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Ahstract A homologous series of MBOPENNBA
chiral compounds has been synthesized and some
chemical and physical properties of the compo-
nents as well as that of a binary mixture has
bheen studied. Measurements of the spontaneous
polarization and the pitch are presented and
results of eutectic, dielectric, electrooptic
and electromechanical investigations are niven.

INTRODUCTION

Considerahle attention has heen paid to chiral
smectic 0* (S?) liquid crystals bhecause of their

1 In this paper

fundamental and practical interest.
we present details on some compounds and a binary
mixture which exhibit this phase and we descrihe
some physical and chemical properties such as spon-
taneous polarization, pitch, eutectic, dielectric,
electrooptic and electromechanical properties of
these compounds. For hoth fundamental research and
practical application it is a great advantage if
the compound possesses S; phase at room temperature

so our first task was to produce such compounds.
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COMPOUNDS

The general structure of the 4-(2'-methylbutyloxy)-
phenyl-4-alkyloxy-benzoate homologues (MBOPENOBA)
is as follows (n=8 to 12)

X
CnH2n+lD-<C:j>_CUO_<C:j>_O_CHZ—? H—C2H5
CH3

(The asymmetric centre is marked with an asterisk.)
The types of mesomorphic phases and the phase tran-
sition temperatures of these compounds are listed
in Table I.

TABLE I Mesomorphic phases of MBOPENOBA

n Crg Cr, Cr, sé 5, Ch I
! 24.8°  36.8°  39.5%  (37) 54 67
5§ -~ 44 - (42) 58 60
10 - 44 - 47 65 67
il = 46 - 49 g5 =
B 12 - se.1Y a6.1Y  (46) 66 -

The transition temperatures are given in oc
( ) monotropic transitions

number of C atoms in alkyloxy chain
§ Calorymetric data

The phase transition temperatures of the A com-
pound are somewhat different from the data publis-
hed earlier.2 We explain the differences with the
presence of an intermedier substance which apart

from affecting the phase transition temperatures
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extends the range of the chonlesteric phase.

The phase transition temperatures were deter-
mined hy a universal polarizing microscope (Zeiss
Amplival) equipped with a heating stage. It was ob-
served that none of the compounds has the chiral
5: phase at room temperature therefore the binary
mixtures of the compounds were also investigated.
The most interesting phase diagram is shown in
Fig.l. The mixture, called Fk4, containing 60% by
weight of the compound with n=8, i.e. compound (A),
and 40% by weight of n=12, i.e. compound (B), ex-
hibits the S? phase around room temperature so this
mixture was éhosen for further investigation. (The

mixture with B80% of component A shows solidification

T(C) T(°C)

Sa *
40"‘ o & 40
[ ] . [ ] ’cr
209 SC4._ -20
Cr- o
)
0
A W% B

FIGURE 1. Phase diagram of MBOPEB0OBA and
MBOPE120BA mixture
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at room temperature). The phase sequence of Fké4

compounds reads

0 0 0

1&g 29°¢ 63°¢C 67°C

xd————»qu——»S -» -]

5T C A

Here the standard notation was used.

PITCH AND SPONTANEOUS POLARIZATION

In addition to the appropriate temperature inter-
val the pitch and the spontaneous polarization are
the most important material characteristics of SE
substance.

The pitch can be measured by observing the stripe
structure with an ocular micrometer attached to
the polarizing microscope}. Either nonoriented
samples with a fan-shaped texture, (Fig.2a) or

planar oriented cells (Fig.2b) can be used for

a. fan-shaped b. planar

Figure 2. Textures of the Fk4 mixture in the S; phase.
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this purpese. In the case of the Fk4 mixture the
pitch is approximately 5 sum at 1=23°C.

In order to measure spontaneous polarization
one has to prepare a planar oriented sample (smec-
tic layers are perpendicular to the bounding sur-
faces). We oriented the sample by the shear methodll
which yields good quality alignment (Fig.2b).

The spontaneous polarization was determined from
the P-E hysteresis loop. A typical experimental
curve 15ishoWn 1A Fig. 5. ;

Our loop tracer5 consisted of a Diamant bridge6
which is connected to a microcomputer allowing
measurements at low frequencies (1-10 Hz). The
temperature dependence of the spontaneous polariza-
tion of the Fk4 mixture is shown in Fig.4. It
reaches a maximum value of PS=1.6x10-55% at 1=19°C.
Similar values were found for some members of the

’erltlcnl field

FIGURE 3. Typical hysteresis curve.
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FIGURE 4. Temperature dependence of the spontaneous
polarization of the Fké4 mixture.
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FIGURE 5. Temperature dependence of coercive, critical
and saturation voltages of a 60 /um thick Fk4 sample.
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same homologous Series7. It is worth noticing that
the measured values of the spontaneous polarization
depend strongly on the quality of the planar orien-
tation of the cell. Any deterioration of the align-
ment leads to an effective decrease of the polari-
zation.

From the hysteresis curves which are similar to
that in Fig.3 the coercive Uc’ the critical Ucr’
and the saturation US voltages were determined for
a 60 ,um thick sample. Each parameter shows a

marked increase with decreasing temperature (Fig.5).

DIELECTRIC PERMITTIVITY

Experiments have been carried out on 1 mm thick
aligned samples of the n=10 member of the homologous
series (see above) as well as on the binary mixture
Fk4. Orientation was established by slow cooling of
the sample in a magnetic field of~ 1T, from the

isotropic to the S, phase. Further cooling through

the TAE* point wasAcarried out with no magnetic
field.

Static dielectric permittivity data are shown
in Figs. 6 and 7 for the one-component system and
the binary mixture respectively. Points are given
for all phases observed in two directions, viz.
parallel and perpendicular to the magnetic field.
Data are well reproducible for both directions in
the SE phase also, where Il 1labels the direction
along the smectic layer normal while L lies within
the layer.

The dielectric anisotropy is negative for both
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samples and the temperature behaviour of hoth £
and £,shows no anomaly around the phase transitions
for 5 kHz, which is the usual frequency for the
static permittivity measurements8

Figure 7 shows points measured at 20 Hz around
TACX for the perpendicular alignment. The differ-
ence in 5, between £, (5kHz) and €,(20 Hz) can be
explained by the conductivity effect. The deviation

€
o A 5kHz
75 0 20 Hz
v
A

50

.

-
A

“A
THsO+ + + + + + ++ ++ +‘#‘MM
4.5
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i IkA‘
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i - Ch
3.5 S('; T ' Sa . f? | | N
30 40 50 60 70 T/°C

FIGURE 6. Static dielectric permittivity for MBOPE100BA
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decreases with decreasing temperature. The strong
increase of €,(20 Hz) at TACX is Connected9 with the
appearance of the new dielectric mode (Goldstone

mode) in the ferroelectric phase.

"
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FIGURE 7. Static dielectric permittivity for Fké4 mixture
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Dispersion measurements were carried out for
all observed phases in both alignments in the fre-
quency range 20 Hz - 100 kHz. The parallel orienta-
tion exhibited dispersion connected with the rota-
tional diffusion of the molecules around their short
axis was found. The dispersion is of Debye type.
Arrhenius plots of critical frequencies are shown
in Figs.8 and 9 for SA’ Sé and S? phases. In Fig.9,
at the sé - S’I‘ phase transition, f_ exhibits a
change of about one order of magnitude, represen-
ting a similar behaviour to the one found earlier8
for nonchiral substances that exhibited a transi-
tion from a two-dimensional liquid type smectic

structure (SA or SC) to a hexagonally ordered layer

fo/Hz

'\
105—_ )

>

1 Tac
\
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®
4 \
10 ——¥—
30 31 32 (y7)x10°

FIGURE 8. Arrhenius plot of the critical frequency for
the parallel alignment of MBOPE10OBA.
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FIGURE 9. Arrhenius plot of critical frequency for the
parallel alignment of Fké4 mixture.
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system (SB or SI).

The frequency dependence of the permittivity in
the perpendicular alignment of the Fk4 binary mix-
ture is demonstrated in Fig. 10a,b. Figure 104a
shows the imaginary part of the permittivity versus
frequency in the cholesteric and smectic A phases
of the binary mixture. No significant dispersions
were found in these two phases.

The general expression for the frequency de-

pendence of the dielectric loss E£"(f) is

) - G 3 i o
0 i f
l+—7 C
f
C
where: G - conductivity
CO - geometric capacity
(E,-€,) - dielectric increment

f - critical frequency of a Debye type
dispersion.

When f <<fC (for frequencies far below the disper-
sion region) the dielectric loss has a pure conduc-
tivity character:

log £"=1og 72— - logt (2)
0

and we get a straight line for a log ¢'(logf) plot
with a slope of -1 which is exactly the case for
Fig.lta:

The dielectric loss versus frequency for the

%
5S¢

and S; phases of the Fk4 compound can be seen
in Fig.10b. In the 10°- 10

’Hz region of the 6:
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FIGURE 10. Dielectric loss versus frequency in the
perpendicular alignment of Fké.
a. CQ and S pgases
b. S, and SI phases, (II) corresponds

to a parallel alignment measurement
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curves one can see the influence of the dispersion
recorded in the parallel alignment. The molecular
rotation around the short axis is expected to have
an effect in the perpendicular alignment of tilted,
biaxial Systems8 for geometrical reasons,as long as
the direction of the electric field in either align-
ment ( Il or 1) does not correspond to the easy direc-
tions (main directions of the dielectric tensor) of
the biaxial structure.

To demonstrate this effect, among the perpen-
dicular curves Fig.10b shows one 6; , that is the
continuous line (II) measured at 21.5°C in the SS
phase. Line (1) is the corresponding perpendicular
plot. The critical frequency of the dispersion for
6»15 2.4 kHz and its effect can clearly be seen
on curve I .

The low frequency end of the Ei(f) curves in
Fig.10 shows a definite conductivity behaviour
similarly to the Ch and SA phases. The slope of the
log Gi(logf) line did not change by cooling from 5,
to S}

C
electric phases. This suggests that the Goldstone

and ¥, indicating that €~f even in the ferro-

mode associated with the increase of 6lwith de-
creasing frequency in the ferroelectric phases
(see Fig.7) cannot be described by a Debye process.
Although we wish to emphasize that the expected
effect in El (which is about half of that found for

81) is rather small, even so it should still be
seen in Fig . 10 at least as an increase in the
slope of the lines.

The same conclusions could be drawn from the

frequency dependence of the perpendicular permit-
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tivity of the single component system.

ELECTROOPTICAL RESPONSE

Unwinding threshold voltage

In the absence of electric field a thick planar
oriented SE sample exhibits a stripe structure as
observed between crossed polarizers under the
microscope (Fig.2b). If a large enough DC or AC
electric voltage is applied to the sample the
stripes disappears, the helix unwinds and a uni-
formly aligned planar SC texture resultsll‘Figure
11. shows the frequency dependence of the unwinding
threshold amplitude Uth of the sine-shaped AC volt-
age for the Fk4 mixture at 7=24°C. Below 1 Hz there
is only a slight difference between the DC thresh-

ulv]

A
1201 T:24.5°C
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01 02 05 1 2 5 10 20 50 100 200 f[Hz]

FIGURE 11. Frequency dependence of the unwinding thresh-
old voltage for a 60 /um thick Fk4 sample.
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nld and AC threshold which grows up around fr ~7 Hz
and goes to a saturation at high freqnenciestl2

This behaviour may he due to the different unwinding
mechanisms in the low and high frequency regions.l3
It is also worth mentioning that at low frequencies
the stripes can reappear during each periond when

the momentary value of the AC voltage decreases
below the threshold value.

In Fig.12 a comparison is given between the

ulvl
1204 @ saturation voltage T:245°C
o critical voltage
A coercive voltage
100 = unwinding threshold ]
80— [ s ‘
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Q x
T T T  § 3 T LN T T T | »
o 2 4 6 8 10  f[Hz]

FIGURE 12. Frequency dependence of the unwinding thresh-
nJd, coercive, critical and saturation volt-
ages for a 60 /um thick Fk& sample.
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unwinding threshold voltage Uth and the coercive Uc’
critical UC and saturation US ones. It can be seen
that the Uth’

essentially corresponds to UCr determined from the

r
which was measured by the microscope,

hysteresis loop (c.Fig.3).

Switching time

If a bipolar square wave shaped voltage is applied
to the planar oriented S; sample there will be a
periodic switching between two states supposing that
the amplitude of the applied voltage is higher than
the unwinding threshold. Both states have homogene-
ous textures which can be characterized by the spon-
taneous polarization pointing up and down respecti-
vely throughout the sample. If the cell is placed
between crossed polarizers and is illuminated by a
laser beam, the transmitted intensity changes ac-
cording to the switching which can be monitored by
a photodiode allowing the measurement of the
switching times.

We applied a symmetrical bipolar square wave to
the sample and found that the switching time at the
rising and falling edges are equal. This indicates
that in the absence of electric field there is a
symmetrical antiparallel molecular alignment at the
~bounding plates. Figure 13 shows the temperature

dependence of the switching time for a 60 sum thick
Fk4 sample using an applied electric field E:106 %.
T increases by about an order of magnitude while
the temperature decreases from TAC:29DC to TCI:léoC.
For a large electric field the switching time T can

be approximated by the expression T = ﬁlﬁ where
s
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FIGURE 13. Temperature dependence of the switching
times for a 60 /um thick Fk4 sample

is the orientational viscosity and PS is the spon-
taneous polarization.l Using this expression we
can combine Figs.13 and 4 to calculate the orien-
tational viscosity coefficient. As can be seen in
Fig.l4, % increases by about an order of magnitude
when cooling down through the Sé phase. Plotting
1nﬁ against % one can see that i1t can be approxi-
mated by a linear relationship except in the neigh-
bourhood of the SA"SE phase transition. It sug-
gests that the rotation of the director around the
helical axis may be a thermally activated process,

however the situation is more complicated near the
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phase transition.
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FIGURE 14. Temperature dependence of the orientational
viscosity coefficient. 1
a. %(T) curve, b. 1nt(3) curve
ELECTROMECHANICAL PROPERTIES

As we have already mentioned these materials exhibit
14
In

our experimental set-up one of the plates of the

an electromechanical effect in the SE phase.

planar oriented sandwich cell is connected to the
membrane of a loudspeaker. Under the influence of
an AC electric field this plate oscillates in a
direction perpendicular to both the field and the
helical axis. The frequency of the oscillation
equals that of the applied field, and the amplitude
of the displacement as measured by a ceramic pick-up
is proportional to both the amplitude and the fre-
quency of the field if f£300 Hz. This indicates that
the effect is linear. In a 10 ,um thick Fk4 sample
we could detect a maximum vibrational amplitude of
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about 5 Jum at £=750 Hz and U=25 V. We should like
to emphasize that the linear electromechanical
effect exists in the ferroelectric phase, as can bhe

seen in Fig.15.

v(mV)

5of Uu=25Vv

f =500 Hz Y-
40 .
304 L]

20 ®

10- ®

T T T T T T T T

16 18 20 22 24 26 28 30 T(°C)

FIGURE 15. Temperature dependence of the electromechani-
cal effect. V is proportional to the
displacement

In this paper we should like to draw attention

to the inverse electromechanical effect which has also
been observed. When a planar oriented Sé sample
is subjected to a shear flow by moving the plates
relative to each other in a direction parallel

to the smectic layers, an electric voltage can be

detected on the electrodes (Fig.16). Such a shear
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FIGURE 16. Inverse electromechanical effect in planar
Fk4 sample. Lower curve corresponds to the
shear, the upper one to the detected
voltage

induced polarization has previously been observed

only in homeotropic SE samples.15
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