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Azimuthal and zenithal anchoring of nematic liquid crystals
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Temperature dependence of azimuthal and zenithal anchoring energy coefficients of the nematic liquid
crystal 4n-pentyl-4’ -cyanobiphenyl on rubbed nylon is measured using dynamic light scattering. The method
is based on observations of director fluctuations in a planarly aligned wedge cell, where the anchoring energy
coefficients can be obtained without any external torques acting on the liquid crystal during the measurement.
We found that both anchoring coefficients decrease steadily on approaching the nematic-isotropic transition.
Moreover, in the whole temperature range of the nematic phase, the ratio between the zenithal and the
azimuthal anchoring coefficients is almost equal to the ratio between the splay and the twist Frank elastic
constants. The same result is obtained also for the nematic phase a4’ -cyanobiphenyl. This indicates
that the aligning nylon layer directly affects only the monomolecular layer at the surface whereas the observed
anchoring is governed by the elastic properties of the alkyl-cyanobiphenyl.
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I. INTRODUCTION mechanical16—18. Although extensive measurements have
been performed on different substrates, there are still some
Liquid crystal(LC) alignment has been extensively stud- open problems concerning the anchoring behavior: in some
ied in the past few years mainly due to its great importanceases the zenithal anchoring coefficient was found to de-
in the liquid crystal display industry. The standard and mostrease on approaching the nematic-isotropic transition
widely used method for achieving planar LC alignment is by[19,20], whereas Chungt al. reported an increase of a few
depositing liquid crystals onto a treated substrate, usually Relvins below the transition for both rubbed polyimide and a
rubbed polymef1]. In recent years, several alternative meth-pnotoaligning layef21]. Also the azimuthal anchoring mea-
ods of alignment have been proposed, for example, photasred on evaporated SiO was found both vanish2g] as
alignment2,3], self-assembled monolayér], atomic force o) a5 having a finite value close to the transit[@3].

microscope treated surfacgs], or alignment with atomic The inconsistencies in the observed temperature behavior

beams[6]. In all these cases, a certain anisotropy of theof the anchoring strengths may result from different experi-

alignment Ia_\yer IS reqwred to induce an orientation of_the LC ental techniques used in these studies as different external
molecules, i.e., to orient the LC sample. The surface mduceﬁ]

orientation of the director at the boundary is called the eas eld_s applied to the quuiql crystal influenc_e the_ measurement
axis and when no external stress is imposed on the LC, th dn_‘ferent _ways[?]. Besides, strong ’?‘pp"e" fields may re-
director field in the sample is determined by the easy axes of“/lt I melting of the LC rather than in a strong elastic de-
the confining surfaces. The orientation of the liquid crystalfo'mation [24], meaning that the obtained measured values
director due to the presence of a surface is called surfac®f anchoring energy coefficients can depend on the strength
anchoring[7]. of the imposed field.

The anchoring energy coefficient or anchoring strength ~ In previous papers we introduced measurement of the an-
is defined by the increase in the free energy density of théhoring energy coefficients using dynamic light scattering on
system,Fq, if the director at the surface deviates from the@ wedge cell with planar alignmefi25-27. The method

easy axis for a small angl® [8]: [25,28 is based on observations of thermal fluctuations spec-
trum in thin LC samples and thus avoids applying external

1 ) fields to the LC during the measurement. Moreover, the same

FSZEWS'an)' (1) cell can be used to determine both zenithal and azimuthal

anchoring energy coefficienf&7]. In order to solve the dis-

The anchoring energy coefficient of a substrate thus gives arepancies related to the temperature dependence of anchor-
guantitative characterization of the aligning substrate anihg energies found in the literature, we decided to measure
usually two different coefficients are introduced: the azi-the anchoring strengths on the same cell over a broad tem-
muthal anchoring coefficiertV,, related to director devia- perature range using this nonperturbative optical method.
tions in the LC-substrate plane and zenitkat polap an-  The results presented in this paper show a steady decrease in
choring coefficientW related to the director deviations in the anchoring strengths of alkyl-cyanobiphenyl liquid crys-
the direction perpendicular to the LC-substrate boundary. tals with increasing temperature and a finite value at the tran-

So far, several experimental techniques have been devedition into the isotropic phase. The comparison with the cor-
oped to measure the anchoring energy coefficients. Usuallyesponding elastic constants in the same temperature range
some external torque is applied to the LC and the response gliggests that the LC-nylon interaction directly affects only
the sample to the imposed distortion is observed. The extethe first adsorbed LC monolayer, whereas elastic forces are
nal field was either electri€9—12], magnetic[13—15, or  responsible for the macroscopic effect of anchoring.
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II. EXPERIMENT 8 . : . , . T

In a sufficiently thin LC cell, the relaxation dynamics of
thermally excited fluctuations is strongly influenced by the
presence of the boundarig29]: the fluctuation spectrum is
discrete and the relaxation timeof the fundamental fluc-
tuation mode depends on both the sample thickdessl the
anchoring energy coefficients. This means that i5 mea-
sured as a function afl, anchoring coefficients can be ob-
tained. The fluctuation relaxation time is measured using dy-
namic light scattering experiment, where thin LC sample is
illuminated with laser light. The light is scattered on ther- 1 ®
mally excited fluctuations and the autocorrelation function 0 ! . ! ! .
g® of the scattered light is obtained. It can be shown that 0.0 0.5 1.0 15 2.0
the characteristic decay time of® equals the relaxation Thickness d [wm]
time of the chosen overdamped fluctuation madg80,31]
from which anchoring strength can be determined. FIG. 1. Relaxation timer of the fundamental twist mode for

The most convenient way to perform these experiments isematic 5CB as a function of sample thickndsZhe circles are the
to use wedgelike LC samples. In our experiment rubbed nymeasured data and the solid line the linear fit of &y. From the
lon as aligning layer ensured stable homogeneous alignmeslope of the fit, the anchoring energy coefficient is obtairaf:
of nematic alkyl-cyanobiphenyls  [4-n-pentyl-  =(6.1£0.2)x 10 ® J/n? at 32°C.
4'-cyanobiphenyl and #-octyl-4’ -cyanobipheny(5CB and
8CB)] in the cell. The easy axes on both sides of the cell32], it can be shown that the difference between the viscosi-
were parallel to the gradient of the sample thickness. Thickties for two different scattering geometries is less than 2%
ness of such wedge cells was ranging frea0.3 um to  and can be neglected in further analysis.

2 um as determined by interferometric method using a spec- The measurements of the anchoring coefficients were per-
trophotometer. The cell was filled with liquid crystal with formed in a broad temperature range. For this purpose, an
flow direction parallel to the easy axes. Instec heating stage was used and during the experiment, the

The setup used in our experiment was a standard photof@mple containing 5CB was heated from initial 25 °C to ap-
correlation setup using a He-Ne laser as a light source an@foximatey 1 K above the nematic-isotropic transition,
ALV-5000 correlator to obtain the autocorrelation function of Which occurred at (35:80.2) °C. Using a different liquid
the scattered light. The polarizations of the incoming andcrystal 8CB the measurements of the azimuthal anchoring
outgoing light beams and orientation of the sample were chocoefficients were performed in the whole range of the nem-
sen with respect to the anchoring energy coefficient that waatic phase from~34°C to (40.5:0.3) °C. In this case, due
measureda detailed description is found in R¢R7]). The 0 a very weak signal, the zenithal anchoring could be deter-
two anchoring coefficients can thus be determined using th&ined only in the vicinity of the transition into the isotropic
same LC cell as the only change in the setup is the change ¢hase. The heating rate was 0.1 K/min when measwipg
polarizations and orientation of the cell. In the case of aziand 0.012 K/min for determination &f, .
muthal anchoring strength, the incident light was polarized
and the LC director oriented in the direction perpendicular to [Il. RESULTS AND DISCUSSION
the scattering plane whereas the polarization of the scattered ) )
light was in the scattering plane. The scattering angle was A typical measured(d) dependence for the twist fluctua-
only a few degrees so that for sample thickness belowion mode for SCB at 32°C is shown in Fig. 1, where the
~2 um only the fundamental twist mode contributed to circles are the measured data and the SO|Id. Ilng the linear fit
scattering. In the case of zenithal anchoring strength med2f EQ. (2). From th? slope_of tht_? line and _takmg |r_1to account
surements, both polarizations of incident and outgoingn€ value of rotational viscosity found in the literature
beams as well as the LC director lay in the scattering plane 0-042 Pas(33], the anchoring energy coefficient at this
With the described scattering geometry and small scatterinfgmperature isV,=(6.1+0.2)x 10 . A very similar
angle, an almost pure fundamental splay mode was observ chavior is observed when splay fluctuations are detected

The fluctuation relaxation times of the two modes ob- @nd the zenithal anchoring at 32°C for the same sample is
tained from the measurement is directly related to the anWy=(10£1)x10°° J/mz- ) }
choring energy coefficients. For weak anchoring the depen- Often the extrapolation lengths are introduced, defined
dence ofr on the sample thicknesbis given by the simple @S the ratio between the corresponding Frank elastic constant

Relaxation time T [ms]
~
]
o
°
1

expression$27] and the anchoring strengfB4]:
K K
7 7 _Ra2 K
Ttwist— oW d and Tsplay— 2W, d 2 )\<P_W‘P and \y= W_19 )
¢ T

with 7 being the effective rotational viscosity. Taking into For the presented measurements this yielks= (470
account the Leslie viscosity coefficients from the literature®=30) nm and\ 3= (440*60) nm.
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FIG. 2. Azimuthal and zenithal anchoring energy coefficients  FIG. 3. Azimuthal anchoring energy coefficiewt, measured
W, andW, measured by dynamic light scattering for nematic 5CB py dynamic light scattering for nematic 8CB as a function of tem-
on rubbed nylon plotted as a function of temperature. A steadyserature. The solid line is the best fit of Bd) to the data, except

decrease on approaching the nematic-isotropic phase transition ji§ the region where the influence of the approaching sméctic-
observed. The solid lines are best fits of E4).to the experimental  phase becomes too strong.

data.
on the mean-field approach, which fits our data on azimuthal

The measured temperature dependence of the two anch@?choring very well even up te-0.1 K below the transition
ing coefficients for 5CB on rubbed nylon is shown in Fig. 2, [26]. _
where the circles and triangles represent azimuthal and ze- In Fig. 3 the temperature dependence of the azimuthal
nithal anchoring energy coefficients, respectively. A steady@nchoring coefficient,, for 8CB is presented. The aligning
decrease on approaching the isotropic phase is observed lRyer was prepared in the same way as for the measurements
both cases. In the interval of 9 K, the coefficiem, and ~ using SCB. Despite a faster decreaseof with increasing
W, decrease to approximately one-third of the iniideep temperature in this case, the valueWf, at the nematic to
nematic phasevalue, leaving nonvanishing values at the isotropic transition is finite. The strong increase of anchoring
nematic-isotropidN-1) transition. observed at=5.5 K below Ty, which is absent in 5CB can

The observed temperature dependence of the anchoriftf associated with the approaching onset of the sméctic-
energy coefficients can be well described by a phenomendgdhase as in this temperature range the elastic conktant
logical model of Faettét al.[22]. In their model, the authors €xhibits a pretransitional increase. The paramedensdb of
assumed a spatial variation of the order parameter and, bas#fte phenomenological model described earlier for 8CB
on the theory of Berremdi35], concluded that the anchoring are a=(0.39+0.03)x10 % J*¥m and b=(0.82+0.07)
strength should be proportional to the square of the surfac 102 F*¥m K2 The parametea for 8CB is thus smaller
order parameter and vary with temperature as than for 5CB for a factor of about 4, wherelgor 8CB is
slightly larger than the corresponding coefficient for 5CB.

A particularly interesting result of the present study is the
ratio of the two anchoring coefficients in the whole range of
the nematic phase. So far, it has been generally beliE¥ed
The temperatureTy, is the temperature of the nematic- that there is one or even two orders of magnitude difference
isotropic transition and the coefficiendsandb relate to the  between the two anchoring coefficients. Our measurements
surface coupling constants in Landau—de Gennes free energhow that the difference is less than a factor of 2. In fact, if
expansion. The solid lines in Fig. 2 are best fits of this theawe calculate the ratio between the two anchoring coefficients
oretical model to the experimental data. In the case of azias a function of temperature, an almost constant value of
muthal anchoring, the fitting parameters age=(1.42 approximately 1.50.15 is observed for 5CB as shown in
+0.06)x107 3 J*m and b=(0.60+0.02)x10 *J*%  Fig. 4. Moreover, if the ratioN,/W, is compared to the
mKY2, whereas in the case of zenithal anchoring, the obratio between the corresponding Frank elastic constants
tained values area=(1.70-0.08)x10 % m and b  K,/K, taken from the literatur¢33], the match is almost
=(0.79+0.04)x 1073 J#ImKY2 perfect in the whole regime of the nematic phase. The corre-

As seen in Fig. 2, the theoretical description is in a verysponding extrapolation lengths are almost equal for zenithal
good agreement with the data in the wide temperature rangend azimuthal anchoring and they show only weak tempera-
of the nematic phase. The zenithal anchoring shows a veryure dependencé-ig. 5). For liquid crystal 8CB, the zenithal
good agreement even in the vicinity of the transition,anchoring coefficient could only be determined in a narrow
whereas the azimuthal anchoring shows a slight deviation alemperature interval o1 K just below theN-I transition
~0.5 K below theN-I transition. Recently, a theoretical and thus the comparison could be made only in this regime.
model has been proposed by Barbero and Zve&Bhbased The ratio is found to be the same as for 5CB, i.e., 1.5

W=[a+b(Ty—T)¥32. 4
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FIG. 5. Temperature dependence of the obtained azimuthal and

FIG. 4. Ratio between the measured zenithal and azimuthal ar€nithal extrapolation lengths, and\, for nematic SCB.

choring strengthsW /W, (circles, compared to the ratio of the ) o ]
Frank elastic constants, /K, (solid line), for 5CB plotted as a anchoring energy coefficients results thus from the differ-
function of temperature. The elastic constants are taken from thences in the elastic constants. When measuring the anchoring

literature[33]. energy coefficients with methods that are not sensitive to the
phenomena in the first monomolecular LC layer at the sub-

+0.4, and is also within experimental error in agreementstrate surface, such as light scattering experiment, this means

with the ratio of the elastic constaris, /K, for 8CB [37]. that the macroscopic anchoring is actually observed. It is
The fact that the ratio of the anchoring coefficients has theelated to the elastic properties of the liquid crystal and not

same value as the ratio of the Frank elastic constants inddirectly to the interaction between the molecules of the sub-

cates that the anisotropy in the obtained anchoring coeffistrate and liquid crystal.

cients originates in the anisotropic intrinsic LC molecular

interactions rather than interactions of LC molecules with the IV. CONCLUSIONS

aligning substrate. The experimentally observed macroscopic

surface anchoring energy can be thus interpreted in the fol- To summarize, the azimuthal and zenithal anchoring co-

lowing way: the boundary induces changes in the LC ordegfficients of the nematic 5CB and partly for the nematic

parameter close to the surface and due to the microscopkhase of the nematic 8CB have been measured using dy-

roughness and partly oriented polymer-surface micronamic light scattering. The temperature dependence of the

domains the surface order parameter is smaller than ordéeefficients has been determined in a wide temperature

parameter in the remaining sample. The spatially varyingange. The anchoring coefficients show smooth decreasing

order parameter results in a honhomogeneous profile of theehavior with increasing temperature and no divergence is

Frank elastic constants, and the surface free energy densi@pserved at the transition into the isotropic phase. A com-

of such a system can be written in simplified form as parison of the experimental data with a phenomenological
model is made and all measured anchoring coefficients can

1 59?2 be well described. It was also found that for both alkyl-

inf Ki(2) S5z dz cyanobiphenyl liquid crystals aligned on rubbed nylon the

ratio between the two anchoring coefficients has the same
The parameter denotes the direction perpendicular to thevalue as the ratio between the corresponding Frank elastic
LC-substrate boundary ari€;(z) is equal to bulk value far constants. This shows that the observed anisotropy in the
away from the surface and is smallest at the substrate. Minimeasured anchoring energy coefficients is a consequence of
mizing the free energy and calculating at which distafide  the anisotropy in the intermolecular interactions within the
effectively zero(this distance corresponds to the extrapola-liquid crystal and that the actual interactions between the
tion length, it is found that\ is proportional to the reduction aligning layer and the first LC molecular layer are not ob-
of the elastic constant at the boundary. The difference in theerved when measuring the macroscopic anchoring strengths.
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