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Phase Transition Studies and Thermodynamic
Parameters of Four Members of nO.m Series—A

Dilatometric Study

M. RAMAKRISHNA NANCHARA RAO,1 P. V. DATTA
PRASAD,1 D. MADHAVI LATHA,2 AND V. G. K. M. PISIPATI2,∗

1Department of Physics, The Hindu College, Machilipatnam, India
2Department of Electronics and Communication Engineering, Liquid Crystal
Research Centre, Koneru Lakshmaiah University, Vaddeswaram, India

Density measurements are carried out on four alkoxy benzylidene alkyl anilines, viz.,
N-(p-n-methoxy/ethoxybenzylidene)-p-n-dodecyl and tetradecylanilines, 1O.12, 1O.14,
2O.12, and 2O.14. The first three compounds exhibit monovariant nematic phase while
the last compound exhibits nematic and smectic-A phase with variable thermal ranges.
The density measurements infer the first order nature for Isotropic to nematic (Iso-
N) phase transformation while the nematic to smetic-A (N-SmA) transition as weak
first order. Thermal expansion coefficient α estimated from density ρ is utilized for
the computation of thermodynamic parameters of above liquid crystalline compounds.
The temperature variation of different thermodynamic parameters like Moelwyn-Hughes
parameter, reduced volume, reduced compressibility, isothermal, isochoric, and isobaric
Gruneisan parameters, etc., are estimated. The results are compared with the available
data in literature of other compounds.

Keywords Density; nO.m compounds; phase transitions; thermodynamic parameters

Introduction

Alkoxybenzylidene alkylanilines with varying alkoxy and alkyl chain number form a family
of liquid crystals (LC) and are extensively studied for their ability to exhibit different liquid
crystalline variants showing from single variant to hexavariant [1] and for understanding
the nature of different phase transformations [2–6]. Dilatometric studies are carried out
on a number of compounds at different mesomorphic interfaces [7,8]. Further, it has been
observed that the formation as well as the thermal span of the nematic phase depends on the
chain number [1]. The four compounds, N-(p-n-methoxy/ethoxybenzylidene)-p-n-dodecyl
and tetradecyl anilines, 1O.12, 1O.14, 2O.12, and 2O.14, possess short alkoxy chain with
long alkyl chain. The density studies are carried out on all the compounds to understand
the nature of the transition and pretransitional effects.

As a part of ongoing research program on thermodynamic, acoustic properties of LC,
the authors here report the results of the density measurements on four LC, viz., N-(p-
n-methoxy/ethoxybenzylidene)-p-n-dodecyl and tetradecylanilines, 1O12, 1O.14, 2O.12,

∗Address correspondence to V. G. K. M. Pisipati, Department of Electronics and Communication
Engineering, Liquid Crystal Research Centre, Koneru Lakshmaiah University, Vaddeswaram 522 502,
India. Tel.: +91-9849018466; Fax: +91-08645-247249. E-mail: venkata pisipati@hotmail.com
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74 M. Ramakrishna Nanchara Rao et al.

and 2O.14. Further, the thermodynamic parameters such as Moelwyn-Hughes parameter,
reduced volume, reduced compressibility, isothermal, isochoric, and isobaric Gruneisan
parameters [9], etc., are estimated using the thermal expansion coefficient derived from
the density results. The derived parameters offer a convenient method for the study of
thermodynamic properties of compounds, not easily obtained by other means. The results
are compared with the data available on other LC compounds.

Experimental

The liquid crystalline compounds used in the present study are synthesized according to
standard procedures [4]. The synthesized compounds are subjected to repeated crystalliza-
tion in methanol/ethanol until the transition temperatures are in agreement with the reported
data. A U-shaped bi-capillary pyknometer 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 0.5◦C h−1. The molecular structure
of the compounds is given below.

with n = 1 and m =12—N-(p-n-methoxybenzylidene)-p-n-dodecyl aniline, 1O.12,
with n = 2 and m = 12—N-(p-n-ethoxybenzylidene)-p-n-dodecyl aniline, 2O.12,
with n = 1 and m = 14—N-(p-n-methoxybenzylidene)-p-n-tetradecyl aniline, 1O.14, and
with n = 2 and m = 14—N-(p-n-ethoxybenzylidene)-p-n-dodecyl aniline, 2O.14.

Thermodynamic Parameters

The theoretical procedure for the evaluation of different thermoacoustic parameters using
α is described below [9]. All the parameters are interrelated through one and only one
parameter, viz., the Moelwyn-Hughes parameter C1 [9]. The other parameters related to C1

(which is related to α) are given below.
The Moelwyn-Hughes parameter C1 and reduced molar volume V∼ may be expressed

as

C1 =
(

13

3

)
+

(
1

αT

)
+

(
4αT

3

)
, (1)

V ∼ =

⎧⎪⎪⎨
⎪⎪⎩

(
αT

3

)

(1 + αT)
+1

⎫⎪⎪⎬
⎪⎪⎭

3

. (2)

Bayer’s nonlinear asymmetry parameter B/A is given by

B/A=C1 − 1. (3)

Sharma and Reddy demonstrated the following interrelationship between n and C1

(magnitude of repulsive forces) as

n= (3C1 − 12). (4)
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Studies and Parameters of Four Members of nO.m Series 75

The isothermal Grunesien parameter is �ith = (C1 − 1)/2, (5)

and the isochoric Grunesien parameter is �ich = (E − F )/F, (6)

where E = [2 + (αT )−1( − 2α)V ∼C1]−1, (7)

and F = −2αT . (8)

Using the values of �ith and �ich, the isobaric Gruneisan parameter �iba can be evaluated
from the equation

�ith = �iba + �ich. (9)

The isothermal Anderson-Gruneisan parameter δ is known to be an important parameter
in the theory of temperature dependence of bulk modulus in solids. It is defined as

δ = 2 �iba. (10)

However, the Anderson-Gruneisan parameter δ is distinguished from the Moelwyn-
Hughes parameter as

θ = (C1 − δ) = 2(�ith − �iba). (11)

Further, the available volume Va can also be estimated [9] from B/A also as

Va = V (1/2(B/A) + 1)−1. (12)

Results and Discussion

Dilatometric Studies

The compounds 1O.12, 2O.12, 1O.14 exhibit single phase variant nematic while the com-
pound 2O.14 exhibits nematic and SmA phases. The phase variants and the transition
temperatures are given in Table 1 and are in good agreement with the reported values [1]
except in the case of 2O.14, where the density measurements exhibited the shrinkage of
nematic thermal range.

The density, ρ (gm∗cm−3) increases with the decrease of temperature. However, at
the phase interface it exhibits step increase before stabilizing in the equilibrium phase as
expected. The density jumps, the molar volume at T IN+5, the density slopes in different
phases, and the thermal expansion coefficient maxima at the phase transformation are
estimated from the density data. The percentage of density jumps, the density slopes, and

Table 1. The transition temperatures (◦C) across different phase transitions in 1O.12, 2O.12,
1O.14, and 2O.14

Phase Isotropic– Nematic– Nematic/smectic-
Compound variant Nematic smectic-A A–crystal

1O.12 N 59.9 – 54.5
2O.12 N 76.2 – 49.0
1O.14 N 61.3 – 55.2
2O.14 NA 70.2 58.4 –
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76 M. Ramakrishna Nanchara Rao et al.

Table 2. The percentage of density jumps, the thermal expansion coefficient, and the slopes
of density in different phases of 1O.12, 2O.12,1O.14, and 2O.14

I-N transition N-A Transition

α % of α (dρ/dT)Iso (dρ/dT)N (dρ/dT)A

Compound % of �ρ/ρ (10−4◦C) �ρ/ρ (10−4◦C) ×10−4 ×10−4 ×10−4

1O.12 0.35 74.70 — — 8.8 12.6 —
2O.12 0.16 37.80 — — 7.9 11.2 —
1O.14 0.07 34.00 — — 6.8 8.0 —
2O.14 0.31 60.00 0.11 49.40 8.9 10.0 10.7

the thermal expansion coefficient maxima for all these compounds are presented in Table
2. The temperature variation of density ρ and thermal expansion coefficient α for all the
compounds is shown in Figs. 1–4.

Isotropic–Nematic (IN) Transition

The IN transition is accompanied by density jumps of 0.35, 0.16, 0.07, and 0.31 and
thermal expansion coefficient maxima of 74.7, 37.8, 34.0, and 60.0 × 10−4◦C for the
compounds 1O.12, 2O.12, 1O.14, and 2O.14, respectively. The values suggest the nature
of this transition as first order. However, the density jump values in the case of 2O.12 and
1O.14 are small compared to the values obtained for other compounds which exhibit the
same transition. Generally, the density jumps are of the order of 0.20–0.40. However, the
exhibition of small values in some compounds is common.

Figure 1. Variation density, ρ, and thermal expansion coefficient, α, with temperature in 1O.12.
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Studies and Parameters of Four Members of nO.m Series 77

Figure 2. Variation density, ρ, and thermal expansion coefficient, α, with temperature in 2O.12.

Nematic–Smectic-A (N-SmA) Phase Transitions

The nematic to SmA transition is observed only in 2O.14, the density jump and the thermal
expansion coefficient maxima suggest it to be first order. The nO.m compounds are a classic
example to exhibit tricritical point (TCP), where a second order transition transforms into
first order depending on the value of McMillan parameter, and the alkoxy/alkyl chain length.
The McMillan [10] theory predicts a first order transition for M = (TNA/TNI) = 0.87. It

Figure 3. Variation density, ρ, and thermal expansion coefficient, α, with temperature in 1O.14.
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78 M. Ramakrishna Nanchara Rao et al.

Figure 4. Variation density, ρ, and thermal expansion coefficient, α, with temperature in 2O.14.

must be pointed out that the McMillan predicted heat of transition involves pretransitional
effects and has to be modified for true total enthalpy. Hence, the above predicted value is
low compared to the value arrived at by different experimental techniques which is ≥0.959
[11]. The systematic studies on nO.m compounds found a possible TCP (where the second
order transition changes to first order) to exist [11] around the value given above. The
McMillan parameter (M = TNA/TNI) value obtained for this compound is 0.966 which is
>0.959.

The value of slope of the variation of density with temperature in the equilibrium SmA
phase (dρ/dT)A in 2O.14 is 10.7 × 10−4 g cm−3◦C. The higher slope of density variation
with temperature (dρ/dT) in SmA phase than the slope of density in nematic/isotropic phase
suggests an additional packing with positional and translational order. The salient features
observed through this study are

1. As expected the IN transition is found to be first order and the density jumps agree
with the literature data. However, in the case of 1O.14 the jump observed is low
compared to many compounds in this series, and

2. The N-SmA transition in the 2O.14 is found to be first order with McMillan param-
eter 0.966 and is >0.959, a value reported as TCP in nO.m compounds [11].

Thermodynamic Parameters

Employing the relevant equations, the thermoacoustic parameters, Aderson-Grunesian pa-
rameter θ , isothermal Grunesian parameter �itc, isobaric Grunesian parameter �iba, iso-
choric Grunesian parameter �ich, the reduced bulk modulus B∼, isothermal Aderson-
Grunesian parameter δ, magnitude of repulsive forces n, available volume Va are calculated.
The variation of all these parameters with temperature for the compound 1O.14 are given in
Tables 3 and 4 depicts the variation of parameters in isotropic and liquid crystalline phases
in all the compounds.
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Table 5. Density jumps, the order parameter jumps due to Maier and Saupe and from
birefringence of all the four compounds

Density Order parameter Order parameter
Compound jumps jumpsa jumpsb

1O.12 0.35 0.422 0.393
2O.12 0.16 0.398 0.445
1O.14 0.07 0.445 0.270
2O.14 0.31 0.426 0.369

afrom Maier and Saupe equation.
bfrom birefringence.

The salient features observed from the tables are

1. The available volume Va obtained from nonlinearity parameter B/A is well in
agreement with the data reported earlier [12] with exhibiting a higher value in
liquid crystalline phase than in isotropic phase.

2. It is observed that the magnitude of these parameters show a decreasing trend with
the decrease of temperature and the values are lower in liquid crystalline phases.

3. The magnitude of repulsive exponent exhibits a high value in isotropic phase than
in the liquid crystalline phase with a variation around 7–15 which is evident from
Tables 3 and 4, whereas the parameter n varies from 16 to 56 in polymers [13].

4. The isobaric Gruneisan parameter is found to be exhibiting low values than that of
isothermal Gruneisan parameter [14].

Density and Order Parameter Jumps

The density jumps estimated are given in Table 2 for the IN transition. However, the order
parameter variation with the temperature can be obtained by different techniques. Maier
and Saupe [15] arrived at the variation of order parameter with the temperature with the
following relation using density data:

S = {1 − 0.98(T/TIN)(Vn/Vn(IN))
2}0.22,

where T and T IN are the temperature and the isotropic nematic transition temperature,
respectively, while Vn and Vn(IN) are the molar volume at a temperature T and at IN transition.
However, the same can be obtained from birefringence studies in conjunction with the
density results also. Table 5 exhibits the density and the order parameter jumps at the IN
transition derived from different methods. The table reveals that the order parameter starts
from generally around 0.4 while it is not the case with that calculated from birefringence.
More details of the order parameter estimation from polarizability data and its variation
with temperature are described in detail in the reference [16].
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