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aminobenzoates 
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A homologous series, n-alkyl 4-[4'-(4-n-octyloxybenzoyloxy)benzylidene] aminobenzoates, exhibiting 
nematic (N),  smectic A (S,) and smectic C (S,) trimorphism has been prepared. The liquid crystal 
behavior of the series is compared with that of a corresponding series, n-alkyl 4-[4'-(4"-n-octyloxyben- 
zoyloxy)-3-methoxy benzylidene] aminobenzoates. The effect of a lateral methoxy substitution on 
mesomorphic properties of the series is discussed. Physical properties, such as. transition temperatures. 
transition heats, optical textures, densities, refractive indices and the orientational order parameter are 
studied. The S,-S, phase transition is found to be second order. The S, phase appears to show a 
temperature dependent tilt angle. A binary phase diagram of one of the members of the series with 
terephthalylidene-bis-(4-n-butylaniline) (TBBA) is presented. It serves as an exception to the miscibility 
rule and also gives an induced smectic B phase. 

1. INTRODUCTION 

The geometrical aspects of a molecule play an important role in the establishment 
of liquid-crystalline properties in lath-like organic compounds. According to Gray,' 
the dipole moments acting across the long molecular axis may strongly favor smectic 
behavior and for this reason a compound with a termind group such as ring 4 O O R  
would tend to be smectogenic. This remark seems to be in keeping with the earlier 
work of Dave and Patel* and Fishel and PateL3 Among the other important factors 
that promote the smectic character, the molecular length (especially, lengthening 
of the flexible alkyl chain) and intermolecular lateral cohesive forces, are worthy 
of consideration. Relatively few mesomorphic homologous series comprising of 
both an ester and an azomethine linkage in the same molecule seem to have been 
~ t u d i e d . ~ - ' ~  In continuation of our earlier work of investigating the mesomorphic 
behavior of compounds involving the -COOR end substitution in para-position 
to the -CH-N-linkage of the three phenylene ring system, we now report the 
mesomorphic properties of a homologous series, n-alkyl 4-[4'(4"-n-octyloxyben- 
zoyloxy)benzylidene] aminobenzoates (series A),  which has the general structure 
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44 S.  LOTKE AND R .  N .  PATIL 

I given below. The alkoxy substitution at one end of the molecule is confined to X 
= n - octyloxy in order to obtain comparatively low melting mesogens since the 
lower alkoxy substitutions resulted in mesogens with higher melting points. The present 
series exhibits nematic (N), smectic A (S,), smectic C (S,) trimorphism. 

In this paper we report the transition temperatures, transition heats and optical 
textures of series A (structure I). A comparison is made of the mesomorphic 
properties of the series with those of an analogous series, n-alkyl 4-[4'(4"-n-octyl- 
oxybenzoyloxy)-3-methoxy benzylidene] aminobenzoates'l (series B, structure I1 
below). This enables us to investigate the effect of a lateral methoxy substitution 
on the mesomorphic character of the present series. We also report the temperature 
dependence of density (p), refractive indices (ne, no),  birefringence (An) and the 
microscopic order parameter (S) for two representative members of the series. A 
binary phase diagram is constructed in order to study the co-miscibility of N. S, 
and Sc phases of the series with those of terephthalylidene-bis-(4-n-butylaniline) 
(TBBA). 

CH30 

2. EXPERIMENTAL 

2.1. Compound preparation 

The Schiff's base esters were synthesized by condensing equimolar quantities of 
freshly prepared 4-(4'-n-octyloxybenzoyloxy) benzaldehyde12 with the appropriate 
alkyl-p-aminobenzoates. The products were recrystallized from benzene-petroleum 
ether to constant transition temperatures. Structural identification of the com- 
pounds was made from their IR and NMR spectra. 

2.2. Microscopy 

Transition temperatures of the pure compounds given in (Table I), as well as in 
the admixed state (the miscibility study), were determined using a polarizing mi- 
croscope equipped with a controlled microheating stage. 

The microscopic slides and cover slips were treated overnight with freshly pre- 
pared chromic acid13 and washed with distilled water. Using these slides homo- 
geneous textures were observed. If on the other hand, the slides were cleaned by 
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PHYSICAL PROPERTIES OF SCHIFF’S BASE ESTERS 45 

TABLE I 

n-Alkyl 4-[4’-(4”-n-octyloxybenzoyloxy)benzylidene] aminobenzoates 

Com- 
pound 
no. n m.p. C SC N I 

147 * 141 
7.12 

17.08 

8.70 
20.91 

10.59 
25.64 

9.75 
24.86 

9.85 
24.75 

11.40 
29.00 

148 * 140 

146.5 * 130 

126 112.5 

132.5 * 125 

126 - 120 

224 
0.32 
0.64 

0.42 
0.86 

0.33 
0.69 

214 

212 

203.5 
0.60 
1.27 

208 
0.64 
1.34 

1.24 
2.66 

195 

. 261 
* 0.27 * 

* 0.51 . 
* 231 
* 0.20 * 

* 0.40 . 
* 224.5 - 0.19 * 

* 0.39 * 

. 201 
* 0.23 * 

* 0.41 . 
* 211 
* 0.22 . 
* 0.46 * 

* 196 
. (el 
* (el 

(a) Transition temperatures (“C) according to the microscopic observation 
(b) Transition enthalpy in K caymole 
(c) Transition entropy in caVmole/”K 
(d) Absence of a latent heat at the SA/Sc transition 
(e) N/I transition not resolved by DSC 

placing them vertically in a liquid soap solution which was being heated from 
beneath, for an hour, and finally with distilled water, perfectly homeotropic textures 
were obtained using these slides. A texture showing both orientations (homoge- 
neous as well as homeotropic) can be obtained by employing a suitable combination 
of the two treatments; Figure 1 gives such textures. 

2.3. Calorimetry 

Transition heats were determined using a Perkin-Elmer Differential Scanning 
Calorimeter DSC 2. Calibration of the apparatus was performed using tabulated 
heats of pure Indium. About 5-10 mg samples were used. A heating rate of lo”/ 
min was employed. The areas under the DSC peaks were measured by planimetry 
and the transition heats were calculated. These are presented in Table I. The 
reproducibility of the DSC results was checked (discussed below, cf. 3.1). 

2.4. Density and refractive indices 

The capillary method was used for the density measurements and the refractive 
indices were measured by the hollow-prism method. Details regarding these meas- 
urements have been reported in our earlier paper.14 
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46 S. LOTKE AND R.  N. PATIL 

(a) See Color Plate I. 

(b) See Color Plate II. 

FIGURE 1 Microscopic textures (100 x) for A4, crossed polarizers (a) Focal-conic fan and homeo- 
tropic textures of S, phase, 175°C; (b) Broken focal-conic and schlieren textures of S ,  phase, 135°C; 
(c) [bid, 120°C; (d) Solid state, 110°C. 
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PHYSICAL PROPERTIES OF SCHIFF'S BASE ESTERS 47 

(c) See Color Plate HI. 

(d) See Color Plate IV. 

FIGURE 1 (Continued) 
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48 S. LOTKE AND R. N. PATIL 

3. RESULTS AND DISCUSSION 

3.1. Liquid crystal behavlor of series A 

The very first member, Al ,  of the series exhibits polymorphism; it gives N and S, 
phases which are also present for the next two homologues, A2 and A3. Fourth 
member, A4, shows an additional smectic phase, viz. Sc, together with N and S, 
phases, but at the cost of considerable decrease in the temperature range of the 
N phase. All these phases are present in the fifth (A5) and sixth (A6) members; 
the N phase, however, is of only 1" interval in A6. These mesomorphic transitions 
are graphically presented in Figure 2. The usual odd-even effect of the N-I 
transitions is clearly seen. A similar trend is also followed by the N-S, transitions. 
The S,-Sc transitions, on the other hand, reflect an opposite trend, the even- 
odd effect. A similar effect is also shown by the S,-Sc transitions of the esters of 

("C, 

270 

230 

190 

15C 

11c 

SA 

1 2 3 G  5 6  
n 

FIGURE 2 Transition temperatures (dotted line shows melting points) versus number of carbon atoms 
in the alkyl chain of n-alkyl 4-[4'-(4"-n-octyloxybenzoyloxy) benzylidene] aminobenzoates (series A). 
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PHYSICAL PROPERTIES OF SCHIFFS BASE ESTERS 49 

4’-n-octyloxybiphenyl-4-carboxylic acid.I5 However, the data of transition temper- 
atures of a few higher members of series A would be necessary to confirm this 
even-odd effect of the SA-Sc transitions. 

McMillan’s theoryI6 predicts that when the molecular structure is dominated by 
two outboard dipoles that are approximately antiparallel and approximately per- 
pendicular to the molecular long axis while the central dipoles (if any) do not show 
any special orientational relationship with the axis, the situation is favorable for 
the Sc phase. The molecular structure of series A meets these requirements. Also, 
the structural studies made by de Jeu” point out that the introduction of an out- 
board dipole moment increases the tendency of the molecular species to form a 
Sc phase. Therefore, McMillan’s dipolar model appears to explain the occurrence 
of the Sc phase in series A. It is, however, worth mentioning here that some of 
the esters with only a central dipole and no terminal dipoles are reported to exhibit 
Sc phases.I8 

Characterization of the liquid-crystalline phases manifested by series A is made 
by observing their textures under the polarizing microscope. The homologues (A4- 
A6) of the series are found to exhibit smectic dimorphism. The microscopic prep- 
arations were made so as to give both homogeneous and homeotropic areas (cf. 
2.2). Cooling the nematic phase of such a preparation results in a texture which is 
a combination of fan-shaped and optically extinguished (homeotropic) areas of SA 
phase. On cooling the SA phase, a transition to the Sc phase takes place with the 
fans becoming broken and mottled in appearance, and the homeotropic areas 
become birefringent, exhibiting a schlieren texture. Both of these forms of the 
texture are typical19 of the Sc phase. Upon further cooling, the two areas crystallize 
to different solid state morphology. Figure 1 shows the microphotographs of these 
structural modifications for compound A4. 

In Sc phase the molecules are tilted with respect to the layer normal. The tilt 
angle of this phase in the present series appears to be temperature dependent20 in 
view of the fact that the interference colors of the sample in the homeotropic region 
varied from near zero order at the SA-Sc transition to almost third order colors 
as the temperature approaches the solidification point and that the color changes 
are quite discontinuous. Two of these color changes are shown in Figure l (b ,  c). 
If the microscopic preparation is reheated before allowing it to solidify the color 
changes reverse. The phenomenon is repetitive when the preparation is thermally 
oscillated in between the Sc-S, and Sc-C transition temperatures. 

The DSC thermograms for A1 and A4 are presented in Figure 3, the dotted 
curves which (for Al) represent the transitions that are not repetitive, being ob- 
served only for the first heating run. Three such peaks are observed for A l ,  one 
relatively large for A2 and two comparatively small for A3. The sum total area 
under these peaks gradually reduces as the carbon number in the series increases 
and none of the higher members (A4-A6), which give an additional smectic phase, 
showed such behavior. The SA-Sc phase transition is not observed on the DSC 
thermograms for A4-A6 indicating that the phase change is a second-order phase 
transition. Also, that the tilt angle, a physical property, appears to be continuous 
at the phase transition, which is evidence that the phase transition is truly second 
order. 
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50 S. LOTKE AND R. N.  PATIL 

- 7  

C 

I 
I, 

I !  

60 80  100 120 

0 
0 z W 

0 
X W 

160 180 200 220 240 260 
TEMPERATURE ( 'C ) 

(4 

110 I JO I50 170 190 210 

TEMPERATURE I % )  

FIGURE 3 DSC thermograms obtained at a heating rate of lO"/min (a) Compound A l ,  (b) compound 
A4. 

3.2. Comparison of mesomorphic character of series A and series B 

Figure 4 represents a plot of mesomorphic transitions of series B. Comparison of 
the mesomorphic character of series A and series B yields: (i) Same trend is obeyed 
by the higher temperature (N-I) and the lower temperature (solidification) tran- 
sitions in both the series. (ii) The temperature range of nematic phase increases 
as we approach lower n values in both the series, however, the extent of the increase 
is higher in series B. (iii) The fourth member in each series is a turning point in 
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PHYSICAL PROPERTIES OF SCHIFFS BASE ESTERS 5 1  

( "c 

16C 

14C 

t 2 c  

1 O( 

C 

- 
1 2 3 - 4  5 6  

n 
FIGURE 4 Transition temperatures (dotted line shows melting points) versus number of carbon atoms 
in the alkyl chain of n-alkyl 4-[4'-(4"-n-octyloxybenzoyloxy)-3-methoxy benzylidene] aminobenzoates 
(series B). 

the mesomorphic character of the series; it gives an additional liquid-crystalline 
phase. (iv) Mesomorphic character of the sixth member is similar, again in both 
of the series in respect of the nematic phase, which,-in series A lasts for only 1" 
temperature interval whereas in series B it is missing. (v) The S, phase shows 
alternate reduction in its temperature range in series A (so also does the Sc phase) 
whereas it is gradually increasing in its temperature range in series B. 

A plot of transition enthalpies is presented for both the series, Figure 5 .  It is 
seen that the curves representing the heat changes at the N-I transitions are more 
or less smooth for both of the series, whereas, the crystal-mesophase curve for 
series A is more regular than that for series B, the two curves crossing each other 
at a point wherefrom each of the two series exhibits a change in its mesomorphic 
behavior. SA-N transition enthalpies for series A are much higher than those in series 
B and the N-I enthalpies in series A are slightly lower than those in series B. 

3.3. Effect of lateral methoxy substitutlon 

Lateral substituents like halogen or methyl reduce the crystal-mesophase transition 
temperatures quite effectively.21*22 Recently some efforts have been made to study 
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3 1.25- 

S .  LOTKE AND R. N. PATIL 

A - serles A 

A - series 0 

FIGURE 5 Transition enthalpy, AH, versus number of carbon atoms in the alkyl chain. 

the effects of a bulky lateral methoxy s u b ~ t i t u e n t . ~ J ~ . ~ ~ * ~ ~  In the following we discuss 
the effects of lateral methoxy substituent on the mesomorphic character of series 
A and compare them with the known results. 

The mesomorphic thermal stabilities of series B are much lower as compared to 
those of series A. Moreover, the smectic phase in series B is only monotropic in 
character as against the enantiotropism of all the liquid-crystalline phases exhibited 
by series A; and that series B lacks in Sc modification. Both the series are struc- 
turally similar except the lateral methoxy group ortho to the ester linkage in series 
B. Because of this substitution in the lath-like molecule (structure I) the molecular 
geometry and anisotropy of molecular polarizability are seriously affected. Since 
the lateral substitution is in the central core part of the three ring system, steric 
effects, if any, are minimal. But the bulky substitution because of its bigger size 
increases breadth of the molecule, imposes greater intermolecular separation and 
reduces the coplanarity of the molecules. The substitution suppresses the rotational 
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PHYSICAL PROPERTIES OF SCHIFFS BASE ESTERS 53 

TABLE I1 

Average thermal stabilities in "C 

Series A 
Series B 

209.3 
103.3 

221.7 
127.3 

symmetry of the molecules about their long axis. Thermal stabilities of both the 
nematic and the smectic mesophases are affected. Table I1 summarizes average 
thermal stabilities of N and S, phases in the two cases. 

Generally, introduction of lateral substitution renders a system low melting. But 
this is not the case with the lateral methoxy substitutions in the series studied by 
Vora and Gupta5 and also by Gallardo and Silva,lo so far as the first six members 
of those series are concerned. In the present work a comparatively large decrease 
in the melting point due to the lateral substitution is observed, the average decrease 
being 24.4"C. This, most probably, is because the -COOR terminal group also 
contributes to the broadening effect in addition to that due to the lateral substi- 
tution. The efficiency of the lateral substituent in lowering the clearing tempera- 
tures, however, remains of the same order in all the above series, the decrements 
lie in the range 80-105°C. 

If we compare the nematic thermal stability of A1 with those of the octyloxy 
derivatives of series4 (I; Y = CH, and Y = OCH,) and similarly of B1 with those 
of the octyloxy derivatives of series5 (11; Y = CH, and Y = OCH,) we find that 
the order of efficiencies of the three terminal substituents in promoting nematic 
thermal stability is COOCH, > OCH3 > CH,. This order, thus, holds for both 
the laterally substituted and unsubstituted molecules of structure I. Moreover, 
comparison of the mesomorphism of these series4ss and also of the series'" (I, 11; 
X = OC7HI5, Y = OR) with the present ones reveals that the -COOR terminal 
substitution indeed favors smectogenic character. 

3.4. Density and refractive indices 

A large amount of experimental work has been done over the last two decades to 
obtain the orientational order parameter using the density and refractive index 
data.25-30 The temperature dependence of density for A3 and A4 is graphically pre- 
sented in Figure 6(a) and (b) respectively. The density change at N-I and S,-N 
transitions is noticeable, these being first order transitions; but there is practically no 
change in the slope of density curve at the S,-Sc transition which is second order. 
Figure 7(a) and (b) gives the temperature variation of the ordinary (n,) and extraor- 
dinary (n,) refractive indices and of the birefringence (An) of A3 and A4 respec- 
tively. The value of no becomes constant throughout the smectic range except a 
small variation in the vicinity of SA-N transition. On the other hand, n, varies 
over a large temperature interval but finally attains constant value for lower tem- 
perature region of the smectic phase. An = (n, - no) ,  naturally, follows the trend 
of n,. 
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54 S .  LOTKE AND R. N. PATIL 
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1.2LOC 

h 1.2 ooc 
m 
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E 1.1600 
En 
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0 
\ 

Y 

1.1 200 

1.0800 

1.OLOO 
N -I 

I 

140 160 180 200 2 20 2 LO 

T ( O C )  

(4 
FIGURE 6 Variation of density with temperature for A3 (a) and A4 (b). 

3.5. The order parameter 

The orientational order parameter S is calculated by using the relation, 

where a, and a, are the average components of the molecular polarizability parallel 
and perpendicular to the optic axis and all and aI the molecular polarizabilities 
along the molecular axis and perpendicular to it. a,,, are obtained using both Vuks 
and Neugebauer's relations.31 -34 According to Vuks approach, wherein the local 
field is assumed isotropic, the polarizabilities are given by 

3 n:, - 1 = - * 2 
4nN n2 + 2 
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55 
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(b) 
FIGURE 6 (Continued) 

where n' = n: + 2n2)/3 and N = N, p/M, where N, is Avogadro's number, p 
the density and M is molecular weight. And, following Neugebauer's approach, 
assuming anisotropic nature of the local field, the polarizabilities are calculated 
using the relations, 

- + - = -  2 4rN [n: - + 2 + 2 n z  + 21 1 
a, (Yo 3 n,' - 1 n; - 1 

and 
- 

9 n * - 1  a, + 2a0 = - * -- 
4 r N  n2 + 2 
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FIGURE 7 Temperature dependence of the refractive indices (no, n,) and birefringence (An) of A3 
(a) and A4 (b) for A = 5500 A". 

The value of all - aL is obtained, as suggested by Haller et al. ,35 by extrapolating 
the linear portion of the log (a, - a,) vs log [(T - Tc)/Tc] curve in the nematic 
phase to T = O"K. 

The temperature variation of the order parameter S for A3 and A4 is shown in 
Figure 8(a) and (b) respectively for both Vuks and Neugebauer's approaches. S 
increases with decrease in temperature in the nematic phase in both the cases. In 
the case of A3 in the smectic phase S first increases with decrease in temperature, 
attains constant value for a small temperature interval and then decreases linearly 
to some extent for lower temperatures. The lowest value of S in the smectic phase 
is still much higher than its value in the nematic phase. The decrease of S is in 
accordance with the formulae used to calculate it wherein p keeps on increasing 
as temperature decreases while n,,, remain constant for lower temperatures. The 
same follows for S in the Sc phase of A4. It is seen from the figure that the same 
trend is obeyed by S whether it is calculated by using Vuks or Neugebauer's 
approach and the S values are always higher in the latter case. 

3.6. Miscibility study 

A binary phase diagram is constructed in order to study the co-miscibility of the 
N, S, and Sc phases of one of the members of the series (viz. A4) with TBBA 
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FIGURE 7 (Continued) 

which also exhibits these three phases together with SG and SH phases.36 The phase 
diagram is presented in Figure 9. The Sc phase in each of the pure components is 
of the same type and in both of them it shows a temperature dependent tilt angle 
and so it is expected, in accordance with the rules of selective mi~cibility,~' that 
this liquid-crystalline modification of A4 should be continuously miscible in all 
proportions with TBBA in the system. However, the system presents itself as an 
exception to the miscibility rules giving a composition range of 35-40% TBBA 
wherein the Sc phase is not observed. Similar results about the absence of total 
miscibility of the same phase of each of the components are k n o ~ n . ~ ~ . ~ ~  A strong 
minimum in the miscibility curves of the S, phase is observed at 35% TBBA 
composition resulting in a eutectic point (temperature 88°C). These results may be 
attributed to the difference between the Sc phases corresponding to the two com- 
ponents. 

The miscibility results disclose that the admixed states are favorable for molecular 
associations which are characteristic of the S, phase type. The dominant role in 
this respect is played by the A4 molecules since the depression in the miscibility 
curve is to the A4 side and that the induced SB phase, characterized by the oc- 
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FIGURE 8 Variation of the order parameter S with temperature for A3 (a) and A4 (b) calculated 
using Vuks and Neugebauer's approaches. 

currence of transition bars, of the mixed crystals with 40, 50 and 60% TBBA 
composition exhibits a fan texture. Induced SB phases in the mixtures are often 
p o ~ s i b l e . ~ - ~ ~ * ~ ~  The phase diagram gives three triple points among the liquid-crys- 
talline transitions. These are (i) SC-SB-SG at 117"C, (ii) SB-SG-SH at 108°C; these 
two in the vicinity of 70% TBBA composition, and (iii) SA-SC-SB at 93°C and 
40% TBBA composition. The N and SA phases present total miscibility in the 
system. 
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FIGURE 9 Diagram of state for mixtures (wt.%) of A4 and TBBA. 
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