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Spektroskopie, D-4600 Dortmund, F.R.G. 
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ABSTRACT 

In nematic liquid crystals consisting of mole- 
cules which deviate from cylindrical symmetry 
the molecular order cannot be completely charac- 
terized by the order parameter S alone, but the 
order parameter D is required additionally. It 
is shown here, that the diamagnetic suscepti- 
bility, the polarizability, and hence the re- 
fractive index depend on S as well as on D, and 
that the usually applied evaluation gives a 
combination of these. 

INTRODUCTION 
1 The theory of nematic state by Maier and Saupe 

has been derived with the assumption of cylindrically 
symmetric molecules. In reality however, the two 
transverse axes of the molecules-will usually be 
different. To account for this fact, Alben, McColl, 
and Shih2 introduced an additional order parameter D, 
which was interpreted later by Straley3 in terms of 

3 4 Euler angles as D = sin2 0 cos 2 0 .  Luckhurst et al. 
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70 E. H. KORTE 

derived the pseudo-potential which allows to calcu- 
late D as function of S quantitatively. For the first 
time, experimental evidence of D was found in NMR 
measurements3' 4 .  Very recently the dependence of the 
dichroic ratio on D has been discussed, and such 
measurements have been evaluated for D of non-meso- 
genic molecules dissolved innematic liquid crystal . 5,6 

The probably most frequently employed method to 
evaluate the order parameter is that which uses mo- 
lecular polarizabilities derived from the related, 
experimentally determined refractive indices7. An- 

other suitable experimental observable is the dia- 
magnetic susceptibility . In the following it will 
be shown that in both cases S cannot be evaluated 
separately but a combination of S and D. 

7 

CALCULATIONS 

If an electrical field of strength EZ parallel 
to the z axis of the laboratory axes system x,y,z 
is applied on a nematic sample, it produces therein 
a polarization Pz. It is assumed, that the molecular 
axes system x',y',z' coincides with the main axes of 
the molecular polarizability a (main values azl,ayl, 
a 1 .  Describing the mutual orientation of the two 
frames by the Euler angles e,$, and $, Pz is givenby 
X' 

+ n2 zx' 

with 
= COS e 

"22 I 

ZY' 
n = sin 8 sin $ 

= sin8cos$ n 2x1 
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DEPENDENCE ON THE ORDER PARAMETER D 71 

Averaging over  t h e  ensemble and s u b s t i t u t i n g  

s i n  0 = ~ ( 1  - S )  and s i n  8 c o s 2 $  = - D  r e s u l t  i n  2 2 2 2 
3 

Simi la r ly ,  t h e  a p p l i c a t i o n  of a f i e l d  p a r a l l e l  t o  y 
s i v e s  

~ 

2 2 2 
P -  - E y ( a z l n y z l  + aylnyy I + ax Inyx I )  Y 

with 
- -  - s i n  9 cos JI 
= -  s i n J I s i n $  + cos 0 cos JIcos 41 
= s i n J I c o s  $ + cos 0 COSJI  s i n $  

Y Z  ' 
YY I 

YX I 

n 
n 
n 

By averaging and t ak ing  i n t o  account t h a t  f o r  uniax- 
2 i a l  phases ( 1 + cos 8 )  cos 2JI cos 24 - 2cos 0 s i n  214 cos 2$ 

and s i n  8 cos 214 vanish?  w e  g e t  2 

The same procedure f o r  P r e s u l t s  i n  7 = P 
X Y 

i n  t h i s  s p e c i a l  case of a u n i a x i a l  phase. Hence, t h e  
macroscopically measurable p o l a r i z a b i l i t i e s  a e 
and a. = P /E 

ex t r ao rd ina ry ,  r e s p e c t i v e l y )  can be w r i t t e n  as 

- 
= P Z / E Z  - 

(where o and e s t and  f o r  ord inary  and 
Y Y  

( 1  1 + 2 ( a  S + af D )  

a = am - ( a a S  + af D )  
a a = am e 

0 

with 

a m = ( a z l  + a Y '  + axt)/3 
1 aa = ( a z '  - - ( a  y l  + a x l ) ) / 3  

"f - -(ayl - ax1)/6 
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72 E.H. KORTE 

The expression used to evaluate S from experi- 
mentally determined polarizabilities in the case of 
cylindrically symmetric molecules now reads as 

af 
3aa aa 

= S + - D  aO 
a -  e 

In the same manner, the diamagnetic susceptibility x 
can be treated. Using a corresponding notation, the 
molar susceptibilities are given by 

xe = xm + UXaS + XfD) 

Xo - - Xm - (XaS + XfD) 

In analogy to Eq. ( 2 )  it follows 

( 3 )  

DISCUSSION 

In comparison to/ the expression originally de- 
rived by Maier and Saupe’, each of the Eqs. ( 1 )  to 
(4)comprises an additional term depending on D which 
accounts for the assumed biaxiality of the molecules. 
For real nematogens this term will generally be dif- 
ferent from zero. The polarizabilities are derived 
from the related refractive indices, which are sub- 
ject to S and D as well. 

From either the polarizabilities or the dia- 
magnetic susceptibilities, S or D cannot be deter- 
mined seperately. When the results from E q s .  ( 2 )  and 
( 4 )  are identified with S alone, as it was done up 
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DEPENDENCE ON THE ORDER PARAMETER D 73 

to now, discrepancies occur provided the factors 
af/aa and xf/xa are different. Theoretically they 
are bounded to the interval {-1, + l l ,  in practice 
the range will be much smaller. Hence, in general 
it will be difficult to derive reliable results on 
D from the comparison of these two experiments or 
with others. Additionally, D will be about one order 
of magnitude smaller than S ,  provided the result 
from NMR measurements4 can be taken to be represent- 
ative. This is supported by the fact, that for ne- 
matogenic compounds not as low values for S or S+D 

(what might be obtained from linear dichroism meas- 
urements ) have been reported as would be expected 
in the accessible temperature range from theory4 for 
considerably larger ratios of D / S .  

6 

The components ai (with i = x',y',z') which ci 
and af are composed of must be determined from the 
crystalline state, where the geometry of the mole- 
cules might differ from the one in the nematic phase. 
Apart from this well known problem - which exists 
for the diamagnetic susceptibility as well - another 
difficulty arises from the fact that due to the as- 
sumed biaxiality all the three cii are different: 
therefore, each of them must be derived from the re- 
lated refractive index by considering the internal 
field for which the correction is not known pre- 
cisely. 

a 

8 

The order parameter S of cylindrically symmetric 
molecules can conveniently and precisely be deter- 
mined from refractive index measurements. However, 
when the deviation from this symmetry cannot be neg- 
lected, the disadvantages mentioned above come into 
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74 E. H. KORTE 

play. At least for the determination of D linear 
dichroism (in the ultraviolet and probably even more 
in the infrared region ) and NMR measurements seem 
to offer better chances. 

6 
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