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In this paper we present to our knowledge the � rst light-scattering measurements on a rather
new lyotropic system potassium laurate, decylammonium chloride, H2O. Relative concen-
trations were chosen in order to obtain the discotic ND phase over a large temperature range.
Measurements involve digital recording of the autocorrelation function resulting from self-
beating of the depolarized scattered light. They were carried out at a � xed temperature in the
ND phase range, by varying the scattering angle. A strong tendency to oscillations, super-
imposed on the usual relaxation signal, was found. This behaviour is quite surprising, as special
precautions had been taken to minimize any eventual propagative signal. Such precautions
have been tested previously, while investigating the older system potassium laurate, decanol,
D2O. Nevertheless, we have found that in the new lyotropic system, a propagative component
may occur in a signi� cant way, or even become dominant for some particular situations.
Actually, the characterization of such situations is the main purpose of the present paper.
Based upon a detailed analysis of photocorrelation data, it will be shown that the observed
behaviour is consistent with the expected wave vector dependences of propagative and
diŒusive modes. Finally, a discussion is given on possible causes for the tendency to instability
of lyotropic nematic liquid crystals.

1. Introduction concentrations were chosen [4] in order to obtain the
discotic nematic N

D
phase over a large temperatureAs is well known, the long range orientational order

range. All previous light-scattering investigations quotedof nematic liquid crystals is subject to important thermal
here refer to the older lyotropic nematic system potassium� uctuations which are responsible for a strong light
laurate, decanol, D2O (hereafter called LK-D-D2O)scattering. The case of lyotropic nematics is particularly
[5–7]. Although less known, the new system seems torich owing not only to additional phase transition
behave qualitatively like the old one, according to a fewphenomena [1] compared with thermotropic nematics,
structural studies [4, 8] presently available. For example,but also to the lability of their basic constituents [2, 3],
depending on the relative concentrations, both systemswhich are aggregates of amphiphilic molecules, the so-called
may present the three types of nematic phase known,micelles. Furthermore, the presence of propagative com-
namely two uniaxial (ND and NC ) and one biaxial (NB).ponents in the photocorrelation signal is a common

The principle of the Rayleigh light scattering experi-occurrence that bears witness to the strong tendency of
ment can be summarized as follows. Let n

o
be the unitthese systems to convective instability. Although often

vector specifying the average direction of alignment,undesirable, such eŒects are interesting in themselves
that is, the optic axis. Following de Gennes [9], theand have potential applications to be used, for instance,
� uctuations of the local director n may be expressedas a tool for studying the coupling between order and
in terms of normal modes parallel and perpendicular to� ow in liquid crystals.
the plane de� ned by n

o
and a given wave vector q,In this paper we present, to our knowledge, the � rst

according to n 5 no 1 dn1e1 1 dn2e2 . Here, the (parallel )Rayleigh light scattering measurements on a rather
mode dn

1
is made of a combination of splay and bendnew lyotropic system—potassium laurate, decylamonium

deformations, while the (perpendicular) mode dn2 com-chloride, H2O (hereafter called LK-DaCl-H2O). Relative
bines twist and bend. The director � uctuations have
characteristic relaxation or damping rates, C, and for*Author for correspondence; e-mail: marcus@� s.unb.br
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1486 M. B. Lacerda Santos et al.

a long time [9] photon correlation techniques have Usually, the most commonly observed autocorrelation
functions in Rayleigh experiments with lyotropic nematicsbeen used to measure them. Such measurements yield

information about elastic and viscous properties of the are the superposition of exponentially decaying functions.
As we have seen above, director � uctuations are onenematic system, as C is given by
possible explanation for them (but not the only one, as
can be seen in [3]). In the measurements reported here,C

i
5

1
g
i
(q)

(K
i
q2) 1 K3q2

d
) (1 )

on the other hand, we have found a strong tendency to
oscillations.where i 5 1, (2) labels the above-de� ned � uctuation

Oscillatory autocorrelation functions are commonlymodes, while q
d
(q) ) is the component of the scattering

associated with � ow. There is much literature exploringwavevector q parallel (normal ) to the optic axis. K1 , K2 such phenomena, indeed a whole � eld of research,and K
3

are the Frank elastic constants characterizing,
called laser Doppler anemometry. It is based on therespectively, splay, twist and bend deformations.
principle [10] that light scattered by a volume elementSome particular scattering geometries may lead to
moving across with a velocity v suŒers a frequency shifta simpler q-dependence. For instance, for q) no (see
Dv ; v Õ v

o
proportional to the velocity component� gure 1), pure deformations of twist can be probed for

parallel to the scattering wavevector q. In the case ofdepolarized scattering, giving
Rayleigh scattering, we set vo 5 0 and write

C
twist 5

K
2

g
twist

q2 ; D
twist

q2 (2 ) v 5 q ¯ v. (3)

Nevertheless, the presence of such oscillations here is
where gtwist; c1 is the rotational viscosity coe� cient

quite surprising, for two reasons. Firstly, depolarized[9]. This ‘twist geometry’ is indeed a suitable choice for
light is not expected to couple directly with � ow. This

working with the ND phase of our lyotropic system,
objection however, is not so serious, for in the case of

considering its natural tendency to align the nematic
anisotropic � uids it is possible to formulate mechanismsdirector perpendicularly to the glass plates of the sample
allowing indirect coupling. The second reason, actuallyholder. All measurements reported here were taken in
the important one, is that we have adopted special pre-

this geometry, at a � xed temperature in the ND phase
cautions to minimize any eventual propagative signal.

range far from phase transitions. Basically, they con-
Such precautions became standard in our light scattering

sist of recording the autocorrelation function resulting
experiments with lyotropic nematics a long time ago,

from the self-beating of the depolarized scattered light.
while investigating the older system LK-D-D2O. TheyDiŒerent scattering angles were used, allowing us to
consist basically of four points which are described in § 2.

measure the lifetime of Fourier components of twist
In spite of such precautions, we have found that for

� uctuations belonging to diŒerent wave vector moduli.
some particular situations the propagative component
may become very important, or even dominate the
spectra. In other situations the oscillations may practically
disappear, typically by changing the scattering angle.
Although this single parameter does not allow a com-
plete ‘control’ of such complex phenomena, we point
out as a major achievement of the present work, the
clari� cation of the role of the wave vector in this matter.
Speci� cally, we want to emphasize two main objectives
of the present research. First, to resolve and characterize
both relaxational (either diŒusive and non-diŒusive) and
propagative � uctuations in the new lyotropic system
LK-DaCl-H2O. Second, to show evidence that, contrary
to appearances, this new system is not necessarily more
unstable than the old one, the LK-D-D2O system. Both
systems can easily become unstable. The main diŒerence
is that in the new system the dynamics of the two

Figure 1. Schematics of the geometry used for depolarized kinds of � uctuations, namely propagative and diŒusive,
scattering. The average director no of the � uctuating disk- tend to ‘interfere’ with each other or, more precisely, to
like micelles points perpendicular to the glass plates (z-axis).

share a common frequency range. Finally, a discussionThis con� guration with q perpendicular to no is suitable
is given on possible explanations for the strong tendencyfor measurements of damping rates of (expected) pure

twist � uctuations of wave vector q. to instability of lyotropic nematic systems.
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1487Rayleigh scattering of a lyotropic NL C

The paper is organized in three sections plus the mination [4] of this Tc for the same concentrations used
here gave 75 ß C. All measurements in our light-scatteringConclusion. The � rst section is this Introduction, which

gives a brief description of the fundamentals of the light experiment have been taken at a � xed temperature of
31.7 ß C, far from phase transitions.scattering experiment in nematics, including the properties

allowing identi� cation of diŒusive and propagative Turning to the sample alignment, untreated glass
plates alone can impose good perpendicular orientationbehaviour. Next, § 2 describes the experimental methods.

Then, § 3 starts to discuss methods for analysing the on the optical axis of the ND phase of our lyotropic
system. However, considering the 1 mm thickness of ourseveral sorts of multi-componen t autocorrelation functions

appearing in the experiment. Final results are then pre- scattering cell, this so called homeotropic texture takes
several days to set up in a sample left at rest. Fortunately,sented, as well as a discussion about possible sources of

instabilities. A summary of the main results is given in this waiting time can be reduced to a few hours with the
help of a magnetic � eld. Note however that as the NDthe Conclusion.
phase has a negative diamagnetic anisotropy, a magnetic
� eld alone is not able to orient the nematic director in2. Experimental

Details for preparing the lyotropic system LK-DaCl- a homogeneous direction. However, using the combined
eŒect of a magnetic � eld of about 5 kG parallel to theH2O used here are described in [4]. As said before,

the relative concentrations of the lyotropic system were glass plates, plus the wall eŒects provided by them,
we did succeed in obtaining well oriented samples withchosen to yield a region of the phase diagram dominated

by the discotic nematic (ND ) phase over a large temper- the optic axis perpendicular to the glass plates. This
improved homeotropic texture is indeed very stable,ature range. They are, in weight %, 34.5% of potassium

laurate, 4.2% of decylamonium chloride and 61.3% of and can survive without a magnetic � eld during several
hours with a high degree of quality. We used this factH2O. The mixture is sealed in a Pyrex tube, homogenized

by vigorous shaking combined with centrifugation and to perform the measurement runs without in� uence of
the � eld.then left at rest for several weeks.

Next, special directions followed in preparing the In doing so, we monitored periodically the quality
of the alignment. The method used was to check thesample for light scattering, as well as details of the light-

beating technique itself are essentially the same as those uniformity (across a large area of the sample around
the laser beam) of the colour observed when polarizedexplained in previous publications [2, 3, 11], and will

be only brie� y described here. white light traversed the sample at oblique incidence.
This procedure, though quite simple, has been foundJust before � lling a light-scattering cell, the lyotropic

mixture is submitted to further centrifugation for one previously [13] to be practically as good (for alignment
veri� cation) as a sophisticated method based on cono-hour at 4000 rpm to sediment dust. Care must then be

taken to pipette the lyotropic phase only from the upper scopic images [14]. In fact, there is a simple reason for
the high sensitivity of such polarized light observations,part of the tube. The liquid is then transferred into a

Hellma cell made of two circular glass plates separated as it can be shown [15] that a small distortion h in the
homeotropic texture causes a change in the local lightby a � at ring having a thickness of 1 mm and an internal

diameter of 15 mm. The parts of the cell are then intensity I according to I/I
o
~ h4, where I

o
is the input

intensity.assembled with the help of a specially designed mounting
system, which assures high compression of the plates. Figure 1 schematizes the scattering geometry. A 35 mW

HeNe laser (Spectra Physics, mod. 127) beam orientedThis system practically eliminates water loss problems,
as veri� ed in earlier work [12, 2]. All glass surfaces were along ki traverses the sample cell making an (internal)

angle of h/2 with respect to the glass plate normalpreviously thoroughly cleaned (with strong detergent )
and rinsed in hot deionized distilled water. (z-axis) . The selection of the scattered wave vector k

f
direction follows an optical alignment procedure thatNext, the cell is placed with its plates lying horizontally

in an oven in thermal contact with a circulating heat makes use of the re� ected beam from the cell, yielding
a symmetrical geometry with respect to the z-axis whichbath, controlled so that the long term thermal stability

(1 h) is better than 0.1 ß C. The sample temperature is enables a precise de� nition of the scattering plane ( y, z).
The incident polarization vector io is made parallel tomonitored with a chromel–constantan thermocouple.

The low temperature limit of the N
D

phase recorded the scattering plane by a Nicol prism regulated within
better than 0.5 ß C. A polarizer sheet is used to de� newith the sample eŒectively for use was 6.5 ß C. No attempt

to � nd the high temperature limit was made using the the polarization of the scattered beam either parallel or
perpendicular to the scattering plane. The � rst (second)sample transferred to the scattering cell. However, in

the Pyrex tube, the mixture remained in the ND phase choice corresponds to the ordinary (extraordinary ) polar-
ization, speci� ed by the unit vector f

o
(f

e
). For any oneup to a temperature as high as 55 ß C. Previous deter-
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1488 M. B. Lacerda Santos et al.

of the depolarized con� gurations [either (o,e) or (e,o)], LK-D-D2O system, where such propagative components
were absent or, at least, could be kept at a negligiblethe geometry of � gure 1, with q) no , provides optical

coupling with mode 2. level. Consequently, some modi� cation in the methods
of analysis is required to deal with such data. At � rstNotice that even for depolarized scattering we can

take |ki |# |kf |, due to the low birefringence of lyotropic sight, the whole task seems to reduce to a simple matter
of choosing mathematical functions with the appropriatenematics [12] (Dn~ 10 Õ 3 ). Therefore, q is practically

parallel to the y-axis. In consequence, mode 2 gives shape, that is, the � tting curves. However, one must
realize that the information contained in spectral signalspure twist deformations, allowing us to expect that the

� uctuations relax according to the simple formula in is limited by factors like noise, � nite resolution and � nite
range. Then, care must be taken when selecting the � ttingequation (2), as said in the Introduction.

In order to calculate |k| we used a (mean) refractive functions in order to avoid either stability problems or
creation of too many artefacts. With this in mind, weindex n 5 1.38, which was determined for the LK-D-

D2O system [12]. The four values of q used in the adopt, as a rule, the following two procedures. First, we
try to be conservative in the number of parameters.experiment are in units of 106 m Õ 1 : q

1 5 2.08, q
2 5 3.12,

q
3 5 3.49, and q

4 5 4.44. Second, before the number of parameters is increased,
tests are made with forms demanding fewer parameters,Next, the selected scattered light beam is collected

by a pinhole with opening area A% Ac , where Ac is the even in a rough approximation, in order to keep as
much control as possible of the process.coherence area [16], and then focused onto the photo-

cathode of the photomultiplie r tube (ITT, mod. FW-130). Three representative examples of autocorrelation
functions obtained in the experiment are shown in � guresThe whole optical set-up is assembled on a heavy

bench � oating on pneumatics to prevent mechanical 2 to 4. They will be useful to illustrate not only the
occurrence of propagative components at diŒerent levelsvibrations. Detailed information about our light-beating

spectrometer has been given elsewhere [17]. of strength, but also the variations in the mathematical
modelling employed. Like all measurements reportedThe output pulses of the photomultiplier are square

shaped by a pre-ampli� er discriminator (PAR 1182) and here, they are depolarized signals obtained in the ‘twist
geometry’ (� gure 1).then sent to the photon correlator. A description of

our software correlator has been published elsewhere Figure 2 shows a signal obtained for q 5 q3 with a
resolution time (or sample time) of Dt 5 200 ms per[18]. Let us simply mention here that it uses 14 bit

registers, which are more suitable to deal with slow channel. [The 128 channel (experimental) points are
plotted as centred vertical bars, in this � gure.] Itsignals (< 10 Hz) than the conventional 4 bit correlators.

Indeed, such large registers prevent attenuation of the represents a class of signals with excellent signal-to-noise
ratio and showing a well de� ned oscillatory component.optical signal over long time scales, allowing more rapid

accumulation of data. How can we model, mathematically speaking, such a
photocorrelation curve? As a � rst proposal, let us try anWe are now in position to list the four precautions

that we took in the experiment in order to minimize exponential superimposed to a cosinus function, such as
propagative components in the signal. They are: (1) to

y 5 A1 exp (Õ t/t) 1 A2 cos (2pt/To 1 w) 1 B (4)
maintain the horizontal positioning of the sample cell;
(2) to avoid excessive laser power on the sample; (3) to with A

1
, A

2
, t, T

o
, w and B as adjustable parameters.

In the case of � gure 2 the best values for these arewait a long time to ensure stabilization of the sample
after any thermal or mechanical disturbance; (4) to keep A1 5 1.128 Ö 107, t 5 40.6 s, A2 5 1.288 Ö 105, To 5 13.7 s,

w 5 5.63 and B 5 7.11 Ö 106. The resulting curve � ts thethe thermal isolation of the sample as good as possible.
Adhering to this last point is limited in our light- data pretty well, as we can see in the � gure (continuous

curve).scattering experiment in which one wishes to have optical
access to the sample at several angles. Of course, not all photocorrelation functions of the

experiment have the quality shown by the signal of
� gure 2. In fact, many factors may intervene to cause a3. Results and discussion

3.1. Methodology for data analysis rather important dispersion in the quality of the signals.
We will not enter into such technical matters hereWe start this section by discussing how to analyse

some illustrative examples of autocorrelation functions (overviewed in [3]). As we are concerned with charac-
teristic times and not with intensities, what matters forobtained in the experiment with the LK-DaCl-H2O

system. As said in the Introduction, the striking feature us is the shape of the curve (besides the time scales). In
this respect, it is interesting to note that the sum of anabout these curves is the presence of oscillatory com-

ponents in most of them. This contrasts with the usual exponential plus a cosinus (exp 1 cosinus, for short)
turned out to be the most successful � tting curve of thebehaviour, as described in previous studies in the old
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1489Rayleigh scattering of a lyotropic NL C

Figure 2. Example of a depolarized
light signal carrying a strong
propagative component super-
imposed on the usual twist
relaxation. The autocorrelation
function (‘ d ’) was � tted with
an exponential plus a cosinus
function (‘ Õ ’). Relevant para-
meters of this spectrum are as
follows. Wave vector: q3 5 3.49 Ö
106 mÕ 1 ; time scale: Dt 5 200 ms
per channel. See also the text.

Figure 3. More complex than the
preceding case (� gure 2), this
example requires two exponen-
tials plus a cosinus function for
an approximative � tting. Wave
vector: q4 5 4.44 Ö 106 m Õ 1; time
scale: Dt 5 30 ms. See also the
text.

Figure 4. Propagative or diŒusive
situation? Example of a de-
polarized light signal carrying
a weak long-time component.
The two exponential (‘ Õ ’) and
the exponential 1 cosinus (‘ d ’)
models � t equally well. Wave
vector: q1 5 2.08 Ö 106 m Õ 1; time
scale: Dt 5 30 ms. See also the
text.
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1490 M. B. Lacerda Santos et al.

experiments. That is, after testing alternative forms, the In the example, the best parameters for 2-exp are
(again, referring to equation (5), with A3 5 0), A1 5exp 1 cosinus form was the most e� cient in about 70%

of the recorded spectra. 1.249 Ö 104, t1 5 0.39 s, A2 5 9.300 Ö 104, t2 5 3.16 s and
B 5 3.130 Ö 105. On the other hand, the best parametersNow, let us look at the signal shown in � gure 3. (Wave

vector: q 5 q4 ; time scale: Dt 5 30 ms.) More complex for exp 1 cosinus, equation (4), are: A1 5 1.514 Ö 104,
t 5 0.45 s, A2 5 1.91 Ö 103, To 5 8.63 s and B 5 3.176 Ö 105.than the preceding case, this example requires two

exponentials to account for its relaxational dynamics Thus, we note that the short-time is almost insensitive
to the choice of the � t, but a signi� cant discrepancyonly. By adding a cosinus term, we tried the least squares

� t for this signal with the function appears for the long-time component.
Looking at these � gures, it is worth noting that the

y 5 A1 exp (Õ t/t1 ) 1 A2 exp (Õ t/t2 ) intensity of the long-time component is much stronger
in the 2-exp � t than for the exp 1 cosinus. This could1 A3 cos (2pt/T0 1 w) 1 B (5 )
be understood if we admit the hypothesis that in the
2-exp � t the long-time component incorporates tworesulting in the following set of eight best parameters:
contributions, the � rst one of a propagative nature (fromA

1 5 1.637 Ö 104, t
1 5 0.122 s, A

2 5 1.416 Ö 104, t
2 5 0.718 s,

hydrodynamic motions) and the second one from micellarA
3 5 7.39 Ö 102, T

o 5 1.12 s, w 5 2.56 and B 5 9.876 Ö 104.
� uctuations. Micellar � uctuations have been studied inWe see that this 2-exp 1 cosinus form accounts well for
the LK-D-D

2
O system [3, 2]. They are relaxational ,the relaxation times, although it may appear poor for

but non-diŒusive, i.e. q-independent. We shall return tooscillations. However, a closer look suggests that a mode
micellar � uctuations in the next section. Here, the pointstructure might be present. That is, our cosinus would
is that the exp 1 cosinus � t would ‘� lter’ the micellarhave caught the fundamental ‘note’.
contribution out, by taking an overall baseline at aThe last example illustrates a rather degenerate
(proportionally) higher level. Whenever this � t works,situation. The signal of � gure 4 was obtained for q 5 q

1 as in � gure 4, it gives us the opportunity of keepingat a resolution time Dt 5 30 ms. It represents a minority
track of the propagative mode in such extreme situationstype of signal (15–20%) in the experiment for which
in which it becomes less apparent. Moreover, the resultthe nature of the long-time component, whether it is
is consistent with other data (see � gure 5), and thus, inoscillatory or exponentially decaying, it is not clear. So,
the context of the present paper, we prefer to choose theour � rst attempt to treat such signals is to try both
exp 1 cosinus � t in cases similar to that of � gure 4. Now,forms of � tting. Often, in these cases of weak long-
we proceed to the systematic analysis of the completetime components, only the 2-exponential � t works. The
set of data.reason is that 2-exp is a more stable function than

exp 1 cosinus, as it is easy to check mathematically by
calculating the error propagations in the corresponding

3.2. Relaxation versus propagation
expressions due to an error Dt2 , keeping all other para-

Figures 5 (a) and 5 (b) show plots for relaxation
meters � xed. This results, in the 2-exp case (equation (5),

(triangles and squares) and propagation (crosses and Ö s)
with A3 5 0),

frequencies against the wave vector modulus q. All
symbols refer to depolarized light and there are two|Dy| 5 A2/t2 exp (Õ t/t2 ) |Dt2 | (6 )
diŒerent symbols to represent each class of phenomenon
in order to keep track of the identity of two series ofand, in the exp 1 cosinus case (equation (4), with t

2 data. Both series were recorded with the same sample,replacing To),
at the same temperature (31.7 ß C) with � ve days of
interval (triangles and Ö s � rst) between each one. The|Dy| 5 2pA

2
/t

2
sin (2pt/t

2 1 w) |Dt
2 |. (7 )

data points for each one of the two series appear to
have quite a degree of scatter. However, no systematicSo, we can see that, as times goes on, the error due

to the uncertainty Dt2 decays exponentially for the change can be distinguished between the two groups
(which could be attributed, for instance, to a sample2-exponential � t, while in the case of the exp 1 cosinus

� t, it remains oscillating forever. ageing eŒect). Thus, in this sense, we can say that the
measurements are reproducible within the experimentalIndeed, signals giving good 2-exponential � ts are

the ordinary situation in experiments with the old lyo- error, and thus, hereafter, we can simply ignore the

discrimination between the two series.tropic system (LK-D-D2O), though they are a minority
of cases here. Turning back to the case illustrated by Another question is how to explain this ‘experimental

error’ or even to quantify it. Indeed, the intriguing thing� gure 4, in which both � ts are satisfactory, the question
is how to decide between the two forms? here is that such scattered data points come from good
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1491Rayleigh scattering of a lyotropic NL C

Figure 5. (a) Frequencies of � uctu-
ations versus q. All symbols refer
to depolarized light. Triangles
and squares refer to two series
of relaxation frequency data
(damping rates), while symbols
‘ 1 ’ and ‘ Ö ’ refer as well to
two such series of data, but
for the oscillating frequencies
from propagative contributions.
(b) Scale ampli� cation of the
data of 5 (a) in order to resolve
the lowest frequency data points,
especially the propagative contri-
butions. A multimode structure
appears—see the text.

(a)

(b)

quality signals, like those shown in � gures 2, 3 and 4. one could advance a kind of ‘operational ’ explanation,
by saying that the signals carry information on tooThus, it is useless to mark in the plot the error bars

associated with the autocorrelation data. Such errors many phenomena (orientational and micellar diŒusion,
plus propagative components) , which makes the taskare comparatively low, and cannot explain the scatter

of the points of � gures 5 (a) and 5 (b). of discriminating them virtually impossible with good
precision.How, then, can it be that good quality correlation

functions give such scattered data points? The reason Nevertheless, by looking at these frequency versus
wave vector data for the LK-DaCl-H2O system, onefor such behaviour remains basically an open question,

as probably the full complexity of these � uctuations is can say that they split into two branches. The low fre-
quency branch is formed by the propagative components,not yet completely understood. Hypothetically, however,
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1492 M. B. Lacerda Santos et al.

while the higher branch comes from the relaxational plotted three straight lines passing through the origin.
Adopting a unit value for the lower slope, the othercomponents. By comparison with the better known

LK-D-D
2
O system [11, 3, 2], the higher branch can be slopes are 2 and 4.

From the slope of the straight lines representingattributed to twist � uctuations. The diŒusive behaviour
of this component, predicted by equation (2), can help propagative modes we can deduce (noting that we have

plotted the inverse of the periods, T Õ 1o ) that typicalus to make the separation between the two branches
more clear. In fact, in spite of the errors, the branch of velocities in the hydrodynamic rolls ranges between 0.2

and 1.2 mm s Õ 1. These values are about the same asrelaxation data can be acceptably � tted to a parabola
passing by the origin, according to equation (2). This yields those obtained for the LK-D-D

2
O system [13] (actually,

the upper limit here is a little higher than there), althoughthe twist diŒusivity coe� cient, Dtwist 5 0.39 Ö 10 Õ 12 m2 s Õ 1.
Note that, in spite of depolarized scattering, the extra- the observation of convective phenomena in that system

followed fairly diŒerent experimental conditions, as willpolation to q 5 0 is approximately true, because of the
already mentioned low birefringence of lyotropic nematic be recalled in § 3.3.

Finally, an interesting connection can be made betweenliquid crystals.
Now let us consider the lowest frequency data arising these typical � ow velocity values shared by the new

and the old lyotropic systems, and the twist diŒusivityfrom the long-time exponential component of the 2-exp
or 2-exp 1 cosinus � t (triangles and squares). They are coe� cient found above. Recalling the published value

for this same coe� cient in the ND phase of the LK-D-quite independent of q, although the q4 data seems to
be a little higher. A similar artefact has been noted D2O system [12], namely Dtwist 5 1.6 Ö 10 Õ 12 m2 s Õ 1,

we note that this value is about four times that justbefore [3, 11], and was attributed to an ‘attraction eŒect’
of the high frequency of the twist signal at these high q found for the LK-DaCl-H

2
O system. Therefore, we can

talk of a crossover between the propagative and thevalues. This interpretation should be revised now, after
the discussion about the in� uence of the propagative diŒusive modes as being the reason why the oscillations

are so unavoidable in the case of the LK-DaCl-H2Omode in the � ttings, at the end of § 3.1. In fact, the
analysis of the ‘degenerate case’ of � gure 4 showed that system. These two kinds of mode simply become too

close to each other in their time scales. This can bea contribution from the propagative mode may be
present even when the oscillations are not apparent. clearly seen in the � gure 5 (a). On the other hand, accord-

ing to the quoted data, a parabola representing the twistProbably a more consistent explanation of the artefact
mentioned is to suppose that this low relaxation fre- relaxation in the old LK-D-D2O system would be much

steeper, while any typical straight line representing aquency is indeed ‘raised up’, but preferentially by the
propagative mode (as both contributions are mixed propagative mode would have a slope comparable to

those appearing here for the new system.together in the 2-exp � t). Thus, by concentrating our
attention on the lowest frequencies only (they are
indicated on the plots by a horizontal dotted line at the 3.3. W hy does it roll ?

The analysis of the data summarized in � gure 5, showslevel of 0.05 Hz) we recognize here, by its non-diŒusive
behaviour, the signature of the already studied micellar evidence of convective motions present in the sample, in

spite of the care taken to avoid them. It is obvious thatmode [3]. Ordinarily, micellar � uctuations are expected
to give only polarized scattering. However, they appear there is a strong tendency to instability caused by some

spurious, uncontrolled agent. As we are going to recallsystematically in our depolarized signals too, as a weak
component compared with the full (o,o) signal. This soon, such a tendency to instability is indeed also present

in the old lyotropic system. The reason that it becomescomponent may be due to polarization leakage, but it
is also possible to work out mechanisms for micellar more ‘visible’ with the new system has already been

explained above.� uctuations giving rise to depolarized scattering [3].
Finally, we now consider the propagative data, that An entirely diŒerent issue is to identify the agent causing

such instabilities. This is an open question, which can-is, the frequencies extracted from the oscillatory part of
the autocorrelation functions (i.e. those � tted with forms not be de� nitely answered by the present work. Thus,

in what follows, we limit ourselves to discussing a fewlike equations (4) and (5) ). Such data appear in � gures
5 (a) and 5 (b) as crosses and Ö s. Although presenting a hypothetical mechanisms which could be at the basis of

the observed propagative phenomena, and we try togeneral tendency to increase smoothly as q increases,
the propagative frequencies cannot be � tted with a evaluate the plausibility of each one.
single linear relationship like equation (3). By amplifying
the frequency scale, � gure 5 (b), however, a multimode 3.3.1. T hermal convection

Perhaps the � rst idea that arises when consideringstructure might be seen, though rather spoiled by the
experimental errors. As a guide to the eye, we have convective motions in a liquid is Bénard instability [19].
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1493Rayleigh scattering of a lyotropic NL C

Although such a process requires a vertical temperature the anisotropic mechanism, the estimates above indicate
that DTc is probably still too high to arise in a spuriousgradient above a certain threshold DTc in order to take

place, it is well known [20] that this threshold is much way. Indeed, we have checked experimentally (using
thermocouples attached to the top and bottom plates oflower for a nematic liquid crystal. Dubois-Violette et al.

[20] treated the problem of rod-like (or calamitic) our sample holder) that the (spurious) vertical gradient
in the conditions of our light scattering experiment isnematic � lms heated from below and from above, con-

sidering two kinds of material according to the sign of always below 0.1 ß C mm Õ 1.
Finally, another test was done in connection withtheir thermal conductivity anisotropy, k

a 5 k
d

Õ k) , as
either positive or negative. In order to extend their the horizontal temperature gradient, which could also be

a source of instabilities. To this purpose, two thermo-argument (heat focusing mechanism) to a nematic system
made of disk-like objects, the key step is to recognize couples were attached 1 cm apart on the bottom glass

plate of the sample holder. The measured residualthat in such systems velocity gradients normal to the
equilibrium director no are the most eŒective to de� ne temperature diŒerence, under the conditions of the light

scattering experiment, was less than 0.05 ß C, which meansthe viscous torques. This is in contrast to the situation
for rod-like nematics, in which velocity gradients parallel a gradient of 0.005 ß C mm Õ 1. Thermal convections induced

by horizontal gradients are specially ‘dangerous’, as theyto no are the most eŒective in this way. This so called
back� ow problem is treated in detail in [11, 12] for need virtually no threshold [19] (they only need to over-

come viscosity). However, considering the persistencelyotropic nematic liquid crystals.
With this in mind, it is not di� cult to recycle the of the propagative signal (accumulated during about

20 min), in contrast to the intermittence of this residualDubois-Violette argument for our system and geometry,
looking for the eŒect caused by a splay � uctuation in gradient, we � nd that such a mechanism can be ruled

out here.the presence of a vertical temperature gradient along the
sample thickness d. As heat conduction data are not Let us also mention the mechanism of surface tension

instability [19]. This is a free surface eŒect, so oneavailable for our system, let us assume that it behaves
as normally expected for disks, that is, with negative ka . could speculate about its possibility associated with

a small air bubble always present in the sample cell.We then � nd that our discotic nematic sample, initially
homeotropic , should be unstable above DTc . The situation However, as this mechanism is also ultimately induced

by temperature gradients, it can be ruled out as before.is analogous to that of a rod-like nematic sample
with positive ka , initially planar, analysed in [20] (see Now, we recall a test made in an early study by one

of us [13] concerning propagativ e eŒects in the old lyo-� gure 1 (a) therein). Both cases refer to heating from
below. (Heating from above is stabilizing in our case.) tropic system. Using a sample cell similar to the present

one, but � lled with the N
D

phase of the LK-D-D
2
OThanks to the anisotropic mechanism, theory pre-

dicts for nematics a reduction of DTc by a factor of the system, it was observed that simply standing the sample
cell up (i.e. with its glass plates parallel to the vertical )order of 103 compared with the usual threshold for an

ordinary liquid, given by [20] Rac # 1708, where the dramatically reinforced the convective instability. No
magnetic � eld was used in that test. Although the causedimensionless Rayleigh number is de� ned as
of the onset of the instability in that instance remains
unknown, it is possible that in such a con� guration the

Ra 5
DT d3rga

kg
. (8)

sample suŒers a slight (spurious) horizontal temperature
gradient. The phenomenon was strong enough to be

Here, r is the density, g is the acceleration due to gravity, visualized and photographed, by using polarized light
a is the thermal expansion coe� cient, k is the heat (� gure 25 of [13]). Rayleigh scattering measurements
diŒusivity, k 5 k/rC (C 5 speci� c heat) and g is the shear were then performed, by varying the magnitude of the
viscosity. We do not know � gures for all these parameters scattering wave vector q, while keeping its direction
for our system. In the case of MBBA, a classical nematic, parallel to the vertical direction. This allowed veri� cation
it gives [20] for a sample with thickness d 5 1 mm, of the relationship equation (3), yielding � ow velocities
DT

c # 2 Ö 103 ß C, which becomes ~2 ß C, after applying ranging from 0.1 to 0.5 mm s Õ 1. Therefore, the � ow
the reduction factor. As an alternative estimate, if we velocities obtained in that test were in the same range as
put in the formula data for water (since our system is those obtained in the present work for the new lyotropic
mainly made of water), and apply the factor, we get a system.
threshold which is about the double the value estimated
for MBBA. 3.3.2. Demixing, � occulation

Therefore, in spite of the dramatic reduction of the Here is an instability mechanism controlled by a
diŒerent ‘driving force’. A concentration gradient canthreshold for thermal convection in nematics, owing to
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1494 M. B. Lacerda Santos et al.

generate convective rolls, called the Rayleigh–Taylor at least if we want to work with well aligned samples.
Of course, the same situation should aŒect the oldinstability (for a recent study, see [21]). Indeed, samples

in early experiments made by one of us [12, 2] had lyotropic system too. Again, the above-described cross-
over eŒect makes the instabilities ‘more bothering’ inshort lifetimes of a few weeks due to water losses by

evaporation through the joints of the scattering cell. the present case than in the old one.
Thus, concentration gradients could be observed to occur
as an ageing eŒect. However, this problem of water 4. Conclusion

We have presented here results of our dynamical lightloss has been practically eliminated in our more recent
experiments, and since then [3] our light scattering scattering measurements on the new lyotropic system,

KL-DaCl-H2O. The striking feature of these measure-samples stay operational for years. Of course, in such
long runs there may occur important drifts in transition ments is that the autocorrelatio n functions show important

oscillatory components. These oscillations are super-temperatures (probably caused by residual water loss—
typically of 1%/year—as witnessed by the increase in imposed on the usual exponential decaying components,

mainly due to director � uctuations.size of the air bubble), but no visible demixing has been
observed in samples with a normal history. So, this A discussion of these results is made by comparison

with analogous data obtained by one of us for the oldmechanism should be discarded as explaining the presently
observed propagative signal. lyotropic system KL-Decanol-D2O. It is recalled that

this old system also presented propagative components,
which could even be very strong, under special con-3.3.3. Nematic relaxation in zero � eld

Here we have a more serious source of perturbation. ditions (described in [13] and brie� y reviewed here).
However, provided that such conditions were avoided,As explained in the Experimental section, a magnetic � eld

(5 kG) is applied in order to improve the sample align- almost pure exponential autocorrelation functions were
obtained, and thus, the propagative phenomena in thement. It is then removed a few hours before we start the

light scattering measurements. The simple fact that the KL-Decanol-D2O system could remain as a ‘laboratory
curiosity’.sample texture degrades after a delay of many hours is

indicative that a slow process is occurring. Indeed, a Now turning to the new system, based on a detailed
analysis of the data, we have been able to show thatcharacteristic time t for such a nematic relaxation in

zero � eld can be estimated using the formula (see [9], the diŒerent forms of autocorrelation function produced
by the experiment can be resolved into componentschap. 5) t 5 c1d2/p2K2 . Taking (in cgs units) K2

~ 10 Õ 7 dy,
d 5 10 Õ 1 cm and c1

~ 1 P [12], we get t~ 3 h. having wave vector dependences of propagative and
diŒusive modes (besides a small, q-independent, long-timeDuring the experiments, the magnetic � eld was applied

before each of the two series of data referred to above, component) .
So, we are led to the conclusion that, despite theand then withdrawn when the alignment was judged

to be good. Let us call this time t 5 0, for each of the appearances, the new system is not ‘more unstable’ than
the old one. Both can show strong propagative com-series. The � rst series started at t 5 6 h and � nished at

about t 5 12 h. The second series started at t 5 2.5 h and ponents, if the conditions for this are ful� lled (e.g. to
look for them in the appropriate time scales). Such con-� nished at t 5 9 h. Looking at the � gure estimated for

t, one could say that a certain risk was taken at the ditions may be, in fact, quite subtle, often being provided
in a spurious way. Therefore, why does the new systembeginning of the second series. Let us note, however,

that this is only an order of magnitude estimate and, what seem to be more unstable? Based on the analysis
made here, this question can now be partially answered.is perhaps more important, that too much relaxation

would after all mean poor alignment. It turns out that in the case of the KL-DaCl-H2O
system, the propagative mode is ‘situated’ quite closeAs a matter of fact, the second series started by giving

a signal having a strong propagative component, which to the diŒusive one, as can be seen in � gure 5 (a). Thus,
the ‘crossover’, happens so to speak, which is much lessis, in fact, the signal shown in � gure 2. However, we

have recorded other signals having similar characteristics noticeable in the old system, which has a twist diŒusivity
coe� cient much larger than the new system.four, six and even ten hours after the removal of the

magnetic � eld. Of course, there remains the question as to why there is
such a relative proximity of the diŒusive and propagativeTo conclude, among the several possibilities pre-

viously discussed, the mechanism of slow relaxation modes in the KL-DaCl-H2O system. Although this
question is outwith the scope of the present investigation,following removal of the magnetic � eld seems to be the

most plausible explanation for the propagative eŒects let us mention that comparisons of structural data of
the old [7] and the new [4] lyotropic systems suggestobserved in the conditions of the present experiment. If

this is the case, however, it is something hard to avoid, that the micelles in the new system are smaller and have
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