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Abstract: Liquid crystal anchoring energy varies with the
distance to the solid substrate in the interfacial layer.
Experimental values correspond to a low anchorage as the
liquid crystal slides on its interfacial layer. The question
of whether it will be possible to observe low anchorage in a
parallel alignment is raised.

From theoretical computation it has been suggested that low ancho-
ring energy of nematic liquid crystals (L.C.) on solid substrates
would allow an increase in the multiplexing capability of Twisted
Nematics displays by a factor of four (1),

Following Kleman (2) the anchoring energy W; is phenomenologically
expressed as the sum of an isotropic energy term W,, an in plane
(torsion) anchorage w¢ and an out of plane (azimuthal) anchorage Wg.

W1=W°+W¢+W@ (1)
where the angular definition is indicated on fig. 1. The angular
dependence of Wl is mathematically written:

Wy = B sin2¢ (11)

Wy = W, + Bg sin?g (III)
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Fig. 1 Cooxdinate geometry - Definition of the
torsion and azimuthal anchorage

The L.C. anchorage on a solid substrate results from physico-
chemical interactions whose energy may be theoretically obtained
from the two phases' surface tension.

When a liquid of surface tension ypy comes into contact with a
solid of surface tension Ygyo an interfacial layer builds up whose
enexgy Ygj, (identical to Wy) is

Ys, = Ysvo t Yoy - Wa (IV)
where Ygyo is the solid surface tension at equilibrium with the
liquid saturated vapour [which is related to the solid-vacuum
interface free energy Ys and the adsorbed liquid layer surface
pressure Tg by Ygyo = Yg = T (V)]
and W5 is the adhesion energy which may be approximated (3) by

Wa = 2 e Toy (VD)

Solid surface energy Yg is not directly measurable and depends.on
the surface preparation and history, but for inorganic substrates

is calculated to be over 0.2 JM™2 in agreement with values obtained
from heat of immersion measurements (3). For polar liquids, surface
pressure T, exceeds 0.1 JM~2; the resulting Ygyo value is in any
case over 7102 Ju~2 (4) which corresponds to the surface tension
of an inorganic substrate covered with water layers. Some authors
consider that the first molecular layer in contact with inorganic
substrates is a water layer which is not displaced by the L.C. mole-
cules (4).

In the case of a liquid of ypy = 310~2 JM~2 which is typical for
L.Cs (table 1) the interfacial layer energy Yar is obtained from

(IV - VI): yg = 810-3 gmM~2,
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The dimension of the interfacial layer is not precisely known, but
from double layer theory it extends at least over 100 A° in a resis-
tive liguid.*

From the interfacial energy profile as sketched in fig. 2, one sees
that the interfacial or anchoring energy varies with the distance
from the surface.

E
erg/cm?
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70 Shearplane
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7 5 7 1>n0A o
Z
HES /}First nierfacial layer
monolayer
Smectic fike layer

Fig. 2 The solid - L.C. interfacial layer,Interfacial
interactions form a smectic-like layer. The
L.C. slides on its interfacial layer under
constraint at a shear plane.

In nematic liquid crystals, the excess energy of the interfacial
layer produces a higher ordering of the L.C. which is observed in

an L.C. layer enclosed between two glass covers as an adherent

film which moves with the glass plates when they are translated (18).

This adherent superficial film of L.C. is often described as a
smectic~like layer (17). The order parameter is estimated to exceed
its bulk value over 1 | at the air L.C. interface and 100 A° at the
s0lid/L.C. interface (19). The nematic orientation leads to an aniso-

* After completion of this paper, contributions presented at the Kyoto
International conference by G.I. Sprokel on the one hand and J.N.
Israelachvili et al,on the other hand show that the interfacial layer
thickness is below 1000 A° and above 200 A® for biphenyl L.C.'s.
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tropic interfacial energy which determines the L.C. anchoring.

As surface tension acts as a force normal to the substrate, there
is no dependence of the interfacial energy on the in-plane orien-
tation of the molecules.

The torsion anchorage Wy results from substrate non uniformity which
may be controlled, for instance, by uniform grooving of the surface
(fig. 3) in which case W¢ may be calculated (20):
K23
W, = = A

¢ -7z 4
where K is the L.C. elastic constant and other symbols are defined
on fig. 3.

Fig. 3 Torsion anchorage on a groaved surface

W¢ may also be roughly estimated from the width § of surface discli-
nation lines (21)
w=ﬁ1<6
¢~ 2 a
(where d is the L.C. layer thickness), or measured from twist angle

variation in a twisted layer submitted to a magnetic field (22).

Calculated and experimental values are compared in table 2.
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Table 2 Calculated and experimental values of
Wy (1 erg/cm2 = 10-3 gM-2)

Substrate W¢ calc (JM‘Z)* w¢ exp (JM'Z)
Glass - 5.1076  (21)
-5 7.10"6

Rubbed Glass 8.10 10-4 (22)
$i0, evap 30° 5_10~4 103 (2)
Heptylamine on Glass - - 5.1075 (13)
Trimethyl chlor. silane

on Glass - <€ 5,107 (13)

"W, = 7KA2 63 (1)
Weak anchorage - NKT = 210~7 gM~2

(N molecular surface dersity)

The orders of magnitude seem to be in agreement, and in any case the
torsion anchoring energy is higher than the bulk twist energy

K¢é -6 =2 5 -
Wewist = 53~ 107° M (6p twist angle). Thus in equation (I)

the only term related to the anisotropy of the L.C.'s surface tension
is the azimuthal anchorage W, which is equal to the difference in
interfacial energy between the L.C. parallel and perpendicular oriented
layers.

Let £ (0) and & (go be the values of the physical property £ in both
orientations

s m .
Wg = Wo + Bg Sin 8 = Ygp,(0) + | (Ygy(x) - Yer,(0) | sin? 0
in equation IV-VI, To, Yg;, and W, are 8 dependent

Bg = Yer, (30~ Yer, (@ = [1,(0) - 1G]+ [rgy(@ = Yo (O + (W, (0~ w, (y] (vrID)

Although there axe no reliable data on these values for L.C.'s, we will
try to get an order of magnitude :

No account has been taken of the surface pressure in the literature.
As on inorganic substrates, L.C. prefer to be parallel to the substrate,
ﬂo(O) > ﬂo(go but the anisotropy is not expected to be large.
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il
L.C. surface tension anisotropy y = Ysr (0) - YSL(Eq is estimated to

be + 4,5 10~5 Ju2 for MBRA (23) and 5 1076 am~2 for 5CB (24), although
calculated values give higher values of opposite sign (16) (25).

The difference in adhesion energy Wy between the parallel and perpen-
dicular orientation has been deduced from experimental data at the
glass/MBBA interface to be 6.2 10-3 JM~2 (24) and is calculated to be
7.16 10-3 JM~2 for PAA on glass (16).

Thus the energy in the interfacial layer is mainly determined by the
adhesion energy, and from VIII one gets for the azimuthal anchorage

By = Yg,(0) - Ystgﬂ ~ Wy (0) - W, (27 = 610-3 JM-2

This large difference of surface energy means that the orientation
of the interfacial layer cannot be modified by elastic deformation
of the L.C. where the energy is at most 10~ JM'Z.

In that case, as suggested by Parsons (25) one should not, in calcu-
lations, minimize the bulk plus surface energy, but minimize the bulk
energy and require the boundaries conditions to be satisfied at the
surface. A L.C. layer of thickness d, homeotropically oriented and
submitted to a magnetic field directed parallel to the substrate will
change its orientation beyond a distance dg:

3K
4, = (1%)

2 (Y(g)- Y(0))

as observed by Naggiar (26) on a homogeneously aligned drop of PAA
deposited on a hole drilled in a crystal sheet, submitted to a ma-~
gnetic field perpendicular to the substrate. Experimentally azimuthal
anchorage energies are either estimated from surface disclination
lines (2) (13) or measured by magnetic deformation of homeotropi-
cally oriented layers where IX should apply. The experimental Bg
values obtained are weak and comparable to the L.C. surface tension
anisotropy (table 3). This difference between the estimated and
experimental values would correspond to the deformation of the L.C.
layer at a distance from the surface at which the L.C. is not affec-
ted by the surface potential. At this shear“plane the energy of the
immobilised layer is W; and Bg . Y(0) - Y (Eﬁ.
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TABLE 3
Experimental Values of By

Wy =W, + By sin2g

339

B

Substrate C.L. (10~ GJBM" 2) Method | Ref.
Air 5CB 4 D.A 24
Si Ox (30° +5°%) 6CB 2.1 An 27
Glass + R,N +Mej3 X~ MBBA 3 M.D 23
Glass + NH2CpHap + ¢ MBBA 2 M.D 22
Glass+NHy - C7 H 15 MBBA 2.6 SD 13
Glass + Lecithin MBBA 3 M.D 23
Glass + DMOAP MBBA 6 M.D 23
In203 + DMOAP MBBA 10 M.D 23
Iny O3 + Lecithin MBBA 6 MD 23
In;03 + NHj Cy¢ H33 MBBA 35 MD 23

MBBA ;- 71 ~4510-5 (22)

5CB vy-7L~5 10-6 (23)

D.A differential alignment

An birefringence of the superficial layer
M.D magnetic deformation

S.D surface disclination
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On inorganic layers where L.C. align generally parallel to the subs-
trate, although the anchorage is strong (Be . 61073 JM‘2), weak in-
teractions are measured as the perturbed part of the nematic layer
interacts with its smectic-like interfacial layers. The same situa-
tion is probably observed on most surfactant adsorbed layers. Even

with Bg ~ 510=6 M2 the anchorage parameter A = EEE of ref, 1 is

about 1 for a L.C. of K ~ 10~11 N and cell thickness d = 10 Y.

The value of Y2 at the solid surface as shown in fig, 2 for x = 0
does not influence the value of the energy W; at the shear plane
as long as Yg > W;. Thus the effective anchoring energies measured
on polymeric or inorganic surfaces are comparable. On fig. 4 are
reported voltage-capacitance curves for 10 p L.C. layers enclosed
between two conductive glasses whose surface has been treated in
order to have different anchoring energy from literature data. One
sees that the theoretically expected (1) variations of threshold

voltage or slope are not observed.
CCo
C1-Co

4
Si0, 30°

iMCS, PS

Si0y 30° + C

o 1 2 3 4 5 6 7 8 98 ull
Fig. 4 Reduced capacitance vs. voltage of a 10 U
cell whose inner walls are coated with different
aligning layers. L.C.: E7 - homogeneous state.

Co capacity of empty cell
C capacity at 0 vVolt

SiOx30° : obliquely evaporated SiO, layer (strong anchorage)
810,30%c¢c : above layer exposed in a flame of acetylene

(Bg = 0.1 10~7 JM™2, ref. 2)
TMCS trimethylchlorosilane (Bg = 1.5 1076 gM2, ref. 13)
PS rubbed 1000 A° polysulfone layer
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Weak anchoring would suppose Yg < Wj, that is, similar energy of

the

solid - L.C. and L.C. - L.C. interactions as already noted

by de Gennes (28). But one should remember that this condition

has

been proposed as that determining the limit between homogeneous

and homeotropic alignment (29).

Weak anchoring would be found using surfaces having interaction
with the L.C. weaker than the cohesion energy and still promoting
a parallel alignment. However, these requirements could be
contradictory.
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