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Light-Stability of Guest-Host Cells

H. SEKI, C. SHISHIDO, T. UCHIDA and M. WADA

Department of Electronic Engineering, Faculty of Engineering, Tohoku University,
Sendai, 980 Japan

{Received July 28, 1980)

Light-stability of liquid-crystal color display devices using the guest-host interactions were
investigated. It was found theoretically as well as experimentally that a decrease of absorbance
of the guest-host cell was almost proportional to the exposed light intensity and time while the
decrease was not large. Therefore, the lifetime can be calculated by extrapolation from the
initial decreasing rate of absorbance obtained from accelerated life test using an intense light.

Various azomethine-, disazo- and anthraquinone-dyes with large dichroic ratios were put to
the test and some stable dyes were found.

1 INTRODUCTION

A liquid crystal display device using the guest-host interactions (abbreviated
as GH-cell) makes use of dichroism of dichroic dye (guest) oriented by liquid
crystal (host). This cell changes its color by applying a voltage. It has the
characteristic of wide viewing angle compared with twisted nematic cell.!
In 1968, Heilmeier and co-workers reported on the GH-cell,? but it was not
put into practical use, because the dichroism of the dyes they used was not
sufficient. But recently various dichroic dyes with a large dichroic ratio have
been reported®~® and their practical application has been considered.
According to it, the light-stability of the dyes has become of major interest.
Therefore, the authors investigated basic light-degradation property of
dichroic dyes and found some stable dichroic dyes. Here, the stability against
visible Jight rather than ultraviolet light (UV-light) was considered because
the actual cell is usually protected from UV-light by using UV-cut filter.

2 EXPERIMENT

In the experiments, a biphenyl mixture LIXON GR-41 of Chisso Corp. was
1417‘sed as a host, and azomethine-dyes, disazo-dyes, anthraquinone-dyes were
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used as guests. The GH-cells were constructed by using glass plates coated
with transparent electrodes of In,O,. In these cells, the liquid crystal was
aligned homogeneously by coating substrate surfaces with polyvinyl alcohol
(PVA) followed by unidirectional rubbing. Thickness of the liquid crystal
layer was 12 um. Three different kinds of light sources were used for the light-
stability test; fluorescent lamps, sunlight and incandescent lamp. As for the
fluorescent lamps, fourteen tubes of FL30SW (30 watt) and six tubes of
FL15SW (15 watt) of Tokyo Shibaura Electric Co. Ltd., were closely arranged
and irradiated the GH-cells placed 12 cm away from them. The light intensity
was 4.1 x 10* Ix. The sunlight was 1.4 x 10°Ix in intensity. The incan-
descent lamp was a photoreflector lamp of 500 watt made by Tokyo Shibaura
Electric Co. Ltd. The light intensity in this case was controlled by adjusting
the distance between the lamp and GH-cells. The lifetime was evaluated
from the change of absorbance measured at 25°C with linearly polarized light
at the maximum absorption wavelength, polarized in the direction which was
parallel to the molecular orientational direction.

3 RESULT AND DISCUSSION

First, G165 was chosen as the guest, and wavelength dependences of absorb-
ance of the GH-cell at initial and after irradiation of fluorescent light were
measured. The results are shown in Figure 1 by the solid curve. The broken
line in this figure shows the absorbance of the cell kept in the dark for com-
parison. It is seen that the dye was degraded by the fluorescent light and
changed to another substance with different absorption property. Figure 2
shows wavelength dependences of the ratio A4/4, in which A, is initial
absorbance and A is the absorbance after exposure to the fluorescent light
for 130 hours. The arrow in Figure 2 indicates the absorption maximum
wavelength 4,,. It is seen that A/A4, is constant at wavelengths longer than
530 nm, but it increases in the region of shorter wavelengths. It is considered
to be due to the absorption by the degraded product. In general the degrada-
tion property is evaluated by measuring the absorbance at 4,,. Therefore,
overlapping of absorption of the degraded product at 4, causes an error in
estimation of lifetime. Then, the overlapping of absorption was checked for
dyes used in the experiment whose 4,, was close to the absorption peak of
degraded product by the same method as shown in Figure 2. In the results,
the overlapping did not occur {or each dye.

Next, the degradation property is theoretically analyzed. It is considered
that the GH-cell is exposed to a light of intensity I(4) per unit area as shown
in Figure 3. I(4) is given as a function of wavelength A. And 4 is the whole
thickness of liquid crystal layer. Let ¢ denote the dye concentration, then the
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FIGURE | Wavelength dependence of absorbance of the GH-cell exposed to the fluorescent
light (G165: 0.5 wt ).

amount of dye contained in the shaded part in Figure 3 is cAx. If P(A) denotes
the degradation probability of the dye of unit concentration when it absorbs
unit intensity of light of wavelength 4, then the degradation rate in the shaded
part in Figure 3 is expressed as

de @ 1dI(4, x)
- a—tAx = Ax L P(A) {— ZT} cdi, (1)

2
<
Nt
-4

Am
o i &l
400 o 500 600 700

Wavelength (nm)

FIGURE 2 Wavelength dependence of ratio 4/4, in which A, is the initial absorbance and
A is the absorbance after exposing to the fluorescent light for 130 hours.
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FIGURE 3 Schematic representation of the degraded GH-cell.

where { —(1/c)(dI(4, x)/dx)} indicates the amount of absorbed light of wave-
length 1 per unit concentration at depth x. I(4, x) can be written as

I(A, x) = I(A)10~kDex (2)

where I(1) and k(4) are respectively incident light intensity at x = 0 and
absorption coefficient as a function of 4. By substituting Eq. (2) for Eq. (1),
the following equation is obtained.

d oo}
_de_ b J k(A)P(A)I(A)c10~K¥ex 45, 3)
oge |,
Here let us assume that the degradation of the dye is induced by the light of
wavelength region of A, + Al/2, and in this region k(4), P(4) and I(4) are
constant with respect to A, so that k(1) = k(4,), P(A) = P(4,), I(A) = I(4,)
Then Eq. (3) can be written as

de 1 —k(holex

& " Toge ALk(Ag)P(Ag)(Ao)c10 . 4)
This equation indicates that the degradation induces a slope of dye concen-
tration in the direction perpendicular to the surface, while the slope is
decreased by diffusion of dye. In general, the effect of diffusion is considered
to be dominant, so that the concentration can be assumed to be independent
of depth x and the degradation rate of dye in the whole layer per unit area
can be written as d(ed) . d_f o

dt - o ds ’ (5)




Downloaded by [Tomsk State University of Control Systems and Radio] at 03:18 23 February 2013

LIGHT-STABILITY OF GUEST-HOST CELLS [533)/213

Substituting Eq. (4) into Eq. (5), we can obtain

dc 1 (4

— —_—= A ;{‘ — k(Ag)cx d ) 6
44 logeJ; A(Ao)P(A)[(Ao)c 10 X ©)

By practicing the integrals of Eq. (6), the following equation is obtained

1 — lo—k(ﬂu)cd
k(2){(c — co)d + log {T:W} = — AAk(A)P(A)(Lo)t, M

where ¢, is the initial dye concentration. If A, and 4 denote absorbances at
the maximum absorption wavelength A, of initial and after irradiation time ¢
respectively, therm A, and A are given as follows.

Ay = k(A,)cqd. ()
A = k(4,)cd. ©)

By using Egs. (8) and (9), Eq. (7) can be rewritten as follows.
log{104ktolkidm) _ 1} = Jog{104ckGolkAm) _ 1} — AZk(A)P(A)(A)t.  (10)

Let a denote Adk(4,)P(40)I(A,) and suppose 4, = 0.2, 5.0, the relationship
between A and ot obtained by numerical analysis are shown in Figure 4.
From this figure, it is found that absorbance A decreases almost linearly
with time t in the range of 4 = A, ~ 0.84, for any values of 4, and k(4,)/
k(4,). Life properties of the cell irradiated by several kinds of light sources
are shown in Figure 5 by the solid curve. The broken lines in the figures

0.2

k(hg) kiAm) =5.0

k(ro)/ k(Am) = 10.0 4k
3...
<01
2-.
1-.
0 i 1 i 0
0 0.5 1.0 0 1 2 3 4 5
ot at
(a) Ap =0.2 (b) Ap=5.0

FIGURE 4 Relationship between A4 and ot obtained by theoretical calculation for 4, = 0.2,
5.0.
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FIGURE 5 Irradiation time dependence of absorbance of the GH-cell with the guest of
G165 (0.5 wt %) irradiated by fluorescent lamps, sunlight and incandescent lamp. —~ ~ O ~ ~ -
with a UV-cut filter; —— @ —— no UV-cut filter.

shows the property of the cell with a UV-cut filter whose transmission
property is shown in Figure 6. In each case, the linear relationship can be
obtained in the region of 4 = 4, ~ 0.84,. Here the lifetime is defined as
the time required for the absorbance to change from A, to 0.84,. Therefore
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FIGURE 6 Wavelength dependence of transmittance of the UV-cut filter.

the lifetime can be calculated by extrapolating the gradient of initial property.
In this case the lifetime ¢ can be obtained from Eq. (10) as follows.

1 100-8Aok(Zo)k(Am) _ |
- 1
Ak(A)P(A)(Ao) og{ TOAKCRG _ }

On the other hand, the lifetime ¢’ calculated by extrapolating the gradient of
the initial property is expressed as follows.

t =

(11

0.24, 0.24,, 1040k(h0)/ktim)
o - . 2
] BkGPGIG 10—y (1)
dt A= Ao
Then the error of the extrapolating method is given as follows.
—_— 024 1. Vk Aok(A0)/k{dm)

t

ok(A0)/k(Am
{10401:(,10)/1:(;,,,) _ 1} log {1104 olk(my }

OO.BAok(lo)/k(‘-m) ~1

From this equation, an error is estimated within 109, for various values of
k(Ag)/k(A,,). By the way, Eq. (10) indicates that the lifetime is inversely pro-
portional to the light intensity, or the gradient of the initial property (denoted
by B) is directly proportional to the light intensity, unless the spectrum distri-
bution of the light source changes. Figure 7 shows the light intensity depend-
ence of § measured by using the incandescent light. Here the light intensity is
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defined by illumination intensity I (Ix). This figure indicates that the following
proportional expression is established.

B=—178x10"%I(hr ) (14)

From the results, the linear relationship between A and t, and between f
and I are confirmed experimentally, and the propriety of Eq. (10) is estab-
lished. Therefore, the practical lifetime of the dye can be easily obtained by
accelerated life test by using intense light.

Table I shows the lifetime of various dyes. Here, the accelerated lifetime
indicates the experimental value obtained by the method mentioned above
by using 4.1 x 10* Ix light of fluorescent lamps. The calculated lifetime of
the transmissive cell indicates the value calculated by using the accelerated
lifetime and the linear relationship between f and I, assuming that the cell
is irradiated by a 6 watt-fluorescent lamp through a diffuser, a polarizer
and the UV-cut filter. The light intensity of this condition was evaluated
to be 800 Ix. The calculated lifetime of the reflective cell was estimated by
assuming that the cell was exposed to 400 Ix light of fluorescent lamp through
the UV-cut filter. As shown in Table I, the lifetime of the GH-cell using
UV-cut filter becomes 1.3 ~ 5.3 times as long as the GH-cell without a
UV-cut filter. The conventional anthraquinone-dyes Nos. 1 and 2'° have
a long lifetime but the dichroic ratios are not sufficiently large. On the
other hand, the disazo-dyes of Nos. 3, 4 with thiazole base have large dichroic

6

-B (x107° bt
""\

0 1 1 1
0 2 4 6 8

Illumination intensity 1 (x10% 1x)

FIGURE 7 Light intensity dependence of degradation rate .
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ratios but relatively short lifetimes. Though only two examples of the dye
with thiazole base are shown in the table, the authors have confirmed that
the other dye of this kind has a relatively short lifetime. The disazo- and
azomethine-dyes of Nos. 5~9 without thiazole base have large dichroic
ratios and considerably long lifetimes. Dye No. 10 is a new anthraquinone-
dye and has a large dichroic ratio compared with Nos. 1, 2. Therefore, those
types of dyes Nos. S~ 10 are considered to be feasible practically at present
as long as they are used indoors.

4 CONCLUSION

Light-stability of dichroic dyes were investigated. From the results, it was
found that the decrease of absorbance of the guest-host cell was almost
proportional to the exposed light intensity and time. Therefore, the lifetime
can be obtained by accelerated life-test using an intense light. Various dyes
were put to the accelerated life test, and it is found that the disazo- and azo-
methine-dyes without thiazole base have lifetimes longer than 3 x 10* hours.
These kinds of dyes have large dichroic ratios in various colors, so that they
can be put into practical use at present. Nevertheless, more suitable dyes in
terms of stability as well as in dichroic ratio are expected to be developed
henceforth.
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