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The sticking effect on photoaligning surfaces was investigated. We demonstrated that additional irradiation of photoaligning

polymers with cinnamoyl side groups with not-polarized UV-light strongly decreases their sticking parameter. We associate

this effect with cross-linking of the flexible side-groups by UV light and, as a consequence, with light-induced strengthening

of the photoaligning surface. Restriction of mobility of the flexible groups on the photoaligning surface (surface strengthen-

ing) resulted in depressing the sticking effect. The method of the decrease of the sticking effect by the light-induced strength-

ening is rather general, and it can be applied for any photoaligning materials undergoing a light-induced cross-linking of

polymer fragments. For poly(vinyl 4-fluorocinnamate) the light-induced strengthening allowed us to get the record value of

the sticking parameter, S0 = 0.2%, which is better than traditional rubbed polyimide surfaces provide. Such a value of the

sticking parameter along with other aligning characteristics allows considering poly(vinyl 4- fluorocinnamate) as very pro-

spective material for modern liquid crystal display technologies.
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Appearance of a residual image of the previous frame at liq-

uid crystal display (LCD) screen is called the sticking effect.

In the case of the rubbed polyimade films, sticking effect is

mainly caused by accumulation of electric charges near the

oriented surfaces. In this case the anchoring energy of LC on

the oriented surfaces is strong (W > 10–2 erg/cm2) and the sur-

face is “rigid” [1,2]. Therefore, electric field does not reorient

director at the surface, and the anchoring (anchoring energy

value, W and easy axis direction,
�

e) remains constant during

the application of the field to the cell. In contrary, photo-

aligning polymers possess “soft” surface, containing flexible

groups and typically provide low anchoring energy

(W < 10–2 erg/cm2) [3–6]. It can result in another origin of the

sticking effect at photoaligning surfaces. In our previous

work, we have shown that due to low anchoring energy the

reorientation of the director on photoaligning surface is essen-

tial and causes realignment of flexible fragments of the poly-

mer, i.e., the modification of the aligning surface [7]. It results

in a change of both easy axis and anchoring energy during the

application of the field to the LC cell. The time of recovering

of initial anchoring parameters can achieve tens of minutes

that results in a sticking effect.

Thus, in accordance with the results of Ref. 7, the main

contribution to the sticking effect comes from the modifi-

cation of the aligning surface due to the surface director re-

orientation in the electric filed. To overcome the sticking

effect means to find a way to strengthen the photoaligning

surface that restricts the mobility of the flexible groups on

it. Here we propose a method of the surface strengthening

based on irradiation of the photoaligning surface by an

unpolarized light.
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The chemical structures of the photoaligning polymers

used in our experiments are presented in Fig. 1. Poly(vi-

nyl-4 fluorocinnamate) [PVCN-F, Fig. 1(a)] consists of a

poly(vinyl alcohol) main chain and photosensitive side

groups on the base of 4-fluorocinnamic acid. This material

provides an excellent homogeneous alignment of most

commercial LCs and LC mixtures for TN mode in the tem-

perature range of mesophase. Overheating of the LC cell

with PVCN-F aligning layers above the clear point Tc, usu-

ally results in appearance of surface defects after cooling

back to the mesophase. PVCN-F is characterized by UV

exposure controllable anchoring energy in the range

10–4–10–3 erg/cm2 and the pretilt angle which value of

0–15� also depends on the exposure and geometry of UV

irradiation [8,9]. Cellulose 4-pentyloxycinnamate [PG, Fig.

1(b), Ref. 10] is a thermostable analogue of PVCN-F.

Enough long UV exposure allows getting a strong anchor-

ing energy (up to 10–2 erg/cm2) a pretilt angle in the range
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0�–5�. Unlike to PVCN-F, PG material not only provides

an excellent alignment of commercial LC and LC mixtures

in a mesophase but allows overheating of the LC above its

clear point without any changes of the LC orientation after

cooling back to the mesophase. Poly[N,N’-(1,3-phenylene)-

-isophthalamide] [3P, Fig. 1(c)] is a thermostable aligning

material recently developed in our team. This material is

characterized by strong anchoring energy (up to 10–2 erg/cm2)

and provides rather small (0.8–1�) but very stable pretilt

angle. 3P has no cross-linkable fragments and its aligning

properties are provided by a photo-degradation of dichroic

main polymer chains in analogue with light-induced

deimidization of photoaligning polyimides [11].

The experiments were carried out with a standard 90�

twist cells. The gap of the cells was adjusted by the spacer

particles with diameter of 4.5–5 µm. The cell substrates

were covered with the photoaligning layers by spin-coating

of a solution of the materials spread onto glass substrates.

1,2-dichlorethane, chlorbenzene or dimethylformamide

were used as solvents. The concentration of polymers were

of 10–15 g/L. The spin-coating velocity was 7000 rpm and

the spin-coating time was about 10 s that resulted in the

film thickness of about 0.02 µm. After drying at

(100–150)�C during 1 hour, the polymer films were illumi-

nated by UV light of a Hg-lamp with the power of 500 W.

Homogeneous UV-light field was formed in the plane of

the polymer film by a quartz condenser and a polarizing

Glan-Thomson prism. The value of the light power density

IO in the plane of polymer film was 30 mW/cm2. We irradi-

ated the films by UV light with different polarization state

(s- and p-polarization or non-polarized light) at normal or

oblique incidence.

The basic photochemical process resulting in aligning

properties of the studied photoaligning materials is a

cross-linking of flexible cinnamoyl side polymer groups

[5]. Usually the cross-linking efficiency is small; less then

15% of cinnamoyl moietis undergo cross-linking during ir-

radiation with polarized UV light. According to our model,

the rest of flexible cinnamoyl groups provide main contri-

bution to the sticking effect. To decrease a flexibility of

these fragments, we used additional illumination with un-

polarized light, which causes the cross-linking of remained

cinnamoyl groups and in turns the strengthening of the

photoaligning surface. Thus, we used two-exposure tech-

nique; the first exposure was carried out with unpolarized

light during the time texp1, and the second exposure was

carried out with polarized light during the time texp2.

The 90�-twist cells with the photoaligning layers were

filled LC MLC 6012 from Merck for TN-mode (optical

anisotropy �n = ne – no = 0.1, Tc = 86�C, and the dielectric

anisotropy �� = 8.2) in a nematic phase at room tempera-

ture due to capillary effect.

The samples were placed between parallel polarizes and

we measured the dependence of the intensity of a testing

beam of He-Ne laser on the applied voltage (TV – curve

for normally black – mode). The measurements were car-

ried out at the field frequency v = 1 kHz.

To characterize a sticking ability of the aligning sur-

faces we consequently obtained and compared two

TV-curves for the given cell [12] (see Fig. 2). The first, ref-

erence curve, (TV)ref, was obtained after the 1-min shortage

of the cell with no field applied. The second curve, (TV)30

was obtained after application, to the cell, the voltage
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Fig. 1. Structure of photoaligning polymers: (a) PVCN-F, (b) PG,

and (c) 3P.

Fig. 2. Dependence of transmittance of twist cells on the applied

voltage.



U = 5 V during 30 minutes. Before each measuring the

sample was hold at a zero external field for one minute.

The relative difference between the TV-curves, S =

�T/T 100% was caused by a sticking effect that we charac-

terized by the sticking parameter S0, which is equal to a

maximum value of S (see Fig. 3).

�� ������������������	��

The characteristics of LC alignment in the cells with the

PG-photoaligning substrates obtained at different values

texp2 and texp1, p-polarized light and oblique incidence (the

angle between the substrates plane and the UV-beam was

45�) are presented in Table 1. The reproducibility of the re-

sults was about 80%. One can see that the additional expo-

sure with nonpolarized light decreases a sticking parameter

for all times of the second exposure with the polarized

light. The worse aligning quality and the largest sticking

parameter were obtained for traditional one-exposure tech-

nique. The best result (homogeneous alignment with the

sticking parameter, S0 < 2%) was obtained for the first

non-polarized exposure texp1 = 5 min and the second

oblique p-polarized irradiation during texp2 = 10 min.

Table 1. Sticking parameter of the PG material at different expo-

sures with polarized (texp2) and not-polarized (texp1) UV-light.

texp2 (min)�
texp1 (s) �

1 3 10 30

0 12% 9% 4–6–8% 8%

5
bad

alignment
< 4% < 2% < 6%

10
bad

alignment
7% ~4% < 6%

15
bad

alignment
bad

alignment
bad

alignment
bad

alignment

In Table 2, the results of the light-induced strengthen-

ing to PVCN-F are presented. One can see that the ex-

tremely low sticking parameters (< 1%) can be achieved

for this material by two-exposure technique. It should be

noted that the value S0 < 1% is better than obtained on a

rubbed polyimide materials. This result shows that

PVCN-F based materials remain very promising for LCD

applications and further improvement in its thermostability

can make this material a potential competitor of commer-

cial polyimides.

Table 2. Sticking parameter of PVCN-F material at different ex-

posures with polarized (texp2) and not-polarized (texp1) light.

texp2 (min)�
texp1 (s) �

1.5 3 10 30

0 3.6% 2.3% N/A 1.0%

10 N/A 2.5% 2.3% 1.5%

30 4.0% 7.8–2.5% 2.9% N/A

60
bad

alignment
0.5% 2.5% 0.2%

120
bad

alignment
2.0% 1.0% 0.8%

The analogous measurements were carried out for new

photoaligning material, 3P. This material has no cross-link-

able fragments and its aligning properties are provided by a

photo-degradation of main polymer chain. In this case the

two-exposure technique is not applicable. Our results, pre-

sented in Table 3 confirm this suggestion. One can see that

irradiation with not-polarized light does not decrease the

sticking characteristic of 3P material.

Table 3. Sticking parameter of 3P material at different exposures

with polarized (texp2) and not-polarized (texp1) light.

texp2 (min)�
texp1 (s) �

15 20 25 30

0 N/A 3.0% 3.0% 3.9%

10 5.5% 4.0% 4–7.5% N/A

30 2–3.0% 4.9% 5.0% 0.5–12%

60 9.0% 7–11% 4.0% 5.0%
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On the example of PVCN-F and PG photoaligning materi-

als we demonstrated that additional irradiation of these

polymers with not-polarized UV-light strongly decreases

their sticking parameter. We associate this effect with

cross-linking of flexible side-groups by UV light and, as a

consequence, with light-induced strengthening of the

photoaligning surface. The method of the decrease in the

sticking effect by the light-induced strengthening is rather
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Fig. 3. Dependence of relative difference between the TV-curves

on the applied voltage.



general one and can be applied for any photoaligning mate-

rials undergoing a light-induced cross-linking of polymer

fragments. For PVCN-F photoaligning material the

light-induced strengthening allowed us to get the record

value of the sticking parameter, So = 0.2%, which is better

than traditional rubbed PI surfaces provide. Such a value of

the sticking parameter along with other aligning character-

istics allows considering the PVCN-F material as the most

prospective for modern liquid crystal display technologies.
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