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Unified Surface Anchoring Energy for Cyano-
and Fluorinated Nematic Liquid Crystals on a
Polymer Alignment Layer

SHOICHI ISHIHARA?, MAKOTO TSUJIP and AKIHIKO SUGIMURAP

2LCD Development Group, Display Device Development Center, Matsushita
Electric Industrial Co., Ltd., 3~1-1, Yagumo-Nakamachi, Moriguchi, Osaka
570-8501, Japan and bDepartment of Information Systems Engineering,
Osaka Sangyo University, 3—1--1, Nakagaito, Daito-shi, Osaka 574-8530, Japan

The unified surface anchoring energy, which has been proposed to describe the generalized
anisotropic interaction between the nematic director and the substrate, was investigated for
nematic slabs of various cyano- and fluorinated liquid crystals (LCs) on a polyimide align-
ment layer. A saturation voltage method, combined with a conventional optical method, was
employed for determining the unified surface anchoring energy. The surface anchoring
strength (SAS) was found to vary over the range 10 10 10‘3[J/m2] depending on the LC
molecular structure. It was also found that the values of SAS change with respect to the tilt
angle in opposite directions for the cyano- and fluorinated LCs.

Keywords: liquid crystal; continuum theory; molecular structure; surface anchoring energy

INTRODUCTION

There 15 considerable intevest in the director distribution in the bulk and
at the surfaces of a nematic liquid cryvstal (LC) slab. in both basic science
and technology!. 1t is well-known that the director distribution in the
bulk of a LC slab is affected by the substrate surface. as well as by exter-
nally applied fields. such as the electric and magnetic fields. That is. the
surface anchoring strength (SAS) determines the director profile in a L('
cell with applied fields. Hence it is one of the major factors which influence
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the LCD performance.

The investigation and clarification of the surface anchoring mecha-
nism leads to the enhancement of display performance such as an enlarge-
ment of a viewing angle, the solution of image-sticking problem which has
been seen in the in-plne switching mode cells and, moreover, the invention
of a new LCD mode.

To describe the interaction between LC molecules and alignment film
surface, Rapini and Papoular (RP) have introduced a simple phenomeno-
logical expression for the interfacial surface anchoring energy per unit area
which describes the anisotropic interaction between the nematic director
and the substrate’l. In the RP model the anchoring energy reflects the
ability of the director to deviate from the easy direction!?. On the ba-
sis of the RP model and its modifications, there are many rcports in the
literature on the measurcment of anchoring energiesl!4,

Recently, on the basis of a general RP model, a unified surface an-
choring energy has been proposcd with which to predict. the director defor-
mation of a twisted chiral nematic sample theorctically®®=9. In this model
the surface anchoring energy is generalized to describe an interfacial en-
ergy, in which the surface anchoring cnergy is not separated into polar and
azimuthal surface anchoring energics, independent of each other, as is often
used. The unified surface anchoring model has been used to measure the
anchoring strength, A, for the nematic phase of 4-pentyl-4’-cyanobiphenyl
(5CB) and polyimide Langmuir-Blodgett substrates with ultra thin film
thickness <10nm?l. The model has also led to the proposal of a saturation
voltage method®® as a simple measurement method of SAS.

In this study. we have measured SAS of cyano- and fluorinated L('s
on a polyimide interface by using a saturation voltage method based on
a unified surface anchoring theory. and have investigated the relation be-
tween the LC molecular structures, SAS and the tilt angle.

EXPERIMENTAL

Materijals

Cvano-LCs (Sample No. :(N1-CN35) and fluorinated LCs (Sample No.
:F1-F7) were used in the SAS measurement. Table | and Table 2 show the
composition and physical propertics of these LCs. respectively. The num-
ber inside parentheses following abbreviations of LC molecular structures
in Table | shows the blending ratio of each component. The molecular
structures of the LCs and their abbreviations are shown in Table 3.
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TABLE 1 Compositions of liquid crystal mixtures used

Cell No. Abbreviation of LC' Components (wt.% )}

CN1 3PCH(30), 5PCII(40), TPCH(30)

(N2 3PCH(25), 5PCH(35), TPCH(25), 5BCH(15)

CN3 3PDX(25), 4PDX(50), 5PDX(25)

CN4 5CB(50), TCB(50)

CN5 5CB(100)
Fl 2HPFF, 31IPFF, 5SHPFF (equivalent weight mixture)
k2 2H2PFF(40), 3H2PFF(20), 5H2PFF(40)
F3 SHEF(37.5), THEF(37.5), 3SHHEF(12.5), 5SHHEF(12.5)
F4 7PFF(40), 2HPFF(20), 3HPFF(20), 5HPFF(20)
k5 3PyFF(30), 5PyFF(30), 14PyBF(20), 5PyBF(20)
F6 5PF(17), 6PF(14), TPF(13), 3TF(15), 5TF(18), 7TF(23)
F7 2UBFF(25), 3HBFF(25), 5SHBFF(50)

1The first figure of cach abbreviation denotes a number of an alkyl chain.

TABLE 2 Physical characteristics of liquid crystal mixtures used

Cell Tc € Ac k. 1 k-“ k33 N, Ng An
No. (°C) (pN) _(pN) (pN)
CN1 523 151 102 7.83 859 16.24 1.606 1.488 0.118
(N2 724 149 104 9.65 793 2204 1.628 1.491 0.137
(N3 405 235 136 505 3.73 793 1.588 1.488 ¢.100
(‘N4 388 163 105 6.90 573 10.19 1.709 1.527 0.132
CN5 353 17.0 11.0 637 381 860 1707 1.530 0.177
FI 1125 85 48 10238 1063 24.22 1.562 1.483 0.079
F2 953 79 43 942 10.76 27.00 1.553 1.480 0.073
F3 605 62 2.1 747 565 1188 1.537 1.473 0.064
F4 4038 8.0 3.7 438 528 8.65 1.535 1480 0.055
F5 317 175 106 501 520 6.26 1667 1.530 0.137
F6 2710 74 36 559 3.04 611 L647 1.512 0.135
F7 931 94 55 1003 7.05 1468 1.640 1.507 0.142

Cell Preparation
The pairs of substrates were assembled with rubbing direction anti-parallel.
Polyimide(PI} (SE-7492. Nissan Chemical Industries. Ltd.) was used as an
alignment film. The PI films were deposited on the substrates from dilute
polymer solutions by a spinning method and then baked at 180°C for an
hour. The thickness of P1 films was measured by the alphastep®( TENCOR
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INSTRUMENT) and found to be about 80nm. The area of the electrode
was 2cm? and the spacing £ for LC cells was set at 6.5um by using plas-
tic beads. The spacing was measured by the LCD thickness meter TM-
230N(Canon Sales Co., Inc.).

After filling with the LC, all LC cells were annealed at a temper-
ature higher than the nematic-isotropic transition temperature (clearing
temperature: Tc) by 20 degrees for an hour.

TABLE 3 Molecular structures of liquid crystals

PCH R-H)-O-CN
BCH B<()-O-O-CN
PDX R~3-O-CN

8 R-O-O-CN
HBFF R@J@J@;F
HPFF R F F
H2PFF  R-(R)-CH,CH, F
HEF R-(W)-C00—O)-F
HHEF  R~<@)<()-C00-O-F
PF R@@}F
PFF R@@F
PyBF R@MF
I RGO F
TF R'@‘C:CQF

Pretilt Angle Measurement
The pretilt angle, which is the tilt angle of the easy axis in LC cells , was
measured by the Optical Measuring System OMS-P3(Chuo Precision In-
dustrial Co., Ltd.) at 25°C.

Surface Anchoring Strength Measurement (Saturation Voltage Method)

The saturation voltage method derived from the unified surface anchor-
ing model has already been reported as a simple measurement method of
SASE), Assuming that the easy directions and SASs at the top and bot-
tom substrates surfaces are the same, the following relationship between
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the surface anchoring strength A and the saturation voltage Us for a ne-
matic LC slab with a homogeneous director orientation was derived:

L,.kggv (oA(I'gs l,i', (oA(
A= ————tanh | —y/—} - (1)
bk, 2V kw

where, kyy, kz, and kag are the splay, twist, and bend elastic constants of
the LC, respectively, Ae is the dielectric anisotropy, ¢o is dielectric con-
stant in the space, and € is the film thickness.

Morcover, in the case of practical LCs, the formula U, > 2\/km/(coAc) is
satisfied. And so, Eq.(1) is simplified as follows;

A= UnkZZ\/m (2)
- kv '

Oven
Po. ilCcel B.S. An.

B8.S.
F.G. Controller P.C.

FIGURE | Experimental setup to weasure the optical retardation

of a L.( slab

The experimental setup used to measure {'s is shown schematically in Fig-
ure 1. Po. An. P.D). and P.C. are the polarizer. analyzer. the photo-detector
and the personal computer. respectively. BS is a Babinet-Soleil compen-
sator 10 measure the optical retardation from the sample. The output of
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a He-Ne laser (Spectra Physics Co., model-117A) is linearly polarized by
means of a polarizer (Polaroid HN-38). The laser beam is passed through
the thermostated LC slab with its axis at an angle of 45 degrees with re-
spect to the polarization direction of the beam. The resulting elliptically
polarized light passes through a BS compensator (Siguma Koki Co., Auto
Babinet Soleil Stage B-83). Its optical retardation is adjusted by means
of an clectrical stepper motor to compensate for the optical phase differ-
ence due to the birefringence of the LC slab which depends on the slab
thickness, the refractive indices of the LC and and an applied external
voltage supplied through a function gencrator F.G (Hewlett Packard Co.,
HP-8116A). The precision in the optical retardation for A = 632.8nm is
1.66 x 10~3um/step. By this precise compensation the light transmitted
through the analyzer which is crossed with the polarizer has a minimum
beam intensity.

The saturation voltage U s is obtained by plotting the measured opti-
cal retardation ((Anf)) of the LC cell against the reciprocal of the applied
voltagel®. The value of Us is given by the extrapolated valuc of 1/U when
Ant is zero.

RESULTS AND DISCUSSION

The values of SAS mecasured with a PI alignment layer for the various
LCs plotted as a function of the reduced temperature (T(K)/Te(K)) are
given in Figures 2 and 3 for the cyano- and fluorinated LCs respectively.
The values of SAS for the various LCs at T/T¢=0.95 were determined from
Figures 2 and 3 and are given in Table 4.

TABLE 4 Numerical data of surface anchoring strength at T/Tc=0.95
Cell No. A x 107 [J/m?] Cell No. A x 10% [J/m?]

CN1 11.2 Fl 2.83
N2 390 F2 5.82
N3 1.72 F3 L.O7
N 2.75 F4 2.52
CN5 3.45 F5 2.55

F6 2.20

F7 4.07
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FIGURE 2 The dependence of the unified anchoring strength
on the reduced temperature for the cyano-liquid crystals
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From the values in Table 4, the trends regarding the relation-
ship between the molecular structure of LCs and their SAS values may be
summarised as follows:

v,

1. The introduction of an ethylene linkage in LCs containing two ter-
minal fluorines leads to an increase in SAS (compare Fl and F2).

2. Oxygen containing LCs appear to have the smallest values of SAS
(F3 and CN3).

3. The larger the electronic density in the molecular skeleton of the L.C,
the smaller the SAS, as can been seen in the series of CN1— CN2—
(N4 and F2— Fl— F4— F6.

4. In the case of PCH-based L('s (CN1, F4), SAS decreases drastically
by replacing a cyano group with fluorine.

5. In cyano-LCs, SAS of a PCH-based L(C' ((CN1) is about four times
larger than that of a cyanobiphenyl-based LC((CN4).

6. By comparing CN4 with CN5 or F] with F7, it can be seen that LCs
with a high tendency to form dimers have large SAS values.

The tilt angle of the easy axis is controlled by the length and density
of the lateral chain fragments of the diamine components in the PI align-
ment layer. In trying to understand the above trends it is helpful to think
of the LC molecules as being immersed in the alignment film and not just
interacting with the top layer of the film. Hence the interaction between
the LLC molecules and the polymer chains inside the alignment film must
be taken into account in the study of the anchoring energy. We now try to
rationalise the observed trends concerning the changes in SAS values with
the LC molecular structure.

Regarding 1 above, the increase in SAS on the introduction of an
cthylenic linkage may be due to an increase of the LC' molecular flexibility
and an increase in steric hindrance between the L(* molecules and polymer
chains. The increase in electronic density in the molecular skeleton of the
LC (as in 2 and 3) may lead to increased unfavourable interaction with
the polar parts of the PI chains and hence to small SAS values.

Regarding 1. the decrease in surface energy on replacing the cvano
group by a fluorine is presumably caused by a reduced polar interaction
with the polymer molecules. The presence of the lateral fluorine may be a
contributing factor. The origins of the large differences observed in 5 are
not clear and require further future investigations.
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The formation of dimers, as thought most likely for 6 above, may
make the LC' molecules more difficult to move away from the surface lead-
ing thus to increased SAS values. To confirm this, 67.9wt.% of (N1 and
32.1wt.% of 1 were mixed and SAS was measured. The Ac, kyy, k2, and
kas were 9.3, 8.0[pN], 6.7[pN], and 15.9[pN], respectively. The obtained
SAS value was 5.0 x 1074[J/m?] which was half of CN1’s SAS. This implies
the dissociation of (!N1 dimers by the addition of F1 molecules.

The relation between the tilt angle of the easy axis and SAS at 25°C
for the cyano- and fluorinated liquid crystals is shown in Figure 4.

L l T I T l ) —r T I T
B K s .
o | L6 l
E o,
E 3 "\” .
g F .
5 - o 3
B | Fluorinated LCs.”" 5 ]
m "I ‘\ -
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FIGURE 4 Relationship  hetween  surface  anchoring  strength
and tilt angle at 25°C

The tilt angle for the cyano-L('s decreases as the value of SAS in-
creases. On the other hand. for the fluorinated liquid crystals the reverse
trend is observed: the tilt angle increases as the value of SAS increases. In
general reports that appeared in the literature only speak of the tilt angle
decreasing as the value of SAS inercases™. here in the fluorinated LCs we
observe the reverse.

The diflerences in the skeleton of the LC molecules used could be
considered as one of the factors. Other factors involved in determining the
SAS value conld be the clectronic interaction between the LC molecules
and the alignment polymer. steric hindrance. order parameters and so on.
To undestand more about the mechanism of surface anchoring. molecular
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model simulations as well as further systematic experimental investigations
are required and planned.

CONCLUSION

The surface anchoring strength (SAS) and the tilt angle on a polyimide
alignment film surface were investigated {or various cyano-LCs and fluori-
nated LCs with different molecular skeletons. Depending on the molecular
structure of the L, the value of SAS was found to vary over the range 10~
to 107 [J/m?). It was also found that the relationship between the tilt
angle and SAS vary in opposite directions for the cyano- and fluorinated
liquid crystals.

In the analysis of SAS values, the steric restriction by the polymer
chains of the movement of LC molecules inside the alignment film was
vonsidered an important factor which cannot be ignored.

To understand further the detailed relation between the SAS, the tilt
angle and the various molecular structures of the liquid crytals and the
alignment polymer more detailed experimental investigations and model-
ing of LC conformations are necessary.
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