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Long-Time Behavior of the Azimuthal Anchoring 
Strength and Easy Axis Gliding of Nematic 

Liquid Crystal 

D.N. STOENESCU~~, 1. D O Z O V ~ ~  and PH. MART~NOT-LAGARDE" 

'hboratoire de Physique des Solides, Universite' Paris-Sud, 91405 Orsuy, France, 
blNCDFM - Miiyurele, POBox MG7, 76900 Bucharest, Romania and 'Institute of 

Solid State Physics, 72 blvd.Tsarigradsko Chaussee, 1784 Sofa, Bulgaria 

We measure the azimuthal anchoring strength and easy axis gliding of the nematic 5CB on 
weakly anisotropic substrate. We study the anchoring evolution at a time scale ranging from a 
few minutes up to a few months. We separate approximately the elastic and the viscous 
response and we obtain the gliding velocity as a function of the applied torque. We discuss 
the observed gliding times and nonlinear gliding viscosity. 

Keywords: anchoring strength; azimuthal anchoring; anchoring memory; nematic; anchoring 
gliding 

INTRODUCTION 

Usually, the anisotropic interaction with a solid surface induces an 
orientation of the liquid crystal molecules. This phenomenon, known as 
alignment or anchoring, orients the surface director n, parallel to some 
"easy" axis n,. a fixed direction defined by the surface anisotropy. When a 
torque rb is applied, n, deviates from n,, giving rise to an opposite 
anchoring torque T,(n,-n,). This can be described by a surface anchoring 
energy W,(n,-n,), minimized for n, = n,. Usually, W,(n,-n,) is highly 
anisotropic and much stronger for zenithal deviation than for azimuthal 
one. In the following, we are interested only in the azimuthal anchoring 
and we apply only azimuthal torques. We then suppose that n, and n, lye 
in the plane of the substrate and are defined by their azimuthal angles, 
respectively cp, and cpe. In Rapini-Papoular approximation"' we expect 
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428 D.N. STOENESCU et al. 

where A is the anchoring strength coefficient, depending on the nematic- 
substrate interactions. The corresponding anchoring torque becomes 

This elastic description of the anchoring assumes that, after the 
removal of the external torque, the director will go back to qS = qe .  In 
reality, often the azimuthal anchoring depends strongly on the sample 
history. This anchoring memory phenomenon, described long ago[241, is 
easily observable by the memorization of flow alignment patterns or 
surface walls'51. Recent experiments show, that under torque the easy axis 
itself can rotate in a viscous-like and irreversible (on torque removal) way. 
This "anchoring gliding" phenomenon, closely related to the anchoring 
memory, has been observed in both lyotropic[61 and thermotr~pic""~~ 
nematics. 

In the studies of the azimuthal anchoring, reported so far"0.141, one 
applies an azimuthal torque on the surface director (magnetic['"'61, 
e l e c t r i ~ ' ~ ~ ' ~ '  or m e ~ h a n i c a l l " ~ ' ~ ~ ' ~ '  ) and measures o p t i ~ a l l y [ 9 ~ ' * ~ ' ~ ~ ' ~ ~  the 
deviation (pr-qe. AU techniques are limited to weak or moderately strong 
anchorings - it is difficult to create a large azimuthal torque, to control it 
and to measure qs-qe while it is applied. Another difficulty arises for weak 
anchorings: they are, in general, strongly influenced by memory effects, 
e.g. by easy axis gliding. The separation of the gliding from the elastic 
director deviation is difficult and so far has not been thoroughly discussed. 

Here we report the azimuthal anchoring strength and easy axis 
gliding of the nematic 5CB on weakly anisotropic substrate. We study the 
anchoring evolution at a time scale ranging from a few minutes up to a 
few months. We separate approximately the elastic and the viscous 
response and we obtain the gliding velocity as a function of the applied 
torque. We discuss the observed gliding times and nonlinear gliding 
viscosity. 

EXPERMENTAL 

For this study we need a substrate with uniform azimuthal anchoring, 
weak intrinsic anisotropy and observable anchoring gliding. To achieve 
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LONG-TIME BEHAVIOR OF AZIMUTHAL ANCHORING 429 

this, we prepare a "sandwich" substrate: obliquely evaporated SiO is 
covered by a thin polyvinyl alcohol (PVA) film"". The SiO layer gives a 
strong surface ani~otropy"~~,  the polymer screens it, making it weaker[*']. 
The anchoring memory of PVA is relatively important, compared to the 
weak elastic contribution of the screened Si012',221. This memory is due 
mainly to an oriented nematic layer adsorption on PVA. Under torque the 
easy axis glides[2',221, probably by slow desorption-readsorption. 

The SiO is evaporated on flat glass plates at incidence angle 75" 
and thickness 2.5 nm. The PVA film is deposited on the SiO by slow 
withdrawal (0.05 d s e c )  from 2.5 % by weight solution of PVA in 
water. The plates are then dried for one hour at 110°C and used without 
further treatment. The measurement technique has been described 
el~ewhere"~. '~] .  A mechanical torque is applied on the substrate by 
twisting the cell at about 90". Under torque, the surface director on the 
PVA deviates from the easy axis at angle &(p,-(p,. The second substrate 
(counterplate) is chosen to have much stronger anchoring and negligible 
surface director deviation. Due to the symmetry of the uniformly twisted 
cell, a simple light transmission measurement"" gives 6,  even when the 
sample is very thin and the wave guide regime of propagation is not valid. 
Advantages of this technique are its simplicity and the possibility to apply 
strong torques for long periods. A drawback is the difficulty to change the 
torque - the variation of the twist angle or the thickness strongly perturbs 
the weak anchoring on PVA. To avoid this problem, we construct our 
sample with counterplate made of weak curvature glass lens (aligned by 
SiO evaporation). In this way, the torque varies in large limits across the 
cell with the local thickness d(r) (Figure I ) ,  calculated from the known 
lens curvature. 

As all weak anchorings, our substrates are very sensitive to flow 
alignment and other perturbations. To avoid these parasitic effects, we fill 
the cell with the nematic 5CB (4-n-pentyl-4-cyanobiphenyl) in the 
isotropic state and at large gap (>50 pm). Then, we cool slowly down to 

/ R  , glass lens 

nematic ' ' ' s u : e '  

FIGURE I Cell geometry 
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430 D.N. STOENESCU et al. 

room temperature. Observing the twist of the cell in wave guide regime, 
we adjust it to 90" by rotating the lens. In this way, we verify that cpe = 0 
on the PVA at the beginning of the experiment. Then, we carefully 
decrease the cell gap to zero, applying the twist torque 

to the surface, where kzz is the twist elastic constant of 5CB and d is the 
local thickness (Figure 1). We start then our measurements of the surface 
director azimuth qs (Figure 2) as a function of d. Repeating periodically 
these measurements, we obtain cp, also as a function of the time t. 

On the time scale of our measurements (minutes), the cps 
relaxation is very rapid - the director follows the instantaneous torque 
equilibrium r b  = rs. The time dependence of qe is much slower (see 
below). Approximately, we can suppose that the first curve on Figure 2 
corresponds to qe = O  and from the torque equilibrium we obtain 
T,(q,)  (Figure 3). r, has the expected Rapini-Papoular"' form. The 
anchoring strength, deduced from it, A=2.3.10-6 N/m, corresponds to 
extrapolation length L = k22 /A s 1.3 pm , i.e. to weak anchoring. 

On Figure 2 cps increases with the time. This can be due to a time 
dependent anchoring strength A in Equation (2) or, to easy axis gliding. 
Additional experiments show that the time variation of A, if any, is 
negligible. On the contrary, the gliding is easily observed (Figure 4) : 
when the torque is removed by increasing the cell gap, we observe 
directly that cpe has glided in the thinnest part of the cell. We note also 

90 T 
60 - 

$30 

0 

+initial values 
+after 30 nunutes 
-t- a h a  one hour 
+after two hours 
--O-aher three hours 
+after4.5 hours 
+after 7 hours 
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+after 15.5 hours 
+after23 hours 

---- - 

-d [pml 
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+after 7 hours 
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---- - 

-d [pml 
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FIGURE 2 Surface director orientation cp. as a function of the thickness and 
the time. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

43
 1

6 
A

ug
us

t 2
01

2 



LONG-TIME BEHAVIOR OF AZIMUTHAL ANCHORING 43 1 

0 30 60 90 

FIGURE 3 Rclation between the torquc and the elastic director 6=(p,-(p,. The 
dashed line is a Rapini-Papular fit with 1,=1.3 pm. 

that the gliding is much more visible on the PVA (Figure 4b), than on the 
bare SiO, where the anchoring is stronger. 

In the following we suppose that the anchoring strength A does 
not vary in the time, and that the (ps variation is due only to anchoring 
gliding. Then, from Equation ( 2 ) .  we calculate the curves cpe(t) at fixed 
thickness d (Figure 5). One sees that the characteristic gliding times zp 
vary in very large limits. At the beginning of the experiment T ~ E  2 hours. 
At the end of it (after t >I  month, not plotted on the figure) the 
exponential fit of (pe ( t )  gives zg3 200 hours. These results are similar to 
the data recently reported for simpler SiO and rubbed PVA substrates[231. 

FIGURE 4 Microscopic image of the cell between crossed polarizers. (a) 
Elastic deviation under torque (the contact of the lens with the substrate lye on 
the edge of the PVA covered region) (b) On torque removal one observes that 
the easy axis has glided on PVA. 
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FIGURE 5 Time dependence of easy axis cpc. 

DISCUSSION 

The characteristic times of gliding from Figure 5 depend, at fKed d, on 
the time dependent bulk torque rb. Indeed, rb changes along the curve 
qe (t) due to the gliding and the related twist variation. An useful way to 
present our data is to plot the gliding velocity Cp, = dq, / dt as a function 
of the torque. From the simplest viscous model of the gliding we expect 

where r, is the viscous gliding torque, and yg is a gliding viscosity. 
Neglecting the interaction of n, with the SiO, we assume r, = r,, i.e. the 
surface torque is equilibrated only by the viscous gliding torque. 

Some typical experimental curves (p, (r,) are presented on Figure 6. 
Each curve corresponds to a futed thickness d and variable t. Two 
different gliding regimes are present on Figure 6,  in disagreement with the 
linear response in Equation (4). At "short" times (t<10 hours) Cp, 
decreases rapidly at almost constant torque. This strange behavior is 
slmilar to solid friction, with friction coefficient rapidly decreasing above 
some threshold torque. However, our data show that there is no threshold 
torque - below the "threshold" Cp, follows Equation (4). In this "slow" 
regime (t >> 10 hours) the gliding viscosity coefficient is at least one 
order of magnitude higher. 

The second disagreement of our data with the expected behavior is 
the non-universality of the curves on Figure 6 .  In fact, the curves Cpe(T,) 
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LONG-TIME BEHAVIOR OF AZIMUTHAL ANCHORING 433 

for different d are similar, but not identical. This means, that the gliding 
velocity depends not only on the torque, but also on some additional, 
"hidden" parameter. This parameter can be qe (anisotropy of yg)  or the 
time (hysteresis of yg). Our data are in better agreement with the 
hysteresis hypothesis. In fact, at t=O, when all the points have the same 
"clear" history, we find yg =0.02 k g d  independent from d or qe (Figure 
6) .  This value of the gliding viscosity y g  is several orders of magnitude 
higher than the expected surface viscosity ys, describing the friction of n,. 
In fact, both yg and ys  have the dimension of surface viscosity and can 
be presented as yi = hi y (i=s,g), where y is a nematic bulk viscosity and 
h, is some characteristic length. One expect h,-0,01ilpm~24~2s', while we 
obtain h, s 0.2 m, obviously too large to have any physical sense. This 
confirms the necessity to distinguish yg and ys - while ys characterizes 
the rotation of n,, the gliding viscosity yg describes the much slower 
evolution of the surface layer itself. 

So far, simpler behaviors have been reported, with gliding velocity 
hear19.231 or quadraticI6' in rb and without hysteresis. Two main 
differences with our experiment could explain this. First, in our case the 
applied torques are much stronger, going even up to anchoring breaking. 
One expects in this case stronger and, maybe, nonlinear gliding. The 
second difference is our complicated "sandwich" substrate, with 
anisotropic interaction SiO-PVA and, maybe, a superposition of two 
different gliding processes. Further experiments on simpler substrates 
could clarify this point. 

20 

d 15 

v) 

- 
E 
2 10 
Y 

g 5  
/mI 

4 
U 

0 
0 0. I 0.2 0.3 0.4 

FIGURE 6 Gliding velocity as a function of the applied torque. Each curve is 
taken at fixed d and variable 1. The dashed line is a fit to Equation (4) at t=O 
and large thickness d. 
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434 D.N. STOENESCU e ta / .  

To conclude, we present experimental results for the 5CB 
anchoring gliding under strong torques. We show that the gliding 
viscosity yg has a complicated, nonlinear behavior, and depends on the 
sample history. For better understanding of the gliding one needs new 
experiments, with simpler substrates, and new microscopic models for the 
evolution of the first nematic layer under torque. 
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