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The influence of molecular structure on the properties
of smecﬁic,'nemajic and cholesteric liguid crystals,notably
on their thermal stabilitvies has been studied by many wquezs
in the field., A large number of mesogenic compounds and
homologous series oY different molsculer structures have
been prepared, for the syst%gatic study of the effecf of
chemical constitution on meaom&%hism in organic compounds.
Many compounds which form nemaé;o mesophases contain a para
substituted benzene ring as the central group. The contri-
bution of this ring to mesophase stability appears to lie
in its rigidity, linearity and polariszable -1{ electron
density. The imporitant nematogemic.systems wanich exhibit.
mesomorphisn are Schiff's base compguncs, aromatic carboxylic
acids, and aliphatic es%ers of aromatic carboxylic acids.
ﬁecentlyiﬁumber of heterocyclic &chiff bases are reported
Which exhibit nematogenic character (10%,104). The smectogen-

& .
ic systems mainly exhibited by the alkyl esters of aromatic
N

acids comprizing aromethine, azo or azoxy linkages, ’

The c¢holesteric systems are mainly compwised of
aliphatic and aromatic esters, thiocesters and carbonates
of cholesterol.ANumber of opbtical.iy activg nematogenic

compounds are reported which exhibit chodesteric mesophase,
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Generally in a . nenmatogenic system% the Lfirst few
members are purely. -nematic, bas middle members are smectic
and nematic and the higher mewbers are purely smectic in
nature. The cholesterogznic systems diifer from this

. Tn ot A . e 0L,
general behaviour. In the case oTf cholesterogenic systen e
first few meubers are purely cholesteric where as all
the higher members exhibigmsmectic mesophase alonguith the
cholesteric mesophase. However, tiuere are nematogenic gystems
which exhibit behaviour similar to cholesterogenic systems
in winich the hizher members exhibit both smectic and
nematic mesophases(112,222,223).

A chaﬁge in vhe molecular sitructure by introducing a
lateral substitusent may bring about appreciable changeg
in the general behaviour and the system may become purely
'neﬁatic\(224,225) whereas introduction of alkyl ester
linkage or halogens at the en& group may make it purely
smeectic(226,58).

\
' . N SO . . .
crystals is unag@teaxy a prelude to tne synthesis of new

\ a s
The recent upsurge of activity in thefield of liguid

mesomorphic compounds of varied structures. Iow melting
cholesteric anc nematic thermotropic liguid crystal
synthesis have aroused considerable interest because of
the potential use of the materials in display devices and
as vemperature indicators; Mesogenic compounds to be used
for display devices'shoula satisfy basic requirements;

they should possess a suitable mesomorphic range, should
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be chemically,photochemically and electro-chemically stable,
colourless and safe to handle. Although a number of such
nematogens have Técentlyjbecome available,only a few

satisfy all bthese reguirements, Champa(227), Fishel and Patel
(104), Dietrich snd Steiger(228), Patel(229) van der Veen and
Grobéen(230) and Gardlund et. al(231) have reported low
melting schiff bases.

Gray et. al.(23%2) synthesizedaﬁumber of biphenyl meso-
gens exhibiting low mesophases. Canceill et.al.(23%3) and
Jacques et. al(234) have reported disubstituted fluorenes
and 9,10 dihydro phenanthrenes and substituted tolanes,
young et al.,(235) studied low melting substituted stilbenes.
Steinstrasser(236), van Meter and Klandermann(237) and Dave
and Vora(23%8) have reported low melting phenyl benzoates.

Schiff bases are prone to hydrolysis and oxidation;
Tolanes and stilbenes are colourless but are chemically and
photochemically unstable. Biphenyls are the best of the lot
as they do not have the central linkage with which these
problems are usually associated(232). However the ease with
Which.%chiff bases can be synthésizéd prompted more research
around stabilizing mesogenic‘@chiff base compounds. Good
number of esters are . synthesized having low melting
behaviour. Some homologous sSeries are reported comprising
an azo group(239-242). However, the report that the coloured

azomesogens would not be suitable for display devices did



not give much impetus for the synthesis of azomesogens.

Heflmeier and coworkers(156) reported the orientation

of certain nematogenic host compounds by external dielectric
)

fields which could be used to orient pleochroic dye

molecules(guest).,

Iateﬂfn.the work of Heilmeier(243), Morita(244) and
Taylar(245) and Uehida et.al(246) created a ground of guest-
host type colour display devices. The guest~host type
cell with excellent character for colour suWitching has
good features over other ligquid crystal display devices(247)
Which are summsrized as. follows:

(a) Non-uniformity of the electrode spacing of a
liguid crystal layer does not harm uniformity of
the daisplay colour.

(b) Viewing angle is very wide

(¢c) Trasnsmitvance is high.

(dj Hue and chroma can be controliled by selecting
a guest dye.

Uchida et.al. have summarized that the long, rod-lnke
molecules of az%?yes give overall good responge. These
results again provided impetus for the synthesis of new
azomesogens and the study of guest-host interactions of
mesogenic ané non-mesogenic azodyes(157,158).

In the present study the following homologous series
have been synthesized and their mesomorphic properties

studied:
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I 4-{4'-n-Alkoxy-2'~methylphenylazo)-benzoic acids.
I Meth&l 4~(4t-n-alkoxy phenylazo)-~ benzoates.

I Bthyl 4~-(4'-n-alkoxy phenylazo) benzoates.

Iv - n=-Propyl 4;(4’-n—alkoxyphenylazo) benzoates.

I  4-(4'-n-ilkoxy-2'-methylphenylazo) benzoic acids.

A homologous sefies of thirteen acids has been studied.
These compounds were prepared by the synthetic route as
shown in scheme-1,

The melting points and transition temperatures are
recorded in Table 5.

All the members of the series are mescmorphic and
exhibit onlyiﬁematic mesophase. When- the transition
temperatures are plotited against the number of carbﬁn
atoms in the alkyl chain (Fig.5) the nematic-isotropic
transition temperatures lie on %wo falling curves, one
representing the ethers with odd numper of carbon atoms in
the alkyl chain and the other representing the ethers with
even numbers of carbon atoms in the alkyl chain. The latter
curve lies above the former cne. Ag the first mewber decon-
posed, the curve is joined with dotted lines. The odd even
effect is observed only upto the third mesber of the series.

Homologous series are usually studied to correlate
molecular features witn properties of the mesomorphic sitate,
Within a given homologous series, systemztic variastion or

transition btemperatures indicate that +the end chains actually
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take an active part in the anisotropic interactions. '

The molecules, forming liguid crysitals usually consist
of relatively rigid aromatic or a)iphatic rings with alkyl
chains attached to one or both ends. Within th%isotropic or
the nematic phase, different regions of each molecule are
continuously in contact with parts of the neighbouring
molecules. The energy of the system depends on different
conformations of molecules, Iondon-van der Waals dispersive
forces between the neighbouring molecules and on steric
repulsion between different molecules(248),For the meso-
genic homologous series Gray(55,249) ias éuccessfully used
concepts of molecular arrangément aﬁd complex molecular
interactions with lateral and terminal attractions between
neighbouring molecules. These ordering forces, which are
strongly dependent on molecular separations, have to
compete with disordering thermal fluctuatioﬂs.

Due to the presence of balancing lateral and terminal
cohesions and long lath like molecules,mesogenic compounds
melt in stages. They pass through one or more ordered
intermediate stages before changing to isotrdpic liguid.
The molecular layer structure of the smectic phase occurs
in temperature regions where lateral attractions dominate
while the paral-el molecular arranzement of nematic phase
xoccurs in & temnperabure interval with predominant terminal
attractions. Thus at the solid-smectic transition the

primery terminal conesions of the molecule are overcome and
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- at the smectic-nematic or smectic-cholesteric change the
stroag lateral inbtermolecular attractions are overcome
and a nemabtic or cholesteric phase is formed. The
rnolecules in the nematic or cholesteric melt are thus
maintained by tie residual lateral and fterminal cohesions,
On further heating all these van der Waals forces are
again broken down and the molscules pauss into randomly
arranged isovropic liguid state. These changes can be
represented schematically as shown in the figure(Fig.6).

In a mesomorphic homologous series,usually the
mesomorphic—-isotropic transition temperatures change in
a regular menner. The increment of each methylene group
brings about regular changes in the transition temperatures
for the series., Gray(58) has tried to explain this behaviour
of the homologous series. AS fue methylene chain is len-
gthened, tne separétion of the aromatic cenitres which are
highly polarizable and which carry permanent dipolar sub-
stituents is incréase?; consequently there should be a
decrease in the strength of Jhe terminal intermolecular
cohesions. However, Gray (58) and Heier and Baumgartner{250)
have suggested thal the addition or each methylene group
simultaneously increases the overall polarizability of the
molecules and so the laveral intermolecular attractions
may also increase with the growing c¢hain length. In this

way the behaviour of a homologous series can be explained.
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The lower homolog&ues are only purely nem=tic,i.e, Tor the
short- chain compowndz, the separation of the gromatic nuclei
is at a mninimum and the terminal cohesions are strongest.
Smectic properties are often observed to comaence from the
middie meinbers of a series, because with the incresse in
the alkyl chain, the lateral cohesive forces also increase
and the molecules mainbtain themzelves in the layer arran—
gement before they give a nematic mesophase. Thus with the
increase iu the alkyl cuasin length, the tendency of a
compound to be nematic should decrease, and at the same
time, its. tendency %o exhibit smectic properties should
increasg. ?herefore, in a homologous series g stage would
be reached vwhen no nematic properties would be shown and
the systew. would be purely smectic in behaviour. it bthis
stage the smectic mesophase will pass directly into the
isotropic liguid, presumably because the terminal interw
molecular aviractions are inadeguate to mainvain the
parailel molecular orientation required for the nematic
mesophase. This is the general pattern for a number of

s

homologous series, involving similar rod-shaped molecules,
exhibitihg negatic and smectic mesophases.

A number of other homologous series, however, do not
behave exactly as discussed above. In the cholesteric
homologous series the initial members with shorter alkyl

chains are only cholesteric, the higher members being both
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smectic and cholesteric. In the initial members the terminal
cohesive forces are relatively strong and with the increase
in the alkyl chain length the laterel cohesive forces inc-
rease and the molecules maintain themselves in the layer
arrangement before they give rise to a cholesteric mesophase
at higher temperature. However, the cholesteric systems
differ from the nematogenic systems. The last members in
the cholesterogenic systems exhibit the smectic phase along
with the cholesteric phase, whereas in nematogenic systems
generally, the last members are purely smectic. This may
presumablykaue to the broad and flat cholesterol molecule-
However, this type of behaviomr has been observed with some

nematogenic systems. Gray et. al. found that p-n-alkoxy-
benzylideneaminofluorenones and 4(p-n-alkoxy-benzylidene)
aminobiphenyls having substitution in 2 or 3 position show
this type of behaviour(22%). drora et. al. (251) have

also reported this type of behaviour in 2-methyl-1,4-phe-
nylene bis(4'-n-alkoxybenzoates). In all these cases the
errect of thé steric influence is to increase the tanickness
0f the molecules. This should make it more difficult for
the molecules to pack economicelly sice by side in a
paralliel arrangement and should result in a Wweakening of
the lateral interaclecular conesions. Thus even at the
octadecyl derivative the smec%ic—nematic‘ourve does not
merge with bhe nematic - isotropic curve. Dave et.al.,

recently studied a nwiber of nephthylidene §chifi bases and
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evaluated the effect of broad naphthalene nucleus (112).

*

They have observed that in all these series pure smectic

Ay

mesophase is not observed and the last meabars of the
series exhibit a smectic phase along with the nematic phase.
This . can be explained as the increase in brsadth reduces
lateral cohssive forcee 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 syste~
wme even in the last meabersrthe molecules are arranged in
such a manner that on heatin.,the molecular layers slide
over one another and do not get disrupted to the disordered
isotropic state bub pass to the nemestic or cholesteric
state, A cholesteric or nematic phase is thus obtained from
the smectic phase and »n further heating thé disruption is
complete to give the isotropic liquid, However, there are
also a number of purely nematogenic liomologous series
wherein the last members of the geries do not exhibit any
smectic mesophase(58,224,225). ALl these series contain a
lateral substituent whicn increases the breadta of the
molecules to such an exztent that the economical packing

of the molecules does not take place to give a smectic
mesophase. Tnis discussion explains the general behaviour
of the present howmologous seriesg, but it does not explain
the reguiar alternation in nematic-isotropic transition

temperatures for odd snd even aumbers of carbon atoms as the



series is ascended.

Gray(249) has tried to explain such behaviour for
nematic-isotrégio transition in terms of the conformation
of the alkyl chain. He has considered the zig;zag confor-
mation foy the alkyl chain, as evidenced frouw the Z~ray
studies of crystalline stave of some Lliquid crystalline
compound s.

45 the chain length increases, it will have the
following effects and the nematic-—isotropic transition
temperatures will be determined by thowe effects which
predominate:

(1) The longer molecules will be less readily rotated
out of the ordered:state.
(ii) The overall polarizability increases with each

added methylene vnit.

-~
fete
'..h
e

S~

The freguency with which readily polarizable aromat-
ic parts of the molecules lie next to one another

in the fluid nematic melt will decrease, i.e.,

the residual lateral attractions will tend to
decrease.

(iv) Bach methylene unit forces apart polarizable centres
- in the molecules and decreases the residual termi-

nal attractions.

(i) and (ii) would increase the nematic-isotropic transition

temperatures and (iii) and (iv) would decrease the
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nematic-isotropic transition temperatures. Thus rising
transition lines are obtained where the effects(i) and (ii)
predominate and viee versa. In keeping with this éiew the
rising transition lines are found iﬂﬁseries in which the
transition temperatures are low and when the residual
interactions are weak, Gray has tried to explain this al-
"ternation of nematic~isbtr0pic transition temperatures 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, 1if the
chain extends strictly along its own axis(dotted line in
Fig.T), then the t-rminal methyl groups present different
faces to one snother or to other end groups in the molecules
depending on whether the chain is even or odd. fhe Aiff-
‘erent attractive Torces resulting could affect the energy

of the system and account for an albternation of the $tran-

sition temperatures.

e -Me  ComAact
Fo¥ evenvn C Chaims.

Maim axis
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With tne higher homolozues the alkyl chain may be forced
(curved arrov in Figure 7) into line with the main axis
defined by the more rigid aromatic parts, Gradually the
end groups contact would bzcome the same in nature for odd
and even carbon cnaing, and can explain the petering out
of the alternation =2s the series is ascended. 5o far, the
erfects of changes in terminal attractions between the
molecules on the nematic-isotropic transivion tenmpecatures
have been considered, but the effect of residual later
interactions between the molecules, which should also play
some role in determining the thermal stability of the nematic
mesophase, has not been discusced.

Maier (252) anc haier and Baumgartner(250) also have
tried to explain the alteration eifect on the basis of their
stuay of the dipole moment and dicelectric amisotropies of
a nematogeaic homologous series.

Marcelja’s{248) theory explains the even-odd effect
in isotEOpic-ﬁematio transition temperatures and entropies.
From the geometry of p,p'-di-n-alkoxy-azoxybenzenes they
have snovin that the addition of carbon atoms C2 increases
the anisotropy of the molecule and helps the ordering pro-

cess, subseguent addition of atoms hinders the ordering

%
th

=

atoms €, helps again, and so on. A4S e chains become

4
longer, their flexibility makes the effect progressively

smaller until?for long end chains, it becomes unnoticable.
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Pines et. 2l.,(253) have measured order paramgters in =&
series of nema%ic iiqui%l crystals p-alkoxy azéﬁybenzenes,
by 13c NMR. The ordering exhibits an even-odd alternation
along the sefies. They. conclude that the benzene rings
rotate or flip about the para axes at a rate greater than
1 KHz fof the whole series throughout the nematic ranges.
Recently De Jeu and Ve der Veen(254) have reviewed
some experimental results on the variation of the nematic-

isotropic transition temperatures T ; and evaluated

T
molecular structure with the aid of expressions for’ThI
from molecular-statistical theories.

In the case of homologous series with higher transi-
tion temperatures, with increase in end-chain length a-
decrease is observed., . In this case, the gﬂgﬁtropic
interaction vetween the rigid structures of the wolecule
is rather strong anc the addition of ead chains decreases
the average anisotropic interaction(248). This' explains
the decrease of nematic-isotropic transtion temperatures
in the case o present series,

There is a close relationship beitween mesomorphism and
" molecular constitution of organic coupounds.tfhcecrefore, the
thermal stability which is & measure of mesomorphism can
be correlated with the molecular constitution of the compous=
nés. Table 9 sumnarizes the average neuwabtic thermal

stabilities or the present sexries. Tpe seometry of all the

three series is given in Fig. 8.
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4=(4'=n-3lkoxy-2"'-methylohenylazo) benzoic acids (I)

and these are compared wit: those of

4'un—alkoxybiphénylé4—carboxylic acids(4) (Q55)

4t'en-alikexoy benzylidene-4-aminobenzoic acids (b) 256/

Reference to table 9 indicates that the nematic theraal
stabilities of series I dye less coumpared %o tho&e of series
A & B. molecules of series A and B do not have any lateral
substituent whereas molecules ol series 4 contain a ‘
lateral methyl substituent and in a dimer of the aecid two
methyl groups would ve in the trans position,‘whioh would

be more favoured. The introduction of a substituent into a

side position in the molecule oi a ﬁesomorphic compound

has two opposing effects(ZéB):

(i) | %he substituent will decrease both the smectic and
nematic thnermal stabilities by increasing the
gseparation of the long axes of the molecules, agnd

(ii) the substitueat will increase both smectic and

’ nemstic thermsal stabilities because of its polari-
zation effects which will enhance the intermolecular
cohesions. Of the two opposing effects, the first
alvays predominates unless the substituent does
not exert its full breadth increasing effect. The

%

presence of two trans methyl groupsin the molecules

.- - a’ - . ol .
of geries I wWould exert,predominant breadth increa-

A

sing effect which is evidenced by its lower nematic
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thermal stabilities compared to those of series A anc B.-
Gompared to series 4 and B,the decrease of tne nematic
thermal stabilities in series I is 48.5° ¢ and 35.0%,
respectively. Biphenyl derivatives have no middle linkage
which makes it more linear,ah&’compared to éhenyl ring,
biphenyl ring is move polerizable, hence the difference
in decrease of nematic thermal stability is observed.

Vora(224) has studied the effect of lateral methyl
sﬁbstituent‘on trans p-n-alkoxy cinnamic acids and observed
that the nematic thermal stabiiities ol the substituted
Series was degreased by 58.600. Here also twg methyl groups
are in the trans position but are in the side chain, and:
not on the aromatic ring as is the case with series I.

This indicates thatﬁiateral substituent decreases ithe
nematic thermal stabilities. But the series I is purely
nematic, no smectic mesophase is observed even in the last
member of the series.

The appearance of smectic properties in a series is
influenced by the melting points of the compound and/or
by the supercooling tendences of the melts. Both these
factors are related to the crystal structures of the com-
pounds, 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

appearance of smectic mesophases might he delayed so that
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purely nematic or cholesbteric substances would be obtained.
4 survey ot the nematogenic homologous ser;es and the point
of commencement of the smectic mesophase indicates taat the
appearance of the smectic mesophase is influenced by the
geometry of the molecules. If the molecules ol the series
are long, straight rod-shsped and polarisable, the smectic
mesophase commences early in the series. If the molecules
are short and linear the smectic mesophase aprears at the

+ middle members of the series bubt in homologous series
Where breadth is increased, The comusncement 0f the smectic
mesophase is always delayed; sometimes it appears very

late in the series i.e. 2t the 616 or 018 derivatives, If ‘
the breadth increassing effect is very gre&t)smectio mesophase s
may not appear in<homologous Series. This explainé the
absence of smectic mesophase in series I. Nematic thermal

" gtabilities of series I are not much deereased, comparszd to
those of series A and B, but the smectic mesophase does

nov commence even in the last membcrs of the series. Such
observations are exulained by Gray(58). The increase in the .
breadth decreases botan, the -. smectic and nematic thermal
stabilities, but the effect is more pronounced on smectic
mesophases compared to the nematic mesophase.

Series II,XIII and IV

Compounds of series 1I,IIY and IV are synthesized by

the route given in scheme 2.
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II. Hethyl 4~(4' -n-ilkoxyphenylazo)- Benzogtes :

~

Mesomorphic properties of‘thiéEen wembers of this
homologous series are s?udiéd. The melting points and
transition temperatures are recorded in Table 6,

The smectic wesophase comnences at the heptyl

phase
derivative as a monotropigg,heptyl, octyl, deecyl and
dodecyl menbers exhibit monotropic smectic mesophases,
lower members of the series are non-mesomorphic., When the
smectic~isotropic transitlon temperatures are plotled
against the number of caron atoms in the alkyl chain
(¥ig.9), the smectic-isotropic transition temperature curve
rises a little and then levels off. Lo odd-even effect is

observed as there is only one (G?) odd member, which fits

in the single curve of the evepn; members,

III. Bthyl 4-(4'-n-Alkoxyphenylazo)_Benzoates :

Eesdmorphic properties of thirteen members of this
homologous series are studied. The melting points and
transition temperatures are recorded in Table 7.

The smectic mesophase commences from the pentyl
derivative &s a monotropic phase. Eexyl to octadecyl
derivatives exhibit enantiotropic smectic mesophases.

When smectic-isotropic transition temperatures are
plotted aganist the number of carbon atoms in the

alkyl chain (Fig.10), the smectic-isotropic transition
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temperature: curve rises to a maXimum and\}evels off,
4
The odd-even effect is not observed in the homologous

series.

IV. n-Propyl &(i*~n~Alkoxyghenxlazo) Benzotaes :

Mesomorphic propertles of thlrteen members of this
homologous series are studied., The melting points and
transition temperatures are recorded in Table 8.

The smectic mesophase comuences from the butyl
derivative, Butyl to octadecyl derivative exhibit enan-
tiotropic smectic mesophases,

When the:smectic-isotropic transition temperatures
are plotted against the number of carbon atoms in the
alkyl chain (Fig.11), the smectie-isotropic curve shOWS‘%ﬁc
odd-even effect. The smectic-isotropic transition
temperature curve for odd and even members rises to the

maximum and then falls off.few <em mewmnesd,

General chara&?tistios of series II, III and IV :
All the three series are smectogenid in nature and
exhibit: smectic amesopaases, The transition venperature
curvesin tne case of series [I and ILil do not show any
dd-even effect; whereas in the case of series IV odd-
even effect is observed. In all the three series the
transition tempersture curves rise to a maximum and then

levels off.
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’ It is worth noting that series LI and III do not
shovw any odd-even effect whereas series 1V exhibits
odd-even effect. The difference in tnese series is of
—OH2~ units only.

Gray(58) has explained the rising and leveliing off
in the smectic-isotropic transition curves,

In such homologous series, only members of the series
which give inereasing smectic-igotropic transition
temperatures as the alkyl chain lengthe, the terminal
invermolecular attractions will be at their strongest,
but the lateral intermolecular ateractions will be at

their weakest, The smectic-isotropic itransition Temperstures
£ pe

4.

of the Tfirst members of the series must thercfore be

etermined by the weak lateral attractions. Whese
atitractions will increase a8 the cazins grow longer, and hwo
smectic mesopnases Will increase in thermal stabiliiy, but
only upto a peint, for as Tthe alkyl cnains lengthen still
further, the terminal cohesions grow weaker and the probabi-
1ity of interpenetration of the smectic strata at a lower
temperature incresses. Tor the higher xhomologéég
?herefore, the %eakening terminal coh631onb determine the
thermal stabilities of the smectic mesophases, and explain
the subsequent fall in the swmectic-isotropic trdn ition line

H
as the series is ascended.



The alternation of smectic-isotropic transition
temperature curve in sevies IV can be explained as in
purely smectic series the smectic-isotropic transition
exhibits an adlternation between the_odd and the even
carovon éhain homologues, This suggests thnat inter-
molecular attractions are playing their pari in
determining the smectic-isotropic transition temperatures
Just as they do for normal homologous series, exhibiting
nematic and smectic mesophases.

Eveﬁvnough overall structural parameters in series
LI, I1I, anc IV are the same, absence of the odd-even
alternation of smectic-isotropic transition in series II
and III suggests tnat the additional wetaylene unitb
present in alkyl side chain must be playing some role in
the alternations of these transitions. Gray(249) has
explained the alternation by assuming zig~zag confor-
mation of the alxyl chain in the molecule. The absence of
alternation in the smectic-nsemaltic traucition temperatures
are exXplained by stating that in such a conformation the
added methylene group does not arfect the lateral
?yansitions differently whether the chain is even or odd
provided that the chain axes are normal to the interfaces,
However, recently some homologous series are reported by
Gray and Harrison(257) and by Fishel and Patel(104) where

pdd-even effect is observed for smectic-nematic



transition temperatgres. Gray and Harrison(257) a;so
observed high alternation for the nematic-isotropic
transition temperatures in the () -substituted alkyl

arene esters. They report that smectic-nematic and
smectic~isotropic trancition temperatures alternate less
markédly and in some systems, the alternation is
negligible, and the smectic-nematic and smectic-isotropiec
transition temperatures fit in a single curve, From the
above discussion it is reasonably evident that transition
temperature changes in mesogens arei%elicate balance of
several factors such as molecular shape, conjugation,
resonance conformational preference of alé?.wphain, size
and position of dipcle ete., This is further supported by
some reont studies, In the case of p-(p'-n-alkoxybenzoy-
loxy)-p'-aminoacetophenones(258), odd-even alternation is
observed for the smectic-isotropic transition temperatures,
w@q;ea% in the series p-(p'-n-alkoxybenzylidene)-p'-
amiﬁoaceﬁophenone%ﬁi? suca aliernation is observed for the
smectic-isotropic transition temperavures. The difference
betgeen,the tWOVSeriés is only in the middle group.
devently Vora(226) has also reporied ﬁﬁe absence of odd-even
effect in the smectic-isotropic transition temperature

curve of series p-n~-alkoxybenszylidene-p-bromoanilines.
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The average smectic-isotropic thermal stabilities

and molecular geoumetry of the following series viz. :

II  lethyl 4(4'-n-alkoxyphenylazo) benzoates,
III Evhyl 4(4'-n-alkoxyphenylazo) benzoates,
IV  n-FPronyl 4-(4'-n—alkbxypnenylazo) benzoates

are compared with those of :

C vlethyl 4Ln—alkoxydiphenyl~4—carboxylates(255).

D Bthyl 4'=n-alkoxydigphenyl=4—carboxylates{256).

B Propyl 4'-n-alkoxydiphenyl-4-carboxylates

k) Methyl p-n-alkoxyvenzylidene~p-aminocbenzoates(256).
G Ethyl p-n-alkoxybenzylidene-p-aminobenzoates(104).
H\ Butyl p-n-zlkoxybenzylidene-p-aminobenzoates(104).

. The geometry of all these series is given in Fig.tZ2.
Hdeference to Lable 10 iadicates that the average

smectic~ivotropic thermal stabilities of series II are aluost

the same as sSeries i’ Wnereas, toey are lower than those of

series C, The decry

¢]

ase of the smectic Thermal stabilities

in series I1II, compared with those of series ¢ is of 9.3%°0

only. fnis is expected as series C is linear compared to

-l

eries

w

I. In the case of series 1L and [, Tthere is the

difrerence in amiddle groups only. Series I1 conbsing azo

middle group, whereas, series F has azometnine group. This

£

=
o

suggesty that tne change of these groups do not affect

tae'ks



smectic tnermal stabilities. However the geomeiry of all
these series is given in Fig.l12.

fire Pererence to the “able 10 indicates that the
smectic thermal stabilities of series II, Il and IV are
lower than those of series C, D and & respectively. Sevies
U, D and I are alkyl 4'-n-alkoxydiphenyl-4-carboxylates,
without any cantral linkage, hence there would not be any
deviation from linearity, whereas molecules of series II,
III and IV will have less linearity c_ompared to those of
series C, D?rg,dae to the preseuce of central azo linkage.
It i5 quite interesting to note That the difference in
decrease of smectic tanermal stabilities between series
1L ana ¢, LII and D, and IV and & is almost the same and is

of the order of 9.0°C.

. The sumectic thermal stabilities of series 1L, III and
gseries F and G are the same. This again suggests that the
role played by azZo or azomethine group in determining the
smectic-isotropic transition temperatures is almost the
gsame,

The smectic thermal stabilities of series IV is higher
_than those of series ‘H. Rhe Weference to Table 10 indicates
that the thermal stabilities of alkyl estersdecrease§ as we
go from lower alkyl to higher alkyl group. This explains

the lower thermal stabilities of series H which has n-butyl
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alkyl chain as an ester linkage which is longer than the
n-propyl alkyl chain of series IV.
Another interesting point worth.noting is that when
we go down from methyl to ethyl esters the decrease in the
smectic thermal stabilities(is large: . This difference
of smectic thermal stabilities between series ..
IT and III = 23°C ,
G and D = 230C
Fand @ =23°C
In the similar manner if we calculate the thermal
stabilitg?s differences between ethyl and propyl esters, the
difference is small and equal?}éifference of smectic thermal
stabilities between series :
IIT and IV = 6.5
Cand D = 6.3
Tlabove discussion suggests that&?ddition of each —Gﬂ2
unit-in the side chain hasaaifferent @ifect on the stability
of the smectic mesophases. Another point worth taking note

‘i&o el

that molecular geowetry of present series, diphenyld

w

5
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series and $chiff base series are not the same and polarviza-
bilitvy of all the three series also would differc, eventhough

the changes dbrought about in the decrease in thermal
stabilities by the addition of a»@ﬁg unit are of thne =ame

order and shows the same trend.
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Reference to “Yable 10 shows the comnencement of the
gsmectic mesophase in different series. Eventhough simectic
%hermal ctabilities of series IT, 111 and IV are equal to
those of series T and G, the commencement of the esmectic
mesophase is early in the series I and G compared to that
in series IT gnd III,., This suajemmw that minor Zeometrical
differences and polari zablllty differences may not change

ﬁhermal stabilities to a ater extent; but the mesogenic

G’Q

nature of series may differ asg evidenced in the presentstudy.
The commencement of the smectic me cophases in series II,

T

B

I, C aud D coincides, Bere, evenbthough thermal stabilities

the two series differ, the commencement of the smectic

Hy

0
mesophase coinciues,
It is apparent from the above discussion that when

there are winor diiference in geometry, molecular length and

olarizability, it is difficult to corcelate tue comuencemend

ko)

o]

I the smectic mescophase with thermal stabilities between

hese series,

d.

Tne smectic mesophases observed in all the three
nomologous series were, characterized Irom their fan-shaped
textures as smecitlic L phases,

U‘ \ Lt de o . o

In absence of the Dia or LLC facilities tne studies of.
smectic phases could not be correlated by comparing
calorimetric data and optical observations.

1

Recently tane study of guest-host interaction is being

TaxKen up as a research project alt the ieeds University by



using different dyes(260).

“he pure smectogenic series, studied so far, are less
in number compared to the nematogenic series, The results
of tne present study of the three smectogenic series would
nelp to undersvand the eiffect of chemical constitution on

smectic mesophases,



