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Abstract: Optical switching behavior of low-molecular-weight and polymer azobenzene liquid crystals (LCs) was
explored by means of reflection-mode analysis. Reflectivity changed on pulse irradiation under various conditions
of orientations of LC molecules with respect to incident probe light, either s-polarization or p-polarization. For the
low-molecular-weight LCs, we obtained a response time of 100µs, which was very similar to that observed in the
transmission-mode analysis, while we observed a decay time of 1 ms, which was significantly shorter than that
observed in the transmission-mode analysis. The fast decay may be due to diffusion and reorientation processes
which are characteristic of the reflection-mode analysis. For the polymer LCs, we observed a much slower decay
than those for the low-molecular-weight LCs.

Introduction

Much attention has been paid to photonics in which light can
be controlled by light as a stimulus as future technology for
high-speed information processing.1 Information dealt with has
become so large that it is necessary to process more information
more quickly; for instance, moving picture contains much
information. Light has a lot of properties such as intensity,
polarization, and wavelength, and these properties are quite
useful for information processing. Therefore, by photonics, it
may be possible to process much information quickly. In
photonics, switching devices play an important role in the
control of light, changing their own physical properties with
the stimulus light.
Liquid crystals (LCs) are convenient to control the light

because LCs have large optical anisotropy due to the anisotropy
in molecule shape and show the responsiveness to electric field.
Therefore, many studies have been reported to construct the
optical switching devices by the use of LCs.2 At present, LCs
are used only as active media in display devices with the
response time of several milliseconds because the response of
LCs to electric field is slow. However, if the response becomes
fast enough with light as a stimulus, we will be able to use
LCs not only in display devices but for various photonics
applications such as optical switching, optical image storage,
optical display, and optical computing. In fact, this is a rapidly
developing field in which photochemical switching of LC phases
has been a key process.3-15

To drive LCs by light, we have used a phenomenon of
photochemical phase transition of LCs containing photochromic
molecules which change their molecular shape on photo-
irradiation.16-26 For instance, thetrans form of azobenzene
derivatives is a rod and tends to stabilize the phase structure of
nematic LCs (NLCs) while thecis form of the azobenzenes is
bent and tends to destabilize the phase structure. Therefore,
trans-cisphotoisomerization of the azobenzene in the N phase

* To whom correspondence should be addressed.
† Kwansei Gakuin University.
X Abstract published inAdVance ACS Abstracts,August 1, 1997.
(1) Balkanski, M.; Lallemand, P. InPhotonics; Gauthier-Villars: Mon-

treal, 1975.
(2) Kelker, H.; Hatz, R. InHandbook of Liquid Crystal; Verlag

Chemie: Weinheim, Germany, 1980.
(3) Gibbons, W. M.; Shannon, P. J.; Sun, S. T.; Swetlin, B. J.Nature

1991, 351, 49-50.
(4) Shannon, P. J.; Gibbons, W. M.; Sun, S. T.Nature1994, 368, 532-

533.
(5) Gibbons, W. M.; Kosa, T.; Palffy-Muhoray, P.; Shannon, P. J.; Sun,

S. T.; Swetlin, B. J.Nature1995, 377, 43-46.

(6) Eich, M.; Wendorff, J. H.; Reck, B.; Ringsdorf, H.Makromol. Chem.,
Rapid Commun.1987, 8, 59-63.

(7) Eich, M.; Wendorff, J. H.Makromol. Chem., Rapid Commun.1987,
8, 467-471.

(8) Eich, M.; Wendorff, J.J. Opt. Soc. Am. B1990, 7, 1428-1436.
(9) Anderle, K.; Wendorff, J. H.Mol. Cryst. Liq. Cryst.1994, 243, 51-

75.
(10) Stumpe, J.; Muller, L.; Kreysig, D.; Hauck, G.; Koswig, H. D.;

Ruhmann, R.; Rubner, J.Makromol. Chem., Rapid Commun.1991, 12, 81-
87.

(11) Lasker, L.; Fischer, T.; Stumpe, J.; Kostromin, S.; Ivanov, S.;
Shibaev, V.; Ruhmann, R.Mol. Cryst. Liq. Cryst.1994, 246, 347-350.

(12) Andrews, S. R.; Williams, G.; Lasker, L.; Stumpe, J.Macromol-
ecules1995, 28, 8463-8469.

(13) Chen, A. G.; Brady, D. J.Appl. Phys. Lett.1993, 62, 2920-2922.
(14) Akiyama, H.; Momose, M.; Ichimura, K.; Yamamura, S.Macro-

molecules1995, 28, 288-293.
(15) Holme, N. C. R.; Ramanujam, P. S.; Hvilsted, S.Opt. Lett.1996,

21, 902-904.
(16) Kobayashi, T.; Degenkolb, E. O.; Rentzepis, P. M.J. Phys. Chem.

1979, 83, 2431-2434.
(17) Ogura, K.; Hirabayashi, H.; Uejima, A.; Nakamura, K.Jpn. J. Appl.

Phys.1982, 21, 969-973.
(18) Odulov, S. G.; Reznikov, Yu.A.; Soskin, M. S.; Khizhnyak, A. I.

SoV. Phys. JETP1983, 58, 1154-1158.
(19) Tazuke, S.; Kurihara, S.; Ikeda, T.Chem. Lett.1987, 911-914.
(20) Ichimura, K.; Suzuki, Y.; Seki, T.; Hosoki, A.; Aoki, K.Langmuir

1988, 4, 1214-1217.
(21) Kurihara, S.; Ikeda, T.; Sasaki, T.; Kim, H.-B.; Tazuke, S.J. Chem.

Soc., Chem. Commun.1990, 1751-1752.
(22) Kurihara, S.; Ikeda, T.; Tazuke, S.; Seto, J.J. Chem. Soc., Faraday

Trans.1991, 87, 3251-3254.
(23) Ikeda, T.; Sasaki, T.; Ichimura, K.Nature1993, 361, 428-430.
(24) Sasaki, T.; Ikeda, T.J. Phys. Chem.1995, 99, 13002-13007,

13008-13012, 13013-13018.
(25) Ikeda, T.; Sasaki, T.; Kim, H.-B.J. Phys. Chem.1991, 95, 509-

511.
(26) Sasaki, T.; Ikeda, T.; Ichimura, K.Macromolecules1992, 25, 3807-

3811.

7791J. Am. Chem. Soc.1997,119,7791-7796

S0002-7863(97)00631-8 CCC: $14.00 © 1997 American Chemical Society



can disorganize the phase structure of NLCs, resulting in a
nematic-isotropic (N-I) isothermal phase transition (photo-
chemical phase transition). Recently it was found that the low-
molecular-weight and polymer LCs possessing the azobenzene
moiety in each mesogen showed the photochemical phase
transition in 200µs on pulse irradiation.27,28

The photochemical phase transition of LCs has been analyzed
most conveniently by transmission-mode analysis.21-28 Since
LCs show birefringence, the N-I phase transition can be
monitored easily by measurement of transmittance of a He-
Ne laser through a pair of crossed polarizers, with the LC sample
between them. When the LC sample is in the N phase, the
transmittance is high while no transmitted light is detected when
the sample is in the I phase. Although the transmission-mode
analysis is a very convenient method, there is a drawback; the
phase transition can be detected only after the LC sample
becomes an I state completely across the sample. This is in
some sense not convenient, especially for the investigation of
the photochemical phase transition behavior of thick samples.
If photons are absorbed entirely in surface region because of a
high extinction coefficient of the sample, the N-I phase
transition is induced only in the surface region with the rest of
the sample remaining in the N phase. Under these circum-
stances, it is very difficult to analyze the phase transition
behavior precisely in the transmission-mode analysis. Contrary
to the transmission-mode analysis, events occurring only in the
surface region can precisely be explored by reflection-mode
analysis.29-32 In this mode of analysis, probe light incident upon
the interface between the sample and substrate can penetrate
only the surface region of the sample, depending on incident
angle, and provides information on the surface of the sample if
the reflected probe light is monitored carefully. In this study,
therefore, we explored the optical switching behavior of the
azobenzene LCs, especially with reference to responsiveness
and the recovery of the initial state. Furthermore, we investi-
gated the phase transition behavior of the low-molecular-weight
and the polymer azobenzene LCs in detail to confirm the
switching mechanism.

Experimental Section

Materials. Structures of the low-molecular-weight and polymer LCs
used in this study are given in Figure 1. 4-Butyl-4′-methoxyazobenzene
(BMAB) and 4,4′-bis(octyloxy)azobenzene (8AB8) were synthesized
and purified as reported previously.33 Poly[6-[4-[(4-ethoxyphenyl)dia-
zenyl]phenoxy]hexyl acrylate] (PA6AB2) was prepared by the method
reported by Angeloni et al.34 Polymerization was conducted inN,N-
dimethylformamide (DMF) by the use of 2,2′-azobis(isobutyronitrile)
(AIBN) as an initiator.
Characterization. The molecular weight of the polymer was

determined by gel permeation chromatography (GPC; Toyo Soda HLC-
802; column, GMH6× 2 + G4000H8; eluent, chloroform) calibrated
with standard polystyrenes. Liquid-crystalline behavior and phase
transition behavior were examined on an Olympus Model BH-2
polarizing microscope equipped with Mettler hot-stage models FP-90
and FP-82. Thermodynamic properties of the LCs were determined
with a differential scanning calorimeter (Seiko I&E SSC-5200 and

DSC220C) at a heating rate of 0.5°C/min for the low-molecular-weight
LCs and 10°C/min for the polymer, respectively. The thermodynamic
properties of the LCs and the molecular weight of the polymer are
listed in Table 1.
Principle of Reflection-Mode Analysis. In the reflection-mode

analysis, we measured the intensity of the reflected light from the
interface between the sample and the glass substrate as shown in Figure
2. Reflectivity, which is a fraction of light reflected at the interface,
changes as the change in the refractive index of the sample, and their
relation can be given by eq 1 and eq 2,35

whereRs andRp represent reflectivities of light in s-polarization and
p-polarization,na andnb are refractive indices of two materials,θi and
θr denote the incident angle and the refractive angle. Reflectivity
depends on refractive indices of two materials, incident angle, refractive
angle, and the polarization. In this study, we measured the reflectivity
at a fixed incident angle, 71°, at which the reflectivity and its change
on the phase transition were significantly large.
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Figure 1. Structures of low-molecular-weight and polymer LCs used
in this study.

Table 1. Thermodynamic Properties of LCs and Molecular Weight
of Polymer Used in This Study

Mn
a Mw/Mn

b
phase transition
temperature,°Cc

∆HNI,
kJ/mol

∆SNI,
J/(mol‚K)

BMAB K 30 N 45 I (heating) 0.46 1.42
K 8 N 45 I (cooling)

8AB8 K 98 N 111 I (heating) 1.7 4.4
K 92 S 94 N 110 I (cooling)

PA6AB2 9100 1.3 G 45 N 155 I 0.84 2.0

a Mn, number-average molecular weight.b Mw, weight-average mo-
lecular weight;Mw/Mn, molecular weight distribution.c K, crystal; N,
nematic; I, isotropic; S, smectic; G, glass.

Figure 2. Schematic illustration of principle of reflection-mode analysis
and optical setup for the measurement:na, nb, refractive indices of
two materials;θi, incident angle;θr, refractive angle;R, reflectivity
which is a fraction of reflected light at the interface. In this study,na
andnb correspond to the refractive indices of the quartz substrate and
the sample, respectively.

Rs ) (na cosθi - nb cosθr
na cosθi + nb cosθr)

2

(1)

Rp ) (nb cosθi - na cosθr
nb cosθi + na cosθr)

2

(2)
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In the trans form, the azobenzene LC molecules show the birefrin-
gence in an N phase (Ntrans), which arises from the molecular shape
itself (Figure 3). The refractive index parallel to the long axis of
molecule,ne, is different from that perpendicular to the short axis of
molecule,no. On the other hand, the LC molecules in thecis form
show only an I phase (Icis); birefringence has never been observed in
this phase. The following relation is in general obtained:ne > n >
no.
Measurements in Reflection-Mode Analysis. The sample was

irradiated with a single pulse of a Nd:YAG laser (Spectron, SL805
laser system; the third harmonic, 355 nm; 10 ns, FWHM) as shown in
Figure 2. The intensity of probe light (NEC, GLC5370 He-Ne laser;
633 nm; 1 mW) reflected from the interface between the sample and
the substrate was measured with a Hamamatsu R-928 photomultiplier
as a function of time and recorded with a storage scope (Iwatsu, DS-
8631). The probe light was passed through a polarizer and was incident
upon the quartz block. Detailed optical setup was reported previously.31

To investigate the optical switching behavior of the low-molecular-
weight azobenzene LCs, change in the reflectivity on pulse irradiation
was measured under various conditions of orientation of the azobenzene
LCs with respect to the incident probe light, either s-polarization or
p-polarization. As shown in Figure 4, the low-molecular-weight LCs
were aligned in three manners: first, the homogeneous alignment
perpendicular to the incident probe light (I and II); second, the
homogeneous alignment parallel to the incident probe light (III and
IV); and third, the homeotropic alignment (V and VI). Since s-
polarization and p-polarization were used for the probe light under each
condition of the orientation of LCs, the reflectivities were measured

under these six conditions. For the polymer system, the measurement
was performed under the condition of III. The quartz block had been
rubbed into one direction to align mesogens in a homogeneous manner,
and a small portion of lecithin solution in ethanol (1 wt %) had been
cast on the quartz block to align mesogens in homeotropic manner.
The sample was thermostated to show an N phase.

Results and Discussion

Change in Reflectivity. It was found that the reflectivity
changed on pulse irradiation at 355 nm under all conditions
(I∼VI). Parts A and B of Figure 5 show the results of the time-
resolved measurements for BMAB under the conditions of I
and II shown in Figure 4, respectively. The measurements were
performed at 35°C for both conditions. On pulse irradiation
at 20 mJ/cm2, the reflectivity decreased in I, while it increased
in II. Parts A and B of Figure 6 show the results for 8AB8
under the conditions of V and VI measured at 94°C for A and
at 90°C for B, respectively. In these cases, the pulse irradiation
brought about an increase in the reflectivity in V, but a decrease
in the reflectivity in VI. In III and IV, however, we observed
an increase in the reflectivity on pulse irradiation under both
conditions. We observed no difference in the change of the
reflectivity between BMAB and 8AB8 under each condition.
In the reflection-mode analysis, the reflectivity depends on the
refractive index of the sample as described above. Therefore,
the different behavior of the reflectivity on pulse irradiation is
due to a change in refractive index of the sample proved with
specific polarization of the probe light. For instance, the
refractive index of the sample in I corresponds tone in the initial
state for the s-polarization of the probe light as shown in Figure
4 (I). If the sample is irradiated with the laser pulse, the N-I
phase transition is induced and the refractive index of the sample
decreases ton. This decrease of the refractive index caused
the decrease of the reflectivity in I. On the other hand, the
refractive index of the sample is equal tono in the initial state
under the condition of II. The refractive index of the sample
increases tonwhen the N-I phase transition is induced by the
laser pulse. This increase of the refractive index was experi-

Figure 3. Birefringence of azobenzene LCs: Ntrans, nematic phase
in the trans form of the azobenzene moiety; Icis, isotropic phase in
the cis form. Birefringence was observed for Ntrans whereas no
birefringence in Icis: no, ordinary refractive index in the Ntrans; ne,
extraordinary refractive index in the Ntrans; n, refractive index in the
I cis.

Figure 4. Schematic illustration of various conditions for orientations
of LC molecules with respect to the incident probe light, either
s-polarization or p-polarization: I and II, alignment of LC molecules
in homogeneous manner perpendicular to the probe light; III and IV,
alignment of LC molecules in homogeneous manner parallel to the
probe light; V and VI, alignment of LC molecules in homeotropic
manner. The s-polarization in I, III, and V and the p-polarization in II,
IV, and VI are used for the probe light, respectively. The refractive
indices equalne under the conditions of I and VI, whileno under the
conditions of II, III, IV, and V in the initial state. After pulse irradiation,
the refractive indices change ton with the N-I phase transition under
all conditions.

Figure 5. Time-resolved measurements of change in the reflectivity
for BMAB on pulse irradiation (355 nm, 10 ns fwhm, 20 mJ/cm2) at
35 °C: (A) the s-polarized probe light; (B) the p-polarized probe light.
The measurement conditions for A and B correspond to those of I and
II shown in Figure 4, respectively.
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mentally verified by the increase of the reflectivity as shown
in Figure 5B. We found that the change in the reflectivity
corresponded to the change in the refractive index of the sample
under all conditions. Different rise and decay behavior was
observed in the time-resolved measurements, depending on the
conditions. These differences mainly depended on temperature
and laser power.
Optical Switching Behavior. To discuss the optical switch-

ing behavior quantitatively, we defined the response time (τr)
as the time required to raise the intensity of the reflected light
to 90% of the maximum value.
Figure 7 shows the results of the time-resolved measurements

for the low-molecular-weight LCs, BMAB and 8AB8, under

the condition of III. The measurements were performed at 39
°C for BMAB and at 104°C for 8AB8. It was found that the
intensity of the reflected light at the interface between the sample
and the substrate rose up in 100µs on pulse irradiation at 355
nm and decayed immediately in both samples. These rises of
the reflectivities result from the change in the refractive index
of the sample induced by the N-I phase transition on pulse
irradiation. Under this condition of the orientation of the LC
molecules, whose direction of the long axis is parallel to the
incident probe light (s-polarization), the refractive indices of
both samples are equal tono in the initial state and increase to
n due to the N-I phase transition induced by the laser pulse
(Figure 4 (III)). The values ofτr in these measurements are
smaller by 1∼2 orders of magnitude than those of NLCs to the
change in the electric field. Such an advantageous feature is
quite favorable for application to the optical devices.
We explored the temperature dependence ofτr in BMAB and

8AB8 at various laser powers (Figure 8). It was found thatτr
was in the range of 100∼200 µs and decreased gradually as
the temperature was lowered in both samples at any laser power.
Although the difference in the chemical structure and the N-I
phase transition temperature (TNI) is large between these two
samples, no difference was observed in the response time. This
implies that the response time does not depend on the absolute
temperature (T) but on the reduced temperature, which is defined
asT/TNI, because the property of LCs is significantly influenced
by the reduced temperature rather than the absolute temperature
in general. The decrease ofτr at lower temperatures has been
observed only in the reflection-mode analysis and has never
been observed in the transmission-mode analysis. The mech-
anism of the N-I phase transition consists of (i) production of
thecis form on photoirradiation and (ii) disorganization of the
LC phase by thecis form, whose molecular shape is bent. This
perturbation of thecis form propagates effectively at high
temperatures, while thecis form disorganizes the LC phase to
a much lower extent at lower temperatures. We can expect,

Figure 6. Time-resolved measurements of change in the reflectivity
for 8AB8 on pulse irradiation (355 nm, 10 ns fwhm, 20 mJ/cm2): (A)
94 °C (nematic phase in super cooled state); (B) 90°C (nematic phase
in super cooled state). The measurements of A and B were performed
under the conditions of V and VI in Figure 4, respectively.

Figure 7. Time-resolved measurements for the low-molecular-weight
LCs, BMAB and 8AB8, under the condition of III shown in Figure 4.
The measurements were performed at 39°C for BMAB (A) and at
104°C for 8AB8 (B). Each sample was irradiated with a laser pulse at
355 nm (10 ns fwhm, 3 mJ/cm2).

Figure 8. Temperature dependence ofτr for BMAB (A) and 8AB8
(B) at various laser powers: (4) 3 mJ/cm2; (0) 5 mJ/cm2; (O) 10 mJ/
cm2.
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therefore, that the N-I phase transition occurs ineffectively at
lower temperatures.
To investigate the N-I phase transition behavior with

temperature and laser power in detail, we explored the temper-
ature dependence of degree of the N-I phase transition for
BMAB at various laser powers (Figure 9). We estimated the
degree of the N-I phase transition by the ratio of the maximum
reflectivity observed on pulse irradiation to the reflectivity
measured when the sample was isotropic, where reflectivity
before pulse irradiation was taken as 0% as shown in A. It is
clearly shown in B that the degree of the N-I phase transition
is equal to 100% at high temperatures, while it decreases with
a decrease in temperature at any laser power. This behavior
indicates that the N-I phase transition is induced incompletely
at low temperatures. We suggest a “local N-I phase transition”
at low temperatures. As illustrated in Figure 10, the N-I phase
transition is induced only in some domains with the rest of the
sample remaining in the N phase. The probe light detects a
macroscopic phenomenon, and we can observe an averaged state
of the sample. The decrease in the degree of the N-I phase
transition may be due to a decrease in the domains in which
the N-I phase transition was induced. It is considered that, in
this state of the local phase transition, change in the refractive
index is small, and the apparent decrease ofτr was observed as
shown in Figure 8.
Smaller values ofτr were obtained at lower laser powers at

the same temperature. The quickest response was observed at

the lowest laser power (3 mJ/cm2) as shown in Figure 8. We
can also explain the decrease inτr with a decrease in the laser
power at the same temperature in terms of the local phase
transition. When lesscis forms are produced at lower laser
powers, only the local N-I phase transition is induced.
Decay in Optical Switching. To discuss the optical switch-

ing behavior, it is necessary to evaluate not only the response
time, which means the N-I phase transition, but also the decay
time, which corresponds to I-N phase transition. Therefore,
we also defined the decay time (τd) as the time required to
decrease the intensity to 10% of the maximum value.
It was found that the I-N phase transition, namely the

recovery of the initial N phase, completed in only 1 ms in
BMAB and 8AB8 as shown in Figure 7. This value is smaller
by 6 orders of magnitude than that obtained in the transmission-
mode analysis. The value ofτd is much different between the
reflection-mode measurement and the transmission-mode mea-
surement, while no difference inτr has been observed between
these two methods. We investigated the temperature depen-
dence ofτd in BMAB and 8AB8 at various laser powers as
shown in Figure 11 and observed the increase ofτd with
temperature, especially the steep rise near the phase transition
temperatures at any laser power. It is reported that the recovery
process in the transmission-mode analysis depends mainly on
the cis-trans thermal back-isomerization of the azobenzene
moiety and becomes quicker with temperature.27,28 This thermal
back-isomerization of the azobenzene moiety is very slow at
low temperatures; for instance, it takes several hours at room
temperature for BMAB. However, in the reflection-mode
analysis, the significantly small value ofτd (1 ms) was observed
in both BMAB and 8AB8, although these samples show the N
phase at different temperatures. Furthermore, the increase of
τd with temperature was obtained in both samples. This
temperature dependence ofτd in the reflection-mode analysis
is quite different from that in the transmission-mode analysis.

Figure 9. Temperature dependence of degree of the N-I phase
transition for BMAB at various laser powers under the condition of III
shown in Figure 4. As shown in A, we defined the degree of the N-I
phase transition by the ratio of the maximum reflectivity after pulse
irradiation to the reflectivity at the I phase. Panel B shows the degree
of the N-I phase transition at various laser powers: (4) 3 mJ/cm2;
(0) 5 mJ/cm2; (O) 10 mJ/cm2.

Figure 10. Schematic illustration for the state of the local N-I phase
transition: filled area, I phase; unfilled area, N phase. In the state of
the local phase transition, we obtain the refractive index between the
N phase and the I phase.

Figure 11. Temperature dependence ofτd in BMAB (A) and 8AB8
(B) at various laser powers: (4) 3 mJ/cm2; (0) 5 mJ/cm2; (O) 10 mJ/
cm2.
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These results indicate that the recovery mechanism is different
in the reflection-mode measurements.
Switching Mechanism. The molar extinction coefficients

of the azobenzene moieties at 355 nm are so large (∼104) that
the pumping light at 355 nm is absorbed entirely in the surface.
Consequently, thetrans-cisphotoisomerization also is induced
near the surface and the N-I phase transition occurs only in
the surface, leaving the bulk area intact as an N phase. In the
reflection-mode analysis, the probe light can penetrate only in
the surface region. Therefore, the switching mechanism in the
reflection-mode analysis is interpreted as illustrated in Figure
12. At first, the LC molecules orient on the glass substrate
(A). A pulse irradiation at 355 nm brings about the N-I phase
transition only in the surface with the rest of the sample
remaining in the N phase. The molecules of thecis form
produced in the surface instantly diffuse into the bulk region
due to concentration gradient of the molecules of thecis form
between the surface region and the bulk region (C). Similarly
the molecules of thetrans form in the bulk region diffuse into
the surface region and reorient on the substrate in the initial
manner (C). Since the diffusion and the reorientation processes
are much quicker than thecis-transback-isomerization process,
which is the rate-determining step in the transmission-mode
analysis, the rapid optical switching has been achieved suc-
cessfully in the reflection-mode measurements.
The increase inτd with temperature for both samples (Figure

11) is characteristic of the reflection-mode analysis and has not
been observed in the transmission-mode analysis. This behavior
may be interpreted in terms of the recovery processes described
above. In the diffusion and reorientation processes, it is
considered that the diffusion of the LC molecules becomes faster
with temperature. Hara et al. measured diffusion constants of
methyl red in NLCs by forced Rayleigh scattering and found
that the diffusion constants increased with temperature except
near the phase transition temperature.36 On the other hand, with

an increase in the temperature in the N phase, the order
parameter of LCs decreases and hence the stability of the LC
phase also decreases. Therefore, the reorientation of the LC
molecules becomes slower with temperature. In fact, Moriyama
et al. reported that decay was much slower just below the phase
transition temperature than at middle of temperatures in LC
phase by the measurement using the forced Rayleigh scatter-
ing.37 Consequently, near the N-I phase transition temperature,
the reorientation of the LC molecules affects more strongly the
recovery process than the diffusion of the LC molecules and
the recovery becomes slow.
Optical Switching in Polymer System. If the fast decay

becomes possible through the diffusion and reorientation
processes, what result do we expect for the polymer system?
We can expect the slower decay for the polymer because the
photoresponsive moiety is linked to the main chain through a
chemical bond in the polymer and the mobility of the mesogen
is suppressed. Figure 13 shows the result of the time-resolved
measurement for the polymer azobenzene liquid crystal, PA6AB2.
We observed an instantaneous rise on pulse irradiation which
was the same behavior as observed in the low-molecular-weight
system. On the other hand, the decay was much slower than
that in the low-molecular-weight system. This result strongly
supports the decay mechanism which is composed of the
diffusion and reorientation processes.

Conclusions

The optical switching behavior of the low-molecular-weight
and polymer azobenzene LCs was investigated by means of
reflection-mode analysis. It was found that the reflectivity
varied on pulse irradiation under various conditions for orienta-
tion of the azobenzene LCs with respect to the incident probe
light, either s-polarization or p-polarization. The time-resolved
measurements have shown that the reflectivity changed in 100
µs and the initial N phase recovered in 1 ms, which was faster
by 6 orders of magnitude than those in the transmission-mode
measurements. It was confirmed that the fast recovery was
characteristic of the reflection-mode analysis and due to the
diffusion and reorientation processes of the LC molecules by
the detailed measurements in the low-molecular-weight and
polymer systems; we obtained the fast recovery for the low-
molecular-weight LCs, but a much slower one for the polymer.
The rapid optical switching has been achieved successfully by
means of the reflection-mode analysis, which may be applicable
to optical switching devices.
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Figure 12. Schematic illustration of switching mechanism in the
reflection-mode analysis: (A) an initial N phase before pulse irradiation;
(B) an induction of the N-I phase transition by the laser pulse; (C)
recovery of the initial N phase only in the surface region through the
diffusion and reorientation processes.

Figure 13. Time-resolved measurement for PA6AB2 on pulse irradia-
tion (355 nm, 10 ns fwhm, 40 mJ/cm2) at 100°C.
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