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Fig. 1. Illustrations for (a) orientationally isotropic state and (b) orientationally ordered state in rods, as well as

(c) orientationally isotropic state and (d) orientationally ordered state in wormlike polymers. The orientational

distribution function is shown at the bottom of every illustration.
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Fig. 2.

volume interaction between two rods, labeled 1 and 2,

Illustration demonstrating the excluded-

with fixed relative angle. Assume that rod 1 is fixed
and allow rod 2 to move in space. The center of rod
2 traces out a parallelepiped represented by the solid

black lines.
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Fig. 3. Illustrations of surface wetting transition predicted from SCFT of wormlike polymers interacting with each other
by the Onsager interaction. In plot (a), we illustrate the uniaxial state where the orientational distribution is symmetric
about the x-axis, the biaxial state where the two surface layers display nematic ordering along the z-axis but the middle
portion still stays at an isotropic state, and the condensed phase where the middle portion forms a nematic state with a
nematic director in z, similar to a bulk nematic phase. In plots (b), (c), and (d), the distribution function is projected in

three different perspectives, seen from the y-axis, z-axis, and z-axis.
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Fig. 5. Comparison of the structure found from solving SCFT!
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76] with experimental observations. Plot (a) is a

schematic representationof the theoretically determined structure. Plot (b) is the orientational texture found in

confining actin filaments in a square cell (Ref. [70]). Plot (c) is a picture taken on confined steel wires in a square

box (Ref. [65]). Plot (d) is the predicted crossed-polarizer filtered image, whichis almost identical to the image shown

in Fig. 2. of Ref. [52]. Plot (e) shows a possible polarizer-filtered image of the suggested structures illustrated in (f)

and (g).
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Fig. 6. Comparison between the structure found in
Ref. [76] with experimental observations. Plot (a) is
the same schematic illustration shown in Fig.5. Plot
(b) is the texture observed in a picture taken on actin
filaments confined in a circular well (reproduced from
Fig.2. of Ref.[67] with author’s permission). Plot
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steel wires in a square box (reproduced from Fig. 4
of Ref. [68] with author’s permission). Plot (d) is the
predicted crossed-polarizer filtered image. The figure

is reproduced from Ref. [57].
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Fig. 7. Stable and metastable conformations [9°] found based on SCFT: (a) Tetrahedron-A (THA); (b) tetrahedron-
B (THB); (c) tennis-ball-A (TA); (d) tennis-ball-B (TB); (e) cut-and-rotate (CR); (f) longitudinal splay (LS);
(g) latitudinal bending (LB). Every structure is illustrated by two methods. On the left, a three-dimensional
illustration is made according to the local orientational-ordering field; on the right, an expanded two-dimensional
plot is displayed. Low to high values of S are shown by blue to red colors. Defect locations are specified by blue

sticks. Black arcs indicate the nematic director locally.
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Fig. 8. Evolution of the TA and CR states. The defect locations on the last column form the four corners

of a tetrahedron; this is the case when the systemis approximately at the isotropic-nematic transition point.

The figure is reproduced from Ref. [95].
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Abstract

Liquid-crystal polymers in confined system is a fundamental issue in soft matter. Theoretical method plays an-
important role in studying these systems. The intention of this work is to give a thorough review of the theoretical
methodologies used in tackling confined liquid crystals. At first, some basic concept of liquid crystal, such as a vital
order parameter for orientation, phases of liquid crystal, the uniaxial and biaxial of liquid crystal, are presented. After
that, a brief review of the development of liquid-crystal theories, which include the Onsager model, the Maier-Saupe
model, the McMillan model, the Landau-de Gennes expansion, the Frank elastic model and the self-consistent field model
for liquid-crystal polymers, are given. All these theories have their own advantages and disadvantages. For example,
the phenomenological Frank elastic model is the most widely used model due to its simplicity. In contrast, parameters
in the self-consistent field model are physically meaningful, however, it is rather complicated. During recent decades,
with these theories and suitable boundary treatment, plenty confined liquid crystal systems are investigated. In this
review, we focus on three kinds of confined systems: 1) the surface wetting behavior in slits; 2) the two-dimensional
liquid crystals confined by a boundary line and 3) defects in the orientational field of rigid rods on spherical surface. At

the end of this review, we give a list of frontier issues and an outlook for the coming ten years.
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