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THE ORIGIN OF MACROSCOPIC HELICAL STRUCTURE IN
THE CHOLESTERIC LIQUID CRYSTALLINE PHASE
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It is very well established that the conformation of ‘the molecular geometry and struc-
ture in the crystalline state prefigures the assembly and structure of molecules in the meso-
morphic states. A systematic study of the structural aspects of the crystalline phase of meso-
genic materials as related to their physical properties gives a clear picture of the origin of
these properties at the molecular level as well as their variation with changing structure.
Presently, we put forth a plausible origin and requirement for the formation of helical struc-
ture in the cholesteric liquid crystalline materials, in their mesogenic phase, in terms of the
symmetry and molecular structure of these materials in the crystalline state.

The planar textures of the cholesteric liquid crystalline phase are known for their
unique optical properties viz., very high optical rotatory power, circular dichroism, re-
flection of vivid colours etc. These properties have been theoretically explained very clearly
by using two different models: one by solving the electromagnetic equations for the Oseen
[1] dielectric continnum model and other by using difference equations [2] for wave pro-
pagation in a helical structure of birefringent plates. The essential feature in both models
is the helical nature (Fig. 1). For wave propagation along the helical axis, one observes
optical rotatory power, circular dichroism and reflection. The plane wave incident normal
to the helical axis has been observed to show diffraction patterns which have been fully
explained by assuming the very same helical structure [3,4]. Thus the existence of helical
structure has been uniquely confirmed by these theories and experiments in the cholesteric
liquid crystalline state. v

From a quantity of preliminary crystallographic data reported in the literature [5-16],
we observe that the crystals of the cholesteric phase forming materials invariably conform
to either the monoclinic P2, space group or orthorhombic P2,2,2; space group (Table I).
The symmetry elements of these two space groups can be resolved into a pure rotation
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and translation, unequivocally unlike the other space groups [17]. The several crystallo-
graphic screws or microhelices of the crystalline state together with the steric effects and
the planar structure of cholesterol derivatives confer on the cholesteric liquid crystalline
phase, obtained on heating the solid, a rotation and a translation which is equivalent to

L

Fig. 1. The cholesteric liquid crystal: Schematic representation of the helical structure

a screw or a helical structure, assumed in the theoretical discussions of optical proporties.
The general coordinates of infinite micro helices of the crystalline phase can be taken as

Po
X, = r,c080, y,=71,8n0, z,=--—,
2n
where P is the pitch, 7, is the radius of the n-th helix, and 6 is the angular position at height z,,.
As the crystalline phase is heated to the liquid crystalline phase, the micro helices will
combine together.to give the macro helix as
. ! PO
X=Yrcos0=Rcosb, Y= Y r,osinf =Rsinf, Z= ==
7
where Y r, = Ris the radius of the macro helix, since the pitch is the same. This implies that
the cholesteric phase forming materials should normally belong to either the P2, or P2,2,2,
space_group in the solid state. This is further substantiated by consideration of the close
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packing of molecules having the molecular symmetry 1 in the crystal [18]. The possible
closest packed space groups are Pl, P21, P2,/c, Pca, Pna and P2,2,2,. Groups P2, and
P2,2,2, without a symmetry center are quite logically to be found where molecules are
in either their right-handed or left-handed conﬁguratlons which in the liquid erystalline
state impose either the left or the right handedness. A smooth transition to the helical
structure of the mesomorphic state can be expected to occur on melting from the solid
state preferentially for those crystals with space groups P2, and P2,2,2,, since they have
pure screw axes for their symmetry. The screw axes of the crystalline phase determine
the optic axis in the mesophase.

On transition from the solid to the liquid crystalline phase the crystallographic screw
axes may exist as micro helices in the cholesteric phase or as a macro helix which accounts
for the large form optical rotation. This is confirmed by the studies of Galanov [19] and
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Fig. 2. Rotation dispersion of a mixture of l-menthol and n- -methoxybenzyhdene-p -butylaniline (MBBA)
(thlckness 10 um).

Galanov et al. [20] and Chandrasckhar and Shashidhara Prasad [21, 22, 2]. The optical
rotatory power expression obtained by Galanov, based on a set of micro screw axes, the
phases of the helices in the plane perpendicular to the screw axis randomly distributed,
shows two zeros, similar to the one obtained by Chandrasekhar et al. [2] using a single
macro helix. The existence of two zeros has been confirmed by experiment (Fig. 2) which
in turn confirms the proposed twists occurring in cholesteric phase from solid state.

Based on this we can explain the necessity of applying small pressures to get a mono-
domain plain texture for the cholesteric phase, as the requirement to align the micro
helices into the same line.
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