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NEW THERMAL MEMORY EFFECT IN CLC

I.I. GORINA, S.S. YAKOVENKO and M.Yu. BARANOVICH

Institube of Crystallography, USSR Academy of Scien-
ces, Leninskii Prospect 59, Moscow 117333, USSR

Abstract A new thermal memory effect in high-melt-
ing cholesteric compositions is described

INTRODUCTION

The isotropic state memory effect in cholesteric liquid
crystals {CLC) has been known | for a long time and studied
sufficiently to understand the physical phenomena underli-
ned1_4 and to recognize the possibilities for practical ap-
plications®?212, The effect is based on the ability of CLC
to form two types of texture with different optical proper-
ties and different time stability: bthese types are:

(i) a planar texture exhibiting a property of selectively
reflecting the light, which mgkes the CLC layer appearing
colored, and (ii) a metastable confoecal texture exhibiting
a property of strongly scattering the light, which makes
the CLC layer appearing milky. The metastable econfocal Lex-
ture can be formed in the course of cooling of the isotro-—
pic CLC phase; with the time, it transforms to a stable
planar texture'~*. The thermal memory of CILC, thus, mani-
festbs itself as a property to exhibit a time delsy in the
color response of a cooling CLC lgyer. The CLC exhibiting
the thermal memory effect permits one to record only a
single isothermal line corresponding to the c¢learing tem-—
perature of the CLC (Tcl) or to a certain temperature ex—
ceeding Tcl' Such CILCs can be effectively applied for vi-
zualizing and storing thermal information on locally heab-

ed surfaces3‘5.

[699]/263
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Recently, in studies of high-melting (with T el WP o
200 C) thermal-sensitive CLC compositions capsble of be—
coming strongly supercocled, we found that some of these
composibions exhibit, in addition to the property of iso-
tropic stabe memory, a property of memorizing a non-uni-
form surface temperabure field in the form of a series of
colored bands with distinct boundaries corresponding to
particular isotherms. In the present paper, we describe
the new memory effect in some deteail.

EXPERIVENTAL

cberizat
In this sbudy, use was made of specially developed four-
component nematic-cholesteric compositions containing up
to 85 wt.% of wvarious derivabives of cholesterol and to
15 wt.% of a nematic compound with positive dielectric ani-
sotr0py. The compositions'T l's ranged between 130 and
165 °C. The mixtures were thermal-sensitive and displayed
the whole color spectrum while heated to Tcl' Upon cooling
of a molten sample of such a CLC composition to the room
temperature, there is formed a very viscous and sticky,
colored cholesteric phase which is glassified upon further
cooling to negative temperatures (of —20°¢ and lower). In
thin layers, the supercooled cholesteric phase is even more
viscous and adheres to the glass slides in such a way that
can hardly be deformed (e.g., by shifting the cover glass).
If, yet, the displacement can be made, the uniformly co-
lored cholesteric phase transforms to a turbid light-scat-—
tering state which appears to be smectic.

Specimens for Invegtigation

The cells for studying the thermal behavior of the above
CLC compositions were made of two glass slides separated
by spacings of 10 to 50 microns thick. The cell was filled
by the CLC composition heated to above Tcl through the use

of the capillary effect. Lo ensure the uniform coloration
of the CLC layer, the upper slide was shifted (or pressed)
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slightly at a temperature 5 to 10 °C below Tcl; then the
cell was moved away from the hot stage used and left to
stay at a room temperature.

Heating Procedure

The samples prepared in the asbove wgy were heated from be-—
low by means of a nichrome wire (70 to 150 microns in dia-
meter); the cell was held at a temperature m‘nroom" which
could be varied from ~20 to 30 °C (though kept constant
during a specific run). Under these conditions, a moving
thermal "front" could be geen on the sur-
face of the CLC layer upon heating, which
was running from the center (wire heater)
to the edges of the cell. The horizontal
temperabure gradients in such an arrange—
ment could reach several tens of °C.

Results
Figure 1 schematically illustrabtes the dy—
namics of color changes observed upon lo—
cglly heating end subsequently cocling &
CLC layer in the above cell.

The initial state of the CLC lgyer is
a red, uniformly colored cholesteric phase
(1 in Fig. 1). In a few seconds after the
heater is switched on, there appesrs an
oval zone in the center of the cell over
the heater, which corresponds to the light-
scatbering state of the CLC (2 in Fig. Tb):
this turbid whitish zone 2, initially of
about 6 mm wide, extends to the cell edges
upon further heating, while in the center
a Lransparaent green colored zone 3 appears
(Fig. 1c) and widens gradually, until =

FIGURE 1 Schematic illustration of color changes upon
local heating (a to g) and cooling (£, g) of CLC layer.
The patterns are plane-symmetrical, so only left sides
are displsyed. For designations, see text
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thin (~ 1 mm wide) whitish zone ("oreol") remains between
the red and green zones (2 in Fig. 1c). With increasing
temperature, the front of this green zone, azlong with its
whitish oreol, is moving %o the cell edge, but eventually
the position of this boundary becomes stabilized at a cer—
tain distance from the center (Fig. 1, d-e), and only
changes within the green zone occur with the further in~
crease of temperature: first, a blue zone 4 (Fig. 13) ap-
pears in the center; then, this becomes violet and, =t
last, colorless, when Tcl is reached (Fig. 1e). In the re-
sult, the surface of the CLC layer becomes broken up Lo a
number of stable zones with clear boundaries between them.

When the heater is moved awasy and the cell is left %
cool down to T, . » zone 3 becomes dark red (6 in Fig. 1£)
in a fraction of a second. In the next 2 to 10 min, a new
zone is formed within the dark red zone 6, and some other
color changes occur. Finally, a stable zonal picture is
established, with the following series of colored zones
(Fig. 1g): (i) turbid whitish (zone 7); (ii)dark red
(zone 6); (iii) orange (zone 8); (iv) whitish “oreol®
(zone 2)s and (v) red (zone 1). The first of these (zone T)
corresponds to the known property of "isotropic stabe me-
mory"; all the other zones (ii to v) are concerned with
the new memory effect (see Figure 2).

Figure 1 displayé the most reproducible patterns ob-
served in experiments. In particular cases, the zonal pic~
ture may be different depending on the specific conditions
of the experiment and properties of the composition used;
it is determined by a whole number of factors such as the
rate and maximum temperature of local heating; the average
temperature of the cell; the cooling procedure, etc. For
instance, upon heabing at a slow rate (for 20-30-60 s),
the green zone 3 becomes wider tham in Figure 1c¢i upon
cooling, one to three additional zones may appear within
zone 6, each surrounded by a narrow whitish oreol.

If the meximum temperabure in the zone of local heab-
ing is below Tcl’ the new memory effect is exhibited in
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the pure form, with no zone of isotropic state memory ap-
pearing (Fig. 2b, see Color Plate). The zonal color pab-
terns such as displsyed in Figure 2, are stable for months
when holding abt Trocm below ~ 25 °C, but gradual altera-—
tions appear (in color, bransparency, contrast of bounda—
ries, etc.) if T,  exceeds 25 °C.

Microscopic Study

Figure 3a displays the texture of a starting layer. In the
general case, however, this mgy be different, depending on
the thickness and forming procedure of the CLC layer in
the cell. This may be the well-known texture of confocal
domains; in thick layers (sbove 50 pm), this mgy be a fine-
grained texture similar to that observed in Fig. 34di in
thin lagyers (5 to 15 um), elongated filaments and short
bands can occur (such as in Fig. %a or in Pig. 3b, left),
resembling rope scraps at higher magnificabtions.

In locally heasted samples examined immediately after
the gtable zonzl picture has been established, a striated
texture (such as in Fig. 3b, left) is observed in all the
zones except for the zone of isotropic melting (Fig. 3b,
right) . In the microscope, the clear boundaries are obser—
vable only between the zone of isotropic melting and dark
red zone (Fig. 3b) and in thick lagyers (Fig. 34).

In samples left to stand under the ambient conditions,
various bGexture changes occur (at Troom above 25 OC, in
particular) to result in the formation of striated textu—
res of various complexity (stristed confocal domains, fin-
ger—print and polygonal pabtterns, etc.), an enhancement of
texture distinctions in the zones and, as a consequence,

more essily observable boundaries between the zones (Fig.
3c) . When kept for 40 days at T, om? €Ven more complex
textures are formed such as terrace-like patterns with
paired bands (Fig. 3e), double spirals (Fig. 3f), polygo-
nal textures with double spirals, etc. In the result of
8ll these changes, the macroscopic appearance of the lagyer
(zone colors, transparency, etc.)becomes changed, too.



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:56 19 February 2013

268/(7041 I. I. GORINA et al.

See Color Plate IV Gorina et al., Figure 2a

See Color Plate V Gorina et al., Figure 2b

FIGURE 2  Zonal pictures of locally heated CLC layer

(a) Local heating to gbove T(clear). Central whitish
region is due to the well-known effect of "isotropic state
memory"; the obther zones are due to the new effect of the
"temperature field memory".

(b) Local heating to below T(clear). The new memory
effect is exhibited in the pure form, with no zone of iso-
tropic memory.
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FIGURE 3 Microscopic patterns from various 2zones

(8) Texture of starting semple. (b) Texture of light—
scattering whitish zone 7 (right) and short baunds in
dark red zone 6 (left). (¢) Short bands in zone 6 (left)
and "finger-print” type pattern in zone 8 (right).

(d) Boundary between zone 6 and zone 8 in thick layer.
(e) Terrace-like pattern consisting of paired bands.

(£) Double-spiral pattern
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CONCLUSIONS

From the above experiments it may be suggested that the
new memory effect observed in nemabic-cholesteric liguid
crystal compositions, is to a large extent determined by
the structurizing processes induced by non-stationary tem-
perature gradients. Under these conditions, a structurally
inhomogeneous cholesteric phase may be formed, with a vari-
able helix pitch depending on the value of the temperature
gradient.

The temperature-gradient effects on the behavior of
liquid crystals have been described in a number of works
(Refs 6 to 1C). It has been found6 that reversible structu-
ral instabilities of the band type occur in the smectic-A
phase as a result of dividing of the confocal domains into
groups of layers. Stable bandlike texbtures in smectic A
have been described in Ref.7; the "memory effect" was ex-
plained in terms of stability of systems of disclinations
and dislocations. Instabilities of planarlike texture with
various helix pitches have been observed in compensated cho-
lesterics.8 Oswald et a1.9’10 have studied the behavior of
phase interfaces. In smectic—cholesteric mixtures of 4-(an-
octyl) cyanobiphenyl (CB) with 3 to 10 wt.% of cholesteryl
nonanoate (CN), it was observed that on moving a thin lgyer
of the mixture through a region of constant temperature gra-
dient from the "hot" to "cold® region, & narrow nemabic zone
was formed between the cholesteric and smectic zones and
four types of structural instability were observed in the
cholesteric phase near the interface. The behavior of the
mixtures on cooling has not been studied.

It should be noted that the CB+CN mixtures studied by
Oswald et al.10 may, even on cooling under normal conditi-
ons, i.e. with no temperature gradient, undergo various tex-
ture changes and exhibit relaxation effects, which plays an
important role in thermooptical phen.omena.11 It was of in-
teregt for us to test these compositions in our experimen-
tal conditions. A stable pattern has been obtained on the
layer surface; it had the form of a series of colorless
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whitish zones (of various degrees of turbidness) divided

by colorless transparent bands. The whitish zones consis—
ted of scattering confocal domains of the smectic phase,

while the transparent bands, of homeotropic smectic.

The nematic—-cholesteric mixtures sbudied in the present
paper are multicomponent systems containing liquid-crystal
compounds with different molecular structure and proper-
ties; because of their tendency to become supercooled,
these systems readily give nonequilibrium states and appear
to be capzble of exhibiting the reentrant behavior. The
temperature gradient can induce in them instabilities of
various Gypes, texture transformations, etc., similar to
those observed in smectic-cholesteric mix,‘l:uras.m'11

In order to understand the behavior of these complex
systems in temperabure-gradient fields and to elucidate
the physical nature of the memory effect revealed, further
investigations are necessary and are in progress in our
lakoratory.
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