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Discontinuity Walls and Twist Disclinations in 
Smectic A Liquid Crystals 

LUBOR LEJEEK 
Institute of Physics, Academy of Sciences of the Czech Republic, Na Slovance 2, 

180 40 Prague 8, Czech Republic 

A discontinuity wall in smectic A liquid crystals was discussed in M. Kltman, Points, Lines 
and Walls in Liquid Crystals, Magnetic Systems and Various Ordered Media (J. Wiley. 
Chichester 1983). Possible solutions describing a twist disclination which terminates the dis- 
continuity wall in an infinite smectic A liquid crystal are proposed. One of solutions could be 
used for a description of the so called zigzag defect line which separates opposiklly oriented 
chevrons in a chiral smectic C liquid crystal. 

Keywords: smectic liquid crystals; defects; chevrons; discontinuity walls; twist disclinations 

INTRODUCTION 

In Ref. [ I ]  Kleman discusscd different types of walls in the layered smectic A 

(S,,) phase. Among those walls there is the so called discontinuity wall which 

is characterixd by an abrupt change of layer orientation. This discontinuity in 

layer orientation is also typical for both vertical"' and horizontal". 'I 

chevrons. Chevron-type layer structures are intensively experimentally 

studied at [lie rccent timc ( see e.g. Refs. [5 ,  61) and these studies confirm 

previous hasic theoretical representations of chevrons. Therefore one can 

[ 150311259 
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2604 15041 LUBOR LEJEEK 

speculate that the notion of a discontinuity wall can be also useful as a 

complementary description of chevron-like layer deformation. 

Sheets of paper can be bent to the shape analogous to the discontinuity walls 

in a S,,. lntuitively the analogy between discontinuity walls in a SA and bent 

sheets of paper or elastic sheets can be developed. Recently, increased 

attention is paid to problems of crumpled elastic sheets".". 

In h i s  contribution a discontinuity wall terminated by a twist 

disclination in the SA liquid crystal. will be treated. First, the solution 

describing a twist disclination terminating a discontinuity wall will be 

proposed within a classical SA elasticity. Then the solution for the case of two 

twist disclinations of the same sign terminating two different discontinuity 

walls (the case of the zigzag defect) will be constructed. 

DISCONTINUITY WALL TERMINATED BY A TWIST 
DISCtlNATlON 

Let the coordinate system be chosen in such a way that the axes x and y are 

parallel to the non-deformed smectic A layers while the z-axis is along the 

layer normal. When layers are displaced in the direction of the z-axis this 

displacement is described by the function u(x , j r .z ) .  

The clastic free energy density p ./ can be expressed as 

where K ;aid B are SA clastic constants of layer bend and compression. The 

free energy density ( I )  is the isotropic limit of the expression of the free 

energy denhity o f  smectic C (see Ref. [ 101). In this contribution we limit our 

interest to the discontinuity wall lying along the y-axis and terminated by a 
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DISCONTINUITY WALLS AND TWIST DISCLINATIONS IN S, [ 15051R61 

singularity at y = 0. Therefore a singularity is parallel to the z-axis and 

11 = u ( x , y ) .  Moreover we will suppose that layers are bent to form a 

discontinuity wall without a volume deformation, i.e. without dilatation or 

compression of the smectic layers. Then the 1a.t term in ( I )  describing 

volume ch;uiges can be neglected and the equation of equilibrium which 

follows from the variation of the total clastic energy 

can be written in the form 

A A u ( x , y )  = 0 .  

The surfacc term 

(3)  

does not influence the form of the equilibrium equation (3). The equilibrium 

equation (3) is valid everywhere with the exception of points where the 

singularities are situated. 

Let us suppose that the discontinuity wall i s  parallel to the half-plane 

= 0. By definition, there is the jump in (I,,:). j' 2 0 and it  is terminated at 

the derivative of u(x,>*) in the discontinuity wall: 

where the :tingle Q ,  is a (small) constant rotation angle of layer inclination 

with respect to .r - axis. One solution of (3). more exactly the solution of the 

equation 

d ' 1 1  d ' u  
d s -  dy'  - ' 

A I I ( X . J * )  = 7 + - - 0 
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satisfying condition (4) is: 

The solution ( 5 )  is the layer displacement around a singularity parallel to the 

I -axis terriiinating a symmetrical discontinuity wall at x = 0 and y = 0. The 

layer displacement u(x, . I * )  is continuous at the coordinate origin but it  

diverges far from the singularity. An example plot given by Marhemaricu" I '  

of solution ( 5 )  is shown in Fig. I .  The grid of perpendicular lines drawn on 

FIGlrRE I Schematic representation of the displacement of one smectic 
layer with a discontinuity wall (along y > 0 )  having a jump in layer 
orientation R ,  = K ,' 3 and terminated at a twist disclination situated at 
s = 0 and y = 0 .  The plane (x.?) is parallel to non-deformed SA 
layers. The value of the angle R ,  = K / 3 was chosen for the purpose of 
graphic prcsentation only (the units of x and y are arbitrary in this 
sche111i1). Twist disclination is represented by a solid line parallel to the 
:-axi\. 
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DISCONTINUITY WALLS AND 'IWIST DISCLINATIONS IN SA [15071/263 

the layer surface represents the 3D view of a deformed layer. Other smectic 

layers are parallel to the displayed one. 

The condition (4) can be also written in the following integral form using the 

definition of  thc vector of rotation angles'"'': 

Then thc total vector of rotation angles integrated over the closed circuit r 
(Frank circuit) contouring the singularity line is: 

Ipdfi(P) = (0, d u  / dxl,+(, - d u  / dxlv_, , 0) = (0, R, ,O) . (6) 

Expression (6) permits an identification of the singularity terminating the 

discontinuity wall as the twist disclination characterized by the angle R ,  of 

the rotation around the y-axis. 

r I so .I DO 

A MODEL OF A ZIGZAG DEFECT 

One possibility of a combination of discontinuity walls terminated by twist 

disclinations is the case of opposite walls terminated by disclinations of the 

same type. Such a combination can be described by a solution of the form: 

The solution (7) satisfies the following discontinuity condition: 

The condition (8) gives the jump (+R, ) for .v > y,, and (-Rl ) for y < -y,, 
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2644 15081 LDOR LEJEEK 

what corresponds to discontinuity walls inclined in opposite directions which 

are terminatcd by twist disclinations of the same sign at y = ky,,. In the 

interval - j’,, < y < y, ,  there is not any discontinuity and the jump (8) is zero. 

This configuration of smrctic A layers with opposite discontinuity walls is 

geometrically similar to the configuration of the so called thin zigzag defect 

line perpendicular to smcctic layers. which separates domains of chiral 

smectic C liquid crystal with opposite chevron directions discussed in many 

papers c.g. in Rcfs. (2, I7 - 141. The Mdternclficu’”’ graphic plot of the 

solution (7) representing a zigzag defect is shown in Fig. 2. The layer 

FIGURE 7 Schematic representation of the displacement of one smectic 
layer twining two half-plane discontinuity walls (along y > y,, and 
j’ < -,I,,, with y,, = 2 ( in  arbitrary units)) of opposite orientations with 
jumps in layer orientation R ,  = fa/3 and terminated at twist 
disclinntions (solid lines parallel to the z-axis) situated at x = 0 and 
1. = *I , , ,  . 
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DISCONTINUITY WALLS AND TWIST DISCLINATIONS IN SA [ 15O9]/265 

deformation in Fig. 2 is very similar to the model representation"31 of 

deformed smectic layers near zigzag defect using folded paper sheets. 

DISCUSSION 
A smectic A liquid cryslal with elasticity described by a free energy density 

( I ) was taken as a model material for the simple description of a special type 

of discontinuity wall terminated by a line disclination. This discontinuity wall 

terminated by disclination can be described analytically by equation (5 ) .  The 

twist disclination is oriented perpendicularly to smectic layers and solution (5) 

in an infinite mcdin is valid far from the disclination line and from the 

discontinuity wall. 

The present solution is thus complementary to that one in Ref. [ 151 

where a disclination was oriented parallel to layers. Then the layer 

compression cannot be neglected and we deal with a wedge disclination 

terminating the so called curvature wall'". 

Thc model of a zigzag line between chevrons of opposite orientation is 

of particular interest. In Refs. (2, 12 - 141 the geometry of layer deformation 

near a zigzag line was well established and the dependence of the layer 

inclination angle R ,  as a function of the temperature and anchoring 

conditions was measured and R ,  I 18" was foundll'l. The layer geometry 

near a zigzag line schematically modeled by folded paper sheets".'. I6l can he 

described. at least for small R ,  , by solution (7). In the future p~blication'"~ 

the elastic energy of a zigzag line in SA liquid crystal will be estimated what 

can be a stiirting point to the real case of a chiral smectic C liquid crystal. 
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