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Effect of photoisomerization of azobenzene dopants on the flexoelectric properties of short-pitch
cholesteric liquid crystals
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The flexoelectric properties of short-pitch cholesteric mixtures doped with three different azobenzenes,
4,4 -dihexyloxyazobenzene (4;&z0, 3,3 -dihexyloxy-2,2-dimethylazobenzene (3;&zol), and 3,3-
dihexanoyloxy-2,2-dimethylazobenzene (3;&z02, respectively, were studied upon illumination with uv
light. Their effective flexoelectric coefficients were derived from the flexoelectro-optic response of the mix-
tures aligned in uniform lying helix texture. Considering the fact that the pitch of the mixtures became shorter
upon uv illumination, an increase of their effective flexoelectric coefficients was found to take place due to the
photoisomerization of the dyes. The largest change was found for the coefficient of the guest-host mixture
containing 4,4-azo dye, most probably due to the bent shape of thecidyisomer. This observation is in good
agreement with our previous studies on the influence of the molecular shape on the liquid-crystal flexoelectric
properties and it suggests a possible way for enhancement of the amplitude of flexoelectro-optic response in
cholesterics by using liquid-crystal materials with pronounced molecular shape dissymmetry.

PACS numbes): 61.30—v

INTRODUCTION wheree=e,= g, is the average flexoelectric coefficient with
e; and e, being splay and bend flexoelectric coefficients,
During the past few years, the electro-optic effect exhib-respectively.E is the applied electric fieldp is the choles-
ited by cholesteric§1—3], aligned in uniform lying helix teric pitch, andK=3(K,+Kj3) is the average elastic con-
(ULH) texture, has attracted a lot of interest due to its ex=stant for splay K;) and bend K3) elastic deformations. At
traordinary performance. The effect, considered to be ofmoderate applied electric field, i.eq(E)<1, the field-
flexoelectric origin, gives rise to a fast linear electro-opticinduced tilt of the optic axis depends linearly on the field
response, that is, an in-plane field-induced defledtiitt) of  amplitude and can be simply expressed as
the sample optic axis, and, hence, demonstrating a gray scale
capability [2,4,5). Recently, a large field-induced tilt has ¢(E)~e*Ep/2m, 2
been found in some cholesteric liquid-crystal materials. Val-
ues of the induced tilt of more than 30° have been reportetvhere e* =e/K is an effective flexoelectric coefficient, a
[2,6]. Most remarkably, a temperature-independentvery important material parameter, which is temperature in-
flexoelectro-optic response has been observed in cholesterigependent5]. The linear dependence gf(E) with electric
with temperature-independent pitch. Moreover, the responseld gives rise to a linear electro-optic respofi3g In order
time of the flexoelectro-optic effect is found to be very short,to obtain a temperature-independep(E), however, the
usually lying in the microsecond rang&0—100us). Hence, cholesteric pitch has to be also a temperature-independent
with a proper design of single liquid-crystal substances andjuantity. At present, there are some cholesteric liquid-crystal
mixtures, a fast linear and a temperature-independent electrgdaterials, commercially available, exhibiting such a feature.
optic response can be obtained in cholesterics which mak&hey are rather complex mixtures, some of them consisting
them very attractive for different applications in the field of of more than 20 single compounfig. Besides the tempera-
optoelectronics. ture independence of the pitch, there is also another impor-
The flexoelectric properties of the liquid crystal and thetant requirement concerning the pitch magnitude. The cho-
magnitude of the cholesteric pitch and its temperature behavesteric pitch should be smaller than the wavelength of the
ior are of major importance for the appearance of thencident light in order to avoid losses of the transmitted light
flexoelectro-optic response. As it has been derivddjnthe  through the sample, due to the diffraction by the periodic
field-induced tilt of the optic axis in a cholesteric, aligned in texture of the cholesteric aligned in ULH texture. Hence, the
ULH texture, on applying an electric field normal to the helix magnitude of the cholesteric pitch is restricted from above.
axis, takes place in the plane of the sample and it is given b{n the other hand, the pitch should be large enough, as seen
from Eq.(2), in order to obtain a large(E). This has to be
taken into account when selecting liquid-crystal compounds
for the flexoelectro-optic effect and optimizing their material
parameters.
The flexoelectric properties of the cholesteric materials
* Author to whom correspondence should be addressed. FAXare of major importance for the amplitude of the
046-31-772-3436. Electronic address: komitov@fy.chalmers.se flexoelectro-optic response. In previous studies, we did some
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FIG_. 1. Structures of azobenzene derivatives used as pho“ﬁcross the cell, placed between crossed polarizadP). The

chromic dopands. electro-optic response is detected and monitored by photodiode
(DET) and oscilloscop€OSQO), respecttively.

evaluation of the influence of the molecular shape and of the
net dipole moment on the flexoelectric properties of arubbed polyimide alignment layerThe cholesteric liquid
nematic-liquid-crystal mixturd8]. We found that the bent crystal in the cells was aligned in ULH texture by slow-
shape of the molecules results in a substantial enhancemesdoling from the isotropic phase under an applied electric
of the flexoelectric properties of the nemafttd. field. The alignment of the liquid crystal was controlled us-

In the present paper, we report on the influence of théng a Zeiss photomicroscope Il Pol.
molecular shape on the flexoelectric properties of cholester- The electro-optic response was detected in a setup sche-
ics and, thus, on their flexoelectro-optic response. For thignatically presented in Fig. 2. The cell was inserted in a Met-
purpose, two different kind of photochromic dyes are used irtler FP52 hot stage with temperature controlled within 0.1 °C
this study. These dyes differ in the shape of tlegsfisomers.  accuracy. The hot stage was mounted on the microscope ro-
The first kind of dye changes its molecular shape from lineartatory table and the cell was studied between crossed polar-
in the trans-form, to bent, in thecis-form, whereas the sec- izers. Since the pitch of the mixtures is short, the helix axis
ond one preserves its linear shape during the photoisomeof the sample aligned in the ULH texture takes on the role of
ization procesg$10]. The magnitude of their molecular net the sample optic axis. Thus, the uniformly aligned sample
dipole moments, however, is quite similar before and aftebehaves between crossed polarizers as a uniaxial optical
the photoisomerization. Thus, the influence of the moleculaplate. In this case, the intensity of the transmitted light
shape and of the molecular net dipole moment on the amplithrough the cell reads 48]
tude of the flexoelectro-optic response in short-pitch choles-
terics has been estimated.

7TdA
T n

I =1oSir{2[Vo+ @(E)]} sir? , ©))

EXPERIMENT whereW is the angle between one of the polarizers and the

The structure and phase sequences of the azobenzergsmple optic axis at field-off staté&€& 0), d is the thickness
used as dopants are given in Fig. 1. Two short pitch cholessf the liquid-crystal layerAn is the effective birefringence
teric mixtures were used as host materials. The first one ief the cell, and\ is the wavelength of the incident light in
the mixture TI-827(Merck/BDH). The second one is a mix- vacuum. IfAn is constant with the applied electric field, then
ture of the short pitch cholesteric material CHHoffmann-  the factor siA(wdAn/)) for our cells can be consider approxi-
LaRoche with 80CB (octyloxycyanobiphenylat a ratio of mately equal to Xhalf-wave optical plate conditionHow-
89.5:10.5. Both host mixtures are with a right-handed pitchever, An is constant with the field only if there is no helix
being practically constant over the whole temperature ranganwinding induced by the fiel@this is the case when there is
of the cholesteric phase. The dyes were dissolved in the hosb dielectric coupling, i.e., dielectric anisotropy of the liquid
mixtures in a concentration of 5 wt. %. The guest-host mix-crystalAe~0, or the applied electric field is well below the
tures, each of them containing only one dye, were then inthreshold for helix unwindingEy, = m?(47K/p?Ae)*?]. In
jected in the isotropic phase into EHC cells with a@ gap.  all experiments performed in this study, the applied electric
(EHC cell is a conventional sandwich cell consisting of twofield was kept below this threshold field. Setting the angle
parallel glass plates separated at constant distance. The subyp at 22.5°, the in-plane field-induced tilt of the optic axis
strates bear ITO electrodes precoated with a unidirectionallyesulted in a linear modulation of the transmitted light inten-
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FIG. 3. Electro-optic response of the host mixtures TI-827

(curve 2 and CF1/80CB(curve 3, respectively. Each sample is 0.8

oriented with its optic axis at 22.5° with respect to the polarizer, and

the applied voltagécurve 1 has the same direction of field polarity

for both kinds of samples. 0.6 |

sity (linear electro-optic responsesince, as mentioned
above, the tilt angle is linearly proportional to the applied
field. At fixed field polarity in the cell, the sign of the field-
induced tilt depends on both helix handedness and sign of
the effective flexoelectric coefficiem® of the liquid crystal 02 |
[3]. The electro-optic response of the host mixtures TI-827 )
and CF1/80CB, detected at the same polarity of the applied -
electric field, is given in Fig. 3. As seen, there is a phase shift 0 ! ) , .
of 180° between the flexoelectro-optic response of the mix- 400 500 600
tures. Since they have the same pitch handedness,eheir
are with different sign, as it follows frorf8]. Here, it should Wavelength (nm)
be mentioned also that* of the liquid crystal CF1 is almost 0.8
zero. Therefore, the flexoelectric response of the mixture i ' ' '
CF1 with 80CB is basically originating from 8COB. Notice, -
the sign ofe* of the host mixtures does not change when 0.6
mixing them with the azo dyes. )

Photoisomerization of the azobenzene dopant in the cells
was promoted by illumination with 365-nm light from mer-
cury lamp (Zeis9 after passing through glass filters UV35
and UVD36(Toshiba. The pitch of the cholesteric mixtures
before and after the illumination was estimated from the 02 L
wavelength of maximum reflection in the corresponding light )
transmittance curves recorded by means of an uv spectropho- -
tometer (Shimadzu UV310p using 10um-thick cells. The 0 . , , ,
pitch can be calculated using the relatios np, where\ is 400 500 600
the wavelength of the reflected light amdis the effective
refractive index of the liquid crystal which is not being af- Wavelength (nm)
fected substantially by the photoisomerizat{dd]. . , ,

The field-induced tit of the optic axis was estimated from, 5" 2SO PISNSPECTA B8 48 -A20. (81 882200, AN
the electro-optic response of the cells using the method d%lashed lingillumination with v light.
scribed in[12]. The measurements were carried out at room
temperature for each sample before and after uv illumination.

0.4

Absorbance

0.4

Absorbance

The photoisomerization of azobenzenes in the chiral nem-
atic mixtures proceeded to a large extent, i.e., approximately
90% and 80% for 4,4azo and 3,3azol or 3,3-azo2, re-
Study on light-induced changes &f(E) as the effect of spectively, as monitored at the-7* band of the azoben-
trans to cis-photoisomerization of azobenzene dopants, withzenes. These values are in agreement with the photoisomer-
different positional and type of terminal substituents dis-ization of the dyes in nematic liquid crystals, as has been
solved in chiral nematic liquid crystals, was carried out. Thereported previously10]. The spectra of the azobenzenes in
results are discussed in term of modificationadf andp  CF1/80CB mixtures before and after photostationary uv
upon photoisomerization. light illumination are shown in Fig. 4. In the spectra of the

RESULTS AND DISCUSSION
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FIG. 5. Wavelength of light selective reflection of TI-827
doped with(a) 4,4'-azo, (b) 3,3 -azol, and(c) 3,3 -azo2 before FIG. 6. Wavelength of light selective reflectianof CF1/80CB
(solid line) and after(dashed linguv light illumination. doped with(a) 4,4 -azo, (b) 3,3'-azol, and(c) 3,3 -azo2 before
(solid line) and after(dashed linguv light illumination.

azobenzenes in TI-827 mixtures, due to the shorter pitch of

these mixtures, the dye absorption peaks are overlappindpe results are summarized in Table I. As seen, the pitch of
with the peak of the selective light reflection and these specall mixtures shrinks under uv illumination. The largest short-
tral dependences are, therefore, not shown here. ening of the pitch takes place in the case of 440 dye.

The pitch of the cholesteric mixtures under study was The field-induced tilt of the optic axes befogg(E) and
found to be in the interval 0.3—0&m. Figures 5 and 6 show after ¢,,(E) illumination with uv light is summarized in
the change of the wavelength of selective reflectimmpor-  Table II. From the table, it seems that there are only slight
tional to the helical pitch of the azo-dyes in TI-827 and changes of¢(E) for the 4,4-azo containing mixtures after
CF1/80CB, respectively, upon illumination of uv light and the illumination and no changes at all in the case of
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TABLE I. Wavelength of light selective reflection of guest- TABLE IIl. uv light-induced changes in the magnitude of the
host mixtures doped with azobenzenes befarg) @nd after { ) effective flexoelectric coefficieng* for ~5.0 wt. % azobenzenes
illumination with uv light. The helical pitch can be estimated doped guest-host mixtures at room temperature and applied field
through the relation =np with n~1.5. Vpp=10V, f=100Hz. The ratiom=ej/e* is representing the
relative change oé*.

Host TI-827 CF1/80CB
Dopant No N No Ny Host m
Dopant TI-827 CF1/80CB
4.4 -azo 520 467 732 673
3,3 -azol 495 485 664 652 4,4'-azo 1.06 1.20
3,3 -azo2 481 467 668 664 3,3 -azol 1.02 1.04
3,3-azo2 1.03 1.06

3,3'-azol and 3,3azo2. However, when the changes in the ) ) ) .
helical pitch after uv light illumination are taken into consid- _Substantially, if we consider that the observed changes in
the flexoelectric response of the mixtures, i.e., in the field-

eration, then, according to E{L), an increase ot)(E) for h ; ) . o
all mixtures, but in diffgerent ?:Ilegree, has beenfbf(ou)nd. Thi%’?duced tilt of the optic axig(E), are due to the modifica-
i

can be seen from Table I, where the renormalized value o on of the helical p'.tCh and the effective fiexoelectric coef-.
#(E) cient, we can estimate the changes of the flexoelectric

properties of the mixtures due to the photoisomerization by
el E)= bl E)No /Ny, (4)  using the ratian=e},/e* representing the relative change of

e* as an estimate of these changes. The matis calculated
is given for all mixtureshq and\, are the wavelength of using Eq.(2) and the data are given in Table IIl. In all mix-
selective reflection before and after uv illumination, respectures, as seen, an increaseedf after illumination was ob-
tively. ¢ E) is the field-induced tilt after uv illumination served. The photoisomerization of the dyes resulted in an
rescaled to a pitch corresponding to the one before the illuincrease of about 2—6 % ef* in the mixtures with 3,3azol
mination. As seen, the largest changespi{E) are detected or 3,3-azo2, and an increase of 6% and 20% for mixtures
in the case of 4,/4azo dye. In order to evaluate the origin of with 4,4'-azo in TI827 and CF1/80CB, respectively, which
the changes o&* in the guest-host mixtures, we have to means that the changes ef for the guest-host mixtures
consider first the changes of the other important materialith TI-827 are almost the same for the three dyes. More-
parameters of the mixtures which take place under uv illu-over, there is no significant difference between the behavior
mination. of e* in these mixtures and the one obtained in the mixtures

The shift of transition temperatures of the cholesteric mix-of CF1/80CB with 3,3-azo1 or 3,3-azo2 dyes. In the mix-

tures duringtrans- to cis-photoisomerization, which is very ture of CF1/80CB with 4,4azo dye, however, this differ-
small indeed, is thought to have almost no influence on thence is substantial. Obviously, the character of the photoin-
measured values ap(E). The short pitch cholesteric hosts duced changes of the dyes is of importance for the
TI-827 and CF1 are designed to have practicallyflexoelectric properties of the guest-host mixtures. The ob-
temperature-independent pitch over the whole cholesterigerved differences in the behavior of the mixtures, however,
phase. Even after mixing CF1 with 80OCB, the pitch of thedepend also strongly on the flexoelectric properties of the
mixture remains a constant with the temperature. Moreovemost mixtures.
all guest-host mixtures showed no temperature dependence The flexoelectric properties of the guest-host mixtures
of induced¢(E) in a broad temperature interval. Therefore, with CF1/80CB are due to the presence of 80OCB. For the
since the pitch is temperature independent, ¢fieof the last one it is known that the compound possessese,
mixtures also does not depend on the temperature, ever0 andes+e,>0, indicating thate; ande,,, and thuse*,
though the scalar ordes decreases due to the photoisomer-are with a positive sign and that<e, [13,14], i.e.,e, is the
ization process. This is due to the fact tledt, the average one of importance for the flexoelectric properties of this
flexoelectric coefficient, and, the average elastic constant, compound. On the other hand, the guest-host mixtures with
have the same dependence 9ri.e., e* ~S? as well asKk  TI-827 possesg* <0, as found from the flexoelectro-optic
~$?%, and therefore their ratie* is independent o and, response. If we consider only dipolar flexoelectricity, and
hence, on temperatufé]. ignore the quadrupolar one, we may conclude that in the case

TABLE Il. Field-induced tilt of optic axesp (degreé for ~5.0 wt. % azobenzenes doped in T1-827 and
CF1/80CB mixtures at room temperature and applied figlg=10V, f=100Hz. ¢q(E), before uv
irradiation; ¢,(E), after uv irradiation;p,e(E) = @y (E)Ng /N yy -

Host TI-827 CF1/80CB
Dopant ®o(E) ou(E) ®rer(E) ¢o(E) oulE) ¢rer(E)
4.4 -azo 2.53 241 2.67 1.22 1.34 1.46
3,3 -azol 2.38 2.38 2.43 1.18 1.21 1.23

3,3-azo2 2.36 2.36 2.43 1.46 1.53 1.55




5384 KOMITOV, RUSLIM, AND ICHIMURA PRE 61

of the mixtures with TI-827 as a host material,<O and related to the difference in the structures of both’ 440
es;>e,. During the photoisomerization, the dyes changeddyes. The 4,4azo dye of the present study has a symmetric
substantially their molecular transverse net dipole momentnolecular structure, whereas the one in the previous study
which should lead to an enhancement mosthepfind less contains oxygen only in one of its tails, i.e., being more
of 5. That is exactly what the experimental results indicate asymmetric. Hence, the molecular dissymmetry seems also
The enhancement oé* of the guest-host mixtures with to contribute to the enhancementef.

TI827, even though very small, is almost the same for the
three dyes since the flexoelectric response of these mixtures
depends mainly oeg, which slightly increases with the in-
crease of the transverse molecular dipole moment of the The effect of some molecular characteristics, such as net
dyes. On the other hand, since the flexoelectric response, i.@lipole moment and molecular shape, on the flexoelectric
e*, of the guest-host mixtures with CF1/80CB dependproperties of short pitch cholesteric liquid crystals has been
mainly oney,, the increase od* of these mixtures due to the studied. For this purpose, two different kinds of azo-dyes
photoisomerization of the dyes will be more pronounced, ahiave been dissolved in host materials with a different sign of
it has been indicated from the experiment as well. Howevertheir effective flexoelectric coefficien&s. The azo dyes ex-

the largest increase @&* has been found in the guest-host hibited different photoisomerization behavior, which allowed
mixture with CF1/80CB containing 4,4azo dye, which is us to estimate the influence of the molecular shape dissym-
about four times larger compared with the same guest-hoshetry of the dyes on the flexoelectric properties of their mix-
mixtures containing the other two azo dyes,’33201 and tures. The largest increase ef, about 20%, has been ob-
3,3-azo2, respectively. Since the values of the net dipoleserved in a guest-host mixture, with flexoelectric response
moments of the three dyes before and after the uv illuminasubstantially dependent on the bend flexoelectric constant
tion are almost the same, we may conclude that the changs,, containing an azo dye whosgs-isomer has a pro-

of the molecular shape in the case of '4ako dye, due to nounced bent shape. This result is a direct indication of the
photoisomerization, appears to be the most important one famportance of a certain type of molecular dissymmetry, in
the observed enhancementedf. This result is a clear indi- our case the bent shape, for obtaining an enhancement of the
cation that the bent molecular shapeco$-4,4 -azo is more flexolectric polarization, i.e., an increase &f. Increasing
suitably fitted in the deformation pattern of the guest-hose*, however, a substantial flexoelectro-optic response will
mixture, giving rise to the flexoelectric polarization, and, be obtained at lower applied voltages. The results of the
thus, resulting in an enhancementedf. This result is also in  present study can be used as a guideline for choosing an
good agreement with the observed photoinduced enhanceppropriate strategy for syntheses of liquid-crystal materials
ment ofe* of a nematic mixed with another kind 4;4zo  with enhanced flexoelectric properties. However, further
dye reported if(8]. In this case, however, the value ef study on the influence of the molecular structure and its dis-
increased about 40% upon uv illumination, i.e., twice assymmetry on the liquid-crystal flexoelectric properties, espe-
much as the one found in the present study. This can beially those of cholesterics, is required.

CONCLUSION
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