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The birefringence measurements with the temperature are carried out employing the wedge technique at the
wavelength 4 = 5893A on symmetric dimeric liquid crystalline compounds of a,m-bis(4-alkylanilinebenzylidene-4'-
oxy) alkanes which are popularly known as m.OnO.m’s with m = 3, 4 and 5 and spacer length » = 8, 9 and 10.
The studied compounds are mono variant with long range of nematic phase. The birefringence data dn = (n.—n,)
along with the density results are employed to estimate the molecular polarisabilty anisotropy, da = (ae—a,)
assuming a particular local field (due to Vuks and Neugebauer) the nematic molecule experiences and the order
parameter S is estimated from 8o and Aa, i.e., polarisabilty anisotropy which is estimated employing different
methods. Further, S can also be obtained from Kuczynski model and also using the effective geometry parameter,
ag. Further, it is observed that from our analysis the S value obtained from An and o, are identical. The results are
analysed and compared with the data available in the literature.
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Introduction

Liquid crystal dimers (DLCs) in which two meso-
genic units are linked via a single flexible spacer
which differ from conventional low molar mass
mesogens attracted considerable research attention
with recent studies including the role of the spacer
in determining liquid crystal (LC) behaviour [1-6].
The DLCs may be broadly divided into two classes
namely symmetric and non-symmetric. In a sym-
metric DLC, the two mesogenic units are identical
whereas in a non-symmetric DLC they are different.
These DLCs exhibit fascinating phase behaviour,
quite different to that observed for conventional
low molar mass LCs composed of molecules consist-
ing of a single semi-rigid or mesogenic core attached
to which are one or two terminal alkyl chains. Many
workers have reported the synthesis of DLCs which
include hydrogen-bonded dimers [7-9], their phase
behaviour in carbonate-linked [10] and bent odd
member dimers [11].

The orientational order parameter S is considered
to be 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. Different
techniques are employed [4-7] for the determination
of birefringence due to its importance. Recently,
Alapati et al. [5] studied the order parameter variation

with temperature in Schiff-based two symmetric
DLCs employing the two field models viz., Vuks
and Neugebauer.

This manuscript reports the estimation of order
parameter and its variation with temperature in five
Schiff base symmetric DLCs viz., a,m-bis(4-alkylani-
linebenzylidene-4'-oxy) alkanes which are popularly
known as m.OnO.m’s with m = 3, 4 and 5 and
spacer length n = 8, 9 and 10 employing different
methods.

2. Experimental

The refractive indices of a LC are measured with a
wedge-shaped glass cell, similar to the one used to
obtain birefringence by Haller et al. [12], using a
modified spectrometer. A wedge-shaped glass cell
was formed with two optically flat rectangular
glass plates (50 mm X 25 mm) sandwiched with
glass plate (0.4 mm) which acts as a wedge spacer.
The optical flats are uniformly rubbed along the
short edge to get the alignment of the LC molecule.
The cell is filled with the LC material. The nematic
LC in the cell acts as a uniaxial crystal with its optic
axis parallel to the edge of the spacer glass plate.
The temperature accuracy of the heating block was
+0.1°C. The accuracy in the measured refractive
indices was +0.0005.
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3. Results and discussion

The transition temperatures obtained from polarising
microscope and DSC are in good agreement with the
literature data [13,14] and the purity of the com-
pounds is tested and obtained from the Perkin-
Elmer DSC instrument [14]. The molecular structure
of these symmetric DLC is given below.

3.090.3 m=3 n=9
3.0100.3 m=3 n=10
4.080.4 m=4 n=38
4.0100.4 m=4 n=10
5.090.5 m=5 n=9

The refractive index is measured for the five sym-
metric DLCs. It is observed that the value of refractive
index (n;s,) is almost constant in the isotropic phase,
and with the decrease of temperature from isotropic to
nematic phase, at the IN phase transformation, the
isotropic refractive index value splits into two, extra-
ordinary refractive index (n. > nj,) and ordinary
refractive index (n, < n;,), respectively. This splitting
is clearly observed in the telescope of the modified
spectrometer at the position of angle of minimum
deviation at the IN transition. When the temperature
is further decreased, the n. increases while the n,
decreases slightly; with further decrease of tempera-
ture, in the deep nematic region, the refractive index
values of both 7. and n, saturate. The refractive indices
variation with temperature is given in Figure 1 for the
compound 5.090.5 as representative case.

3.1 Estimation of order parameter

The birefringence measurements using different tech-
niques and the evaluation of molecular polarisabilities
obtained using different internal field models mainly
due to Vuks [15] and Neugebauer [16] are studied and
applied in detail for the case of LCs by different
workers [17-19] are used in estimating the orienta-
tional order parameter S.

The order parameter is calculated by different
methods such as

e S calculated using birefringence on.

e S from effective geometry parameter, o,

e S calculated using polarisability anisotropy calcu-
lated by Lippincott 3-function [20] method and
the molecular polarisabilities obtained from
Vuks model.
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Figure 1. Variation of refractive indices with temperature
for the compound 5.090.5.

e S calculated using Vuks scaling factor.

e S calculated using polarisability anisotropy calcu-
lated using molecular vibration [21,22] method
and the molecular polarisabilities obtained using
Vuks model.

e S calculated using polarisability anisotropy calcu-
lated using Haller approximation method and the
molecular polarisabilities obtained using Vuks
model.

e S calculated using polarisability anisotropy calcu-
lated by Lippincott 6-function method and the mole-
cular polarisabilities obtained from Neugebauer
model [19].

e S calculated using Neugebauer f(B) parameter.

e S calculated using polarisability anisotropy calcu-
lated using molecular vibration method and the
molecular  polarisabilities  obtained  using
Neugebauer model.

e S calculated using polarisability anisotropy calcu-
lated using Haller approximation method and the
molecular  polarisabilities  obtained  using
Neugebauer model.

Further, the experimental results of refractive indices
obtained using wedge technique and the density
values are used to estimate the molecular polarisabil-
ities a, and a,. Further, the expressions used for the
estimation of molecular polarisabilities «, and a,
assuming Vuks and Neugebauer internal field models
and the estimation of order parameter S are presented
in detail in the following sections.

3.1.1 Estimation of order parameter ‘S’ from
birefringence on

De Gennes [23] pointed out that the anisotropy of any
physical quantity can be a measure of orientational
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order. In the case of uniaxial LC, this parameter can
be defined as

0A

0-25 M

where 04 is the anisotropy of any arbitrary physical
quantity A4 = (Aj-A1) and 44 is the hypothetical
anisotropy of A4 in the case of perfect order.

Kuczynski et al. [24,25] proposed a simple proce-
dure for the determination of order parameter S
from the birefringence measurements Jn without
considering the local field experienced by the mole-
cule in a LC phase. The birefringence Jn which is a
function of temperature is fitted to the following
equation,

B
on = An (1—%) )

where T is the absolute temperature, 7* and S are
constants. (7* is about 1-4K higher than the clearing
temperature and the exponent f is close to 0.20). This
procedure enables one to extrapolate Jn to the abso-
lute zero temperature.

In practice, the three adjustable parameters 7%, An
and S were obtained by fitting the experimental data
for on to the following equation written in the loga-
rithmic form

T"-T
log dn = log An —|—ﬁlog< T ) 3)

Thus, S is given by

on
S = A @)
where An is the birefringence in perfect order or at
OK. The regression analysis is employed to get the
best fit for the three parameters viz., T*, An and f for
the compounds studied. The best fit values are given
in Table 1. The S values evaluated are shown in the
Figure 2 for all the compounds. The advantage of this

Table 1. Parameters for the best fit through linear regres-
sion for the equation logdn = log An + . log(T=T).

Compound T7*=(Tni+ ...) g Log(An) An R

3.090.3 0.035 0.199 -0.499 0.316 0.971
3.0100.3 0.011 0.170  -0.480 0.331 0.920
4.080.4 0.002 0.164 -0.493  0.321 0.920
4.0100.4 0.040 0.176  —-0.487  0.325 0.933
5.090.5 0.018 0.185 -0.492 0322 0.960

T T T
2 3095,
08 9 4.080.4 T
4.0100.4
¢ 5.0805 o
o ‘Gﬁo
& o
8 ® e T ; nu..‘f::j:
§06 - %000, 044, 1
E uueo, !;’u
: RN
o %9%0q,,
19 o
(<]
0.4
0.2 1 L L
0.92 0.94 0.96 0.98
T,

Figure 2. Variation of S values with reduced temperature
(T/T.) evaluated using Equation (4) for all the compounds.

method is that the S value can be obtained in other
liquid crystalline phases like smectics also as no inter-
nal field is considered in evaluating the An, the bire-
fringence in perfect order.

3.1.2 Estimation of order parameter ‘S’ from effective
geometry parameter, o,

The equation for the determination of the order para-
meter S involving effective geometry parameter
ag = nylne [26] is given by

S= 3(n)(1—oay)

[Zag + 1] (An), ©®)

Where <n”> is the average refractive index obtained
from the equation

() = 1/3(n.> + 2n,%)

which decreases linearly with increase temperature as
follows

(n) =C — DT (6)

The simplification of Equation (5) gives rise to
Equation (4) and the variation of S with reduced
temperature is identical with that one shown in
Figure 2. The values C and D are obtained by plot-
ting the temperature and average refractive index
from above equation by linear regression. The values
of C and D are given in Table 2.



Table 2. The intercept and slope values C and D, respec-
tively, of all the compounds.

Compound C value D value

3.090.3 1.5011 —0.000149
3.0100.3 1.5982 —0.000119
4.080.4 1.6175 —0.000124
4.0100.4 1.6284 —0.000145
5.090.5 1.6061 —0.000100

3.1.3 Estimation of order parameter ‘S’ from
polarisabilities

For the estimation of the order parameter S from the
molecular polarisabilities a. and a, the equation
used is

S = (o —ao)/(a) —ar) @)

where o and a. are the principal polarisabilities and
they can be estimated using different methods includ-
ing the semi empirical methods due to Lippincott and
molecular vibration techniques. Further, the molecu-
lar anisotropy can be obtained from the Haller extra-
polation technique using the experimentally evaluated
molecular polarisabilities from refractive index and
density data. The molecular polarisabilities a. and
0, are evaluated assuming a local field that the
nematic molecule experiences. Vuks and Neugebauer
proposed two different types of local fields.
According to Vuks, the nematic molecule experiences
an isotropic field while Neugebauer proposed an ani-
sotropic field to the nematic molecule. The methods
used, the expressions employed and the procedures
adopted are described below in each case for a ready
reference.

3.1.4 Estimation of molecular polarisabilities from
refractive indices and density using Vuks and
Neugebauer methods

For the estimation of the molecular polarisabilities of
LC molecules, the authors have considered both the
models, one due to Vuks and the other due to
Neugebauer. The relevant equations of the two mod-
els for the calculation of molecular polarisabilities are
given below.

3.1.4.1 Vuks method. This model was first applied to
LC molecules by Chandrasekhar et al. [19] assuming
the internal field as isotropic even in anisotropic crys-
tal. The assumptions lead to the following equations.
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where N is the number of molecules per unit volume,
ne and n, are the extraordinary and ordinary refrac-
tive indices of the LC molecule.

W n2 + 2n?
3

®)

and N = Nap/M where N4 is the Avogadro number, p
is the density and M is the molecular weight.

3.1.4.2 Neugebauer method. Subramanyam et al.
[22] applied this method to LC molecule. According
to this method, the molecular polarisabilities are

o = (AB —344/(AB— 3)2—4AB) /2A )

= <AB +3+ \/(AB + 3)2—16AB) JAA  (10)

where
4 L+£ _ 4aN [n§+2] N {2(11%—&-2)}
te O 3 [m2-1 n:—1
(1)
B = (a)+2a,) = (a + 2a
(|| L) (e 0) (12)

=30 = 9(n*~1)/[(4zN;) (7* +2)]

N; is the number of molecules per unit volume in the
isotropic phase.

Using the two models the molecular polarisabil-
ities, o, and a, of all the five DLCs are evaluated
from the refractive indices and density data.

3.1.5 Estimation of molecular polarisability
anisotropy from Lippincott o-function model and the
molecular vibrational methods

The principal molecular polarisability anisotropy and
the mean polarisability are evaluated for all the above
said five number of compounds using the Lippincott
d-function model [20] and the molecular vibration
method [21,22]. Table 3 represents the polarisability
values of these compounds.
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Table 3. Parallel, pergendicular components and mean
Polarisabilities of (1072* cm®) m.OnO.m compounds.

Polarisabilities by Lippincott Vibrational
8 — function model method

oy 20 oM oM
Compound 1072 cm? 107 cem® 10 em® 1072 cm?
3.090.3 148.14 92.16 80.10 75.61
3.0100.3 151.79 94.40 82.06 77.81
4.080.4 151.79 94.40 82.06 77.87
4.0100.4 159.08 98.89 85.99 82.32
5.090.5 162.76 101.13 87.96 84.49

Note: *ay, value (1.3844) included in parallel component of
polarisability.

3.1.6 Estimation of order parameter, S from Haller’s
extrapolation, scaling factor (Vuks) and f( B)
parameter ( Neugebauer)

The corresponding expressions are given below

3.1.6.1 Vuks method. The order parameter is given
by [20,21]

o n2—n?
§= |:(X—(ZJ_:| |:I’l2 — 1:| (13)

where

3.1.6.2 Neugebauer method. In the Neugebauer
method, the order parameter S is given [20,22]

S= [ﬁ“u) /(B) (14)
where
f(B) = (%) (BZ— (13—())3 + 1) v + g—l}
and

B=

n?—1 n§+2+2n§+2
n*+ 1\ n2-1 n—1

The scaling factors for the determination of order
parameter are obtained in both the cases by plotting
log—log plots between ["*7""] and f(B) in Vuks and

n2—1

Neugebauer cases respectively against (Tc—T)/(Tc—
Tnemk)s 1.€., the reduced temperature.

The order parameter S from the molecular polaris-
abilities is estimated by assuming Vuks and Neugebauer
internal field models from the Lippincott d-function,
molecular vibration, Haller’s extrapolation and scaling
factor compared with obtained from effective geometry
parameter are depicted in Figures 3 and 4 for the case of
compound 4.0100.4. The denominators, i.e., the

T 1 L T
o1
08}F a2 4,0100.4 (Vuks) E
+ 3
x 4
¢85
5 Wi
- L Lay, =
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€

Figure 3. Variation of S with the reduced temperature (7/7;)
obtained in the case of Vuks obtained from 2. Lippincott 3.
Vibration method 4. Haller’s extrapolation. 5. Scaling factor
in 4.0100.4 compound and compared with 1. The S values
obtained independently with the effective geometry para-
meter, o,.
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Figure 4. Variation of S with the reduced temperature (7/7,)
obtained in the case of Neugebauer obtained from 2.
Lippincott 3. Vibration method 4. Haller’s extrapolation. 5.
Scaling factor in 4.0100.4 compound and compared with 1.
The S values obtained independently with the effective geome-
try parameter, a,.



Table 4. Values of (oy—aL) ¥ 1072* em? used for the evalua-
tion of order parameter S by Lippincott, Molecular vibra-
tion methods and from log-log plots extrapolated to
absolute zero (Haller and Scaling factor).

Scaling
Haller factors
Molecular
Lippincott  vibration (oy—aL) Sc fB

Compound  (oy—aur) (o)  Vuks Neug. Vuks Neug.

3.090.3 55.98 5440  56.49 56.75 1.4434 1.4340
3.0100.3 57.39 55.63  57.41 57.94 1.4080 1.3870
4.080.4 57.39 55.51 57.54 57.80 1.4598 1.4500
4.0100.4 60.19 5820  60.81 60.67 1.4370 1.4390
5.090.5 61.63 59.20  61.37 59.18 1.4533 1.4418

principal polarisabilities, are obtained by four different
methods as stated above. For the sake of ready refer-
ence, the values obtained for all the five m.OnO.m
dimeric compounds from the four different methods
viz., the Lippincott d-function, molecular vibration,
Haller’s extrapolation and scaling factor are given in
the Table 4.

4. Conclusions

For the sake of comparison of S from different
methods for the two field models, with S from An, the
percentage deviation of S value from all the methods to
that calculated from An, the birefringence in perfect
order (the error in the value of S from An is about
10%). If the deviation is <10%, the values can be con-
sidered to be in agreement with S from An with in the
experimental error. From the figures, the tables, and
the from the results on the other compounds which are
not shown in figures the salient features envisaged are

e the S value obtained from Lippincott d-function,
vibrational method, Haller extrapolation method,
scaling factor in the case of Vuks model agrees in
all compounds.

e In the case of Neugebauer, the results are in good
agreement for the following compounds: 3.
0100.3, 4.080.4, 4.0100.4 in Lippincott 3-func-
tion, where as in the vibration method agreement
is in the case of 4.080.4 only. In Haller method,
the following compounds agree: 4.080.4, 3.
0100.3 with the S value obtained from
birefringence.

e S calculated wusing f(B) parameter from
Neugebauer shows lower values to that of §
from An in all the compounds.

Finally, from the data, it may be concluded that the
compounds favour Vuks model over that of
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Neugebauer model. Further, one common thing that
has been observed is that the .S values obtained from f
( B) parameter always low whereas S values obtained
from Haller extrapolation method are higher. The
same trend is obtained in the case of monomers and
dimmers studied previously [27,28].
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