
Citation: Furuichi, M.; Hara, M.;

Nagano, S.; Seki, T. The Effect of a

Topcoat with Amorphous Polymer

Layers on the Mesogen Orientation

and Photoalignment Behavior of Side

Chain Liquid Crystalline Polymer

Films. Appl. Sci. 2022, 12, 9410.

https://doi.org/10.3390/

app12199410

Academic Editors: Nobuhiro

Kawatsuki and Hiroshi Ono

Received: 21 July 2022

Accepted: 17 September 2022

Published: 20 September 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

The Effect of a Topcoat with Amorphous Polymer Layers on the
Mesogen Orientation and Photoalignment Behavior of Side
Chain Liquid Crystalline Polymer Films
Mari Furuichi 1, Mitsuo Hara 1 , Shusaku Nagano 2,* and Takahiro Seki 1,*

1 Department of Molecular and Macromolecular Chemistry, Graduate School of Engineering,
Nagoya University, Furo-cho, Chikusa, Nagoya 464-8603, Japan

2 Department of Chemistry, College of Science, Rikkyo University, 3-34-1 Nishi Ikebukuro, Toshima-ku,
Tokyo 171-8501, Japan

* Correspondence: snagano@rikkyo.ac.jp (S.N.); tseki@chembio.nagoya-u.ac.jp (T.S.)

Abstract: The mesogen orientations of liquid crystals are sensitive to the nature of the contacting
surface. For side chain liquid crystalline polymer (SCLCP) films, most investigations have been
conducted for thin films formed on a solid substrate surface such as glass, quartz and metal ox-
ides, and little knowledge has been accumulated for SCLCP films whose top surface is covered by
amorphous polymers. This work presents the effect of a topcoat with amorphous polymers placed
on SCLCP films on the mesogen orientation and photoalignment behavior. When an SCLCP film
that adopts a homeotropic mesogen orientation is covered with a glass plate or polymer layer, the
mesogens turns to a random planar orientation. This planar orientation is favorable for efficient
in-plane photoalignment by irradiation with linear polarized light. An in-plane order parameter
exceeding 0.5 is readily obtained. Unexpectedly, a significant stabilization of the liquid crystal phase
by over 10 ◦C is observed above the isotropization temperature of the SCLCP. These fundamental
sets of knowledge should be significant in the fabrication of various polymer LC devices.

Keywords: side chain liquid crystalline polymers; surface alignment effect; free surface; amorphous
polymers; photoalignment

1. Introduction

The orientation of liquid crystals (LCs) is highly sensitive to the nature of the substrate
surface. This property is particularly significant for the fabrication of LC display panels and
other optical devices. Recently, photoalignment technology has become important as an
alternative to the rubbing process in LC display panel production. Photoreactive polymer
layers that respond to linear polarized light or diagonal irradiation light are usually used in
these processes [1–9]. As related systems, photoalignable side chain liquid crystal polymers
(SCLCPs) have been widely studied in the fabrication of optically functional devices [10–13]
and light-driven mechanical elastomer films [14–18].

SCLCP films are mostly prepared by the spin-coating procedure. In spin-coated films,
one side of the film is supported by the solid substrate surface, and the other side contacts
the air (free surface). It has recently become evident that the free surface plays an essential
role in the mesogen orientation on SCLCP films [6–9,19–27]. The existence of a top layer on
SCLCP films strongly influences the mesogen orientation. Such an effect has occasionally
been discussed in block copolymers possessing an SCLCP block to control the orientation of
the microphase separation (MPS) structure [19–21]. Fukuhara et al. [19] showed that a ver-
tically aligned MPS structure turns into a planar one when a surface segregated layer exists
on the top surface. Komura et al. [20] showed that a homeotropic LC and cylindrical MPS
structure is changed to a planar one when the film is covered with silicone oil. Xie et al. [21]
indicated the orientation control of a cylindrical MPS structure by converging the top
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surface with a water-soluble polymer. Other than SCLCPs, coverage of the free surface of
amorphous block copolymers such as poly(styrene-block-trimethylsilylstyrene-block-styrene)
was conducted by Bate et al. [28]. They adopted a polarity-transformable topcoat to attain
the vertical orientation of the MPS, which is essential in the block copolymer lithography.

For simple SCLCP systems without an MPS structure, Fukuhara et al. [23] demon-
strated that the homeotropic orientation of a light-passive SCLCP film is altered to a
planar one when the top surface is covered with an azobenzene (Az)-containing poly-
mer via annealing-assisted surface segregation or inkjet printing. This system provides a
photopatterning of the birefringent character of the whole film, indicating that the top pho-
toalignable layer can command the whole light-passive SCLCP film existing underneath.
Shortly after this approach, Nakai et al. [24] demonstrated that the mesogen orientation of
a light-passive SCLCP film can be switched repeatedly by alternative light irradiation to a
surface-segregated Az SCLCP existing on the surface. This system can be compared with
the original photo-switchable alignment system achieved by an azobenzene monolayer on
a solid substrate called the “command surface” [1,29,30]. Kawatsuki et al. [25–27] proposed
a smart strategy to use low molecular mass molecules to modify the top surface. By deposi-
tion of an aromatic amine onto a benzaldehyde-containing side chain polymer film, the side
chain reacts with the aromatic amine to form photoalignable N-benzylideneaniline. After
photoalignment is attained, the top layer can be removed by heat-assisted sublimation.
Therefore, the photoalignment ability can be switched or fixed on demand.

Rod-like mesogens tend to be anchored to the solid surface and free surface horizon-
tally (planarly) [31–33] and vertically (homeotropically) [34–38] in relation to the interface
plane, respectively, due to the excluded volume effect. The orientation alternations for
SCLCPs, as mentioned above, can be understood in line with these theoretical and experi-
mental facts. An Az-containing SCLCP, shown in Scheme 1 (PAz), shows a homeotropic
orientation as well [19], but interestingly, we have found that a cyanobiphenyl (CB) SCLCP
with a polymethacrylate main chain exceptionally adopts a random planar orientation [22].
When the Az and CB mesogens are randomly copolymerized [39,40], the homeotropic or
planar mesogen orientation is changed, depending on the copolymerization ratio [39].
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Scheme 1. Chemical structures of polymers used in this study.

Despite the accumulation of the above explorations, a systematic study on the effect
of a topcoat with amorphous polymers on SCLCP films has not been conducted yet. In
this context, we have conducted an investigation using various conventional amorphous
polymers with different glass transition temperatures (Tg) and poly(butyl methacrylate)
(PBMA, Tg = ca. 20 ◦C), poly(4-vinyl pyridine) (P4VP, Tg = 140 ◦C) and poly(vinyl pyror-
idone) (PVP, Tg = 150 ◦C) as the topcoat material. These polymers were chosen for the
feasibility of an additional topcoat using poor solvents for the underlying SCLCPs. In this
study, most experiments were conducted with PAz, but in the examinations of in-plane pho-
toalignment, a random copolymer of P(Az-CB) (Az:CB = 0.27:0.73) was further examined
(see Scheme 1). This copolymerization ratio was chosen because this copolymer adopts a
random planar orientation that is favorable for the in-plane photoalignment [39]. In this
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study, we have also found a significant stabilization effect of the LC phase by top-coating
with an amorphous polymer.

2. Materials and Methods
2.1. Materials

Solvents, chloroform (spectroscopic grade), cyclohexane (spectroscopic grade), acetone
and methanol were purchased from Kanto Chemical Co., Ltd. (Tokyo, Japan) and Kishida
Chemical Co., Ltd. (Osaka, Japan) and used without purification.

PAz, P(Az-CB), PBMA, P4VP and PVP were synthesized previously in our labora-
tory [19,40]. PVP was obtained from Nacalai Tesque Inc. (Kyoto, Japan).

The molecular mass data (number-averaged molecular mass (Mn) and polydispersity
index (Mw/Mn)) are summarized in Table 1.

Table 1. Molecular mass data of the polymers.

Polymer Mn Mw/Mn Thermal Transitions (◦C)

Paz 2.2 × 104 1.2 g-43-SmC-100-SmA-120-i 1,2

P(Az-CB) 1.2 × 104 1.1 g-34-SmA-113-i 1

PBMA 1.9 × 104 1.1 Tg: 20
P4VP 6.5 × 104 1.1 Tg: 140
PVP 1.0 × 106 3 No datum Tg: 150

1 g = glass, SmC = smectic C, SmA = smectic A and i = isotropic. 2 [19]. 3 According to the manufacturer.

2.2. Sample Preparation

The SCLCPs were spin-coated from chloroform at 1 or 4 weight % on a quartz plate
washed and wiped with acetone. The films were annealed at 120 ◦C for 10 min. The
top-coating of the amorphous polymers was also performed by spin-coating using poor
solvents for the SCLCPs. The PBMA, P4VP and PVP (2 weight %) on the SCLCP films were
top-coated with solvents of cyclohexane or methanol. These top-coated laminated films
were also annealed at 120 ◦C for 10 min.

The SCLCP samples were sandwiched between glass substrates with an originally
designed LC cell. The glass plate of one side was 1.5 mm so that the X-ray could properly
penetrate from the in-plane direction through the two glass plates. The cell gap was adjusted
with 8-µm capton films (Toray-Du Pont) and fixed with a UV-curing resign (Norland 65)
and an epoxy resin (Araldite Rapid, Nichiban). The SCLCP was incorporated into the gap
by capillary force at 120 ◦C between two glass substrates. The extra amount of the polymer
was wiped off with chloroform.

2.3. Measurements

Small-angle X-ray scattering (SAXS) measurements were performed with an FR-E
(Rigaku Corp.) equipped with a 2D imaging plate (R-AXIS IV, Rigaku Corp, Tokyo, Japan).
The X-ray source and camera length were a Cu Kα beam (0.154 nm) and 300 mm, respec-
tively. Grazing incident angle SAXS (GI-SAXS) measurements were also achieved with this
instrument. Precise tilt control for this measurement was achieved with an ATS-C316-EM
(Chuo Precision Industrial Co., Ltd., Tokyo, Japan).

Gel permeation chromatography measurements were achieved with a DS-4 Shodex
system equipped with KF-803L, KF-804L and KF-805 columns. The detection was achieved
with a UV absorption (UV-41, Shodex) or a reflective index detector (RI-101, Shodex).

The thermal transition properties of the polymers were evaluated by differential
scanning calorimetry (DSC) using a TA 200 (TA Instruments).

The UV-visible absorption spectra were found with an Agilent 8453 spectrometer
(Agilent Technologies) with a light source of a deuterium/tungsten lamp.

Contact angle measurements were made with a CA-XP (Kyowa Interface Science Co.,
Ltd., Niiza, Japan). Water droplets of 3 µL were placed onto the polymer films at room
temperature. The measurements were made after 5 s of dropping.



Appl. Sci. 2022, 12, 9410 4 of 13

The topographical surface profiles for the evaluation of the film thickness were ob-
tained with white light interference microscopy using a BE-S501 (Nikon Corp, Tokyo, Japan).

Polarized optical microscopic observations were performed with a BX-51 (Olympus
Corp, Tokyo, Japan).

2.4. Photoirradiation

Photoirradiation was performed using a mercury lamp (Sanei Electric Supercure-203).
To select the 436-nm line, a combination of optical filters (Toshiba glass V-44 and V-43) was
used. The light intensity was measured with a TQ8210 (ADC Corporation).

3. Results and Discussion
3.1. Mesogen Orientation of PAz Films

First, the mesogen orientations of the SCLCP films were evaluated without a topcoat
(contacting with air), in a sandwiched cell between glass plates and then with films with
polymer top-coated systems.

3.1.1. PAz Film Contacting with Air

Figure 1 displays the GI-SAXS data for PAz films with a 100-nm (a) and 400-nm
(b) thickness on a glass substrate at room temperature. These thicknesses were chosen
because the former should have significant influence from the constraint effects from the
solid surface, and the latter could be mostly free from such constraints. In general, the
surface constraint effect reached the level of some tens of nanometers [41]. The sample was
annealed at 120 ◦C (isotropic phase) for 10 min and then subjected to measurements. The
scattering data were essentially the same for the two thickness films. The scattering spots
were observed in the out-of-plane direction at 2θ = ca. 3.2◦ (spacing: d = 2.8–2.9 nm) and
2θ = ca. 6.4◦ (d = 1.4 nm), corresponding to (001) and (002) scattering, respectively. These
data indicate a lamella structure formation oriented horizontally with the substrate. The
film with 400 nm gave the clearer scattering signals because more intense X-ray signals
were obtained. In this grazing angle measurement configuration, the small deviation in
the d value (0.1 nm) between the two samples was within the experimental error. The d
spacing of 2.8–2.9 nm shows that a smectic C phase with a tilted molecular orientation with
the lamella plane was formed [19]. Some disordering was involved in the film of a 400-nm
thickness, as can be seen from the azimuthal arc scattering. This seems to reflect that more
orientational freedom was allowed, because the constraint from the surface was lessened.

3.1.2. PAz Film Sandwiched between Two Glass Substrates

The PAz film was sandwiched between two glass substrates as described in Section 2.2.
Figure 2 shows the 2D GI-SAXS and 1D profiles of this sample at room temperature (a) and
at 90 ◦C (b). In contrast to the results for the film contacting with air (Section 3.1.1), the
lamellar structure was more randomly oriented and rather preferentially in the in-plane
direction. At room temperature, another spot at 55◦ from the normal was also observed for
the (001) scattering. These facts indicate that the lamellar plane was preferentially oriented
vertically with a tilted structure, reflecting the smectic C phase (d = 2.7 nm). At 90 ◦C, on the
other hand, the scattering tilt structure disappeared, and scatterings showing a periodicity
at d = 3.4 nm were observed both in the in-plane and out-of-plane directions. This shows
that the LC structure was changed to a smectic A phase at the higher temperature. In
this way, the free (air) surface and the solid substrate gave the homeotropic and planar
anchoring for the Az mesogens, respectively, which is consistent with the theoretical
considerations based on the excluded volume effect [31,32,34].
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3.1.3. PAz Film with Top-Coated Amorphous Polymers

Next, the surfaces of the PAz films (thickness: 100 nm) were covered with PBMA,
P4VP and PVP. PBMA was overlaid using cyclohexane and P4VP and PVP with methanol,
both of which are poor solvents for PAz. The thickness of the overlaid amorphous polymers
was 100–200 nm. The coverage of the top surface of the PAz with the amorphous polymers
was confirmed by static contact angle measurements using a water droplet. Table 2 lists the
contact angles of the water droplets (θw) on various polymer surfaces. θw values from the
literature are also shown in parentheses for comparison. The surface of the PAz was highly
hydrophobic due to the homeotropic anchoring, where the alkyl tail was oriented toward
the air. When the top surface was covered with the amorphous polymers, the resulting
θw agreed well with the pure amorphous polymers, indicating that the top-coating was
successfully performed.

Table 2. Static contact angles of water droplets at room temperature.

Film Contact Angle θw (◦)

PAz 104.6 ± 0.3 (103.7 ± 0.3 [24])
PBMA 97.8 ± 0.2 (98.0 ± 0.7 [19])
P4VP 76.6 ± 0.5 (70–75 [42])
PVP 34.6 ± 1.7 (65.5 [43])

PBMA on PAz 98.2 ± 0.3
P4VP on PAz 75.6 ± 0.8
PVP on PAz 37.8 ± 0.7

The PAz films covered with PBMA, P4VP and PVP at room temperature consistently
provided the same results as those for the glass substrate (see Section 3.1.2). The films
covered with amorphous polymers indicated a random planar orientation state, whose
typical domain size range was approximately some micrometers. Representative examples
of the POM image are shown in Figure 3 for the PAz films covered with PBMA films 100 nm
(a) and 400 nm (b) thick.
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Figure 3. POM images of PAz of 100-nm thickness covered with PBMA films 100 nm (a) and 400 nm
(b) thick.

Figure 4 shows the GI-SAXS data for the PAz film covered with PVP as an example.
By covering the surface with the polymer film, the scattering spots became sharpened,
indicating that the orientational disorder became more suppressed (compared with the
data in Figure 2). A thicker topcoat film with a 400-nm thickness was also examined. The
thickness of the topcoat layer did not significantly influence the results.
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Figure 4. GI-SAXS data for PAz film (thickness: 100 nm) covered with PVP (thickness: 100 nm) at
room temperature (a) and 90 ◦C (b). In each part, left and right figures display 2D GI-SAXS patterns
and 1D intensity profiles taken from the 2D data, respectively. In the left profiles, red, black and blue
lines show the out-of-plane and in-plane directions and 55◦ to the normal direction, respectively.
(c) Schematics on the mesogen orientation induced by the free surface (left) and glass plate or polymer
coat on the top (right) are displayed. (d) Schematic illustrations of the structure and orientation of the
smectic C phase at room temperature (left) and vertically oriented smectic A phase at 90 ◦C (right) of
PAz film covered with a polymer layer.

The three polymer layers (PBMA, P4VP and PVP) on the top essentially gave the same
anchoring effect, but small differences were observed when the PAz film was thickened to
400 nm. Figure 5 indicates the 2D GI-SAXS images of the PAz film covered with the three
polymer layers. At room temperature, the X-ray images consistently gave the tilt layer
structure ascribed to the smectic C phase, but the smectic layer with the PBMA topcoat
indicated a more disordered orientation state, judging from the vague arc-scattering image
(left) compared with the other two polymer topcoats. In the cases of P4VP and PVP
topcoats (middle and right), layer spacing was also observed in the out-of-plane direction
(white arrow). This seems to show that P4VP and PVP tend to induce homeotropically
aligned mesogens partially in the contacting region with the polymer. We do not have
clear explanations for the different characteristics between the PBMA and P4VP or PVP
at present. One plausible possibility is that the difference in Tg can affect the anchoring
behavior [44]. As the polarity of the polymers also differed, this was not the decisive factor
to account for the present observations.
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3.1.4. Reversible Orientation Switching by Coating and Removal of the Top Layer

As displayed in Figure 4c, the homotropic or planar alignment is changed by the
absence and presence of polymer topcoat. Here, an attempt was made to confirm the
reversibility of the mesogen by repeated coating and removal of the polymer. To evaluate
the Az mesogen orientation, UV-visible absorption spectra of the films on a quartz plate
were taken in the transmission mode. The ππ* band of Az around 320–350 nm region
reflects the orientation of the long axis of Az mesogen.

Figure 6 shows the changes in the UV-visible absorption spectrum in the course of the
coating and removal procedures of the P4VP top layer. A spin-coated PAz film (thickness:
100 nm) was first annealed (120 ◦C for 10 min), and then the absorbance of the ππ* band
was significantly reduced with a slight blue shift (black solid line to the red solid line).
After annealing, the spectrum was somewhat broadened, probably due to the involvement
of a J-type aggregate [45]. This shows the orientational change of Az to a more vertical
orientation state. When an overcoat of P4VP using methanol followed by annealing was
achieved, the ππ* band almost recovered to the spin-coated state with spectrum broadening
(green solid line). Next, the topcoat film of P4VP was washed (removed) with methanol and
annealed. The Az mesogen became vertically aligned again (red dotted line). By coating
with P4VP followed by annealing, the ππ* band recovered (green dotted line). In this
manner, the homeotropic and planar alignments of Az mesogen can be successfully altered
repeatedly by topcoat manipulation. The orientation changes of the mesogens during such
processes are schematically displayed in Figure 6b.
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3.2. Photoalignment of PAz and P(Az-CB) Films

The homeotropic orientation of Az mesogens was unfavorable for the in-plane align-
ment because the transition moment of Az absorption was almost parallel to the long axis
of the chromophore. For the efficient light absorption, the long axis of the Az should be
oriented horizontally with the substrate. This desired Az orientation for photoalignment
can be realized for high-density surface-tethered polymer brushes of SCLCP [46–48]. In
the present work, the horizontal orientation was attained by coating with a polymer layer
(Section 3.1.3), and the in-plane photoalignment was examined by irradiation with LPL.

3.2.1. In-Plane Photoalignment of PAz Coated with Polymer Layers

A PAz polymer (thickness: 100 nm) was prepared, and then the top surface was coated
with a polymer layer of PMBA and PVP as described in Section 2.2. The laminate film
was first annealed at 120 ◦C for 10 min. After cooling the film to room temperature, the
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sample was heated to 90 ◦C, and the LPL at 436 nm was irradiated at 1.0 mW cm−2. During
these processes, the Az mesogens kept the planar orientation, as confirmed by UV-visible
absorption spectroscopy.

Figure 7 shows the polarized UV-visible absorption spectra of the resulting films coated
with PBMA and PVP. In both cases, a strong dichroic characteristic appeared, as indicated
in Figure 6a,b. The order parameter (S) was calculated with the following equation

S =
A⊥ − A//

A⊥ + 2A//

and reached 0.67 and 0.77 for the PBMA and PVP, respectively. Figure 7c,d displays the
GI-SAXS data for the PBMA-coated PAz film. Here, the incidence for the X-ray beam was
selected parallel (//) and perpendicular (⊥) to the irradiated LPL, as illustrated below in
Figure 7d. The X-ray scattering spot (d = 3.5 nm) was observed only in the in-plane direction
of the parallel X-ray incidence (Figure 7c). Essentially, no scattering signal was obtained for
the perpendicular incidence (Figure 7d). These facts show that highly homogeneous in-
plane structural anisotropy was attained, which coincided with the polarized spectral data.
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Figure 7. Polarized UV-visible absorption spectra of PAz film (thickness: 100 nm) coated with PBMA
(a) and PVP (b). Blue and red lines indicate spectra taken perpendicular (⊥) and parallel (//) to the
direction of exposed LPL In (c) and (d), GI-SAXS data are shown for the photoaligned PAz coated
with a PBMA layer.

3.2.2. In-Plane Photoalignment of P(Az-CB)

It should be interesting to grasp the effect of a coated polymer layer on the photoalign-
ment behavior. However, the Az mesogen of the PAz oriented vertically and horizontally
after annealing with and without the polymer coat, respectively, and it was impossible
to make direct comparisons. Therefore, in this section, the photoalignment process is
compared using P(Az-CB) that adopts a planar orientation without the topcoat [22,39]. As
mentioned in the introductory remark, the copolymerization ration of Az:CB = 0.27:0.73
gives a random planar orientation. In fact, the absorption spectra of P(Az-CB) before and
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after annealing hardly results in any changes, indicating that this copolymer provides a
random planar orientation without a polymer topcoat.

LPL irradiation was conducted at 70–130 ◦C. Figure 8a shows the polarized UV-visible
absorption spectra for P(Az-CB) without a topcoat irradiated at various temperatures.
Spectrum measurements were performed after cooling to room temperature. The ππ*
bands of Az and CB were positioned around 360 and 290 nm, respectively. These spectra
were obtained after LPL irradiation at a dose of 1.0 J cm−2. The increase in S was saturated at
200 mJ cm−2, and further irradiation did not affect the degree of in-plane optical anisotropy.
The dotted and solid lines correspond to the polarized spectra in the perpendicular and
parallel directions of the LPL, respectively. In all spectra, the dichroic ratios (A⊥/A//)
obtained for the Az and CB ππ* bands coincided with each other under all conditions,
showing that the two mesogens were photoaligned in a highly cooperative manner.
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Figure 8. (a) Polarized UV-visible absorption spectra of P(Az-CB) film (thickness: 100 nm) without
topcoat after LPL irradiation at various temperatures. Dotted and solid lines correspond to spectra
taken perpendicular and parallel with irradiated LPL. (b) In-plane order parameter of P(Az-CB) films.
Black, red and blue symbols correspond to data for pure P(Az-CB) film, P(Az-CB) film coated with
PVP layer, and P(Az-CB) film formed on PVP underlayer, respectively. A scheme below b indicates
the relationship between the film constitution and resulting in-plane S.

In Figure 8b, the order parameter after the above LPL irradiation conditions was
plotted as a function of the temperature for a P(Az-CB) film without a topcoat (black circle)
on a quartz plate, a PVP-coated P(Az-CB) film (red triangle) and a P(Az-CB) film prepared
on a PVP-coated substrate (blue diamond). The last film constitution was examined
to grasp the influence on the underlying substrate surface. In these evaluations, the
photoalignment procedure was achieved at each target temperature and then cooled down
to room temperature for spectral measurements. The in-plane S increases with the increase
in temperature until reaching the isotropization temperature (Tiso) of 113 ◦C. The extent of
S enhancement is strongly dependent on the film constitution. Among the three types of
films, the pure P(Az-CB) film provided the highest in-plane S at all temperatures, with S
exceeding 0.5 above 100 ◦C. However, this film exhibited film damage (dewetting) above
113 ◦C (indicated by Tiso in Figure 8b), and the evaluation of S above this temperature
was not feasible. Interestingly, when the P(Az-CB) film was formed on a polymer layer of
PVP, the film was stable enough to evaluate S up to 130 ◦C. The dewetting seemed to be
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suppressed by the stronger molecular interactions of P(Az-CB) with the PVP by dipole-
dipole interactions. However, S was significantly reduced in this case (S = 0.15 at 110 ◦C),
seemingly due to this strong anchoring that could restrict from the molecular reorientation
by LPL. Intermediate S values were obtained for the P(Az-CB) films coated with PVP. More
importantly and unexpectedly, the LC state was maintained above 113 ◦C, the S value
reached the maximum level above Tiso (S = 0.52 at 120 ◦C), and the photoalignment was
possible even at 130 ◦C (S = 0.15). Actually, the GI-SAXS measurement confirmed the
smectic A phase at 120 ◦C. These facts suggest the strong influence of the free surface side
for alignment control in SCLCP films which, on the other hand, was not observed when the
same PVP layer was placed on the solid substrate side (compare the red and blue symbols
at 120 ◦C in Figure 8b).

4. Conclusions

The use of rubbed or photoirradiated polymer films has frequently been achieved
to align LC materials. However, the alignment behavior of SCLCP films capped with
amorphous polymers has hardly been investigated. This work was undertaken to shed
light on the orientation and photoalignment behavior of such systems. This systematic
approach demonstrated the significant effect of polymer coverage on SCLCPs. We believe
that the results obtained here should be of great help for the fabrication and understanding
of various types of polymer-based SCLCP devices. Polymer substrates are important for
the construction of flexible LC devices. The significant thermal stabilization of the LC phase
by covering with a polymer layer, as mentioned in the last section, seems to provide a new
outlook and expand the choice of SCLCPs for utilization toward various devices.
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