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Abstract—The refractive index of a methanol-water mixture 

depending on the wavelength at different concentrations was determined 

by our experimental method using a Michelson interferometer system. A 
comparative study of Gladstone-Dale, Arago–Biot and Newton relations 

for predicting the refractive index of a liquid has been carried out to test 

their validity for the methanol-water mixture with different 
concentrations: 30%, 40%, 50%, 60%, 80%, and 100%. The comparison 

shows a good agreement between our experimental results and the 
results in the expressions studied over a wavelength range 

approximately from 450 to 850 nm. 
 

 

Accurate knowledge of the refractive index of a mixture 

has great relevance in theoretical and applied areas of 

research. In many instances, refractive index data for 

liquids cannot be found in reference papers and must be 

measured as needed [1÷5]. Therefore, a cost- effective 

method that also provides high accuracy would apply in 

practice. Measurements of the refractive index of liquid 

mixtures are essential to determine the composition of 

binary mixtures, usually for non-ideal mixtures in which 

direct experimental measurements are made. Most 

empirical methods for calculating redundant properties 

are an attempt to explain non-ideality of intermolecular 

interactions. Finding a small difference in the refractive 

index of a mixture is often more important than the 

absolute value of the index itself and these differences 

cannot be accurately measured by traditional methods [6]. 

There are several techniques for determining the 

refractive index of liquids. Among them, we often 

determine the minimum deviation angle of a light ray 

passing through the liquid contained in a triangular cell, 

which is often used [7]. This method has been found to be 

a relatively simple way of obtaining the refractive index 

of liquid mixtures where high accuracy is not required.  

In the present paper a modified Michelson interferometer 

is described, which has been employed for measuring the 

refractive indices of liquids [8÷11]. The aim of this paper 

is to extend the use of a Michelson interferometer system 

for measuring directly refractive index of the methanol – 

water mixture of known thickness. We present a wide 

spectral interferometric technique employing a low-

resolution spectrometer for dispersion measurement of t 

the group refractive indices of liquids over the 
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wavelength range approximately from 450 to 850 nm. In 

the next step we compare the measured results with 

theoretical models, as known in the works [12÷14].  

The refractive index of a binary mixture is defined by one 

of the equations: the Gladstone-Dale relation is used for 

optical analysis of a liquid, for use in fluid dynamics. The 

relation has also been used to calculate the refractive 

index. The Gladstone-Dale (G-D) equation for predicting 

the refractive index of a binary liquid mixture is as 

follows [12]: 

      
( ) ( ) ( )1 1 2 21 1 1 .n n n − = −  + −            (1) 

Arago-Biot (A-B), assuming volume additively, proposed 

the following relation for the refractive index of binary 

liquid mixtures [13]: 

      
( ) 1 1 2 2.n n n =  +                           (2) 

Newton (N) gave the following equation [14]: 

( )( ) ( ) ( )2 2 2
1 1 2 21 1 1 ,mn n n − = −  + −               (3) 

where, nm, n1 and n2 are the refractive index of the 

mixture, refractive indices of pure components 1 and 2 

respectively; 1 1 1 / i ix V x V =  and 2 2 2 / i ix V x V =   
are 

the volume fraction of pure component 1 and 2, 

respectively; x is the mole fraction, Vi is the molar volume 

of component i. 

The phase refractive index of water as a function of the 

wavelength will be expressed as the following formula 

[15]: 

        ( )
2 2

2 11 11

1 2 2

11 11

A C
1 ,

B D
n

 
 = + +

 −  −
                        (4) 

with parameter values A11 = 0.75831, B11 = 0.01007, C11 

= 0.08495, D11 = 8.91377. 

The phase refractive index of methanol [16]:  

 
( ) 2 12 12 12

12 12 2 4 6

C D E
A B ,2

2n  = +  + + +
                

 (5) 

with parameter values A12 = 1.745946239, B12 = 

‒0.005362181, C12 = 0.004656355, D12 = 0.00044714, E12 

= ‒ 0.000015087. 

The principal diagram of interference with two beams of 

light is illustrated in Fig. 1. Let ( )0 0L L l  = −  be the 
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optical path difference between two beams of light in a 

Michelson interferometer, L0 is the initial position of 

mirror M2, t is the thickness of a cuvette, 0 is the 

wavelength in which the central fringe and the initial 

position are coincident (in Fig. 2). When the cuvette has 

no material medium, the group refractive index of cuvette 

material N (λ0) is given by the equation:  

( )
( )0

0 1 .
L

N
t

 
 = +                         (6) 

When the cuvette is filled with the liquid of a given 

refractive index nl, the optical path difference between the 

two beams of light in the Michelson interferometer is 

calculated from the following equation: 

 
( ) ( ) ( ) ( )' '2 2 1 2 1 ,M lL l t n d n  = − − − − −          (7) 

where, L’ is the optical path of the beam after reflection 

on the M2 mirror (the second branch), l is the optical path 

of the beam after reflecting on the M1 mirror (the first 

branch), n is the phase refractive index of cuvette 

material, d is the thickness of the liquid in the cuvette. 

When the incident light is white light, the period of fringe 

spacing measured by the interferometer is calculated as 

follows: 

      
( )

2

'
,

M


  =


                                    (8) 

where λ is the wavelength, ΔM
’ the group optical path 

difference between two interference branches. The group 

optical path difference displacement of Eq. (9) is written 

as follows: 

( ) ( )' '

( ) ( ) 2( ) 2 1 2 1 ,M g lL l t N d N  = − −  − −  −         (9) 

where ( )N  is the group refractive index of the cuvette, 

( )lN  is the group refractive index of methanol-water 

mixture.  

At the position of an equalization wavelength, the optical 

path difference is equal to zero. Therefore, the position of 

mirror M2 is determined by the following equation: 

    
( ) ( ) ( )'

0 0 01 1 .lL l t N d N    = +  − +  −               (10) 

If ( ) ( ) ( )' ' '
0 0 0 0L L L L l  =  − =  −  is the distance 

between mirror M2 and its initial position, the group 

refractive index of water is given by the equation: 

( )
( ) ( )'

0 0

0

1
1 .l

L t N
N

d

   −  − 
 = +         (12) 

Finally, having the group refractive index N(λ) of the 

liquid mixture from the experiment, the phase refractive 

index n(λ) can be determined by using the equation: 

(13): ( ) ( ) .
dn

N n
d

 =  −


                (13) 

 

Fig. 1. The schematic of a Michelson interferometer with a 

supercontinuum laser source. 

 
Fig. 2. The spectral interference pattern of the thickness of cuvette 

t = 2.5 mm and the thickness of water d = 5.06 mm, λ0 is the 

wavelength in which the central fringe and the initial position are 

coincident. 

 

 

Fig. 3. Phase refractive index of the methanol–water mixture depending 

on the wavelength at different concentrations. 

 

We conducted the experiments to measure the phase 

refractive index of a methanol-water mixture with 

different concentrations 30%, 40%, 50%, 60%, 80% and 

100% (w/w), illustrated in Fig.3. The experimental results 

showed the phase refractive index of the methanol-water 

mixture as a function of the wavelength in the range of 

0.4÷0.85µm. The phase refractive index of the mixtures 

has changed between the red line (pure water) and the 
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dashed blue line (pure methanol). From Fig.3, it is clear 

that a percent increase of methanol weight, the phase 

refractive index of the mixtures is shifted closer to the 

dashed blue line.  

A comparative study of the Gladstone-Dale, Arago–

Biot and Newton relationships to predict the refractive 

index of liquid was conducted to test their validity for the 

methanol-water mixture with different concentrations: 

30% and 60%. The comparison shows a good agreement 

between our experimental results and the results in the 

expressions studied over the wavelength range 

approximately from 0.45 to 0.85 µm as in Figure 4.  

  
Fig. 4. Phase refractive index of the methanol–water mixture depending 

on the wavelength at concentrations: 30% and 60%. 
 

As shown in Fig. 4, the results showed that the 

differences between the phase refractive index obtained 

experimentally nexp, and that of the calculated refractive 

index from the Gladstone-Dale equation nG-D are smallest 

with 60% methanol (percent by weight) and largest with 

30% methanol. For more details of the error values are 

illustrated in Table 1 and Table 2.  
 
Table 1. Experimental and mathematical values of the phase refractive 

index of a methanol-water mixture at concentration 60%. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The refractive index of the methanol-water mixture 

depending on the wavelength at different concentrations 

was determined by our experimental method using the 

Michelson interferometer system. From these results, we 

can blend the mixture of methanol and water into a 

solution with the desired refractive index by changing the 

water to methanol ratio. On the other hand, based on these 

results, we also found that we can check the percentage of 

methanol-water mixture. 

 
Table 2. Experimental and mathematical values of phase refractive index 

of methanol-water mixture at concentration 30%. 
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