This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 10:46

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Nonlinear Dielectric Effect in Isotropic

Polar Nematogens

W. Pyzuk ? , E. Maka ® & R. Skoraczy[ndot]ska *

# Laboratory of Dielectrics, University of Warsaw, 02-089,
il Warsaw, Poland
Version of record first published: 22 Sep 2006.

To cite this article: W. Pyzuk , E. Mdka & R. Skoraczy[ndot]ska (1990): Nonlinear Dielectric Effect
in Isotropic Polar Nematogens, Molecular Crystals and Liquid Crystals Incorporating Nonlinear
Optics, 191:1, 327-331

To link to this article: http://dx.doi.org/10.1080/00268949008038613

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008038613
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 10:46 19 February 2013

Mol. Cryst. Lig. Cryst. 1990, Vol. 191, pp. 327-331
Reprints available directly from the publisher
Photocopying permitted by license only

© 1990 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

NONLINEAR DIELECTRIC EFFECT IN ISOTROPIC POLAR NEMATOGENS

W. PYZUK, E. MAKA, R. SKORACZYNSKA
Laboratory of Dielectrics, University of Warsaw, 02-089 Warsaw, Poland

Abstract The Nonlinear Dielectric Effect is measured in the iso-
tropic ghase of four nematogens. The NDE does not follow the classical
1/{T-T) behavior, due to noncritical contributions as well as to
precritical slowing down. Novel non-mean-field type pretransitional
contributions are observed in strongly polar nematogens.

INTRODUCTION

In isotropic nematogens the orientation of molecules is correlated on a
mezoscale distance. Because of the coupling of the electric field and the
dielectric anisotropy of the ordered subvolumes strong electrically
induced effects arise in the medium, especially near the spinodal temperature
T*, where the correlation length rapidly increases’ . The pretransitional
birefringence!’? (the electrooptical Kerr effect - EKE) is well known, while
the electric permittivity changes®* (the nonlinear dielectric effect - NDE)
are almost unknown. The basic difference between both these effects lies
in the measuring frequency, which is of optical or kHz-MHz range,
respectively. In consequence, the term related to the orientation of
permanent dipoles dominates in the NDE® and quite strong pretransitional
NDEs are expected in strongly polar nematogens. In this report we present
the NDE study of such materials.

The NDE method is unique in that it provides the four-molecule
orientational correlation factor g‘s and completes in this way information
obtainable from the measurements of the electric permittivity, light
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scattering and EKE in the paranematic phase.

EXPERIMENTAL AND RESULTS

We studied nematogens with electric permittivity anisotropy ranging from
ca. 10 (BCPIT) to 35 (HCPP). Their chemical formulas and acronims are:

HyC,—~H><C>—CN (BCBN)  HC,—<C><C>—CN  (HCBP)
HoC,~CHO>—CD>NCS  (BCPIT) H15C7N (HCPP)

The short (tms) high voltage pulses were applied to the samples to induce
electric permittivity changes free of parasitic effects connected with flow
of ionic impurities. Signals of the changes 5085 were registered by the
oscilloscope and scaled with the precise reference capacitor connected in
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FIGURE 1 Frequency variation of the NDE constant.

paralell to the thermostated capacitor filled with the liquid to be examined.
The NDE constant, D = $eE 2, did not depend on the field intensity E up
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to 30 kV/cm. The remarkable frequency dispersion in the pretransitional
domain was observed, as it is shown in Fig.1.

The NDE vs. temperature, studied at the frequency of 1.5 MHz, where
sensitivity of the experimental setup was maximal, is presented below. From
Fig.2 it is seen that the NDE of the isotropic phase increases rapidly in the
vicinity of the nematic region and pretransitional effects occur even 50K

from the phase transition temperature.
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FIGURE 2 Temperature variation of the NDE constant.

DISCUSSION

The 1/(T-TY type behavior of the NDE constant D in the paranematic phase,
following from the Landau-De Gennes theory!, is not confirmed by the
standard D! vs. T plot which is curvilinear for all examined compounds.
Neither is the classical behavior confirmed by the more informative plot
of the apparent critical amplitude Dt vs. t (t=T/T*-1). The amplitude should
be constant for the phenomenological De Gennes model or vary slightly in
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the molecular Maier-Meier approach. In fact, a distinct and complex variation

of Dt is observed (see Fig.3).
In order to interpret Fig.3 we assume that two factors are responsible

for the deviations from the mean-field type behavior. One, that slightly
decreases the apparent amplitude with increasing temperature far from the
N-1 transition point, is the noncritical contribution probably related to the
nonlinearity of the mean electric permittivity. The second one, that decreases
the effect near the transition to the nematic phase (up to 10 K), is the result
of the critical slowing down and NDE dispersion in the pretransitional
domain, as our tentative frequency measurements seem to indicate.
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FIGURE 3 Dt vs. reduced distance from T".

In Fig.3 additional non-mean-field increments are seen in the close
vicinity (below 1K) of the I>N phase transition. Although their origin is not
clear as yet, they are related to the dielectric anisotropy, and so the non-
mean-field increments are the greatest for HCPP, much smalier for HCBP
or even unobservable for BCBN and BCPIT, this being the sequence of de-
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creasing anisotropy of electric permittivity.

The non-mean-field type increments, which are of interest from the
theoretical point of view, have been only barely observed previously by
the Kerr and Cotton-Mouton techniquess—s. In contrast, the pretransitional
NDE contributions in HCPP are sufficiently high to be analysed numerically.
By fitting the data to the empirical equation:

-A

R -1
D=Ajt +Ayt " +Aq, (1)

where the form of the amplitude of the mean-field term:

Aj=Ap 0+ 0?7, e (2)

reflects the dispersion of the electric permittivity and the critical slowing
down, we found the apparent exponent A = 2.5 + 0.5 from the attainable
temperature range t>3x1073. From the fitted amplitude Ag = 1.3x107'¢ m?v~2
the free energy density and the viscosity coefficients are found: a = aD/T* =
0.17x10° Jm—2K ! and n = Tolg = 6.7x1072 kgm™!s™!. These values are almost
the same as those determined from the birefringence studies for PCB [9]

which has a molecular structure similar to HCPP.
This work was carried out under the Research Project CPBP 01.06.
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