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A,. Naphthalene Schiff bases

- There is a very delicafe balance between the
chemical constitution and 1iquid crystalline properties.
A number of homologous serieg are synthesized.
constituting a p-phenylene unit to study the effect of
chemical constitution on liquid cryatalline properties.
Normaly in a nematogenic homologous series first few
members exhibit only nematic phases, middle members
exhibit both smectic and nematic mesophases, whereas,

last members of the: series exhiblt only smectlic mesophases.

The introduction of a lateral substitution is |
normaly deterrent to all types of mesophases, The organic
molecules having naphthalene moiety in place of the
benzene mqiety would generally increase the breadth of
the mole_alc.:g;[e‘s‘, kCo\mparat\ively less mesogenic derivatives
of naphfhgféﬁé hgv; been studied, Kasﬁ“has reported Some
mesogenic naphtﬁalene compounds (156), Wiegand (83) has .
reported mesoge_nic naphthalene Schiff base compounds, '
Gray and Jonés (82) .studied the mesomorphic behaviour {m“
substituted naphtholc acid systems. Dave et al,, studled
anils comprising naphthalene moiety ( 85‘,157 - 160),

Dave and Kurian (161,162) and Vora (163) studied the
cholesteryl derivatives having naphthalene moiaty. The
1ntrqduction of naphthalene has two fold effect on

mesomorphism -i.e., 1t increases the breadth of the molecules

which reduces "che mesmorphic thermal stabilities and it

t



enhances polarizabilitied of the system which would
Vincrease the mesomorphic thermal stabilities, Generally

the first effect is predonminating,

In the present studj the following homologous
serieg having a naphthalene molety are éynﬁheéiéed and
their mesomorphic properties discussed. o
1. ‘R-Q-Alkbxy-i-néphthylidepegp-gppropoxyanilines
2, %-géAlkoxybinnappthylidanefgfg;ﬁutoxyanilings
3. ﬁ;g-Alkoxybl-naphihyl;deneﬁgfg-amwloxyanilines
%, lp-Alkoxy-l-naphthylidene-p-j-amyloxyanilines

1, lwn-Alkoxy-l-naphthylidene-p-n-propoxyanilines

Fourtean Schiff base compounds of the series
4.n-alkoxy-l-naphthylidene<p-n-propoxyanilines are
obtained by condensing 4-n-alkoxy-l-naphthaldehydes with
p-n-propoxyanilines,.. Their transition temperatures are

summarized in Table 4,

‘Out of the fourtsen derivafi&es synthesized,
the'pentyl, hexyl and nonylﬂto tetradecyi derivétiQes
exhibit monotropic nematic mesophases while other
deiivatives are non—mésqmorphic. The smectic mesophase
1s not observed even in the last member of the series.
The plot of théﬁnématieQiSQtfopic‘traﬁsitian tempera tures
against the number of carbon atomsin the alkyl éhain,
shows odd-even effect (Fig. 5.). It 4s interesting to
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note that the plot 0f'tﬁe odd members of the series
shows as ascending tendency, whereas, the plot of the
evén members of the series initialy exhibit a 1ittle
ascending tendency but later on it falls off as the
chain length increases,

The firét four membérs are non-mesogenic.
Hormaly 1,%-disubstituted naphthalene derivative joined
to a phén?lené‘unit‘by a bridge group like =CH=N- is not
favourable for mesomorphism due to its decreased length
to breadth ratio, ' The alkoxy chain length in the first
four members are not sufficiently increased and their
melting peinﬁs are also comparativei§.high. These
compoundé could not also be sipercooled much, These
factors individuslly or collectively might be responsible
for not impérting'mésophages to these derivatives., The
obscure values for ‘the nematic-isotropic transition
temperatures for all-the four derivatives are obtained -
by extrapolating nematic-isotropic transition temperature
curves and are recorded in Table 4%, All the four
derivatives crystallize mach above these transition
teﬁperatures,“ln cagse of pentyl anﬁ.&exylxderivaﬁ;vgg
the'chain length is suificiently increased eventhough
mesophase 1s not observed on heating and solid melts to
isotropic liquid directly. However, when isotropic melt’
is cooled ‘the molecules align balow their melting point
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and before ‘crystallization commehces; exhibiting
monotropic nematic mesophases. Again the heptyl and

octyl derivatives are nen-mesogenie, This is quite
gurprising, Normaly one would expect them to be
mesomorphic. The obscure transition temperatures obtained
from the nematic-isotropie transition temperature curves
for the heptyl andvqétyl de;ivatives‘are’(55.0°c) and
(62,5°0) reépectively. The’i§ptropi; melt ef both these
compounds coﬁld not bgvsqpercooled up ﬁo these temperatgres.
The crystallization would always occur before these
temperature; are reached, ?his suggests that‘the
supercooling tendency of these two cbmpounds deprive them
to beﬁggsomorphic. To confirm thigalzl mixture o.f heptyl
and éctyl derivatives waslprepared, In the dﬁnfirmatioa
of above idea the mixture melts at 72°C and on 9o91iné}
gives isotropic-nematic transition at 59?0. In many of
the homologous series 1t is obéerved that first few'
members may be non-mesogenic, the mespphase appears as

a monotropic phase in the middle membeis (70,16% -~ 166)
and higher members are enantiotropié mesomorphic, In

the present system ncpyl to tefradacyl derivatives exhlbit
monotropic nematic mesophases, The alkyl chainilength is
sufficiently increased and the compbunds have eomparai;vely
lower melting points e&enthén they are monotropic nematic.

This probably is due to the basic nature of the molecules,
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which possess a broad naphthalene moiety,'due"to whieh
the lateral and end to end cohesive forces are not wal
balanced and melting does not occur in stages, However,
as the molecules possess primary requirement of a
mesogenic compound they supercool to exhibit mesomorphisnm.
In the case of hexadecyl and octadecyl derivatives it
seems that the increasgse of methylene unit higher than
tetradecyl, again reduces the overall coheslive forces

(74+) of the system disalléwing ﬁhem'tﬁ supercool to
exhibit mesomorphisn,

2, Y-n-Alkoxy-l-naphthylidene-p-p-butoxyanilines

Fourteen Schiff base compounds of the series
'hwg-alkoxyu1anaphthylidene-gég;butoxyanilines are
obtained by condensing -n-alkoxy-l-naphthaldehydes with
p-n~butoxyanilines. Their transition temperatures are

summarized in Table 5,

The series~is ﬁurel& nematic‘in nature, Hethyl,
hexadecyl and cctadecﬁl derlvatives are non-mesomorphic;'
All other derivatives are monctropic nemgtié except heptyl
and dodecy} de;ivativas which ars anantiotropic in nature.
The ethyl, pentyl, nonyl'and decyl derivétives exhibit
two solid modifications. Stable solid modification (Cp)
haz a higher transition temperature than the other

metastab}.e modification (CII')’ which 1s obtained by rapid
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cooling of the isotropic liduid phase. BEthyl and |
pentyl derivatives exhibitiné stable modificafion (czf
and the metastable modification (Cxi) give monotroﬁic
nematic tgansitions; In the case of nonyl and decyl
derivatijes the sfable modification (Cr) is moqotropiq
nematic whéreas the metastable solidmbdification (C11)
exhibits enantiotropic nematic mesomqrphism, The

situation can be represented diagramatically as under @

: 80,0°C
ia .. Cp T Isotropic

€1.6%

CIT <« Vematic

000
Bthyl @efiVative o Pentyl derivative
72,5°C : 82,.,5%C
> Isotropic . . C; — > Isotropic
o~ oM™
© o
3 & | 3 R
Cyr<«— Nematic . Oy« Nematic
40,0°C - %8.0°C
55.0°C B 66.5°C
Nonyl derivative " Decyl derivative

Such-examples of having more than one solid-

modification are observed in a number of cholesteric
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compounds (125) and in aliphatic esters of cinnamic and
a~methylceinnamicacid Schiff's base compounds (167). Dave
and Vora have also reported the same type of behavio?r in
cholesteryl trans-p-methoxy~a-methyl cinnamate (168).

When the transition temperatures are plotted against the
number of carbon atoms in the alkoxy%hain, the nematic-
isotroplic transitions lie on two falling curves showing
the odd-ecven effect (Fig., 6,). The even members occupying
the upper curve as usual and shows the descending tendency
as the chain lenzth Inereases whils the curve for the odd

numbers exhiblt an ascending tendency.

The higher melting points of methoxy derivative
may be the reason for not exhibiting the mesophase, In
the case of hepiyl and dodecyl derivatives the
enantioctropic mesophases are observed, This may be due
to their low melting points., All other members exhibit
monotropic behaviour. This is dus to their melting points
which ére comparatively higher than heptyl and dodecyl
derivatives. Hexadecyl and octadecyl derivatives have
higher melting points and as discussed earlier the lateral
and end to end cohesive forces would be much weaker in
last two derivatives of the present system;'which render
th95é§ompoun&s non-mesogenic, The obscure nematice-isotropic
transition tempsratures for methyl, hexadecyl and octadecyl
derivatives are obtained by the extrapolation of the

nematic~isotropic transition temperature curves,



78

x
. - e
. N e
w . - - <y
W ' -7
e [y -
i - x -
wad [ _ Y " -
B @ .u L 14
= " . ~t
by €3 [ M X - -
- Ve = '
- e -
o A & .«ﬁm ! - |
o it ¢ 0k : o ’
p W L * 4T
b ﬂU ﬂ,u m, o Q‘W -« N \\.. weh
..Hv Txza mw i) rdo = \\
9 Sk S
iy 1 b= - o
i e O i - ¢ S
IR , 3 & &
£, T W mW w -7 1 ww
. - ’(-.\~ - Mibi N.' hwwt.t e
[AY y S i~ -
- {4 A b -7 x ”
o, - o~ — .
iy -
w.m..w rtm W a...um - - _m.
- st L - %
mrw wu ..Wm < a ™ mm - L
i,y H AW h— -
L 4 -
3 » s S .
S > (“« s 2 g o s ~en
5 e P R
{ b ! =
h [ % %z .
- 2 B | 1
W v W
“ ) -
3 ¢
- [ R , 1™
H _.,ux -
: -
w, e‘ "
.qa& . U 1
. ’ X,
-, . 3 )
3
S R 1
-
-
. ,
ot - k
ik, -, ¥ .
el RS ® \ =
N N Y
1 v s 4w
g .7 *
1 -7 r A
. &,
o .‘.o 4 £ r/ G o
I d
- *
e ot L ot . S 2 , - et
, 3 : e
3 o 0 < € 3 ] o 3 fin
= o w i~ L0 (7S <7 BN AT o

-, » - .
3, WIVIL NOILISNYML

£ RLROXY CHAN

v

TE

I

Brams

NUMBER OF CARBON

T b3 ey e N "
BTy AN AL 7 1SS D X M 5 ) A TP T 1 B AT A A ST T AR 4 AR A bt 9 RO B UL B TGRS S i W e b T LR it



79

3. lwn-Alkoxy-l-naphthylidene-p-n-amyloxyanilines

Fourteen Schiff base compounds of the series
h—n—alkoxyal-naphthylidenefp-n»amyloxyanilines are
obtained by condensing h-npa1koxybl~naphthaldehyﬁes with
gnn-amyloxy aniline". Their transition temperatures &re

summarized in Table 6.

‘ In this series methyl, propyl, pentyl, hexadecyl
and octadecyl homologyas are non-mesomorphic. . Butyl,
nonyl, dodecyl and tetradecyl derivatives are
enantiotropic nematic while othsrs are monotropic in
nature, . Smectic mesophase is absent in the series, Ethyl
and propyl derivatives exhibit two solid modd £ications,
one is the stable modification f@l) which has the higher
transition temperature. The metastable solid fpom (Cip)
is oﬁtained by rapid cooling of the isctropie 1liquid phase.
In the case of ethyl derivative both the solid formé give
a monotropic nematic mesophase while in the caseé of propyl
derivative both the forus are non~mesomorphic. These
type of transitions ﬁaVe been discussed earlier in
%ﬁg-alkoxy»l—naphthylideneﬁgfgpbﬁtoxyanilines'series.

The situation cén be rgpfesented diagramétically‘as under :
81,5°C | 78,0°C

.Cy > Isotropic Cr — ISQtropic
o
8112.?..._ Nematic ' . C11

Ethyl derivative " Propyl derivative
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When the transition temperatures are plotted
against the number of carbon atoms in the alkoxy chain
the nematic~-isotropic transitions lie on two falling
curves showing the usual odd-even effect from the hexyl
member only (Fig. 7.). The odd-even effect for nematic-
isotropic transition could not be observed as methyl,
propyl and pentyl derivatives are non mesogenic, The
obscure transition temperatures of these members obtained
by extrapolation of the nematic-isotropiec transition
temperature curve are quite low. The extrapolated curve-
actually suggests that there is marked odd-even effect
even in the initial members and therefore methyl, propyl
and pentyl members are non-mesogenic, The obscure
transition temperatures of these compounds are very low so
they could not be supercooled upto these temperatures.
Some of the members of this series are monetropic nematic
and other are enantiotropic nematic. This depends on a
number of factors and such behaviour is already discussed
in the previous series., When lateral and end to end
cohesive forces are weak, small alternation in crystal
lattices or in supercooling tendency play their important
role. All the naphthalene series discussed here have low
lateral and end to end cohesive forces due to the decreased

length to breadth ratio.

The non-mesomorphic tendencies of the last two

members are similar to other two series discussed earlier.
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The molecular attractive forces wesken in such a way,

that they directly melt to isotropie liquid.

%, 4Yen-Alkoxy-l-naphthylidene~p-i-amylozyanilines

Fourteen Schiff base compounds of the series
h-n-alkoxybl-naphthylidenefg-i-amyloxyanilines are
obtained by condensing h—n—alkoxy—l—naphthaldehydes with
E-i—amylexyanlline. Their transition temperatures are

summarized in Table 7.

A1l the members of the series exhibit monotropie
nematlc mesomorphism except the methyl, ethyl, propyl,
tetradecyl, hexadecyl and octadecyl derivatives which are
non-mesomorphic, Smectic phase is absent in this'series
also. When the transition temperatu;és are plotted
against the number of carbon atoms in the alkoxy chain
the nematic-isotropic trangitions show usual odd-eyep ef?ect
from the butyl member only (Fig. 8.). The absence of the
odd-even effect in the initial membe¥skis because fhg
methyl, ethyl and propyl dg:ivatives are nonpmesomgrbhic.
The transition temperatuye eurve for the even membérs,
rises to a maximum at. the hexyl derivative and thenllevels
off, wharsas the transition temperature curve for odd

members show an ascending tendency,

The first three members are non-mesemorphic,
Structurally they should be expected to show mesomorphism

but their melting points are high and when these temperatures
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are reached the thermal vibfations will be too great

to allow an ordered arrangement of the moleciles to
persist and the compounds directly pass to the'disordered
isotropic 1iquid. These members even do not supercool
egough to gilve a monotropic mesophase, in the case of
butyl to dodecyl derivatives the compounds are having
comparatively low melting points and their molecules .
‘'possess the basic rquirements for mesomorphism j hence
eventhough they melt to g;ve an isotropic liquid, on |
cdoligg they'give monotropic mesomorﬁhism. In the cése
of hexédecyl and octadecyl derivatives'the meltiné points
are again increasad and the isotropic liguid of theae
compounds do not supercool suffieiently to form the
mesophase and hence they are non—mesomorphic. The
obscure nematia—i#otropic transition temperatures for the
qon—mesogenic derivatives are obtained By the extrapolation
of the nematie-isotropic transiﬁicﬁ fempérature curve {
hawever no such values could be obualned for C;g and C,a

derivatives as the tranbltion curve tends to bend sharply.

Common features of Series 1, 2, 3 and &

All the four series have comparatively low melting
. points. Though most of the mesogenic compounds are
monotropic in nature, some members are enantiotropic
mesomorphic also. The number of compounds exhibiting
enantiotropic mesophase goes on increasing as the alkyl

chain length increases. In'the case of series t-p-alkoxy-
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l-naphthylidene-p-n-butoxyanilines and pentyloxy anilines
some of the compounds exhibit'pplymorpﬁism 1.e. they have
two s0lild modifications. Thg,careful serutiny of these
compounds -could only reveal these polymorphic properties.
In all the four series first few members are non-mesogenic,
middle members are ﬁesogenic (monotropic or enantiotropic)
and the last members are again non-mesogenic. This
behéviéur suggests that thése series are less mesogenic

in nature, All the four series are purely nematic, the
smectic mesophase is ﬁot observed even in the last members
of the series. The nematic-isotropic transition temperature
curves (Fig. 5-8.) in all the series exhibit odd-even
effect, the even members always occupying the upper curve.
It 1is interesting to note that both the curves exhibit
ascending ténéeﬁcy and the nematiqéisotropic'transition

" curves for even members show. a maximim, Generally the
‘nematic-isétrépie traﬁsiﬁidn'tempéréture eurve in a normal
h&mologdus series falls smootﬁly with increase in the alkyl
chain length, An ascending nematic-isotropic transition
temperature tendenéy is also observed in other homologous
series (169 - 175). Gray (171) attributed this type of
behaviour found in laterally substituted biphenyl Schiffs’s
bases to a decrease in the ratio of lateral to terminal
interactions due to steric hindrance as found in these
broadened molecules, Dietrich and Steiger (170) and Dave -
and Vora (166) étt:ibuted this,pﬂenomanon in the series
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N(p-n-alkoxybenzylidene)~p'-n-alkylanilines and

p(p! -n-alkoxybenzoyloxy)toluenes to their low inter-
mdiecular forces. This is indicated by their low
transition points which are expected due to absence of

strong permanenthdipo;es and shortness of the alkyl chains,

' The mesoéznic homologous series of the type
N{ p-n-alkoxybenzylidene)-p' -aminoacetophenone (173,17,
176} and propiophanonés (177) also exhiblt ascending
tendency. ,Thgse series possess a terminal carbonyl group
conjugated with an aromatic system. Castellano et al.,
(174) have suggested that the acetyl group produces
strong terminal attractions and this would result in a

low ratio of lateral to terminal cohesions.

411 the four seriaes reported here possess.broad
naphthalene nucleus which would decrease.the ratio of
lateral to terminal interactions due to the steric
hindrance. This suggests that the factors which operate
in the substituted biphenyl series studied by Gray,. also
operates in naphthalene Schiff bases reported in the
pzfeseni series, This explains the éscend_ing tendency of
both the curves. The levelling off in the nematic-isotropic
transition temperature curves in the case of even members
can be attributed to the weakening of the termiﬁal)
attractions, which beginltc play their part in determining

the temperature of the nematic-isotropic transition as
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the series is ascended, The molecules, forming liquid
erystals usually consist of relatively rigid aromatic or -
alieyclic rings with alkyl chains attached to one or both
ends, Within the 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 conformatibns of molecules,
London Vanher waals dispersive forces between the
neighbouring molecules and on steric repulsion between
different molecules (178). For the mesogenic homologogs
series Gray (179, 180) has successfully used concepts of
molecular arrangement and 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 fluctuations.

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 isotropie
liquid, The molecular layer structure of the smectlic phase
occurs in temperature regions where . lateral attractions
dominate while the parallel molecular arrangement of
nematic phase cccurs in a temperature interval with
predominant terminal attractions. Thus at the solid-
smectie transition the primary termihal coheslons of the

molecule are overcome and at the smectic-nematic or
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smectic-cholesteric change the strong lateral attractions
are overcome thus a nematic or cholesferic phase 1s
formed., The molecules in the nematie or cholesterie
melt are maintained by the residual lateral and terminal
cohesions, On further heating all these Va%der waals
forces are again broken down and the molecules pass‘into
randomly arranged isotroplc liquid state. These changes
can be represented schematically as shown in the figure
(Fig. 9.). . '

In a mesomorphic homologous series, usually the
mesomor phic-~isotropic trangition temperatures change in
a regular manner, The increment of each methylene group
brings about regular changes in the transition temperatures
for the series. Gray (74) has tried to explain this
behaviour of the homologous series. As the methylene
chain is lengthened, the separation of the aromatic centres
which are highly polarizable and whiceh carry permanent
dipolar substituents is increased § consequently there
should be a decrease in the strength of the terminal
intermolecular cohesions, However, Gra& 674) and Maier
and Baumgartner (181) have suggested that the addition of
each methylene group simultaneously increases the overall
polarizability of the molecules and so the lateral
intermolecular attractions may also increase with the
growing chain iength. In this way the behaviour of a

homologous series can be explained,. The lower homologues
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are only purely nematic, i.e. for the short chai?
compounds, the separation of the aromatic'nucleiﬁat a
minimum and the terminal cohesions are strongest..  Smectic
properties often commence from the middle members of &
series, because with the increase in the alkyl chain, the
lateral cohesive forces also increase and the molecules
maintain themselves in the layer arrangement,before they
give a nematic mesophase. Thus with the increase in the
alkyl cha;n length, the tendency of a compound to be nematic
should decrease, and at the same timé, 1t§ tendency to ¢
exhibit smectic properties should‘increase, Therefore,

in a homologous series a stage would be reached when no
nematic proyertiés woulé be shown and the system would

be purely smectic ;n beha?iour. At this stage the'sméctic
mesophase yill pass directly into the isotrople 11&uid,
presﬁhébly because the terminal inter molecular
attyaciions are inadequaté,to maintain the paréllel
molecular orientation required for the nematic mesophase.
This is the gengral pattern for a ﬁumber of h@mologcus
series, involving similar rod-shaped molecu;gs, exhibiting

nematic and smectic mesophases.

A number of other homologous series, however, .do
not behave exactly as discussed abeve. In the cholesterie
homologous series the initiai members with shorter alkyl
chains are onlyzcholasterié,;the"higher members being both
smectic and ‘cholesteric. In.the initial members the



a1

taerminal cohesive foreces are relatively strong and

with the increase in the alkyl chain length the lateral
cohesive forces increase‘and the molecules maintain
themselves in the layer arrangement before they give
rige to a cholesteric mesophase at higher temperature,
However, the cholesteric systems differ from the
nematogenic systems, The lagt nmembers in the cholester-
ogenic systems exhibit the gmeetic phase along with the
cholesteric phase, whereas in nematogenic systems
generally, tbe last members are purely smectic, This
may presumably:%ue to the broad and flat cholesteral
mnolecule, This type of behaviour has been reported by
Gray et al., (182) for the series p-n-alkoxy-benzylidene
aminofluorenones and 4-p-n-alkoxy-benzylideneaminobiphenyls
having substitution in 2 or 3 position. Arora et al,,
(183) have also reported this type of behaviour in
2-methyl-1,-phenylene bis (4'-n-alkoxybenzoates)., 1In
all thege céses the effect of the steric influence is

to increase the thickness of the molecules. This should
make it more difficult for the molecules to pack
economically side by side in a parallel arrangement and
should result in a weaking of the lateral intermolecular
cohesions, Thus even at the octadecyl derivative the
smeetic-nematic curve does not merge with the nematic-
isotropic curve, Dave et al,, (158 - 160) recently
studied a number of naphthylidene Schiff bases and
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avaluated the effsct of brdaé'naphthalene nucleus.

They have observed that in all these series even the
last members are not purely smecti¢ but exhibit & nematic
phase in addition %o .the smectic phaéa; This can be
axplained as the incredse’in breadth reduces lateral
cohesive forces and foi a compound to exhibit only a
smectic mesophase the ldteral cohesiﬁe forces should be
mich higher than the terminal doﬁéSive foreces., In such
systems even in the last members the molecules are so
arranged that on heating, the molecular iéyers:blié§'6Ver
- ohe another and do not get disrupted to ‘the diordered
isotropic state but pass to the nematlc or cholesteric
state, 4 cholesteric or nematic phase is thus obtained

" from the smectic phase and on further heating the
disuption 1s complete to give the isétropie liquid.
However, there aré also a number of purely nematogenic
homologous series ~whereﬁithe‘ias’t nembers of the .'seriés
do not exhibit any smectic mesophase (7i4,163,18%4,185).
All these series contain a lateral substituent which
iridreases the breadth of the molecules to Such an extent-
that the economical packing of the molécules do not take
place to give a sméctic mesophase. ’The”hémologous séfieSp‘
%-p-allkcoxy-1-naphthylidense-4'-amino-4 "~methoxyazcbenzene
(185) and hggyalkdxy;1~naphthylidéﬁefh—éhenetidines (185)
coniprise of a naphthalene moiety and the mesogenic

 behaviour is similar to the present hbmologous series,
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The 2,3 bridge substituent in the cass of present series
having a naphthalene molety compared to benzene molety
would definitély incerease the breadth of the molecule
which in turn decrease the lateral coheslve forces,
‘Forgoing discussion explains the general mesogenie
behaviour but it does not explain the regular alternation
in namatic~isotropie transition temperatures for odd and

' even members of carhon atcms.

Gray (179) has tried to explain such behaviour
for nematic-isctropic transitions in terms of the
conformation of the alkyl chain, He has considered the
. zig-zag conformation for the alkyl chain, as evidenced
from the X-ray studies of erystalline state of some 1iquid

crystalline compounds,

A8 the chain length inersases, it will have the
follewing effects and the nematic-isotropic transition
temperatures will be determined by those eff'ects which

predominate -

(1) The longer molecules will be less readily rotated
out of the ordered staté.

(2) The overall polarizability increases with each
added methylene unit, | - )

(3) The frequency with which readily p_olarizéble
aromatic parts of the molecules lie next to one
‘another in the fluild nematic melt will decrease

i.e., the residual lateral atitractions will tend



to decreasae,
(4) Each methylene unit forces apart polarizable
centres in the molecules and decreases the residual

terminal atiractions.

Bffect (1) and (2) would increase the nematic-
1sotropic transition temperatures and (3) and (%) would
decrease the nematic—lsotropic transition temperatures,
Thus rising transition lines are obtained where the
effects (i)‘and (é).predomiﬁate and vice versa, In
keeping with this view the rising transition lines are
found in series in which the trénsition temperaturss are
low and when the ggsidual interactions are weak. Gray
has explained this ‘alternation of newatic-isotropic
transition tempgr&tufés by a diagramatic representation
of %the possible’geiative orientations of terminal methyl
groups In aﬁ end-to-end packing of the molecules of -
n-alkyl aryl ethers, such as the p-pn-alkoxybenzolec acids,
For short alkyl ¢hains, if the chain extends strictly
along its own axis (dobted line in Fig, 10,), then the
torainal methyl groups presanﬁ different faces to one
another or to other end groups in the molecules depending
on whether the chain 1s even or odd, The different
atiractive forces resulting could effect the energy of
the system aﬁd account for an alternation of the

transition temperatures.
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Me-Me contact

%

For even C chains

=m0 Main axis
Diwer>C 0 —
H—0" ‘<::> _

' AN
Chain axis ~

» Fig, 10,

With the higher homologues' the alkyl chain may

be forced (curved arrow in figure 10,) into line with

the main axis définéd‘by'the more rigid aromatic parts.,
Gradually the end groups contact would become the same

in nature for odd and even‘carbuﬁ‘dhains; and can éxplain -
the petering out ‘of the alternation as the Séries'is‘:"
‘ascended, So far, the effects of changes in terminal
attractions between the molecules on the nematié~isotropie
‘transition temperatures have been considered, but the
effect of residual 1atenﬂ#nteractions between the

molecules, which would also play some role in determining -
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the thermal stability of the nematic mesophase, has

not been discussed.,

Maier (186) and Maier and Baumgartner (181)
algo have tried to explain the alternation effect on
the basis of their study of the dipole moment and
dlelectric anisotropies of a ngmatogenic homologous

series.

Marcelja'é (178) theory explains the even-odd
effect in isotropic-nematic transition temperatures and
entropies, From the geometry of p, p'adi-gpélkoxy-
azoxybenzenes fhey have shown that the addition of
carbon atomé Cz, increases the anisotropy of the
molecule and helps the ordering process, subsequent
addition of atows €y hirders the ordering, atoms C, helps
again, and so on., As the chains become longer, their
flexibility mekes the effect progressively smaller until
for long end chains, it becomes unnoﬁi%?ple. Pines et al,,
(187) have measured order parameters in a series of
nematic liquid crystals,g—a;kozy.azaxybanzenes,lpy‘13€:EMR;
The ordering exhibits an even-odd alternation along the
series, They conclude that the benzene rings rotate or
flip about the paga‘axes at a rata greater than l,KHz

for the whole series throughout the nematie renges.

Recently De Jeu and Van der Veen (188) have

revieved some exXperimental results on the variation of
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the nematic-isotropic transition temperatures Typ
and evaluated molecular structure with the aid of

expressions for Ty from molecular statistical theories.

There is a close relationship between
mesomorphism and molecular constitution of organic
compounds, Therefore, the thermal stability which is
measure of mesomorphism can be correlated with the
molecular constitution of the compounds., Table 24
summarizes the aveiage nematic thermal stabilities of

different mesogenic homologous series, viz,,

1. 4-.n-Alkoxy-l-naphthylidene-p-n-propoxyanilines

A
2, lY=n-Alkoxy-l-naphthylidene-p-n~butoxyanilines B
3. UW-n-Alkoxy-l-naphthylidené-p-n-amyloxyanilines ©

D

%, Y~n-Alkoxy-l-naphthylidene-p-i-amyloxyanilines

and are compared with those of

5. E-Q—Alkoxybenzylidene-p—pheﬁetidines (189) E
6. p-n-Alkoxybenzylidene-p-n-propoxyanilines (164) F
7. p-n-Alkoxybenzylidene-p-n-butoxyanilines (164) G
8. p-n-Alkoxybenzylidene-p-n-amyloxyanilines (16%) H
9. 4-n-Alkoxy-l-naphthylidene-p-phenetidines (185) I

The geometry of these series is given in
Fig, 11,
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It can be seen from the table that the average
nematic thermal stabilities of series A4, B, C and D are
less than those of series E, F, G and H, Serles A to D
and series E to H are almost similar except that in the
case of series A to D the end phenelene groups are

replaced by 1,4 substituted naphthalene unit,

4 1,4-~substituted naphthalene nucleus can be
consldered as a bridge side substituent on the benzene
ring at the 2,3~positions, Introduction of a substituent
into the side position in the molecule of a mesomorphic

compound has two opposing effects (179) :

(1) The substituent will decreases both the smectic
and nematic thermal stabilities by inecreasing the
separation of the long axes of the molecules, and

(2) the substituent will increase both the smectic and
nematic thermal stabilities because of its
polarization effects which will enhance the

intermolecular cohesions.

0f the two opposing effects, the first always
predominates unless the substituent does not axert its
full breadth increasing effect. The presence of the
naphthalene nuclei in the molecules of series 4, B, C
and D increase the breadfh as well as the polarizability
of the molecules. The first effect predominates and

ovarcomes the second effect which is evident from the



101

lower thermal stabilities of all these serieg compared
to those of series B to H,

An interesting correlation is found in the
decrease of nematic thermal stabilitles whlch 1s as

under s-

Average nematic thermal gtabilities of series

P2 A = 48,6
G-B = 16,2
H- C = 48,7
BE-I = 46,8

’It'ean'be‘segn fhat the d1ifference in decrease
is almost the same, This suggest that even in the case
of homclogous series having naphthalene moiety the
1ncrement of each methylene unit has the same effect on

mesophase as in the cage of guphenelene derivatives,

deriles I has an ethoxy end group whereas from

series A to C there is an addition of methylene unit.

It 1s discussed ea:lier that in a mesogenic homologous .
sefies the nematic-isotropic transition temperatures
alternates as tﬁe alkyl chain length increases. Similarly
iT we extend same argument regarding the conformations of
alkoxy chain than the average transition temperatures of
series I, &, B and C should exhibit alternation. Tids is
actually the case. The plot of averagé nématic-isotropic‘

transition temperatures of series I, 4, B and C against



the increase in the alkoxychain (one side) does

exhibit alternation (Fig. 12,) i.e. odd-even effect,

In keeping with the earlier explanation odd-eyen effect
goes on ffqm ethoxy to amyloxy derivatives. Simllar
béhéviour is also‘obgerved in the case of series E to H
(FPig, 12,) reported by Weygand ot al., (189) and Dave
and Patel (164).

- A3 mentioned earlier all the four series (A& to D)
are purely nematic whereas séries E to H exhibit smectic
- mesophase along with nematic §h§se and the last members
are purely smectia. From a study of a number of
mesomorphic homologous series exhibiting smectic and -
nematic mesophases Gray (74) concluded that the increage
in- the breadth of the molecules-re&ucés both nematic and
smeetic thermal stabilities but the affect-iélmorefi~'
pronounced on the smectic mesophase. The appearance of
smectic properties in a series is influenced by the.
melting points of the.compounds,and/or by the
supercooling tendencies of ﬁhe:melts..

Both these. factors are related to the crystal
structures of the compounds, which are ultimately dependent
on the geomatry, dipole moment and overall péiarizahility
of the molecules. Gray (127) is of the opinion that the
appearance of the smectic mesophdse in a2 homologous Series
has little significance. XKnowledge about the point of

appearance of the smectic mesophase may, however help in
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the éearéh for certain seriles where the apgbaraﬁce of
smectic mesophase might be delayed so that low melting
purely nematic or cholesteric substances could be obtained.
A survey of homologous series and the points of commencement
of smectic mesophase indicate that the appearance of the
smectie mesophase is influenced by the gecmétry of the
molecule, If the molecules of the series are long,
straight rod-shaped and-polaringle, smectic mesophases
commence early in ‘the series.. If the molecules 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 smeetic -
megophase 1is alweys delayed, l.6. 1t appears.at Cy¢ or 
Cig derivative. In the case of 4,4!-di-p-n-alkoxy-
benzylideneaminobiphenyls. (182) the smectic mesophass.
commences at the heptyl‘derivativg vhereas 4,W'-di. . -
(p-n-alkoxybenzylideneaminp)=2 42'-2,5- and 2 ;6=
-substituted. biphenyls exhiblt only nematic mesophases,
This indicates that if the breadth is increased |
considerably then the smectic mesophase can be eliminaﬁed
from the hpmologcus'seriesd This eipiainé the purely “
‘nematic nature of tpe‘éeriés_h to D. The molecules géé
short and havéiproadynaphthaiene mucleus, héhée'the ‘ ;
increase in breédth ;é mpre(prdnounced i;e.:iangfh to )

bregdth,rgtio is mugh lowered,
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‘The average nematic~-thermal stabilities of

series D are lowest eompared to series 4, B and C.

This is probably due to the branched iso-amyloXy group.-
Branching on the carbon atoms in the alkyl chain
increase the breadth and causes steric hindrance which
does not help the close packing of the molecules and in
turn decrease the thermal stapilities. In the case of
series A, B and C the effect of odd.and even carbon is:
observed on thermal stabilitles as discussed earlier and
henece series A having propoxy group has lowser thermal
stabilities than those of series B having butoxy group
which ig again higher than those of series C having
amyloxy group. The series I is similar in structure to
present series. The short chain ethoxy group explains
the higher thermal stabilitles of series I, The group .
efficiency order obtained for the nematic thermel ‘

stabilities in the present study is ag under :-

n-oCuHy > p-0CsHyy D n-0C3H, > 1-0CzHy,

This order is similar to the one obtained for
nematic phase by Dave and Patel (164). The tendency'of
these groups to give this type of the order is already

digscussed earlier.



p-PHENYLENE DERIVATIVES HAVING

ESTER AND AZOMETHINE LINKAGES




I, Nematogenic Homologous Series
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B, p-Phenylene derivatives having ester and azomethine

linkages

| Numﬁer of ﬂqmoldgc;us‘ series are kno#m; hgving
either an ester or an azomethine linkages (70,16\1- 167,
190), However, there are very faw homologous series
reported having both these groups in a single molecule
(191,81)., It would be quite interestj:ng to study lthe
efi‘e‘c‘t of different \end groups 1n such uﬁsymmetrical
molecular geometry, . }fJith this in view following six
homologous series each having i‘ourteen members were
prepared by the fellowing synthetie‘ reu“ce and their

mesomerphic preperties studied.

, 30012 ’ '
HO O COOH —> RO COQE —> R0 2 116§
KoH . | |
‘ Bthanol
HO@ GHO |
, | RO c00 CHO
. Pyridine :

Y

wOv
Natiatat
Ethanol f -

R = p-alkyl (Cy to Cso; Cy2y Cyuy Cy6 and Cyg)
Rt"= (5) -C2Hs (6) -0CHy (7) n-GuH,
(8) n-0CHy (9) -CN  (10) -NO2
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I. Nematogenic: homologous series
5. Q(g‘-n»Alkoxybenzoyloxy)benzylidene—g"-efhylanilines
6. 2(2'-npAlkoxybenzoyloay)benzylidene-g -athoxyanilines
7. p{p'-n-Alkoxybenzoyloxy)benzylidene-p"-n-butylanilines
8. 2(2’-gsﬁlkoxybénzoyloxy)benzylidenefgngpﬁuyoxyanilines

.II. Smectogenic homolo?ous series

9.‘ E(B'—npAlLoxybenzoyloAy)benzylideneﬁg“-cyanoanilines
0. p(p'-n-Alkoxybenzoyloxy)benzylidene-p"-nitroanilines

I, Nematogenic homologous series

5. p(p' -n-Alkoxybenzoyloxy)benzylidene-g"-ethylanillnes

The transition temperatures are summarized in;
Table 8. The lower homologues of the series are purely
nematic, The smectic phase appears at the hexyl derivative
as a monotropie phase and the heptyl to octadecyl

derivatives are enentiotropic smectic and nematic.

6. p(p'-n-Alkoxybenzoyloxy)benzylidene~p"-phenetidines

The transit;on,temparaturesvaré summarized in
Tableﬁqf The 1ower hamoiogues of the series are purely
nematic: The smectie phasge appears at the decyl derivative
and persists up to the octadecyl derivative as an

enantiotropic mesophase along with the ‘nematic phase,
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7. . p(p' ~n~Alkoxybenzoyloxy)benzylidene-p"-n~butylanilines

fhe'transitian temperatures are_summarized in
Table 10, The lower homologues of the series are purely
nematic, The smectlic phage appears at Yhe‘hgxyl derivative
and persists upto octadecyl derivative as an enantiotropic

mesophase along with the nematle phase.

8. 2(2'-gnAlkoxybenzoyloiy)benzylidenéﬂp"1§pbutoxyanilines

The transition temperatures are summarized in
Table 11. The lower homologues of the serles are purely
nematic, The smectic phase appears at the heptyl derivative
and persisfs upto cctadeéyi derivative as an enantiotropic

mesophase along with the nematic phase.

Common features of series 5, 6, 7 and 8

All the four series exhibit nematogenic behaviour,
1,6, first few members are purely nematic and the smectic
mesophase commences in the middle members. These series
differ from normal nematogenic homologous éeries‘by
exhibiting smectic and nematic mesophases in the last

members, All these series have large mesophase ranges,

When the transition temperatures are plotted
against the number of carbon atoms in the alkoxy chain
(Fig. 13,14,15 and 16,) the nematic-isotropic transition

temperatures exhibit alternations for odd and even members.
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The even members occupy the upper curve as usual, Tpe .
sméctie—neﬁatic transition temperature curve rises |
smoothly but do not merge with the falling nematicw,
'isotropic transition temperature curve. However, in.
the case of series p(p'-n-Alkoxybenzoyloxy)benzylidene-
p"-n-butylanilines the smectic-nematic transition

temperature curve‘riées to. the maximum and then levels off,

In all the casesthe smectic mesophase exhibits
forcaiéonie texture, however many members of these
homologous series exhibit homeotropic smectic mésophases,
The typé‘of the smeetic mesophase is inferred as smectic A
based on the focaleonie texture, ‘

| The behaviour of the nematic-isotropic transition
temperature curve is alread& discussed earlier. The

nature of the smectic-isotropic transition and the
different attractive :onceg operating in,sucn'mesophage

are not discusﬁed~gap11er as the previqus fdur series ‘
were purely nematic. In series 5 to 8 the smectic .
mesophases are obtained and the smectic—nematic transition
temperatures rise as series 5, 6, 7 and 8 are ascended |
and do not merge with the falling nematicgisotropic‘“

transition temperature curve,

The increase in the smectic-nematic transition
temperatures with the increase in the alkyl chain can ba
explained by the overall increase in the polarizability
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of the molecules. ‘This.effect will increase the 6ohesive
force§ operating between the gides and planés of the
molecules wvhich are 1yiﬁg parallel to one another, with
their ends in line, forming thé smectic 1ayérs. Moreover
increasing molecular weight tends to make it more
difficult for the thermal vibrations to cause the sliding
of the molecules out of the layers to give an lmbricated
orientation pattern of the nematic melt, It is rather
difficult to comprehend the rising smectic-nematic

transition temperature curve.

The intermolecular forces which operate between
the ends of the molecules across the smectic strata are
relatively weak since the layer slide over one another,
These residual attractions may ternd to locadte the ehds ‘
of the molecules near to oneé another across the strata, f
Hence the forces which tend to resist the sliding of a
molecule in the direction of lts long axis from one
stratum to another must be the lateral cohesive forces
betwgen the molecules and the residual terminal cohesive
forces operating across the strata, If the highly
polarizable aromatic rings are represented by the
ractangles .and the two end alkoxy groups are represented
by small 1ines, then the molecular arrangement in the .

_smectic. mélt may be as shown in Fig, 17 (a).

As the chain lengthens,. the residual terminal |
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attractions become weaker and offer less resistance

to interpenetrétion‘and the distortion of individual
bonds in the alkyl groups nécessary’to achieve
interpénetration becoming less. Therefore, an
intermediate state of the type shown in Fig. 17 (b)

is fermed where the ends of the molecules are still in
line, As the temperaturs rises,.the‘tgndeney for
Iinterpenetration of the chain grows, thus fopcing apart
the aromatic centres giving an imbricated nematic
orientation to the melt as shown in Fig, 17 (c¢). The
dislocation. of the residualtterminal intermolecular
cohesions‘at thersméctic-ﬁemaﬁic tfansitian is probably
temporary; As the interpenetration of the layers beconmes
great and the normal imbricated arrangement of the ‘
molecules of the nematic melt is reached the ends of the
1ol ecul s may once again become associated § consequently
the terminal interactions can agéin start to influence ’
the thermal stability ef the nematic melt as they do in
pursely nematic 11quid erystals. As the alkyl chain
lengthens, the increasing mnlecular 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 1nterpenetraticn of the 1ayers, thns
causing the terminal attractions between them to become
weaker. The role of these effects explains the shape of
the smectic<nematic transition temperature curve and the .

levelling off of the curve and then the falling off.
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Usually the smectic-nematic transition polnts
lie on one smooth rising curve irrespective of odd or
even members of the series, Gray (7%), however, suggests
that for many of the series it may not be eagy to say
conclusively that no alternation occurs, for, (a) smectic-
nematic transitions do not occur for a sufficggnt numb er
of . the homoldgqes‘and (b) when smectic-nematic transitlons
appears relativelﬁ early. in the éeries the portion of the
eurve 1n§oiv1ng odd and even members of the series is
rising steeply, such that the alternatien4wou;d have to
be veryrmarked to be detectable. Gray and Harrison (167)
have reported two nematogenic series‘wherein the smectic-
nematic transitions clearly alternate to show an odd~
.even effect. Fishel and Patel (70), Patel (169) and
Dietrich and Steiger (170) have also observed alternation
of smeotic-nematic transitions in the series studied by
them, This behaviour of smectic-nematic transition curve
may probably be due to the early origin of the smectic
mesophase 1in the homologoues series. Dietrich and
Steiger (l?O)vargue that the determining factor for the
course of transitions into the nematic mesophase and
from the nematic mesophase Into the 1sotropic phase should
be the same. They attribute the regular alternation in
the nematic-igsotroplie transitions found in many
homologouérr- series to the high cohesiveness of the

‘molecules of these series due to close packing of the
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molecules : for steric and polarity effects. Gray.and
Harrison (167) suggest .that the understanding of the:
smectic-nematie transitions may be less easy to.achieve
and rather more speculative than might have been
anticipated. |

' Forgoiné discﬁssion’cieafiy suggeséé'fhﬁi it is'
rather difficult to understand ‘smectic-nématic transitions
and the different attractive forces playing their réiaf'~
Geﬂerally in a normal nematogenie homologcua series 1ast
menbers exhibit pure smeetie mesophase, waever as o
" mentioned earlier, as this phenomenon differ: in a nuﬁbéf
of cholesteric and nematogenic homologous series where
steric factors Qpefate; ‘They exhibit both smectic and
‘cholesteric or nematie mesophase even in the last memher

m'mesmd%.

This can be explained, as increase in breadth'
reducss lateral cohesive forces, and for a ccmpound to
exhibit only a smectic mesophase the lateral cohesive
forces should be mach higher than the terminal cohesiVe
forces., .In the series having a naphthalene moiety or
steric hindrance even the last members have such molecular_
arrangement«that on heating, the layer slide over eacp '
ptﬁer and do not give disruption to the diSOrdered
isotropie liquid. A nematic phase is thus oﬁtained from
the smectic phase and only on further heating is the
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isotropic 1iquid obtained. It is quite interesting
that though series 5 to 8 do not possess any lateral
substituent or a broad naphthalene moiety, the last
members of all the series . exhibit smgctic-nematic transitiors. .
It is- rather difficult to_explain this behaviour of the
present homologous series, The molecules of all these
series are unsymmetrieal and ffgg;anar. Acioplanarity
would 1ncrease the thickness and a fixed alkoxy or alkyl
group at one end woulﬂ not increase the residual lateral
cohesive forces to the same extent as 1t would increase
in the series where alkoxy group 1s present at both the
ands of the molecule. These may probably be the reasons
for comparatively weaker lateral cohesive forces so that

the last members do not exhibit pure smectic mesophase.

The behavicur of the transition temperature curves
of all the series have baen explained and now will be
discussed the chemical constitution and thermal stability

behaviours of these series.

- Table 25 summarizes the relative smectic and

nematic thermal stabilities of the following present series.
1. P(g‘-nyﬁlkcxybénzoyléxy)benzylidenegg"-ethylanilinés"

2, 2(2'~n—Alko&ybenzoyloxyﬁbenzyiidenegg"-phanetidlnes

'3. 2(2'—n—Alkoxybenzeyloxy)benzyiidene1g“ﬂn-butylanilines

&, g(p'—nnAlkoxybenzoyloxy)benzylidane12"-n—butoxyanilinos

and are compared with those of
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5. B(g"—-;:_}:—Alkoxyben;zoyloxy)ben%ylidane—-g"-toluidipes(l%) E
6. p(p! -_g-Alkoiz.ybenéoyloxy) benzylidene-p"-anisidines(191) F
7. E(Q'mg-;Alkoxybehzoyloxy)benzylidane—-g";-anilines (192) G
8. p(p’ —_13-’-A1koxy§ter\1zoyloxy) benzylidene~p"- (81) H
hydroxyanilines
The rélative geométry of all the series are also
dra.xm‘ for the convenience to compare them (Fig. 18.).
A1l the series have the same structural features except
tha end group on one side, which are different in all
the series, As all these series have this feature &’
terminal group efficigncy order for promoting smectlec

and nematic mesophasesis obtained as under -

Nematie ¢ 0C2Hy)> OCHy> n-0CuHg > CHy > OH = CpHy ) n-CuHy > H
Smectic ¢ OH) n.0CyHg> n-CyWHy > CoHg2=CHy > 0C2Hg > H)> OCH;

The terminal group efficiency order deduced here
broadly compare well with those of Dave and Dewar (296.),
Dave and Vora (91), Gray (74%) and Dewer and co-workers

(193).

Prom the terminal group efficiancy order as well
as from the relative thermal stabilities, it can be seen
that the unsubstituted series having H-terminal group has
least nematic thermal stabilitles, The present series 4

and G having ethyl (~-Cz2Hs) and butyl (=CyHy) groupsare ‘
alsc last in the nematie group efficiency order along with
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~-CH3 and ~OH group. It is known that the alkyl groups
are only polarizable groups hence the coniribution to
end to end cohesive forces is quite iow)hence the léwer
nematic thermal stabilities in these series can be
understood. The series B having the ~0C2Hs group has
the highest nematic thermal stability compared to series
F and D having ~0CH3 and n-0CyHy terminal groups. This
suggest that terminal attractions inerease from '-0033 to .
~-0C2Hy and then again fall slowly as the chain length
increases, The position of -0H group in the middle of
the order can not be explained on the simple end to end
cohesive foré;; ag this groﬁp would be increasing
terminal cohesive forces by forming intermolscular
hydrogen bonding, Vora and Gupta (19%) have explained
this behaviour by proposing a secondary structure due to
the two types of intermolecular hydrogen bonding. One
between two end hydroxy groups and the second between

nitrogen of azomethine linkage and end hydroxy group.

Reference to the group efficiency order for the
smectic mesophase suggests that it is totally different -
when compared to the one for nematic, This is
understandable as the aétractive(forces playing their
role in both these mesophases differ markedly., Here ~OH
~0CyHy and -CyHy groups ére at the top. The ~0H group
increase both the terminal and lateral coheslve forces in

the molecules and hence the smectic thermal stabilities
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are mﬁéh hﬁré increased, In the case of n-O0C4 Hg and
n-CyHg groups the inecreased alkyl chain length provide
increase in polarizability necessary for the stabilitycs
of the smectic mesophase. n~CyH,, —Czﬂg and -CH3z groups
are known as pro-smectic as they always’gnduce smectic
mesophase - in a system, Here we see that -0CH; groups
comes last in the group efficiency order‘for-the smectic
mesophase, Even -H promotes smectic more compared to
~0CH3 group. =-OCH; group is known to induce nematic
mesophase-more due to high polarity and the shorter alkyl
chain, This explains the different group efficiency
orders obtained in the present study.

The smgctic mesophase commences at hetyl '
derivativg‘ in series A and C, at hept&l derivatives in
series D, B and G vhile it originates at decyl derivatives
in series B and H and at dbdecyl deiivative in series F,
The appearance is much delayed in the case of series F
having -0CH; terminal group. As mentioned earlier it is-
difficult to predict exact commencement of the smectic =
mesophase in a homologous series. However, it can¥ba‘seén
that in the éase of series having long alkyl—chains,'ﬁhe‘
commencement of the smectic mesophase is quite earlier

‘compared to the one having short alkyl chains.,
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II, Smectogenic homologous series

The mesogens with positi#e dielectric anisotropy
has found uses in electé?ptical display'devi¢e§(136,i95).
Nofmany such prope;ty is exhibited by lath like organic:
compounds having a8 highly polar end groupslike - NOz and .
-CN, whose dipole is working along the major axis of the
molecule. A number of homologous series have been reported
with positive dielectric anisotropy (95,96,i§6,197); In
the present investigation two homologous series having
-NO2 ang -CN end groﬁps have been synthesized and their

mesomorphic properties were studied.

9. 2(3'59~Alkoxybénzoyloxy)behzylidénefg"—eyanoanilines

The transition temperatures are summarized in
Table 12, The series is purely smectic where all the

members exhibit enantiotropic smectic mesophases. .

10,_p(p'-n~Alkoxybenzoyloxy)benzylidene-p-nitroanilines

The transition temperatures are summarized in
Table 13. The series is purely smectic where all the

members exhiblt enantiotropic smectic mesophases,

Common features of series 9.and 10

As discussed earlier, number of researchers have
reported re-entrant nematic phase in the mesogenie
compounds having -G and -NOz terminal groups. However,

re~entrant nematic phase is absent in both the series
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reported here. When the smectio-isotropic transitions
are plotted against the number of carbon‘atoms both the
series exhibit the normal odd-even effect (Fig. 19,20.)._
The even members occupy the upper curve as for the ' '

" nematic~-isotroplc transitions.

This suggests that terminal intermolecular
vattragtions are playing thelr part in determining the
smectic~isotropic transition temperatures, jus? as they
do for a nematogenic homologous ser;es discussed in the
preceding section. The descending nature of tﬁe smaectic-
isotropic transition curves in both the series can be

explained as under.

Initially the moleeules of these Series would
have very high residual 1ateral cohesive forces and end
to end cohesive xorces duehthe presence of —GH and ~NO2
terminal groups, As the alkyl chain length increases the
terminal attractions become weaker and allow inter-
penetration of the 1ayers to occur more gasily, this
explains the falling smectic-isotropic transition

temperature. curve for the higher homologues of the gseries,

Both the series would exhibit peéitive dielectric

’anisotropy as they have eﬁd ~NOz and -CN eénd éroups,

whose dipole act along the 1ong axis of the melecules.
There are certain end grcups which are known to

impart smectogenic tendenqies to the system. An ester
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group whose dipole is acting across the major molecular
axis generally imparts smectogenic tendencles 1 e. the
system becomes purely smectic. The halogen groupSIike '
Cl and Br also make the system smectogenio when present
at the end of the moleeule. The present study 1ndicates
that the presence of -Noz and -CN as- the end groups ‘has
changed .the system from nematcgenic to smectogenie. The
reference to the smectic group efficieney order givan by
Gray (64) for the system H—E-substituted»benzylideneamino
-h'-npoctyloxybiphenyl (A) and racemic 2~methy1~buty1—k—
B-substituted—benzylidene aminocinnamate (B) is as under :
(A) NH,CO,Ma)> Ph) Br> G:L) F) NMez > Me > H YNO2 > OMe > CN
(B) Phy NMez) Me ) OMe > H ‘

If the smectie group efficlency order derived in
the preceding section is extended to both the present
systems having -NOz and -CN groupsit would be represented
as under ¢ I

NO2 > CN > OH) O0GyHy ) GuHg > %Hgvca_-, > 0C2Hg > H > OCHy
Looking to the position of -NO2 and -CN groupsin
promoting smectic mesophase in both the series, the
group gfficiency order shows & marked difference in the
efficiency of both these groups. In the present series
the -NO2 and -CN greups arg at the top and they have
cemparatively greater smectic thermal stabilities. In
discussing the smectic group efficiency order for the.
low efficiency of -CN and -NO2, Gray has attempted to
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relate it to the strong dipoles of nitro and eyano
groups acting along the long molecular axis, Such
dipoles can certainly be envisaged (17?) as giving
repulsions between molecules which lle parallel to one
another, i.e,, side by side, and pgépendicular to the
layer planes of a smectic liquid erystals, However the
rosult of the present study suggests quite opposing
forces operating in the molecules, These two end groups
increase: the lateral cohesive forces of the present

system to such an extent that system becomes smectogenic,

A number of homologous series are reported
recently having a -~CN or -NOz end group but most of them
are nematogeni; in nature (95,96,196,197). The study of
more such systems having -NO» or -CN end groups can provide-
proper understanding and correlation of the different
attractive forces operating in these molecules and their

effect on smectic mesophase,

To understand the thermal stability behaviour and
the molecular structure ths relative thermal stabilities
of the present series are compared witn those of other
related homologous series. Table 26 summarizes the smectic

thermal stabilities of the following series :

1. p(p'-n-Alkoxybenzoyloxy)benzylidene~-p"~cyancanilines A

2, p(p'-n-Alkoxybenzoyloxy)benzylidene-p"-nitroanilines B

and are compared with that of
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3.;;1—(k»nglkoxybenzpyloxyphenyl)-?-(#'?cyapopheny1)~
ethanes (76)

The geometry of these series is given in Fig, 21.

The reference to Table 26 shows that the smectic
thermal stabilities of series A and B are almost the same.
There is‘hardly the difference of 4°C and if the average
transitions for all the members are accounted the average
thermal stabilities of both the series are same. This
suggests that irrespective of 1ittle difference in dipole
between =CN and -NOz, and even in size, the smectic
mesophase thermal stabilities are not affected., This is
quite interesting, becausé alkoxybiphenyl derivatives (95).
having ~NO2 or ~CN group exhibit a difference in smectic
fhermal stabilities, The"compounds are nematogenic in
néture. In these series the octyloxy derivative having
-CN group has higher smectic thermal stabllity compared
to the. compound having -NOz‘graup. The differencd in
smectic thermal stabilities is 17.5°C, : ;

It can be seen from the forgéing discussion that
eventhough the molecules of present éeries are unsymmetrical
the change of end groups from =NO2 to - does not affect
the average smectic transitions. Whereas in the case of
symmetrical biphenyl compounds reported in the literature
fhe change in the end group from NOz to CN effects. the
averagae smectic thermal stability.



Table 26

Average thermal stabilities (°C)

‘Series A B ¢
., L Loty
Smectic-. Lo ) S
Isotropic 276.1 272.2 1824

(Cyy C2y Gy
Cyy Cg)
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The smectic thermal stabilities of the present
series A and B are quite higher than those of series C.
This can be understood as fhe molecules of series C
havs a flexible -CHz-CHe- bri&ge whereas the molecules
of series A and B have a rigid polarizable -CH=N bridge.
The smectic mesophase is more ordered phase and
flexibllity introduced in the middle group would be
definitely deterrent to the smectic mesophase, This
explains the lower thermal stabilities of series C

compared to those of series A and B,
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/

Galorimetric studfes of all the compounds could
not be éarried out due to the non -availability of
Differential thermal analysis apparatus and Differential
Scanning Calori;neter. However, on request some compounds..
could be analysed. at the nearby university. Two representative
thermograms afe given in figure 22 and 23, %The enma1p11es

~of different phases are calculated and are as under @

Compounds AH KCél/mole ' ‘
) Solid Smectic Nematic-
Nematic Isotropic

(1) %( '-n-Nonyloxybenzoyloxy) 6.37 0.3215
enzylidene~p"=phenetidine ‘

(2) p(p'~-n-Decyloxybenzoyloxy) 3.059 3.997  0.0622
benzylidene—g .phenetidine

(3) p(p'-n-Pentyloxybenzoyloxy) W, 15% : 0.0967
benzylidme—p -ethylaniline

() p( 2‘-n—1-1exyloxybanzoyloxy) ' 084 0.1319
benzylidene~p"~ethylaniline :

The enthialp_ies for the monotropic smectic phase
eould not be caleculated as the compound crystallized before

the nematic~-smectic transition temperature could be reached
in the D.,S.C, study.
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C. MESOGENIC MIXTURES
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c Mesqgenic HMixtures

As digcussed earlier binary mixtures where both
the components are megomorphic have been studied less
in mumber. Recent applications of llquid crystals have
provided impetus %o such studies., Bogojavlensky and
Winogradow (87) and Dave and Lohar (198) have discussed
the molecular forces operating and their effects on the
binary phase diagrams where both compoﬁénts are mesogenle
in nature. Recently Hirata et al., (199) and Szabo
et al,, (100) have studied the binary nematic mesophase
systems and obtained phase diagrams, They ﬁave indicated
the advantage of such mixtures over the pure individual
conmponents in the field of applications. Hsu and Johnson
(200) have also reported some binary nematic mesophase
systems, In the present study the low melting naphthalene
nenatogans prompted us to study some mixtures an&
observe the effect of melting points, mesogenic-~isotropic
transitions and the chemical constitution on mixed
nematic mesomorphism, With this view three types of

binary nematogenic systems were investigated,

System 1. Both components (4) and (B) exhibiting

monotropic mesophasas
Component 4 1 Y-n-Butoxy-l-naphthylidene-p-i-
amyloxyaniline

K é8.5 I (50.0 W)
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ﬁemponént B¢ UYen-Hexyloxy-l-naphthylidene-p-i-

amyloxyaniline
K 58,0 I (51,5 )"
Syatem II. Component (4) exhihitiné'monotfopic nematic
' mesophase and companent (B) a&hibiting

an»iotropic nematic mssophase.

Component 4 3 h-n,Dadeeyloxyul-naphthy1idenegndn-
propoxyaniline

K 71 0 1 (57. 0 B)
Combonent B 3’ %—n~Dodscyloxy—l—naphthylidenefnan—
‘ ’ butoxyaniline

System III, Both components (A) and. (B) exhibiting

A enantiotropic nematic mesophase..
Component A ¢ l-n-Nonyloxy-l-naphthylidene-p-n-

anyloxyaniline

550 5 90

K N N

Componeht B: h-n~Dodecyloxy—l—naphthylidenegp~n-

butoxyaniline

59,0 . .67.0 .
3 N\ —> 1

. The transition temperatures, mole percent
concentration, eutectic composition and temperatures
of system I, II and III are recorded in Tables 27, 28

and 29 respectively. The binary phase diagrams are
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Binary System 1
“en-Butoxy-l-naphthylidene-p-i-amyloxyaniline

h-g-Kexyloﬁyulanaphthylidenegg<;~amyloxyaniline

'Mole of % of %—n» ' ‘ Transitians

M s o
1@0.00 | - o 68,5' AR (56,.0);
90 63 : | 6.0 o (%0.0)
81.10 - 63.0 (47.5)
e X I O X0)
6165 0 (16.5)
| 51,73 o me . (w50)
41,58 | 55.0 (45.0)
3149 570 (48.0)
2113 S 58,0 (48.0)
00,00 - - 58,0 (51.5) -

' Values in parentheses indicate monotropy N

Butectic point
Mole %4 coneentration of A 52 0

Temperature og’ - w0
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Binary system ¢

h-g;Bodecyloxy,l—naphthyi1deneﬁpfgpprcpoxyanilineﬁ :

hagnDodeqyloxy-lnnaghthylidepe1gﬁgqbuthyaniline

" Transitions

Ei:p;’;tg,iﬁaz;zsgfzzm L

Propoxyaniline =7 ogdcz%é;:%??ic °C. ?233?3§§§136
100,00 710 ','.'(5“7.‘0)
190,27 68.0 (55.5)
80,50 66.0 (56.0)
70,62 0 (59.0)
60.73 61.5 (58.5)
55.73 61,0 (58.0)
50,72 56,0 60,5
45,73 5%.0 62,0
40,71 57.0 62,0
30.62 56.5 63.0
20,1 5749 0
10,2% 5845 65.5

67.0

00,00

59.0

-Velues- in parentheses. indicate monotropy

‘Butect

ic point

‘Temperature °C

Mole % concentration of A 46,0
5!""0'
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Binary system ¢

ot
Py

Y-n- Nonyloxy-l-naphthyl id ene~-p-n-amyloxyaniline :

. Y-n-Dodecyloxy-l-naphthylid ene-p-n-butoxyaniline

N

i e
B i 0 SR
190;00 55.5 6&10,

93.53 49,0 64.0
80,9 5 63.5
71.22 14,0 63.5
61 .41 l+3 ~0 6# 5
51.58 W5 64,5
#1;53; l+5. | 65. 5
31.33 48.0 65.0
21,04 52,0 65.5
10,58 55,0 66.0
00,00 59.0 67.0




obtained by plotting the trangition temperatuﬁ::

against the mole percent concentration for all,three
systems, To make the study simple the components
selected for the mixture studles are isomorphous and
having almost the similar structure except the difference
in terminal alkoxy chain where also the difference is

in the methylene units.

‘Ail‘the‘ﬁhree systems. show nematic behdviour
over the entiré'composition range. Reference to Fig,
.24, 25 and 26 suggests that system I and II are
simple-eutectic" type, The system III does not exhibit

an eutectic point but shows a rounded minimum,

System I. This system exhibits monotropic nematic
mesophase in all the‘coméoéitioﬂs (Fig. 2. 'Both

the components of this system are monotroplc nematic

in nature and one would expect anagtidtropio nematic
mesophase in certain range éf‘cdhposition.-.Lohar (201)
‘has obtained enantiotropic nematic mesophase in number
of binary nematic systems, where both'the components are:
monotropic nematic, )Howe?er, he also observed monotropic
mixed nematic‘mésophaée throughout all the composition
in one system and he is of the opinion that eutectic
point aﬁd,otbeg agsoeiated aspeéts are responsible for
the exhibition of emantiotroplc mized 1iquid orystallinity

in such binary systems. In the present systems as both
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the components are:isomorphbus and have almost the
same molecular geometrieSﬂexcépt the end alkoxy- chain
one would expect én ideal behaviour, However, it does
not exhibit the ideal behaviour of exhibiting
enantiotropié.nematic.mesophase which indicates that

other . forces would be operating in the present system,

The interesting result obtained in the gystem I
1s regarding the supercooling tendency of a mixture
hafingaﬁz mole percent concentration of componént A,

It does not éé’“‘pwl even at 0°C, In practice the
binary mixture obtained by melting two compcnents =
together doss not golldify, 4s we are rot having
systematic cooling device we could not study. the super-
cooling tendendieé of all these mixtures. However; when
the ahova mixture was allowed to stand far fifteen days
at room temperature then it partly erystallized and we
cou;d determine the solid to isotropic taemperature, A1l
thgrmix%ures have markgq supercooling tendencies and.

qrystallize well below their monotrople transitions.

System II.  In this system no gain was observed either
in lowering of solid-mesomorphic‘temperature'of in
increaging the supercooling %endencies of the system,
The phase diagram (Fig. 25,) axhibits monotropic- nematic
mesophage on the &sft side of the eutectic and it cuts

melting point curve at the 57.5 mole percent concentration |



146

GETgis

BETTINGTAAQLANE ~U-6 - ANICITAMLHS YN b~ AXQIL233 00 ~u-iy
ERMNITINLAYO S QU U - ~ INIFAITTARLHIYN ~i-AXCGTACIQOQ -W-¥

HBNITINGAROION Mot INEQITAH LAIEN ~1~ AXOTLADIAOT - U~ % FIOMW

0} a5 Ok e 03 e Oz oL e A o
') ¥ ¥ sy e ¥ ) ) ¥ ] Qmw
o
1 )
>
2
o 4087 U
i
- ol
~
mw
/u
e x5
G-I T e -~ R 3
i @ .....l.x,.?l.@ﬂl\h.@l\”“\ G " — l...lx..(m..ﬂ“ }}.,!.:?;és&!g f.!..t.s..\mvg w ..rd
o \\\\@ 9] T T
DILELIER \.mmu. T — D \MU?P.EZNZ p
% o RRRSN ) g
o U | ‘
S = IO LOSI 4
m"w.\\tl\. RIVFA
Gfb A0k

S . w— e 4*
« s ainonl




147 .

of the componéht 4 (enantiotropic) and becomes
enantiotrdpic nematic,

Siéfeﬁ 111, The binary mesogenic phase diagram 1tself
suggests that the mixture has provided the advantage

over the individual nematogenic compenents. Both the _
companents are’ enantiotropic nematic. The nematic-
isotropic transition‘temperature curva 1s a straight

line indicating fdeal behaviour of the mixturés in the =
mesogenic state (Tig. 2‘5). The solidnnematic transition
temperature curve exhibits a rounded minimum due to this .
tendency of solid-riematic transition 'temperature curVefil
the maximum nematic temperature range obtained in this -
system is %3.5fﬁor6%;543 (21°C) at 61,5 mole percent
concentration of component A, The individual phase
length of component & and B 1s about 8.0°C whereas the“‘l
maximun nematic range observed in the present study is’
21,0°C ag menticned above. Tﬁé SGlid'mesomafpth
temperature ‘s lowered by '12-16°C compared to fhe
component & and B, Additicnal ‘advantage is obtained

- Gue to the marked supercooling tendencies of these ...
rnixtures. They,dQ'not supercool aven when kept at room

temperature for few days (22-26°C room temperature).,:
Hirata et al., (1993{also‘havé observed similar |
phase diagrams in thé;r(binéfy“neméﬁic‘meéophésa systémf"

comprising two ‘enantictropic Schiff basés,; The differende -
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between the two study is in getting lowering of solid-
mesomorphic transitions. They could get much more
lowéring of the solid-nematic transitions due to the
proncunced rounded minimim in solid-nematic phase
transition curve., Components A and B of the present
binary system have almost similar configuration whereaé
Hirata et al., (199) have taken two components where one
of them has a lateral hydroxy substituent. This may ‘
probably be the reason in much more lowering of the
solid-nematic transition temperature in the binary
system reported by then.



