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A spontaneous polarization has been obtained in a smectic C liquid crystal over
a broad temperature range. This polarization is 1.5 times that which has been
obtained elsewhere for the best liquid-crystal ferroelectrics.

PACS numbers: 77.30. + d, 77.80. — ¢, 61.30. — v

1. The search for ferroelectric liquid crystals with a high spontaneous polarization
(P,) is of fundamental interest for the physics of liquid crystals and the physics of ferro-
electrics, and it is also of much practical interest, primarily because of the use of ferro-
electric liquid crystals in fast, linear electro-optic devices with low control voltages.! The
highest value of Py which has been reported to date is that of the liquid crystal hexyloxy-
benzylidene p’-amino 2 chloropropyl cinnamate (HOBACPC)?*: P;=2X 1078 C/cm? in
the chiral smectic H phase (Sj) at T3> 45°C (Ref. 3). In the chiral smectic C phase (S¢),
however, P, does not exceed 1.5 X 1078 C/cm?, and the narrow interval corresponding to
this S¢ phase is at quite high temperatures,®* (67-73 °C; this is the phase which exhibits
a linear electro-optic effect, which is suitable for practical use in linear electro-optic de-
vices).
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The problem in raising P further, and also the problem in choosing the appropriate
working temperatures (including low temperatures) for single-component ferroelectric
liquid crystals, is that the molecules must simultaneously meet the following conditions,
which are necessary and sufficient conditions for the occurrence of spontaneous polariza-
tions®: 1) The molecules must form a layered smectic structure. 2) The long axes of the
molecules (the director) must make some angle 8 # 0 with the normal to the surfaces of
the layers. 3) The molecules must be chiral (optically active). 4) They must have a
transverse dipole moment. Requirements 2) and 4) are conflicting, since in order to
achieve a high value of P, it is necessary to increase the dipole moment of the chiral end
fragment of the molecule, but an increase in this dipole moment will result in the con-
traction or even disappearance of the temperature interval in which the S¢. phase exists
(this happens, for example, when the chlorine atom in the HOBACPC molecule is re-
placed by the dipole group ~-C=N).

2. In this letter we will show that a high polarization of a ferroelectric liquid crystal
can be achieved in a mixture of two components; conditions 1) and 2) are satisfied by an
inclined smectic, e. g., nonchiral smectic C, while conditions 3) and 4) are satisfied by a
chiral impurity dissolved in this smectic. The molecules of the impurity are to contain a
dipole moment in their chiral fragment. In the first attempt along this line 3% the value
of P, induced by chiral impurities in smectics C did not exceed 10~ Cfcm?.

It follows from our studies that the value of P induced by a chiral impurity in a
smectic C (the “matrix’’) is roughly proportional to the impurity concentration, the
angle made by the matrix molecules with the normal to the surfaces of the smectic layers,
and the rigidity of the molecular skeleton of the impurity. Our resuits also show that the
optimum ratio of the length of the matrix and impurity molecules promotes an increase
in Py,
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FIG. 1. Temperature dependence of
the pyroelectric coefficient (y) and
that of the spontaneous polarization
(Py) for a mixture of a smectic C
liquid crystal (ZhK-1246 with a chi-
ral impurity (ZhK-1239, 12.5% by
weight).
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FIG. 2. Dependence of the maximum spontan-
eous polarization (Pg) and of the effective di-
pole moment (ueg) per molecule of the ZhK-
1239 chiral impurity on the concentration of
this impurity. o, x—The maximum values of
Pg for HOBACPC in the chiral smectic € phase
obtained in Refs. 3 and 4, respectively.
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Taking these factors into account, we have achieved the value P;=2.2X 107® C/cm?
in a mixture of a nonchiral smectic C with a chiral nonmesogenic impurity. This value is
nearly 1.5 times the polarization achieved in HOBACPC in the S¢- phase. This record val-
ue of P corresponds to a temperature of -4°C. Even at such a low temperature, the
switching time for the director in a cell 8 um thick upon a change in the polarity of the
control voltage, with an amplitude of 50 V, is less than 2 ms (such a short switching time
is unattainable in nematic liquid crystals). Figure 1 shows the temperature dependence of
the spontaneous polarization, Py(T'), and that of the pyroelectric coefficient W(T)# dP,/
dT of the mixture of a smectic C liquid crystal (ZhK-1246) with a chiral impurity (ZhK-
1239). The impurity concentration was ¢ = 12.5% by weight. The measurements of
PLT) and ¥(T) were carried out by a pulsed pyroelectric method,” and the experimental
geometry used to measure the director switching time was similar to that of Ref. 1.

In the dependence of the maximum spontaneous polarization on the impurity con-
centration (Fig. 2) there is a maximum, which results from the pronounced decrease in
the angle & which we observed upon an increase in the impurity concentration. The de-
crease in 6 also explains the decrease in the maximum dipole moment uqg per chiral mol-
ecule which was calculated from the maximum spontaneous polarization (Fig. 2; here
Merr=PM|N, p, where M is the molecular weight of the chiral molecule, Ny is Avogadro’s
number, and p==1 g/cm? is the density of the liquid crystal).

3. According to the present understanding,®'® ferroelectric liquid crystals are pseu-
doimproper ferroelectrics, in which the dipole order is a secondary effect; the primary ef-
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FIG. 3. Superlinear dependence of the effec-
0t tive dipole moment, normalized to the angle
' 8(udg), in the smectic C phase on the dipole
moment in the chiral fragment (umg) of the
molecules. +—~DOBAMBC; a—~HOBACPC;
005t . o~ZhK-1239.
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fect is the orientational order of the chiral molecules in the inclined smectic layers. The
spontaneous polarization results primarily from the piezoelectric and flexoelectric inter-
actions (the angle 6 serves as the transition parameter). The dipole-dipole interactions
are negligibly weak ®

In a comparison of the effective dipole moments [.lgﬁ' normalized to the same angle
between the chiral molecules and the normal to the surfaces of the smectic layers, how-
ever, we observe a pronounced deviation from a linear dependence uZ on the dipole mo-
ment y, o of the chiral fragment of the molecule [Fig. 3; this comparison was carried out
for three materials, DOBAMBC (decyloxybenzylidene p’-amino 2 methyl butyl cinna-
mate), HOBACPC, and ZhK-1239)].

Since the steric factors for the molecules of these substances are approximately the
same, because of the similar structures of the molecular skeletons and the chiral frag-
ments, we suspect that the reason the dependence u8(umop) is stronger than linear may
be an increase in the contribution of the dipole-dipole interactions to the dipole order
upon an increase in the dipole moment in the chiral fragment of the molecules.

In summary, by choosing the appropriate chiral impurity in an inclined smectic, it is
possible to simulate a transition from a pseudoimproper orientation ferroelectric order to
a proper (dipole-dipole) ferroelectric order.

We wish to thank V. A. Baikalov for carrying out the electro-optic measurements.
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