
 

 

 

CHAPTER 3 

High resolution birefringence study in 
the vicinity of Smectic A to Nematic and 
Nematic to Isotropic phase transitions 
in some mixtures of nOCB and nCB 
liquid crystals 

 
 

3.1 Introduction 

Liquid crystals are one of the most intriguing classes of condensed matter 

system, displaying several intermediate phases (i.e. mesophases) with exclusive 

molecular ordering and symmetry configurations observed between the isotropic 

liquids (I) and crystalline solids (Cr). Investigations concerning mesogenic 

materials with diverse core-structures and molecular arrangements have unveiled a 

wide variety of such mesophases and associated phase transitions in them. Two 

most common mesophases are the orientationaly ordered nematic (N) and layered 

smectic A (SmA) phases [1-3]. During more than last four decades, the smectic A-

nematic (SmAN) phase transition has been a subject of extensive theoretical and 

experimental investigations in an effort to determine the universality class of that 

transition, yet remains an interesting issue in the field of equilibrium statistical 

mechanics of condensed matter systems. In the essence of the mean-field model, 

Kobayashi [4] and McMillan [5] suggested that the transition between nematic (N) 

and smectic A (SmA) phases can either be of first order or second order along 

with a tricritical point (TCP) relating these two dissimilar behaviors. Furthermore, 
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by introducing a modified functional, de Gennes predicted this transition to be in 

the three dimensional-XY (3D-XY) universality class in analogy with the super 

fluid transition in helium [6]. However, experimental findings show [7,8] that the 

order of the SmA-N transition is exceptionally sensitive to the nematic 

temperature range and undertakes a systematic variation depending on it. For a 

sufficiently large nematic range, the nematic order being almost completely been 

saturated, makes the SmA-N transition of second order. While, in the converse 

situation (i.e. when this range is sufficiently small), the coupling between nematic 

and smectic order parameter becomes relatively much strengthened and 

correspondingly drives the SmAN transition towards the first order like nature 

through a tricritical point (TCP). A value of 0.87 of the McMillan ratio (i.e. 

TSN/TNI, where TSN and TNI are the SmA-N and nematic-isotropic transition 

temperatures respectively) corresponds to the tricritical limit but experimental 

outcomes have yielded relatively higher values, ranging between 0.942 and 0.994, 

thus implying a non-universal nature [9-12]. Afterward, Halperin, Lubensky and 

Ma (HLM) [13] divulged that the coupling between the nematic director 

fluctuations and SmA order parameter also offers an important contribution, thus 

making the SmAN phase transition always fluctuation-induced weakly first 

order. The discontinuity was expected to be weak and diminishes with decrease in 

the McMillan ratio, but never vanishes. Since the ratio of transition temperatures 

TSN/TNI is a measure of the coupling between the smectic A and nematic order 

parameter i.e. a key parameter deciding the nature of the transition, a common 

mechanism, by which one can modify the strength of the coupling, is to vary the 

nematic range by preparing liquid crystal mixtures involving suitable components. 

Moreover, in the field of liquid crystal the nematic-isotropic (N-I) phase 

transition has also been appeared to be quite interesting due to its several 

exceptional features. It has been observed that in the mean field approach [14], 

one can satisfactorily explain the behavior of the nematic phase over most of the 

temperature ranges, however it becomes difficult to account for the region close to 

the N-I transition. In an attempt to explain this critical region and as well as to 

reveal the features of this transition, a number of attempts employing various 

experimental techniques have been considered so far. Yet, none of them have been 

able to provide a complete description. Although, along with few disagreements, a 
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good number of studies reveal a tricritical nature [15,16] of the N-I phase 

transition. 

In recent years, rigorous experimental studies have been performed 

involving the 4-cyano-4-n-alkoxybiphenyls (nOCB) (n being the number of 

carbons in the alkyl chain) and the 4-cyano-4-n-alkylbiphenyls (nCB) (n has the 

same meaning as for nOCB) series of compounds due to their simple molecular 

configuration, stability over a large temperature region and useful practical 

applications [9,17-20]. In this chapter, a rigorous optical investigation of critical 

behavior have been carried out in the vicinity of both the nematic–isotropic and 

smectic A-nematic phase transitions in some mesogenic binary systems consisting 

of Heptylcyanobiphenyl (7CB), Octylcyanobiphenyl (8CB), 

Octyloxycyanobiphenyl (8OCB), Nonyloxycyanobiphenyl (9OCB) and 

Decyloxycyanobiphenyl (10OCB) [21-23]. In the present case, the pure 

compounds are chosen in such a way that the nematic range may suitably be 

adjusted in a wide range to facilitate a further insight into the order character of 

the SmA-N phase transition as well as its dependencies on the mesophase features. 

Optical transmission method has been employed to obtain a precise measurement 

of the temperature dependence of the optical birefringence n, which provides a 

macroscopic measure of the anisotropy of the liquid crystalline phase and can also 

be considered as a measure of the orientational ordering of the same. From 

birefringence data, the nature of both the N-I and SmA-N phase transitions have 

been assessed. A four parameter analytical model [24] has been utilized to 

manifest critical characteristics at the N-I phase transition. Furthermore, by 

analyzing a differential parameter extracted from ∆n data near the SmA-N and N-I 

phase transitions, power law divergences at both of them have also been observed. 

The outcomes are discussed in the essence of the available theoretical models by 

emphasizing the influence of the mesophase range and hence the related molecular 

coupling on the transitional aspects of the phase transitions. 
 

3.2 Materials  

The pure compounds 7CB, 8CB, 8OCB, 9OCB and 10OCB were obtained 

from Merck, U.K. and were used without further purification. The structural 

formulae and the phase behavior of the liquid crystalline compounds are given 
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below: 

(i) Heptylcyanobiphenyl (7CB) 

CNC7H15

 

Cr 30oC N 42.8oC I 

(ii) Octylcyanobiphenyl (8CB) 

CNC8H17

 

Cr 21.5oC SmA 33.5oC N 40.5oC I 

(iii) Octyloxycyanobiphenyl (8OCB) 

        

CNC8H17O

 

Cr 54.5oC SmA 67oC N 80oC I 

(iv) Nonyloxycyanobiphenyl (9OCB) 

C9H19O CN

 

Cr 64oC SmA 77.5oC N 80oC I 

(v) Decyloxycyanobiphenyl (10OCB) 

C10H21O CN

 

Cr 59.5oC SmA 84oC I 

Three binary systems were formulated comprising various concentrations 

of the pure compounds with the following combinations: 

 

(i) 9OCB + 7CB (x9OCB = 0.200, 0.270, 0.300, 0.370, 0.420, 0.500, 0.620, 

0.700, 0.810 and 0.890) 
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(ii) 10OCB + 7CB (x10OCB = 0.205, 0.255, 0.300, 0.387, 0.502, 0.587 and 

0.701) 

(iii) 8OCB + 8CB (x8OCB = 0.155, 0.310, 0.501, 0.753 and 0.850) 

Binary mixtures were prepared at room temperature by weighing appropriate 

amount of the pure components. The phase diagrams of the three binary systems 

were constructed with the aid of a polarizing optical microscope (Motic BA 300) 

equipped with a Mettler FP900 hot stage. 

 

3.3 Phase diagram 

The compound 9OCB as being cooled from the isotropic phase exhibits a 

nematic phase over a temperature range of 2.5K followed by a partial bilayer 

smectic A phase while the compound 7CB is purely nematogenic. Figure 3.1 

depicts the phase diagram of the binary system comprising of 9OCB and 7CB for 

few selected concentrations of the first compound [21]. 
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Figure 3.1 Phase diagram of the binary system 9OCB+7CB. x9OCB represents the 
mole fraction of 9OCB. I- isotropic phase, N- nematic phase and SmA- smectic A 
phase.  - Nematic to isotropic phase transition temperature (TNI); □- smectic A to 
nematic phase transition temperature (TSN). 
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The N-I and SmA-N phase transition temperatures are identified with the help of 

both polarizing optical microscopy and optical transmission techniques. The 

transition temperatures from these two methods are found to be in well agreement 

with each other. An inspection of Figure 3.1 reveals that both the N-I and SmA-N 

transition temperatures show an increasing trend when plotted against the 

enhancing mole fraction of 9OCB. However, the curve is nearly linear for the N-I 

case while for the SmA-N transition, it raises relatively sharply i.e. a deviation 

from linearity is observed along with a relatively greater broadening in the nematic 

range for low mole fraction of 9OCB. Furthermore, for x9OCB = 0.200 and still 

lower concentrations, the smectic phase cease to exists and only the nematic phase 

continues. 
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Figure 3.2 Phase diagram of the binary system 10OCB+7CB. x10OCB represents 
the mole fraction of 10OCB. I- isotropic phase, N- nematic phase and SmA- 
smectic A phase.  – nematic to isotropic phase transition temperature (TNI); □ – 
smectic A to nematic phase transition temperature (TSN). 
 

The phase diagram for the binary system 10OCB+7CB is shown in Figure 

3.2 [22]. The binary mixtures in the range x10OCB = 0.205 to 0.701 show both the 

nematic and smectic A phases although the pure compounds have either the 
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nematic or smectic A phase. Similar to the previous binary system here also the 

N–I phase transition temperatures varies almost linearly with the mole fraction of 

10OCB and the SmA-N phase transition line deviates from linearity below the 

equimolar region. The width of the nematic range has been found to shrink 

significantly with increasing mole fraction of the compound 10OCB. 

Moreover, the phase diagram of the binary system 8OCB+8CB as obtained 

from polarizing optical microscopy (POM) studies is shown in Figure 3.3 [23]. 

The N-I, SmA-N and the melting temperatures are plotted against the mole 

fraction of 8OCB. In this case both the pure compounds have nematic as well as 

smectic A phases. The complete phase diagram for this binary system was 

investigated by Sahraoui et al. [25] and later by Sied et al. [26]. All the phase 

transition temperatures reported here are in close agreement with those reported in 

the literature [25,26]. It has been observed that the nematic region broadens as the 

concentration of 8OCB increases. 
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Figure 3.3 Phase diagram of the binary system 8OCB + 8CB. x8OCB represents the 
mole fraction of 8OCB. I- isotropic phase, N- nematic phase and SmA- smectic A 
phase. - nematic to isotropic phase transition temperature (TNI); □- smectic A to 
nematic phase transition temperature (TSN). Solid, dashed and dotted line represent 
the nematic-isotropic, smectic A-nematic phase transition and melting 
temperatures respectively throughout the entire composition as obtained in ref. 
[25,26]. 
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3.4 Optical birefringence measurements 

The temperature dependence of optical birefringence (n) in the nematic 

and smectic A phases for the investigated mixtures of binary system 

Nonyloxycyanobiphenyl + Heptylcyanobiphenyl (9OCB+7CB) are presented in 

Figures 3.4(a-j) while for the systems Decyloxycyanobiphenyl + 

Heptylcyanobiphenyl (10OCB+7CB) and Octyloxycyanobiphenyl + 

Octylcyanobiphenyl (8OCB+8CB) the same are illustrated in Figures 3.5(a-b). For 

all the investigated mixtures, within the nematic phase a sharp change in Δn is 

observed in the vicinity of nematic-isotropic (N-I) transition, essentially due to a 

significant variation in the nematic molecular ordering. On further cooling, well 

within the mesophase, Δn preserves a matching trend, but now the variation is 

comparatively much slow. In the smectic A phase, there is also an overall 

enhancement in the birefringence relative to that in the nematic phase, as expected. 

However, the temperature variation of n in the smectic A phase is rather slow 

with respect to that in the nematic phase. Near the smectic A-nematic (SmA-N) 

transition, the birefringence data exhibit a strong pretransitional behavior, which 

become more and more pronounced with the shortening of the nematic range 

(TNITSN). This is due to the fact that coupling between the nematic and smectic A 

order parameters becomes relatively stronger corresponding to a decrease in width 

of the nematic region [6] which again is counteracted by a strong transitional 

divergence.  

Moreover, to get an idea regarding the variation of coupling strength, the 

change in birefringence (n), between the smectic A and nematic phases just 

below and above the transition temperature (TSN) have also been measured. The 

quantity (n) is determined by the vertical distance between n values obtained 

by linear extrapolation of the same from either sides of the phase transitions. In the 

inset of Figures 3.4(b)-(j), (n) for the corresponding mixtures are illustrated. 

From the Figure 3.6 it has been observed that for the binary system 9OCB+7CB 

(n) increases monotonically from 0.0005 to 0.016 with increasing mole fraction 

of 9OCB, certainly implying an enhancement in transitional departure for a 

relatively larger mole fraction of the smectogen in the mixtures. 
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Figure 3.4(a-b) Temperature variation of birefringence (n) for (a) x9OCB = 0.200 
and (b) x9OCB = 0.270 of the binary system 9OCB+7CB. Solid arrow and dashed 
arrow indicate nematic–isotropic (TNI) and smectic A-nematic (TSN) transition 
temperatures respectively. The solid lines represent a fit to Equation (3.2). In the 
inset variation of n in the vicinity of TSN is shown. 
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Figure 3.4(c-d) Temperature variation of birefringence (n) for (c) x9OCB = 0.300 
and (d) x9OCB = 0.370 of the binary system 9OCB+7CB. Solid arrow and dashed 
arrow indicate nematic–isotropic (TNI) and smectic A-nematic (TSN) transition 
temperatures respectively. The solid lines represent a fit to Equation (3.2). In the 
inset variation of n in the vicinity of TSN is shown. 
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Figure 3.4(e-f) Temperature variation of birefringence (n) for (e) x9OCB = 0.420 
and (f) x9OCB = 0.500 of the binary system 9OCB+7CB. Solid arrow and dashed 
arrow indicate nematic–isotropic (TNI) and smectic A-nematic (TSN) transition 
temperatures respectively. The solid lines represent a fit to Equation (3.2). In the 
inset variation of n in the vicinity of TSN is shown. 
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Figure 3.4(g-h) Temperature variation of birefringence (n) for (g) x9OCB = 0.620 
and (h) x9OCB = 0.700 of the binary system 9OCB+7CB. Solid arrow and dashed 
arrow indicate nematic–isotropic (TNI) and smectic A-nematic (TSN) transition 
temperatures respectively. The solid lines represent a fit to Equation (3.2). In the 
inset variation of n in the vicinity of TSN is shown. 
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Figure 3.4(i-j) Temperature variation of birefringence (n) for (i) x9OCB = 0.810 
and (j) x9OCB = 0.890 of the binary system 9OCB+7CB. Solid arrow and dashed 
arrow indicate nematic–isotropic (TNI) and smectic A-nematic (TSN) transition 
temperatures respectively. The solid lines represent a fit to Equation (3.2). In the 
inset variation of n in the vicinity of TSN is shown. 
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Figure 3.5(a-b) Birefringence (n) as a function of temperature for the different 
mixtures of the binary system (a) 10OCB+7CB and (b) 8OCB+8CB. Different 
mole fractions are indicated in the figure. Solid upper head arrows indicate 
nematic–isotropic phase transition temperature (TNI) and dashed lower head 
arrows indicate smectic A-nematic phase transition (TSN) temperature. 
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Figure 3.6 Change in the birefringence value (n) near the smectic A-nematic 
(SmA-N) phase transition as a function of mixture concentrations for the binary 
system 9OCB+7CB. 
 

Moreover, in the field of liquid crystals the order parameter S(T) is found to 

serve as a very important quantity, determining the universality class of a 

transition and hence also is much required in manifesting the exact nature of the 

same. It has been predicted that the critical exponent  associated with the limiting 

behavior of the order parameter at the N-I transition, should assume any one of the 

possible theoretical values quantitatively 0.25, 0.325 and 0.5 for a tricritical, Ising 

and critical system respectively. 

In the present study, in an attempt to obtain an insight into the order 

characteristics of the N-I transition in some of the investigated mixtures; recourse 

of the well known Haller’s extrapolation method [27] has been adopted. 

According to which, the temperature dependence of optical birefringence (n) in 

the nematic phase may be described by a power law expression having the 

following form, 

                                           

β

0
N I

T
Δn =  Δn 1

T

 
 
 
 

                                      (3.1) 
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where n0 is the extrapolated birefringence in the perfectly ordered state (i.e. at T 

= 0K) and   presents the order parameter critical exponent. During fit process, 

because of the presence of substantial pretransitional influence near the transitions, 

few data points have been excluded from either ends of the data range. Such an 

exclusion does not impart any significant effect on the fit process as still a 

sufficient number of data points (for the highest concentration of system 

9OCB+7CB, i.e. x9OCB = 0.890, 90 data points) are present. The fit values for the 

quantities n0, T** and  are listed in Table 3.1. The extracted critical exponent  

is found to lie within the range of 0.168 to 0.199 for the different mixtures which 

again is quite less compared to any of the predicted theoretical values. Such a 

discrepancy has also been reported by others [24,28-30] from diverse experimental 

approaches and is in effect due to the incompatibility of the Haller’s technique 

with the weakly first order character of nematic-isotropic (N-I) phase transition. 

 
Table 3.1 Values of the fitting parameters n0 and  obtained from the Haller type 
equation for the mixtures of the system 9OCB+7CB. 
 

x9OCB n0  
0.200 
0.270 

0.279±0.001 
0.298±0.002 

0.177 ± 0.001 
0.177 ± 0.003 

0.300 0.296±0.002 0.175 ± 0.002 
0.370 0.309±0.001 0.188 ± 0.001 
0.420 0.312±0.003 0.190 ± 0.002 
0.500 0.324±0.006 0.199 ± 0.004 
0.620 0.298±0.007 0.189 ± 0.005 
0.700 
0.810 

0.294±0.005 
0.293±0.006 

0.168 ± 0.003 
0.169 ± 0.005 

0.890 0.334±0.009 0.188 ± 0.004 
 
 

In order to get rid of this difficulty, recently a four parameter power-law 

model [24] consistent with the mean-field theory for critical as well as tricritical 

behavior of weakly first-order transition has been introduced and which again may 

be expressed as 

                              
βT

D = A[B+(1 B)(1 ) ]
T**

                                 (3.2) 

where D is the physical parameter under consideration (i.e. Δn in the present case), 
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A is a term involving the molecular polarizability and the nematic order parameter 

S(T), B = S(T**) at T = T**, is the order parameter critical exponent and T** is 

the effective second-order transition point seen from below the clearing 

temperature. The fit to the experimental birefringence data according to Equation 

(3.2) for all the mixtures of system 9OCB+7CB are presented as solid lines in 

Figures 3.4(a)-(j). Furthermore, for the same reason as stated before (i.e. to avoid 

the interference of pretransitional influence), few data points are discarded from 

either ends in the fit process. Table 3.2 lists the different fit parameters obtained 

from the above fit process. It has been observed that in the present circumstances 

the order parameter critical exponent  takes on values in between 0.241 to 0.251, 

which are again in quite good agreement with that predicted by the tricritical 

hypothesis (TCH = 0.25). Hence, the present experimental outcome strongly 

supports the validity of the tricritical nature [31] for the N-I phase transition. 

 

Table 3.2 Values of the fitting parameters , B, T** and  obtained from the four 
parameter fit for the mixtures of the system 9OCB+7CB. 
 

x9OCB A B T**(K)  

0.200 
0.270 

0.294±0.001 
0.309±0.001 

0.164±0.013
0.176±0.002

323.47±0.09
325.75±0.23

0.246 ± 0.007 
0.245 ± 0.003 

0.300 0.323±0.005 0.121±0.003 326.69±0.19 0.243 ± 0.020 
0.370 0.339±0.001 0.105±0.002 329.55±0.17 0.251 ± 0.002 
0.420 0.331±0.004 0.110±0.006 331.63±0.23 0.248 ± 0.007 
0.500 0.346±0.002 0.082±0.003 333.71±0.27 0.248 ± 0.003 
0.620 0.279±0.002 0.182±0.002 339.87±0.15 0.242 ± 0.004 
0.700 
0.810 

0.325±0.003 
0.342±0.012 

0.140±0.003
0.089±0.006

342.69±0.15
345.66±0.05

0.247 ± 0.005 
0.241 ± 0.015 

0.890 0.335±0.008 0.140±0.003 349.35±0.20 0.246 ± 0.009 
 

3.5 Smectic A-Nematic (SmA-N) phase transition 

The high resolution optical birefringence (n) data have been utilized to 

study the critical behavior at the SmA-N phase transition. Since the mixtures 

under study do not exhibit any visible discontinuity at the SmA-N transition, to 

locate the exact transition temperature, the maximum value of d(∆n)/dT have 

been used. Furthermore, the quantity d(∆n)/dT which is related to specific heat 
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anomaly [32] may suitably be employed to analyze the critical aspects of the phase 

transition. However, because of the small temperature difference between the 

successive measured data, here the first order numerical derivative of Δn is well 

scattered. Hence, in order to analyze the critical nature of the transition, a new 

quantity having the following form have been employed [24,30] 

                                

SN

SN

Δn(T) Δn(T )
Q(T) = 

T T




                                    (3.3) 

where ∆n(TSN) is the birefringence at the transition temperature TSN as obtained by 

differentiating ∆n. The parameter Q(T) is quite similar to the term C(T) = −[H(T) 

− H(TC)]/[T − TC] appearing in the adiabatic scanning calorimetry measurement 

[33] where H(T) is the temperature dependent enthalpy, and like the 

correspondence between C(T) and specific heat capacity Cp [= (dH/dT)p], Q(T) 

and –d(n)/dT also share the same power law behavior with an identical critical 

exponent α related to the transitional singularity. The temperature dependence of 

Q(T) in the vicinity of TSN for different mixtures of the system 9OCB+7CB are 

depicted in Figure 3.7. An inspection of Figure 3.7 reveals that the peak height of 

Q(T) curve gradually increases with an enhancement in concentration of 9OCB or 

more precisely as the nematic range of the mixtures decreases. Thus, the parameter 

Q(T) gets enhanced with an increase in strength of the coupling between the 

nematic and smectic order parameters. Now, in order to obtain an insight into the 

critical behavior near the SmA-N phase transition, a fit to the following simple 

power law expression have been considered [24,30], 

                                     
± ±

α
Q(T) = A t +B


                                           (3.4) 

where A+ and A− are the critical amplitudes and B+ and B-
 are the background 

terms above and below the transition temperature (TSN),  is the critical exponent 

similar to specific heat capacity critical exponent and t = |(T − TSN)/( TSN)| is the 

reduced temperature. In each of the preliminary fit, the transition temperature TSN 

was first isolated by resolving the maxima of the temperature variation of the 

quantity d(n)/dT and then was kept fixed at that value. It reduces the instability 

appearing in the fitting process up to a considerable extent. The values of the fit 

parameters are listed in Table 3.3 while the corresponding fits are presented as 
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solid lines in Figure 3.7. It is evident that over the investigated concentration 

range, all the data are well described by Equation (3.4).  However, in order to 

realize consistent fittings, few data points very close to the transition temperature 

have been excluded from the fit process due to the presence of experimental 

uncertainty. 
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Figure 3.7 Temperature variation of Q(T) near the SmA-N phase transition at 
different concentrations of 9OCB. Solid lines are fit to Equation (3.4) for Q(T) for 
the different mixtures. Different concentrations are mentioned in the figure. 
 

Moreover, following the same procedure as mentioned above for system 

9OCB+7CB, the temperature dependence of Q(T) in the vicinity of TSN for the 

different mixtures of the systems 10OCB+7CB and 8OCB+8CB are presented in 

Figures 3.8(a)-(b). These two systems also exhibit a gradual increase in the peak 

height of Q(T) with the shortening of the nematic range of the mixtures and the 

corresponding Q(T) values can be well portrayed by Equation (3.4) with the fit 

parameters listed in Table 3.4 and 3.5 respectively. 
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Figure 3.8(a-b) Temperature variation of Q(T) near the SmA-N phase transition at 
different concentrations for the binary system (a) 10OCB+7CB and (b) 
8OCB+8CB. Different concentrations are mentioned in the figures. Solid lines are 
fit to Equation (3.4) for Q(T) for the different mixtures. 
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The quality of the fits has been tested by calculating the reduced 2 value 

on either sides of the investigated transition. 2 equal to unity yields an ideal fit. 

However, values lying between 1 and 1.5 correspond to good fits. The reduced 2 

is determined by the ratio of variance of the fit (s2) to the variance of the 

experimental data (2) and may be expressed as follows [34], 

                             
2

2 2
2 2 i i

i

1
s N p

χ (y f )
σ σ

                                   (3.5) 

where N is the total number of data points, p is the number of adjustable parameter 

and fi is the ith fit value corresponding to the measurement yi. For the present fits, 

2 value have been found to lie between 1.12 and 1.88 and hence indicate 

satisfactory fits to the Q(T) data for the considered model expression. 

 
Table 3.3 The best fit parameter values for Q(T) near the SmA-N transition of the  
binary system 9OCB+7CB obtained from Equation (3.4). 
 

x9OCB 
 

 or  or  No of data 
points 

0.270 T<TSN 0.0145±0.0011 0.003±0.001 -0.0146±0.0009 1.65 180 
 T>TSN 0.0162±0.0013 0.004±0.001 -0.0164±0.0010 1.27 128 

0.300 T<TSN 0.0040±0.0002 0.066±0.003 -0.0038±0.0003 1.22 185 
 T>TSN 0.0055±0.0003 0.066±0.002 -0.0055±0.0002 1.48 130 

0.370 T<TSN 0.0018±0.0001 0.154±0.006 -0.0013±0.0002 1.37 224 
 T>TSN 0.0023±0.0003 0.149±0.009 -0.0017±0.0004 1.67 182 

0.420 T<TSN 0.0023±0.00006 0.203±0.007  0.0064±0.0003 1.77 136 
 T>TSN 0.0028±0.0002 0.205±0.012  0.0060±0.0004 1.55 76 

0.500 T<TSN 0.0010±0.0002 0.264±0.022  0.0013±0.0001 1.25 116 
 T>TSN 0.0015±0.0001 0.260±0.019 -0.0018±0.0001 1.30 70 

0.620 T<TSN   0.0010±0.00007 0.340±0.020 -0.0012±0.0001 1.46 167 
 T>TSN 0.0007±0.00005 0.344±0.011  0.0022±0.0002 1.41 107 

0.700 T<TSN 0.0009±0.00001 0.404±0.002 -0.0016±0.0001 1.25 192 
 T>TSN 0.0006±0.00004 0.407±0.014  0.0039±0.0003 1.65 136 

0.810 T<TSN 0.0006±0.00002 0.448±0.012  0.0074±0.0006 1.64 321 
 T>TSN 0.0009±0.00004 0.448±0.008 -0.0017±0.0001 1.25 110 

0.890 T<TSN 0.0008±0.00001 0.474±0.004   -0.0014±0.00003 1.33 234 
 T>TSN 0.0008±0.00005 0.477±0.009 -0.0052±0.0004 1.55 85 
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Table 3.4 The best fit parameter values for Q(T) near the SmA-N transition of the  
binary system 10OCB+7CB obtained from Equation (3.4). 
x10OCB 

 
 or  or  No of data 

points 
0.205 T<TSN 0.00025±0.00002 0.263±0.018 0.00040±0.00001 1.53 107 

 T>TSN 0.00034±0.00001 0.266±0.012 0.00030±0.00002 1.47 101 
0.255 T<TSN 0.00043±0.00004 0.330±0.022 0.00095±0.00006 1.17 102 

 T>TSN 0.0005±0.00003 0.331±0.006 0.00065±0.00003 1.26 105 
0.300 T<TSN 0.00023±0.00001 0.371±0.028 0.00157±0.00004 1.21 137 

 T>TSN 0.00026±0.00003 0.372±0.013 0.00162±0.00008 1.15 127 
0.387 T<TSN 0.00043±0.00001 0.420±0.004  -0.00012±0.00001 1.16 201 

 T>TSN 0.00023± 0.00002 0.422±0.008  0.00269±0.00007 1.22 120 
0.502 T<TSN 0.00049±0.00004 0.467±0.045  0.00031±0.00001 1.20 160 

 T>TSN 0.00036±0.00003 0.477±0.008 0.00442±0.00013 1.12 80 
0.587 T<TSN 0.00062±0.00004 0.498±0.014 -0.00012±0.00001 1.17 207 

 T>TSN 0.00039±0.00004 0.501±0.016  0.0080±0.0007 1.16 61 
0.701 T<TSN 0.00144±0.00002 0.511±0.023 -0.0029±0.00008 1.19 214 

 T>TSN 0.00136±0.00007 0.511a  -0.00146±0.00008 1.46 40 
a was kept fixed at 0.511. 
 
Table 3.5 The best fit parameter values for Q(T) near the SmA-N transition of the  
binary system 8OCB+8CB obtained from Equation (3.4). 
x8OCB 

 
 or  or  No of data 

points 

0.155 T<TSN 0.0018±0.0001 0.297±0.005 -0.0029±0.0001 1.16 158 
 T>TSN 0.0017±0.0005 0.289±0.024 -0.0027±0.0010 1.40         71 
0.310 T<TSN 0.0019±0.0003 0.284±0.027 -0.0013±0.0006 1.88 63 
 T>TSN 0.0016±0.0001 0.287±0.009 -0.0026±0.0003 1.71   36 
0.501 T<TSN 0.0014±0.0005 0.264±0.015 -0.0012±0.0001 1.37   89 
 T>TSN 0.0010±0.0005 0.246±0.011 0.0006±0.0003 1.40   87 
0.753 T<TSN     0.0017±0.0001 0.239±0.010 -0.0020±0.0001 1.28 85 
 T>TSN 0.0014±0.0006 0.227±0.007 -0.0007±0.0002 1.52 100 
0.850 T<TSN 0.0012±0.0001 0.228±0.005 -0.0009±0.0001 1.34 193 
 T>TSN 0.0015±0.0002 0.218±0.010 -0.0007±0.0003 1.43 54 

 

According to the theoretical predictions 3DXY universality class requires 

the occurrence of a critical amplitude ratio (A/A+) equal to 0.971 and a critical 

exponent (α) of 0.007, while for a tricritical point the critical amplitude ratio 

(A/A+) is close to 1.6 and critical exponent (α) takes on a value 0.5 [35,36]. In 

this study, for each of the individual mixtures, the fitting yields A/A+ values close 
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to unity. Furthermore, as stated earlier, value of the critical exponent , which is 

similar to the specific heat capacity critical exponent [30], is of prime importance 

in determining the nature of a phase transition as well as in an accurate 

quantification of the critical fluctuation at the transition. 

For the system 9OCB+7CB, the obtained  values are found to lie in 

between 0.003 and 0.477 within the error limit, thus indicating a second order 

nature of the SmA-N transition in all the mixtures along with the appearance of 

crossover behavior between the 3D-XY universality class and the tricritical point 

(TCP) [21]. An enhancement in the exponent  is observed with the increasing 

McMillan ratio (TSN /TNI) as shown in Figure 3.9, where an average of the fit value 

of on both sides of SmA-N transition have been considered. An extrapolation of 

a polynomial fit to the extracted α values yields a tricritical nature (i.e. α = 0.5) for 

a McMillan ratio of about 0.992 which again is nearly identical to that for the pure 

9OCB (TSN/TNI ~0.9929). Hence, in case of binary system 9OCB+7CB a TCP is 

expected for a composition much close to the pure 9OCB along with the 

implication of a first order character to the SmA-N transition in 9OCB. This is in 

excellent agreement with those reported by Cusmin et al. [37] for this compound. 

From studies involving multiple experimental approaches including specific heat 

capacity measurements, molar volume studies and dielectric technique; they have 

observed a first order like appearance of the SmA-N phase transition with a 

critical exponent value around 0.5. Such an agreement certainly revalidates the 

high accuracy and reliability of the present optical approach in relation to the other 

well known techniques and also confirms the concentration dependence of the 

effective critical exponent α for the present investigated system. Here the 

emergence of the crossover like behavior is also quite inevitable as for the 

narrowing of the nematic range in mixtures with higher concentration of 9OCB 

which in turn lead to a further destabilization of the nematic molecular ordering. 

Furthermore, in an effort to gain an impression relating the appearance of the 3D-

XY limit, an extrapolation of the polynomial fit to α value has also been considered 

for the lower McMillan ratio side. This yields a TSN/TNI value of about 0.942 

corresponding to the 3D-XY  point which again found to be in well agreement with 

that reported for other binary systems [38,39] involving distinct calamitic units. 
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Figure 3.9 Variation of the critical exponent () with McMillan ratio (TSN/TNI) for 
the system 9OCB+7CB. (●) represents the  values averaged over the two values 
obtained from fitting above and below the transition temperature TSN. The vertical 
bars indicate the error associated with value. The  value ( ) for x9OCB=1.0 is 
obtained from Cusmin et al. [37]. Dashed line represents a polynomial fit to the  
values. Upper and lower head arrows denote the tricritical point (TCP) and the 3D-
XY limit of SmA-N phase transition respectively. 
 

Moreover, for the system 10OCB+7CB the critical exponent  at the SmA-

N transition varies from 0.263 to 0.511 within the error limit. The critical exponent 

 was adjusted freely in the fitting procedure on either sides of the SmA–N phase 

transition temperature (TSN) except for x10OCB = 0.701, for which the  value was 

kept fixed to 0.511 for T > TSN in order to obtain best fit to the data points. This 

binary system also exhibits almost similar behavior when an average value of the 

critical exponent  is plotted against the McMillan ratio (TSN/TNI) (shown in 

Figure 3.10). For the mixtures in the range x10OCB  = 0.205 to 0.502,  values are 

less than that for the tricritical limit (0.5) indicating a second order phase transition 

at the smectic A–nematic (SmA–N) phase boundary [22]. On the other hand, for 

the mixture x10OCB = 0.587 a very careful analysis yields  ≈ 0.5 within the error 

limit, which indeed the tricritical limit of SmA–N phase transition. Therefore, the 
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tricritical point (TCP) for this binary system is found to observe at x10OCB = 0.587 

for the McMillan ratio equal to 0.993. Following the same extrapolation procedure 

as mentioned above for system 9OCB+7CB, it has been found that the 3D–XY 

limit ( = 0.007) of the SmA–N phase transition for the binary system 

10OCB+7CB would hypothetically reached at TSN/TNI = 0.937. 
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Figure 3.10 Variation of the critical exponent () with McMillan ratio (TSN/TNI) 
for the system 10OCB+7CB. (●) represents the  values averaged over the two 
values obtained from fitting above and below the transition temperature TSN. The 
vertical bars indicate the error associated with value. Dashed line represents a 
polynomial fit to the  values. Upper and lower head arrows denote the tricritical 
point (TCP) and the 3D–XY limit of the SmA-N phase transition respectively. 
 

For binary system 8OCB+8CB the extracted  values at the SmA-N 

transition are found to lie in between 0.218 to 0.297 for the investigated mixtures. 

An evolution of the critical exponent  has also been observed when plotted 

against the McMillan ratio (TSN/TNI) as shown in Figure 3.11. In case of two pure 

compounds 8OCB and 8CB, the  values equal to the literature value 0.200±0.05 

[40] and 0.320±0.03 [41] respectively have been used. Therefore, all the mixtures 

of this two component system including the pure compounds 8OCB and 8CB 

indicate a second order nature of the SmA-N phase transition. For the three 
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mixtures x8OCB = 0.310, 0.501 and 0.753, the critical exponent  at the SmA-N 

transition are found to be higher than those reported by Sied et al. [26].  

Extrapolation of the best fitted line of the  vs TSN/TNI curve on either sides, yields 

two values of the McMillan ratio, 0.997 and 0.939, at which the tricritical point 

(TCP) and the 3D-XY universality class respectively would hypothetically reached. 

These two limiting values obtained for the binary system 8OCB+8CB differs from 

those reported by Sied. et al. [26], where the tricritical point (TCP) and the 3D-XY 

universality class are located at the McMillan ratio equal to 0.99 and 0.96 

respectively. 
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Figure 3.11 Variation of critical exponent () with McMillan ratio for the system 

8OCB+8CB. (●)-  values averaged over the two values obtained from fitting 

above and below the transition temperature TSN. ( ) -  value obtained from the 

Ref. [40] and [41] for 8OCB and 8CB respectively. () -  value obtained by 
Sied et al. [26] for the present system. The vertical bars indicate the error 

associated with value. Dashed line represents a polynomial fit to the  values. 
Upper and lower head arrows denote the TCP and the 3D–XY limit of SmA–N 
transition respectively. 
 

In Figure 3.12 the  values for all the mixtures of the three binary systems 

and the pure compounds have been plotted as a function of the McMillan ratio. 
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From the Figure 3.12 it is quite evident that three independent systems under study 

exhibit more or less common trend in the nematic range dependence of critical 

exponent () at the SmA-N phase transition. In addition, the limiting values (listed 

in Table 3.6) of the McMillan ratio (TSN/TNI) for the tricritical point (TCP) and 

3D-XY universality class for different systems concurs very well with each other. 
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Figure 3.12 The critical exponent ( vs. McMillan ratio (TSN/TNI). The  values 
( ) for the three pure compounds i.e. 8CB, 8OCB and 9OCB are obtained from 
the different literatures [37,40,41]. Dashed line represents a polynomial fit to the  
values. The vertical bar indicates the error associated with value. Upper and 
lower head arrows denote the tricritical point (TCP) and the 3D–XY limit of the 
SmA–N phase transition respectively. 
 

Table 3.6 Limiting values of the McMillan ratio for the tricritical point (TCP) and 
3D-XY universal limit for the SmA-N transition of the three binary systems. 

Binary 
system 

McMillan ratio (TSN/TNI) 
Tricritical point 

(TCP) 
3D-XY universality 

class 
9OCB+7CB 

10OCB+7CB

8OCB+8CB 

0.992 

0.993 

0.997 

0.942 

0.937 

0.939 
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3.6 Nematic-Isotropic (N- I) phase transition 

One intriguing fact emerging out from the birefringence measurement of 

the system 9OCB+7CB is the presence of a clearly distinguishable pretransitional 

region just above the nematic-isotropic (N-I) phase transition [21]. In well within 

the isotropic phase, the measured transmitted intensity through the liquid crystal 

filled cell (It) follows a more or less linear trend with its magnitude being feebly 

dependent of temperature. On further cooling, a clearly noticeable deviation from 

this linearity is observed just before entrance to the nematic phase in a range of 

12K above TNI. In spite of the expected first order like nature of the N-I 

transition, the appearance of such a divergence close to the transition is rather 

surprising. This may be due to some short of pre-nematic short range ordering, 

appearing in the vicinity of the transition and their preferred alignment under the 

influence of strong surface anchoring in the thin film cell of liquid crystals. 

Previously data extracted from experimental approaches like heat capacity 

measurements and dielectric techniques have also been found to demonstrate 

similar diverging behavior in the vicinity of TNI, which again have been utilized in 

a quite accurate parameterization of the critical fluctuation close to the transition. 

Hence, it was anticipated that a proper treatment of the present outcomes will also 

lead to rather valuable quantization of the pretransitional aspects near the N-I 

phase transition. 

The temperature dependence of transmitted intensity (It) close to the N-I 

transition for a representative mixture, x9OCB = 0.890 is shown in Figure 3.13. The 

deviation from linearity and hence the presence of liquid crystal ordering on a 

limited scale in the isotropic phase, just above the clearing temperature is quite 

evident from this figure. It may be mentioned that detection of such a small 

divergence in It and hence in Δn becomes possible because of the considerably 

high resolution in the present birefringence measurement. For all the mixtures of 

system 9OCB+7CB the N-I transition temperatures are identified by following the 

same procedure as used for the SmA-N transition, i.e. locating the minimum in the 

d(Δn)/dT curve which again appeared to be identical to the temperature from 

where the drastic change in Δn has been initiated. 

In an attempt to analyze the critical anomaly associated with the nematic-
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isotropic transition, the procedure considered for the SmA-N transition has been 

extended to the N-I transition as well. Here, the quantity Q(T) has been defined 

following the same expression as appeared in Equation (3.3) with ∆n(TSN) being 

replaced by ∆n(TNI), where ∆n(TNI) is the birefringence at the clearing temperature 

TNI while TSN is changed to TNI. The temperature dependence of Q(T) for different 

mixtures close to the N-I transition are shown in Figure 3.14. It has been observed 

that unlike the SmA-N transition, in the present case the peak height of the Q(T) 

curves did not undergo any substantial variation over the investigated 

concentration range, indicating an resemblance among their transitional character.  
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Figure 3.13 Temperature variation of the transmitted intensity (It) in the vicinity 
of the nematic-isotropic phase transition for the mixture x9OCB = 0.890. The 
horizontal dashed line represents a linear fit to the transmitted intensity (It) data far 
away from the N-I transition temperature (TNI). 
 

 Furthermore, in an attempt to gain an idea regarding the critical signature 

appearing in the vicinity of the N-I transition, fit to the identical power law 

expression as appearing in Equation (3.4) has also been considered. The 

parameters contained in the expression now correspond to those for the N-I 

transition. Here, it is necessary to mention that the fitting has been performed by 

considering T** in place of TSN for T<TNI and T* for T>TNI in the expression of 
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reduced temperature t i.e. Equation (3.4) [21]. T* conveys the same meaning as 

for T** but seen above the clearing temperature. Now, in spite of the small range 

of pretransitional region above the clearing temperature (~1-2K), still a sufficient 

numbers of data points are present and hence the fits have suitably been carried 

out in both the regions above and below TNI. The values of the parameters as 

extracted from the fit process are gathered in Table 3.7 while the corresponding 

fits are presented as solid lines in Figure 3.14. It has been observed that the 

temperature dependence of Q(T) for the different mixtures in vicinity of the N-I 

transition have been well described by Equation (3.4) like power law expression, 

inferring an excellent agreement between the experimental optical birefringence 

data and theoretical power law behavior described by Equation (3.4).  
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Figure 3.14 Temperature variation of the parameter Q(T) near the N-I phase 
transition at different concentrations of 9OCB for the binary system 9OCB+7CB. 
Solid lines are fit to Equation (3.4) for different mixtures near the N-I phase 
transition. 
 

For all the mixtures of system 9OCB+7CB, in both the nematic and 

isotropic side within the limits of experimental uncertainty nearly identical value 

of the exponent α ≈ 0.5 have been obtained which again certainly corresponds to a 
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tricritical nature for N-I transition [31] irrespective of their composition. Such an 

outcome is in well concurrence with those obtained from the analysis of Δn data as 

discussed in section 3.4, where the fits to model expression (3.2) yields β values 

close to 0.25 for all of the mixtures and hence undoubtedly implements a tricritical 

nature for the N-I transition. There are also a number of reports by the different 

research groups assigning a tricritical nature to the N-I transition in pure 9OCB as 

well as in other pure compounds and mixtures involving diverse guest-host 

combinations from distinct experimental techniques [37,42-44]. Thereby, the 

present approach has come out to be quite helpful in a rather precise and faithful 

manifestation of the critical characteristics with a considerably high degree of 

accuracy at the N-I phase transition as well. 

 
Table 3.7 The best fit parameter values for Q(T) near the N-I transition of the  
binary system 9OCB+7CB obtained from Equation (3.4). 
 
x9OCB 

 
 or  or  No of 

data 
 points

0.200 T<TNI 0.0045±0.0004 0.499±0.026 -0.022±0.001 1.50 98 
 T>TNI 0.0039±0.0003 0.502±0.007 -0.026±0.001 1.37 117 

0.270 T<TNI 0.0040±0.0003 0.508±0.009 -0.022±0.002 1.32 215 
 T>TNI 0.0039±0.0004 0.494±0.013 -0.039±0.003 1.25 183 

0.300 T<TNI 0.0082±0.0004 0.512±0.024 -0.055±0.006 1.56 124 
 T>TNI 0.0038±0.0001 0.500±0.021 -0.039±0.001 1.22 56 

0.370 T<TNI 0.0076±0.0006 0.505±0.019 -0.053±0.006 1.42 192 
 T>TNI 0.0035±0.0004 0.507±0.010 -0.032±0.002 1.28 157 

0.420 T<TNI 0.0046±0.0002 0.514±0.035 -0.021±0.002 1.26 105 
 T>TNI 0.0047±0.0008 0.497±0.017 -0.043±0.005 1.34 54 

0.500 T<TNI 0.0025±0.0003 0.516±0.033   -0.007±0.0005 1.38 115 
 T>TNI 0.0044±0.0003 0.506±0.011   -0.026±0.0006 1.25 117 

0.620 T<TNI 0.0027±0.0003 0.509±0.015 -0.018±0.002 1.29 172 
 T>TNI 0.0054±0.0006 0.510±0.008 -0.053±0.004 1.24 146 

0.700 T<TNI 0.0059±0.0001 0.492±0.005 -0.036±0.002 1.47 201 
 T>TNI 0.0050±0.0003 0.496±0.009 -0.036±0.002 1.47 204 

0.810 T<TNI 0.0057±0.0006 0.500±0.029 -0.040±0.001 1.27 140 
 T>TNI 0.0049±0.0001 0.504±0.011 -0.046±0.001 1.22 100 

0.890 T<TNI 0.0057±0.0004 0.508±0.042 -0.036±0.004 1.42 166 
 T>TNI 0.0047±0.0001 0.517±0.007 -0.046±0.004 1.47 176 
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3.7 Conclusion 

Phase diagram of the three binary systems comprising of different 

alkoxycyanobiphenyl (nOCB) and alkylcyanobiphenyl (nCB) have been presented 

in this chapter. These systems were chosen in such a way that the nematic range 

may vary suitably with the concentration of the mixtures. High resolution 

measurements of optical birefringence have been undertaken to study the phase 

behavior of some selected mixtures over their entire mesomorphic range. 

Particular emphasis has been given on regions close to different phase transitions. 

The high resolution Δn data have been found rather successful in a precise probing 

of the transitional behavior at both the N-I and SmA-N transitions. Within a 

temperature range of around 1-2K above and below the smectic A-nematic 

transition, a clearly distinguishable pretransitional behavior has been observed, 

which again is found to be enhanced with a reduction in nematic range in the 

studied mixtures. The Haller’s extrapolation technique is found to lead to 

systematically lower values of the order parameter critical exponent (< 0.20) at 

the N-I transition compared to that predicted by theory (TCH= 0.25). This 

difficulty has been overcome with the aid of a modified four parameter fit model 

which again appears to be quite consistent with the weakly first order appearance 

of the N-I transition. 

On the basis of the high resolution birefringence measurements, the order 

character of the SmA-N transition has also been assessed. At this transition the 

divergence of the quantity Q(T) has found to be well described by a power-law 

expression. The effective critical exponent ( has found to be strongly nematic 

range dependent. As the nematic range of the investigated mixtures decreases, the 

stronger coupling between the nematic and smectic A order parameter drives the 

SmA-N phase transition from second order to first order nature. An evolution of 

the critical exponent () with respect to the McMillan ratio certainly indicates that 

the ratio TSN/TNI is the key parameter which governs the order character of the 

SmA-N phase transition. The limiting value of the McMillan ratio at which the 

SmA-N transition changes its behavior from second order to first order nature is 

nearly equal for all the three binary systems. In addition, the present binary 

systems are found to demonstrate crossover behavior between the 3D-XY and 
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tricritical point (TCP). 

Furthermore, one interesting observation emerging from the birefringence 

measurement of system 9OCB+7CB is the appearance of a small finite transitional 

divergence, detected just above the N-I transition. Such an outcome may be due to 

the manifestation of short range prenematic order close to the transition and their 

subsequent alignment under the effect of strong surface anchoring. Moreover, such 

detection becomes possible only because of the relatively high accuracy of data 

and small temperature interval in the measuring method. An effort to fit the 

resultant Q(T) variation to the identical model expression as used for the SmA-N 

case, yields an α value of around 0.5 irrespective of mixture compositions and 

hence assigns a tricritical nature to the N-I transition in all the mixtures. This is 

again in excellent conformity with the previous outcomes from the direct fit to Δn 

data and hence certainly imply the reliability of the measuring procedure in 

assessing the critical characteristics of liquid crystalline phase transitions. 
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