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Behavior of the director reorientation time in glass surfaces of lyotropic liquid crystals
in the nematic to biaxial transition
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The surface reorientation process of a lyotropic liquid crystal is investigated in the calahj)icacd
biaxial (N,,) nematic phases. It is observed that the surface reorientation process is faster in the biaxial phase
and the characteristic time of this procegsncreases linearly with increasing temperatures, in both nematic
phases. The results obtained are discussed and compared to the predictions of a model assuming the gliding of
the director at the boundary surfacES1063-651X96)11905-X

PACS numbd(s): 61.30.Gd

. INTRODUCTION rection, at 45 ° frorm (Fig. 2). The choice of an angle of
o _ ~ 45° eliminates the degeneracy present in a&8egicksz ge-
Nematlc liquid crystals can be Qnerjted by thernfal f'eldsometry, wherH is applied perpendicular s
(electrical or magnetjcand the equilibrium configuration of The orientation process is observed by measuring the

the director is strongly related t_o the boundary Cond'.t'or.‘stransmittance of the sample between crossed polarizers, as a
The boundary surfaces play an important role in the liquid-

crystal orientation, but the microscopical interactions, everIunCtIon of the time, _Whe'H IS appl'Ed' The po_IarlzerS are

in the most simplest case, are not completly undersfad parallel tox andy axis, res.pectlvely,.and the light beam is
Many theories have been developed to explain surface efarallel toz. The sample is placed in a thermostat, whose
fects but there are discrepancies between the predictions gfcurancy is about 0.05 °C. Further details about the experi-
different models and different interpretations of experimentafiental setup are given in R¢#].

resultg 1]. Despite these difficulties, a phenomenological ap-

proach, based on the macroscopic behavior, has obtained Ill. THEORY

some success in the interpretations of experimental results
[1-4].

In a lyotropic liquid crystal, a slow reorientation process When the magnetic field is applied to the uniform ori-
induced by a magnetic field has been observed. It has bee&nted sample, the director orients parallel to the magnetic
proposed that this process is related to the reorientation dfeld in the bulk. The reorientation of the sample is uniform
the boundary layers with a gliding of the director at theexcept in the thin boundary layers of thickngssvhereé is
boundary surfacefs,6]. If the surface reorientation process the magnetic coherence length. The characteristic time of
is complete, there is no relaxation when the magnetic field ighis process is expected to bg=y/(x,H?), [7] wherey is
turned off, because the reorientation of the sample is homdhe rotational viscosity ang, is the anisotropy of the mag-
geneous. In this paper we investigate the reorientation proaetic susceptibility. The rotational viscosity of lyotropic lig-
cess of a lyotropic liquid crystal due to a magnetic field inuid crystals in the nematic phases varies from 1 to 10 P and
the nematic calamiticN.) and biaxial (Ny,) phases. Xa is about 108 (cg9 [8—11]. The bulk reorientation time

has been measured for different lyotropic mixturg$], and

A. Gliding process

Il. EXPERIMENT

The lyotropic sample consists of potassium laur@e.1
wt %), decanol(7.1 wt %), and water(64.8 wt %9 that pre-
sents the three nematic phasddy— N (15°C), Ny,
—N¢(23 °C), whereNy is the nematic discotic phase. The ¢
transition temperatures are determined by measuring the bi-‘.,<1
refringence, as is shown in Fig. 1. The sample is encapsu- €
lated in microslidegVitro Dynamicg 200 um and 4 mm N
wide. The inner surface of these microslides was examined
in a interferential microscope. The surfaces are plane and no
irregularities greater than 02m were detected and no sur- ' N R A
face treatment was applied. 14 18 22 26 30 34 38
The laboratory frame axes are defined with the boundary T(°C)

surfaces az=0 andz=d. The directom is, initially, in the FIG. 1. Birefringence of the lyotropic sample exhibiting the

xy plane everywhere anci parallel to the length of the Mi~emperature range of the discotiy), biaxial (Ny,), and calamitic
croslide. A magnetic fieldH is applied parallel to the di- (N.) nematic phases. The transitidbly,— N, occurs afT =23 °C.
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y ya
Analyzer =, 4
N Ts XaH2 @
< The values ofy and y, are dependent on the temperature.
Sample : 45° The parameter represents the number of objects in a unit
>/ / / area of the boundary surface and may depend on the tem-
> X perature and also on the magnetic field.
/ \Polurizer .
H B. Transmittance of the sample
E The transmittance of the nonuniform anisotropic sample
can be calculated by dividing the sample into many thin

layers and considering each layer as an anisotropic homoge-
FIG. 2. Definition of the laboratory frame axes. A0 the  neous medium. Let us suppose that there raréayers of
director is at 45 ° from the axis and the magnetic field is turned thicknessgl- and 0, is the angle between the director and the
on. x axis. The incident electric fiel& divides into two compo-
nents, one parallel to the directoE[) and the second per-
pendicular to the directorg/). In a matrix notation, the
components oE are

a value ofr,=36 s is reported for a nematic calamitic phase
of potassium laurate, decanol, and wafiét-DeOH-H,0)
with a magnetic fieldH of 10 kG[8].

In termotropic quqid crystals the existence of a smectic E[f) cos3, sing;\[E,
layer at the boundaries has been propdddd13 and there = , (5)
is some experimental evidence to sustain this hypothesis E —sing; cosBj/ |\ E

from measurements of the surface order paramé#rand
x-ray scattering[15]. To explain the surface reorientation = i
process observed in lyotropic liquid crystals, in a previouéayerdandlgi_ 0#']_ aiflﬁ.f:-?)e propagﬁtlon throur?h the llayelr
paper we proposed that at the boundary surfaces, there is 4f'0dUces a phase shiit between the two orthogonal polar-
amphiphilic bilayer, similar to a lamellar structure. The mi- 1Zations, which will be transformed intf, andE{

whereE, and E; are the components d in the previous

croscopical structure of the lamelar phase in lyotropic liquid £ 1 0\/E
crystal was investigated by Holmes and Charvflifi] using Pl _ _ P (6)
x-ray and nuclear magnetic resonance. They propose that the EY 0 e/\E/)’

bilayer is not a continuous amphiphilic medium, but consists
rather of amphiphilic islands surrounded by water. where §;=2m{;j(n,—ng)/\, and\ is the light wavelength
The bulk applies an elastic torque to the boundary surfacandn, andn, are the ordinary and extraordinary refraction
layer of thicknesg, due to their different orientations. In the indices, respectively.
bilayer, the amphiphilic islands can be considered as aniso- If E;n andE,, are the components & after m layers,
tropic objects that can also be reoriented by a magnetic fielthe amplitude of the electric field transmitted through the
if their surface dimensions are comparable to the magnetignalyzer is
coherence lengtlg. Let us call 65 the angle between the .
director in the bulk and the mean orientation of the am- Epm=EtmCOPBm+1~ EpmSINBm-+1, @)
phiphilic islands at the interface, arrdandb are their sur-
face dimensions. The viscous torque per object iﬁw
I'py=abéyds. If there areN objects at the surface afdlis y
the boundary surface area, then the torque per unit area at t
boundary surface layer may be expressed as T

here Bn+1=¢— 6, and ¢ is the angle between the ana-
zer and thex direction andé,, the maximum distortion
ﬁggle. The intensity of the transmitted light will be
=Ej,Epa- (8)

*
. . pa
I',=(Nab/A)¢yos= 0. 1 ~
v= )8y6s= alybs @) Normalizing| to obtainl =1 andl ,;,=0, we get
This torque is equilibrated by the elastic torque coming from
the bulk, which is(per unit area

EY 05 |max_ I min

Ne=K—=-K—. 2 . : . . :

Jz & The transmitted light depends on the orientation of the direc-
o S tor through the samplé)(z). In this analysis we assume that

The equilibrium condition is given by the sample is uniformly oriented parallel to the magnetic

field, except in the boundary layers of thickng&ssAllowing
ya93= _ Ki;. (3) thg gliding of the director_in the boundary layers, the trans-

3 mittance of the sample will depend a@h:
From the solution of the balance of the torque equation I[64(t)]=1(1), (10

one obtains the characteristic time of surface reorientation
processrs, where 6.(t) is obtained from the solution of E¢3):
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FIG. 3. Experimental curves of transmittance fde=10 kG
(broken ling andH=5 kG (solid line), in the Ny, (@) and N (b)
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characteristic timer,, related to the reorientation of the di-
rector in the bulk, and the second related to the reorientation
of the boundary surface layer, with a characteristic tirge
larger thanr, .

In this experiment we cannot detect the bulk reorientation
process becauseg, is of the same order of magnitude of the
time necessary to turn on the magnetic field; that is, about 15
s. However, in a previous experiment, using the same tech-
nigue of measuring the transmittance and a magnet that
could be turned on faster, we estimated- 20 s forH = 2
kG and r,~ 5 s forH = 4.5 kG [17]. This is in good
accordance with the values reported in the literature for this
procesq8,9].

We measured the transmittance of the samples for differ-
ent values oH and different temperatures. Typical experi-
mental curves are shown in Fig. 3. The magnetic field is
turned on att=0 and the transmittance starts to decrease,
reaching a minimum. The final equilibrium configuration
corresponds to a uniform oriented sample, with the director
parallel to thex axis. The uniformity of the orientation is
comparable to what is observed for0. This orientation
remains and there is no relaxation process.

If the magnetic field is turned off before the transmitted
intensity reaches a minimum, we observe that the mean ori-
entation of the sample is not yet parallel to thexis. There
is a twist due to the different orientations of the bulk and
boundary layers. Therefore, H=0, there will be a relax-
ation process of the twist distortidB]. The final orientation
of the sample depends on the time with the magnetic field
turned on[5].

The orientation process is faster for higher valesiofas
is seen in Fig. ). Comparing the curves obtained, with the
same values of, but in the different nematic phases, we
observe that in the biaxial phase, the reorientation process is
faster than in the uniaxial phase. The fitting to an experimen-

tal curve is illustrated in Fig. 3. The transmittance is calcu-

lated using the model of a three-layered sample, discussed in
the preceding section. Despite the simplifications of the
model, the fitting to the experimental curve is quite good and

the uncertainty in the values of is about 10%.

A. Effects of the temperature

The values ofrg obtained for different temperatures are
plotted in Fig. 4, withH=5, 8, 10, and 11 kG. It is noticed

phase. The temperatures are 21.5 °C and 33 °C, respectieply. that r increases with increasing temperatures in both biaxial

The broken line represents the transmittance calculated foang yniaxial phases. Within the accuracy of our measure-
7s=280 s. The experimental curvaolid line) is obtained with

T=25°C andH=10 kG.

O(t)

=0exp —t/7g). (11

According to the geometry of the experiméFig. 2) the
transmittance is maximum far= 0, whenH is turned on and o o X
decreases with time. The birefringence of the sample is mea:0%- However we can observe the qualitative behavior of

sured by an independent experiment agds the fitting pa-
rameter to the experimental curves.

IV. RESULTS AND DISCUSSION

ments, we observe that the increasergis linear with the
temperature and faster in the biaxial range. The measure-
ments ofrg in the biaxial phase close to the transition to the
discotic phase are particulary difficult because small fluctua-
tions of temperature disturb the orientation of the sample.
ForT—T.>—4 °C the uncertainty of; become greater than

75 in the calamitic and biaxial nematic phases.
In the uniaxial phase, the surface reorientation time in-

creases slowly compared to the increasing in the biaxial
phase. This behavior is observed for low and high magnetic
fields; however, the effects of the temperature are more pro-

According to the model presented here, in lyotropic liquidnounced with a low magnetic fieldH=5 kG). The ratios
crystals there are two reorienation processes: one with A7,/AT are shown in Table I, for different values Hff, in
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TABLE |. Dependence of the ratid rs/AT (s/°C) with the 1200
magnetic field in theN,, and N, phases. L
1000
H (kG) Npx N¢
800
5 97 18
8 20 > < ool
10 29 3 ¢
11 33 7 4001
the uniaxial and biaxial domains. In the biaxial phase,  2°° 7
A7 /AT is about five to six times larger than in the uniaxial o ] | | | | | | |
phase. With increasing values bf, the ratioArs/AT be- 8 6 -4 -2 0 2 4 6 8 10
comes smaller and seems to reach a constant value; about 30 T-T, (°C)

s/°C in the biaxial phase and 5 s/°C in the uniaxial phase.

The effects of the temperature on the surface reorientation FIG. 4. Dependence afs on the temperature in the biaxial and
process can be qualitatively analyzed by considering the miuniaxial domains with different values of magnetic field.
croscopical structure of the uniaxial and biaxial nematic

phases. X-ray diffraction experiments in lyotropic liquid \yhich hinders the propagation of the elastic torque through
crystal[18,19 have shown that the amphiphilic aggregatesy,o boundary layers.

preserve the same shape and are locally organized in a lamel- apgther factor that affects the propagation of the elastic
lar structure in the three nematic phases. The micelles a®rque is the average volume of a micelle; that is
biaxial, with dimensions of about 8%0x26 A, where the V,,=ABC, in the biaxial phase. In the calamitic phase, due
smaller dimension corresponds to the bilayer thickness. The,"aniational fluctuation around tha axis. the average
correlation length perpendicular to the bilayer is about siX tQ ;| me of a micelle isV.= AB2. Therefore t,he orientation

C . I

eight times the.mi_cellar di_me_nsion, without any significantof a micelle in the calamitic phase involves a greater volume
change at the biaxial to uniaxial nematic transiti@a]. This than in the biaxial phase.

point is consistent with the requirement that the local struc- | iha piaxial phase, close to the transition to the discotic

turtle rehmalr_ls thehsa(;'.‘ff in the three nerr]natlc phases. phase, the orientational fluctuations aroundlthgis become
n this view, the different nematic phases are just a macrarger. If the sample is cooled down small homeotropic do-
roscopical consequence of different orientational ﬂ“Ct”a'mains appear that propagate through the sample after some

tions. (;n the b|a|1|X|aI r)ltlamatlc phasedthﬁ fluc_tua.uorI]s are r(?;Eime. More experimental work is being done in order to de-
stricted to small oscillations around the principal axes oo pine 75 in this range of temperature, where the orienta-

symmetry, fixed in the micell@=ig. 5). There is a correlation ional fluctuations play an important role
between the orientation of the micelles in three directions 0% In the domain of the calamitic phase t.he increasing of the

tEe Space. Thell;InlamaI_nematlcfplr;ases_are genergterc]j Véhfé?nperature does not induce a significant effect on the orien-
the orientational fluctuations are full rotations around the dis;inn ) flyctuations, except close to the transition to the iso-

rec'gor. Naturally, the micellar dimensions vary .W'th Concen'tropic phase, when the orientational order along the director
tration and temperature; however, these variations are neglfé lost.
gible at the second ordéd,,— N, transition.

When the magnetic field is applied to the lyotropic liquid
crystal in theN,, and N, phases, the micelles in the bulk

orient with their longest dimension parallel k. If the in- In Fig. 6, 75 is plotted as a function of, for different
teractions in the bulk are comparable to the nematic-surfac¥alues ofT—T;, in the uniaxialFig. 6(a)] and biaxial[Fig.
interactions the orientation of the bulk can be transmitted t§(b)] domains. We observe that it is possible to fit a straight
the adjacent micelles in the boundary surface layers. Oufne to the experimental points, in the uniaxial and biaxial
experiment shows that this surface reorientation process @&omains, except fof —T.=—6 °C, where the fitting is very
faster in theN,,. Small variations of the temperature pro- Poor. The exponents df, 7s~H™, for different values of
duce a more significant variation ef in the N, phase than

in theN, phase. We associate this behavior with the different
orientational fluctuations in the biaxial and uniaxial nematic
phases.

In the biaxial phase, there is a long-range orientational
order along the three directions of space. The distortions im-
posed onto a small domain propagate to the neighbor do-
mains in the three directions of the space. When the tempera-
ture is increased towards the transition to Mephase, the
amplitude of the orientational fluctuations around thexes
becomes larger, up t6>T,, when there is no orientational FIG. 5. Schematic representation of the amphiphilic aggregates.
order along the” andn axes. The increasing amplitude of A, B, andC are the dimensions of the micelle along then, and
the orientational fluctuations can be seen as a thermal noise,axes, respectively.

B. Effects of the magnetic field

m n
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FIG. 6. Dependence af; on H, in the uniaxial(a) and biaxial
(b) phases.

TABLE II. Dependence ofrg (s) on H for different values of
T—T.. The sample is the biaxial phase for-T.<0. The last
column represents the exponenttdf with 7s~H™“.

T-T. (°C) 5 kG 8 kG 10 kG 11 kG 1)
-6 400 280 90 50

-4 600 320 150 120 2.0
-2 790 360 200 200 1.8
0 970 410 250 270 1.7
2 1010 420 255 280 1.8
4 1050 430 260 290 1.8
6 1080 440 270 300 1.8

The values ofx in the uniaxial phase, shown in Table llI,
are about three times smaller than what was found in a pre-
vious work, with the same lyotropic mixture, but with differ-
ent composition6]. In that case, the phase sequence was
different (isotropic-calamitic nematic-isotropi@and « was
approximately constant fdd between 3 and 14 kG.

In the biaxial domain, folT—T,=—2°C, « is almost
constant, although there is a tendency éoito be slightly
larger for H=8 kG. This behavior is present in the two
curves with constant temperature$,—T,=—-2°C and
T—T.=—4°C. The curvese(H) must be examined with
some care, because we assumed the same valugsand
Xxa for all the temperatures. This does not change the shape
of the curvea(H), but may cause only a shift of the curves.

The rotational viscosity of a lyotropic liquid crystal has
been measured as a function of the temperature, in the
uniaxial nematic phasgd0]. The results obtained showed
that in theN. phase, there is a rapid decreaseyofhen the
temperature is lowered approaching the transition to the bi-
axial phase and that the decreasingjofs faster than the
order parameter. However, there are no measurements in the
biaxial phase and it was not possible to obtain an expression
v(T). If we take into account the dependenceyolith the
temperature and assume thgtis proportional to the bire-

T—T, are presented in Table Il with the respective values Offringence in the uniaxial phase, the curveH) would be

7s. We observe thatrg is proportional toH 18 in the

shifted to higher values af for values ofT — T, close to the

uniaxial phase. Within the experimental error in the determiy,ansition to the biaxial phase. We still expeetto be

nation of the exponent, which is abot1t0.3, this result is in
good accordance with what is expected from E¢)
(7s~H?). In the biaxial phase, Ed4) still holds, within
the temperature range of 4 °C beldy, as is clear from Fig.
5(b).

For a given temperature, the valuesyofind x, are con-
stant in Eq.(4). Assumingy=1 P andy,=10"8 (cgs unit$
and with the experimental values of, we investigate the
behavior of the parameter with the magnetic field. We

assume thay and y, are constant in the temperature range

considered and we calculate(H) for different values of

smaller for lower temperatures, since the decrease o
faster than the order parameter, apdis often assumed to
be proportional to the birefringendgvhich in lyotropics is
proportional to the order parameter

TABLE lll. Dependence ofe on H for different values of
T—T.. The values listed were calculated assuming thas pro-
portional toH "2, y=1, P, andy,=10"2 (cgs unit3.

T—T.. The results are illustrated in Fig. 7 and we notice—4
that, in the uniaxial phasey is almost constant foH<10 -2
kG, with a mean valuer’= 260. With magnetic fields higher o
than 10 kG, the value ok increases very fast and jumps to 2
a~350 forH=11 kG. This behavior is observed for differ- 4
ent temperatures in the uniaxial domain and also at the trarg

T-T. (°C) 5 kG 8 kG 10 kG 11 kG
150 205 150 145
198 230 200 242
243 262 250 327
253 269 255 339
263 275 260 351
270 280 270 363

sition temperatureT — T.=0 °C [Fig. &0b)].
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200l ] 200 )4. | the ca_lamltlc(a) and biaxial (b?
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In the biaxial phase, fof — T,= —6 °C, the sample is in The parametew is related to the microscopical structure

' ¢ -~ —__of the boundary surface layer and it is known that the dimen-
a temperature range closer to the transition to the discotigjons of the micellar aggregates are very influenced by the
nematic phaseNy). In the Ny phase the anisotropy of the composition of the samplgl8]. Thus, the differences ob-
magnetic susceptibility is negative and the director orientserved in the values af and its behavior may be related to
parallel toH. Therefore, we expeot, to become very small the different composition of the samples.
when the temperature is lowered approaching the transition The fluid dynamics of biaxial nematics have been exam-

to the Ny phase. The decreasing ¢f and x, close to the Ined in detail by many authof21-29. The analysis leads to
transition would not allow a discontinuous increasingaof 12 viscosities and 12 independent elastic constants for a in-

close to the\, transition. However, the explicit dependen compressible b[axial nemat[QQ]. If the ﬂUiq Is considergd
d ' i, XP pendence, pe compressible 15 viscosities are required to describe the

of y andx, with the temperature is required to obtain morefiq and hydrodynamical properti¢&2]. Nevertheless, the
precise values of and its dependence on the temperature. form of the expression for the elastic energy density with so
many elastic constants is too complex for practical use. Even
in the case of uniaxial nematics, when only three indepen-
dent elastic constants are required, the solutions of the equi-
librium equations are usually prohibitive and the one con-

In this work we investigate the behavior of in the ca-  stant approximation is often very useful.
lamitic uniaxial and biaxial nematic phases, for different in-  Although the analysis presented in this work is qualita-
tensities of applied magnetic field. Within the temperaturetive, it is possible to obtain some insight into the surface
ranges considered, we observed a linear dependenceoof  orientation process and its relation with the microscopical
the temperature, which is more pronounced in the biaxiaktructure of the lyotropic nematic phases. It is important to
phase and for low intensities of the magnetic field. remark that more experimental work is required to determine

The experimental results show that the model proposedjow y and y, depend on the temperature in the nematic
allowing the gliding of the director at the boundary surfaces phases, especially in the biaxial phase. This would allow a
can be extended to the biaxial phase, within a range ofore precise determination of the parameten the differ-
4 °C below the transition temperature. Close tokhephase €Nt nematic phases, a better description of the microscopical
(T—T.=—6°C) the predictions of the mod¢Eq. (4)] are structure at the boundary surface layers and its interactions
not valid, probabily due to the orientational fluctuationsWith the bulk and the substrate.

V. CONCLUSIONS

around the director, that become larger in thephase and The authors are very grateful to Professor A.M.
degenerate one of the three axes of symmetry present in tiiégueiredo Neto for his critical reading and helpful discus-
N,y phase[17]. sions and to FAPESP and CNPq for the financial support.
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