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Lyotropic nematic liquid crystals are rnixtures of amphiphilic molecules and a solvent which 
under particular temperature- concentration conditions present some degree of orientational 
ordering of the micelles. In this paper we present an overview of the research in this area, 
focusing on problems like structure, local ordering, phase transitions, anchoring and hy- 
drodynarnic instabilities in lyotropics. The change in the shape anisotropy of the micelles 
as a function of temperature is discussed as being responsible for many unusual behaviors 
observt:d in experiments with lyotropics. 

I. Introduction 

The intermediate phases between the solid crystal 
and the isotropic liquid are defined by means of their 
syrnmetry propertir:s and degree of order. 

Plastic crystals' are mesophases whose building- 
blocks (atoms or tr olecules) present tridimensional or- 
der of the centers ~f mass (characteristic of the crys- 
talline lattice) and, afso, orientational disorder. 

Liquid crystals are mesophases whose building- 
blocks present mimy different degrees of orienta- 
tional ordering and, in some examples, even posi- 
tional ordering2. Tlie majority of the substances which 
present liquid crystiil phases have elongated molecules2. 
Chandrasekhar and co-workers3 showed that disk-like 
molecules present also liquid crystal phases. 

Liquid crystals are divided in two main categories: 
the thermotropics and the lyotropics. 

Thermotropic liquid crystals are usually obtained 
by heating a solid substance composed by anisomet- 
ric molecules (elongated or disk-like). They present an 
isotropic phase at  high temperature. The relevant pa- 
rameters for the phaw transitions are temperature and 
pressure4. These siibstances are used in many liquid 
crystal devices as tE ermometers, displays etc.' . 

Under proper temperature-concentration condi- 
tions, mixtures of ainphiphilic molecules and a solvent 
(usually water) give liquid crystalline mesophases called 
lyotropics2. The temperature, pressure5 and the rela- 
tive concentrations4 are the relevant parameters which 
are responsible for the phase transitions. The am- 
phiphilic molecules me composed by a polar head and 
a paraffinic chain. When these moIecules are put in 
contact with some sdvent (polar or not), at a concen- 
tration higher than Lhe critica1 micellar concentrations 
(cmc), aggregates oi' molecules are formed. These ag- 
gregates can have diyerent forms and when their shape 

anisotropy (anisometry) is small, they are called mi- 
celles. The micelles can be considered the building- 
blocks of the lyotropic liquid crystals. 

Structural investigations of liquid crys- 
talline mesophases are done essentially by means of op- 
tical and scattering t e ~ h n i ~ u e s ~ ~ ~ ~ " ~ ~ ' ~ .  

The phase diagrams of liquid crystals are usually 
very ~ o m ~ l e x ~ ~ ' ~ .  Many different phases exist in liquid 
crystals as a function of temperature (and other conve- 
nient parameters), with typical structures and symme- 
try. One of these phases is the NEMATIC one. This 
name, from Greek origin, was proposed by Friedel12 in 
1922 and is related to the line-shaped defects which 
were observed in its texture, under a polarizing micro- 
scope. In the nematic order, the centers of mass of 
the building-blocks of the liquid crystals do not present 
long range positional ordering. However, they present a 
long range orientational ordering. The positional corre- 
lation among centers of mass of molecules (or rnicelles) 
is similar to the one of isotropic fluids. 

Liquid crystals in the nematic phase are largely used 
in displaysl. 

Another kind of molecular ordering which was found 
in liquid crystals is the CHOLESTERIC one. In this 
phase, the molecules (or micelles) twist2 in a scale of 
the order of 1pm around a particular direction. On this 
condition, the helical structure is achieved. 

Regarding symmetry properties, the nematic phase 
can be considered a cholesteric one of infinit helical 
pitch. 

As well as these kinds of molecular ordering, liquid 
crystals also present many others112 such as the smectic 
(lamellar), the hexagonal and the cubic order. 

In this paper we will focus our attention on the ly- 
otropic nematic ordering. It  is summarized the most 
important contributions of the São Paulo group in the 
field. 
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phases, it was observed that a second-order band ap- 
pears with a specing ratio of 112 associated to the first 
order band due to  the amphiphilic bilayer. This fact 
indicates that the three nematic phases show the same 
pseudelamellar structure on short range scales. 

Table I 

Summary of the typical parameters of the potassium 
laurate/decz.nol/water lyotropic liquid crystal. 

Micellar 
dimensions (A)  A7=85 B'=55 C'=26 

than at the high-curvature rim. In the intrinsic biax- 
ia1 micelles model we also expected different curvatures 
of the micellar borders in the plane of the amphiphilic 
bilayer. This anisotropic distribution of alcohol could 
be the responsible for modifications in the form factor 
of the micelles. Thus, the X-ray interference function 
could be modified by this effect. 

Table I presents a surnrnary of the typical parame- 
ters of ternary lyomesophase of potassium laurate. 

In conclusion, the model of intrinsic biaxial mi- 
celles in a11 the uniaxial and biaxial nematic phases is 
consistent with a11 the experimental results extracted 
from the X-ray diffraction patterns, optical techniques, 
NHR, neutron ~ c a t t e r i n g ~ ~  and measurements of coef- 
ficient of thermal expansion on lyotropics24. 

Dimensions of 
volume available 
per micelle (A:) A=110 B=80 C=49 

micellar shape 
anisotropy 3 2 1 

characteristic 
length(A) € A  = 70 (B = 130 €c = 300 

The carefi.1 analysis of the diffrac- 
tion bands (ever their structure) indicated that the 
micelles have a b iaxial symmetry10~19~20~21 in the three 
nematic phases. 'I'he different nematic phases are then 
the macroscopica' consequence of different orientational 
fluctuations of thc micellar correlation volumes2. These 
orientational fluc iuations are full rotations around the 
infinite-fold syrnrletry axis in the uniaxial phases and 
small amplitude oscillations in the biaxial nematic 
phase. In this pi< ture, the micelles in all the lyotropic 
mixtures of two arnphiphiles and a solvent have, on av- 
erage, the shape of biaxial platelets21. In particular20, 

1 in the potassiuni laurate/decanol/water mesophase, 
these biaxial platclets have a shape anisotropy of about 
1/2/3. The typical dimensions of the micelles (potas- 
sium laurate mixiJure) are about A' = 85 A, B' =t 55 
Aand C' E 26 A in the middle of the NB tempera- 
ture range. C' i11 this case is the potassium laurate 
amphiphilic bilayc r. The characteristic length obtained 
from the width aí, half height of the diffraction bands 
(positional correlation length=<) varies depending on 
the considered direction: in the direction perpendicular 
to the amphiphilic bilayer, <c 300 A; in the plane of 
the amphiphilic b layer, 70 A and tB - 130 A. A 
possible source of anisotropy in these parameters is the 
distribution of dezano1 and potassium laurate on mi- 
cellar surface. Neutron scattering ~ t u d i e s ~ ~  show that 
alcohol concentrat 2s at the flat core of the micelle rather 

111. Anchoring properties of lyotropic nematics 

The anchoring properties of thermotropic nematics 
have been widely investigated in both experimental and 
theoretical points of view25~26~27~28. 

The knowledge of these properties, besides the sci- 
entific interest, is very important for technological ap- 
plications of liquid crystals in displays29~30. 

Many models have been proposed31 in the last years 
in order to understand these interface phenomena. In 
these models, it is usually considered an anisotropic 
elastic energy characterized by a parameter called ex- 
trapolation length. The extrapolation length (L) is in- 
verselly proportional to the intensity of the anchoring. 
In case of a weak anchoring, perturbations of the molec- 
ular orientation at the interface can occur under exter- 
na1 fields. However, when the field is turned off, the 
orientation in the interface (and even in the bulk in 
thin samples) is dominated by the surface of the sam- 
ple holder. 

On the other hand, the anchoring properties of ly- 
otropics have not been completely investigated yet. The 
study of the Frederikcs t r a n ~ i t i o n ~ ~  in the mixture of 
potassium laurate indicates an unusual behavior of the 
orienting and the relaxation times under the influence 
of magnetic fields. Assuming the classical models of 
anchoring applied to  thermotropics and the viscosity of 
lyotropics, the rising and the obtained relaxation times 
are orders of magnitudes, different from the experimen: 
tal ~ a l u e s ~ ~ .  

The lyotropic samples used to  investigate 
the anchoring properties were mixtures of 
potassium laurate/decanol/water and potassium 
laurate/decylammonium chloride/water. This second 
rnixturell has the advantage of being very stable from 
the chemical point of view. The phase under investi- 
gation was the nematic Nc. . The sample holder was 
made of microslides 200,um of thickness and 4mm of 
.width. The inner surfaces of the microslides were ex- 
amined in the interferential microscope. No irregulari- 
ties or channels greater than O.l,um were observed. The 
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laboratory-frame axes were defined with the x axis par- 
allel to the length of the microslides, and the z axis 
normal to the biggest surfaces. Initially, the sample is 
uniformly ~ r i e n t e d ~ ~  by a magnetic field (H) of about 
18kG, parallel to  the x axis. Then a magnetic field 
of different strength is applied at 45' from the x axis 
(perpendicular to 2). The evolution of orientation of the 
sample was studied by measuring the extinction angle 
in a polarizing microscope, as a function of time. The 
same measurements were made during the relaxation 
process when H was switched off. In Nc samples, as 
the anisotropy of diamagnetic susceptibility ( x , )  "os- 
itive, the symmetry axis (usually called2 the director i?) 
orients parallel to  2. Two different characteristic times 
were ~ b s e r v e d ~ ~ :  a short response time (about 20 s for 
H = 2kG), and a long response time of hours. 

The orienting times r in the presence of H are shown 
in Table 11. These values follow a 1/H2 law. They can- 
not be interpreted on the basis of the usual models 
known as thermotropics: the strong anchoring model 
predicts an orienting time of about 50 s but the times 
measured are about 900 s (H = 4.5 kG). 

of H ,  the micelles in the bulk are uniformly oriented at 
4 5 O  and the alignement is perturbed in a layer of thick- 
ness < near the surface. The defects a t  the surface layer 
can be interpreted as large~nisotropic objects that can 
glide and align parallel to H if they have surface dimen- 
sions of order <. If they are smaller, the competition 
between the elastic torque corning from the volume does 
not favor this gliding. Being these objects larger (their 
dimensions in the x-y plane are a few pm) than the mi- 
celles (dimensions around 102 A),  there is an apparent 
larger viscosity near the surfaces. These large objects 
are submitted to the elastic torque coming from the rni- 
celles in the bulk, which is equilibrated by the viscous 
torque. 

Table I11 

Characteristic time of the gliding process rg as a 
function of H. 

Table I1 4.5 16.9 

8.0 6.5 
Orienting times ( r )  as a function of H. 15.0 1.2 

H (kG) ~ ( h o u r s )  
The balance of torques a t  the surface g i ~ e s ~ ~  

The relaxation process also cannot be understood 
on the basis of the usual anchoring models. After the 
relaxation process, the equilibrium is reached to a final 
orientation at an angle different from zero, that depends 
on the time the magnetic field is applied. This means 
that r? at the surface, rotates towards the direction of H ,  
and it does not return to  its original orientation (paral- 
lel to x) when the magnetic field is switched off. This is 
a new phenomenon, not yet observed in thermotropics: 
the director glides at the surface, with a characteris- 
tic time that is also proportional to 1/H2 (Table 111). 
These results are incompatible with the usual anchoring 
models that always g i ~ e s ~ ~  a characteristic time propor- 
tional to 1 / H .  

Hence, an alternative model is required. Let us 
make the hypothesis t h a P  at the surface, there is a bi- 
layer of amphiphilic molecules, with defects or channels, 
like in a Iamellar s t r ~ c t u r e ~ ~ .  Initially, in the presence 

where y is the viscosity, 8, the angle between 5 and 
the x axis at the surface, a is the number of objects 
(channels of defects) per unit area and K is the elas- 
tic constantl. The solution of this equation gives an 
exponential increasing of Os with a characteristic time: 

the 1/H2 law is obtained. The product a y  can be in- 
terpreted as an appafent viscosity. 

According to  the experimental point of view, some 
kinds of defects (such as grains) were observed in the 
t e ~ t u r e s ~ ~ .  It  was also noticed that the size of these 
grains depends on the magnetic field. The typical di- 
mensions of defects are about 30 x 8OPm2 for H = 
4.5kG. Small dimensions of defects were observed with 
a strong H ,  that confirms the hypothesis that the di- 
mensions of the grains are about <. 

With this qualitative m 0 d e 1 ~ ~  the long period ob- 
served can be understood and also gives the correct 
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dependence of rg on 1/H2.  The gliding of the direc- 
tor a t  the surface is an interesting phenomenon that is 
probably related to the particular characteristic of the 
lyotropic systems. It  has never been observed in ther- 
motropics. In lyotropics, the amphiphilic molecules at 
the surface proba.bly cannot move, but in the bilayer 
structure, the defccts on channels can be destroyed and 
rebuilt with a new orientation, due to the finite lifetime 
of the rnicelles. 

Another expximental geometry was recently 
investigated3'. 111 a discotic No lyotropic, C orients 
perpendicular to t he glass surfaces. Then, H is applied 
to modify the orimtation of 5. The experimental re- 
sults obtained indicate that in this configuration there 
is a strong anchoring of the objects. 

IV. T h e r m a l  instability i n  lyotropic nematics 

The study of thermal instabilities in thermotropics 
has been made36 liom both experimental and theoret- 
ical points of viea for severa1 years. The main differ- 
ence between this instability and the classical Rayleigh- 
Bénard of isotropic: fluids is the existence of anisotropic 
parameters in l i q ~ i d  crystals. This instability is due 
to the thermal coiductivity anisotropy. So, the heat 
flux is not perpendicular to the samples' plates, but 
deviates along the molecules. Under the influente of 
the buoyancy forws, warmer and cooler regions move 
up and down, ancl the total viscous torque destabi- 
lizes the structure. The convection appears above a 
threshold whose vitlue and sign depend on the initial 
c~n f igu ra t ion~~ .  For a planar configuration, it is in- 
duced by a heating of the sample from below, whereas 
for a homeotropic cne, the sample is heated from above. 
As in the isotropic case, the wavelength (A) of the roll 
pattern is about t v ~ i c e ~ ~  the sample thickness (d), i.e., 
qd = (Z?r/A)d z r, considering the destabilizing ef- 
fects of the surface- ;ension traction leads to the Bénard- 
Marangoni instabil ty3'. In these cases, always A x d. 

Charvolin and c o - w ~ r k e r s ~ ~  reported an experimen- 
tal study of instabilities in a lyotropic nematic phase in- 
duced by a magnet~c field (at a constant ternperature). 
They obtained 10 < qd 5 40 and the observed roll 
structure occurred due to the back-fiow effect induced 
by fluctuations of micellar orientation in the presence of 
H. Lonberg and Meyer40 showed a new form of Freder- 
icksz transition witf a complex periodic twist-splay pat- 
tem, induced in a polymer-liquid-crystal sample. Also 
in these cases, X a d .  

To our knowled ;e, the first experimental study of 
thermal instabilities in lyotropic was reported in 1990. 
The lyotropic Iiquicl crystaI which was studied is the 
potassium laurate/clecanol/water mixture, which has a 
N c  phase from 15OC to  50°C. This Nc phase is sur- 
rounded by two isotropic phases. Reentrant phases 
are usually found ir phase diagrams of lyotropi~s11J4. 

We will come back to this point later qn. The sam- 
ple is encapsulated in glass cells with dimensions A 
= 4mm (parallel to the y axis), B = 2cm (parallel to 
z) and different thickness d (around Imm) (parallel to 
2). Initially the sample is oriented with n' parallel to 
z by applying a magnetic field (13kG). When a good 
planar alignment is achieved, the field is switched off 
and a thermal gradient is applied along z.  The cold 
plate is maintained a t  a fixed temperature (T,,) and 
the hot plate temperature (Th) can vary. AT is de- 
fined as the temperature difference Th - Tco along the 
z axis of the sample. The texture is observed in a po- 
larizing microscope. Initially Tco = Th = 25OC and 
a planar texture was observed. After, Tco is main- 
tained constant and Th increases up to 44OC. If AT 
is kept constant, the sample remains planar. When 
44 < Th < 50°C starts to decrease, with Tco fixed, a 
periodic roll structure with stripes perpendicular to the 
x axis is observed when Th reaches 44OC. If Th < 44OC 
(15 < T,, < 44OC) and then starts to decrease with 
0.16 < y(= Id(AT)/dtl) < 0.72OC/min, the instability 
is not observed. The same features are observed if Th is 
at z = O and Tco at t. = dor  if the sign of A T  is changed. 
The periodic structure always begins to appear in the 
X-Y plane near the hotter plate. In a few seconds it 
extends along z. In case of a horizontal heating, the 
planar alignment gets lost, probably due to convective 
motion of only one big convective cell. The wavelength 
(A) of the periodic structure depends on the sample 
thickness and y 41. For a fixed y, q(= 27r/A) increases 
for increasing values of d. For a fixed value of d = lmm, 
q presented a linear behavior with y ánd  a critica1 value 
of y, = 0.1 oC/min was obtained for q2 = O. Concern- 
ing the phase diagram in the plane (AT, y) (see Figure 
4 of ref. 41), a minimum critica1 value of AT was deter- 
mined: AT, = 2OC. From these values, a time constant 
r, = ATc/yc can be calculated: r, - 20 min. It is 
related to the physical process that generates the insta- 
bility. In these experiments4' we have 30 < qd 5 300. 

All the features which characterize this instability 
clearly indicates that it is different from the classical 
Rayleigh-Bénard convection. 

When A T  suddenly vanishes or is kept constant, 
the roll structure relaxes to  the initial planar geometry. 
The relaxation time T for y = O.G°C/min, d = lmm is 
about 8 min. 

The optical microscopic investigation of the roll's 
texture showed that there is a bend distortion of the 
director in the X-Y plane. The observation of the move- 
ments of small grains of polystyrene (typical dimensions 
about 5pm) dispersed in the sample indicates two kinds 
of movements: up and down along the z axis and a 
back-and-forth movenient perpendicular to the stripes. 
These movements are consistent with a family of rolls 
with the axes parallel to the stripes4l (Figure 2). In 
these rolls, the micelles seem to be in a plane tilted 
from the z axis. The tilt angle41 Ot is about 1.5'. The 
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topology of the roll structure probably occurs due to 
the anisotropy of elastic constants in lyotropics which 
minimize the elastic free energy of the rolls by transfer- 
ring some curvature distortion to the lowest constant- 
curvature mode. A similar result was o b s e r ~ e d ~ ~  in the 
inversion walls of lyotropic nematics. 

Figure 2: Sketch of the roll structure observed in ly- 
otropic nematics. 

The origin of these rolls with these features is re- 
lated to the particular properties of lyotropics. One 
possible answer to this question could be the variation 
of the shape anisotropy of the micelles as a function of 
temperature. X-ray diffraction ~ t u d i e s ~ ~  indicate that, 
as a function of temperature, the shape anisotropy has 
the same behavior of the order parameter17. In the 
sample discussed in this experiment of thermal insta- 
bility, at  T - 25OC, the order parameter (and the shape 
anisotropy) is maximum and it decreases up to vanish 
from the nematic t o  isotropic phase transition when 
temperature increases. So, in the experimental con- 
ditions discussed, 15 < Te, < 42OC and TA = 44OC, 
the sizes of the micelles vary along z: bigger micelles 
near the cold plate and smaller micelles near the hot 
plate. When AT decreases; near the hot plate, the mi- 
celles grow and need amphiphilic molecules that are 
picked from the bulk. This process could generate the 
hydrodynamic instability observed. Since the shape 
anisotropy of the molecules in thermotropics do not 
vary drastically as a function of temperature at the ne- 
matic domain, this instability has not been observed 
before in thermotropics. 

V. Concluding remarks  

The study of the physics of lyotropic nematics is 
one of the richest in both theoretical and experimen- 
tal points of view. The existence of a complex phase 
diagram with two uniaxial and one biaxial phase also 
with reentrant charac ter i~ t ics~~ seerns to be a unique 
one in nature. Up to now there exists considerable con- 
troversy concerning the experimental identification of 
a thermotropic biaxial phase. The anchoring and the 
thermal behavior of this phase are also very peculiar. 

A11 the particularities of lyotropic nematic liquid crys- 
tals seem to be related to their building-blocks, i.e., the 
micelles, and the behavior of the micelles as a function 
of parameters like temperature and external torques. 
Differently from thermotropics, the micelles in lyotrop- 
ics are not rigid objects. Far from this, the micelles are 
very sensitive to small changes in temperature. Their fi- 
nite life-time and the possibility of changing their shape 
anisotropy as a function of external parameters, acces- 
sible in usual experiments are probably the motives of 
the unusual properties observed in lyotropics. In this 
scenario we hope to observe new behaviors studying 
the dynamical properties of lyotropic nematics. It is an 
open field of research for experimentalists and theoreti- 
cians in physico-chemistry with multi-disciplinar inter- 
est. 
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