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1. Definition and Nomenclature

Research in the field of liquid crystals has been
passing through various phases of activities since it was
first identified by Reinitzer (1) and O. Lehmann (2),
During the laét few years, interest in liquid c;ystalé
- has intensified, primary as a result of its wide

commercial applications,

Liquid crystals are highly associated liquids that

occur over various temperature ranges in melts or
‘solutions of certain organic molecules and some polymers,
Liquid crystallinity is an intermediate state of matter
existing in a peculiar twilight zoﬁe between the _
boundariés of the usual crystalliné solids and isotropic
liquids,

Friedel (3) and Friedel and Friedel (4i who studied
liquid crystals in more detail proposed éﬁe term
o 8 mesomorphism * as this phase is neither a true liquid
nor a true solid but finds place between a crygtalline
solid and an isotropic liquid, This term and the associated
terms mesomorph, mesoggns.‘mescform and mesomorphism are
widely used in literature, According to Rinne (5) the‘l
.mesomorphic and grystalline states will belopg tg the class

of ' eutactites ', since they possess ordered or regular

&



structure, Brown and Shaw (6) had used the term

' mesomorphism ' for the title of their first review.

Liquid crystals are classified into two major groups
on the basis of the manner in which they are obtained,

One of these is 1dentifieé as thermotropic liquid crystals
indicating that 1iquid crystal phase is obtained by the
application of heat, ILyotropic liquid crystals constitute
the second major group: where liquid crystal phase is
obtained by mixing two or more éomponents’in suitable
solveﬁt. Eventhough the term#thermotropic and lyo;rop;c
are widely used Gray and Winsor (7) prefer the terms

' amphiphilic * and * non—amphiphilic ! for a variety of.
mesogens (liquid crystals). The amphiphilic mesogens are
’called lyotropiq while the pon-amphiphilic mesophases are

commonly called thermotropic,

£

2. The Mesomorphic State | Oty Vit St der (aue
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Sgon after the discovery of liquid crystals, A/gf

Ao -Lehmann(8) and Vorlander (9) prepared hundreds of

compounds which exhibited liquid crystallinity,

Lehmann (10) carried out a large number of experiments
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to illustrate the properties and formation of liquid
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crystals from ‘the isotropic liquid, Vorlander (11)
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believed that mesomorphic'substances'were,tru@}y liquid



crystals and had a fized space lattice. Further,

microscopic- examination of l;quid cfystals carried out [
by Mauguin (12) and Friedel and Grandjean (13) a%w%/élﬁﬁiﬁgk"ﬁ
established that the liquid crystal state is é truly

physical state which is intermediate between the

érystalline solid and the isotropic liquid, A.C. de

Kock (14) on the\bgsis of his wo:k-' ligquid mixed

crystals ' supported the view that crystalline liquid

is a homogeneous phase and not an emulsion of two'liquids.

If the conditions are favourable for.mesomorphism
for a compound; the ordered structure breaks down in
stages, and before passing to isotropic liquid, a liquid
crystalline state is obtained. Further heating destroys
the orientation of the molecules and the mesophase
changes to the disordered isotrbpic liquid, The
mesophase obtained is termed enantiotropic which takes
place reversibly on heating and cooling though the
reversal to the solid phase is usually accompanied by
supercéoiing. However, a mesophase may be monotropic
in nature, This type of metastable mesophase is obtained
only during cooling of isotropic liquid which is

reversible at the same temperature,

3. Thermotropic Mesogggses

Friedel (15) carried out detailed optical studies
of 1iquid crystals and conveniently divided them into



three types - Smectic, Nematic and Cholesteric on the
basis of molecular arrangement which gives rise to
textures and other optical characteristics of the"

mesophase,

3,1 Smectic Liguid Crystals

The smectic mesophase is turbid viscous state, with
~ certain properties reminiscent of those found for soaps.
The term * Smectic * is in fact derived from the Greak
word ' Smectos ' meaning soap-like, Smectic liquid
‘crystalé compounds are'stratified and the melting process
evidentiy disrupts gnd-to-end molecular cohesions, but
the temperature at which the mesothase is stable is not
sufficient to break apart lateral associations and the
layers remain essentially intacé. Smectic liquids
therefore, retain a good Qeal of two dimensional order.

When smectic phase is formed on cooling the
isotropic liquid,\it £irst appears frequently in the form
of non-spherical characteristic elongate& birefringent
particles which are known as batonnets, These increase
in number as the temperature falls, coalesce and show
evidence of a focal conic texture when eéamined in
polarized light. e
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When focal conic texture is observed under the
microscope a number of fine dark lines are seen, The
shape and the arrangement of these lines ére like those
of nellipses and hyperbolas, The study and explanation
of the focal conic texture are largely due to G, Friedel
(15), Bragg (16) has given an excellent account of the
focal conic texture and the geometry involved which
furnish further evidence for the layer theory of the’

smectic texture,

Sackmann and Demus (17) have classified smectic
phases according to the textures observed in the.
mesophases, (Table 1), They studied in detail and also
reported seven smectic phases from Sp to Sg (17) which
were identified by miscibility studies, De ¥ries and
Fishel (18) have proposed the eighth possible smectic
phase Sy.
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Smectic - A a. Simple fan-shaped

Smectic - C

Smectic - B a« fan-shaped texi:uu:‘c—:;-::I

As suggested by Gray and Goodby (19), the

texture

be Simple polygon
texture

. ae. broken fan-shaped
texture

b. broken polvgon
texture

b. Polygon texture

c. mosaic texture
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thermodynamic ordering of the known smectic poelymorphic

forms appears to be as follow 3
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However, by convention; the smect;c phase occuring
at highest temperature for a smectic mesogen exhibiting
polymorphism, is termed SI and subsequently SII"SIII

and so on as the temperature at which they occur decreases.

3.2 Nematic Liquid Crystals

The term nematic meahing thread like is used
because of the mibile thread-like lines which are
observed in nematic mesophase. Fnadk,(Zﬁb has named

these lines as disclinations,

lThe'nepatic phaée is less ordered compared to the
smectic as there is no layered arrangement qf the molecules,
The molecules lie parallel to one another but without a
regular orgénization of their ends. Such arrangement
of the molecules is referred to as an imbricated structure.
The molecules in the nematic phase exist in the form of
groups, each groué cohtaining about 1,00,000 parallel
molecules, These groups are refgg%%d to as swarms, and
the theory known as the * Swarm Theory.* was firét_
\preposed by E. Bose (21);‘ Considerable amount of evidence
in favour of swarm theory has been provided (22-28) ,
ZOQher (29) proposed the distortion hypothesis which is
now referred to as the‘cpnéinuum theory of liqﬁié crystals.
Brown et al., (3C0fin their review‘sugggsted that continuum

theory is well suited to ;he treatment‘of anisotropic

i
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liquids, Luckhurst (31) applied both the swarm and
distdrtion theories of the nematic mesophase to the
study of magnetic resonance experiments and has shown

that tﬁey lead to isomathematical 9onc1usi¢ns{

A simple molecular theory of the nematic liquid
crystalline state, by which it is shown that N-I transition
temperatures may be &etermined by calculation of the free
enthalpies of the phases involved at the transitions, was
proposed by Maier and Saupe (32),

\
Disc-like and Carbonaceous Nematic Phages

v

Common nematogenic materials consist of rod-like
molecules whose longest axes tend to be para&llel in the
nematic phase. A}ben,(33), Onsagar (34) and D@%er (35)
suggested that in addition to such positive nematics, it
is reasonable to expect that there might be negaéiva
nematics with‘pianar molecules aligned with their shortest

axes parallel.

Chandrasekhar et al. (36) have reported that
thermotropic mesomorphism has been observed in pure .
compounds consisting of'éimple disc like molecules viz, ‘
‘benzeneyexa-n—alkanoates. and based on x~ray data, a

structure has been proposed in which the discs are stacked



one on the top of the other in columns that cbns;itute a
hexagonal arrangement. More references of disc-like
liquid crystals are also availaple‘(37-42). Another
new type of nematic meSOphaée obtained during the
process of cocking and carbonization has been discussed
by Zimmer and White (43). The distinctive feature of

this carbonaceous mesopﬁaée is the plate-~like molecule

of nematic liquid crystal. Carbonaceous mesophase has
i S AR - -

also been reported by Sakagami and Nakamizo (44).

Nematic Reentrant Phase

The first observation about the reentrant nematic
phase (the phase océuring below the smectic phase) wetS
made by Cladis (45), Recently, there have been reports

regarding this particular phase. (46 -« 50),

,Nematic Textures

A nematic liquid crystal on cooling from the
amorphousAisotropic liquid gives at first circular
birefringent areas (droplets), The appearance of the
textures which are formed after the completed transition
often depends considerably on the layer thicknéss.
Thicker nematic layers may ghow the typical threaéed
texture which may move and float around in the nematic

liquid. In thinner layers %he threaded texture changes
L

a
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to the Schlieren texture with)point liké disclinations.
The appearance between crossed polaroids is characterized
by dark brushes which start from points in which the
direction of extinction i1s not defined. By suitable
éurface treatment it is possible to obtain films with
uniform moleculzr alignment., With untreated surfaces,
the surface may proddée an irregular texﬁure reminding
one of the polished marble (the marble texture). The
appearance of almost optically extinct region during
microscopic observation of the slide in the nematic
phase which on slight disturbance shows a spark of light
indicates homeotropic texture adopted by the phase,

3.3 Cholesteric Liguid Crystals

The cholesteric mesophase is found in the melts
of several compounds mainly haﬁging sterol type of
skeleton., Initially they were cholesterol derivatives
from which it derives the name. Friedel (15) noted a -
somevhat closer resemblance between the cholesteric phase
and nematic phase, Nematic liquid crystal can be transformed
to a cholesteric liquid crystal by dissolving an optically
active compound in it. The most striking property of the
cholesteric mesophase is the scattering of light to give
vivid colours when illuminated by white light, \
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Cholesteric mesophase has fluidity\like that of the

nematic phase., It can be oriented by electric and magnetic C
fields like nematic phase (51). * st @&V; (eS8
\ Metsaverpnrire amns s

P

Friedel (15), Stumpf (52), Mathieu (53) and Gray
(54) have tried to explain the optical rotatory power
of the plane éhqlesteric’texture. Oseen (55) has explained
“mathematically the high optical rotatory power and
transmigsion of different cglours of plane texture, .
Fergason (56) and Daniel Berg (57) have explained optical
properties of the cholesteric phase.

Textures 3

Cholesteric liquld crystals can occur in three
textures (58) viz. (i) focal conic texture (ii) plane
‘texture and (111) isotropic texture or blue phase. The
focal conic texture is obtained by cooling an isotropic
ligquid, It deriVés its name from the conic sections that
are sometimes readily visible, as in the case of smectic.
It changes to plane texture when the coverslip is,
shiftgd. On cooling éé isotropic liquid, some cholesteric
compounds exhibit a phase which -is visible to the eye in,
reflected light, but not visible microscopically in
transmitted light using crossed'polarisers. The phase is

known as blue phase, which changes to birefringent texture



at low temperature, Bergmann and Stegemeyer (59) have
reported the existence of two tnermodynamically stable
polymorphic forms of the so called ' blue phase ' of

‘cholesteryl nonanoate and myristate,

4, Lyotropic Liquid Crystals

Mesomorphism formed by the effect of solvent on
amphiphilic compounds is referred to as lyotropic
liquid crystals. The compounds possessing two groups
whilch differ in their solubllmty properties are
characterized as amphiphilic,

The first lyotropilc substance ammoniam oleate was
reporteé by Lehmann (60), McBain (61) has discussed the
forms of mesomorphism in sgap solutions. A number of
cationic and’non~ionic detérgenés when treated with water
or other solvents exhibit anisotropic p:hasés,(GZ). Zocher
and Coper (63) have reported that methylene blue.'neuﬁrai
red and some other dyes show lyotropic mesophases.
Robinson (64) reports an inéeresﬁing observation that
viscous solutions of poly-¥-benzyl-lL-glutamate in
certain organic solvents are anisotroplc, Iawson and

gutt (65) have studied NMR spectroscopy of smectic and
waxy mesophases in surfaqgtant systems such as sodium

palmitate -~ water éystem.



A close relationship obviously existing between
these 1iquid crystalline states and the truly colloidal
states has been discussed by Ostwald (66). Gray and
" Winsor (67) have discussed constitutional analogies
between thermotropic liquid crystals, plastic crystals
and lyotropic liquid crystals.

5. Plastic Crystals

In contrast to liquid crystals, which are solid-like
liquids ; plastic crystals are liquid-like solids. The
basic difference between a ligquid érystal and a plastic
crystal on a molecular scale is largely one of geometry.
The liquid crystal molecules are generally long and
rigid whereas the plastic crystal molecules are usually
compacﬁ and globular. Plastic crystals were first
| recognized by Timmermamns (68), X-ray diffraction
stuéies of plastic crystals indicate that the molecules
in plastic crystals have considerable mobility but they
do not have literally free rotation, Both molecular
rotation and self diffusion in plastic crystals have
been investigated by NMR stgdies (69), Smith (70) has
given an account relating the properties of plastic

crystals and liquid crystals,

13



19

6, Mesomorphism in Biologggglaﬁgégggg

Mesomprphic property in the form of mgelin'in
biological systems was first shown by Virchow (71).
Living sperms composed in part of protein, nucleoproteins
and albuming have been shown to possess a mesomorphic
state (72, 73). Chapman (74) describes the essential
components of membranes of living cells énd>connective
tissues and thelsignificance 6f ligquid crystals in them.
Fergason and Brown (75) in their review on the liquid
cr&stals and living systems discuss the mechanism of
living systems. Ambrose (76) studied 1"iquid crystallinity
in muscle filament and reported the factor contrﬁlling.

liquid crystalline states and their biological interaction.

Lol T R e e

7. Chemical Constitution and Mesomorphic State

Vorlander from his study of a large number of
organic compounds pointed out that close relationship
exists between the symmetry of the molecule and its capacity
to fﬁ%m liquid crystals. Iﬁ general the molecules of a
liquid crystalline compound are elongated, rod or lath-
shaped and possess middle and terminal groups and
intermoiecular cohesive forces between molecules is a
requirement for the formation of liquid crystals.

However, the intermolecular attractions should not be 80



strong¥ that the melting point of the compound is very
high éince at high temperature the thermal motion prevents
the existence of an ordered phase. Thus thé cohesive
forces operating between elongated molecules must be

both anisotropic and of suitable magnitude (77).

The majority of the thermotropic liquid crystals are
aromatic in nature., Aromatic nuclet are polarizable,
planar,‘rigié and can give rise to mesomorphism if the .
substituents are placed in proper positions, and these
are p-substituted benzene giggs‘linked ﬁegether througﬁ
different central linkages like ~CHaCH-, = (cascn)n-,:

<CaC-,  CHaN-, al, -NN-, -cn:ca-% ~0-, L-0-,
: 1
0

~O<CH,~CH,~0~, etc.

 When more than two benzene rings are linkéd
through more than one central group the liquid crystalline
. properties are enhanced, 'The linkage of bénzene rings
through o~ or m~position is not favourable to the
liquid crystal formation because the molecules then

become non-linear,

Dewar and Goldberg (78) have shown that replacement
of aromatic ring by saturated alicylic ring gives marked

reduction in thermal stabilities of mesophases, It is



interesting to note that Osman and Révesz (79) have
reported a new class of aliphatic liquid crystals.

Dewar and Riddle (80) from their studies of number of
potentially mesé&orphic esters and thioesters suggest
that the geométfy is the most important factor in
determining the stébilities of the nematic mesophases.
Dewar and Griffin (81) in their thermodynamic study of thé
' role of the central group on the stability of nematic
liquid crystals suggest that polarity in the central part'
of the linear molecule ma§ likely reduce the N-I
transition temperature through a re&uctiqp in tye symmetry
number, even though polarity in the terminal groups fav&urs

the nematic stability.,

Destrade et al. (82) in their study of mesomorphic
polymerphism in some disc~-like compounds, observed that
the real mesomorphic nature of the new kind of liquid
crystals with physical properties very similar to red-
like mesogens but with a drastically different molecular
. organization. Chéﬁdrasékhgr et al. (36) have also noted

thermotropic mesomorphism in simple disc-like molecules.

Schroeder and Schroeder (83) have reported mesogenic
compounds with terminal hydroxy and amino groups. Liquid
crystals with terminal and lateral hydroxy group are also
known (84, 85), | |
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Gray (77) has studied the iﬁfluence of terminal
substituents in pure mesogenic compounds and obtained
-group efficiency orders in nemaiic and smectle syséems.
Gray (54) and Bave and Vora (86) have studied the effect
of the substitution in cholesteryl benzoates.

The lateral substituents may force apart the molecules
and may thus reduce the intermolecular lateral cchesions
but at the same time the substituent may increase the
molecular polarizability which, 1n'turp, may increase the
intermq%ecular‘attractions. If the substituents occupy
certain pockets in the molecule so that the brgadﬁh\effedt
is not manifest, it is found to increase the thermal

stabilities, as noted by Gray and Jones (87).

Many mesogenic derivatives of naphthalene are knéwp
(87,88-95), Liquid crystalline compounds containing
phenanthrene, fluorene, fluorenone (54, 77, 96, 97) and
anthracene (98) are also known. Gray and Nash (99) have
discussed the liquid crystalline behaviour of heterocyelic

compounds.

8. Mesomorphism in Homologous Series

The relationship between transition tempefatures
and increase in the alkyl chain length of mesomorphic

compound is quite interestin_g. When the mesomorphic,
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temperatures . e.,g., N=I, 5-I, Ch~I, S=-N, S-Ch or 8-8

for the homologdus serles are plotted against the number
of carbon atoms in the alkoxy groups, smooth curves may
be drawn through points for like or related transitions.
The NI, S«I and Ch~lI temperatures alternate typically’
these lie on two falling curves, the upper one for even
and the lower one for odd number of carbon atoms‘in .
the n-alkoxy chain, For a system with n-alkyl groups
attached directly to the ring, the reverse situation
‘arises. because the oxygen of the ether link in the alkoxy
group is equivalehi stereochemically to a methylene unit,
7.

The odd-even effect becomes less marked as the
series is ascended and the two curves meige léter.in
the series., The S=N temperatures usually do not alternaie
and lie on a smooth curve which rises steéply at first
then 1ev§ls out and merges with the falling NwI ’
curve, However, there are cases in which the $-N
transition curve does not merge with the N-I curve
and last members of the series exhibit nematic mesophase .
along with the smectic mesophase.. There are also cases in

vhich S-N and S-Ch temperatures alternate.

This description defines usual behaviour of

mesomorphic homologous serles, however, homologous series
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With deviations can also be found in literature,
9. Mixed Mesomorphism

Just as the melting points of the solids are
depressed by the additionﬁ,of other substances, so also
are the transition temperatures‘of liquid crystals r vz
lowered by the addition of foreign substénces. When a
mesomorphic‘compouqd is mixed with another mesomorphic
or none-mesomorphic compound; the solid-mesomorphic or
mesomorphice=isotropic transition temperatures may get '
depressed in the usual way following more or less the law
of mixtures. De Kock (14), Bogojawlensky and Winogradow -
(100), Vorlander and Gahren (101), Dave and Dewar (102),
Dave and coworkers (103 = 106), Sackmann and Demus (17)

have contributed a lot to the study of mixed mesomorphism,

Domon and Billard (107) have shown that it is
possible to predict the phase diagram of mixtures of liquid

crystals, The study of mixed mesomorphism is very useful

et
[
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Many mixtures have been reported where a mesogen or other
compound is added to the mesogen, either to decrease the
melting point or to increase the mesophase range or for
the change in electric conductivity and dielectrié

anisotropy (108 - 110),



10. Physical Properties

In récent years, a large amount of work is being
done on the physical properties such as X-rgy stﬁdies,
spectroscopic studies, magnetic'resonance studies,
Mossbauer effect, viscosity, surface tension, dielectric
constant, magnetic susceptibility, uitrasonic and

calorimetric studies etc. of liquid crystals.

X-ray study of mesophases has helped to unders;and~
the molecular organization in the smectic and/or nematic
phases (111 - 115). Guillon et al. (116) have used the
small angle X-ray’difﬁgkaction method for thg study of
the smectic polymorphism. X-ray studies of disc-like
mesogens by Chandrasekhar et al. (40) indicate that the

structure of the mesophase is columnar,

IR spectra of mesogens were studied and reported by
L'Vova and Sushchinskii (117) that the transition of
L
solid-liquid crystal was accompﬁ@ggd by sharp changes of
spectra whereas the transition from liquid crystal to
isotropic liquid did not cause gqualitative changes of

spectra.

Raman spectral study has been carried out to obtain
definite data on the degree of freedom available to the
molecules in various mesophases and their importance in

\
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_ determining the stability of a given phase. Schnur et al. '’
(118) - from their studies of the Raman spectra, concluded

that SB phase is much more solid-like in nature,

The NMR spectra of different mesophases and/or
study of NMR of different substances in liguid crystals
has been made by several workers (119 - 124). A number
of review papers on NMR studies of liguid crystals have
appeared in the literature by Luckhurst (125),
Meiboom and Snyder (126) and Diehl and Khetrapal (127).

One of the most spectacular and significant of the
recent investigations in liquid crystals is that of the
observation of the Mossbauer effect in these phases.
Uhrich et al. (128) for the first time studied this
effect in Sc texture. Schenck (129), for the first time,
determined the viscosity‘of liquid crystals and found
that the viscosity of the mgsophase‘falls off with
increasing temperature, but at temperature close to
mesomorphic - 1lsotropic transition there was, in each
case, a sudden break in the viscosity versus Qempemature
curve, Several wbrkers‘have also studied about surface
tension (130 - 134) and dielectric constant measurements

(135 =« 138) of liquid crystals.



Calorimetry is a valuable method_é;r the detegtion
of phase transitions. Calorimetric measuregents have been
made using adiabetic calorimetry, differeﬁtial scanning
calorimetry (DSC) and differential thermal analysis (DTA),
It yields quantitative results and therefore, conclusions
may be drawn concerning the nature of the rhases which

participate in the transitions,

The most significant thermodynamic studies have been
reported in an important series of papers by Arnold and
qownrker (139 - 142), They use-the method of adiabetic
calorimetric measurements for the determimation of heat
capacities and latent heats. Calorimetric measurements
using DTA and DSC methods have begn reported by Barrall
et al. (143) and by Ennulat (144),

The use of liquid crystals as stationary phase in
glc is a promising technique. Kelker and Von Schivighoffen
(145) have reviewed the literature on this particular
subject, Dewar and Schroeder (146) could separate
position isomers by using liquid crystals as stationary
phase in glec,

In general, a number of books and reviews have
' discussed the physical properties of mesogens and their
uses in different fields (147 - 15j),

)
oD



23

11. Applications of Liquid Crystals

Characterisiic optical and physical properties of
liquid crystals such as reflection, birefringence,
circular dicprbism, optical rotation and colour,
temperature, pressure, presence of an electric or
magnetic field or the presencg of chemical vapours make
the various practical uses of liquid crystals easy.
Recently nematic and nematic = choiesteric mixtures of
substances hawe stimulated progress in electronic

research and industry. A

Thermotropic measurement of human skin (152 = 154)
using'liqUid crystals is helpful in early diagnosis of
symptomé in gynaecology, -etc. A cholesteric liquid
crystal is used for the fapid detection of fever
especially by oral téﬁperature measuremgnts. Cholesteric
liquid crystals can be used for the non-destructive
testing of materials in y%% vays (77, 154, 155) e.q,
to reveal blockage in heat congucting systems, Aas
cholesteric liquid crystals react to pressure as well as
temperature by colour changes, they can be‘used to make
temperature or pressure sensitige publicity matefials

and toys,

~ They are now common as the essential materials in

many electrically controlled display devices, ' The

K}
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numerical displays on wristwatches, pocket célculators.
thermometers, .games, clocks etc, and many oﬁherrelectrical
and eleqtronic devices depend on them, They are also on
the‘verge of finding more uses in forming television
éictures, as displays for telephones and on automobile

~

dashboards,

Iiquid crystals are used as diagnostic tool to
‘detect carcinoma of the breast, locate the . placenta of a
fetus, diagnose pulmonary disease and detect carcinoma in
the skin, All of these tests utilize cholesteric liquid

crystals wherehreflected colour changes with temperature,

Materials made from liquid crystal: polymer melts or
solution are exceptionally stfong. One such material is
Du Pont'*s Kevlar aramid fiber. In addition, graphitic
fibers vhich are discotic liquid crystals, afe very
strong and lightweight, Kevlar is used in the manufacture
of many textile articles from tarpaulins to bulletproof
vests because of its strength.

In addition liquid crystals are solvents for many
organic compounds, which makes them useful as column
packing in chromatography, for studies of reaction

kinetics and in spectroscbpy.
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Effect of a liquid crystal matrix on the photolysis
and dimerization of 2-nitroso-2-methylpropane (156) has
been investigated, . |

i

A large volume of published materials is available
on the applications of liquid crystals mostly in the
form of patents and reviews (148, 157-159).
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Very few mesomorphic heterocyclic homologous series
have been studied, 'Therefore, it necessiﬁ%g#es to study
mére heterocyclic compounds to understand the correlation
between mesomorphic properties ang molecular structure of
heterocyclic compounds, This helps to understand the
effect of hetero atom and/or effect of heterocyclic ring,
compared to carbocyclic aromatic analogs, on mesomorphism,
The study of thermal stability of heterocyclic compounds
is quite interesting as it includes the significance of

some additional parameters such as permanent dipole due

to heteroatom, electronagativity of the hetero atom etc.

With this view two homologous series containing

coumarin nucleus and one series containing pyridine

nucleus have been synthesized and mesomorrhic properties
of their members studied. The therms ]l stabilities of
various mesophases and the appearance of the smectic

. phase in these series are compared with those of the other
related series, The trends of the different transition

curves in these series are also discussed,

The study of the effect of chemical constitution on
mesogenic properties have revealed that the introduction of
a lateral substituent decreases both crystal-mesomorphic

and mesomorphic-isotropic transition temperatures, Keeping

this in view three homologous series possessing bulky
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ethoxy group as a lateral substituent are synthesized
and their mesomorphic properties are studied, It vas
expectéd that compounds with bulky lateral ethoxy group
would exhibit low melting mesophases,

' Also, the study of three ‘binary systems has been
undertaken with a view to obtaining low melting ligquid
crystalline mixtures as well as to observe the

behaviour of components of mixtures in the admixed state,
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I, Synthesis of New Homologous Series

The newly synthesized mesomorphic homologous series

can be broadly classfied into three distinct categories :

(1)
&1..
Bl,
Ci,
(11)
E1,
Fi,

Gl.

(114)

Hl,

Ji,

K1,

Mesomorphic Heterocyclic Homologous Series

7~(4'-nuhlkoxybenzoyloxy)~3-phenyléoumarins
4' -Cyanophenyl 7e-n~-alkoxycoumarine-3-carboxylates,

2-Methyle5-(4' -n-alkoxycinnamoyloxy) pyridines,

T st T e 2 NP S T T 23 VD VYD TR WD

4' ~-Formylphenyl 6-n-alkoxynaphthalene-2-carboxylates
6~-(4"' -n=-Alkoxybenzoyloxy) ~2-acetylnaphthalenes.

4-(4* -n~Alkoxycinnamoyloxy) toluenes.

T U T W S VO Tl D S s S Sy 8 I e (S e s

Laterally Substituted Mesogens

4—(4'—n«Alkoxycinnamoyloxy)-3-ethoxybeqzylidene-4“-

anisidines,

4~(4* -n-Alkoxycinnamoyloxy) =3-ethoxybenzylidene-4" -
toludines,

4-(4* -n~-Alkoxycinnamoyloxy) ~3~ethoxybenzylidene-2"-
4" -dimethylanilines. ' .

In addition, the following non-mesomorphic series

was also synthesized.



I, 4-(4'-n-aAlkoxycinnamoyloxy) =3-ethoxybenzaldehydes

. Various steps for the synthesis of the above series

are described below

(1) 2,4-Dihydroxybenzaldehyd

Resorcinol ‘22 ge, 042 mol) was dissolved in
dry dimethyl formamide (16 ml) and ﬁhosphorousoxgchloride
(15 ml) was added dropwise, with continuous stirring and
cooling the mixture externally with ice, The reaction -
mixture was left at'room temperature for two hours, 50%
sodium acetate solution (150 ml) was added to it and then
heated gently tq obtain clear solution, It was then
extracted with ether, ethereal layer dried over sodium
sulphate and allowed to evaporate, The residue was
washed with water to remove unreacted resorcinol and
crystallized from water to obtain colourless needles,

(mep. 135%, reported 134%) (160),

2. 7~Acetoxy-B-ghenglcouggrin

co
pCOWa.

(25 g) and acetic anhydride (60 ml) were refluxed for

2,4-Dihydroxybenzaldehyde (16 g), Ph.CH

6 hr., The reaction mixture was allowed to cool and then
poured ontdo water with stirring., The colourless product
obtained was crystallized from dioxan (m;p. 182-0%,
reported 182,4°%) (161). ]
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3, 7-Hydroxy-3-phenylcoumarin

s - @ < e Wi 246 2as rom o T e 4 . —

7-Acetoxy-3-phenylcoumarin (5 g) was added in a
portion to the ice-cold concentrated sulphuric acid (75 ml)
with constant stirring, 'The reaction mixture, then, was
poured into ice-containing water., The product was
filtered and dissolved in 10% sodium hydroxide. The
alkali solution was filtered and aciéified with
concentrated hydrochloric acid to afford colourless

product which was crystallized from methanol.

‘Dey, B,B, et al, (161) prepared this compound by
hydrolysing 7~apetoxy~3-phenylcoumarin with 20% KOH,
(mep. 215%C, reported 215 - 218%),

4, g n-Alkoxybenzoic acids

-
T S S S T T - e S A Gl s B S o

4-Methoxybenzoic acid used was of BDH quality while

the other members were prepared,

4-Hydroxybenzoic acid (0,1 mol), n-alkyl bromide or
iodide (0,12 mol) and potassium hydroxide (0,23 mol) were
dissolved in methanol (100 ml) and refluxed for 4 hours.
10% aqueous potassium hydroxide solution (20 ml) was
added and refluxing was continued for further 2 hours to
hydrolyse any ester formed, The reaction mixture was

added to ice~-cold dilute hydrochloric acid, The product
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was washedxwiﬁh water, crystallized from ethanol or
acetic acid till they exhibited constant melting points
and trénsition temperatures as given in Table 2, They

compare quite well with those given in literature (162),

e o sze The oo T S W £ s e

4-n-Alkoxybenzolc acids were £reated with excess
of thionyl chloride and 4-n-alkoxybenzoic acid chlorides
thus prepared were t;eated with equimolar proportions‘of
7-hydroxy-3-phenylcoumarin (0,005 mol) in dry pyridine
and heated 6n water-bath for 2 hours and left overnight.
The reaction mixture was then added to ice cold dilute
hydrochloric acid, The product was washed witﬁ water,
then with diluée sodium hydroxide (10%) and again with
water., The compounds were crystallized from ethanol or
vethanol - benzene mixture, Yields were approximately
60% - 7Q%. The analytical data for the compounds are
given in Table 3,



Table 2

4-n-Alkoxybenzolc acids -

‘Transition Temperatures ()

n-alkyl © m—— = e A e e e e e e e 5 B . e e e
group Smectic Nematic Isotropic
Methyl - - . 184,0
Ethyl - - 197,0
Propyl ' - - 146,0 . 156.0
Butyl - 147.0 160.0
‘Pentyl - © 124,0 151,0
Hexyl - 10s.0 1153,0
Heptyl 92,0 98,0 . 145,0
Octyl 100,0 147,5 146,0
Nonyl 94,0 - 117.0 144,0
Decyl o 97.0 121.5 . 146,5
Dodecyl 95,0 129,0 137,0
Tetradecyl 93,0 . 134.5 136.0
Hexadecyl 8440 - 1315

Octadecyl k 101,5 - 131,0 ‘e
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6, ° éthyl 7-hydroxycoumarin-3-carboxylate ’ :

T 2 W e o s

2,4-Dihydroxybenzaldehyde (0,1 mol), diethyl
malonate (0,1 'mol). dry pyridine (15 ml) and a few drops
of piperidine were mixed and left overnight, The reaction
mixture was décontposed by dilute hyérochlotic acid, The
product was washed with Hz\o and crystallized from ethanol
' (mep. 170°C, reported 171°C) (163).

7. Ethyl 7-n-alkoxycoumarin-3-carboxylates ¢

G - ok W ™ T i W P A S Py S 0 il S

Ethyl 7<hydroxycoumarine3-carboxylate (0,91 mol)
n=alkyl bromide or iodide (0,012 mol), anhydrous potassium
. carbonate (0,07 mol) and dry dimethyl formamide (15 ml)
were mixed and heated on steambath for 20 hrs, The
reac_:tion mixture“ was ‘decomposeé on crushed ice, The
proéuct was washed with dilute sodium hydroxide followed
by water and crystallized from ethanol or acetic acid till
they exhibited constant melting points as given in Table 4,
They compare quite well with tlac;:se given in literature. |
(164), \



Table 4

- -

Ethyl 7=-n-alkoxycoumarin-3-carboxylates

n-Alkyl group x K-I
‘ - temperature (°C)

_ Methyl ' 134,0
Ethyl - 118.0
Propyl 89,0
Butyl ' - 19,0
Pentyl 92,0
Hexyl o 145;0
Heptyl - " 144,0
Octyl 138,5
Nonyl ' 136.5
Db&ylé , | 134.0
Dodecyl | . 132,5
Tetradecyl - 129,0

Hexadecyl ' 128,5

. 8+ 7-n-Alkoxycoumarin-3-carboxylic acids

Ethyl 7-n-alkoxycoumarin-a-ca;boxylaies (0,01 mol)
was dissolved in 10% alcoholic potassium hydroxide (40 ml)
and left overnight, The reaction mixture was decomposed



by ice=-cold dilute hydrochloric acid,

as given in Table 5,

given in literature (164),

The product was
washed with water and crystallized from ethanol or
acetic acid, till they exhibited coﬁstal;xt‘ melting point
They compare quite well with those

7-n=-Alkoxycoumarin-3-carboxylic acids

n-Alkyl group Kl
i temperature (°C)
Methyl 195,0
Ethyl 215,5
P”lr-'wpyl 199,5
Butyl 163,0
Pentyl 150,90
Hexyl 146.5
Heptyl 145,0
Octyl 139,0
Nonyl 138,0
Decyl 135,0
Dodecyl 133,5
Tetradecyl 132,0
Hexadecyi '130,0

36
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7-n-Alkoxycoumarin-3=carboxylic acids were treated
with excess of thionyl chloride and.7-d-alkoxyeoumarin-3—
carboxylic acid chlorides thus prepared were treated with
equimolar proportions of 4-cyanophenol (0.005 mol) in
dry pyridine and heated on water bath for 2 hours and
left overnight. The reaction mixture was then added to
ice-cold dilute hydrochloric acid. The product was
washed with water, then with dilute sodium hydroxide and
again with water. The compounds were crystallized from
benzene, Yield were approximately 50% - 60%, The

analytical data for the compounds are given in Table - 6.

10. 4-n-Alkoxybenzaldehydes

Preparation of 4-n~alkoxybénzaldéhydes has been
variously described by Hildesheimer (165), Stoermer and
Wodarg (166), Weygarnd and Gabler, (167) Gray and Jones ?
(168), In this investigation, however, the following h

‘procedure has been adopted withxbetter results, The
first member viz, 4-methoxy benzaldehyde used was of

BDH grade and purified,
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0,1 Mole of 4-hydroxybenzaldehyde, 0.15 mole of
anhydrous potassium carbonate and 0,15 mole of the
corresponding n-alkyl bromide or iodide were added to
dry acetone (60 ml), The mixture was refluxed in
water-bath for three to four hours, In the case of higher
membersfﬂ:e refluxing period was extended upto six to
eight hours, The whole mass was added to water and
aldehyde thus separated was extracted with ether, Ether
extract was washed with dilute sodium hydroxide to
remove any unreacted 4~hydroxy benzaldehyde followed by
water and dried, Ether was evaporated and the 4-n-
alkoxybenzaldehydes thus obtained were purified by
distilling under reduced pressure, Boiling points almost

agreed with those reported in literature (169),

11, trans-4-n-Alkoxycinnamic acids

U TP S T S T2k a0 YO SN . D o Y W NG ST S S W 19 S

The appropriate 4-n-alkoxybenzaldehyde (0,02 mole),
malonic acid (3,2 g, 0,04 mole), pyridine (8.0 ml) and
piperidine (three drops) were mixed and heated at 100°C
on a steam bath for three to four hours, In the higher
members the refluxing period was extended to five to six
hours, The mixture was poured in ice (25 g) containing
concentrated hydrochloric acid (25 ml), The products
were filtered and washed with:' dilute hydrochloric acid

followed by water, The compound were crystallized from
acetic acid. Higher hdmologues were crystallized twice



from benzene and then from acetic acid till constant
transition temperatures were obtained as given in

Table 7 (168).

Table 7~

- .

Trans 4e-n-alkoxycinnamic acids

n-alkyl i Transition Temperatures: (%)

- groi® -;;;;;;; ----- Nematic Isotrgpic
Methyl - 174,0 190,0
Ethyl - 194,0 200,0
Propyl | - . 169,0 184,0
Butyl - 156.0'. 189,.0
Pentyl - 144,0 180,0
Hexyl - 152,90 180,0
Heptyl - i4s.o 175,0-
Qctyl ‘ - 145.0 172,0
Decyl 136,0 | 150,0 169,0
Dodecyl 132,0 : 157,0 164,0
Tetradecyl 127.0 | - 160,0
Hexadécyl 118,0 - 159,0
QOctadecyl - 120,0 - 157.5

12, z-gethyl-s:gé'-n:glkoxyginnamoyloxy)ggridines

- e - - - o o om . " - - S -~

\

Trans 4e-n-alkoxycinnamic acids were treated with.

excess of thionyl chloride and 4-n-alkoxycinnamic acid
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chlorides (0,005 mol) fhﬁs prepared were treated with
3-hydroxy-6-methylpyridine (Aldrich Chemicals, U.S,A,)
(0,005 mol) in dry pyridine (5-7 ml), was heated on a
water bath for an hour and left overnight., The reaction‘
mixture was then added to water; The products were
filtered and washed with dilute sodium hydroxide followed
by water, The compéunds were purified by chromatography
followed by crystallization ffom petroleum ether (Yield
40% - 45%), The analytical data for the compounds are

’

given in Table ~ 8,

13, 6-Acetyl-2-methoxynaphthalene

Anhydrous aluminium chloride (20 g, C.15 mol) was
dissolved in dry nitrobenzene (100 ml) and acetyl
chloride (12 g, O.1 mol) was added to it, The mixture-
was cooled in ice and a solution of 2~methoxynaphthaleﬁe
(19 g.) (170) in dry nitrobenzene (20 ml) was gradually
added with stirring.‘ The reaction mixture was then
stirred for 2 hr, at about 10°C, The mixture is then

allowed to stand for at least 12 hrs,

The reaction mixture was then poured into 600 ml
water containing ice and 100 ml concentrated HC1, The
nitrobenzene layer was washed with water and then steam-

distilled to remove nitrobenzene, The residue was
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+

extracted witﬁ CHClB. the chloroform layer dried

over Mg804, chloroform was distilled off and residue
was subjected té vacuum distillation, The yellow
‘aistillate is recrystallised from methanol. (m.p. 106°C,

reported 106,5% - 108°C) (171).

14, 6-Methoxg:g-naphthoic acid

A solution of sodium hypobromite was prepared from
. sodium hydroxide (14,0 g), water (60 ml) and bromine |
(5 ml) at 0-5°, It was added dropwise to a stirred
solution of 6-acetyl-2-methoxynaphthalene (5,0 g) in
dioxan (35,0 ml) during half an hour, During the
addition of Fhe\hypobromite solution the~temperatdre was
kept at 35 - 40°C, The temperature was later raised to
50 - 60°C to ensure complete ofidation, Exceés of |
hypobromite was removed by ‘adding sodium dithionite
till the colour of bromine disappeared, The mixture

was diluted with water (2 : 1) and then boiled gently.
to remove the bromoform formed and the dioxan, The hot
alkaline solution was filtered and acidified with
concentrated hydrochloric acid to give pale yellow
6-methoxy~2=-naphthoic acid, The product was crystallized
from acetic acid and then.from xylené to ine pure
6-methoxy-2=-naphthoic acid. Yield 70%. m,p. (206 N

219 1) (87). ' ’
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15. 6&-Hydroxy-2-naphthoic acid

oy way . S S

The 6-methoxy~2-naphthoic acid (8.4 g) was heated
for two and half hoursgwith'acetic acid (50 ml) and 48%
hydrobromic acid solution (35 ml), The dark brown
solution was then cooled and tﬂe light brown crystals
obtained were washed with water and crysﬁéllizeézfrom ‘
dilute aqetic gcid‘to rale tan needles yield 65%, m.p.
249%  (87), '

16. 6-n-Alkoxy-2-naphthoic acids

A

The 6-hydroxy~2;naphthoic acid (0,01l mol), n-alkyl
halide (0,012 mol) andl potassium hydroxide (0,02 mo1)
Were dissolved in ethanol (80 ml) and refluxed for eight
hoﬁrs. 10% Aqueods potassium hydroxide solution (20 ml)
Was added and refluxing continued for two hours éo
hydrolyse any ester formed, The solution was cooled

and acidified with hydrochloric acid ‘to precipitate the
acids, The alkoxy acids were cr&stallized from ethanol
till they gave constént melting points and transition
temperatures as given in Table 9, \They:agree well with

those reported, Yield about 70% (87). .

- e aes vl s G

17, .'_-.:..QE@YLEE.@QY&-§.:&:al&Q’SZ&%@B.Eh@lQ&Q:%:Q@EbOXXlat§§ i

6-n-Alkoxy=-2enaphthoic acids were tréated with
excess of thionyl chloride and 6~n-alkoxy=-2-naphthoic acid
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6~-n=-Alkoxy-2-naphthoic acids

n-Alkyl Transitiet:_‘{empera tures (c_’f_z_.). ______
group ' Smectic " Nematic ‘ Isotropic
Methyl - 206,0 219,0
Ethyl - | 213,0 224,.0
Propyl | - 208,0 208,5 ’
Butyl - 198,0 208,5
Pentyl - 179.5 199,0
Hexyl ‘ - 147,0 198,5
Heptyl - '~ 163,0 192,0
Octyl -  161.,5 190, 0
Nonyl | 140,0 147,5 183,5
Decyl 139,0  147,0 181.0
Dodecyl 119,0 \‘ 158,5 174,0
Hexadecyl . 107,¢C - o 16045

Qctadecyl 114,0 - 159,0




46

chlorides thus prepared were treated with equimolar
proportions of 4-hydroxy benzaldehyde (0,005 mol) in

dry pyridine and heated on water-bath for two hours and
left overnight., The reaction mixture was then added to
ic;-cola dilute hydrochloric acid. The product was
washed with water, than with dilute sodium hydroxide and
again with water, The compounds were crystallized from
petroleum-ether, Yieldé were approximately 50% - 60%,
The analytical data for the compounds are recorded in

]

Table - 10.

18, 6-Hydroxy=2~-acetylnaphthalene

A mixture of 5;0 ge 6-acetyl derivative of 2-methoxy
naphthalene, 35 ml 70% acetic acid and 15 ml 48%
hydrobromic acid was refluxed 4 hrs,, It was, then, added
to 350 ml ice-water, filtered and the solid extracted with
5% Na(H, The extract was acidified and the solid
recrystallized from benzene to give 50% 6-hydroxy~27
acetylnaphthalene (mep. 172-0°C, reported 173.4%) (172),

19, 6-(4‘-E:Alkoxggggzogloxy)-Z:acegylgaphthalenes

D WU S S S WD S VR TR D S i S S S G KT SN O I Y W S A W

4-n-Alkoxybenzoic acids were treated with excess of
thionyl chloride and 4-n-alkoxybenzoic acid chlorides
thus prepared were treated with equimolar proportions’

of 6~hydroxy-2-acetylnaphthalene (0,005 mol) in. ary



4% —formylphenyl 6-n-alkoxynaphthalene-2-

Table 10

carboxylates
n-Alkyl Molecular - % Zeguired % Zoumd
group formula c Hr c H
Methyl C1oty 4% 74,50 3,98 74.09 4.4€
Ethyl 0, 60, 75,01 5.00 ' 74,66 4,96
Propyl CyyH1 g0, 75446 5439 75.54 5474
Butyl C, 1,09, 75.86 5,74 76,12 5.59
Pentyl 02332204 76,25 6.07 75.83 é.lo
Hexyl C, )40, 76460 6.38 76.18 6434
Heptyl CoeH, (O, 76491 6.66 -76.68 6424
Octyl | CzéHze°4 77423 6493 76.78 6.62
Nonyl CZ7H'3004 77450 - Ta17 7?.04 712
Decyl C,gH3,0, 17,76 7440 77436 ‘7.31
Dodecyl ‘c36H3504 78426 7.82 78425 7459
Tetradecyl | C3,H,0% 78,68 8,19 78,23 7499
Hexadecyl — C,,H, .0, 79.11 8452 78,70 8412
Octadecyl ~ C,H, 0, 79441 8.82 78,97 8434
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pyridine and heated on waterbath for 2 hours and left
overnight, The reaction mixture was then added to -
ice-cold dilute hydrochloric acid, The product was
washed with' water, then with dilute sodium hydroxide
and again with water, The compounds were purified by
chromatography followed by crystallization from ethanol,
\Yields vere approximately 40% ;'45%. The analytical data

-for the compounds are given in Table - 11,

W Ll T I TR S P M S G S Y T S IO N S

4~=n~Alkoxycinnamic acids were treated with éxcess
of thionyl chloride and 4~n-alkoxXy cinnamic acid chlorides
thus prepared were treate@ with equimolar proportigns of
p-cresol (0,005 mol). The reéction mixture was heated on
watér-bath for 30 min, The\reaction mixture was left
overnight and then decomposed on water, filtered and
washed with 10% NaGH.followed‘by water, ~The compounds
wené crystallized froﬁ ethanol, Yields 80% - 85%, The

analytical data for the compounds are given in Table -~ 12,

¥

21, 4-(4'-nuAlkoxycinnamoyloxyl-3-ethoxybenzaldehzdes

U W U O S A R . S O S S S0 KU S e ol Um0 e s T S ot . S o v -

A solution of equimolar amounts of 4-n-alkoxycinnamoyl
chloride (0;Q1 mol) and 3-ethoxy74-hydroxybenzaLﬁehyde
(0.01 mol) in dry pyridine (5-7 ml) was heated on a Water

bath for 2 hours and left overnight, The reaction mixture



Table . 1l

6~(4*=n~Alkoxybenzoyloxy) ~2~-acetylnaphthalenes

Octadecyl

C37M50%

’

n-alkyl . Molecular % Required % Found
group formula c H c H

" Methyl Coofye0 7540 5.00  74.94 4.6
Ethyl CpH, g0, 75,44 5.38 75.08 5.2
Propyl sz“zoo; 75,86 5,74 75.42 5,30
Butyl C,3H,,0, 76.25 6.07 75480 5,84
Pentyl €M, ,0, 76,60 6.38 76.23 5.94
Hexyl C,f60, 76491 6,66 76.55 6440
Heptyl | CoHg0, 77422 6,93 76.88 6467
Octyl ~c27ﬁ3oo4 ~ 77.50 7.17 7703 7.28
Nonyl Cogfs,0, 77.80 7.40 78,24 7,51
Decyl C 5340 78,03 7.62 77,59 7447
Dodecyl CaqHag0y 78,47 8,08 78,04 8,01
| Tetradecyl  CygH,,0, 78,89 8,36 78.42 7.88
Hexadecyl -~ CygH, 0, 79,23 8468 78,75 8421
‘ 79,58 8,96 79,14 8448




4-(4‘-n-Alkoxfcinnamoyloxy) toluenes

Table 12

D Y e v

80,63

n-Alkyl ~ Molecular % Required % Found
group formula c H c H

Methyl 9017H16°3 76,12 5,97 76449 6404
Ethyl C.gH16%; 76:61 6139 'jvfﬁo. 6453
Propyl ¢, oH,00; 77,02 6.75 77,07 6,83
Butyl" Czoﬂzéoa 77,41 7.09 77469 7431
Pentyl CpyH, 05 71.78 7440 78420 7.10
Hexyl C,H,605 77,94 7468 78440 8,02 |
Heptyl C, 350, 78441 7,95 78.82 7,75
Ootyl Caty 0y 78468 8419 79,02 8464
Nonyl C,gHs 0 78,94 8442 79,32 8459
Decyl C,6H3403 79420 8463 59.57 8.43
Dodecyl CoeHag0s 79,62 9,00 80,04 9,10
Tetradecyl C30H4203 80,00 9f33’ 80.28 9,27
Hexadecyl — C,H, O 80,34 9,62 80.11 9.59
Cctadecyl  C, Hc 0. 9.88 80,41 9.87
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was added to ice-cold dilute hydrochloric acid, L T The e
products were filtered, washed with water and them, 'ir ., &

dilute sodium hydroxide followed by water. The
compounds were purified by chromatography followed by
crystallization from petroleum ether. Yieldswere 60% - 704

The analytical data are given in Table ~ 13.

22, General method adopted to _synthesize the Schiff bases

Equimolar proportiéns of a proper aldehyde and the
corresponding amine were dissolved in ethanol, refluxed
for one hour, allowed to cool .and the product separated
was coolected by filtefafioq; The Schiﬁf bases were
crystallized from ethanol or ethanol bengzene (1 : 1)
mixture., The analytical data for the Schiff bases are
given in Tables 14, 15 and 16.

11, Studz of-Transégigg:{emgeratures

e ot St o 00 2D

The study of the mesomo:phic characteristics was
carried out by polarizing microscope method. The
microscope used in this investigation was a Leitz

Ortholux II polarizing microscope equipped with a Leitz

heating stage. ' g

Slides of the compounds were prepared by three
different methods : (a) In the first method, the substance



Table_ 13

P T - b -

4-(4*' =n-Alkoxycinnamoyloxy) -;3~ethcxybenza ldehydes

% Reqtii,red % Found

n-Alkyl Mol e;:ula r ——————mrae -
group formuls c H c H
Methyl C, o605 69,93 5,52 70,33 5,94
Ethyl | Codflacs " 70,58 5.8 70,17 5,78
Propyl CpqH,y 00 71,19 6022 T1.64 6410
Butyl Gt 0 T1.74 6452 71.43 6464
Pentyl c2332605 72,24 6,80 71.79 5468
Hexyl | 024H2805 72,73 7407 72,431 | 6.70
Heptyl : €5t 05 73.16 7431 73,60 7.15
Octyl Cpet3,05 73.58 7454 74,00 7451
Nony1l Cotls 06 73,96 7476 74,40 8,19 -
Decyl c28H3665 74,33 7,9 73.94 8,02
Dodecyl c3cé4oo5 75,01 8.33 75441 8465
Tetradecyl Q32H 4 405 75;58 8,65 76,00 8430
' Hexadeeyl Gy H, 0O 76412 8,95 76,37 8488
Octadecyl — Cu.H.,0; 76460 9421 76438 8488
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was taken on a sli@gs and heated to a little more than
‘/the mesomorphic temperature at which stage a cover slip -
was placed over it and then allowed to cool. (b) In the
second method, t@e,compound.was héated upto the isotropic
liguid point, then a coverslip was put over it and
allowed to cool. (¢) In the third method, the substance
_was first dissolved in a suitable solvent and then a few
drops of éhe solution was placed on a slide gnd‘a cover

slip was placed over it and the solvent was allowed to

evaporate,

To determine the varilous transition a/microscope
slide carrying a thin section of the material with a
coverslip on it was observed under the microscope, The
slide was inserted into the specimen chamber of the
heating stage and the temperature was raised fairly fast
(Sob/Min) to find the approximate transition temperatures,
The measurements were then repeated and near the |
transition to be observed the rate of heating was
regulated to about 1°C per minute, o

" Appearance of focal conic texture with disappearance
of cleavage lines of solid structure on heating is taken
as solid-smectic transition, In order to confirm this

change, the slide was distrubed with the help of spatula,



the distarbed smectic texture can be seen indicating
that it is not solid and that the transition has

actually taken place. Solid-nematic change is observed,
on heating, with the appearance of threaded texture
sharply at a definite temperature. Aall enan&iotropic ’
transitions are clearly detected on cooling their ’
isotropic liquid, the reverse transitions take place sharply
at the same temperature within + 0,2 to 0,5%C. The
isotropic-nematic change is marked by separation of small
droplets from isotropic liquid, which céalesce to give .
rise to a threaded region, an unfailing characteristic

of the neméZ}ic phase,

The isotropic-smectic transition is indiéated by
appegrance of batonnets which coalesce to form fine ‘
mosaic éf focal conic pattern., Smectic-nematic chénges
are also clearly detected with a sharp varlation in the
texture from focal conic to threaded texture and exactly
feverse sequence takes place on cooling, alongwith a well
defined wave-front in both the cases, The homeotropic
texture can easily be identified by disturbing the cover
slip in almost extinct field of vision and observing the
spark of light, It was easy to detect homeotropic smectic
to homeotroPic nematic transition because at the
transmtion the field becomes partially birefrlngent for a few

moments and the change is accompanied with a wave-front.,



Monotropic transitions were determined by carefully
observing the isotropic 1iqpid as it cools slowly untill:
batonnets of smectic phase or droplets of nematic phase

appear.

all the compounds under study wgre40bserved
continuously under polarizing microscope from their solid
state to isotropic liquid conditions on heating and from
isotropic liquid to solid state on cooling ensuring
confirmation of all the transitions and making it sure

that no transition escapes unnoticed,

The accuracy of the heating device was checked by
taking melting points and/or transition poiﬁts of the
known compo&nds such as benzoic acid, succinic aciad,
anthracene, p-azoxyanisole, p-methoxycinnamic acid, ethyl

p=-azoxybenzoate etc,

III, Mixed Mesophases

For the mixed mesomorphic study the following substance(
which have been synthesized in this investigation have
been used for preparing the binary systems, In all,

three binary systems have been studied.,

Binafy System No, 1

4-(4'-n-Decyloxycinnamoyioxy) toluene
4-(4* -n-Tetradecyloxycinnamoyloxy) toluene



Binary System No, 2 |

------------- - - - |
/

4~(4* -n-Decyloxycinnamoyloxy) toluene
4-(4* -n-Nonyloxycinnamoyloxy) =3-ethoxybenzaldehyde
Binary System No, 3

- - T S A - - - -

4-(4* -n-Tetradecyloxycinnamoyloxy) toluene
p-3azoxyanisole ’

Preparation of binary mixtures.

Clearr. sample tubes Qere used for the preparation of
binary mixtures, Both components of the binarstyﬁ
mixtures were weighed accurately in known proportions in
a tube., The total weight of the mixture taken is around
C.2 g. The mixture in the tube was now heated in an oil
bath to a temperature slightly higher than that at which
the mixture melted, At the melting condition, the mixture.
was stirred thoroughlf with a glass rod in order to obtain
homogeneity, The tube was %hen cooled by quenching it
in a beaker containing ice-cold water, The mixture
solidified almost instantly. The tube was then taken out
and again hheated and shaken and allowed to solidify in a
‘'similar manner, The mixture was now taken out from the
tube and then ground to fine powder with the help of agate
mortar and pastle., Thus mixtures of varying proportioﬂS‘

were prepared and then studied under microscope.
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A, Mesomorphic Heterocyclic Homologous Series
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In order to obtain empirical rules correlating the
molecular features wiﬁhgproperties of the mesomorphic
state, usually homologous series are studied. It has been
observed that liquid cfystalline bropérties change
markedly with the change in molecular structure within
a group of suitable compounds. Ewvidently, the synthesis
and investigation of the physical properties of a new
honiologous series of liquid crystalline compounds are
important in studying the relationship between the
structure of molecules and the characteristics of the

mesomorphic state,

Many workers have studied the influence of molecular
structure on the thermal stability of nematic and smectic
liquid crystals. A number of nematogenic and smectogenic
compounds and homologous series of different molecular
structure has been synthesized to study the effect of
chemical constitution on the mesomorphism of these
compounds, It has been found that the derivatives of
benzene, naphthalene and biphenyl are mostly nematic,
Mesomorphic compounds containing heterocyclic nuclei are
interesting because of greater possibilities in the
variations of direction and magnitude of their permanent
dipole moment and in consequence of that in the variation
of sign and magnitude of their dielectric anisotropy-

though these compounds are not still numerous.
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Some work has been do&e in the synthesis of
mesomorphic heterocyclic compound; ;s these are the
derivatives of pyridine (99, 173-179), quinoline (180)
and diazines (181-186), Some workers have done a good
deal of work on pyrimidine derivatives (187-193), |
Derivatives of pyridazine (194), pyridone (195), pyrone
(196) dioxan (;97), thiophene (198) and benzoxazole (199)
héve also been reported, Zaschke and Hyna (200) have
studied the liquid crystalline state as a criterion
in structure determination of derivatives of tautomerizable
heterocyclic systems, Nguyen and Pham (201) have
syntbesized>certain liquid crystalline N-furfurylidenaniline
derivatives, Pavlyuchenko et al, (202) héve synthesized
liquid crystalline 6-alkoxynicotinic acids as well as a
series of 2,6~ and 2,5-disubstituted benzazoles, Also,
they studied how molecular geometry, central linkages
and a hets:oatqm affects the mesomorphic pfoPerties of
the compounds. Pavlyuchenko et al. (203) have synthesized
mesomorphic series of 4-substituted phenyl S-alkoxy-
picolinates and 6-alkoxynicotinates, Quite‘recently
furan derivatives have been prepared and the thermal
stabilities of these derivatives were compared with the

benzene deriv atives (204),
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Three homologous series have been synthesized and
mesomorphic properties of their members studied to
ascertain the effect of heterocyclic coumarin. nucleus
and pyridine ring on liquid crystal thermal stability
and phase type. The transition temperatures are plotted
as a function of the number of carbon atoms in the alkoxy
. chain in each homologous series to understand the effecﬁ

of molecular structure on the liquid crystalline behavioury

The heterocyclic series studied can be classified

as :

‘I, Derivatives of coumarin

D . . -

Series A1, 7-(4' -n-Alkoxybénzoyloxy)-3-pheny1coumarins

Series Bl, 4°'-Cyanophenyl 7-n-alkoxycoumarine3=
carboxylates,

II, Derivatives of Pyridine

Series Ci, 2-Methyl-5~(4'-n-Alkoxycinnamoyloxy)
pyridines

INDIVIDUAL CHARACTERISTICS

a1, 7-(4' —n-Alkcxybenzozloxy)~3~ghenylcoumarins

- o g T .

Recently, some ester series containing coumarin
nucleus have been reported‘and thelir mesomorbhic

properties have been described (164, 205, 206).
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.A homologous series of fourteen esters in the
.present study was synthesized by the synthetic route
:shown in Scheme 1. Resorcinol was formylated using

dimethyl formamide and phosphorus oxychloride at low
temperatﬁre to yield compound (I), compound (I), when
refluted with'phenyl acetic acid and acetic anhydride,
gave compound (II) which on hydrolysis with cqncenfratéd
sulphuric acid yielded compound (III). Alkylation of
4-hydroxybenzoic acid by different alkyl halides in
presence of KOH and methanol yielded acids (IV)  whic¢h on
-treatment with excess of thionyl chloride gave
correspondiné écid chlorides (V), The acid chlorides
(V) on esterification by (III) in dry pyridine gave esters
of series Al, The melting points and transition

temperatures of the compounds are summarised in Table 17.

The first eight esters are enantiotropic nematic.‘

* The smectic phase commences at the nonyl derivative, the
nonyl deriVaFive is monotropic smectic and egantiotropic
nematic vwhile the deéylnand dodecyl derivatives exhibit
‘both smectic and nematic phases as enantiotropic phases.,
The remaining members show only enantiotropic smectic
-phase. The plots of transition temperatures against the
number of carbon atoﬁgwin*fhe alkoxy chain are shown in
Fig. 1. The trend of the N-I transition temperature curﬁes
show a descending tendency. The S«N curve merges»With the
even number cur¥re of N-I transition, Also, .S~I transition

curve merges with that of N-I,



Scheme 1
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Table 17

66

7-(4* -n-Alkoxybenzoyloxy) -3-phenylcoumarins

n-Alkyl Transition temperatures (°C)
group “Bmectio T Wemaiie T Isotropic

Methyl - 199,.,5 207f5
Ethyl - 201,0 208,0 \
Propyl - 198,5 201,0
Butyl - 192,0 199,0
Pentyl - 179,5 189,0
Hexyl - 151.0 184,0
Heptyl - 15145 178.5

"~ Octyl - 153,5 179.,0
Nonyl {146,0) 149,0 16~6.o
Decyl 151.5 159,0 176,.0
Dodecyl 152,0 168,0 173.0
Tetradecyl 142,5 - 168.6
Hexadecyl 141.0 - 167.5
Octadecyl 139,5 - 168,45

Values in parentheses indicate monotropy

'
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Bl, 4' -Cyanophenyl 7-n-alkoxycoumarin-3-carboxylates

A hoﬁolcgous series of thirteen esters was synthesized
as shown in Scheme 2. 2,4-Dihydroxybenzaldehyde (I), on
condensation with diethylmalonate in presence of pyridine
and piperidine‘at room temperature gave compound (VI},
Alkylation of (VI) by different.alkyi halides in presence
of anhydrous potassium carbonaste and dry diﬁethyl ’
formamide é:; higher temperature yielded (VII) . Hydrolysis
of esters (VII) by 10% alcoholic potassium hydroxide gave
corresponding carboxylic acids (VIII). Which on refluxing
with excess of ﬁhiogéy chloride yielded acid chlorides. (IX).
The acid chlorides (IX) were condensed with 4-cyanophenol’
in dry pyridine to yield cyanophenyl esters of series Bi,
The melting points and transition temperatures of the

compounds are given in Table 18,

In this series mesomorphism does not appear until
the decyl derivative. The remaining members, dodecyl,
tetradecyl and hexadecyl, exhibit an enantiotropic smectic
phase. Fig. 2, Shows the plot of transition temperatures
versus the number of éarbon atoms in the alkox§ chain,

S-I transition points lie on a smooth risin§ curve. . On
cooling the isotroplc liquid, batonnetg separate from it

and coalesce together to form quite clear fan-shaped focal .

conic texture in each case. In gny case neither the smectie



Sl&ieme A | 89

R
HO
(Y

Pyn.oune‘ D<ethyl meilonate
P,:;Pem‘cimci_

ZACO0C s

CVI)

K2C03 5| m- Alkyl halide
DMF

ZNCoOCHs

(VIi) .
1.0 Q/o alcoholic KOH




Scheme 2 70

contd. .. ...

L VI

l soci,
Cocr

CIX)
Pyri dine;

L)—~ CjaﬂOPheﬂot '

A4
z CO-ON
Bl

R=mn-alkyl group



71
Iable 18

4' -Cyanophenyl 7-n~alk0xycoumarin-3-éarboxylates

. s s 9,
n-Alkyl group __Transition temperatures (°C)

Smectic Isotropic
Methyl | ’ - 218,0
Ethyl ' . - 228,0
Propyl - 217.0
Butyl - ‘ 191.0
Pentyl o - 184,5
Hexyl - , ‘ 180,5
Heptyl | - 17645
Cctyl T - 172.,5
Nonyl - 171.0
DPecyl . ' - 169.5‘
Dodecyl’ 170,5 174,.5
Tetradecyl ‘ ‘ 169,5 180,5

Hexadecyl 171.0 186.0
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adopting a Schlieren texture has been observed nor the

homeotropy.

ci, zdﬂethyl-s-(4',naalﬁoxgc1nnamuxlo§zlggridines

e 2. -y . 0 b v aiD gy BB

A hoﬁ:plogous series of fourteen esters was synthesized
as shown in Scheme 3, 4-Hydroxybeg2aldehyde was alkylated
with different alkyl halides in presence of anhydrous
potassium carbonate énd dry acetone to give compounds
(X) which were treated with malonic acid in presence
of pyridine and piperidine and corresponding alkoxy
cinnamic acids (XI) were obtained which on refluxing
with excess of thiong¥ chloride yieldeé acid chlorides
(XI;). Compounds (XII) on treatment with 3~hydroxy-6-
methylpyridine in presence of dry pyridine gave esters of
series Cl, The transition temperatures of the compounds

are compiled in Table 19,

The structure of methoxy derivative was coﬁfirmed
by NMR spectrum (Fig., 3). NMR (epCr,) § 2.6 (8, 3H,
- methyl group at CZ)’ 3.85 (S, 3H, methyl group at C. ),
6,8-6.6 (d, J=1i8Hz, 1, =-G-0- group) 6.9 = 7,0 (m, 4H,
aromatic protons C',, C‘3, c! s;and C'eads 745 = 7.5 (4,
J=9Hz, 1H, at C,), 7:79 - 7.92 (4, J=18Hz, 1H, =CH-Ph

group), 8,4 (s, 1H, at CG)'
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2=Methyl=5-(4*'-n-Alkoxycinnamoyloxy)pyridines

n-Alkyl Transition temperatures (°C)

group T Romaiis Tastropie”
Methyl - - 12645
Ethyl - - 138,5
Propyl - (92¢5) . 105,5
Butyl - 9845 106,0
Pentyl (88.5) 98,0 103,0
Hexyl (97,0) 103,0 107,5
Heptyl - - 116,5
Octyl - 107,0 - 108.5
Nonyl 109,5 - 110,5
Decyl 9765 - il 245
Dodecyl 86,0 - 113.,5
Tetradecyl 91.5 - 112.0
Hexadecyl 94,5 - 110.0
Octadecyl 96,65 - 108,0

Value_s in parentheses indicate mono tropy
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The first two egters are non-mesomorphic. The
propyl derivative exﬁ%its monotropic nematic phase while
butyl deriva'tive shows an enantiotropic phase. The
smectic phase commences at the pentyl derivative. The
pentyl and hexyl derivatives exhibit monotropic smectic
and enantiotropic nematic phases, whereas the remaining
esteré‘show only enantiotropic smectic phase. ©On cooling
the isotropic liquid, batomnets sepaﬁ:gte from it and
coalésce together to form quite clear fan shaped focal
conic texture in each case., On moving the coverslip on
the slide with the sample in the smectic phase the fan
shaped focal conic texture changes to exhibit minute focal
conic groups but in no case, a Schlieren or a homeotropic
texture has been observed, A plot of transition temperatures
versus the number of carbon atoms in the alkoxy chain
(Fig. 4) shows that S-N curve merges with the S-I curve,
No odd-even alternation is observed in the S-I transition
temperatures, ‘

B, Mesomorphic Non-heterocyclic Homologous Series

——— - - - Wy - - - g o . . e —

- - - -

Bl. 4 -Formylphenyl 6-n-alkoxynaphthalene-2-carboxylates

A homologous series of fourteen esters was synthesized
as shown in Scheme 4, Methyl ether of 2-naphthol (XIII)
Was acylated with acetyl chloride in presence of anhydrous

aluminium chloride and dry nitrobenzene .to give compounds



Scheme 4

CXIM1)

CHycoc/;| AlCly,

Nitrobenzene

COCH,

( Xiv)
NaOBy .

D.oxan

v

H,C o
COOH

CXV)
4/9010 HB]“J

CH3COO0H.

COOH

(XVi)

Contd. ...
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Scheme L
contd....

( KV1)

C HZOH | n- Alkyl haliele
KOH

’
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| COOH

¢ Xvii)

l socl,
~ OCI

L CXviit) -
HO«@—C«HO. |
. “ CO-OCHO
E/

1

Py )’»é"o[ine;

R = m-alkyl group
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(XIV) which was oxidized with sodium hypobromite in
dioxan and compound (XV) was obtained, compound (XV), on
demethylation with 48% hydrobromic acid and acepic acid,
yielded compound (XVI) which on alkylated with different
alkyl halides in presence of potassium hydroxide dnd
ethanol gave compounds (XVII), Compounds (XVII), on
treatment with excess of thionyl chloride gave corresponding
acid chlorides (XVIII) which were condensed with
4~hydroxybenzaldehyde in dry pyridine to give esters of
series El., The transition temperatures of the coﬁpounds

are compiled in Table 20,

The structure of the ethyl homolog was confirmed by

NMR spectrum., (Fig. 5) NMR (CDC13) ;8 1.5 (£, 3H, ~CH,

group of ethoxy chain), 4.2 (q, 2H, =CH_=O=- of. ethoxy chain),

2
7.15 - 8.2 (m, 6H, aromatic protons of naphthalene), 7.45

(a, J=9Hz, 2H, Cl' and Cé,

03. and CS' protons), 8.65 (s, 1H, 04. of ~CHO group) .

pr0t0n$)l 7.85 (do J=9Hz, 2H,

The fifst_nine members exhibit an enantiotropic
nematic phase. The smectic phase comhences with the decyl
derivative which exhibits both smectic and nematic as
enantiotropic phases and a réentrant nematic phase, The
remaining members(are enantiotropic smectic, All the

compounds adopt homeotropic texture when heated, When
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Table 20

— S W W

4'~Formylphenyl 6-n-alkoxynaphthalene-2-carboxylates

n-Alkyl ‘ Transition temperatures (°C)
group =  se=seseseeceaeeee. . e e
Reentrant  Smectic "Nematic Isotropic
Methyl - - 130;6 159.,5 |
Ethyl - ) - 135.5 167.5
Propyl - - ' - 101.5 137.,5
Butyl - | - 107,5 ‘144.5
Pentyl - . - 166.5 . 128.0
Hexyl - - 108,0 134,0
Heptyl - - 8345 124.C
Octyl - - 7545 125,0
Nonyl - - « 82,0 123,5
Decyl 55,0 75.5 162.5 123.0
Dodecyl - 89,0 121,0 123,0
Tetradecyl - 91.5 ’ ; : 125,0
" Hexadecyl ' - 84,5 - 125,5

Octadecyl - 93,0 - © 126.0
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thg nematic-~isotropic transition points are plotted
against the number of carbon atoms in the alkyl chain;
they show the usual odd-even effect. The Smectic-
isotropic and nematic-isotropic transition points merge

with one-another (Fig. 6)

The reentrant nematic phase’(the phase occuring
below the smectic phase) was first reported by Cladis
(207,208) . Recently there have been reports that
molecules containing terminal -~CHO, -CN and -Noz'groups
have a tendency to exhibit the reentrant nematic phase.

(209-211) .

The decyl derivative of the 4°'~formylphenyl ester of
6-~n-alkoxy-2-naphthoic acid exhibits reentrant nematic
éhase. On cooling the isotropic liquid of this homolog,
the normal nematic phase appeared at 123.00. the smectic
phase appeared at 102.,5° and before it was superﬁooled
to the sol{:d, the reentrant nematic phase appeared at
55,0° (?able 21) s The réentrgnt nematic phase was
identified by the typical Schlieren texture and the
mobility of this phase when the coverslip‘is displaced.

A



Table 21

. i
Transition Temperature of 4~Formylphenyl

6=-n~decyloxynaphthalene-2-carboxylate

Heating (7C) Cooling (%)
Solid-Smectic 7645 Isotropic-Nematic 123.,0
Smectic~Nematic 102.5 Nematic~Smectic 102,5
Nematic-Isobropic 123.b Smectic-Reentrant-

Nematic 55,0
Reentrant N=-Solid 50,5

Fl.  6z(4!-n-Alkoxybenzoyloxy) -2-acetylnaphthalenes’

e o -y - S - W3 gny

Fourteen esters of this homqlogous series were
synthesized as shown in Scheme 5, Compound (XIV) Waé
demethylated with 48% hydrobromic acid and acetic acid
to give hydroxy derivative (XIX) which was condensed with
(V) in presence of dry pyridine to yield the compounds of
series Fl, The transition temperatures of the compounds
are given in Table 22, The structure of the decyl homolo§
was confirmed by MMR spectrum, (Fig. 7) NMR (cnc,) ¢ §
0.9 (£, 3H, terminal methyl grod§ of decyloxy chain), |
1.2 = 2,2 (m, 16H, ~(CH,) -~ of the decyloxy chain), 2.7
(s, 3H, dSQCH3), 4,05 (t, 2H, ~CH,=0~ of decyloxy chain),
7.0 (d, J=9Hz, 2H, c'3{and C’giprotons), 7.32 = 8,05 (m,
5H, aromatic protons of naphthalene), 8,15 (d, J=9Hz,

C',,and C‘G,protdns), 8.45 (s, 1H, c, p_roton) .
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Scheme 5

; COCH,

(XKIV)
48 °, HBr ;
CHzCOOH

G
i" OCH,

CX1%)

wa;cline RO‘@‘COC’

Y% Vv)

RO“<:>%I}OTiji:l
. J COCH,

F1

R = 7"»- O—!kjl \cjxr(}ulﬁ’
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6-{4* -n~-Alkoxybenzoyloxy)=2-zcetylnaphthalenes

89

n-Alkyl Transition tempergtures (®c) J
grofp —Smectic a--géggtic Egotr;;;;
Methyl - 190,0 19745
Ethyl - 179.C 199.5
Propyl - 142,5 175,0
Butyl - 140,5 173¢§
Pentyl - 118,5 163.5
Hexyl - 11740 163,5
Heptyl - 113.C 156,0C
Octyl (107.5) 111.5 15645
Nonyl 109,45 134,5 150.0
Decyl 11045 142,0. 151.5
Dodecyl 105,0 - 149,.0
Tetradecyl 105,5 - 153,5
Hexadedyl 108,0 - 155,0
Octadecyl 109,5 - 156,5

Values in parentheses indicaté monotropy
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The first seven members are enantiotropic nematic.
The smectic phase commences with the octyl derivative
which exhibits smectic as monotropic and nematic as
enantiotropic phases. The nonyl and decyl derivatives
exhibit both smectic and nematic as enantiotropic phases.
The remaining members are enantiotropic émectic. All
éhe members adopt homeotropic texture when heated., The
nematic=-isotropic points when plotted against the number
of carbon atoms in the alkyl group, show descending
tendency. The smectic-isotropic and nematic-isotropic

points merge with each other (Fig.8).

Gl, 4-{4'-n-Alkoxycinnamoyloxy) toluenes

U LU o g sme

A homologous series of fourteen members was synthesized
as shown in Scheme 6, Compounds (XII), when treated with
p-cresol, ylelded esters of series Gl, The transition
temperatures of the compounds are summarized in Table 23,

The stmucture of the butyl homolog was confirmed by NMR
spectrum, NMR (CDC13)‘S 1.0 (t, 3H, terminal methyl group
of butoxy chain), 1.4 - 1.9 (m, 4H, - (CH2)2~ of butoxy
chain), 2.35 (s, 3H, methyl group at C,), 4.0 (t, 2H,-
-0-CH, group of butoxy chain), 6,45 =- 6.55 (4, J=18Hz, 1H,
:Hc-iro-groupj, 6.8 - 7.6, (m, afomatic protons), 7.75 = 7,90
(d, J= 18Hz, 1H, —CH-Ph group) (Fig. 9).



Scheme 6

R o_@_@; —CH.COCI
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l HO—®{ZH3
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Table 23

- g Y —— g -

4=(4'-n~Alkoxycinnamoyloxy) toluene$

94

!

n-Alkyl Transition Temperatures (°C)
grodp Smectic Nematic E;;;;;;E;-
Methyl - (97.5) 104,5
Ethyl - - . 16545
Propyl - (99,5) 104,5
Butyl - (110.0) 125,5
Pentyl - (102,5) 106,0
Hexyl - 9745 106,5
Heptyl - (101.0) 107,5
Octyl 82,5 101,0 104.0
Nonyl 82,0 88,0 101.0
Decyl 74,0 95,5 105,0.
Dodecyl 96,0 97,0 101.0
Tetradecyl 71.0 - 100.0
Hexadecyl\ 73.0 - 85.5
‘Octadecyl 92,0 - 101.5

Values in parentheses indicate monotropy
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The.first seven esters exhibit monotropic nematic
phase except the hexyl derivative which shows enantiotropic
nematic phase. éhe smectic phase commences with the
octyl derivative as the enantiotropic phase. The octyl,
nonyl, decyl and dodecyl derivatives exhibit both smectic
and nematic as enantiotropic phases, whereas the
tetradecyl, hexadecyl and octadecyl derivatives exhibit
only enantiotropic smectic phase. The heptyl, octyl,
nonyl, decyl, hexadecyl and octadecyl deriVatives adopt
hom%%ropic texture vwhile heating and cooling the isotropic
liguid. A plot of transition temperatures versus the

number of carbon atoms in the alkoxy chain is shown in

Fig. 10,

D - e T O G W .

The transition temperatures, within a given
homologous seriés, vary systematically with the change
in molecular polarizability and molecular dimensions.
The influence éf certain functional groups, present in
the different homologous series is manifested by the’
difference of transition temperatures for corresponding
'memberé. Information, aﬁéut molecular arrangements and
molecular interactions in the mesomorphic states, is

needed to interprete suc h effects.
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When the mesomorphic compounds are heated; the
melting occurs in stages and they pass through one or
more ordered intermediate stages before changing to the
isotropic liquid, The molecular arrangement of nématic
phase occurs in < temperature regions where terminal
interactions dominate while the molecular 1ayer structure
of the smectic phase occurs in temperature interval with
predominant lateral attfactions. Thus the primary
terminal cohesions of the molecule are overcome at the
solid-smectié transition while the strong lateral
intermolecular attractions are overcome at the smectic-
nematic or smectic«cﬁk@}steric transitions and a nematic
or cholesteric phase is formed. The residual lateral and
terminal cohesions hold the molecules together in the
nematic or cholesteric melt. These Van der Waals forces
break down on further heating and molecules pass into a
randomly arranged isdtropic liquid state. The changes are
represented schematically as shown in Fig. 11, -

The fallowing text deals with the comparision of
ﬁarious features of the series synthesii:ed in the present

investigation with different series.

I. Derivatives of Coumarin

MR gy 4 S S s LY o, G iy A S D O S SN P S O WA e gy

The series Al is compared with the following

homologous series @
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7-(4‘—n-Alkoxybenzoyloxy)-3~acetyl§boumarin (2:05)

ssecenace Series A2

)

7-(4* ~n-Alkoxybenzoyloxy) =3~benzoylcoumarins (206)

desossenes Series A3

Biphenyl 4-n-alkoxybenzoates (212) ¢..s Series A4

-t > . W 2~ - T o W W L B R S U B S S 9 S e S T W e G O e A v S >

The odd-even alternation in N-I transition temperatures
is observed in all four series Al, A2, A3 and A4 when the
transitions are plotted against the number of carbon
atoms in the alkoxy chain. In series Al, A2 the even
members and the odd members of the alkoxy chain occupy
the upper curve and lower curve respectively. Usually,
the mesomorphic~isotropic transition temperatures change
in a regular manner in a mesomorphic homologous series,

Gray (54) tried to explain the behaviour of homologous
series wherein the increment of each methylene group

brings about regular changes in the transition temperatures.
Th? separation of the aromatic centres that are highly
polarizable and carrying permanent dipolar substituents

is increased as the methylene chain is lengthened,
consequently there should be a decrease in the strength

of the terminal intermolecular cohesions, OGray (54) and

Maier and Baumgartner (213) have suggested that the
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addition of each methylene group increases the overall
polarizability of the molecules and so the lateral
intermolecular attractions may also increase, With the
growing chain length., The lower homologs are only purely
nematic i.e. for the short chain compounds, the separation
of the aromatic nuclei is at a minimum and the terminal
cohesioﬁs are strongest, Smectic properties are often
chserved to commence from the middle members of a series,
because with the increase in the alkyl chain the lateral
cohesive forces also increase and the molecules maintain
themselves in the layer arrangement before they give a
nematic mesophase. The last few members in a series may
exhibit only smectic phase. This is the general pattern
for a nematogenic homologous series, involving similar
rod~-shaped molecules, exhibiting nematic and smectic

mesophases,

Gray (214) has tried to explain the odd~-even
alternation for N-I transitions in terms of the
conformation of the alkyl chain. Originally he explained
this behaviour on the basis of a castellated conformation
(cog wheel structure) (54). Later he reported that
preliminary results of X-ray studies of the crystalline
state of some liquid crystalline compounds make this \
unlikely and that the zig-zag conformation for the alkyl
chain is favoured (214) . Diagrammatic representation of

the possible relative orientation of terminal methyl



groups in end to end packing of the molecules of

n-alkylarylethers, such as the p-n-alkoxybenzoic acids,

is shown in Fig. 12.

‘ Me-ivMie c:o:ntact fFor
even carbom chains 5

O— M Mn?

axis

Fi90 12.

For short alkyl chains, if the chain extends strickly
along its own axis (dotted 1ine in“Fig. 12) then the
terminal methyl groups present different faces to one
another or to other end groups in the molecule depending
on whether the chain is even or odd. The different
attractive forces resulting could affect the energy of
the system and account for an alternation of the
transition temperatures, With the‘higher homologs the
alkyl chain may be forced (curved arrow in Fig. 12) into

line with the main axis defined by the more rigid aromatic
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parts. Gradually, the end group contact would become the
same in nature for odd and even carbon chains, and
can explain the pefering out of the alternation as the

series is ascended,

The middle members of a potentially nematogenic
homologous series exhibit smectic and nematic mesophases:
The lateral intermolecular attractions for such homologs
must be considerably strong. The residual lateral
attractiﬁns increase as the alkyl chain is lengthened
and the weaker residual terminal attractions which are
responsible for the‘nematic-iéotrépic transition
témperatures are disrupted. The increase in the residual
lgteral’attractions reduces the rate of decrease in the ,
nematic-isotropic trangition tehperatures as the series
is ascended, causing ultimate levelling of the
nematic-isotropic curve for the longer chain homologs
for which residual lateral attractions may be the

strongest.

Maier (215) and Maier and Baumgartner (213) in
their study of the dipole moment and dielectric
anisotropi@s of the series 4,4‘~di-n-alkoxyazoxybenzehes
have tried to explain the alternation in N-I transition

témperatures of the lower homologs., They concluded that

102
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it is the difference in the polarization effects between
the sides of the molecules containing even &#hd odd number
of carbon atoms in the alkyl chains that explainsg the

alternation effect. .

Marcelja (216) has shown, on the basis of the total
energy consideration, th:§t the calc@:}ated alternations in
N~I transitions are in good agreement with the observed
values for a number of homologous series and states that
the addition of even numbered carbon atoms in the preferred®
trans conformation is along‘the ma jor molecular axes, while
the opposite is true for odd-numbered carbon atoms. This
presentation resembles that of Gray's (217) zig-zag
conformation and should explain the odd-~even effect
obtained in the homologous series synthesized in this
investigation.

Rising tendency of S-N transition temperatures_curve:

s AR v 0 Sz S o s s Tk e W G Uy e S TR T T T S S WS S Sy ) S Pt s S e kW iR e v B SWE B¢ e S AP W P T S

The S-N transition temperatures curve rises smoothiy
in case of series Al, A2 and Ad. In series A3, S-N
transition does not occur. It merges with the N-I

curve to give .J pure smectic mesophases.

The in:}tial increase in the S8-~N transition

temperatures can be explained by the overall increase in
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the polarizability of the molecules as the alkyl chain is
lengthened, This effect enhances the cohesive forces
operating between the sidés of the molecules which %ie
parallel to one another with their‘énds in the line
forming the smectic layers. The increase in molecular
weight tends to make it more difficult for the thermal
vibrations to cause a sliding of the molecules out of

layers £o give imbricated orientation of a nematic melt,

Although the intermolecular forces operating between
the ends of the molecules, across the smectic strate are
relatively weak since the layers may slide over one another,
thése residﬁal attractions may tend to locate the ends of
the molecules near to one andther across the strata when
slipping is not taking place. Therefore, the forces
having teﬂdency to resis; the sliding of a molecule in the
direction of its long axis, from one stratum to another must‘
be the lateral cohesive forces between the molecules and
the resiaual terminal cbhesive forces operating across
the strata. If the polarizable aromatic rings are
represented by the rectangles and the two end alkoxy
groups are represented by small lines , the molecular

arrangement in the smectic melt may be as shown in Fig, 13.

The residual terminal attractions tend to become

weaker and offer less resistance to interpenetration
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with the increase in chain length. Therefore an

intermediate state,.as.shown in Fig, 13, is formed,

M-‘”

where the ends..of the molecules.are still in line. As

et PRI

the temperature rises, the tendency for interpenetration

of the chains grows, thus forcing apart the aromatic
centres giving an imbricated nematic orientation to the
melt as shown in Fige. 13. The dislocated redidual
terminal intermolecular cohesions at the S<N transitions
are probably temporary. As the interpenetration of the
layers becomes great and the normal imbricated arrangement
of the molecules of tﬁe nematic melt is reached, the

ends of the molecules m§:y once again become associated,
consequent%:y the terminal interactions can again start
to influence the thermal stability of nematic melt

as they do in purely nematic liquid crystals. The
increasing molecular mass and polarizability tend to
increase Fhe resistance to the sliding of the molecules
from one stratum to another and alsc increase the
'tendency for interpenetration of the—layers, thus caus;ng
the terminal attractions between them to become weaker,
The role of these effects explains the shape of S-N

transitions curve,

~ In the series Al, A2 and A4, no odd-even alternation
in S=N transitions is observed. This is the general
behaviour for the S-N transitions in the normal

nematogenic systems,
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Thermal Stabilities and Commencement of Smectic phase

- - ok LI TR TR IR s - -~

There is a close relationship ‘between mesomorphism
and molecular constitution of organic compounds. Therefore,
the thermal stability which is a meas_ure of mesomorphism
can be corr_elated with the molecular constitution of the
compounds. The average thermal stabilities of the nemtic
and smectlc mesophases and the point of commencement of
the smectic mesophase in the series él, A2, A3 and a4

are summarized in Table 24,

———— p Y -y v

Average thermal stabilities (“C)

Series Al A2 A3 A4

N-I 187.3 143.3 90,0 . 130,5
(€15 (€, =C5) (€9

SN or I 168.0 151,.2 112.6 108.6
€14 =% (C5 = Cig) C1p = Cig (34 = Cyp)
Commencement
;}fazze"tic %o 5 €12 €0

- 2
The geomiyry of these series is given in Fig. 14.
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Reference to Table 24 indicates that both nematic
and smectic thermal stabilities of sé:ries Al are higher
than those of series A2, A3 and A4, The difference in
the1molecules of the first two series is that the molecules
of series Al have a more polarizable benzene ring at
3~position whereas the mobdecules of series A2 have

uﬁ-CHa gr oup at 3= position,

The molecules of serlies A3 have 'g'CéHS group at

the 3-position in place of benzene ring in the molecules
of series Al. The higher values of nematic and smectic
thermal stébilities of series Al compared to series A2
can be attributed to the higher molecular length of series
Al which will increase intermolecular cchesions of all
types. The earlier commencement of the smectic phase

in series A2 can be attributed to the more favourable

close packing of the molecules,

Both the nematic and smectic thermal stabiliiies of
Al are higher than those of series A3, This can be

attributed to the ASOCGHS end group in seriess A3, The

molecules of series A3 have two central linkages viz.

ﬁ%oO» and -Fr whereas the molecules of series Al have
0 0
3
only ~ﬁ=0— central linkage,
0
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O
S 11
2 The compounds posseﬁing ~C~ as one of the central
Al

linkages and exhibiting mesomorphic properties are rare

o : s
as this group destﬁys linearity of the molecules and hence
length p breadth ratio of the molecules is decreased much.
Nguyen Huu Tinh et al, (218) have reported several

compounds having the following general structure 3

O

il
Hc,o@c-o @X CeH,
15

Where X = -CHeN-, -N=N-, -CH=CH-, -CH,-CH,-, and

ﬁ%ﬂ’ d:HZ - ?l-

0 0

The compounds having the central linkages other

than ‘ﬁ” are all mesomorphic whereas the only compound
O

having —8-— central linkage fails to exhibit mesomorphism,
0

The difference between the series Al and the series A4
is that the former possesses coumarin nucleus with benzene
ring as terminal group, whereas the latter possesses

only a biphenyl nucleus at the corresponding position
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and no end group attached to it. From the molecular
geometry it seems that the molecules in the case of
series Al are lengthier than those of series A4, The
higher nematic thermal st&bility of series Al may be due

to the terminal benzene ring.

The smectlc phase of series Al is (thermally more
stable than that of series A4, In series Al, the molecules
are rather broad due to the presence of a ketonic group
in coumarin moiety and there is an additional permanent
dipble across the major axis of the molecules due to

the presence of lactone moiety as shown in Fig. 15,

Fig. 15

This seems to become the conclusive factor while comﬁaring
their smé ctic thermal stabilities. Due to increase in
lateral intermolecular attractions arising from dipolq%ipole
interactions in the molecules of series Al, the higher

values of smectic thermal stability is observed.

Having explained the thermal stabilities of the
series discussed, it should be interesting to discuss the

point of comnencement of the smectic mesophase in these



112

homologous series, The appearance of the smectic
properties in a series is influenced by the melting points
of the compounds and/or by the supercooling tendencies

of the melts. Both these factors are related to the
crystal structures of the compounds, which ultimately

are dependent on the geometry, dipole moment and overall
polarizability of the molecules. Knowledge about the
appearance of the smectic mesophase may help in the
search for certain series where the appé?ance of smectic
mesophase might be delayed so that purely nematic or

cholesteric substances could be obtained,

A survey of the homologous series and the point of
commencement of the smectic mesophase indicates that the
appearance of the smectic mesoprhase is inflqgénced by the
geometry of the molecules. If the molecules of the series
are long, straight, rod~-shaped and pd_larizable, the
smectic phase commences early in the series., If the
molecules are short and linear, the smectic phase
appears at the middle members of the series but in
homologous series where breadth is increased, the
commencement of the smectic phase is always delayed ;

sometimes it appears very late in the series, i.e. at

the 016 or Cle derivative,
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Asg can be seen from Table 24, the smectic phase in-
series Al, commences late as compared to series A2 and it
is earlier as compared to series A3 and A4, The
increased lateral intermglecular attraction in series Al
compared to series A3 explains the early commencement of
the smectic phase in series Al, In series A4, the
smectic phasefqommences late by one member compared to
series Al, The molecdleé of series A4 are shorter compared
to series Al, but in the former series thg breadth of the
moleculeé is not more as well as the close packing of the
molecuies is not difficult. S0 the commencement of smectic
phase is not delayed much, The mélecules of series Al are
longer but the close packing of moleculeg is difficult

and so, the commencement of smectic phase is not much

earlier, . N

Thermal stablility of series Bl is compared with that

of the following series :

4~Formylphenyl 7-n-alkoxycoumarin-3-carboxylates (205)

kY

eesssenaw Series B2 .
4~(4* -n-Alkoxycinnamoyloxy) nitrobenzenes (219) ... sereis B3

The thermdl stabilities of these series are given
in Table 25, The molecular geometry of the series is

given in Fig, 16,
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Bl

B2

B3
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Average thermal stabilities (%C)

Series BL- B2 B3
S «-Nor I 180,3 152 .4 131.0
(€15 = Ci¢) (Cg =C1g)  (Cg = Cyg)
Commencement
of smectic c12 C8 C?
phase

Reference to Table 25 indicates that the smectic
thermal stability of series Bl is higher than that of
series B2 and B3, The molecules of series Bl have
a terminal -CN group whereas the molecules of series B2
have -CHO group at the corresponding position. The
di fference between the molecules of series Bl and those
of series B3 is that ‘= the former series possesses a
coumarin moiéty and a terminal -CN group, whereas the
latter has a -CH:CHA?«O group as the central linkage and

a terminal -N02 group.

There are certain end groups which are known to
impart smectogenic tendencies to the system, An ester
group vhose dipole is acting across the ma jor molecular
axis generally imparts smectogenic tendencies, i.z. the

system becomes purely smectic, Patel (220) observed in
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his study of some Schiff base ester that the presence of
-CN and nNOz as the end groups change the system from‘
nema togenic to smectogenic, The higher smectic thermal
stability of the\molecules of series Bl than those of
series B2 can be attributed to the presence of stpong

dipolar terminal -CN group in the series Bl.

The smectic thermal stability of the molecules of
series B3 is lower than those of series BlL., Series B3
exhibits both smectic and nematic phases whereas the
series Bl is pure smectogenic, In discussing the smectic
group efficiency order for the low efficiency of -CN and
~NO,, Gr:ay attempted to relate it to the strong dipoles
of nitro and cyano groups acting along the long molecular
axis. Such dipoles can certainly be envisaged (214) as
giving repulsions between molecules which lie parallel to
one another i.e. side by side, and perpendicular to the
layer planes of . smectic liquid crystals. A number of
homologous series are reported having a -CN or -N02 end
group but most of them are nematogenic in nature
(221, 222), The molecules of series Bl contain coumarin
moiety and\in it the presence of lactone unit make the
molecules of series Bl broad. While the molecules of

series B3 contain a central linkage -CH=CH-C®0 which

not only increases the length but polarizability of the
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molecules. The increase in breadth of the molecules of
series Bl and increase in length and polarizability of
the molecules of series B3 can explain the higher thermal

stability of series Bl and occurence of nematic phase

ih the series B3,
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II, Derivatives of Pyridines
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Cl. 2«Methyl-5-(4'-n-alkoxycinnamoyloxy)pyridines

The thermal stability of this series will be
discussed alongwith the comparision with the following A

series 3

2-Méthyl-5-(4'-n-alkoxybenzoyloxy)pyridines (223)
. - seesee Series C2

4~-(4* -n-Alkoxybenzoyloxy) toluenes (224) ..... Series C3

4-(4' -n-Alkoxycinnamoyloxy) toluenes eeese Series Gi

Table 26 compares the average thermal stabilities
of series C1, C2, C3 and G1,

Average thermal stabilities (°C)

Series ci €2 ¢3 G1
SN or I 110,7 65.4 52.8 94,9
(Cg = C1g) (Cy - Cpy) (Cg = Cy o)
Commencement , .
of smectic cC C Cc c
Phase 0 5 7 9 8

The geometry of these series is given in Fig, 17.
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The difference between the molecules of Series Cl
and series C2 is that the former contain a vinylene unit.
Due to the presence of vinylene group, the molecules of
series Cl are longer than those of series C2, Generally
an increase in the length of a molecule in a mesomorphic
compound increases the overall thermal stgbility provided
that it also increases the polarizability of the
molecule, Thus by the addition of a unit such as a
benzene ring or vinylene group to the molecule of a
mesomorphic compound the thermal stabllity of smectic
mesophase will increase as along as the molecule is not
broadened. Thus the presence of the vinylene unit
increases the length and the polarizability of the
molecules of series Cl1 without any apparent change in
the breadth of the molecules, The thermal stability of
series Cl, should therefore be increased as can be

seen from the Table 26,

The thermal stability of series Cl1' is higher than
that of series C3 and Gl, The molecules of series Ci
contain a vinylene group and a pyridine nucleus whereas
the molecules of series C3 have a benzene ring in place
of the heterocycle, The molecules Sf series C1 and those
of series Gl do not differ in length. They have identical
terminal groups and central linkages., The molecules of
series Cl possess a heterocyclic pyridine nucleus vwhereas

those of Gl possess a benzene ring.



In the case of pyridine derivatives (Series C1),
the lateral dipole is added with little perturbation in
molecular geometry as compared to benzene analogs (series
C3 and Gl1l). This is expected to lead to increased
intermolecular forces of attraction (dipole - dipole and
dipole - induced dipole)., As suggested by Dewar et al.
‘(125) in the case of pyridine ring, there exists a
permanent dipole in the ring as shown in the following

figure (Fig. 18).

+5

—

\ /
-5

This will have an attractive influence which will
order molecules above and below it such that their dipoles
will orient themselves to maximize ring dipole-dipole
attractive forces, This mesophase strengthening effects
lead to a greater thermal stability for this mono-

aza-aromatic system than the parent system,

The more pronounced smectogenic tendencies of the

compounds of series Cl can be attributed to the presence

3



of heterocyclic nitrogen atom. ©Oh (226) has suggested
that the presence of the nitrogen atom in heterocyclic
liquid crystalline Schiff bases is credited with

enhancing smectogenic properties,

The smectic phase in series Cl commences at the
pentyl derivative whereas in the series C2, C3 and G1,
the smectic phase begins with the hicher homologs.
Konstantinov et al., (227) in their study of p-acylphenyl
esters of p-n=alkoxybenzoic acids, have proposed that
conjugation between the chain carbonyl group and the
unshared electron pair of the ether oxygen atom via the
Tt benzene ring system can enhance the primary formation
of a smectic mesophase so that a smectic phase will occur
at a lowerlhomolog. According to them, such conjugation
leads to an increase in polarizability of this particular
part of the molecule and to an increase in the dipole
moment of the carbonyl due to the growth of a partial
negative charge on its oxygen, As a result there is
increase in the energy of the intermolecular interactions
of the dipole-~dipole and dispersion types, This additional
contribution to the energy of interaction between molecules
predominates in the lateral direction and favours formation
of a smectic mesophase starting with a lower homolog. A

similar conjugation between the carbonyl group and the



unshared electron pair of the heterocyclic nitrogen atom
in the present series Cl as represented in Fig. 19 can

explain the early commencement of smectic phase.

I
RO CH=CH-C=0

Fig, 19

Thus it can be said that the hicher thermal stability
of smectic mesophase 'in the case of series Cl than that
in series C3 is due to the presence of the vinylene group
which increases the length and polafizability of molecules
of series C1 and the présence of pyridine nucleus vhereas
the higher thermal stability of smectic mesophase in
series Cl than that in series G1 can be explained on the ‘
basis of difference in pyridine nucleus and benzene ring

as discussed above,

The series El is compared with following homologous

series,

4' ~Formylphenyl 7-n-alkokycoumarin—3-carboxylates (205)

sansees Series E2
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4-(4* —n~Alkoxybenzoyloxy)benzaldehydes (228).... Series E3

4~(4* -n.alkoxycinnamoyloxy) benzaldehydes (229).. Series E4

Thermal stabilities of these series are given in

Table 27,

The molecular geometry of these series is given in

Fig. 20,
Table 27
Average thermal stabilities (°C)
Series E1 - E2 E3 E4
N « I 144,5 - 65,0 115,0
(c, =C5)
1 (¢, =C_)
1 10
SeNoril 1253,5 15204 7501 109.1
(c - C =C
14 = C1¢’ (Cg =€)
Commencement c
of smectic 10 08 Clo 08

phase
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Reference to Table 2% indicates that smectic
thermal stability of series Bl is less than that of
series E2, The only difference in the moiecules of
these two series is that the molecules of series El
contain naphthalene nucleus whereas the molecules of
series E2 containi~y coumarin nucleus . In naphthalene
nucleus, both ﬁﬁe rings are coplanar. In coumarin
nucleus, also both the rings are almost coplanar. Now

the difference between ﬁaphthalene and coumarin molety

is.as followé :

In the series Ei, the breadth of the molecules
increases due to the presence of naphthalene nucleus, but
the breadth increase will be less than that in series E2
because (i) the molecules of latter series are rather
broad due to the presence of a ketonic group in coumarin
moiety ané (ii) there is an additional permanent dipole
across the major axis of the molecules due to the presence

of lactone moiety as shown in Fig, 16,

According to factor (i), the close packing of the
molecules is rendered difficult in series E2, Hence
intermolecular forces of attraction are weaker, giving

rise to mesophases having less thermal stabilities, It AS
interesting to note that the smectic thermal stability
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is affected, The increase in the breadth of the molecules
usually reduces the smectic thermal stability more
compared to nematic thermal stability as the increase

in the breadth reduces lateral intermolecular cohesions.,
But this is not observed in the case of series E2 as the
reduction in the lateral intermolecular ¢ohesions due to
increase in breadth are compensated by the presence of
the additional permanent dipole in coumarin moiety which
exerts 1lts attractive effect in the lateral direction.
(factor (ii)).

The molecules of series El and series E2 are almost
similar in length, but due to the presence of coumarin
moiety in the molecules of series E2, the molecules of
series E1 a_re comparatively longer than those of series
E2, The relative increase in length of the molecules of
series El, explains the appearance of nematic phase upto
dodecyl derivative, It is interesting to note that
nematic phase is absent in series E2, Had the initial
homolog been mesom6rphic, the appearance of the nematic
phase would have been expected as the molecules of series

E2 are also long,

The molecules of series El are thermally more
stable than those of series E3, both the smectic and

nematic thermal stabilities are increased., The two series



are similar, except that the serles El possesses a
naphthalene nucleus in pla ce of benzene ring in series
E3. Thus the molecules of series Bl are longer and more
polarized than those of series E3 due to the presence of
one more polarizable benzene ring. Generally, an increase
in the length of a molecule in a mesomorphic compound
increases the overall thermal stability, provided that
it also increases the pblarizability of the molecules.
Thus by the addition of a unit such & s a benzene ring
to the molecules of the mesomorphic compound, the

thermal stabilities of the mesophases will increase as
long as the molecule is not groadened. Thus the length
and the polarizability of the molecules of series El will
be increased without any apparent change in the breadth
of the molecules, Both the thermal stabilities of

series El1 should, therefore, be increased as can be seen

from the Ta ble 27,

The mesophases of series El are thermally more
stable than those of series E4, The only difference
between the two series is that the former contains
naphthalene nucleus in place of vinylbenzene nucleus at
the corresponding position in series 340 Gray and Jones
(230) have reported that 6-n-alkoxy=2-naphthoic acids

and trans-p-n-alkoxycinnamic acids are similar in shape
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and sige. The molecules of series El should, therefore,
be similar in shape and size to those of serles B4 ; the
effect should thus be similar on the two mesophases, But
the presence of one more aromatic ring in series El
compared with the vinylene bond in series E4, make the
molecules of series E1l more polarized and consequently
more mesomorphic,, The presemnce of vinylene bond in the
4' ~formylphenyl trans~p-n-alkoxycinnamate§ makes the
close packing of the molecules more difficult, Thus the
lateral attractions will be reduced more, vwhich in turn
will reduce the thermal stability of the smectic phase

in series E4,

The thermal stability of series F1 will now be
compared with that of the following series :

7Tw(4* =pn-Alkoxybenzoyloxy) -3-acetylcoumarins (205)
esessss Series F2

4~(4* -n-Alkoxybenzoyloxy)acetophenones (228)
eeveove Series F3

4~(4* -n-Alkoxycinnamoyloxy)acetophenones (231)

esseese Series F4

4~ (4'-n-Alkoxybenzylidene)amino) acetophenones (232)
eeccese Series 5
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The thermal stabilities of these series are given

in Table 28,

- " -

_ Average thermal stabilities (°C)

Series F1 F2 F3 P4 FS
N -1 168.5  143,3 86,8  136.8 109,4

(C1 - ClO) (c4 - Cp) )

S -NorI  153,5 151.2 93,9 134,4 109,7

(C15 = G (G5 - Cig)

Commencement c , ) | , *

of smectic s C5 c5 CS CS.

phase

* Héller and Cox have not reported first two homologs
. but Arora et al. (233) have repor ted and they are
A}

non-mesomorphic,

" The molecular geometry of the series is given in
Fig. 21 L 4
Compared with series F1, the thermal stability of
the nematic phase iy series F2 is less, while the smectic

thermal stability of the series F1.is almost the same as that

of seriesm F2, Both the series have identical corresponding
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@nd groups and the central linkages, The difference
between the two series is that the formmer possesses
naphthalene nucleus whereas the\latter possesses the
coumarin nucleus, The presence of a ketonic group and
an additional permanent dipole across the major axis of
the molecules in series F2 makes them shorter than those
of series Fl, The increase }n length and polarizability
due to benzene nucleus makes the nematic mesophase of
series Fl thermally more stable than that of series F2,
The smectic thermal stability of series Fl and F2 is
almost egual because the lateral attractions due to the
C=0 group of lactone ring in series F2 is less effective
as it operates almost at the end of the molecules and
renders the close packing of molecules rather 4difficult,

The lateral intermolecular aqtractions are weaker.

Both the thermal stabilities, smectic and nematic
of series Fl are higher than that of series F3, The
difference in the thermd:l stabllities of the two series
lies in the féct that the series Fl contains a naphthalene
nucleus in place of a benzene ring in the series F3, As
discussed earlier, presence of one more benzene fing ,
not only increases the length bdi also the polarizability

of the molecules of series Fl,

The mesophases of series Fl are thermally more

17

stable than series F4, The difference between the two
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series is that the former poésesses a naphthalene ring

whereas the latter possesses a benzene ring and secondly,
-the central linkage in the former is -C-O— unit while that
in the latter is -CHaSHAC—O unit. The presence of benzene
ring makes the moleculesgof series Fl1 longer and more
polarizable compared to series F4.' But the thermal
‘stability of series F4 is not as much decreased as

compared to serlies F3, because the molecules of geries F4
have one more polarizable unit in the form of vinylene

bond than those of series F3,

The higher values of nematic and smectic thermal
stabilities of series Fl compared to series F5 can be
attributed to the higher molecular length of series Fi
which will increase intermolecular chhesions of all types.
4The molecules of series F5 will be less non-coplanar due
to CH=N~ central linkage combared to those of series Fl
which possess ~C-O-central linkage (2 33). The earlier
commencement of the smectic phase in series F5 compared
to series Fl can be attributed to the more favourable
close packing of the molecules and to the low melting

points of the compounds,

C. Laterally Substituted Mesogens

T v W T G S W T W NS D T QAR W W A S R A S R T TED I S YO SN

Generally the introduction of a lateral substituent

is deterrent to all types of mesophases, Literature
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survey reveals several classes of liquid crystals with
lateral substitution (214, 234-244), Several systems
are known (245-249) wvherein a lateral substituent either
in a phenyl ring or in the o -position of a central
linkage has reduced Ehe melting as well as the clearing
temperatures, the latter, however being more marked.

The liguid crysfals.eXhibiting mesophases near room
temperatufe:h are thus possible if a lateral suﬁstituent
is placed at a proper position in suitable system. In
quest of obtaining low melting liguid crystals with
broad mesophase range, it was noted that a lateral
sﬁbstituent like chloro or methyl is quite effective in
reducing crystal - mesophase temperature to give low
melting liquid crystals, In licht of this it seemed of
interest to introduce a bulky ethoxy\group as a lateral
substituent in a p-phenylene system, It should decrease
the crystal - mesomorphic and mesomorphic - isotropic liquid
transition temperatures, The mesogenic compounds with

lateral ethoxXy group are rare.

In the present study the three homologous series
(one with lateral methyl and a bulky ethoxy substituents
and two with bulky ethoxy substituent) were synthesized

and mesomorphic properties of their members studied.

4-(4*-n-Alkoxycinnamoyloxy) -3~ethoxybenzylidene~é" -

anisidines cesnsnes Series Hl



g
..
-
-

4«(4'—n-Alkoxycinnamoyloxy)»3«ethoxybengylidene~4“—

toludines esansees OSeries Ji

4-(4"' -n-Alkoxycinnamoyloxy) -3-ethoxybenzylidene-2"-

4"~dimethylanilines ....,. Series Ki,

T S S G T Y s

Hl, 4-(4'-n-Alkoxycinnamoyloxy)-3-ethoxybenzylidene~4"«

anisidines

A homologous series of fourteen Schiff base esters
was s&nthesized bf the synthetic route shown in Scheme 7,
The melting points and transition temperatures of the
compounds are summarized in Table 29, The structure of

hexyl homolog was confirmed by MR spectrum,

NMR (CDC13) : § 0,9 (t, 3H, -CH, of hexyloxy chain),

3
1.3 = 1,8 (m, 11H, «CH,; of lateral ethoxy group and

-(CHZ)A- of hexyloxy chain), 3.8 (s, 3H, -CH_ of methoxy

3

gr. at C4u). 3.9 -~ 4,3 (m, 4H, two ~O-CH_- of hexyloxy at

2
C,» and lateral ethoxy gr.) 6.4 - 6.6 (4, 1H, J=lgHz), of
=LHCO0 gr,) 648 = 7.6 (m, 11H, aromatic protons), 7.7 - 7.9,
(a, 1H, (J=18Hz), =CH-Ph gr), 8.4 (s, 1H, -CH=N gr)

(Fig. 22) ]

All the Schiff base esters are enantidtropic nematic
exhibiting beautiful nematic threaded texture. NoO member

adopts ~ homeotropic textures, Smectic phase is absent
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Scheme 7

Roﬂ<:><m:cwcocz-¥Hoﬁ§:>{wo

OC,Hs

P);Y/:c(i??e

4

RO{C:>CH:CHCO{}€:3>CHO*

og%

l HN@Y
R04C3}04CHCOO{£:}G4N{C3}

OCHs

Ethyl alcohol;

therci K =H, Y =O0CH; -....... series HI
“H, Y= cHgy -

Sertes J1
X =Y = CH3 e e

- - Series K
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Table 29

- o -

4-(4"' -n-Alkoxycinnamoyloxy) -3~ethoxybenzylidene~-

4" —anisidines

n-Alkyl group B

Nematic Isotropic
. Methyl K 146.5 ' 201.5
Ethyl 154,0 ‘ 220,0
Propyl - 136.5 197.5
Butyl ' 134.,0 196,0
Pentyl : 119,0 182,0
Hexyl 92.5 176.5
Heptyl 1010 174,5
Octyl 10,0 163.5
Nonyl ‘ 96,5 161,54
Decyl 91 .0 . 158,.4
Dédecyl 95,5 153,0
Tetradecyl 95,0 145.5

Hexadecyl 95.0 136.5

Octadecyl 96.5 '127.5
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in the series, When the NI transitions are plotted

against the number of carbon atoms in the alkoxy chain
4 - eveﬂ’)

(Fig. 23), they exhibit odd-even effect. The)members

occupy upper curve as usual,

Ji., 4~(4'-n-Alkoxycinnamoyloxy) ~3~ethoxybenzylidene~4"-

toludines

. A homologous series of thi;teen Schiff base esters
.was synthesized as shown in Scheme 7. The transition
temperatures of the compounds are compiled in Table 30,
The structure.pf the pentyl derivative was confirmed by

MMR spectrum, MMR (CDC1,) : § 1.0 (t, 3H, CH_ of
3 ‘

3

pentyloxy chain), le4 - 2,0 (m, 9H, CH_, of lateral ethoxy

3
group and -03H2)3— of pentyloxy chain), 2.5 (s, 3H, CH,
group at 04.,). 4,05 ~ 4,4 (m, 4H, two -?O-CH2- of ‘pentyloxy
at C,¢ and lateral ethoxy group), 6.55 = 6,75 (4, 1H,

. J = 9Hz, of = CH,CO0 gr.), 7.00 - 7,85 (m, 11H, aromatic
protons), 7.9 = 8,1 (4, 1H, J = 9Hz, of CH = Ph gr.), 8.5

(s, 1H, CH=N gr.). (PFig. 24).

All the Schiff base esters are enantiotropic nematic
except the hexadecyl derivative which exhibits monotropic
nematic phése. No membér adopts a homeotropic texture,
Smectic phase is absent in the series, éig. 25 shows the

relationship of transition temperatures to carbon numbers



4-(4!-nqukoxycinnamcyloxy)-B-ethoxybénzylidenej4"-

toludines

Egble 3

2
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_n-Alkyl group’

Transition_temperatures (°c)

Nematic . Isotropic
Methyl 153.0 173,5
Ethyl 170.5 182,5
Propyl 137.5 177.0
Bygtyl 123,5 167.0
Pentyl 135,5 15%.5
Hexyl ©122,5 153.5
QEptyl 107,0 142,5
Cetyl 111.5 134,0
Nonyl 97.C 130,5
Decyl 9845 1126.5
Dodecyl 105 .0 126,0
Tetradecyl 89,5 115,5
Hexadecyl (65,0) 96,0

Values in parentheses indicate monotropy
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in the alkoxy chain., The N-I transitions lie on the

one falling curve and do not exhibit odd-even effect,

Kli., 4-(4*'-n-Alkoxycinnamoyloxy)-3~-ethoxybenzylidene-

2%,4".dimethylanilines

A homologous series of fhi;teen Schiff base esters
was synthesized by the synthetic route shown in Scheme 7,
The melting points and transition tempefatures of the
compounds {:re summarized.in»Tabie 31, The structure of
the hexyl homolog was confirmed by NMR spectrum, NMR
(eoc1,) & 0.9 (t, 3H, CH

3
of lateral ethoxy group and “GSHZ);‘ of

of hexyloxy chain), 1.3 -~ 1.6

hexyloxy chain)., 2.3 (s, 6H, two CH3 groups at C.4 and

2

Cynde 4405 = 4.4 (m, 4H, two =CH,-O- of lateral ethoxy

2
gr. and hexyloxy chain), 6455 = 6,75 (4, 1H,-J = 9Hz, of
CH,COB gr.), 6.95 = 7,8 (m, 10H, aromatic protons),

7«85 = 8,C5 (d' J = QHZ' 1H of = CH-Ph gr.), B.4 (S, lH,

of ~CH=N~gr) . (Fig. 26)

All the Schiff base esters are enantiotropic nematic,
The smectic pﬁase commences at the tetradecyl derivative
as monotropic form and congzxinues upto the last member,
hexadecyl derivative, The nematic and smectic phases
observed in this series have nematic threaded and focal

conic smectic textures respectively, Only one member,



" Table_ 31

—
~

.
by |

4v(4"-n-AlkoxycinnaméSyloxy)-3~ethoxybenzyl§3§eneu

2" ,4" -dimethylanilines

n-Alkyl NN = L R L B W S
group Smectic Nematic Isotropic
Methyl - 138.5 151.5
Ethyl - 140,5 153.5
Propyl - 121.5 143,5
Butyl - 97,5 147,0
Pentyl = 98.5 143,0
Hexyl - 875 133,0
Heptyl - 88,5 124,5
Octyl - 10645 125,5
Nonyl - 94,0 123,5
Decyl - 4.5 114.5°
Dodecyl - 92,0 112,5
Tetrade_cyl (42,5) 95,0 1095
Hexadecy1 (61.5) 96,0 10245

Values in parentheses indicate monotropy
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the propyl derivative, adopts a homeotropic texture

during cooling., Fig. (27) shows the relationship of
transition temperatures to carbon numbers in the alkoxy chain
The N-I transitionglie on two £falling curves exhibiting
normél odd=- even effect,'the even members occupying the

upper curve as usual, The S~N transition curve rises

smoothly but does not merge with the descending N-I

transition curve,

COMPARATIVE STULY

The: thermal stabilities of the mesophases of the
series Hl will be compared with those of the following

Series

4-(4* -n-Alkoxybenzoyloxy) =3=ethoxybenzylidene~4" -

aniSidineS (2%) XX Series H2

4-(4'-n-Alkoxybenzoyloxy) -3-methoxybenzylidene~4"«

anisidines (250) ,..... Series H3

4~(4' -n-Alkoxycinnamoyloxy) benzylidene~4"-

anisidines (251) .,....e. Series H4
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KD s 1 S S S >

Average thermal stabilities (°C)

Series H1 H2 H3 ¢
Nl 171.C 128.C 160,3 249,2
- - C - C
€, =S¢ € =C¢ (C; - Cig)
Commencement
of smectic * * * CB
rhase :

* Smectic phase is absent
The geometry of these series is given in Fig. 28

The thermal stabilities of the molecules of series
Hl are higher than those of series H2, The molecules of
series Hl contain an extra vinylene bond as the central
linkage, The higher nematic thermal stability of series
Hl must be resulting from the increases in length and
polarizability of its molecules due to the presence of

the vinylene bond.

The melting points of the compounds of series Hl
range from 91.0q3 to 154.092 s for the series H2 from
83.0%C to 151.0QZ ; for the series H3 from 81.0%C +o
149,0°% ana tﬁe range in the case of series H4 is from

96.5°C to 162.0°%. ' \



Fig. 28.

HZ

H3

HY
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The series H4 does not have any lateral group (other
than H atom) and the series H3 has lateral methoxy group
on the central benzene ring and ortho- to the CO-0
iinkage. Now the series Hl and series H2 have lateral
ethoxy groq:p in the said position, even than not much
difference in melting point is observed compared to series
H3, It is indicated that the melting points are not much
affected furthermore by making the lateral group bulkier ;
but the nematic = isotropic transition temperatures are
definitely affected, The comparision of melting point
range of series Hl, series H2 and series H3 suggests that
in the solid state, the molecules of these series arrange
in such a way that the ethoxy group as well as the
methoxy group fit in some sort of pockets and hence
the crystal mesomorphic transition temperatures are not
much affected, The detail about the overall moleculer
arrangement in the crystal lattices of these compounds can
oniy be revealed by X-ray studies, The higher nematic
thermal stability of series Hl than thét of series H3
can be attributed to greater molecular length and
polarizability of the molecules of series Hl, as they
have an extra vinylene unit in the centre., Thermsl
stability of series Hl is less than that of serieg H4,
The difference between the two serles is that fthe former

has a lateral substituent ethoxy g;gupggﬁéiggs the latter
LY <

2 Ea
'



has a hydrogen atom at the corresponding position.
Introduction of a lateral substituent into the side
position of the molecule of a mesomorphic compound has

two opposing effects (214).

(i) The substituent will decrease both smectic and
nematic thermal stabilities by increasing the

separation of the 1ong‘axes of the molecules and

(1i) The substituent will increase both smectic and
nematic thermal stabilities because of its
polarization effects which will enhance inter-

molecular cohesions,

Of the two opposing effects, the first always
predominates unfess the substituent does. not exert its

full breadth increasing effect,

As suggested by Arora et al,, (252) when a
substituent is on central benzene ring, its position being

oftho to the ester linkage, the twisting around C, -0 bond

4
in the comg:punds of series Hl will be more due to the

steric factor of the ethoxy group. This may result in
twisting in these molec@:}es and this further reduce the
coplanarity of the molecules, This in turn, will decrease

the polarizability of the laterally substituted compounds



compared to unsubstituted ones, there will also be a
change in resultant moments, Thus we could expect a
decrease in the thermal stabilities of the liguid crystals

phases in the laterally substituted derivatives.,

Molecules of series Hl have a bulky ethoxy group

ortho- to the ester linkage which has two £fold effects,

4

(i) of increasing the breadth of molecules and

(ii) of reducing the coplanarity of the molecules

Therefore, the lower nematic thermal stability of

series Hl compared to series H4 can be understood.

The next point is the absence of smectic phase in
series Hl, H2 and H3, 1In the case of series 4-n~alkoxy
benzylideneamino fluorenones and 4-n-Alkoxybznzylidene
aminobiphenyls having substituent in 2~ or 3-positions (96)
and 2-methyl~l,4~phenylene bis (4*'-n-alkoxybenzoates) (252)
the last members of the series do not exhibit only smectic
phase, In these series, the steric effect due to lateral
substituent increases the thickness of the molecules which,
in turn, makes the close packing of t he molecules
difficult in a paréllel alignment and results in a weakening
of intermolecular cohesions, The last members of the

naphthylidene Schiff bases synthesized by Dave et al,



(90, 91) also de not show only smectic phase i.e. they

are not purely smectogenic, However, there are a number
of homologous series exhibiting pure nematid mesophase
upto the last member of the series and without commencement
of smectié mesophase (226, 253), This indicates that
irrespective of mesophase type, if the molecule is broad
and the 1engt#tbu breadth ratio is changed considerably,
the normal behaviour of the homologous series is changed,
This can be explained as the increase in breadth reduces
lateral cohesive forces and for a compound to exhibit only
smectic phase, the lateral cohesive forces should be much
higher than the terminal cohesive foyces, In such systems,
even in the last members, the molecules are arranged in
such a maﬁner that, 'on heating, the molecular layers get
disrupted directly to the nematic or isotropic state.

The absence of smectic phase in series Hl can thus be

understood,

Now the thermal stability of series Jl will be

compared with the following series,

4~ (4 ~n=Alkoxycinnamoyloxy) benzylidene~4"~
toludines (254) essee Series J2

4-(4"—n-Alkoxybenzoyloxy) -3-ethoxybenzylidene~4"-

toludines (36) eseee Series J3



4~(4'-n~Alkoxybenzoyloxy)~3~methoxybengylidene—4“-

toludines (253) ......, Series J4,

Table 33 summarlzes the average thermal stability

of these series,

Table 33

- - o s Tt 2 -

Average thermal stabilities ()

Series 2 32 J3 4
NI : 44,7 234,7 93,7 130,2
€ =6
Commencement
of smectic * C7 . * x
phase

* Smectic phase absent
The geometry of these series is given in Fig, 29,

The higher thermal stabilities of nematic phase
in series Jl than that of series J3 and J4 and the lower
thermal stabilitv of series J1 than series J2 can well be
explained by the similar harguments, as mentioned in the
comparision of thermal stabilities of series Hl, series
H2, series H3 and series H4, Also, the absence of smectic
phase in the series Jl, series J3 and series J4 can be

understood.
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Now, the nematic thermal stability of series Hl is
higher than that of series Jl, The molecular geometry of
the two series is similar, the only difference being in
the terminal substituents ; series Hl has a methoxy group
at one end of the molecule and series Jl has a methyl
group at the corresponding end of the molecule., It has
been observed that in a homologous series a terminal
metﬁoxy group enhances the nematic thermal stability. The
thermal stability orders of terminal groups for smectic and
nematic mesophases in mesomorphic compounds have been

deduced by Gray (54) in which MeO) Me for the nematic order.

i

Table 34 summerizes the difference in average

nematic thermal stabilities among the series.

. D I T S

Difference in average nem;tic thermal

stabilities (°0)

Series No. Difference ()
H4 - Hl 7842

Reference to Table 34 indicates that introduction

of lateral ethoxy group lowers the nematic thermal stability



very much in the case of series Hl and Jl when compared
with the unsubstituted one, It is interesting to note
that the introduction of lateral ethoxy group in the
non-substituted series H4 causes the lowering in nematic
thermal stability by 78.2°C and the introduction of
lateral ethoxy group in series J2 causes the lowering

in nematic thermal stability by 90,0°C that is almost
similaf. Thus the lowering in nematic thermal stability
due to lateral ethoxy group is independent of the nature
of the”terﬁ:;nal group, series Hl and J1 have different

terminal groups at the right end.

The thermal stabilities of the mesophases of the
series Kl will be compared with those of the following

series :

4=(4'-n=-Alkoxycinnamoyloxy)benzylidene~4" -toludines
(254‘) Cesssens Series J2

4-(4* -n-Alkoxycinnamoyloxy) benzylidene~2"-

toludines ( 219) .,... Series K2

4-(4' -n-Alkoxybenzoyloxy) benzylidene~~2", 4"

dimethylanilines (248) ,.,..., Series K3

Table 35 summarizes the average thermal stabilities

and the commencement of the smectic mesophase in these series,



Table 35

S L34 WS O -

Average thermal stabilities (°C)

Series K1 J2 K2 K3
N -1I 128.0 234,0 167,.7 173.7
- - ) - C

€, -C¢) ©) =G (8 -Gy
S «-NopI 52,0 167:6 102,.1 103,6
(C14 c:16) (c’7m 018) ( 10 18)
Commencement
of smectic 014 C7 04 C:LO
phase

The molecular geometry of these series is given

in Pig, 30,

The h anologous series K1 and J2 differ in lateral
substitution i,e, there is only H atom ortho~ to the
~CH=N- unit and at the 3-position in series J2 whereas
there is a methyl group and a bulky ethoxy group at the

said positions,

While series K1 is compared with the series J2, the
average decreases, Nt (fifH-Me, Eto) nematic = 106,0°C and

At (HMe, Eto) smectic = 13.5.6°C in mesomorphic i*t:her:mal
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stability resulting from the introduction of methyl and
ethoxy substituents are lé:rge.

<

The reason for the average decrease in the nematic
and smectic thermal stabilities can be explained in two

different ways

(i) If the lateral methyl group and the ~N=CH-~ linkage
lie cis to one another (Fig. 30), the steric effect
between the substituent and the hydrogen of the
~N=CHe unit will prevent the molecule from being
coplanar and rotation of parts of the molecules
out of the plane has severe repercussions on the
close packing giving rise to marked" difference

in thermal stabilitv,

(i1) If the lateral methyl group and the -N=CH-
linkage lie trans to one another the molecular
breadth is considerable and the nematic, in
particular smectic thermal stability should be

low,

From the above discussion the decrease in smectic
thermal stability is expected to be more than the decrease

in nematic thermal stability.

The commencement of smectic phase is late in series

Kl as compared to series J2, The arguments made for the
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less mesophase thermal stabilities can well explain the
late commencement of smectic too, Due to increased
breadth of the molecules, the lateral intermolecular
forces of nattraction are decreased in series K1 compared
to the corresponding members of series J2, Hence, it
requires longer alkoxy group in seriess Kl to observe

smectic phase,

It is noteworthy that Gardlund et al., (255) and
Gray (256) did not observe smectic phase in their studies
on laterally” s&bstituted mesomorphic series, Gardlund
et al. (255) synthesized shorter molecules compared to
those of series K1l and they concluded that small increase
in mole€ular breadth destroys smectic behaviour regardless
of alkoxy or alkyl group chain length., The 3-substituted
biphenyl monoanils of Gray (256) and the Schiff base esters
of p;esent series Kl; both have three benzene rings. The
biphenyl monoanils have substitution on central benzene
ring, whereas the molecules of series K1 have substitution
on central as well as terminal benzene ring. Moreover,
there is no methyl group at the end of the biphenyl ring
and there is methyl group at the right end in series X1,
Due to combined effect of these two factors, the monoanils

of Gray do not exhibit smectic phase. '

The thermal stabilities of both the smectic and

nematic mesorhases in the case of series Kl are lower than
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those in the series K2 and K3, The difference between
the molecules of series K1 and those of series K2 is
that the former has one more lateral substituent ethoxy
group and a terminal methyl group at 4"-position whereas
the latter has hydrogen atoms at the corresponding
positions, The increase in breadth to length ratio in
the molecules of series Kl explains the lower thefmal

stability than series K2,

The difference between the molecules of series Kl
and K3 is that the former possesses a vinylene unit in
the centre and a lateral ethoxy group. The length of
the molecules of series Kl is increased due to the
presence of vinylene unit. The nematic thermal stability
of series Kl should, be higher than series K3 since
increase in length and polarizability of molecules
increases the nematic thermal stability, but series K1
is thermally less stable than series K3, The presence of
lateral ethoxy group in the molecule of series ﬁl must be
increasing breadth to such an extént ﬁ:hat the length
and the polarizability of the molecule§ die to vinylene
unit is not that effective, This sho_uld explain the
higher smectic thermal stability and early commencement

of smectic phase in the case of series K2 and K3,
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4-(4% -n~Alkoxycinnamoyloxy) -3~ethoxybenzaldehydes

n-Alkyl group K -1I o
temperatures (°C)

Methyl 103,0
Ethyl 118.5
Propyl 114,0
Butyl . 107.0
Pentyl 106,0
Hexyl 10’7'@5
Heptyl 94,0
Octyl | ‘ 94,5
Nonyl 83.5
Decyl 86,0
Dodecyl 96,5
Tetradecyl 100,5
Hexadecyl \ 104,0

Octadecyl 105,5
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E. Mixed Mesomorphism

I T - S 3 BT

Binary mixtures wyere both the components are
mesomorphic have now been largely studiéd. Bogojawlensky
and Winogré:dow (257) and Dave and Lohar (103) have
discussed the molecular forces operating and their effects
on the binary phase diagrams where both components are
mesogenic in nature, Hirata et al. (258) and Szabo et él.
(259) have 3studied the binary nematic mesophase systems
and obtéined phase diagrams, They have indicated the
advantage of such mixtures over the pure individual
component in the field of applications. Hsu and Johnson
(260) have also reported some binary nematic mesophase
systems., In the present study the low melting toluene
mesogens prompted-us to study some mixtures and observed
the effect of melting points, mesogenic - isotropic
transitions and the chemical constitution on mixed v
mesomorphism. With this view three binary systems are
studied, The binary systems are given in‘Table 37 with
the transition temperatures against their constituent

homolog,

The first binary system consists of the homologs
of the same homologous series Gl, The transition
temperatures for this binary systems are given in Table 38,

The component X exhibits both smectic and nematic phases
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Table 38

WD B A D S S e

Binary System 1 :
4~-(4* -n-Decyloxycinmamoyloxy) toluene (Component X)

4-(4'-ndretradecyloxycinnamoyloxy) toluene (Componemt Y)

Transitions (°C)

Mole % of o e e

component ¥ Smectic Nematic Isotropic

100,00 71.0 - 100,00
88,77 69,0 9865 101, 0
7797 62.5 97.5 100,5
67,09 58,5 98,0 101,0
56.83 51.5 | 96,0 . 10,0
46,63 50,5 96,5 . . 102.5
36,88 53.5 96,0 103,9
27,34 59,0 96,5 104,0
17.96 64 .0 %6.5‘ 104,0
08,84 67.5 95,0 | 103,5

00,00 74,0 ' 95,5 105,0
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(enantiotropic) and the other component Y is a pure
smectogen. The phase diagfam for this system is given in
Fig. (31). The phase dié:gram shows that the solid-smectic
transition is the lowest at about 47 mole % of component Y,
The temperature at this composition of the mixture is
50@5q: which is the eutectic pgoint of the system. The
‘components X agd Y have sclid-smectic transitions, 74°%C
and 71°C respectively. Thus the depression in
solid-smectic transition is about 20%C as compared to
component ¥, The mesomorphic range of smectic mesophase
at this eutectic poinﬁ is 46,5%C which is quite good

as compared to the mesomorphic range of the pure components
particularly thet of component X, The S-N or I transition
curve and the N-I transition curve more‘or less remain
parallel to the abscissa with minor deviations. Both the
smectic and nematic mesophases are exhibited by the

binary system. This is expected as the series Gl to which
the two comppnents belong, is a nematogenic and also the
components have long alkyl chain at one end, thereby
providing‘more lateral attractions forr the exhibition of
smectic phé:}e. This observation is supplemented by the
fact that the smectic mesophase in th e series Gl appears
from octyl homolog, and the hicher members of the series

Gl are pure smectogens,

The second binary system consists of the components

from two different homologous series ; series Gl and the
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non-mesomorphic series synthesized under this investigation.
The transition temperatures for this system are given in
Table 39, The component X of this system is one of the
components of binary system 1, Both the components ~.of
this system differ very much in their molecular geometry.
Components X and ¥ have decyloxy and nonyloxy alkoxy
chains at one of the ends respectively., At ?he other end,
both the components have different nuclei, The component
X exhibits both smectic and nematic phgses, vhereas the
component Y is a non-mesomorph with solid-isotropic value
of 83,5°C., Reference to the phase diagram (Fig, 32)1wi11
indicate that both the smectic and nematic transitions of
mesomorphic component X are lowered by gradual addition
of non-mesomorphic component Y.‘ The smectic and nematic
trapsition curves intercept the solidus curve at about 28
mole % (65,0°C) and 52 mole % (68.0°C) addition of
component Y respectively, Below this point both the
curves continue as monotropic phases for some distance.
Thus by the addition of the non-mesomorphic component the
low melting mesomorphic mixture compared to the pure
component can be obtained, The maximum lowering in the
case of smectic and nematic transitions compared to pure
mesogen X is about 37,0° and 30,0°C respectively. The
effect 1s expected as ihe two components differ in the
composition and so there will be difficulty in the cldS?e

packing of the molecules,



. o B o O s W

4~(4' ~n-Decyloxycinnamoyloxy) toluene (Component X) :
4-(4* -n-Nonyloxycinnamoyloxy) =3~ethoxybenzaldedhyde

(Component ¥)

Transitions (°C)

Mole % of = = emmmemceacee—aoeoo -==
Component ¥ " Smectic Nematic Isotropic
100,00 - - 83.5
89413 - - 81,5
78,20 - - 79.5
67,79 - (51.0) 77.0
57,32 - (62.5) 7340
47,30" - 62,5 72.5
37,43 (50,0) 63,0 76,0
27.84 (64,0) 62,5 85,5
18,35 67,0 76,0 92.5
09,08 ,70.5 85,0 97,5
00,30 74,0 95,5 105,0

Values in parentheses indicate monotropy
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The third binary system includes a pure smectogen
from the series Gl and p-azoxyanisole, The transition
temperatures for this system are given in Table 40,
Fig. 33 shows phase diégram for this system, The
component X (of series G1) is an enantiotropic smectogen
with a smectic mesophase range of 29% ¢ vhereas
component Y (p-azoxyanisole) is enantiotropic nematogen
with nematic range of 19°C, The reference to the phase
diagram shows that by gradual addition of p-azoxyanisole
(Y¥) to smectic mesogen (X), the smectic transition points
are lowered and the smectic transition curve cuts tﬁe
solidus curve at 28 mole % addition of component Y
(82,0°C), Similarly the N-I transition<point40f component
Y is lowered by gradual addition of component X, The
eutectic Ppoint occurs at 55 mole % addition of component ¥
(82;5q3). The effects are as expected as the two components

differ in thelr molecular structure.



Table 40 .

o U KD o D D W ol

Binary System 3

4=(4' ~-n-Tetradecyloxycinnamoyloxy) toluene {(Component X) :

p~Azoxyanisole (Component Y)

AP bl T BT BRI D =]

Mole % of — e e e ———
Component ¥ 'Smed:;ic Nematic Isotropic
100,00 - 11?95 138,0
94,07 = 115.5 132,0
87.57' ~ 112,0 130,0
80,17 - 107,.5 122.5
72,36 - 193,0 116,.5
63,60 ¢ - 91.5 112,90
53.81 - 82,0 107,5
42,64 - 80,5 102,.5
30,39 (86,0) 82,5 101.0
16,237 68,0 91,0 98,5
00,00 71,0 - 100,0

Values in parentheses indicate monotropy
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