
Chapter 

Summary And Conclusion 



The dissertation entitled "Study of Physical Properties of Binary Mixtures of 

Liquid Crystals " submitted for the degree of doctor of philosophy (Science) 

of the University of North Bengal embodies the results of experimental 

investigation of the physical properties of a few binary mixtures of liquid 

crystals. The thesis comprises of eight chapters. 

In chapter 1, I have given a brief introduction to Liquid Crystals, especially 

thermotropic liquid crystals. I have described only those phases which have 

been studied by me namely nematic, smectic A and smectic B. A brief 

review, which covers all other aspects of liquid crystal research, is also 

given in this chapter. 

In chapter 2, I have described the experimental techniques in details to study 

the physical properties of liquid crystals and the theories, which support the 

experimental results, are given at the beginning. The experimental 

techniques adopted are - phase identification by texture studies, x-ray 

diffraction studies, the interpretation of the x-ray results, density, refractive 

index, magnetic susceptibility, static dielectric permittivity and elastic 

constants measurements. Methods of calculation of orientational order 

parameters, apparent molecular length, intermolecular distance, refractive 

indices, molecular polarizabilities etc have been outlined. 

In chapter 3, I have given the phase diagram, reported the experimental 

values of density and refractive index measurement of a binary mixture of 4-

n-pentyl 4' -cyanobiphenyl (SCB) and 4-n-pentyl phenyl 4 n'- pentyloxy 

benzoate (MESO.S) showing the presence of an induced smectic A phase. 

The density and refractive indices are used to calculate molecular 
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polarizability values parallel and perpendicular to the molecular long axes 

using Neugebauer's method. Orientational order parameters as a function of 

temperature and concentration are determined. The relative change in 

density at the SmecticA-nematic phase transition shows a maximum near 

equimolar concentration. The orientational order parameter values and 

calculated packing fraction show a minimum around x~0.4 at a temperature 

T = 35°C. Similar behaviour is also observed at a temperature T = 0.98Tc, in 

the nematic phase where the smectic A phase is the precursor of the nematic 

phase. Average lateral distance (D) between the molecules is measured from 
. . 

the analysis of x-ray diffraction data. The variation of D with molar 
~ 

concentration in smectic A phase shows a maximum near equimolar 

concentration. 

- Chapter 4. deals with the study of binary mixture of undecyloxy 

cyanobiphenyl (110CB) and 4-n-~p.eX:tyl phenyl.:.4-n'-P.e'fl:tyloxy benzoate 

(ME6.05) which shows . enhanced smectic A. phase, where 11 OCB lias 

smectic A and M£6.05 has· nematic phase only. The. phase diagram, 

experimental results of refractive index and density measurements; and 

calculation of · orientational order parameter throughout the entire 

. temperature and concentration range have been reported. At a reduced 

temperature, density values increase with mole fraction (x) of110CB up to 

x = 0_.25 and then decreases continuously having a minimum near x=0.8. 

The birefringence and <P2> values follow the same trend showing a 

m~ximum near x =0.4 and a minimum near x = 0.8. 

The results of the study of the binary mixtures of 4-n-pentyl phenyl 4-n'

hexyloxy benzoate (ME60.5) and p-cyanophenyl trans-4-pentyl 
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cyclohexane· carboxylate (CPPCC) are presented in chapter 5. It includes the 

phase diagram, DSC values, the values of refractive indices and densities. 

The result of x-ray diffraction study and static dielectric permittivity 

measurements are also reported in this chapter. The binary mixture ME60.5 

and CPPCC shows the presence of induced smectic Ad phase in a certain 

concentration range 0.03 < x < 0.6, where x is the mole fraction of CPPCC. 

Maximum stability of the smectic phase occurs for mixtures having x ~ 0.3. 

The change in entropy during smectic Ad- nematic phase transition (~SsN) 

is larger for the mixture having x < 0.33 than the mixture having x > 0.33. A 

small discontinuity in the density values could be observed at the nematic to 

smectic Ad phase transition for mixtures around a mole fraction near x = 0.3, 

consistent with the observed entropies of transition. 

In general, the change in birefringence is continuous for mixtures with 

x>0.33 at the SIN transition which indicates a weakly first order or a second 

order phase transition. On the other hand for mixtures with x < 0.33 a 

discontinuity of birefringence (~ = ne-no) occurs at the smectic-nematic 

phase transition which indicates a first order phase transition. This is 

consistent with the density and transition entropy measurements. The <P2> 

.values measured from x-ray diffraction studies are somewhat smaller than 

those obtain from refractive index measurement in the induced smectic 

phase for all the mixtures. In the smectic phase the OOP values initially 

increases with molar concentration upto x = 0.24 and then decreases and 

showing a broad a minima around x = 0.4. The variation of layer thickness 

in the induced smectic phase with composition has been successfully 

explained by assuming formation of homo and hetero dimers. The variation 
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of dielectric anisotropy with molar concentration in the nematic and smectic 

phases has also been successfully explained. 

In chapter 6 the results of magnetic susceptibility anisotropy study on the 

same mixture (l\.1E60.5 + CPPCC), as given in chapter 5 is reported. The 

experiment is carried out over the entire mesomorphic and concentration 

range. The splay (K33) and bend (K11 ) elastic constants for this system have 

also been reported by observing Freedericksz transition in magnetic field. 

The experimental data for magnetic susceptibility anisotropy have been 

analysed to calculate the order parameter of the system. The changes in 11x 

values at the SmAd - N transition are more pronounced for mixtures with x = 

0.24 and 0.33. Similar behaviour is also observed in birefringence (11n) as 

well as in the density values of these mixtures. 

From the temperature dependences of the orientational order parameters for 

mixtures at different concentration it is again observed that there is an 

appreciable change in the order parameter value at the smectic Ad to nematic 

phase transition temperature for mixtures around x ~0.33. The K11 and K33 

values decrease with increasing temperature as is expected. The K33/K11 

values for all the mixtures in the nematic phase are less than those of the 

pure compounds. The variation of K33/K11 against mole fraction at 

T=0.99T NI shows a minimum near a concentration where the maximum 

stability of smectic phase occurs. 

The chapter 7 is concerned with the phase diagram of,a binary mixtures of 

two alkenyl bicyclohexane compounds, one having of nematic phase 

(ld(3)CC02) and the other smectic B phase (Od(4)CC02) only. These two 

compounds are characterized by similar molecular structure, except for a 
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shift in the position of the double bond in the side chain. An interesting 

observation in the phase diagram is the occurrence of two phase (smectic B

nematic) co-existing region<~ 2.5-3°C) for a small concentration range (x = 

0.55- 0.8) of the mixtur~. Density and refractive indices (n0 , ne) have been 

measured for the mixtures having different concentration. The refractive 

indices have been measured in the co-existing smectic B - nematic region 

and also in the region having nematic phase only. The refractive index data 

have been analyzed to yield orientational order parameters. From the DSC, 

density and birefringence measurements- the nature of the smectic B -

nematic phase transition for these mixtures and the behaviour of these phase 

transitions with concentration has been discussed. 

X-ray diffraction data for the same binary mixture have been analysed to 

determine the Bond Orientational Order (BOO), Orientational Order 

Parameters (OOP), layer thickness (in Smectic B phase), apparent molecular 

length (in nematic phase) and lateral molecular distance, D, as a function of 

temperature. The OOP values drop sharply with increase in temperature 

within the co-existing phase, which is due to the fact that the observed OOP 

value is the weighted mean OOP of the two phases. Interestingly, the BOO 

values are found to increase with increase in temperature in the co-existing 

smectic B-nematic phase. The transverse correlation lengths in the smectic, 

co-existing and nematic phases have also been estimated. These values are 

found to diverge as the co.,.existing smectic B - nematic phase region is 

approached indicating a second order phase transition. This result has also 

been supported by entropy, density, refractive index and OOP 

measurements. 
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