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Influence of a.c. Electric Field on
Infrared Absorption Spectra of Liquid
Crystals and Determination of
Orientational Order Parameter by

Infrared Dichroism
Il. Molecules with Weak Negative Dielectric Anisotropy

N. KIROV and P. SIMOVA
Institute of Solid State Physics, 72 Boul. Lenin, 1113 Sofia

and

H. RATAJCZAK
Institute of Chemistry, 14 Joliot-Curie, 50-383 Wroclaw

(Received August 2, 1979)

The influence of a.c. electric field (10 kHz) on the IR spectra of the nematic phase of six p-
alkoxybenzylidene-p,n-butylanilines with weak negative dielectric anisotropy was studied and
the temperature dependence of the orientational order parameter and threshold voltage have been
investigated. The values of band elastic constants K 35 were calculated for MBBA and EBBA.

INTRODUCTION

Infrared and Raman spectra of p-methoxybenzylidene-p,n-butylaniline
(MBBA) have been reported a few years ago and tentative assignments were
given.!'® Recently Vergoten et al.* published the IR spectra of MBBA and
its ethoxy homologue (EBBA) in the region 4000-30 cm ™! for samples as a
liquid film (isotropic liquid) and for a homeotropic layer in the nematic
phase. Assuming that the ring structure of many nematogens has approx-
imately C,, symmetry they gave the assignment of most bands of MBBA
and EBBA in the middle IR region. Their results are supported by a normal
coordinate analysis and dichroic measurements. However, only Ohnishi®
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has investigated the influence of electric fields on the IR spectrum of liquid
crystals with weak negative dielectric anisotropy. He has applied a d.c.
electric field up to 10V to a cell filled with MBBA and studied the relative
transmittance changes of some bands in the region 4000-1000 cm™! at
the conditions of the dynamic scattering mode. No more investigations of
their order parameter S, have been made up to now.

The aim of the present paper is: (1) to investigate the temperature depend-
ence of orientational order parameter S, for homeotropically and homo-
geneously aligned samples; (2) to study the influence of a.c. electric field on IR
spectral characteristics, namely band position, halfwidth, integrated absorp-
tion and polarization of liquid crystals p-alkoxybenzylidene-p,n-butilanilines;
(3) to calculate their threshold voltages U, and bend elastic constants K3.

EXPERIMENTAL PART

The general formula for the investigated liquid crystals, usually abbreviated

as ABBA is:
R;O‘-@-CH=Nv®—C4H9

where R; =CH; (MBBA), R,=C,Hs; (EBBA), R;=C;H,
(PsBBA),R, = C,H,(BBBA),R; = C;H,, (PsBBA)Rs = C¢H,; (HBBA).

The first two chemicals were purchased from Eastman Kodak Ltd., while
the other four were synthesized in Orsay Liquid Crystal Group. The fifth
and sixth homologues form not only nematic but a smectic phase too. Their
melting T}, and clearing temperatures T, determined by us coincide well with
those given in Ref. 6. In the literature there are data for the dielectric aniso-
tropy only for the first two homologues. They are as follows: MBBA — ¢ =
47, &, = 54, g, = —0.7 (25°C); (7) and EBBA — ¢, =438, ¢, =53, ¢, =
—0.5 (35°C) (supplier’s data). The equipment, the experimental conditions
of the spectra registration and the methods for the preparation of uniform
aligned samples are described in Part I. In order to avoid the hydrodynamic
effect the frequency of the applied electric field is higher — 10 kHz and its
intensity changes between zero and 100 V.

RESULTS AND DISCUSSION

A Determination of orientational order parameter for
homogeneously aligned samples

As one can see from Figure 1 where the polarized IR spectrum of p-propoxy-
benzylidene-p,n-butylaniline is given there are no well pronounced bands,
strong and distinct, with no overlap with neighboring bands, and with known
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FIGURE 1 IR spectrum (1800-400 cm™') of homogeneously aligned P,BBA; solid
line = electric vector of the incident light parallel to the direction of the uniform alignment
which coincides with the long molecular axis; dash line = perpendicular; cell thickness 12 m.

direction of their transition moments as CN stretch vibration in the spectrum
of p-alkoxybenzylidene-p-cyanoanilines. However, the assignment given in
Ref. 4 can help us to choose some bands suitable for the calculation of §,.
If, in the normal coordinate analysis we consider a mode with known
potential energy distribution which has a component greater than 509 to
be a characteristic group frequency, only eight normal modes between
4000 and 200 cm ™ ! can be used for orientational order parameter determina-
tion. All these eight bands can be assigned to vibrations of the aromatic
part but the degree of coupling is of great importance and none of the modes
are due to the single type of molecular vibrations. Seven of them arising from
vibrations of the benzene ring are polarized parallel to the long axis while the
last one, at 840 cm ™! is attributed to CH out of the plane deformation has a
transition moment perpendicular to the main axis. For determination of
S, we choose four bands—namely those at 840 cm ™' S,4(B,)-70%; 1165
em™'-Sg(A; + So(A1)-67%; 1512 cm™1-8,4(4,)-50% + S,9(4;)-32%
and 1598 cm™1-S4(4,-64% + S,(4;) + So(A,). Maier and Englert® have
used the same bands—837 cm ™! and 1600 cm ™! —to determine the orienta-
tion order parameter of some liquid crystals with central azoxy groups
and obtained experimental data close to the theoretical prediction.
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When the transition moment is directed along the long axis of the molecules
(symmetry type 4,) we can write from Ref. 9:

_R-1
TR+2

If the vibrational transition moment is perpendicular to the long axis (sym-
metry type B,) we have from Ref. 10:

_1-R
T 1+2R

Sz )

2 (2

The data for the orientational order parameter S, are calculated with for-
mutae (1) and (2) and the results are averaged over all four bands, The tem-
perature dependence of S, for the five investigated compounds is shown at
Figure 2. In the literature, however, there are no available data for n; and
n, in the IR region of our chemicals. That is why the so-called “Lorentz
inner field correction™ has not been done neither for homeotropic nor for
homogeneous samples but as it was pointed out by Saupe'® this correction
gives rise to only small systematic increase in S, values which is usually,
especially for perpendicular molecular alignment, within the limits of the
experimental accuracy. The orientational order parameters only for MBBA
and EBBA have been investigated up to now by other methods but it is
sufficient to indicate that our data are a little lower than those yielded in
Refs. 11 and 12. This disagreement can be attributed to the fact that other
authors have achieved homogeneous arrangement not by rubbing but with

1 i 1 [ -
290 310 330 350
 [x]

FIGURE 2 Temperature dependence of orientational order parameter S,: (1) MBBA; (2)
EBBA; (3) P,BBA (4) BBBA and (5) P.BBA (homogeneously aligned).
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window coating by means of vacuum vaporization of gold which usually
gives a better uniform alignment. Our results confirm quantitatively, as in
the case with the other liquid crystals investigated in Part I, that the
uniform parallel alignment achieved by rubbing of the cell windows, espe-
cially IR light transparent plates, with paper or cloth is not so perfect and
reproducible as that reached by deposition of organic or inorganic thin layer
on the cell surface.

B Determination of orientational order parameter for
homeotropically aligned samples

When the molecules are aligned perpendicular to the cell surface the di-
chroic ratio R cannot be defined and for determination of S, we have to
use the method given by Kelker!? and explained in detail in Part I. However,
in the spectrum of p-substituted Schiff’s bases there are not bands with dis-
persion shape whose integral intensity can be determined using Ramsay’s
procedure.** Thats why for determination of S, via the infrared spectrum
we have examined a 59 solution of 4-biphenylcarbonitrile in our liquid
crystals. This solution is dilute enough so that the arrangement in the liquid
crystal phase is not changed. From the other size the CN stretch vibration
at 2223 cm™! is clear, not overlapped by other bands. Figure 3 gives the
temperature dependence of S, of five liquid crystals under investigation.
The order parameter S, for homogeneous and homeotropic samples
exhibits an odd-even alternation with respect to the number of carbon
atoms n in the alkoxy C,H,, . , end group (Figure 4). The similar dependence
is found for the same homologous series in the clearing temperature T,

0.7
o~ o
7]
0.5t 5
3
0.%71
[} 1 '] j
290 310 330 350

r [k]

FIGURE 3 Temperature dependence of orientational order parameter S,: (1) MBBA; (2)
EBBA; (3) P,BBA ; (4) BBBA and (5) P,BBA (homeotropically aligned).
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FIGURE 4 Even odd effect in ABBA series (homogeneously aligned) (one degree before
T).

and in the enthalpies and entropies of the phase transition mesophase—
isotropic liquid.' An even-odd effect was also observed by us in the pre-
orientation potential barrier of the molecules of p-alkoxyazoxybenzene
nematogens’> and recently from C,3; NMR measurements of the same com-
pounds'® where the two end groups are equivalent. Our results for S,
presented here are the first spectroscopical evidence of an odd even ordering
effect in the homologous series of Schiff’s base liquid crystals where the two
end groups are not equivalent. Only Chang’ has observed the same type of
alternation in the same homologous series before us by means of optical
anisotropy measurements. Although molecular end chains are known to
exert important effect on the properties of this mesophase, theories of the
liquid crystalline phase have not until recently included their effect explicitly.
Now the even-odd effect can be explained with the influence of end chains
on the anisotropic interaction between essentially rigid molecules.!”

C Influence of a.c. electric field (homeotropic configuration)

Figure 5 represents the influence of the electric field with different intensity
on the IR spectrum of homeotropically aligned p-propoxybenzylidene-p,n-
butylaniline. As one can see, with increasing of the electric field strength the
scattered light increases, transmittance of the sample decreases drastically,
most of the bands broaden so much and even merge some details in the



Downloaded by [Tomsk State University of Control Systems and Radio] at 03:43 23 February 2013

ELECTRIC FIELD ON INFRARED ABSORPTION SPECTRA-II 305

WAVELENSTHN (MICRONS)
]

1
e Y — |

-
e

ABSORBANCE
=3

T g

i1 AT L H
W SA 1H 1
VAL YY B
15 k y4
2000 oo we0 1400

T
1200 1400 [ @0
wAVENUMBER [cu"j so0 ¢

FIGURE 5 IR spectrum (1800-400 cm ™ ') of EBBA; solid line = without electric field; dash
line = 20 V; dotted line = 100 V; cell thickness = 12um.

spectrum. This behavior of the investigated liquid crystals is just opposite
to that of alkoxybenzylidene-p, cyananilines where the electric field orders
the liquid crystal molecules and as a result the transmittance of the sample
increases, the half-widths of most of the bands decrease significantly and the
characteristics of the spectrum are improved. However, as in the case of
liquid crystals with positive dielectric anisotropy even the most intensive
electric field does not shift the IR bands in the region 4000-35 cm™' but
influences only on the half-width and integrated absorption. All band
polarized parallel to the long molecular axis (type A’ if we assume that the
investigated molecules have C, symmetry) broaden with some cm™! and
their integral intensity increases, while the others—transversally polarized
(A") become more narrow—with 1 cm ™! approximately and their integrated
absorption decreases slightly. Here we will deal only with the bands whose
half-width increases. As Figure 6 indicates the electric field begins to act not
immediately but after reaching a given voltage-threshold voltage U, whose
value depends on the molecular length. The influence of the electric field
usually reaches saturation between 15 and 40 volts depending on the struc-
ture of the liquid crystal-line molecule—as longer is the alkoxy side chain as
higher is the value of the saturation.

How can the broadening of the bands with increasing field strength be
explained? The electric field orders the molecules with negative dielectric
anisotropy perpendicular to its direction. Initially the samples are arranged
perpendicular to the cell windows and the order parameter S, is about 0.6
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FIGURE 6 Influence of electric field on the half-widths of the bands: (1) 888 cm ™! (EBBA);
(2) 728 cm ™! (MBBA); (3) 972 cm ™! (P;BBA) (4) 1305cm ™! (BBBA).

(Figure 2). With increasing the electric field intensity above U, the molecules
begin to change slowly their orientation from homeotropic to a homogeneous
one. When the parallel alignment is achieved the electric field has no further
influence, and as a result the spectrum does not change. Polarized measure-
ments of ABBA samples oriented homogeneously by a.c. electric field
indicate that the alignment is much lower in comparison with the initial one.
Calculations of orientational order parameter S, confirm this conclusion
quantitatively. Actually the initial values of §, for all studied liquid crystals
is between 0.6 and 0.65 while those of the same samples aligned homo-
geneously by electric field is much lower—0.2-0.25. This is natural because in
this case the molecules can reorientate in the xy plane (the z-axis is perpen-
dicular to the cell surface) while for the homeotropic alignment the only
possible molecular rotational relaxation is reorientation around the long
axis. As a result the part of the half-width due to the rotational diffusion
around the short axes will increase. This will lead, according to formula (6),
Part I to broadening with several wavenumbers of all bands with transition
dipole moment along the long molecular axis.

Two very important results come from theoretical and experimental
points of view which are characteristic of liquid crystals, namely the threshold
voltage U, and bend elastic constant K ;5 can be determined from the electric
behavior of the half-width. The method for U, calculation is explained in
detail in Refs. 18 and 19 and here we will give only the results. The U, data
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for the nematic phase averaged on all investigated bands are as follows:
MBBA-3.5 (298 K), EBBA-9.5 (309 K), P,BBA-17 (313 K), BBBA-23
(316 K), PsBBA-30(323 K)and HBBA-36.5(333 K). The mean error is about
0.1 V. The U, value for MBBA obtained by us coincides very well with
other results reported in Ref. 20, while for EBBA and other higher homologues
there are no other data in the literature.

The calculation of K55, however, is not so simple. The value of the band
elastic constant depends on the boundary conditions, i.e. on orientational
order and on the elastic properties of the liquid crystal media. Small devia-
tions from the best possible alignment will give a K35 value lower than the
real one. In general, as many methods indicate, the S, values for nematics
liquid crystals ordered homeotropically with deposition of a thin layer of
different chemicals on the cell surface is between 0.5 and 0.7. Therefore our
data coincide well with other literature data and we can consider that the
boundary conditions will not decrease the K33 values. By means of the
equation
Uc2~£a &
47?38”

we calculated that K,5 for MBBA and EBBA are correspondingly (8.8 +
0.4)-10~7 dynes (298 K) and (44.1 + 1)-10~7 dynes (308 K). Our data for
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FIGURE 7 Temperature dependence of the threshold voltage (1) MBBA; (2) EBBA; (3)
P,BBA; (4) BBA (5) P,BBA in their nematic phase.
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K53 (MBBA) and those obtained by other non-spectroscopical methods are
compared in Ref. 21, while for K3, and U, for EBBA there are no other data
in the literature.

Figure 7 gives the temperature dependence of the threshold voltage for
all investigated compounds. As one can see U, increases with decreasing
temperature which coincides with the theoretical predictions. There are no
other investigations on the temperature dependence of U, except the data
of Robert et al.22 for MBBA which are close to ours.

CONCLUSION

The orientational order parameter S, for six alkoxybenzylidene-p,n-butyl-
anilines have been calculated and their temperature dependence investigated.
The experimental determination is of significance regarding the molecular
statistical theory of nematic liquid crystals. This is due to the fact that
empirically determined temperature dependence of the indicated parameter
are needed to provide proof for the results of the theory.

When an electric field up to 100 V, 10 kHz is applied on a thin layer of a
nematic liquid crystal with negative dielectric anisotropy the results are
exactly opposite to those obtained for liquid crystals with strong positive
dielectric anisotropy; the transmittance of the sample decreases drastically
with increasing field strength, all bands polarized along the long molecular
axis broaden by several wavenumbers while those with transition dipole
moment perpendicular to it become more narrow about 1 cm™! approx-
imately. Initially the liquid crystals are arranged homeotropically and S, for
all investigated compounds is between 0.6 and 0.65. In this case the only
possible molecular motion is the rotation around the long molecular axis.
When the intensity of the electric field reaches the U, value the molecules
begin slowly to change their orientation from a homeotropic to a homo-
geneous one. In the last case the orientational order parameter is much lower
(0.2-0.25) and the molecules can pre-orient not only around the long axis
but also in the plane parallel to the cell surface. Consequently the increased
molecular freedom will lead to broadening of all bands with vibrational
dipole moment parallel to the long molecular axis.

Our results give a quantitative picture of how the increasing of the order-
ing in a condensed system changes the half-width and integral intensity of
the IR absorption bands. On the other side, knowing initially only the sign
of the dielectric anisotropy of the molecules from the electric behavior of the
band half-widths we can estimate the direction of the transition dipole
moments of the bands which help the precise assignment of the frequencies
in the IR spectra of liquid crystals.
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