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Phase Transitions and Thermodynamic
Parameters of N-(p-n-octyloxybenzylidene)-p-n-

alkoxyanilines—A Dilatometric Study
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The variation of density with temperature in four compounds, N-(p-n-octyloxyben-
zylidene)-p-n-alkylanilines, 8O.Om’s, viz. N-(p-n-octyloxybenzylidene)-p-n-
propoxyaniline, 8O.O3, N-(p-n-octyloxybenzylidene)-p-n-butylaniline, 8O.O4,
N-(p-n-octyloxybenzylidene)-p-n-hexylaniline, 8O.O6, and N-(p-n-octyloxybenzy-
lidene)-p-n-heptylaniline, 8O.O7, is presented. The density and thermal expansion
coefficient results reveal that the phase transitions present in these compounds are
of first order. Using the thermal expansion coefficient, the temperature dependence
of a number of thermodynamical (thermoacoustic and anharmonic) parameters of
these compounds are estimated. These results reveal that all the parameters show
characteristic change in the vicinity of the phase transformation. The results are
discussed in light of the body of data available.

Keywords nO.Om compounds; phase transitions; thermodynamic parameters

Introduction

In the area of soft condensed matter physics, dilatometric studies (the density) of
liquid crystal (LC) phase transitions involving different structural organizations
are an intriguing topic. The density studies involving temperature variation and
across different phase transformations in LC materials are well known [1–7] to pro-
vide information regarding the nature of the phase transition and the growth of the
pretransitional effects. Further, such studies provide complementary and confirma-
tory experimental evidence for the results obtained by using other techniques, like
polarizing thermal microscopy (TM) and differential scanning calorimetry (DSC),
regarding the determination of phase transition temperatures, the nature of the
transition, and the thermal stability of the phase of interest.
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The compounds, viz. N-(p-n-octyloxybenzylidene)-p-n-propoxyaniline, 8O.O3,
N-(p-n-octyloxybenzylidene)-p-n-butylaniline, 8O.O4, N-(p-n-octyloxybenzylidene)-
p-n-hexylaniline, 8O.O6, and N-(p-n-octyloxybenzylidene)-p-n-heptylaniline, 8O.O7,
differ from their counterparts (nO.m) without electronegative oxygen atom on the
aniline side, regarding the clearing temperatures, the polymorphism, and the mani-
festation of nematic phase. It has been reported [1,2] that the position of the electro-
negative oxygen in the molecular moiety plays an important role regarding the
clearing temperature, the phase variants, and the manifestation of nematic phase.
The compounds 8O.O3, 8O.O4, 8O.O6, and 8O.O7 exhibit N, NC, NCG, and NC
phases with clearing temperatures 105.9�C, 116.3�C, 111.0�C, and 105.6�C, respect-
ively, and their counterparts 8O.3, 8O.4, 8O.6, and 8O.7 exhibit [3] (with no oxygen
atom on the right side of the molecular moiety) NABG, ABG, ACBG and ACBG
with clearing temperatures well below 100�C. If there is no oxygen atom in the mol-
ecular moiety (n.m) the clearing temperatures fall below 50�C and in some cases the
liquid-crystalline nature is observed in and around room temperature. If the oxygen
atom is on the right side only (n.Om), there is not much difference regarding the
observed clearing temperatures, but the phase variants differ.

As a part of our systematic studies on nO.m, n.Om, n.m, and nO.Om homo-
logues, the density measurements as a function of temperature are carried out for
the above four (nO.Om) compounds and the nature of the phase transitions across
isotropic-nematic (IN) and nematic-smectic-C (NC) are reported in the present
manuscript. A number of thermodynamical (acoustic and anharmonic) parameters
are estimated from the thermal expansion coefficient derived from density [8]. The
results are discussed with the literature data on similar compounds.

Experimental

The liquid-crystal compounds are synthesized following the standard procedure
described elsewhere [2]. The corresponding ingredients are imported from Frinton
Laboratories (Hainesport, NJ). The synthesized compound is subjected to repeated
crystallization from absolute ethanol until the transition temperatures show consist-
ency. The transition temperatures agree with the literature data and they are given in
Table 1. A U-shaped bi-capillary pycnometer in conjunction with the cathetometer
was used for the density measurements. The absolute error in the measurement of
density is� 10�4 g cm�3. The cooling rate during the measurement was 0.5K h�1.

Theory

The procedure for the estimation of various thermoacoustic and anharmonic
parameters using the coefficient of thermal expansion (a) is described below [8].

The coefficient of volume expansion (a)¼ 1=Vm (dVm=dT), where dT¼T2�T1,
dVm¼Vm2�Vm1.

The Moelwyns-Hughes parameter (C1) and reduced molar volume (V�) may be
expressed as

C1 ¼
13

3

� �
þ 1

aT

� �
þ 4aT

3

� �
ð1Þ

V� ¼
aT
3

� �
ð1þ aTÞ þ 1

� �3

ð2Þ
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The isochoric temperature coefficient of internal pressure (X) is given by

X ¼ � 2ð1þ 2aTÞ
V�c1

ð3Þ

The Sharma parameter [8] S0 is given by the expression

S0 ¼ �X

2

� �
ð3þ 4aTÞ ð4Þ

Then, the Huggins parameter [8] F of a liquid crystal is related to S0 by the
equation

F ¼ 2 1þ S0
ð3þ 4aTÞ

� �� �
� 3þ 4aT

3

� �
ð5Þ

Table 1. The transition temperatures in �C along with the enthalpy values of the
compounds studied

Compound
name

Phase
variant Method I-N N-C C-G

N=C=
G-K Ref.

8O.O3 N DSC Heating 106.39 99.23 þ[2]
DH=J=gm 1.47 62.58
Cooling 103.96 84.33
DH=J=gm 1.80 51.41

TM Cooling 105.20 85.30
PW Cooling 105.00 85.30

8O.O4 NC DSC Heating 112.05 — 105.92 þ[2]
DH=J=gm 2.35 — 74.43
Cooling 109.45 93.70 82.97
DH=J=gm 2.25 1.55 57.36

TM Cooling 116.3 100.00 90.00
PW Cooling 116.00 100.00 90.00

8O.O6 NCG DSC Heating 111.80 104.23 — 93.85 þ[2]
DH=J=gm 4.93 4.09 — 73.12
Cooling 108.75 100.77 84.35 79.53
DH=J=gm 5.43 3.73 2.83 56.58

TM Cooling 110.75 103.20 85.60 76.40
PW Cooling 111.00 100.80 85.6 76.50

8O.O7 NC DSC Heating 108.62 104.09 95.49 þ[2]
DH=J=gm 3.43 2.86 83.84
Cooling 105.54 100.63 87.13
DH=J=gm 2.56 2.45 60.68

TM Cooling 105.6 100.80 87.60
PW Cooling 106.00 100.80 87.60

1. Ajeetha, N. Ramakrishna, M. Datta Prasad, P.V., & Pisipati, V.G.K.M., (2006). Mol.
Cryst. Liq. Cryst., 452, 3.
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The isothermal microscopic Grunessian parameter (C) is a measure of volume
dependence of the harmonicity of the normal mode frequency (n) of molecular
vibrations of a material and is related to F and S0 as

s ¼ 2

3

� �
aT þ 2� F þ 4aT

2aT

� �
ð6Þ

The fraction free volume (f) is a measure of disorder due to increase of mobility
of molecules in a liquid crystal and can be expressed in terms of isothermal
Grunessian parameter (C) as

f ¼ 1

ðsþ 1Þ ¼
Va

V
ð7Þ

where Va is the available volume.
Thermal parameter A� is a dimensionless parameter that shows that at low tem-

peratures, a liquid crystal tends to be ordered, and thereby makes A� equal to unity

A� ¼ 1þ f

s

� �
ð8Þ

The Grunessian parameter (Cp) for liquid crystals can be found from

sp ¼
2

3

� �
aT þ 1

2aT

� �
þ 2 ð9Þ

Results and Discussion

Dilatometric Studies

The phase transition temperatures observed in density measurements along with the
literature values are given in Table 1. The data reveal that the values are in good
agreement with the literature data. Further, it is found from the literature [1,2] that
the presence of an oxygen atom makes the clearing temperatures rise compared to
those compounds of Schiff bases, which have oxygen on any one side of the central
core. The phase variants exhibited by these compounds are shown in Table 1. The
compounds 8O.O3 exhibit a single phase variant nematic phase (N) in between
the isotropic liquid and the crystal, and, the compounds 8O.O4 and 8O.O7 exhibit
a divariant nematic and smectic-C phase (NC). The compound 8O.O6 exhibits a
tri variant, viz. nematic, smectic-C, and smectic-G, phase (NCG).

The density is found to decrease with the increase of temperature in the
liquid-crystalline phases except in the vicinity of phase transitions, where it shows
a steep increase before it attains equilibrium value of the next (lower temperature)
phase. The temperature variation of density q(T) and thermal expansion coefficient
a(T) with temperature for all the compounds are presented in Figs. 1 to 4. The
density jump (Dq=q) is calculated as the vertical distance between the density values
(q1 and q2) obtained by the linear extrapolation from either sides of the transitions
(which are in fact the average value of the above two extrapolated density values;
i.e.,, [[(q1� q2)]= [(q1 þ q2)=2]]). The observed density jump (Dq=q) and the thermal
expansion coefficient maxima (amax.) across IN, NC of the above compounds are
presented in Table 2.
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The molar volume (Mv), molecular weight=density, in the isotropic phase of at
(TNIþ 5)�C is 374.1� 10�6m3 mol�1, 390.3� 10�6m3 mol�1, 423.4� 10�6m3 mol�1,
and 439.0� 10�6m3 mol�1 for compounds 8O.O3, 8O.O4, 8O.O6, and 8O.O7
respectively. Figure 5 exhibits the variation of molar volume at (TNIþ 5)�C with
the chain number for the 8O.Om series. The slope of the graph shows that the
increment of molar volume per the methylene unit is 16.5� 10�6m3 mol�1 for this
series. If the additive of molar volume is assumed in the isotropic liquid, the
increment for the methylene group for these compounds is of the same order for
those reported (16.4� 17.2� 10�6m3 mol�1) for CH2 unit contribution in normal
isotropic liquids [9] and other nO.m compounds [10,11].

Isotropic–Nematic Transition (IN). The density jumps across IN transition in the
case of 8O.O3, 8O.O4, 8O.O6, and 8O.O7 are 0.42, 0.40, 0.37, and 0.39%,

Figure 1. Variation of density and thermal expansion coefficient with temperature in 8O.O3.

Figure 2. Variation of density and thermal expansion coefficient with temperature in 8O.O4.

106 K. Fakruddin et al.
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respectively. The compounds of 8O.Om series exhibit a thermal expansion coefficient
maxima of 31.5� 10�4�C�1, 31� 10�4�C�1, 26.6� 10�4�C�1, and 26.0� 10�4�C�1

for 8O.O3, 8O.O4, 8O.O6, and 8O.O7, respectively. These values suggest the
first-order nature of the transition as expected at an IN interface. The percentage
of density values is within the range (0.2 to 0.4) of the values reported [1,2] in the
literature across the isotropic and nematic interface.

Nematic–Smectic-C Transition. The nematic to smectic-C (SC) transition is observed
in three compounds, viz. 8O.O4, 8O.O6, and 8O.O7. A transition from an
orientational ordered nematic phase to smectic-C phase possessing a layered
structure with a tilted order in addition to the orientational and short-range
positional orders should be first order. The density jump (Dq=q¼ 0.25, 0.39, and

Figure 3. Variation of density and thermal expansion coefficient with temperature in 8O.O6.

Figure 4. Variation of density and thermal expansion coefficient with temperature in 8O.O7.
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0.14%) and the thermal expansion coefficient maxima (a¼ 37.1� 10�4�C�1,
44.7� 10�4�C�1, and 26.1� 10�4�C�1) for the above three compounds confirm the
NC transition as first order. The values obtained for these compounds are slightly
lower to those obtained for 7O.O5 (0.45). Very few compounds exhibit NC
transition in nO.m compounds [12].

As expected, the magnitude of slopes in different phases is increasing from the
isotropic to higher ordered liquid-crystalline phases. However, the values are lower
when compared to nO.m compounds [9]. The slope values obtained for the com-
pounds in different phases are given in Table 2.

The salient features observed from the dilatometric studies are

. The nature of the isotropic–nematic transition is found to be first order as
expected [1,2].

. The percentage of jump observed across IN transition is between 0.18 to 0.44
and is found to be within the reported data on a number of compounds [3].
The large value found in the case of 5O.O5 by Ajeetha et al. [1,2] is not the
true value representing the IN transition as it has a very small thermal range
of nematic phase, and the nematic phase has not attained thermal equilibrium
before transforming to crystalline phase. Hence, the large jump observed is
the sum of the contributions due to IN and N-crystal phase transformations.

. Unlike the case of nematic–smectic-A transition, which exhibits either
first-order or second-order depending on the McMillan parameter, the ther-
mal range of the nematic phase and the alkyl chain length in the case of
nO.m compounds, the nematic–smectic-C transition is of first order and the
results obtained in the compounds studied agree with the literature data [13].

. The percentage jump observed in the case of 8O.O7 is small compared to
other compounds and the body of the data reveals small jumps across this
transition in other compounds [14].

. The observations on benzylidene aniline liquid crystals reveal that the com-
pounds with the oxygen atom on both the sides of the rigid core (a) will have
higher clearing temperatures compared to the compounds that possess an

Figure 5. Change of molar volume with the chain length.
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oxygen atom on any one side of the rigid core. Further, it is reported that with
the removal of the oxygen atom from the molecular moiety, the liquid-
crystalline property can be brought to ambient temperature and in some cases
below room temperature and the clearing temperatures are lowered compared
to the above compounds. (b) The manifestation of nematic is observed in
more compounds in the case of nO.Om compounds compared to nO.m or
n.Om compounds [1,2]. The following table illustrates this.

Alkyl chain number

3 4 5 6 7 16

Phase variant

8O.Om N NC ABG NCG NC —
8O.m NABG ABG ABG ACBG ACBG AB

Thermodynamic (Thermoacoustic and Anharmonic) Parameters

Using the volume expansion, a, and the relations described in the Theory section, the
Sharma parameter, S0, and other various thermodynamic parameters of the above
compounds are evaluated at different temperatures. The different parameters are
given Tables 3 to 6. The variation of Sharma parameter, S0, with temperature in
8O.O3 and 8O.O7 compounds in different LC phases is shown in Fig. 6.

Figure 6 and the Tables 3 to 6 reveal

1. The Sharma parameter S0 value is constant and is around 1.17 for all the com-
pounds in all the phases except in the vicinity of phase transition, where it shows
a minimum at the transition temperature in all the compounds. Figure 6 depicts
the variation of S0 in 8O.O3 and 8O.O7 compounds.

Figure 6. Variation of S0 with temperature in 8O.O3 and 8O.O7.
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2. The parameters V�, V�c1, isochoric temperature coefficient of internal pressure
(X), and their variation with temperature are similar to that of thermal expansion
coefficient a as expected, because they are proportional to a in all the compounds.

3. The parameters C1, X
0
, F, C, D, Cp, and their variation with temperature show a

decrease with the decrease of temperature, i.e.,, exhibiting lower values in
liquid-crystalline phases compared to the isotropic phase, which shows that mol-
ecular ordering increases as the temperature decreases in liquid-crystal phases.

4. The parameters A� and f show almost constant values throughout the tempera-
ture range except in the vicinity of transition, either isotropic to nematic or
liquid-crystalline phase to liquid-crystalline phase. The values show a consistency
of around 0.2 and 1.04 þ 0.01, respectively. Further, as in the case of polymers
the approximate relations between S0, A

�, f are S¼ 5.55f and A� ¼ 5.25f hold
[15] true in these compounds also.
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