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Though the first mesomorphic substance reported was a
cholesteric one (1), the effect of chemical constitution on
this mesophase has not been studied in detail. Friedel (7),
Lehmann (290), and Jaeger (291) studied the mesomorphic
behaviour of the fatty acid esters of cholesterol. There is
some disagreement about the transition temperatures and the
number of mesophases in their results. Gray (59) studied the
homologous ‘series of fatty acid esters of cholesterol; he has
reported modified transition temperatures for these compounds
and some of the mesophases were identified which were missed
in the previous work. Wiegand (287) tried to study the effect
of sidé chain and modified sterol skeleton on the cholesteric
mesophase by synthesizing a number of sterol derivatives.
Recently some studies of homologous series exhibiting the
cholesteric mesophase have been reported. These studies involved
cholesteryl and stigmasteryl carbonates (292, 293) and
cholesteryl thiocarbonates (294, 295). Pohlmann et al. (296)
studied the structure dependénce of the cholestgric me sophase
in a number of cases by chaﬁging the position of the double
bond, modifying the sterol skeleton and changing the aliphatic
s;de chain in these compounds. Knapp and Nicolas (297) studied
the cholesteric mesophases gf triterpenes and steiolsa

In all these studies the side chain was generally aliphatiec,
The main study was of the sterol skeleton and its effect on
mescmorpiqisme It seems that no systematic attempt was made to
correlate the effect of chemical constitution on the cholesteric

mesophase with that on the nematic mesophase. In the present



stﬁdy are syntheéized fhe homol;gous series exhibiting 113
cholesteric and smectic mesophases. In all the series, the sterol
skeleton is the same, namely choiesterol} the side chain at o
tye 3 ?-pbsitipn is changed. In the side chain are introduced
different arene nuclei with such a geometry that the effect

of these nuclei on the cholesteric mesophase can be compared
with that on the nemétic and smectic_mesoppases, as nematogenic
and smectogenic compounds are known with these nuclei. The |

béhavioursof all the homologous series exhibiting -cholesteric

mesophases are now discussed.

(1) Cholesteryl p-n—alkoxybenzoates
’ Fourteen egters of‘cholesterol are synthesized by condensing
p-n-alkoxybenzoyl chlorides with cholesterol and their melting
points and transition temperatures are reported in table{No}»1?{
All the members of the series are enantiotropic ﬁesomorphic.

Wiegand (28?).has reported the m.p. and t.p. of cholesteryl

“anisoate as 162,5 - 16300 and 236°G, respectively. Gray reports

that it melts at 175°G and clears at 258,0°9C with decomposition
(67)e In the present study the corresponding melting point and
fraﬁsition‘temperature observed for this compound:: are
respectively 180°C and 268°C by microscopic examination. The
éiiéé vas preparéd by evapgrating the solvent from the solution
of the compound. Recently Barrall and Johnson (éég) have
reported the m.p. and tep. as 181. 500 and 268.000, respectzvely.
The first six members of the series are enantiotroplc
cholesteric. The smectic mesophase commences at the heptyl

derivative, The heptyl to octadecyl derivatives are

pol&mesomorphic, i.e., they exhibit cholesteric and smectic
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mesophases. -In the corresponding n-alkanoates of cholesterol,
the smecticlphase commences with the heptanocate derivative as
a monotropic phase. All the higher aliphatic esters of
cholesterol studied also exhibit monotropic smectic phases
except the myristate which is enantiotropic smectic. The
smectic~cholesteric transition temperatures of the n-alkanoates
of cholesterol increase only upto cholesteryl laurate and then
fall steadily through the myristate, palmitate and stearate. In
the cholesteryl p-n-alkoxybenzoate series, the cholesterice-
‘isotropic transition temperatures change in a regular manner
when the series is ascended as is the case with other mesomorphic
series. The cholesteric~isotropic transition temperatures fall:
smoothly with a regular alternation between members with an odd
and even number of carbon atoms in the alkyl chaine. The smectic-
cholesteric transition temperatures rise smoothly to a maximunm
at p-n-dodecyloxybenzoate and then fall: steadily as the chain
length increases through the tétradecyloxy«, hexadecyloxy~ and
octadecyloxy- benzoates. This is graphically represented in
fig. 6 obtained by plotting the transition temperatures against
the number of carbon atoms in the alkyl chain for the series.
The smectic-~cholesteric transition temperature curve does not
coincide with the falling cholesteric-~isotropic curve and does
not give rise to direct smecticwisotropic transitions for the
longest chain esters as is usually the case in other mesomorphic
homologous series exhibiting the nematic mesophase, Cholesteryl
n-alkanoates also behave in a similar manner.

In the polymesomorphic substances under investigation,

first, on heating, the focal-conic smectic phase is obtained
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which sometimes develops a homeotropic texture. This on
further heating gives the focal-conic cholesteric phase.

On cooling, the first twelve members of the series give the
focal-conic cholesteric texture, just upto 1.5°C below the
cholesteric~isotropic transition temperatures greceded by

a blue phase, In all the cases the focal-conic cholesteric
texture changes to the plane texture with only a slight
disturbance in the melt. At the juncture of the cholesteric-
smectic transition the plane texture displays different
colours over a short temperature interval while cooling.
Cholesteryl hexadecyloxy-and octadecyloxy benzoates cool to
give a plane cholesteric texture 1°C below the;r cholesteric-
isotropic transifion temperatures éreceded by a blue phase.
These two members do not display any visible colour behaviour,
On further cooling, the cholesteric phase changes to a
homeotropic smectic phase.

(2) Cholesteryl trans-p-n-alkoxycinnamates :

- Pl D S T T 0

Fifteen esters have been prepared and their melting points
and transition temperatures are summarized in table 18,

All the esters studied here exhibit enantiotropic
mesophases. The temperatures reported in the literature (36)
for cholesteryl trans—cinnamate are 156.,0°C for the solid-
cholesteric transition and 197.0°C formthé cholesteric-
isotropic transition. In the preéent study the transition
temperatures obtained are, 160.5°C for the solid-cholesteric
fransition and 215,0°C for the cﬁolesteric-isotropic transition.
This may be due %o tﬁe purity of the sample and accuracy of

the apparatus. Recently Barrall and Johnson (298) have
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reported, 162.600 and 214.,5°C for the solid-cholesteric and
cholestenic-isqéropic transition tenmperatures, respectively.
‘ The first nine members of the series aré enantiotropic
cholesteric. The higher members starting with cholesteryl
) _trans-g—n-deeyloxycinnamatg exhibit polymesomorphism, i.e.,
they,exhibii smectic and cholesteric mesophasgs. Cholesteryl
transfgfn-decylo;&-, dodecyloxy~ and tetradecyloxy- cinnamates
exhibit an additional smectic mesophase. When the transition
temperatures are plotted agaiqst the number of carbon atoms
in the alkyl chain (fige. 7) the transition points relating to
the change cholesteric-isofrcpie lie on two falling curves,
one representing thé esters with an odd number of carbon
atoms in the alkyl chain and the other representing the esters
with an even number of carbon atoms in. the alkyl chain. The
latter curve lies above the former. The smectieI-cholesteric
transtion points lie on a smooth rising‘curve which rises to
a maximug at the tetradecyloxy derivative and then falls off
‘through fhe hexadecyloxy ester at 181.,5°C and the octadecyloxy
' ester at 167.0°0, whereas in the cholesteryl p—n—alkoxybenzoates
it rises to a maximum at the dodecyloxy ester and then falls
off through the tetradecyloxy, hexadecyloxy and octadecyloxy
esters., The smecticl-cholésteric transition temperature curve
does not coincide witﬁ the falling cholesteric-isotropic
fransition temperature curve. In all the acid esters series of
cholesterol studied, the cholesteric mesophase persists
upto the last member of the sefies.'

In the polymesomorphic substances under investigation
the decyloxy, dodecyloxy and tetradecyloxy derivatives, first,

3
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on heating, give the focal-conic smecticII‘phaSe which
develops into a homeotropic texture exceét in the case of
decyloxy derivative which gives a schlieren texture., On
further heating a focal—conia«smecticI phase is obtéined,
which on disturbance develops into' a2 homogeneous texture.
This on further heating gives a cholesteric focal-conic phase,

In the case of last'two members +the solid, on heating &irectly
gives a focal-coﬁic smecticI phése which changes to a homeotropic
texture, On further heatiﬁg they give a focal-conic cholesteric
phase, On cooling all the members give focal-conic cholesteric
texture. The blue phase is not detected. In all the cases the
focal-conic‘chélesteric texture changes to a2 plane texture with
only a slight disturbance in the melt exhibiting vivid colours.

At the juncture of the cholesteric-smectic transition the plane
texture displays different colours over a.short temperaturé
intngal while cooling. The last two members of the .series also
exhibit colour behaviour which is not the case with the n-alkanoates
and p-n-alkoxybenzoates df cholesterol, This may be,dﬁe to the
trans —-CH=CH~ group present in the series. On further cooling

the smecticI and smec’cicII phases are obtained, the behaviour

of which is similar to that observed while heating.

(3) Cholesteryl trans-p—n—alkoxy—ocqnethylclnnamates :

Fifteen esters have been prepared by condens1ng trans-‘
p-n~alkoxy-oC~methylcinnamoyl chlorides with cholesterol.
Their transition temperatureé gre:x@¢ofded in table 19.

A11 the members of the series are enantiotropic
mesomofphic. Cholesteryl prmethoxy-aC-methylpinnamate has

two solid modifications. Solid erystals (Ci) on heating melt:
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to give the cholesteric mesophase at 122.0°C becoming
isotropic at 259.0°C. On cooling, the cholésteric phase
crystallizes to angther s0lid modification (OII) vhich
melts to give the cholesteric mesophase at 87.0°C

becoming isotropic at 259.0°C. The crystalline ﬁodification
CII on standing changes to'éI and sometimes on heating,
after allowing the solid to stand for a while, the two
modifications CI and‘CII are observed to coexist side by
side and melt at their respective transitions, The situation

can be represented diagramatically as ﬁnder H

87.0°C 259,0°C
c -y Cholesteric ————+» Isotropic
IT1 e
mesophase liguid
on standi\ H 122,090
. CI

Such examplesof having .more than one solid modification

are observed in a number of cholesteric compounds (235) and
in aliphatic esters of cinnamic and oc-methylcinnamic acid-
Schiff's base compounds (299).

The first seven members of the series are purely
cholesteric. Smectic mesophases commence at the octyloxy
derivative, The octyloxy to octadecyloxy derivatives exhibit
both smectic and cholesteric mesophases. The octyloxy
derivative exhibits an additional smectic mesophase. When
the transition temperatures are plotted against the numbe r
of carbon atoms in the alkyl chain, the cholesteric-isotropic
points lie on one curve génerally falling and showing distinct

odd~even effect only for the first five members (fig. 8). The



125

smecticI—cholesteric transition temperature curve rises
smoothly and exhibits a maximum at the tetradecyloxy
derivative and then falls off smoothly through heXadecyl‘
and octadecyl derivatives., This behaviour is analogous to the
series cholesteryl trans-p-n-alkoxycinnamates. The smecticI~
cholesteric temperature curve does not coincide with the
falling cholesteric-isotropic transition temperature curve,
This series is similar to the cholesteryl trang-p-n-alkoxy-
cinnamate series except that it has an a~methyl substituent.
In the polymesomorphic substances under investigation,
the octyloxy derivative, first, on heating, gives a
focal-conic smecticII phase which on disturbance gives a
schlieren texture. On further heating a focal-conic smecticI
phaée is obtained, which on disturbance develops into a
homogeneous texture. In the case of other polymesomorphic
membefs, the so0lid on heating directly gives a focal-conic
smecticI phase which changes to a homeotropic texture,
SmecticI phase in all the cases, on ;fﬁ%her heating changes to
a focal-conic cholesteric phase, On cooling all the members
give focal-conic cholesteric texture. The blue phase is not
detected.In all the cases the focal-conic cholesteric texture
changes to a plane texture with only a slight disturbance
in the melt exhibiting vivid colours. At the juncture
of the choles%eric-smectie transition the plane texture
displays different colours over a short temperature
interval while cooling. The last two members of the series

also exhibit colour behaviour. On further cooling smecticI énd
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smecticII phases are obtained, the‘bghaviouf of which is
sinilar to that observed while heating. The éolid-mesomorphic
transition temperatures of these compounds are lower

compared with those of the cholesteryl trans-p-n-alkoxy-
cinnamates. This might be a function of the oc-methyl
substituent of the side chain,

(4) Cholesteryl-4-n-alkoxy-1-naphthoates :

Fourteen esters were prepared by c6ndensing 4~n=21K0oxy=1=
naphthoyl chlorides with cholesterol. The melting points and
transition temperatures are summarized én/tgble 20,

All the members of the series exhibit cholesteric
mesophases The ethoxy to heptyloxy derivatives are monotropic
cholesteric, the rest are enantiotropic cholesteric. Smectic
mesophase’ commences at the decyloxy derivative as a monotropic
phase and all the succeeding members are monotropic smectice
When the trénsition temperatures are plotted against the
number of carbon atoms in the alkyl chain (fig. 9), the
cholesteric-~isetropic transition temperatures are found to

fall on two falling curves, the upper one represegting even
nunbers of carbon atoms, and the lower one representing odd
numbers of oarbon atoms in the alkyl chain. The smectic-
cholesteric transition temperature curve rises smoothly
exhibiting a maximum ét the hexadecyloxy derivative and

then falls off to the octadecyloxy derivative. In the case

of the chblesteryl p-n-alkoxybenzoates the maximum is at

the dodecyloxy derivative, and in the case of cholesteryl
trans-p-n-alkoxycinnamates the maximum is at the tgtradecyloxy

derivative. The smectic-cholesteric transition temperature
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curve does not coincide with the falling cholesteric-
isotropic ftransition temperature curves |

Structuraily, a compound having a long, narrow linear
molecule with dipolar groups, contributing to intermolecular
attractions, should be expected to exhibit mesomorphism,

. If the intermolecular attractions are too strong,

seléctive weakening of the cohesive forces may not take place
ugtil high temperatures are reached and when the melting
process beging, the thermal vibrations may be too great to
allow an ordered arrangement of the molecules to persist.

In the case of cholesterylw4-methoxy-1~néphthoate, the
melting poipt is not very high and the compound passes from
solid to ordered mesophase and then to the isotropic liguid
in stages during heating. In the case of the higher members,
the compounds apparently form more stable crystal lattices;
hence on heating, before they can exhibit a mesophase (ordered
structure), the compounds become disordered to the isotropic
ligquid, The molecules however possess the basic requirements
to exhibiti mesomorphism and therefore, on cooling the melt
the molecules align to give an ordered mesophase arrangement
before solidification takes place. Hence, the ethyl to
heptyl derivatives exhibit monotropic cholesteric mesophases.
VWith the octyl derivative onwards, all the members exhibit
enantiotropic cholesteric mesophases, as the crystal thermal
stability and melting point are lower for these higher
homologues,

Bthoxy to heptyloxy derivatives on heating directly



change to isotropic liquid and on cooling give a monotrop3£28
cholesteric phase with a focal-conic texture. Methox& and
octyloxy to octadecyloxy derivatives first, on heating,

give a focal-conic cholesteric phase and on further heating
change to isotropic ligquid. On coolipg these compsunds give

a focal;conic cholesteric phase, jﬁst upto 2°C below the .
cholesteric—~isotropic transition temperatureé. The blue

phase is not detected. In all the cases the focal-conic
cholesteric texture changes to the plane texture with only a
slight disturbance in the melt. The last four members -on
further cooling give a monotropic focal-conic smectic phase
which sometimes develops a homeo%ropic texture, At the juncture
of the cholesteric—smectic transition the plane texture
displays different'colours over a short temperature interval
while cooling. The last two members of the series also

exhibit colour behaviour.

General characteristics of series 1, 2, 3 and 4 :

The general behavioﬁr,is similar for all the series.

FPor instance, the cholesteric—isot:opic transition temperatures
~ fall on two falling curves, one representing odd and the other
even numbers of carbon atoms in the alkyl chain, and the
latter curve lies above the former,

Mesomorﬁhic»isotro?ic transition temperatures generally
change regularly in a mesomorphic homologous series. In the
case of mesomorphic compounds, the melting process occurs
in stages., The mesomorphic compound: on heating passes through
one or more ordered intermediate stages before the increasing
thermal agitations give rise to the isotropic liquid. When

a poly-mesomorphic compound is heated, at the solid-smectic
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transition, the primary terminal cohesions between the ends
of the molecules are overcome, As the temperature of the
smectic mesophase is raised further, the thermal vibrations
eventually become great enough to overcome the strong
lateral intermolecular attractions-and the molecules are

no longer maintained in their layer arrangement., Consequently
the smectic—nematic or smectic-cholesteric change takes place
and the molecules are arrangedcin a parallel orientation

but not in strata. Thus a ngma%ie eg cholesteric mesophase

is formed, The parallel arrangement of the molecules in the
nematic or cholesteric Qelf is maintained by the residual
lateral and terminal cohesions, the weaker of these two
determining the nematiceisotropic or cholesteric-isotropic
transition temperature. On further heating, the molecules
pass to a.disordered isotropiec liquid state. The change can
be represented tentatively as shown in fige. 13 and 14.

In a homologoug‘ series exhibiting mesomorphism, as we
ascend the series the incrementiof each -CH2 group brings
about regular changes in the transition temperatures for the
series, Gray (67)’has tried to explain this behaviour of
homelogous: geries, As the methylene chain is lengthened,
the separation of the aromatic centres, which are highly
polarizéble and which carry permanently dipolar substituents,
is increased; consequently there should be a decrease in the
strength of the terminal intermolecular cohesions. However,
Gray (67) and Maier and Boumgartner (300) have suggested that
the addiiion of each methylene gfoup simultaneously increases

the overall polarizability of the molecules and so the lateral_
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intermolecular attrgctions may also increase with the
growing chain length. In this way the behaviour of the
homologous series can be explained. The lower homologues
are only purely nematic, i.e., for the shorter qhain
compounds, the sepafation of the aromatic nuclei is at a
minimum and the terminal cohesions are strongest. Smectic
properties are often observed to commence for the middle
members of a series; because with the increase in the alkyl
chain the lateral cohesive forces also‘increase_and the
molecuies maintain themselves in the layer arrangement before
they givg?hematic mesophase. That is, the'tendeﬁcy of a
compound to be nemat;c,should decrease as the alkyl chain
is lengthened, and at the same time, its tendency to exhibit
smectic properties should increase. One wduld therefore
expect a stage to be reached in a homologous series at which
no nematic'properties would be shown and the system would be
purely smectic in behaviour,‘Ax this staée, the smectic
mesophase will pass directly to the isotropic liquid,
presumably because the terminal intermolecular attractions
-are inadegquate to maintain the parallel molecular orientation
' reqﬁired for the nematic mesophase; This is the general
pattefn for a2 number of homologous series,'invoi&ing’simple‘
rod-shaped molecules, exhibiting :nematic and smectic
. mesophases.

There are a number jf other h&mologous series which do not
behave exactly as discussed above. Especially in the case of

cholesteryl homologous series,  the behaviour is only similar
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uplto the middle member compounds. Those compounds having
short alkyl chains exhibit only cholesteric mesophases
because of the relatively stréng terminal cohesive forces.
The middle members are smectic and cholesteric, because
with the increase in the alkyl chain the lateral cohesive
forces are again increasing and the molecules may maintain
themselves in the layer arrangement before they give the
cholesteric mesophase at higher temperatures. Cholesteryl
homologous series differ only in the last stage. In a
nematogenic system, generally the lastlmembers are purely
smectic, whereas in a cholesterogenic system, the last
members exhibit a smectic phase along with the cbolest?ric
phase. Cholesterol is a broad and flat molecule, and the
effect of chemical constitution on the behaviour of such
nematogenic systems has not been studied in detail. Hence
some of the properties of cholesteric compounds may not
easily be undersitood. This type of behaviour has aléé been
observed with some nematogeﬁic systems (107, 301). Recently
Arors et al. have reported a nematogenic system ﬁhere‘the |
last members are not purely smectic, but also exhibit a
nematic mesophase along with the smectic mesophase (302).
The striking feature of these particular hémologous'series
is that {they are comprised of broad molecules. In‘support
of this can be cited the study of Dave et al. (108a)
evaluatiné,the effect of the broad nayhthalenevnucleus on
mesomorphisﬁ, In homologous series of anils prepared from

p-phenylenediamine or p-aminobenzoic acid with 4-n-alkoxy-1-



naphthaldehydes, they observed differences compared with

the corresponding anils prepared from alkoxybenzaldehydes. 132
In the case of the p-phenylenediamine analogues, all the

members are monotropic mesomorphic and the last members

exhibit a smectic mesophase along with the nematic mesophase.

In the case of the analogous p-aminobezoic acid series, the

last members sgain exhibit a smectic mesophase along with the
nematic mesophase. The series of N,N'-di(4-n-alkoxy-—i-naphthy-
lidene) p-azoanilines and 4-n-alkoxy-1-naphthylidene-p-amino-
azobenzenes also behave . in a similar manner (108b). There. are
also a number of nematogenic homologous sefies which do not show
any smectic mesophase even in the last members of the series (67).
A1l the members exhibit only nematic mesophases. This indicates
that irrespective of the mesophase type, if the molecule is

broad and the length to breadth ratio is decreased considerably,
the normal behaviour of the homologous series is changed.
Complementarily, this is a further illustration that

cholesteric and nematic mesophases are essentially similar.

This can be explained, as increase in breadth reduces
lateral cohesive forces, and for a compound: to exhibit only a
smectic mesophase the lateral cohesive forces should be much
higher than the terminal cohesive forces., In such a series,
even in the last members, the molecules are arranged in such
a way that on heating, the—layers slide over each other and
do not give disruption to the disordered isotropic state.

A cholesteric or nematic phase is thus obtained from the
smectic phase and only on further heating is the isotropic

ligquid obtained. It should be noted that a nematic or
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cholesteric mesophase cannot give rise to a smectic
mesophase at higher temperatures. The smectic mesophase is

a more highly organised state and therefore represents a system
of lower kinetic and potential energy than the nematic and
cholesteric phases. A nematic-smectic or cholesteric-smectic
transition occui}ng with rising temperature is therefore
impossible as it would necessitate a change from a higher to
a lower energy system with increasing temperature, This
discussion explains the general behaviour of the present
homologous series, but it does not explain the regular
alternation in choiesteric-isotropié transition temperatures
for odd and even members of carbon atoms as the series is
ascended.

Gray originally explained this behaviour on the basis
of a cog-wheel rather than a zig-zag conformation of the
carbon chains (67). He also tried to explain why a cog-wheel,
rather than a zig;zag conformation of the alkyl chain might
be presumed to occur in these systems. However, he states in
his recent paper (303) that the preliminary results of X=ray
studies of the crystailine state of some liquid crystalline
compounds now make:: this unlikely and show. that the zig-zag
conformation is favoured for the carbon chain. He then goes
on to explain the trends in transition temperatures and the
alternation effect in termsof the arrangements outlined
below.

As thé chain length increases, it will have a number of
effects, and the transition temperature from nematic to

isotropic will be determined by those effects which
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predominate in the molecule. (1) Higher members of the series
will be lesg readily rotated out of the ordered state due to
the increased length of the molecule. (2) The overali
molecular polarizability -will increase'with éach added
methylene unite. (3) The frequenéy with which readily ) i
polarizable aromatic parts of the molecules lie next to one
another in the fluid nematic melt will decrease, ise., the
residual latefal attractions will tend to decrease,

(4) Bach methylene unit will also force apart the polarizable
centres in ‘the molecules, and will decrease the residual
terminal atﬁractions. The first two effects would increase
the nematic-isotropic transition temperatures, whereas the
last two effects ﬁould aecrease the nematic-isotropic
transition temperatures as the series is ascended.

The alternation of nematic-isotropic transition
temperafures cannot be easily dealt with on the basis of a
zig~iag alkyl chain conformation. Gray has tried to explain
this by a diagramatic representation of the possible relative -
orientations of terminal methyl groups in an end-to-end
packing‘of the molecules of n-alkyl aryl ethers such as the
p-n-alkoxybenzoic acids. |

For short alkyl chains, the chain extending strictly
Aalong its own axis (dotted line in fige. 15), the terminal
methyl groups will present different faces'to‘one-énother or
to other end groups in the molecule depending on whether the
chain is even or odd.The different atiractive forces resulting

could affect the energy of the sygtem and account for an

alternation of the transition temperatures, With the higher
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homologues, the alkyl phain may be forced (curved arrow

in fig. 15) into line wifh the main axis defined by the
more rigid aromatic parts. The methyl to other end group
consact would then grad;ally become the same in nature for
odd\and even carbon chains and can explain the petering out

of the alternation as the series is ascended,

| Me.—Me._contact

for even C chans.

0_@ Main. axis
X , A —

N . .
"~ Ghain_axis
N
\‘
™~
\\

0

Fig. 15

S0 far, the effects of changes in terminal attractions
between the molecules on nematic-isotropic transition
temperatures have been discussed, but the effect of residual
lateral attractions between the molecules, which élso play
somé<paft in determining the thermal stability of the nematic
mesophase, has not been taken into account. In a potentially

nematogenic homologous series, the middle members exhibit
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smectic as well as nematic meso@hases at—different
temperatures, and hence it may be assumed that the lateral
intermolecularnattractions,for such homologues must be
considerably strong. As the alkyl chain lengthens, the
residual lateral attractions are igereasing, making more
difficult the disrupt;on of the weaker residual terminal
attractions which are responsible for the nematic-isotropic
transition temperature. This increase in the residual
lateral attractionsreduces the rate of decrease in the
nematic-isotropic transtion temperatures as the series is
agscended causing ultimate levellihg off in the nematic~
isotropic curve for the longer chain homologues for which
residual lateral attractionsmay be the.strongesﬁo

)To explain the altermation in nematic~isobtropic
transition temperatures Maier and Baumgartner (300, 304)
carried out experiments for measuring the dipole moment
and dielectric anisotropies of the lower homologues in the
series-4,4'-di—n—alﬁoiyazoxybenzenes. They conecluded that
the dielectric constant and, therefore, the polarization is
greater at right angles to the major axes of the molecules
and advocated that it is the difference in the polarization
effects between the sides of the molecules containing even
and odd numbers of carbon atoms in the alkjl chains that
explains the alternation effect. However, Gray argues that
the important factor is the polarizability of the alkyl
chain in the direction of its long axis and that the
alt§rnation of the transition temperatures is explained by

tﬁe alternation of the polarization effects in this direction
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on passing from odd to even to odd carbon chain homologues,
i.e., the terminsl interactions will be weaker than the
lateral interactions. The nematic~isotropic transition
temperature will be predetermined by the weaker interactions,
and the altermation of the strength of the weaker interactions
as the series is ascended will impose an alternation of the
nematic~isotropic transition temperatures. This discussion
explains the altermation of nematic-isotropic transition
curves for odd and even numbers of carbon atoms in the alkyl
chain,

This explanation for the behaviour of nematic-isotropic
transition temperature curves can be extended to the cholesteric-
isotropic transition temperature curves obtained in the
present study. It has been mentioned earlier that other
properties of this mesophase are similar to those of the
nematic mesophase. It would be natural then to assume that the
forces which determine the nematic-isotropic change should
be operative at the cholesteric~isotropic change. The
cholesteric~isotropic transition temperature curve behaves
analogously to the nematic-isotropic transition curve, 0dd-
even effects are also observed in all the cholesteric
homologous series. However, in some of the cholesteric
series two distinct curves, one for odd and the other for
even members of the series, are not observed, (295).
Difficulties in obtaining some cholesteryl compounds in a
highly pure state may explain these deviationes from a

regular odd-even effect,
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The smecticnchqlesteric transition temperature curve
rises smobthly to a maximum and then fallé off in all the
four seriese. It does not merge in any case w?th the falling
cholesteric-isotropic transition temperature\curve td give
pure smectic ﬁesophases in the last members.

The increase in the smectic~cholesteric or smectic-
nematic -transition temperatures as the series is ascended
can be explained by the overall increase in the polarizability
of the molecules. This effect will increase the cohesive
forces operating between the sides and planes of the
molecules which are lying parallel to-one another, with their
ends in line, forming the smectic layers. Morégpyer increasing
molecular weight tends to make it mbre difficult for the
thermal vibrations to cause the sliding of the molecules
gut of the layers to give an imbricated orientation pattern
of the nematic or cholestericﬁmelt. 0f course, it is difficult
to comprehand the rising smectic-nematic or smectic-
cholesteric curve andalsc the merging of the smectic-nematic
curve with the falling nematic-isotropic curve, resulting
inmé falling smecticw~isotropic transition temperature curve.
The behaviour of smectic-nematic curves in some nematogenic
systems and of smectic-cholesteric curves in cholesterogenic
systems in which the falling nematic-isotropic or cholesteric-
isotropic curve does not merge at all has been discussed
earlier,

The intermolecular forces which operate between the ends
of the molecules across the smectic strata are relatively

weak since the layers slide over one another. These residual
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atiraotions may tend %o looste the ends of the molecules

near to one wigther adroos the strata. Henos, the foroes
which tend to roesist the sliding of a moleouis in the
direotion of its long axis from one stratue o another nust
e the lateral cohesive forces betwssn the molecules and the
residual terminal aohesive foroes operating soross the stirats,
IZ the highly polarisable aromatia ringe sre repressonted dy
the restangles sand the two end alkoxy grouns are represented
by small lines, then the molesulss arranzessnt in the smectis
welt may be as shown in Tig. 16m.
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As the chain lengthens, the residual terminal
é%%ractions become weaker and offer less resistance to
interpenetration, the distortion of individual bonds in the
alkyl groups necessary to aehé?e interpenetration becoming\less.
Therefore, an intermediate state of the type shown in fig. 16D
is formed where the ends of the molecules are still in line.
As the temperature rises, the tendency for interpenetration
of the chains grows, thus forcing apart the aromatic centres
giving an imbricated nematic or cholesteric orientation to
the melt as shown in fig. 16c. The dislocation of the residual
terminal intermolecular cohesions at the smectic-nematic or
smectic=cholesteric transition is probably temporary. As the
interpenetration of the layers becomes great and the normal
imbricated arrangement of the molecules of the nematic or
cholesteric melt is reached the ends of the molecules may
once again become associated; consequently the terminal
interactions can'égain start to influence the thermal stability
of the nematic or cholesteric melt as they do in purely
nematic -liquid crystals. As the alkyl chain lengthens, the
increasing molecular mass and polarizability tend to increase
the resistance to the gliding of the molecules from one
stratum to another and also increase the tendency for
interpenetration of the layers, thus causing the terminal
attractions between them to become weaker, The role of these
effects explains the shape of the smectic-nematic tr%%ition
temperature curve and the smectic~cholesteric traﬁsition

temperature curve, i.e., the levelling off of-the curve and



then the falling off. In the case of the smectic-nematic 141
transition temperature curve it usually merges with the

falling nemgtic-isotropic curve at the 012 or 016 derivative
where the alkyl chain is reasonably long, the residual

terminal cohesions being quite %eak and sufficiently unable

to maintain nematic order. Hence, the smectic mesophase

passes directly, into the isotropic liquid. Naturally in the
higher homologues like 016 or 018’ where the smectic phase
passes directly intd the isotropic ligquid, the smectic—
isotropic transition will be dependent on the weakening
terminal intermolecular attractions responsible for the
nematic—~isotropic transition. As a result of this, a complete
falling curve for mesomorphic-isotropic transition temperatures
is obtained in the case of even members of the series.

A point worth taking into consideration is that all the
smectic~cholesteric or smectic-nematic transition points lie
on one smooth rising curve irrespective of odd or even members
of the series. It was pointed out earlier that the alkyl chain
conformation is zig-zag .in the mesomorphic compound. This
easily explains the absence of odd-even effects in the smectic-
cholesteric or smectic-nematic transition temperature curve,
because, with the alkyl chain adopting a zig-zag conformation,
the addition of each methylene unit does not affect the
lateral attractions differently, whether the chain is even
or odd, provided that the chain axes are normal to the layer
interfaces., Recently some cases of odd-even effect in the
smectic-nematic transition curve have however been observed

(299, 305).
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The behaviours of the transition temperature curves
of all the series have been discussed and now will be
discussed the thermal stabilities of these series.

Table 24 summarizes the average thermal stabilities of
the cholesteric and smectic mesophases and the point of
commencement of the smectic mesophases in these series, viz.,
(1) cholesteryl p-n-alkoxybenzoates (4), (2) cholesteryl trans-
p-n-alkoxycinnamates (B), (3) cholesteryl trans-p-n-alkoxy-oC-
methylcinnamates (C), and (45 cholesteryl 4-n-~alkoxy-1-
naphthoates (D) and these are compared with those of the
(5) cholesteryl n-alkenoates (59) (E), (6) cholesteryl 4-n-
alkoxy-1~naphthylidene Qfaminobenéoates (306) (F) and (7)
cholesteryl 6-n-alkoxy-2-naphthoates (306) (&),

Reference to table 24 indicates that the thermal
stabilities of series A are higher than those of series EH.
This is as expected. Series E contains an aliphatic side
chain at the ﬁp—position, whereas in series A, the side
chain consists of a benzeneqring with an alkoxy group in the
para position, both of which contribute to the length and
polarizability of the molecule; the presence of the phenyl
ring in the series will also cause a little increase in the
breadth of molecules of series A. Increase in length and
polarizability are known to ihcrease nematic and smectic
thermsl stabilities in a mesomorphic compound, whereas breadth
increase has just an opposite effect. The higher cholesteric
and smectic thermal stabilities of the series A can be

explained on this reasonings.
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From the study of a number of homologous series,: JJ;4
Gray (67) has concluded thét increase in breadth reduces
neﬁatic and smectic thermal stabilities, but the decrease
is more pronounced in the smectic thermal stability than the -
nematic, _

If the cholesteric mesophase is considered nematic in
type, then ﬁolecular breadth will have a less pronounced
effect on this mesophase than on the smectic mesophase. If,
however, the arrangement of the molecules in the cholesteric
mesophase is similar to that in the smectic mesophase, the
effect of the breadth should be smme on cholesteric and
smectic meéophases, ‘

The choleésteric and smectic't§ermal stabilities .of
series A are higher by 14600 and 94°G respectively than
those ‘of series E. The stagility inéreases are appfeciable\
in both the cases, but the increase is greater in the
cholesteric phase than in the smeotic phase, This shows
that the breadth ipcrease has a more pronouncéd effect on
the smectic mesophase,

The thermal stabilities of series B are much higher
than those of series E. This increase in the thermal
stabilities of series B is due %o the phenyl ring and the
~CH=CH~ (trans) group, which contridbute to an increase in
the polarizability and the length of the molecule which in
turn increase the thermal stabilities of the mesophases,
Here also the presence of phenyl ring ané «CH=CH~ (trans)
gréup will cause a little increase in the breadth &f ’

molecules of series B. ‘'he increase in cholesteric thermal
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stability of series B is 170.5°C, whereas the increase in

the smectic thermal stability is 96.1°C which is less than
the former one. This shows that molec&lar breadth has less
effect on the cholesteric mesophase and a more pronounced
effect on the reduction of the smectic mesophase.

The cholesteric thermal stability of series B is
higher than that of series A. This is not surprising, as
series B is longer by a -CH=CH~ (trans) group and more
polarizable than series A, However, the smectic thermal
stabilities of both the series are almost the same. This can
be attributed to the increased breadth of series B due to the
-CH=CH~ (trans) group, compared with series A.

The cholesteric thermal stability of series C is lower
than that of series B and coinciées with that of series A,
whereas, the smeetic thermal stability of series C is a little
lower than that of series B and A, Series C is essentially
series B, having a,_‘nac-—methyl group‘a Naturally series C would
be broader compared with series B resulting in lower
cholesteric and smettic thermal stabilities., Trang-—p-n-
alkoxycinnamic acid series and trans-p-n-alkoxy-oc-methyl-
cinnamic acid series differ by oc-methyl group but the
nematic thermal stability of the series of trans~p-n-alkoxy-
oC-methyleinnamic acid is much decreased and the smectic
mesophase is eliminated from this series compared with the
other series, In the case of series C and B, differences in
thermal stabilities are not so great as observed in above
nematogenic series,

The effect of of¢-substitution on mesomorphism is not
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clearly known. Gray (299) studied the effect of methyl
substitution in the alkyl chain of alkyl 4-p~substituted

out
benzylideneaminocinnamates, He points,that when the |

L
carbon atom at which branching occurs is next to the oxygen
atom of the carbonyl group in the molecule, the 1-methyl group
will occupy such\a position in the molecule that it minimises
the steric effect and in doing so hinders most the parallel
arrangement required for the nematic mesophase. In ghe
smectic mesophase it may be fitted in such a way that it
does not interfere with layer arrangement to any considerable
extent and does not decrease the smectic mesophase thermal
stability to any great extent. Possibly the oC-methyl
substituent in series € may be behaving in a similgr manner
but may not be operating to its fullest breadth effect due
to the broad and flat cholesterol nucleus.

The molecules of series C are more polarizable and
little longer than series A, and as discussed above the
oC-nethyl group does not operate to its fullest breadth effect,
Consequently the cholesteric thermal stability of series C
and A almost coincide and the smectic thermal stability of
series C is decreased a ;ittle.

The thermal stabilities of series D are less than those
of series A, B; Cy F and G, Series D is essentially series A
having a bridge substituent at the 2,3-positions, which
increases the breadth of the molecule. Gray (303) has

vointed out that lateral substituents increase the molecular

breadth and will affact the mesomorphiem in the follpwing ways -
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(a) by broadening the molecule. This will tend to decrease
. the thermal stabilit;es of the smectic and nematic states

as a.result of the increased lateral separation and the
decreased lateral attractlons,

2b) by increasing the polarity and polarlzabillty of the
molecule, This will tend to increase the smectic and
nematic thermal stabilities because of the resulting
increase in lateral attractions.

Of these two opposing effects, fthe first always
predominates, unless the substituent does not exert its full
breadth increasing effect.

In cholesterogenic compounds also a similar behaviour
is observed., As can be seen from the- geometry of these
molecules, those of series D are broader than those of series
A, B and C, and hence it is natural that the first effect
will predominate reducing the cholesteric and smectic thermal
stabilities of series D. The thermal stabilities of series D
are also lower than those of series F though the breadth of
both the series is almost the same. This is because of the
increased length of the molecu;es of series F, due to the
extra phenyl ring and the azomethine'group.\This will
increase the length to brea&th ratio, resulting in higher
thermal stabilities of the mesophases. The lower thermal
stability of series. D compared with series é can also be
explained, The ﬁolecules of series D are broader due to
1y4=-substitution in the naphthalene nucleus, whereas
2,6=-substitution imparts linearity which increases the

length resulting in the higher thermal stabilities of
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series G. Gray (101) has observed that 4-n-alkoxy-i-
naphthoic acids are non-mesomorphic, whereas 6-n-—-alkoxy=2-
naphthoic acids are mesomorphic. In the present case
because of the cholesterol moiety, the cholesteryl- 4-n-
alkoxy-t1-naphthoates are mesomorphic, but less so cdmpared
with the cholesterylsb-n-alkoxy-2-nagphthoates.

The thermal stabilities of series D are higher than
those of series E. Here it can be seen that the molecules
of series D contain a naphthelene nucleus and are longer
than for series E. The polarizability and length increase
predominate over the increased breadth in series D compared
with series B, resulting in higher thermal stabilities of
series D.

The thermal stabiliﬁ?s having been discussed and
explained, it is interesting to discuss now the point of
commencement of smectic mesophases in these homologous series.

The appearance of smectic properties in a series is
inflé?ced by the melting points of the compounds and/or
by the supercooling tendencies of the melts, Both these
factors are related to the crystal siructures of the compounds,
which ultimately are dependent on the geometry, dipole
moment and overall polarimability of the molecule. Gray (67)
is of the opinion that the appearance of the smectic mesophase
in 2 homologous series has little significance. Knowledge
about the point of appearance of the smectic mesophase may,
however, help.in the search for ceritain series where the
appearance of smectic mesophases might be delayed so that

low melding purely nematic or cholesteric substances would be
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obtained. A survey of homologous series and the points of »
‘commencement of smectic mesophasesrindicate that the
appearance of the smectic mesophase is influenced by the
geometry of the molecule. If the molecules bf the series

are loﬁg, étraight, rod-shéped and polarizable, smectic
mesophases commence early in the series. I{fgélecules are
short and linear, smectic mesophases appear, at the middle
members of the series, but in homologous series where breadth
is increased, the commencement of the smectic mesophase

is always delayed. Sometimes it appears ver& late iA‘the
series, il.e., at the C 16 orc 18 derivative.

In the N N'-dl(p—n—alkoxybenzylldene) benzidene (107)
series smeetic mesophases appear at the butoxy derivative,
whereas in the N,N'-di(4~-n~alkoxy-1~naphthylidene) benzidine
(105) series smectic pﬁases appear‘late in the sefies, i.e.,
at tﬁe nonyloxy derivati&e. Similar behaviour is observed
in the two series of N,N'-di(p-n-alkoxybenzylidene) p-
phenylenediamines (107) and N N’-d1(4~n-alkoxy-1-naphthylidene)
DP-phenylenediamines (1084). In the former case smectic
mesophases appear at the pentyloxxderlvative, whereas in
the latter case they appear at the hexadecyloxy derivative,

- The difference in the above series is in the breadth of the
moleculés, for the length of the molecules is the same,
However, although it is difficult to postulate the exact
point of commencement of the smectic mesophase in a
homologous series, it ﬁay be possible to anticipate the

probable point of commencement of the smectic mesophase in
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a series from the geometry of the molecules. Dave and
Patel observed that in the g—n—alkoxybenzylidéne-g-n#alkoxy
anilines (307), by the addition of a -GHZ' group in the
aniline alkoxy chain, the point of commencement of the
smectic mesophase is enhanced by one member, i.e., in
p-n-alkoxybenzylidene-p~-n-propoxyanilines it commences at
the nonyloxy derivative, whersas in the butoxyanilines it
commences at the octyloxy derivative and in the pentyloxy
anilines it commences at the heptyloxy derivative.

Smectic mesophases commence earlier in series &, A and
E than in the other series. This is because the molecules
of series G, A and E are less broad compared with other
series. In the case of series B, smectic mésophases commencé
at the decyloxy derivative which is later than in series G,
A, B and C. The molecules of series B are broader than those
of series G, A and E., In the case of series C, the ﬁolecules
are arranged~in such a way that smectic mesophases commence
earlier than in series B which is difficult to explain.
However the solid-mesomorphic transition temperatures of
series C are lower compéred with series B, and this might
be the reason for the early commencement of smectic
mesophases in series C.'Iﬁ series D,‘;; smec¢tic mesophases
comuence at the dodecyloxy derivative, which is late in the
series, It can be séen from the geometry of the molecules
that series D is broader than series A, B, B, C and G and
naturally the commencement of the smectic mesophase‘would
be delayed. In the case of series F, the commencement of the

smectic mesophase is further delayed. This also should be

e
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due to the increased breadth of the moi%culesvaf series ﬁe, wlfsl
Apparently there is little difference in thégbréégt% of

series I and series D, However, the smectic phas@ appeéré
later in series . This may possibly be due toq%he’-OH‘) '
group in series F, which duve to its lack of coplénérigy £;
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likely to cause difficulty in the packing of the molecules,
resulting in the delayed commencement of the smectic
nesophase (67, 163, 302, 307, 308).

From all this discussion, it is apparent that the
effect of chemical constitution on the cholesterlc mesophase
is very similar to that on the nematic mesophasea ThlS
strengthens the view that the cholesteric mesophase:. is
nematic in type. The properties which are specific to the
cholesteric mesophase and not observed iﬁ the nematic
. mesophase are due to the asymmetry of the molecules in the
cholesteryl compounds, .

(5) Substituted benzoates of cholesterol :

Gray (67) studied the. effect of substitution on
mesomorphism in the para- position in cholesteryl benzoates
and obtained an efficiency order for the substitution. Dave
and Dewar (219, 220) obtained an order for the group
efficiency“in the para~ position in their study of mixed
liguid crystals. It seems however that the data available
to study the effect of substitution on cholesteric
mesomorphism are rather limited. Therefore, different
substituted benzoates of cholesterol were prepared and theip
melting points and transition temperatures are reported in

table 21,
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All the ggzégr and para- derivatives exhibit
-en%%iotropic cholesteric mesomorphism. In addition to the
cholesteric mesophase, cholesteryl o-nitrobenzoate exhibits
a mondtropic smectic mesophage0 Sandquist and Gorton (288)
do.not report any monotropic smectic mesophase for this
compound., They report the melting point and transition point
of this compound as 150.9°C and 156. 900, respectively. In
the present study, the solld-cholesterlc and cholesteric-
isotropic transitions for this compound are found to be
147, O°C and 155. O°G, respectively. The monotropic smectic
phase is obtained on cooling at 98, 5°G0 Vorlander also reports
it to be monotropic smectic, but trans1tlon temperatures are
not mentioned (289). In the case of the meta- derivative, except
for cholesteryl meta-nitrobenzoate which is enantiotropic
cholesteric, all the compounds studied exhibit monotropic phases,
Examination of table 21 will show that whereas para- substitution
in the parent compound increases the mesophase thermal stability,
substitution in ortho- and meta- positions decreases the
mesophase thermal stability of the parent compound. The order of

thermal stability is found to be

para , parent compound > meta > oxrtho
(cholesteryl bénzoate)
The higher thermal stability and enantiotropic mesomorphism
of the para- substituted compounds can be easily understood,
the molecules being linear and polar at the ends. In the
case of the meta~ substituted compounds, the substituent

increases the breadth of the molecule, resulting in decreased
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mesophase thermal stability. This will cause difficuldy

in packing of the molecules and the compound melts directly
to the isotropic liquid, although the melting point of the
meta~ compound will be less than that of the para- compound.
On cooiiﬁg, the molecules align together and exhibit
monotropic phases before crystallisation takes place.

NOZ— group is known to enhance the mesophase thermal
stability and the enantiotropy . of the gg§§~N02~ substituted
compound may be due to the very high polarity of the group;
the NOZ' group exhibits similar behaviour in other mesomorphic
compounds (67, 219, 220, 257, 258). |

In the case cf the ortho~ compounds, although the
breadth increase effect is there, because of the léwering in
the ﬁelting point of the compound as a result of the groups
being in the ortho- position, mesomorphism is not destroyed
and the ortho- compounds are enantiotropic cholesteric.

The substituent groups are arranged in the orders of
group efficiency in promoting liquid ecrystalline properties
and these are compared with similar orders cobtained by other
workers (67, 219, 220, 303).

Cholesteric_mesophase :

1, MeQ > NO, > Br >0 >1I > le > H (para-substituted
benzoates of
cholesterol,

present work.)

2. Pnenyl > NO, > Me0O > Cl1 >Me > E (para-substituted
benzoates of
cholesterol- Gray)(67).
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3. H> NOZ > ¢l > Br 2 Me >1I (ortho~substituted
benzoates of cholesterol,
present work, )

4, H > N0, > CL >Br >ie >1I (meta-substituted
benzoates of cholesterol,
present work.)

Hematic mesophase

1. NO, 2> MeO >MNe, > Me >CL > Br > H (Dave and Dewar)
(219, 220).

2. MeO >NO, > C1 > Br > NMe, > Me >H  (4-p-substituted
benzylideneamino-4 '—
methoxybiphenyls—
Gray) (303).

5. MeO >NO, > NMe, > lMe >H (4-p-substituted
benzylideneamino-4 '~
n-octyloxybiphenyls—
Gray) (303).

Smectic_mesophase

i« Br > CL >F >"‘Wi32 > He > H (4-p-substituted

. v b
>N02 > 160 benzylideneamino-4

n-octyloxybiphenyls—
Gray) (303).

It can be seen that the group efficiency orders for
the cholesteric phase in the present work are broadly similar
to the group efficiency order of Dave and Dewar (219, 220)
for the nematic mixed liquid crystal formation and the group
efficiency order of Gray (303) for the nematic mesophase,
Gray (67) has also given a similar order for the cholesteric
vhase for para- substituted compounds, which is gimilar to the
one obtained in the present work. It can be seen that the group
efficiency order for the smectic phase does not agree with the

group efficiency order for the cholesteric phase. This shows that



the mode of behaviour of the cholesteric phase is more

akin to that of the nematic phase than the smectic phase,
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A large number of nematogenic compounds and homologous
series of different molecular structures have been prepared,
for the systematic study of the effect ofirchemical
constitution on mesomorphism in organic compounds. The
inportant nematogenic systems which exhibit mesomorphism are
Schiff's base compounds, aromatic carboxylic acids and
2liphatic esters of éromatic carboxylic acids. Generally
the homoclogous series comprising Schiff's base compounds or
aromatic carboxylic acids exhibit the normal behaviour of a
nematogenic series. The first few members are purely nematic,
the middle members are smectic and nematic and the last
members exhibit pure smectic mesophgsesa The aliphatic esters
of aromatic carboxylic acids generally exhibit pure smectic
mesophases, Recently Arora et §;¢(302) and Dewar et al.

(309, 310) have reported the mesomorphic préperties of the
arene diesters of aromatic carboxylic acids. These esters
exhibit the normal behaviour of nematogenic series. In the
present study are synthesized the homologous series,
biphenyl 4~p-n-alkoxybenzoates and biphenyl 4-trans-p-n-—
alkoxycinnamates, trans-p-n~alkoxy-oC-methylcinnamic acids.

Their mesomorphic behaviour is now discussed.

I. Biphenvl 4-p-n-slkoxvbenzoates :

Fifteen esters were prepared by condensing p-n-alkoxy-
benzoyl chlorides with 4-hydroxybiphenyl (p-phenylphenol).

Their melting points and transition temperatures are reported
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" in table 22 Biphenyli4-benzoate is non—mesomorphic; The
methyl to pentyl defivatives are monotropic nematic, smectic
mesophases commence at the nonyl derivative, and the nonyl to
tetradecyl derivatives are polymesomorphic, exhibiting smectic
and nematic mesophases, the nonyl derivative being monotropic
smectic.‘The heiadecyl and octadecyl derivatives are purely
smectic. When the transition temperatures are plotted against
the number of carbon atoms in the alkyl chéin (fig. 10), the
transition points relating to the change nematic to isotropic
iie on two falling curves, one repfésenting the ethers with
odd numbers of carbonjafoms in the alkyl chain and the othef
representing the ethers with even numbers of carbon atoms in
the alkyl chain. The latter~curve lies above the former. The
smectic-nematic transition points lie on a smooth rising curve
coinciding With the falling nematic-isotropic transition point
curve at the'hexadecyl ether which exhibits a purely smectic
mesophase analogous to other normal mesomorphic homologous
series, x

Biphenylj@—benzoate does not exhibit mesomorphism,
~ Whereas the méthoxy derivative is mesomorphic, Generally)
for a compound to exhibit mesomorphism, its molecules should,
be elongated and rectilinear, containing dipoiar groups and
should be highly polarizable (67). The methoxy derivative
" has a methoxy group at one ené, whereas bipheny1?4~benzoate
has no terminal susbtituent at that end and hencé its non-
mesomorphism is not surprising.

The first five members are monotropic nematic. The
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melting points of these compounds-are highe. Due to the high

melting points when the melting process begins, ... the

" thermal vibrations will be %00 great to allow an ordered

arrangement of the molecules to persiéf and the compound
directly pas%fto the disordereq isotropic liquid. However,
these molecules possess the basic requirements for exhibiting
mesophases and so on cooling)fhe molecules align together
to give a monotropic nematic meéophase before crystallization
ocecurs, With the hexyl derivative onwards the melting points
are low and the alkyl chain being reasonably long, as -
discussed earlier, the higher homologues behave as in other
normal nematogenic series.

Some of the compounds give homeotropic nematic and
smectic mesophases. The smectic mesophase in other cases

gives a fan-type texture.

II. §gp§enyi§4—trans~p—n:§1koxzcinnamates :

Fifteen esterg were prepared by condensing p-n-alkoxy-
cinnamoyl chlorides with 4~hydroxybiphenyl (p-phenylphenol).
Their melting points and transition temperatures are '
summarized- in ;able 23

A1l the derivatives exhibit enantiotropic mesomorphism
except bipheny;ﬁ4—trans-ﬁinéheptyloxycinnamate, which
exhibits a monotropic smeétic mesophase. Biphenyl&&-trans-
c;nnamate is non-mesomorphice. The methyl to hexylvderivatives
are purely nematic, the heptyl to tetradecyl derivatives are
polymesomorphic, i.e., they exhibit smectic and nematic
mesophases and the hexadecyl and }~6ctadecyl‘derivatives are

purely smectice When the transition points are plotted against
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the number of carbon atoms in the alkyl chain (fig. 11),

the transition points relating to the change nematic té
isotropic fall on two failing curves, one representing the
ethers with odd numberé of carbon atoms in the alkyl chain
and the other representing the efheré with even numbers of
carbon‘atoms in the alkyl chain. The latter curve lies above
the former, The -smectic-nematic transition points lie on a
smooth rising curve coinciding with the falling nematic-
isotropic transition point curve at the hexadecyl ether which
exhibits a purely smectic mesophase. The genefal behaviour is
therefore analogous to other normal mesomorphic homologous
series.,

Biphenyl- 4-trans—~cinnamate does not exhibit mesomorphism
whereas .- the methoxy derivative is enantiotropic mesomorphic.
Here also, as in the case of the previous series, the methoxy
group is essential for a mesophase to arise. -

Generg} characteristics of series I and II :

The transition temperature curves behave similarly in
both the series. The alternation for odd-even carbon chains
has already been explained in detail. The“smegtic—ﬁemajic
curve rises smoothly and joins the falling nematic-isotropic
curve to give a pure smectic phase‘at the 016 derivative. The
behaviour of the smectic-nematic transition@urve has also been
explained in detail earlier. The thermal stabilities of the
gseries are now compared with other series. - ,

Table 25 summarizes the thermal stabilities of the
nematic and smectic mesophases and the point of commencement

of the smectic mesophases in these series, viz., (1) biphenyl:=



4-p-n-alkoxybenzoates A, (2) biphenyl - 4~trans—p-n-
alkoxycinnamates B, and these are compared with (3) 160
p-n-alkoxybenzoic acids C (101), (4) trans—grn~aik6xy~
cinnamic acids D (281), (5) 4~érn;aikoxybenzylideneamino~
biphenyls E (107) and (6) 1,4-phenylene bis—(4'-n-alkoxy-
benzoates) F (302, 309, 310). o

The thermal stabilities of series A are lower than
those qf all the series compared in the table. The lower
thermal stabilities of series A compared with those of
series B can be easily explaiﬁed, as the molecules of
series B are a little longer and mofe polarizable than those
of series A, In the case of gseries C and D, their molecules
are more liﬁear and have alkoxy grouﬁs at both the ends,
whereas, the molecules of series A would be less coplanar -
and have alkoxy groups at one end only. According to
Arora et ale (302) in such a molecular geometry the oxygen
atoms of ‘the éarbény; group will ‘be”. bumping into the
non-bonded sides of the adjacent hydrogens of the aromatic
ring thereby causing considerable strain on the molecule: .
They are of the opinion that - in order to avoid this
situation, some %ﬁist around the C-0 bond will oceur, This
twist, however small it may be, will force the aromatic
" ring together with the ester linkage out of the plane of
the‘biphehyl ring, thus reducing the coplanarity of the
molecule, This will-reduce the mutual conjugatibﬁ along the
entire molécule resulting in the degrease in the polarizability
of the molecule and consequently in the decrease of' the

thermal stabilitiesof the Mesophase?vmhis explains the higher
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thermal stabilities of series C and D compared with those 2
of series A,

Series E and series A differ only in the middle group,

series A having -gso- and series E having -CH=N- as the

middle group. In the case of series E, the same effect as
discussed above will operate, Van der‘Véen and other workers
(163, 302, 308) have shoﬁn that the molecules of Schiff's
ﬁases are nsnréoplanar due to the‘twist in the moleculeé,
but since the hydrogen atom is smaller than the oxygen atom,
it would be reasonable to agsume‘that the twist in the case
of series E would be smaller thaﬁ the corresponding twist in
+the case of series A, Thus the molecules of séries A wouid .
be a little more non-coplanar than the molecules of series E,
resulting in more anisoiropic polarizability of series B
compared with that of series A, andﬁhence, the thermal
stabilities of series E are higher than those of series Ao
The molecules of series F possess two ester groups and

have alkoxy groups at both thé ends; thus compared w;th series.
A, the molecules of series F will be longer and,qore
polariéableé Hence, naturaliy the thermal stabilities of
series F are higher than those.of series A,

’ Reference to table 25 shows that the nematic thermal
stability of series B is higher than that of series C, D
and E, Although compared with series B, the molecules of
sefies C and D are more linear and have alkoxy groups at both
the ends, the'molécules of series B contain a more polarizable

trans CH:CH—g—O group and a biphenyl ring. As discussed
N ¢
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earlier, though there would be a twist in the molecules of
series B, the effect of the polarizabilify of the molecules
of series B will overweigh and the net result will be that
the meleeuies of series B will be more polarizedyeompared with
the molecules of series C and D resulting in the higher
nematic thermal stability of series Be “

The difference between series B and E is in the middle

group; series B has a trans "GH=CHFQSO‘33 the middle group

whereas, series E has the -CH=N- middle groupe. As discussed
earlier the twist will be operating in both the series and
will be a little more in the case of series B. However,!:

series B contains a more polarizable trans -GH=GH—Q-0 group

b

and therefore the ccnjuga?ion nust be more in series B than
;n series E, resulting in a higher polarizability of ¥ the
molecules of series B, The nematic thermal sxabilitﬁ of séries
F is véry highe This is not surprising as not ogly the length

of the series F is more, but it also contains two -QSO

groups which may contribute to the overall polarizability of
the molecules. | ‘ '

The smectic thermal, stabilities of series B, D, E and F
are almost the same, although the nematic thermal étability of
series B is higher than that of series D and E, In the case of
series B, due to the presence of tge,-GH=CH-g60 group and the

biphenyl ring the conjugation would be transferred from one
end of the molecule to the other comparedeith the acid

‘ b)
dimer of series D where the %Frogen bond will not transfer the
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effect of conjugation in the two dimer units and thus the
polarizability of the molecules of series B would be more
in the direction of long axis. Furtheg,it has been discussed
earlier that the molecules of series ﬁ are less coplanar,
This will increase the thickness of the molecules and will
affect the smectic thermal stability of §eries‘B.‘In these
‘terms it is possible to explain that, though the nematic
thermal stability of series B is higher, its smecfié thermal
stability is not inereased, ) o

In the case 6f series B, though conjugation is possible,
the molecules Will be less broad and thick compared with

those of series B, which contain a frans -CHSCH~QSO group.

g

Due to this inerease in breadth and thickness of fhe molecules
5f series B, the smectic stability is not increaséd, as
molecular fhickness and breadth have more pfonounced effects
on the smectic mesophases than on the nematic mesophases,

In the case of series F, the nematic thermal stability
is very high but the smecti& thermal stability is almost the
same as for series B, Series F contains oﬁe moike ester group
. and a middle phenyl ring which may contribute more to the
"axial polarizability of the molecules; Lateral cohesive
forces may be reduced dy eaneellation of the cross dipoles
if the molecules adopt a trans configuration. These factors
would result in a lower smectié thermal stability. Further,
Arora et g;; (302) have suggested that in such a tréns
configuration the coplanarity of the molecule will be reduced
resulting in an effective thickness of the molecule, This
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also will affect the smectie thermal stability of the molecule,

The smectic thermal stability of series C is less than
that of series B. Although series C has. the same molecular
geometry as series D, compared with series D the molecules of
series C are short énd less potarized due to the absence of
two =-CH=CH~ groups., This will easily explain the lower
thermal stability of series C. -

Having discussed and explained the thermal stabilities
it will be of interest to review the point of commencement

of the smectic mesophases,

As has been said before, the point of the commencement of

the smectic mesophase in a homoiogous series depends on a
‘number of factors, and a survey of homologous series
indicates that increase in the breadth generally delays the
commencement of the smectic mesophases.

Smectic mesophases commence at the heptyl derivative
in series B, which is earlier than in series A and D and
coincide.. with thoseof series C and Fo. As has been said before,
the molecules of series B are broad; compared with this the
molecules of series C are linear, This may be the reason
for the coincidence of the point of commencement of the smectic
mesophases of the two series., In the case of series F, as
discussed earlier, the molecules will :. be a little more
broad than the molecules of series B; this may be the reason
for the delay in the point of commencement of smectic mesophase
in series F and its ccincidenceiwith that of series B. The
earlier commencement of smectic mesophases in series B than in

series A might be due to the increased length of series B as other
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factors are common in both the series. In the case of series
D its molecules will be more broad than those of series

B due to the presence of two trans —-CH=CH- groups in series
D. This may be the reason for the delay in the point of
éommencement of the smectic mesophase in series D,

In series E the smectic mesoph@ff‘commences'at the
pentyl derivative, which is egrlier thén that EZ series B,
As\discussed earlier the molecules of series B will be thick
and broad compared with those of series E, This may be the
reason for the delay in the point of commenéemaﬁt of the
smectic mesophase in series B,
Irans-p-n-alkoxy- oc—me thyleinnamic acids :

Fourteen trans—p-n-alkoxy-oc-methylcinnamic acids have
been prepared and their melting points and transition
temperatures are reporfed in table 8, The first member of’tha
series is non-mesomorphic. The ethyl and oectadecyl derivatives
are monotropic nematic and the propyl to héxadecyl derivatives
are enantiotropic nematic. Smectic mesophaseé do not appear
eveﬁ?the last memgei of the series, which is rather unusual
compared with other normal homologous series. All the
members of the series are pureiy nematic.

When the transition points are plotted against the
number of carbon atoms in the alkyl chain (fig. 12) the
transition points relating to the change nematic to isotropic
Iie . on two falling curves, one repre%iting the ethers with
odd numbers of carbon atoms in the alkyl chain and the
other represn%ing the ethers with even numbers of carbon

atoms in the alkyl chain, The latter curve lies above the
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former.

| The behaviour 6£ the nematic-isotropic transition . -
temperature curve has been explained earlier in detail,

As has been said before, structurally, a compound having a
long, narrow, linear molecule with dipolar groups contributing
to intermolecular attractions\would be expected to exhibit
mesomorphism, If the intermolecular attractions are too -
strong, selective weakening of the cohesive foreces may not
take place until high temperatures are reached, and when the
melting process begins, the thermal vibrations ma} be too +
great to allow an ordered arrangeﬁent of the molecules to
persist, as is the case with the methyl derivative, which is
non-mesomorphice In the case of the ethyl derivative, though
the polarizability and the chain length are increased, the
melting point is not decreased. Hence it directly gives

the isotropic liquid on heating, but on cooling,because of
thg greater length and polarizability compared with the
methyl derivative the molecules align %o give a monotropic
'nematic mesophaée before crystallization occurs. As the chain
length increases, there will be a progressive reduction in
the overall molé@lar polarizability with consequent
reduction in the melting point; thus, the probyl to hexadecyl
de?ivatives are enantiotropic nemgﬁic. In the case of the
dctadecyl derivative, before the molecules could align to
give a mesophase, they‘pass to the disordered isotropic ’
liquid because of the reduction in the terminal intermolecular

cohesions due to increase in chain length, but on cooling,
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presumably due to the longer alkyl chain and overall
molecular pplarizability)the molecules align to give a
monotropic nematic mesophase. | Vv

. As discussed earlier, it is difficult to postulate
the exact point of commencement of the smectic mesophase
in a homologous séries. In the p-n-alkoxybenzoic acid
series (101), the smecticnmesoﬁhase éommences at the
heptyl derivative, In the case of the trans-p-n-alkoxycinnamic
acid (281) series it commences with nonyl derivative,
possibly because the molecules of the trans-p-n-alkoxycinnamic
acid series are a little broader than those of the p-n—~alkoxy-
benzoic acid series. In the trans-p-n~-alkoxy=- oC~me thylcinnamic
acid series, the oc-methylrsubstituent incréases the breadth
of the molecules to such an extent that they do not exhibit
smectic mesophases., This is due %o the increase in the breadth
of the molecule which makes it more difficult for the
molecules to pack economically side by side in a parallel
arrangement to give a smectic mesopﬂése, because of the
reduced. intermolecular cohesionse. In the case of 4,4'-di-p-
gnalkoxybenzylideneaminobiphenyls (107) tﬁe smectic ﬁesophase
commences at the heptyl derivativevwhefeas 4,4'-di(g—n-alkoxy-
benzylideneamino)=2,2'~, 2,5~ and 2,6—substituéed biphenyls
exhibit only nematic ﬁesophases. This indicates that if the
breadth is increased considerably the émectic mesophase: can
be eliminated from the homologous series.

Table 26 summarizes the thermal stability of series
$1) trans-p-n-alkoxy-oC-methyleinnamic acids (A) and this is

compared with (2) :p-n-alkoxybenzoic acids (B); and trans-p-n-
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_ Table 26
Relative thermal stabilities.

Transition

temperatures °C, A B - C
Smectic-Nematic of - ' 12643 153.6

Isotropic (G9~C18)

Nematic-Isotropic 125.7 148.1 . 18443
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alkoxycinnamic acids (C)e 170
Reference to tabieﬂ26,shows that the nematic thermal
stability of series A is lower than tgatu of series B and C,
This can be expected from the molecular geometry of these
series, Though series A is a little longer and more polarizable

than series 3, sincg it is broader due to the -CH:?— group,
CH3

breadth predominates resulting in reduction of its thermal
stability. In the case of series A and C, the molecular
geometry is the same, except for the oc=methyl groupe. In the
acid dimer of the series A, other things being common, fhere
will be an increase in the breadth of the molecule due to
o¢-methyl group. Because of‘this, the nematic thermal stability
of series A is much less than that of the series C,. It‘cap be
seen from the table that compared with series B and C, the
émectic phase is completely absent in series A, although it
has comparatively a good nematic thermal stability. As said
bgfore the molecules of series A are comparatively broader than
-those of series B and C and the breadth has a more pronounced
effect on the smectic mesophase than on the nematic mesophase,
Further’as discussed earlier (see page 160) it may be possible
that some twist may also be oberating in the molecule of series
A due to the steric effect caused'by the o-methyl group,
resulting in the decrease of the coplanarity of the molecule.
This effect along with thé breadth of the molecule may be
responsible for the complete elimination of the smectic
mesophase in series A,

In the cage of cholesteryl trans-p-n-alkoxy- occ-methyl-

cinnamates and cholesteryl trans-g~n-alkoxycinnaﬁates, the
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difference in mesomorphic behaviour is not as great as it is
between series A and C. This can be attributed %o.the long

and broad molecule of cholesterol and the geometry of the

acyl group in cholesteryl‘compoundé. In the case of series A,

it can be seen from the geometry that in the dimer two oc-methyl
groups exert their full breadth increasing effect., This type

of behaviour is observed in cholesteryl 4-n-alkoxy-i-naphthoates.
4-n—Alkoxy-1;naphthqic acide (101) are non-mesomprphic because
in the acid dimer the breadth increase is ¥a the fullest

extent, whereas in the case 'of the borrespggaing qholesteryl
esters, though they are less mesomorphic;kéhey do exhibit
mesomorphism due to the increased length‘to breadth ratio and the

geometry of the molecule,



