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Dynamical behavior of a nematic lyotropic liquid crystal in flat confined samples
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We investigate the dynamical behavior of the director in the surface layer of lyotropic nematic liquid crystals
in an external magnetic field. The characteristic time of the orientation process is obtained from optical
measurements for samples of different thickn@&9, 50, and 1Qwm). The boundary surfaces are glass plates
coated with rubbed polymépolymethylmethcrylatédPMMA)], to introduce an easy axis. Drastic changes in
the dynamical behavior are observed when the thickness is decreased and the experimental results indicate a
uniaxial to biaxial transition due to the confinement of the nematic sample.
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[. INTRODUCTION tation process is determined by optical measurements for
samples of different thickness and we observe drastic
Liquid crystalline phases are present in materials comchanges in the dynamical behavior due to the confinement of
posed of interacting molecules or aggregates of moleculehe nematic sample. The results obtained are discussed in the
that are anisotropic in shape. The molecules tend to aligfight of the phenomenological model presented in RES$.
parallel to each other and the average direction of orientatioand[4].
is characterized by a unit vector, called the direatoiThe
particular orientation adopted by the molecules can be fixedIl. DYNAMICAL BEHAVIOR OF THE SURFACE LAYER
by external fields(electrical or magnetjcor by boundary

conditions. If the anisotropy of the diamagnetic susceptibility IQ. th_|s secf'u%n Wﬁ will preselznt_th? ma:jn Iadssurr|1pt|ogs and
is positive, the director tends to align parallel to an applied®rédictions of the phenomenological model developed to ex-

magnetic field and the equilibrium configuration will be de- Plain the dynamical properties of the surface layer of a lyo-

termined by the competition between the boundary effect.%mpic liquid crystal. It is considered that the interactions of

and the interaction with the magnetic field. The combinationthe molecular aggregates with the solid substrate leads to the

of such effects is useful in designing magneto- or electroformation of a surface layer with a two-dimensional orienta-

optical devices using liquid crystals. tional _ord_er with a finite thickngss. Letuscall, e_, and.c

Lyotropic liquid crystals are formed by aggregates of am—the prmqpal axes of the biaxial moIecn_JIar aggrege(tgs .
phlphlllC molecules dispersed in a SOlVdmisua”y WatE)', CelleS W|th C paral|6! to the -Sl'na”est dlmenSIOH, which is
and they present liquid crystalline structures within a certaiffPProximately the bilayer thickness awed related to the
range of temperature and concentration. Two different orien2i99€st dimension of the micelles. The presence of a bound-
tation processes have been observed in nematic lyotropic Iicg—_ry surface tends to fix the orientation of the axiperpen-
uid crystals under the action of a magnetic field1], a fast icular to the surface, but the micelles can glide in the plane
one, related to the orientation of the director in the bulk, anooarallel to the surface, therefore thermal fluctuation around
a slow one(about 16 times larger than the bulk opevhich ~ the axise, are restricted close to the surfaddg. 1). The
has been associated to the orientation of the director in th@"der in the surface layer is characterized by the order pa-
surface layer. The dynamical behavior of the surface layer ofdMeterp and the eigenvectors of the biaxial order; and
a lyotropic nematic phase in an external magnetic field ha§- - Du€ 1o its finite thickness the surface layer interacts
been experimentally and theoretical investigated for a lyotrodirectly with the magnetic field by means of a coupling con-
pic liquid crystal in the nematic phasésniaxial and biaxi-
al), and it was shown that the characteristic time of this pro-
cess, 7, is proportional to the inverse oH? [1,2]. A
phenomenological model had been proposed considering the
particularities of the lyotropic systems and it predicted the
possibility of three different equilibrium orientational states
characterized by the orientation of the director in the surface
layer with respect to the bulk directps,4].

In this paper we investigate the orientation process of the
surface layer in a lyotropic liquid crystal submitted to an

external magnetic field. The characteristic time of the orien- Bz‘[}ﬂdafy
surrace

FIG. 1. Organization of the biaxial micelles with principal axes
*Present addresses: Universidade de Mogi das Cruzes, Av. Dg, , e_, andc close to a flat boundary surface. Thermal fluctuations
Candido Xavier de Almeida Souza, 200, CEP 08780-911, Mogi dasaround the axis parallel to the plane of the surface are restricted
Cruzes, SP, Brazil. close to the surface.
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FIG. 2. Att=0 the nematic sample is homogeneously oriented -l He |
with the directorn parallel to thex axis. The magnetic field is @)
applied at angl@ with respect to thex axis inducing a twist of the
director in the bulk, characterized hy(z), the angle between the 1/t
director and thex axis. In the surface layer the orientation of the
director is characterized by the anglét).

stantD, D>0, which means that the orientation@®f paral- I I
lel to the direction ofH is favored. In addition, the surface
layer interacts with the bulk by an elastic torque due to their
different orders(uniaxial in the bulk, by means of a cou- o2 2‘
pling constantC, which can be either positive or negative, [HC | H
depending on the relative orientation of the eigenvectors to ~-1/t9 +
the director in the bulkC>0 corresponds tee, aligned ®)
parallel toH andC<0 corresponds te_ parallel toH.
Let us consider a semi-infinite sample, with the boundary FIG. 3. Dynamics of the orientation process in the biaxial sur-
surface inz=0. The initial orientation, at=0 corresponds face layer. Theoretical dependence of the orientation frequency 1/
to the director(n) uniformly oriented along th& axis and the as a function ofH?. (a) C>0 and D>0, the equilibrium state |
eigenvector in the surface layer parallel ton. A magnetic  corresponds to the eigenvecer and is oriented parallel tbl. (b)
field, is then applied to the sample, parallel to the boundary transitional orientation can occur when<®@ and D>0. The
surface, making an anglé with respect tox axis (Fig. 2). equilibrium state 1l corresponding te_ parallel to H becomes
Considering that the orientation of the director in the bulk isstable forH<H..
much faster than in the surface layer, #or 0, it is expected
thatn is parallel toH; ¢(z— )= 6, where¢ describes the 1 1
orientation of the director in the bulk with respectxaxis P To
and ¢=¢(2). In the surface layer, the orientation of the
eigenvectore, with respect to thex axis is given by the and 1£,=2Crp/y, He=(2Crp)/(Kx.)*2 and H2
angle® =®(t) and in the border of the bulk, the orientation =cr/p. For high intensities of applied magnetic field or
of the director is givenp (z—0)=¢o. The free energy per for small values oH, we expect that His proportional to
unity area can be written 48] H2, as is shown in Fig. @). If we extrapolate the linear
behavior of 1# as a function ofH? to the region of low

0 2 o] . . . .
f=Fyo+Feyt %j K(d‘P) n Ef YaHZco2(6— ¢)dz magnetic fields we find the values ofrd/and |H?|, which

3

HZ H
HZ Ho—H

o \dz 2Jo are related to the phenomenological const&hendD. The
1 configuration of the director in the bulk can be obtained from
— ZDH2pco@d—Crp cod(D— ¢y), (1) Eq. (1), by imposing the equilibrium of the elastic and mag-

2 netic torques in the bulk, and assuming that the distortions

Xa are the amplitude of the order parameter and the aniso-

are small; sinp~¢. Then, the twist in the bulk is described
whereF,, andFg, are the bulk and surface energies of theby ¢(z);
_ z 60— ®o
tropic diamagnetic susceptibility in the bulk, respectively. ¢(2)= 06— 2 arctanex & ta 2
The time evolution of the director in the surface will be

unperturbed stat& is the bulk twist elastic constant,and
given by ®(t), that can be obtained from the Landau- whereé=(K/y,)Y4H is the magnetic correlation length.

, 4

Khalatnikov equation$3,4] resulting in An interesting behavior is observed when we consider the
competition between the elastic interaction of the surface
O(t)=0(1—e V"), (2)  layer with the bulk and the magnetic torque in the surface

layer. The magnetic torque tends to induce the orientation of
where 7 is the characteristic time of the surface orientatione, parallel toH, however the elastic interaction of the sur-
process, given by face layer with the bulk depends on the signalGfwhen
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FIG. 4. Sketch of the experimental setup.
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C>0 the elastic torque in the surface layer is the same sense
of the magnetic torque, and the equilibrium stétecorre- 00
sponds to a homogeneous state, veithparallel toH, every-

where in the sample. Whe@<0, the elastic torque tries to

oriente_ parallel toH, which corresponds to the direction of

the smallest dimension of the biaxial object in the plane par- (@)
allel to the boundary surfaces. This situation can occur in the

bulk biaxial phase, when the three bulk directarsare ori- 08 s |
ented. The equilibrium stat@l ) corresponds then, ®@_ par- ' AAAA N*N oo
allel to theH and there is no twist. Therefore, there are two T 06. S Dnnnuuﬂﬂu“mn |
homogeneous equilibrium states, distinguished by the orien- g N DDDD””

tation of the eigenvector with respect to the magnetic field 04| a DDDDD |
with the possibility of an orientational transition from one a v o

state to anothef4], as is shown is Fig. ®). These predic- 02]  ceo® _ f_;m |
tions were confirmed by observing qualitative changes in the = A;DD . H=7700G
behavior of 1f by variation of the temperature through the 00 o s H=9760G | |
calamitic to biaxial phase transition in the bulk transitjdih , ‘ ‘ , ,

The effects of confinement were also previously discussed 0 o0 2000 3000 4000 5000
[4,5], and it is expected that in the surface layer, there is a Tims (s)

suppression of the micellar fluctuations around the axes par- ()

allel to the boundary surfaces, leading to the formation of a
biaxial interface of finite thickness and two-dimensional ori-
entation order. In this paper we investigate the effects o
confinement by changing the thickness of the cells contain
ing the lyotropic sample.

FIG. 5. Experimental curves of transmittance fay different
ample thicknesses ar(®) different strengths of magnetic field.
he magnetic field is turned on for=0. The solid lines represent
the best fitting for the experimental curves.

elements as well as through the sample is simulated by using
. EXPERIMENT Jone’s matrix method; the sample is considered as built of
thin layers, with uniform orientation in each layer, where a
The lyotropic liquid crystal consists of potassium lauratephase shift and a rotation of the direction of polarization take
(35.3 wt. 99, decylammonium chloridé4 wt. %), and water  place. The magnetic field is turnedtat 0, inducing a twist
(60.7 wt. %9, and for such composition it presents a nematicin the bulk and the reorientation of the director in the surface
calamitic phase between 15 and 30 °C. The transition temayer, which are described by Eq4) and(2), respectively.
peratures were determined by birefringence measurementshe experimental curves of transmittance are then fitted us-
The sample is introduced by capillarity into cells 200, 50,ing Jone’s matrix and considering the evolution of the orien-
and 10um thick, whose inner surfaces are flat glass platesation of the surface layer described by E@®) and (4),
coated with thin films of polymethyl-methcrylat®MMA) taking 7 as the fitting parametei2]. The experiments are

by spin coating. Furthermore, the films are unidirectionallyperformed at room temperature (22 °C), which corre-
rubbed and we observe that such treatment induces a h0m§ponds to the maximum birefringence of the Samp|e in the

geneous planar orientation on the nematic sample in the rubrematic calamitic phase.
bing direction.

The dynamical behavior of the surface layer is investi-
gated by applying a magnetic fieléH) making an angled
=45 °C with the initial orientatiomy, parallel to the bound- The magnetic field is turned &t 0, inducing a reorien-
ary surfaces, inducing a pure twist in the nematic sample. Weation of the director and a change in the transmittance of the
follow the orientation process by measuring the transmitsample, as can be seen in Figa)5 for samples of different
tance of the sample between crossed polarizers as a functidhickness. From this figure, we note that there is an increas-
of the time, when the magnetic field is turned on. A sketch ofing in the transmittance reaching a saturation regime. The
the experimental setup is shown in Fig. 4, where the orienmaximum limiting value of transmittance is lower for the
tation of the polarizers, with respect to the initial orientationthinner samples indicating that the amplitude of the distor-
of the sample, is chosen to start with a minimum of trans+ion induced by the magnetic field is also smaller. The same
mittance. The propagation of the light through the opticaleffect is observed for the sample, when the field strength is

IV. RESULTS AND DISCUSSION
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decreased, as illustrated in Figbh Using the procedure T T
described above to simulate the propagation of the light
through the nematic sample, we obtained the values of the
characteristic timér) for the orientation of the surface layer,
for the 200 um thick sample. However, for the thinner
samples, 50 and 1@gm thick, it was not possible to fit the
experimental curves of transmittance using Ej.to repro-
duce the twist in the sample. Such samples were examined in
a polarizing microscope after a long time submitted to the
magnetic field and we observed a uniform planar texture,
rotated from the initial orientation. The direction of the final
orientation depends on the intensity of the magnetic field.
However, even for fields as high as 10 kG, the orientation

110%™

does not match the direction imposed by the magnetic field. @
The experimental curves of transmittance could be well fitted L P —
considering that the sample rotates as a whole in the direc- o d=50um
tion of the magnetic field with a characteristic timeThe 12- 1
orientation of the director in the sample is assumed to be 104 |
described by Eq(2). This means that if there is a surface
layer, it is so thin compared to the light wavelength that it PQ& R 1
cannot be detected in this experiment. In Fi@)5ve present eg 061 |
experimental curves of transmittance and the respective fit- &
ting curves. = 04- % .
The results obtained for the sample 2p@n thick are E
presented in Fig. ®) where we observe a linear dependence 02 1
of 1/r as a function ofH?, in the region of high magnetic 0.0 J
fields as expected. However, we observe that for low mag- —_——————————1—
netic fields the dependence is also linear, but with a change 10 0 10 20 30 40 5 6 70 8 90 100 110
in the slope. The parameters obtained for a linear fitting in (b) H(10'G)
the two regions are listed in Table I, where the dafaand
F2 refer to the low and high magnetic fields, respectively, B '
and the values of &} andH? are obtained from the extrapo- 1.5 .
lation of the linear behavior. Comparing the two fittings, we 14 .
observe that in the region of low magnetic fields, the slope of 13 I ]
the line (s=Dpl/v), is larger with respect to the region of 12 I F4 1
high magnetic fields(= 6 kG) while the value of 14, _ l
(1/79=2Crplv), is two orders of magnitude smaller. Such a B 11 ]
large variation in 17, cannot be explained by variations rof £10- T
and p (that are restricted between 0 ang therefore we * o9- .
speculate about the influence of the magnetic field on the 08 ]
others parametersZ, D, and y. High magnetic field may 07. ]
increase the order in the surface layer, which could result in ]
an increasing viscosity, and smaller values of botf, BHnd °'610 20 30 40 50 60 70 80 90 100
s. Therefore, we think that the changes in the slope should be © H(10'G)
related to the influence of the magnetic field GrandD.
In Figs. 6b) and Gc) the values of 1 are plotted as a FIG. 6. Experimental results for 4/as a function ofH? for

function ofH? for samples 50 and 1@m thick, respectively. different cell thicknessega) 200 um, (b) 50 um, and(c) 10 xm.

In both cases it is possible to fit a straight line and the relatedhe solid lines correspond to a linear fitting using B}, where the
parameters are listed in Table I. In Figh§ there are two related parameters obtained from the fitting are listed in Table I.
points in the region of low magnetic field that were not in-

cluded in the fitting because they could belong to anothepnly to the decreasing of the cell thickness, as was predicted
line, as was sketched in Fig(l8. This result indicates the [4].

possibility of an orientational transition, as was discussed For the cell 10um thick within the experimental uncer-
above, and this situation corresponds to the existence of tainties, it is observed thatis independent on the intensity
bulk biaxial phase. The two points, that can be connected byf the applied magnetic field and the plot of-Hs a function
a straight line with negative slope, would correspond to theof H? results in a straight line with a very small slope;
equilibrium state Il, where the axes. is parallel to the mag- ~3.8x10 s 1 G?, which is two orders of magnitude
netic field. It is important to note, that this transition is due smaller than the values obtained for the other dek= Table
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TABLE |. Values obtained from the fitting of the experimental data.

d (um) Linear fit 1y (10 5s7Y H2 (units of 18) G? s (10 1¥s1G7?) C (units of 10°3) D (units of 1019

200 F1 4.13 -1.11 3.70 0.82 8
F2 124 —-120.4 1.03 24.8 2.1

50 F3 5.53 —4.87 1.13 1.4 2.3

10 F4 116 —2993 0.038 23.2 0.076

I). Such low value ofs can be due to a decreasing in the the fact that increasing the intensity of the magnetic field a
value of D, which means that the direct interaction of the larger portion of the sample is oriented in the direction of the
surface layer and the magnetic field has a weaker contribunagnetic field, reducing the thickness of the surface layer.
tion to the total energy, compared to the other cells. It isFor thin cells we observe also a decreasingdgfwhich is
worthwhile to note that the magnetic field is applied makingconsistent with the fact that we had to change the profile of
an angle of 45° with respect to the initial orientation, but thethe director in order to fit the experimental curves of trans-
maximum deformation observed for such a thin cell is onlymittance, neglecting the thickness of the surface layer, and
~10°, forH~10kG. considering a uniform orientation in the sample. The extre-
Concerning the experimental results the first point wemum situation is illustrated for the thinner cellO0 um
must discuss is the existence of two lines with differentthick), where we obtained~0. In fact, assuming strong
slopes for the thicker ce(R00 um). In fact, we proceeded to anchoring conditiongwhich are not the observed for lyotro-
the fitting assuming two independent lines, and we arguegic liquid crystalg, the magnetic correlation length would be
that this should be related to changes in the phenomenologi~10 um for H=10kG, which is comparable to the thick-
cal parameter€ andD. Considering the values of 4f and  ness of the sample, and we would not expect any effect of
s listed in Table | and assuming=p~0.5 andy=~10P[6],  the magnetic field5].
which are reasonable values for such parameters, we esti-
mate the values of andD. Such values introduced in Eq.
(3) were used to simulate the curves presented in Fig. 7, V. CONCLUSIONS
introducing small variations on both paramet€randD. We
observe that keepin@ constant and allowind@® to assume
different values it is possible to obtain two lines connecte
with different slopes, however, the break occurs for very low
values ofH. It was not possible to fit all the experimental
points using Eq(3), for unique values o€ andD; the data
must be separated in two independent lines, as we have do
The second important point to be discussed concerns t
fact that in the regions of high magnetic fields the slope of
the curve is smaller. We argued that this could be related to EE
lower value ofD, which means that the coupling of the sur- ¢
face layer to the magnetic field is weaker. This may be due t

We must be careful when comparing length scales in ther-
otropics and lyotropic liquid crystals, because the building
locks present completely different features. In the case of
lyotropics, the building blocks are aggregatesmicelles of
amphiphilic molecules that due to self-organization can ex-
r{}jbit simultaneously shape and order variations driven by
HEmMperature and/or concentration changes. The micelles
resent a biaxial shap@ig. 1) with typical repetition dis-

ces; 10, 8, and 5 nm, along the three main directions. The
ree nematic phases are the macroscopical consequence of
8r|entat|onal fluctuations, which are free rotations aroand

axis ande, axis, in the discotic and calamitic phases, respec-
tively, and only small amplitude oscillations in the biaxial

5.0010°- p=r=05/1=10 / H,=5oe i phas€7]. Furthermore, there is a pseudolamelar order along
—s—D=§(10") / C=082(10°) . the shortest dimension of the micelléx perpendicular to
40x10°- ~ © D=5(10") / C=082(10°) ] the bilayey with a correlation length of about 30 nm, which

—x—D=8(10") / C=8.2(10°%)

D=24(10™) | = _82(103) corresponds to approximately six bilayers, including the wa-
30x10°

8 ter between them. The frequencies related to the orientational
fluctuation modes are in the range of 200 Hz for lyotropics
1 [8] while for thermotropics the typical frequency is 5 kF¢

for thick samples.

The existence of a limiting surface imposes a restriction
on the fluctuations of the biaxial micelles around the longest
axis, parallel to the boundary surface, although they are free
1.0x10° R ‘ . R to rotate around axis. If a magnetic field is applied to the
00 20x107 40x10 6.0x10° 80x10° 1.0x10° calamitic sample, the orientation of tiee axis is fixed(par-

H{(G) allel toH), leading to a biaxial order close to the surface. The
phenomenological model discussed in this paper considers

FIG. 7. Simulation of Eq(3), assuming constant values for the the existence of a surface layer of finite thickness and biaxial
parameters, p, K, andy and allowingC andD to assume different order that interacts directly with the magnetic field. This
values, to illustrate their influence on the behavior af ig H2, model predicts there are two possible equilibrium states
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which are distinguished by the orientation of the longest axighe existence of the equilibrium state Il characterized by a
(e,) of the micelles with respect to the direction of the mag-homogeneous orientation of the director, is a consequence of
netic field. The experimental data obtained for the cell 20the reduction of the sample thickness. It is worthwhile to
um thick presents a behavior similar to what has been preremember that in order to fit the experimental curves of
dicted when the equilibrium state corresponds to state |, thegansmittance for the cells 50 and lfn thick, we assumed
axise, is parallel toH, both in the surface layer and in the that there is no distortion in the sample induced by the mag-
bulk. In fact, this is what is expected in the bulk, since we arenetic field and the sample rotates as a whole towards the
dealing with a calamitic nematic sample that tends to aligrfield. For these cells, it is possible that the thickness of the
with the director parallel to the magnetic field, and this di-biaxial layer becomes comparable to the thickness of the
rection corresponds also to the average orientation of longesample, and the biaxial order is stable over the whole

axis of the micelles. sample. In this case, there is no discontinuity between bulk
The equilibrium state Il can occur when the phenomenoand surface layer; they are the same.
logical constanC is negative, which corresponds to the In conclusion, the behavior of as a function oH? ob-

axis oriented parallel to the magnetic field in the bulk and inserved for the sample 20Am thick is consistent with a
the surface layer. This state is possible when there is a bulkniaxial nematidcalamitio bulk phase, while the results ob-
biaxial phase, and the magnetic field is not strong enough ttained for the 50 and 1@m thick samples are consistent
induce the orientation of the longest axis, i.e.,forxH.. It ~ with a bulk biaxial phase. Since the temperature of the
is possible to distinguish the two equilibrium states from thesample is the same during the experiments, we believe that
dynamical behavior of the surface layer, as was sketched ithe uniaxial-biaxial transition is an effect of the reduction of
Fig. 2(b), where in state Il the angular coefficient is negative.the thickness of the sample, which restricts the orientational
According to the experimental results obtained for the cell 5Fluctuations in the cell, or in other words, it is a confinement
um thick there are two points in the region of weak magneticeffect.

fields that would be connected by a line of negative angular

coefficient. This is consistent with a bulk biaxial order, al- ACKNOWLEDGMENTS
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