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Temperature Dependence of 
Refractive Indices and Order 
Parameter of p-n-Butoxy- and 
p-n-Amyloxy Benzoic Acids 
J. V. YAKHMLt V. K. KELKAR,? R. P. SHUKLA,: and C. MANOHART 
Bhabha Atomic Research Centre. Bombay 400085, India 

(Received Sepiemher 18, 1978; i n j n a l  form December 12. 1978) 

The refractive indices in the nematic and isotropic phases have been determined for the p n -  
butoxy- and p-n-amyloxybenzoic acids. The orientational order parameter in the nematic 
phase has been calculated for both the compounds using Vuks formula. The variation of order 
parameter with respect to reduced temperature for both these compounds show a considerable 
difference from the theoretical curve obtained using Maier--Saupe theory. 

I INTRODUCTION 

There have been detailed studies, both experimental and theoretical on the 
liquid crystals which do not form dimers.’” However, the case of the liquid 
crystals which form dimers3-’ is more complex because of the existence of a 
thermal equilibrium between dimers and monomers at all temperatures. 
In such cases, the number of monomers (and dimers) changes with tem- 
perature and this effect is superposed on the phase transitions.6 Therefore, 
one should expect the temperature dependence of the order parameter to 
be different from the conventional behavior.’ It was this expectation which 
motivated us to study p-n-alkoxybenzoic acids. The compounds of this 
series are known to form dimers’ and have an additional interest in them 
because only the dimers exhibit liquid crystalline behaviour while the 
monomers are not expected to. In this paper we present the refractive index 

t Chemistry Division. 
$ Spectroscopy Division. 
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data for p-n-butoxybenzoic acid (BBA) and p-n-amyloxybenzoic acid (ABA) 
in the nematic phase. Orientational order parameter has been evaluated as 
a function of temperature for both the compounds. 

1.650 

1.600 

It EXPERIMENTAL 

Murthy and Shukla' have measured the refractive indices of several liquids 
such as water, chlorobenzene and a-bromonapthalene by the Wedge method 
and the results were found to be accurate to within 0.001. Using their method, 
we have measured the refractive indices of the two compounds BBA and 
ABA. A thin air Wedge with an angle of -1.5" was formed between the 
faces of two highly polished plane parallel glass plates. The glass plates were 
rubbed in the direction parallel to the refracting edge in order that the 
sample gets aligned when in the nematic phase. The sample in powder form 
was then introduced at the top of the wedge. The wedge was then kept in a 
furnace with its front surface normal to the collimated incident beam from a 
He-Ne laser ( A  = 6328 A). The beam was made to pass very close to the 
apex of the wedge. The distance d ,  between the positions of the direct trans- 
mitted beam and the first reflected beam from both the plates was measured 
accurately on a screen placed at a distance of about 2.5 meters from the 

- 
"r 

* .  - - 0 .  

0 .  

wedge. The sample was then melted and allowed to flow down 
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FIGURE I Variation of refractive indices with temperature for BBA. 
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REFRACTIVE INDICES A N D  ORDER PARAMETER 
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FIGURE 2 Variation of refractive indices with temperature for ABA. 
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of the wedge, and was then slow-cooled to room-temperature. In the ne- 
matic phase, the direct beam gets split into two refracted spots owing to the 
birefringence. The distance d;  and d;  of these two spots from the intial direct 
spots were measured as a function of temperature. The ordinary ( n o )  and 
extraordinary (n,) refractive indices were then calculated using the formula 

noc = (1 + $:) 
Both the compounds are known to show only one liquid crysfalline phase 

i.e. nematic. Whereas BBA is nematic from 419 K to 435 K, ABA shows 
nematic behaviour in the range 397 K to 425 K. The temperature variation 
of the measured ordinary (no) and extraordinary (n,)  refractive indices for 
BBA and ABA is shown in Figure 1 and Figure 2 respectively. The tempera- 
ture of the sample was controlled to within one degree at all temperatures. 

111 CALCULATION OF ORDER PARAMETER 

The orientational order parameter S is defined as 

s = +(COS2 0) - 3 
where 6' is the angle made by the long molecular axis with the preferred 
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direction and the brackets denote an average over the molecules in a macro- 
scopic volume. In literature, there are two methods available for evaluating 
S from refractive index data." First method is based on Vuks formula" 
and the second is due to Neugebauer." In the first method, the order 
parameter is given by l o  

-0 .6  

where 7 = $nf + 2n3. 5 is the average molecular polarizability, and, all 
and al are the principal molecular polarizabilities in directions parallel and 
perpendicular to the optic axis. The scaling factor [&/(all - aJ] in Eq. (3) 
can be determined in the following way. 

Log[(nf - n:)/(g - l)] is plotted vs log( 1 - T/T,). The straight line plot is 
extrapolated to T = 0, and the intercept at T = 0 leads to the scaling factor. 
These plots are shown in Figure 3 and Figure 4 for BBA and ABA, respec- 
tively. The values of scaling parameters as obtained were 1.758 for BBA and 

- 
I I I 

0 1.0 2.0 3.0 
T - LOO (1- - 1  
TC 

FIGURE 3 Determination of scaling factor for BBA. 
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FIGURE 4 Determination of scaling factor for ABA. 

1.738 for ABA. Using these values in Eq. (3), the parameter S was calcu- 
lated and is shown as dots in Figure 5 and Figure 6 for BBA and ABA, 
respectively. I t  may be mentioned that in order to get a more practical idea 
of the scatter in the values of S,  we have plotted the values obtained from a 
number of experimental sets, both in Figure 5 and Figure 6.  Also, it is im- 
portant to note that since the nematic range of BBA extends only from 
419 K to 435 K, and as mentionedearlier, the temperature wascontrolled only 
to within 1 K, it was not possible to obtain a large number of data points in 
Figure 3. However, we have repeated our experiment a number of times and 
the value of scaling factor as obtained from each such run did not differ 
appreciably. 

In the Neugebauer method, the order parameter is given by" 
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60 J. V. YAKHMI, et al. 

0 6  c 

T/  
‘c - 

FIGURE 5 Order parameter versus reduced temperature for BBA, from experiment. Continu- 
ous curve is obtained from Maier-Saupe theory and broken curve is as obtained from ref- 
erence (8). 

where 

IOB B 
/(B) = - BZ - - + 1)”’ + - I] 4B ”( 3 

and, 

B = - - -  2 - 1  [--. n 2 + 2  2-1 n : + 2  
z+2 n f - 1  n:-1 

The scaling factor in this method can be determined by plotting log f(B) vs 
log(1 - T/T,). The value of the scaling factor thus obtained was 2.185 and 
2.100 for BBA and ABA respectively. 

Although the values of scaling factors for each compound as obtained 
by using the Vuks method and the Neugebauer method differ considerably, 
it was found that the order-parameter values obtained by using Neugebauer 
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REFRACTIVE INDICES A N D  ORDER PARAMETER 61 

FIGURE 6 Order parameter versus reduced temperature for ABA. from experiment. Con- 
tinuous curve is obtained from Maier-Saupe theory and broken curve is as obtained from 
reference (8). 

method were only slightly higher (by -0.005) than those obtained by using 
Vuks method. Hence, separate curves showing the results obtained by using 
the former method are not shown in Figure 5 and Figure 6. 

IV CONCLUSIONS 

From Figure 5 and Figure 6 we notice that the values of order parameter 
obtained for both the compounds are higher than the theoretically predicted 
values of Maier-Saupe theory, depicted as continuous curves. We attribute 
this to the dimer formation and to the existence of a dimer-monomer equi- 
librium. A theoretical model incorporating such a dimer-monomer equilib- 
rium has recently been proposed by our group,E and it does yield higher 
values for the order parameter. This is also consistent with NMR results 
on p-n-heptyloxybenzoic acid,' which have been explained by our model.' 
The broken curves in both Figure 5 and Figure 6 depict the values calculated 
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62 J. V. YAKHMI. et al. 

according to this model, using a value of 10 Kcal/mole for the dissociation 
energy of hydrogen bonds for the entire series of benzoic acids. One could 
further improve the agreement by adjusting the dissociation energy param- 
eter, although this was not tried. However, we conclude that the hydrogen 
bond and the resulting dimer-monomer equilibrium plays an important 
role in these compounds. 
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