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Alignment and phase transition induced by surface action in lyotropic nematic liquid crystals
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The alignment properties of lyotropic nematic liquid crystdl8ILC) on treated substrates were studied.
Hydrophobic vs hydrophilic surfaces as well as rubbed vs nonrubbed surfaces were used to investigate the
influence of the boundary surfaces on the spontaneous alignment of LNLC. It was found that the nematic
particles can follow the anchoring direction imposed by the surface only when the LNLC material is strongly
confined. We also observed a phase transition induced by surface action in the case of strong confinement. The
reorientation and relaxation processes of the nematic director at the treated boundary surfaces were also
studied. The characteristic times of these processes were found to be dependent on the sample thickness and
the surface properties.

PACS numbd(s): 61.30.Gd

I. INTRODUCTION the magneto-optical effect in lyotropic nematic phases, one
may be constrained to use quite thick cells.

The bulk properties of lyotropic nematic liquid crystals  Recently, it was reported that, for a nematic calamitic
(LNLC'’s) have been intensively studied during the last de-phase confined in a microslide 20@m thick, in addition to
cadeq1-3]. The main results reported show strong similari-the usual bulk director reorientation, a reorientation process
ties between these materials and their thermotropic cousingf the director in the surface layer can be induced by an
The features of the nematic phase of these matefflai®,  external magnetic field6—8]. A phenomenological model
orientation by a magnetic field or by surface acli@e was proposed to explain such a surface reorientation process,
treated in the same way as for thermotropic nematic liquidvhere we consider, together with a dry-friction-type interac-
crystals(TNLC’s). Nevertheless, it is well worth underlying tion of the micelles with the boundary surface, an anchoring
that the building elementgor particles of LNLC's are  contribution[8]. It was found that the anchoring strength of
formed by the aggregation of hundreds of amphiphilic mol-the LNLC particles on the microslide surface is of about
ecules into large anisotropic micelles, whereas for TNLC’s10™° erg/cm, which corresponds to quite a weak anchoring.
the particles are isolated molecules. Experimental evidence In this paper we present a study on the influence of the
[4,5] showed that the elastic constarftsend, twist, and surface on the orientational state of a nematic calamitic
splay of lyotropic nematic phases are of the same order ophase. Up to now, to our knowledge, no evidence of a spon-
magnitude as for thermotropic nematic phases. Such behavaneous alignment of lyotropic calamitic nematic on treated
ior could be explained by the fact that the micelles can beurfaces has been reported. Such a lack of investigation may
easily deformed, and should therefore not be treated likge related to the fact that lyotropic mesophases do not
rigid particles[4,5]. Indeed, the phase transitions in LNLC’s present any interest for use in LC displays. In any case, such
can be accompanied simultaneously by fluctuations of the study may be helpful in obtaining a better understanding of
nematic order and by a change in the shape of the micelleghe interactions involved between LNLC particles and a solid
Assuming the hypothesis of nonrigid particles, the interacsurface. We have studied the effect of the physicochemical
tions of a lyotropic nematic phase with a boundary surfacdeatures of the surfagéydrophilic against hydrophoblicthe
(i.e., their anchoring propertipgnay be quite different com- geometrical shape of the surfagebbed vs nonrubbedand
pared to thermotropic nematic LC’s. In fact, the influence ofthe influence of the confinementell thicknessd) on the
the boundary surfaces on LNLC’s has not, up to now, beeRpontaneous alignment. We have also investigated the sur-
well understood. Under the application of an external magface layer reorientation by applying a strong magnetic field,
netic field, strong anchoring is generally assumed, giving riseind the relaxation process when the field is removed, in or-
to the existence of two surface regions where the nematigler to estimate the anchoring strength of a nematic calamitic
director experiences a strong distortion. These surface rgyhase N.). The characteristic time for the surface reorienta-
gions have a thickness that corresponds to the magnetic cgon process, as well as the relaxation time, are obtained by
herence lengthé=(1/H) Vk/ x,, wherek is the elastic con- fitting the experimental curves of the transmittance of the
stant andy, is the anisotropy of the magnetic susceptibility. sample recorded as a function of time while a magnetic field
Under the application of a strong magnetic field of 10 kG,was applied and then removed, respectively.
the surface layer can be estimated to be aboujut0 thick As will be shown herein, a spontaneous alignment can be
(takingK=10"° dyn andy,=10"8). Thus, in order to study achieved only when the nematic calamitic phase is confined

between two rubbed substrates separated by less than
50 wm. Furthermore, we found that a certain anisotropy of
*Present address: Universidade de Mogi das Cruzes, Avenida Dihe substrate is necessary for surface layer reorientation to
Candido Xavier de Almeida Souza, 200, CEP 08780-911, Mogi dagake place. It was also found that the characteristic time for
Cruzes, SP, Brazil. the surface layer reorientation seems to depend slightly on
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the cell thickness d), whereas the relaxation time varies
strongly withd. Another important result is the fact that the
surface reorientation process can occur even when the ce
thickness is smaller than the expected magnetic cohereng

length (£).

Il. EXPERIMENT

The lyotropic LC system investigated is a ternary mixture
composed of 35.3 wt% of potassium laurate, 4 wt% of de-
cylammonium chloridgDaCl), and 60.7 wt% of water. It
presents a hexagonal phase at low temperature, and tw
uniaxial nematic phasdsalamiticN, and discotid\,) sepa-
rated by a biaxial phasBl,,. The transition temperatures
were precisely determined by birefringence measurements a
a function of the temperaturéd ,-N. at 15°CN.-Ny, at

30°C, andNp,-Ng at 35°C. _ _ FIG. 1. Texture observed under a polarizing microscope in a
The lyotropic material was inserted into glass cells of dif-|yotropic nematic LC sandwiched between two rubbed PMMA sub-

ferent thicknesse¢10, 40, 100, and 20Qum). The cells strates kept apart by a Mylar spacer of 2@0n. A degenerate

were built by sealing two treated glass plates kept distant bylanar alignment is induced.

Mylar spacers of a given thickness. The glass plates were

first carefully cleaned before any specific surface treatmen{mposed alignment directions. The surface action seems not
We have used four different types of substrate: on the ongy pe sufficient to create a twist deformation in the LNLC
hand, hydrophilic against hydrophobic and, on the othemedium, independently of the sample thickness. This may be
hand, rubbed against nonrubbed. Bare clean glass platggnsistent with a weak anchoring of the LNLC particles on
were used as hydrophilic surfaces, whereas to obtain a hyhe rubbed polymer surface.
drophobic surface a thin film of poly-methyl-methacrylate |t is worth noting that if the boundary surfaces are bare
(PMMA) was spun coated on the glass plate. Unidirectionalyjass surfaces unidirectionally rubbed, the alignment quality
rubbing was performed by means of a homemade rubbing worse than for rubbed PMMA surfaces. A very surprising
machine, which allowed controlled rubbing treatments. Theyehavior was also observed in all thin cells of 10n inde-
cells were filled with the lyotropic material by capillary ac- pendent of the surface treatment: there occurs a transition
tion, at room temperature, with the sample in the nemati¢rom a planar texture to a homeotropic texture, as can be
calamitic phase. The cells were then observed with a polarseen in Fig. 3. The transmittance of the sample measured as
izing microscope. The surface layer reorientation and relaxa function of time, in the absence of any external field, shows
ation processes were followed by a measurement of thghree regimes; the first is related to the planar texture which
transmittance of the sample as a function of time while thgemains stable for about 14 h; a second regime with an
magnetic field was, respectively, switched on and then off. 3prupt decrease of the transmittance taking approximately 3
h is followed by a steady regime where the transmittance

A. Optical observations reaches a minimum. This regime corresponds to a dark tex-

The cells were mounted on a rotating stage of a polarizing ...
microscope, between two crossed polarizers. It was observe = R
that cells 100 and 20Qum thick showed a planar degener- = =
ated alignment of the nematic calamitic phase, even wher. =
the boundary surfaces were unidirectionally rubkese Fig. #

1). When the cell thickness is lowered to 40m a sponta-
neous alignment of the LNLC particles can be induced if the'
surfaces are rubbed. The alignment quality increases eve
more when the LNLC material is confined in a cell of 40 's" ;
thick (see Fig. 2 This means that, compared to thermotropic |
NLC, a spontaneous alignment can be induced by surfac¢
action only if the LNLC is strongly confined. In order to
check if the alignment was not due to the capillary flow ;.
during the filling procedure, we rubbed the two glass plates =
in a direction different from the fillingor flow) direction. It ‘-; -
turns out that the LNLC particles orient mainly along the & o
rubbing direction, even if a slight deviation from this direc-
tion was observed. Furthermore, when the two boundary FiG. 2. Texture observed under a polarizing microscope in a
substrates are rubbed in two distinct directions, in order tayotropic nematic LC sandwiched between two rubbed PMMA sub-
create a twist deformation in the LNLC medium, the directorstrates kept apart by a Mylar spacer of 1dn. A uniform planar
adopts an intermediate uniform orientation between the twalignment is induced.

-
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FIG. 3. Transmittance of a sample 1@m thick between FIG. 5. Electron microscope picture of a rubbed PMMA film
crossed polarizers. Initially the sample is in a planar configurationdeposited on a glass substrate.
and after~14 h the transmittance decreases and the sample pre-

sents a homeotropic texture. . . .
P ary surfaces. It can be seen that the reorientation of the di-

rector in the bulk follows the field direction; the resulting
deformation is not stable, since once the field is removed a
Nelaxation process takes place.

ture typical of the uniform homeotropic orientation of the
nematic director. Two hypotheses could be drawn: an orie
tational transition of thél, phase from a planar alignment to
a homeotropic alignment or a phase transition frilijto
Ng4, even if it seems difficult to stabilize a homeotropic ori-
entation of theN, phase in the absence of any external mag- As already highlighted, when a magnetic field is applied
netic field. To discriminate between these two hypothesedp a lyotropic nematic LC in the calamitic phase, in addition
we applied a strong magnetic fie{d0 kG) in the plane of to the usual bulk reorientation process there occurs a reori-
the boundary surfaces, and measured the transmitted inteantation of the director in the surface layer. More recently,
sity of a laser beam crossing the sample at normal incidencave reported a phenomenological model to explain such a
No change was observed in the transmitted intensity; thisurface reorientation process, where together with a dry-
shows that we are not in the presence of a homeotropicallfriction type contribution we considered a contribution from
oriented N, phase, but a4 phase with the director uni- the anchoring energy of the nematic particles on the bound-
formly aligned along the sample thickness. In Fig. 4 we re-ary surfaces. In this section, we will present some prelimi-
port the transmittance curves of the sample submitted to aary results on the influence of surface features on the sur-
magnetic field of 10 kG applied at two distinct angle®,(  face reorientation process, which may help us to obtain a
=20° andf,=45°) with respect to the plane of the bound- better understanding of the anchoring contribution to the sur-
face layer reorientation process.
Samples of 100 and 20@.m that did not show any spon-
] N0 taneous alignment were submitted to a strong magnetic field
5 - 4 degrees H (typically 10 kG. It was found that the magnetic field
E v 20dagram induces a uniform stable orientation of the director aléhg
3 only if the confining glass or polymer surfaces were unidi-
] ;;ﬂ“’“""""’“; S rectionally rubbed in the same direction as the applied field.
0207 N This implies that a certain anisotropy of the surface is nec-
E i. essary for the surface layer orientation to take place, and then
% to give rise to a uniform and stable alignment of the sample.
¥ To try to gain an insight into the mechanism involved in the
surface orientation process, we performed an analysis of the
surface topography by means of a scanning electron micro-
0.00 - scope. It was found that for bare glass, rubbing does not
. provoke any significant surface deformation, such as micro-
008 T Y grooves. We have to underline that we used a soft velvet
) cloth to rub the substrates. Regarding the polymer-coated
Time (s) . . . .
glass substrate, rubbing induces the formation of micro-
FIG. 4. Experimental curves of transmittance showing the direcgrooves(Fig. 5 about 0.04 um wide along the rubbing di-
tor orientation induced by a magnetic field of 10 kG in a sample offection. Both types of rubbed substrates give rise to a surface
10 wm, which has experiencedNy-N4 phase transition due to the oOrientation process, and we believe that the presence of mi-
surface action(a) For 6,=20°, (b) 6,=45°. crogrooves at the surface is not the main feature that controls

B. Surface reorientation and relaxation processes
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' ' ' ' ' ' "] entation and relaxation of the surface director when a mag-

700, netic field of 10 kG is applied and then removed, respec-
600 -| : tively, in cells of 10, 100, and 20Qum. The characteristic
1 time for the process increases slightly when the cell thick-
.'g 5°°i ness decreases. Such a behavior seems consistent with an
3 400 i increase of the surface contribution when the LNLC is more
i . and more confined; the anchoring plays the role of a resis-
g 300 tance to the reorientation of the director in the surface layer
; 200; in the field direction. We have to underline that the effect is
é ] not so strong as one would expect. This may be due to the
= 100 . quite weak anchoring of lyotropic particles on the boundary
0_’ | surfaces. Regarding the relaxation process, atulf, a
] quite a rapid relaxation of the surface director takes place,
T+ 1 S — giving rise to a complete recovery of the initial orientation.
200 0 200 400 600 800 1000 1200 1400 1600 When the lyotropic material is confined in a cell of 2Q0m,

Time (s) however, the initial orientation is not recovered even after a
quite long time. The relaxation time; was determined by
fitting the relaxation curves using a simple exponential decay
function. 75 decreases with decreasing cell thicknesses. Nev-
ertheless, this result is consistent with the fact that the relax-
ation process involves mainly surface contributions. As
the occurrence of this process. Nevertheless, the most impogouid be expected, the relaxation process becomes faster
tant fact is that rubbing creates a certain surface anisotropyhen the cell thickness decreases, due to the fact that the
which seems necessary for the surface orientation to takgnchoring contribution of the nematic particles on the bound-

FIG. 6. Experimental curves of transmittance of a LNLC con-
fined in a cell of 200 um, built up from two rubbed glass plates
and two rubbed PMMA substrates, respectively.

place. . o ~ary surfaces is higher for a smaller cell thickness.
To investigate the effect of a magnetic field on an initially
aligned LNLC sample, the field was applied at an angle of IIl. DISCUSSION AND CONCLUSION

45° with respect to the initial orientation. A reorientation of
the director takes place at a characteristic time that depends As one may guess, the anchoring properties of lyotropic
strongly on the field intensity6—8]. Figure 6 shows the NLC's are quite different from their thermotropic cousin. It
transmittance curve for the surface reorientation process thstas found that to obtain a surface action on the anisometric
takes place when a field intensity of 10 kG is applied to amicelles, which are the building particles of a bulk lyotropic
sample 200um thick built of, rubbed glass plates and NLC, it is necessary to confine the LC material inside quite
rubbed PMMA-coated glass plates, respectively. The charadhin cells (typically 10 wm). Furthermore, it was observed
teristic time for the surface reorientation process is slightlythat, in the experimental conditions used, it is hard to intro-
different for both kinds of substrate used. It therefore seemduce a twist deformation into such a system. Such a surpris-
that the hydrophobic or hydrophilic character of the surfaceng feature, together with the possible gliding of the nematic
has a certain influence on the surface reorientation processlirector at the surface by the application of a magnetic field,
In Fig. 7 we show the transmittance curves for the reori-seems consistent with the existence of a weak anchoring of
the lyotropic particles at the boundary surfaces. Neverthe-
' ' : . . . . ' less, the experiments performed here do not give any access
to the type of interactions involved in the anchoring of the
anisometric micelles onto the surface. If we assume that the
micelles are nonrigid bodies, and can therefore be easily de-
formed by the boundary surface, we can argue that a surface
layer may be built up by amphiphilic molecules in contact
j with the solid substrate. The thickness and compactness of
this surface layer may depend on the physical shape of the
substrate as well as the related physicochemical features. It is
well known that in the case of thermotropic NLC's, in con-
tact with a solid substrate, the rodlike molecules form a
. smectic structure at the surface that arises from symmetry
breaking[9]. It has been shown that this smectic layer does
not influence the macroscopic anchoring properties of the
nematic particles. Nevertheless, in the case of lyotropic
500 0 S00 1000 1300 2000 2500 2000 2S00 NLC's, t_he surface Iayer may be much thlcl_<er_ _th_an that
present in thermotropic LC’s due to the amphiphilicity, and
thus the self-organizing nature of the molecules in the aque-
FIG. 7. Experimental curves of the transmittance of a LNLC ous medium. We may indeed obtain a lamellar structure at
material sandwiched between cells of different thickneés@s100, the surface formed by one or more bilayers. In the case of
and 200 um). hydrophobic substrates, we believe that a compact reverse
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€3 that can be destroyed and rebuilt due to the diffusion of the
amphiphilic molecules through the solutipt0]. The biaxial
nematic phase is characterized by a orientational order along
the three directions, whereas orientational fluctuations
around the longest or shortest axis lead to the calamitic or
discotic nematic phases, respectivéBig. 8) [11]. Let us
er consider a nematic calamitic phase in contact with a bound-
ary surface, in thex-y plane. Due to symmetry breaking,
‘Az close to the boundary surface the aggregates tend to align
with the shortest axisei) perpendicular to the surface, and

FIG. 8. Sketch of the biaxial molecular aggregates. In the biax-thls order extends to the next neighbors. The transition to a

ial phase there is a positional order along the three directions ol?“d phase indicates that fluctuatllons arOU“O,' heaxis a_re .
space. Orientational fluctuations around theaxis result in a ca- SuUPPressed due to the surface imposed alignment direction
lamitic (N.) phase, and around tfeg axis results in a discotidyy) ~ @nd the strong confinement, favoring fluctuations around the
phase. e; axis. This could occur if the shape anisotropy is weak, and
this is the case in this system; x-ray experiments have shown

. - . . : . that the ratios of the repetition distances {e; ande,/e3)
bilayer of amphiphilic molecules is formed with the aliphatic are 1.5 and 1.412]. It is worth underlining that the hypoth-

chains came into contact with the surface. For hydrophilic” -

substrates, however, the amphiphilic molecules organize intt SIS Otf a fChe”,ll'C?l ?\Irocilss Ta?hbientct)?l:ted to exp:all(n the
a bilayer, with the polar heads in contact with the surface ransition Iromi 10 Nq , due 10 the fact that care was taken

which allows the inclusion of watetholed bilayey. This to obtain hermetically sealed cells, and that esterification was

surface layer may not screen the substrate properties, that cgﬁ?'ded b% using DaCLlnstear(]j of Dtehcatnol. ; .
then propagate toward the bulk, composed of anisometric N conclusion, we have shown that surfacé action can

micelles(nematic particles Regarding the anchoring behav- ;’:ﬂ{gn a”Iy_(I)_Lroplc NLC only ;f thel_crjnaterlfatlhls cor}flnedd!ntota
ior of the LNLC on such substrates, the experimental obser= In cell. The occurrence ot a gliding ot the surtace director,
s well as the impossibility of generating a twist deformation

vations show a slight difference in the alignment quality and® h A istent with th ist f

in the characteristic time of the surface reorientation procesér.‘ SEC S%'S ems, fst(;em cont§|s en t'V\I” etheX|ts er;cg 0 ba

At present, it is not obvious how to discriminate between theV€aK anchoring ot the nemalic particies on the treated sub-
trates we used. Furthermore, a phase transition figrto

different surface effects that dominate the anchoring of . i .
dNa was observed in the strongly confined sample, underlying

the influence of the surface layer to organization of the mi-

ever, in the case of the hydrophobic substrdhe PMMA celles in the bulk. The experimental results presented in this

coated-plate microgrooves are created at the surface. NeVyvork raise important questions about the nature of the inter-

ertheless, the contact surface for the nematic particles may &¢€ Interactions, and how these interactions influence self-

the surface layer of the lamellar structure instead of the soli@'9anized systems such as lyotropics. New experiments are

substrate. The structure of this surface layer may also influll? Progress with the objective to obtain a more complete

ence the anchoring behavior of the LNLC. New experiment&€Scription of the anchoring properties of lyotropic liquid
are in progress to try to obtain a better understanding of th&'YStals:
anchoring properties of LNLC's, and will be published else-

where.

Regarding the phase transition from nematic calamitic The authors are grateful to Professor P. Toledano for use-
(N¢) to nematic discotic Ng) that was observed in the thin ful discussions, Professor Pedro Kunihiro Kiyohara for the
samples (10um), one must consider the particularities of SEM analysis, and to FAPESP and CNPq for financial
lyotropic systems. Molecular aggregates are biaxial objectsupport.

ACKNOWLEDGMENTS

[1] B.J. Forrest and L.W. Reeves, Chem. R&¥, 1 (1981). (1996.

[2] J. Charvolin, E. Samulski, and A.M. Levelut, J. Ph{fErance [8] L. Vega, J.J. Bonvent, G. Barbero, and E.A. Oliveira, Phys.
Lett. 40, L587 (1979. Rev. E57, R3715(1998.

[3] A. Saupe, Nuovo Cimento B, 16 (1984. [9] B. Jerome, Rep. Prog. Phys4, 391 (1991).

[4] T. Haven, D. Harmitage, and A. Saupe, J. Chem. PR§s352  [10] J. Israelachvilijntermolecular and Surface ForcéAcademic
(1981). Press, London, 1991

[5] E. Zhou, M. Stefanov, and A. Saupe, J. Chem. PB$s5137  [11] v. Galerne, A.M. Figuereido Neto, and L. liert, J. Chem.
(1988. o Phys.87, 1851(1987).

(6] E.A. Oliveira, A.M. Figueiredo Neto, and G. Durand, Phys. 151 £ A Oliveira, L. Liebert, and A.M. Figueiredo Neto, Lig.
Rev. A44, R825(1991)). Cryst. 5, 1669 (1989.

[7] R. de, F. Turchiello, and E.A. Oliveira, Phys. Rev5& 1618



