PHYSICAL REVIEW E, VOLUME 65, 041712

Dynamic light scattering measurements of azimuthal and zenithal anchoring
of nematic liquid crystals
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Dynamic light scattering is used to obtain the anchoring energy coefficients of nematic liquid crystal
(4-n-pentyl-4'-cyanobiphenyl) on rubbed nylon and photoactive peiyyl-cinnamaté. The anchoring coef-
ficients are determined by measuring the relaxation time of the fundamental director fluctuation mode in a
homogeneously aligned wedge cell as a function of cell thickness. The method is nonperturbative as no
external torque is applied to the liquid crystal during the measurement. We show that by using two different
scattering geometries, both azimuthal and zenithal anchoring energy coefficients can be measured on the same
sample. The obtained zenithal anchoring coefficient is found to be, in contrast to previously reported results,
approximately only two times larger than the azimuthal one. The effect of higher order fluctuation modes on
the detected autocorrelation function is in good agreement with numerical calculations.
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[. INTRODUCTION photopolymeric liquid crystal§17], or on self-assembled
monolayerg 18]. Ruetschiet al.[19] proposed liquid crystal
Uniform and stable liquid cryst4LL.C) surface alignment alignment on surfaces treated with the tip of the atomic force
is the basis for many applications of liquid crystals in indus-microscope. The latest developments in the liquid crystal
try. The alignment is achieved by depositing liquid crystal onalignment include alignment with atomic beap2§)].
a properly treated anisotropic alignment substrate that orients A parameter that quantitatively describes the orientation-
LC in a preferred directiofieasy axis The standard way of dependent anisotropic interactions between the liquid crystal
obtaining the required anisotropy of the substrate is mechanMolecules and the aligning substrate is the anchoring energy
cal rubbing of a polymer, usually polyimide or Nylga—3]. coefficient[21-23. It is introduced as the torque per unit

Such alignment is very stable and strong surface anchorin rea, needed to wrn the d|_rector_ away from the easy axis,
of liquid crystals is observed. The mechanism of the align—.'v'ded by the angle of rotation. It is assumed that the devia-

ment, i.e., how the rubbing alters the surface and results in %ons from the easy axis are small. Two different parameters

. . - L are usually introduced: the azimuth@h-plane anchoring
uniformly oriented Iquld crystgl, IS S.“” not fu.IIy understpod energy coefficien®W,, corresponding to deviations from the
although many experiments including atomic force micros ¢

6.7 ical d ‘easy axis in the LC-substrate plane, and zenitioait-of-
copy [4.5], x-ray spectroscopy[6,7], optical second- plane anchoring coefficienW,, corresponding to devia-

harmonic generatior(8], and sum-frequency vibrational g perpendicular to the substrate plane. The standard mea-
spectroscopy9] were performed. The most probable seemsg,rements of the anchoring energy coefficients observe the
the idea that the alignment is a consequence of the Or'e”t%sponse of the LC sample to an applied external torque. The
state of the polymer chair{40]. Another method of liquid  external field is either mechanid@4—26, electric[27-30,
crystal alignment is oblique evaporation of silicon oxide ongy magnetid31—33. The external field, however, induces a
glass plateg11]. The method is interesting as the inducedchange in the configuration of the director in the sample and
alignment can be either planar, homeotropic, or tilted, dethe director at the surface deviates from the easy axis. The
pending on the angle between the evaporation beam and theeasured anchoring strength can, therefore, depend on the
glass plate. thickness of the deformed layer as stated bgode [23].
About a decade ago, Gibboes al. [12] proposed a new Moreover, it has been show34] that strong applied fields
alignment technique using photoactive substances that uran result in melting of the liquid crystal rather than in a
dergo selective isomerization or dimerization when illumi- strong elastic deformation dictated by the external fields.
nated by polarized light. This optical method of alignment isConsequently, the anchoring energy coefficients measured by
noncontact and, therefore, many drawbacks of buffing, suchpplying external torque can depend on the imposed defor-
as the always present possibility of generating dust or eleanation and on the field strength. The reported values of the
trostatic charge on the alignment layer, are avoif#8].  azimuthal and zenithal anchoring coefficients show that ze-
Also patterns and pixels with variations in the orientation ofnithal anchoring is usually stronger than azimuthal and that
the director are easier to obtain by illumination than by rub-there is one or even two orders of magnitude difference in
bing. The anchoring on photoactive layers is much weakethe numerical values of these coefficie[28]. However, the
than in the case of rubbed polymers and temporal instabilitwo coefficients have never been obtained on a single
ties in the alignment were observgti4,15. Recently, a va- sample, they were determined using different samples and
riety of other alignment techniques have emerged. Ligquiddifferent experimental methods.
crystals can be aligned on Langmuir-Blodgett filii$], on We propose an alternative method for measuring the an-
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choring energy coefficients by using dynamic light scatteringfrom its equilibrium orientatiom, are given by the diffusion

[35—-37 where no external torques act on the liquid crystal.equation[40,41], for simplicity written in the one-constant
The method is based on the observation of thermally excitegpproximation

orientational fluctuations in a thin undistorted sample. In

bulk, the spectrum of fluctuations is continuous, with the 9

relaxation rate at a given wave vector determined by the ratio KV2Zén= 75 on. 2
of the corresponding elastic constant to viscosity. In a thin

slab the components of the wave vector perpendicular to thEet us now consider a thin planar sample of thickndss
slab are discrete. The relaxation rates of the modes, espgq..

conditions, i.e., surface anchoring. As will be shown below,
measurements of the lowest order relaxation rate as a func- J

tion of the LC cell thickness enable us to determine also the Wén+K—én =0. 3
anchoring strength. This approach was first used by Witte- ZA

brood et al. [38] who measured the fluctuation relaxation

times in a liquid crystal between a flat surface and a glas¥he solutions of Eq(2) with the boundary conditions, given
lens. The authors determined the azimuthal anchoring enerdyy Eq.(3), are the fluctuation eigenmodes in confined planar
coefficient in the case of weak anchoring and roughly estisamples, which are overdamped standing waves irz ttie
mated the zenithal anchoring strength in a hybrid samplerection and undistorted waves in the directions parallel to the
Using the same principle on a wedge ¢&%,39, we studied  plates[41,42. If the fluctuations withgq;=0 are observed,
the azimuthal anchoring coefficient on photoalignment lay-the modes become pure splay and pure twist modes. The
ers. allowed fluctuation wave numbegs in the direction perpen-

In this paper we extend the dynamic light scatteringdicular to the glass plates, and to the director, are in thin
method to measure both azimuthal and zenithal anchoringamples discrete and for the even modes their values are
energy coefficients using the same nematic liquid crystagiven by the secular equatigAl]
cell. The measurements were performed on different sub-
strates in order to investigate different anchoring regimes, dl w
using rubbed nylon for strong anchoring and illuminated qzta"< ):R' (4)
poly-(vinyl-cinnamatg¢ PVCi for weak anchoring. The two
ar}chor_mg regimes yield different dependenmes of the relaxl-f the twist fluctuation mode, related to the fluctuations par-
ation time of the fundamental fluctuation mode on sampley | ' the | c-substrate interface, is observed, the corre-
thickness, i.e., linear depend_ence for_ weak, and quaqlratusz onding elastic constant is the twist Frank elastic constant
dependence for strong anchoring. The influence of the high

. : . . (, and the anchoring energy coefficient in Ed) is W,, .
rglaxatlon mo_des IS alfsq discussed. BOth. azimuthal and “She secular equatidrEq. (4)] is valid also for the fluctuation
nithal anchoring coefficients are determined on the same

. ) L Wave vectors of the pure splay mode, wheérq. In this
sample and _|t is found that the ;enlthal anchoring is strongeéase’ the corresponding constantiig and the anchoring
than the azimuthal, however, in contrast to previously re-

coefficient isWy .
ported results, only by a factor of 2. Often the term extrapolation lengfi0] is introduced as

the ratio of the elastic constant to the anchoring strength:
Il. ORIENTATIONAL FLUCTUATIONS A=K, /W, for azimuthal anch y=K, /W, for zenithal an-
IN THIN NEMATIC CELLS choring. The extrapolation lengths indicate whether the an-

Director fluctuations in a bulk nematic liquid crystal can €0ring in & sample is regarded as strong, whes smaller
be described by overdamped sinusoidal waves. In an unlin2" COmparable to the sample thicknes®r weak, wher is
ited sample two types of eigenmodes are pregg@wQ: the ~Much larger tham. — _
first one being a combination of splay and bend elastic de- !N the case of infinitely strong anchoring\t—c), the -
formations(mode 1, and the second a combination of twist S€CUlar equatiofEg. (4)] can be exactly solved and the ei-
and bend deformationgnode 2. The relaxation timer,(q) ~ 9€nvalues for theth mode are given by
(i=1,2) of these eigenmodes|[i40]

qzz

(@2n+1)7
1 Kig?+Ksqf W AR

n=0,123.... (5)

7i(q) o
(a 7 Taking into account Eq1), the fluctuation relaxation time of

whereK; is splay ;) or twist (K,) Frank elastic constant the fundamental moden&0) for infinitely strong anchori.ng
andKj is the bend elastic constant. The vector componenfl€Pends only on the sample thickness and viscoelastic con-
q, is the fluctuation wave vector component perpendiculastants of the liquid crystal,

to the directom,, g is the component parallel ta,, and » )
is the effective rotational viscosity. In general, the director , _m d 6)
fluctuationsén that represent small deviations of the director 07K 72
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If the anchoring is strong but finite, the extrapolation length 20 T ST . T ——1.0
\ is much smaller than the sample thickness. In this case Eq. — T i .
(4) cannot be solved exactly and only an approximate value g 4l R 108 =
of the fundamental fluctuation wave vector can be obtained © 2 %
analytically. The first order correction to Ec) gives for the E // 10.6 %
wave vector of the fundamental mode s 101 e
~§ 404 ':8
T i los
Jz0 d+2n° (7) ¢ 2 A
. . . 0 L L L y L 0
The expression for the relaxation time of the fundamental 0 1 2 3 4 5 6
mode [Eq. (6)] is changed accordingly and an additional Thickness d [um]

term, which is proportional to the sample thickness and de-

pends also on the extrapolation lengthappears FIG. 1. Numerically calculated relaxation timeas a function

of sample thicknessl plotted as a solid line. The extrapolation

g2 length is\ ,= 200 nm, the scattering vectords=1.5 um~!and the
_7 first th d taken int t. The dashed li t
o=+ —3| 1+ —| for \<d. (8) irst three modes are taken into account. The dashed line represents
K d the relaxation time of the fundamental mode only. The dotted line is

) the numerically obtained stretching exponenas a function of
The presence of the second term allows us to obtain thgample thickness.

anchoring energy strength from these measurements.

In the other case, when anchoring is weak aed, Eq. In order to study the influence of higher fluctuation modes
(1) and a series expansion of the secular equation yield fopn the average relaxation time observed in light scattering
the relaxation time of the fundamental mode experiment, we simulate the measured autocorrelation func-

tion. As the modes are statistically independent, the observed
g® is the sum over all modes, weighted hy. The result-
ing autocorrelation function is well described by the
stretched exponential dec§g4]
For small sample thicknesses the second term in the brackets
is small compared to the first one and can, therefore, be g@(t)=A+Be U, (11)
neglected, leaving a linear dependenceradn the sample ] o ] )
thickness. This is in contrast to strong anchoring, where th‘g_vlth two relevant _flttlng parameters: an effective relaxation
dependence is quadratic in the leading term. The prefactor iime 7, and stretching exponeatFor thin samples and small
Eqg. (9) is inversely proportional to the anchoring energy co-Scattering angles, when only one mode is obsersed, and
efficient and by measuring, as a function of sample thick- 7= 7o- Each deviation from this value &f indicates either
ness,W can be obtained. In the intermediate regime Wher@pnnggllglble contributions of other fluctuation modes, or a
none of the upper expansiof&gs.(8) and(9)] is valid, the d|sor_|ented samplé45]. The val_ue ofs can, t_herefore, .be_
whole secular equatidiEg. (4)] has to be taken into account. F:onS|dered also a figure of merit for the quality and reliabil-
When performing the dynamic light scattering experi- ity of each measurement. o _ _
ment, the autocorrelation function of the scattered light is (Z;th calculated effective relaxation time associated with
detected. The fundamental mode gives the dominant contr@'~’ With several contributing modes is plotted as a function
bution to the scattered light at small scattering vectors and iﬁ_’f sample thickness in Flg.'(lsoll_d line), whereas the dashed
very thin samples43]. For larger scattering angles and line represents.the relaxation tlmg of the fundamental mode.
thicker samples, however, the contribution of higher fluctua-The extrapolation length used in the calculation was
tion modes is significant and should not be neglected. The=200 nm and the scattering vector wgs 1.5 um~*. As
relaxation timesr,,(d) of the symmetric modes, which are ©ne can observe, th_e de_V|at|on in the effective relaxation
the only ones contributing to the light scattering spectrum ardime from the relaxation time of the fundamental mode be-
obtained from different branches of the secular equdian ~ comes apparent for sample thicknesses larger than

(4)]. The relative intensityl , of the light scattered by the ~2 wm. In thicker parts of the sample higher modes pre-
mth fluctuation mode i$43] vail, 7 reaches a maximum value d&=4 pm, and then

decreases with increasing thickness. This is because the main

Y

TOZTNd

1+ for A>d. (9

ol

Qym—0 2 contribution to the relaxation time comes from higher fluc-
. zm S . .
S'”(Td) q2 tuation modes with the wave vector that matches most the
| —o—— | = (10) scattering wave vector. As these modes have larger relax-
(qu_ qsd dzm ation rates than the fundamental mode, the relaxation time is
2 decreased. The stretching expongmtas also obtained from

the numerical calculations and is shown in Fig. 1 as a dotted
whereq,, is thez component of thenth mode wave vector line. In the thin region where the fundamental mode prevails,
and(q; is the magnitude of the scattering vector, assumed ts equals 1. In thicker samples, where higher modes appear,
be parallel to the axis. is reduced, whereas in the region where the contribution of
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the first mode becomes negligiblejncreases again as the
light scattered by the next fluctuation mode is dominant.

=~y

®
®n

[II. DYNAMIC LIGHT SCATTERING EXPERIMENT

The dynamic light scatteringDLS) experiment was per- a)
formed with a standard photon correlation setup with a
He-Ne laser operating at 632.8 nm. The normalized intensity FIG. 2. Experimental setup for the measurements of the anchor-

autocorrelation functiof35] ing energy coefficientsa) The polarization of the incoming beaim
is parallel to the directony but perpendicular to the scattering plane
’ ’ o
(2)(,[): (L)' +1)) (12) and the polarization of the outgoing bedmThis setup enables us
9 (I (t’))2 ! to measure the azimuthal anchoring coefficig¢otZenithal anchor-

ing is measured when both polarizations and director lie in the

with | being the intensity of the detected light, was measuregcattering plane. Scattering angle in both cases is fairly sialfo
using the ALV-5000 correlator. The selection of scattering® few degrees

geometry and the polarizations of the incoming and outgoingz(a): the polarization of the incoming lighitwas perpendicu-

beams aIIoweq us to observe one speC|f|c'quctuat|on mOdE\r to the scattering plane and the outgoing beam polarization
and to determine the corresponding anchoring energy coeffis

cient. In both casegazimuthal and zenithal anchorinthe f lay in th"e lptla?ﬁ' The or.|entat||on_oft'ghe nezjn?ui:hdw((ja_ct@:.
scattering angles were fairly smailip to a few degregsso was parailel to the incoming pofarization and to the direction

that the scattering length was large compared to the samp%f the sample thickness gradient. The scattering adglas

thickness and that as few modes as possible were observe nstant during the experiment and was chosen between
P —3°, which minimized the contribution of bend fluctua-
preferably only the fundamental mode.

tions and, therefore, an almost pure twist mode was ob-
_ served. The chosen setup enabled us to measure the relax-
A. Preparation of the samples ation time of the fundamental twist mode as a function of

The liquid crystal used in our experiment was sample thickness by simply moving the sample in the direc-

4-n-pentyl-4'-cyanobiphenyl (5CB) from Sigma-Aldrich t|or'16\perpend|(;ularfto the scatéenn% planel. i f
and used as received without further purification. The align- N example of measured autocorreration curve firom

ing substrates were rubbed nylon and photoactive pol which the relaxation timer at a given thickness was de-

(vinyl-cinnamaté (PVCi) [46.47 coatings. In order to rived is shown in Fig. 3, where circles represent the mea-

achieve different anchoring regimes, nylon was rubbed thresurefj data. The da_ta can be well fitted with st.ret(.:hed eXpo-
times for the measurements of moderately strong anchorinﬁemlf”“. deca_y functloﬁjE_q. (11)], s_,hown asa .SO“d I!ne. The
(sampleA), four imes for very strong anchoririgamples) goefflm_entB in Eq. (11 is determined by the |nt§n5|ty of the
whereas t'o achieve weak anchoring, the PVCi was,use ynamically scattered light. In our ca@g@l, which means
(sampleC). This sample was prepared' with the glass plate at the measurement was performed in a strong heterodyne
: e ! o . ?egime and that the characteristic decay tirriadeed equals
dipped into the solution of PVCi in chloroform, dried, and the fluctuation relaxation timgss]
illuminated with linearly polarized UV light in order to in- '
duce anisotropy in the alignment substrate. The procedure of
preparation of this sample is in detail described elsewhere
[15]. Glass plates with treated surfaces were then used to The zenithal anchoring coefficient was measured by ob-
prepare wedge cells by inserting spacers between the glaserving the splay fluctuations in the planar nematic sample,
plates only on one side. To achieve very small sample thick-
ness in the thin part of the cell, the glass plates had to be g?
clearly cut and firmly pressed together. The thickness of %
wedge cells was accurately determined by interferometric
method using a spectrophotometer and the obtained thick-
ness was varying from 200 nm to @m. Easy axes on both
plates in the cell were parallel, giving a homogeneous liquid
crystal alignment. The cells were filled with liquid crystal in
the nematic phase with the flow direction parallel to the sub-
strate easy axes. During the measurements the temperature

C. Zenithal anchoring energy coefficient

1.00E

was kept constant at 32°C, i.e., 3.5 K below the nematic- 0.0001 0_'01 1 1(')0 10000
isotropic transition temperatufgy,=35.5°C. Time [ms]

FIG. 3. Measured autocorrelation function of dynamically scat-
tered light on nematic 5CB. The circles represent the measured

In order to determine the azimuthal anchoring energy codata, the solid line is stretched exponential fit to the data with the
efficient the twist fluctuations in a nematic slab had to beparameters: A=1.000+0.001, B=0.0496+ 0.0005, 7,=(7.86
observed. This was achieved by the DLS setup shown in Fig-0.05) ms, ands=0.84+0.03.

B. Azimuthal anchoring energy measurement
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% 0.9 . FIG. 5. Relaxation time of the splay fluctuations as a function
% >$<>)<< x 3 i of sample thickness for 5CB on moderately rubbed nyksmple
o X ex &)}g’: A). The zenithal extrapolation length is determined from the para-
£ 08 XX TR X X - bolic fit and the obtained value ¥sy=(150+40) nm.

X

g | SRk ]
@ o7k x i +10) nm and the corresponding anchoring energy coeffi-

S P U I PR IO B I cient is W,=(1.4+0.2)x 10 ° J/n?. The other parameter

o 1 2 3 4 5 6 7 obtained from this fit is the ratio of the Frank elastic constant
Thickness & [pm] to the effective rotational viscosity. At 32 °C, the fitted value

K,/7=(6.4-0.4)x10 1 m?/s is in excellent agreement
exponents (b) as a function of sample thicknesisfor sampleA. with Fhe data for _5C_B_f0und in the Il'Ferat_u[é8—5]]._AIs_c_),
The crosses are the measured data, the solid line is the parabolic gpnsistency of this fitting parameter implies the reliability of

to the data at small sample thicknesses. Deviation becomes signifi’® Obtained extrapolation length. o
cant for thicknesses larger than3 wm. For thicknesses above3 um the relaxation time ceases

to increase, reaches a maximunra4 um and then slowly
which was only possible with the arrangement shown in Figdecreases with increasing thickness towards the bulk value.
2(b). Polarizations of the incoming and outgoing beams layThis indicates that the contributions of higher fluctuation
in the scattering plane and so did the director. As both polarmodes are not negligible in this range, which is consistent
izations were parallel, the main contribution to the detectedVith the calculated dependence d) (Fig. 1). Apart from
beam was the statically scattered light by the glass plates arifie relaxation times, also the stretching exporewas ob-
only a small fraction of the detected light was dynamicallyt@ined from this experiment and the results are shown in Fig.
scattered by fluctuations in the liquid crystal. The fitted co-4(b). Its behavior is in good agreement with the predictions
efficientB [Eq. (11)] is thus very small, of the order of 16, ~ Of the numerical calculation§~ig. 1): for small thicknesses,
which is approximately 100 times smaller than in the meaS €quals 1, meaning that pure fundamental twist mode was
surements of azimuthal anchoring. The autocorrelation funcindeed observed, and then decreases to the lowest value of

FIG. 4. Measured fluctuation relaxation timéa) and stretching

time in order to obtain sufficient signal. 7 reaches its maximum value. Above4 um s again in-
creases. This is because the next higher mode prevails and
V. RESULTS AND DISCUSSION the contribution of the first mode becomes less important. In

conclusion, we may say that the azimuthal anchoring energy

The measurements were performed on cells with threeoefficient can only be determined by observing the dynamic
different substrates in order to study the fluctuation dynamics$ight scattering at small sample thicknesses, where the pure
and to determine the anchoring energy coefficients in threfundamental mode is detected. This means that the measure-
different anchoring regimes. Using the moderately rubbednents should be performed at thicknesses belev pum,
nylon (sampleA), the autocorrelation functions of the scat- depending on the anchoring strength, the viscoelastic con-
tered light were measured in a wide range of sample thickstants of the liquid crystal, and on the scattering length,
nesses, extending from300 nm to~6.5 um. The decay which was in our case=4 um.
of the autocorrelation functions was analyzed in terms of the In order to measure the zenithal anchoring energy coeffi-
stretched exponential functidiq. (11)] and two parameters cient using the same sample, the fundamental splay fluctua-
were obtained as a function of the sample thickness: the etion mode has to be observed. The measured dependence of
fective relaxation timer and the stretching exponest as  the relaxation timer is plotted as a function ol in Fig. 5.
shown in Fig. 4. In the thinner part of the sample, up toThe dependence of the splay mode relaxation time on the
~3 um, the parabolic dependence of the relaxation time sample thickness is parabolic, indicating strong anchoring
on the sample thickness is observed, implying that a pureegime. Using the same procedure as in the case of strong
fundamental mode was detected and that the surface anch@zimuthal anchoring, zenithal extrapolation lengih
ing was fairly strong. Fitting the parabolic expansidfg. =(150+40) nm is obtained from the fit independently of
(8)] to the experimental data in this region yieldg= (200 the viscoelastic constants. This value corresponds to the an-
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FIG. 6. Measured fluctuation relaxation time as a function of FIG. 7. Relaxation times of the twistsquares and splay
sample thickness for strong azimuthal anchoritg@mple B).  (circles fluctuation modes as a function of sample thickness for
Circles represent the measured data, solid line the parabolic fit, arCB on photoactive PVC{sampleC). The linear fit yieldsw,,
the dashed line the fit of the whole secular equation. The obtainee: (5.3+0.3)x 10 ¢ J/n? andW,y=(9.1+0.85)x 1078 J/n?.
extrapolation length ia ,=(50+8) nm.

The zenithal anchoring energy coefficient was also deter-
choring energy coefficientW,=(2.9+1.0)x10 % J/n?. mined on the strongly rubbed nylon sampglample B).
The second fitting parameter yields the rakq/»=(8.9 However, due to the fact that for a reliable analysis, the
+2.5)x 10" m%s, which is slightly less, but consistent extrapolation length should not be much smaller than the
with the data found in the literatufd8-51. thickness of the thinnest part of the cell, the extrapolation

A comparison between the two obtained anchoring energjength in this case could not be accurately determined. The
coefficients, W, =(1.4+0.2)x10 > J/n? and Wy=(2.9 obtained values\ ;=(37=30) nm and Wy=(1.2+0.9)
+1.0)X10 > J/n?, can now be made. We find that the ze- x 10~* J/n? are thus merely estimates.
nithal anchoring is stronger than the azimuthal, but only by a The third set of measurements was performed in a sample
factor of 2. This is in contrast to what was reported earlierwhere weak anchoring was expected. Using the photoaligned
[23], where one or even two orders of magnitude differencesample(sampleC), the obtained fluctuation relaxation time
between the coefficients was observed. However, as the dys a function of sample thickness is shown in Fig. 7. The
namic light scattering method enables us to determine botbquares represent the relaxation times of the twist fluctuation
coefficients on the same sample using the same method, weode, from which the azimuthal anchoring strength was de-
believe that the present comparison between the two anchatermined, and the circles represent the splay relaxation times
ing coefficients is more reliable. used to determine the zenithal anchoring energy coefficient.

The measurements of the anchoring energy coefficients om both cases the dependence is linear; according td®g.
sampleB, where a very strong anchoring was expected bethis means that the anchoring of liquid crystal on the photo-
cause of additional rubbing of the aligning layer, were per-alignment layer is weak. The anchoring coefficients are then
formed for thickness ranging from 0.2 to 2m. In this re-  obtained by fitting Eq(9) to the experimental data. The azi-
gion, only the fundamental mode was observee {) and  muthal anchoring energy coefficient is found to Wé,
the obtained relaxation time is plotted as a function of=(5.3+0.3)x10 % J/n* and the zenithal Wy=(9.1
sample thickness in Fig. 6, where the circles represent the 0.85)x 10 ¢ J/n?. We, therefore, observe that also in the
measurements and the solid line the best fit of Bgjto the  case of weak anchoring induced on photosensitive alignment
experimental data. The obtained azimuthal extrapolatiomayer, the two anchoring energy coefficients differ less than
length for strongly rubbed nylon is four times smaller than inpy a factor of 2. It should be noted that linear dependence of
the previous case, i.e\,,=(50+10) nm. This value corre- the relaxation time on the sample thickness extends up to
sponds to the anchoring energy coefficient W{,=(5.6  ~3 um, indicating that the contributions of the higher fluc-
+1.2)x10"° J/n?. The other parameter obtained from this tuation modes are negligible.
fit is the ratio of the viscoelastic constants that depends only
on the LC properties and should be the same as when mea-
suring the anchoring coefficient on moderately rubbed
sample. At 32°C, the fitted valu&,/#n=(6.84+0.3) In this paper we have shown that the dynamic light scat-
x10 1 m?/s is in excellent agreement with the previously tering experiment is suitable for measurements of not only
obtained value. The dashed line in Fig. 6 is obtained byazimuthal but also of zenithal anchoring energy coefficient
fitting the whole secular equatidiEqg. (4)] to the measured using the same planar nematic liquid crystal sample. In con-
data. Also in this casey, can be derived directly without trast to previously used methods, where external torques
knowing the viscoelastic constants of the liquid crystal. Thewere applied to the liquid crystal during the measurement,
obtained valuex ,=(50+8) nm matches exactly the one the present method is based on the observation of intrinsic
obtained from the parabolic fit, confirming that for strong thermal fluctuations and does not affect the uniform configu-
anchoring the parabolic expansion yields reliable and accuation. Using a wedge cell, we confirmed experimentally that
rate values of the anchoring energy coefficient. the relaxation time of the fundamental fluctuation mode de-

V. CONCLUSIONS
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pends linearly on the sample thickness in the case of wealormed at sample thicknesses belev8 pm. The azimuthal
anchoring and parabolically in the case of strong anchoringanchoring coefficient depends strongly on the sample prepa-
We found that the linear and quadratic expansions for théation and on the treatment of the alignment layers. In our

relaxation time are valid only to a certain thickness, beyondXPeriment the zenithal anchoring energy coefficient was

which the fundamental mode is overcome by higher ﬂuctua_measured on the same sample and under the same external
yhig conditions as the azimuthal coefficient. Using differently

tion modes and the measured relaxation time changes dragjpped nylon and photoactive PVCi, we found that the ratio
tically. Therefore the measurement of the anchoring energyf the two anchoring energy coefficients\, /W, =2 for
coefficient of 5CB on different substrates should be perall anchoring regimes and substrates used in our experiment.
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