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FIETHODS O F  O P T I C A L  BIREFRINGENCE DETERMINA- 
T I O N  IN L I Q U I D  CRYSTALS FROM INTERFERENCE 
MEASUREMENTS 

WOJCIECH KUCZY~SKI , PIOTR PIERAI~SKI, 
1CRZYSZTOF WOJCIECHOWSI~I  AND BARBARA STRYU 
I n s t i t u t e  of  Molecular Physics, Polish 
Academy of Sciences, Smoluchowskiego 17/19 
60-1 79 Poznais, Poland 

(Submitted f o r  pub1  icat ion A p r i  1 25, 1977) 

ABSTRACT Methods f o r  the calculat ion o f  
birefringence in l i qu id  c rys t a l s  from i n t e r -  
ference measurements a r e  compared, A n  empi- 
r i c a l  formula, he lpfu l  i n  some birefringence 
determinations, i s  proposed. 

The method of  interference a t  var iable  wave- 
lengthlr2 i s  one of  the m o s t  convenient procedu- 
r e s  applied i n  refractometr ic  s tudies  o f  l i qu id  
c rys ta l s .  It consis ts  i n  measuring those wave- 
lengths a t  which appropriately polarized l i g h t ,  
on t raversa l  of a planar sample, exhibi ts  succes- 
s ive  maxima and m i n i m a  of i n t ens i ty .  The intensi-  
t y  i s  maximal i f  the difference i n  opt ica l  paths 
between the ordinary and extraordinary waves be- 
comes 'equal t o  an integer  rilultiple of the l i g h t  
wave 1 eng t h : 

A'y2(2,) - I c  = N . 2 ,  

. . . . . . . . . . , . . 

A n  (AN+$.C =(N+KI*  AN+^ 
Above, An(A,.,) i s  the difference in r e f r ac t ive  
index between the ordinary and extraordinary wave 
f o r  the wavelength A,,, , 4 the  thickness o f  the 
sample, and N an integer .  I n  the se t  of ms (1) , 
An(2) and N a r e  unknohms. IIence the number o f  
the l a t t e r  i s  by 1 l a rge r  than tha t  o f  the equa- 
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204 W. KUCZYhSKI, et al. 

tions. In order to determine univocally the bi- 
refringence An(2) from the set of equations (1) , 
one has to make a supplementary assumption o r  
have available the value of A n  for one wave- 
lefigth from some other measurement. In our ear- 
lier paperr?, guided by the consideration that 
the distances between successive fringes vary 
but slowly, we assumed A n  as equal f o r  two s c- 

that the above assumption can lead to large 
error in spite of the circumstance that, in 
practice, the birefringence values f o r  two suc- 
cessive maxima differ but very little. In this 
situation M.Laurent and R.Jorneaux3 assumed the 
birefringence for waves, corresponding to three 
successive light intensity maxima, to vary by a 
constant amount & : 

cessive fringes. It has been shown recently 3 98 

Provided the thickness 4 is lcnown, Eqs (1) and 

wavelengths corres onding to the fringes consi- 
dered. On writing = v,,, and denoting the by 
Ag,=\I,-V+, and 4Q2=QN+, -v,, the distances between 
the fringes in wave-number scale, the solution 
of Eqs (1) and (2) takes the form: 

(2) permit the determination of  A n  for the three 

Eq. (3) 
is a quantity of the order of the accuracy with 
which 9 is measured, so that An determined in 
the way described above is charged with consi- 
derable error. The error thus incurred is espe- 
cially large in the region of large wave numbers 
(small 2 )  , where the distances between the frin- 
ges are small. 

To enhance the accuracy of 4v-determina- 
tion, we plotted A S  versus 3 for MBBA. The graph 
thus obtained is found to be linear throughout 
the whole spectral interval studied (from 15000 
to 26000 crn-l) . Thus, we have: 

contains the difference 4v,-A?, . This 

43 =d(90-v), (41 
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BIREFRINGENCE DETERMINATION 205 

where d and 40 
line. We checked Eq. (4) 
thickness finding4 % 4. = const. We also found a 
similar A$(V,) dependence for EBBA at various tem- 
peratures; this suggests that the empirical re- 
lationship (4) is by no means fortuitous. 

are the parameters of the straight 
for samples of various 

Fig.1 shows a typical recording of interfe- 

(curve T) . rence fringes, obtained with an MBBA sample 
thick, at 22oC 

FIGURE 1 .  Transmission T of the sample, and 
distance A3 between the fringes, versus the 
inverse light wavelength I, . 

The inter-fringe distance , determined from 
the curve T, is shown too. The mean square devia- 
tion of AL‘ from the straight line is 4 cm-’. 

On insertion of (4) 
AT?,= 

into (31, we obtain: 

(5 )  2 
2-oc ( 2 4 - v )  

permitting the calculation of A n  for large 9 
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206 W. KUCZY~SKI,  et ai. 

as well on tho slope of the absorption,band . 
This w a s  not possible with E q . ( 3 )  
the considerable experimental error. The r e s u l t s  
of our calculat ions f o r  an MBBA sample of thick- 
ness 100,6 at  22'~ are given i n  Fig.2 (curve 

because o f  

a )  

The correctness of the present r e s u l t s  can 
be checked against those obtained by a d i f fe ren t  
method, the accuracy of which r a i s e s  no doubts. 
The data  of Brunet-Germain 5 obtained by the 
prismatic method can be taken as standard valu- 
es. The method, though tedious and yielding re -  
f r a c t i v e  index values only f o r  given values of 
the l i g h t  wavelength, involves no approximations. 

Comparison with the r e s u l t s  o f  Brunet- 
-Germain 5 shows tha t  the An-values obtained 
with Eq. ( 5 )  a r e  t o o  low, especial ly  i n  the case 
of short  wavelengths. Hence, the assumption (2) 
i s  s t i l l  a too rough approximation. 

The experimentally es tabl ished l i n e a r  re- 
l a t ionship  4'dlV) permits the ana ly t i ca l  deter-  
mination o f  
ce i n  phase of the ordinary and extraordinary 

An(V) . Denoting by 'f the  differen- 

waves on t raversa l  of  the  sample, we have: 

2a='f(9+a9)-r(V)% $ $ . A Q .  ( 4 
On the other hand, y=  2T14R.3 , i.e.: 

If the ana ly t i ca l  shape of AQ(9) i s  known, the 
d i f f e r e n t i a l  equation (8) can be used t o  deter-  
mine An(V) . For n3  given by Eq. (4) , the  s o l u -  
t i on  o f  ( S )  i s  o f  the  f o r m :  

Assuming Eq. (4) t o  be f u l f i l l e d  f o r  $ 4 0  a l s o ,  
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BIREFRINGENCE DETERMINATION 207 

the condition \p = 0 f o r  9 = 0 leads to C = 9, 
Ti?e results of our  calculations of A n  from 
Eq. ( 9 )  for C = 9, are given in Fig.2c, whence 
this procedure is sccn to yield results more sa- 
tisfactory than those derived f r o m  Eq. (5 )  , espe- 
cially for short wavelengths. Nonetheless the 
values of A n  are still slightly lower (by 
2 - 10 $ 1  than those of Brunet-Germain 5 .  This 
is due to our assumption that Eq.(4) is appli- 
cable f o r  small . The accuracy of A n  can be 
further enhanced if C is determined from a se- 
parate measurement. If C is determined using 
the value of Ref.5 for A =  643,8 nni, Eq. ( 9 )  
leads to good agreement with srunet-Germain 
f o r  the other wavelengths (Fig.2, curve c) . 

Regrettably, when determining the indices no and , the inter-fringe distance 49&) 
cannot be described by a relationship so simple 
as in the case o f  birefringence. In this case, 
it is necessary to assume a value of n for a 
given wavelengt from another, independent mea- 
suremcnt. Chang showed how to determine the 
refractive indlces in such cases; albeit, his 
procedure is by no means optimal since the expe- 
rimental errors accumulate in the calculations 
of successive values of the indices 
It appears more convenient to determine N f r o m  
tlie equation: 

(Fig.2d). 

where n is a value of the index determined 
f r o m  an independent measurement. Once N i s  
available, ?l(21V+K) can be determined for wave- 
lengths corresponding to the successive maxima- 
of light intensity from the f o l l o w i n g  equation: 

Since IC is an integer, untainted by experimen- 
tal error, the use of E q . ( 1 1 )  involves no ad- 
ditional increase of error in the determina- 
tion of n. 
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208 W. KUCZYIkKI, et aL 

An 
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400 500 600 [nml 

FIGURE 2. Birefringence An of PIBBA at 2 2 O C  
determined by various methods: a - from Eq. (5), 
b - from Eq. (9) for C = 
c - from Eq. (9) for C = 29685 cm" as calcula- 
ted from the data of Ref .5 at 
and d - with the data of Ref.4 
denote results of Brunet-Germah5~. 

90 = 26860 cm", 

'x = 6 4 3 , 8  m ,  
(t e circles 

The preceding considerations lead to the 
conclusion the interference method at varying wa- 
velength is not, in principle, self-sufficient. 
Nonetheless, it can be very useful in studies 
of dispersion. In cases when the empirical for- 
mula ( 9 )  proposed by us is applicable, the fun- 
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BIREFRINGENCE DETERMINATION 209 

ctional relationship A n(2) is accessible to 
determination what is very convenient especial- 
ly when determining A n  near an absorption band. 
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