
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 12:43
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

The Curvature Walls in
Lyotropic Lamellar Phases
Christophe Blanc a & Maurice Kleman a
a L.M.C.P., UMR7590, T16 case 115, Université
Pierre-et-Marie-Curie, 4 place Jussieu, 75252, Paris,
Cedex, 05, France

Version of record first published: 24 Sep 2006

To cite this article: Christophe Blanc & Maurice Kleman (2000): The Curvature Walls
in Lyotropic Lamellar Phases, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 351:1, 127-134

To link to this article:  http://dx.doi.org/10.1080/10587250008023261

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008023261
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

43
 1

6 
A

ug
us

t 2
01

2 



0 2000 OPA (O\er*ea\ Publicheir A\suci,itiuo) N.V. 
Publi5hed by Iicen\r. under the 

Gordon and Breach Science Pohli\hers imprint. 
Printed in Mal;iy\is 

The Curvature Walls in Lyotropic Lamellar 
Phases 

CHRISTOPHE BLANC and MAURICE KLEMAN 

L.M.C.P, UMR7590, TI6 cuse 115, UniverAitP Pierre-et-Marie-Curie, 
4 pluce Jussieu, 75252 Paris Cedex 05, France 

We have studied the textures of lamellar phases of lyotropic systems in the sponge-lamellar 
domain of coexistence. The typical defects of the smectic systems (focal conics domains or 
“FCDs”) are present, but our observations show also the existence of surfaces on which the 
director is discontinuous at optical scales. We have interpreted those surfaces as curvature 
walls. After having given their main geometric and energetic properties, we examine differ- 
ent c u e s  (static and dynamic) which illustrate the importance of curvature walls in the for- 
mation of the lamellar textures. 

Ke~~vorr l .~:  larncllar phase; sponge phase; wall defects; smectic texture 

INTRODUCTION 

The textures observed in smectic liquid crystals on an optical scale 
(>lpm), are usually described in terms of geometric properties of 
assemblies of parallel layers. These constructions naturally lead to the 
notion of macroscopic defects, i.e. foci where such a description is no 
longer valid (either due to the discontinuity of the layers or of the 
director orientation). A well-known example is the pioneering work of 
G .  Friedel”], who has been able to predict the layered organization of 
smectic A materials from his observation of focal conic domains 
(referred to as FCDs), whose marks are an ellipse and a hyperbola as 
singularity lines. A part of his work was dedicated to the nucleation of 
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I28 CHRISTOPHE RLANC and MAlJRlCE KLEMAN 

“bitonnets” (nuclei) of SmA phase in the isotropic phase. Although 
some features of the bitonnets have been explained much his 
main conclusion was that the smectic organization could be seen as a 
geometric assembly of FCDs. This conclusion is still correct for the 
SmA phases whose only defects are line defects (or point defects)14]. 
Note however that in very thin samples (a few pm), other textures have 
been observed, i.e. the chevron texture[51 whose building defect has 
been modeled by a plane wall [61. 

We have performed similar observations on the L, lamellar phase 
of a lyotropic system, which is close to (or in coexistence with) the L3 
sponge phase. The lamellar and the sponge phases display the same 
local structure: a membrane made of two opposite monolayers of 
surfactants embedded in the solvent. The membranes are stacked with 
smectic order in the case of the lamellar phase whereas the isotropic 
sponge phase is usually described as a single disordered membrane 
which fills the sample, dividing the solvent into two equivalent 
subsystems[71. 

In this paper, we report evidence that wall defects are not only 
present at rest in La textures (contrary to the observations of SmA 
phases), but also play a major role in the appearance of lamellar textures 
as transient defects. A more detailed paper[’] will be published 
elsewhere and provides a quantitative study of the static part. 

SURFACES OF DISCONTINUITY 

Experiment 
We report some optical observations of the L, lamellar phase of the 
Cetylpyridinium Chloride (CPCl)/hexanol(h)/brine ( 1  %NaCI) system in 
the domain of coexistence with the L3 phase. This domain of 
coexistence and the nucleation of the lamellar phase in the L3 phase is 
obtained either by varying the weight ratio WCPCI (see the phase 
diagram in Reference [91) or the temperature [‘“ I .  

Samples of different brine volume fraction I+ (0.6<I+<0.9) were 
prepared in the Lj phase, close to the domain of coexistence 
(WCPCI=l. 12). The solutions were soaked into rectangular capillaries 
(thickness 200pm) and studied between crossed polars under a Leitz 
DMRXP microscope. The transition towards the La phase was studied 
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CURVATIVE WALLS IN L, LYOTROPIC PHASES 

in a hot stage (Mettler 82HT, accuracy O.l°C) by means of a video 
camera and a video recorder. 

Observations 
Previous studies of the lamellar organization of simple shapes of 
lamellar phase droplets in sponge phase have indicated that the lamellar 
layers tend to be tilted at the interface" 'I. In the concentrated region, the 
tilt angle (00=7O0 for 4~0.3)  is observed on most of the interface, which 
reveals a large anisotropy of the interface tension"". Therefore, like in 
the SmA bitonnets, in which most of the smectic layers are 
perpendicular to the interface (&90°), the L, droplets can be seen as a 
stack of parallel layers which have to fulfill a strong boundary condition 
at the interface. 

Our observations show that the inner L, texture displays FCDs but, 
contrary to the case of SmA phases, surface defects are also present and 
are characterized by the presence of a discontinuity of the director 
orientation (Figure I).  Those walls are seldom plane, but are curved 
surfaces (e.g. a cone in Figure 1). 

FIGURE 1 (left) In this part of a lamellar britonnet (sizes70pm), a 
FCD and a surface defect are both present. Similar defects are not 
observed in Sm-A samples in which only the FCDs are observed 
(right: diethyl-4-4'-azoxydibenzoate which was used in Friedel's 
observations). 

Geometrv and energetics 
The main features of these wall defects are well understood in a semi- 
geometric model by considering three different scales (Figure 2 ) .  The 
first scale SI  (I) allows a continuous description of the layers 
(Sl<O.lpm which is the width of a wall for u=lO": see below). Given 
two imposed orientations far from the wall (-0 and w), the 
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I30 CHRISTOPHE BLANC and MAURICE KLEMAN 

minimiration of the total sniectic energy (curvature and dilation) gives 
an energy by unit of area E,=2K(tano-w)cos w/h"] (which becomes 
E s = 2 K ~ ~ / 3 h " ~ '  when o < < l )  where K is the bulk curvature modulus 
and h the smectic penetration length. It also gives the width of the 
domain of deformation Wdh/ tan  w =2h/o. On the second scale 
S p l p m  (II), the deformation of the layers is localized on a symmetric 
wall which separates two domains. Thc enerby of the wall by uni t  of 
area is E,. On the third scale S+Ipm (HI), which is the scale of our 
observations, the wall defect IS a curved surface between two different 
lamellar organizations, which are not usually flat. Its geometric 
construction is given by the following condition: locally its tangent 
plane is a plane curvature wall between the two lamellar organiLations, 
therefore their bisector plane. 

FIGURE 2 Curvature wall of a lamellar lyotropic phase, seen on 
different scales. The picture shows the surface defect observed 
between a spherical organization of the layers and a stack of 
conical layers (width-30pni). The organization of the layers is 
sketched in 111. 

For example, the Figure 2-111 represents one of the siniplest 
curvature walls. It is observed between a hedgehog defect and a conical 
organization of the layers (see below the formation of such a bbonnet). 

TEXTURE OF THE LAMELLAR PHASE 

Two other macroscopic defects are observed, point defects and FCDs. 
The fact that the energy of this latter varies as Kr (where I' is a 
characteristic size of the ellipse) whereas the energy of a wall varies as 
Kr2w'lh, yields several consequences, summarized below. 
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CURVATIVE WALLS IN L, LYOTROPIC PHASES 131 

Hierarchv of defects with the size of the droplets 
As in the Sm.4 bgtonnets, the nucleation of defects is caused by the 
anisotropy of interface tension; their presence has for consequence to 
locally favor the tilt of the layers at the interfacef3]. Small droplets 
(typical size r <I00 pm) exhibit only a few defects of typical size r (e.g 
Figure 1). Due to the different variations of energy with r ,  the curvature 
walls are found in small droplets whereas the FCDs are preferred in 
large droplets. 

Combined defects 
Due to the strong anisotropy of interfxe tension, a thin slab of L, phase 
spontaneously anchored on a glass substrate and in contact with the L, 
phase is unstable toward the nucleation of defects tending to impose the 
tilt orientation of the layers at the interface. Such an instability gives 
rise to an hexagonal lattice of focal conic defects (Figure 3-a). 

FIGURE 3 This hexagonal lattice (a) of defects (diameter of the 
singularity circle ~20prn)  is obtained when the lamellar layers are 
in contact with both the sponge phase and the glass ((b): side 
view). The FCD alone cannot satisfy all the boundary conditions: a 
wall defect allows a strong parallel anchoring on the capillary 
glass(c) . 

Similar defects have also been observed during the SmA-Isotropic 
transition but they involve a deformation of the SmA-air interface rather 
than the creation of a wall defect (see the details in Reference"']). The 
side view of the defects (Figure 3-b) show that the lamellar layers are 
parallel to the glass at its contact and that the FCD i s  bounded by a wall 
defect. 
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132 CHRISTOPHE BLANC and MAURICE KLEMAN 

CURVATURE WALLS AS TRANSIENT DEFECTS 

The previous surface dcfects are stable and are observed at rest. There 
exist also transient curvature walls which appear during the nucleation 
and the reorganization of the lainellar layers. Those walls are of a great 
importance to acliieve the final inner texture during the growth process. 

For argument's sake, we will now detail the formation of the 
batonnets sketched in Fig 2-111. These bdtonnets are obtained by 
increasing the teinperature of a sample of sponge phase by a few 
degrees; this process results in a rapid growth of the lamellar phase"". 

Figure 4 Evolution of the texture of a L, bdtoniiet (width =50pn). 
The initial flat layers are deformed in a conical shape by the 
advance of a surface defect (the sample has been rotated in the last 
two pictures). 

The initial stacking geometry is due to the rapid fonnation (>lo 
pm.s-') of flat layers in a direction parallel to the director. A probable 
mechanism is a dendritic growth"51 favored either by the anisotropy of 
interface tension or the anisotropy of attachment kinetics. Using a video 
recorder (Figure 4) we have determined the stages of the formation 
(Figure 5). During the growth or quickly after it has finished, the flat 
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CURVATIVE WALLS IN La LYOTROPIC PHASES 133 

lamellae are deformed in a stacking of conical layers (Figure 5-d). The 
final shape, obtained in a few minutes, is stable (at least for an hour) 
but slowly becomes more compact. The cause of the deformation is 
probably the interface energy since it decreases from Figure 5-a to 
Figure 5-d with the decrease of the interface area, while the contact 
angle 80 remains the same. In this way, the bhtonnet reaches a minimum 
of interface energy without flow in the direction perpendicular to the 
layers. 

Figure 5 Simultaneous deformation of the lamellar layers and of 
the interface due to the advance of a curvature wall. The axial line 
can be seen as a degenerate curvature wall. 

The deformation proceeds through the movement of a symmetric 
wall which separates the two stackings. This wall moves in the 
direction of the flat lamellae, changing them into a set of conical layers. 
Note that the perfect stacking of conical layers and the smooth interface 
is not instantaneously obtained, but transient striations are observed. 
Considering that all the initial layers (Figure 5-a) do.not have the same 
area, we think that the striations are due to mechanical constraints at the 
interface. The striations disappear in a few minutes and the texture 
given in Figure 5-d is then obtained. 
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134 CHRISTOPHE RLANC and MAURICE KLEMAN 

CONCLUSION 

This brief survey of the defects observed under microscope shows that 
the focal conic domains are not the only macroscopic defects of the L, 
lamellar phases: wall defects are also present. These walls are rarely 
plane walls but curved surfaces which separates two stackings of 
parallel layers. The static textures are then explained in the geometric 
approximation by the combination of the wall defects and the FCDs. 
Finally transient wall defects are observed during the growth of  the 
lamellar phase and explain the formation of the complex textures of  the 
small droplets. 
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