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The Study of Refractive Indices of Liquid
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In the present study the ordinary refractive indices of Nematic liquid crystal (LC),
Cholesteric liquid crystal and their mixtures were measured by multiple wavelength re-
fractometer in the visible range with temperature range from 20◦C to 80◦C. As the
wavelength increases, the refractive indices may decrease. As the temperature in-
creases, the refractive index may decrease. The ordinary refractive index decreases
or increases depending on the crossover temperature of the Liquid Crystal employed.
The wavelength- and the temperature-dependent refractive indices are fundamentally
interesting and practically important for optimizing the display performances and other
photonic devices employing LCs.

We also tried to investigate factors affecting the temperature gradient of ordinary
refractive index (dno/dT).Liquid crystal should exhibit a large temperature gradient
refractive index to reduce the required laser intensity for triggering the nonlinear optical
effects. The two crucial parameters for achieving large dno/dT are high birefringence
and low clearing point. However, these two requirements are often conflicting each
other. The temperature at which dno/dT = 0 is called the cross-over temperature To. If
Tc, the clearing temperature of liquid crystal material is much higher than the room
temperature then the cross-over temperature would be relatively high and dno / dT < 0 at
room temperature. From all the investigations it is observed that the values of refractive
index change with temperature, wavelengths as well as with the mixture. Some of the
liquid crystal mixtures show excellent index matching property.

Keywords Nematic liquid Crystal (NLC); Cholesteric liquid crystal (CLC);
Birefringence; ordinary Refractive Index; Abbe refractometer

1. Introduction

Liquid crystals have various display and non-display applications. Thin-Film transistor
liquid crystal display (TFT-LCD) has been commonly used in direct-view, e.g., cellular
phones, notebook and desktop computers, and televisions, and large screen projection
displays [1, 2]. The fundamental light modulation mechanism of a LCD is the electric
field-induced molecular reorientation which causes change in the refractive index. The
refractive indices of a liquid crystal (LC) are mainly determined as a function of its
constituents,[3] wavelength of the incident light [4] and operating temperature [5]. To
achieve a full-color display three primary colors (red, green, and blue) are needed. As

∗Address correspondence to Rita Gharde, Department of Physics, University of Mumbai, San-
tacruz (E), Mumbai-98, India. E-mail: gharde.rita@gmail.com

Color versions of one or more of the figures in the article can be found online at
www.tandfonline.com/gmcl.
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2/[734] R. Gharde and M. G. Bhave

the wavelength increases, the refractive indices decrease. To design the LC panels for
projection displays, we need to know the intended operating temperature. As the temperature
increases, the extraordinary refractive index may decrease monotonously, but the ordinary
refractive index could decrease or increase depending the crossover temperature of the
LC employed [6]. In the Nematic liquid crystal the molecules are aligned parallel to the
preferred direction called director. The Cholesteric liquid crystals are also called twisted
Nematic liquid crystals because there is a twist angle from one layer to other in Nematic
planar structure. The thermotropic liquid crystals are thermally induced. When an external
electric field is applied to thermotropic Cholesteric liquid crystal, it changes the pitch of
the helix, turns the helical axis and converts it to the nematic phase. The electric field
causes the director reorientation. When the light enters liquid crystals it travels parallel to
the director with a velocity different from the velocity of a light travelling perpendicular
to the director. So the liquid crystals are birefringent [7, 8]. When the light enters liquid
crystals, it splits in an ordinary ray which moves faster than the extraordinary ray and
when the two rays recombine as they exit the sample because of this phase difference,
the polarization state changes [7]. Wavelength, temperature, and molecular constituents
play key roles in determining the LC refractive indices. We measured ordinary refractive
indices of Nematic liquid crystal, Cholesteric liquid crystal and their four mixtures for nine
different wavelengths at the temperature interval of 5◦C.

2. Theory

The refractive indices of liquid crystals are mainly determined as a function of its con-
stituents, wavelength of the incident light and operating temperature. Here we discuss
wavelength and temperature effect.

2.1 Variation of Refractive Index (n) with Wavelength (λ)

The cholesteric liquid crystals consist of thin birefringent layers normal to the optic axis
and each one is turned through a small angle with respect to its neighbours. Because of
this turn each linear component of the light experiences a change in refractive index while
passing from one layer to the next. The changes will be an increase for the fast and a
decrease for the slow component of light [9]. By measuring the refractive index of ordinary
ray (no) for the given wavelength of light (λ), pitch (P) of the Cholesteric liquid crystal and
the mixtures can be calculated using the relation,

λ = Pn0 (1)

If d is the spacing between thin birefringent layers of the cholesteric liquid crystals then

λ = 2dn0. (2)

When light is incident on an atom or molecule, the periodic electric force of the wave
sets the bound charges into a vibratory motion having the frequency of the wave. The
phase of this motion will depend on the impressed frequency, and will vary with the dif-
ference between the impressed frequency and the natural frequency of the bound charges.
These induced oscillations of the bound charges generate the secondary waves. The sec-
ondary waves traveling in the same direction as the original beam combine to form sets of
waves moving parallel to the original waves. According to the principle of superposition of
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Study of Refractive Indices of LC Mixtures [735]/3

waves the secondary waves must be added to the primary ones. This interference modifies
the phase of the primary waves and is equivalent to a change in their wave velocity. So
the phase of the oscillators, and hence of the secondary waves, depends on the impressed
frequency. This clearly implies that the velocity in the medium varies with the frequency of
light [10]. This is the explanation of dispersion that is the variation of the refractive index
with the wavelength of light.

The dispersion dn
dλ

can be calculated from two-constant Cauchy equation,

n = A + B

λ2
(3)

The constants A, B can be obtained by fitting the experimental results at any two wave-
lengths. From equation 3 the refractive indices and birefringence decrease as the wavelength
increases.

Differentiating, dispersion

dn

dλ
= −2B

λ3
(4)

This shows that dispersion varies approximately as the inverse cube of the wavelength.
Dispersion is often measured in terms of the coefficient of dispersion.

Coefficient of dispersion = nF − nC (5.1)

Another common measure of dispersion is the dispersive power,

Dispersive Power = nF − nC

nD − 1
(5.2)

The dispersion is also measured by a standard parameter known as Abbe’s number or V
number.

In equation 5.1 and 5.2 nF, nC and nD are the refractive indices at the wavelengths of
the spectral lines 589.3 nm, 486.1 nm and 656.3 nm respectively.

2.2 Variation of Refractive Index (n) with Temperature (T)

Liquid crystals are birefringent and birefringence � n is defined as the difference between
the extraordinary RI and ordinary RI [4, 11].

�n = ne − no (6)

The average refractive index <n> is

< n > = ne + 2no

3
(7)

From equations 6 and 7,

ne = < n > +2

3
�n (8)

no = < n > −1

3
�n (9)
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To describe the temperature dependent birefringence, Haller approximation has been com-
monly employed, [12]

�n(T ) = (�n)o

(
1 − T

TC

)β

(10)

In equation 10, (�n)o is the birefringence in the crystalline state, the exponent β is a
material constant and TC is the clearing temperature of the liquid crystal material under
investigation. The average RI decreases linearly with increasing temperature as

< n > = A − BT (11)

From equations 9, 10 and 11 we can write

ne(T ) = A − BT + 2

3
(�n)o

(
1 − T

TC

)β

(12)

no(T ) = A − BT + 1

3
(�n)o

(
1 − T

TC

)β

(13)

Taking temperature derivatives of ne(T) and no(T), from equations 12 and 13 we get

dne

dT
= −B −

⎡
⎢⎣ 2β(�n)o

3TC

(
1 − T

TC

)1−β

⎤
⎥⎦ (14)

dno

dT
= −B +

⎡
⎢⎣ β(�n)o

3TC

(
1 − T

TC

)1−β

⎤
⎥⎦ (15)

In equation 14 both the terms in the right side are negative and are independent of tem-
perature. This indicates that ne decreases as the temperature increases through the entire
nematic range.

However equation 15 consists of negative term (−B) and the positive term which
depends on the temperature. There exists a temperature called crossover temperature To for
no where dno

dT
= 0.

3. Chemicals and Measurement of Refractive Index

The present study we used Nematic liquid crystal, Cholesteric liquid crystal and their
mixtures in four different proportions/concentrations. (Both the samples were procured
from ALDRICH)

Sample A: Name of the sample: Cholesteryl Oleate (Nematic phase)

Molecular formula: C45H78O2; Melting point: 48◦C.

Sample B: Name of the sample: Cholesteryl Chloride (Cholesteric phase)

Molecular formula: C27H45Cl1; Melting point: 96◦C.

Mixtures of the samples were prepared in the different proportions.
5A + 5B: 50% of sample A and 50% of sample B.
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Study of Refractive Indices of LC Mixtures [737]/5

4A + 6B: 40% of sample A and 60% of sample B.
3A + 7B: 30% of sample A and 70% of sample B.
2A + 8B: 20% of sample A and 80% of sample B.

The two samples were first weighed accurately using analytical microbalance in the
required proportions. Then the mixture was stirred enough to ensure thorough and complete
mixing. We measured the ordinary refractive indices of Nematic liquid crystal, Cholesteric
liquid crystal and their mixtures with increasing concentration of Cholesteric liquid crystal
in the mixtures. The refractive indices for ordinary ray were measured in the visible spectral
region using a multiwavelength Abbe Refractometer (DSR-λ by SCHMIDT + HAENSCH)
for wavelengths 404.7, 435.8, 486.1, 546.1, 587.6, 589.3, 635.8, 656.3, 706.5 in nm. The
accuracy of the Abbe Refractometer is up to fifth decimal. For a given wavelength, we
measured ordinary refractive indices of A, B, 5A + 5B, 4A + 6B, 3A + 7B, 2A + 8B from
20◦C to 80◦C with the intervals of 5◦C.

4. Results and Discussions

The measurements of ordinary refractive indices for 3A + 7B are shown in Table 1. Similar
measurements are done for A,B,5A + 5B,4A + 6B,3A + 7B,2 + 8B. The sample A which
is Nematic liquid crystal measures the refractive indices for selective wavelengths and for
limited range of temperatures. Whereas sample B, the Cholesteric liquid crystal measures
the refractive indices for all wavelengths and at all temperatures. Similarly the mixtures
5A + 5B, 4A + 6B, 3A + 7B, 2A + 8B also measure the refractive indices for all the
wavelengths and at all temperatures.

Figures 1 and 2 show the graphs of refractive index versus temperature for various
wavelengths for A, 4A + 6B respectively.

Figure 1. RI vs. Temperature for A.
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Study of Refractive Indices of LC Mixtures [739]/7

Figure 2. RI vs. Temperature for 4A+6B.

As the temperature increases the density of mass of the isotropic organics decrease
which in turn causes the RI to decrease linearly. The graphs for all the mixtures indicate
the similar pattern as shown in Fig. 2, the values of RI increase reach maximum value and
then decrease.

Figure 3 and 4 show the graphs of refractive index vs wavelengths at different temper-
atures.

The graphs indicate that the refractive index decreases with increase in wavelength.
All the mixtures have a reasonable good index match with Cholesteryl Chloride.

The values of minimum refractive index and maximum refractive index for all the
samples are listed in Table 2.

Figure 3. RI vs. Wavelengths at 30◦ C.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 T

ow
n 

L
ib

ra
ry

 o
f 

Sh
en

zh
en

] 
at

 0
5:

31
 0

2 
Ja

nu
ar

y 
20

16
 



Ta
bl

e
2.

M
ax

im
um

R
I

an
d

M
in

im
um

R
I

fo
rA

,B
,5

A
+

5B
,4

A
+

6B
,3

A
+

7B
,2

A
+

8B

—
—

—
—

Sa
m

pl
e

A
Sa

m
pl

e
B

5A
+

5B
4A

+
6B

3A
+

7B
2A

+
8B

M
ax

im
um

R
I

1.
55

97
8

1.
53

07
4

1.
53

45
4

1.
54

35
1.

54
33

1.
52

81
3

M
in

im
um

R
I

1.
37

68
2

1.
49

06
6

1.
48

81
5

1.
49

07
1.

49
08

1.
49

02
7

D
if

fe
re

nc
e

in
R

I
0.

18
29

6
0.

04
00

8
0.

04
63

9
0.

05
37

0.
05

2
0.

03
78

6

8/[740]

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 T

ow
n 

L
ib

ra
ry

 o
f 

Sh
en

zh
en

] 
at

 0
5:

31
 0

2 
Ja

nu
ar

y 
20

16
 



Study of Refractive Indices of LC Mixtures [741]/9

Figure 4. RI vs. Wavelengths at 50◦ C.

The graph of maximum RI vs wavelength for 5A + 5B, 4A + 6B, 3A + 7B and 2A
+ 8B is as shown in the Fig. 5. Figure 6 shows the temperature at which the individual
mixture has maximum value of RI.

The mixtures 4A + 6B and 3A + 7B show maximum refractive indices at 40◦C. The
mixtures 5A + 5B and 2A + 8B show maximum refractive index for temperature 45◦C.

The trends seen in the refractive index behavior can be related to the microscopic
structural changes that occur in the composites which strongly affects the molecular orien-
tational degree of freedom. Thus each molecule undergoes a structural rearrangement and
attains a lower energy state.

The effect of wavelength on the distance between the successive layers at 30◦C is
presented in Table 3.

Table 3 shows the calculated values of the pitch and the distance between the successive
layers for nine different wavelengths at 300◦C for samples B, 5A + 5B, 4A + 6B, 3A +

Figure 5. Maximum RI vs. Wavelength for different samples.
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Figure 6. Temperature for maximum RI vs. Mixture.

7B,2A + 8B using equation 1 and equation 2. The calculated values of pitch for all the
mixtures match with the pitch of cholesteric liquid crystal (sample B) in the mixtures. For
all the wavelengths, the value of pitch is minimum for the sample 3A + 7B. Similarly the
distance between the two successive layers of the sample 3A + 7B is minimum amongst
all the values.

The Table 4 indicates the values of fitting constants A, B, dispersion, coefficient of
dispersion, dispersive power and Abbe number at 30◦C for mixtures 5A + 5B, 4A + 6B, 3A
+ 7B, 2A + 8B using equations 3, 4, 5.1, 5.2 and 5.3.The dependence of RI on wavelengths

Figure 7. Temperature derivative of ordinary RI vs. Temperature for 5A + 5B.
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Figure 8. Temperature derivative of ordinary RI vs. Temperature for 4A + 6B.

varies with the concentration of Cholesteryl Chloride in the mixtures. Maximum dispersion
occurs for 70% concentration of cholesteric liquid crystal in the mixture. The molecules of
3A + 7B among all the mixtures emit maximum number of secondary waves in phase with
the incident light wave causing maximum dispersion.

The phase transition temperatures of all four mixtures were measured by using differ-
ential scanning calorimetry technique at 2◦C/min scanning rate.

The relation between refractive index and temperature at different wavelengths for the
mixtures of the thermo- tropic liquid crystals was studied and interpreted by considering that
the kinetic energy of the molecules increases and their orientations change with increase
of temperature, and due to this change the optical path of the light inside the molecule
increases.

The values of β, (�n)o , dno

dT
for all the mixtures were calculated using equations 13

and 15.The calculated values contradicted with the values obtained by previous researchers
[6, 11]. Since we have data only of ordinary refractive indices we could not calculate A and
B using equation 11.

So we calculated temperature derivative of ordinary refractive index
(

dno

dT

)
from the

measured values of the ordinary refractive index for all the mixtures. The graph of dno

dT
vs.

temperature was plotted for all the mixtures and the temperature at which dno

dT
is zero was

determined by graph. This is the cross-over temperature TO. The graphs of temperature
derivative of ordinary refractive index vs. temperature for 5A + 5B and 4A + 6B are shown
in Figs. 7 and 8 respectively.

Table 6 presents the cross-over temperature and the values of (dno/dT) max. Since
many devices prefer to operate at room temperature, (dno/dT) max for temperature ranges
25◦C −30◦C and 30◦C −35◦C are given in Table 6. The cross-over temperature changes
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Table 5. Clearing temperature TC (◦C) for 5A + 5B, 4A + 6B, 3A + 7B, 2A + 8B

Mixture Clearing Temperature TC (◦C)

5A + 5B 95.35
4A + 6B 93.07
3A + 7B 91.83
2A + 8B 96.77

Table 6. Cross-over temperature TO (◦C) and the maximum value of temperature derivative
of RI (dno/dT) max in per ◦C for 5A + 5B, 4A + 6B, 3A + 7B, 2A + 8B

Temperature range in ◦C

Mixture Cross-over Temp To◦C 25–30 (dno/dT)max 30–35 (dno/dT)max

5A + 5B 43.7 0.000278 0.000404
4A + 6B 40.5 0.000634 0.001108
3A + 7B 40 0.000724 0.001232
2A + 8B 44.75 0.00069 0.000446

with the concentration of Cholesteryl Chloride in the mixture. It is minimum for3A + 7B.
The (dno/dT) is maximum for the mixture 3A + 7B in both the ranges and it is∼3X higher
than 5A + 5B as well as 2A + 8B in the range 30◦C −35◦C.

5. Conclusions

In this paper, our main aim is to determine the effect of the molecular structure, wavelength,
and operating temperature on the refractive indices for ordinary ray of a liquid crystal. It has
been observed that the refractive indices for ordinary ray of the mixtures are different than
the individual constituents. The pattern of the graphs for mixtures indicates that hindrances
in the path of light through the mixtures, are unaffected by the proportion of individual
constituents in the mixtures. The refractive indices for the ordinary ray decrease with
the increase in wavelength. All the LC mixtures have good RI match with Cholesteryl
Chloride. It implies that the RI match is not the only factor affecting the concentration but
LC miscibility also plays important role.

We also observed that the mixture having 70% concentration of Cholesteryl Chloride
offers maximum value of temperature gradient of RI in the temperature range 25◦C −35◦C
(around room temperature) and it is ∼3X higher than other two mixtures.

From all the investigations it is observed that the values of refractive index change with
temperature, wavelengths as well as with the mixture. Some of the liquid crystal mixtures
have shown excellent index matching property.

These properties of liquid crystal mixtures we studied hold promise in various display
and non-display applications.
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