CHAPTER I

INTRODUCTION

I.1 Historical Review

Previously, lavestigatiouns and classifications of
llquid'crystalline phases were made principally by meauns of
optical observation under a polarizing microscope. The optical
appearance of thin layers of liguild crystals has beeu described
in terms of microscoplc "textures". As samples of different
phases genarally show different textures, the identification
of liquid crystalllne phases can thus couveniently be made.
Moreover, the molecular arrangements caun under suitable cir-
cumstances be determined from the optical prope:tles.

To make an observation, the sample is usually enclosed
between a2 glass slide and a cover slip. It has been suggested
that the textures observed should be governed by surface
effects., If the surface of the s1lide is smooth, the molecules
will try to align themselves normal to the surface and the
sample should then appear to be optically homogeneous. In
general, however, the total alignment throughout the sample
may not occur and ilnhomogeneous textures are often observed 1n
practice, Uunder these conditions, Sackmann and Demusl classi-
fied the mesophases according to their microscoplc textures as

follows:

1 H. Sackmann and D. Demus, The Polymorphism of Liquid

Crystals, Mol:Cryst., 2, (1966) 81.



Thermotropic liquid crystals?

a. Nematic textures.
i, Marbled texture
ii, Schlieren texture

111, Pseudo-isotropic texture

b. Smectic textures.
1. TFocal conic (fan-shaped, polygonal) texture
i1, Schlieren texture
111, Mosalc texture
¢. Oholesteric (or twisted nematic) textures.
i, Focal conlc texture
ii, ©Plane texture
Recently, classification of 1liquid crystals has been
made in terms of intermolecular arrangements,strata packing
and other structural facts malnly by meauns of X-ray diffrac-
tion. At least seven different phases of smectic liquid
crystals, have now been falrly well characterized by X-ray
diffractionl’a. These phases are different as regards thelr

molecular arrangement in the strata. Smectic A, which shows

2 4.5 Brown, Liquid Crystals and Their Roles in In-
animate and Aunimate Systeums, American Scientist, 60, (1972 )64.

‘ 3 ¢.H., Brown, J.W. Doane and V.D., Neff, A Review of
the Structure and Physical Properties of Liquid Crystals,
Butterworth & Co.(Publishers) Ltd., London, (1971) pp.18-19.

4 A Saupe, Recent Results in the Field of Liquid
Crystals, Angew.Chem.Internat,Bdit., I,.(1968) 97 .«




fan-shaped texture, has a raundou arrangement of the molecular
centres within the strata. Smectic 05 has a tilted molecular
orientation 1in the strata, while the molecules of smectic B
exhibit the hexagonal-close-packed arrangement withln each
stratum., Under the polarizing microscope, smectic D behaves
{sotropically and thelr X-ray diffractlion patteras indicate
that these correspond to the cublc packingé. lore recently,
smectic H has been introduced by de Vries and Fishel!. This
phase is a planar structure with the molecules making a cha=-
racteristic tilt angle with respect to the planar normals and
possessing order (probably hexagonal) among the centres of
the moleculss withian each layer. In these polymorphic forms
of smectic liquid crystals, smectic A has the highest degree
of disorder. It has also been noted that, when a substance
shows three smectic forums, the relationships of the phases

with changing temperature is:

2 I.G, Chistyakov, L.S. Schablischev, R.I. Jarenov and
L.,A. Gusakova, The Polymorphism of the Smectic Liquid Crystal,
in Liquld Crystals 2, Part II, G.H. Brown, ed., Gordon and
Breach Science Publishers, Inc¢,, New York, (1969) p.813.
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¢. Pelzl and H, Sackmann, Birefringence and Poly-
morphism of Liquid Crystals, 1ln Symposia of the Faraday Socle-
ty No.5: Liquid Crystals, 1971, (The Faraday Division, Chem-
ical Society, London, 1972) p.68.

7 4. de Vries and D.L, Fishel, X-ray Photographic
Studies of Liquid Crystals III, Structure Determination of
Smectic Phase of 4-Butyloxybenzal=-4'-Ethylaniline, Mol .Oryst.
Liquid Cryst., 10, (1972) 311l.




Isotropic —> Smectic A —> Smectic C —> Smectic B.
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Decreasing Temperature

It has been suggested by de Vrles8 that there are three
types of nematic phases, viz., cybotactic phase, skewed cybo-
tactic phase aund classlcal nematic phase. Cybotactic phase
results from the molecular arrangement into groups 1u which
the centres of the molecules lie in the same plane, This group
is called a "cybotactic group". The mean direction o- .he mol-
eccules in each cybotactic group may be normal to the plane that
contains the molscular ceuntres, or may be inclined at som.
angle to the normal to this plane. The former arrangement 1is
called "normal cybotactic" and the latter "skewed cybotactic".
These phases are gevidenced by X-ray diffraction patterns and
also by their textures. The normal cybotactic group has a
high tendency to exhibit the pseudo-isotropic texture, because
in this case the molecules are aligned normal to the surface.
The skewed cybotactic, on the other hand, can not show pseudo-
isotropy at all, while the classical nematic phase, in which
no regular arrangement between nelghbouring molecules exists,
may or may not show pseudo-isotropy. There is no sharp dis-
tinction between these three groups, slance either cybotactlc
type will approach the classlecal type as the number of molecules

in each group approaches 1; and the skewed cybotactic type will

8 A, de Vries, Evidence for the Existence of lMore than

One Type of Nematic Phase, lol.Cryst.Liquid Cryst.,10,(1970)31.




approach the normal cybotactic type when its angle approaches 0%,

The molecular orlentation of the marbled texture is
relatively simple. What is particularly interesting is the
molecular allignment near the threads in the texture. Slnce
threads sometimes transform into brushes of the schlleren
texture, it is widely be i=7ed that the molecular orientatlon
around these threads is not so different from that in the

schlieren textures.

The schliersn texture, that appears as black brushes
spread ing throughout the nematic area, has been observed near
the nematic-isotropic trausition point. As the polarizer is
rotated, the brushes rotate around point singularities. The
term "disclination" has been named as an ana"ug:3d of the crys-
tal dislocation by Fraunk’. Because of the lack of a truly
three-d imensionsl crystal structure, line singularities are
possible in nematic liquid crystals.

Recently, investigation of the schlieren texture has
been made in some detailslo. It was observed that as the.

polarizer was rotated, some brushes rotated in the directlion

9 r.c. Prank, On.the Theofy of‘Liquid Crystals,
Disc.Faraday Soc., 25, (1958) 19. | |

10 J, Hehring and A. Saupe, On the Sehlieren Texture
in Newatic and Smectic Ligulid Crystals, J.Chem.Soc.Faraday -
Trans.II, 68, (1972) 1.




of the polarizer, whereas Some rotated in the opposite direc-
tion. The brushes of the singularities with four brushes
rotated with the same velocity as the polarizer, while the
velocity of those with two brushes was twice. Thus, the sing-
ularities have been characterized by Nehring and Saupelo by
means of the index

|IS| = uaumber of brushes
4

Accordinz to this classification, the types of singularities
which have been observed are +%, *ljee00.0 Where a positive
sign indicates the positive direction of rotation with respect
to the polarizer aund a negative sign is for those that rotate
in the opposite direction. Singularities of opposite sigus
always form dipoles, and annihilation of these can take place
at higher temperatufes.

The theoretical treatment of the molecular alignument
near the singularities has been based primarily upou the coun-
tiauum theory- Oseenll and Frank9 determined the structure
with a molecular orientation perpendicular to the normal of
the layer. Following this treatment Nehring aund Saupelo have
derived the general condition for the alignment of singulari-

ties, obtained by minimizing the elastic energy density12

1l C.W. Oseen, The Theory of Liquid Crystals, Trans.
Faraday Soc., 29, (1933%) 883.

12 J. ¥ehring and A. Saupe, Or t1e Blastic Theory of
Uniaxial Liquid Crystals, J.Chem.Phys., 24, (1971) 337.
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o= +1:, c =0 8 -='+1, Co” 16 s = +1, C=T/3 8 =+L,8= /2
Fiz.l iolecular alignnent near the centres of point singularities,
(Lfter tef.10)
with the assumption that the preferred direction of the mole-
cules is the same throughout the bulk. The solution that
correspoads to a neumatic phase without twist 1is

> » - 2
— 8S&x  + Co

S=———P) 15,5000 If Q@I

2
or S = ﬂ:_:.L_s +1 , ié if e = '1'_‘:
2 2 2

C, belng 2 constant, and o< the angle in cylindrical
co-ordinates.

It islobvious that half-numbered singularities cau not
be observed in smectic liquid crystals, since it is required
that the molecular alignment be parallel to the surface.

4 schematic plot of the projection of molecular orient-
ation in (xl, xe)-plane around the point singularitlies is
shown in Fiz.l for a few values of S. When Sl the structure

of the singularity is indepeundent of-Go. A change takes place

for S=1 a2t different values of Co'



An investigation of these alignments can be made opti-
cally. By rotating the polarizer and the analyzer simultane-
ously, the transmitted light propagates as pure ordinary or
pure extraordinary waves, where the optical axis 1s parallel
to either the polarizer or the analyzer. Thus the molecular
alignment can effectively be mapped (see Fig.2). The angle
of a whole-aumbered singularity chaunges by 21 1in golng around
the singularity, while that of a half-numbered oune changes
by 1T .

The optical properties of a liquid crystal with one of
1ts surfaces bounded by the isotropic liquid of the samé com-
pound have been studied recently by Meyer13. He stated that
the wolecules of half-numbered singularities should be aligned
parallel t> the surface. If the molecules are aligned at an
acute angle to the surface, then thare will be a misflt at the
surface where the molecules of opposite t1lts are present.
Since no surface disclination has been observed, the mole-
cules must be aligned parallel to the surface.

The interaction energy between disclinations has been
determined by Nehring and Saupelo, and more recently by Imura

and Okanol4, under the assumption that kll = k33 = K. They

13 R.B. Meyer, Point Disclinatlious at a Nematic-Iso~
tropic Liquid Interface, Mol.Cryst.Liquid Cryst.,16, (1972)335.

14 H. Imura and K. Okano, Interaction between Discli-
nations in Nematic Liquid Crystals, Phys.Lett., 424, (1973 )405,



o’ . .
.‘... . - -

Figure 2. Elements of the struetures of point diselinations: a, and b, The
orientation-putterns. in tho nematic-isotropic interfuce around +4 and -4
points respectively. e and . Structures in tho nematie layer below tho
disclination points. For o +2 poiut, tho strueture can be like cither . or d.,
and is synuetrical about o vertical line through the point. For o =4 point,
w vertieal section through one principal axis of b. would look like c.;. and
thirough tho other prineipal axix would look like d,

(After Ref.13)

g Figure 3, A three-dimensional viow of the structuro around & ~£ point. Tho
shaded areas aro vertical sccsions. -

Pdaw Naf ! =
(J‘L; va s n-\‘:drlj)
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-
formulated the force of interaction between the two discli-~

B = qTEl_._B

2a

where a = distance between the disdf‘“

Sl’ 82 — indices of two disclinations
r, = core radius of the disclination
I = characteristic dimension of the system.

It is obvious that the force i1s attractive when Sl and
82 are of different signs and repulsive when they are of the
same sigus

The formulation is analogous to that for the force of
interaction between two screw dislocatious. IHear the bound=-
ary, the interaction between the wall and the disclination 1is
equal to that between the dlscllinatlion and 1ts image reflected
by the wall., The force is always repulsive.

Electric fields can also lnduce singularity palrs in
the samrlc, Hundreds of point singularities are usually ob-
served ; they recombine rapidly, leaving only a few polints.

The schlieren texture can arise as a counsequence of the
imposition from the surface, e.g. when the cover slip has been
rubbed. The inversion line appears as a sharp black line
joining two point singularities of opposite signs. There are
two possible kinds of inversion wall being formed , as proposed

10

by Nehring and Saupe e "inversion wall of the first

Xind" always occurs when the molecules try to allgn themselves
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‘Pi3.k liclecular alignnent
in nn inversion wall of the
first -ind, Solid lines give
the vector-field of the pro-—
jection of i in the plane of

the layer; broken lines are

selccted curves of equal alipgn-

ment (i.c., curves along which

projzcticn of 1 is constant).
(Af%er 2ef.10)

parallel to the rubblng direction. The molecular orientation
then chauges countinuously from one side of the wall to the
other. At the centre of the wall the molecules are aligned
normal to the remaining part. Thus the total change 1s equal
to 180° on crossing the wall,

Another type of inversion wall, the "jnversion wall of
the second kind", has been cbserved when the molecules are
tilted out of the plane of the layer. Bither side of the
inversion wall are tilted 1in the opposite directlons, while
the centre of the wall remalns unchanged. However, it 1is
still a continuous change across the wall, and there is a
maximum birefringence in the centre of the wall.

In contrast to the case of point singularities without
the inversion walls in which only point singularities of oppo-
site signs can be annihilated, coalescence of singularities
of the same sign can be observed wheu these are jolned by

the inverslon wallslo. The energy and interaction between

L4
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the singularities derived from the continuum elastic theory
do not apply in this case, and the energy of the lanversilon

walls has to be taken into account.

The inversion lines are different from threads in the
nematic mesophase. Threads sometimes float freely, and some-
times their ends are fixed to the surface. Point singulari-
ties may be short threads that cither ends are fixed when

being viewed end on.

Nematic droplets.

Ry - At the isotropic-nematic
- / / / transition, spherical droplets ars
f;::;:}x. A y observed. At the isotropic-smectic

[
transition on the other hand, rod-

Fiz.: Tt:e internal struct A

5 _ Ur€ shaped textures or batonnets are
of a dronlet saiple. The
formed. The formation and inter-

curving lines indicate the
fircction of the optical nal structure of the nematic drop-
sxzis in the 1 i i
B & he fenglbie MOEKANEn 1oka/exei™till not very well
(L7ter ef.13%)
= understood. However, molecular
orientations in the droplets with
distinct crosses are mapped by
L’ieyerl3 optically. The polarizer and analyzer are rotated
together and the optical axes of the sample are plotted.

Leyerl5 proposed that, in the absence of an external

15 R.B. lieysr, Piezoelectric Effects in Liquid Crystals,
Phys.Rev.Lett., 22, (1969) 918.
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perturbation, the polar molecules 1n the mesophase are arran-
ged in such a way that the total structure 1is nonpolar. When
an external stress 1is applied, the structure is distorted.
Either splay or bending will polarize the sample. He stated
that curvature would induce space charges and vViCe versa.

The sttraction between nematic droplets 1s considered to be

an evidence that supports this conclusion.

II.2 Purpose of the Preseut Experiments

The principal purpose of the present investigation 1is
to study the effects of molecular structure, thelr arrange-
ments and interaction, impurities, mechanical constralunts,
and structural ilmperfections oun the formation and optical
propertiss of each type or nematic textures, especlally near
the mesomorphic-~isotropic transition temperature. It is
suggested that the formation of schlieren texture in the
nematic phase is mainly influenced by the molecular structure,
1.e., its dipole moment and the overall molecular geometry.

A number of unematic liquid crystals will be investigated.

Obv. ously, the stress field caused by structural imparfeétions
and the presence of impurities must also play an important
role ou the formation and appearaunce of this texture. Nematic
substances mixed with foreign particles and nematic-nematic
mixtures will also be studied. It has previously been esta-
blished that a pre-transition exists in tThe heat capacity

curves of PAA and some other nematic liquid crystals, It is
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suggested that this pre-transition may correspound to the

change from marbled to schlieren texture in a thin layer of

liquid crystal lu the nematic phase..

On cooling slowly from the isotropic to the nematic

phase, nematic droplets are formed. These droplets always

combine to form the schlieren texture. It is reasonable to

expect that
lets may be
fluctuation
growth rate
at counstant
the mixture
deduce somne

these data,

the nucleation and growth mechanism of these drop-
determined by the dislocatlons created by thermal
and the impurities present 1in the sample. The

of these droplets are to be determined optically
temperature for some unematic compounds and for
EPP-Hep/PAL .. Ao attempt will then be made %o

information couceruning the growth mechanism from
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