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RESULTS AND DISCUSSION

4,a. New Homologous series

The following nine new homologous series, comprising
totally one hundred and eight compounds, have been synthesized
which are broadly classified into three main categories and
their characteristics are discussed in subsequent sections of

this chapter.

Type A

p=-Ethoxyphenyl -p!'-n~-alkoxycinnamates

2. RO @cm.-xx—x-coo -@«OCHchZCHB

p-n-Propoxyphenyl -p!-n-alkoxycinnamates

3. —@CH =CH~CCO0 @om20H2m2CH3

p-n-Butoxyphenyl -p'-n-alkoxycinnamates

L. RO —@-CH.—_CH—COO—@»OCHZCHZCHZCHZCHB

p~n-Amyl oxyphenyl -p'~-n-albkoxycinnamates



168

Type B

@cm coo-@—ocm o,

p~iso~Propoxyphenyl-p'-n-alkoxycinnamates

]

CH3

P—lso~Butoxyphenyl-p ~n~-alkoxycinnamates

7. RO -@CH::CH-COO—@‘OCHZCHZCIJH—C‘HB
.CH
3

p-iso~Amyloxyphenyl -p'~-n-alkoxycinnamates

Type C
8. RO '-CH..CHCOO@

m=-Chlorophenyl -p!-n-alkoxycinnamates

cl
°. RO -@CH:CHCOO@

O;Chlorophenyl—p'-n—alkoxycinnamates

Where R stands for alkyl group from C1 to C8’ C10, 012, 014
and C16' These homologous series have certain similarities
besides specific differences in the molecular geometry and
positions of substituents which give rige to variations in

the characteristics that command attention and interest in

[d
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view of the probability of shedding more light on the-
prevalent considerations and ideas. The last two homologous
series which though quite low melting, fail to exhibit
mesomorphism even in monétroPic conditions. Rest of the
homologous series are high’melting'series and exhibit rich
mesomorphism. The homologous series A-1 to A-4 vary from each
Other in their right terminal substituents whose alkyl chain
length increases progressively by one methylene unit. From B-5
to B-7 series, the right terminal alkyl chain receives an iso-
branching, while all the other features remain the same as
those of A-1 to A-4 series. The series C-8 and C-9 differ in '
the position of chloro group whichﬁ;n the meta position in C-8
series while it is in the ortho position in C-9 series. The
common features in all the nine homologous series are two
benzene rings, central linkage, =CH=CH-COO~-, and the left
terminal substituents. The only difference is in the right
terminal group in series A~-1 to A-4 and B-5 to B-6 and in the

position of chloro group in series C-8 and C-9.

4,b. Individual Characteristics

Series A-1 p~Ethoxyphenyl-p'!-n-alkoxycinnamates

The entire homologous series p-ethoxyphenyl-p!-n-
alkoxycinnamates is mesomorphic in character as is the case
with the .similar series,A-0 p-methoxyphenyl-p'!-n-alkoxycinnamates
(465a) (Table 39). The series in general has the characteristics
of a high melting series (466)., The transitions are plotted
versus the number of carbon atoms in the alkyl chain (Fig.0)

(Table 5),
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The solid-mesomorphic (K-M) transition curve has overall
falling tendency upto the decyloxy homologue with Bharp rise
and fall near the ethoxy and octyloxy homologues. From the
decyloxy homologue onwards, there is an alternate rise and
levelling off upto the last member studied in this investigation;
though the overall rise is very small compared to the overall
fall from the methoxy homologue to the decyloxy homologue. The
rising tendency of the K-M transition curve for the last three
homologues and the falling tendency of the nematic-isotropic

(N-I) transition curve reduces the mesomorphic range.

The nematic-isotropic (N-I) transition points fall on two
descending curves exhibiting odd-even effect asg is the case in
series A~O(Fig.34), one for the even members is lthe upper curve
and another for the odd members is the lower one, Both odd and
even curves exhibit quite steep falling tendency as the series
is ascended ~ a tendency characteristic of high melting
homologous series (466). The curve for the odd number of
homol ogues forms a curvature - the fall from the propoxy to the
pentyloxy homologue being sharp and thus both the N-I curves

don't merge.

Polymesomorphism begins from the heptyl oxy homologue
though in the monotropic condition, with the advent of the
smectlic phase at lower temperature and persists upto the last,
hexadecyloxy, homologue. As regards to the series A-0,

polymesomorphism begins at the octyloxy homologue in monotropic
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Table 39
A-0 p=Methoxyphenyl-p'-n-alkoxycinnamates (465a)

n-Alkyl Transition Temperatures °C
group Smectic Nematic Isotropic
Methyl - 117 141.5
Ethyl - 125 145 .5
Propyl - 91.5 130
Butyl - 95 130.5
Pentyl - 89 125.5
Hexyl - 83 122
Heptyl - N 120.5
Octyl (72.5) - 78.5 119
Decyl 78 83 114.5
Dodecyl 77 86 107.5
Tetradecyl 80.5 91.5 105.5
Hexadecyl 7545 - 97
Octadecyl 81 - 106

Value in the parenthesis indicates monotropy
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condition and persists upto the tetradecyloxy homologue. The
smectic-nematic (S-N) transition ‘curve rises sharply from the
heptyloxy homoiogue fo thg decyloxy homologue; followed by
nearly levelling.off upto the hexadecyloxy homologue. The steep
rise of the S-N curve almost matches the steep fall of the N-I
curve. As a consequence, the smectic phase broadens up~.at the
cost of the nematic phase, While initially only nematic
mesophase is exhibited upto the hexyloxy homologue, once
polymesomorphism begins both, smectic and nematic, mesophases

exist upto the last homologue.

The texture of the nematic phase in the case of the first
six homologues of this series is threaded-nematic, however,
with the appearance of the smectic mescphase‘beginning from the
seventh homologue, the threaded texture of the nematic phase is
replaced by the homeotropic texture. It seems that the
uniformally aligned nematic orientation in the single phase
region receives a 90° transformation rendering its optic axis
hormal to the surface as a result of which the homeothpic
texture prevails in the polymesomorphic {egion. This observation
can find a parallel --Tu.:.0ih\~(-i 737, i2° 1n the various texture
descriptions given by Demus and Sackmann (467). It has been
pointed out (467-468) that such pseudo-isotropic texture of the
nematic is often obtained in cases where the smectic phase’ié
of A type. The texture of smectic mesophase, as observed undar
the polarizing microscope, is focal conic fan shape of A type
in the case of the homologues of this series which only

coniirms the above obgervation.
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Series A-2 p-n-Propoxyphenyl-p'-n-alkoxycinnamates

Mesomorphism in the series, p-n-propoxyphenyl-p!-n-
alkoxycinnamates begins from the first homologue though in the
moaotfopic conditionpas monotrapié nematic. The series has
the characteristics of a high melting series. The various
transitions are plotted versus the number of carbon atoms in

the alkyl chain (Fig. 7) (Table 7).

The solid-mesomorphic (K-M) transition curve falls

sharply upto the heptyloxy homologue, with equal fall and rise
of about 2-3° near the ethoxy homologue. The curve rises and
falls alternately from the heptyloxy homologue to the dodecyloxy
homologue followed by only a marginal rise of about 3¢ for the
last three homologues. The rising trend of the K-M curve for
the last three homologues and the descending nature of the N-I
curve narrows down the mesomorphic range; the maximum

mesomorphic range of 37.5° is seen af the decyloxy homol ogue.

The methoxy and propoxy homol ogues show mesomorphism in
the monotropic condition as monotoropic nematic. The well
known odd-even effect is exhibited upto the hexyl oxy homol ogue
by the two distinct N-I curves. The N-I transition curve for
the even number of carbon atoms in the alkyl chain shows
descending tendency. The curve for the odd number of carbon
atoms in the alkyl chain is at a lower level and forms an arc

upto the pentyloxy homologue and discontinues thereafter.



Thus both the N-I curves don't merge. This is the same
phenomena observed in the series A~1, The N-I transition
curve for the even number of carbon atoms in the alkyl group

shows continuity with $~I curve for the last two homol ogues.

With the advent of the additional smectic phase at
loweryeemperature, polymesomorphism begins erm the heptyloxy
homologue in the monotropic condition and persists upto the
dodecytoxy homologue. The S-N transition curve rises sharply
betweeﬁ the heptyloxy and octyloxy homologue’and then shows
levelling off tendency upto tbfe dodecyl oxy homologue, almost
parallel to the absciésa. The smectic-isotropic transition
curve (S-=I) for the last two members is in continuity with the
N-I transition curve for the even members. Against the
begimming of the polymesomorphism aﬁ the octyloxy homologue in
series A-O, in series A-1 and A-2.it starts at the heptyloxy

homol ogue.

Pure nematogens of this series yield . a threaded texture
characteristic of the nematic mesophase; however, during the
polymesomorphic region? the nematic phase shows homeotropic
texture. Because of the homeotropic nature of the smectic
phase in the case of the heptyloxy, octyloxy and decyloxy
homol ogues, texture pharacterisation under the polarising
microscope was not possible, but the dodecyloxy, tetradecyloxy
and hexadecyl oxy homologues exhibited focal conic fan shaped

texture -of smectic A type.
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Extrapolation in a smooth manner of the S-N transition
curve inclusive of the monotropic transition to the left
indicates the transition temperatures for the smectic phase
for the hexyloxy and pentyloxy homologues at 82°C and 71¢C
respectively. At these temperatures both the homol ogues may
exhibit a smectic phase in monotropic condition. However, even
very careful observation does not lead to the realization of
this property becaqse of the high tendency to crystallise, hence

this indication only points to a latent smectic transition.
Series A-3 p-n-Butoxyphenyl-p'-n-alkoxycinnamates

All the homologues of the series, p-n-butoxyphenyl-p!'-
n-alkoxycinnamates are mesomorphic in nature. The descending
nature of the N-I transition curves characterises the series as
a high melting series. The various transitions are plotted
versus the number of carbon atoms in the alkyl chain (Fig. 8)

(Table 9).

The rise from the methoxy homologue upto the propoxy
homol ogue and the fall from the butyloxy homologue upto the
decyloxy homologue, in K-M transition curve are very steep,
with the levelling off-nearly parallel to the abscigsa from
the propoxy to butoxy homologue. From the decyl oxy homologue
onwards the rise is - very gradual - the overall rise upto
the hexadecyl oxy homologue being of only 7°C. The overall
fall in the K~M transition curve is only of 5° because of the

initial sharp rise for the first three hodeOguesﬁ The falling
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tendency of the K-M transition curve from the butyl oxy
homologue upto the octyloxy homologue is well matched with

the falling tendency of the N-I transition curve as seen from
nearly the same mesomorphic range. The maximum mesomorphic
range of 37° is at the first two homologues. Because of the
rising nature of the K-M transition curve for the last three
homol ogues, the mesomorphic range is reduced. The fall in K-M
curve is of 16° bétween the first and the last homologue

studied.

The twd N-I transition curves display odd=~even effect
here also; the upper one for the even number of carbon atoms
in the alkyl group shows a steep fall upto the decyloxy
homologue and thereafter merges with the S-I transition curve.
The lower N-I transition curve for the de number of carbon
atoms forms an arc and merges with the even curve at the
pentyloxy homologue; The striking feature of the odd-even

effect in this series is that both the curves merge while in

the series A-1 and A-2 they don't.

‘

Polymesomorphism begins at the octyloxy homologue with
the appearance of the smectic phase in the monotropic
condition and continues only upto the decyloxy homoclogue. The
S=N transgition curve is sloping at an angle of nearly 45° and

appears to meet the falling N-I curve at the undecyl homol ogue.

1

The pure nematogens of this series yield a threaded

texture characteristic of the nematic mesophase. The texture
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of the smectic mescphase as observed under the polarizing
microscope is focal conic fan shaped of A type. in polymesomorphs,
wWhile the pure smectogens exhibit focal conic fan shaped texture

of smectic C type.

The transition temperatures for the smectic phase, for the .
heptyloxy to the butoxy homologues, as indicated by the
extrapolation, in a smooth manner, of the S-N transition curve,
are 87.5°; 81¢, 74° and 67.5°C respectively. These were not
realised because of the high crystallizing tendency of these

members, Hence they point to latent smectic transitions.
Series A-4 p-n-Amyl oxyphenyl -p'-n-alkoxycinnamates

Mesomorphism in the series p-n-amyl oxyphenyl-p'-n-alkoxy-
cinnamates beging from the first homologue. Like the previous
series, this series also has the characteristics of a high
melting series. The various transitions are plotted veYsus the

number of carbon atoms in the alkyl chain (Fi1g.9) (Table 11).

The K-M transition curve rises sharply upto the butyloxy
homologue followed by nearly equal fall upto the decyloxy
homologue. The net fall in the K-M tcansition curve from the
firet homologue upto the dodecyloxy homologue is zero. From
the decyloxy homologue upto the next, dodecyloxy, homologue
the K-M transition curve levels off followed by a gradual rise
of 6°C upto the hexadecyloxy homologue. There is an overall

rise in the K-M transition curve af 6°C from the first to the
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lagt homologue. As we go from the series A-1 to A-3 the

PVerall fall in the K-M transition curve reduces éndmin this
series there is an overall rise of 6°C. The fipst homologue
has the maximum mesomorphic range of "45° and the last homol ogue
has the range of 22°, a fall in the mesomorphic range of the
order of 23° can be-due to the rise in the K-M transition

curve and fall in the N-I and S$-I transition curves.

The odd-even effect in the N-I transition curve is more
distinct; both the N-I transition curves make curvatures with
a falling tendency and meet at the decyloxy homologue. Beyond
the <decyloxy homclogue, the N-I transition curve maintains
continuity with the S-I transition curve for the last three
homologues. The S-I transition 5urve for the dodecyloxy,
tetradecyloxy and hexadecyloxy homologues falls gradually. In
the series A-1 and A-2, The two N-I transition curves do not

merge, whereas in the series A-3 and A-4 they do so.

Polymesomorphism begins at the heptyloxy homoclogue in the
monotropic condition, as in the series A-1 and A-2, with the
advent of the additional smectic phase at lower temperature.
In the series A-3, polymesomorphism was observed from the
Octyloxy homologue. The S-N transition curve rises sharply
between the heptyloxy and octyloxy homologue but then the rise
is very marginal upto the dec&loxy homologue. Beyond the
decyloxy homologue, the S$=N transition curve seems to meet the

falling N-I curve at dodecyloxy homologue.
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The texture of the nematic mesophase is threaded, however,
with the onset of the polymesomorphism from the heptyloxy °
homologue, the threaded texture is replaced by the homeotropic
texture. The heptyloxy, octyloxy and dodecyl oxy homol ogues
could not be characterised for the smecfic phase texture under
the polarising microscope because of the homeotropic nature
whereas the decyloxy, tetradecyloxy and hexadecyloxy homologues

exhibit smectic-A focal conic fan shape texture.
Series B-5 p-iso-Propoxyphenyl-p'-n-alkoxycinnamates

Except for the first two homologues, the entire series
p-iso-propoxyphenyl-p'-n-alkoxycinnamates exhibits mesomorphism.
Like the homologous series A-2 where the propoxy group is
straight chained, this sé¥ies with iso-propoxy group at the
right terminal has the characteristics of a high melting
series, The various transitions are plotted versus the number

of carbon atoms in the alkyl chain (Fig.10) (Table 13).

The K-M transition curve falls sharply upto the decyloxy
homol ogue after the initial sharp rise from the methoxy to
ethoxy homologue. From the decyloxy homologue to the dodecyl oxy
homologue, the curve rises sharply followed by a gradual fall
of 2°C upto the last homologue. The overall fall in K-M
transitibn curve throughout the homologous series 'is.of 17°.
The maximum mesomorphic rénge of 23°C is at the decyloxy
homol ogue because of the sharp fall in the K-M transition curve

from the octyloxy to the decyloxy homologue. The mesomorphic



181

range throughout this series is of about 10° except for the
octyloxy and decyloxy homologue. which is 17° and 23°

respectively.

The first two homol ogues are non-mesomorphic but the‘nex%
four exhibit monotropic nematic mesophase. The odd-even effect
persists upto the octyloxy homologue. The N-I transition curve
for the even number of carbon atoms in the alkyl chain at left
terminal is at a higher level and descends as the series.
ascends and shows continuity with the falling S-I transition
curve for the last three homologues. The N-I transition curve
for the o0dd number of carbon atoms in the alkyl chain at left
terminal, remains approximately parallel to the abscissa and
appears to meet the upper N-I transition curve near the nonyloxy

homol ogue'.

E

Polymesomorphism begins with the appearance of the smectic
phase, in addition to the nematic phase, at the octyloxy
homol ogue and persists upto the decyloxy homologue; the S-N
transitién curve seems to merge the S~I transition curve at the
dodecyloxy hemologue. The last three homologues of the serieg are
pure smectogens and the S$-I transition curve falls smoothly in
continuation with the N-I transition curve. The rise in the §-N
transition and the fall in the N-I and S-I transition curves are
well matched and the smectic characteristic increases at the

cost of the nematic phase,

The nematic phase in this series exhibits the threaded

" texture while the decyloxy, dodecyloxy and hexadecyl oxy
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homologues exhibited smectic phase as smectic A focal conic
fan shape under the polarizing microscope. The decyloxy and
tetradecyl oxy homologﬁes could not be characterised for smectic
texture under the polarizing microscope because of the

hemeotropic nature.

Extrapolation of the S-N curve to the left indicates the
probable temperature, 85°, 83¢, 81.5¢, 80¢, 78°, 76° and 75° at
which the heptyloxy, hexyloxy, amyloxy,butyloxy, propyloxy,
ethoxy and the methoxy homologues may exhibit smectic phase in
monotropic condifion. However, very careful observation doesn't
lead to the realization of the property, hence the indication
only points to a latent smectic transition. Similarly, the N-I
curve is smoothly extrapolated to the left with a view to find
the\indications for the probable N-I transition temperature for
the ethoxy homologue which is 115°s Because of the high tendency
to crystallime this was not realised and points to latent nematic

transition.
Series B-6 p-iso-Butoxyphenyl-p'-n-alkoxycinnamates

Mesomorphism begins in the series, p-iso-butoxyphenyl-p'-
n-alkoxycinnamates, from the putyloxy homologue in the monotropic
condition as monotropic nematic, one homologue later than in
the series B-5. Like all the series previously discussed, this
series also has the characteristics of a high melting series.

The various transitions are plotted versus the number of carbon

atoms in the alkyl chain (Fig.11) (Table 15).
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The K-M transition curve has an overall falling tendency
upto tﬁe dodecyloxy homologue, except at the ethoxy homologue
where there is a sharp rise and fall. From the dodecylo#y
homol ogue upto the tetradecyloxy homplogué there is a small rise
in the K-M transition éurve followed by levelling off upto the
hexadecyloxy homologue. The overall fall in the K-M curve ig of
the order of 3%6° which was 17° in the series B-5 and only 5° in
the series A-3%, with straight chain butoxy group at right
terminal. The maximum mesomorphic range is of 14° at the
dodecylok& homol ogue which was 23° in the series B~5 and 37°

in the series A~3%. The mesomorphic range in this series is of

around 10°.

.

The first three homologues of thig series are non-mesomorphic
and the next three homol ogues viz.the butoxy, amyloxy and hexyloxy,
are mesogorphic in the monotropic condition as monotropic nematic.
The striking feature of this series, B-6, in contrast to all the
serieg discussed so far under this investigation, is the absencel
of alternating odd-even effect though there are two N-I curves.

The monotropic N~I transition points fall on -an arc like curve
which falls sharply from the butyloxy to the pentyloxy homoiogue
and shows levelling off tendency upto the hexyloxy homol@gue. It
appears to meet the upper N-I curve at the octyloxy homologue. |
Though there are two N-I transition curves; one formed by the
monotropic transition points and the other by the enantiotropic
transition points; the alternating effect is absent here. The

falling N-I transition curve, for the enantiotropic transition
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points, exhibits a steep fall from the heptyloxy to decyloxy
homologue where it meets the S-I transition curve having very
little falling tendency. The last four homologues i.e. the
decyloxy; dodecyloxy; tetradecyloxy and hexadecyloxy, are pure

smectogens.

The only homologue exhibiting polymesomorphism in this
serieg is the octyloxy homologue where in addition to the nematic

Phase, smectic phase emerges in the monotropic condition.

Pure nematogens of this series exhibit a threaded texture
characteristic of the nematic mesophase while the smectic mesophase
throughout the series shows focal conic fan shape texture of

smectic A type.

Series B-7 p-iso-Amyloxyphenyl-p'-n-alkoxycinnamates

The entire series viz., p-iso~amyloxyphenyl-p'-n-alkoxy-
cinnamates exhibits mesomorphism and like all other series
discussed earlier, this series also has the characteristics of a
high melting series. The various transitions are plotted versus

the number of carbon atoms in the alkyl chain (Fig.12)(Table 17).

The K-M transition curve has overall falling tendency,
with sharp rise and fall near the ethoxy and hexyloxy homologues.
Beyond the hexyloxy homologue, the K-M transition curve exhibits
fall upto the last, hexadecyloxy, homologue. The overall fall in

the K-M transition curve is of 43° which is the maximum amongst
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"all the series studied in this investigation. The minimum
mesomorphic range of 2° is at the first homologue and the
maximum range is of 37° at the hexadecyloxy homologue. There

is an alternate increase in the mesomorphic range as the series

progresses.

The two alternating N-I transition curves show falling
tendency as the series is ascended, the lower N-I curve for
the odd number of homologues f£irst shows a slight rise between
the methoxy and propoxy homologues and then falls a 1ittle bit
and meets the upper curve for even number of members at the
heptyloxy homologie, whereas the upper curve shows continuity
‘with the S-I transition curve for the later homologues. Amongst
the series 5;5 to B-7, only in this series B-7 alternation is

exhibited distinctly.

Polymesomorphism begins at the hexyloxy homologue in the
monotropic condition -~ two homologues prior to that in the
series B-5 and B-6 and one homologue earlier to that in the
series A-4, with the advent of additional smectic phase at
lower temperatures and persists upto the decyloxy homologue.
The rising S-N transition curve appears to meet the falling N-I
and S~-I curve at the dodecyloxy homologue indicating that the
undecyl homologue might have shown polymesomorphism if it were
studied. The last three homologues are pure smectogens.
Polymesomorphism persists in this series for the maximum number

of homologues amongst the B type of series. \
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The texture of the nematic phase in the case of the pure
nematogens is threaded, however, it is homeotropic in the
polymesomorphic region. The texture of the smectic mesophase,
as observed under the polarizing microscope, is focal conic fan
shape of A type except for the hexyloxy and octyloxy homologues

which are homeotropic smectic in nature.

Extrapglation of the S-N transition curve to the left
indicates the N-S transition temperatures for the pentyloxy,
butoxy, propoxy, ethoxy, and methoxy homologues at 93°, 91.5°,
89.5°, 87.5° and 86° respectively. 4t these temperatures, these
homol ogues may exhibit smectic phase in monotropic condition,
However, despite of the very careful observations, this property
was not realised because of the high tendency to crystallize.,

Hence, this indication only points to a latent smectic transition.

L,c. Comparative Study of the New Homologous Series -« A and B

type of Series:

All the nine new homologous series synthesized and studied
under this invesfigatioﬁ offer quite interesting panorams of
differing characteristics and provide a system of stepwise
evaluation, besides giving an impression of rich mesomorphism at

the very first look at them,

The new homologous series, under this investigation, are
obtained by esterification of p-alkoxycimnamic acids which is

also a high melting series. On esterification of the
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p-alkoxycinnamic acids, table (3), the transitions are expected
to be lbwered considerably (469). This is the fact as observed

under -this investigation too.

The first four homologous series A-1, A-2, A-3 and A-4
differ only in one respect, viz. the right terminal substituent

- Which changes-successively by a common difference ofie one -CH§

unit as the series advance from A-1 to A-4. The other features

viz. two benzene rings, the central vinyl carboxyl, -CH=CH~-COO~-
linkage and thg varying alkoxy substituents at the left terminal
are all common. The variation in mesomorphic characteristics is
obviously viewed, as due to the change in number of methylene units

with which these series differ.

a

It is already observed in the discussion of the individual
homol ogous series, viz. A-1, A-2, A-3 and A-4, that the alternating
odd-even effect in nematic-isotropic transitions is very distinct

in all these series. In series 4-1 énd A=2, both the curves show

divergency, while in the series A-3 and A-L4 they merge.

It is very interesting to note the alternation effect in the
K-M tfansitions compared in the Table 40. The difference in K~-M
transitions, of the corresponding homologues of the series A-1 andATL,
A-2 and A-3, and A-3 and A-L4 calcuiated in Table 40 leads to the
generalization that the series with even number of methylene units
at the right terminal has higher K-M transitioﬁé whereas thé series
with odd number of methylene units has lower K-M transitions for

the corresponding homol ogues.
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Table 40

Sotid-mesomorphic transitions of A type series

Homol o- Solid-mesomorphic transition °C
gue Series :
A=1  A=2 A=3 A-4 (A~1)—(A—Z)KA-Z)—(A—B)AA~3)-(A-4)

Rl -

Cy 131 127 95 82 -4 -32 -13
Cy 145 125 109 91 -20 -16 ~-18
Cs 126 128 117 110 + 2 -11 ) -7
Cy 111 110 117 111 -1 + 7 -~ 6
C5 97 102 111 105 + 5 + 9 -6
Cs 88 98 105 97 +10 + 7 - 8
C, 88 o4 103 95 + 6 + 9 -8
Cs 99 99 100 oL 0 + 1 -6
C1o 80  78.5 83 82 - 1.5 v 45 -1
Cyo 86 85 85 82 - 1 0 -3
Cit 86 86 87 8L 0 + 1 -3
Ci6 %0 es 90 88 -2 + 2 ' -2
RY - rignht tgrminal group

(=) - decrease in transition temperature

(+)- increase in transition temperature
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The same effect i1s also observed in the N-I and S-1
transitions which alternate for the even and odd number
of -CH,- units in the series A-1 to A-4 (Table 41). The
corresponding homologues of the serieé A-1 and A-3, with
even number of -CH,- units at right terminal, have higher
N-I 1hﬁ_S-I transitions whereas the series A-2 and A-4, with
odd number of -CH,~ units at the same position, have lower

N-I .o%: S~I transitions (Table 41).

The impact of stepwise increase . in the alkyl
chain length of the right terminal substituent by one —CHZ—
unit is also felt in the appearance of the smectic mesophase
enantiotropically in the A type of series under comparison.,
Enantiotropi¢ smectic mesophase makes its appearance at the
tenth member in series A-1 and A-3, with —OC2H5 and n~ocqﬁg
groups at the right terminal whereas in series A-2 and A-4,
with n-OCBH7 and 1'1—-005H,H as right terminal group, smectic
Phase appears at the eighth member. This clearly indicates
the alternating odd~even effect in the appearance of the
enantlotropic smectic mesophase in series A~1 to A-4, The
smectic phase in the monotropic condition appears at the
seventh homologue in all the A type of series except in series

A-3 where it begins at the eighth member.

Increase in length of the right terminal alkyl chain in
a stepwise manner results into proportionate increase in the

overall polarizability of the molecules and decrease in breadth
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Table 41
Upper Transitions (N~I or S-I) of the Series A-1 to A-4

No.of -

carbon N~I or S= I Transition ¢C

atom Series Difference
in.f&dil

terminal A-1 A-2 A-3 A= (A.1)-(A.2),(A.2)-(A.3)§A§3}L(A;E)

o 150  (126) 132 127 -24 + 6 -5
Cyp 161 144 146 135 -17 + 2 -11
Cs 145 (127) 137 129 -18 +10 -8
Cy, 150 137 141 135 -13 + b -6
Cs 131 124 138 127 -7 +14 -11
Ce 10 130 133 131 =10 +3 -2
Co 136 127 127 125 - 9 0 -2
Cq 133.5 124 123 125 - 9.5 -1 + 2
Ci0 126 116 115 117 =10 -1 + 2
Cio 122 111 113 112 -11 + 2 -1
Cia 116.5 107 111 109~ - 9.5 + b -2
Ci6 113 104 111 110 -9 - + 7 -1

( ) Monotropic transition

( =) decrease in transition temperature

(+) increase in transition temperature
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molecules of the homologues increases progressively with
additional -CHZ— units at the right terminal alkyl chain,

the nematic character receives a seﬁ:back though guite gmall.
Nevertheless, there is no mistaking about the decreasing
pattern, however small, of the nematic property as the overall

polarizability increases.

The overall falling tendency of the nematic-isotropic
transition curves in the case of all the four series under
comparison is almost comparable. Thisg tendency thus does not
much contribute to the variation seen in the nematic mesoﬁhase
range of the initial homologues; naturally the variation in
the solid-mesomorphic transition'curves and the original
difference in the nematic mesophase transitions will account
for the variation in the nematic mesophase range from one series
.to the other, while the slope of the nematic-isotropic transit-
ion curves due to their falling tendency as the alkyl chain

length of the left terminal substituents increases, remains

the same.

The alternation effect, in the nematic-isotropic
transitions is the striking feature in the series A-1, A-2,
A-3 and A-4 (Table §1). While the odd-even effect is continued
to be exﬁibited upto the 6th, 6th, 5th and 10th homologue in
series A-1, A~2, A=3 and A-4 respectively, the extent of the
'differenée in the alternating transition temperatures vary in
a sequence from the first to the fourth series. The differing

values are given in Table 44.
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the number of carbbn atoms in the alkyl chain increasses. When
alternation é@ses to be effective, the usual smooth trar gression
into ‘petefing off' stage is apparently taking place by an abrupt

disappearance of the odd-even effect.

It is worthwhile to take into consideration one predecessor
series viz. p-methoxyphenyl -p'-n-alkoxycinnamates (4-0) (4b5a)
(Fig. 34 and Table 39), since this series has the alkyl chain at
their right terminal with less number of carbon atom, while all
other molecular characteristics do not differ from those of the
present series A-1, A-2, A-3 and A-4. It is observed that the
series A~0, under reference, exhibits wider nematic mesomorphic
range as\compared to those of the series A-1, A-2, A-3 and A-4,
The series A-0, at the same time, exhibits smaller smectic \
mesophase range. If A-0, A-1, A-2, A-3 and A-4 series are taken
in sequence of their right terminal substituents -OCHz 5 ~0C,Hsg
-0CsH, -OC Hg and -OCgH,,, respectively, then the indication
for the decreasing nematic character and increasing smectic
character for the series as the alkyl chain length of the
right terminal substituents increases is wéll discerned

(Table 45),

These observations are quite in keeping with the
characteristics of the molecular forces. With -OCH3 and
‘OCZH5 as terminal groups, the molecules get endowed with

sufficient polarity, a force most conducZive to end-to-end
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: Table 45

Mesophase lengths in the A type series

No.of Mesophase Length °C

carbon Series

§§°§S A-0 A1 A-2 A-3 C A=l

s N s N S N S N S§ N

1 - 245 - 19 - 1 - 37 - 15
2 - 20.5 - 16 - 19 - 37 - L4
3 - 38.5 - 19 - 1 - 20 - 19
4 - 35.5 - 39. - 27 - 24 - 24
5 - 36,5 - 34 - 22 - 27 - 22
6 - 39 - 52 - 32 - 28 - 34
7 - 29.5 16 48 2 33 - 24 3.5 30
8 6 40.5 7 34,5 2.5‘ 22.5 6 23 14 17
16 5  31.5 2k 22 23.5 14 245 7.527 8
12 9  21.5 23 13 17 9 28 - 30 =
14 11 14 23.5 7 21 - 24 - & -
16 215 = 18 5 16 - 21 - 22 -

S - Smectic phase

N ~- Nematic phase

parallel orientation of the nematic type. As the number of
carbon atoms assumes a valug % or more, the increased alkyl
chain length will induce greater overall polarizability and
hence more conducive environment in the fluid state for

maintaining a longer range of layered smectic structure, is
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produced and becomes more effective as the series are ascended.

The mesophase lengths in the A type of the series are recorded

in Table 45,

The twd,’odd-even, curves merge at the fifth member in
the A-Q series while in the series A~1 and A-2, a clear
tendency of divergence is seen as the alkyl chain length at left
terminal increases. In series A-3 and A-4, the tendency of
divergence is changed and both the curves meet at the fifth and
the tenth member respectively. The alternate odd~-even effect
covers more number of homologues in the last A-4 series. One
thing predominantly common for all these series is the high

melting character.

The next three series i.e. B-5, B-6 ana B-7 are identical
in all respects, except the right terminal group which 15
branched in B type of series in place of straight chain invﬁ
type of series. The molecules of the homologues oI these series,
too, have two benzene rings, one central bridge and alkoxy group
at left terminal as those of the series A-1, A=2, 4-3 and A-4.
Due to such 'iso! linking the breadth of the molecules is some-
what increased with a proportionate decrease in the length. These
two simul taneous modifications in the geometry of the moieties
regult into proportionate variations in molecular forces. with
one methyl group protruding in space will cause a little
difficulty in close packing of the molecules, consequently the

specific orientations could be disturbed or broken down with



lesser intake of the energy. This would result into a
proportionate lowering of the transitions. The decrease in
length, too, would support this effect in lowering of the

transitions.

On comparing the phase diagrams (Figs.6, 7, 8, 9 and 10,
11, 12 respectively), certain differences emerge which ought to
be linked with the modified éeometry of the molieties, as outlined
above. The pair of series, A-2 and B-5, is taken first for a
comparative assessment of the effect on their transitions due to
the modified 'iso! dispositions in the right terminal alkyl chain.
It is observed that the upper transition of the first mesomorphic
homol ogue viz. third member of the B-5 series, is lower by abgut
28° as compared to that of the series A-2. This pattern of
decrease in the upper transitions for the entire homologous
seriesg B;5 is retained without any exception. Even the last
homologue of this series i.e. hexadecyloxy homologue, is having
the S-I trangition lower by 15° than that of the series A-2
(Table 46).

Similarly, the éolid-mesomorphie transitions, in an overall
manner, of this series B-5 are lower (Table 47) than those of the
series A~2. Both K-M and N-I or $-1 transitions are lower by
about 1% to 28°, when the right terminal alkyl chain acguires
'iso' disposition in comparison with those of the series 4~2
where the alkyl chain has straight linking. The acquired breadth

due to thé ‘iso! disposition should be the only responsible
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Upper Transitions (N-I or 8-I) in A4 and B types of the series

i

No.of
gzgggn Upper T?ansitiong °C
in R Pair of Series

A=2 B-5 A-3 B-6 A-4 B~-7

Dif?irence Diffgfence Diffgrence

1 (126) - - 132 - - 127 =13 114
2 144 - - e - - 135 -1 134
3 (127) =28 - (99) 137 - - 129 =12 117
4 137 =28 (109) 141 =29 (112) 135 =10 125
5 124 =26 (98) 138 =~33 (105) 127 =10 117
6 130 =27 (103) 133 =28 (105) 131 =12 119
7 127 -28.5 98.5 127 -12 115 125 =10 115
8 124 =25 99 123 =14 109 125 =13 112
10 116 =20 96" 115 -12 103 117 -11 106
12 111 =17 O 113 =11 102 112 -7 105
14 107 -16 91 111 =10 101 109 - 4 105
16 104 =15 89 111 =11 100 110 - 4 106

( ) Monotropic transition
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Solid-mesomorphic or Solid-isotropic Transitions in A and B type

of Series.

ﬁg;ggn Solid-mesomorphic or Solid-isotropic Transitions ¢C
atoms palr of series

in R a2 B-5  A-3 -6 A=l B-7

Diffeqfnce Differince Difggrence

1 127 -28 99 95 +33 128 82 +30 112
2 125 +20 145 109 +30 139 91 +26 117
3 128 -19 109 117 +11 128 110 + 3 113
b 1170 0 110 117 -2 115 1M1 -2 109
5 102 +1 103 111 - 2 109 105 - L 101
6 98 +5 103 105 +5 110 97 + 8 105
7 94 42 96 103 + 5 108 95 -3 92
8 99 -17 82 100 0 100 94 -5 89
10 78.5 -5.5 73 83 +9 92 82 -6 76
12 85 -1 84 85 +3 88 82 -11 71
14 8 -3 83 87 +5 92 84 -14 70
16 88 -6 82 90 +2 92 88 -19 69




201

factor for this effect of lowering in the various transitions.

~

The beginning of polymesomorphism is also affected. While
enantiotropic smectic mesophase makes its appearance at the
eighth homologue in both serles under comparison viz. A-2 and
B-5, monotropic smectic mesophase 1s exhibited by the seventh
homologue in A-2 series which 1s absent in the series B-5.
Besides, the smectic-nematic transitions are also lower in
B-5 series, However, it is very interesting to note that the
smectic mesophase length reaches maximum ana then decreases
till the last homologue in both the series under comparison
(Table 45 and 50). The unfailing impression is that with
'increased breadth of the molecules of the series B-5, the
overall smectogenic character is somewhat enhanced though not

that characteristically as expected.

Taking now the next pair of series viz. A-3 and B-6 for
comparison, the solid-isotropic or solid-mesomorphic transitions
of the 'iso' series B-6 present anomalous situation (Table 47).
The solid-isotropic or solid-mesomorphic transitions of the
'iso! series B-6 are higher as compared to those of the
oorrespondiné hompl ogues of the straight chain series A-3.

We would see a 1little later that the three pairs viz.A-2 - B-5,
A-% - B=-6 and A-4 - B-7 exhibit alternation as far as the
solid-igotropic or solid-mesomorphic transitions are concerhed.

Except this benaviour of the ‘'iso' series B-6, almost all other
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transitions are lower in the same manner as those of the
series B-5 when compared with the homologues of n-chain
series (Tahle 46 and 47). The upper transitions of the B-6
series, viz. p-iso-butoxyphenyl-p'-n-alkoxycinnamates, are

lower in the range of about 10° to 33° (Table 46). ,

Polymesomorphism starts at the eighth member, in pnoth the
series A-3% and B-6, with the appearance of the smectic mesophase
in the monotropic condition but the polymesomorphism remains
restricted to only eighth member in series B-6 whereas it continueg
to be exhibited upto the decyloxy homologue in the series a-3.
This observation points put the decrease in nematic character
o1 the 'iso! series B-6 as compared to the n-chain A-3 series.
This can be more emphasized by the fact that in 'iso!' series
B-6 the first three members are non-mesomorphic and the next
three exhibit monotropic nematic mesophase followed by only two
homologues exhibiting enantiotropic nematic mesophase‘whereas the
straight chain series A~3 exhibits enantiotropic nematic phase
right from the first member upto the tenth member. The smectic
mesophase length in the ‘'iso' series B-6 is reduced; the range
being 0s5¢ to 14¢ (Table 50) and that in the n-chain it is 6°
to 28° (Table 45). The last four members of the 'iso' series
B-6 are pure smectogens whereas in the series A-3 last three
members are pure smectogens. This fact once again points out
the greater smectogenic nature and less nematogenic nature of

the series B-6 as compared to series a4=3.



gomparison of the last pair of series viz., straight
chain A~4 and 'iso! series B~7, reveals the fact that the
upper transitions of all the homologues of the series B-7
are Lower by 1° to 13°C as compared to those of the series
A-4 (Table 46). This can certainly be attributed ‘to the
right terminal alkyl chain acquiring 'iso' disposition in
comparison with those of the series A-4 where the alkyl chain

has a straight linking.,

Similarly, the solid-mesomorphic transitions of this
serles B-7 are lower with the exception for the first three
members where they are ralsed by 3° to 30°C, Our contention
1ittle earlier, that the three pairs under discussion viz,

A-2 - B-5, A-3 - B-b and A~4 < B-7, exhibit alternation in the
solid-mesomorphic transitions is proved here (Table 47). While
the first pair A-2 and B-5 exhibits lowering of the solid-
mesomorphic transitions, the next one viz;4-3. and B-6 shows
increase in the solid-mesomorphic transitions and the last
pair viz, A-4 and B-7, exhibits lowering in the solid-
mesomorphic transitions. The upper transitions in the B series
are lower by 1° to 33° as compared to those in the A series
(Table 46}, The acquired breadth due to the 'iso' disposition
in series B-7 should be the only responsible factor for the

changes in the various transitions.

The smectic characteristics are also affected as both

the monotropic as well as the enantiotropicrsmectic phase



make', -. .. appearance one homologue prior in the case of the
broad 'iso! series B-7 as compared to that in the series A-4.,
Polymesomorphism is also exhibited by one member more in series
B=7. Besides, the smectic-nematic transitions are also lower
by about 10° in 'iso! series B-~7 as compared to n-chain A-4
series. The smectic mesophase lengths are also more in the
series B~7 as compared to‘those in the corresponding homologués
of the series A-4 and that it increases continuously as the
series B~7 ascends (Table 45 and 50). All these indications
prove, beyond any doubt, the greater smectogenic nature of the

broad 'iso' series B-7.

One particular point evolves, in the cross comparison of
these seven homologous series, is that of the sequences of thg
change in ﬁransitions, in the case of the straight chain, first
four series A~-1 to A-L4, the upper,nematic—isotropic,transitions
show an alternating sequence of the series, but in the 'iso!
linked B~5 to B-7 series, there is a rising sequence, i.e. the
upper transitions in an overall maaner are in the sequence of
B-7 » B=6 % B-5 (Tables 41 and 48). Obviously, two sequences,
one of the &lternating and the other of rising, can not be
compatible for a comparison. However, the fact remains that all
these éeries are high melting series.

i

The B=5, B~6 and B~7 homologous series differ only in one
respect i.e. the length of the right terminal alkyl chain
increases with one -CH2— unit in a stepwise manner, while the

'iso!' linking of the chain, too, remains a common feature. Thus,
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while the breadth of the molecules remains the same, the length
increases as one passes from B-5 to B-7 homologous series.

With increased alkyl chain length, the overall polarizability
of the molecules, too, would be increased sufficiently %o
enhance the transitions of the homologues of the‘series wder
consideration. Thgt, this is so, is easily seen in Figs.10, 11

and 12 (Tables 13, 15 and 17).

-

One interesting poinf that emerges on comparison of the
B set of series is the alternation in the K-M transitions.
The K-M transitions of the series B-06 are higher than those of
the series B-5 and those in, the series B-7 are lower than the

corresponding values in the series B-6 (Table 49).

The smectqgenic character increases as one passes from
series B~5 toyB-?, this can be said on two counts. Firstly,
smectic mesophase makes 1ts appearance at the eighth, eighth
(in monotropic condition) and sixth homologue (in monotropic
oondi;ion) in series B-5, B-6 and B-7 respectively. Secondly,
the smectic mesophase length is progressively increased from
series B-5 to B-7 (Table 50). In polymesomorphic region, too,
the nematic characteristic decreases as the smectic
characteristic increases (Table 50). It can safely be said that
increase in length of the molecules leads to increase in
smectogenic character since the enhanced polarizability 1gnds

stability to the layered structure.



207

Table 49

Solid-isotropic or solid-mesomorphic transitions in B type of series

o 3 O v oW N

No. of Solld-Isotropic or Solid-mesomorphic transition °C
;igggn Series Difference °C
o R B-5 B-6 B-7 (8-5)-(8-6)  (B-6)-(B-7)
1 99 128 112 +29 -16
145 139 117 -.6 -22
109 128 113 +19 -15
110 115 109 + 5 -6
103 109 . 101 + 6 -8
103 110 105 + 7 -5
96 108 92 +12 -16
82 100 89 +18 | -11
10 73 92 76 +19 -16
12 84 88 71 + b -17
14 83 92 70 + 9 -22

16 82 92 69 +10 =23
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Table 50

Mesophase lengths in B type of the series

gg;ﬁﬁn Mesophase length ¢C
atoms Series
in R 5.5 - 87
Smectic Nematic Smectic  Nematic Smectic Nematic
! B B - - - 2
. - B - - - 17
3 - 10 - - - 1
. - L - 3 - 16
7 - 2 - 4 - 16
6 - 0 - 5 10 14
7 - 2.5 - 7 3 20
8 5 12 0.5 9 9.5 13.5
10 17 6 11 - 26. . 4
12 10 - 14 _ 34 _
14 8 - 9 _ 25 ! _




The A type of series viz. A-1, A-2, A-3 and A-4 ..
(Fig.6, 7, 8, and 9) can find a direct comparison with the D
type of series viz. D=2, D=3, D-4 and D-5 (Fig.3?6, 37, 38 and
39) and B type of series viz. B-5, B~6 and B-7 (Fig.10,11 and
12) w;t%‘E type of series viz. E-1, E-2, and E-3 (Fig.40, 41
and 42§;ﬁ%§habenzene ring and one central bridge viz. -CH=N-,
azomethine, happen to be absent in the series A-1 to A-4 and
B-5 %o B~7. |fhile the overall breadth of molecules in the type
A and D and in the type B and E remains the same, the aromaticity
and length attributable to a benzene ring as well as %he
polarizability and length consequent to a central bridge of the
nature of zzomethine will be less in the type A and B than those
‘found in the type D and E. Thus, the length to breadth ratio in
type A and B will differ from that in type D and E. The molecules
of the series in type A and B will be less non~coplanar than
those of the group D and E. All these factors in a combined manner
affect the transitions, polymesomorphism, phase lengths and the
predominancé of smeotogénic or nématogenic character etc. of these

two pairs of sets of series under comparison.

On comparison of the series in A type with those in the D
type, the following points emerge. With less length, less
aromaticity, less length to breadth ratio, less polarizability,
less ratio of léteral to terminal attractions and rather less
non-coplanar nature while the magnitude of %erminal attractions
remaining almost the same due to the same polarity in both the

types, the seYies A-1, A-2, A-3 and A-4 have their upper transitions
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reduced by 101° to 166°, 108° to 164°, 112° to 160° and 108°

to 148° respectively (Table 51). The alternation effect in the
N-I trangitions is clearly visible in both A an%D type of4
series (Table 51). Firgt four members of the series D=2
decompose before passing into the isotropic plase because of
the very high transition temperatures. The series A~1, with
reduced length by CgHgCH=N- unit, has upper transitions (N-I)
lowered considerably hence doegn't show decomposition. in

the subsequent D-3, D-4 and D-5 series no homologue deconpose

due to lowered transition temperatures.

The characteristic of high melting series, viz. the
falling tendency of the N-I transition curves in both the tybes,
A and D; is clearly seen. Polymesomorphism once sets in at the
eighth, seventh, sixth and fifth member in the series D-2, D-3,
Q—h and D-5 respectively, persists upto the last member, while
in the series A-1 only it is exhibited upto the last homologue.
In the series A-2 the last two members while in the series A-3

and A-4, last three members are pure smectogens.

The mesophage lengths in A4 type of the series, are much
reduced thgn those of the corresponding D type of series
(Table 52). while the maximum nematic mesophase lengths in
D-2, D=3, D=4 and D-5 series are 167°, 150°, 158° and 155° at
the sixth, first, first and first homologue respectively, they
are only 52°, 33°, 37° and 45° in the series A-1, A-2, A-3 and

A-4 at the sixth, seventh, first-second and first homologue



Table 51

Upper transitions in the A and D type of series

No.of Upper Transitions ®°C

c§rbon Pair of Series

R D-2 A1 D-3  A-2 D=4  A=3 D=5 A=k

1 310D 150 200  (126) 292 132 275 127
[-160] (-164] [-160] [-148]

2 301D 161 293 1L4h 295 L6 282 135
[-140) [-149] [-149) [-147]

3 302D 145 278  (127) 278 137 265 129
[-157) [-151] [~141) [-136]

4 300D 150 277 137 28% 141 270 135
[-150) [-140] [-142) [-135)

5 297 131 266 124 263 138 252 127
[-166] [-142] [-125] [-125]

6 293 140 262 130 270 133 258 131
[-153] [-132] [-137] [-127]

7 278.5 136 252 127 248 127 242 125
[-142.5) [-125] [-121] [-117]

8 273 133 . 250 124 258 123 2 125
B A I R

10 261 126 235 116 246 115 238 117
[—155_] [~119§ [—131] [-121

12. 244 122 225 111 235 113 228 112
[-122) [-114] [-122) [-116]

14 - 116 215 107 203 111 217 109
& bod | fed T

16 214 113 - 104 - 111 - 110
[-101) [-] [-] (-]

[ 7] Difference value |

() Monotropic transition

D-— Dequwsw



Mesophase length in the A and D type of series

Table 52
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No.ol Mesophase length °C
gigggn Pair of geries
in R D-2 Ac1 D-3 A=2 D-4 A-3 ) D=5 A-4
S N 8§ N 'S N S N'sS NS N 'S N S N
1 - 165 - 19 - 150 1 ~158 - 37 =155 - 45
2 - 136 - 16 - 138 19 - 145 - 37 - 152 - 4L
3 - 154 - 19 - 133 1 =132 - 20 =131 - 1S
A - 150 - 39 - 137 27  -138 - 24 - q42 - 2L
5 - 160 - 34 - 1l 22 - 132 - 27 21129 - 22
6 - 167 - 52 - 134 32 15 150 - 28 22 118 - 34
7 - 166.516 48 10 117 53 26 106 - 2L L7 87 3.5 30
8 16 148 7 34539 0 95 2.522.545 98 6 23 53 78 1k 17
10 41 108 24 22 55 60 3.5 14 70 T 24:%7.5 77 5327 8
12 58,5 73.5 23 13 55 4 17 9 68 5028 - 81 3430 -
W = - 255 7 70 27 21 - 83 32k - 75 2225 -
16 67.5 345 18 5 - - 16 - - = 21 = - - 22 =
S - Smectic phase
N ~ Nematic phase
(6] ~<:::>~ CH:CH—COO-—<:::>~ OR! A type
-<:::>~ CH=CH- coo-—<z::>~ CH~N—<C::>—- D type

Por A-1 and D=~

A=2 and D=3

4-3 and D-4

A-L and D-5

=

-

i

C2H5

n-=Csfy

11
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Table 53

Upper transitions in the B and E type of series

ﬁ;;ggn Upper Transitions ©C
atoms ! Pair of Series,
in R -1 B-5 E-2 B-6 E-3 B-7
1 268 - 278 - 290 114
-] -] [-176]
2 270 - 285 - 29% 134
[-] -] [-159]
3 258 (99) 260 - 274 117
[-159) (-] [-157)
A 255 (109) 270 (112) 280 - 125
~146) [-158] [-155]
5 244 (98) 246 (105) 255 117
[-146) [-141] [-138]
245 (103) 255 (105) 267 119
[-142) [-150] [-118)
7 232 98.5 232 115 240 115
[—-133.5] [—11’;} [-125]
8 234 99 239 109 254 112
[-135] [-130] [-142]
10 220 96 225 103 241 106
[-12t [-122] [-137]
12 210 o4 210 102 228 105
[:11é] [—10&{[ [—123]
14 200 91 199 101 214 105
[«-109] [-98 [-10@]
16 - 89 - 100 - 106
-] -1 [-]

[' ‘]-Difference value

(

) - Monotropic transitions
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- As is the case in the previoug pair of series viz. A and
D, this pair of sgries B and E, also have the characteristic ¥
of high melting series, viz. the nematic~isotropic tranéition
curves have falling tendency. Polymesomorphism once sets in,
at the sixth, fourth and fifth homologue in E-1, E~-2 and E-~3
regpectively, persgists upto the last, hexadebyloxy, homol ogue
whereas that begins at the eighth, eighth and sixth member in
the series B-5, B-6 and B~7 respectively and persists upto the

. tenth member in series B-5 and B-7 and in series B-6. only one

member exhibits polymesomorphism.

The mesophase lengths in the B type of series are
considerably reduced as compared to thoge in E type of series
(Table 54). While the maximum mesophase lengths in the series
E-1, E-2 and E~3 at the first, first and second homologue are
of 133°, 157° and 160° respectively in hematic phase, they are
only 17¢, 14° and 37° in the series B-5, B-6 and B-7,respectively
at the decyloxy, dodecyloxy and the hexadecyloxy homologue in
smectic phase. The nematic character is reduced much in the B
type of series. The maximum nematic mesophase lengths are of
120, 9¢ and 17° in the series B~5, B-6 and B-7 respectively '
whereas those in the series E-1, E~2 and E-3 are 133°, 157° and
160° respectively. The maximum smectic phasé lengths in the B-5,
B-6 and B-7 series are of 17°, 14° and 37°. respectively while
those in the series E-1, E-2 and E-3 are 70°, 85° and 90°

respectively.



Mesophase length in B and E type of series

Table 54
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No.of Mesophase length °C
gigggm Pair of series
in R E-1 B-5 E-2 B-6 E-3 _B-7

S N S N S N S N 4 S N S N
1 - 133~ - - 157 = = = 155 - 2
2 - 126 - - - 150 - - - 160 - 17
3 - 125 = 10 - 97 - - - 136 - 4
4 - 122 - 1T 21 155 - 3 = 142 - 56
5 - 121 - 5 16 106 -~ 4 13 122 - 16
6 20 115 - O 4 105 - 5 14 120 10- 14
7 10 102 - 2.5 30 72 - 7 44 78 3 20
8 L2 oL 5 12 44 69 0.5 9 63 79 . 9.5 13.5
10 48 62 17. 6 68 47 11 - 9 56 26 L
12 58 42 10 - 8 30 14 - 90 38 34 -
14 70 3% 8 - 62 17 9 - 8h 25 35 -
16 - - 7 - - - 8 - - - 37 -

S - Smectic phase

N - Nematic phése

B type

o (D)t (D
RO s

For

CH=CHCOO

B-5 and E-1
B-6 and E-2

B~7 and E-3

!

= lso~C-H
iso=C

isoc=C

37
g
5H14

CH_N—<(::>>OR' E type
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The maximum mesophase lengths in the E type of series
are in the nematic phase while those in the B type of series
are in the smectic phase though both the mesophase lengths in

the B type of series are reduced much.

I3

It may be concluded here that one benzene ring and one
central bridge viz, -CH=N-, azomethine, are less in the A and
B type of series, while the overall breadth of the molecules
in the A-D and B-E pairs of series remains more or less the
same. Thus the aromaticity and length attributable to a
- benzene ring as well as the polarizability and length
consequent to a central bridge viz. azomethine, are also reduced
along with length to breadth ratio which in turn reduce the
transitions, mesophase lengths and polymesomorphism and

increases the smectogenic character in A and B type of series.

The effect of linkage groups on the clearing points have
been evaluated by comparing p,pt!-dialkoxy-trans-stilbenes with
similar compounds wheré the terminal groups are the same (470).
For a sample survey, the first homologues of the series A-1,
A-2, A=3, A-L4 and the second member of the series 4-1 are
compared with the identical p,p'-dialkoxy-trans-stilbenes, As
shown in Table 55, the clearing points of the compounds,
prepared under this invesgtigation, are }ower and the monotropic
nematic phase, in stilbenes, is transformed into enantiotropic
Nematic with the replacement of the ~-CH=CH=- ?entral linkage by
-CH=CHCOO~-. The central linkage -CH=CH- will be planar, and the
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relative lower transitions for the compounds with -CH=CH~-CQ0-

central linkage are due to nonplanar nature of the molecules.

Table 55.

Comparison of transitions in stilbene and p-alkoxyphenyl-p'-n-

alkoxycinnamates
Terminal Transi%ions s Difference ¢C
substituents
K= K= ’
R R ~CH=CH~-CCO~ ~CH=CH-

N 1 N I N I
~CHz  -CoHg 131 150 (179)*  197% 148 L7
-CHz  -CzHy (126) 127  (161)#* 177* 35 50
--CH3 ~CQH9 95 132 (162) * 169% - 67 37
-CH3 --C5H11 82 127 (154) 162#% 72 %5

~Collg  =Colig 145 161 (189)%  209% 44 48
N - Solid-nematic transition
- Nematic-isotropic transition
( ) - Monotropic transition

*

(470)
The variations in the transitions and phase lengths of the
heptyloxy and decyloxy homologues in A, B, D and E type of series

are recorded in Table 56, and an attempt is made to rationalize
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these results. The difference between the pairs of D, A and
E, B is that of the —C6H4—CH=N— unit only. The change in
transitions and phase lengths for nematic and smectic phases
are recorded and a ratio of the depression in the transitions
to the decrease in mesophase lengths due to elimination of the
-CgHy - CH=N- unit is calculated. It is noted that the effect
of the elimination of the —86H4—0H==N~ unit is the most in the
pair D-5, A-4 and the least in the pair D-2, A-1 as far as the
nematic phase 1s concerned. The effect of elimination of this
unit increases from the pair A-1 - D-2 to the pair A-4, D-5.
In the case of the smectic mesophase the order is exactly

the reverse; the éffect of the elimination of the unit, in
discussion, is the most in the first pair D-2, A-1 and it
reduces from the pair D-2, A-1 to the pair D-5, A-4. In other
- words, the first palr D-2, A-1, with --OC2H5 group at the right
terminal, is more conducive to the nematic mesophase whereas
the last pair D-5, A-4, with "OCBH11 at the right terminal, is

more conducive to the smectic mesophase.

The pattern in the variations in the transitions and the
Phase lengths as far as the pair E and B is concerned, is
identical with the pair D and A. From the pair E-1, B-5 to E-3,
B-7, the ratio of the depression in the transitions to the
decrease in phase lengths, d/I, increases as far as the nematic
phase is concerned and decreases as far as the smectic mesophase

is concerned.



Table 56

Effect of the <<::>-CH=N, Unit

Pair of No. of carbon Ratio No.of carbon atoms Ratio
series atoms (alkyl chain R) d4/1I  (alkyl chain R) da/1
C7 €10

(Right Transition Phase Transition:. Phase
terminal °C length ©C length
group R') N-I oC S=N °C

d I d I
A-1(0C2H5) 136 48 104 24
Depression 142.5(d)  118.5(I) 1.20 43(d) 17(I) 2.88
D-3(0CHY 252 117 175 "~ 55
A-2(003H7) 127 33 102 23.5
Depression 125(4d) 84(1) 1.49 73(d) 31.5(I)2.32
D-A(Ochﬁg} 248 106 175 . 70
A—B(ochﬁg) 127 24 107.5 24,5
Depression 121(d) 82(1) 1.48 67.5(ay  45.5(1)1.48
D-5(OC5H11) 242 87 185 77
A—4(005H11) 125 30 109 27
Depression 117(4) 57(1) 2.05 76 (d) 50(I) 1.52
E—?(iso-OC3H7) 232 102 158 48
3-5(150-003H7) 98.5 2.5 90 17
Depression 133.5(d) 99.5(1I) 1.34 68(d) 31(I) 2.19
E-2(is0-0C,Hg) 232 72 178 68
B-6(1is0=0C;Hg) 115 7 - -
Depression 117(4) 65(1) 1.8 Pure smectogen
E-3(is0-0CgH,4) 240 78 185 0
B-?(iso-OC5H11) 115 20 102 26
Depression 125(d) 58(1) 2.16 83(4) 64(I) 1.30
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In other words, the pall E-3, B=7 ls more conducive to smectic
mesophase and the pair E-1, B~5 is more conducive -to the nematic

mesophase.

It was of great interest to compare the present series with
those where the central linkages are’different from the vinyl
carboxyl, -CH=CH-CO00=-, e.g. =-CH=CH-, ﬂﬁ: ~, -N=N-, ~CH=N-, etc.
But the transitions of the homologous Series with the above
linkages are not available with us hence few compounds with the
~CH=CH~ linkage, have been compared in the early discussion
(Table 55). Transitions of few more compounds with the carboxyl
group, -C00~- as the central linkage are recorded in Table 57 for

comparison.
I

The two benzene rings and the t@o alkoxy groups at the
terminals aYe the common features of these two groups of the
compounds under comparison in Table 573 the only difference is
in the central linkage viz. vinyl carboxyl, -CH=CH-C(O-, is the
central linkage of the newly synthesized series and the carboxyl
~C00~ is the central linkage of the compounds from the

literature available,

The various transitions like the upﬁer transitions, solid-
mesomorphic, smectic-nematic and the mesophase lengths of the
smectic and nematic phase are all higher in the newly synthesized

series with -CH=CH-COO- as the central linkage.

t

The length of the newly synthesized series is more by

-CH=CH- unit because of the central linkage ~CH=CH-COO-.

[
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Enhanced length and v added double bond help in increasing

the overall polarizability and lateral forces of the molecules,
hence all the transitions Jnﬂtthe newly synthesized series are
higher than those 6fi the corresponding compounds with -COO- as

central linkage.
4.,4. Thermal Stabilities:

In absrce of a real quantitative procedure that can speak
for the mesomorphic behaviourism in unmistaking terms, thermal
stabilities have provided the approximate pivotal contrivance
to weigh, on a relative basis, the mesomorphic property in terms
of the molecular forces and as a conSegquence to attribute the

characteristics to definite structural aspects of the molecules.

Homol ogous series reported in literature and having structural
similarities which can be linked in a reasonable manner with those
of the homol ogous series newly synthesized and studied in the
present investigation have been taken into consideration. In
Table (58) are given thermal stabilities of twemty five
homologous series inclusive of the seven forming the subject
matlier of this dissertation; for s ready reference, their

molecular geometry, too, is presented in Fig.43,.

The homologous series A-O, A-1, A=2, A-3 and A-4 (in all
five) should be viewed together in a sequence, as the central
bridge, two benzene rings and the left terminal alkoxy groups

are the common features of these series. The alkyl chain of the

1
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right terminal substituents of these series has a chaq}ng
sequence from methoxy to amyloxy through ethoxy, pgoéoxy and
butoxy groups. At each stage one 'CHZ' unit is added.

Variations in thermal stabilities would thus find a correlation
with -CH,- unit in a progressive manner.

Nematic-isotropic thermal stabilities of these five
series are not quite high. The highest one is for the A-1
serles, viz.p-ethoxyphenyl-p'-n-alkoxycinnamateswhich is 146,26
(Table 58). It is observed that as the -CH,- units are added
at the right terminal alkyl chain i.e. as the number of carbon
atoms in the alkyl chain increases, the nematic-isotropic
thermal stability decreases, though in an alternation. With
increasing polarizability of the molecules, the nematic-
isotropic stability would be decreasing since nbt polarizability
as the singularly exclusive factor, but the end-to-end adhesions
have more than any other factor to contribute to the nematic
orientation. Highly polar end groups will cause greater end to
end adhesions; the —OCZH5 group of the A-1 series under reference
is highly polar which gives tise to high énd to end adhesionsg.
Any further addition of -CH,- units will not be enhancing
polarity of the molecules, but the overall polarizabilily
of the molecules will be greatly affected giving rise to large
variation in moleou}ar forcés. The homologous series. p~methoxy-
phenyl -p'-n-alkoxycinnamates (A-0) has methoxy group at the
right ter@inal whlohtpf lesser value in terms of polarity of the
molecules than that of the series A-1, since it has an ethoxy'

group at the corresponding location. Therefore, the end-to-end
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acdhesion forces of the molecules of the series A~O will be

less as compared to those of the A-1 series. Hence, it is not
surprising to find the nematic-isotropic thermal stability of
the A-O series lowerc by 13.7° being 132.5° versus 14§.2° of the

A-1 series.

The alternation of the nematic-isotropic stabilities. *
of the five series, viz. A-0, A-1, A-2, A-3 and A-4 is the
striking feature; this is-in keeping with the normal behaviour .
of the homologous series where the terminal substituents"alkyl

chaing are with increasing length (256).

Next three newly synthesized series, under coﬁparison, are
B-5, B-6 and B-7 whose nematic-isotropic thermal stabilities
are lower than the corresponding series A-2, A-3 and 4-L.
The possgible explanation is in the increased breadth of the
molecules due to 'iso-linking!' of the alkyl chain at the right
terminal. The increasing tendency of the nematic-isotropic
$hermal stabilities is very well observed while the alternating
pattern disappears as the number of carbon atoms at the right
terminal alkyl chain of the molecules of thesé three series
increases. The difference in tﬁe extent of increase is given

in Table 59.

The difference in the nematic-isotropic thermal

stabilities of the corresponding 'strain-chain' and ‘'iso-linked?
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Table 59

bxtent of increase in Nematic thermal stability

Homol ogous Thermal Difiference
series stability °C
°C
B-5 (10%.3) } A
B-6 (107.3)
B=-7 120.3 13

( ) Monotropic transition
(alkyl chains at right terminals) homologous series presents
another interesting feature. The difference values are given

in Table 60.

The nematic-isotropic thermal stabilities of the 'iso~-
linked' series are less than the corresponding 'straight chain'
series. The maximum difference is in the pair A-3 and B-6 and

the minimum difference is in the pair a-4 and B-7 (Table 60).

Table 60
Lifference values
(Nematic-Isotropic Thermal Stabilities of straight-chaln and

iso~linked series) ,

Homol ogous Nematic-Isotropic Thermal stabilities °C
series Alkyl chain at right terminal

C3 (series) C4 (series) C5 (series)
Straight-chained 131.6 (A=-2) 137.8 (a=-3) 130.7 (A-L4)
iso-1inked 103.3 (B~5) 107.3 (B=6) 120.3 (B-7)

Difference 28.3 30.5 10.4




Molecules of the pairs of series A-1 and B-5, 4-2 and
B-6 and A-3 and B-7 have equal length but the breadth of the
molecules of series B-5, B~6 and B=7 is proportionately -
(one --CH3 branch) more as compared to those of the molecules of
the A series. By taking. into consideration the nematic-
isotropic thermal stabilities of these pairs of the molecules,
the effect dué to the breadth variation alone can be aéjudged

the values are given in Table 61,

It is easy to conclude from the values in Table 61 that
the effect’ of breadth in lowering the nematic-isotropic thermal
stability is gquite appreciable, but with increasing length as
one passes from serial Nos. 3 to 3 ( Table 61), the effect of
breadth becomes appreciably less operative. It means that the

increasing length nullifies the impact of breadth more than what

Table 61
Difference values

(Nematic-Isotropic Thermal Stabilities of the pairs)

Sr. Homol ogous Thermal stabilities Difference
No. pairs °C . °C
1 A~1 146.2
42.9
B“‘5 TOB.B
2 A=2 131.6 .
2h,3
B"6 P 10703
3 A"’B 13708
, 17.5
B-7 120.3
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breadth can originally damage theﬂnematic thermal stability.
It may be that after a certain length of the alkyl chain, say -
alter C5, tﬁe breadth effect may become nil or non—operative.
From this observa%ion, it is proéer to state that the
mesomorphic property has greater reliance on the length of a
linear molecule aﬁd that the breadth of a molecule can have

only moderating type of impact.

Comparison of the A-type of series with the corresponding
D type of thé series reveals very interesting results.
. Structurally both the types of the series are identical viz,
two benzene rings, both the terminal alkoxy groups and a central
~CH=CH-CO0~ linkage, are all common in both of them; the only
difference is the absence of the third benzene ring and central
linkage, -CH=N-, in the A type of series. That is, the 4 type
of series is less by -céHL;-CHzN- unit as'compared to the D type
of series leading to lowering of the nematic-isotropic
transitions. In the series D=1 and D=2, nematic-isotropic
transitions could not be determined accurately as the homologues
decompose before passing into the isotropic phase whereas in the
A-Q and A-1 series there 1s no decomposition and the nematic-

igotropic transitions are also Lowér by about 155°C.

Table §62) shows the difference in the nematic-isotropic
transitions between the corresponding A and D type of the series.
As the pair of series progresses from D=1, A-0 to D=5, A-4 i.e.
from methyl to pentyl group at the right terminal, the difference

in the nematic~isotropic transitions of the pairs decreases
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gradually. This diZfference can be attributed to the absence

0f the -C6HA—CH=N~ unit in the A type of the series.

Table 62
Difference in the nematic-isotropic transitions of the A and D

type of series

No.of carbon Pair of Nematic~-Isotropic .
atoms at right series transitions lefféence
terminal alkoxy ‘ Y
group
1 D=1 ’ 289,35 d
156.8
A=0 132.5
2 D-2 300.5 d
154.3
A=1 146.2
3 D"'} 27707
146, 1
A2 131.6
4 D-4 280,2
142 .4
A-3 137.8
> D-5 267
136.3

A"'[“l' 15007

k4

The next cluster of the series under comparigon is the
B and E types of the series. In this pair of the series, the
alkyl group at the right terminal has the iso-linking, the only

difference between the B and E type of the series again, is the



g%}
o~
o

absence of the ~CgH,~CH=N- unit in B type like in the /
previocus cluster of series discussed. Here also, because of
the absence of the -CgH,-CH=N- unit in B f¥ype of the series
the nematic-isotropic transitions are less than those in E

type of series (Table 63).

Table 63%
vifference in nematic-isotropic transitions of E and B type

of series

No.of carbon atoms Pair of series Nematice

at right terminal Isotropic Difffé"ence
iso-alkoxy group transitions
°C
5 E~-1 oLS
1 1&1“‘07
B-5 103.3
b- E-2 257 149.7
B-6 107.3
5 E-3 267 .%
. 147.0
B"’? 12()’3

This pair of series, B and E, exhibits alternate rise and fall
so far as the difference in the nematic-isotropic transitions

is concerned.

Another comparable cluster of series, with iso-linking
at the right terminal, is,M55 to M=7. The series from B-5 to

\ !
B-7 are less in length by —d- unit as the right terminal groups
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in B type of seYies a?’ﬁ iso -—OCEH,?, iso —F)C&Hg and iso -OC5H,H
whereas those in series M-5 to M-7 are 150=C00CsH,, 1s50-COOC, Hg
angd iso-COOC5H11. Both the types of the series have iso

linking and hence the molecules are separated apart and

increase in the breadth of the molecules reduces the N-I
transitions. The N-I transitions of the series B-5 to B~-7 and
M-5 to M-7 are the lowest amongst the series under comparison.

The overall polarizability of the molecules as well as the ratio
of lateral to terminal attractions for the series M-5 to M-7 speak
for their low nematic thermal stability as compared to the series
B-5 to B-7. It is also known that the —C6HA—COOR linkage is
having dipole moment acting across the long molecular axis

leading to more smectogenic characteristic and less nematogenic
character. This is evident from the absence of thernematic

Phase in the series M-5 and only the first member exhibiting

the nematic phase 1in series M-7. The overall N-I thermal
stabilities of the B type of series are higher than those of

the M-5 to M-7 series due to higher terminal attractions in

the former.

The series M-2, M-3 and M-4, with -COOCH., -COOCZH5 and
—COOCBH7 at the right terminal, can be compared with the
series A-Q, A-1 and A-2, with -OCHB, ~OCzH5« and ~OC3H7 at the
corresponding place. Because of the stronger polarity of —OCHB,
—OC2H5 and —OCBH7 groups leading to stronger end to end

attractions the nematic-isotropic transitions should be-higher
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in A type of the series. Moreover, in M-2 to M-4 series the

right terminal groups i.e. —COOCHB, ~-C00C H5 and ~COOC3H7 are

2.
longer which enhance the polarizability and reduce the nematic
stability. The nematic stability is higher by 31° and 19.8¢ in
the series A-1 and A-2 as compared to the corresponding series

M-3 and M-4. But it is surprising to see that the nematic .
stability in the series A-0, with -OCH5 group is lower by 5.5°
than the corresponding series M-2. The series M-2 to M-4 are also

known for the dipole moment acting across the long molecular axis

leading to increase in the lateral attractions.

Tﬁe'next series under comparison are the F-1, F-2 and F-3
with —COCHB, ~COC,Hg and —COCBH7 groups at the right terminal.
The F- type of the series have longer right terminal groups
leading to higher polarizability and more length to breadth
ratio. The higher nematic thermal stabili%y of the F-1, F-2 and
F-3 series. is attributed to the increase in polarizability and

Length to breadth ratio.

All these series have similarities in molecular geometry
and differ from each other in 'one' manner only. Thus, a
comparative picture is quite convincing, though a generalization
may be difficult to evolve. The different nematic 'orders' are

as follows:

A=0, A=1, A-2, A-3 and A-4  series
B-5, B-6 and B-7 seYies: |

iso -0CzHy £ 1s0-0C Hg £ 150-0CgH, 4.
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The homologous series A-0O, A-1, A-2, A-3 and A-4 have
a sequence of alternate increasing smectic-nematic or smectic-
igsotropic thermal stabilities as the alkyl chain length
increases at the right terminal. The values for the series
A-0, A-2 and A-4, with —OCHB, —OCBH7 and —-0(:51-1H at the right
terminal , are 89.4%, 103.8° and 110° and for the series 4-1
and A-3, with-OC Hg and —OCLPH9 are 107.6° and 110+6°®
regpectively. With all segments of the molecules of these
series being common, the increase in alkyl chain length by
additions of -CH,~ units at the right terminal of the molecules
will account for increase in polarizability and subsequent
enhancement in smectic thermal stability. High polarizability
will work in the direction of increasing the smectic thermal
stability. From the ﬁalﬁes given in Table 64 it can be seen
that the increase in smectic thermal stability per -CH,- unit
gets reduced and after certain increase in length at the right

terminal ; say after C5 carbon numbers, the polarizability may

Table 64

Increase in smectic thermal stability in A Type of series

Homologous series A=Q A~2 A=l A-1 A=3

No.of carbon stoms at 1 3 5 2 4
the right terminal

Smectic thermal 89.4 _1?5.8 110 107.6 110.6
stability ©C \ L 1

y T T L“ﬁxr“j
Difference ¢ 14,4 6.2 3.0 -
Increase per ~CH2~ group Te2 341 1.5

N
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not be much effective to increase the smectic thermal
Stability. The smectic thermal stability order as emerging

from the study of these five series is :
—OC4H9 Y -OC5H,H Vg -OCZHB 7 --()C23H7 > ---OC‘H3

The 'iso! linked meries B-5, B-6 and B-7 show smectic
thermal stability in the increasing order, as the number of
carbon atoms in the right terminal alkyl chain is increased.
The B-5 series, viz p-iso-propoxyphenyl-p'-n-alkoxycinnamates,
has 'iso! linking at the right terminal which makes the
molecul es broader by branched —CH3 linking and shortens the
length by one ~CHy,- unit. Increase in breadth of the molecules
with simul taneous decrease in their length, decreases the
smectic thermal stability by about 12.1°, when the smectic
thermal stabilities of the A-2 and B-5 series are compared
since both these series are identical in all respects except
the 'igo!' linking at the right terminal alkyl chain in the case
of B-5 geries., The difference between A-3 and B-6 series 1is
8.6° and between A-4 and B-7 series is 6°. The increase in
smectic thermal stability is due to lenglhening of the mblecules
progressively by one -CHZ- unit from B~5 to B-7 series and the
lower transitionsare due to the increased breadth of the
molecules of these series due to 'iso'! linking as compared to

series in A type (Table 65).

Mol ecules of the pairs of the series A-1 and B-5, A-2
and B~6, and A-3 and B-7 have the same length, but the breadth
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Table 65
Difference values
(Smectic—lsotropic or smectic-nematic thermal stabilities of

straight chained and iso-linked series)

Homplogous Smectic~Isotropic Thermal Stabilities °C
series Alkyl chain at right terminal

C C - C
3 (Series) b (Series) 5 (Series)

Straight~-chained 103.8 (A=2) 110.6 (&=-3) 110  (A=-4)
iso-linked 91.7 (B=5) 102 (B-6) 104  (B-7)
Difference 12.1 8.6 ‘ 6.0

of the molecules of B~5, B=~6 and B-7 series is proportionately
\(one --CH3 branch) increased as compared to those of the
molecules of the A series. By taking into consideration the
smectic-1gotropic or smectic-nematic thermal stabilities of
these pairs of the molecules, the effect due to the breadth
variation alone can be adJjudged, the values are given in

Table (66).

It is easy to conclude from the values in Table 66 that
the effect of breadth in lowering smectic thermal stability
~is significant, but with increasing length as one passes ‘
from gerial No.1 to 3, the effect of breadth appreciably
decreases., 1t means that the increasing length nullifies the
impact of b;eadth more than what breadth can originally damage

the smectic thermal stability; we may say that after a certain
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length of the alkyl chain, say after C5, the breadth effect may
become nil or non-operative, It is proper to state that the
mesomorphic property has greater reliance on the length of a
linear molecule and that the breadth of a molecule can have

only moderating type of impact.

Table 66
Difference values

(Smectic-nematic or smectic-isotropic thermal stabilities of

the pairs)
SL Homol ogous pairs Thermal stabilities Difference
No. ] o °C
1 A‘1 10716
15.9
B"5 9107
\
2 A-2 103 .8
18
B-6 102
3 A-3 110.6
6.6
B-7 104.0

The next comparable pairs of series are A and D, and B
‘and E (Table 67). The 4 and B types of series are less in
length by ~-CgH,~CH=N- unit, and also less in aromaticity by
one benzene ring. The reduced aromaticity, length of the
molecule and length to breadth ratio lower the smectic thermal
stability in A and B type of the series. The difference values

increase in an alternate manner in the pair A and D while ain the
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Table 67

The effect of —C6H40H=N- unit on smectic~nematic or smectic-

isotropic transitions.

Right terminal Pair of SmecticiNematic Difference
R' group series ‘ or oC
Smectic-isotropic
transitions
sC
D-1 15207
-0C-H A~1 107.6
272 - 60.1
D“‘Z 167:7
-OC3H7 A=2 10%.8 L
780'9
. D"'B 182o7
-0C A-3 110.6
4H9 7241
D"Ll' 182-7
—OC5Hﬂ A=4 110 81,3
D=5 191.3 *
iso -OC3H7 B=-5 91.7
72.0
E"’q N 163'7
iso -OCL“Hg ‘ B"'6 102.
78.0
E~2 180
is0 -0CsH, B-7 104.,0
84,0
E-3 188

RO-@__CH,-:CH-.COO.@
RO—@-CH:CH-COO—@—CH:N—@—OR' D and E type

OR! A and B type
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pair B and E the sequence is of increasing order.

\

Another comparable clusters of series, with iso-linking
at the right terminal, afe M-5, M-6 and M~7 series and B-5,
B-6 and B~7 series. The right terminal groups in the series
B-5 téB-? are iso -0CH», 1so -OCAH9 and 1s0-0CgH,, and in the
series M-5 to M-7 they are iso—GOOC3H7, iso—COOChHg, and iso=-
»COOC5§11 respectively. The homologous series M-5 and M~-6 have
higher S-N or S-I thermal stability than the series B-5 and B-6
due to more overall polarizability of the molecules as well as
higher ratio of lateral to terminal attractions. The molecules
in series M-5 to M-7 have dipole moment across the long
molecular axis and exhibit more smectogenic charactgristics
(489). However, the lower S-N stability of the series M-7
than B-7 is rather surpriging. Both these types of series are
lowest in the smectic thermal stability, but the series in the
M type have more smectogenic charactaristics as seen from the
commencement of. the smectic phase. The smectic phase commences
from the eighth, eighth and sixth homologue in the series B~5
tp B-7 whereas from the fourth, second and first homologue

in the M-~5 to M-7 series. ‘

Comparison of the series M-2, M-3 and M-4 having —COOCHB,
~COOCZH5 and -COOC3H7 groups at the right terminal, with the
corresponding series A-0O, A-1 and A-2, having -OCHB, ~OCZH5 and
;OC3H7 groups at the same position, reveal that the smeot;é

stability of the M=-2, M=3 and M-4 series is higher by 44.3°,
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12.2° and 12.9°. This ig attributable to the ester groups,
—COOCH3, —COOC2H5 and -COOCBH7, having dipole moment acting
across the long molecular axis (489) leading to more lateral
to terminal ettractions gtabilizing the layer structure of

the smectic phase.

. The next series in the decreasing order of the smectic

thermal stapility are the F and A types. The right terminal

. groups in the F-series are —COCHB, —COCz}{5 and —COC3H7 whereas

those in the A type are —OCHB, —-OCZH5 and ~003H7. Obviously,
the groups in the F type are longer and have more polarizability
enhancing the smectic thermal stability as compared to those in
the A type of series. The difference in the smectic thermal
stability of the corresponding F-1 and A-O, F-2 and A-1, and

F-?3 and A-2 is 51.6%, 48,6°% and 44.2°, The ratio of lateral

ﬁo terminal attractions is also more in F type of series than in

A type.

The smectogenic nature of the homologous series is
normally judged on the basis of the commencement of smectit
megophase in the homologous seriesg. An early conmencement is
an indication of greater smectogenic nature. Smectogenic order
for the series studied in the present investigation may be

suggested as follows:

A series:

~0CiHg » -OCgH,q » -0CHHg5 > -0CgH, » -OCHj
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L.e. New Homologous series - C type:

This type consists of two homologous series viz.

Cc-8 m~chl orophenyl -p*~-n-alkoxycinnamates and

C=-9 o-chlorophenyl -p'-n-alkoxycinnamates.
These two series though quite low melting (Tables 19 and 21),
fail to exhibit mesomorphism even in monotropic conditions
inspite of the perfect primary geometry being conducive to the
formation of licuid crystals, but may provige a very significant
link in the understanding of the phenomenon. In this respect,
these noﬂ;mesomorphic series attain greater relevance and
importance. Some of these could be 'improved! upon in their
structural facets which may be instrumental in turning them to
become liguid crystals. Non-mesomorphs of this investigation
have acquired the significance of shedding better light for the
proper 'designing' of molecular facets in absence of which the
liguid crystalline order in the fluid state may not be obtained.
Plots of the melting points versus the number of carbon atoms

in the alkyl chain are given in Fig. 13 and 14.

The series C-8 and C-9 -have chloro group in the mefa and
ortho position- respectively., As it is very well known that

chloro group as a lateral substituent decreases the transition
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temperatures (465a), in the series C-8 and C-9 also the
melting points of the homologues are less as compared to

the homologous series C-10 where chloro is at the para
position (465a). The lateral substituent increases the
breadth of the molecule and as the present series comprise

of only two phenyl rings, it seems that length to breadth
ratio is not conducive to the mesomorphic properties. In
series C-10 where the chloro substituent is in para position,
the series behaves like a normal nematogenic series with
moderately stable mesophases. If one more benzene ring along
with central linkage, viz, -CH=l{-, is introduced with chloro
in meta position (series C-12), the system. exhibits mééogenic
propgréies as the length to breadth ratio is Jjust enough to
induce mesomorphism. Similarly, by intrqducing -C6HAcH=N- uﬁit
and keeping chloro substituents at meta and para position$
(C-13) system behaves like normal mesomorphic system. The
series C-11, with —C6H4—CH=N~ unit and chloro at the para

position also exhibits rich mesomorphism.

It may be concluded from this data and discussion that
with a lateral substituent in a molecule, the molecular geometry
should be such that the lLength to breadth ratio is favourable to
megogenic character. To observe monotropic mesophases,
homologues must exhibit appreciable super-cooling tendencies

which is also absent in the present. two series.
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Legand for DSC curves

The number given to the curves indicate number
of carbon atoms in the n-alkyl group of the
compound. The name of series is mentioned at

the bottom of each figure.
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4,f, Calorimetric study :

While the DTA apparatus of the Applied Chemistr§
Department where this investigation was carried out, is out
of order for several years by now, through the generous help
of my employer, Indian Petrochemicals Corporation Limited,
three of the new homologous series synthesized during this

investigation were subjected to DSC study,

Very sharp peaks for solid-mesomorphic (Solid-nematic,
Solid~smectic), smectic-nematic, nematic-isotropic, smectic-
isotropic etc. transitions are obtained (Fig..15 to 17). 4s
the cooling system was not working, the monotropic transitions
could not be confirmed in the DSC study. Most of these |
transitions within the limits of the experimental errors,
conform with those obtained by optical miéroscopy, except in
the series a-1, where the difference is because of the

instrumental error. A comparative statement of these
transitions is given in Tables 68 to 70.

The following formula is utilised for calculatingAH
and A S
(60 xB x E x Ags)x Mol »wt. %1072

AH (K cal mol™ ) =

AS (cal/mole/°K) =

%
ra]:r: =§ kg
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: . 264
ihere AH = Enthalpy of fusion (Kcal/mole) ,
A = area under the curve (Sq.in.)
m = Mass of the sample (mg)
B = Time base (Min/in.)
E = Cell calibration coefficient at the temperature
of the experiment o
A ds = Y-axis range
T = Transition temperature (%K) -

AS = Entropy (Cal/mole/¢K)

As for example, for the decyloxy homologue of the series
A-2 viz. p-n-propoxyphenyl -p'!-n-alkoxycinnamates, the da\d:a are as

followss:

Table 71

DSC data for p-n~propoxyphenyl -p'-n-decyl oxycinnamate

Peak area Temp.°C A H ‘ Al's )
Phase Sq.in. Kcal/mole Cal/mole/°K
Smectic 0.5919 81 5.15 14.55
Nematic 0.0116 104 0.10 0.27
Isotropic 0.026 119 0.22 0.57

Where E = 1.00; B= 1.00, A gs = 1.00 and m = 3.02.

As per these values,AH and A S for this homologue are
calculated as follows:

Smectic phase

A H (Kcal/mole) =% (60xBxEX A q8)X mol wtho~2
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= 9—3—%%%—9- (60x1x1x1)x438 x 10™2
= 5,150
A S (cal mole™! °K—1) =é~Tﬁ x 107
_ 5.150x10° _ ., 55
= TFL o T

Nematic phase

It

A H (Kcal/mole"1) ‘% (60 x B x E xAQs)x mol .wt. %1072

0.0116 : -3
=——-—-o——3.02(60x1x1x1)xl+38x10
= 0.10
AS (Cal mole™ | °K’1) = é_f_fi x 107
Q.10 & 107 = 0.27

Isotropic phase

A H (Kcal mole'q)

i

f‘-ﬁ (60 x B x E XxAQs) x Mol.wt.x 10™2

i

-Q-'-‘g—é—qf60x1x1x1)x438x10"3
3,02

= 0.22

A S (Cal mole™ ! °K"1) = 4-‘-}% x 107

a3
o.gégmo - 0.57

The values of A H and &S along with other data are recorded in

Tables 72 to Th.

The results are quite interesting. It is observed that

when the homologues exhihit mesomorphism, the AH value for the

1
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isotropic change is the lowest and That in the polymesomorphic
situations, the values for nematic transitions are as a’ rule
lover than those for the smectic transitions. Most of the
present series subjected to the DSC study are nematogenic or
predominantly nematogenic. With regard to the A H values of
smectic and nematic transitions for all these series, the
observation is %bat the AH value increases as the number of

carbon atoms increases in the alkyl chain.

Beries A-1 p-Ethoxyphenyl-pf-n-alkoxycinnamates:
A

The point of interest in this series is the solid-solid
transitions for the third, fifth, fourteenth and sixteenth
homologues as shown in the DSC graph (Fig. 15). The fifth
homologue exhibits two solid-golid transitions and the sixth
and seventh homologues give indications of solid-solid
transitions but the peaks are not resolved sufficient enough
for calcglation. The solid-solid transitions have been shown
in the various figures by cross. Lack of adequate facility for
the study of x-ray patterns made any further study in this regard
impossible otherwise the solid transitions could have provided
better understanding regarding mesomorphic characteristics
since a pre-history of the solid state of a mesogen could be
sufficiently important for variations in mesomorphic

characteristics.

In the plots of A H versus number of carbon atoms in

the alkyl chain Fig. 45, the enthalpy for the solid-mesomorphic
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transitions increases alternatelly. The enthalpy for the
N-I transitions show alternation upto the fifth member and
after showing fall upto the seventh member it increases
gradually. The enthalpy for the S-N transitions shows steep
rise. The same pattern is observed in the entro’pj changes

also (Fig. 46). The plot of total A S i.e. the summed U ‘
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trangition also alternate upto the sixth member followed by
a fall and levelling off. Entropy changes also eXhibit the
similar pattern Fig. 50. The plot of total A S versus the
number of carbon atoms in the alkoxy chain also exhibits
alternate increase throughout (Fig.51). The seventh, eighth
twelfth and fourteenth members were not subjected to DSC

study hence the transitions for these members are missing.

The plots of transition temperatures obtained by DSC
method and under polarizing mlcroséOpe versus the number of
carbon atoms in the_alkyl chain (Fig.7 and 52) are identical
except the monotropic transitions as well as the transitions

i
for the members not subjected to the DSC study are missing.

Series A-3 p-n-Butoxyphenyl-p'-n-alkoxycinnamates

The solid-solid transitions-are agaln indicated clearly
by the DSC graph (Fi’g.'l"/) for the first, fifth and eighth
members. As the peaks for.the first and fifth members are not
resolved sufficiently, the enthalpy values are not calculated
separately. This homologous series is more interesting since
besides solid~solid transitions, the two smectic phases, i.e.
smectic C and smectic II are clearly indicated by the DSC
ﬁeasurements whereas only one smectic phase was observed under
polarizing microscope degpite of careful observation. The
change in texture from Sc to SII is hardly observable except

that the fluidity between the two phases differed markedly.
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There is a good enthalpy change for this transition but no
appreciable change in the texture. Further characterization
of the SII phase by contact method was made difficult by the

small phase length. The S, to S1 transition is indicated in

C
the various graphs by 7.

In the plot of A H versus the number of carbon atoms
in the alkyl chain (Fig. 53), the enthalpy for the N-I
transitions decreases upto the seventh member followed by a,
considerable rise upto fhe last member. A H for the solid-
megomorphic transitions shows an overall falling tendency.
Similar pattern is also observed in the entropy changes (Fig.54).
The plot of total A S versus the number of carbon stoms in the

alkyl chain exhibits peculiar pattern (Fig.55).

In general, the plot of the total energy A S versus the
number of carpon atoms (Figs. 47, 51, 55) exhibits an overall
rising tendency in alternation as the chain length increases
though the last series shows a falling tendency with alternation
in the latter half of the series (Fig.55). These observations

are in agreement with those reported in literature (484-488),

Enthalpy values of the structurally similar compounds
(Table 75) reveal that the values for the newly synthesized

homologues are comparable.

4s known from other homologous series reported in

literature, the melting enthalpies increase in these series
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Tabl e 75 7

Comparison of Enthalpy

RO_@ ; @OR.

AH (Kcal/molé) , Q_H (Kcal/mole)

For X=-CH=CH-COO~ R R!? X K-N N-I
K-N N-I .

6.17 0.28  CgH,o | C,Hy -COO- 8560 1) 0.33 1)
5.4 0.16  CgHys  Cfg -co0-  8.361) 0.32¢ 1)
6.67 0.19 CH CjHg ~CH=CH- 9.43(2)' 0.18(2)

(1) = (471), (2)-(470)

al so, withodncrease in chain length. The enthalpies of various
transitions also fall in the range of the reported values. The
clearing enthalpies and enthalpies of the nematic phases show
alternating increasing trend with increase in alkyl chain length.
In general the enthalpies of transitions within the liquid
crystalline state show an increasing trend with growing alkyl

chain.

It may be said that calorimetry is a valuable help to detect
polymesomorphism and can yield some clues to phase classific?tions.
But an exact classification on the basis of calorimetry alone is

not possible.
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L,g. Mixed Mesomorphic Systems:

It has been thought that study of some binary systens,
comprising certain homologues of the presently investigated
homol ogous series, may turn out quite interesting. Of course
. while selecting the homologues as components, the only aspect
that was predominant was the extent of lowering of the mixed
transitions and obtaining a range as low as 25°-50°, VWhile
this obgective is not well fulfilled, the mixed study never-
theless has presented very interesting panorama with posgsibi-
lities for further investigations. Binary systems comprising
components none, one or both of which are liquid crystals
have been studied in this investigation and the results are

gquite interesting.

The binary systems studied by optical microscopj are
given in Table 76 with their transitions mentioned against

the components.,

The selection of the components 1s made to account for
One single variation for a group of binary systems, so that
the results could be well attributed to the single varying
factor. System No.1 and 2 belong to the geries p-ethoxyphenyl-
p'-n-alkoxycinnamates, series A-1, No.3 and &4 belong to the
series p-n-propoxyphenyl-p'-n-alkoxycinnamates, series A-2,
while system No.5 to 11 belong to p-iso-propoxyphenyl~p'-n-

alkoxycinnamates, series B-5.
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The two compbnehts of the\binary system No.1 (Fig.18)
are p-ethoxyphenyl-p'-n-heptyloxycinnamate (4) and
p-ethoxyphenyl-p'-n—octyloxycinnamate (B). Both components
have the same molecular geometry inclusive of the same alkoxy
group at the right terminal, but differ in length due to one
more methylene unit in the alkyl chain at left terminal of the
component By Since the molecules of both species are almost
identical in molecular stfucture, almost: perfect compatibility
in packing of the molecules in the oriented state is ensured,
which 1s quite conducive to enhancing the mesomorphic property ~
in the mixed condition. Both components are polymesomorphs
with smectic phase in monotropic conditions and their upper
transitions differ by only 2.5°, consequently the mixed nematic-
isotropic transition curve nearly follows the ideal linearity
cfiterion. This wéuld suggest that the molecular forces
responsible for exhib}tion of nematic mesophase do not alter
much in the mixed condition-neither the forces conducive to

the mesophase are enhanced nor decreased.

The component B has octyloxy group at the left terminal
whereas component A has heptyloxy group at the same position,
this means the molecular length'of component B is more by one
methylene -CH,- unit leading to more polarizability of the
molecule. The increase in mole % of the more polarizable
component increases the mixed S-N transition as seen from the
rising nature of the curve. The forces conducive to smectogens

are' enhanced leading to increase in the smectic thermal stability.
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But smectic mesophase length is not increased much, it shows

rigse and fall, because of the nature of the solid-mesomorphic
transition curve. With increase in the proportion of B, the
mixed S-N transition curve rises gradually from left to right
side of the phase diagram. During this rise, at about 4C mole %
B the curve crosses into enantiotropic region, and travers
through this region till mole % of B reaches the value of acout
67, when the curve again enters the monotropic regioﬁ. This
crossing of the mixed S-N transition curve from monotropic region
to enantiotropic region and again into the monotropic region
results into increasé and decrease in the smectic mesophase range.
The smectic mésophase lengtﬁ above gutectlc’is of 9¢ versus 16°
and 7° in the component A and B respectively. The molecular forces
have certainly increased the resistance of the'smectic mesopha se

to the thermal agitation but because of the mixed K-M transition

curve the mesophase length has not increased much.

The packing of the molecules in solid state has certainly
yielded toc the thermal agitation as seen from the fall in the
K-M transitions upto the eutectic at 75° with about 58 mole % of
B. This shows a fall in K-M transition from 88° at .the left side
to 75° i.e. a fall of 13°. As the proportion of B increases
beyond 58 mole %, the mixed K-M transition curve registers a

sharp rise.

The system exhibits wide nematic range while the smectic

mesophase length is of less than 10%.- The molecular forces have
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not enhanced the mesophase length as it varies between 64° and
41.5°, the former is the mesophase length of the component A and
the later that of component B. Table 23 reveals that when the
nematic mesophase length, increases, the smectic mesophase length
decreases and vice versa. It may be said that with 55 + 15 mole %
of either of the components, the binary system exhibits smectic
megophase in enantiotropy. The mixed nematic phase length is in
the range of 40-55° and mixed smeétic phase length in the range
of 5=-10°. The maximum mixed nematic phase length is of 55° versus
48° and 34.5° in the components A and B respectively. The maximum
mixed smectic mesophase length is of 12° and over the eutectic

it is of 9° versus 16° and 7° in the components & and B respectiveiy

The binary system No.2 (Fig. 19) comprises of two
polymesomorphs viz. p-ethoxyphenyl-p'-n-decyloxycinnamate (A4)
and p=-ethoxyphenyl-p'-n-dodecyloxycinnamate (B). The molecular
geometry of the two components is identical except that at the
left terminal in component A there is decyloxy group whereas in B
it is dodecyloxy group. The molecules of component B are longer
by two methylene units, as the right terminal group, ethox§, is
the same in both the components. The variations in the various
transitions can be attributed to longer length of the component B

as otherwise both the components are identical.

The nematic~isotropic and smectic-nematic transitions of the
two components differ by 4° and 5° respectively. The mixed N-I
transitions on the left side of the phase diagram show little

convex elevation followed by more or less ideal behaviour,



297

In contrast to this, the mixed smectic-nematic transition
curve shows gradual rise from left to right side of the phase
diagram. This indicates that the longer and more polarizable
component B predominates over the component 4. It reduces the
forces conducive to the nematic mesophase and enhances the
smectic mesophase. The combined effect of this is the gradual
decrease in the nematic mesophase length and increase in the
smectic mesophase length. The nematic phase length decreases
from 229 (nematic phase length of the component A4) to 13°
(mesophase length of the component B) with only marginal rise
of 1° at about 9 mole % of B. The mixed N-I transitions yield
to thermal agitation while the mixed $S~-N transitions resist it

and the increased polarisability increases the thermal stability.

f

The packing of the molecules in the solid state yields
: hole %o of

to the thermal agitation as ﬁheﬁ@odecyloxy homol ogue is
progressively increased till it reaches eutectic composition
of 46.5 mole % of B at 63°C. With further increase in the
proportion of the component B the mixed K-M transitions show
sharp rise. This depression in the mixed K-M transitions increases
the smectic mesophase length gradually from 24° at the left to
43,50 oyver the eutectic composition while that of the component
B is 23°., Both pure components have smectic phase length of
23° (B) and 24° (A), while the system has the mesophase length
more than these. The more polarizable moiecule of the component

B predominates in the system and increases the smectic phase

length and decreases +the nematic phase length. The overall
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mesophase length of the systeﬁ is also more, maximum at the
eutectic is 62°. It may be said that the forces conducive to
mesophase are enhanced in the system. The interesting part éf
this binary sysgtem is that the lowest temperature, at which the
system would be in the mesomorphic orientation., is 63°, which
is the lowest iﬁ the binary systems studied under this
investigation. A third component of suitable structure and
characteristics could bring down the temperature range still

furthera

The extent of sinking of the mixed melting points may be
assessed by taking a difference of the higher solid-mesomorphic
transition of the two components and the eutectic temperature,
which are 'given in Table 77. A glance at the difference value
in the Table 77 conveys that the extent of mixed K—ﬁ transitions’
depression or sinking is greater in the system 2 as compared to
system No.1. In other words, the resistance offered by the
mixed packing of the molecules i1n the solid state of the systen
No.2 is less than that offered by those of the previous system.
Since the binary system No.2 has the components one of which is
longer than the other by two methyzeﬁe units (-CH,-) at the
left terminal, the greater resistance to the thermel agitation
offered by it 1s peThaps due to the type of packing of the

mixed molecules.

The molecules of the system No.3 and 4 are geometrically,

identical with those of No.1 and 2 respectively, as the left
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Table 77

Solid-Mesomorphic Transition (K-M) and the Eutectic Temperature

System K=M transition Eutectic Difference i.e
J (the higher of temperature extent of
the two) sinking
°C °C
1 T 92 75 C17
2 86 63 23

-

terminals of components in é&stem No.1 and 3 are the heptyloxy '
and octyloxy groups'whereés thoge in the gystem No.2 and 4

are the decyloxy and dodecyloxy groups. The only‘:difference
between the two pairs of systems, viz. No.1 and 2, and 3 and 4,
igs at the right terminal. Ethoxy group is at the right
terminal in pair of system No.1 and 2 while n-propoxy group is
at the same position in the pair of system No.3 and 4. So the
two components in the binary system No.3 are p—n—pfopoxyphenyl
d*ﬁ—heptyloxycinnamate (A) and p-n-propoxyphenyl-p'-n-
octyloxycinnamate (B)(Fig.20).

The mixed nematic-~igotropic transitidn curve deviates
a 1little from the ideal linearity behaviour, the difference
between the two upper transitions being of 3° only. This
' would suggest that the molecular forces responsible for
exhibition of nematic mesophase do not alter much in the mixed

condition. Taking into consideration the monotropic smectic
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mesophase property of component A viz. p~-n-propoxyphenyl-p'-
n-heptyloxycinnamate on par with the other liguid crystallinity
of nematic nature, the total mesophase length of the components
A and B of this system are 35° and 25° respectively. The
component A of the system No.3 has more pronounced nematic
character in a relative sensé and this. is not disturbed much.
Therefore, the mixed nematic-isotropic transition curve deviates
a little from the ideal linearity behaviour.and shows a small
domnward trend. The molecular forces responsible for the
smectogenic property enhance as the mole 9% of the longer,
octyloxy, homologue increases. The mixed smectic-nematic
transitions show a rising trend and the more predominant
smectogen B transforms monotropic character of component & into
enantiotropy at about 10 mole % of component B. The increase in
the mixed thermal stability of the'smectic mesophase reduces the

mixed nematic characterigtics.

The solid-mesomorphic transitions of the mixture sink
wonderfully giving rise to two eutectics quite unusually. The
depressions in the mixed solid-mesomorphic transitions on the
right and left sides of the phase diagram are of 15° (B") and
7.5 (A") and between the two eutectics, the proportionate
slope of the transition curve is maintained. In otherwords,
under the mixed condition the packing of the molecules in the
solid state i1s one such that easily yields to thermal agitation

as compared to that of the individual components which offer
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greater resistance. The mixed smectic meéophase ranges at

the two eutectic compositions A" and B" are of 10.5° and 17°
respectively, which are more by 8.5° and 14.5° respectively
than thoge of the individual components. The mixed nematic
mesophase is reduced at the middle region of the phase diagram
due to the rising tendency of the mixed S-N curve and falling
nature, though little, of the mixed N-I curve. Thus, in the
mixed condition, the molecular forces of this system are more
conducive to smectic mesophase. Exlistence orf two eutectic
compositions would indicate formation: of molecular complex AB.
The mesophase lengths over the eutectic points A“'and B" are
of 39,5° and 41° versus 35° and 25° for the components A and B

respectively.

The phase diagrams of the system No.1 and No.3 are
comparable as the components have identical geometry. Both
the systems show increase in smectogenic property and decrease
in nematogenic nature. The mixed N-I transitions show a
decrease though marginal and mixed S-N transitions show a rise.
It is the arrangement of the molecules in solid state that
yields to thermal agitation and shows good depressions, the

system No.1 having one and No.2 having two eutectics.

The system No.4 (Fig.21) belongs to the same series viz.
A-2 and the two components are p-n-propoxyphenyl-p!-n-
decyloxycinnamate (&) and p-n-propoxyphenyl-p'-n-dodecyl oxy=

cinnamate (B). Both components have the same molecular
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geometry inclusive of the same alkoxy group at the right terminal,
but differ in length due to two more methylene units in the alkyl
chain at the left terminal of the component B. Both the

components exhibit polymesomorphism with more smectic phase
length and comparatively less nematic phase length. The mixed
Nematic-isotropic transition curve is a straight line sloping
downward marginally whereas the mixed smectic-nematic transition
curve follows the ideal linearity behaviour, the difference
between the two upper transitions being of 5°¢ only and there is
no difference between the two smectic-nematic transitions of the -
individual components. The nematic mesophase length decreases
gradually with increase in the mole % of B which may be attributed
to its more length by two -CH, - units and in turn more
polarizability. The mixed smectic mesophase length increases
from left to the right side of the phase diagram and reaches
maximum value of 36° at the eutectic point. The increase in the
smectic mesophase length can be attributed to the decrease in

the mixed solid-mesomorphic (K-M) transitions.

The molecular forces responsgible for exhibition of the
nematic phase are reduced as indicated by the decrease in mixed
N-I transition temperature while the forces conducive to the
smectic phase are not altered as observed from the mixed S-N

transition curve which is nearly parallel tc the abscissa.

The mixed K-M transitions are depressed and reaches eutectic

at 66°, wWith increase in alkyl chain length at the left terminal
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by two methylene units, the depression in the mixed K-M
transitions is more. The packing of the molecules in the solid
state yields to thermal agitation as seen from the depression
of 12.5° from 78.5° in the component A at left side of the phase
diagram. 1In all, the addition of the dodecyloxy homologue to
decyloxy homologue does not alter the mixed S-N transitions,

the mixed N-I transitions yield to the thermal agitation
marginally while the mixed solid-smectic transitions does not
resist the thermal agitation much. The net effect of this is
decrease in the nematic mesophase and increase in smectic
mesophase. The nematic phase length in components A and B is

of 14° and 9o respeptively while over the eutectic it is of 12¢
whereas the smectic phase length of 23.5° and 17° ia components
A and B respectively becomes 36° over the eutectic. In turn,
the mixed mesophase length is more than that of the pure
components. The forces conducive to smectic phase predominate
in the system. Taking system No.3 and 4 for comparison, the
extent of sinking of fthe mixed K-M transitions may be assessed
by taking difference of the higher K-M transition of the two
components and the eutectic temperature{Table 78} The difference
values in the Table 78 conveys that the extent of mixed solid-
mesomorphic transitions!/ depression is greater in the system No.k
as in system No.2. The resistance offered by the mixed packing
of the molecules in the solid state of the system No.4 ig less
than that offeredh by the system No.3. Similar depressions are
also observed in,the pair of system No.1 and 2. The phase

dlagrams of the pair of system No.2 and 4 are once again similar
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Table 78
Solid-Mesomorphic (K-M) Transition and the Eutectic

Temperature : System No. 3 and 4

Systenm K=-M-Transition Eutectic Difference
No. (the higher of temperature i.e., extent
the two) of sinking
°C °C
3 99 86.5 12.5
3 99 84 15
85 66 19

ag is the case in pair of system 1 and 3. The components in

this pair have decy;oxy and dodecyloxy groups, at left terminal
while the right terminal groups are ethoxy and propoxy in system
No.2 and 4 respectively. Increase 'in length of the corresponding
homologues in system No.4 reduces nemetic characteristic and
increases smectogenic one. The same phenomenon is observed in
the systeﬁf?. In both the systems it is the mixed solid-

mesomorphic transitions which yield much to thermal agitation.

The system No.5 to 11 have the components from the series
B-5 having iso-propoxy group at the right tgrminal. The system
No.5 (Fig.22) has components viz,p-iso~propoxyphenyl-p*-
methoxycinnamate (A) and p-iso-propoxyphenyl -p'-ethoxycinnamate
(B), both of which are non-mesomorphic with melting points 99°

and 145° respectively.
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The component B is longer by one methylene unit, than the
component A. The -OCHB and ~OC2H5 groups are moYe polar and
both the groups together in the binary system of A and B induce
enough terminal attractions for exhibiting the nematogenic
characteristics. The addition of more polar molecule B to the
less polar a molecul e induces nematic property at only about 10
mple % of B and the mixed nematic isotropic transitions show
rising tendency. Both the mixed K-M and N-I transition curves
show rising tendency upto 90 mole % of B on the right side of
the phase diagram. Between 90 mole % of B and pure component
B, the system looses its mesomorphic property. The left and
the right side of the phase diagram (Fig.22) indicate that the
system must contain minimum of about 10 mole % of either of the

component A or B to induce liguid crystalline property.

-

The addition of the ethoxy homologue to the methoxy
homol ogue enhances the molecular forces in the system leading to
increase in the mixed N-I transition. The mixed N-I transitions
not only resist the thermal agitation, but the resistance
increases. Even the packing of the molecules in the solid
state becomes stronger and the resistance to the thermal

agitstion  increases progressively as the mole % of B increases.

This system No.5 is particularly more interesting as it is
a multi-eutectic system not only in the mixed K-M transitions,

but also in the mixed N~I transitions. The mixed K-M transition
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curve exhibits as many as five eutectic points out of which 39
only one is on depression, the rest are in the increasing
order of temperature. The mixed N-I transition curve shows
three eutectics, all of them in the increasing order of
tempgrature. The nematic megophage length is of 1° at about
10 mole % of B and reaches maximum of 16° at the 29 mole % of B,
The molecular forces conducive to nematic characterigtics are
well enhanced here leading to producing nematic mesophase from
non~mesogens. The rise in the transitions gives convexity to the

transition curves.

Extrapolation of the mixed N-I transition curve to the left
side of the phase diagram indicates the N~-I transition temperature
for the component A at 87.5° and on the right side of the diagram
at 142° for the component B. These were not realised because of
the high tendency to crystallise and may be taken as the latent

N~I transition temperature.

The components A and B of the system No.6 (Fig.23) have
methoxy and propoxy groups at the left terminal with the right
terminal group being iso-propoxy, the same as in the system No.b.
The non-mesomorphic component A is common in the system No.5 and 6,
thus the difference in the length of the components in the system
No.5 is of one methylene unit and in the system No.6 is of two
methylene units. The component B is nematogenic in the monotropic

condition.
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Addition of more polarizable nematogen (B) to non-
mesomorphic component (A) fails to exhibit mesomorphism even
in monotropic condition till mole % of B reaches the value of
about 9 where enantiotropic nematic mesophase 1is exhibited. The
mixed N-I transition curve decreases upto 88° from 97° where
molc % of B is 38. Further increase in the proportion of B
increases the mixed N-I transition temperatures gradually and
during this process at about 72 mole % of B the curve enters/
the monotropic region. The system is predominantly nematogenic
and the molecular forces conduclve to nematogens are enhanced to
the extent that with only 9 mole % of B enantiotropic nematic
phase is exhibited against non-mesomorphic nature of component A
and component B being nematogen in monotropic condition. The

mixed N-I transition curve has two eutectics at 19 and 38 mole %

0i B with the corresponding temperatures 91° and 88° respectively.

The molecular packing of tﬁe system in gsolid state y1elds
W thermal agitation resulting in the fall of mixed K-M transitions
upto 72° from 99° at the left side of the phase diagram where thé
mole % of B is 41.5. Beyond this eutectic A" as the proportion
Of the component B increases progressively, the mixed K-M
transitions rise to the right side of the phase diagram showing
one more eutectic B" in the process. The nematic mesophase above
the eutectic A" is 16,5° which is the maximum in the system. The
mol ecular forces of the system increase the mesophase but fail

to induce smectogenic character.
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Like the system No.5, this system also has a multi-
eutectic phase diagram. The mixed solidernematic transition
curve has two eutectics, one each while descending and ascending.
The mixed nematic-isotropic transition curve also has tuo
eutectics, both while the curve descends. The right side of the
diagram indicates that the shorter non-mesogen molecule could
reduce the mixed K-M transitions more than the mixed N-I
transitions in monotropy and this leads to transforming monotropic
Nematic to enantiotropic nematic phase. While the left side of
the phase diagram indicates that the non-mesomorphic component A
needs about 9 mole % of mesomorphic (in monotropy) component B
to change its non-mesogenic characteristics into enantiotropic
mesomcrphism directly. In system No.5, the mixed transitions had
the Thermal stability increased remarkably while in the system
No.6, the variation in mixed N-I transitions is marginal but the

mixed K-M transitions fall and rise.

The system No.7 (Fig.24) consists of the nonrmesomorphic
component viz. p-iso-propoxyphenyl-p'-ethoxycinnamate (4) and
mesomorphic component viz, p-iso-propoxyphenyl-p'-n~propoxy
cinnamate (B). The component A is the B component in the system

No.5 and component B is common between this system and system No.b.

The addition of the mesomorphic (in monotropy) component B
to the non-mesomorphic component A decreases the melting points
quite sharply ¢ill the second eutectic A" at 86 mole % of B, the

first eutectic B" being at 34 mole % of B. Further increase in



303

proportion of B increases the mixed melting points. The
packing of the molecules in the solid state is such that
yields to thermal agitation reducing melting point from 145°

at left side of phase diagram to 107° at the second eutectic A".

Mesomorphism in monotropy is first exhibited at 29 mole %
of B ag%ést 10 mole % of the other component in the system No.5
and 6 and it is at this point that the nematic phase length is
maximum of 24°, as further increase in the proportion of B
decreases the mesophase length. The mixed N~I transition
temperatures decrease after appearance of nematic phase and has
one eutectic in the process at 64 mole % of B. Extrapolation of
the mixed N-I transition temperatures in monotropy to the left
side of the phase diagram indicates the temperature 107¢ for the
component A where it should exhibit nematic mesophase. This is
much below the melting point 145° and due to its crystallizing
tendency, this was not realized, hence it points to the latent
N-I transition temperature. The melting points show decrease
of 14.5° and 38° at the first(B")and second eutectic(A") of 34

mole % and 86 mole % of B respectively.

In this system No.7, it seems that the molecular forces
are not much enhanced with the result that the monotropy
is not transformed into enantiotropy. The molecular length of
B is more by one methylene unit, but in the system of p-igo-
propoxyphenyl -p'-n-propoxycinnamate (B) with p-iso-propoxyphenyl -

P'-methoxycinnamate (A) (System No.5), where the component B is
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longer by two -CH, - units, the molecular forces are enhanced
so much that with 9 mole % of the component B the sygtem
exhibits mesomorphism in enantiotropy and persists for quite

a long range.

The two components of the binary system No.8 (Fig,25)
are p-iso-propoxyphenyl=-p'-n-butoxycinnamate (A) and p-igo-
propoxyphenyl -p '-n-amyl oxycinnamate (B). Both have identical
molecular geometry inclusive of the same i1so-propoxy group
at the right terminal. The left terminal groups are butoxy
in (4) and amyloxy in (B) which gives more length to the later
by 'CHZ' unit. Both the components are nematogens in monotropy
and their mixed N-I %{ransition temperaturescand. melting- points

differiby ‘119 land 7° respectively.

Though both the components are nematogens in monotropy,
their system fails tc convert monotropy into enantiotropy.
The mixed melting points and N-I transitions are close, the
difference is of about 1°C, and both descend together
maintaining the difference of 19C till the proportion of B
reaches a value of 72.5 mole %, registeringi?all of about 8¢(C.
Beyond this, as the mole % of B increases the melting points
rise giving convexity to the curve while the monotropic mixed
N-I transitions continue to fall. There are two eutectics at
35 mole % and 72.5 mole % of the component B in both, the

mixed N-I and mixed melting polnt, curves.
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The molecular forces in the system are not altered much
as monotropy of the pure components continues to be exhibited
without getting transformed into enantiotropy and fall in the
mixed N-I transitions is also not much. Even the packing of
the molecules in the solid state yields to thermal agitation
to the same extent as the mixed N~I transitions upto the
eutectic A?. Thereafter. as the proportion of the component B
increases more than 72.5 mole %, the resistance by the packing
of the system increases and melting points rise marginally.
The molecular forces of the system are not conducive to
nematic phase as the mesophase length varies between 1° and
5°, the former being of the component A and the laggr of

component B.

The system No.9 (Fig.26) has two components viz.p=-iso-
propoxyphenyl-p' -n-hexyloxycinnamate (A) and p-iso=-propoxy=-
phenyl~p!=-n-heptyloxycinnamate (B), both are nemategens, the
former in monotropy. The molecular geometry of both the
components is identical except that the moiecular length of

the component (B) is mere by one methylene unit.

The monotropy nature of the component A transforms inte
enantiotropy with about 4 mole % of the coﬁponent B and persists
upto the right side of the phase diagram. This indicates that
the more polarizable component B predominates in the system and
the molecular forces conducive to nematogens are enhanced

transforming monotropy into enantiotropy. The molecular
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orientations in the mesophase yield to thermal agitation

‘ easily with the result the mixed N-I transition curve descends
from left to right side of the phase diagram giving convex
shape to the curve with three eutectic points. The more
pelarizable component B fails to increase the mesophase
length and the thermal stability of the mixed N-I transitions.
The eutectic points in the mixed N-I transition curve are at
103®, 99° and 97° at the corresponding mole % 20, 64.5 and
97.5 of the component B, The nematic mesophase length is of

2 to 3° versus 0° and 2.5° in the components A and B respectively.

The packing of the molecules in the solid state also
yields to the thermal agitation more or less to the same
extent as the mixed N-I transitions. The mixed K~M curve alse
contains three eutectics and descends in the same fashien
as mixed N-I transition curve maintaining the mesophase length
of 2 to 3°. The eutectic points in the mixed K-M transition
curve are at 1009, 95.5¢ and 96¢ at the corresponding 20, 65

and 95 mole % of the component B.

Though the longer heptyloxy homologue predominates in
the system neither the phase length nor the thermal stability

of the mixed N-I transitions is increased.

The system No.10 (Fig.27) consists of two components

viz.p-iso=-propoxyphenyl=-p'-n-heptyloxycinnamate (A) which is
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a nematogen and p=iso-propoxyphenyl-p'-n-~octyloxycinnamate
(B) which exhibits polymesomorphism. The molecular geometry
of both the components is once again identical in this system
except that the molecular length of the component B, having
octyloxy group at the left terminal group, is longer by one

methylene group.

The upper transitions of the two components differ by
only 0.5° with the result that the mixed N-I tramsition
curve deWlates Llittle from the ideal linearity behaviour.
On the left side of the phase diagram, the mixed N-I transition
curve shows small concave depression. This suggests that the
molecular forces responsible for exhibition of nematic

mesophase do not alter much in the mixed condition.

The component B though, has more length and
polarizability, fails to induce smectogenic property in the
system till its mole % reaches the value 39, when the system
exhibits smectic mesophase in monotropic condition. When the
mole % of the component B reaches the value of about 50,
the mixed smectic-nematic transition curve crosses into the
enantiotropic region, The rise in the mixed S-N transition
curve is of only 5°¢ from 82° at 39 mole % of B., The maximum
mixed nematic mesophase length is of 16° at 49 and 79 mole

% of component B.

The mixed solidemesomorphic transitions fall sharply

as the proportion of the component B increases till it
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reaches the eutectic composition registering an overall fall

of 22¢ from the left side of the phase diagram. Beyond the
eutectic point, at 88 mole % of B, as the proportion of B
increases, the mixed K-M transitions also rise sharply reducing
the length of smectic mesophase. Over the eutectic, the smectic
mesgsophase length is of 11.5¢ which is the maximum and nematic
mesophase length is of 15°, Thus, the mesophase length of 26.5¢

is the maximum one at the eutectic composition.

Polymesomorphism in the system begins at 39 mole % of B
and at about 50 mole % of B it exhibits smectic mesophase.

enantiotropically.

Extrapolation of thg mixed S-N transition curve to the
left side of the phase diagram indicates temperature 81° where
it will exhibit smectic mesophase in monotropy. Due to high
crystallizing tendency of the mesophase, this was not realised.
The phase diagram of the series B~5 (Fig.10) suggests 82.5° as
the latent S-N transition which is quite comparable. These two
val¥es can be viewed as in fine agreement, thereby, lending
credibility to the concept of extrapolation method for

determining the latent transition temperatures (490).

The last system from the seyvies B-5, viz.system No.11
(Fig.28), consists of a polymesomorph, p=-iso-propoxyphenyl=p!-n-
decyloxycinnémate (A) and a pure smectogen,p-iso~-propoxyphenyl-

p'-n-dodecyloxycinnamate (B). The molecular geometry of the two
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is identical except the length of the component B which is

more by two methylene units.

The upper transitions of the two components differ by 2°¢
only and the mixed N-I and S-N transition curves follow
identical pattern. The mixed nematic-isotreopic transition
curve shows comtinuity with the mixed smectic-isotrepic
transition curve beyond 90 mole % of B. The system exhibits

polymesomorphism upto 90 mole % of B.

The mixed solid-mesomorphic transition curve shows a drop
upto 4.5 mole % of component B followed by rise upto 10 mole %
of B, The mixed K~M transition curve again exhibits a drop
upto 73° with 36.5 mole % of B, with further increase in the
propertion of B, the mixed K~M transition curve rises gradually.
The mesophase lengths at the eutectics A" and B" are of 23° and
19¢ with 4.54 and 36.5 mole % of B. The smectic mesophése length
varies between 10° and 20°. With more or less similar changes
in the three transition curves, the nematic mesophase length
decreases from 6° to 1.5°, while the smectic mesophase length
is more than that of pure smectogen. The maximum phase length

of 23° is at the eutectic point AY.

The system No.12 to 16 (Fig.29 to 33) are from the two
non~-mesomorphic series C-8 and C-9, The obJject of studying
the mixtures of these nonemesomorphic compounds was to see

if mesomorphism is induced by both non-mesomorphs as in the



Table 79

Depression In Melting Points (System No.12 to 16)
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Melting Eutectic Difference
Sg?tem Components gigﬁer Temperature (Depression)
A B of the two)

(R=) (R=) °C °C °C
13 CaHy4 Cotq 4 82 63 19
15 C7H15 C7H15 61 45 16
16 CgHqr Calyr 60 39.5 20.5

ci

RO—@—CH.—:CH -C00
cl
RO»@CH:CHeCOO

(a) Series C=-8

(B) Series C=9
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8ystem No.5 at low temperatures. The eutectic temperature
as low as 39.5° is attained by the depression of 20.5° which
is maximum as presented’in Table 79. The depressions in the

systems No.12 to 16 are in the range of 15° to 20°.

The low melting points of the components of these
systems under investigation are attributed to the lateral
substituent. Chloro group which push apart the molecules
and weaken the molecular packing. The packing of the
molecules in solid state of systems seems to be such that
yields to thermal agitation easily and passes into isotropy
before exhibiting mesomorphism, though, eutectic as low as

\

39.5¢ is obtained.



