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Anchoring strength of a lyotropic nematic liquid crystal
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We determine the anchoring strength (W) for a lyotropic liquid crystal in the nematic calamitic phase. The
sample holder is a microslide 200 wm thick (Vitro Dynamics) whose inner surfaces present some grooves
introducing an easy axis. The technique used is based on the determination of the critical magnetic field for a
Frederiks transition. The values obtained are W~1073 erg/cm? and the extrapolation length L~6 um.

PACS number(s): 61.30.Gd, 64.70.Md

Surface effects are widely used to obtain uniform orienta-
tion of liquid crystal films either for physical investigations
or technological applications. The main feature of the surface
treatment is to produce an easy axis fig, along which the
molecules tend to align [1,2]. In analogy to Mayer-Saupe
theory, the form of the anisotropic surface energy proposed
by Rapini and Papoular [3] is given by F = —iW(ii,-#i)?
where 7 is the director and W is the anchoring strength co-
efficient. For dimensional reasons the anchoring strength is
characterized by the extrapolation length L =K/W, where K
is a curvature elastic constant [4]. For a thermotropic liquid
crystal, typical values of W are between 107> and 107!
erg/cm? [5-9]. The values of W and L are dependent on the
temperature and on the surface treatment.

The anchoring properties of lyotropic liquid crystals are
not completely similar to the thermotropics. It has been re-
ported that the director at the boundary surfaces can glide
and align parallel to the magnetic field in a flat glass surface
[10,11]. These results indicate that the anchoring can be very
weak. The purpose of this work is to evaluate the anchoring
strength of a nematic lyotropic liquid crystal in the calamitic
nematic phase with glass boundary surfaces of microslide
commonly used in scientific investigations. The lyotropic
sample consists of potassium laurate (29.4 wt %), decanol
(6.6 wt %) and water (64 wt %). The phase sequence, deter-
mined by optical and conoscopic observations, is isotropic
(15 °C)—calamitic nematic (50 °C)—isotropic. The birefrin-
gence of the sample measured as a function of the tempera-
ture is presented in Fig. 1. The sample is introduced by flux
in a microslide (200 wm thick, 2 mm wide, and about 2 cm
long) commercially available from Vitro Dynamics. The in-
ner surfaces of these microslides were examined in an inter-
ferential microscope and grooves were detected parallel to its
length. The grooves are about 0.5 um deep and 1800 um
apart almost periodically. In Fig. 2(a) a typical interferogram
of such a surface is shown. The distortions in the interference
fringes are more evident when compared to the fringes pro-
duced by a glass cover plate [Fig. 2(b)] commonly used in
microscopy. Diffraction patterns can also be observed in a
transmission geometry using a laser beam. The existence of
the grooves breaks the symmetry at the surface and can be
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characterized as an easy direction which would favor the
alignment of the director parallel to the length of the mi-
croslide.

The Fredericks transition has been used to determine the
anchoring strength coefficient in many different experiments
[12-14]. In a recent paper, this method has been applied to
the determination of the bend elastic constant (K3) and the
anisotropy of magnetic susceptibility (x,) for lyotropic lig-
uid crystals [15,16]. The same method will be used in this
investigation. The experiment is performed at 25*1 °C,
which corresponds to the maximum of the birefringence. The
laboratory frame axes are defined with the boundary surfaces
parallel to the xy planes, at z=d/2 and —d/2 and the easy
axis parallel to the x direction. We start with a nematic mon-
odomain, with the director aligned parallel to the x axis. The
uniform initial orientation is achieved by applying a strong
magnetic field (~10 kG) parallel to the easy axis. After-
wards, the field along x is switched off and a fixed-strength-
controlled magnetic field is applied along the y axis [15].
The director tends to orient either parallel or antiparallel to
H,ifH is greater than a certain threshold field H. The two
domains, parallel and antiparallel, are separated by a wall,
and a periodic distortion of 7, with walls formed in the di-
rection of H, is observed in a polarized microscope. The
wavelength of the periodic distortion is then directly mea-
sured as a function of the applied magnetic field. With this
geometry we suppose that the components of the director can
be expressed by

n,=cosd(x,z),
n,=sing(x,z), (1
n,=0,
where ¢(x,z) is the angle between the director 7 and the
easy axis direction. Assuming a finite anchoring energy at the

surface and the easy axis parallel to x, the distortion free
energy per unit length, along y, can be written as

+ o0 dr2 + oo
f= f dx f dz F(x,z)+ f W sin® p(x,d/2)dx
- —df2 —®

+co
+ f iw_sin?¢p(x,—d/2)dx. (2)

—o0
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FIG. 1. Measured birefringence (An) as a
function of the temperature for the lyotropic
sample. Iso and N are, respectively, the isotropic
and nematic calamitic phases. Typical error is
shown in the figure.
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In expression (2) W.. refers to the anchoring strength at
the upper (+) and lower (—) surfaces, and F(x,z) is the
bulk free-energy density, including the magnetic field cou-
pling term, which is in the usual form written as [4]

F=13K (Vi) + 3K, (7 - VX7) 2+ 3K (X V X i) 2

— x,(7i-H)?, 3)
where K, K,, and K; are, respectively, the elastic constants
of splay, twist, and bend. The minimization of the free en-
ergy leads to the following differential equation:
. ap\: )
s\ o] —¢

sing cos¢p—[1+ kscos’¢] s

K, 8*¢

K, 9z* =0, 4)
where k3=(K3/K;)—1 and ¢ is the magnetic coherence
length defined by &2=K,/(x,H?*). With typical values of
K, K3, and yx, for lyotropic liquid crystals [17,18] and with
H in the range of 10> kG, the term k3(d¢/dx)? can be
neglected when compared to ¢ 2. For small tilt angles Eq.
(4) can be approximated

L) )
K3~ 7 +Ky—7 + XaH*$=0.

)

(@

The function ¢(x,z) obtained from Eq. (5) must satisfy the
boundary condition expressed by the following equation

[19]:

0
Kz(—d’) +We(x,d/2)=0. (6)
0z
z=d/2
Suppose that both boundary surfaces are identical

(W,=W_=W), Eq. (6) can be easily solved by separating
the variables, resulting in

2mx

. )

d(x,z)=A cos( +x0)cos( 6z),

where N represents the wavelength of the periodic distortion
along the x axis, in such a way that ¢(x,z)=¢d(x+X\,z).
The solution of the differential equation holds only if A
obeys the following equation:

1 [x K,
-2_ 2 g2 _ 2
A g (K3H X (4 ) (8)

Equation (8) combined with the boundary conditions (6) im-

plies that
K, d
6 —=cot| 6 =/,

W > ©)

FIG. 2. Interference fringes for (a) mi-
croslides 200 um thick and 2 mm wide, (b) glass
cover plates used in microscopy.
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FIG. 3. Dependence of the wavelength of the
periodic distortion A on the applied magnetic
field (H). The linear behavior is described by Eq.
(8).
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which, in the limit of the Frederiks threshold (H—H ¢ and
A\ "2—-0) reduces to the well known Rapini-Papoular expres-

sion [3],
) 2
XaHC_ XaHC d
L/ % ——cot( \/ K, 2/ (10)

2

From Eq. (10) it is possible to determine the anchoring
strength if the magnetic critical field and the physical con-
stants involved are known. In Fig. 3 the experimental values
of A2 are plotted as a function of H~2. For low intensities
of the magnetic field the approximation of small distortion is
satisfied and the experimental points can be fitted by a
straight line, given by Eq. (8). From the slope of the curve
one obtains the ratio K/ x,=164 dyn. Recent measurements
are found in the literature for lyotropic systems resulting es-
sentially in similar values for this ratio [20,21]. The value of
the critical magnetic field obtained from the fitting is
H=1.2X103G. If rigid boundary conditions were assumed
the critical magnetic field calculated by the usual equation,
H}=m/d(K/x,)"? would result in HF=2X10°G. It is evi-
dent, from Fig. 3, that such a magnetic field can still distort
the texture of the nematic liquid crystal. Indeed, it is ex-
pected that when the boundary conditions are no longer rigid
the threshold magnetic field is lower than H{ .

The periodic distortion is sufficiently stable to perform
several measurements, although it takes a long time to ap-
pear when the magnetic field is close to threshold. In the
relaxation process the walls collapse to closed elliptical
loops [4]. The ratio between the axes of the ellipse is related
to the ratio of the curvature elastic constants K3 /K,, which
is found to be ~2.5. With these values in Eq. (8), we deter-
mine the extrapolation length, L=6 wum, and the anchoring
strength, W=K, /L =107 erg/cm®. The results obtained are
in the range of the values reported in the literature for ther-
motropic liquid crystals [22]. To decide whether the anchor-

ing is strong or weak, we must compare the surface energy to
the bulk energy. The typical bulk energy U is due to the
molecular iterations and is of the order of K/a, where a is an
average molecular dimension. The wall-nematic interaction
energy is Uwn=Wa?. Thus the ratio between the bulk and
the surface energy is given by [4]

U

Uwn

In

8|~

(11)

When Uy is comparable to U, the extrapolation length is of
the same order of the molecular dimension and the anchoring
is said to be strong. On the other hand, for a weak anchoring,
the extrapolation length becomes much larger than the mo-
lecular dimensions; L/a>1 because Uwy may be much
lower than U.

For a lyotropic liquid crystal, the parameter a should be
identified as the micellar dimension, which is about 10? A
[23] and we obtain 6 X 10?. Therefore U is about 10? greater
than Uy . In this case, with a weak anchoring at the surface,
the surface alignment can be disrupted by the magnetic field
and the boundary thin layers can be oriented. It is important
to remark that for thermotropic liquid crystals weak anchor-
ing is required for applications in liquid crystal displays [9]
but this condition is easily obtained. In this experiment the
sample thickness is large, 200 wm, but even under these
conditions we are able to determine the anchoring strength.
In many experiments with lyotropic liquid crystals rigid
boundary conditions are assumed (strong anchoring) and we
notice that this is not a valid assumption even for thick
samples.
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FIG. 2. Interference fringes for (a) mi-
croslides 200 pm thick and 2 mm wide, (b) glass
cover plates used in microscopy.
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