
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Self-screening of Langmuir-Blodgett films by a discotic micellar lyotropic
liquid crystal
S. Fontanini; A. Strigazzi; G. Barbero; M. C. Salvadori; A. M. Figueiredo Neto

Online publication date: 06 August 2010

To cite this Article Fontanini, S. , Strigazzi, A. , Barbero, G. , Salvadori, M. C. and Neto, A. M. Figueiredo(1998) 'Self-
screening of Langmuir-Blodgett films by a discotic micellar lyotropic liquid crystal', Liquid Crystals, 24: 6, 793 — 798
To link to this Article: DOI: 10.1080/026782998206597
URL: http://dx.doi.org/10.1080/026782998206597

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/026782998206597
http://www.informaworld.com/terms-and-conditions-of-access.pdf


L iquid Crystals, 1998, Vol. 24, No. 6, 793 ± 798

Self-screening of Langmuir ± Blodgett ® lms by a discotic micellar

lyotropic liquid crystal
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(Received 10 September 1997; accepted 8 December 1997 )

The in¯ uence of the surface treatment on the anisotropic part of the surface tension of a
lyotropic discotic micellar nematic liquid crystal doped with ferro¯ uid is analysed. The
treatment involves Langmuir± Blodgett (LB) ® lms deposited on the glass substrates. Textural
observations and phase-shift measurements of the transmitted light were carried out. A
phenomenological model which allows calculation of the director average orientation in the
bulk and at the surfaces is used for interpreting the experimental data. Our results show that
the average director alignment depends on the concentration of the magnetic grains of
ferro¯ uid at the glass surfaces. On the contrary, it is practically independent of the nature of
the molecule deposited on the glass substrate. According to the model, the ¯ at glass surface,
independently of the treatment or the absence of any treatment, stabilizes onto itself a lamellar
layer (or bilayer) formed by the amphiphilic molecules of the liquid crystal. This layer screens
the e� ect of the LB ® lm (or of the pure untreated substrate) on the alignment of the lyotropic
nematic mesophase.

1. Introduction lamellar structure) stabilized by the glass surface. To
interpret the planar orientation observed in calamiticThe average surface orientation of thermotropic liquid
micellar lyotropic nematics [3], the concept of adhesioncrystal molecules strongly depends on the chemical
could be used [4]. Moreover, in the case studied by thecomposition of the surface with which they are in
previous authors, in principle there is no easy directioncontact. This e� ect can be easily understood in terms of
(de® ned as the one along which the nematic director isanisotropic van der Waals interactions between the
aligned, in the absence of a bulk distortion). Instead,molecules of the mesophase and those of the substrate.
there is only an easy plane, since there is an azimuthalAccording to this point of view, the anisotropic part
degeneration at the cell walls, due to the bilayer sym-of the surface tension, responsible for the surface
metry. The experimental investigation with calamiticorientation, depends on the dielectric properties of the
lyotropic nematics subjected to a magnetic ® eld showedtwo media: the liquid crystal and the solid substrate
indeed that the local easy direction can glide, rotating[1]. Jerome and Shen [2] showed that by covering
under the action of the ® eld [3].an isotropic glass with di� erent surfactants, di� erent

In the present paper we report on experimental dataalignments of thermotropic nematic liquid crystals were
obtained with discotic micellar lyotropic (and in someobtained. An analysis of this kind for lyotropic liquid
control measurements, with thermotropic) nematic liquidcrystals is to our knowledge absent until now.
crystals in contact with various substrates. The surfaceIn 1991 Oliveira et al. [3] observed a gliding director
treatment employed Langmuir± Blodgett (LB) ® lms ofanchoring of calamitic micellar lyotropic nematic liquid
di� erent molecules deposited onto the glass plates. Thecrystals on amorphous untreated glass surfaces. In that
lyotropic liquid crystal used was doped with ferro¯ uidpaper, the dynamical response of the calamitic liquid
[5] in small concentrations; the ferro¯ uid grains migratecrystal to the action of a magnetic ® eld was investigated.
to the surface, due to the application of a static magneticThe experimental results were explained assuming the
® eld, exhibiting a ® eld gradient. Thus, the ferromagneticexistence of an amphiphilic bilayer (as in the case of a
grains become localized at the surface and, being
oriented by the same magnetic ® eld, drive the nematic
director alignment in the bulk.*Author for correspondence.
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794 S. Fontanini et al.

Recently we have shown that in a system of this kind, stearate depositions were made following the usual
procedures [8].the anisotropic part of the surface tension strongly

depends on the anchoring strength and on the surface- For the experiments concerning texture observations,
the liquid crystal material was placed as a droplet on alike splay± bend elastic constant k13 [6], both of which

are determined by the sub-surface conditions (k13 is glass surface, either treated or untreated, and a cover
glass was put onto the droplet in the following way,also a� ected by the material properties). The aim of the

present paper is to show that the surface orientation without pressing. The cover glass was positioned along
one of the borders of the other substrate and then it wasof the discotic micellar lyotropic nematic liquid crystal

is practically independent of the surface treatment. gently lowered onto the droplet to promote a preferential
¯ ow direction during the ® lling procedure. The typicalAccording to our point of view it is connected with the

presence of a lamellar layer (or bilayer) stabilized by sample thickness obtained was of the order of 10 mm.
The samples were observed using a Leitz polarizingthe ¯ at isotropic glass substrate. As a consequence, the

surface orientation is independent also of the LB ® lm microscope equipped with crossed polarizers and an
INSTEC hot stage. The temperature could be stabilizeddeposition.

With this purpose, we investigated the role of the with an accuracy of 0 5́ ß C. The rotatory stage of the
microscope allowed observation of the textures andsubstrate treatment on the orientation of lyotropic discotic

micellar Ð and thermotropicÐ nematic liquid crystals. measurement of the optical transmittance as a function
of the relative orientation of the sample holder withThe experimental techniques used were: polarizing light

microscopy (texture investigations and transmitted light respect to the polarizing direction (h). The transmittance
of the sample averaged over 0 2́5 mm2 was detected bymeasurements) and interferometry. The textures of the

lyotropic and thermotropic mesophases were observed, a photodiode placed in the microscope head.
For the measurement of the bulk and e� ective surfaceand the bulk tilt angles measured, for cells of lyo-

tropic liquid crystals having di� erent surface conditions, tilt angles (wb and we , taken with respect to the normal
to the glass plates)§ of the lN sample, a small quantityobtained by changing the concentration of ferro¯ uid

doping and the type of molecule and the thickness of of water-based ferro¯ uid (1 ml ml Õ
1 ) was added to the

mixture. The typical size of the magnetic grains (Fe3O4the LB ® lm.
grains coated with a thin ® lm of oleic acid ) was 100 AÊ ,
and their concentration was typically of the order of2. Experimental

The discotic micellar lyotropic nematic mixture 108 grains cm Õ
3 . This concentration is of the same order

as the minimum ferro¯ uid concentration required to( lN) investigated had the following concentrations by
weight %: decylammonium chloride 41 5́4; NH4Cl 4 2́3 produce a collective behaviour of lN in the presence of

a small magnetic ® eld [9, 10]. At this small concen-and H2O 54 2́3. The thermotropic nematic ( tN) material
used was 4-heptylcyanobiphenyl K21³ . The lN system tration we observed that the transition temperatures

were not a� ected by the presence of the ferro¯ uid [11].exhibits the following phase sequence as a function of
temperature: L (TLN=24 8́ ß C) ND (TNI=44 0́ ß C) I, where On the other hand, it has to be noted that ferro¯ uid

doping of a tN is a very di� cult task, because usuallyL, ND and I are the lamellar, discotic micellar nematic
and isotropic phases, respectively. The thermotropic the two systems are not mutually soluble. Hence, a

homogeneous mixture of ferro¯ uid and tN could not benematogen, tN, has the phase sequence Cr (TCrN=30 ß C)
NC (TNI=43 ß C) I, where NC and Cr are the calamitic obtained and for this reason, we do not investigate tN

doped with ferro¯ uid in the present work. The lN cellsnematic and crystal phases, respectively.
The LB ® lms were deposited onto the glass substrates mounted in the sample holders had the following sizes:

10 mm width, 25 mm length, and d =500 mm thickness.by means of a KSV5000 apparatus mounted in a clean
room (class 10 Õ

4 ) . Three types of substances were used: The ® lling process of the lN cell, with the aim of achieving
a homeotropic alignment, involved heating the lN tolignin, cadmium stearate and behenic acid, with various

numbers of layers. Lignin monolayers were prepared 30 ß C; after that, lN was introduced into the cell by
gravity, and the sample kept undisturbed for about 1 hfrom tetrahydrofuran extracts of sugar cane bagasse.

The lignin was extracted according to the procedures at 30 ß C. In this way, the homeotropic alignment was
obtained.described by Constantino et al. [7], and then transferred

onto the substrate in the form of Y-type LB ® lms. A
detailed account of the experimental procedures adopted

§We stress the fact that in speaking about s̀urface tilt angle’ ,is given elsewhere [7, 8]. The behenic and cadmium
we mean the tilt angle at the interface between the bulk and
a subsurface layer (~100 AÊ ), as viewed from the side of the
bulk; hence, we are able to apply continuum theory for³ K21 was synthesized by C. Germain, Laboratoire de

Physique des Solides, Orsay, France. the calculation of both wb and we .
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795Self -screening by lyotropics

The sample was placed in a temperature controlled
device (accuracy within 0 0́5 ß C), in the presence of a
non-homogeneous magnetic ® eld H applied at an angle
wH =60 ß with respect to the normal to the lN slab
(Hmax =400 G). The ® eld was produced by two per-
manent magnets placed symmetrically from the centre
of the sample. The experimental set-up is described in
more detail elsewhere [6, 12]. Due to the application
of the non-homogeneous magnetic ® eld, the coupling
between the ® eld gradient and the magnetic moments of
the grains displaced the grains from the sample centre
towards the glass walls. At equilibrium, there were no
longer any magnetic grains in the bulk; all had moved
to the surface. The typical surface density of the magnetic

Figure 1. Typical schlieren texture of a lyotropic nematicgrains was of the order 106 grains cm Õ
2 , which corre- sample on treated (6 cadmium stearate LB layers) and

sponds to an average distance among them of a few untreated glass surfaces. Optical microscopy observation
microns. between crossed polarizers; the segment length is 340 mm.

The dashed line divides the treated ( left side) fromThe ND phase investigated has a negative diamagnetic
the untreated (right side) region of the glass surfaces;anisotropy. Hence, in the presence of H , the director n
temperature 30 ß C.

tends to be oriented perpendicularly with respect to the
® eld itself [13]. The measurements of the optical path
di� erence were made using a Leitz microscope with a
Berek tilt compensator. To minimize experimental errors, surfaces many small domains appeared, presenting inter-
a set of ® ve independent measurements was made at ference colours (nematic marble texture with disclinations
each temperature, and a mean value calculated. [14] ). This indicates that the director orientation was

in fact only quasi-homeotropic, being characterized by
a partial azimuthal degeneracy, and so lying at the

3. Results and discussion surface of a cone whose axis is perpendicular to the
3.1. T extures and transmittance measurements of lN glass surface. Instead, the tN sample in non-treated glass

and tN cells showed a preferential unidirectional planar texture
The typical light transmittance (between crossed with many defects. The reason for such an alignment is

polarizers) through the tN liquid crystal K21 was related to liquid crystal ¯ ow during cell ® lling [15].
measured versus the polarizing angle h with treated On the other hand, the lN sample placed between
(eight layers of behenic acid or six layers of cadmium both treated and non-treated surfaces presented the same
stearate) and non-treated glass surfaces. In the case of schlieren texture ( ® gure 1). This ® gure is particularly
samples placed between treated cell substrates the illustrative of the phenomenon, because the dashed line
transmittance exhibited a very small value practically divides the treated ( left side) from the non-treated (right
independent of h (variation of about 10%), indicating side) regions of the cell, with which the lN material is in
that the nematic director n had on average a preferred contact. The textures have the same features on both
homeotropic alignment, i.e. normal to the treated glass sides. This con® rms the average non-preferential align-
surface. In the case of the non-treated glass, the light ment of n, both in the presence and in the absence of
transmittance showed a strong h dependence, varying any particular treatment.
by a factor of three from the minimum to the maximum These results remain valid for all the LB ® lms investi-

gated in the present work. In conclusion, the LB depositvalues. This indicates the planar alignment of tN.
strongly a� ects the alignment of the tN director, whereasHowever, in the case of lN cells the light transmittance
no detectable di� erence was observed for lN samples inwas higher than for the tN treated cells. Moreover, it
contact with both treated and non-treated cell substrates.was practically independent of h for both treated and

non-treated substrates: the variation observed in the
transmittance was less than 5% in all situations. This 3.2. Measurements of the tilt angles in lN
fact indicates that in both cases the nematic director To investigate in more detail the bulk and surface tilt
does not show a preferred orientation. angles of n in the lN liquid crystals, the optical path

The texture observations on tN con® rm previous di� erence was measured as a function of the temperature
under various experimental conditions.conclusions. In particular, in the case of treated glass
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796 S. Fontanini et al.

3.2.1. Di� erent ferro¯ uid concentrations as:
Two ferro¯ uid doping concentrations were used:

c1=0´96 Ö 10
8 grains cm Õ

3 and c2=4 7́6Ö 108 grains cm Õ
3 . we (T ) =

(p/2) Õ wH

1 + A ¾ /(T Õ TNL )
2 (2 )

In the limit of small birefringence, the bulk tilt angle
(wb ) can be calculated, using the measured optical path

wb (T ) =we (T ) Õ
1

2C T
1/2
o

d(To Õ T )
1/2 A + BD sin 2we (3 )di� erence D , according to the expression [12, 16]

where d is a constant (evaluated as 0 8́58 for thisD =
Rnod

2
w

2
b (1 )

lyotropic mixture [17] ), and A , A ¾ and B are the ® tting
parameters of the model. Note that TNL is the critical

where R =1 Õ (no /ne)
2%1 for normal lN materials, ne temperature for the ND ± L phase transition, while To is

and no being the extraordinary and ordinary refractive a temperature a little bit higher (about 1 ß C) than TNI .
indices [17], respectively. The values of wb as a function The strategy to calculate we is the following: equation (2)
of temperature for the lN samples with both ferro¯ uid must be substituted into (3); the expression obtained is
concentrations are shown in ® gure 2. The experimental then used to ® t the experimental values of wb , and in
deviations in wb are about 0 0́1 rad. The glasses used in this way the parameters A , A ¾ and B are found. A ¾ is
these sample cells were not treated with any LB deposit. then introduced in equation (2) in order to obtain we (T ) .
The only di� erence between the experiments is the A detailed description of the ® tting procedure and of
concentration of ferro¯ uid grains at the glass surfaces. the ® tting sensitivity with respect to the choice of para-
The samples with the greater concentration of grains meters is discussed elsewhere [12]. These results, in the
showed a systematically larger value of wb . case of the two di� erent ferro¯ uid concentrations, are

To calculate the tilt angle of the director at the surface, reported in ® gure 3. The values of we for both samples
we , we used a phenomenological generalization [12] of tend to (p/2) Õ wH when T approaches To , since n tends
the thermodynamical model proposed by Fontanini to align normally with respect to H . Note that the
and co-workers in 1996 [6]. This extension takes into degeneracy of n around H is broken by the presence of
account the di� erent contributions to the surface energy the surface. When T decreases towards TNL , we also
of the residual lamellar layer and of the ferro¯ uid grains. decreases in both samples. This process is more accentuated

in the sample with the larger ferro¯ uid concentration.In the framework of this model, wb and we are written

Figure 2. Bulk tilt angle wb as
a function of temperature
T . Lyotropic nematic samples
doped with ferro¯ uid at
di� erent concentrations of
grains. E 0 9́6Ö 108 grains cm Õ

3;
_ 4 7́6 Ö 108 grains cm Õ

3 .
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797Self -screening by lyotropics

Figure 3. Surface tilt angle we

as a function of temperature
T , according to the model.
Lyotropic nematic samples
doped with ferro¯ uid at
di� erent concentrations of
grains + 0 9́6 Ö 108 grains cm Õ

3 ;
E 4 7́6 Ö 108 grains cm Õ

3 .

As expected, the sample with the larger ferro¯ uid up was the same as that used in the previous experiment
and, as stressed above, the ® eld gradient removed theconcentration exhibits a smaller surface tilt angle we .

In conclusion, through these experiments, we realize magnetic grains from the bulk, transferring them to
the cell surfaces. This fact was veri® ed by measuring thethat the ferro¯ uid doping modi® es the properties of the

glass± liquid crystal interface. The tilt angles at the sur- critical ® eld for the usual FreÂ edericksz transition [18],
which was found to be 2000 G. Figure 4 shows thefaces and in the bulk are dependent on the doping, and

our present results con® rm those reported recently [12]. experimental results for wb , calculated by applying
equation (1), as a function of temperature for the set of
samples under consideration. Inspection of these results3.2.2. Di� erent L B deposited ® lms

A set of samples was analysed: S1 and S2 had one and indicates that, within the accuracy of the experiment
(about 0 0́1 rad), the bulk tilt angle wb is independent of® ve layers of lignin, respectively; S3 , S4 , S5 had four, ® ve

and six layers of behenic acid, respectively; S6 , on the the surface treatment.
We stress that this conclusion follows directly fromcontrary, was not treated. All the samples contained the

same amount of ferro¯ uid grains. The experimental set the experimental data for the optical path di� erence,

Figure 4. Bulk tilt angle wb as a
function of temperature T .
Lyotropic nematic samples on
treated and untreated glass
surfaces. * Glass treated with
5 LB lignin layers; E glass
treated with 6 LB behenic
acid layers; D untreated glass;
] glass treated with one LB
lignin layer.
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798 Self -screening by lyotropics

without any hypothesis or model concerning the surface at the interface, which screens the long range van der
Waals forces. We believe that this e� ect is characteristicinteractions. This means that, independently of the mech-

anism responsible for the surface alignment, the bulk of the lyotropic nature, irrespective of the particular
phase Ð as the dependency on the surface treatment isorientation of the lN director does not depend on the

surface treatment. This result is new, and completely characteristic of the thermotropic nature, irrespective of
the calamitic or the discotic shape of the molecule. Indi� erent from anything observed with tN substances. As

a consequence, taking into account the model described fact, for the ¯ at substrates considered in the present
work, this conclusion seems to be, a posteriori , straight-by equations (2) and (3), the surface tilt angle we also

turns out to be independent of the surface treatment. This forward. It should then be interesting to study di� erent
substrate geometries.results seems to indicate that surface orientation in the

case of lN has only a steric origin.
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