8'£5 Optical and Flectrical Properties of Ligquid Crystal Mixtures

Susumu Sato and lasanobu Wada
Department of Electronic Engineering, Tohoku University
Aramaki aza Aoba, Sendai
81. Liquid crystals have lately attracted attention as materials for display de-
vices. When two or more species of liquid erystals are mixed together, the ex-
pansion of the temperature range taking the mesophase becomes feasible and some
characteristics which cannot be found in single species of the liquid crystzl may
be obtainable. In this report, the novel memory effects and other properties
which have been observed in compensated mixtures of cholesteric liquid crystals
are described. In addition, the helical twisting power and the compensated state
in mixtures of cholesteric and nematic liquid crystals are also reported.

§2. Compensated Mixtures of Cholesteric Liquid Crystals. The nematic mesophase

in which the helix pitch becomes infinite can be produced by mixing right-handed
cholesteryl chloride (CC) and left-handed cholesteryl esters (e.g. cholesteryl

laurate CL) in some proportion at a specific temperature TCN'i) The helix pitch
in these mixtures is so long that molecules can be easily aligned by applying a
relatively low electric field, where the liquid crystal becomes transparent and
a dielectric constant increases to saturate. The temperature dependence of the

dielectric constant € for 62:39 by weight mixture of CC and CL is shown in Pig.1

when the molecules have been once aligned perpendicular to the electrodes by z2p-

plying "C 125 V and then removed at 25°C. It 125Vdc
S

is seen that € takes the maximum value (mea- L5

sured at 1 kHz and 100 kHz) or the minimum

value (measured at 1 MHz) at temperatures

40
around TCH' In this state, the liquid erys-
tal molecules are aligned perpendicular to
the electrode glasses (taking a homoeotropic w35

texture) and we call this phenomenon the
self-orientation (or memory) effect. If the 30L
electric field has not been applied to the

cell, such a phenomernon canrot be ocbserved

25+
20

(dashed curves in Pig.1). This effect de—

pends upon the surface conditions of the

= s . - .
electrode glasses and the intensity of Mig.1 Dielectric constant vs. temperature.

CC:CL=62:38. The sample thickness isn~i0p,

the applied field. The acid-treated S0lid curves: DC 125 V was once applied

3n0, -coated glasses are suitable. and then reduced to 0 V at 25°C,
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The relalionship belween Lhe extent of the self-orientution effect und the inten-

sity of the applied electric field is shown in #i;.2. Optical trunsmission prop-

a Lhe memory statle, the ligquid erysiul cell beconmes

erties are shown in Pig.3.

transparent Lo ihe same level of uan isolropic stule at temperatures around Tv“'
2N

Trkis memory can bte erased by reating up to the isclropic state. The self-cricr-
ta2tion effent seems Lo ccour in the tempernture range where the lelix piteh is

larger thaen the sample irickness. The phuse transition from Lhe homcectiropic to

the plunar texture has been ohserved by applying & high frequency electric lield.
The critical freauency degends uporn tie sample temperature and it varies “ron

3 kifz to £0C KMz as the tergerature rises from 17°C to 50°C. These ghenouensa in
compensated mixtures will he discussed based on the orientation effects or rota-

tions around the long or short axis of the liquid crystal molecules.

§3. Hixtures of Cholesteric and lematic Liquid Crystals. Nematic liquid crystals

can te transformed into the cholesteric mesophase by adding a small amount of

optically active materials (e.g. cholesteric sutstance) and the inverse of the
IA

helix pitch is proportional to the concentration in s 210 kyem
alh
the low concentration region. The nelical twisting v175
40_ L] .O
power for mixtures of cholesteric liquid erystals d ogo
w

and nematic EBBA is shown in Fig.4. UNematic EBBA

seems to have the left-handed helical twisting power

when they coexist with the cholesteric liquid crys- ﬂhn
1 1 1 1
tals. The compensated state which is similar to the 30 40 50 60 70
T(0)
compensated mixtures of CC and CL is also produced Fig.2 Relationship between
by mixing CC and nematic IBBA or LIBBA. The self- the self-orientation effect
orientation effect is 100y SRl “bhe: datensitr L He
10t applied electric field.

also observed in these

3

mixtures, but it is aF CL(607C)
weaker in the mixtures L &
of CC and IBBA. or %E]

The authors are s

Transmittance (a.u)
~

"’04 ___________________
grateful to Dr. Hideo g q%i compensated
Watanabe for his help- - 551 N

' Ttn o
ful advice. ol I I | 9 CC(50°C) i
30 40 50 60 70
T(°C) 3 i
1 1 1
1) 5.8ato and M.Wada, DPig.3 Optical transmittance 0 20 40 50 80 100

Japan. J. Appl. Phys. VS. temperature. a):the volt- EBBA(wt%)
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10 (1971) 1106. was applied at 30°C, c):after power in mixtures of cho-
several heat-cool c¢ycles. lesteric liquid crystals

and nematic EBBA.
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