these compositions exhibit a planar
alignment where the shorter side of the rectangular unit cell is
parallel to the substrate plane.
For compositions from x = 0.925 to x = 0.40, which

exhibit a Colh phase at room temperature (except x =
0.925 which is at the limit of the Colr-Colh transition),
a dramatic decrease of the 10 reflection is observed
(Figure 9) together with the emergence of a (rather
diffuse) reflection corresponding to the π-stacking
distance (see Figure S6 in the Supporting Information).
The spread and low intensity of the latter indicate a low

Figure 7. Comparison of the low-angle region of X-ray diffraction patterns measured at room temperature before (black) and after (gray) isotropization
for (a) 1 and (b) 2. Insets represent schematic orientation of the rectangular unit cell toward the substrate in both cases.

Figure 6. POM textures of different blends on one substrate. Images
taken at room temperature.
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stacking order within the columns, as in the case of the
two pure constituents. This behavior is consistent with
homeotropic alignment (columnar axis perpendicular to
the substrate surface), since in this case only the 00 L
reflections should be observed. The remaining intensity of
the 10 reflection which is observed for all compositions
can be attributed to low level of misalignment.
Finally, from x = 0.30 to x = 0.05, no significant

changes of the relative intensities of the 11 and 20 reflec-
tions or increase of the π-stacking reflection intensity
could be observed between X-ray diffraction patterns
measured before and after isotropization. This indicates
a planar alignment with no particular orientational pre-
ference of the unit cell toward the substrate plane. This
result is in agreement with the small birefringent domains
observed by POM for these compositions.

Discussion

From the results collected here, it appears that
columnar hexagonal arrangement induces homeotropic

alignment while columnar rectangular mesophase favors
planar alignment. This is notable when looking at phase
and alignment alternations as a function of blend com-
position. Indeed, homeotropic alignment has systemati-
cally been observed in blends presenting Colh phase and
planar alignment in blends presenting Colr phase for
samples annealed on one substrate as well as those
sandwiched between two substrates. A similar correlation
can also be made from observation of mesophase and
alignment changes as a function of temperature for
compositions from x=0.975 to x=0.925. Homeotropic
alignment was in fact evidenced, both by POM (one
substrate) and XRD, at temperatures above the
Colr-Colh transition (see Figure S7 in the Supporting
Information). This alignment is then broken on cooling
past the Colh-Colr transition, thus yielding planar align-
ment of the columns. Pseudohomeotropic alignment ob-
served for 2 and compositions rich in 2 in the Colr
mesophase, for samples sandwiched between two sub-
strates, constitutes a special case in which the home-
otropic alignment adopted at high temperature in the
Colh phase is preserved (“frozen in”) upon cooling to
room temperature. The slightly birefringent characteris-
tic textures presented by such an alignment stem from the
fact that columns in the Colr phase present a slight tilt
with respect to the normal to the substrate surface.13,38

This pseudohomeotropic alignment would therefore con-
stitute a kinetically favored arrangement of the meso-
phase and for those compositions, removal of the upper
substrate along with reannealing leads to planar align-
ment at room temperature.13,38

The present work thus evidence what has been pre-
viously observed experimentally for different discotic
mesogens,7,12,13,15,21-28 i.e., Colh arrangement is a neces-
sary prerequisite for homeotropic alignment. It was de-
monstrated in a previous study byGrelet and Bock12 that
the alignment of columns in discotic mesogens exhibiting
Colh mesophase on an open surface resulted from an
antagonist preferential orientation of the molecules. A
face-on orientation of disks was found to be more favor-
able at the substrate-LC interface, whereas an edge-on
orientation would prevail at the LC-air interface.12,40 It is
then assumed that, as the growth of the LC material
preferentially starts on the substrate, for a given cooling
rate, homeotropic alignment could be kinetically favored
for thick films, whereas stable planar alignment would be
observed for thin films. Our results are in complete
agreement with this explanation in the case of samples
exhibiting Colh mesophase, as thick films are only con-
sidered here (a few micrometers thick) and homeotropic
alignment is always obtained. On the other hand, planar
alignment has been reported for compound 2 when thin
films (hundreds of nanometers thick spin-coated films)
are considered.13 This work also suggests that it is the
nature of the mesophase that governs the type of align-
ment exhibited when specific interactions between the

Figure 8. Low-angle region of X-ray diffraction patterns measured at
room temperature before (dark lines) and after (gray lines) isotropization
(I) for compositions x = 0.95, x= 0.975, and 2 (x = 1.00).

Figure 9. Low-angle region (2-7� 2θ range) ofX-raydiffractionpatterns
measured at room temperature before (black lines) and after (gray lines)
isotropization (I) for compositions from x = 0.925 to x = 0.40.

(39) Lu, G.; Li, L.; Yang, X. Adv. Mater. 2007, 19, 3594–3598.
(40) Mouthuy, P.-O.; Melinte, S.; Geerts, Y. H.; Nysten, B.; Jonas, A.

M. Small 2008, 4, 728–732.
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substrate and the rigid cores (or the alkyl chains) can be
ruled out. It has indeed been thoroughly demonstrated by
De Cupere et al.13 that the alignment behavior was
independent from the nature of the substrate, in the
specific case of 2 and this conclusion could be extended
to all blends studied here since polarized optical micro-
scopy observations (glass substrate) and X-ray diffrac-
tion measurements (aluminum substrate) are in full
agreement. It is also important to note that the arrange-
ment of discotic mesogens within the columns is different
in Colh and in Colr mesophases. In fact, mesogens in Colh
phase present a face-to-face interaction with no tilt with
respect to the column axis, while a slight tilt is present in
Colr phase. It is therefore understandable that only Colh
phase has the potential to form columns truly perpendi-
cular to the substrate28 and this is the reason why
pseudohomeotropic alignment is only observed in the
case of Colr mesophase. It is thus possible that the
differences in alignment behavior found for Colh and
Colr mesophases are a consequence of the different
positioning of the mesogens within the columns. A po-
tential explanation for that fact could be that edge-on
orientation of disks would now be preferred at the sub-
strate-LC interface in the case of Colr phase, thus pro-
moting the growth of planarly aligned columns. The next
step consists in evaluating the substrate-LC interfacial
tension, for Colr mesophases, of edge-on and face-on
orientations40,41 and also their evolution as a function
of the crystallographic planes to validate that hypothesis.
It was additionally pointed out that compounds 1 and 2

(and compositions rich in 2) presented two different prefere-
ntial orientations of the rectangular unit cell when in planar
alignment onanopen surface.Reasons for this phenomenon
are not totally clear, although kinetics seem to play a role in
the preferential alignment of compound 2 and compositions
close to it when cooling down from Colh mesophase
(homeotropic alignment) to Colr mesophase (planar
alignment). It has indeed been observed byX-ray diffraction
(see Figure S8 in the Supporting Information), that the
respective amount of the preferential 20 oriented domains
depends on the annealing time in the isotropic phase.
Finally, this work implicitly shows the importance of

the absence of impurities such as side or degradation
products that would perturb the phase diagram to allow
proper investigation of the molecular alignment of dis-
cotics. Indeed, we can see that only aminimal amount of 1
has to be mixed with 2 to break its molecular alignment.
As an example, on a single substrate, homeotropic align-
ment is observed for x=0.925, whereas planar alignment
is exhibited by pure 2.

Conclusions

The aim of the present work was to improve the
understanding of alignment behavior of discotic liquid

crystalline materials, and especially to relate the type of
mesophase observed to a particular type of alignment. In
order to achieve these goals, a phase diagram of blends of
two miscible phthalocyanine mesogens (compounds 1

and 2), presenting differentmesophases and thermotropic
behavior, was constructed. It showed a continuous
evolution of transition temperatures, as well as a conti-
nuous transformation from one type of mesophase to the
other, thus confirming the solid-state miscibility of
both compounds in all proportions. In particular,
Colr-Colh transitions that have been observed as a
function of the composition are characterized by a con-
tinuous reversible distortion of the Colr/Colh lattices, as is
also the case for the Colr-Colh transition observed for 2
upon heating.
The evolution of alignment as a function of composi-

tion has been probed by POM and XRD measurements

for samples deposited on one substrate and confined

between two substrates. It appears that homeotropic

alignment is systematically adopted for mixed samples

which exhibit Colh phases, whereas planar alignment

is preferred for Colr samples. The evaluation of the

interfacial tension of the two molecular orientations at

the substrate-LC compound interface should be

undertaken to explain this observation in terms of ther-

modynamic parameters. An essential conclusion of this

work is that a Colh mesophase is a necessary condition

for observing homeotropic alignment. This conclusion

holds true in the absence of specific substrate-LC

interactions.
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