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Dynamics of phototunable two-dimensional polar wetting sheets of a dendritic liquid crystal
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Azobenzene-based molecular systems are used as photoreswitchable smart materials with applications in
many areas, including designing surface orientational patterning of anisotropic molecules. It is important and
challenging to probe the real-time photoresponsive behaviors of these systems, particularly the photodynamic
processes from the mesoscopic to microscopic or macroscopic scales near surfaces. We report an unusual
reversible interfacial wetting-dewetting switching of a dendrimer incorporating azobenzene moieties. The
switching is accompanied by light-driven generation or extinction processes of the surface wetting nanostruc-
tures, which are composed of supramolecular polarly layered molecules. The resultant polar-nonpolar switching
of the surface allows macroscopic wetting-dewetting and nonlinear optical responses. Our results provide unique
insights into controlling transient structures of photoresponsive materials.

DOI: 10.1103/PhysRevE.98.052701

I. INTRODUCTION

Azobenzene-based materials have received considerable
attention because their dynamic photoresponsivity allows ef-
ficient reversible physicochemical property conversion (e.g.,
polarity variation) arising from cis-trans isomerization. In par-
ticular, azobenzene-based materials are used as photorespon-
sive command surfaces for aligning anisotropic molecules [1].
Azobenzene-based command surfaces offer precise control
over the orientation of molecules with (sub-) micrometer spa-
tial resolution. Thus, azobenzene-based materials are essential
in liquid crystal (LC) displays [2] and optical elements [3,4].
Exploiting the dynamic properties of azobenzene has been
a central focus of many applications, such as photosensitive
actuators [5] and active molecular tweezers [6,7]. Hence, it
is important to clarify the azobenzene molecule superstruc-
tures photodynamic properties, which govern the macroscopic
changes in physicochemical properties, at different spatial
length scales.

Over the past few decades, the dynamic structural variation
due to photoresponsivity in azobenzene moleucles has been
studied at the molecular scale and at the submicron to micron
scale, including mass-transport phenomena. Spectroscopic
studies have clarified the behavior of azobenzene molecules
at the molecular scale. For instance, trans- and cis-isomers
coexist at a specific molar ratio at equilibrium, in accordance
with environmental parameters, such as temperature, light
intensity, and the spectral distribution of the irradiated light.
The change in the orientation of the molecular end group of
the azobenzene molecules mediated by the conformational
change around the azobenzene linkage alters the orientation
of the anisotropic molecules in contact with the azobenzene-
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decorated surfaces. The behavior of azobenzene molecules at
the submicron to micron scale has been explained theoreti-
cally based on the dynamic behavior of azobenzene molecules
in terms of the relationship between the microscopic and
macroscopic changes, for instance, the Weigert effect [8,9],
mean-field theory [10], permittivity gradient theory [11], and
the gradient electric force model [12].

In this paper, we explore the photodynamics of the surface-
localized nanostructure of a dendrimer incorporating azoben-
zene units [AzD6; see the structure in Fig. 1(a)], suspended
in a host anisotropic fluid of a nematic molecule, 4-cyano-4′-
pentylbiphenyl (5CB). This type of dendrimer tends to self-
segregate and decorate the substrate surface to give specific
anchoring conditions for nematic liquid crystals (NLC) [13].
Therefore, the AzD6-decorated surface provides a unique
platform for photodynamic wetting via cis-trans isomeriza-
tion upon light stimulation. So far, the surface photoresponsiv-
ity of the AzD6-doped NLC was reported in different geome-
tries [14–16], and a surface monolayer AzD6 was assumed to
change the anchoring conditions. However, it is yet unclear as
to how the AzD6 molecules are arranged on surfaces.

Because the surface-localized nanostructure exhibits a
nanometer-thick lamellar structure similar to that in Ref. [17]
and can reversibly wet or dewet surfaces in response to light,
we refer to these structures to as surface wetting sheets (SWS).
The dynamic processes in the AzD6 SWS upon light irradia-
tion or thermal relaxation are clarified by the real time obser-
vation methods grazing-incidence x-ray diffraction (GIXRD)
and transient second-harmonic generation (SHG). Based on
these analyses, we discuss the dynamics of extinction and
generation or growth processes of the AzD6 SWS, which
is found to carry polar ordering. In addition, in the light of
the relationship between SWS structure and the orientation
of host NLC molecules, we show that the self-segregated
photoresponsive SWS stabilizes the homeotropic (H) align-
ment state of the NLC and the alignment state of the NLC
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FIG. 1. (a) Molecular structure of AzD6 and its phase sequence. (b)–(d) Texture variation of 1 wt% AzD6/5CB mixture in an LC cell (b)
before and (c) after 3 mW/mm2 UV irradiation, and (d) after Vis irradiation. Scale bar is 100 μm. (e) Force curve measurement of AzD6
film left from 1 wt% AzD6/5CB mixture after washing 5CB away with isopropanol. (f)–(h) Corresponding variation of v-GIXRD diffraction
patterns for the conditions in (b)–(d).

can be tuned by light stimuli because of the extinction and
regeneration of the SWS near the surface.

II. EXPERIMENTAL

A. Materials

Neat AzD6 exhibits mesophases as given in the phase se-
quence: smectic B − 48.6◦C–smectic A − 97.6◦C–isotropic
liquid (I). The 5CB NLC has the phase sequence crystal −
22◦C − N − 35.4◦C–I. For observations of AzD6 itself, un-
less otherwise stated, a spin-coated film was fabricated on a
glass substrate from a chloroform solution. The equilibrium
state of the film was ensured by annealing the film in the I
phase for 30 min. For observations of the AzD6-doped NLC,
0.1 wt% AzD6 was added to 5CB prior to injecting it into an
LC cell.

B. Force curve measurements

To probe the microscopic elastic behavior of SWS on
a flat surface [18,19], force curve measurements were con-
ducted using a scanning probe microscope (SPM-9700, Shi-
madzu) by contact mode atomic force microscopy (AFM).
AFM images and force curves were obtained concurrently.
We used a φ10-μm colloidal probe with a force constant
of 0.32 N/m (CP-PNPS-BSG-C, NanoWorld) for the mea-
surements. The probe tip was cleaned with detergent and

rinsed with milli-Q water. After washing the probe in a
propanol solution at 100◦C, N,N-dimethyl-N-octadecyl-3-
aminopropyltrimethoxysilyl chloride, which induces H align-
ment of NLCs, was deposited on the probe based on the
procedure described in Ref. [20].

C. Polarizing optical microscopy

Textures were recorded using a commercial polarizing
microscope (Eclipse LV100 POL, Nikon) equipped with a
digital camera. All the polarizing optical microscopy (POM)
images in this study were taken with crossed nicols.

D. GIXRD measurements

All GIXRD measurements (incident angle, 0.05◦) were
carried out at RIKEN structural biology beamline I (BL45XU)
(λ = 1 Å) in SPring-8 [21]. The beam diameter was about
0.3 mm. Measurements were made by accumulating the
diffraction signals over 1 s. A neat film of AzD6, or droplets of
either AzD6-doped 5CB or AzD6-doped water was prepared
on both silicon and glass substrates. To distinguish the bulk
and surface signals, measurements were performed by verti-
cally scanning the sample placed flat on a motorized transla-
tion stage and recording the signals in steps of 1 μm. In the
video-rate GIXRD (v-GIXRD) measurements, the dynamics
were traced at a time resolution better than 0.2 s per frame.
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E. SHG measurements

Second harmonic (SH) signals were captured using a
homemade system. We used a fundamental beam from a
Ti:sapphire oscillator (Vitesse 800, Coherent) with a central
wavelength of 800 nm, maximum power of 280 mW, pulse
duration of 120 fs, and 80 MHz repetition. The p-polarized
fundamental beam was directed at either films or LC cells.
The SH light was filtered to be p-polarized and detected
from the transmission direction by a cooled photomultiplier
tube (H7732P-01, Hamamatsu) with a photon counter module
(C8855-01, Hamamatsu). The gate time for counting was set
to 1 s, and accordingly the recorded data has a time resolution
of 1 s.

III. RESULTS AND DISCUSSION

First, we examined a sample in an LC cell made of two
glass substrates with no surface modification, and the H
state was induced spontaneously (Movie S1) [22] by self-
segregation of AzD6 on the surfaces, as previously reported
[13,15,16,23]. The H state [Fig. 1(b)] realigns to a planar
(P) state [Fig. 1(c)] upon UV exposure with a UV LED
lamp (365 nm) exceeding a critical light strength (IUV,C =
0.4 mW/mm2), thereby exhibiting birefringence under POM.
This is attributed to the trans-cis isomerization through the
π -π∗ transition of the azobenzene part induced by the UV
excitation. Note that the discontinuous nature from the H to P
state can be observed only when visible (Vis) light from the
illumination lamp of POM is weak enough, in which situation
the back induction induced by the POM illumination from cis-
to trans-state can be neglected. After switching off the UV
light, the H state was regenerated by either thermal relaxation
or Vis exposure at 512 nm from a laser diode [Fig. 1(d)],
mediated by the cis-trans back-isomerization caused by the
n-π∗ transition.

GIXRD and force curve measurements were conducted to
reveal the microscopic self-assembled structure of AzD6 near
the interface between the substrate surface and the bulk of
the AzD6-doped NLC. In the GIXRD measurements, a 5-μL
droplet of AzD6-doped NLC was placed on a glass substrate,
and irradiated with an x-ray beam. For comparison, a bulk
AzD6 film of 100 μm at different light illumination condi-
tions was also investigated. Figures 1(f)–1(h) show small-
angle diffraction (SAD) patterns in the states corresponding to
the texture variation in Figs. 1(b)–1(d), respectively. Without
UV exposure, the SAD pattern [Fig. 1(f)] contained a set of
sharp peaks at d = 3.6 nm and 2.1 nm, and an indistinct peak
at d = 2.5 nm, which appeared in the direction of the substrate
normal. The sharp peak for AzD6 at 2.1 nm has never been
observed in the bulk [24], suggesting surface-induced order-
ing, that is, the AzD6 SWS. Because the d value of 2.1 nm
was much shorter than half of the calculated stretched length
(7.8 nm) of AzD6 [23,24], the molecules adopt a folded or
bowlic conformation with the side mesogenic arms deviating
from the surface normal [see the inset schematics of Fig. 1(e)].
Although Li et al. observed the same sharp peak at d = 3.6 nm
and assigned it to the second-order diffraction of the smectic
layers of stretched AzD6 [24], GIXRD detected a weak peak
locating in the range of 8.3 nm, but no peak around d ∼

w/o UV3.6 nm

8.3 nm

w/ UV

(a) (b) 

FIG. 2. GIXRD measurement on a spin-coated 100-μm thick
AzD6 film. (a) and (b) Small angle GIXRD diffraction patterns of
the AzD6 film at conditions of without UV irradiation (a) and upon
3 mW/mm2 UV irradiation (b).

7.2 nm which should correspond to the first-order diffraction,
in the 100-μm bulk AzD6 film. The 8.3-nm peak disappears
when a UV light is illuminated (Fig. 2). However, the d value
of 3.6 nm is almost half the molecular length of AzD6. Even if
the molecules adopt either the folded or bowlic conformation,
the lamellar layer spacing should be shorter than the half of the
stretched molecular length, and this was the case for the peak
at d = 2.1 nm observed near the surface. Thus, we suggest
an interdigitated smectic structure of AzD6 as a plausible
bulk structure, similar to those observed in some LC systems
[25]. The indistinct peak at d = 2.5 nm is consistent with the
nematic ordering of AzD6-doped NLC in the H state. As the
UV intensity IUV was increased, the AzD6 SWS started to
melt, and the corresponding peak disappeared at the critical
UV intensity IUV,C of ∼0.4 mW/mm2 [Fig. 1(g)]. This thresh-
old value is consistent with the results reported in Ref. [26].
The existence of the threshold suggests that there is a critical
molar balance between trans- and cis-isomers to trigger the
disruption of SWS. Above IUV,C, NLC began to adopt the P
state instead of the H state, as indicated by the peak position
tilted from the surface normal direction [Fig. 1(g)]. This result
confirms that the SWS on the surface was coupled to the
orientational order of the NLC and commanded the director
normal to the surface. Further discussion of the variation of
the longitudinal correlation length ξ , which is proportional
to the second-order order parameter, may provide a better
understanding of this behavior. Upon UV exposure, ξ of AzD6
decreased continuously in a narrow low-UV-strength window
until IUV,C, whereas ξ of NLC did not change in this region
[Figs. 3(a) and 3(b)]. Instead, ξ of NLC decreased above IUV,C

after the SWS melted completely. This quantitative result
suggests that the SWS had the following major effects on the
orientation of NLC: The top surface of the SWS anchored
the NLC vertical to the surface and induced the H state as
a bulk orientation; the SWS increased the order parameter of
the NLC near the surface. Once the SWS diminishes, the H
state cannot be maintained by the surface anymore and the
order parameter of the NLC near the surface relaxes back
to its bulk value. Conversely, Vis exposure coupled the back
switching of NLC, from the P to the H state, was also coupled
to the regeneration of the SWS [Figs. 1(d) and 1(h)]. Above
a critical Vis intensity, IVis,C ∼ 14.5 mW/mm2, the SWS was
regenerated, and then ξ of AzD6 increased with increasing Vis
intensity IVis. At the same time, ξ of the NLC increased and
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FIG. 3. Variation of longitudinal correlation length of 5CB and
AzD6 calculated from the full width at half maxima of the GIXRD
SAD, with UV and Vis light strength.

became saturated as the SWS was regenerated [Figs. 3(c) and
3(d)].

In the force curve measurements, the colloidal probe was
pressed onto the AzD6 surface layer that remained after wash-
ing AzD6-doped NLC away by isopropyl alcohol. This wash-
ing technique was also used in Ref. [13]. Figure 1(e) shows
the force curves obtained during the approach (red dots) and
retraction (black dots) of the probe. Upon the approach, the
cantilever jumped into contact with AzD6 at a distance of
∼10 nm. As the probe approached further, the force curve
oscillated because of the periodic elastic lamellar layers. The
diverging force at zero distance indicated the hard contact
between the cantilever and the substrate. This result confirms
that, even in the AzD6-doped NLC, the SWS structure was
parallel to the surface. Counting the number of oscillations
before the hard contact showed that at least two or three
lamellar layers wet the surface. The thickness of the nearest-
surface layer was about 2 nm and the oscillating periodicity of
the subsequent layers far from the substrate was about 3.3 nm.
Both are consistent with the GIXRD peaks, which supported
our proposed structure. First, the AzD6 molecules were folded
or curved into an asymmetric configuration, at least near
the surface. The amplitude of the nearest-neighbor peak to
the substrate was considerably larger than the others; thus,
the first lamellar layer adsorbed onto the surface was more
robust owing to the presence of the surface. Second, our force
curve experiment did not show periodicity corresponding to
the fully stretched molecular length of AzD6 (7.8 nm) or
the previously reported d value of d = 6.7 nm [24]. Instead,
the periodicity of 3.3 nm was observed in our force curves,
which suggest the bulk interdigitated smectic structure formed
above SWS. Thus, the force curves indicate the formation
of lamellar SWS and the interdigitated smectic structure on
top. Even during the probe extraction, a weak oscillatory
force was observed. The difference from the probe approach

FIG. 4. (a) Contact angle measurement of a water droplet on
the corresponding AzD6. The contrast of the pictures was adjusted
to improve visibility. (b) Texture variation of a pure AzD6 film on
a glass substrate before and upon UV irradiation with schematics.
Scale bar is 20 μm.

was attributed to the pressure-induced deformation of SWS
during the approach. We also measured the force curve during
UV light irradiation at 365 nm, which promotes the trans-cis
isomerization. In this case, force curves could not be obtained
due to the substantial reduction of viscoelasticity due to the
structural melting of the SWS induced by UV light.

Because the reversible interfacial structural variation con-
trolled by light changes the surface tension, the AzD6 film was
expected to serve as a switchable wetting surface. Figure 4(a)
shows the contact angle switching of a water droplet placed
on an AzD6 film after washing AzD6-doped NLC away by
isopropyl alcohol. Before UV exposure, a larger contact angle
of 87.2◦ was observed. Considering the hydrophilic core of
AzD6 is contacting with the substrate while hydrophobic arms
of AzD6 are stretched outward from the substrate, the large
contact angle is attributed to the high hydrophobicity and
low surface energy of the AzD6 SWS in the trans-rich state.
After UV irradiation, the switching of surface wettability was
clearly observed by the reshaping of the droplet as the contact
angle changed to 65.4◦. Thus, a photoresponsive smart surface
with switchable wettability was realized.

Li et al. reported the dewetting behavior of AzD6 films
that formed micro-domes, only when the film thickness is
less than 100 nm, from a uniform state by UV irradiation
at a power of 5 mW [24]. This geometrical variation can
also affect the contact angle. When we prepared a spin-
coated film of the neat AzD6 (∼1 μm), similar dewetting
behavior was also observed by POM at UV intensities larger
than ∼1 mW/mm2 [Fig. 4(b)]. The POM texture with UV
exposure showed an optically isotropic state, suggesting that
homogeneous SWS layers were stacked on the surface. When
the sample was subjected to UV stronger than IUV,C, this
spatial uniformity was disturbed and microdomes appeared.
At the same time, birefringence arose in each microdome,
as a likely consequence of breaking of the SWS structure,
resulting in the dewetting-induced change in the curvature of
the SWS. When the film was exposed to Vis, unexpectedly, the
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FIG. 5. Snapshots of v-GIXRD upon light irradiation calculated by image subtraction (the computation procedure is given in the main text)
at two UV intensities. White regions indicate disappeared signals, and black regions are emerging signals at a given time.

dewetted microdomes continuously transformed back to the
initial optically isotropic state. The regenerated dark texture
contained some small bright dots, which were not seen before
UV exposure. This may be because the back transformation
upon Vis exposure was accompanied by the nucleation and
growth of the SWS. The observations suggest that the surface
wetting can be repeatedly switched by light stimuli in a re-
versible manner, which is only rarely seen in rigid LC phases
[27].

The GIXRD data are time averaged and lack the transient
information about structural and orientational variation; thus,
we performed v-GIXRD with a capture rate of 5 fps (50 ms
on-gate time for x-ray exposure and 150 ms off-gate time
for the next exposure). Figure 5 shows v-GIXRD snapshots
for 1 wt% AzD6-doped NLC, obtained by the subtraction
technique. Transient subtraction images were obtained by
subtracting the initial image at which UV exposure started. In
these snapshots, SAD (indicated by red arrows) and the indis-
tinct wide-angle diffraction (WAD, indicated by green arrows)
signals are shown for the following UV light conditions: (1) at
IUV = 0.38 mW/mm2 (< IUV,C); (2) at IUV = 0.57 mW/mm2

(> IUV,C). The WAD spots corresponded to the transverse
intermolecular correlation of the NLC. The higher contrast in
the patterns indicates a greater change from the initial state.
Black and white represent the induction and reduction of the
diffraction signals, respectively. For condition (1), there was
only a slight change even 37 s after UV irradiation began
[Fig. 5(a)]: As the sharp SAD signals of SWS decreased
slightly, the WAD pattern became more isotropic. This weak
UV irradiation would only melt a tiny portion of the SWS,
so the reduction of the SWS surface coverage was small.
Therefore, the H state of the host NLC was maintained
despite a small reduction in the order parameter. However, for
condition (2), both the SAD and the WAD patterns changed
significantly with time. At 21.96 s, the SAD signal around
the meridian plane and the WAD signal around the equator
plane disappeared. Later, a distinctly different pattern evolved
[Fig. 5(b)], confirming that the SWS extinction was complete
and the H state of the NLC collapsed into a nonaligned state.

This sequence confirmed in real time that the extinction of
SWS and the reorientation of NLC were intercorrelated.

By considering both the surface energy and the photoin-
duced kinetic equations of trans-cis isomerization, the tran-
sitional nature of the light-driven variation in the SWS and
its impact on NLC alignment can be understood. On one
hand, the modified Rapini-Papoular equation based on the two
easy axes model is adapted to the present system similarly to
Ref. [17]. This gives a double-well potential curve with its
minimum at the H and tilted states, enabling the discontinuous
variation in the orientation of the host NLC as a function of
light intensity. On the other hand, the surface anchoring en-
ergy Wa can also be assumed to be a function of isomerization-
relaxation rate and light intensity: Wa = κ ( 1

η
− η), where κ is

a scaling factor and η = ktcIUV
kctIVis

is a ratio related to trans-to-cis
and cis-to-trans relaxation transition coefficients (ktc, kct), and
UV and Vis light intensities (IUV and IVis) [26]. Since the two
models are equivalent, equating the equations of the models
discloses that the H state can persist at the most stable state
when η is small (IUV is weak) but transits to the tilted state
when η exceeds a certain threshold value. This conclusion is
consistent with our previous modeling [17,26].

Lastly, we discuss the photodynamic behavior of SWS in
an LC cell by SHG, the optical configuration of which is
shown in Fig. 6(a). This is a nonlinear optical technique that
can detect surface-specific symmetry breaking in real time.
The technique complements the v-GIXRD data, providing
structural and analytical information on the surface dynamics
involving the regeneration process of SWS. Figure 6(b) shows
time evolution of an SH signal taken during the regeneration
process of SWS prompted by thermal excitation (at 25◦C),
where the cis-trans back-isomerization takes place. This pho-
toswitching can be repeated [Fig. 6(c)]. In this experiment,
the pp-polarization combination was used, as described in the
Experimental section, and the other polarization combinations
showed signals too small to be detected. Thus, the observed
SH signals were attributed to the asymmetric polar structure
of SWS [see the cartoon in Fig. 6(d)]. This result demonstrates
that sufficiently strong UV irradiation decreased the SH sig-
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nal. After the UV irradiation ended, the signal relaxed slowly
back close to the original signal level before UV exposure.
These observations suggest that once a larger number of
SWS are destroyed by stronger UV exposure, the speed of
regeneration of these wetting sheets decreases according to
IUV. The SH intensity just after UV exposure (at time 0)
was proportional to IUV in the region of IUV < 1.5 mW/mm2

[Fig. 6(d)]. In the region of IUV > 1.5 mW/mm2, the SH
signal remained small due to the complete melting of SWS.
The inset of Fig. 6(d) shows the IUV dependence of the signal
relaxation time τ , which corresponds to the regeneration time
of SWS. This result shows that the time required for regener-
ation was almost inversely proportional to the coverage of the
molten SWS, according to τ ∝ IUV. This relationship means
the regeneration process is a single process, which is an analog
of elementary reactions in chemistry [28].

By analyzing SH signal on the Avrami scale, the kinetics
of the SWS regeneration process can be obtained. Figure 7(a)
shows an Avrami plot of SH signal under two regimes (IUV <

IUV,C or IUV > IUV,C) according to the Avrami equation,
ln[ln(1/(1 − X))] = n ln t + ln K [29–32], where X, K , t,
and n are the volume fraction of SWS, the temperature-
dependent Avrami constant, time, and the Avrami coeffi-
cient, respectively. Because the SH signal is considered to
originate purely from the SWS, we assumed that X was
proportional to the SH intensity. This means that the AzD6
molecules were polarly packed in growing SWS domains,
which supports the GIXRD results showing the asymmetric
arrangement of AzD6 [the cartoon of Fig. 6(d)]. The fitting
results for two Avrami coefficients as a function of IUV are
shown in Fig. 7(b). On the one hand, n = 1 indicates hetero-
geneous nucleation with interface-controlled one-dimensional
or diffusion-limited two-dimensional growth. Considering

that the AzD6 molecules stack in a polar manner, interface-
controlled one-dimensional growth is more plausible than
diffusion-limited two-dimensional growth. On the other hand,
n = 1/2 indicates heterogeneous nucleation with diffusion-
limited one-dimensional growth [33]. The Avrami analysis for
the growth of AzD6 in the SmB phase, for which we measured
the SWS by transient optical absorbance, also gives an Avrami
coefficient of n = 1, confirming the one-dimensional growth
of AzD6. This result characterizes the transfer of the nucle-
ation and growth types of SWS depending on IUV, but it is
still not clear why the Avrami coefficient varies so discretely
with IUV. This important fundamental question is left open.

IV. CONCLUSIONS

We clarified the light-induced dynamic extinction and
growth or regeneration processes of surface nanostructures

FIG. 7. (a) Avrami analysis of SH signals upon relaxing from the
signal level at time 0 to the initial level [saturated level in Fig. 6(a)].
This tracks the regeneration and growth processes of the AzD6 SWS.
The linear fitting (lines) gives Avrami coefficient n ∼ 1.1 or 0.5.
(b) Avrami coefficients as a function of UV intensity.
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composed of polarly layered AzD6 molecules. Our experi-
mental and analytical results from complementary methods
lead to three important conclusions. First, there are wetting
sheets of a surface-specific lamellar structure of AzD6. The
wetting sheets are inherently polar. Second, the extinction
and growth or regeneration processes of the wetting sheets
can be tuned by light and are reversible. This results in the
polar-nonpolar switching of the surface. Third, by controlling
the light intensity, the volume of the wetting sheets on sur-
faces can be controlled. As a result, the polar orientation of
host anisotropic molecules can be controlled by the surface-
localized nanostructures. Our results offer fundamental in-
sights into the dynamics of surface nanostructures, which
may help to understand many surface-related phenomena,

such as those in organic photovoltaics based on mesogenic
semiconductors [34–36], and provide a method to control the
transient surface wetting structures with light.
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