This article was downloaded by: [University of Haifa Library]

On: 13 August 2012, At: 20:29

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

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Determination of Orientational
Order Parameter in Various
Liquid-Crystalline Phases

W. Kuczyriski # , B. Zywucki ® & J. Matecki ?

# Institute of Molecular Physics, Polish Academy of
Sciences, M. Smoluchowskiego 17, Poznari, 60-179,
Poland

Version of record first published: 18 Oct 2010

To cite this article: W. Kuczyriski, B. Zywucki & J. Matecki (2002): Determination of
Orientational Order Parameter in Various Liquid-Crystalline Phases, Molecular Crystals
and Liquid Crystals, 381:1, 1-19

To link to this article: http://dx.doi.org/10.1080/713738745

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



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/713738745
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 20:29 13 August 2012

whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 20:29 13 August 2012

Mol. Cryst. Lig. Cryst., Vol. 381, pp. 1-19 & & Fp
Copyright © 2002 Taylor & Francis
1058-725X/02 $12.00 +.00

DOI: 10.1080/10587250290102062

TAY,
RS

L o
Unded ¥

DETERMINATION OF ORIENTATIONAL ORDER
PARAMETER IN VARIOUS LIQUID-CRYSTALLINE
PHASES

W. Kuczynski,* B. Zywucki and J. Matecki
Institute of Molecular Physics, Polish Academy of Sciences
M. Smoluchowskiego 17, 60-179 Poznan, Poland

Many methods for the determination of the order parameter in nematic liquid
crystals are known. However, most of them are not applicable to cholesteric and
smectic phases. Therefore, experimental data on the order parameter in cho-
lesteric and smectic phases are hardly available. To determine the orientational
order parameter S we exploited the de Gennes observation, that any anisotropic
physical quantity may be a measure of orientational ordering in nematic me-
sophase. The order parameter can be calculated directly from a macroscopic
quantity measured in the experiment. From this idea we developed a simple
method for the determination of the order parameter based on birefringence
measurements, which can be applied for nematic, cholesteric, and smectic
phases. A precise and simple method for measurement of the optical
birefringence is described. An approximate empirical formula is applied for
normalization of the optical birefringence similar to that used by Haller for
polarizabilities. The results are in excellent agreement with the literature data.
We proved that in the case of optical anisotropy the order parameter is equal
within + 1% to the one evaluated from polarizability anisotropy. Thus, the
discussion concerning the local field can be omitted. Using the described method
we determined the orientational order parameter in various mesophases.

Keywords: order parameter; liquid crystal; nematic; cholesteric; smectic

INTRODUCTION

A nematic mesophase can be formed in a certain temperature range by
some formanisotropic, organic molecules. Within the nematic mesophase
formed by elongated molecules, a long-range orientational order of the long
molecular axes is observed, without any long-range positional order of the
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molecular centers of mass. From this point of view, a nematic liquid crystal
is an anisotropic, homogeneous medium with a symmetry axis parallel
to the average direction of molecular long axes. A unit vector n, called
director, parallel to average direction of long molecular axes is attributed to
each volume element of that medium. Orientational order of a nematic
sample is described by the vector field n(r). Due to the orientational or-
dering, a nematic liquid crystal behaves like an optically uniaxial crystal
and its physical properties become anisotropic. Each anisotropic quantity
A, being a property of the nematic phase is no longer a scalar but rather a
second rank tensor. In the coordinate system with the z-axis adjusted with
direction of n, this tensor has the diagonal form [3]

AL 00
A=| 0 A 0 (1)
0 0 A4

The quantity 6A =A;—A | is called “anisotropy of physical quantity A.”
For a uniaxial system, the optical anisotropy has the form én =n.—n, (i.e.,
difference between the extraordinary and ordinary refractive indices). A
quantitative description of the ordering in the case when elongated nematic
molecules behave like rotatory ellipsoids or rigid rods can be done using
the scalar order parameter introduced by Tsvetkov [4]:

S=-(3cos’® —1) 2)

DO —

where © is the angle between the long molecular axis of a molecule and the
optic axis. The brackets denote averaging over all directions of the long
molecular axes in a small, uniformly aligned macroscopic volume. The or-
der parameter is one of the most important material parameters of the
nematic phase, which determines all of its anisotropic properties and the
relations between macroscopic and microscopic properties. As this para-
meter is of great importance for investigations of many physical properties
of liquid crystals, several methods for its determination have been devel-
oped. However, the discussion concerning the order parameter determi-
nation carried out in the literature since the 1970s is not conclusive.
Nevertheless, it is widely accepted that the most exact data can be ob-
tained from the measurements of the diamagnetic anisotropy or from the
optical measurements. These methods are more precise than many spec-
troscopic methods and do not demand additional assumptions concerning
the relative orientation of the long axis of the molecule with respect to the
transition moment. The magnetic anisotropy measurements are, however,
quite difficult to perform. Therefore the optical methods are used most
frequently.
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OPTICAL METHODS

As we already mentioned, a homogeneously aligned nematic layer behaves
like a uniaxial crystal. The relationship between refractive indices and the
diagonal components of the polarizability tensor of a molecule (transversal
a; and longitudinal o;) can be obtained by modifying of appropriate equa-
tions for uniaxial crystals [5,6]. In these considerations, the main average
components of the polarizability tensor are replaced by the so-called
effective polarizabilities, o) — parallel, and o, — perpendicular, to the
director. They are obtained by averaging molecular polarizabilities with
regard to the orientation of molecules [7]. This averaging gives the fol-
lowing relations:

o) = (o) —%S-A(x,
and
2
o = (@) +§-S-Aoc, (3)

where (o) = (20, +04)/3 is the average molecular polarizability and
Ao = oy — oy is the anisotropy of polarizability of the individual molecule.
Chandrasekhar and Madhusudana [8] proposed a modification of the
semiempirical Vuks relations originally derived for crystals [5]. In the case
of nematic liquid crystals the Vuks relations take the following form:

n%—l 4r

(LY V.
2y +2 3%

and
nz —1 4n
2 3 @)

where (n?) = (2n3 + n2)/3 and N is the number of molecules per volume
unit. These equations are known as the Vuks formulas. On the other hand,
Saupe and Maier [9] introduced analogous modification of the Neugebauer
[6] formula. They obtained the following relations:

W2l 4nNo;
° 71—y, N
and AN
2 ]|
—1= 5
ne 1= 7o N (®)

where the coefficients vy, and vy, depend on the cavity shape and fulfill the
condition vy, + 2y, =4mn. To evaluate the polarizabilities one assumes that
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the average value of polarizability in the nematic phase is equal to its
average value in the isotropic liquid. All modifications of these equations
taking into account the anisotropy of molecule’s shape [10] or correlation of
the dipole moments of neighbor molecules [11] are in practice not very
useful. The difference between the Vuks and Neugebauer models
(Equations (4) and (5)) arises from the differences in the approximate
description of the electric field of a light wave in the nematic medium.

To calculate the effective components of the polarizability (o and o)
using either the Vuks or Neugebauer formula the knowledge of both the
ordinary and extraordinary refractive indices and the density of the
nematic liquid crystal is required. The polarizabilities are connected with
the main components of polarisability (o; and o;) and the order parameter
S. To evaluate S we apply Equation (3) rewritten in the form

oo

S = Ay (6)
where 5oc:oc|‘—oc 1 denotes the average anisotropy of the polarizability.
The anisotropy of the polarizability of an individual molecule, Ao, can be
evaluated with the following two methods: 1) the extrapolation procedure
and 2) experimental determination for the solid phase of the nematogen.
The extrapolation methods are used most frequently [2,3,12]. In this ex-
trapolation one assumes that for temperatures far enough from the clearing
point, the expressions log(a;—a) [13] or log (o /o) [14] are linear functions
of the logarithm of the reduced temperature. On the other hand, one
postulates that the order parameter is equal to 1 at absolute zero tem-
perature (which means that all molecules are parallel to each other). Ap-
plying the extrapolation procedure one obtains (o;—a;) or (/o) from the
following relations:

%irj})(log(ot” —ay)) =log(oy — oy) (7)

according to Haller [13] or

(o)) -2

according to Subramhanyan [14]. Actually, in most cases this is the only
way to evaluate the polarizability anisotropy because the direct measure-
ment of o; and oy for monocrystals of a nematogen is seldom possible.
Besides, one would have to assume in this case that the molecular arran-
gement in the solid state is the same as in the nematic phase. In practice,
this assumption is difficult to verify (in principle, it demands the X-ray
studies). The estimation of the polarizability anisotropy using additivity of
bond polarizabilities is very inaccurate [15].
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To recapitulate, the above described typical procedure for evaluation of
the long-range order parameter S using optical method follows the fol-
lowing scheme:

1. measurement of both refractive indexes (ordinary n, and extraordinary

ne)

measurement of the density d,

3. determination of the anisotropy of the molecular polarizability do using
a local field model (Equation (4) or (5))

4. normalization procedure for the polarizability, i.e., the determination of
Ao for the case of perfect order (Equation (7) or (8)), and

5. calculation of the order parameter S from Equation (6).

RO

This procedure is quite complex and demands the determination of
three physical quantities (n,, n., d). In spite of this, results of order
parameter determination using various local field models and using differ-
ent normalization procedures differ a lot (sometimes by 10—20% [13]).
Similar experimental problems occur when the S parameter is evaluated
from the magnetic measurements. In this case, however, the problem of the
local field does not exist.

PROPOSED METHOD FOR THE DETERMINATION OF THE
ORDER PARAMETER

The anisotropy of any physical property of a nematic liquid crystal and the
orientational order parameter S are mutually closely connected (see, e.g.,
Equation (3)). As it was pointed out by de Gennes [1], the anisotropy of
any physical quantity can be a measure of orientational order. In the case of
a uniaxial liquid crystal phase this parameter can be defined as:

0A
Q=24 ©)

where 0A denotes the anisotropy of an arbitrary physical quantity A (i.e.,
the difference of the values A measured parallel and perpendicular to the
nematic director, 6A = A;—A , . AA stays for a hypothetical anisotropy of A
in the case of the perfect order. The order parameter defined by Equation
(2) may be different from that defined by Equation (9). Moreover, the
values of the order parameter @, obtained from various physical quantities,
may differ from each other. Univocally defined is only the order parameter
S (Equation (2)), and usually only this parameter is being determined.
Among many anisotropic physical quantities which could be used for
determination of the macroscopic order parameter €, the dielectric
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anisotropy for optical frequencies, d¢ =n,>—n,2, is especially useful. De Jeu
and Bordewijk have shown that there exists good proportionality between
o¢ and the magnetic anisotropy oy [16]. Thus, de can be used for de-
termination of S if a local field model is applied. De Jeu [12] has also no-
ticed that the birefringence én can be used for this purpose as well.
However, he stated that the proportionality of An and S is inaccurate.
Probably for this reason the direct determination of the order parameter
from the birefringence has never been realized.

In this paper we propose a simple procedure for the determination of the
order parameter from the birefringence measurements which can be ap-
plied for nematic, cholesteric, and some smectic liquid crystal phases.
According to this procedure, the scheme of order parameter determination
given in chapter 2 simplifies a lot. Instead of measuring two refractive
indices n,, n. and density d only the birefringence én = n,—n, is measured.
The point 3 of the usual scheme is omitted. The normalization of the po-
larizability anisotropy oa (in the point 4) is replaced by normalization of the
birefringence on. The birefringence is measured as a function of tem-
perature and is fitted to the following form:

on=An- (1—%)ﬂ (10)

where T'is the absolute temperature, T* and f§ and are constants. (T* is
about 1—4 K higher than the clearing temperature and the exponent f§ is
close to 0.2). This procedure enables one to extrapolate dn to the absolute
zero temperature. In practice, values of three adjustable parameters T'*,
An, and ff were obtained by fitting the experimental data for én to Equation
(10) written in the logarithmic form:

™ —-T
logénzlogAn—i—ﬁ-log( T ) (11)

In our investigations, the values of logAn and f has been calculated by
the linear regression method. The parameter T* was adjusted to get the
best correlation coefficient of the linear regression. Thus, the order para-
meter, according to Equation (9) is:

on
Q:A—n. (12)

We will demonstrate that @ determined in this way describes well the
nematic order and is a good approximation of the order parameter S
defined by Equation (2).

In general, the order parameter @, defined by Equation (10), must not
necessarily be identical with that defined through other tensorial properties
and could be different from the order parameter S defined by Equation (2).
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However, one can expect that within a given local field model, there should
be a relation between @ and S. We will demonstrate it using the example of
the Vuks model. From Equation (4) we have:

N 47‘ENAd (<n2> + 2)
- 3M Ne + Ny

on=n,—n, oo, (13)
where N4 is the Avogadro number, d is density, M is molar mass of liquid
crystal and do=oy—o, . It is widely accepted [1-3, 7—19] that o is a
measure of S (see Equation (6)). Optical anisotropy on would be the same
measure of S if the proportionality between do and drn were fulfilled. The
quantities ( n2>, n,, n. and density d are functions of temperature. To fulfill
the condition én ~ o the parameter d({n?) + 2)/(n. + n,) must be inde-
pendent of temperature, although many parameters in Equation (13) are
temperature dependent. We can account for the temperature dependence
of density using the fact that the molar refraction R (defined as R=
M-({ n*)—1)/d((n*) 4+ 2) = 4naN,/3) is independent of temperature. This
property of R is very well fulfilled for liquids and there is no reason to
expect another behavior in the case of liquid crystals [2]. In this case d can
be eliminated from Equation (13). Now Equation (13) takes the form

_ 4nNa((n?) — 1)

on=———"——>%a. 14
" 3R(n. + noy) * (14)
The Vuks parameter V, defined as:
2y _
y_{m-1 (15)
ne + No

must be independent of temperature. In Equation (15) the quantities <n2>,
n,, n. are still temperature dependent. To check whether V in Equation
(15) is constant as expected one has to apply Equation (15) for various n,
and n,. However, these parameters may vary in relative wide ranges (ap-
proximately from 1.4 to 1.8) and are temperature dependent. For these
reasons, it is useful to replace the set of parameters n,, n, by the set
(n2>,5n. The quantity <n2> is only weakly temperature dependent. On the
other hand, én is easily accessible in the experiment and its temperature
dependence is similar for most liquid crystals. Hence, using relations:
on=n,—n, and (n2> =(©2n,2 4 n2) /3 we can express Vas function of two
independent quantities dn and (n?):

I(n*) - 1)
2-1/9(n2) —2(6n)* + on

V:

= const (16)

This relation between V, <n2>, and Jén makes it possible to test the
temperature dependence of the V parameter. We expect Vin Equation (16)
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VIV, ; : .
1.00 -
0.99 | -
0.98 | -
a
b
0.97 | , . ¢ -

0.0 0.1 0.2 0.3 on

FIGURE 1 The changes of the Vuks parameter Vas a function of the birefringence
on for different <n2> values. V| denotes the value of V in the isotropic phase. (a)
(n*) =3, (b) (n*)=2.5, (c) (n?)=2.

to be only weakly temperature dependent. To check this, we apply typical
values of (n?) and on. Usually, for nematics (n”) ~2.5 and dn changes from
0 to about 0.3. The quantity V calculated using these values is presented in
Figure 1. It is obvious from this figure that Vuks parameter V changes less
then £1.5% for experimentally observed values of Jn and
(n*)(dn € (0,0.3) and (n*) € (2,3)).

In practice, (n2> slightly decreases with temperature. This leads to the
compensation of the weak temperature effect of <n2> and suppresses the
temperature changes of V well bellow =£1%. Hence, as the above discus-
sion demonstrates, we can assume V= Const(T) with good accuracy and
thus on ~ da in the case of the isotropic Vuks’ local field.

In principle, similar considerations ought to be performed for the ani-
sotropic local field, e.g., in the framework of the Neugebauer [6] model. In
this case, however, two additional parameters vy, and vy, appear, and one of
them is arbitrary. Unfortunately, no method for independent determination
of this parameter is known. Hence, it is not possible to find an unambiguous
relation between on and do (like Equation (14)) in the case of an aniso-
tropic local field.

EXPERIMENTAL

The measurement of the optical birefringence is much easier than the
measurement of both refractive indices. Interference methods are often
used for this purpose [20,21]. One of the most frequently used methods is
the wedge method [21]. In this method distances between interference
fringes in a wedge-shaped sample are measured. Apart from many
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advantages of this method, it has one drawback: difficulties in precise de-
termination of the wedge angle. This angle can change during the experi-
ment (e.g., after filling the measuring cell or after crystallization of the
sample). Further, the wedge angle undergoes irreversible changes as a
function of time and temperature. For these reasons we made a mod-
ification of the wedge method. In our experiment the measuring cell of
variable thickness consisted of a plane glass plate and a plane-convex lens
of known curvature radius (Figure 2a). The radius of curvature of the lens
can be determined with the great accuracy (e.g., using the Newton rings
method). The R value is very stable and does not change with temperature.
The lens was already used for the refractometric measurements by Cha-
telain as early as 1937 [22]. There is, however, an important difference
between our and Chatelain’s experiment. Chatelain observed the inter-
ference rings resulting from interference of light rays reflected on the
surface of plate and lens. In this way he measured both refractive indices
separately. In our experiment, the glass plate and lens are placed between
the crossed polarizers on a microscope stage. After introducing a liquid
crystal into the gap between lens and plate, a system of concentric rings
can be observed (Figure 2b). These rings result from interference of the
ordinary and extraordinary rays after passing the analyzer. Thanks to the
crossed polarizers arrangement and interference of transmitted rather than
reflected rays the rings are very distinct, even if the alignment of the
sample is not perfect.

The optical path difference of the ordinary and extraordinary waves y-on
corresponding to a given bright ring is k-A (y denotes the sample thickness
in the middle of the ring, A is the wavelength of light, and % is order of
interference, i.e., the successive ring number). The thickness y can be
calculated from the form

2

y= SR’
where x denotes the radius of the considered ring (Figure 2a). Thus, the
birefringence én can be determined with a great accuracy (better than
107?) from the slope of the straight line representing the xZ on % depen-
dence (Figure 3). The same result can be obtained when the dark rings are
considered.

(17)

RESULTS AND DISCUSSION

To check the proposed method we have performed measurements on the
well-known nematic liquid crystal, paraazoxyanizole (PAA). We choose this
material because there exists a lot of literature data on the temperature
dependence of the order parameter in this substance. The order parameter
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(b)

FIGURE 2 (a) The geometry of the measuring cell used for the birefringence
determination. (b) The interference pattern of the nematic PAA at temperature
137.5°C (lens curvature radius R = 13.5 mm, wavelength A =546 nm, magnification
90x).

S of PAA has been measured by many authors using various methods. We
measured temperature dependence of the birefringence. To determine S
we used the value of An=0.403 in Equation (6), which was determined
with the extrapolation procedure described above (Equation (11)). The
extrapolation procedure applied for én does work very well, not worse than
the original Haller procedure [18] applied for the product of the molecular



Downloaded by [University of Haifa Library] at 20:29 13 August 2012

Determination of Orientational Order Parameter 11

2
x“/a.u.

3_

0 2 4 6 8 10 Kk

FIGURE 3 Squares of radii of successive interference rings, plotted as function of
the ring number %, measured in PAA at different temperatures.

polarizability and the order parameter. The validity of dn extrapolation is
additionally confirmed by results of dn measurements performed in the
solid state (see Figures 2b and 4) which appeared to be the same as the
extrapolated value.

The extrapolated value An,,, = 0.403 is, within experimental accuracy,
the same as Jn value measured in the solid state, An,ys =0.403. Such an
agreement is not always present (it depends on the crystal structure). The
value of An.ys must never exceed An,,,, if the extrapolation procedure is
correct. In all cases when we have managed to measure An,,,, the relation
ANeyyr > Anepys was fulfilled.

Some of the literature data concerning the temperature dependence of
the order parameter of PAA measured with various methods are reviewed
in Figure 5. It can be seen from this figure that the values of S obtained
with various methods differ quite strongly (up to £ 20%). Our results
obtained using the method described in Chapter 3 match in the middle of
results from other methods usually considered to be exact. We obtained
similar results for other nematic liquid crystals, e.g., n-pentyloxy-
cyanobiphenyl (50CB) or n-octylcyanobiphenyl (8CB).

The orientational order has often been studied in nematic liquid crystals
but rarely in smectic and cholesteric liquid crystals. The cholesteric liquid
crystals are spontaneously twisted nematics. We therefore expect to be
able to characterize the average orientation of molecules in a cholesteric
liquid crystal with the same set of order parameters as in nematics, with the
distinction that the cholesteric order is defined relative to a local coor-
dinate system twisting along the optic axis. From this point of view, there is
no distinction between nematics and cholesterics—Ilocally they have the
same symmetry. The birefringence measurement, described before, can be
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on
0.4

0.3

0.2

0.1

0.0

0 100 200 300 400
@) T/K

log on
-0.4

&) i 0
(b) log(1-T/T")

FIGURE 4 (a) Temperature dependence of the birefringence én for PAA in the
nematic (N) and crystalline (Cr) phases measured by the proposed “lens” method.
The solid line shows the fitting of on (in the nematic phase) to Equation (10) and
extrapolation (open circle) to the absolute zero temperature. (b) The extrapolation
of the birefringence Jon of PAA to the temperature of the absolute zero (using
Equation (11)). The extrapolated value An,,;, =0.403 is, within the experimental
accuracy, the same as An value measured in the solid state, An.,,s =0.403.

used to determine the order parameter for cholesteric liquid crystals, too.
However, in this case there is a small difference in the experimental pro-
cedure as compared with nematics. In the nematic phase we observed
interference rings in a planar cell (the director parallel to glass plates). In
the case of cholesterics the helix axis must be parallel to the glass plates.
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FIGURE 5 The review of data on temperature dependence of the S parameter for
PAA. The results were obtained using various methods: O and <, from diamagnetic
anisotropy [7,23]; V, from refractometry using the Vuks model [30]; ¥, from ab-
sorption of UV polarized light [30[;], from IR absorption [9]; B, from refractometry
and NMR [17]; A, from refractometry using the Lorentz tensor [15]; A, from re-
fractometry using the Neugebauer model [9]. Full circles (@) and solid line present
our results.

We observed interference rings caused by the birefringence only for “finger
print” or “focal conic” texture. When we used well-oriented planar sample
in the Grandjean texture (the helical axis perpendicular to the glass plate)
we observed dark and bright rings caused by the optical activity and not by
the birefringence.

In the literature, only data on cholesteryl nonanoate are available
[24—28]. Therefore, in order to test our method we carried out measure-
ment for the same compound. This cholesterol derivative has the choles-
teric and smectic A phases. Figure 6 presents results of our birefringence
measurement performed as a function of temperature.

We determined the orientational order parameter using the method
described in section 3 using én data measured in the cholesteric phase. The
extrapolated value An,, =0.0713 is nearly the same as the An value
measured in the solid state (An=0.0711). The extrapolated value of the
birefringence was used to determine the S parameter in both the choles-
teric and the smectic A phase (Figure 7). We obtained very good agree-
ment with the literature data in both mesophases [24—28].

It is obvious from Figure 6 that the changes of the birefringence in the
entire range of the smectic A phase are small. Therefore the extrapolation
procedure applied for the birefringence data obtained in the smectic A
phase gives inaccurate values of all three adjustable parameters (An, T%
and f in Equation (11)). Hence, our procedure is safe only when
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FIGURE 6 The log—log plot of the birefringence on versus reduced temperature
for cholesteryl nonanoate in the cholesteric (Ch), smectic A (A), and crystal (Cr)
phases measured using the method described in this paper. The solid line illustrates
the extrapolation of on to the temperature of the absolute zero (open circle).

the investigated material has sufficiently wide temperature range of the
nematic phase.

Figure 8 presents the interference pattern of 8-OCB in the nematic
phase (Figure 8a) and in the solid state (Figure 8b). The temperature
dependence of én for the nematic, smectic A and crystalline phases mea-
sured by the described method is shown in Figure 8c. The extrapolated
value An =0.232 is almost the same as An measured in the crystalline state
(An =0.231). We used this value to determine the S parameter in both
liquid-crystalline phases.

Figure 9 presents the comparison of our measurement for 5CB (solid
line and black points) with literature data [29] obtained from the polariz-
ability anisotropy using the Vuks local field model. The agreement of results
obtained in the nematic phase is very good.

The proposed method can be applied for other smectic phases as well.
As an example we show in Figure 10 the results obtained for di-hepty-
loxyazoxybenzene (HOAB) in their nematic and tilted smectic C phases.

CONCLUSIONS

A simple and very precise method for determination of the optical bi-
refringence as function of temperature is described in this work. In the
proposed method we made a modification of the wedge method [2] by using
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FIGURE 7 The temperature dependence of the order parameter of cholesteryl
nonanoate determined using the proposed method (black points) and using the
Vuks local field model for the polarizability anisotropy: squares, from Adamski and
Dylik-Gromiec [24]; down triangles, from Avierianov and Shabasov [25]; up triangles
and circles, using NMR [26—28].

FIGURE 8 The interference pattern of 8-OCB (wavelength A =546 nm, magnifi-
cation 90x): (a) in the nematic phase at 77°C; (b) in the solid state at 35°C, (c) the
temperature dependence of the birefringence én for 8-OCB in the nematic, smectic
A, and crystal phases measured using the proposed method. The solid line presents
the fitting of dn to Equation (11) in the nematic phase.
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FIGURE 9 The temperature dependence of the S parameter for 8-OCB determined
using the described method (full circles) and using the Vuks local field model for
the polarisability anisotropy (triangles, after Mitra [29]).

the lens. We can use this “lens” method for on determination in nematic,
cholesteric, and smectic liquid crystal phases. Sometimes we were able to
perform measurement in the crystalline phase as well. The birefringence én
can be measured with great accuracy (better then #1072 in all liquid-
crystalline phases). We elaborate a simple method for the determination of
the orientational order parameter in liquid crystals based solely on the
birefringence measurements. We exploited the de Gennes observation that
any macroscopic physical quantity may be a measure of orientational order
in the nematic phase. We proved that the order parameter could be cal-
culated directly from the macroscopic quantity—the birefringence, in a
similar way as in the case of the Haller method applied for the polarizability.
The value of the birefringence An for a hypothetical, ideally ordered ne-
matic could be extrapolated from the temperature dependence of én. This
value can be also used for the determination of the order parameter in
cholesteric and smectic liquid crystals. The extrapolation procedure for
on(T) proposed in this work does not undergo restrictions resulting from
the choice of the local field model, because we applied the extrapolation
not for the polarizability anisotropy (where we must have used a local field
model) but directly for the birefringence. The birefringence dén has been
very precisely measured as a function of temperature in nematic, smectic,
cholesteric, and sometimes even in the crystalline phase. When we know
the birefringence for crystalline state An (where orientational order is
equal to 1—as it would be in a perfectly ordered nematic liquid crystal) we
can determine S from the ratio on(7")/An. Alternatively we can determine
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FIGURE 10 The temperature dependence of the birefringence (a) and the S
parameter (b) in the anisotropic phases of HOAB obtained by the described method
(full circles) and its comparison with the literature data for the nematic phase
(circles, from Hansan and Shen [17]; squares, from de Jeu and Bordevijk [16]; tri-
angles, from de Jeu and Claassen [23]).

An using an extrapolation procedure. We fitted dn(7") to Equation (11)
using three adjustable parameters An, T% and . These three parameters
can be easily obtained by fitting the experimental data to Equation (11)
written in the logarithmic form. In this case the values of An and f§ were
calculated by the linear regression method, treating 7% as the primary
adjustable parameter. The An value obtained using this procedure was in
excellent agreement with An measured in the crystalline phase. This result
suggests that the anisotropy of the local field in both the nematic and the
crystalline phase is negligible. The S results obtained for PAA, 8-OCB, and
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cholesteryl nonanoate are in very good agreement with the literature data
obtained using different methods (see Figures 5, 7, and 9), mostly from the
anisotropy of either magnetic susceptibility or electric polarizability. We
have presented a general argument that the order parameter determined
directly from the birefringence is consistent with S calculated from the
polarizability. As the used method of determination of orientational order
parameter is very simple, has the theoretical background and gives good
results, we think it can be useful in both laboratory practice and teaching.
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