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ABSTRACT

Eight binary systems consisted of a common smetdtogemponent (A) p-butyloxy benzal —p-
chloro aniline [85°C - 91°C] mixed with mesomorpldchiff's bases B By, Bs,...... B. A curve
of a phase diagrams drawn from the transition terapges, determined by the hot stage
polarizing microscope versus mole % of componeisteéktrapolated to zero or 100 mole % of B
to determine LTT of either of the component of @mailyi system. Encouraging results are
obtained. Present work was planned to determine afflhcommon components B Bs and to
understand and establish the effect of terminal gnoaips on liquid crystal behaviour of Schiff's
bases (B). Binary system A 4 Boes not show any sort of liquid crystal behavjdinansition
temperatures and LTT of pure components very watltimes with the values reported earlier.

Keywords: Mixed Mesomorphism, Liquid crystals, Nematic, StiedViixed melt.

INTRODUCTION

Several binary systems consisting of one none ¢in bomponents liquid crystal have been
studied earlier. Practically some substances eixlgjiid crystal mesophase in addition to well-

known three states viz solid, liquid and gas. Rridgeeight binary systems are planed to study
with a view to understand effect of molecular stuwe on liquid crystal property and to predict

latent transition temperature [LTT] for nonliquidystal components with a latent ability to

exhibit liquid crystal behaviour on the basis ofragolation of the mesomorphic — isotropic (or
vice versa) transition curve. Naturally, a searoh their virtual transition temperature thus

acquires importance.

MATERIALS AND METHODS

p—Butyloxy benzaldehyde [9] and p— Ethoxy benzajdehwere synthesized by the method of
Gray G. W. and Jones [1] from p — hydroxy bezaldehyp—Methoxy bezaldehyde or other
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aldehydes and amines used to synthesize Schiffeshacetone, alkylhalide ,80O; ect. were
used as received.

Schiff’'s bases were prepared by refluxing equimglaportion [4] of corresponding aldehyde

and amine in alcohol for three to four hours. Fimaducts were purified in alcohol till constant
transition temperatures obtained as reported ihneFab

K—@—CHD _ H;X-@-Y alcohol reﬂuxh K—@—CH%‘—@—Y

Schiff's base

Where, X = -OGHg, -OGHs —CHg, -Cl, -OCH; and Y= CI, -CH, -OCH;, -OGHs

Binary mixtures were prepared by usual establishethod of Lohar and Doshi [2]. Transition
temperatures and melting temperature of pure cosmgsrand binary mixtures of binary systems
were observed through hot stage polarizing micnesco

RESULTS AND DISCUSSION

Component (A) of binary system is p- Butyloxy bdraz&hloro aniline with Smectogenic
character enantiotropically between 85.0°C and °@l.QJncommon components of Binary
systems A+B, A+B, and A+B have ethoxy group as a common left terminal [Xdl aCH, -
OCH;s, -OGHs as right terminal [Y] respectively. Componentdhd B bear —-CH as common
left terminal [X] with —OGHs and —OCH right terminal [Y] respectively. Band B components
bear —Cl as common left terminal [X] with varyindD€H; and —CIl right terminal [Y]
respectively, component;Bontain —OCH and —CH as left [X] and right [Y] terminal end
groups. Phase diagrams of all the binary systenrs wietted for transition temperatures of a
binary system versus the number of mole percentashponent A. [Figure 1 to 8].The
mesomorphic-isotropic or vice versa transition euis extrapolated to zero mole percent of
component A to predict and determine LTT of compdri® to B;. LTT determined for each
Schiff’'s base are shown in table-1. Binary systewBAdoes not show exhibition of liquid
crystal behaviour because of the presence of wgakbr terminals —Cl and —Cl causing weaker
and of low magnitude intermolecular forces of atiies which causes maximum disturbance in
a mixed melt and molecules are failed to arrangentielves in two dimensional array in floating
condition. Such molecules are randomly orientechwitgh magnitude of disorder without
showing up of any sort of mesophase even in theotngpic condition. Binary systems A+B
A+B,, A+B3, A+B4, A+Bs, A+Bg and A+B shows exhibition of liquid crystal behaviour withi
definite range of composition and temperature b&eatihe molecules of;Bo B; possess ability
to pack into a single liquid crystal lattice an@ flavourable mean orientational cohesive energy
density of the binary mixture in a mixed melt. Tbenstituent components of binary system
under present investigation are isodimensionahfgabed] and of similar size, shape, aromaticity
the steric factors are about the same for mixtuwiesll the composition, the orientational
cohesive energy density vary more or less lineailly composition, following more or less law
of ideal mixtures. Positive or negative deviatioon ideal behaviour may be observed in
transition line of a phase diagram, if the moleswé constituent components differ appreciably.
As a result of this, the molecules of componentn8l 8 may face disturbance or difficulty in
packing together. The entry of the molecules of ponent B into A, if fits in molecular
arrangement, the mesomorphic-isotropic (or vicesaetransitions may rise or fall or liquid
crystallinity may disappear depending upon extentisturbing effect in molecular packing
cinario. Disturbing effect is limited and it incsss with increasing praportion of the component
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(B).Thus a range of liquid crystal formation candieained, which is based upon the efficiency
or polarity of terminal groups of component B aresistivity to bear disturbing effect of
component A. Table-1 depicts the degree of liquigtallinity exhibited in mole percent range
of component B exhibited unhindered and LTT detagdifor each component B to arrive at
their correlation with polarity of terminal endogips. Binary systems involvingiBB, and B in
which presence of common left ethoxy terminal engug being more polar shows stronger
intermolecular terminal attractions. In case of doyn systems A+B smectic and nematic
mesophase formation occure in a mixed melt. Rigiminal end groups -GHand —OCH being
less polar in binary systems AxBand A+B display only nematic mesophase over a
considerable range of composition. In case of pirystem A+B overall polarity of —CH
terminal is comparable with terminal polarity of l-Blence the liquid crystallinity exhibited is
upto 90.0 mole % of component.Bn case of binary systems AzBnd A+B; the extent of
liquid crystallinity variation 92.5 and 83.5 mole i%attributed to polarity difference of —GQid;
and —OCH respectively. Binary systems AsBnd A+B in which component Band B being
isomeric and hence equipolar molecules, the ovegalid crystallinity exhibited 83.5 and 83.0
mole % of B due to ‘additive effect’ of two termingroups. These two figures are quite in
agreement. The replacement of ¥y —CI in binary system A+ though —Cl| and —CHare
equipolar but liquid crystallinity persisted upt@.6 mole % in comparison with B5. This
difference in B and B is attributed to the difference of their meltingiqts by 123.5-88.0 =
35.5°C. Thus disturbance caused by Schiff bagei.® p-Chlorobenzal p-chloroaniline is
maximum in a binary system A4B

Thus, Group efficiency order for nematic mesopHas@ation in terms of molecular polarity or
functional group polarity or in terms of mole partever which mesophase persistence can be
derived as under.

- With common —OgHs left terminal : -Cl > -CH=-OCH; > -OGHs
: With common —CHlleft terminal group : -OgHs > -OCH;
: With common -Cl left terminal group: -OGE -Cl

LTT determined by extrapolation mesomorphic — igic (or vice versa) transition curve in the
each phase diagrams are reliable and comparabite thwt earlier study [5,6,7,8] for all the
nonliquid crystal Schiff's base;Bo B; under present investigation. Such reliability dfTLcan

be attributed to the meeting of the mesomorphisctropic (or vice versa) transition curve to
solid — isotropic liquid curves to the left of therresponding eutectic points. i.e. triple poines a
to the left of the eutectic point, which resultdoirformation of mixed liquid crystal area
maximum in a phase diagram and low value of theeslof the mesomorphic — isotropic
transition curve with high degree of liquid crysitaty as a consequence of high polarity of
terminal end groups. Component B of a binary syséerBg does not show any liquid crystal
property. Hence the determination of LTT for p-Gblmenzal p- chloroaniline @ is ruled out.
Table-1 represent LTT values determined presenily their comparison with earlier work
[5,6,7,8]. Thus, present investigation is in gogdeament with earlier work and hence very well
support the conclusions drawn earlier. Also ite@aishe credibility of extrapolation method to
determine LTT of nonliquid crystal substances. €afrepresents the transition temperatures of
two representative binary systems. Figure 1- rgmtssphase diagrams of all the binary systems
under present investigation.
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Table-1 Schiff’'s Base: Component A mixed with comprent B [B; to Bg] with terminal groups X and Y
central group Z [-CH=N-]

Component X v °C, Me[ti_ng Pc_)int/ Me;ophase exhibited LTT in °C Nematic
Transition point in mole % of B Determined present worl | Il 11}

A -OC4H9 -Cl Sm 85-91 Iso. - (98-100) Nematic - -
B1 -OC2H5 -CH3 99.0 90.0 80.0 Nm 80.0 Nm -
B2 -OC2H5| -OCH3 115.0 90.0 110.0 Nm 112.0 118.0
B3 -OC2H5| -OC2H5 140.0 70.0 Nm, 30.0 Sm 135.0 Nm 5.03| 135.0 -
B4 -CH3 -OC2H5 108.5 92.5 85.0 Nm 90.0 86(5 8.
B5 -CH3 -OCH3 88.0 83.5 52.0 Nm 55.0 51|8 F
B6 -Cl -OCH3 123.5 64.0 75.0 Nm 73.0 - 4
B7 -OCH3 -CH3 91.0 83.0 40.0 Nm 40.0 39/0  39.0
B8 -Cl -Cl 112.0 00.00 - - - -

I, I, 1l other research workers [LTT in °C]

Table-2 Representative Tables of composition and @nsition temperatures for Binary systemsa+Band A+Bs

Binary system A + B Binary system A + B
Sr. No | Composition in| _ Transition Temp. Composition Transition Temp.
mole % of A | Sm. | Nm.| Iso. | inmole % of A| Sm| Nm. Iso

1 0.0 - - 140.0 0.00 - - 88.0

2 9.239 - - 149.5 7.834 - - 83/5

3 18.649 - - 143.9 16.273 - (50.7) 66.6

4 30.245 - 97.7] 132.5 25.060 - (53.0) 60.3

5 38.398 - 95.8 132.( 34.321 - 526 58.0

6 47.268 - 93.3 118. 43.797 - 566 61.6

7 58.427 - 93.5 114.( 54.026 - 556 67.0

8 67.877 91.00 92.6 106.6 64.628 56|14 7B.8

9 78.977 91.3] 954 105.9 75.956 656 7P.3

10 87.675 91.0 96.2 110 85.519 77,0 8B.8

11 100.0 85.0 - 91.0 100.0 85|0 - 91.0

Value in bracket indicate monotropy
120 - —‘\-_Bl # Solid-Tzotropic or Nematic or Sm. 120 - __\_B: ® Solid-Tzotropic or Nematic or Sm.
= (®) Nematic-Tzotropic or Vice Versa = e _ @Fmﬁ&gmwpic or Vice Versa
E: 100 ¢ M, Smectic-Tzotropic }':31':?_!.& g N -l o Smectic-Tzotropic
E _ Tzotropic ’ E 100 - =0 -;‘- I\'n:.—.!l'? (1]
g 80 &
= S 80 |
£ 60 Solid %
H g
= a0 T T T T 1 £ b0 T T T T |
] 20 40 60 80 100 0 20 40 60 80 100

Mlole 04 of of comoponent A

[A] H,C.0<Q)-CH-N<O)-C1 LTIT-99.0°C
[Bi] H:C:0-{Q-CH-N~O)-CH; LTT-80.0°C

Alole b4 of of comoponent A

[A] H,c,0<{@)~CH-NO)-C1 LTT-99.0°C
[B:] H:C,0 ~<{O)-CH-N={O)~0CH; LTT-110.0°C
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Alole "4 of of comoponent A
[A] H,C,0<0)-CHEN{0)-C1 LIT-100°C
[Bi]H:C;0 {O)-CH-N<{O)-0C;H; LTT-135.0 °C
120 - A+B: #® Solid-Tzotropic or Nematic or Sm.
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Mlole %4 of of comoponent A

[A] H,C.0{C)CH-N{G)-C1 LIT-98.0°C
HyC <C)~CH-N~«{C)-0C,H; LTT-85.0°C

(B

[A] H,C,0{O)»-CH-N<O)-C1 LTT-98.5°C
[Bs] H:C~{O)-CH-N-{O)-OCH; LTT-52.0°C

oy

Transitiom Tenmparature in

125 4 .-\.—Bn # Solid-T:otropic or Nematic or Sm.
Nematic-Tzotropic or Viee Verza
® P
& Smectic-Izntropic
105 4 Nm-ga.§
85 T:otropic
_\'m-\.E.,‘-._[_}
BE e
Solid
45 T T T T |
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Alole %% of of comoponent A

A+-B- # Solid-Tzotrepic or Nematic or Sm.
. 120 -
e @.\'nnﬁl:-l'.-ntmp ic or Vice Verza
-:': 100 - A, smecticIsotropic Nm-85.0
= L
£ a0 -
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E 60 -
R s
Z Solid
= 20 T T T T 1
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Mole 4 of of comoponent A

[A] HC.0<{O)-CH-N{O)-C1  LTT-98.5°C
Be] €1 {O)-CH-NC)-0CH; LIT-75.0°C

w g

Tromsition Temperature in

[A] H,C,0<OCH=-N{O)-C1 LTT-98.0°C
[B-] H; 00 ~{@)-CH=N <{O)- CH; LTT-40.0°C

1200

1000

80 +

60

40

:\—Bs @ Solid-Tzotropic or Nematic or Sm.
L & Smectic-Izotropic
I:otropic o
Solid
T T T T 1
1] 20 40 60 a0 100

Mlole %% of of comoponent A

CONCLUSION

(1) Presence of strongly dipolar terminal end groupsa imonmesomorphic substance play the
role to maintain statistically ordered parallel emtiation or/and more ordered layered
arrangement of the molecules to exhibit nematiarat/smectic mesophase formation in a mixed

melt.

(2) The polarity of terminal group is inversely prapotl to molecular randomness or degree of
molecular disorder in a mixed melt while, the mmtipoint of a nonmesomorphic component

[A] H,C,0-O)-CH-NO)-C1
B €1 {@-cHN @)1

[B] is directly praportional to molecular disordarrandomness or entropy of a system.

3)

(4) Higher the polarity of a terminal end group, mosethe probability of mesomorphic —
isotropic (or vice versa) transition curve to minet solid- isotropic transition curve to the left o
the eutectic point. Such probability can be linkeidh the extrapolation of mesomorphic —

isotropic transition curve.
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