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REFRACTIVE INDICES, DENSITY AND ORDER
PARAMETER OF SOME TECHNOLOGICALLY IMPORTANT
LIQUID CRYSTALLINE MIXTURES

B. BAHADUR*, R.K. SARNA and V.G. BHIDE
National Physical Laboratory, Hillside Road,
New Delhi-110012, INDIA

(Received for Publication November 5, 1981)

ABSTRACT Temperature variation of the refra-
ctive indices, birefringence, density and order
parameter of liquid crystalline mixtures E., E_,
N10 and PCH-1132 are reported. The birefring-
ence of PCH-1132 is found to be abnormally low
compared to other mixtures.

This letter reports the refractive indices (ne,
'no), birefringence (An), density (e) and the order
77 E8,N10
and PCH-1132 as a function of temperature. These

parameter (S) of four mesogenic mixtures E

mixtures are widely used in liquid crystal displays
due to their suitable nematic range, stability and
high positive dielectric anisotropyl’z.

E7, E8 were purchased from M/s. BDH (England)
whereas N10, PCH-1132 were purchased from M/s. E.
Merck (Germany) in pure form and were used as such.
E7 and E8 have similar composition i.e. these are
the eutectic mixtures of three cyanobiphenyls and
one cyanoterphenyll’2. N10 consists of azoxy com-
pounds and aromatic esters while PCH~1132 is a mix-
ture of three cyanophenyl cyclohexanes with one cy-
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anobiphenylcyclohexanez. The transition temperatures
were determined using a polarizing microscope and

are listed below:

E7 Solid -10°c Nematic 58°C Isotropic
E8 Solid -12°c Nematic 70°¢ Isotropic
N1O Solid 9%¢ Nematic 55.5°C Isotropic
PCH-1132 Solid -6°C Nematic 70°C Isotropic

The refractive index in the isotropic phase
(n) and the ordinary refractive index (no) in ne-
matic phase were measured using Abbe refractometer3
The birefringence (An) was measured using the mo-
dified wedge techniqueB. This technigue essentia-
11y consists of the measuring the Fizeau fringe se-

paration, Ax,

. in the air gap
.24
and the bire-
| aror fringence frin-
3 ouel ge separation
Ax' (reflection
Q.2
|4, geometry), in the
th e gap filled with
«%L “\kw\:?\\N\% liguid crystals
T material in the
n
R 0o oo T wedge formed
(; PPN P
< sol " by two glass
lates. An is
142 1 ] | l ] l ] P A
20 30 40 50 60 70 80 then given by
TEMPERATURE(C) ~» ) 3
the relation
A x
FIGURE 1. Temperature varia- An = A X'

tion of n,,n and An of E )
(—o—o—) afld B, (—e——), x=5893R, The densi-
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024 ty | e) was me-

asured by dila-

- .
020 An tometric tech-
ok nique3’4. The
8
} ’ temperature re-
c 042
<

gulation was

< ne better than
rrar \\\ -+ +0.1°C. The

166 accuracies of

).
&

n, ng and An

1581 'S—o—o—o—O——/M

i R measurements
€ No -— -
o T are 0.1%, 0.1%
[=4
142 ] { | l 1 l i i and 0.5% res-
20 30 40 50 60 70 80 s
TEMPERATURE(’C ) — pectively. The

absolute accu-
FIGURE 2. Temperature variation racy of €
of no, ne and An of N10 (—o—-o-) measurement is
and PCH-1132 (-e——) A= 5893%.  0.2% while the
relative accu-
racy is better
than % 0.01%.
Temperature variation of n, n s, ng and An for
E7 and E8 are shown in Fig. 1 while those of N10 &
PCH-1132 are shown in Fig. 2. The measurements were
ca¥ried out at the principal radiation of sodium
(A=5893%). The n, and n_ of E. have also been re-
corded in its entire nematic range by Tarry5 at 436
nm, 509 nm, 577 nm and 644 nm wave-lengths. Our values
fit well in this series. In case of E8, N10, PCH-1132
too, the commercial firms have reported the value of An,

2

but only at one temperature (20°C)“. our values at 20°C

are in good agreement with those reported by these
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firms in case of E7, ES and PCH-1132. However, 1in
case of N10 there exists a small difference in va-
lues reported by us and M/s E. Merck. This may be
due to significant differences in percentage com-
position of this mixture in various batches. These
comparisons are listed in Table 1. n, n_, ng and

An exhibit the normal behaviour of liquid crystals.
The values of An for N10, Eg and E.

order and are much higher than those of PCH-1132.The

are of the same

polarizability anisotropy (and hence An) being mainly
contributed by the polarizable-éZS*groups in these
mixtures, it can be inferred on structural grounds
that PCH-1132 should have much lower value of An as

it contains

Hos one <=> group
1oal less. In
PCH-1132

one highly
anisotropic

—u2 /::.\/ group

o is replaced

by/<7 group,

which has

i
3
}

DENSITY {gm/Cm3) —e
L
3
DENSITY (gm /Cm3) —=

negligible

PCH - 1132 -

5

polarizability

o
o
*
T
5
8

anisotropy.
The density
J-os {(rig.3) shows

093 1l | 1 |
20 30 a6 30 60 75 a‘o 04 the normal
TEMPERATURE("C) ~—» beh . .
ehaviour 1.e.

FIGURE 3. Temperature variation 1t increases
of the density of E7, N10, E_, and with decrease

8
PCH~1132. in temperature.
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FIGURE 4. Temperature variation of the order
parameter of E, amd E —A—&- using Vuks appro-
ach; 48 u51ng Neugegauer's approach.
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FIGURE 5. Temp. variation of the order para-
meter of N10 and PCH-1132, A&~ using Vuks
approach; #—# using Neugebauer's approach.
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Abrupt jumps were observed in the vicinity of nema-
tic-isotropic transition temperature which indicates
that nematic-isotropic transition in all these ma-
terials is of first order, However, it is observed
that the density jump at nematic-isotropic transi-
tion in these materials is not as sudden and sharp
as in some pure mesogens.4 The pre-transitional va-
riations in density are observed on both sides of
the transition though it is more pronounced on the
nematic side.

Using refractive indices and density data, the
order parameter is evaluated by both Vuks and Neu-
gebauer's approaches.3 The temperature variation of
Oorder parameter evaluated from the approaches is
displayed in Fig. 4 and 5. It is clear from the fi-
gures that the order parameter evaluated from Vuks

and Neugebauer's approaches are in good agreement.
g PP
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