
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 23 February 2013, At: 06:55
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Interference Method for the Determination of
Refractive Indices and Birefringence of Liquid Crystals
W. Kuczyński a & B. Stryła a

a Laboratory of Molecular Interactions, Institute of Physics, Polish Academy of Sciences,
Smoluchowskiego 17/19, 60-179, Poznań
Version of record first published: 29 Aug 2007.

To cite this article: W. Kuczyński & B. Stryła (1975): Interference Method for the Determination of Refractive Indices and
Birefringence of Liquid Crystals, Molecular Crystals and Liquid Crystals, 31:3-4, 267-273

To link to this article:  http://dx.doi.org/10.1080/15421407508082879

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407508082879
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst., 1975, Vol. 31, pp. 267-273 
@ Gordon and Breach Science Publishers, Ltd. 
Printed in Holland 

Interference Method for the 
Determination of Refractive Indices 
and Birefringence of Liquid Crystals 
W. KUCZYNSKI and B. STRY4A 
Laboratory of Molecular Interactions, Institute of Physics. 
Polish Academy of Sciences, Smoluchowskiego 171 79, 60-179 Poznafi 

(Received April 21, 1975; in final form June 25, 1975) 

A new interference method for the determination of refractive indices and birefringence as 
functions of the wavelength is proposed. Application of a spectrophotometer and a specially 
constructed interferometer makes the measurements easier and enables the determination of 
refractive indices over a broad spectral region. 

1 t NTRODUCTION 

The need for refractive index measurements occurs frequently in pure science 
and numerous technical applications. Knowledge of the refractive index 
values, and especially their dispersion, plays an important role in the study 
of intermolecular interactions. These parameters are also useful in designing 
technical devices in which liquid crystals are applied. However, the deter- 
mination of the refractive indices of liquid crystals presents certain diffi- 
culties. Routine refractive methods currently applied to crystals and isotropic 
liquids, cannot be applied directly to liquid crystals. The optical anisotropy 
of liquid crystals excludes the use of all methods developed for isotropic 
liquids, whereas the necessity of an accurate orientation of the optical 
axis of the crystal against the refracting angle of the prism limits the applica- 
tion of the conventional methods used for crystals. In unoriented samples, 
one can determine the refractive index of the ordinary ray, but the determina- 
tion of the refractive index of the extraordinary ray is more difficult because 
of the blurring of the boundary in the refractometer telescope. When using 
a prism refractometer, one can actually stimulate the orientation of the 
liquid crystal by means of a special treatment of the prism plane; this is, 
however, not always possible and one comes up against some difficulties 
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when checking the results of such liquid crystal orientation. Taking all these 
facts into consideration, the interference method based on measuring the 
distance between the fringes of equal inclination’ or measuring the wave- 
length of maximum light intensity’ seems to be more useful. This latter vari- 
ant of the refractometric method proposed by Wright’ is very convenient be- 
cause it enables us to perform measurements as a function of the wavelength. 
There are, however, some inconveniencies in the Wright method, due to 
the limit of interferometer length, the tedious nature of the determination of 
the maximum interference fringe positions, and, finally, the possibility to 
determine the refractive index only in such materials in which it differs 
considerably from that of glass. 

In the method proposed by us, the inconveniencies mentioned above are 
largely eliminated by a specially constructed interferometer and the applica- 
tion of a spectrophotometer acting simultaneously as monochromator, 
detector, and recorder with a linear wavenumber scale. 

2 PRINCIPLE OF MEASUREMENT 

When a parallel beam is incident on two plane parallel semi-transmitting 
mirrors, the rays multi-reflected at the mirror surfaces interfere m~tual ly .~ 
The light transmitted through such a system, provided the incident beam is 
perpendicular to the mirrors, will have maximum intensity when the distance 
between the mirrors d amounts to a multi-half wavelength of the light 
passing through the interferometer, i.e. when : 

A 
2n 

N - = d  

where N is an integer, n the refractive index of the medium placed between 
the mirrors, and 1 the light wavelength in vacuum. By increasing the light 
wavelength, one obtains successive maximum of light intensity when : 

L’ 
2n 

( N -  l ) - - ;=d  

where n’ is the refractive index at the wavelength 1’. The interval (1, 2) is in 
practice very small, so that the approximation n = n‘ is quite good. Thus, 
by Eqs (1) and (2), one has: 

1 1  1 
A x 2dn 
- - - = -  (3) 
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Introducing the wavenumbers v = l / A  and v’ = l/A’, one has the following 
equation : 

(4) 
1 

2nd AV = - 

where Av = v - v’. By measuring Av one can determine either the thickness 
of the interferometer d,  if the refractive index is known, or the refractive 
index, if the thickness d is known. Hence, measurements of two Av values, 
one for the medium for which the refractive index is known, and one for the 
medium investigated, allow us to determine the thickness d and the refractive 
index in question. When air is used as a medium of known refractive index 
(n = 1) and the appropriate distance between fringes (constant for the whole 
spectrum) is Avo, then: 

A similar procedure can be applied in order to determine the birefringence 
of a liquid crystal A n  = n, - no i.e. the difference in refractive indices for the 
extraordinary and ordinary rays. If the uniformly oriented liquid crystal 
sample is placed between crossed polarizers, there is interference of the 
ordinary and extraordinary rays, and the intensity of the light passing through 
the system will be maximal when : 

A n - d  = NA (6 )  
Following the above mentioned procedure, one obtains : 

1 An = - 
d Av (7) 

where Av is the distance between two successive interference fringes. As in 
the case of the refractive index, one can assume that the birefringence is the 
same for the any two successive fringes. This requirement can in all cases be 
met, even for samples with strong dispersion, provided the interferometer 
thickness d is large enough. 

3 THE APPARATUS 

In order to measure the dispersion of refractive indices, the interferometer, 
shown in cross-section in Figure 1, was constructed. The interferometer 
consists of two metal plates (1) and (2), adjustable by means of screws (6) 
and nuts (7). At the centre of the metal plates, two rings (3) and (4) are placed 
as glass plate ( 5 )  holders. The opposite faces of the glass plates are coated 
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FIGURE 1 Cross-section of the interferometer. 

with semi-transmitting metal layers and rubbed in one direction to stimulate 
liquid crystal orientation. To adjust the distance between the glass plates, 
the ring (4) is fixed by means of fine-pitch thread. The ring (3) can be ro- 
tated in order to adjust the cracks parallel on the surfaces of both mirrors. 
The nuts (8) and (9) hold the rings (3) and (4). Before the measurement, 
the glass plates have to be adjusted parallel to each other, and this can 
be achieved by means of the screws (6) and nuts (7). In the properly 
adjusted interferometer, the fringes of equal inclination vanish and the whole 
surface has identical colour when observed in a perpendicular incident beam 
of white light. The interferometer thus adjusted was placed in the path of one 
beam of a ultra-violet and visible UV/VIS Zeiss spectrophotometer and the 
interferometer transmission versus wavenumber was recorded. 

Typical fringes recorded by means of this spectrophotometer are shown 
in Figure 2. Application of the spectrophotometer makes the measurement 
very convenient since fringe scanning and recording are automatic. More- 
over, the recording is performed in a linear wavenumber scale, thus elimi- 
nating tedious calculations. 

On determining Avo, the liquid crystal was introduced into the interfero- 
meter. The homogeneity of the sample orientation was checked previous to 
measurement. The interferometer construction pewits us to use a polarisa- 
tion microscope for this purpose. In order to determine both refractive indices 
of the liquid crystal under study, measurements must be carried out in 
polarised light. The refractive indices of the extraordinary ray n, and ordinary 
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FIGURE 2 Interference fringes, recorded spectrophotometrically. 

ray no can be determined from Eq. (5) taking the distance between fringes Av 
measured when the optical axis of the liquid crystal is parallel and perpen- 
dicular to the plane of light wave oscillations, respectively. In birefringence 
measurements the sample is placed between the polarizer and analyzer, 
so that the orientation direction of the liquid crystal molecules subtends an 
angle of 45" with the polarisation planes of the polarizer and analyzer. As 
an example, the interference fringe record obtained in this way for p-methoxy- 
benzylidene-p-n-butylaniline (MBBA) is shown in Figure 3. 

We determined the refractive indices and birefringence of MBBA by the 
above method. The values obtained are in agreement with those of other 
authors.'T2 The birefringence An measured at 22"C, is shown in Figure 4. 
The anomalously large value of An in the short-wave region of the spectrum 
is due to the strong dichroic absorption band, detected spectrophoto- 
metrically. 

FIGURE 3 Interference fringes, recorded when determining the birefringence of MBBA 

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

6:
55

 2
3 

Fe
br

ua
ry

 2
01

3 



272 W. KUCZYNSKI AND B. STRY-EA 

400 500 600 700 A[nm] 

FIGURE 4 Birefringence of MBBA in the visible region of the spectrum. 

4 ACCURACY OF MEASUREMENT 

The experimental error depends mainly on the accuracy with which the 
distance between the fringes is determined, and this is limited by the accuracy 
of the spectrophotometer wavenumber scale. In our calculations, we use the 
mean value of Av for many fringes depending on the interferometer thickness 
and liquid crystal dispersion. 

To check the accuracy of the above described interference method, the 
refractive index of paraffin oil was also measured by means of a PR-2 Zeiss 
Refractometer. An accuracy of & 0.005 was achieved in the visible region. 

5 CONCLUSIONS 

The interference method described above is especially useful for the deter- 
mination of refractive index dispersion and birefringence because one can 
obtain an almost continuous change of their values as a function of the light 
wavelength. The interferometer construction enables a special treatment of 
the mirror surfaces in order to stimulate liquid crystal orientation.and to 
check this orientation under a polarisation microscope. 

The present method counts among the rare procedures enabling to carry 
out measurements in the invisible region of the spectrum. Application of the 
spectrophotometer renders the measurements easier, enhances their accuracy 
and, due to the high detector sensitivity, permits some measurements on the 
slope of the absorption bands. 
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