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A Simple and Material Independent Method for the Determination of Anchoring
Properties of Rubbed Polyimide Surfaces
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A method to determine liquid crystal (LC) anchoring properties, that exploits the changes induced in a rubbed polyimide (PI)
film upon exposure to linearly polarized ultra-violet light, has been devised. The width of the Gaussian PI chain distribution
is determined from the measured rotation of the Pl film'’s index ellipsoid, the long axis of which is also the LC easy axis, as a
function of exposure time. A quasi-microscopic surface free energy is used to model the anchoring properties. This approach
provides a simple LC material independent method for determining the LC anchoring properties.
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In recent years, surface anchoring of liquid crystals (LC& LC cell as shown in Fig. 1. The cell is assumed to be of
has acquired considerable attention from researchers, bothtlircknesdd, filled with a chiral doped nematic LC having an
fundamental and applied areas. Different methiofidpased induced pitchp. The bottom substrate is assumed to have
on Rapini-Papoular phenomenological mdtébr the sur- strong enough anchoring to perfectly align the director along
face free energy, have been used to determine the polar a&hd rubbing direction. The azimuthal distribution of PI chains
azimuthal anchoring energies. Most of these methods, hoat the upper substrate is approximated by a Gaussian func-
ever, are restricted in their applicability either in strong or irlion centered about the rubbing directipn'® The interac-
weak anchoring regimes. Moreover, the anchoring energiésen between the LC director and Pl chains oriented along
obtained from these methods inherently depend on the Li@spective directiong; and¢ is approximated by a Rapini-
material used. This is of limited use to researchers who wigPapoular type functiorG siré(¢ — ¢), weighted by the dis-
to use a different LC material. tribution function. The free energy per unit ardg, is then

In this letter, we present an entirely different approach fagiven by the sum of the bulk and surface contributiéfs,
determining the LC anchoring properties on rubbed poly- cd [~
imide (PI) surfaces which can be used in strong/weak anchorF = —2 {(¢o — )24+ — / f(0, ¢)sirf(¢ — ¢t)d¢}
ing conditions. This method is based on a simple model of 2d Kz Jo
the distribution of Pl chains and of the LC-substrate interfacg&here K is the twist elastic constant of the L& = 27 p/d
free energy. It allows one to extract the average strength ifthe natural twist, an@ represents the average strength of
LC-PI interaction. Once the strength of interaction is knowinteractions between Pl and LC molecules and is independent
for a given LC-PI combination, the changes in the anchoof the surface treatment for a given LC-Pl combination. The
ing properties induced by a specific extent of rubbing can hgobability distribution function is given by
determinedwithout assembling LC cells, thus avoiding a la-
borious process.

In our study, PI films were rubbed after preparation
and subsequently exposed to linearly polarized ultraviolet
(LPUV) light for different durations. To prepare the align-
ment layers used in this study, a polyamic acid solution of
SE610 (Nissan Chemical Co.) was spin coated, at 3000 rpm
for 30 s, onto indium tin oxide coated glass, soft baked {000
for 10 min), and then hard baked at 220for 1 h. The films
were then rubbed using a metal cylinder wrapped in velvet
cloth. In order to get substrates with different anchoring prop-
erties, the number of rubbings was varied while keeping the
pressure, the velocity of substrates (0.9 m/min), and the angu-
lar velocity of the cylinder (550 rpm) constant. A glass plate
prepared in this manner was cut into four pieces. Two pieces
were exposed to LPUV at 4.5 mW/énat 350 nm for differ-

ent durations followed by optical retardation measurements. Y
A He—Ne laser in conjunction with a photo-elastic modula-
tor (PEM90, Hinds Instruments) with a fused silica head was R

used for optical retardation measurements. The remaining X

two pieces alongwith two other strongly rubbed pieces wengg. 1. Geometry of LC cell used in the modeR and R’ are respective
used for azimuthal anchoring energy measurements for twoubbing directions on substratesat= 0 andz = d. The substrate at

; ; ; _ z = 0 is assumed to have strong anchoring. Angigsp, and¢, are the
dlﬁere;]t Eem{:\tlﬁ, LCs, viz. E7 (BDH Ltd.) and ZLI-4792 azimuthal coordinates of the LC director, PI chain, d&id respectively.
(Merc C emma S)' . . . . The cellis filled with nematic LC doped with a chiral material which in-
In order to write the free energy, consider the situation in duces a pitctp.
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f@, ¢)=e 2 of the resultant distribution functiolf) If ¢, = 0, thengs sat-

: . T isfies the equatiord
Any microscopic modifications induced on the surface by q

rubbing are reflected in the free energy through changes in tsin Ao — ¢s) + 1/ (¢ w®sin 8)¢s = 0

the width,, of the distribution function. where, 0 is the usual polar coordinate of the PI chainjs

The equilibrium orientation of the director is dictated by 4, constant which depends on the PI, agds the azimuthal
delicate interplay between the surface and bulk ContrIbUtlonc?’rientation of the electric field vector which is parallel to the

Minimization of F with respect tap; gives, substrate.

2K2(¢ — ¢o) By measuring the optical retardation of a rubbed film, ex-
T . osed to LPUV with its polarization at an anglg= 40° with
d[ 10, ¢)sin2 - oP)dp P o g
0

6=ty 2 //ﬂ _ @7@2[)2 " entation g, of the easy axis is determined from the extremum
» e v .
0

C=

respect to the rubbing direction, the angle through which the
where, ¢? is the equilibrium twist angle at the minimum of €asy axis of the fllm rot.ates can be determmed as a function
of the exposure time. Figure 3 shows the time dependence of

The value ofC can be determined from the measured widtHqe rotat_lon angle\g = ¢s + 5(.)0' The _angIeAqs IS mea-
of the distribution, and the equilibrium director orientatior?ured with re_spe_ct o the d|_rect|0n O.f ahgnm_ent_ preferred by
which can be obtained using an optical technigflét should Ll LPUV which is perpendlcula_r to its polanzatl_bﬂ.
be noted that when all Pl chains are aligned along the rubbi Frqm fits of the abqve e_q“"?‘“of‘ tq the expr—_:nmentfal data,
direction (i.e., the strong anchoring limi — 0 and the the width of the Gaussian distribution is determined usirg

- - - 0° (no pretilt) and a previous value of = 0.026 mirr .11
folC red to th thal h ) . L
3\)/(;;,8133)3'0” Of- reduces fo the azimuthal anchoring energ igure 4 shows the dependence of the width of the distribution

Validity of the model is tested by studying the equilibriumon the number of rubbings under same conditions. For weakly

twist, ¢2, as a function of the width of the distribution. Fig—(or less) Wb'?ed -surface, the \.Nidth s large dug to_the nearly
ure 2 shows the dependenceggfas a function of the distri- randpm distribution of Pl cham_s. However, with |ncrea§ed
bution width forgo = 57.3°, ¢, = 9C° and different values rubbing (strength) more Pl chains are ghgned and the width
of Cd/Ky. Itis clear that for large value ab, i.e., for al- decrease.s until the allgr!ment of Pl chains saturates.

most random distribution of PI chains, the orientation of the The azimuthal anchoring energy on these surfaces has been
director is dictated by the natural twist. On the other hang)easured for nematic LCg)E?_ and ZL|-4972 using the method
whenw is small or majority of PI chains are aligned alon roposed by Akahanet al.™ Figure 5 shows the dependence

the rubbing direction, the free energy is minimum when th f the anchoring energy on the distribution width. The solid

director is nearly parallel to the rubbing direction. The direcl—Ines represent calculated values from the equilibrium direc-

tion of alignment also depends on the strength of the LC—Iy?r orientations based on the model fgr= 9¢°, ¢o = 57.3°,

interaction relative to the twist elastic energy (i.e., the rati@ndp = 40pm for gorrespondmg LCs. Th? close agreement
Cd/Ky). etween the experimental and model predicted dependence of

The distribution of chains in a rubbed PI film is profoundlf‘ZimUthal anchoring energy on the distribution width justifies

altered by LPUV exposure because of the dissociation of tﬁée validit'y of the model.. The inc;reqse in' azimuthal anchoring
photosensitive bonds. When a rubbed film is exposed for® ergy with a decrease in the width implies that the number of
chains contributing to the LC anchoring along the rubbing

timet to normally incident LPUV light, the equilibrium ori-

the total free energy.
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Fig. 3. The angle of rotatiom\¢, of the easy axis with respect to the po-
Fig. 2. Theoretical dependence of the equilibrium director tuggt(see larization direction of LPUV as a function of exposure time for o)
text) on the width of the distribution fogo = 57.3° and¢r = 90°. two (), four (A), five (O)), and six §) rubbings. The electric field of
The symbolsQO, U, and A corrrespond to surfaces withd/Kz = 1, LPUV was at an angle of 40with respect to the rubbing direction. The

Cd/Kz =10, andCd/K2 = 50, respectively. solid curves are the best fits as discussed in text.
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25 direction becomes higher with increasing rubbing strength.
From the corresponding theoretical fit to the experimental
data, the value o€ is determined to be.41 x 107%Jn7?

and 392x 1075 Jnr2 for E7 and ZLI-4792, respectively. The
difference between the values©ffor two LCs indicates that

- 207 the strength of the LC-PI interaction for these two LCs are
& very different owing to their different chemical nature.

® It has been shown that simple models for PI chain distri-
= bution and surface free energy of the interface permit an ex-

15 4 perimental determination of the strength of LC-PI interaction.
For a given LC-PI system, once the strength of interaction is
known, one can determine the changes in anchoring proper-
ties induced by rubbing without fabricating LC cells. In con-

¢ clusion, measurement of the width of the PI chain distribution

1.0 w . . . . . provides a direct and simpler experimental way to determine
0 ! 2 3 4 5 6 7 anchoring properties over a wide range of anchoring strength.
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Fig. 4. Dependence of the width, of the PI chain distribution function 0gy Center ALCOM Grant DMR-89-20147.
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