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Comment on “Optical determination of flexoelectric coefficients and surface polarization
in a hybrid aligned nematic cell”
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We argue that the experimental determination of the flexoelectric coefficients and the surface polarization of
the p-pentyl-cyanobiphenil liquid crystal, recently reported by Mazzwtaal. [Phys. Rev. E64, 021708
(2001)] is questionable. This conclusion follows from the hypothesis performed by the authors to extract the
flexoelectric coefficients and the surface polarization from the reflectivity curves taken under an applied
voltage. In fact, they assume that the liquid crystal can be considered as a perfect insulating material and that
the ionic charges do not contribute to the electric field profile inside the sample. Using our recent results
concerning nematic liquid crystals submitted to an external electric field we show that this hypothesis is far
from being correct. In the experimental conditions of Mazzelial., due to the low frequency of the applied
alternative square pulsed signal, the ions play an important role in the molecular orientation of the liquid
crystal induced by the external field.
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Electro-optical effects in liquid crystals are either linear orthat the value of the ionic mobility in a liquid crystal, such
quadratic with respect to the external electric field. Nematicas 5CB, is of the order of I6-10"° cm?V~1s . The
liquid crystals widely used in the display technology mani-field driven ion transport time, giving an idea of the rapidity
fest the quadratic effect. Conventionally, they may bewith which the ion follows the modification of the applied
switched on by a voltage, but have to relax back to the offije|q, is defined as=d?/ uV, whered is the thickness of the
state without an applied field. Such a relaxation is rathel::-,amme andV is the applied voltage. In the experiment of
slow. A significant advantage of any polarity sensitive mate\1a77ulla et al. d~8 um, and the applied voltage ranges
rial is the possibility to force it to switch between the two between 0 and 1.5 V. This gives~100 ms. This value is
'[Srﬁtsefa(iﬂdthbg%anszn% f(r;zfe;zltzzagon process. lwrllen .On]? (l:(;WéII below 1 s, and, consequently, it is impossible to neglect

. . ) y an external e eptnc 1€19he ionic contribution to the electric field distribution inside
the response time is conS|derany re_duged. n th|s contexthe nematic cell. Furthermore, since the ion transport time
the presence of the flexoelectric polarization effddtis cru- depends on the applied voltage, the role of the ions on the

cial in governing the switching of a bistable devit2 3. . .
Consequently, the correct determination of the experimenta‘fﬁeCt depends on the applied voltage. This is prok?ably. the
reason why Mazzullet al. concluded that the theoretical tilt

values of the flexoelectric coefficients is very important for Y ; - )
practical applications. angle profiles generated, including only the flexoelectric

In a recent paper, Mazzulkt al. [4] proposed an optical term, are not able to match the ones used to fit the reflectivity

determination of the flexoelectric coefficients and surface podata for any value of the flexoelectric coefficients over a
larization of thep-pentyl-cyanobipheni(5CB) nematic lig-  reasonable range from 18" to 107 *°Cm™*.

uid crystal. They used a hybrid cell, in which the sample was Recently, we have shown that for commercial liquid crys-
planarly orientedat one facgby means of a SiQevapora- tals having a Debye screening length of the order of 0

tion technique and homeotropically orient@d the opposite  (corresponding to an electrical conductivity of the order of
face by means of a silane. The anchoring energy on thel0 %0~ cm™1), the bulk value of the electric field is neg-
planar surface was assumed finite, whereas the one on tligible with respect to the one present in a perfect insulating
homeotropic surface infinitéstrong anchoring From the material [7]. Furthermore, the electric field distribution is
measurement of the reflectivity of the hybrid cell, submittedmainly localized close to the bounding surfaces. From this
to an ac electric field1l kHz), perpendicular to the orienting observation it follows that in the range of the applied voltage
surfaces, they measure the anchoring energy strength at tBe-2 V, it is meaningless to assume a constant dielectric dis-
planar surface. In this case, they found a rather good agre@lacement in the sample. To correctly interpret the experi-
ment between theoretical curves and experimental ones. Afnental data reported by MazzuBé al. it is necessary to take
ter this preliminary investigation, they submitted the hybridinto account the field distribution and the renormalization of
cell to an alternative square pulsed signal with zero meathe surface energy connected to the ionic charge distribution,
value, in order to avoid any long term cell damage due tcas recently discussed by (ig]. Furthermore, also the value
electrochemical reaction. The width of the square signal wasf the surface polarization, introduced by Mazzwélzal. to
chosen to be 1 s, longer than the response time of the liquiexplain their data, has the same order of magnitude as the
crystal. According to the authors, the square signal width wasne due to the selective ion adsorption, and hence it has
smaller than the time that free charges require to screen theothing to do with the surface polarization of the liquid crys-
applied electric field. However, in Ref&,6] it was reported  tal [8]. The conclusion that the ions play an important role in
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the phenomenon considered by Mazzwdlaal. is also sup- to the electrodes, but still in the liquid. At the second time,
ported by the experimental evidence that the tilt angle proadsorption of the ionic charges from the electrode begins.
files, necessary to fit the reflectivity curves, show a remarkThe relevant characteristic time depends on the adsorption
able difference between positive and negative polarities. Ienergy of the surfaces with respect to the ions present in the
fact, the influence of the ions on the effective field distribu-liquid. From the discussion reported in RB4] it is evident
tion depends on the ionic adsorption energy of the surfacethat when the authors speak about long relaxation times, they
and on the applied potential. Since the sample experimerspeak about the adsorption time. However, the screening ef-
tally considered by Mazzullat al.is limited by two different  fect takes place after the first time when the ions are col-
surfaces, the adsorption energies of the surfaces are differeleticted close to the electrodes. In our Comment, we underline
[9]. Consequently, the surface densities, at the equilibriumthat this is the screening effect that it is necessary to be taken
of the adsorbed ions depend on the applied poldiy. into account in the analysis of the experimental data of Maz-
Furthermore, positive and negative ions have, usually, differzulla et al.[4]. In the opposite case, in which the authors of
ent geometrical dimensions, and their effective mobility inRef. [4] suppose that the electrodes are not blocking, the
the nematic liquid crystal depends on the nematic directoanalysis reported in their paper is not correct because the
filed. Consequently, the ionic transport time also depends oglectric field profile is due to the conductivity. In this case, it
the polarity of the applied voltage. is meaningless to minimize a thermodynamical potential to
We stress that the ions that according to us are necessanptain the equilibrium equations because dissipative effects
to be taken into account in the theoretical analysis of theare present.
experimental data reported in Rg4] are the ones present in From the discussion reported above it follows that the
the liquid crystal itself. Their density and their mobility are flexoelectric coefficient and the surface polarization deduced
characteristics of the liquid crystal considered in the experiby Mazzullaet al. from their measurements of the reflectiv-
ment. These ions do not depend on the nature of the eledty of a hybrid cell submitted to a low frequency voltage
trodes, in the hypothesis that the electrodes are blockindiave to be taken with extreme care. This criticism concerns
According to Mazzulleet al. [11] if the surfaces are treated not only the experimental determination reported by Mazzu-
with rubbed polymide, the ionic relaxation time is of the lla et al. but holds true for all experimental investigations
order of 10 ms, well below the one used above in our analyrequiring the application of a low frequency external electric
sis (we derive our value from Refd5,6]). Changing the field. The same criticism does not apply to the techniques
nature of the electrodes, the ionic relaxation time cannotleveloped by Blinov and co-workefd42,13, in which the
change by three orders of magnitude. As it is known in elecflexoelectric coefficients are determined by means of a pyro-
trochemistry, two are the characteristic times when a dc voltelectric technique. According to this technique, the flexoelec-
age is applied to a liquid containing ions. One is connectedric coefficients and the surface polarization of a nematic
with the mobility of the ions. It depends on the thickness ofliquid crystal are deduced by analyzing the temperature de-
the sample, the conductivity of the liquid, and the appliedpendence of the electric polarizatidh=P(T). Since the
voltage. This time is nearly independent of the type of theelectric polarization of ionic origin does not have a critical
electrode, and it is of the order of the characteristic time temperature dependence, it does not contribu@Rd T in
introduced above. After this time the ions are collected closehe temperature range considered in REE&,13.

[1] R.B. Meyer, Phys. Rev. Let22, 918(1969. 031721(2002.
[2] A.J. Davidson and N.J. Mottram, Phys. Rev.6h, 051710 [8] G. Barbero and D. Olivero, Phys. Rev.65, 031701(2002.

(2002. [9] G. Barbero, A.K. Zvezdin, and L.R. Evangelista, Phys. Rev. E
[3] C. Denniston and J.M. Yeomans, Phys. Rev. L&f.275505 59, 1846(1999.

(2001. [10] L.R. Evangelista and G. Barbero, Phys. Rev6& 021101
[4] A. Mazzulla, F. Ciuchi, and J.R. Sambles, Phys. Re\64- (2001).

021708(2001). [11] A. Mazzulla, F. Ciuchi, and J.R. Sambles, see the following
[5] P.G. de Gennes and J. Proshe Physics of Liquid Crystals paper, Phys. Rev. B8, 023702(2003.

2nd ed.(Clarendon Press, Oxford, 199%. 253. [12] L.M. Blinov, M.I. Barnik, M. Ozaki, N.M. Shtykov, and K.
[6] R.N. Thurston, J. Cheng, R.B. Meyer, and G.D. Boyd, J. Appl. Yoshino, Phys. Rev. B2, 8091(2000.

Phys.56, 263 (1984). [13] L.M. Blinov, M.I. Barnik, H. Ohoka, M. Ozaki, and K.
[7] D. QOlivero, L.R. Evangelista, and G. Barbero, Phys. Re§5E Yoshino, Phys. Rev. B2, 8091(2000; 64, 031707(2001).

023701-2



