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The Anisotropic Refractive 
Indices of Aligned MBBA 
Liquid Crystal Films 
R. CHANG 

Science Center, Rock well International 
Thousand Oaks, California 91360 

(Received March 2. I973) 

The anisotropic refractive indices of unidirectionally and horizontally aligned MBBA liquid 
crystal films were determined by means of polarimetry and transmission measurements in 
the wave length region 0.42 to 0 . 7 0 ~  at room temperature. The analyses show that absorp  
tion in this wave length region is neghgibly small (k 2 kl P 0.0005) and that n 11 decreases 
while n ,  increases with increasing wave length with the net result that the birefringence 
h ( = n  i- “1) decreases rapidly first from-1.06 at A=0.42 p then slowly t o  0.28 a t  
A = O.&. 

INTRODUCTION 

The rapid advancement of nematic liquid crystals in display device applications 
motivated us to redetermine the anisotropic refractive indices of these materials, 
specifically MBBA (methoxybenzylidene butylaniline).’ Accurate measurements 
have been difficult in the past for lack of well aligned crystal films. We report 
here our measurement of the anisotropic refractive indices of unidirectionally 
and horizontally aligned (with respect to glass substrate) MBBA liquid crystal 
fdms at room temperature by means of polarimetric and transmission tech- 
niques. 
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2 R CHANG 

MATHEMATICAL FORMULATION 

Determination of A n  = n I - "1 by Means of Polarimetry 

We defme A 11 = n I - ik and h i  = "1- i k l  as the refractive indices parallel and 
perpendicular, respectively, to the liquid crystal directors. When the imaginary 
parts of the refractive indices are negligibly small, a unidirectiondy and hori- 
zontally aligned nematic liquid crystal film placed between a pair of polarizers 
will transmit light at normal incidence of intensity f o  and wave length X accord- 
ing to2: 

where 4 is the angle that the polarizer makes with direction in the film plane and 
normal to  the liquid crystal directors, JI is the angle between the polarizer and 
analyzer, d is the film thickness, and A n  =nu - nl is the film birefringence. 
The transmitted intensity will have oscillations where the phase difference bet- 
ween consecutive absorption peaks (or valleys) is 2n, that is, 

A n l  Anl a t ,  - 6 , , = 2 n d ( -  - - ) = 2 n  
A1 A1 

Provided 
that An, 

the change in wave length between consecutive oscillations is small so 
2 An, 2 An, we have from Eq. ( 2 ) ,  

Eq. (3) is used for the determination of An as function of :(-a). Lktailsof 
the AQ determinations have been reported by the author elsewhere.' 

Determination of n IC nl ,  kl and kL from transmission measurements a t  normal 
Incidence 

A schematic sectional view of the liquid crystal cell is shown in Figure 1 .  Em- 
ploying normal incidence, we write the following expression for the transmit- 
tance: 

f 1  t 2  exp[ -2ni (n+ik)dlX] 
I t r ,  r2 exp[ -4ni (nt ik)d /h]  T =  ex p ( 2n ino d/X) 

- [n2-no(n-ik)12 
[n2+no(n - ik)J2  

r , r ,  = (4) 
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ANISOTROPIC REFRACTIVE INDICES 3 

4nonz (n-ik) 
[n’+no(n-ik)]* 

t ,  1’ = 

where the subscripts I1 and I, corresponding respectively to the parallel and 
perpendicular orientations, have been dropped for simplicity. All the parameters 
in Eq. (4) have been de f i ed ,  except no, which is the refractive index of the glm 
substrate. It will be noted that no,? n 1~ “1, k 11 and kl are wave length dependent. 
After rearrangement, Eq. (4) can be rewritten as, 

4 no n’ (n - i k) exp ( ~ k )  exp (i ~ n )  T =  exp (i Gno)  
(A + i B) - ( C + i D ) e x p  (-2 i Gn) exp (2 Gk) 

(5) 
A = nz ( n  +no)’  - no’ kZ 

B =  - 2 n n o k ( n + n o ) ,  G = 2 n d / h  

ANALYZER 4 
FIGURE 1 Schematic sectional view of  liquid crystal cell. 

no for the glass substrate used has the followingvalues: 1.535. 1.519, 1.510 and 1.508 at 
A =  0.42. 0.50, 0.60 and 0.70fi, respectively. 
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4 R CHANG 

c = [n’ (n  - no)2 - no2 k 2  1 exp (2  ~ k )  
D = 12 n no k (n - n o ) ]  exp (2  Gk) 

The expression for the energy of the transmitted beam is, 

n-* = 16 no2 n2 (n’ + k 2 )  exp (2 Gk) 
A’ t B2 t t? t D’ t 2 ( A C  + BD) cos( -2 Gn) + 2 (BC - AD)  sin ( 2  Cn) 

( 6 )  
Eq.(6) is actually a pair of expressions for the two separate cases where the 
polarizer and analyzer are, respectively, parallel and perpendicular to the liquid 
crystal directors. Since the polarizer and analyzer are parallel to each other, the 
cos (-2Gn) function is unity and the sin (2Gn) function is zero, as the phase 
difference is zero. We further assume kl EZ k l ~  k and obtain the following 
working equations: 

I6 no2 ny2 (nil’ + k’) exp (2 Gk) 
A2 + B 2  +C2 + D 2 + 2 ( A C + B D )  

16n02  n12(n12 + k 2 ) e x p ( 2 C k )  
n-‘= A ’ + B 2 + c  +D2  + 2 ( A C + B D )  

where A ,  B, C and D are given by Eq. (5) for each of the parallel (nil) and 
perpendicular (nL) orientations. In actuality, the absolute transmitted intensities 
““ti and TL vary considerably from fdm to  fdm, as the transmittances are of 
the order of unity. However, for a given film, the ratio q/q is much more 
accurate and reproduces reasonably well from film to  film. The An(=n~l -nL)  
measurements are also very accurate. We first assume a given value of k and nil 
and n l  values are solved by means of a computer and the computations are 
reiterated until self-consistency. Independent laboratory measurements of 
ri(=1/3n n + 2/3nl)  at fixed wave lengths provide additional checks of the consis- 
tency of our solutions. 

7 q  = 

(7) 

EXPERIMENTAL RESULTS 

The experimental cell was made of glass slides spaced with Mylar sheets of the 
appropriate thickness. Previous to  mounting, the glass substrates were rubbed 
unidirectionally with l/4p diamond paste, cleaned, and treated with a propri- 
etary surfactant to promote unidirectional alignment. The cell, after thickness 
measurements, was filled with distilled MBBA (nematic to isotropic transition 
temperature 3 18.4 to 3 19.2”K) and checked for alignment homogeneity be. 
tween a pair of crossed polarizeo. Only those cells giving uniform brightening 
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ANISOTROPIC REFRACTWE INDICES 5 
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FIGURE 2 An vs. A for MBBA films 23.4 and 2 5 0 ~  thick. 

and darkening over the whole fdm for every 90" rotation of the film (with 
respect to the crossed pair of polarizers) were used for the birefringence and 
transmittance measurements. All the measurements were made at room tempera- 
ture (293* 1 OK). 

A cary-14 spectrophotometer equipped with a pair of Clan-Thompson prisms 
as the polarizer and analyzer was used in this study. For determinations of An 
described in Sec. 2(A), the liquid crystal film is oriented to give 9 = 45" and 
J/ = 90". For transmittance measurements described in Sec. 2(B), f lv7Ti  de- 
pendence on wave length for several films was measured as the ratio of transmitted 
intensities for the parallel and perpendicular orientations. Another important 
measurement is the film thickness; this is done accurately over the entire wave 
length region of interest by means of polarimetry employing the empty cell 
before fdling with the liquid c r y ~ t a l . ~  For example, the measurements of one 
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ANISOTROPIC REFRACTIVE INDICES 7 
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FIGURE 3 nu. nI and n vs. A for M B B A  films (kl I kl 2 0.0005). 

cell in the wave length region 0.40 t o  0.701 yielded 47 thickness values averaged 
t o  give a true film thickness of 23.4 k 1 .6~ .  

Figure 2 reproduces the An variations with h for two cells 23.4 and 250p 
thick, respectively. The computer solutions of "11 and nl (k = 0.0005) from the 
average o f  four separate m[/f l  determinations as well as n(=1/3nll + 2/3n~,) 
are plotted vs. h in Figure 3. The nil, "1, k and 7T$mi values at various wave 
lengths are listed in Table 1 .  

DISCUSSION 

Our nil values for MBBA are close to, but our  nl values are very different from 
those reported by MBC of  Ref. ( 1 ) .  Our analyses show further that "11 decreases 
while nl increases with increasing wave length, a very unusual but interesting 
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8 R CHANG 

result. Our data are reasonably good and the analyses rigorous. The finding ma) 
be of theoretical significance. We simply present our data and analyses here anC 
ieave the theoretical interpretation for future consideration. 
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