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Polymer network-induced ordering in a nematogenic liquid: A Monte Carlo study
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In this Monte Carlo study we investigate molecular ordering in a nematogenic liquid with dispersed polymer
networks. The polymer network fibers are assumed to have rough surface morphology resulting in a partial
randomness in anchoring conditions, while the fiber direction is assumed to be well defined. In particular, we
focus on the loss of long-range aligning capability of the network when the degree of disorder in anchoring is
increased. This process is monitored by calculating relevant order parameters and the corre$plomatitegr
magnetic resonance spectra, showing that the aligning ability of the network is lost only for completely
disordering anchoring conditions. Moreover, above the nematic-isotropic transition temperature surface-
induced paranematic order is detected. In addition, for perfectly smooth fiber surfaces with homeotropic
anchoring conditions topological line defects can be observed.
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I. INTRODUCTION with a well-defined average directidid]. Similar types of
networklike confinement can be achieved also in silica aero-
Polymer networks dispersed in liquid crystals typically gel systems, where irregular chains of silica particles play the
consist of thin fibers—a few nanometers thick—or of some-aligning role of polymer fibergl]. While thin (nanometri¢
what thicker fiber bundles. Having a rather high surface-tofolymer fibers typically promote planar surface anchoring
volume ratio, polymer fibers can play a significant role in along the fiber direction, thicker fibers or fiber bUﬂCﬂSSV-
orienting the Surrounding ||qu|d Crystai even if the poiymer eral 10 nm in diametércan be treated with surfactants to
concentration in the sample is loft—3]. Such composite Yield homeotropic anchoring conditions.
systems are then similar to “ordinary” confined systems Meanwhile there has been a growing number of experi-
where liquid-crystalline ordering is affected by the interac-mental studies for these systems, e.g., measurements of op-
tion with the confining substratékere substituted by fibegs  tical transmission, capacitance, ¥t nuclear magnetic reso-
external electric or magnetic fields, and by the disorderindiance (NMR) spectroscopy[1-3,6. They are usually
temperature effects. Therefore, composite materials such @&companied by theoreticdlandau-de Gennes-typanaly-
liquid-crystal-dispersed polymer networks are interesting inS€s, but so far almost nothing has been done for such net-
themseiveS, as they are Showing a Variety of Ordering anworklike confinement at the minOSCOpiC level. For all these
confinement-related phenomena. On the other hand, they af@asons we decided to perform a thorough microscopic simu-
important also for the construction of electro-optical devicedation study of the orientational coupling between polymer
based on changing the orientation of liquid Crysta|fibers and the surrounding liquid crystal. In this analysis we
molecules—initially imposed by the polymer network—by focused on polymer networks with a well-defined fiber net
applying an aligning external electric field. Both the naturedirection(as shown, for example, in Fig. 1 of R¢2]), and
of this effect and the performance of electro-optical device®n effects of roughness on the fiber surface and the resulting
are intimately related to the anchoring and ordering condifandomness in surface anchoring. In this paper, we first
tions on the fiber surface, as well as to the topography of theriefly describe our model and the simulation method. Then
network. we review changes in nematic ordering when the conditions
These network characteristics can be regulated during then the fiber surface are varied from a perfectly aligning an-
polymerization from the monomer-liquid-crystal mixture choring that imposes a well-defined orientatipfanar along
through various parameters: monomer solubility, curing temihe fiber or homeotropjcto a completely disorderingran-
perature, ultravioletUV) light curing intensity, and the de- dom) anchoring. To complete our results, we calculate one of
gree of orientational ordering in the liquid-crystalline com- the possible experimental observables, #HeNMR spectra.
ponent[1]. In particular, poorly soluble monomers result in
pol_yme_r fibers with a grainy and coarse surface mo_rphology, Il. THE SIMULATION MODEL
while highly soluble monomers can form smooth fiber sur-
faces[4]. Further, high curing temperatures, as well as high The Monte Carlo(MC) simulations presented in this
UV light intensities, result in larger voids between polymerstudy are based on the Lebwohl-Lasliet) lattice model
fibers[5]. If the liquid-crystalline component of the mixture [7] in which uniaxial nematic molecules—or close-packed
is isotropic during the polymerization process, polymer fi-clusters containing up to #noleculeg8]—are represented
bers form directionless strands. On the other hand, perfornBy unit vectors(“spins”) u;. Despite the fact that the spins
ing the polymerization in the nematic phase, or applying arare fixed on the sites of a cubic lattice, the LL model is found
external aligning magnetic field, fibers can form bundlesto reproduce the orientational behavior of nematics suffi-
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ciently well[9]. The interaction energy for a system of nem-
atic particles is given by

U=— 2 &l (u-u)®= 3], (D)
(i<j)

where €;; is a positive constante if u; andu; are nearest
neighbors, O otherwige

As a first step towards modeling the complex topography
of the polymer network, we considered a single straight cy-
lindrical fiber oriented along theaxis. The shape of the fiber
was defined by carving a “jagged” cylinder from the cubic  FIG. 1. Schematic depiction of the polymer netwdright) and
lattice with lattice spacing and taking all particles that are the simulation box with the cylindrical fiber and one of the cylin-
lying closer tharR—the fiber radius—from the center of the drical shells(left).
xy plane. The particle orientations in the surface layer of the
fiber (“ghost” spins) were chosen in agreement with the de- ordering in thexy plane, and the standard nematic order pa-
sired boundary conditions and were kept fixed during theameterS Then, for example(P5) profiles were calculated
simulation. The nematic-nematic and nematic-ghost interacas (P3)(r)=3[3((u;-2)?),—1]. The averagd---), has to
tions were chosen to be equal in strength, which correspondse calculated over all nematic spinsbelonging to the cy-
to the strong anchoring lim{tL0]. We further assumed peri- |indrical layer with radiusr, and over MC cycles. Analo-
odic boundary Cpnditions at the simulation box boundarieS?ous|y,<Pg> proﬁles were calcu|ated W|th respect to the |0ca|
Such a setup, in fact, corresponds to a regular array Qiinit vectore, , wheree, defines the local radial direction in
straight and parallel fibers. . ~__ thexyplane at theth lattice site. Finally, the nematic order

In the case of “perfect” anchoring ghost spin orientations parameter profil&(r) was obtained from the diagonalization
were chosen e_lther alorm(a unit vector along the_aX|s) for  of the ordering matrixQ,,4(r) = L(3(uuby, — S,5) aver-
planar anchoring, or along the local radial unit vector for ged over sites in the nematic layer with radiugnd over

homeotropic anchoring. For cases with partially disordere C cycles. The eigenvalue with the largest absolute value
anchoring the perfect planar or homeotropic ghost orientagz,, hen be identified &S and the difference between the
tions were perturbed by performing an additional rotation for
each of the ghost spins, characterized by a set of d@)ar
and azimuthal¢) angles. While thep angle was sampled
from a uniform distribution withirf0, 2], the sampling of
(or, alternatively, cosf) was biased so as to regulate the
degree of randomness in ghost spin orientations. The biasi
distribution was chosen to belw/d cosfxexp(Acos 6)
(with w denoting the probability and ces=[—1,1]), where
for small A the resulting orientational distribution of ghosts

becomes almost isotropic, while for large valueshoit be- sponding eigenvector, i.e., the local directdr;). Similarly,

comes strongly peaked at c@sx1 (i.e., 6=0, m) and, he biaxiality map can also be deduced from the data.
therefore, approaches that of the perfect anchoring cases. In In our simulation. the simulation box size was set to

the case with completely disordering anchoring ghost orien:

tations were sampled from a fully random orientational dis-30a><306><30a’ which for the chosen fiber radiusR(
tribution. The degree of randomness can be given quantit - 52) amounts to 24 600 nematic and 840 ghost particles in

tively by diagonalizing the ordering matrixQ Fotal. Simulation runs were started from a completely ran-
1 y ay 9 9 9 «8  dom (disordered or isotrop)jcorientational configuration not
=2(3(ufuf),— b,5) (the averagd:--), taken over ghost - ; L
2 iZi/g “ap . 9 . to impose any preferred orientation in the system. Then the
sping, which gives the ghost director and the correspondin

%tandard Metropolis schenjél] was employed to perform
order paramete(P;),. In all cases thePy)q order param- updates in spin orientation®,12]. Once the system was

eter is referred to as theaxis. Therefore, cases WittP>);  gquilibrated (after at least 60000 MC cyclgs66 000 (or
=1 and(P)q=—0.5 stand for perfect planar and homeo- 5o g ccessive spin configurations were used to calculate
tropic alignment, respectively, anP;)q~0 for a random  re|eyant observables. Results from MC simulations were ex-
orientational distribution. Intermediate values(6f,), then pressed using selected order parameterSBrdMR spectra

correspond to partial plana(R,),>0) or partial homeotro- g iowing the methodology presented in our earlier work on
pic order (P,)4<0) in ghost orientations. nematic droplet§13].
To study the radial dependence of order parameters, we

found it convenient to divide our cubic simulation box into
cylindrical layers surrounding the fibésee Fig. 1 The ob-
servables accumulated during the production run Wer, We report results obtained at two different reduced tem-
quantifying the degree of ordering with respect to #raxis,  peraturesT* =kT/e, T* =1.0 andT* =1.2, deep enough in
(P$), indicating how the order deviates from perfect radialthe nematic and isotropic phases, respectiveig nematic-

remaining two eigenvalues corresponds to biaxiality.

In the absence of significant collective molecular reorien-
tation during the MC evolution, it is instructive to calculate
also the spatially resolved director and order parameter maps
n(r;) and S(r;), respectively, where; denotes the position
"§ the ith lattice site. For this purpose the local ordering

matrix Q,4(r) = $(3(ufuPy— 8,p5) Was averaged over MC
cycles and then diagonalized, yielding the local value of the
order paramete(r;), as discussed above, and the corre-

I1l. SIMULATION RESULTS
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FIG. 2. Order parametgiP3) vs r/a, the normalized distance
from the simulation box center, as obtained from Monte Carlo
simulations in a 38 30X 30 particle system, with a single cylindri-
cal fiber of radiudR=5a placed in the center of the simulation box.
Planar anchoring along theaxis; (a) nematic * =1.0) and(b)
isotropic phase T* =1.2). In the plots each of the curves corre-
sponds to a different degree of ordering in the ghost spin system:
(P2)¢~1.0,0.75, 0.50, 0.25, and(fbp to bottom. The dotted lines
serve as a guide to the eyalso in the following figures

©

isotropic transition in the bulk takes place &t =1.1232 30 0

[14]). Other calculations, not reported here for reasons of £ 3 pjanar anchorintg. (a) Order parameter radial profiles
space, were performed &t = 1.1 with results qualitatively gt for different values of(P,), in the nematic phaseT¢
similar to those obtained foF* =1.0. The correlation length  —1 0): curves are labeled like in Fig. @) Perfect planar anchor-
for orientational Ordering at these temperatures was fOUnq']g (< P2>g: 1); xy cross section of the loc&(r;) order parameter
not to exceed=5 lattice spacings, which with our choice  map in the nematic phas@{=1.0). (c) Same agb), but in the
for the simulation box size is expected to be enough to avoigkotropic phase T* =1.2).
spurious correlations originating from periodic boundary
conditions. In this study the fiber radius was fixed Ro ~ z coincide. Far enough from the fiber the value(8f) ap-
=5a. Another set of runs for a thinner fiber wi=3a has  proaches=0.6, matching with the value o§ in a bulk
also been performed, but has shown no major difference isample aff* =1.0[14], while close to the fiber there is an
comparison with theR=5a case and is, therefore, not re- increase inP3) reflecting the fiber-induced enhancement of
ported here. nematic order. The same effect is further confirmed by the
behavior of theS(r) profile depicted in Fig. &), as well as
by theS(x,y) local order parameter map shown in Figb3
For all three profiles the characteristic length of the nematic
The first case we have treated is a nematic sampl‘at order variationé roughly amounts to~3a.
=1.0, with planar anchoring along ttedirection and with Studying cases with reducéiinperfecj planar anchoring
possible deviations from this perfect alignment, as describeflz [Figs. 2a) and 3a)], one can see that at least down to
above. This situation corresponds to a series of polymer fi<p2>g%o,25 the bulk value of both order parameters remains
bers whose surface morphology varies from smooth to rougBssentially unchanged if compared to the perfdes) =1
and disordered. In Fig.(8) we present how théP%) order  case. Note that now for, e.g(P,),~0.75 the increase of
parameter changes across the simulation box from the fibejrder close to the fiber is smaller than {d?,),=1, and that
surface to the outer sample boundaries. Different curveaiready for(P2)4=~0.50(as well as for P,),~0.25) the sur-
shown in the plot correspond to different degrees of order iface degree of order is somewhat lower than its bulk value.
the ghost spin systen{P,) . For perfect planar anchoring From these observations one can conclude that the first effect
[z with (P,),=1 the nematic directon is parallel toz. I of the partial disorder in surface anchoring is merely a slight
this casg P5) becomes a direct measure ®because and  decrease in the degree of nematic order in the vicinity of the

A. Planar alignment (]|z), nematic phase
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FIG. 4. Order parameter profilé®5) for homeotropic anchor- ) ]
ing with (P,),~ —0.50,—0.25, and Q'top to botton); () nematic | FIG. 5. Order parameter profiler) for homeotropic anchor-
phase T* =1.0) and(b) isotropic phase T* =1.2). ing. Curve labels are same as in Fig.(@ Nematic phase T*
=1.0) and(b) isotropic phaseT* =1.2).

fiber, but that at this point the long-range orienting ability of

the polymer network is not lost. This ability, however, weak-high close to the fiber. This is a signature of strong radial
ens upon further decreasin@,)y, but is present at least ordering, along with the negative valuesin the first layer
down to(P,),~0.09 (the corresponding profiles not plotted Next to the fiber surface, see Figab Going away from the
here. Then only in a sample with a completely disordering fiber, (P5) exhibits a plateaulike behavior, before relaxing to
fiber—for (P,),~0—the net orientation of the nematic for the bulk value close to~S4, which is characteristic for
our intermolecular potential is completely detached from thehomogeneougundeformegl nematic ordering. Such align-
fiber direction. This follows from the behavior of tH®3) ment far from the fiber is compatible with strong radial or-
order parametefcalculated with respect to the fixed fiber dering in the fiber vicinity only if topological defects are to
direction which now, in principle, can take any arbitrary form. In fact, as shown in the director magr;), Fig. 6@a), a
value, and from the fact that the liquid crystal is still nematic, pair of —3 strength defect lines forms along the fiber and
as suggested by a nonzero value of Sherder parameter close to the simulation box diagonal. The plateau itf)
throughout the sample. Note that the bulk valu&oémains  profiles then corresponds to the distortion of the director field
almost unaltered in comparison to, e.g., {i®),=1 case. imposed by the defect lines. In the vicinity of the lines there
The fact that it is actually slightly lower than the value ob- is a strong change in the degree of nematic oflét even
tained for(P,),=1 (~0.6) can be attributed to slow collec- becomes negatiyewith the director pointing out ofy plane

tive molecular motion during the production run. [Figs. 6a) and &d)]. Further, in this region molecular order-
ing is accompanied also by non-negligible biaxiality. The
B. Homeotropic alignment, nematic phase inner structure of the defect lines was studied in more detail

. , elsewherd15].

If we now proceed to cases wiiP,);<0, i.e., to per- There are two parameters characterizing the position of
turbed homeotropic ordering, already d,)q~—0.08 the  o5ch defect line: its distance from the fiber surface and the
polymer fiber is able to align the liquid crystal. Molecules corresponding polar angle in they plane. Increasing the
are now aligned perpendicular ® the fiber direction, i.e., system temperature from* =1.0 to T*=1.1, the pair of
mainly within thexy plane. This can be deduced frafR3)  defect lines moves away from the fiber, which increases the
profiles; the(P3) values being now negative for all(not  thickness of the deformed region where radial ordering is
plotted herg Similarly as for planar anchoring there is a well pronounced, as imposed by strong surface anchoring;
decrease in the degree of nematic ordering close to the fibeompare Figs. @ and @b). This can be deduced also from
e.g., for(P,)y~—0.25 (partial disorder and an enhance- the S(r) profile, Fig. 7, where radial ordering reflects in
ment for(Py),= —0.50 (perfect homeotropic orderStudy-  S(r)<0 close enough to the fiber. The increasd dfresults
ing cases with homeotropic surface alignment, it is morein an overall decrease & and, consequently, in a decrease
convenient to plot th&P3) order parameter profiles. Note of the corresponding elastic constarpsoportional toS?).
now that for(P,),=—0.50 the(P3) profile—shown in Fig. Moreover, when approaching the fiber surface, at higfter
4(a)—is always positive and that th@5) values are rather the increase ifSis larger and occurs over a somewhat larger
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If temperature in the LL model is further increased to
T*=1.2, in a bulk sample the isotropic phase is stable. How-
ever, in restricted space, aligning substrates can induce nem-
atic ordering even at temperatures well above the nematic-
isotropic transition. The same phenomenon is expected also
in a nematic with a dispersed polymer network. For the case
of planar anchoringjz Figs. 2b) and 3c) show the(P3) and
the localS(x,y) profiles, and in fact confirm the existence of
surface-induced planar ordering. Note that the layer-
averaged nematic order parameter pro8{e) would have

FIG. 6. Director field for perfect homeotropic anchoring;  looked exactly like the(P5) profile and is, therefore, not
cross section(a) T*=1.0, (b) T*=1.1 (both nematif; and (c)  shown here. The net molecular orientation is still alangs
T* =1.2 (isotropic phask (d) xy cross section of th&(r;) order  imposed by the fiber, and the corresponding degree of order

parameter map fo*=1.0. In the nematic phase a pair ef;  (given either by(P%) or S decays to zero over a character-
strength defects has formed close to the diagonal. istic length of the order of~5a.

characteristic lengtlj, which makes the defect formation and
the accompanying elastic deformation in the immediate fiber
vicinity rather unfavorable. Therefore, the defects are pushed Analogous conclusions as for planar anchoring can be
away from the fiber surface whef* is increased. On the drawn in the isotropic phase also for the homeotropic case,
other hand, according to our tests, at fixétl the defects now inspecting the decays iP5) and S order parameters
move away from the fiber also as the fiber radRiss in-  shown in Figs. &) and 5b). Note that the two defect lines
creased. In addition, for a giveithe defect-to-fiber distance observed in the nematic phase Tor=1.0 andT* =1.1 have
seems to be rather insensitive to changing the simulation bomow vanished and that the residual surface-induced ordering
size. Indeed, for largR (i.e., for a low curvature of the fiber is simply radial[Fig. 6(c)]. This is because the fiber-to-fiber
surface the elastic deformation imposed by the defect isdistance in our simulation is larger thag &nd the degree of
more compatible with the radial aligning tendency of theordering at the simulation box boundaries is already negligi-
fiber if the defect is located far enough from the fiber surfacebly small. Consequently, no relevance should be attributed to
Finally, for our system size the main mechanism for the for-the “randomly” distributed directors plotted in the outer cy-
mation of the defects close to the simulation box diagonalindrical layers of the sample, Fig(®.

D. Homeotropic alignment, isotropic phase
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I"=1.0 I'=12 averaged. Finally, note that the NMR spectrometer magnetic

field is assumed to be weak enough not to align nematic
molecules, which, again, is the case only for strongly con-
fined systems.

The calculated spectra are shown in Fig. 8, left. In the
| nematic phase withi* =1.0, for perfect planar anchoring

planar ||z

((P2)g=1) in the spectrum we have two peaks positioned at
0o/ dwa~0.6. In the geometry we choseqg/dwq is sup-
posed to be roughly equal to the valueShthe nematic order
parameter, since the director and the direction of the NMR

spectrometer magnetic field coincide. Indeed, Tor=1.0

we haveS~0.6, as already seen above from various order
parameter profiles. Translational diffusion in this case affects
the spectra only negligibly: the nematic director is homoge-

’\ neous throughout the sample and the degree of order is en-
i
T 05«

random

hanced only slightly in the vicinity of the fiber. Therefore,

the effect of diffusion should be merely a slight increase in
quadrupolar splitting, but the resolution of our spectra is not
high enough to clearly see this surface ordering-induced

L

1z

homeotropic

1 } ¢ 05 1 shift.

(0-w)iday, Proceeding now to fibers with partially disordered anchor-
) — . i ing, in the spectra there is no major change at least down to
FIG. 8. "H NMR spectraT* =1.0 (left) and T* =12 (right..  (p_) ~0.25, reflecting the ability of the polymer network to

Top to bottom: spectra fofP;)q=1.0, 0.75, 0.50, 0.25, 070.25,  3jign the surrounding liquid crystal alorzgIn the case when
and —0.50. w; denotes the Zeeman frequency ang=w — wz. anchoring is completely disordered a¢fl,),~0 holds, the
spectrum typically still consists of two peaks, however, the
corresponding splitting can be arbitrary because there is no
The observations listed in the preceding section can bereferred direction in the system—note that only one ex-
confirmed also by calculatingH NMR spectra using the a_lmple of f[he p053|ble_s_p_ectra is plotted._ Note also that some-
numerical output from MC simulations. Experimentaff times during th_e acquisition of th_e FID S|gna_l slow_ collective
NMR is one of the most convenient tools for investigatingMelecular motion can occur, which results in an increase of
confined liquid-crystalline sampled]. As discussed else- the spectral linewidth. On the other hand, in homeotropic

where [1,13], in deuterated nematics quadrupolar interac-C8Ses With(P2)q=0, molecular ordering is confined to thg

tions perturb the Zeeman energy levels and give rise to glane. The quadrupolar splitting now decreases by 50% with

molecular orientation-dependent frequency splitting in thg©SPeCt to perfect planar anchoring because the director is
NMR spectrum. In uniaxial nematics it is given hyo(r) perpendicular to the spectrometer field directisee the two

= + 1 8woS(r)[3 cog &(r) — 1], where Swg is the quadry- SPECtra in the bottom of Fig. 8, left .

polar coupling constant (typically2x 40 kHz), S(r) the In the bulk isotropic phase, however, quadrupolar interac-
local uniaxial nematic order parameter, aé¢t) the angle tions giving rise to thewg splitting are averaged out by the
between the local nematic director and the NMR spectrom[apid molecular motion. Therefore, ignoring translational dif-
eter magnetic field. Figure 8 shows the NMR spectra calcufusion, in a confined system f@~0 one should expect a

lated for the 36 30x 30 particle sample and a single fiber in Single-peaked spectrum abo~0, as already suggested
the nematidleft) and in the isotropic phaseight), with the above, and somewhat broadened by the surface-induced or-

spectrometer field applied along the fiber directiorThe der. The spectra shown in Fig. 8, right, were calculated with

calculation was based on generating the free induction decd@St translational diffusion, and it is evident that some of
(FID) signal from the MC data and calculating its Fourier em are actually double peaked. This is a clear signature of

transform representing the spectrum, as described in detalil ﬁlrface-induced paraqematic ordt_a'r. In fact, the peak-to-peak
Ref. [13]. Generating the FID signal, we also included of. distance de_crea_ses with decreasing degree of su_rfgpe order;
fects of translational diffusion, which always becomes im-compare with Figs. @) and §b). For (P3),~0 exhibiting
portant in strongly confined systems. Following RE3], no surface order, the .spectrum is again single peaked. Fi-
the diffusive molecular motion was simulated by a randomn@lly; note that the splitting observed for perfect planar an-
walk on the cubic lattice, performing 1024 diffusion steps€horing (P2)q=1) roughly amounts to twice the splitting

per NMR cycle. The effective diffusion constant for such aS€€n in the perfectly homeotropic cag®4)y=—0.5). This
random-walk process can be measured to Be is because the nematic director close to the fiber is parallel to

=256a25wQ/37r, yielding a root-mean-square molecular the NMR spectrometer magnetic field in the first case and

displacement ofy6Dty=32a in each NMR cycle. Hera perpendicular to the field in the second.

stands for the spin-to-spin spacing on the cubic lattice, while
to=27/dwq denotes the NMR cycle duration. Since this

displacement is comparable to the size of our sample, the We have performed a Monte Carlo analysis of the align-
calculated NMR spectra are expected to be highly diffusioring effect imposed by a polymer network dispersed in a

IV. SIMULATIONS OF 2H NMR SPECTRA

V. CONCLUSION
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liquid-crystalline material. To model the liquid crystal we observed for perfect homeotropic anchoring, and were seen
have adopted a simple lattice model based on microscopi® move away from the fiber upon increasing temperature.
interactions, which turned out to be suitable for the descripWe believe that the simplified topography of the fiber net-
tion of ordering induced by polymer fibers. Different types of work does not affect the qualitative character of our conclu-
anchoring conditions on the fiber surface have been consigions, at least for low-density polymer networks. More real-
ered: planar along the fiber direction, homeotropic, and paristic network models should include curved fibers positioned
tially or completely random. In cases with perfect planar orrandomly inside the simulation box and allow for cross link-
homeotropic anchoring in the very vicinity of the fiber nem- ing between them at higher concentrations.

atic order is enhanced. However, once the anchoring condi-

tions are partially distorted, the surface degree of nematic

order may drop below its bulk value, but the long-range ori- ACKNOWLEDGMENTS
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