CHAPTER I

INTRODUCTION

I.1 Historical Review

A characteristic optical property of anisotropic crystals
is that of double refraction,; or birefringenceT. 4 ray of light
entering such a crystal is, in general, divided into two rays,
which travel through the orystal with diffgrent velocities, and
usually in different directions. These two rays are polarized in
planes at right angles to one another. 4 liquid crystal is aniso-
tropic and exhibits the phenomenon of optical birefringence. When
a beam of light strikes the ‘surface of tho liquid crystal, it will
be split into two polarized components, which vibrate at right
angles to each other. The two components travel at different
velocities through the anisotropic medium and so are refracted at
slightly different angless They emerge from the liquid crystal as
parallel beams with mutually perpendicular polarizations. One of
these beams obeys the ordinary laws of refraction, and is called an
ordinary ray. The other does not obey the ordinary laws of refrac-—

tion, and is therefore called an extraordinary ray.

Birefringent crystals are classified as oither uniaxial or
biaxial. In uniaxial crystals, there is one unique direction of
propagation, which is the same as that of the crystallographic axis,

and is called the optic axis. The refractive indices, and the
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velocities of ordinary and extraordinary rays become equal along
the optic axis. In biaxial crystals, there #&re two special direc~
tions of propagation. In generaly when a ray of monochromatic light
enters a biaxial crystal, it is divided into two rays polarized in
planes at right angles to one annother, but neithsr of these rays
obeys the ordinary laws of refraction; in other words, two extra-
ordinary rays arc formed. Uniaxial crystals may be divided into
two classes, negative and positive crystals. In a negative crystal
the oxtracrdinary index of refraction is less than the ordinary
index of refraction, whereas in a positive crystal the former is
greater than the latter.

In this experiment only the nomatic type of pure liquid
crystals and their mixtures have boen investigated. The nematic
liquid crystals behave like uniaxial crystals. They oxhibit posi-
tive and strong birefringencez- i.e., the ordinary ray has the lower
refractive index. The optic axis of the nematic liquid crystal
coincides with the preferred direction of the long axis of the
molecule. The nematic liquid crystal is not under normal circumst-
ances optically active3, but if it is placed between glass surfaces
and one surface is rotated slightly, the deformation of the struc-
ture by adhesion to the glass surface may result in an optically
active system. Their refractive indices are very sensitive to tem-
perature. The ordinary index increases when the liquid crystal is
heated, whercas the extraordinary index decreases; thus tho biref-

ringence falls rapidly with risc of tomporaturc. A4t a nematic-isosropic

& S.Chandrasekhar and D.Krishnamurti, Phys. Letters,
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3 G.H.Brown, Amcrican Scientist, 60 (1972), 68




transition pouint there is a discontinuous change in the refractive
indices and the birefringence drops abruptly to zero. It is also
known that the temperature cuefficient of the extraordinary index of
rofraction is large snd negative whereas that of tho ordinary index

of refraction is usually small and positived

The extraordinary and ordinary indices of refractiun for
p-azoxyanisole (P4d) were first measursd by observing Newton's rings.
Owing to birefringénce and random distributiun of swarms of molcocules,
it has been postulated that gradients of rofractive index ocour in
liquid crystals, and that thcse can give risc to a scattering
cueffioiont4 proportional to the square of the difforonce botween
the ordinary and extraordinary indicos. For the anisotropic liquid
crystals,5 this diffeorence betweon thu indices decroasecs as =z
function of the tomperature up t¢ the nematic-isovtropic transition,

a% which a discontinuity of thé indices cccurs.

The values of. the refractive indices of p-azoxyphenctole(PiF)
in the mesomorphic state have beon measured by mcans of Newton's
rings at various temperatures and wavolengthsb. Variations in
refractive index with temperature and wavelength were obtaincd and
these were found tu be in agreement with the data obtained from
studies of magnetic birefringence. Data on Pad urc mere cumplete,
and the figures obtained for all values of refractive indiccs at

several wavelengths and temperatures were found to satisfy Born's
relations

4L.S.Urnstein, Ann. Physik ,[4]74 (1924 ), 445
OA.Van Wijk, dnn. Physik, [5]3 (1929), 879
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which can be deduced theoretically from the polarizability and

(

orientation of the molecules'. Born's relation has been checked by
Chatelain and Pollets. They have improved the method for measuring
tho refractive indicos of PAA and PAP by using thc methods of a
small-angle prism. They also discussed the different modos of
calculation of the field of molecular polarization and modified the

classical calculation based on the Lorentz-Lorenz relaticn.

.

Falgueirettes9

studied the refractive indices for the nematie
structure of p-butoxybenzoic acid by the mothod of Newton's rings.
Recently (1970), Jeppenscn and Hughes1o also measured the refractive

indices of 4-4'-dihexoxyazoxybenzene by using this method.

Chatelain11 has ebtained values four the refractive index of
PAA at different temperatures using light of a wavelength of 546 SAL,
In these studiee Chatelain had his samplés in thin layers betwoen
rubbed, parallel glass plates. The extraordinary refractive index
was found to be much more strongly dispersed than the ordinary
refractive index and there was a difference in the absorption of
the two rays in the visible rogion. With a layer 0.02 mm. thick at
120°C, the ordinary ray was transmitted down to 422 9/&. It can be

seen that PAA in this state shows strong positive dichroism for

T P.Chatelain, C.R.Acad.Sci.Paris, 203 (1969), 1169
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biue light, Chatelain showed that sections up to 1 mm. thick can
be prepared in a uniaxial state and that the wall action and magnetic
field give exactly the same orientation offect on the mclecules at
a given temperature.

The double refraction (ne-no) of PAA was determined by Kast .
He measured the interference fringes of an anisotropic layer enclosed
between a plane slide and a lens, with the molecular axes oriented
‘parallel to the plane slide and aligned azimuth, at a temperature
of 12700. He found that the square of the double refraction decrecases
as the temperature increases. He¢ also showed that a plot of the
refractive index of the isdtropic liquid of FAA versus the wavelength
at 140°C was nearly a straight lins. Similar measurements were

previously made by Van Wijk13

in the whole anisotropic region of
PAAL which extends from 116 to 13400, using a plane parallel layer

and counting the interfersnce fringes in the spectrum.

In 1964, Chatelain and Brunet-Germain14, measured the
refractive indices of PAA and PAP and their mixturss at difforent
wavelengths using the prism method described by Chatelain and Pellst8.
They observed that the refractive indices of various mixtures could
be evaluated from the refractive indices of the constitucnts if
the reduced temperatures were used. They alsv found that the tem-
perature of isotropic melting of mixtures, tfm’ lies between the

tomperatures of isotropic melting of PLA, t and of PAP, t

fa’ fp*

te W.Kast, Ann. Physik, 33 (1938), 185
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They also calculated the refractive indices of mixtures of various
compositions from those of the pure compounds at the same valucs of
the relative temperature. Then they calculated the refractive indices

of the mixture from the expressionss
' = -

n nea(1 1) + nepr(
' = &

n! - noa(1 T) + noﬁQf

where « is the mole fraction of PAA in the mixture of this coumpound
with PAP. From these expressions, the extraordinary refractive indox
of the ordinary refractivé index at temperature 140°C,ft’= 0.4(40%)
and wavelength 589 MAky ATQ 1.802 and 1.550 j but from experiment,
they measured 1.799 and TS558

The above measurcment was repcated by Brunet—Garmain15 in
1970. She found that at wavelongth 589 AL 138°C and @ = 0.4, the
extraordinary and the ¢rdinary index arc 1.801 and 1.551, respect-
ively. Brunet-Germain's ealculated results agree well with the
experimental results. She also showed that, for PAA and PAP,
"relative temperatures" and "reduced temperatures" are equivalent.
She also used the theory of Maier and Saupe16’17, which indicated
that for all nematic liquid crystals the properties are comparablc
at the same values of the "reducad temperature". Brunct-Germain
concluded from her results that the indices of mixtures af
various compositions can be calculated from thcse of the pure

compounds considered at the same valuss of tne "relative temperaturc'.

15 M.Brunet-Germain, Mol.Cryst.Liquid Cryst.,11 (1970), 289
16 W.Maier and A.Saupe, Z.Naturforsch., 14a (1959), 882
L W.Maier and A.Saups, Z.Naturforsch., 15a (1960), 287




THo caloulated indices and the experimental indices are in good
agreement because the molecules of PAA and PAP have similar struc-

tures, but this is certainly not true for all nematic liquid crystals.

In the same year (1970), Brunet-Germain18 measured the
refractive indices of N-(p-rbthoxybenzylidone)—p-butylaniline (MBBA)
using the method described by Pellet and Chatelain. She showed that,
in the case of this substance, with incrcasing time after preparation,

the extraordinary index decreascd whereas the ordinary index incrcascd.

In 1971, Pelzl and Sackmann19 measured the refractive indices
of 32 liquid crystalline substances and studied their depondence
on temperature and wavelength. The mcasurements of the refractive
indices woere carried out by using Abbe's double-prism method in
which the crystalline/liquid is a thin film between the hypotenuse
areas of two rectangular prisms. Such film could be obtained from
the nematic states and the smectic modifications 4 and B. They
have shown that the double rvefraction is strong and, at the phase
transition between two liquid crystalline modifications, the double
refraction changes discontinuously. The double refraction and the
extraordinary index in the nematic state decrcass with rising tem-
perature, whereas the ordinary index increases with increasing tem-
perature, With increasing number of carbon atoms in the sido chains,
the refractive indicecs Dy 0 and n, decreasc. Thoy have also
shown that in the nematic state the dispersion of the extraordinary
index increases with decrcasing temperaturc and the dispersion of

the ordinary indox decrecases.

18 M.Brunct-Germain, C.R.4cad.Sci.Paris, Scr.B 271 (1970),1075

19 G.Pelzl and H.Sackmann, in Symposia of the Faraday Socicty,

No.5, 1971 & Liguid Crxstals,(The Faraday Division, Chemical Socicty,
London, 1972), p.68



Leelaprutezo has investigated the refractivity of six nematic
liquid crystals and their mixtures at the wavelength of sudium light
by using the method of minimum deviation. The contours of n in the
temperature-composition plane have been illustrated for thrce binary
mixtures. 4n interesting result obtained from these patterns is that,
in the case of mixtures of very similar cumpounds such as p-(p-
othoxyphenylazo)phenyl hexancate (sPP-Hex) and p-(p-ethoxyphenylazo)
phenyl heptanovate (EPP-Hop), the value of n, shows a broad minimum
with respect to compousition at all temperatures within the ncmatic
region. It has been suggested that this effect may arise frum the

cis-trans isumerization of the constituent azo-compoundse.

In 1972, Dolphin, Muljiani, Cheng and Meyer21 measured the
refractive indices of the racemic forms of p-ethoxybenzal-p—(/a-
methylbutyl Janiline(EBMBA) and pabutoxybenzal—p-(/a-methylbutyl)
aniline(BBMBA) at wavelength 6326 2 s by using a Pulfrich refractomectcr.

They calculated the average index frum the expression 3
=2 n2 + 2n2
n e 0
B

and compared it with the isctrupic liquid index. They plotted the

refractive indices versus temperaturc as shuwn in Fig. 1 and Fig. 2

2OS.Leelaprute s Refractivity of Nematic Ligquid Crystals,

M.Sc. Thesis, Department of Chemistry, Mahidol University, Bangkok,
1972
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They concluded that the average indices of the nematic phase and
of the smectic phase, and the isotropic liquid index join together
in a straight line. They obtained an estimate for the volume

expansion coefficient of these compounds, from the Lorentz-Lorenz

relation:
52- 1 ~
e - 4NN
n+ 2 3

where n is the average index.
ec is the mean molecular polarizability.

N is the number of moleécules pser volume.
dssuming that & is independent of temperature, then the tempecraturc
dependence in the average index must be dus to the temperaturc
dependence of the density, N« Thus the volume expansion ccefficient

is

= -(a/aT) 1n [(52-1 )/(52+2)]

They also plotted 1n k52-1)/(52+2)J versus temperaturc. They found
that for both compounds, the graph is linear except near the tran-
sitions. From the slope of the graph, they obtained the following

velume expansion coefficients:

(]

J 0.80 x 1073 /% nematic liquid.
racemic EBMBA:

0.62 x 1073 /°¢ isotropic liquid.
\
7

0.43 x 1073 /OC smectic phase.
0.73 x 1073 /°C nematic liquid.
0.74 x 1073 /°C  isotropic liquid.

o T

racemic BBMBA:

N
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Recently, Miller and Stegemeyer22 have studied the bire-
fringence of compensated cholesteric liquid crystals by/using a
commercial Abbé refractomoter. 4t the compensation temperaturc, a
homeotropic nematic texture was achieved, as indicated by an cxchange
of extraordinary and ordinary ray and the strong increasc of

birefringence.

I.2 Purposc of the Present Experiments.

The principal purpose of this initial study is an attempt
to elucidate the relationships between the oxtraordinary index, the
ordinary index and the relative témperature (tf-t). The method of
minimum deviation, using a small-angle prism of liquid crystals, is
used to measure the two spSctral lines of the extraordinary and
ordinary rays. The minimum deviation angles of six liquid crystels
and their mixtures are obtained at different temperaturcs im the
nematic range. The phase cquilibria of the binary mixtures studied

23 and Buanam-om24.

have already been investigated by Pdungsap
The contours of the extraordinary refractive indices in the
temperature-composition plane; and the tomperature dependence of
the refractive indices at different compesitionsy, arc demonstrated.
Tho double refraction of six compounds and their mixturcs is plotted
against the difforonce between tho measurcd temperature and tho
transition temperature. Tho relationships botween tho extracrdinary
index, the ordinary index, the average index,; the isotrcpic liquid
index and the temperaturc observed of six purc compounds and their

mixturcs are demonstrated.
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