
DOI 10.1140/epje/i2005-10119-2

Eur. Phys. J. E (2006) THE EUROPEAN

PHYSICAL JOURNAL E
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Abstract. We present a polarising optical microscopy study of the low-temperature anticlinic-like tilted
mesophase of the liquid-crystal compound octylphenyl-2-chloro-4-(p-cyano-benzoyloxy) (DB8Cl). This
mesophase has been described as a bilayer smectic structure in which the molecules within each layer
are organised in an anticlinic way. The optical textures observed in samples with planar orientation show
a double stripe pattern, with the lines aligned parallel to the rubbing direction, characteristic of a double
periodic modulation of the refractive index of the material. The long-period modulation is temperature de-
pendent and disappears for thin sample cells (< 5µm). The short-period modulation is nearly independent
of the thickness of the cells. The experimental results are analysed in terms of a model which considers that
there is a special distribution of the principal optical axis which may be in or out of the polariser-analyser
plane. The observed periodic variation of the principal optical axis could not be interpreted in terms of
the original structure proposed for this phase. DB8Cl presents a structure formed by dimers that can be
viewed as flexible bent-core–like molecules, showing similarities with phases found in banana-like systems,
but exhibiting a much more complex structure.

PACS. 61.30.-v Liquid crystals – 61.30.Eb Experimental determinations of smectic, nematic, cholesteric,
and other structures – 77.84.Nh Liquids, emulsions, and suspensions; liquid crystals

1 Introduction

Polarising optical microscopy (POM) is a powerful tech-
nique that can be very helpful in order to understand the
molecular structure of liquid crystals (LCs) [1–4]. From
the optical textures that can be observed in controlled
conditions, it is possible to infer some conclusions with
respect to the molecular organisation in mesophases. The
results obtained from optical studies are in general com-
plemented by X-ray diffraction studies. With both tech-
niques it is possible, in general, to identify and characterise
the structure of mesophases.

Tilted smectic phases are characterised by the smec-
tic layer’s spacing and by the molecular tilt angle with
respect to the layer’s normal. This angle is null for
smectic-A phases and has a temperature-dependent value
in the smectic-C phases. In the case of ferroelectric phases
(SmC*), the direction of the molecular tilt rotates from
layer to layer around the normal to the layers and a heli-
cal structure is thus formed, with a pitch as a character-
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ising parameter. The optical patterns observed for SmC
and SmC*, with a planar alignment of the molecules, are
in general different from those observed for SmA phase
and quite different from those observed for SmCA and
SmC∗

A phases. In particular, for short pitch ferroelectrics,
stripe patterns can be observed in surface stabilised ferro-
electric liquid-crystal (SSFLC) cells, which are interpreted
as a periodic modulation of the refractive index due to
the existence of different smectic domains with different
molecular orientations [2]. However, stripe patterns are
not exclusive of ferroelectric chiral phases. They have also
been observed in smectic-C phases of achiral materials [5]
and in the smectic synclinic antiferroelectric (SmCSPA)
B2 phase [6] of more complex systems, formed by the so-
called banana-like molecules.

It is well known that liquid crystals with strong polar
terminal groups, such as the CN group, can present very
interesting polymorphisms including monolayer, partial
bilayer and bilayer smectic phases [7]. The liquid-crystal
compound octylphenyl-2-chloro-4-(p-cyano-benzoyloxy),
DB8Cl for short, presents a nematic and three bilayer
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Fig. 1. Schematic representation of the smectic phases of
DB8Cl, as proposed in reference [8].
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The phase structure of both smectic-A2 and -C2 phases
is well known and their schematic representation is shown
in Figure 1. In this figure, the surface alignment direction
in planar cells is identified by the rubbing direction. As
for the low-temperature smectic-C2 phase, an anticlinic-
like structure was proposed based on dielectric [8], X-ray
diffraction [9] and NMR studies [10]. The structure pro-
posed for the SmC? phase considers that the molecules in
each sublayer present different tilt angles, thus forming a
bended dimer, as shown in Figure 1.

The initial proposed structure for the SmC? phase
presents some similarities with an anticlinic phase. The
relatively small dielectric response to an electric field par-
allel to the molecules (ε‖) and perpendicular to it (ε⊥)
suggests weak polar properties [8], but does not give any
indication about the ferro- or antiferro-electric character
of that phase.

In order to understand how the differences between the
SmC? and the SmC2 phase structures influence the opti-
cal textures observed by optical microscopy, we have done
some optical studies on DB8Cl. In Section 2 we present the
experimental results concerning this study. In Section 3 we
analyse and discuss the results obtained in terms of a new
structure model proposed for the SmC? phase. The main
conclusions are outlined in Section 4.

2 Experimental results

The liquid-crystal DB8Cl was observed between crossed
polarisers in a microscope Olympus BHSM using optical
objectives of ×25 and ×125 total magnifications. Com-
mercial liquid-crystal cells of 25µm, 15µm, 5µm and 3µm
thickness (EHC Co. Japan), with planar alignment surface
treatments, were used in order to understand the influ-
ence of the sample’s thickness on the observed textures.

Fig. 2. Texture of the DB8Cl in a 15µm cell, in the SmC?

at 98.7 ◦C rotated −5◦ with respect to the alignment direction
observed between crossed polarisers (×125 magnification).

a) b)

Fig. 3. Texture of the DB8Cl in a 15µm cell, in the SmC?

at 98.7 ◦C observed with the crossed polarisers rotated 10◦ (a)
and 80◦ (b) with respect to the alignment direction (×125 mag-
nification).

Home-made liquid-crystalline preparations using a shear-
ing process as an alignment method were made in order to
understand the influence of the surfaces’ treatment on the
molecular alignment. The samples were put inside a home-
made oven, placed in a calibrated rotating stage attached
to the microscope, allowing the rotation of the samples
perpendicular to the incident light with an accuracy of
0.1◦. The temperature of the samples was controlled by
a Chromel-Alumel thermocouple with an accuracy better
than 0.05 ◦C.

Before all measurements, the samples were heated up
to the isotropic phase of the liquid crystal and then slowly
cooled to the desired working temperature to achieve a
good molecular alignment.

All textures presented in this work were obtained with
a photo camera Olympus OM-4Ti using standard films of
400 ASA processed and printed on standard photo paper.
Some pictures were digitalised in order to be numerically
treated by computer.

In Figure 2 we present the texture of DB8Cl, obtained
in the SmC? phase at 98.7 ◦C with a 15µm cell, where the
rubbing direction makes an angle of 5◦ with the polariser.
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Fig. 4. Texture of the DB8Cl in a 25µm cell, under crossed
polarisers rotated 6◦ with respect to the alignment direction,
obtained on cooling, during the SmC2-SmC? phase transition
(×25 magnification).

Two sets of periodic light modulations are observed: one
set with a short period of 8µm (hereafter referred as
stripes) and another one with a half-period of ∼ 68µm
hereafter referred as a superstructure (dark/light bands).
Figures 3a and b show the textures observed for sample
rotation angles ∆ of 10◦ and 80◦, in the same sense with
respect to the polariser, respectively. In these figures it
can be observed that the bands change from dark to light
(and vice versa) as the sample is rotated.

These textures with bands and stripes were not ob-
served in none of the higher-temperature mesophases of
this compound. In Figure 4 we present a photo obtained
on cooling DB8Cl at the SmC2-SmC? phase transition.
On the photo’s left-hand side the sample is still in the
SmC2 phase. On the right side of the photo it can be seen
that the pattern of bands and stripes corresponding to
the SmC? is in formation. The texture of the two phases
is completely distinct from each other.

The texture of the SmC? phase is dramatically influ-
enced by the glass cell surface treatment and the samples’
thickness. In Figures 5a and b we present textures of two
different types of top/bottom glass treatment sets. In Fig-
ure 5a, both top and bottom glasses are covered with a
conducting film of indium tin oxide (ITO). In Figure 5b
neither the top nor the bottom glasses have ITO. In both
figures the arrow indicates the shearing direction of the
upper glass relatively to the lower one.

As can be observed, the presence of ITO on both glass
surfaces (Fig. 5a), without any additional surface treat-
ment that may induce planar alignment, is not enough
to promote the superstructure observed in the textures of
Figures 2 and 3. The superstructure can be obtained either
with commercial cells specially prepared to induce planar
alignment of molecules, or by shearing the LC if ITO free
substrates are used. In fact, in Figure 5b, where neither
surface was coated with ITO, the superstructure is clearly
observed, with defect lines nearly parallel to the shearing
direction. The immediate conclusion is that the presence
of ITO demands a more sophisticated surface treatment

a)

b)

Fig. 5. Texture of the DB8Cl SmC? phase at 106.7 ◦C, ob-
served between crossed polarisers (×125 magnification) in a
15µm cell, with the crossed polarisers rotated 5◦ with respect
to the shearing direction (represented by the arrow). (a) ITO
on top and bottom substrates. (b) Both top and bottom sub-
strates without ITO.

Table 1. Sample’s thickness dependence of the bands’ half-
width, stripes’ width and number of observed stripes.

Sample’s
thickness
(µm)

Half-width of
bands
(superstructure)
(µm)

Width of
stripes (µm)

Number
of stripes
per band

25 108.6 8.0 13
15 65.3 8.0 8
5 – 10.2 –
3 – 10.6 –

of the glasses, in order to induce a good planar alignment,
which is not obtained by a simple shearing.

In both Figures 5a and b, the short-period stripes are
equally spaced. This indicates that the molecular struc-
ture responsible for the short-period stripes pattern is
weakly dependent of the alignment conditions. Moreover,
the width of the stripes increases only slightly with the
sample’s thickness decrease, as evidenced in Table 1. This
result strongly suggests that the short-period light mod-
ulation is a characteristic behaviour of the mesophase’s
structure.
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Fig. 6. Textures obtained at different angles ∆ between one
of the crossed polarisers and the rubbing direction of DB8Cl,
in the SmC? phase at 98.7 ◦C. From left to right, the textures
refer to angles ∆ of 0 ◦C, 10 ◦C, 30 ◦C, 45 ◦C, 60 ◦C and 80 ◦C,
respectively. The two directions x and y, referred in the text,
correspond to the cell’s frame of reference with x parallel to
the rubbing direction.

The number of stripes per band decreases strongly
with decreasing sample’s thickness in the superstructure,
while the stripe width remains nearly constant. For the
thinner samples (5µm and 3µm thickness), no bands
could be seen. This behaviour results from the decrease
of the bands’ width with sample’s thickness. In fact, it
is interesting to note that the ratio between the sample’s
thickness, d1/d2 = 25µm/15µm ∼ 1.67, is nearly the same
ratio of the corresponding band’s width presented in Ta-
ble 1. If we assume that this ratio is kept for thinner sam-
ples, the width of the bands in 5µm thick samples should
be nearly twice the width of the stripes. In such a case, it
would be hard to distinguish bands from stripes.

In order to study the dependence of the contrast ratio
between the stripes on the angle ∆ between the polariser
and the rubbing direction, several photos were obtained
for angles between 0◦ and 90◦. Figure 6 presents the pho-
tos obtained for different angles in a local frame of refer-
ence. In this figure, x and y have a direction parallel and
perpendicular to the stripes, respectively, with x parallel
to the rubbing direction.

As can be observed in Figure 6, for ∆ ∼ 45◦ there is an
inversion of the dark/light regions of the superstructure.

3 Analysis and discussion

Stripe patterns have been observed in planar aligned cells
of liquid-crystalline compounds [2,5,6]. However, as men-
tioned before, what is different in the patterns observed
with DB8Cl is the existence of two sets of modulations
as depicted in Figure 6. The transmitted light intensity
profile in the direction y (perpendicular to the stripes) for
two orientation angles ∆ of the cell with respect to the
polariser (∆ = 10◦ and ∆ = 80◦) is shown in Figure 7.
This profile was obtained after converting the colour pic-
ture to a grey scale and performing an average over several
pixel intensities in the direction x (parallel to the stripes)
(see Fig. 6). For the sake of clarity only a small area was
covered, corresponding to a size of a few microns.

As can be observed in Figure 7, the light intensity in
the pattern has a continuous and periodic modulation in
the y-direction, with an average value that changes with y
when the band changes from dark to light (or from light to
dark) in the superstructure. The light intensity variation
between the dark/light bands has an amplitude higher
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Fig. 7. Experimental averaged transmitted light intensity pro-
file in the y-direction for two orientation angles∆ (10◦ and 80◦)
of the cell.

Fig. 8. Frame of reference xyz, illustrating the orientation
distribution of the optical axis as described in the text.

than that of the small modulation observed for the stripes
within each band.

In fact, the experimentally observed modulations can
be described in the following, considering the frame of ref-
erence xyz presented in Figure 8. In that figure, OD is the
rubbing direction. The OC direction, making an angle ᾱ
with OD in the polariser-analyser plane (xOy), can be
defined. The dark bands have the lowest average intensity
whenOC is aligned with the polariser (y-axis). For cell ori-
entations of an angle α relatively to ᾱ the stripes within
the dark bands show small light intensity changes. The di-
rection of the optical axis defined at the layer scale by the
molecular dimers is represented in Figure 8 by a unit vec-
tor nγ , which may be placed in or out of the xOy-plane.
OA is one of the directions of the electric displacement;
CB is a direction parallel to the z-axis and γ is the angle
defined by CB and CE directions; θ is the angle defined
by z and nγ ; ∆ is an angle defined by y and OD; finally, ξ
is the angle between OC and nγ , and α is defined by OC
and OA.
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Fig. 9. Transmitted light intensity model fit to the experimen-
tal data for the angle ∆ = 80◦.
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Fig. 10. Model fit using equation (6) to the experimental light
intensity ratio.

By using simple trigonometric relations, it can be
shown that the angles α, ξ and γ are related by the ex-
pression

tan(α) = tan(ξ) sin(γ). (1)

The light intensity resulting from the observation of an
uniaxial medium between crossed polarisers obeys the
law [11],

I = I0 sin
2

(

δ

2

)

sin2 (2Ω) , (2)

where

Ω = ∆+ ᾱ+ α

and

δ =
2πh

λ
∆n sin2(θ) =

2πh

λ
∆n

(

1− sin2(ξ) cos2(γ)
)

. (3)

In these equations, ∆n is the optical birefringence, h is the
cell’s thickness and I0 is the maximal light intensity. For
the sake of simplicity, ξ is considered constant, although in
a more general case we may have ξ(γ). The spatial distri-
bution of the principal optical axis is obtained by writing

γ as a function of y and assuming positive and negative ᾱ
values. In a first approximation we shall consider

γ =
2π

L
y , (4)

where L is the stripes’ width. Since we have used white
light with a bandwidth spectrum ∆λ = λM − λm, and no
appreciable light dispersion is observed within the resolu-
tion of the equipment used, the average light intensity at
a certain point y can be obtained by

〈I〉∆λ(y) =
I0
∆λ

∫ λM

λm

sin2

(

δ(λ, ξ, γ(y))

2

)

× sin2 (2(∆+ ᾱ+ α(y))) dλ+ Ios, (5)

where Ios is an offset value which must be considered since
all pictures result from a photographic process that usu-
ally introduces some light intensity corrections. The aver-
age light transmission intensity, within a band j of width
∆yj = yjM − yjm taken experimentally from the textures
(like those of Fig. 6), can be calculated from equation

〈I〉band j =
1

∆yj

∫ yjM

yjm

〈I〉∆λ(y)dy. (6)

Equations (5) and (6) were used to fit the light trans-
mission profiles presented in Figure 6 and the angular de-
pendence of the light intensity ratio between two succes-
sive bands 〈I〉band j(∆)/〈I〉band j+1(∆), considering I0, Ios,
ξ and ᾱ as free parameters. In these fits we considered
h = 15µm, and assumed, as typical values, ∆n ∼ 0.16
and ∆λ = 0.3µm. Figures 9 and 10 show two experi-
mental data sets and the best simulated curves obtained
by using equations (5) and (6), respectively, considering
that the band j was the light band at small angles. It can
be seen from Figure 9 that the proposed model reason-
ably describes the periodic modulation observed in the
experimental light intensity profile within a band, in this
case obtained for an angle of 80◦. Similar fits could be ob-
tained for other angles. The experimental values of the ra-
tio 〈I〉band j(∆)/〈I〉band j+1(∆), in Figure 10, clearly show
a maximum and a minimum at small and large angles,
respectively, which are well fitted by the proposed model.
At 45◦ there is a numerical inversion of the ratio also pre-
dicted by the model. At 0◦ and 90◦ the bands j and j + 1
have the same light intensity. From this analysis it was
possible to estimate for the most significant fitting pa-
rameter the values: ᾱ ∼ 4.6◦ ± 0.2◦ and ξ ∼ 1.6◦ ± 0.6◦.
These values of ᾱ and ξ are in excellent agreement with
those measured from the direct experimental observation
presented above.

The proposed model can be used to produce simulated
images of the light intensity patterns as a function of angle
∆. In Figure 11 we present patterns for ∆ = 0◦, 10◦, 30◦,
45◦, 60◦, and 80◦, in the simple case of a distribution with
two values for γ, 90◦ and 270◦, using the values ᾱ and ξ
given above.

As it can be observed, the agreement between the ex-
perimental patterns of Figure 6 and those simulated in
Figure 11 are quite good.
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Fig. 11. Simulated optical textures. From left to right, the
textures refer to angles ∆ of 0◦, 10◦, 30◦, 45◦, 60◦ and 80◦,
respectively.

Our experimental observations cannot be explained by
the original model proposed for the SmC? phase of DB8Cl
in reference [8]. If, in fact, at the SmC2-SmC? transition,
the molecules in each sub-layer tilt by an angle β, with
respect to the molecular alignment direction in the SmC
phase (as shown in Fig. 1), it would not be possible to
observe neither the superstructure (bands) nor the short-
period modulation (stripes), because the optical director
remains the same at the different points of the LC.

The optical model here proposed implies that the
bended dimers, introduced in Figure 1, are flexible enough
to allow different optical directions in the SmC? phase,
without changing the layer spacing. This makes possi-
ble the existence of in-plane and/or out-of-plane molec-
ular distribution of dimers, as illustrated in Figure 12a by
dimers A and B, respectively.

In this figure, the upper ends of the dimers have a
distribution that describes a closed line in the upper plane
of the layer.

This distribution of flexible dimers can be understood
in view of the physical theories proposed for the SmC
phase, which consider the influence of steric factors and
electrostatic interactions between existing static or in-
duced dipoles [12]. In the DB8Cl compound the molecules
have a strong terminal dipole at the cyano group, and an-
other at the chlorine atom connected to the central ben-
zene ring of the molecule’s core, therefore resulting in a
dipole moment not parallel to the long molecular axis.
On the other hand, due to the relative big volume of the
chlorine atom with respect to the hydrogen atoms in the
molecule, additional steric constraints must contribute to
the molecular organization. These aspects must be im-
portant to develop a more complex anticlinic-like molec-
ular packing than the one presented in Figure 1 corre-
sponding to the initial model in reference [8]. In fact this
dimer may be viewed as a flexible bent-core–like molecule
(Figs. 12b and c) and the molecular orientations distri-
bution of dimers illustrated in Figure 12a can be under-
stood as a general distribution of dimers, containing both
smectic-CG and smectic-CB1,B2 arrangements [13]. The
dimers are represented in Figures 12b and c at partic-
ular points to emphasise their possible orientations: all
dimer orientations nγ except those that contain P and
Q, correspond to the SmCG arrangements (Fig. 12b); for
those orientations that contain P and Q, it is possible to
find, besides the SmCG structure, certain orientations of
dimers where the smectic-CB1 and the smectic-CB2 struc-
tures exist (Fig. 12c). Therefore, the SmC? phase cannot
be strictly associated to one of these banana-like phases.

Fig. 12. (a) Schematic representation of the flexible dimers
in an in-plane (A) and an out-of-plane (B) optical axis con-
figuration in the SmC? layer. The bold arrows represent the
molecules in a head-to-head configuration; (b) bent-core–like
representation of one molecular dimer in a smectic-CG configu-
ration; (c) bent-core–like representations of a molecular dimer,
for the B1 and B2 banana-like configurations with the same
in-plane optical axis (a similar situation is possible for point
Q). m is the dimers’s twofold rotation axis [13].
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Although the morphological similarity of dimers and
bent-core molecules, the former are more flexible because
we have two molecules electrostatic bonded to each other
and not one rigid molecule. It is also important to no-
tice that the smectic layer’s normal is not parallel to the
rubbing direction, as it happens in banana-like phases.
Both facts seem to be responsible for the many possible
dimer orientations in the SmC? phase, which leads to its
peculiar double stripe pattern with lines aligned parallel
to the rubbing direction. This pattern was not found on
B1 [14,15], B2 (SmCSPA) [6], B7 [15] or on the so-called
anticlinic-antiferroelectric (SmCAPA) Bx phase [16].

The optical results obtained in DB8Cl show undoubt-
edly that the SmC? phase is better aligned and presents
a more homogeneously texture than the classical banana
phases. The experimental results evidence that the SmC?

phase is more complex than the phases presented by
banana-like molecules, resulting from a more general (but
not random) orientation of dimers within the smectic lay-
ers, whose normal is inclined with respect to the rubbing
direction.

Additional experimental work is envisaged in order to
clarify the particular details of this mesophase’s structure
and its polar character.

4 Conclusions

We presented an optical study of the anticlinic-like SmC?

phase of the DB8Cl compound by polarising microscopy
that revealed a peculiar set of band and stripe pattern
textures. The most striking fact is the existence of a double
periodic modulation of the optical axis of the material,
for samples of 25µm and 15µm thickness. The texture
observed is not compatible with the initial model reported
in the literature for the SmC? phase.

The experimental observations here reported were in-
terpreted in terms of a distribution of the principal optical
axis, tilted with respect to the rubbing direction of the LC
cells, which periodically alternate their tilt angle sign.

The molecular packing in the SmC? phase was dis-
cussed in terms of the physical arguments proposed to
explain the nature of the SmC phase and the distribution
of the molecular principal optical axis found. We suggest
that the molecules in the SmC? phase are packed as
dimers, in a similar way as bent-core molecules. In this
phase, the dimers may be oriented in or out of plane, giv-
ing rise to a distribution of possible orientations, some of
them similar to those observed for classical banana phases,
although presenting a more macroscopic optical aligned
texture. The results suggest a somehow new and com-
plex banana-like phase. Nevertheless, more experimental

results are needed in order to check the molecular packing
model here suggested for this phase.
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