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Abstract: In the present work density measurements are carried out on 1. P-Cyanobenzylidene P Nonyloxyaniline and 2. P -

Decyloxybenzylidene P-Toluidine liquid crystalline compounds. The density is found to decrease with increase of temperature in liquid 

crystalline phases expect in the vicity of phase transition it shows steep increase before it attains equilibrium value of the next phase. Using 

density data the various thermodynamic parameters like Moelwin Hughes parameter, Isochoric temperature coefficient of internal 

pressure, Huggin’s parameter, Gruneisen parameter, Sharma parameter etc. are evaluated. The Bayer’s nonlinearity parameter is also 

estimated. All the parameters show discontinuity at phase transformation (either dip or elevation). The results are discussed with reference 

to the literature data available on number of compounds. Key words: Liquid crystals, density, phase transition, thermodynamic parameters, 

Bayer’s nonlinearity parameter. 
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1. Introduction 
 

The liquid crystal materials exhibit a variety of mesophases 

with change of rigid core, side chain and terminal groups [1-

4]. The lengthy terminal side chains quench the high 

temperature nematic phase thereby manifesting the smectic 

phases. The position of oxygen atom in the molecular moiety 

changes the transition temperatures. Further the dilatometric 

studies involving temperature variation across different phase 

transformation in liquid crystal materials provide information 

regarding the nature of phase transition and pre transitional 

effects [5-9]. The compounds viz., P-Cyanobenzylidene P-

Nonyloxyaniline and P-Decyloxybenzylidene P Toluidine 

differs from other compounds with electro negative oxygen 

atom on right side of therigid core in first compound and on 

the left side of the rigid core in the second compound. Both 

the compounds shows Nematic and Smectic phases however 

the clearing temperature of the first compound is more than 

second compound. In the present work the density 

measurements as a function of temperature are carried out and 

the thermal expansion co-efficient at phase transition are 

noted. By using density and thermal expansion coefficient 

data the number of thermodynamic parameters are evaluated 

and results are discussed. The molecular formula of the liquid 

crystals used is shown below. C1: NCC6H4CH = NC6H4O 

(CH2)8CH3 (P-Cyanobenzylidene P-Nonyloxyaniline) C2: 

CH3 (CH2)9O C6H4CH = NC6H4CH3 (P-

Decyloxybenzylidene P-Toluidine) DSC Thermograms and 

Transition temperature of compound P- Cyanobenzylidene P 

Nonyloxyaniline and P-Decyloxybenzylidene P-Toluidine 

are shown in Fig.1, Fig.2 and Table 1. 

 

 
Figure 1: DSC Thermograms of compound P- 

Cyanobenzylidene P- Nonyloxyaniline 

 

 
Figure 2: DSC Thermograms of compound P- 

Decyloxybenzylidene P- Toluidine 

 

Table 1: Transition temperature in oC recorded by using 

Differential Scanning Calorimetry (DSC) 

Compound 
Transition temperature in ℃ 

I-N N-SmA SmA-Cr 

C1 102.94 97.08 62.78 

C2 74.63 62.28 49.6 
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2. Experimental 
 

The density measurements are done by using specially 

designed pyknometer is used. The pyknometer consists of 

capillaries with a diameter of about 300μm and 5 - 8 cms 

length is mounted on ‘U’ shaped glass tube. The pyknometer 

is calibrated by measuring the molar volume of water at 

different temperatures. The above liquid crystalline sample is 

filled in pyknometer and its mass is measured by using 

chemical balance. The pyknometer is kept in heating block of 

dilatometer and the temperature of the heating block is raised 

5oC above the clearing temperature. Then the sample is 

slowly cooled until the sample level reaches the marks in 

capillaries. The excess sample in the cups of the capillaries 

was removed by syringe. Conventional cathetometer was 

used to measure the liquid crystal level in the capillaries. The 

main scale and vernier scale is replaced with a digital scale. A 

CCD camera is attached to the telescope and the levels of the 

capillary were observed on a monitor with a high 

magnification. By this technique the temperature variation of 

density and hence thermal expansion coefficient was 

measured to estimate various thermo dynamical parameters. 

 

Theory and expressions: The theory for the estimation of 

different thermodynamic parameters using the coefficient of 

thermal expansion (α) is reported by several authors (Ranga 

Reddy et al., 1999[10]; Fakruddin et al., 2010[11]). The 

Moelwyn- Hughes parameter (Moelwyn-Hughes, 1951[12]), 

Beyer’s nonlinearity parameter and the reduced molar volume 

(V˜) are evaluated from the following expression. 

𝐶1 =
13

3
+ (𝛼𝑇)−1 +  

4

3
(𝛼𝑇)                   (1) 

 

(
𝐵

𝐴
) =  𝐶1 − 1                                             (2) 

 

 
Using the coefficient of thermal expansion Haward and 

Parker (Haward and Parker, 1968[13]) obtained an expression 

for the isochoric temperature coefficient of internal pressure 

(X) as 

𝑋 =  
−2 (1 + 2𝑇)

𝑉𝑐1
                             (4) 

 

The Sharma parameter (So) (Sharma, 1983[14]; Reddy et al., 

2007[15]) is given by the expression 

𝑆0 =
−𝑥

2
 (3 + 4𝛼𝑇)                   (5) 

 

The isothermal microscopic Gruneisen parameter (Γ) is a 

measure of volume dependence of the harmonicity of the 

normal mode frequency (ν) of a molecular vibration of a 

polymer and is related to F and So as 

Γ =  (
2

3
)  𝛼𝑇 +  (

2 + 𝐹 + 4𝛼𝑇

2𝛼𝑇
)                (6) 

 

The fractional free volume (f) is a measure of disorder due to 

increasing mobility of molecules in a polymer and can be 

expressed in terms of the isothermal microscopic Gruneisen 

parameter (Γ) as 

𝑓 =  (
𝑉𝛼

𝑉
) =  (

1

Γ + 1
)            (7) 

Where Va is the available volume of a liquid crystal. Thermal 

parameter (A*), is a dimensionless parameter which shows 

that at low temperatures, a liquid crystal tends to be ordered 

exhibiting a small thermal expansion and small fractional free 

volume, thereby making A* equal to unity. 

𝐴∗ =  (
1 +  𝑓2

1 − 𝑓
) = 1 +  (

𝑓

Γ
)           (8) 

 

The Gruneisen parameter (𝛤P) for liquid crystals can be found  

 

Γ𝑃 =  (
2

3
) 𝛼𝑇 + (

1

2𝛼𝑇
) + 2             (9) 

 

The isothermal, isobaric and isochoric Gruneisen parameters 

are identical to the corresponding acoustical parameters so 

one can write 

Γ𝑖𝑐ℎ =  Γ𝑖𝑡ℎ + Γ𝑖𝑏𝑎                  (10) 

 

The isochoric Gruneisen parameter Γich could be evaluated 

using the following equation 

Γ𝑖𝑐ℎ =  − 
𝐸 − 𝐹

𝐹
                  (11) 

 

Where  

𝐸 =  −2 [1 + (𝛼𝑇)−1] [2𝛼 (𝑉̃)𝐶
1−1 ] 𝑎𝑛𝑑 𝐹 =  −2𝛼 (12) 

 

The Huggins parameter (F) of a liquid crystal is related to S0 

by the equation 

𝐹 = 2 [1 + (
𝑆0

3 + 4𝛼𝑇
)] − (3 +  

4𝛼𝑇

3
)    (13) 

 

3. Results and Discussions:  
 

The temperature variation of density (𝜌) and thermal 

expansion coefficient (α) for the liquid crystalline compounds 

is measured and illustrated in Fig. 3 and Fig.4. The density is 

found to decrease with increase of temperature in LC phases 

but in the vicinity of phase transition there is a steep jump in 

density. The density data is used to estimate the number of 

thermodynamic parameter viz, Moelwyn - Hughes parameter 

(C1), reduced molar volume(V ̃), Isochoric Temperature Co-

efficient of Internal Pressure(X), Sharma parameter (So), 

fractional free volume (f), Thermal parameter(A*), Gruneisen 

parameter(ΓP), Huggin’s parameter(F) isothermal 

microscopic Gruneisen parameter(Γ), isothermal Gruneisen 

parameter(Γith), isochoric Gruneisen parameter(Γich), 

isobaric Gruneisen parameter(Γiba) and Bayer’s nonlinearity 

parameter(B/A) and shown in table 2 and table 3. From our 

studies it is reported that the reduced molar volume and 

fractional free volume is found to increase with increase of 

temperature and there is a sudden increase in this values at 

phase transition. This is due to the fact that at phase transition 

the molecules in a compound align in a particular direction 

hence critical volume decreases, due to this reduced molar 

volume and fractional free volume increases. The percentage 

of increase in reduced molar volume in isotropic to nematic 

phase is 41% and Smectic to nematic phase is 24% in P-

Cyanobenzylidene P-Nonyloxyaniline. In P-

Decyloxybenzylidene P-Toluidine these values are 26% and 

6.1% at Nematic to Isotropic and Smectic to Nematic phases. 

The lesser percentage in P Decyloxybenzylidene P-Toluidine 

may be due to high molecular weight and low transition 

temperature. Similar results are observed in fractional free 
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volume also. The Moelwyn - Hughes parameter (C1) and 

Bayer’s nonlinearity parameter (B/A) decreases with 

decreases of temperature at phase transitions. There is a steep 

decrease in these values because these two parameters depend 

on compressibility. At phase transition the molecules in a 

compound are aligned in a particular direction and hence 

compressibility decreases therefore C1 and B/A values 

decreases. During isotropic- nematic transition the decreases 

in this values are very high when compared to smectic-

nematic transitions. This is due to the fact that at higher 

temperatures compressibility is low; in liquid crystal research 

isotropic-nematic transition temperature is more than smectic 

- nematic transition temperature. Similarly, the values of the 

parameters viz, Isochoric Temperature Co-efficient of 

Internal Pressure(X), Sharma parameter (So), Thermal 

parameter(A*), Gruneisen parameter(ΓP), Huggin’s 

parameter(F) isothermal microscopic Gruneisen 

parameter(Γ), isothermal Gruneisen parameter(Γith), 

isochoric Gruneisen parameter(Γich), isobaric Gruneisen 

parameter(Γiba) decreases at phases transitions. 

 

 
Figure 3: Temperature versus density and thermal expansion coefficient graph of compound P-Cyanobenzylidene P-

Nonyloxyaniline 

 

 
Figure 4: Temperature versus density and thermal expansion coefficient graph of compound P-Decyloxybenzylidene P-

Toluidine 
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Table 2: Thermodynamic parameters of liquid crystalline compound (C1) P-Cyanobenzylidene P-Nonyloxyaniline 
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Figure 5: The variation of Beyer’s parameter of nonlinearity (B/A) Isochoric Temperature Co-efficient of Internal Pressure 

(X) with temperature in P-Cyanobenzylidene P-Nonyloxyaniline compound 

 

 
Figure 6: The variation of Beyer’s parameter of nonlinearity (B/A) Isochoric Temperature Co-efficient of Internal Pressure 

(X) with temperature in P-Decyloxybenzylidene P-Toluidine compound 
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Figure 7: The variation of reduced volume (V˜), Fractional free volume (f) with temperature in P-Cyanobenzylidene P-

Nonyloxyaniline compound 

 

 
Figure 8: The variation of reduced volume (V˜), Fractional free volume (f) with temperature in P-Decyloxybenzylidene P-

Toluidine compound Volume IX, Issue V, MAY/2019 
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Figure 9: The variation of Moelwyn- Hughes parameter (C1), Beyer’s nonlinearity parameter (B/A) with temperature in P-

Cyanobenzylidene P-Nonyloxyaniline compound 

 

 
Figure 10: The variation of Moelwyn- Hughes parameter (C1), Beyer’s nonlinearity parameter (B/A) with temperature in P-

Decyloxybenzylidene P-Toluidine compound 

 

4. Conclusion 
 

From these studies it is noted that the sudden change in 

density and discontinuity in thermal expansion co-efficient 

attributes to the sudden change from ordered liquid crystal 

phases to disordered isotropic phase. These phases differs 

mainly in the degree molecular orientation due to this the 

thermodynamic parameters also changes at phase transitions. 
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