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Flow-induced birefringence in a lyotropic liquid crystal in the isotropic phase:
An order diffusion approach
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The flow-induced birefringence produced by the movement of a plate in an isotropic lyotropic liquid crystal
phase was theoretically treated as a diffusion problem. A characteristic lergt® * cm, which informs
about the intermicellar correlation, was experimentally obtained. The diffusion coefficient measured in the
middle of the isotropic phase B~ 10 ® cn?/s. The analysis of the results indicates thahdD increase near
the isotropic-to-lamellar phase transition temperatU®$063-651X%97)03911-1

PACS numbg(s): 61.30-v, 64.70.Md, 47.20.Ft

I. INTRODUCTION the same temperature where the maximum value ofas
found.
Lyotropic liquid crystals are mixtures of amphiphilic mol-  In this Brief Report we present a theoretical study of the

ecules and water under proper temperature and relative cofflow-induced birefringence in the 1ISO phase of a lyotropic

centrations conditions. The flow regime of this system ismixture. In this framework, the problem is treated as a dif-

complex since the translational micellar motions are coupledusion of the tensorial order parameter inside the sample,
to the orientational motions of the micelles. The isotropicOriginally produced by the velocity field gradient. The theory

(1SO) phase of lyotropic liquid crystals does not have |ong_a_1llows the determ|nat|on_ of a characteristic Ieng_th, as a func-
range orientational ordering but it is possible to induce bireion Of temperature, which informs about the intermicellar
fringence by flow. This flow-induced birefringence, how- correlation in the isotropic phase.

ever, is not an exclusive property of the isotropic phase,

being observed in optically isotropic lyotropic sponge phases Il. THEORY

[1]. From the theoretical point of view, de Gennes predicted The Landau—de Gennes theofg0] characterizes the

[2’3]. the dlyergence of the flow-induced birefringend in equilibrium state of the macroscopic nematic system using a
the isotropic phase as the temperature approaches the trantselpsorial order paramet é

tion temperature to the nematic phase, _and_ the depe_ndence 0 According to the Landau hypothegis], the free energy
én with the molecularior micellap velocity field gradient. of the system ) can be represented as a function of a
A large number of papers devoted to the study of thethermodynamic variable. In this fLameworE, can be ex-

flow-induced orientational ordering in liquid crystals have ; . . . . .
been done with thermotropic nematies5]. Usually optical panded in terms of the invariants Qf and its gradientf2]:

technique$6] were used. More recent[y,8], the dynamical 1 1
properties of lyotropic micellar complex fluids have been F(T,Q)=Fy+ §A(T)QaﬁQBa+§BQaBQB6Qﬁa
investigated under shear flow.

In a recent papd9] we presented experimental results of c 1
the flow-induced birefringence in the isotropic phase of the + Z(QaﬁQaﬂ)2+ O(Q%+ >d
lyotropic mixture of potassium lauratéKL), decanol
(DeOH), and water. This mixture has an 1SO phase between hereT is th & isthe f .
two lamellar phases, as a function of the temperature. Th@hereT Is the temperaturds,, 'Sft eh ree energyqua gh/en
shear flow produced by a perturbation in the isotropic phasémperature fnd presshireof - the state with Q=0,
induced a birefringent phase that relaxes back to 1SO with &(1)=a(T—T*), a, B, ¢, andd are the Landau coeffi-
typical relaxation timer~ 102 s. These relaxation times in- CIENtS essentially temperature independent. Expresdipn
crease as the temperature approaches the I1SO-to-lamellfGPresents the one-dimensional approximation, where the

transition temperatures, and presented a maximum in th@radient is considered only along theaxis.

middle of the ISO domain. Assuming thats qualitatively a In the thermodynamics Of irreversible _procesgb?.} two
measurement of the intermicellar correlation, the existence dypes of parameters are defined to described these processes.
a maximum in the curve versusthe temperature was inter- One of them describes the force that produce the process and

preted as an indication of a virtual nematic phase. Changingqe other describes the response of the system to this force,

a little the amphiphilic concentration of the mixtutess ~ called flux. The fluxes are consequences of the applied

than 1% in weight a calamitic nematic phase is observed at’orces. One of these fluxeR(,) is expressed by the time

variation of the order parameter:
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85 . — . . . —T ] We expect that the induced scalar order parameter is very
80 - ] small compared to its gradients. In this framework, expres-
751 I 1 sion (1) can be written as
70 .
esf ] 1 [dQ\?
o 6Of E B F—F0+§d E : (6)
% s5[ I I ]
g sor EEE ] Introducing expressioii6) in expression(5), and using
£ 45T ?E ] the fact that in the isotropic phas&/dQ=0 one obtains
40 . B
s\ A ] aQzY) _#Q(z1)
wp by ] P ™
25 ¥ E
™0 5 0 25 w0 w5 a0 a5 w5 which represents a diffusion equation for the scalar order
TCC) parameteQ. D=d/u is a diffusion coefficienf14].

ExpandingQ(z,t) into Fourier’s integrals one gets
FIG. 1. Mean viscosityu as a function of the temperatuiie

The dashed line is only a guide for the eyes. .
Q20 - [ Quexikziak ®)
The hydrodynamic flux tensor, which takes into account the
velocity (v) gradients, is written as where the expansion coefficients are
1 ﬁvﬁ 00,1 _ 1 f ’ o ’ ’
ea5=§ (a—xa-i‘ 19_)(13)' (3) Qz(t)_ 20 Q(Z -t)eXF( ikz )dZ . (9)
In incompressible fluidse,;=0. The force associated  Introducing expressio(8) into (7) one obtains
with Q, is obtained from the free energy expressian 20,(1)
&—Zt +Dk2Q,(1)=0, (10
=T 50, —A(T)Qqup- 4) _ .
ap which has the solution
Let us suppose a situation where the velocity gradients Q,(t)=Qqexp — DK?t). (11
present in a sample vanish at the titre0. The Onsager's ) . ) )
relations in this particular situation give Introducing expressioiill) into (8), the solution of the
diffusion equation(7) is obtained:
oF dQ.p

= , (5) 1 —(z-2')?
5Q., Mt _ . , ,
B Q(z,t)= 27Dt fQO(z )exp{ 2Dt }dz. (12

where 6F/6Q,,; is a functional derivative, ang is a mean

viscosity. In Eq. (12) Qy(z') is the order parameter distribution
Let us consider now an ISO phase where a velocity fieldunction att=0. At this point we assume a Gaussian shape to

gradient induces an orientational ordering of the micellesQqy(z’):
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FIG. 3'. Typical be_hawor of t_he transmlttar_lce In arbitrary units FIG. 4. Characteristic length the flow-induced birefringence
as a function of the time. Flow-induced birefringence produced by rocess as a function of the temperatireThe dashed line is onl
the movement of a plate inside the sample. The solid line is a fit of P y

expression15). T=28.0 °C. a guide for the eyes.

2 Expression(15) can be used to fit the experimental results
Z_) } (13) of I(t) at a given temperature.
| ' The diffusion coefficientD is temperature dependent
since u and the elastic constants depend DnThe mean
v(ifcosity of the sampléhe same of Refl9]) was measured
a function ofT using a cone-plate rheometd@rookfield

Qo(Z/):QoeXF{ -

whereQy,=Q(0,0) andl are constantd, being a character-
istic length of the problem. The Gaussian shape was assum
because we are considering a one-dimensional velocity fiel V-DVIII CP). Figure 1 showsu versusT.  increases as
gradient along the axis. This function has the physical yhe temperature approaches the 1SO-to-LAM phase transition
boundary conditions of the problem, i.e., it presents a maxiz T.=48.5°C. A similar behavior was founfl2] in a
mum atz=0 and vanishes &, and allows an analytic  terent lyotropic mixture, in a nematic phase near the

mtegr_atlon of Eq.(12). . . nematic-to-lamellar phase transition. The errors presented in
Using expressiori13) in (12) one can write Fig. 1 are evaluated taking into account the reproducibility of
the experiment. Our results do not clearly show an increase
, (14 of u at the ISO-to-LAM transition at the lower temperature.
Only the first measured value indicates this tendency. The
constantd is essentially an elastic constddf] that, in the
case of lyotropic nematics, is about 0dyn[17]. The tem-
perature dependence dfwas evaluated taking the data of a
similar lyotropic mixture[12], which presents a nematic-to-
lamellar phase transition. Following this proceduDecan be
obtained and its temperature dependence is shown in Fig. 2.
of he diffusion coefficient increase near the ISO-to-LAM tran-
sitions (T¢c=48.5 °C andT-=8.6 °0. The values oD in
the middle(25 °C) of the ISO domain are about 10 cn¥/s,
1. DISCUSSION and increase, as a function of the temperature, near the ISO-
to-LAM phase transitions. The value &f at 25 °C is about

In Ref. [9] the experimental data df(t,T) were pre- P
sented. The samples used in that work were mixtures of pothe same measurqds] for the diffusion of the glycoséor

) - - Saccharosein water.
ﬁsggman?uvziee(ﬁléé gg?/\?t O\Zt ?ﬁedgfg;? (gazou:ﬁcg?s a Figure 3 shows a typical fit of Eq15) to the sample
0 . . . o . e X
function of the temperature is LANB.6 °) 1SO (48.5 °Q transmittance at 28.0 °C. The unique fitting parametdr. is

This is a typical length characteristic of the flow-induced
LAM where I.‘AM stands for the lamellar phase. The veloc- birefringence in the lyotropic mixturd.is expected to be a
ity field gradient was produced by a stainless steel squa

late (placed in th | hich d al th r3ualitative measurement of the intermicellar correlation. Fig-
g)filse (placed in thex-y plang, which moved along thex ure 4 shows the behavior bfas a function ofl. The error is

The t ittance(t) at . t ¢ . evaluated taking into account the standard deviation of the fit
fi Iet ransmtl ezmc (d) a abglvel_:t emperature 1S propor- 44 the reproducibility of the experiments. Different experi-
ional to[Q(z,1) %, and can be written as ments were performed at the same temperature and the val-

g Qo p[_z_z
QU= e~ @9

which is solution of the diffusion equatiofy) for a given
temperature. The optical transmittandg) at a given tem-
perature can be writtefl5] as a function of Q(z,t)]?, as
will be discussed in the next section.

This situation can be experimentally produd@d by the
movement of a platd€in the x-y plane along thex axis,
placed inside a sample holder with a liquid crystal at the IS
phase.

- 12 ues ofl obtained lie within the error bars evaluated. The
I(t)=C 3 Qg(4Dt+I2)1 , (15  order of magnitude of is 10" 4 cm. Taking into account that

the typical dimension available per micell&9] is about
whereC is a constant. 10% A (i.e., the micelle and the surrounding waten | we
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have about 1dmicelles. The increase binear the upper and we can calculate the order of magnitude of the diffusion
lower temperature transitions to the lamellar phases is clearlgoefficientD, to check the consistency of our approach. We
observed in Fig. 4. In the middle of the 1ISO range the valuedind D~ 10 ® cn/s, which agrees with the order of magni-
of | present a dispersion arounck10™° cm. The relaxation tude obtained befored(u).

time of the flow-induced birefringend®] (7~10? s) ver-

sus Talso increased near the ISO-tp-LAM phase transition IV. CONCLUSIONS

temperatures, and presented a maximum at about 25 °C. As

pointed out before, observing the usual topology of the lyo- The flow-induced birefringence produced by a perturba-
tropic nematic phase diagraf20,21] we notice that on in- tion in an isotropic lyotropic phase was theoretically treated
creasing the water concentration, the nematic domain beas a diffusion problem. An adjustable paramdtehat in-
comes smaller, always surrounded by an isotropic regiorforms about the typical length of this effect was experimen-
For a given critical water concentration, the nematic domairtally obtained. This parameter also informs about the extent
vanishes and only the isotropic domain remains. The mixturef the correlation properties among the micelles. The analy-
used in the present work is very near this critical concentrasis of the results indicates thiaincreases near the isotropic-
tion and the analysis of the parameteindicated[9] the to-lamellar phase transition temperatures.

tendency of the mixture to present a nematic phase. This

behav_lor, with a local maximum at the middle of the ISO ACKNOWLEDGMENTS
domain, was not observed in the measurementsvefsus T
(Fig. 4). We thank CNPdConselho Nacional de Desenvolvimento
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