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(Received October 5, 1990; in final form January 11, 1991) 

A calculation of nematic liquid crystal-isotropic liquid transition temperature-composition curves of 
binary phase diagrams, in which one of the components is a non-liquid crystalline compound, has been 
examined by means of equal G analysis, one of the thermodynamic treatments reported by Van Hecke. 
Five liquid crystals, azoxybenzene derivatives, are used for the calculation and one of them is assumed 
to be a non-liquid crystalline compound. As a result, if the latent transition entropy of a non-liquid 
crystalline compound can be expected in advance, the latent nematic liquid crystal-isotropic liquid 
transition temperature can be obtained more precisely than by the extrapolation method used so far. 
Even if the latent transition entropy cannot be expected in advance, a comparison between calculations 
of the two binary systems in which a non-liquid crystalline compound is common, can give the precise 
latent transition temperatures and the transition entropies. 

INTRODUCTION 

Recently, Van Hecke succeeded in quantifying liquid crystal-isotropic liquid tran- 
sition temperature-composition curves of the binary phase diagrams in which both 
of the component compounds give a mesomorphic phase by means of a thermo- 
dynamic treatment.l The approach is called equal G analysis and is based on 
equalizing the total Gibbs energies of the two phases in equilibrium. 

This technique seems to be useful in analyzing a number of the binary phase 
diagrams reported so far. Equal G analysis was applied to the binary system in 
which one of the components is a non-liquid crystalline compound. However, we 
deal with non-liquid crystalline compounds which can be considered to be poten- 
tially mesomorphi~.~.~ In these compounds, the liquid crystal-isotropic liquid tran- 
sition cannot be observed because the melting point is much higher than the tran- 
sition. The main purpose is to obtain the precise latent liquid crystal-isotropic liquid 
transition temperature. Up to date, these latent transition temperatures are ob- 
tained using the extrapolation method of the transition temperature-composition 
c ~ r v e s . ~ - ~  However, this method is limited to straight transition curves. On the 
contrary, the equal G analysis is very effective even when the transition curve is 
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24 K. ARAYA 

not straight. Moreover, it is found that the latent transition entropy can also be 
estimated. 

In the present series of papers, the binary system, in which both components 
are non-liquid crystalline compounds,3 will be analyzed using these latent transition 
temperatures. In this report, only the calculation method to estimate the latent 
transition temperatures is presented. 

THEORETICAL 

A liquid crystal-isotropic liquid transition temperature-composition curve, T - x ,  for 
nonideal system is given as follows by Van Hecke.' 

(1 - X )  ASIT1 + xASZT, + AAx (1 - X )  

(1 - X )  AS1 + xAS,  
T =  

where ASl is a constant transition entropy at the liquid crystal-isotropic liquid 
transition temperature TI of component 1 and AS, is a constant transition entropy 
at the liquid crystal-isotropic liquid transition temperature T, of component 2 .  Here 
AA is the difference between the regular solution parameters in isotropic liquid 
phase and in nematic liquid crystal phase, namely it is A( i~o) -A(nem) .~ ,~  This value 
is related to molecular interactions which comprise both steric and electronic in- 
teractions. If AA equals zero, the T-x curve corresponds to that of the ideal system. 

In the present calculation, TI  and AS1 are the transition temperature and tran- 
sition entropy of a standard liquid crystalline compound. T, and AS, are a latent 
transition temperature and latent transition entropy of a non-liquid crystalline 
compound. Hereafter, T, and AS, are referred to as TL and AS,,  respectively. For 
simplifying the calculation, Equation 1 is written as follows: 

(1 - X )  TI + xSTL + AX (1 - X )  
T =  

(1 - x )  + sx 

where S is the entropy ratio ASLIAS,, and A is the excess parameter AAIAS, with 
units of degree. The best set of S ,  A ,  and TL values can be obtained by solving 
Equation 2 by a nonlinear least squares method. However, a least squares linear 
method is used in the actual calculation assuming that the S term is a constant. 
Since the transition entropy of one compound is not much different from another, 
in general it is thought that S is in the vicinity of 1.0.* The calculations are performed 
with S ranging from 0.1 to 

RESULTS AND DISCUSSION 

Five azoxybenzene derivatives are used in the present calculation. These com- 
pounds have been studied by many researchers and one of them, p-azoxyanisole, 
is well known as a standard liquid crystalline compounds.'0-'3 Thermodynamic data 
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ESTIMATION OF TRANSITION TEMPERATURE 25 

TABLE I 

Temperatures and entropies for the nematic liquid crystal-isotropic transition of azoxybenzene 
derivatives" 

Compound Symbol TNI/ OC A S / J  K-lrn01-l 

p-Azoxyanisole PAA 135.35 1.4 

p-Azoxyphenetole PAP 167.5 3.1 

p,p'-n-Dipropoxyazoxybenzene DPRA 123.6 1.7 

p,p'-n-Dibutoxyazoxybenzene DBUA 136.7 2.5 

p,p'-n-Dipentyloxyazoxybenzene DPEA 123.2 1.8 

Data from Arnold, Reference 10. 

TABLE 11 

The reference and calculated sets of entropy ratios, excess parameters, and latent transition 
temperatures in the binary mixtures of azoxybenzene derivatives 

Reference sets Calculated sets 

Systems method 1 method 2 

S A/K T ~ / K  s A/K TL/K S A/K T ~ / K  

PAR-DPEA 1.3 -49.9 123.2 5.9 1.2 115.0 1.3 -50.4 123.3 

PAP-DPEA 0.6 -36.6 123.2 0.8 -30.8 122.8 0.6 -39.2 124.2 

DPRA-DPEA 1.1 -2.4 123.2 0.6 -3.3 123.9 1.1 -3.4 123.4 

DBUA-DPEA 0.7 -1.7 123.2 >10.0 122.0 123.1 0.7 -0.8 122.4 

of these compounds are summarized in Table I .  Hereafter, the compounds are 
presented by their symbols. Even-odd effects are seen in TNI and AS. All these 
compounds exhibit a nematic liquid crystal phase. However, for the purpose of 
this paper, namely, to check the accuracy of the calculation to estimate the latent 
transition temperature, it is assumed here that one of the azoxybenzene derivatives, 
DPEA., is a non-liquid crystalline compound. The phase diagrams of all possible 
combinations of the derivatives are given by Demus et al." Among them, the phase 
diagrams of the PAA-DPEA, PAP-DPEA, DPRA-DPEA, DBUA-DPEA sys- 
tems, are used. The T-x curve is concave in the former two cases and almost straight 
in the latter two cases. 

Firstly, the calculations have been performed using only the least squares method 
(method 1). The experimental data used are up to 80 mol% of DPEA, namely 
69.7 mol%, for PAA, 77.3 mol% for PAP, 75.3 mol% for DPRA, and 79.0 mol% 
for DBUA, where it is assumed that DPEA is a non-liquid crystalline component. 
The reference sets of S ,  A,  and TL that are calculated using all the experimental 
points are shown in Table 11. It is shown here that the S value ranges from 0.6 to 
1.3. The most fitting sets of calculated S ,  A ,  and TL are summarized in Table 11. 
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26 K. ARAYA 

In the PAA-DPEA system, neither S, A or TL are in accord with the reference 
data. Especially, the calculated latent transition temperature is 115"C, 7°C lower 
than the real one. The extrapolation method may also give the temperature of 
115°C. The S and A values of the other three combinations do not reflect the 
reference data either. But the latent transition temperatures are in accord with the 
real ones. In the DBUA-DPEA system, the least squares method does not con- 
verge. This is because the T-x curve is straight and the S term has a tendency to 
compensate the A term. In this system, the calculated latent transition temperatures 
give the same value of 123°C against each of the S terms used. The extrapolation 
method for this system may give the temperature of 123°C. From these results, it 
is concluded that the latent transition temperatures can be estimated from only the 
least squares method but the transition entropies and excess parameters cannot be 
estimated. This conclusion is not in all cases, however. 

Consequently, the second calculation has been performed assuming that the S 
term can be expected in advance (method 2). This method is possible when the 
latent transition entropy can be expected in comparison with the molecular struc- 
ture, for example, a terminal substituent group, a central linkage group or using 
the even-odd effect described above. In the case of azoxybenzene derivatives, the 
transition entropy of DPEA can be expected to be nearly equal to that of PAA 
or DPRA using the even-odd effect. The most fitting sets of S, A ,  and TL in this 
method are summarized in Table 11. All systems give a good latent transition 
temperature within one degree. Additionally, the A terms also correspond well 
with the experimental values. The calculated T-x curves as well as the observed 
points for the four systems are shown in Figure 1. From this figure, it is found that 
the equal G analysis is very effective even when the T-x curves are concave. 
Furthermore, the fact that the latent transition temperature can be estimated from 
the combination with the liquid crystalline components having different transition 
entropies gives us a unique calculation. Namely, even if the latent transition entropy 
cannot be expected in advance, the comparison between the calculations of two 
binary systems in which non-liquid crystalline compounds are common gives a 
precise estimation of the latent transition temperature and the transition entropy. 

Lastly, such a case is considered (method 3). DPEA is also assumed as a non- 
liquid crystalline compound, and PAA and DPRA are used as standard liquid 
crystalline compounds. At first, the most suitable latent transition temperature 
against each S value for the PAA-DPEA system is calculated. The T-S curve is 
shown in Figure 2(a). The same calculation is performed for the DPRA-DPEA 
system. However, a direct comparison cannot be carried out because the S terms 
are different. The S term for the PAA-DPEA system is ASLIASl, where AS, and 
AS, are the transition entropies of DPEA and PAA, respectively. On the other 
hand, the S term for the DPRA-DPEA system is ASLIAS3, where AS, is the tran- 
sition entropy of DPRA. Hereafter, the S-terms for the PAA-DPEA and the 
DPRA-DPEA systems are referred to as S, and S 3 ,  respectively. Then S, = ASL/ 
AS3 = (ASJASJ (AS,/ASl) = (ASl/AS3) S,. Since ASl and AS3 are known values, 
S, can be replaced as 0.82S,. Using this relationship, the T-S curve for the DPRA- 
DPEA system is normalized to a curve for the PAA-DPEA system. The resultant 
T-S curve is shown in Figure 2(b). Two curves intersect at T = 123.2"C, S, = 1.26 
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FIGURE 1 Phase diagrams of the systems of DPEA with (a), PAA, (b) PAP, (c) DPRA, (d) DBUA. 
The composition is for DPEA. The solid lines are the calculated nematic liquid crystal-isotropic liquid 
transition temperature-composition curves. The open circles are the experimental points redrawn from 
Reference 11. Arrows indicate the real nematic liquid crystal-isotropic liquid transition temperature of 
DPEA. 

(S, = 1.03). This value corresponds well with the real values. Accordingly, it is 
concluded that the latent nematic liquid crystal-isotropic liquid transition temper- 
ature and the transition entropy can be estimated precisely even when the transition 
entropies of the non-liquid crystalline compounds are not expected in advance. 
The same results are obtained for three other combinations, the PAA-DPEA and 
DBUA-DPEA system, the PAP-DPEA and DPRA-DPEA system, and the PAP- 
DPEA and DBUA-DPEA system. The last method needs many more experimental 
tasks than the extrapolation method. However, it is strongly emphasized that the 
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FIGURE 2 
and (b) DPRA-DPEA systems. 

Latent transition temperatures calculated against each S term for (a) the PAA-DPEA 

last method can present not only the latent transition temperature but also the 
transition entropy. 

CONCLUSION 

Latent nematic liquid crystal-isotropic liquid transition temperature of non-liquid 
crystalline compound has been calculated by means of equal G analysis. As a result, 
the latent transition temperature can be obtained more precisely than by the ex- 
trapolation method used so far. Moreover, it is found that the present method can 
give not only the precise latent transition temperatures but also the transition 
entropies. 
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