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Photo-triggered assembly/disassembly of macroscopically ordered monodomain lamellar
structure in side-chain liquid crystalline polymer containing strong polar azobenzene mesogens

Jian Liu*, Mingle Wang, Yuanyuan Li and Hejin Zhong

State Key Laboratory Cultivation Base for Nonmetal Composites and Functional Materials, Southwest University of Science and
Technology, Mianyang, China

(Received 7 August 2010; final version received 6 October 2010)

Assembly of ordered structures by an external stimulus allows for design of functional materials with enhanced
physical and chemical properties. A new side-chain liquid crystal polymer containing strong polar azobenzene
mesogens was synthesised. A macroscopically ordered monodomain smectic-like lamellar structure having orien-
tational order and positional order was immediately assembled by linear polarised light irradiation (473 nm, 20
mW/cm2) at room temperature. The lamellar layer with its periodic d-spacing of 1.9 nm and mesogens arranged
at an inclination angle of about 75◦ were characterised by X-ray diffraction and polarising optical microscopy
which showed a diffraction peak at 2θ = 4.53◦ and an off-centred interference figure. Reversible assembly and
disassembly of the lamellar phase were achieved by alternative irradiation with polarised light and non-polarised
light. Potential factors influencing the assembly of the ordered lamellar structure were investigated by controlling
the mesogens out-of-plane orientation and by changing the polarities of mesogens. The difference in arrangement
of the mesogens between the lamellar phase and a thermotropic smectic phase was also compared by heating the
selectively exposed film. The light controllable assembly of mesogens provides an easy route to assemble a lamellar
phase in azobenzene containing polymers for application in optical and photonic devices.
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1. Introduction

Over the last decade, azobenzene containing liquid
crystalline polymers (LCP) have attracted significant
attention due to their photo-responsive phase transi-
tions for applications as optical and photonic materi-
als [1–4]. There are several types of liquid crystalline
states, depending upon the amount of order in the
materials. In general, a nematic LC phase has only
orientational order but a lamellar smectic phase com-
bines the orientational order with positional order
[5]. Therefore, the mesogens in the lamellar smectic
phases have more order than that of molecules exist-
ing in the nematic phase [6, 7]. The smectic phase
can be achieved by a spontaneous self-assembly of
mesogens as a result of changing temperature or by
dissolving the materials in solution; however, the spon-
taneously self-assembled smectic phases are composed
of random microdomains. It is virtually macroscopi-
cally disordered because each microdomain is oriented
arbitrarily with respect to its neighbour domain.

More recently, Petchsirivej et al. [8] demon-
strated that a macroscopically ordered monodomain
lamellar phase could be prepared by Langmuir–
Blodgett horizontal deposition of a polyacrylate-
based side-chain LCP with 4’-(6-acryloxy) hexyloxy-4-
methoxyazobenzene as the side chain. In another way,
Uekusa et al. [9] assembled a monodomain lamellar
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phase by adopting surface-initiated atom transfer rad-
ical polymerisation of LC polymer brushes bearing
an azobenzene mesogenic group in the side chains.
The azobenzene mesogens were orientated parallel
to the substrate and the smectic layer perpendicular
to the substrate plane. Photoinduced assembly of a
monodomain lamellar structure was also achieved by
Stumpe’s group [10]. In their case, linear polarised
light (LPL) irradiation of spin-coated smectic main-
chain polyester with mesogenic 4, 4’-dioxyazobenzene
groups in the backbone and subsequent thermal iso-
merisation of the azobenzene groups finally estab-
lished a monodomain of lamellar phase.

Direct light-induced self-assembly of the mesogens
into a macroscopically ordered phase is particularly
attractive because the process can be remotely con-
trolled, quickly switched and easily focused into spe-
cific areas. Motions of azobenzene groups under the
effect of a linearly polarised optical field have been
extensively investigated in the past 30 years. Although
a wide level of mesogen motions have been reported in
the literature, the light-triggered self-assembly motion
of azobenzene mesogens is still limited [11–13]. The
mechanism of azobenzene motion upon LPL irra-
diation claims that only the molecular long axis
perpendicular to the direction of the electric field
vector will stop the isomerisation and reorientation
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106 J. Liu et al.

motion [14–16]. This rule implies that only an orienta-
tional order could be obtained upon LPL irradiation,
which was widely demonstrated in previous literature
in which no positional order of azobenzene mesogens
was observed under LPL irradiation [17, 18].

Besides the external factors, many researchers
have stressed the importance of the polarity of meso-
gens on the self-assembly of azobenzene containing
LCPs. For example, Canessa et al. and other groups
[19–22] reported that methacrylate polymers contain-
ing strong donor–acceptor substituted azobenzene
mesogens typically form smectic phases but none or
weakly polar groups substituted azobenzene mesogens
form nematic phase instead, which stresses the role
of dipole–dipole intermolecular interactions in the
growth of the positional order in the smectic phase
[23–27]. However, the intermolecular dipole–dipole
interaction has been frequently overlooked under
the condition of optical field in the literature [2,
28, 29]. Still, the thermotropic self-assembly by
annealing occurs at temperature above Tg in the LC
mesophase, but the photoinduced assembly process
takes place at room temperature. To assemble the
mesogens below Tg, a stronger driving force needs
to overcome the motion confinement. In this paper,
a strongly polar mesogen containing the LCP po-
ly(6-(1-(4-(4-nitrophenylazo)phenyl)piperazino)hexyl)
methacrylate (pSDAAB) was synthesised. We might
therefore expect that the strong dipole–dipole inter-
actions will provide a strong driving force for the
mesogen assembly accompanied by their photoin-
duced orientation at room temperature [30, 31].
As expected, the mesogens assembled into a mon-
odomain lamellar stack upon LPL irradiation (473
nm, 20 mW/cm2), which exhibited orientational
order and positional order in the pumped film.
Nevertheless, an analogously structured side-chain
LC polymer bearing weakly polar azobenzene meso-
gens (pWDAAB) showed only an orientational order
under the same light irradiation conditions. Here we
report the unique motion and assembly of mesogens
producing a lamellar structure upon LPL irradiation
in the solid film.

2. Experimental details

2.1 Characterisation
UV-vis absorption spectra were recorded on a
Shimadzu UV-2401PC spectrophotometer. Mesogenic
textures were observed by a Nikon YS2 polarising
optical microscope (POM) equipped with a hot-stage.
The thermotropic properties of the polymers were
determined with a differential scanning calorimeter
(DSC, Perkin–Elmer Priys-1) at a scanning rate of
10◦C/min. X-ray diffraction (XRD) patterns were
recorded on a Rigaku D/max-rA rotating anode X-ray

diffractometer, using the CuKα radiation line (λ =
0.15418 nm) with DS = 1◦, SS = 0.5◦, RS = 0.15 mm,
operating at 40 kV and 100 mA. A 2θ scan mode of
XRD was used to determine the spacing of the smec-
tic layers. XRD of the rocking θ scan model and θ–2θ

linkage scan modes were used to study the layer ori-
entation. Because of the high background signals of
the glass slice in the samples, the XRD curves of the
pumped film were obtained from the sample by cast-
ing on a silicon wafer and by exposure under the same
condition as for the transmittance tests.

2.2 Film preparation
The films were obtained by casting a solution of 5 wt%
polymer in N-methyl-2-pyrrolidone (NMP) on the
glass slide and the silica wafer for transmittance tests
and XRD tests, respectively. Before casting, the glass
slide was first soaked in saturated sodium hydroxide
solution for 30 min, sequentially cleaned with a super-
sonic wave in a deionised water and propanol solution
for 10 min and dried with N2 gas flow. Then the sub-
strates were exposed under an infrared lamp for 10 min
and the polymer solutions dropped onto the hot sur-
face, keeping the substrates under the infrared lamp to
evaporate the solvent. The films were transferred into
a vacuum oven and dried at room temperature for 24
h. The film thicknesses were measured to be 100 nm
on an atomic force microscope cut-edge profiler.

2.3 Optical setup
The films were covered with a mask to provide a selec-
tive exposure zone. A 473 nm continuous wave diode
pumped solid-state laser systems was used as the non-
polarised light beam, and a polariser was set to obtain
the polarised light. The pump beam was expanded
to 10 mm in diameter to obtain a homogeneous
light intensity over the entire zone to be exposed.
Photoinduced orientation of the resulting films was
determined using the experimental set-up described
in previous literature [32]. Transmittance was mea-
sured by placing the sample between two crossed linear
polarisers. To achieve maximum signal, the polarisa-
tion vector of the pump beam was set to 45◦ with
respect to the polarisation vector of the probe beam.
The irradiation light was set to 45◦ with respect to the
film plane and was performed at room temperature
unless specified.

3. Results and discussion

3.1 Polarity characterisation
To study the polarity effect on the assembly behaviour,
two side-chain LCPs containing different polarity
mesogens were synthesised according to a reported
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Figure 1. The chemical structures of pSDAAB and pWDAAB.

Table 1. Molecular weight, molecular weight distribution and the liquid crystalline
properties of pSDAAB and pWDAAB.

Substitute constants

Polymer Mn Mw/Mn

Phase transition
temperature (◦C) Donor Acceptor

pSDAAB 4600 1.5 G 62 S 195 I –N< (–0.83) –NO2 (0.78)
pWDAAB 7200 1.1 G 52 S 126 I –O– (–0.27) –NO2 (0.78)

Notes: G, glassy; S, smectic; I, isotropic.

procedure [32]. As shown in Figure 1, the azobenzene
group bonded in pSDAAB is para-substituted with
strongly polar groups of nitro and piperazino, which
has the substitute constants σ (NO2) = 0.78 and σ

(N(CH2)2) = −0.83 [27]. By contrast, pWDAAB that
substituted with weakly polar groups of -O- group has
a donor substitute constant of −0.27 and the acceptor
NO2 group as used in pSDAAB (Table 1).

Polymer pWDAAB shows a strong absorption
peak around 364 nm and a much weaker absorption
peak around 450 nm, corresponding to the absorption
of the π–π∗ transition of the trans isomer and the n–
π∗ transition of the cis isomer of the azobenzene group
(Figure 2(e)). In contrast, the π–π∗ and n–π∗ absorp-
tion bands of pSDAAB were practically superimposed
into a single absorption peak at 446 nm (Figure 2(b)),
indicating the strong intramolecular electron donor–
acceptor interactions in pSDAAB [33–35]. Moreover,
the maximum absorption peak of pSDAAB shows a
blue shift at about 70 nm in the solid film compared
to that of the solution. In contrast, pWDAAB shows
a blue shift of only 42 nm which indicates the stronger
dipole–dipole intermolecular interactions of pSDAAB
[36–38].

From the DSC results as shown in Figure 3,
pWDAAB shows the glass transition at 62◦C and
the LC to isotropic phase change at 126◦C, while
pSDAAB shows a broad LC temperature range with
glass transition at 52◦C and LC to isotropic phase
change at 195◦C. This result indicates that the strong
dipolar interactions in pSDAAB stabilised the liq-
uid crystalline phase. Two polymers exhibit a typical

fan-shaped focal conic smectic texture (as shown
in Figure 6(co)) when annealed from its individual
isotropic to LC transition temperature at a cool rate
of 10◦C/min [39]. Their formations of smectic liq-
uid crystalline phases were also confirmed by XRD
measurements in the 2θ scan mode, which showed
a diffraction peak at 2θ of 3.93◦ (d = 2.2 nm) for
pSDAAB and of 3.24◦ (d = 2.7 nm) for pWDAAB
(Figure 4). Although the free side-chain length of
pSDAAB is longer than that of pWDAAB from cal-
culations with the MM2 simulation, the d-spacing of
pSDAAB is shorter than that of pWDAAB according
to the XRD scanning of the condensate films. These
results agree with those obtained by Natansohn’s
groups that the stronger dipole–dipole forces result in
a deeper side-chain interdigitation [18, 40].

3.2 Growth of the monodomain lamellar layer
XRD were used to investigate the formation of the
ordered layer structure in pSDAAB film upon LPL
irradiation. First it can be seen that the as-cast film
exhibits no diffraction peaks in Figure 5(a), indicating
the absence of any ordered structure, which is consis-
tent with many previous reports that mesogens were
randomly oriented in as-cast film. Upon 5 min of LPL
irradiation (20 mW/cm2) at an incident angle of 45◦
with respect to the film plane, the pumped film showed
a diffraction peak at 2θ of 4.493◦ (Figure 5(b)), reveal-
ing that a periodic structure was formed [10]. However,
the peak intensity of the pumped film was weaker than
that of the annealed film (Figure 4(a)), suggesting that
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Figure 2. UV-vis absorbance spectra of pSDAAB (a) on an as-cast film, (b) in tetrahydrofuran (THF) solution, (c) on the LPL
pumped film (20 mW/cm2), and of pWDAAB (d) on cast film and (e) in THF solution.
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Figure 3. DSC thermograms of pSDAAB and pWDAAB
at a heating rate of 10◦C/min.
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Figure 4. XRD patterns of the thermally induced smec-
tic phase of pSDAAB by annealing from 120◦C (a) and
pWDAAB by annealing from 100◦C (b) at a cooling rate of
10◦C/min.
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Figure 5. XRD patterns of the 2θ scan curves of pSDAAB: (a) the as-cast film; (b) the polarised light pumped film (20
mW/cm2); (c) the non-polarised light pumped film (20 mW/cm2); (d) θ–2θ linkage scan pattern of the LPL pumped film
(20 mW/cm2).
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the ordered layers were preferentially orientated [41,
42]. The θ–2θ linkage scan [43, 44] was subsequently
performed to substantiate the ordered layer preferred
orientation, which yielded a sharp diffraction at 2θ =
4.53◦ as shown in Figure 5(d), supporting the forma-
tion of orientated order layer structure [45]. The peak
corresponds to the first-order diffractions arising from
the layering distance between sheets of the main chains
separated by the mesogens orienting normal to the
substrate [41, 46].

Conoscopic observations have been extensively
used in elucidating the inclination angle of the optical
axis (the molecular long axis) in the literature [47].
To have a better understanding of the mesogen
orientation in the lamellar layer, conoscopic images
were recorded to characterise the mesogen arrange-
ments. In Figure 6(ao), the as-cast film shows no
birefringence under orthoscopic illumination which
suggests that the mesogens were disordered in the
film, so no interference image could be observed
as seen in Figure 6(ac). The isotropic nature of the
as-cast film is also confirmed by the XRD scanning
results of no diffraction signal in Figure 5(a). In
contrast, the pumped film (473 nm, 20 mW/cm2)
shows a homogeneous bright field under orthoscopic
illumination (Figure 6(bo)) and a single off-centred
black-cross interference figure under conoscopic illu-
mination (Figure 6(bc)). This suggests a monodomain
orientational order was formed upon LPL irradiation
and the optical axis of orientated mesogens is inclined
with respect to the film plane. As a contrast, the
smectic phase (Figure 6(co)) of pSDAAB obtained by
annealing the as-cast film at 120◦C shows a homoge-
nous bright interference figure (Figure 6(cc)). This is
easily understandable considering that the thermally

ac

ao
bo co

ccbc

10 µm 10 µm 10 µm

Figure 6. POM observed images under conoscopic illumi-
nation (denoted by the sub index c) of pSDAAB: (a) as-cast
film, (b) LPL pumped film (20 mW/cm2), (c) thermally
induced polydomain smectic film obtained by annealing at
120◦C at a cooling rate of 10◦C/min and their correspond-
ing images under orthoscopic illumination (denoted by the
sub index o).

induced smectic phase contains many randomly
orientated microdomains, which reflect light averagely
in all directions.

3.3 Mechanism for the lamellar assembly
Although the photoinduced growth of the lamellar
smectic C like phase differs from previous orientation
behaviour in azobenzene containing LCPs exposed
under a similar LPL irradiation, the POM obser-
vation and the θ–2θ scanning results have directly
presented the evidence that a monodomain layer phase
was formed and the mesogens were obliquely arranged
over the exposed area. Here, a mechanism for the
assembly of the lamellar layer phase is illustrated
as shown in Figure 7. Initially, the mesogens were
randomly distributed in the as-cast film. Upon irra-
diation, the photoisomerisation broke the mesogen
aggregation, and then LPL-guided mesogen orienta-
tion motions occurred. It should be emphasised here
that the strong dipole–dipole interaction also con-
trols the mesogen motion. Under this situation, the
orientation motion induced by LPL cause the meso-
gen motion perpendicular to the direction of the LPL
electric field vector, and the positional motion driven
by strong dipolar-dipolar intermolecular interactions
also occurred simultaneously, which guides the for-
mation of the lamellar layer. Consequently, a macro-
scopically ordered monodomain lamellar structure
was assembled upon LPL irradiation. As a compari-
son, Figure 7(c) presents the mesogen distributions in
the thermotropic polydomain liquid crystalline phase
formed by annealing the polymer at a temperature
above the liquid crystalline phase change point, in
which the mesogens assembled in randomly oriented
smectic domains according to their texture charac-
terisation. In contrast to the strong polar mesogen
orientation, the orientation of the weakly polar group
substituted azobenzene mesogens in Figure 7(d) was
aligned only perpendicular to the polarisation direc-
tion. Thus no positional order could be obtained when
exposed to a linearly polarised light.

3.4 Assembly control
3.4.1 Reversible assembly and disassembly

Assembly and disassembly of the lamellar phase can
be triggered by alternate irradiation of the film with
LPL and non-LPL at room temperature. When using
non-LPL (473 nm, 20 mW/cm2) irradiation of the
lamellar film, the disappearance of the diffraction peak
of the film as shown in Figure 5(c) suggests that non-
LPL irradiation destroyed the layered order structure.
Conoscopic observation on the film confirms the dis-
assembly due to the vanishing of the interface figure in
the non-LPL pumped film (Figure 5(a)). In Figure 8,

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



110 J. Liu et al.

a b

dc
Heating

polarised light

Non-polarised light

Strongly polar mesogen None or weakly polar mesogen

Figure 7. Schematic presentation of the assembly of mesogens: (a) randomly distributed mesogens in the as-cast film; (b)
assembly of the lamellar stack upon LPL irradiation of a strongly polar mesogen at room temperature; (c) a thermally induced
polydomain smectic phase by heating above Tg; (d) orientation of none or weakly polar mesogens upon LPL irradiation (colour
version online).
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Figure 8. Change in the transmittance as a function of irra-
diation time upon alternative LPL (473 nm, 20 mW/cm2)
and non-polarised light (473 nm, 20 mW/cm2).

alternate transmittance values changing upon alter-
nate non-polarised light and LPL irradiation present
additional evidence of the reversible order–disorder
reorientations of the mesogens. In a pump circle, the
transmittance increase is a result of the LPL induced
assembly, and the transmittance decrease is a result
of the disassembly of the order layer upon non-LPL
irradiation. However, this decrease in transmittance
value is essentially different from the transmittance
decrease observed in the orientation curve upon high
light intensity irradiation as shown in Figures 9(c) and
9(d), which is a result of the LPL induced out-of-plain
orientation [18]. This will be discussed in the next
section.
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Figure 9. Change in the transmittance as a function of irra-
diation time in pSDAAB film. Beam power density: (a) 5
mW/cm2; (b) 10 mW/cm2; (c) 20 mW/cm2; (d) 30 mW/cm2.

3.4.2 Strong dipole–dipole interaction

From the above analysis, it is quite evident that strong
dipole–dipole interactions provide an important driv-
ing force for the molecular assembly. For compar-
ison, pWDAAB bearing weak polar mesogens was
also conducted upon LPL with 20 mW/cm2 expo-
sure, and its transmittance value exhibited a similar
decrease to that shown in Figure 9(c), which suggests
an out-of-plane orientation occurred. However, no
diffraction peak was observed (Figure 10(a)) for this
pumped pWDAAB film, suggesting the absence of
ordered structure. A reasonable explanation is that
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Figure 10. XRD pattern of (a) the pumped pWDAAB
film (20 mW/cm2), (b) the 5 mW/cm2 power density beam
pumped pSDAAB film.

weak polar groups provided a too weak dipole–dipole
interaction force to drive the mesogen motion at room
temperature.

3.4.3 Out-of-plain orientation

As a contrast to the as-cast film, the decrease of
the absorbance intensity in the UV-vis absorbance
spectra of the LPL (473 nm, 20 mW/cm2) pumped film
suggests an out-of-plain orientation of the mesogens
(Figure 2(c)). This observation is in good agreement
with Wu et al. [48] as well as our previous reports
[32], which claimed that the out-of-plane orientation
decreases the absorbance intensity. Furthermore, on
the transmittance–irradiation time relationship mea-
surements, previous reports have demonstrated that a
decrease in the transmittance value is due to the out-
of-plane orientation of the mesogens and the orienta-
tion rate exhibits light intensity dependence. Similarly,
the decrease in transmittance of pSDAAB in Figure 9
upon high light intensity LPL irradiation (larger than
20 mW/cm2 in the present case) can be attributed to
the LPL induced out-of-plain orientation. In Figure
9(b), the lower light intensity beam (5 mW/cm2)

pumped pSDAAB film shows no decrease in the trans-
mittance which suggests that the mesogens were orien-
tated in-plane. Correspondingly, this orientated mode
produced no layer assembly and was confirmed by
XRD results which gave no diffraction peak in the
film (Figure 10(b)). This result demonstrates that the
out-of-plain orientation plays another crucial role for
the assembling of the order lamellar layers. However,
the assembly behaviour is inconsistent with the ori-
entation mode of similar structured polymers bearing
another type of strong polar mesogen, which were
synthesised by Natansohn’s group, using ethylamino
(denoted as pDR1M) [49] or methylamino (denoted
as pXMAN) [18] as the donor groups; the main rea-
son behind this was that the mesogens orientated in
the film plane in their system.

3.4.4 Inclination angle of mesogens

As shown in Figure 11, an appropriate LPL pumped
pWDAAB film shows a centred conoscopic interfer-
ence figure upon perpendicular light irradiation and
off-centred interference figures upon inclined light
irradiation. The interference figure off-centre distance
depends on the pump laser oblique angle to the plane
of the stage, suggesting the azobenzene mesogens
aligned along the propagation direction of the irradi-
ation light. This result is in accord with the report by
Ikeda et al. of orientation of the mesogens along the
propagation direction of the irradiation light, which
was controlled by circularly polarised light previously
[48] and LPL recently [50]. However, for pSDAAB,
the centre of the conoscopic figures (Figure 6(bc)) was
not shifted when changing the incident angle of the
pump laser. The long axes of the molecules inclined to
the plane of the layer at an angle of about 76◦, which
was calculated by the off-centre distance of the inclina-
tion orientated pWDAAB (Figure 12). A more likely
interpretation is that the intermolecular interaction
governed assembly motion which surpassed the meso-
gen re-orientation in the light propagation direction.

a b c

Figure 11. Conoscopic interference images of pWDAAB as a function of changes in the incident angle (20 mW/cm2): (a) 90◦;
(b) 60◦; (c) 45◦.
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Figure 12. Off-centre displacement distances of the cono-
scopic interference images as a function of changes in the
incident angle (20 mW/cm2).

3.5 Annealing treatment
The light-triggered growth of the lamellar structure is
more than a simple thermotropic self-assembled liq-
uid crystalline smectic structure of a polydomain state.
When annealing the selectively exposed pSDAAB film
from 190◦C, at a temperature below its clear tran-
sition temperature, a visible difference between the
pumped area and the non-pumped area appeared on
the film. In Figure 13(c), the exposed area shows
optical transparence whereas the non-exposed area
is optically opaque. POM observation reveals that
the non-exposed area shows a polydomain smec-
tic texture but the exposed area shows a homoge-
nous bright image (Figure 14). This indicates that
the assembled mesogens in the exposed area were

enhanced and preserved the layered structure, which
can be attributed to the ‘thermal gain-effect’ of the
liquid crystalline self-organisation processes taking
place during annealing. It increases the order of the
LC phase when annealed within a temperature range
above the glass transition temperature and below the
clearing temperature of the liquid crystalline phase
[51]. In contrast, the non-exposed mesogens formed a
polydomain smectic phase in which light was scattered
by the randomly orientated LC domains. This result
demonstrates that the strong dipole–dipole interac-
tions stabilised the layer phase [3, 52].

4. Conclusions

For the first time, upon appropriate LPL irradiation
of a side-chain liquid crystalline polymer contain-
ing strong polarity side-chain mesogens, the macro-
scopically ordered monodomain lamellar structure
was immediately assembled at room temperature.
This orientation differs from previous reports due
to an accompanied self-assembly occurring during
the photoisomerisation and re-orientation process,
which results in orientational and positional order in
the exposed film. Nevertheless, none or weak polar
azobenzene groups used in this work as well as in many
previous works showed only a directional motion,
which results in only an orientational order in the
pumped film. Assembly of an ordered structure by
external light stimulus is advantageous because pho-
tochemical reactions occur very rapidly and thereby
a fast response can be obtained. Besides the strong
dipole–dipole interactions, the mesogen out-of-plane
orientation and the planar conformation of the meso-
gens contribute to the layer assembly.

a b c

Exposed area

Figure 13. Photograph of pSDAAB: (a) as-cast film; (b) at room temperature selectively exposed film (20 mW/cm2); (c) after
annealing of the exposed film (20 mW/cm2) at 190◦C.

Exposed area

a b

3 µm3 µm

Figure 14. POM images of pSDAAB film: (a) selectively exposed film (20 mW/cm2); (b) after annealing of the exposed film
(20 mW/cm2) at 190◦C.
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