
 

 

 

CHAPTER 8 

Measurement of splay elastic constant 
and rotational viscosity for some 
mixtures of an induced nematic system 

 
 

8.1 Introduction  

Liquid crystal (LC) plays a very important role both in the fundamental and 

applied aspects [1,2] of soft condensed matter. It exhibits unique phase transitions 

and thermal properties that make them very useful for different potential 

applications. Several attempts have been made to study the physical properties of 

both pure compounds as well as their mixtures [3-11] for a better insight into their 

mesomorphic behavior. However, these types of studies are still open and need to 

be investigated. Study of the different thermal parameters of LCs such as splay 

elastic constant (K11), threshold voltage (Vth), relaxation time (0), rotational 

viscosity (1) etc. still grasp a scope for improvement. These mesomorphic 

properties provide important information about the molecular orientations and 

their interactions in the mesophases. On the other hand, knowledge of temperature 

variation of elastic constant, relaxation time and rotational viscosity are of 

immense significance for the practical applications of LCs [12-14].  

LC compounds are very sensitive to external perturbations (electric or 

magnetic field) and their physical properties can be suitably tuned by preparing 

binary mixtures. Mixture formulation modifies the range of certain phases along 

with a substantial change in the thermal parameters of the same compared to the 

pure liquid crystalline compounds. Basically there is considerable interest in 
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studying the behavior of binary mixtures because of the insight they offer in 

different areas, such as testing the phase transition phenomena, understanding the 

interaction of molecules, and providing the idea about microscopic structure of the 

ordered state and order parameter fluctuations. Thus, the dynamics of the phase 

behavior, phase transitions and structure formation in mesogenic mixtures are the 

fundamental aspect of liquid crystal science and technology. 

Although, impressive experimental studies have been performed to derive 

the temperature dependence of K11, 0, 1 etc. but a detailed study on an induced 

nematic binary system is scanty. In this context, it is interesting to study the 

different physical properties of a binary system whose individual components are 

purely smectogenic. In this chapter the splay elastic constant (K11), relaxation time 

(0) as well as the rotational viscosity (1) have been presented for some mixtures 

of an induced nematic binary system comprising of 5-trans-n-butyl-2-(4-

isothiocyanatophenyl)-1,3-dioxane (4DBT) and 4-cyano-4-n-undecyloxy-

biphenyl (11OCB) [15]. By using the dielectric anisotropy () data of the 

respective mixtures (as reported in the chapter 7 of this thesis) the K11 values have 

been determined with the help of electric field induced Freedericksz transition [16-

21]. Moreover, a capacitive decay method [22,23] has also been employed to 

extract the relaxation time (0) and hence the rotational viscosity (1) of the 

investigated mixtures. 

 

8.2 Splay elastic constant measurements 

Electric field induced Freedericksz transition [16-21] of a planner aligned 

sample has been used to evaluate the splay elastic constant (K11) for the studied 

mixtures. All the mixtures exhibit positive dielectric anisotropy (>0) throughout 

the entire mesomorphic range. Hence, application of an external electric field 

causes a reorientation of the molecules from planar to homeotropic alignment. 

With increasing the applied field, the capacitance of the LC filled cell increases 

from the initial value (C) to final value (C) due to the splay distortion of the LC 

director. This variation of capacitance is accompanied by a threshold voltage i.e. 

the capacitance remains almost invariable before the applied voltage attains a 

particular value. This particular voltage is known as the Freedericksz threshold 



 

Chapter 8 

246 | P a g e  
 

voltage (Vth) which has been determined from the voltage dependent capacitance 

curve. Figure 8.1 shows the voltage dependent capacitance profile for the mixture 

x4DBT = 0.393 at different temperatures in the nematic phase. From the figure it is 

evident that there is a substantial increase in the threshold voltage Vth as the 

temperature decreases. Similar type of behavior has also been observed for the 

other investigated mixtures. This can be attributed to the enhanced molecular 

ordering within the mesophase.  
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Figure 8.1 Voltage dependent capacitance of the planar aligned LC cell at 
different temperatures for x4DBT = 0.393. The enhancement of the threshold 
voltage with lowering the temperature is clearly observed. Different temperatures 
in oC are mentioned in the figure. 

 

On the basis of threshold voltage Vth (in r.m.s.) and the dielectric 

anisotropy () (presented in chapter 7 of the thesis) the splay elastic constant K11 

has been determined by using the following relation [24-27]: 

                                                

2
0 th

11 2

ε ΔεV
K =

π
                                               (8.1) 

where 0 is the permittivity of the free space. Figure 8.2 shows the temperature 

dependence of K11 as a function of shifted temperature for various concentrations 
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of 4DBT. It has been observed that in the nematic phase the splay elastic constant 

monotonically increases as the temperature is reduced. In approaching smectic A-

nematic (SmA-N) transition the K11 vs temperature curve for the concentrations 

x4DBT = 0.208, 0.291, 0.707 do not exhibit any change of curvature but for x4DBT = 

0.787 and 0.884 a gentle increase in K11 has been observed as the SmA phase is 

approached. This pre-smectic behavior is due to the short range smectic like 

ordering within the nematic phase which plays an important role in enhancing K11. 

Such type of stiffening of the splay elastic constant in the pre-smectic region has 

been revealed in some early reports also [11,26,28,29]. 
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Figure 8.2 Variation of the splay elastic constant (K11) of different mixtures as a 
function of shifted temperature. Dashed upper head arrow denotes SmA-N 
transition temperature (TSN) for the respective mixtures. Different mole fractions 
of 4DBT are indicated in the figure. 
 

Moreover, in order to get an idea on the correlation between the splay 

elastic constant and order parameter (<P2>), K11 as a function of the order 

parameter (discussed in chapter 7 of this thesis) has been plotted in Figure 8.3(a-
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b). According to the mean field theory K11 has a quadratic dependence on <P2> i.e. 

the interdependence can be expressed by the following relation [30] 

                                                   K11 (<P2>)2                                                    (8.2) 
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Figure 8.3(a-b) Variation of K11 as a function of (<P2>)2 at the different 
concentrations of 4DBT. Solid lines are linear fit to the data points. Different mole 
fractions of 4DBT are indicated in the figure. 
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The fitted lines in Figure 8.3(a-b) indicate an overall good agreement between the 

experimental results and the theoretical prediction. In this context it is necessary to 

mention that some data points very close to the SmA-N transition temperature 

have been excluded during fitting to avoid the pretransitional influence of the 

aforesaid phase transition. 

 

8.3 Relaxation time measurements 

Measurement of the molecular relaxation time (0) has been carried out for 

the studied binary mixtures from a capacitive study of the molecular decay 

dynamics [22,23]. The experimental details of the capacitive decay method have 

been discussed in chapter 2 of this thesis. At a fixed temperature a voltage much 

higher than the Freedericksz threshold voltage was applied across the liquid 

crystal cell for near about one minute. When the applied voltage is suddenly 

removed the liquid crystal director relaxes back to the planar orientation with a 

characteristic time 0. This characteristic time 0 is called the relaxation time 

which measures the time limit required to reorient a molecule. Figure 8.4 depicts 

the temperature variation of the experimentally determined relaxation time (0) for 

the different concentrations of 4DBT ranging from 0.208 to 0.884. It is evident 

from the figure that with increasing the concentration of 4DBT in the range 0.393 

to 0.707 the relaxation time decreases. This digression in response time in the 

concentration range 0.291 ≤  x4DBT  ≤ 0.787 may be due to the less inter-molecular 

packing of the two mesogenic compounds with different central core unit (one is 

biphenyl and another is dioxane-phenyl). For the mixtures with concentration 

x4DBT = 0.208, 0.291, 0.787 and 0.884 the temperature dependence of 0 is more 

significant particularly in the neighbourhood of the SmA-N transition temperature 

(TSN) as reflected in Figure 8.4. A more rapid increase in 0 has been observed in 

those mixtures as the SmA-N transition is approached. Formation of the smectic 

like clusters within the nematic phase hinders the rotational motion in the system 

and may leads to the enhancement of the relaxation time in the vicinity of the 

smectic A-nematic (SmA-N) phase transition. 
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Figure 8.4 Relaxation time (0) as a function of shifted temperature for the studied 
mixtures. Dashed upper head arrow denotes SmA-N transition temperature (TSN) 
for the respective mixtures. Different mole fractions of 4DBT are indicated in the 
figure. 
 

8.4 Rotational viscosity measurements 

Rotational viscosity 1) provides an idea about viscous torque that restricts 

the director reorientation in absence of flow. For a planer aligned LC cell of 

thickness d, the relaxation time (0) is related to the rotational viscosity (1) by the 

following relation [22,23,25] 

                                          

2

0 11
21

τ K π
γ = 

d
                                                 (8.3) 

where K11 is the splay elastic constant. An overview of the temperature dependent 

variation of 1 in the nematic phase for all the investigated mixtures are illustrated 

in Figure 8.5. As seen from the figure, for all the studied mixtures, 1 exhibit 

almost similar temperature dependence as obtained for the relaxation time (0). 

With lowering the temperature 1 increases due to the enhanced molecular 

ordering within the nematic phase. Presence of 4DBT with heterocyclic oxygen 
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atom in the core structure disrupts the molecular packing through the structural 

incompatibility and leads to reduction in the rotational hindrance of the composite 

system. As a result, the value of 1 decreases with increasing concentration of 

4DBT within the range 0.291 to 0.787. For the other two mixtures (i.e. 0.208 and 

0.884), relatively higher values of 1 has been obtained. Therefore, the rotational 

viscosity is not linearly dependent on the concentration of 4DBT as the 

microscopic friction of the binary mixtures depend on concentration of the 

components in a complex manner. 
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Figure 8.5 Rotational viscosity (1) as a function of shifted temperature for the 
different mixtures. Dashed upper head arrow denotes smectic A-nematic transition 
(TSN) temperature for the respective mixtures. Different mole fractions of 4DBT 
are indicated in the figure. Dashed lines are fit to Equation 8.4. 
 

Moreover, due to the onset of smectic fluctuation within the nematic phase, 

molecular rotational motion is slowed near the SmA-N transition, showing a clear 

pretransitional behavior in the rotational viscosity data. In the vicinity of SmA-N 

transition, fluctuation in the smectic order parameter affects certain physical 

properties including the viscosity coefficients [31]. McMillan [32] and Jähnig et 

al. [33] developed two different theoretical models to explain the behavior of 

rotational viscosity (1) close to phase transition. According to McMillan, the 
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critical exponent () associated with the pretransitional behavior of 1 assume 

value equal to 0.5, while Jähnig et al. [33] envisaged that the exponent  for the 

divergence of 1 near the SmA-N transition should be 0.33. Therefore, an attempt 

has been made to analyze the pretransitional behavior of the rotational viscosity 

above the SmA-N transition temperature using the following expression [33,34]: 

                                      
ν

1 SNγ = a(T T )  + b                                       (8.4) 

where a and b are two fit parameters. Fits to the rotational viscosity data using the 

Equation 8.4 are displayed as the dashed lines in Figure 8.5 while the 

corresponding outcomes for the fit parameters a, b and exponent  are listed in 

Table 8.1. The extracted critical exponent () have been found to lie between 

0.336 to 0.352 within the error limit for the different concentrations considered 

here. Hence, the  values are almost in line with those (= 0.33) proposed by 

Jähnig et al.[33] excluding the higher possible mean field value (= 0.5). 

 
Table 8.1 Fit parameters obtained from the fitting of temperature dependence of 1 
to Equation 8.4 for the different concentrations. 

x4DBT a b 

0.208 447.6±1.3 -334.1±1.7 0.352±0.009 

0.291 706.3±2.4 -244.7±1.5 0.347±0.017 

0.707 1250.1±1.9 -396.2±2.6 0.336±0.007 

0.787 479.8±2.8 -184.8±1.1 0.342±0.018 

0.884 250.36±1.7 1.84±0.1 0.351±0.007 

 

8.5 Determination of activation energy 

Activation energy (Ea) for director reorientation is a measure of the 

potential hindrance due to the local field generated by other molecules in the 

system against which the director rotates. It strongly depends on the viscous 

properties and interactions among the components of the mixture. Experimentally 

it has been observed that Ea varies in different mesophases due to difference in the 

molecular ordering, orientation and viscosity of various mesophases. Generally the 
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value of Ea is higher in layered smectic phase than the less ordered nematic phase 

[35]. The temperature dependent rotational viscosity (1) has been fitted to the 

following expression [5,9,35,36] 

                                 1 0 2 exp( )aE
P

k T
                                                 (8.5)                        

where T is the absolute temperature, k is the Boltzmann constant, 0 is the fitting 

parameter, <P2> is the orientational order parameter which has been determined 

from the birefringence (n) data (discussed in chapter 7 of this thesis) and Ea is the 

associated activation energy. The plot of ln(1/<P2>) vs reciprocal of temperature 

(1/T), namely the Arrhenius plot (shown in Figure 8.6 for a representative 

concentration x4DBT = 0.665), gives a straight line and, from the slope of the 

straight line, Ea has been estimated and shown in Table 8.2. Figure 8.7 illustrates 

the concentration dependence of the activation energy for rotation. It is clear from 

this figure that Ea has a systematic variation with the concentration of 4DBT and 

the lowest value of Ea has been obtained for x4DBT = 0.665 where the nematic 

phase gets maximum stability. 
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Figure 8.6 Variation of ln(1/<P2>) with 1/T for the concentration x4DBT = 0.665. 
The solid line is linear fit to the data points. 
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     Table 8.2 Activation energy in the nematic phase for the different mixtures. 

x4DBT Ea (kJ/mol) x4DBT Ea (kJ/mol) 
0.208 139.25 0.665 72.48 
0.291 110.57 0.707 74.12 
0.393 87.48 0.787 82.43 
0.491 80.29 0.884 193.83 
0.592 75.70   
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Figure 8.7 Activation energy as a function of concentration of 4DBT. 

 

8.6 Conclusion 

The splay elastic constant for binary mixtures of 4DBT and 11OCB 

exhibiting an induced nematic phase has been investigated on the basis of electric 

field induced Freedericksz transition. Using the threshold voltage for Freedericksz 

transition and dielectric anisotropy data, the splay elastic constant has been 

determined. A simple capacitive decay method has been used to determine the 

relaxation time and hence the rotational viscosity for the studied mixtures. The 

rotational viscosity shows normal temperature variation for the nematogens (i.e. it 

increases with lowered temperature), but for mixtures having smectic A phase a 
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pre-transitional behavior was noticed near the SmA-N transition owing to the 

smectic short-range order fluctuations within the nematic phase. The critical 

exponent  associated with the rotational viscosity near the SmA-N transition has 

been observed to be quite comparable to 0.33, indicating a disagreement with the 

corresponding mean field exponent (. Moreover, the activation energy for 

rotation in the nematic phase has been determined from the Arrhenius plot. For the 

present binary system the activation energy is relatively lower in the region of 

maximum nematic phase stability.   
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