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Flexoelectric polarization changes induced by light in a nematic liquid crystal
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In a nematic liquid crystal where the director field has a splay-bend deformation mediated by the boundary
conditions there is a certain intrinsic polarization density distribution characteristic of the flexoelectric prop-
erties of the medium. By application of an electric field perpendicular to the director, a twist is induced which
is a measure of the flexoelectric anisotrdpyDozov, Ph. Martinot-Lagarde, and G. Durand, J. Pligrig
Lett. 43, L-365(1982]. We show that in molecules susceptible to a photoinduced configurational change we
may change the volume polarization by UV illumination and relate the change in flexoelectric coefficients to
the configurational change in the molecule. In the experiment we use the British Drug (Néersé) nematic
mixture E7 doped with 5 wt % of the dye 4-hexylox§~hexylazobenzene. The photoinducedns-cis
configurational change leads to an increase by 40% in the flexoelectric anisotepye,j/K.
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PACS numbd(s): 61.30-v

INTRODUCTION internal degrees of freedom, like smecti; many more
In certain solids, the application of mechanical stress re!( inds of deformation may cause charge separation, with an
! PP increasing number of flexoelectric coefficients as a result.

sults in.as.train,which in some cases, e.g., quartz, can ind_uce Although flexoelectricity has been known since 1969
a polarization. The phenomenon is known as plezoelectrICItyI'|ttIe is known about the flexoelectric coefficients and the

ﬁbzlg::l::j Ol:l Eliinili(()jggrui tzrsegtnzuigogaﬁllfefgrﬁgigsgjgﬁigliy b€ fluence of the molecular properties on them. Recently, the
9 y ' (.j"Eterest in flexoelectricity in cholesterics has increased con-

Elastic splay and bend deformations are here connected wi lderably because of progress in a very interesting linear

the appearance of a local polar_ization dgnsity in the I_iqui electro-optic effect2]. More knowledge about the flexoelec-
crystal material. Whereas the piezoelectric effect requires fic coefficients. however. is needed for optimization of ma-

I(.:aerrg;r;; Istﬁir?lrgfgeyle:t:ihceecf:‘)ést’:tta:es tzﬂfégz(liteerrtlgii Ocjisg 'm_terials to exploit this effect.

metr in’ the shape of the moleculgs constituting the Iiyuid In certain organic molecules, which might also exhibit
Y P . L . 9 d iquid crystal phases, reversible transformations between dif-

crystal phase. In practice this dissymmetry is always presen

. ) ; erent isomers can be induced by absorption of light or
Any tendency to droplike or bananalike shape will lead to a hanges in temperature.tfans-cis photoisomerization leads
tendency to dissymmetric short-range ordering of splay an§ |

bend character. respectively. The size of the connected & drastic molecular shape alteration and hence the flexo-
! P Y T, : lectric coefficients of the material are also expected to
charge separation will depend on the distribution and size o h
. . L . ange.
the dipoles in the molecule, where longitudinal dipoles are

important in splay, transversal dipoles in bend deformations In this work we report a light-induced change in the flexo-
port play, g P S electric response due to th@ans-cisisomerization of a nem-
If we impose such deformations on the liquid crystal by ex-

atic dye, 4-hexyloxy4'-hexylazobenzene, dissolved in a

ternal means, they make favorable such a molecular ordering, . liquid crystal. Knowledge about the molecular struc-

)[’i\':r']Ch fits to the molecular shape, thus inducing a polanza;[ure for the two isomers together with the values of the flexo-

Like the piezoelectric effect, the flexoelectric effect is lin- electric coefficients of the nematic mixture may give useful

ear, hence it also works in the opposite direction: An app"ednformatlon about flexoelectricity in liquid crystals.
electric field may induce splay or bend deformations by ori-
enting the permanent dipoles. Then, drop-shaped and ba-

nanalike molecules induce splay and bend deformations, re-
spectively. The most general form of the flexoelectric CHy(CHy)s N\
polarization density in a nematic liquid crystal is given by N O(CH)sCH3
[1]

P=esn(V-n)+ey(V-n)xn, 1) mp: 27-29°C Tr=61°C

wheren is the director ance; and e, are the flexoelectric FIG. 1. The chemical formula and transition temperatures of the
coefficients for splay and bend. In liquid crystals with moredye liquid crystal 4-hexyloxy4’'-hexyl)azobenzene.
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FIG. 2. Photoinduced transition fromans to cis isomer in the E
azobenzene moiety. . : \ P -

EXPERIMENT / / / ¢/;/
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The liquid crystal shown in Fig. 1 has an azobenzene “<®®<0  &>0a>0  «<0a>0
moiety with—N=N— as photosensitive chromophore and _ o ) _
shows a transformation frormans to cis isomer upon irra- FIG. 4. Polarity conditions in the flexoelectric effect. The direc-
diation with UV light [3] (cf. Fig. 2 and the process is re- tion of flexoelectric pola.rization i§ shown at t(ﬁpur.e.splay and
versible with time. Therans configuration gives a nematic P2°ttom (pure bend for different signs of the coefficients; and
phase whereas thas configuration gives an isotropic liquid, & If e;~0 or .numer'ca”y smaller thaab, then the sign of the

. . : flexoelectric anisotropyAe=(e;—e;,) is always opposite to the
thus making the study of the flexoelectric properties after theSign ofe, . Hence ife,>0 thenAe<0, and the torque frork on
. . . . . - _ b . b y
E,Ye'wénhnsa;éog Irrr?i?((t)usrst,albcl)? zlanst:r]f’:lllp Zﬁoi%r?g?l:ﬁg' d-)rlze(;?s P is antiparallel ton. The negative sign in the formula feb then
. . . “corresponds to the actually observed deflectigig. 3).
solved in an appropriate nematic hdgf) to keep the nem- P y tieg. 3
atic phase also after the UV irradiation. i i i i
We used the method of Dozov, Martinot-Lagarde, andVhereg is the guided angle of rotatiofequal to the director

Durand[4] to determine the quantityNe/K, whereK is the twist) _of _the polariz_ation plane_of transmitted IigPEt_, is the
average elastic constant ane=e_— e, is the flexoelectric electric field, andl is the cell thickness. The meaning of the
anisotropy. In a hybrid aligned nesmat%IdAN) cell. the mo- sign of the electrically induced director twist is illustrated in
lecular alignment is homeotropic at one surface and pIana'?'g' 4.

(paralle) at the other surface. Thus the boundary conditions The cells used in the experiment eqch consisted of two
cause a two-dimensional bend-splay deformation in the nen{:garallel glass plates separated by aluminum spacers that are

atic layer resulting in a permanent flexoelectric polarizationaISO the electrodes of the cell. The upper plate was coated

density in the volume of the medium. An applied electricWith a ponjmide layer, rub_bed unidirecti.onally alor)g .
field, in the plane of the nematic layer and normal to theelectrodgs n order to obtain a planar alignment with pre-
deformation plane, couples to the polarization and induces Ted direction parallel to the electrode edges. The lower

twist deformation(cf. Fig. 3. From the magnitude of the Plate was covered with lecithin for homeotropic anchoring
induced twist¢ at the homeotropic surface, the flexoelectric 2" the assembled cell was filled with the liquid crystal ma-

; ; ; i terial in the isotropic phase
anisotropy is obtainef4] according to . S
Py ] g Two cells were prepared: One with the nematic liquid

crystal E7[5] only, and the other with a mixture of 95 wt %

. AeEd 5 E7 and 5 wt % dye. This E7-dye mixture corresponds to 96%

o K 2 E7 and 4% dye in terms oholar percent, and was found to
exhibit the nematic phase before and after the UV illumina-
tion.

ﬁ Incoming linearly polarized light ﬁ

RESULTS AND DISCUSSION

The measurements of the maximum induced twist are
shown in Fig. 5 for pure E7 and in Fig. 6 for the E7-dye
mixture before and after UV illumination, respectively. The
slopesd@/dU were measured in each case as indicated by
the straight lines. These lines are least-squares fits to the
linear parts of the measured data points.

First the data points before UV illumination were taken in
sequence and then the same measurement was performed
after UV illumination. The sample was illuminated for 60 s
for each data point and during the illumination the electric
No rotation of polarization plane Rotation of polarization plane f|e|d was Switched Off. After the i"umination the f|e|d was

switched on and the data point was taken immediately, as it
FIG. 3. Field-induced twist in a HAN cell. was found that the induced twist started decreasing towards
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FIG. 5. The field-induced twist for 100% E7.

the value measured before the illumination. The complete
relaxation took about 30 s.

In order to extract the values o&{—e;)/K the distance / A \
between the electrodes as well as the cell thickness must be E
known. These parameters were measured for both cells to be N o) /N
(2.5+0.2) mm and(20=2) um, respectively. N/ % N/
For pure E7 é,—e,)/K~—1.7 Cm 'N~! was obtained. )

For the E7-dye mixture before the illumination with UV light
(es—e,)/K~—1.9 CmiIN"L After the illumination for
60 s, s—ep)/K~—2.6 C m *N~* was measured. The mag-
nitude of (es—e,)/K thus increased by a factor of about 1.4
upon the UV irradiation. An additional UV illumination gave b) )
no further increase of the magnitude ods{ ey)/K. The
photoisomerization of the dye can thus be regarded to have
saturated after the first illumination.

In order to account for the order of magnitude of the
observed effect we may argue as follows. The 5 wt % dy
mesogen corresponds to 4 mol %. For f[his .4% dye—E7_ mixéist’s sign convention, i.e., from negative to positii@. The dipole
tu_re, the measured Slop!hﬁ/dU of th_e field-induced twist momen(‘t:J of thecis configuration.(b(iJ The dippole r(r'f)ment o?‘ the
with respect to the applied voltage increases by a factor fans conformer of thetrans configuration.(c) The dipole moment
1.4 upon UV illumination. This is an increase of 40%. In the uf the cis conformer of thetrans configuration. The average dipole

following it will be shown that the.co.nfiguration change of moment resulting from the two conformers (@ and (b) is shown
the dye molecules accounts for this increase. as a dashed arrow.

To have an estimation of the expected effect attthas

cis transformation we have made a semiempirical quantum. .
chemical calculatiorfusing the progranmopAC PM3 on the simpler model C‘?mpouf‘d 4-r_nethoxyazobenzene_. The dlpole
moment for thecis configuration is about 3.5 D, in the di-

rection indicated in Fig. (£). Therefore the effective dipole
40 ¢ . P moment acting in the bend flexoelectric effect should be of
g : . ] the order of 2-3 D.
l: . K?rfg%&\{w The dipole moment for thérans configuration is about
3 0.5 D, along the molecular long axis. This number is ob-
tained as the average value of the dipole moments of the two
] conformers(s-trans and s-cis) of the trans configuration
] [Figs. 7@ and 7b)]. The effective dipole moment active in
this case(transverse to the long axis and to a high degree
] averaged out by the rotation around that axian only be a
] fraction of this, i.e., of the order of some tenths of a debye.
N SR S . o The dipole moment of the dye molecule thus increases by an
8 60 40 20 0 20 40 60 80 order of magnitude. Considering the low concentrafid)
Applied voltage U [V] of dye molecules in the E7-dye mixture, a 40% increase of
(es—ep)/K then lies within the expected range. Thus the
FIG. 6. The field-induced twist for the E7-dye mixture. Hollow configurational change of the dye molecule reasonably well
circles: Before UV illumination. Solid diamonds: After UV illumi- accounts for the experimentally observed behavior.
nation for 60 s. According to Eq.(2) the increase inp after illumination

FIG. 7. The results of the quantum chemical calculation for the
direction and magnitude of the permanent dipole moments for the
cistrans configurations of the model compound 4-

ethoxyazobenzene. All arrows are drawn according to the physi-

20 L

Induced twist ¢ [deg]
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could also, in principle, be explained by a decrease in theropic lipid membrane systeni$,7]. In these cases the term
average elastic constakit Two factors make us believe that “photoflexoelectric” was used to describe the effect. We
this would be a small effect. First, the decreas&igwould  find this to be an inappropriate term, however, since flexo-
at least be partly compensated by an increask in Sec- electricity is present also without the light. Such a term
ond, it is well known that variations i#,, even between would rather imply that light were the cause of flexoelectric-
molecules of rather different shape are not particularly largdty, consistently with, e.g., the term “photoconductive”
We thus conclude that the photoisomerization of the dyewhere light is the cause of an electric current.
albeit its low concentration, changes the flexoelectric prop-
erties through the c;hange of mole_cular shape and hence of ACKNOWLEDGMENTS
the distribution of dipole moments in the HAN cell.
A similar effect of light-induced change of the flexoelec- Financial support from the Swedish National Science
tric response, but due to a mechanism different from the on&oundation as well as the Swedish National Board for Tech-
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