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Abstract - A mmiber of binary systems comprising a liquid 
crystalline Schiff’s base, viz* p-acetoxybenzal-p- 
phenetidine and a non-liquid crystalline Schlff’s base 

are studied* In all these cases, the liquid phase, be it 
anisotropic or not, is a single homogeneous phase* There 
is no indication of two distinct liquid phases, one 
anisotropic and the other isotropic, coexisting side by 
side over a range of temperature, for a binary system of 
a given composition®

The, shape of the transition lines in the phase 
diagrams of the binary mixtures is dependent on the type 
of the admixed non-mesomorphic component. In the case of

t

systems comprising isomorphous components, the transition 
lines are almost linear. If the molecules of the two 
components differ in shape and size, owing to the difficulty 
in packing themselves together the transition lines of such 
binary systems exhibit a concavity, when the admixed 
component is altogether an odd molecule in shape,size 
and structure, compared to the mesomorphic component,

+ This paper was read at the International Conference of 
Liquid Crystals held at Kent State University, Kent,
Ohio, U.S.A., 1965*
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the transition lines of such binary systems would be very 
steep, indicating the extremely little tendency of the 
odd non-mesomorphie component towards mixed mesomorph!sou

The systems investigated here generally 
comprise isomorphous components. The slope of the 
transition line in these cases stands as a measure of the 
tendency of the non-liquid crystalline component to form 
mixed liquid crystals. The group slope values obtained 
from the slope of the transition lines are found to be 
additive and agree well with those obtained by Dave and 
Dewar and Dave and Lohar showing that the effect of 
the terminal groups is specific. The order of efficiency 
of the groups for mixed liquid crystal formation, in the 
present investigation, is as under ;
M>2 > 0C2Hj > OGH3 > N(CH3)2 > GH3 s ca > Br.

Mixed liquid crystal formation has been
l>2»3reported - in binary mixtures where one component is 

a nematic liquid crystal. Dave and Dewar and Dave and 
Lohar5 investigated the binary systems comprising 

p-azoxyanisole, a nematic liquid crystal and non-liquid 
crystalline Schiff*s base compounds.

In the present investigation we have selected
5a Schiff s base, p-acetoxybenzal-p-phenetidine, another 

nematic liquid crystal and the mixed liquid crystal 
formation is studied in mixtures of this substance with 
non-liquid crystalline schiff s bases.
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Preparationand Purlficfttjop of Materl^Lg :

The Schiff s bases are prepared by heating 
equlmolecular proportions of corresponding aromatic 
aldehydes and amines, till condensation is ensured* The 
crude pro due t is washed well with a suitable solvent like 
ethyl alcohol, benzene etc., and recrystallized into fine 
crystals which melt sharply*

p -Ani sal -p -ani s idine (148°), p-ani sal-p- 
chloroaniline (92°), p-anisal-p-bromoaniline (120°), 
p-anisal-p-phenetidine (128*5°), p-anisal-p-toluidine (93°), 
p-dimethylamlnobenzal-p-phenetidine (148°), p-nitrobenzal- 
p-chloroaniline (132 ), p-chlorobenzal-p-phenetidine (122°), 
p -dimethyl am ino benz al -p-bromo anil ine (158°), p-chlorobenzal-

0 A,p-anisidine (123*5 ), p-nitrobenzal-p-phenetidine (123*5 ), 
p-chlorobenzal-p-toluidine (128°) and p-nitrobenzal-p- 
bromoaniline (163°) were prepared and purified likewise $ 

their m.p.s agree with those recorded in the literature.
p -Ethoxy benz al -p -chloroanil ine m.p. 100°

(Pound : N, 5*398. Requires N, 5*394 ), p-tolual-p- 
bromoaniline m.p. 125° (Pound s N, 5*021. Requires 
N, 5*107 ), p-chloro benz al-p-bromo anil ine m.p.l25°
(Pounds N, 4*729* Requires N, 4*754 ) and p-dimethylamino- 
benzal-p-chloroaniline, m.p. 152° (Pounds Nf II.36.

Requires N, 10.85 )*
Method of Study :

The phase diagrams are studied by the optical



4-and thermal methods .

A number of binary systems comprising a nematic 
liquid crystal, viz. p~aeetoxybenzal-p-phenetidine and

9a non-liquid crystalline Schiff s base are studied. It 
is observed that there are no invariant lines in the 
phase diagrams of these binary systems, which imply 
that there are no two-phase liquid regions. Besides, the 
transitions from mesomorphic to isotropic liquid state 
were, in all cases, sharp and never took place over a 
range of temperature. This has been clearly supported 
by the breaks observed in the cooling curves of the 
mixtures (Fig.3) corresponding to such transitions, 

these being quite similar to the break observed in the 
cooling curve of pure p-acetazybenzal-p-phenet idine.

Fig. 1. Phase diagram of p-Acetoxybenzal-
p-phenetidine : p-Ani sal-p-anis idine.

The mixtures were also studied on the Leits 
Ortholux II polarizing microscope fitted with a heating 
stage, when the mixture on the slide is heated to 
isotropic liquid and cooled slowly, the transition from 
isotropic liquid to mesomorphic state could be marked 
clearly by the immediate appearance of nematic bubbles 
and similarly the crystallization from mesomorphic to 
solid state could also be observed. There is no 
indication of two liquid phases, one isotropic and the
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other anisotropic, coexisting side by side. The transition 
from anisotropic state to isotropic is quite sharp and 
does not extend over a range of temperature for the 
binary mixture of a given composition. This shows that 
genuine mixed liquid crystals are obtained and that the 
anisotropic liquid phase is a single homogeneous phase 
of mixed liquid crystals.

Fig. 2. Phase diagram of p-Acetoxybenzal- 
p-phenetidine s p-Chlorobenzal-p- 
bromo aniline.

The shape of the transition lines in the phase 
diagrams of the binary mixtures changes depending on the 
type of the admixed non-mesomorphic component. In the 
case of binary systems comprising isomorphous components, 
the transition lines are almost linear. If the molecules 
of the two components differ in shape and size, owing to 
the difficulty in packing themselves together, the 
transition lines of such binary systems exhibit a concavity. 
When the admixed component is an odd molecule in shape, 
size and structure, compared to the mesomorphic component 
the transition lines in such binary systems would be 
very steep.

Fig. 3* A typical cooling curve of the system 
p-|eetoxybenzal-p-phenetidine (L.C) s 
p-Chlorobenzal-p-anisidine (N.L.C) •

The systems investigated here, generally comprise



1isomorphous components* Bogojavlensky and Winogradow -
reported that in the case of isomorphous mixtures the
transition lines are almost straight lines. Dave and
_ 4.Dewar have, however, shown that in such systems the 
transition lines are not invariably straight and they can 
be curved to more or less extent. The transition lines 
of binary systems investigated here, are almost linear 
(see Figs. 1 and 2) and stand as a measure of the 
tendency of the non-mesomorphic component towards mixed 
mesomorphisn. The lower the slope value, the greater is 
the tendency for the non-mesomorphic component to form 
mixed liquid crystals. The steep slope of the transition 
line indicates the low tendency of the non-mesomorphic 
component towards mixed mesomorphism. Table 1 gives the 
values of the slopes for the various substances , 
studied here and the graphical observations of the study 

are recorded in Tables k and 5«
From Table 1 it can be seen that the slope 

values for isomeric pairs of Schiff’s bases marked with 

an asterisk are similar. Further, the slope values vary 
with the polarity of the end groups and the effect is 
found to be additive.

The difference in slope values of the molecules 
having the same group at one end but different groups at 
the other end is almost the same. In the case of three 
such pairs cited in Table 2 the group slope difference 
is the same. Thus it is possible to deduce the group 
slope values for various terminal groups from the slopes
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Satela_l
Transition Line Slopes for the Compounds of the Type
R.C^H^.CH = I.C^H^.r’ with' p-Acetoxybenzal-p-phenetidine 

o(in C per 10 % change in molar composition )

Sys
No*

•

R r’ Sys
Slope No•

»

R R* Slope

1. och3 och3 lf.0
A

9* h0C2H5 Cl 8.3

2. +och3 Cl 9*0 10. NMe2 Br llf.l

3. och3 Br 10.0 11. ch3 Br 15*75
i|*# och3 OC2H5 3.0 12. Cl Br 15.75
5. och3 ch3 9*0

■4

13*
h

Cl 0CH 3 9.0

6* NMe2 oc2h5 6*5 Ilf. Cl ch3 14.5

7. ho2 Cl 7*8 15* no2 Br 9.0
8*

4-

Cl OC2H5 8.3 16. NMe2 Cl 12.8

17* N02 oc2h5 1.5

2aJ>1<LZ
Slopes for Various Schiff s bases

R* = oc2h5 Cl Br

it =

0 fO 1.5 7*8 9.0
- L NMe2 6.5 12.8 llf.l

Difference 5.0 5*0 5.1



atm 3,
Group Slopes of Terminal Groups

no2 > oc2% > OGH3 > NMe2 > Me * Cl > Br

Results of 
previous

2.e 5.6 7.2 8.9workers with O.p 
p-azoxyani- 
sole as liq. 
crystal®

l.l 7.2

Results of
the present 
investiga­
tion.

0.5 1.0 2.0 5.6 7.2 7.2 8.5

of the transition lines. The terminal groups are

arranged in an increasing order of efficiency towards

mixed mesomorphism. The general order and their

corresponding slope values obtained in the present

investigation agree and compare well with those obtained
4. 5

by Dave and Dewar and Dave and Lohar , with p-azoxy- 
anisole as the liquid crystalline component (See Table 3) 

The results suggest that the effect of the 

terminal groups is specific and should operate in binary 

mixtures of nematic liquid crystals with a non-liquid 

crystalline component, provided the two components are 

similar in shape,size and structure,and are conducive 

to close packing of the molecules in a given domain. 
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»' Mixed Mesomorphism in Mixtures of Schiff s Basep

J.S.Dave and K.L.Vasanth
Chemistry Department, Faculty of Science,
M.S.University of Baroda, Barodae

ABSTRACT

Mixed liquid crystal formation has Been studied 

in some binary mixtures comprising non-liquid crystalline 

Schiff s bases. Some of them are found to exhibit mixed 

mesomorphism over a certain range of temperature and 

concentration. The results are in agreement with the 

findings for a binary mixture of non-liquid crystalline 

components. For a binary mixture of chemically similar 

non-liquid crystalline components to exhibit mixed 

mesomorphism, the eutectic alongwith the mixed melting 

points of at least some compositions should fall below 

the mixed transition points of the crystalline liquid 

phase, x*hich lie between the two latent transition 

temperatures of the pure components.

i
Bogojawlensky and Winogradow studied the 

mixtures of isomorphous substances wherein one or both 

the components are non-mesomorphic by themselves and

reported that mixed liquid crystals are obtained within
i 2

a certain concentration region in either case. Walter

has also reported about the formation of mixed liquid

crystals (MLC) in binary mixtures of non-mesomorphie
3

components. Recently, Dave and Lohar have reported 

mixed mesomorphism in mixtures of non-liquid crystalline
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Sehiff*s bases. In the present paper results of similar 

studies with mixtures of a number of non-liquid crystalline
jSehiff s bases are reported. The four systems studied give 

mixed liquid crystals over a range of temperature and 
concentration.

The four systems comprising non-liquid 
crystalline Sehiff*s bases studied were as follows : 

System I ; (A) p-nitrobenzal-p-anisidine +
(B) p-anisal-p-phenetidine 

System II ; (A) p-ethoxybenaal-p-phenetidine +
(B) p-dimethylaminobenzal-p-phenetidine 

System III : (A) p-ethoxybenzal-p-phenetidine +
(B) p-anisal-p-phenetidine 

System I? : (A) p-ethoxybenzal-p-phenetidine +
(B) p-nitrobenzal-p-phenetidine

The phase diagrams were plotted using the
optical method

Results and ^Discussion s

Mesomorphism in mixtures of Sehiff*s bases : Mixed liquid 

crystals formation : -
The mole per cent of components (A) in systems 

I - IV over which mixed liquid crystals are obtained is 
38.5 - 51.5, M+.O - 73.0, 21.0 - 59-0 and 27 . 5 - 82.5 
respectively ( Pigs. 1 - ) . The range over which MLC
are formed should normally vary with the overSail



polarity of the end groups present in the binary system. 
'System (I¥) exhibits mixed mesomorphism over a larger 
concentration range while system (I) over a concentration 
range which is least of all. The range over which mixed 
mesomorphism is exhibited increases with overcall 
efficiency of the system, contributed by the terminal 
groups present in the two non-liquid crystalline 
components. Therefore, in such systems the polarity alone 
cannot be taken as the only prerequisite for a binary 
mixture of non-liquid crystalline components to exhibit 
mixed mesomorphism for, many such binary systems 
possessing highly polar groups, fail to exhibit mixed 
mesomorphism. The virtual or latent transition 
temperatures in such cases are much below their normal 
melting points and no liquid crystalline phase is 
obtained.

Hence, it may be-said in agreement with Walter, 
that for a binary mixture of chemically similar non­
liquid crystalline components to exhibit mixed 
mesomorphism, the eutectic alongwith the mixed meltigg 
points of at least some compositions should fall below 
the mixed transition points of the crystalline liquid 
phase, which lie between the two latent transition 
temperatures of the pure components.

The latent transition temperatures of the 
non-liquid crystalline substances obtained by the 
extrapolation of the nematic-isotropic transition lines 
on either side in their mixtures exhibiting mixed



4mesomorphism should agree with the corresponding 
values obtained by extrapolation of the transition 
lines of these non-mesomorphic substances separately 
with any liquid crystalline component of similar 
shape and structure. Such a comparison;:.is given in 
Table 1®

Table 1
Comparison of the Latent Transition Temperatures of 
Non-Liquid Crystalline Components

oLTP, C.,extrapolated 
in mixtures with

Non-liquid crystalline 
component

p-Acetoxy- 
benzal-p- 
phenetidine

Non-mesomorphic
substances

p -St ho xybe nzal-p- 
phenetidine

143.0 143*0

p-Anisal-p-phenetidine 121.5 121.5
p-Dimethyl am ino benzal- 
p-phenetidine

97.5 97*5

p-Nitrobenzal-p-phenetidine 84.5 85*0

The LTp’s obtained for p-ethoxybenzal-p-

phenetidine and p-anisal-p-phenetidine are 143.0 and
121,5 respectively and they agree with their
corresponding monotropic mesomorphic temperatures in

5-7the literature . These results indicate that a reliable
extrapolation for deducing the latent transition



5
temperatures of the non-mesomorphie substances as 
suggested by BogoJawlensky and Winogradow- is possible, 
but it should be emphasized that the extrapolation will 
be reliable only in the case of binary mixtures having 
almost linear transition lines® On the other hand, if 
the admixed molecules are dissimilar, then the 
transition lines in such binary systems would be either 
steep or would exhibit a concavity 5 in either case the 
extrapolation will not be possible®

Based on his studies of mixtures of isomorphous 
2substances, Walter suggested the Eq.(l) for the 

calculation of the transition points based on the Law 
of Mixtures.

tjjj — (tACx + t2G2 ) * ( CA + C2 ) • ••»« (1)
where, tm is the transition point of the mixed melt, 
tA and t2 are the transition temperatures of the two 
components and CA and C2 their concentrations in mole 
per cent. Sq. (1) can be applied where the transition 
points of the mixtures fall regularly between the two 
transition temperatures. The observed values of the 
transition points as well as the calculated values are 
given for few systems in 'fable 2. A little difference 
between the observed and the calculated values in some 
cases may be said to be due to the deviation of the 
actual transition curves from the hypothetical 
transition lines.

8Bennett and Brymor Jones have shown that 
p-methoxybenzoic and p%-ethoxybenzoic acids do not form



liquid crystals by themselves due to their high melting
points, but formed nematic liquid crystals when the
mixture of these two was melted as a result of lowering

9 •in their melting points® Lohar confirmed these findings
and showed that the mixture gives MLC. over a small range

2of temperature and concentration. Walter studied the
systems containing p-methoxybensoic and p-ethoxybenzoic
acids separately in mixture with p-methoxycinnamic acid,
a mesomorphic substance. By the extrapolation of the
corresponding transition lines he determined the latent
transition temperatures for both p-methoxybenzoie and
p-ethoxybenzo-ilc acids. During the course of the present
investigation, the two acids were studied separately
with another liquid crystalline component p-n-butoxy-
benzoic acid and their latent transition temperatures
determined by reliable extrapolation of almost linear
transition lines in either case. The latent transition
temperatures for these substances were also determined 

9 >by Lohar with p-methoxycinnamic acid as the liquid
crystalline component. There is a close agreement between
the values of the latent transition points (LTP) obtained
in the present investigation when compared with those

2 9obtained by Walter and Lohar (Table 3 ).
It is thus clear that the LTP% could be 

reliably determined by extrapolation provided the 
mesomorphic and the non-mesomorphic components are 
isomorphous. This may be further supported by the fact



7
Observed and Calculated Tallies of Transition Points 
for Various Systems Comprising Mixtures of Schiff’s 

Bases

(A) p-Ac etoxybenzal-p-phenetidine 
(m.p. 118«5° 5 TP 137.5°)

(B) p -Ithoxybenzal -p -phenetidine 
(m.p. 148.0° § TP“ 143.0°)

SaEifitt. IaEsSals.

2*44 136*8 137.6
5.21 136.0 137.7
9.82 135.5 138.0

16.15 135.8 138.3
20.59 136.0 138.6
26.43 136.0 139.0
31.21 136.2 139.2
35.85 136.4 139.4
40.67 136.5 139 o7
46.17 137.0 140.0
49.96 137.2 140.2
56.00 137.5 140.5
60.80 138.0 140.8
66*36 138.6 141.1
70.59 139.0 141.3
77.49 140.0 141.7
81.40 140.5 141.8

-t-91.51 142.0 142.5

95.72 142.5 142.7



*

8

(A) p**Acetoxybenzal-p-phenetidine 
(m.p. 118® 5° 5 TP 137,5°)

(B) p -Ani sal -p -phenet Mine
(m.p* 128,5° 1 TP+121.5°)

7 *P *Ct)s • J »P.Calc.

6,0% 136.0 136.5
11,33 134-.0 135.6
16.84 133.0 134-.8
21,80 131.0 134.0
26*87 130.0 133.2
31*69 129.0 132.1
37*21 128.0 131.5
4-2.23 127.0 130.7
4-8.26 126.0 129.7
52.35 125.5 129.1
62.29 124.0 127.5
71.52 123.0 126.0
80.55 122.0 124.6
90.4-6 121 .o"*" 123.0*

93.91 + 4-121.2 122.4
96.98 +121.4- 122.0



9
(A) p-Ethoxybenzal-p-phenetidine 

(m.p. 148*0° } TP 143.0°)

(B) p-Ani sal -p-phenetidine
(m.p* 128.5° + 0 * TP 121.5 )

MaJAS-iKt T..jP,»pj>p. T.P.Calc
5.74 142.0* 141.7*

10.63 141.0 Iko .6*
15*57 i 140.0+ 139 *6+
21.86 138.5* 138.3*

25.94 137.5+ 137.4*

31.83 136.2* 136.1*

36.88 135.0* 135.0*
40.71 134.0* 134.2+
46.32 133.0 133.0
51.23 132.0 131.8
55.65 131.0 131.0
61.15 - 130.0 129*8
66.78 129.0 128.6
70.64 128.0 127.7
74.99 126.5 126.9
80360 125.2* 125.?

84.35 124.? 124./

90.73 123. £ 123.5*

Values indicate monotropic mesomorphic temperatures*
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Comparison of Latent Transition Temperatures of

p-Methoxybenzoic and p-Ethoxy benzoic acids
oLTP, C*, extrapolated in mixtures with

Non-mesomor- p-Methoxy- p-Methoxy- Mixtures p-n-
phic component cinnamie cinnamic of Butoxy -

acid acid alkoxy-
benzoic
acids

benzoic
acid
(present
study)

(Lohar) (Walter) (Lohar)

p-Methoxy- 
benzoic acid

157.5 155.6 156.5 155.5

p-Ethoxy- 
benzoic acid

169.0 165.0 169.5 168.5

■Oai&igM •'

Pig. 1 - Mixed liquid crystal formation in the system

p-nit ro benz al-p-anisidine + p-anisal-p-phenetidine•

Pig. 2 - Mixed liquid crystal formation in the system

p-ethoxy be nzal -p-phenetidine + p-dimethylamine- 

benzal-p -phenet idine •

Pig. 3 - Mixed liquid crystal formation in the system 

p-ethoxybenzal-p -phenetidine + p-ani sal-p- 

phenetidine.

Pig. if - Mixed liquid crystal formation in the system 

p-ethoxy bens al-p-phenet idine + p-nit robe nz al­

p-phene t idine.



11
that p-anisal-p-phenet idine gives almost the same latent 

transition temperature 121*5 when studied separately
. 9with p-azoxy ani sole and p-acetoxybenzal-p-phenetidine. 

The latent transition point observed in this case is 

very near to its monotropic mesomorphic temperature5 7S
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A number of binary systems have been investigated with ethyl p-azoxybenzoate, a smec­
tic liquid crystal as solvent and Schiff’s bases as non-liquid crystalline solute. When the 
mesomorphic-isotropic temperatures of such binary systems are plotted against the mole 
per cent compositions of the liquid crystalline component, two types of transition curves, viz.
(i) the usual curve where the transition line is depressed regularly and (ii) a rising curve ex­
hibiting a maximum, are obtained. The latter type of curves indicates an enhancement in the 
smectic thermal stability, while the former type indicates a decrease in the smectic thermal 
stability, during the mixed liquid crystal formation.

MIXED liquid crystalline behaviour of binary 
mixtures in which one or both the compo­
nents are nematic liquid crystals, has been 

reported earlier* 1 11'6. It was found that such mixtures 
possess a pronounced ability to form a homogeneous 
nematic melt over a certain range of temperature 
and concentration. More recently, Arnold and 
Sackmann7 while studying the miscibility of liquid 
crystal phases have shown that two nematic phases 
of two different compounds are completely miscible 
and form a homogeneous nematic liquid crystalline 
region. Further, it was shown7 that two smectic 
phases of two different compounds are likewise mis­
cible forming a homogeneous smectic mesomorphic 
region. However, smectic phase of t^ne^gompound 
and nematic phase of the other are no^jmsciMe.

Dave and Dewar5 and later Dave and Lohar6 
in their studies on binary mixtures in which one 
component is a nematic liquid crystal and the other 
a non-liquid crystal have shown that the transition 
lines of binary systems in the phase diagrams pro­
vide a method for measuring the tendency of the 
non-mesomorphic component towards mixed meso- 
morphism; consequently, they obtained different 
values of group slopes for various end groups. The 
lower slope value indicates the greater tendency 
of non-mesomorphic component towards the mixed 
liquid crystal formation and vice versa. No such 
work seems to have been reported in binary mixtures 
where one component is a smectic liquid crystal 
and the other a non-mesomorphic one. Hence 
it was worth while to explore the possibility of mixed 
liquid crystal formation in smectic phase.
Materials and Methods

The precise measurements of various transition 
temperatures were made by using Leitz Ortholux 
polarizing microscope equipped with a heating 
arrangement.

Twenty-one systems of the above type have 
been studied, where ethyl ^-azoxybenzoate (com­
ponent A) — a prototype smectic liquid crystalline

component — has been mixed with other non-meso­
morphic Schiff’s bases (component B, Table 1).

Analytical data of unknown compounds included 
in Table 1 are given in Table 2.
Results and' Discussion

Compounds 1 to 20 (Table 1) are non-mesomorphic 
and do not exhibit liquid crystallinity either while 
heating or cooling and compound 21 is monotropic 
nematic. When solid-mesomorphic and mesomor­
phic-isotropic transition temperatures of these binary

Table 1 — Non-mesomorphic ■ Schi ff’s Bases

SI Component B m.p.
No °C.

1 Methyl p-chlorobenzylidene- 161-5
p-aminobenzoate

2 Methyl p-mtrobenzylidene- 211-5
p-ammobenzoate

3 Ethyl £-nitrobenzylidene-p-aminobenzoate 180-0
4 p-Nitrobenzylidene-p-toluidme 124-0
5 ^-Nitrobenzylidene-p-bromoawlme 163-0
6 ^>-Nitrobenzylidene-p-phenetidine 123-5
7 Methyl £-anisylidene-p-aminobenzoate 132-0
8 Methyl ^-dimethylaminobenzylidene- 163-5

p-ammobenzoate
9 p-Amsylidene-p-toluidine 93-0

10 p-Acetoxybenzylidene-p-bromoamliiie 108-5
11 ^-Chlorobenzylidene-p-phenetidine 123-0
12 p-Methylbenzylidene-p-toluidxne 94-0
13 p-Dimethylammobenzylidene- 152-0

p-chloroamline
14 p-Chlorobenzylidene-p-dimethyl- 164-0

aminoamlme
15 ^-Chlorobenzylidene-jt>-toluidine 128-0
16 Ethyl p-chlorobenzylidene-p-amiriobenzoate 120-0
17 Ethyl p-amsylidene-p-ammobenzoate - 80-0
18 p-Amsylidene-£-bromoaniline 120-0
19 p-Amsylidene-p-anisidrae 148-0
20 p-Amsylidene-p-chloroamline , 92-0
21 p-Anisylidene-p-phenetidine* 128-5

"■Transition temperature 122°C.

1
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Fig. 1 — Plot of transition temperature against mole per cent 
of smectic compound for the system ethyl ji-azoxybenzoate 

+£-chlorobenzyhden&-p-toluidine

20 30 40 50 60 70 80 90 100
Ethyl p-o2oxybenzoate,rnole %

Fig. 2 — Plot of transition temperature against mole per cent 
of smectic compound for the system ethyl £-azoxybenzoate 

d-^>-nitrobenzylidene-*-phenetidine

10 20 30 40 50 60 70 80 90 100
Ethyl p-ozoxyber»oate,mole%

Fig. 3 — Plot of transition temperature against mole per cent 
of smectic compound for the system ethyl ^-azoxybenzoate 

+ methyl ^-chlorobenzylidene-£>-aminobenzoate

Non - 
, meso- 

"t morphic v 
Component ’

Fig. 4 — Structure of (A) smectic melt (pure) and (Bj homo­
geneous smectic melt obtained as a result of dissolution of 

non-mesomorphic component

DAVE el al.\ MIXED LIQUID CRYSTALS IN SMECTIC PHASE

mixtures are plotted against the mole per cent of 
smectic compound, i.e. ethyl ^-azoxybenzoate, two 
types of curves for smectic-isotropic transitions 
are obtained: (i) a usual curve where the transition 
lines are depressed regularly (Fig. 1), and (ii) a rising 
curve showing the maximum as observed in com­
pounds 1 to 6 (Figs. 2 and 3). The maximum 
smectic-isotropic transition temperatures observed 
for compounds 1 to 6 are 127-0, 149-0, 139-5, 133-5,

Table 2 — Analytical Data of Unknown Compounds 
given in Table 1

SI Nitrogen, % Mol, formula
No.

Found Reqd

1 4-95 5-11 c15h,scino2
2 10-29 9-86
3 9-21 9-39 c18hi4n,o4
7 5-29 5-20 c„h15no3
8 9-92 9-93 ^17^18^2^2

13 11-26 10-83 CisH15C1K2

16 4-62 4-86 cI8h14cino2
17 4-81 4-94 c1,h„no3

130

138-0 and 14f-5°U, respectively. In Table 3 are 
recorded solid to liquid or liquid crystal transfor­
mation temperatures of the binary systems, read 
from the phase diagrams and also the eutectic tem­
peratures which are direct experimental values.

In Table 4 are recorded the smectic-isotropic 
transition temperatures of the binary systems. The 
values are obtained from phase diagrams.

A smectic mesophase is a system of stratified 
structure in which rod-shaped molecules he parallel in 
each stratum. Another substance dissolved in such 
a liquid would be in an anisotropic environment and 
it would affect the properties of the mesomorphic sub­
stance in an unexpected manner. Unlike nematic 
mesophase, the smectic phase consists of strata of 
molecules and so some of the molecules of the 
compound dissolved in such a phase may occupy the 
place between smectic molecules in each stratum 
and the rest of the molecules may form a molecular 
stratum which may pack itself between the two 
strata of the smectic component, thus forming a 
homogeneous smectic melt. The tentative possi­
ble picture of such a melt is given in Fig. 4 (A 
and B) where X represents the molecules of ethyl 
^-azoxybenzoate and Y represents the molecules of
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DAVE el a! . MIXED LIQUID CRYSTALS IN SMECTIC PHASE
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Fig. 5 — Arrangement of parallel molecules in layers wherein 
each molecule is perpendicular to layer interfaces

non-mesomorphic component. The degree of packing 
in this mode will depend upon molecular shape and 
size of the solute molecule and its functional groups. 
When the parallel molecules are arranged in layers 
where each molecule is perpendicular to the layer 
interfaces (Fig. 5) carrying terminal dipole moment 
parallel to major molecular axis as in ^-substituted 
nitro- or chloro-compounds, it becomes logical to 
assume that the terminal dipoles due to such groups 
may disturb the efficiency of the dipoles of the other 
groups of neighbouring smectic molecules, causing 
reduction in lateral intermolecular attractions and 
quite naturally we may expect, reduced smectic 
thermal stability of the mixture, compared to pure 
smectic component. However, in the course of 
this study, some compositions of binary mixtures 
comprising a nitro-compound and in few cases a 
chloro-compound with ethyl f-azoxvbenzoate, 
exhibit more smectic thermal stability than the pure 
smectic component, thus exhibiting a maximum 
when smectic-isotropic points are plotted against 
mole per cent of smectic component. It is rather 
difficult to explain such a behaviour. Gray and 
Byron8 have explained the enhanced smectic thermal 
stability of 4-^>-?t-nonoxybenzylideneammo-4'-chloro- 
biphenyl in which C - Cl dipole acts parallel to the 
major molecular axis, by assuming that the molecules 
are tilted at an angle to the layer interfaces; by 
tilting the molecules away from the perpendicular 
arrangement, the separation of the positive and 
negative charges of C—Cl dipoles do not necessarily 
increase 1 but positive charge of one dipole can be 
brought nearer to the negative centre of the neigh­
bouring dipole. At some suitable angle, the attrac­
tive forces will outweigh the repulsive forces and 
the net energy of attraction will enhance the lateral 
attractions and the smectic properties.

In the mixtures studied here, the smectic com­
ponent has two dipoles due to two terminal groups 
acting at an angle to the main molecular axis, while 
one dipole due to one of the two terminal groups 
of a non-mesomorphic component acts parallel and 
the other at an angle to the main molecular axis. If 
we consider the moleculararrangement of the mixture 
as shown in Figs. 4 and 5, to account for enhanced 
smectic properties of binary mixtures comprising 
non-mesomorphic compounds possessing terminal 
groups of high dipole moment (e.g. C—NOa, 
etc.), the molecular strata formed in the smectic 
melt would be tilted at an angle to the planes of 
the smectic strata where the net energy of attraction 
can become effective to enhance the lateral attrac­
tions and the smectic properties.

Byron and Gray8 have observed that in 
4-^-A-benzylideneamino-4'-«-octoxybiphenyl when X 
represents — N02 or —Cl group, the nitro compound 
is thermally less stable than the corresponding 
chloro-compound. However, in the course of this 
study, when methyl j!>-chlorobenzylidenc-£-amino- 
benzoate was mixed with ethyl jft-azoxybenzoate, 
it gave a lower maximum of smectic-isotropic tran­
sition than the maximum obtained by mixing methyl 
p - nitrobenzylidene - p - aminobenzoate. From the 
limited data, it is difficult to explain the role of the 
terminally situated groups and their dipole moments 
on smectic characteristics of mixtures.

The study was carried out to deduce the slope 
of the transition curves in these binary mixtures 
similar to the study carried out by Dave and Dewar, 
and Dave and Lohar in nematic solutions. How­
ever, this is not possible as transition curves in these 
smectic mixtures are almost all curved and no order 
for the tendency of the polar groups present in the 
non-mesomorphic component, can be derived.
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