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Light-induced changes of optical and electrical properties in bent-core azo compounds
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We have studied the optical and electrical properties of two bent-core substances with an azo linkage in their
cores. Pump-probe laser studies, direct textural observations, and spectrophotometric recordings show an initial
decrease of light transmission, which at larger light intensitied mW/mn?) is followed by a bleaching.
Simultaneously the electrical propertigdectric conductivity, antiferroelectric polarization, switching thresh-
old, and switching timedecreased monotonically with increasing light intensities. The monotonic decrease of
electrical properties indicates that the darkening and bleaching have the same origin, namely, the photochemi-
cal isomerization of the azo linkage from thransto thecis isomer. The material witlsis isomer has a lower
clearing point and phase separates from tla@srich domains. Initially the size of the separated isotropic
domains is below the visible range, which causes increased scattering. As the size of the isotropic domains
increase the scattering disappears and the transmittance becomes the average of the transmittances in the polar
tilted smectic and isotropic phases.
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INTRODUCTION changes in their optical properties were studied either using a

In the last several years it became evident that bem_cor?icroscope, or by a pump-probe laser setup. In the micro-
(banana smectics have a number of unique properties. Th cope(Olympus BX60, the light source was the microscope

bent shape of the molecules results in polar pacKihg '?amp ltself (HI.‘X 64623 from OSRAM 10.0 W halogen
which together with a director tilt gives rise to layer chirality I_amp). The optical response was detectgd with an Ocez_;m Op-
that does not require chirality on the molecular lef] tics spectrophotometer, replacing the microscope eyepiece by

. . ) . . an optical fiber that collected the transmitted light. No polar-
These smectic materials mainly form antiferroelec{i®

states with electric polarizations in the range of 500 nGcm zEer was inserted into the microscope. The change of trans-
They show extremely rich behavior under electric fields: M >>ron Was measured at_ a §elegted wavelength as afunc'uon
they can be reversibly switched to ferroelectric so that th.Of the t|_m_e, with an acquisition time Of. 30 ms._AddltlonaIIy
layer chirality may be conservé@] or altered4]. This rich he variation of the texture was momtore(_j with a charge-
morphology can be extended to light sensitiv.ity by dopingCOUpIed device camera mounted on the microscope.
with dyes or incorporating azo linka(g into the bent-shape In the Iaser experiments the pump and the probe beams
- : . were provided by two argon-ion lasers tuned to the wave-
moleculeq5,6]. Recently, preliminary observations of light-

induced reversible changes of the electrical properties werl((ig(_:‘ngth 488 nm, which falls into the absorption band of the
reported[7] on a bent-core materighB-12) with alkyl ter- ompounds studied. The probe beam had very low intensity

minal chains consisting of five aromatic rinas and containin to avoid its influence on the transmission measurements. The
) ng 9 gchanges of transmission of the probe as a function of the
an azo linkage only in one arm.

In this paper we present detailed optical and electrical™MP Intensity were detected.. :
studies on AB-12 and on a similar bent-core azo material Light- and external-voltage-induced elec_trlc currents were
(AB-10), where previously no photoresponse was observe easured_when the samp!e was placed in the MICroscope.
[7]. We ,show that AB-10 is also photosensitive at larger light he electrlq current h_as dllfferent sources. E|rst, there is a
Lo T . ) : .current carried by the ions inherently present in the material.
intensities, which, however, still can be reached with the mi-
croscope light, enabling us to trace the light-induced struc-
tural effects by simple microscopy. Based on these measure-

| Ny
ments we propose a model to describe the structural changes /C‘)ko ,©/\N \G\NJ‘
-

induced by light.

.,

R

1 l—>53l°c smcp, 05 ¢
. R= R = mCP,
EXPERIMENT ABIO: R=CsH;7; R'=CioHy — =«
The molecular structures and phase sequences of AB-10 130°C 111°C

—2 Cr

and AB-12 are shown in Fig. 1. They differ only in the length ABI2: R=CgH17; R =C;;Hps 1 _’m SmCP, ==
of one of the alkyl chains and both form antiferroelectric

polar tilted smectidSm-CP,) phase in a very similar tem- FIG. 1. Molecular structures and phase sequences of the studied
perature range: between 110 and 130 °C. The light-induceghaterials.
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The number of charges can be increased by an optical field, 1.05
which can ionize the liquid crystal molecules and can also e ON OFF
inject charges from the electrodes through the photoeffect. 1.00
The excess current due to light is considered as a photocur- -_\ e AB 13 g‘?
rent. In addition, the change of the electric polarizatién g 095 s AB-10 i §
in the system gives rise to a transient currdR?dt (polar- £ i {
ization current The polarization current is especially large F 0% b f iy
when the antiferroelectric-ferroelectric transition takes place, ‘i ‘4
as in this case a spontaneous polarization is formed. 0.85 B f" J
The spontaneous polarization was followed by the stan- ey ;
dard method, detecting the current generated by a triangular 0.80 o 25 50 75 100
voltage. The dc resistance was measured by a multimeter
HP34401A. (a Time (sec)
0.3
RESULTS R
In the isotropic phasethe variation of the transmission ‘ ot
showed the well-known characteristics whns-cis photo- § o2 o
isomerization[15]. As our materials in the isotropic phase ;% y A
have relatively low viscosity<<10 Pa$, photoinduced orien- k e
tational ordering of the moleculd8,9] can be neglected. 3
- . £ 0.1 1
The transmission decreases for both materials up to about S/
20-25 % when the samples are illuminated by the laser light ; A
with intensity up to 15 mW/mrh The time dependences of i
the transmissions after turning the light on and off are shown (]
in Fig. 2(a), whereas the pump intensity dependences of the 9 . i 15 &0
probe transmissions are plotted in FigbPfor the two com- (b) Intensity (mW/mm®)

pounds. Spectrophotometric measurements carried out in the

microscope showed no change in the transmittance for wave- FIG. 2. Relative transmittances in the isotropic phas€s
lengths outside the absorption band. The change of transmis-140 °Q of the two materials(a) The transmittances after turning
sion in the absorption band therefore can be attributed to thte light on and off, normalized to the transmittance of the unillu-
formation of cis isomers, which have a different absorption minated sample(b) the pump intensity dependences of the relative
spectrum fromtrans isomers. The decrease of transmissionnormalized transmittancl o~ Ton) / Torr Of the probe beam.

indicates that thesis configuration has a higher absorption d . . N - .
coefficient at 488 nm than theans one. From the measure- 3c9rees below the clearing painor at high intensities, sig-

L . . - nificant bleaching followed the initial decrease of transmis-
ments alone it is not pOSS|b_Ie to determine the saturam_;m _sion. Under constant pump intensity of 0.9 mwW/Athe
concentration. One can estimate, however, the saturation IBleaching occurred above 124 °C for AB-12 as can be seen
tensity, which corresponds to the intensity where the concernyom the temperature dependence of the relative normalized
tration of thecis isomers is half of its saturated vali0].  transmittances in Fig. (8. Simultaneous textural observa-
From Fig. Za), we find that the saturation intensity at 488 tjons clearly showed that the bleaching is due to the appear-
nm is about 7 mW/mrhfor both compounds. From the de- ance of isotropic droplets within the S@P, phase. With
cay of the probe transmission change, observed after switchincreasing light intensity or temperature, the droplets joined
ing off the pump[see Fig. 2a)], one can obtain theis-trans  together forming largg10-50 um size isotropic regions
thermal back-relaxation time by measuring the time intervalith elongated SnEP, domains floating in the isotropic
between 10% and 90% changes. We found that at 140 °@uid. The isotropic droplets appeared only above some
Teistrans IS 11.1 s for AB-12 and 12.3 s for AB-10, whereas threshold light intensity with decreasing time intervals. At
Tiranscis 1S 7.5 S for AB-12 and 7.3 s for AB-10. lower temperatures this threshold increased quidldyg.,

In the antiferroelectric SnGP, phase at low light inten-  ~5 mW/mn? at 121 °Q, as it can be seen on Fig(8 for
sities and at lower temperatures the laser illuminatiorboth materials. The time dependences of the transmitted light
induced a decrease of the transmittance. For both materiaistensities and snapshots of the corresponding textures of 50
the photodarkening is roughly three times in the 8  pm thick films are shown in Fig. 4.
phase than in the isotropic fluid. In the laser experiments no The effect of the illumination was also tested in the ferro-
polarization dependence was found in the probe transmislectric state, which was generated by an electric field in thin
sion. Photodarkening was also observed with spectrophotd<10 um) cells. We found that the basic effedisitial dark-
metric recordings at wavelengths both inside and outside thening, then bleaching at higher temperatures and higher in-
absorption band; therefore it could be attributed to increasetknsities were qualitatively the same in the ferroelectric and
scattering rather than to increased absorption. In the micraantiferroelectric states.
scope the darkening of the texture appeared uniformly over The light-induced changes of the electric properties were
the whole illuminated area. At higher temperatufasfew  measured during illumination with the microscope light.
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(a) Temperature (°C) Voltage (V)
1& g FIG. 5. Voltage dependendgiangular wave f=23 H2) of the
10 ’,_-v"' polarization current at 121 °C of gm sample of AB-10 measured
f in the nonilluminated sample, and under 9 mwW/fwhite light
8 AB-12 L i S -

& ,’ G=——0 AB-10 |IIu_m|n_at|on. The dash_ed lines |n_d|cate the voltages _requwed for
;k 6 | switching from the antiferroelectric state to ferroelectric and back
e ,' s, from ferroelectric to antiferroelectric in the nonilluminated and il-
'3 4 'I /z/ luminated samples.
| ,l /®/

ll / below the current peakslecrease, but also the threshold
0 IB@-@.,..Q,—@ electric fields for switching between the antiferroelectric and
-2 ferroelectric stategsdetermined from the peak positionsn
0 5 10 15 20 Fig. 6 we have plotted the time dependences of the polariza-
(b) I (W tion and the transmittance of the AB-10 sample after the
mw/mm

microscope light with integrated intensity of 9 mW/rim

FIG. 3. (a) Temperature dependences of the relative normalizedV@S Switched on. We see that the value of the electric polar-

transmittance of a 50m AB-12 sample at 0.9 mW/mfrargon-ion
laser light intensity(b) Pump intensity dependence of the relativ:
transmittances of 50um cells of AB-10 and AB-12 in the

Sm-CP, phase(T=121 °O.

ization decreases monotonically in about 15 s from 350 to

e 200 nC/cn at 121 °C. The simultaneous time dependence

of the transmittance was more complicated: first the trans-
mission decreased quicklyn about 2 $; then it increased
and became constant in about 10 s.

Changes in the value of the spontaneous polarization, the The temperature dependence of the equilibrium electric
switching threshold, the switching times, and the electricresistance of a 4m AB-12 cell is plotted in Fig. @). In the
conductivity were detected. The polarization current curvesmectic phase the resistance was smaller in the dark state,
recorded in both nonilluminated and illuminated samples aravhereas it became larger in the isotropic state. Interestingly
shown for AB-10 in Fig. 5. It can be seen that not only did the resistance was smaller in the &R, phase than in the

the value of the spontaneous polarizatitine integral areas higher-temperature isotropic phase. The time dependences of

400

/

Transmitted intensity (arb. unit)

FIG. 4. Time dependences of the transmitted
light intensity outside of the absorption baf&D0
nm) of a 50um AB-12 cell at different tempera-
tures in the antiferroelectric stategero electric
field applied. The sample is illuminated by the
microscope white light (integrated intensity
9 mW/mn). The pictures were taken by using
attenuators between the sample and camera. The
attenuation in case of pictufe) is much greater
than in the other pictures.
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FIG. 6. Simultaneous time dependence of the magnitude of the (@)
electric polarization and the transmittance of AB-10 at 121 °C.
Starting att=0 the sample is illuminated by the microscope light
(integrated intensity of 9 mW/mfi The magnitude of the polar- 3.05x10”
ization was obtained by recording the time dependence of the po-
larization current in one period of 23 Hz triangular wave voltage,
and transferring the data from the scope to the computer in 1 s
interval. The magnitudes of the polarizations corresponding to the
different times after the light was turned on were calculated after
the measurement from the areas below the polarization peaks.

3.00x10"

Resistance (Q)

the resistance after turning the light on and off are shown in 2.95x10”
Fig. 7(b). It is seen that the resistance decredseseases 10
abruptly, and then increasédecreasesgradually when the (b) Time (sec)

light is turned on(off). The relaxation times can be deter-

mined by fitting the resistance with the equatioRé) FIG. 7. dc resistance of a gm thick 0.25 cm area cell of
=Rteadst AReU for the bright and dark states, respectively. AB-12. (a) Temperature dependence of nonilluminated and illumi-

The fits shown with solid lines give that the relaxation time Nated(integrated intensity of the microscope light 0.9 mw/fm
in the illuminated sample is,,=5.9 s, and in the nonillumi- samples. Data were taken in heating witA@/min rates.(b) Time

nated sample it is,=15.3 s. Interestingly the direction of dependence at 127 °C after the microscope light is switched on and

the jumps is opposite to the steady state values, which arg”

larger in the illuminated samplesee dashed lingin accor-  sm-CP, and isotropic fluid phases. The phase separation is
dance with the steady state measurements shown in@yg. 7 not due to significant changes of the local temperature,
The resistance was determined from the electric currenivhich from the absorption spectrum published previo(igly
flowing under 1 V dc voltage applied on the electrodes. Ac-can be estimatefl14] to be less than 1.8 °C even at the
cordingly, one can calculate thatR=7x 10° Q0 change of highest light intensity, whereas we observed the phase sepa-
the resistance corresponds to a transient photocurrent o#tion even 10 °C below the clearing point. We conclude that
about 0.8 nA. This value is about an order of magnitudethe phase separation is due ttans-cisisomerization, i.e.,

30 50 70 90 110

larger than in azo-dye-doped liquid crystpid]. partial conversion of the molecules from the staténs to
the metastableis form. The mechanism behind this process
DISCUSSION is that thetransisomers usually have a more elongated shape

than the V-shapedis isomers; the latter isomer therefore

First we consider possible explanations of the increase aflecreases the stability of the liquid crystalline phases. As a
scattering at low illumination levels. One possible explana-consequence, photogeneration of the component lowers
tion is that due to photoisomerization textural changes occuthe phase transition temperatures. If a significant amount of
within the SmCP, phase. Such light-induced transforma- cis isomers is created, the shift of the phase transition tem-
tions of the texture were observed in the past in variouperature may be sufficient to induce a phase transition. In our
liquid crystalline systems. Folkst al. [12] detected light- case the bentbanana-shapemolecules form close packed
induced layer undulations in a smecAghase containing an polar smectic layers when the azo group is intila@s form.
azo compound. Another example is the photoorientation efin the cis form the molecules have zigzag shape that—due to
fect in Langmuir-Blodgett films, studied, e.g., by Padtioal.  the asymmetric position of the azo group—is not compatible
[13]. The textural changes can straightforwardly result in in-with the close packed smectic orderifgge Fig. 8 Such
creased scattering. An alternative explanation is that smallncompatibility causes phase separations between the isotro-
submicrometer size isotropic droplets form within the liquid pic fluid and the SnEP, phase. Since theis isomers are
crystalline phasésee below. present in both phases, we can assume that the polar order is

At higher light intensities the experiments clearly showedweaker in the illuminated smectic domains. This is schemati-
a light-induced phase separation between the antiferroelectrigally indicated in Fig. 8 with lighter background color than
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phase texture through transient melting. The bleaching ap-
pears when the isotropic droplets grow well over micrometer
size, i.e., when the scattering disappears. The saturation of
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the transmittance before the electric polarization reaches the
steady state value is probably due to the fact that the isotro-

- pic droplets that transform back to the SBi®, state become

SmCP disoriented; thus they scatter more light than the droplets that
have not been transformed to isotropic before.

The change of dc resistance upon illumination can origi-
nate from three sources. First, photogeneration of charges in
the sample decreases the resistance. Second, the light-
induced formation otis isomers can change the carrier mo-
bility. Third, the appearance of isotropic dropléts textural

(¢

X
X

|

X ] . changes in the illuminated area can also alter the charge
’ mobility. In the isotropic phase, where the latest source is

FIG. 8. Schematics of the phase separation due to the |ight§bsem’ one can observe the net contribution of the first two

inducedtrans-cisisomerization. Darker background indicates Iargercomnbu“ons' Whlqh according to the. eXpe“me.mS is a de-
order than the lighter background in the illuminated smectic phase(.:ref”lse of t.he resistance. In the; antlferroele'ctrlc. phase the
The isotropic phase is indicated by a dark background. resistance increases under the m_fluence of |rrz_;1d|at|on. This
might be related to the fact that in the isotropic phase the
in the well-ordered dark state indicated with darker back+esistance is higher than in the liquid crystalline phase
ground color. [as seen also from Fig(&]; hence the light-induced appear-
The general condition for equilibrium between coexistingance of isotropic droplets results in the increase of the cell
phases is that the chemical potential of the componentsesistance.
should be equal in the isotropic and smectic phases. The The observed transient behavior of the dc resistance can
actual physical processes leading to the equilibrium, howbe attributed to the photogeneration of charges as the other
ever, are quite complicated, because the exciting light beartwo mechanisms take place on a much longer time scale than
can induce transitions in both directions arig-transtransi-  the sudden change in the measured resistance. The time de-
tions can also occur via a thermal proc¢$§]. At least at  pendence of the decay of the transient photocurrent was
high light intensities, where the rate of thermal transitionsfound to be similar to that for other azo-based matefihlg,
becomes much smaller than the rate of the photoinducednd may be explained by the recombination and diffusion of
ones, thecis concentration reaches a saturation valile]  the photoinduced space charges. Because the material ab-
corresponding to equilibrium betwegnans-cisandcis-trans  sorbs light there will be more charge generated around the
transitions. Since the separation is induced bytthes-cis  electrode closer to the light source. This results in an internal
isomerization we can assume that ttis concentration is field, which will be slowly screened out by the free ionic
larger in the isotropic fluid than in the S@P, regions. charges that are present in the material. When the light is
There are two possibilities that can lead to such a situatiorswitched off the photogenerated charges disappear leaving an
Either the light-induced steady statgs concentration is opposite internal field inside which results in an increased
higher in the isotropic fluid than in the S@P, phase, or the resistance. Similar to the previous case this internal field will
diffusion of acis molecule takes place with higher probabil- be again screened out slowly. The mobility of charges is
ity from the SmECP, to the isotropic phase than backward, different in thecis and trans states, explaining the larger
i.e., thecis component has the tendency to accumulate in theelaxation time in the nonilluminated than in the illuminated
isotropic fluid. This mechanism can stabilize droplets withsamples. The observation that the electric conductivity is
sizes comparable to the diffusion length of tiesmolecules larger in the SMEP, phase than in the isotropic fluid is not
during their lifetime in thecis state, which was determined related to the presence of the azo unit, because we consis-
from the relaxation time of the transmission measured in théently observed it for other bent-core SBR materials with-
isotropic phase as-10 s (Fig. 2). out azo linkage. We think it maybe connected to the tighter
With a realistic diffusion coefficient dd=10"1°m?/s, we and more polar packing of the molecules in the SiPg
obtain that the size of the isotropic domains is aboup®)  phase, which may result in some overlapping of therbit-
which is comparable to the size of the isotropic domainsals of the adjacent molecular cores. The decrease of the re-
observed in the Si&P, phase upon strong light illumination sistance upon illumination in the isotropic phase indicates
[see Fig. 4d)]. that thecis configuration has a larger electric conductivity,
These considerations also imply that both the darkeningvhereas the increase of the resistance in theCItpphase
and bleaching, and the monotonic decrease of the spontanean be explained by the submicrometer size isotropic drop-
ous polarization(see Fig. 6, can be consistently explained lets, which have larger resistance.
by the same photoisomerization-induced phase separation In summary, we have observed relatively fast and revers-
process. The decrease of transmission can be attributed ifole light-induced photodarkening and bleaching in azo-
subvisible size separation that causes increased scattering lmentaining antiferroelectric bent-core liquid crystals. The op-
cause of the refractive index mismatch between the isotropitical changes are accompanied by variations of the electrical
and SmEP, domains, or to randomization of the SGR,  properties such as the value of the spontaneous polarization
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and electric field thresholds for switching between ferroelec{17] and antiferroelectrid5,18] liquid crystals. However,
tric and antiferroelectric states. These observations imply inbecause the dopant molecules disturb the ordering of the
teresting practical applications, for example optically ad-smectic liquid crystals, it is clear that molecules with incor-

dressed spatial light modulat¢DASLM) devices. We note porated azo linkages can represent advantages over the dop-
that similar optical switching of a calamitic antiferroelectric ant systems.

liquid crystal containing an azo linkage has already been

studied and tested for OASLM applicatiofis]. The impor-

tant difference between that and our present results is that in ACKNOWLEDGMENT

the calamitic antiferroelectric material thens-cisisomer-
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