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1. The helical structure of cholesteric liquid crys�
tals is typical of self�organized ensembles of optically
active anisotropic molecules [1]. This circumstance
stimulates an active interest in the methods for inves�
tigating cholesteric liquid crystals that provide infor�
mation on their short� and long�range order struc�
tures, as well as on the molecular properties (polariz�
ability, electronic structure, and conformation), which
determine the chemical and biological activity of the
molecules. The optical properties of cholesteric liquid
crystals, which are associated with the presence of a
helical structure and its change under external actions,
have been investigated in detail [2]. Optical and spec�
tral investigations of the molecular properties of cho�
lesteric liquid crystals are very scarce [3] because of the
necessity of the inclusion of the local field effects and
the absence of information on the components fj = 1 +
Lj(εj – 1) of the local field tensor in the quasi�nematic
layer of cholesteric liquid crystals for light waves polar�
ized along ( j = ||) and across ( j = ⊥) the director n.

Here, εj = , nj are the refractive indices of the quasi�
nematic layer, and Lj are the Lorentz tensor compo�
nents (TrL = 1).

Since information on the parameters Lj and fj for
cholesteric liquid crystals is absent, model representa�
tions have been developed under arbitrary assump�
tions on the tensors L and f and molecular polarizabil�
ity γ (see, e.g., [4, 5]). The degree of justification of
these models is unclear and the use of these models led
to nonphysical consequences from optical measure�
ments [6].

In this work, a method free of model representa�
tions and a priori assumptions on unobservable molec�
ular parameters is proposed for experimentally deter�
mining the components Lj for cholesteric liquid crys�
tals. It is based on the use of the dispersion of the

nj
2

refractive indices nj(λ) in the visible range. The rela�
tions of these refractive indices to the refractive indices
nj, Ch(λ) of the planar texture of cholesteric liquid crys�
tals measured on a refractometer with a high accuracy
are known [7].

2. For the planar texture of a cholesteric liquid
crystal with a helical axis (optical axis) specified by the
unit vector q, the local symmetry of the quasi�nematic
layer with the director n ⊥ q is characterized by point
symmetry group D2 with three C2 symmetry axes along
the X || n, Y || [q × n], and Z || q axes. The presence of
two separated directions n and q and the nq plane
causes the local biaxiality of the cholesteric liquid
crystal, which is manifested in the difference between
the refractive indices nZ and nY, but the difference nZ –
nY for known thermotropic cholesteric liquid crystals
has not yet been measured owing to its smallness and
does not affect the optical properties of cholesteric liq�
uid crystals [2, 7]. Under the conditions of total inter�
nal reflection for a light wave with the wave vector k
that is incident on the planar texture of a cholesteric
liquid crystal and is polarized in the plane of incidence
kq, the refractive index n||, Ch = nZ [7] is measured; the
following refractive index is measured for a wave
polarized in the quasi�nematic layer plane [7]:

(1)

Here, ε = (εX + εY)/2, α = (εX – εY)/(εX + εY), P is the
helical pitch, and λ is the light wavelength. The appli�
cability condition λ2 > P2ε/8 for Eq. (1) is certainly
satisfied for the parameters λ ≈ P, ε ≈ εY ≈ 2, εX – εY ≈
0.2, and α ≈ 0.1 typical of cholesteric liquid crystals
[2], and the correction to ε1/2 is 0.0004 and corre�
sponds to the best accuracy of the measurement of
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n⊥, Ch on the refractometer [8]. This validates the
neglect of the correction to ε1/2 and the use of the local
uniaxiality approximation for the quasi�nematic layer

with n|| = (2  – )1/2 and n⊥ = n||, Ch.

The parameters  = (ε|| + 2ε⊥)/3 and Q = (ε|| –
ε⊥)/(  – 1) determine the following quantities for a
cholesteric liquid crystal with N molecules per unit
volume and the mean molecular polarizability :

(2)

The desired L⊥ value is given by the expression [9]

(3)

where L⊥k = (3 + 2Q)/3(3 + Q). The function b(λ, T)
depends on the unknown quantity . For nematic liq�
uid crystals with the L⊥(T) values known from experi�
ment [10], the function b(λ) obtained from Eq. (3) at
a fixed L⊥ value varies slightly in the visible range and
is well approximated by the polynomial

(4)

with r ≤ 2 [11].
The method proposed for determining the compo�

nent L⊥(T) at a fixed temperature of the liquid crystal
is as follows. With known nj(λ, T) values for a discrete
set of values λi (i = 1, 2, …, p) in the visible range, the
function b(λ, T) in the interval λ1–λp is approximated
by polynomial (4). Since L⊥ ≠ L⊥(λ), each tempera�
ture of the liquid crystal corresponds to a set of r + 2

unknowns ( , a0, a1, …, ar). They are obtained from
the system of r + 2 = p equations (3), each correspond�
ing to one of the values λi . Thus, the degree r of poly�
nomial (4) is determined by the number p of the values
λi . The use of a higher approximation in Eq. (4)
implies a higher accuracy of the experimental values

nj(λ, T); otherwise, the system of equations for ( ,
a0, a1, …, ar) can have no physical solutions or lead to

an irregular (T) dependence. This procedure used
for nematic liquid crystals of various chemical classes
with L⊥ values known form spectral measurements [3,

10] provides (T) values that coincide with L⊥, but
are much more accurate [11].

3. In this work, homologs of a series of cholesterol
esters (EChm) [8] are investigated:

H2m + 1Cm – C(O)O – (Cholesterol)

n⊥ Ch,

2 n|| Ch,

2

ε
ε

γ
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with m = 2, 5, and 8. The homologs with m = 2, 5 (8)
have a cholesteric (cholesteric and smectic A) phase.
The refractive indices nj, Ch and nj for the planar texture
of cholesteric liquid crystals and the smectic phase of
these objects are measured on a refractometer and are
tabulated in [8] for λ1 = 0.4358 µm, λ2 = 0.5086 µm,
λ3 = 0.5461 µm, λ4 = 0.5893 µm, and λ5 = 0.6438 µm.

Owing to this circumstance, the  value and the

average  over five  values, which correspond

to possible combinations of four λi values from the λ1⎯5

set, can be determined at each temperature of the liq�
uid crystal.

The parameters  and  are shown in the

figure as functions of ∆T = TChI – T, where TChI is the
cholesteric–isotropic liquid (Ch–I) transition tem�

perature. The  values have a noticeable dispersion

only near the temperature TChA of the cholesteric–
smectic A (Ch–SmA) phase transition, where it is very
difficult to obtain a uniform orientation of the smectic
phase and, particularly, the planar texture of the cho�
lesteric liquid crystal and, hence, the accuracy of
refractometry is low. As a result, the system of equa�

tions (3) for the unknowns ( , a0, a1, a2, a3) for the

planar texture of ECh8 near TChA has no physical solu�

tions. Beyond this region, the dispersion of the 
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Temperature dependences of (open points)  and

(closed points)  for homologs EChm with m = (�, �)

2, (�, �) 5, and (�, �) 8. Lines 1 (1'), 2 (2'), and 3 (3') cor�

respond to relation (5) for L⊥ =  and L⊥k(∆T) and

(∆T) dependences, respectively, for (1–3) ECh8 and

(1 '–3 ') (ECh2) at λ = 0.5893 µm. The arrow marks the
cholesteric–smectic A transition temperature for ECh8.
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values is negligibly small and the  values coincide

with .

In the absence of the smectic phase, the  values
for ECh2 and ECh5 are independent of the ordinal
number of a homolog and the length of the alkyl chain.
The presence of the smectic phase for ECh8 leads to a

small increase in  in the cholesteric phase near the

point TChA, a stepwise increase in  at this point,
and a small change in the smectic phase. For the same
∆T values, the values L⊥ = 0.35–0.36 for EChm in the
cholesteric phase are intermediate between the values
L⊥ = 0.37–0.40 for nematic liquid crystals with a
larger birefringence value ∆n = n|| – n⊥ [3, 10] and the
values L⊥ = 0.34–0.35 for a nematic liquid crystal with
a smaller ∆n value [12]. The EChm molecule has no
aromatic fragments and is characterized by a small
polarizability anisotropy ∆γ = γl – γt [3], where γl and
γt are the longitudinal and transverse components of
the tensor γ, respectively. Thus, the quasi�nematic
layer of cholesteric liquid crystals, as well as for nem�
atic liquid crystals, is characterized both by the Lj(∆γ)
dependence for a fixed ∆T value and by the isotropiza�
tion of the tensors L and f with a simultaneous
decrease in ∆γ and ∆n.

As seen in the figure, for homologs ECh2 and ECh8
in the cholesteric and smectic phases at a fixed ∆T
value, the correlation of L⊥ values is similar to the cor�
relation of L⊥k values. This indicates the relation

(5)

which is well satisfied for the liquid crystals under
investigation and is invariant with respect to the Ch–
SmA transition. The coefficients of Eq. (5) are related
as B = (1 – A)/3 with a high accuracy. In particular, for
ECh2 (ECh8), B = –0.4160 (–0.554) and (1 – A)/3 =
–0.4162 (–0.552). This means the validity of the rela�
tion

(6)

which is previously predicted for the L⊥(∆T) depen�
dence in nematic liquid crystals [3].

The inequalities L⊥ > L⊥k, b < 0, and ∆f = f|| – f⊥ <
0 are valid for the compounds under discussion. In
view of Eqs. (2) for b and r0 < 1, these inequalities pro�
vide the following constraints for  in cholesteric liq�
uid crystals:

(7)

They demonstrate the incorrectness of the formula

(8)
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which was used in [4, 6] and numerous other works on
the optics of cholesteric liquid crystals. In the isotropic
approximation ∆f = b = 0, the left inequality in (7)
becomes an equality, whereas the right inequality
holds. Formula (8) corresponds to the values b = bH =

1 – r0 > 0,  < L⊥k, and ∆f > 0, which contradict the

experimental data. The (∆T) dependences shown
in the figure also satisfy relation (5) with a high accu�
racy.

The Lorentz tensor LCh, whose components are
determined from the relations L|| ,Ch = L⊥ and TrLCh =
1, is introduced for the planar texture of cholesteric
liquid crystals in [5]. Analysis shows that the condition

TrLCh = 1 can be satisfied at L⊥ =  = AS(L⊥k – 1/3) +
1/3, where

Therefore, AS < 1 and  < L⊥k. The values  <

 are very close to each other. Thus, all known

assumptions on the values  and TrLCh [4–6] for cho�
lesteric liquid crystals are equivalent to the values L⊥ <
L⊥k and ∆f > 0 inconsistent with the experimental data.

4. The basic conclusions of the work are as follows.
The method proposed for determining the compo�
nents Lj for cholesteric liquid crystals is free of a priori
assumptions on unobservable molecular properties
( value [4, 5], oscillator strengths of molecular tran�
sitions [3, 10, 12]), which are used in theoretical and
experimental [3, 10, 12] methods for determining
these parameters in liquid crystals. This is important
for obtaining objective information on the properties
of molecules in liquid crystals and their change in the
process of molecular self�organization. In particular,
constraint (7) on the  value follows from anisotropy
∆f < 0 found here for cholesteric liquid crystals. At the
same time, model theories based on a priori assump�
tions on the  value [4, 5] or TrLCh = 1 [5, 6] give val�
ues ∆f > 0. The revealed Lj(∆γ) dependence at a fixed
∆T value, which is common for cholesteric and nem�
atic liquid crystals [3], has not yet been explained in
the modern molecular statistical theory of the local
field.

The use of spectral methods [3] for cholesteric liq�
uid crystals is complicated by the unremovable depo�
larizing effect of director fluctuations on the polariza�
tion spectral measurements and diffraction effects.
The refractometry of cholesteric liquid crystals is free
of the effect of director fluctuations and the diffraction
corrections to n⊥, Ch are taken into account by Eq. (1).
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As a result, the accuracy of the refractometric method
for determining Lj is much higher than the accuracy of
the spectral methods [3]. This circumstance made it
possible to confirm that dependence (5) predicted for
nematic liquid crystals is valid for the cholesteric liq�
uid crystals investigated here. New possibilities of
refractometry demonstrated here for investigating
cholesteric liquid crystals can stimulate the develop�
ment of refractometry in the direction of increasing
the accuracy and expanding the spectral range.

This work was supported by the Presidium of the
Russian Academy of Sciences (Basic Research Pro�
gram, project no. 27.1) and by the Siberian Branch,
Russian Academy of Sciences (Interdisciplinary Basic
Research Program, project no. 5).
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