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Correction added to the thesis after submission

V¢ have recently eome to know that the
extrapolation prooedure mentioned i n page vii of the
Preface and page 112 of the thesis was proposed some
years ago by Haller (see I. Haller, Progress in Solid
State Chemistry, 10, 103 [1975]). 4As such we no

longer claim that the extrapolation prooedure i s *new!
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PREFACE

This thesis desoribes the results of scme expexri-
mental inveatigations carried out by the author on nematic
liqui d erystals. The man emphasis ia on the etudy of

mesogens Whose molecules have the strongly polar syano group.

The work reported here san be broadly clasaified into
three parts.

1 The discovery of re-entrant behaviour | N some pure
mesogens at atmospherie pressurs and the study of
same optieoal and elastic properties of the 'normal’
and the 're~amtrant' mematic phases Of these compounds
and same binary mizxtures (Chapters II, III and IV).

'2 The etudy of the optical and elastic properties of
bi nary mixtures sxs of which exhidbit {nduced smeotic
mesomorphism (Chapters ¥ and YI).

3  Observations of SONE new electrohydrodynamic patterns
and electro~optic effeots (Chapters VII and VIII).

| N chapter |, We give a general introduction to the
subject of liquid orystals with particular reference tO the

optical and elastio properties of mematic | i qui d exystala.

@anerally, when a mesogen exhibiting both nematic and
smectic A phases is cooled the follow ng wsequence Of phase
trangitions | S observed*



Isotropic — Nematic -~ Smectic A ~ Crystal.

It was discovered by Mladdis | N 1975 that some binary
mixtures of meaogeniec compoundas show a different sequence

of phase transitions, visz.,
Isotropic ~— Nematio — Smeotic A =~ Nematic — Cryastal.

The nematie phase obtained on eeoling the mmectie A
phage 18 called the re-entrant nematiC phase. Cladis et al
(1977) 1ater observed that some pure compounds like 8 00B
exhibit the re-entrant nematic phase at elevaie8 presaures.

In the beginning of 1979, We discovered t he occurrence Of the
re~entrant nematic phase in three pure compounds at atmospherio
pressure. These oaspourds are (1) trans-4-n-decyloxy-a-methyl-
4-oyanophenyl oinnamate (10 OMUPU), (2) 4=-cyanophenyl=3-
methyl-4— (4-n-undecylbenszoyloxy)benzoate (11 OPMBB), and

(3) 4-~cyanophenyl-3-methyl—4~(4-n-dodecylbenzoyloxy)benzoate
(12 CPMBB). The occurrence of the re-entrant phase was
confirmed by microscoplo observations, differential scanning
calorimetry and miscibility studles. [Ihgss are reporsed i N
ohaptex II.

We have al SO studied the phase diagrams of binary
mixtures of these compounds with other mesogens. The phase
diagrams cre compared With $he results ¢f SOME recent thermo-

dynamic theories (Heppke et al 1980, Billard 1980).



All the compounds exhibiting the re-entrant nematic
phase consist Of molecules having ihe oyans grid-group almest
along their long axez. | N such cempounds the neighbouring
molecules have atrong antiparallel correlations (Madhusudana
and Chandrasekhar 1973). Thia, i n turn, leads to a bilayer
structure (Leadbetter et al 1975)« |t is presumed that subtle
changes taking place | N the bilayers are responsible for the
occourrence of the re—entrant nematic phase (Chandrasekhar
st al 1980).

The discovery of the re-snirant phenamenon | N pure
compounds at atmospheric pressure has opened UP the possibi~
ity of many rew experimental $nvestigations. In an attempt
t 0 undexrstand the re-entrant behaviour in liquid erystals,
we have conducted a few experiments tO determine the orienta-
tional order parameter s oand the elastic constants.

| N shapter III, We give the details of the measurement
o 8« It is very difficult to gat good homogeneously
aligned samples i N the smectic A phase and in the nematio
phase alose to the smectic A-nematic (AN) transition points
of the compounds under study. Hence a had to be determined
by methods which meke uee Of homeotropically aligned samples.
Oe such method i s the infrared dichroism method wherein an
unpolarised radiation could be ueed (Kelker et al 1973,
Pernandes and Vemugopalan 1976). s was determined by this



method by measuring the diehroic ratio corresponding tothe
localised ~UN stretohing mode. However, this method has

only limited acouracy due to eertain inherent experimental
limitations. Hence & was also determined by measuring
birefringence. <Sincs We could use only homeotropically
aligned samples, O new wethod wes adopted for t he purpose.

A light bean was incident at an obligue angle on the sample
and the phasse retardation produced by it was measured by using
a quarter wave plate and g polaxrieesr. The order parameter was
found tO vary in a fairly smooth manner across both AN and

AH, (snectic A ~ re-entrant nematie) transition points.

Chapter IV deals with the Freederickssz transition
technique of measuring the splay and bend elastie constants
of nematie liquid orystals. The resulta of measurement Of
kygy of the normal nematie and re-entrant nematic phases Of
some compounds and mixtures are presented i n this chapter.
It wam cbserved that in bdoth the nematie phases k-.ﬁ shows
pretransitional inoreames as the transitiocn tO the smeotie

phase | S approached.

The pretranaitional inerease i N k22 could not ve
atudied by the Freederickssz transition vschnique as this
needs a homogensously sligned sample. A light scattering
experiment was conducted for the purpose. In an appropriate
geometry, the intensity of the depolarised camponent of the

1ight scattered from A homeotropically aligned ampleis



propoxrtional (O (L\n)‘z/k22 where An 18 the birefringence.
Experimentally, it was cbserved that as the sample wart
eooled, t he intensity drops down t O almost seroc at the AN
transition point, remains at the aininus value al| along
the smectic phase and rises rapidly at tho AR traneition
point. fThis indicates the presence Of pretransitional
inoreases i N k,, | nboth the noxmal and the re-entrant
nematic phases. All these observations confim that the
phags obtalned ONn cooling the smeetlc A phase i s nematic and
that St IS similar in itS properties t0 the normal nematic

phase.

Commonly, When two nematogens are mixed togetherx,
the miztures exhibit only the nematic magophase, But when
one d the components of the mixture consists of molecules
having strong polar end groups alomg their long axes, the
mixtures show ‘induced smeotic A4' phase in sams composition
ranges(Park at a1 19753y Oh 1977). W have atudied the
phase diasgrams Of three binary mixtures exhibiting i nduced
smectic mesomorphism. Theose are (1) mixtures Of 4~n-heptyl-
4'~oyancbiphenyl (7 OB) and (2~hydroxy)-4=~athoxybenzylidene—
4'-butylaniline (OH-EBBA); (2) mixtures Of 4-oyanophenyl-
Arans-4'-n-heptyloyolohexane (POX-7) and OH-EBBA3; and
(3) mixtures of 7CB and 4,4'-diheptyloxyagoxybenzene (HOAB).
T™he components of the firat twO mixtures show only +tho nematic
mesophase, Dut the mixtures show induced smectic A (4;) phase



i N some range of compoaitions. |n both the cases, the AN
transition ocurves exhibit a peck. For highsr concentrations

of the oyano campound, the 4. and nematic phases coexist

I
over fairly wideranges of temperature. Ths third mixture,

TCB/HOAB aleo exhibits induced smectic mesomorphism. For oome
compositions of this mixture, the “I phave goss over directly

to the isotropie phase.

Engelen et sl (1379) measured the layer aspacing of a
binary mixture exhibiting the A, phase, ae afunction of
composition. ‘They round that the layer spacings of tho
mixtures xoughly c¢orrespond (O an approprliate average length
of the molecules up t0 a certain soncentration of the strongly
polar camponent of the mixture. This composition roughly
corresponds t0 the peak in the aIIi transition vurve.  With
further increase i N the concentration Of the strongly polar
camponent, the layer spacing inereases rapidly approaching the
bilayer apacing Of the polar eamponent. & have proposed a
possible mechanisa of formation Of the Ay phase ON the basis
of the experimental results mentioned above.

For Low concentrations Of the strongly polar cumponent
(say, T0B) the individual molecules of 7CB mny De expected tO
be surrounded by the molesules aof the, other component (say,
OR~IBBA). The /48 molesules Will polarise the neighbouring
OH-EBBA molecules and this fnteraction would favour a cellection
of OH~EBBA molecules arcund & 7CB meolecule giving rise %o the



formation Of a layered arrangement. Beyond g certaln
congentration of 7(B, the layered arrangement takes on long-
range characteristics leading to the formation of the Ay

phase. 4% the concentration of AB is inoreased further,

some Of the¢ nelghbours Of a given 7CB moledule will be TGB
molecules themselves and beyond a certain concentration

{(~3%5% of 7¢B for TCB/0HEBBA system) which roughly corresponds
to the peak in the AN transition curve, apart of 703 will
retala tho bilayer structure and consequently the layer spacing
starts t O inorease. For thess concentrations, the mediunm

Will consist of mixtures Of bilayer and monclayer spucies.

V& havre measured the pefractive indices of 7CH, OH-EBBA
and two of their mixtures exhibiting the A, phags, tO find
the temperature variation of the order parameter s . Enowing
thae refractive indloes, the relative temperature variation of
8 can be datermined. Howaever, 10 f£ind the absolute valuea of
a, one snowld know the value of &/p& where & is the average
polarisability of amolecule and Aa 43 tho anizosrepy i N the
puelarisability of aperfectly ordered medium (with s = ).

Yor OH-EBBA, this data 1s not available. We have obtained
this wvalue from the relatlve temperature variation of s,
Lollowing o new extrapolation procedure. |n this, we have
made use of the fact that 1z the NI transition were of gecond
order., s would have continuously decreased (O gero at a tempe~

rature TEI > Ter- We have assumed a relation of the form



T -
ﬂI X 3 1 bl
8 = ( Y* where x is a positive index. From the

Tix

temperature variation of the relative order paraneter, the
value of T.';I which gives the beet fit to this relation was
obtained and hence the temperature variation of absolute
value Of & was determined. %his method makes use of the

values Of refractive indices corresponding to the entire
range of nematie phase unlike the other extrapolation proce-
dures (Haller et al 197%, Subramhanysm et sl 1974) wherein
the data i n only a relatively small temperature range away

from TNI conld be used.

¥ have also determined k,, and k33 for the aysteus
mentioned above. It was obgerved that for 7CB, (k”/k”) >1
at temperature8 well below Ty and it; decreases to ONe as
Py 1S approached. | N OH-EBBA, (k33/k11) < 1 and is almost
temperature indepeandent. Yor mixture | {(which has 16% 7CB),
(R33/k”) <1 & temperatures close tO %), and 1t decreases
to fairly low values ( (0.6) as the teuperature is lowered.
For the other mixture (11) which has 62 7053, 1:.53/1:11 is
#lightly leas than one c¢lese to TNI and 1t increases slowly
as the temperature is lowered. both the mixtures show
pretrancitional increase | N k35 a8 the A;N traneition point

18 aspproaghed.

Some of these results oan be understood i N terms of

Priest's (1973) theory. According tO this theory, (k33/k") <1



usually implies that the order parameter P 4 | 0 negative where
§4 i S the average fourth . exrder Legerdre polynomial. This

1a probably tho case i n OH-EBBA. The Still lbwer walue of
1:33/1:" i N mixture | i S probably caused by the formation of
monomolecular layers containing 705 and OH~EBBA molecules.

If the lateral correlation lemgth T 48 much |arger than

the longitudinal eorrelation |ength %N, k33/k 49 Oan become
quite small (Leenhouts et al 1979, Karat and Madhusudana 1977).
k33/1¢11 for mixture I lies between those Of 75 and mixture |.
This is a consequence Of the fact that mixture II is indeed

a mixture of monmmolecular and bimolecular speociea as desoxibed
earlier. These studies are the subject matter Of chapter V.

| N chapter VI, We report some studiea made on 2-cyano=
4~hep tylphenyl-4'~pentyl-4~-biphenyl carboxylate [7r(2CN)SBC]
which has a Oyano group making a large angle (~60°) with the
molecular axiS. The compound exhibits nemaiic phase over a
wide range of temperatures and haa a | arge negative dielectric
anisotropy (v~ 4). ‘The ordinsry refractive index n, of this
ocompound shows an unusual temperature variation. as the sample
is cooled down from the NI transitiom point, n o initially
decreases azs usual, but, on further cooling It shows an
increasing trend after reaching a broad zinimum. Q1 the other
hand n, shows the normal temperature wvariation. he birefrin-
gence also shows the normal temperature variation Since the
changa i N n, is considerably larger than the corresponding



change N n . X-—ray investigations of a menodomain sample
°

of the compound showed that in the nematic phase the compound
has the skewed cybotactic (f.e., a smectic J) type of short
range order.. Further it was found that the tilt angle of the
skawed oybotactio groups decreases gs the temperature is
increased. W& have made an attempt to correlate the variation

of tilt angle with the peculiar temperature variation of = _.

However, the ecaloulation of the ordexr parameter itself
is Not very sensitive (0 these small variations i n the structure.
The value of & saleulated using the Vuks* formula ehows the
normal trend i n temperaturs variation. Indeed, the tanpe~
rature variation of & agress quite well with that ebtained
by using the wideline NAR technique.

We have also Studied the phage diagram Of binary
mixtures of 7(B and 7P{20K)5BC =nid found that these mixtures
oo mot exhidbit induced smectic mesomorphism. Among the various
interactions between a molecule of 7CB and one of 7P{2CN)5BC,
the dipole-dipole interastion between the terminal cyano group
of 7B and the lateral eyane group of 7P{20N)5BC i S the
strongest. This interaction does not favour the formation
of layers which occuld give rise t 0 the smeoctic A phase.

The order parameters and splay elastic constants Of a
fev mixtures of 708 and TP(20N)5BC were measurad, The mixzturss
having kigh concentrations of 7P(20N)5BC alsc show the unusual



temperature variation of n,. ¥, and s of TP(208)58BC
are greater than those o 7¢3. 4s the concentration of 7&

i N the mixture 1s increased, both ky, and & dJdeorease,

attain A broad minimum around A concentration of ~ 60 per oent

of 7B and thereafter inorease slightly.

In chapter VII, we report some sStudies on electrohydro-
dynamic (EHD) flow patterns exhibited by nematies having
positive dlelectric anisotropy ( Ae) and negative conductivity
anisotropy ( Ag). |n ome mixtures Of 7US and HOAB exhibiting
induced smectic A phase, the nematic phase has these characheri-
stice i N A mall temperature rangs above the AN transition
point. It is awell knonn fact that nematics having negative
Ae and positive o~g exhibit EHD patternz | N the form of
Williams danains under the astion of 4 or low frequency a¢
electric fields above a threshold voltage. This is well
understood i N texms Of the Carr~Helfrioch theory. |n principle,
almost similar type of instabilities should ccouxr | N nematics
having positive ,e and negative ae. Iathe latter oass,
the instabilities arise due to the amplification of splay
fluctuations (Durand, 1976) whereas i N the former case they
arise due t0 bend fluctuations. V& heve nade observations oOn
a homeotropically aligned sample taken i n a gandwich geometry.
The patterns observed grow with eiroular symmetry. At a given
temperature, the threshold voltage of instabilities inoreases
monotonically with frequenay. At a given frequency, as the



temperature i S increased from the AN transitlon point, the
threshold voltage deoreasea | N the beginning, reaches a broad
miniaum and inexeases thersafier. Above A certaln teupe-
rature NO instabilities axe observed even at voltages as high
as 250 V. V¥ have explained these observations i n texms of

the Carr-Helfrioh zechanism,

In the | €St chapter We describe an interesting electro~
optic phenomenon obasexrved i N cells having asymmetrieally treated
electrodes and contalning mematic liquid orystals Of high
positive dlelectric anisotropy. The cell usually consisted
of One electrode coated with stlicon monoxide (sio) at an
obl i que angle of ~60* with respect O the normal and another
electrode xubbed unidirectionally. When the cell i s subjected
to an eleotric field, it is obeserved that the sample undergoesn
vigorous EHD motion when the 3i0 coated electrode is positive.
On the other hand, the EED motionis very much less vigoxrous
when the 310 coated eleotrode IS at a negative potential.

This polarity dependent electro-optic effect is found under
low frequency AQG electrie fields also.

Sussmann (1978) found a rectification action i N nematic
1iquid orystals contained between 310 ooated and rubbed electrodes.
He explained this by assuming that negative iONS present i N
the sample are electrosorbed more readily at the positive
electrodes than the positive 1ons at the nsgative electrods.

The SITE mechanism explains the electrooptic effect mentioned



xiii

above.,

In the absence of D motion, under the aotion Of
an electric field larger than the Fraederickss threshold,
the molecules will align i N a direction nomal tO tho glass
platen zince A& 418 positive. Then the gystem comprising
of the cell placed betwesn cxrossed polarisera will NOt trans~
mit any light, The presence Of fonie impurities givesa rise
to BHD motion i n t he sample. %This motion disturbs the
alignment Of molecules resulting i N the transmisaion of
considerable anount Of light through the aystem, In the
presgent ouee where %ne sample has high positive .f and
small positive g, the BHD motion arises most probably
due to injection of charges at t he boundary (Felici 1369) or
elevtro~convestive procgssea (Barmik ¢% al 1976). W the
310 coated electrode fa at a positive potential, the ElD
motion ig more vigorous campared to that | N the reverse cane.
Congequently, mors light pamses through the syatem in the
former case compared |0 that in the latter. Soue experimental

evidences confiming thie mechaniam have alae been digousaged.

Smue of the resulta disoussed | N this thesis we

reported in the following publications.

1 The electro-optic characteristics of A mematic liguid
orystal cell with asymaetrically treated electrodes.
1979 (N.¥.Madhusudana and K.P.L.Moodithaya) ~
Molecular Crygtals and Liguid Oryatalas 51, 137.



Re~entrant nematic phase i n pure compounds at
atmospheric pressure (N.V.Madhusudana, B.K.Sadashiva
and X,P.0L, Moodithaya) 1979 Current Science 48, 13,

Re~entrant nematic phase | N some pure compounds and

their mixtures at atmospheric pressure (K.P.L.Moodithaya
and N V.Madhusudana) 1980 Proceedings of the Intermatial
Liquid Orystals Conference, Bangalore, December 1979

Ed. S. Chandrasekhar, Heyden, London, p. 121.

Induced smectic mesascrphism i n some binary mixtures:

A new type of eleetrohydrodynamic pattern in the

nematic phase ef the mixtures (XK.P.L.Mooedithaya and

N. V.Madhmeudana) =~ 1930 Proceedings of the International
Liquid Crystals Conference, Bangalorae, Deocenbexr 1979,

Ed. S Chandraseknhsar, Heyden, London, p. 297.

Studies ON scme bimary mixitures exhibiting the induced
smectic A phase (N.V.Madhusudana and K.P.L.Moodithaya) ~
Molesular Crystals amd Liquid Crystals (submitted).
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