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A surprising observation of order induced in the disordered (isotropic) phase of the lyotropic
KL/DeOH/water mixture was experimentally verified using a pulsed laser beam. This effect is
reported here for the first time, to the best of our knowledge. We present a theoretical
approach based on a diffusion-like equation that is in good agreement with the experimental

results.

1. Introduction

Lyotropic liquid crystals are obtained when some
amphiphilic molecules are mixed in a solvent, usually
water. Micelles are formed when the amphiphilic
molecules achieve a critical micellar concentration.
The isotropic phase of lyotropic liquid crystals does
not have long range orientational ordering, but it is
possible to induce birefringence by flow. Some efforts
have been made to understand the behaviour of
complex fluids under flow [1, 2] and micellar complex
fluids are only beginning to be investigated [3-5]. Flow-
induced order has been seen in the isotropic phase of
thermotropic liquid crystals [6] and has recently been
studied in lyotropic systems [7, §].

The phase diagram for mixtures composed of
potassium laurate (KL), decanol (DeOH) and water
shows a nematic region surrounded by isotropic
domains [9]. In general, these mixtures have the
capability to react to the slightest external stimulus,
and have a tendency for restoration of the initial order
after its removal [10]. The isotropic phase (I) of our
lyotropic mixture (KL/DeOH/water) is located between
10 and 40°C, surrounded by two lamellar phases and a
nematic region. We verified the existence of birefrin-
gence induced by flow in the I phases of this mixture.
This effect has been explained using an order diffusion
approach [7], and a characteristic length (~10">cm)
was obtained.

From a technological point of view, the induced order
effect in I phases can be applied in mechanical vibration

*Corresponding author. Email: pricardo@dfi.uem.br

sensors based on lyotropic liquid crystals [11]. In this
work we report the effect of the induction of order by
pulsed light in the isotropic phase of the lyotropic liquid
crystal. In §2 this effect is explained using a theoretical
approach based on a diffusion-like equation.
Experimental results are presented in §3 and discussed
in §4; conclusions are given in §5.

2. Theory

The order parameter is a fundamental quantity in the
study of phase transitions [12]. In general, this quantity
vanishes on one side of the transition and moves away
from zero on the other side. In liquid crystals the
isotropic phase is characterized with zero order and the
nematic phase with an order different from =zero.
The Landau—de Gennes theory characterizes the equili-
brium state of the macroscopic nematic system using a
tensorial order parameter Q. In [7] the induced scalar
order parameter in the isotropic phase satisfies a
diffusion-like equation:

©_pio-0 (1)
ot

where Q can be expressed as a function of time and
position, i.e. Q=Q(r, t). Note that this equation has no
homogeneous term because in our case the source is
zero at t=0s. The coefficient D represents the propaga-
tion of the induced order. In order to satisfy our
experiment at a temperature 7, we choose a particular
solution of equation (1):

O(z, t)=exp (—bt)[Acos (Kz)+ Bsin (Kz)]  (2)
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where 4, B and b are constants that depend on the
initial boundary conditions of the experiment,
K=(b/D):.

From the boundary conditions of the experiment, one
gets:

(0, 0)=A=Q,, representing the maximum order;

O(L, 0)=0, where L is the width of the container,

B=—Qcot (KL)

00, )=Qpexp (—ar)=b=a.

The optical transmittance of the sample at a given
temperature can be written as a function of [Q(z, 7)]?
[13] where in our case:

O(z, t) = Qoexp (—bt)[cos (Kz) —cot (KL)sin (Kz)]  (3)

A beam along the x-axis can experimentally produce
this situation at a fixed frequency in the isotropic phase
of a liquid crystal. The total optical transmittance from
the sample can be expressed as [13]

1(0)oc J 0Gz. D dz 4)

where the z-axis corresponds to the direction of the
probe beam laser. The expression (4) has an adjustable
parameter that can be obtained by fitting the experi-
mental data. To solve equation(4) we used
Mathematica 4.2 [14].

3. Experimental

The sample studied here was a mixture of potassium
laurate (KL), decanol (DeOH) and water with concen-
trations, in percentage weight, of 26.89, 6.39 and 66.72,
respectively. The phase sequence [15], determined by
optical measurements, is Lamellar (L1) up to 19.0°C
isotropic (I) between 19.0 and 34.0°C and Lamellar (L2)
above 34.0°C. The lyotropic mixture is placed on a
Hellma container (with dimensions ¢=10mm width,
b=5mm thickness and ¢=40mm height) between
crossed polarizers. Figure 1 shows the experimental
set-up. The laboratory frame is defined with x//b, y//c
and z//la. The sample is illuminated with a He-Ne
(4=632.8 nm) probe laser beam of 10mW. The polar-
ization direction of the probe laser beam is 45° to the y-
axis. The external stimulus is produced by a pump laser
beam (Nd- YVO,, 4=532nm) focused on the sample at
normal incidence by a set of lenses. The power of the
pump beam was varied from 0 to 2.0W and the
frequency of the pulse was controlled with a mechanical
chopper. The pump beam is located perpendicularly
with respect to the probe beam. The sample is placed on
a controlled temperature system with 0.1°C stability. At
room temperature, the transmittance of the lyotropic

He-Me —10mW II - Mirror

Chopper
- m
. |

lCnmpul:u' |—| Osdilloscope |

Figure 1. Sketch of the experimental set-up; D1 and D2 are
photodiodes.

[ Navvo,-20w F;—H———p- Sample | — —
3 Analyser

liquid crystal in the isotropic phase is detected with a
photodiode connected to an oscilloscope. The reference
signal is measured from the photodiode D1 (figure 1).
The experimental values are stored in a PC by means of
a GPIB interface. In order to obtain a better transmit-
tance signal to noise ratio, a simple mean of three
acquisitions was made. The same experimental proce-
dure was applied to the whole range of temperature of
the isotropic phase.

4. Results and Discussion

In order to verify the effect of induced order in the I
phase of the lyotropic mixture by pulsed light, we used
the experimental set-up described in §3. The experi-
mental procedure was as follows: The sample was
placed in a controlled temperature system, with its
temperature is maintained at the I phase. The sample
was then illuminated with a polarizing laser beam; in
this situation the measured optical transmittance,
detected by the photodiode, corresponds to the trans-
mittance arising from the disordered phases. When
some order is induced in the I phase of the ternary
mixture (KL/DeOH/water) an astonishing increase in
the optical transmittance was observed. The external
stimulus inducing order in the I phase was supplied by a
pump laser beam of 2.0 W and frequency 130 mHz. For
a pump beam with power lower than 1.5W, no induced
order was observed.

Figure 2 shows a typical optical transmittance of the
sample as a function of time at 31.0°C (isotropic phase).
When the pump beam (circle) is turned off the
transmittance (triangle) of the sample decreases with a
characteristic time of =18 ms. The inset in figure 2
shows this decay process. This time has the order of
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Figure2. Evidence of order induced by pulsed light as a function of time in the isotropic phase of the lyotropic liquid crystal.

T=31.2°C; Ppymp=2.0W.

magnitude of the thermal effects. However, we empha-
sise that this effect is of a mechanical nature related to
the pulsed laser beam; it does not appear when a
continuous pump beam is used. We speculate that two
phenomena can occur together when the sample is
illuminated: the optical Kerr effect [16] and a thermal
effect [17]. Our experiment does not separate these two
effects. The induced order effect can also be interpreted
as a transfer of momentum from photon to micelle [18].

We have experimentally verified that the induced
order effect is optimized when the mixture is near to the
nematic discotic phase (Np). In order to amplify the
effect shown in figure 2 we make a simple mean of five
intensity measurements; figure 3 shows the amplified
effect. The induced order in the disordered systems can
be theoretically explained by equation(4). In this
approach the order Q(z, t) created by the pump laser
beam is propagated into the isotropic phase. This order

vanishes in space (z-direction) and decays exponentially
as a function of time. The optical transmittance of the
sample induced by light at a given temperature can be
written as a function of [Q(z, #)]* integrated over the
optical length (5.0 mm).

We note that equation(4) is very sensitive to the
parameter b. According to our experimental results
b=1/t=55.5s"". In this sense, the coefficient of the
propagation of order, D, is the only adjustable
parameter in equation (4) that agrees with the experi-
mental data; D=7.0013x 10 %cm?s™!. A variation of
3x 10 *cm?s™ ! in D causes, at least, a deviation of
0.8% in equation(4), in comparison with the experi-
mental data. From the order of magnitude of D we can
conclude that the order induced inside a disordered
phase by pulsed light is very fast (four orders of
magnitude) in comparison with the order induced by
mechanical stress, as obtained in [7].
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Figure3. Amplified intensity as a function of time in the isotropic phase of the lyotropic liquid crystal. 7=31.2°C; Ppymp=2.0 W.
Triangles denote the reference signal, circles the optical transmittance signal.

5. Conclusions

In this work an effect of induced order by pulsed light,
in the isotropic phase of a micellar lyotropic system is
reported for the first time. This effect is explained in
terms of a diffusion-like equation for the induced order

Intensity (arb. units)

parameter. From this approach the propagation of
orientational order induced by light is of the order
10~ 8cm?s™!. This parameter indicates that the propa-
gation of the induced order inside a disordered phase is
faster by four orders of magnitude than the order
induced by mechanical stress.

460 ——————F——— 17— 1F—+——7—+—1——1—"—1— 17—

459 —

4.58

457

456

4355

4.54

4.53

452

451

4.50

440 00y
080 082 084 08 088 090 092 094 09 098 1.00

time (s)

Figure4. Theoretical fitting of the optical transmittance obtained from the propagation approach, equation (4);
D=7.0013x10"*cm’s™"; b=55.55"".
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