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Two higher homologues of N(p-n-nonyloxybenzylidene)p-n-alkylanilines, viz. the 90.m series
with m = 12 and 16, are synthesised and characterised by thermal microscopy, differential scanning
calorimetry and density studies. The compounds exhibit the phase variants smectic-A, smectic-B and
smectic-G. Density studies reveal the first order nature of the isotropic to smectic-A and smectic-A
to smectic-B transitions. An estimate of the pressure dependence of the phase transition temperature,
using volume and enthalpy data, is presented. A comparison of these results with those reported on
nO.mand other liquid crystalline compounds is presented.
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1. Introduction

The N-(p-n-alkyloxybenzylidene)p-n-akylaniline
series (known as nO.m series) shows rich and com-
plex polymesomorphism [1-5]. Measurement of
the density variation with temperature [6—9] alows
to determine the order of the phase transitions, the
pre-transitional [10—11] behaviour and the critical
exponent [12]. The dilatometric technique gives
complementary results [13—15] to other techniques,
such as differential scanning calorimetry (DSC)
and thermal microscopy (TM). The thermal stabil-
ity of the smectic-A phase is important, because
this phase is used in modern liquid crystal dis
plays[16].

This paper presents the synthesis and characterisa-
tion of two members of the nO.m series, viz. 90.m
with m= 12 and m = 16. Their phase variants, transi-
tion temperatures, transition enthal pies, and the nature
of their isotropic to smectic-A and smectic-A to smec-
tic-B transitions are given. The pressure dependence of
the transition temperatures is estimated from the mea-
sured volume jumps and enthal py data availablein the
literature. The results are compared with reported data

[10, 15] of the nO.m series and other liquid crystalline
compounds.

2. Experimental

The mentioned two members of nO.m series are
prepared [17] by condensation of p-n-nonyloxybenz-
aldehyde (0.1 mole) with appropriate p-n-alkylanilines
(n= 12 and 16, each 0.1 mole) by refluxing in absolute
ethanol in the presence of afew drops of glacial acetic
acid. After refluxing the mixturefor four hours, the sol -
vent is removed by distillation under reduced pressure.
The pure compoundisrecrystallised from cold ethanal,
until the transition temperatures become reproducible.
The molecular formulafor 90.m compoundsis

Hyy Cy O @ CH=N @ CuHams

A Hertel-Reuss (super pan |1) polarising microscope
and a personal computer (PC) monitoring the Instec
mk-1 heating stage with +0.1 °C accuracy, was used
for the textural identification of the LC phases and
the determination of the phase transition temperatures.
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Fig. 1. Miscibility diagram for 90.12 + 90.5.
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A Perkin Elmar DSC-7 system was aso used for the
determination of the transition temperatures and the
relevant enthal pies of transitions. An U-shaped bicapil-
lary pycnometer and a cathetometer were used to study
the temperature variation of the density. The error in
the density investigationswas +10~* g/cm?®. The cool-
ing rate, during the density experimentswas 0.5 °C per
hour.

3. Results and Discussion

Our preliminary textural studieswith a TM showed
that on cooling the samples from the isotropic liquid,
a mesomorphic phase S; appears in the form of ba
tonnets (at 86.3 °C for 90.12 and 79.7 °C for 90.16),
and these batonnets coal esceinto afocal conic fan tex-
ture. This phase also exhibits a homeotropic texture
(or pseudo-isotropic texture), indicating it as an or-
thogonal phase. The focal conic fan texture observed
in the two compounds is similar to the texture ob-
tained in [18] for the smetic-A (Sa) phase in 90.5.
These observations indicate that the phase may be
Sa. On further cooling, the Sa phase transforms into
another smectic phase S, (at 80.4 °C for 90.12 and
75.7 °C for 90.16). Thetransition is indicated by tran-
sient transition bars across the focal conic fans of the
Sa phase, which disappeared after the completion of
the transition, leading to a smooth focal conic fan tex-
ture. The smooth focal conic fan texture and the ap-
pearance of transient transition bars across the phase
boundary characterise the S, phase as smectic-B (Sg)
phase. The transient transition bars across Sa-Sg and
the smooth focal conic fan texture of the S, phase are
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Fig. 2. Miscibility diagram for 90.16 + 90.5.

20

90.12

1.5 -]
E Heating
= ?
S 1.0k
@
T

Cooling
0.5 |- -
| | 1 1
et 50 60 70 80 90
Temperature/°C

Fig. 3. The DSC thermogram of 90.12.

similar to the textures obtained [18] in the Sg phasein
90.5 and 50.9 compounds. On further cooling (77 °C
for 90.12 and 77.2 °C for 90.16) the compounds ex-
hibit a striped-broken focal conic fan texture charac-
terising the phase as smectic-G (Sg). On further cool-
ing, the smectic-G phase of 90.12 and 90.16 is trans-
formed to crystal at 65 and 55 °C, respectively. The
ABG phase variant observed in 90.12 and 90.16 is
further confirmed by miscibility studies, using N-(p-n-
nonyloxybenzylidene)p-n-pentylaniline, (90.5) as the
standard compound which also exhibitsan ABG phase
variant, as these three phases are continuously misci-
ble in the binary system. The phase diagrams of the
[90.5 + 90.12] and [90.5 + 90.16] systems areillus-
trated in Figs. 1 and 2. The DSC thermogram of 90.12
isshownin Figure 3.
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Table 1. Transition temperatures in °C, obtained from Ther-
mal Microscopy (TM), Differential Scanning Calorimetry
(DSC) and Density measurements, along with enthalpy val-
ues (AH, in Jg), for the compounds 90.12 and 90.16.

Compound Method Isotropic  Smectic-A  Smectic-B  Smectic-G  Ref.

(Phase to to to to
Variant) Smectic-cA  Smectic-B  Smectic-G ~ Crysta
90.12 ™ 86.3 80.4 77 65
(ABG) DSC  86.25 80.42 - - a
Density  86.3 80.4 - -
Enthalpy: 16.47 8.83 - -
90.16 ™ 79.7 75.7 635 55 a
(ABG) DSC 79.62 75.67 - 45.36
Density 79.7 75.7 - -
Enthalpy: 1.61 422 106.52
2 Present work.
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Fig. 4. Temperature variation of the density, p(T) and ther-
mal expansion coefficient, a(T) for the compound 90.12.
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Fig. 5. Temperature variation of the density, p(T) and ther-
mal expansion coefficient, o(T) for the compound 90.16.

The average increment of the molar volume con-
tributed by an extra methylene group estimated from
the observed molar volumes, My, (mol.wt/density) in
the equilibrium isotropic liquid (i.e a Tia +5 °C) is
found to be 16-10~% cm~2 mol 1 in the homologues
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of the 90.m series and agrees with the reported val-
ues for 80.m[19] and other Schiff based [20—21] lig-
uid crystalline systems. This agrees also with the re-
ported value for the methylene unit contribution [22]
in normal isotropic liquids. The variation of the den-
sity and volume expansion coefficient for the com-
pounds90.12 and 90.16 are presented in Figs. 4 and 5.
The transition temperatures for the compounds 90.12
and 90.16 obtained from TM, DSC, and dilatome-
try along with the enthalpy values are presented in
Table 1.

4. | sotropic to Smectic-A Transition (1A)

The isotropic to smectic-A (IA) transition brings
about a layered arrangement of a few molecules,
and is expected to be of first order. The IA transi-
tion is accompanied by a large density jump in these
compounds. It amounts to 0.9% and 0.42% in the
90.12 and 90.16 compounds, respectively. The den-
sity jumps across the | A transition, the thermal expan-
sion coefficient maxima (omax) and the enthalpy val-
ues (AH) are presented in Table 2. They fall between
the maximum and minimum values reported in [23—
30] of the nO.m's, terephthalylidene-bis-p-n-alkyl-
anilines (ThnA), n(4-n-phenylbenzylidene) 4-n-alk-
ylaniline (PBnA), 5-n-alkyl-2-(4-n-akyloxy-phenyl)-
pyrimidines (PYP nO.m), o, w-Bis(4-n-akylaniline-
benzylidine-4'-oxy) akanes (m.OnO.m) and other lig-
uid crystalline compounds. The magnitude of the den-
sity jJumps and the thermal expansion coefficient max-
imain these compounds indicate the first order nature
of the |A phase transition.

The dilatometric studies did show that the | A transi-
tions are accompanied by regionsof largetemperature-
fluctuationsof maximal = 1.5 °C. It isobserved that the
translucent smectic-A phase grows at the bottom of the
pyknometer bulb, while a transparent isotropic liquid
floats aboveit. The smectic-A phase with aclear sepa-
ration boundary isfound to permeate from theisotropic
liquid all through the pyknometer with the decrease of
the temperature when the smectic-A phaseisthermally
stabilized. The formation of smectic-A embryos at the
bottom of the bulb, and their growth clearly indicate
the nucleation type of the growth at the |A phase tran-
sition. Further, the density jump observed during the
IA transition in 90.16 is at least by a factor of two
smaller than that of all other members of the series. It
isalsofound that the density jumpsin 90.14 and 90.16
across the |A transition decrease with increasing num-
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Table 2. Density jumps Ap/p, Thermal expansion coefficient maxima omax, Enthalpy values AH, Pressure dependence of
transition temperatures dT; /dP across the A phase transition in nO.m and other compounds.

Compound Ap/p  Omax AH dT/dP  Ref.
2100 (104°C1) (Jg) (K/kbar)
70.6 107 222 1611 246 [10]
70.8 1.04 225 1440 273 [20]
70.9 08 205 - - [10]
70.10 1.08 259 - - [10]
70.14 099 124 1354 104 [24]
80.4 111 122 1553 265 [21]
80.5 124 144 1431 327 [6]
80.6 137 114 17.00 30.6 [6]
80.7 132 146 16.02 315 [6]
80.8 0.73 122 - - [34]
80.9 0.81 66 17.74 178 [6]
80.10 09 239 - - [19]
80.14 11 154 1556 244  [24]
90.4 123 390 16.6 395 [35]
90.5 118 280 9.14 50.0 [18]
90.6 151 440 2238 255 [23]
90.8 195 490 1753 43.6 [23]
90.12 0.90 123 1647 211 a
90.14 16 156 9.75 40.6 [24]
90.16 042 85 161 100.7 2
100.6 132 344 2035 - [25]
100.8 15 629 1865 324 [36]
100.9 14 480 19.08 29.2 [36]
100.10 087 282 944 176 [36]
100.12 0.82 113 11.09 29.7 [36]
100.16 16 173 1317 477  [36]
130.1 0.57 98.7 18.37 14.86 [26]
140.1 0.93 1337 2162 1585 [26]
di-n-Hexadecyl 4,4’-azoxy cinnamate 04 - 6.05 26.7 [23]
di-n-Decyl 4,4’ -azoxy cinnamate 035 - 859 349 [23]
di-n-Decyl 4,4'-azoxy o.- methylcinnamate 121 - 12.70 189 [23]
n-Amyl 4(4-n-dodecyloxy benzylidene) amino-cinnate 128 - 166 337 [23]
Diethyl 4-4'-azoxy benzoate 200 - 159 430 [23]
Terephthalidene bis(4’ -n-octylaniline) TBAAS 0.90 62.5 11.10 420 [32]
Terephthalidene bis(4’-n-nonylaniline) TBAA9 100 77 1244 415 [32]
Terephthalidene bis(4'-n-decylaniline) TBAA10 182 183 1253 722 [32]
n(4-n-phenylbenzylidene) 4-n-decylaniline PB10A 0.70 84 6.77 443 [31]
n(4-n-phenylbenzylidene) 4-n-dodecylaniline PB12A 117 9 1358 36.6 [31]
n(4-n-phenylbenzylidene) 4-n-tetradecylaniline PB14A 110 88 9.1 442 [31]
n(4-n-phenylbenzylidene) 4-n-hexadecylaniline PB16A 036 58 6.48 232 [31]
5-n-alkyl-2-(4-n-alkyloxy-phenyl)-pyrimidines PYPnOmforn=9& m=9 (i.e PYP909) 137 791 - - [27]
5-n-alkyl-2-(4-n-alkyloxy-phenyl)-pyrimidines PYPnOmforn=9& m=7 (i.e. PYP907) 135 644 - - [27]
N(p-n-Decyloxybenzylidene) p-amino 2-methylbutyl cinnamate (DOBAMBC) 0.81 155 1058 31.0 [28]
o, 0-Bis(4-n-heptylanilinebenzylidine-4'-oxy) butane (7.040.7) 157 428 27.39 29.08 [29]
o, 0-Bis(4-n-heptylanilinebenzylidine-4'-oxy) pentane (7.050.7) 095 182 13.73 30.07 [29]

a Present work.

ber of methylene units of the flexible alkyl-end chain.
A similar trend was reported for the | A transition [31]
in the (PBnA) series (14 to 16), for the isotropic to
smectic-C transition [11] in the (TBnA) series (14 to
16), and for the isotropic to smectic-F transition [8] in
the (120.m) series (12 to 16). The trend of a decreas-
ing density jump with increasing length of the flexi-
ble end chain from the isotropic liquid signifies a de-

creasing thermal potential barrier across the isotropic
to smectic-A interface.

The density variations with temperature in the equi-
librium isotropic phase (dp/dT)is, in 90.12 and
90.16 are 13.4-10~4 °C and 9.8-10~* °C1, re-
spectively. They agree with those observed [19] for the
equilibrium isotropic liquid state of other nO.m liquid
crystalline compounds. The values of (dp/dT)a for
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the equilibrium smectic-A phase in 90.12 and 90.16
are20.66-104°C~1 and 13- 104 °C1, respectively,
and these agree with the observed [19] data on the
smectic-A phase of other [10, 18, 21, 24] nO.m liquid
crystalline compounds. The higher slopes of dp /dT in
the smectic-A phasethanin theisotropic phase suggest
an additional packing with positional and transl ational
order.

The pressure dependence of the IA transition
temperature, estimated in [23], using the Clasius-
Clapeyron equation, from the data of calorimetry and
dilatometry, along with the values reported for other
nO.m compounds, is presented in Table 2. Generally,
the observed poor agreement in the pressure depen-
dence of the IA transition temperature among vari-
ous [23] compounds, as presented in Table 2, which
shows the thermal stability of the mesophase in the
chemical environment, may be due to the parame-
tersbeing obtained under different experimental condi-
tions. However it is useful to note that the higher value
of 100.7 K/kbar obtained for the 90.16 compound is
due to the small value of the transition enthalpy mea-
sured by DSC (Table 1). The obtained values of pres-
sure dependence of the phase transition temperatures
for the 90.12 compound (as well for 80.9) show that
the smectic-A temperature range decreases under pres-
sure. However, the values of 90.16 (as well as those
80.4, 80.5 and 90.5) exhibit an opposite behaviour,
i.e. the smectic-A mesophaseis stabilized by pressure.

5. Smectic-A to Crystalline Smectic-B Transition
(AB)

Thissmectic-A to crystalline smectic-B transitionis
associated with the devel opment of long range three di-
mensional order and molecular positional correlation
of hexagonal inplane stacking with its layered struc-
tures. The density jumps of 0.68% and 0.74% and
the volume expansion coefficient maxima (o¢max) Of
107.32-10~4 °C~1 and 112.4-10~* °C~1 for 90.12
and 90.16, respectively, indicate the first order nature
of the AB transition, as expected [33], with the growth
of orthogonal 3-D hexagonal ordering of the molecules
as observed [33] in other nO.m compounds. The sticky
nature of the substance (to the inner walls of the py-
knometer) did not allow usto further study the temper-
ature dependence of the density (deep into the smectic-
B phase or across the smectic-B to smectic-G tran-
sitions). The density jumps, thermal expansion coef-
ficient maxima and the pressure temperature on de-
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Table 3. Thermal ranges of the smectic-A and smectic-B
phases of nO.m compounds, Density jumps, Thermal expan-
sion coefficient maxima, Enthalpy values, Pressure depen-
dence of transition temperatures across the AB phase transi-
tion.

Com- Sa-Thermal Sg-Therma Ap/p
pound Range(°C) Range(°C) -100

O AH dTJdP Re.
(104 °CY) (¥g) (Kikbar)
97

404 0.7 - 057 3% - 1 133]
405 34 - 053 346 928 178 [33]
406 74 - 034 188 - 166 [33
408 14 160 062 340 - 40 [33
40.9 16.7 - 071 215 543 453 [33]
4010 179 25 108 509 479 - [33
4012 176 129 090 585 883 338 [33]
50.8 15.8 242 079 150 595 498 [37]
50.9 17.2 66 076 145 693 337 [18]
5010 130 130 076 150 - - 39
5012 171 238 140 250 1601 934 [36]
5014 176 87 053 191 534 343 [36]
60.4 11 20 - 30 - - a7
605 137 163 062 180 780 269 [10]
60.6 14.7 268 078 124 643 366 [10]
60.7 145 - 143 598 805 618 [10]
60.8 15.7 513 051 - - 258 [39]
702 6.0 20 159 401 1247 425 [10]
703 85 290 141 362 1374 352 [10]
7010 122 156 137 357 - - Lo
70.14 9.9 15 099 124 1354 - [24]
80.4 132 32 040 85 - 15 [21]
80.5 14.6 187 054 92 901 211 [6]
80.8 87 193 024 71 - - 34
80.9 10.9 295 060 60 853 259  [6]
80.10 96 345 141 376 - - 9
80.14 54 18 110 154 779 - [24]
90,5 13 145 136 288 1603 302 [1§]
90.12 59 34 068 107 883 287 a
90.14 32 84 160 156 654 - [24
90.16 40 122 074 112 422 654 a

a Present work.

pendence of the AB transition, estimated [23] using
Clasius-Clapeyron equation from the data of calorime-
try and dilatometry observed for the compounds 90.12
and 90.16 along with the values reported in literature
for other nO.m compounds, are presented in Table 3.
The values are found to agree well with the values re-
ported in literature for other nO.m compounds.

6. Summary

Thetransition temperaturesof the compoundsfound
from TM, DSC and density are found to agree well
with each other. The compounds 90.12 and 90.16 ex-
hibit ABG phase variants. Density studiesreveal afirst
order nature of the |A and AB transitions. An estimate
of the pressure dependence of the phase transition tem-
peratures, using volume and enthal py data, arefound to
be consistent with other reported results in nO.m and
other compounds.
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