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Optical birefringence is a conveniently measurable quantity that is often 
used for determining the orientational order in uniaxial liquid crystals. The 
orientational order parameter is given by 

where tl, and a. are the polarizabilities of the medium corresponding to the 
extraordinary and ordinary refractive indices, all and a, are the correspond- 
ing values for a perfectly oriented medium with S = 1. 

Mainly two methods have been used to relate the polarizabilities with the 
measured refractive indices. The first, due to Neugebauer 1-3 (hereafter 
abbreviated to N )  makes use of an anisotropic internal field. The relevant 
equations are : 

where v is the number of molecules per unit volume and y are the internal 
field constants. Now y e  + 2y0 = 4n, and therefore 

(3) 

Further, the average polarizability is assumed to be the same in all phases 
and can be derived from the data for the isotropic liquid phase: 

a, + 2a0 = -y*) 4nv n2 + 2 (4) 
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118 N.  V. MADHUSUDANA 

Eq. (3) and (4) can be used to calculate a, and a, in the liquid crystal. Similar 
calculations can be carried out in the crystalline phase to determine all and 
aL (see Ref. 2 and 3 for details). Some extrapolation procedures have also 
been suggested to estimate (ail - aL) from the data in the nematic p h a ~ e . ~ . ~  

In the second approach due to V ~ k s ' , ~  (hereafter abbreviated to V ) ,  it is 
assumed that the local field is isotropic and polarizabilities are calculated 
using the relations 

ne",, - 1 47cv 
n 2 + 2  3 

a e ,  o -- - - 

- 
where n2 = (n: + 2ni)/3. 

Calculations of all and ai have shown that the N-method gives a better 
agreement with the values obtained from the addition of bond polarizabilities. 
The I/-method gives somewhat high values for the anisotropy (a,, - M ~ ) . ~  

However, if one is interested in determining the order parameters using 
Eq. ( l ) ,  the two methods yield practically identical values.3- (This indicates 
that the V-method overestimates the anisotropy of polarizability to about 
the same extent in both the nematic and crystalline  phase^.^.^) As a conse- 
quence, since the first application of the V-method to liquid crystals6 a large 
number of workers8-" have used it for calculating the order parameter from 
the refractive index data. 

The purpose of the present note is to consider certain practical aspects of 
such calculations. In particular we wish to point out that the N-method is 
very sensitive to the accuracy of measurement of the density. To illustrate 
this point, let us consider the case of PAA. In the nematic phase, at T, - T = 
42", the density p = 1.1868,6 n, = 1.894 and no = 1.558 for ,l58931$,I8 
and in the isotropic phase at T, + lo, p = 1.143 and n = 1.642. Using these 
values and the N-approach, (GI, - a,) = 15.40 x cc at T,  - 42". 
If the density is increased by 1 % in the nematic phase, the value of (a, - a,) 
and hence the calculated value of S increase by about 11.5 %. This is essen- 
tially because y e , ,  also depend on p. On the other hand, (a, - ao) as deter- 
mined by the V-relation (5) is simply inversely proportional to p and hence 
decreases by just 1 % when the density is increased by 1 %. Therefore, if the 
accuracy of the density data is suspect, it is in fact preferable to use the I/- 
method to calculate the order parameters. 

Another source of experimental error arises if the orientation of the sample 
is not perfect. To take a simple example, let us suppose that the director is 
not strictly parallel to the glass surface but tilted at an angle of 10" to it. 
Then, one would measure an effectively lower value of n, ,  which in the case 
of PAA at T, - 42" would be 1.880 instead of 1.894; no would still be 1.558. 
The N-method, leads to (a, - a,) = 15.92 x cc or an effective S 
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POLARIZATION IN LIQUID CRYSTALS I19 

which is about 3.4 :4 higher than the value measured for the truly homogene- 
ous sample. A similar calculation using the V-method, gives a value of S 
which is -4.4% lower for the misaligned sample-a trend which is more 
reasonable. This source of error becomes particularly important when con- 
sidering measurements on smectic phases, for which it is quite difficult to 
achieve a truly homogeneous alignment. What one observes is only a gross 
alignment, and the order parameters calculated from measurements on such 
a sample will obviously be unsatisfactory. 

We can illustrate these points by referring to a recent paper by Sarna 
et a l l 9  The authors have measured the refractive indices of HBT in the 
nematic and smectic B phases and of OBT in the nematic and smectic A 
phases. In both cases, they found that though the order parameters calculated 
using the N -  and the V-methods agree with each other reasonably well in 
the nematic phase, the former gives considerably higher values for the smectic 
phases. Thus in the smectic B phase of HBT, they get S = 0.85 using the 
N-method and 0.68 using the I/-method, and conclude that the former 
value is more realistic. But in view of our earlier discussion, it would appear 
that this difference is almost certainly due to the inaccuracy of their data. 
To check this point, we can make use of the assumption stated earlier that 
the average polarizability of the material is constant in all the phases. From 
the V-relation the average polarizability can be expressed in the form 

which has been tested to hold good in a number of cases.67 Krishnamurti 
and Subramhanyam'' have shown that Eq. ( 6 )  holds good to a very good ap- 
proximation even when the N-relations are used, and have, in fact, applied 
it in their discussion of the polarizabilities of several compounds in the 
smectic phase. From the data of Sarna et al. in the smectic B phase of HBT, 
the density calculated from Eq. (6)  is nearly 2% lower than the measured 
value, which has been claimed to be accurate to *O.Ol%. (In fact, this 
calculated density is slightly lower even than the measured density of the 
nematic phase just above the smectic B-nematic transition point.) Assuming 
that the density measurements are correct, one is forced to the conclusion 
that the alignment of the sample is poor. In fact if we use the density derived 
from Eq. (6 )  for the smectic B phase of HBT, the N-relations lead to S 1: 0.70, 
which is very close to the value calculated by the V-method. This value is in 
fact more realistic for the misaligned sample. Thus, a comparison with the 
results derived from the two methods may even be used to assess the reli- 
ability of the experimental data. 
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120 N.  V. MADHUSUDANA 

NOTE ADDED IN PROOF 

The points raised in the note apply to the results published recently by 
Gasparoux et a!. [Mol. Cryst. Liq. Cryst., 51,229 (1979)l. For example, they 
claim that their density data is accurate to L2 %, whereas in fact their values 
for 104 differ from the precise data of Press and Arrott [Phys. Rev., 8, 1459 
(1973)l and Gulari and Chu [J. Chem. Phys., 62,795 (1975)l by - 6 %. In the 
circumstances, it is not surprising that they found considerable discrepancy 
between the results using N and Vformulae. Moreover, the calculations appear 
to give far too low values of the order parameters; e.g., as low as 0.06 near 
TNI for 404. In view of these experimental uncertainties, some of their con- 
clusions have to be taken with caution. 

. 

Acknowledgment 

I am grateful to Professor S. Chandrasekhar for raising the problems discussed in this paper and 
for many useful suggestions. 

References 

1 .  H. E. J .  Neugebauer, Cunad. J. Phys., 18,292 (1950). 
2. A. Saupe and W. Maier, Z .  Naturforschg., 16a, 816 (1961). 
3. H. S.  Subramhanyam, C. S. Prabha, and D. Krishnamurti, Mol. Cryst. Liq. Crysr., 28,201 

4. I .  Haller, H. A. Huggins, H. R. Lilienthal, and T. R. McGuire, J .  Phys. Chem., 77, 950 

5. M .  F. Vuks, Opt. und Spectroscopy, 20, 361 (1966). 
6. S. Chandrasekhar and N. V. Madhusudana, J .  Phys., 30, C4-24 (1969). 
7. N. V. Madhusudana, A Statistical Theory of the Nematic Phase, Thesis submitted to the 

8.  S. Jen, N. A. Clark, P. S. Pershan, and E. B. Priestly, Phys. Rev. Lett., 31,1552(1973). 
9. Y .  Poggi, G. Labrunie, and J. Robert, C. R. Acud. Sci., 277, 561 (1973). 

(1974). 

(1973). 

University of Mysore, 1970. 

10. J .  Cheng and R. B. Meyer, Phys. Rev., A9.2744 (1974). 
1 I .  L. M. Blinov, V. A. Kizel, V. G. Rumyatsev, and V. V. Titov, J .  Phys., 36, C1-69 (1975). 
12. S.  A. Shaya and H. Yu, J. Phys., 36, C1-59 (1975). 
13. E. G. Hanson and Y. R. Shen, Mol. Cryst. Liq. Cryst., 36, 193 (1976). 
14. R. Chang, F. B. Jones Jr., and J. J. Ratto, Mol. Cryst. Liq. Cryst., 33, 13 (1976). 
15. G. R. Van Hecke, B. D. Santarsiero, and L. J. Theodore, Mol. Cryst. Liq. Cryst., 45, 1 ( 1  978). 
16. J. W. Baran, F. Borowski, J. Kedzierski, Z. Raszewski, J. Zmija, and K. W. Sadowska, 

17. R. G. Horn, J .  Phys., 39, 105 (1978). 
18. P. Chatelain and M. Germain, C. R. Acad. Sci., 259, 127 (1964). 
19. R. K. Sarna, B. Bahadur, and V. G .  Bhide, Mol. Cryst. Liq. Cryst., 51, 117 (1979). 
20. D. Krishnamurti and H. S. Subramhanyam, Mol. Cryst. Liq. Crpt. ,  31, 153 (1975). 

Bull. Acad. Polon. Sci., 26, I 17 (1978). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

4:
00

 2
3 

Fe
br

ua
ry

 2
01

3 


