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Abstract. We report on the thin-ﬁlm behaviour of a polyacrylate with phenyl benzoate mesogenic side
groups and a narrow polydispersity. Depending on the degree of polymerisation, these polymers show a nematic, a smectic-Ad , a re-entrant nematic and a C̃ phase with a two-dimensional monoclinic lattice. X-ray
reﬂectivity and atomic-force microscopy have been used to characterize the structure and surface morphology. The system exhibits two stable side-chain packing conﬁgurations with incommensurate spacings
that can be both stabilized at a free surface. Thin ﬁlms in the nematic phase show a structural dewetting
induced by the growth of surface domains of the C̃ phase. Additionally, surface-induced ripples with a
nanoscale lateral period form at the air-ﬁlm interface. We attribute these patterns to a coupling between
the local liquid crystalline ordering of the mesogenic side groups and the surface curvature energy.
PACS. 64.70.Md Transitions in liquid crystals – 78.70.Ck X-ray scattering – 61.30.Eb Experimental
determinations of smectic, nematic, cholesteric, and other structures

1 Introduction
In the preceding paper [1] (hereafter referred to as I) we
discuss the bulk behaviour of a new frustrated side-chain
liquid crystalline (LC) polyacrylate system (PABB-5).
These polymers show at low degree of polymerisation Pw
a nematic (N) phase. Upon increasing Pw above the reentrant point Pw (RP) = 42, a smectic Ad (Sm-Ad ) phase
appears, which becomes unstable with decreasing temperature and melts into a re-entrant nematic (RN) phase.
In all cases upon further cooling a C̃ phase is formed
which has a two-dimensional (2D) monoclinic lattice (see
Fig. 1 of I). As expected, the layers in the Sm-Ad phase
are formed by partially overlapping side groups, giving a
periodicity incommensurate with the length of a mesogenic unit. The C̃ phase consists of a 2D oblique lattice
of side chains, which are arranged in chevron-like blocks
of “almost bilayers”. Liquid-like order is retained in the
third dimension. Evidently two competing length scales
are present in the system. The ﬁrst one is about 3.5 nm
and can condense into a Sm-Ad phase. This type of layering is stable at high temperatures and for relatively long
polymer chains. The second length is about 4.4 nm and
can exist only on a local scale. It leads to the formation
of a highly defective C̃ phase. This type of ordering is stable at relatively low temperatures and exists for a broad
range of Pw values starting from oligomers. However, the
a
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4.4 nm length exerts its inﬂuence even far away from the
N-C̃ and RN-C̃ transition lines, and dominates over the
whole region of the phase diagram for Pw < Pw (RP). It
seems that the frustrated behaviour in PABB-5 is driven
by changes of the polymer backbone conformation, which
become more pronounced for long chains. The existence
of two competing length scales at almost equal free energies makes the series unique, and consequently a strong
sensitivity to external stimuli can be expected.
In this paper we present a structural study of ﬁlms
of PABB-5 on a substrate using a combination of X-ray
reﬂectometry (XR) and atomic force microscopy (AFM).
XR is sensitive to the electron density modulations along
the ﬁlm normal and provides information about any layering in the ﬁlm and at the interfaces. AFM studies give
complementary information about the surface topography.
The free surface is found to stabilise the incommensurate
spacings existing in the system. A structural dewetting has
been observed in the N and RN phases, which is induced
by the growth of surface domains with a local C̃ structure. Additionally, surface-induced ripples with a ∼ 9 nm
lateral period and a sub-nanometer height modulation are
observed at the air-ﬁlm interface [2]. In the area of selforganized surface structures [3–6] they present a new type
of pattern realized on a homogeneous substrate. We propose an explanation in terms of a locally frustrated layering of the LC side groups that couples to the surface
curvature.
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Fig. 1. X-ray intensity proﬁles as a function of qz for a 10 µm
thick ﬁlm with Pw = 55 in the Sm-Ad phase. Open squares:
annealed at T = 115 ◦ C; ﬁlled dots: annealed at T = 93 ◦ C.

2 Experimental
The LC polyacrylates with phenyl benzoate mesogenic
groups (see Fig. 1 of I) were synthesized and fractionated
into highly monodisperse samples as described in [7]. The
polydispersity was as small as M w /M n ≈ 1.1. The various phases were identiﬁed by their characteristic X-ray
diﬀraction features. Investigations were made for Pw = 37
(phase transitions in ◦ C: glass 41 C̃ 55 N 126 isotropic) and
Pw = 55 (phase transitions: glass 41 C̃ 59 RN 91 Sm-Ad
125 N 133 isotropic). Films with a thickness ranging from
20 to 90 nm were prepared by spin-coating from toluene
solutions onto ﬂoat glass substrates. The ﬁlm thickness
was tuned by changing the spinning velocity (1500–3000
rpm) and the polymer concentration (6–14 mg/mL). Some
relatively thick uniform ﬁlms (µm range) were made by
a spreading technique similar as used for drawing freely
suspended smectic ﬁlms [8]. All ﬁlms were annealed for
10–16 hours in the Sm-Ad or N phase at T = 90–100 ◦ C
in a dry nitrogen atmosphere. For the XR measurements
the samples were placed in a two-stage oven providing
temperature stability within 0.1 ◦ C. At each temperature
the sample was equilibrated for 3–6 hours, which removed
any hysteresis upon changing the temperature. For the
AFM investigations the samples were quenched to room
temperature into their glassy state.
XR was performed with the triple-axis diﬀractometer
described in I. Direct images of the polymer ﬁlm surface
were obtained with an AFM (Solver SFM, NT-MDT, Zelenograd, Moscow) in the semi-contact (tapping) mode.
Standard probes with a tip radius of about 10 nm were
used at a cantilever resonant frequency of approximately
300 kHz.

3 Results
To get preliminary information about PABB-5 ﬁlm properties, Figure 1 shows XR data from a 10 µm ﬁlm annealed
in the Sm-Ad phase at T = 115 ◦ C. In reciprocal space,
the specular scans probe the scattered intensity along qz

perpendicular to the ﬁlm. A general decay of the intensity is observed corresponding to the Fresnel reﬂectivity
from the rough surface, while there is no indication of any
Bragg peak. On cooling down to about T = 93 ◦ C drastic
changes occur in the specular reﬂectivity and two orders
of resolution-limited Bragg peaks are observed. The associated periodicity of 3.53 nm corresponds closely to the
bulk Sm-Ad spacing. This implies that the smectic layers
are parallel to the surface, with the mesogenic side groups
anchoring homeotropically. The mosaicity, determined by
a transverse scan (rocking scan) across the specular reﬂectivity, was typically about 0.03◦ (FWHM). This ordering transformation occurs in a narrow temperature range
91–95 ◦ C in the vicinity of the Sm-Ad –RN phase transition line, and is reversible upon cycling the temperature.
The complete smectic layer rearrangement takes about 2-3
hours, as determined by monitoring the Bragg-peak intensity. On cooling down from the Sm-Ad into the RN
phase the smectic peaks disappear as expected. On further decreasing the temperature into the C̃ phase we did
not observe along qz any Bragg peak of the 2D monoclinic
lattice. Evidently, in the C̃ grains the planes of the 2D ordering deviate from the direction parallel to the substrate.
Upon rocking the ﬁlm the accessible angular range (θ < 1◦
as restricted by the substrate) was too limited to see the
scattering from these planes.
More insight is provided by XR and AFM of thin spincoated ﬁlms. Figure 2 depicts reﬂectivity data taken for
the same material (Pw = 55) at various temperatures.
The FWHM of a transverse scan across the specular reﬂectivity is typically 0.025◦ . The reﬂectivity curves show
oscillations (Kiessig fringes) due to interference of the
reﬂections from each of the two interfaces, which gives
a ﬁlm thickness of about 28 nm. A second-order Bragg
peak at qz ≈ 3.7 nm−1 in both the Sm-Ad and the hightemperature nematic phase reveals smectic layering parallel to the interfaces with a periodicity of ∼ 3.5 nm (equal
to bulk Sm-Ad ). The ﬁrst-order Bragg peak is not detectable at the intensity level of the Kiessig fringes. The
Bragg reﬂection disappears below ∼ 80 ◦ C, which signiﬁes
the transition to the RN phase. At the transition to the C̃
phase (T = 54 ◦ C) we gradually lose the thickness oscillations starting from large qz values, which is indicative of
large-size irregular height corrugations at the free surface.
After heating back to the RN phase and further to the
Sm-Ad phase both the Kiessig fringes and the Bragg peak
reappear (see Fig. 2). Hence the structure changes are reversible. However, after prolonged (> 6 h) annealing in
the C̃ phase the Kiessig fringes do not reappear anymore
upon subsequent heating. Evidently, irreversible changes
have occurred that correspond to dewetting of the ﬁlm
induced by growing 2D C̃ domains (see below).
Using AFM we can reveal the changes in the surface
topography corresponding to the XR results (see Fig. 3).
The initial ﬁlm (quenched after prolonged annealing at
105 ◦ C in the Sm-Ad phase) shows extended terraces of
an average height of 3.5–4 nm and a roughness of 0.3–
0.5 nm. This observation indicates Sm-Ad layers oriented
parallel to the free surface. After annealing in the RN or
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Fig. 2. X-ray reﬂectivity of a 28 nm ﬁlm with Pw = 55 as a
function of qz at the temperatures indicated. Curves have been
shifted for clarity.

C̃ phase the surface roughness increases up to 0.8–1.5 nm
and large-size holes start to develop with a thickness that
exceeds the layer spacing. After prolonged annealing the
depth of these holes (still with sharp edges) reaches the
initial ﬁlm thickness, which corresponds to dewetting of
the ﬁlm (see Fig. 3d). However, the surface topography of
the remaining part of the ﬁlm is still the same as before
annealing.
A quite unusual surface topography has been revealed
in thin ﬁlms of PABB-5 with Pw = 37, which undergo a
direct transition from the nematic to the C̃ phase. In Figure 4a the surface topography is shown after annealing in
the nematic phase at T = 85 ◦ C. We observe an extensive network of elongated asperities of an average height
∼ 4.5 nm covering the ﬁlm surface. XR from the same
ﬁlm (Fig. 4b) shows a broad bump at qz ≈ 3.5 nm−1 with

Fig. 3. AFM images for a 28 nm ﬁlm with Pw = 55. (a) Annealed at T = 105 ◦ C in the Sm-Ad phase (1.5 × 1.5 µm2 ).
The contrast corresponds to terraces with an average thickness of ∼ 3.5 nm. (b) Annealed at T = 75 ◦ C in the RN phase.
(c, d) Annealed at T = 53 ◦ C in the C̃ phase (diﬀerent stages
of dewetting are shown).

Kiessig fringes on top and also a deepening of interference
minima at qz ≈ 1.7 nm−1 . These results are indicative
of surface-induced layering at the air-ﬁlm interface. Indeed, the best ﬁt to reﬂectivity gives a uniform density
distribution in the interior of the ﬁlm and a density modulation with a period of about 4 nm for the two top layers
(as shown in the inset). The reduced electron density of
the top layers is due to averaging over regions of diﬀerent thickness within the illuminated area. Interestingly,
the thickness of the surface-induced layers matches with
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Fig. 4. (a) AFM topography (2.5 × 2.5 µm2 ) of a 57 nm ﬁlm
with Pw = 37 annealed in the nematic phase at T = 85 ◦ C
showing a 2D network of elongated asperities. The height proﬁle (along the vertical line in the image) indicates an average
thickness of the asperities of ∼ 4.5 nm. (b) X-ray reﬂectivity
of the same ﬁlm. The solid line through the data points gives
the best ﬁt corresponding to the electron density proﬁle in the
inset. The broad bump at large qz , decorated with interference fringes, indicates the presence of two surface layers with
a thickness of about 4 nm.

an average of the Sm-Ad spacing and the thickness of the
C̃ bilayers, and the asperity height with the C̃ spacing.
These ﬁndings corroborate the bulk measurements (see I)
that show, for Pw < 42, strong C̃-type ﬂuctuations in the
nematic phase.
Zooming in on the same ﬁlm reveals nanoscopic surface patterns over the whole surface (see Fig. 5). Welldeﬁned lamellae with a lateral periodicity of about 9 nm
are oriented along the direction of the elongated asperities (Fig. 5a). The height contrast is about 0.3–0.5 nm.
Figure 5c displays a further magniﬁcation and a 2D fast
Fourier transform of this image. Two orders of Bragg reﬂections indicate that the periodicity is long range. The
surface patterns show locally line and point defects of the
director ﬁeld (Fig. 5b) similar to the boundaries of the

Fig. 5. Surface patterning in the ﬁlm of Figure 4 as revealed by AFM at diﬀerent magniﬁcation. (a) AFM topography (0.5 × 0.5 µm2 ), showing surface ripples macroscopically oriented along an asperity, and phase image of the
same area. (b) Typical defects in the molecular ﬁngerprints
(0.22 × 0.22 µm2 ). (c) AFM topography (0.18 × 0.18 µm2 ) and
power spectrum of the surface modulations showing ﬁrst- and
second-order Bragg peaks. From the height modulation proﬁle
along the vertical line in the image, the average wavelength
of the undulations is ∼ 9 nm; the average height diﬀerence
between two lamellae is 0.4–0.5 nm.

cholesteric phase of liquid crystals [9,10]. Note a so-called
λ+ defect in the left image. These surface patterns are not
only present in the nematic phase for Pw = 37 but also
in any of the other LC states of PABB-5 including the
Sm-Ad and the RN phase, indicating a material property
rather than a phase property.
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4 Discussion
First we want to discuss in some more detail the X-ray
reﬂectivity results of Figure 2. XR is determined by the
electron density distribution along the ﬁlm normal, averaged over the surface area over which the X-rays scatter
coherently. Information regarding ρ(z) and the interface
roughness can be extracted by ﬁtting the data to an iterative matrix solution of the Fresnel equations for the
reﬂectivity of a multilayer system, convoluted with the instrumental resolution [11]. The ﬁlm is described by a succession of homogeneous slabs, each characterized by three
parameters: thickness, electron density and a Gaussian interfacial roughness σ. The electron density is related to
the refractive index n = 1 − δ via ρ = 2πδ/(λ2 re ), where
re is the classic radius of electron and δ is the so-called
reduced density. In Figure 6a an initial best ﬁt to the second reﬂectivity curve of Figure 2 is displayed (ﬁlm in the
Sm-Ad phase at T = 110 ◦ C). Layers are represented by
cells of ∼ 3.5 nm smeared with an interfacial roughness
of about 0.4–0.5 nm. Though this model well reproduces
the general features of the reﬂectivity curve over a wide
angular range, there are deviations from the experimental data in the vicinity of the second-order Bragg peak
(qz ≈ 3.7 nm−1 ). The ﬁt can be improved upon by including the eﬀects of the boundaries on the smectic density
wave. This can be done by assuming that the amplitude
∆ρ of the density modulation depends on the distance
from both interfaces. To introduce this eﬀect, the variation of the density ρm of the m-th layer (unit cell, m = 1
is the top layer) with m expressed in the form


(1)
ρm = ρ + ∆ρ exp A(m − 1) − B(m − 1)2 ,
in which ρ is the average density, ∆ρ = ρ1 − ρ and A
and B are adjustable parameters. Equation (1) describes
the simplest form of nonlinear exponential decay, which
provides the suggested boundary eﬀects. To introduce the
smectic layer form factor the unit cell was divided into two
sub-layers of diﬀerent electron density and thickness. The
denser area corresponds to the overlapping regions of the
mesogenic cores, while the aliphatic tails and backbone
fragments contribute to the less dense region. The electron density distribution across the ﬁlm can be divided
into three regions: the part adjacent to the substrate, the
periodic middle part and the part near the free surface.
Figure 6b shows the resulting best ﬁt to the XR data using the parameters given in Table 1, highlighted around
the second-order Bragg peak. Figure 6c illustrates the resulting density proﬁle according to equation (1), which
indicates that the smectic lamellae are better developed
at the interfaces than in the middle of the ﬁlm. The optimised model consists of a layer adjacent to the substrate of about 2.8 nm, seven smectic layers with a spacing
d = 3.5± 0.1 nm determined by the sum of two sub-layers,
and a top layer of about 2.2 nm with a reduced density at
the ﬁlm-air interface. The latter eﬀect is directly visible in
AFM, which indicates terraces in the top layer over which
XR averages laterally [12].
From the XR and AFM studies of thin ﬁlms of the
PABB-5 polyacrylate, we conclude that lamellar order-

Fig. 6. X-ray reﬂectivity of a 28 nm ﬁlm with Pw = 55 in
the Sm-Ad phase at T = 110 ◦ C. (a) Initial ﬁt with a constant
amplitude of the smectic density modulation. (b) Improved ﬁt
with variable amplitude, illustrated around the second Bragg
peak. (c) Model electron density across the ﬁlm (solid line)
together with the amplitude of the density modulation over
the layers (crosses). The value of ∆ρ in equation (1) in the
middle of the ﬁlm is about 40% of that of the top layer.

ing parallel to the surface is supported close to the ﬁlmair and ﬁlm-substrate interfaces. However, the density
modulation decays with increasing distance from the interfaces. This observation is in agreement with the absence of Bragg peaks in thick Sm-Ad ﬁlms of PABB-5
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Table 1. Film parameters corresponding to the XR ﬁtting according to equation (1) as shown in Figure 6b. The error bars
correspond to 95% conﬁdence limit. The constants in equation (1) have the values A = −0.56 ± 0.2 and B = (−8.2 ± 2.4) × 10−2 .

Substrate
Layer adjacent to substrate
1st sub-layer core (7×)
2nd sub-layer core (7×)
Averaged top layer

δ (×106 )

d (nm)

σ (nm)

10
3.5 ± 0.8
3.6 ± 0.9
3.0 ± 0.8
1.6 ± 0.3

–
2.78 ± 0.1
2.10 ± 0.01
1.37 ± 0.09
2.17 ± 0.05

0.89 ± 0.05
0.58 ± 0.09
0.46 ± 0.06
0.73 ± 0.23
0.24 ± 0.08

(compare Fig. 1, open squares). Homeotropic anchoring
at an air-ﬁlm surface (leading to smectic layering parallel to the interface) has been reported to be quite general for LC polymers with aliphatic chain-terminated side
groups [13,14]. However, this behaviour was primarily established for LC polymers with methacrylate and siloxane backbones. For a polyacrylate like PABB-5 the experimental situation is more delicate: the mesogenic side
chains indeed show homeotropic anchoring at the ﬁlm interfaces, but this ordering does not penetrate strongly into
the interior. It seems that for the present polyacrylates
the interior side groups do not adjust to the homeotropic
anchoring at the interface, due to the coupling with the
randomly distributed backbone. This prevents the smectic layering parallel to the interface from developing into
the ﬁlm interior. According to the thick-ﬁlm results of
Figure 1, this situation changes dramatically in a narrow
temperature range near the Sm-Ad –RN phase transition,
where an ordering transformation takes place: the smectic layers become parallel to the surface in the whole ﬁlm
(Fig. 1, ﬁlled dots). We speculate that a change from an
oblate to a prolate backbone conformation, which according to I occurs in the same temperature range, triggers this
ordering transformation. This interpretation is supported
by the reversibility of the transformation upon cycling the
temperature. Due to the large viscosity of the polymer the
complete smectic layer rearrangement takes in the thick
ﬁlms about 2-3 hours. Such an ordering transformation
has not been observed in the thin ﬁlms. Most probably
the strong conﬁnement in this situation leads to a strong
increase of the corresponding transformation time.
For Pw = 37 we conclude from Figures 4 and 5 that
C̃-type bilayers start to grow in the nematic phase from
the surface in the form of a 2D network of asperities. With
decreasing temperature the Kiessig fringes in the reﬂectivity from the ﬁlm disappear starting from large qz values,
similar as observed for Pw = 55 (Fig. 2). They disappear
completely at temperatures corresponding to the region of
stability of the C̃ phase. From AFM again a clear picture of
polymer dewetting evolves. With decreasing temperature
the dewetting proceeds via an increasing average roughness at the free surface, in combination with the formation
of top bilayers in the form of elongated islands. At a certain stage the large-size holes become larger than the layer
spacing, and after prolonged annealing reach the thickness
of the initial ﬁlm. From this point of view the formation
of a 2D network of asperities in the nematic phase might

be considered as the initial stage of structural dewetting
in the ﬁlm. To explain dewetting of thin liquid and LC
ﬁlms on solid substrates, two diﬀerent mechanisms have
been proposed [15]: 1) nucleation at defects and subsequent growth, 2) ampliﬁcation of thermal ﬂuctuations at
the free surface leading to so-called spinodal dewetting.
However, also diﬀerent examples exist in which a restructuring of the molecules at the substrate or in the interior of
the ﬁlm destabilizes the free surface of a ﬁlm [16]. This can
result in the development of holes at the free surface that
may lead to a dewetting behaviour resembling spinodal
dewetting. We speculate that in the case of the present
LC polyacrylates the creation of holes and dewetting of
polymer ﬁlms is due to the growth of 2D C̃-like surface
domains.
Spinodal-like dewetting in liquid as well as polymer
ﬁlms has been reported to produce surface undulations
with periodicities on the scale of microns [15,16], in contrast to the nanometer scale of the surface lamellae presented here. Similar height modulations have also been
observed at the surface of cholesteric oligomers in their
glassy state [9], though at a much larger length scale
(about 200 nm). The characteristics of the surface ripples in a PABB-5 ﬁlm resemble those of the ripple phase
of lipid membranes [17]. Such membranes consist of bilayers of amphiphilic molecules with their hydrocarbon tails
shielded from the surrounding water. They are ﬂexible and
may form phases with a periodic surface corrugation on
the scale of 10–20 nm. Surface ripples in a soft matter
ﬁlm generally can arise due to a subtle coupling between
surface curvature and some local internal variable, which
may be as diﬀerent as hydrocarbon chain conformation,
tilt angle or local composition [18,19]. In the present LC
polymers the local order can be described in a natural
way by an order parameter giving the degree of overlap of
the mesogenic side chains. The lamellar thickness at the
surface may vary locally because of the existence of two
stable side-chain packing conﬁgurations with spacings of
3.5 and 4.4 nm (see Fig. 7). The amplitude of the surface
ripples (∼ 0.4–0.5 nm) corresponds to half the diﬀerence
of these two spacings. Hence the surface ripples may originate from a frustration of the surface-induced layering,
the competition between the two possible periodicities at
the surface being accommodated by ﬁlm curvature. The
amplitude is relatively small compared to the top layer
thickness, which makes the surface ripples behave as undulations of the lamellar thickness. A similar eﬀect might
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Fig. 7. Sketch of the two types of mesogenic spacings contributing to the top layer undulations.

exist also at the free interface of low molecular mass frustrated mesogens. For example, bilayers have been observed
at the free surface of a terminally polar mesogen with a
single layer bulk structure [20]. The surface topography of
such materials has not been studied so far.
The nanoscale surface patterning can be qualitatively
described by extending the phenomenological model of
Leibler and Andelman [18]. This model attributes the formation of ordered mesostructures in membranes and amphiphilic ﬁlms to a coupling between the curvature of the
ﬁlm and a local internal variable. In PABB-5 competition
exists between two layer spacings, corresponding to diﬀerent degrees of overlap of the side chains. Hence an appropriate choice of a scalar order parameter is φ = d − d0 ,
where d0 is a reference layer periodicity taken here as that
of the Sm-Ad phase. The corresponding Hamiltonian for
the displacement w(r⊥ = x, y) of the ﬁlm relative to a ﬂat
reference plane, can be written as



2
1
2
dr⊥ γ (∇⊥ w) + K ∇2⊥ w + f (φ)
H=
2


2
+c (∇⊥ φ) + 2λφ ∇2⊥ w ,
1
f (φ) = aφ2 + bφ4 .
2

(2)

Here γ is the surface tension, K is the layer bending modulus and a, b, c and λ are phenomenological coeﬃcients.
The ﬁrst two terms in equation (2) represent the contributions of the surface and of the bending, respectively.
The term f (φ) is the Landau expansion of the free-energy
density around the critical point d = d0 . The ﬁrst gradient term describes the spatially nonuniform ﬂuctuations of
the scalar ﬁeld φ, the coeﬃcient c being a measure of the
“strength” of the ﬂuctuations. The last term corresponds
to the lowest-order coupling between φ and the lamellar
curvature. Without the gradient terms, equation (2) gives
the usual critical point at a = 0. Equation (2) can be
expressed in momentum space as [18]

 2 
 2
 

1
4
c − λ2 /γ φ2q + q⊥
λ K/γ 2 φ2q
H=
dq⊥ q⊥
2

+ dr⊥ f (φ) .
(3)

293

The form of equation (3) is widely used to describe the
critical behaviour in the vicinity of a so-called Lifshitz
2
-term
point, where the coeﬃcient (c − λ2 /γ) of the q⊥
and a in f (φ) are simultaneously equal to zero [21]. If
(c − λ2 /γ) > 0, the ordered phase will be spatially uni√
form. However, for λ > cγ, this coeﬃcient is negative
and the homogeneous phase becomes unstable with respect to long-wavelength ﬂuctuations. The system can decrease its energy by creating spatially modulated structures with a wave vector q0 = γ[(c − λ2 /γ)/(2λ2 K)]1/2 .
An estimate of the undulation period 2π/q0 using typical
LC polymer parameters leads to a value of the order of
10–100 nm, qualitatively in agreement with the picture of
Figure 5. The formation of modulated structures can also
be described as a system of defect walls separating areas
of diﬀerent spacings in the surface layers [21].
In conclusion, we have investigated ﬁlms of PABB-5, a
new type of frustrated side-chain liquid crystalline polymer described in part I (preceding paper). In the system
two stable side-chain packing conﬁgurations with incommensurate spacings exist. The free surface in thin polymer ﬁlms can stabilise surface layers of these competing periodicities. Depending on the degree of polymerisation, thin ﬁlms in the nematic phase show a structural
dewetting induced by the growth of surface C̃-like domains. Furthermore, the coupling between the local liquid crystalline ordering of the side groups and the surface
curvature induces ripples at the air-ﬁlm interface with a
nanometer-scale lateral period. These modulations can be
understood phenomenologically in analogy with surface
ripples in membranes. These self-organizing properties of
PABB-5 provide an easy way to pattern a homogeneous
surface laterally.
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