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Synthesis and Optical Properties of New 
Ferroelectric Liquid Crystals: 
(S) -( + )-Met h y 1-2- but y I -[4 ’ - (4-n - 
al koxybenzoyloxy) benzil idenel-4- 
aminobenzoate and (S) ( + )-Methyl-2-butyl- 
[4’-(4-n-alkoxycinnamoyloxy) benzilidenel- 
4-aminobenzoate 
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88.000 Florianopolis, SC, Brazil 

and 

T. R. TAYLOR and TEODOSIO KROlN 
Departamento de Fisica, Universidade Federal de Santa Catarina; 
88.000 Florianopolis, SC, Brazil 

(Received May 10. 1YY.3) 

Four members of (S)-( + )-Methyl-2-butyl-[4’-(4-n-alkoxybenzoyloxy)benzilidene]-4-aminobenzoate (Series 
I )  and four members of (S)-( +)-Methyl-2-butyl-[4’-(4-n-alkoxycinnamoyloxy)benzilidene]-4-amino- 
benzoate (Series 11) were synthesized. Both series show cholesteric, smectic A and smectic C* phases. 
The phase transition behavior is described and measurements of the optical tilt angle and helix pitch 
in the smectic C* phase are presented. 

Keywords: (S)-(+)-Methyl-2-bufyl-[4’-4-n-alkoxyben~oyloxy)benzilidene]-4-arninobenzoates, 
S- ( +)-Methyl-2-butyl-[4’-4-n-alkoxycinnamoyloxy) benzilidenel-4-aminobenzoates, ferro- 
electric liquid crystals, smectic C* phases 

1. INTRODUCTION 

The occurrence of spontaneous electric polarization in non orthogonal smectic 
phases consisting of chiral molecules and the electrooptical applications that result 
from this ferroelectricity have stimulated the synthesis and study of the physical 
properties of compounds containing one or more chiral centers. 

The molecules of compounds which exhibit non orthogonal smectic phases gen- 
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32 A. MERLO et al. 

erally consist of mixed aliphatic-aromatic organic systems (i.e. the absence of highly 
polar terminal groups). The central aromatic structure or core contains a number 
of polar groups. The core functional groups normally give a resultant lateral dipole 
across the long molecular axis which favors the formation of smectic phases. The 
alkyl/alkoxy terminal chains normally need 7 or more carbon atoms to show non 
orthogonal phases. Molecules containing phenyl-carboxylates or phenyl-cinnamate 
groups in the core are promising candidates for development of ferroelectric phases. 
Molecules containing these groups generate compounds that have a tendency to 
exhibit smectic C phases over a considerable temperature range and frequently 
with the presence of srnectic A phases. The presence of a smectic A phase above 
the smectic C is generally an advantage as this usually makes alignment of the 
srnectic C phase easier. 

In this paper we report on four members of (S)-( + )-Methyl-2-butyl-[4'-(4-n- 
alkoxybenzoyloxy)benzilidene]-4-aminobenzoate, series I and four members of se- 
ries 11, (S)-( + )-Methyl-2-butyl-[4'-(4-n-alkoxycinnamoyloxy)benzilidene]-4-ami- 
nobenzoate. The general structure of each series is shown below: 

K = C n H Z n +  1 

n = 5 , 8 ,  10, 12 

SERIE I 

R = C n H Z n +  1 

n = 7,9, 12, 13 

SERIE I1 

2. SYNTHESIS 

The chiral starting material for the two series is (S)-( - )-2-Methyl-l-butanol, which 
is readily available in acceptable enantiomeric purity. The synthesis is carried out 
as outlined in Scheme 1. The homologous series were prepared via well-known 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
11

 1
8 

Fe
br

ua
ry

 2
01

3 



NEW FERROELECTRIC LIQUID CRYSTALS 33 

1 2 3 

W 
4 

SERIE I SERIE I1 

(a) SOCI,: (b) (S)-(-)-2-Methyl-l-butanol, Py; (c) H,, PdC. EtOH; (d) (S)-(+)-2-MethyIbutyI-Qaminobenzoate (3). 

SCHEME 1 

synthetic processes, using ethyl-p-hydroxybenzoate, p-nitrobenzoic acid, malonic 
acid and p-hydroxybenzaldehyde as starting materials. (S)-( + )-4-amino(2-meth- 
ylbuty1)benzoate (3) is a very useful reagent for preparing different compounds. 
This reagent when treated with the corresponding aldehyde undergoes a conden- 
sation reaction in high yield. 

3. MESOPHASE IDENTIFICATION 

The transition temperatures for all compounds were determined by optical mi- 
croscopy using a Leitz Ortholux Polarizing Microscope in conjunction with a Mettler 
FP-52 heating stage. The transition temperatures were also determined from DSC 
measurements using a Perkin-Elmer DSC-2 excepting the Sm C*-Sm A transition 
where the transition enthalpy is vanishing small. The transition temperatures cited 
are for bulk samples. When the thickness of the sample is on the order of a few 
microns, as in the optical measurements in the next section, there are small vari- 
ations in the Sm C*-Sm A transition temperature. 

The phases were identified by observation of textures and convergent light ob- 
servations. In all compounds, after the isotropic-cholesteric (I-Ch) transition there 
was a temperature interval of approximately two degrees with what we identify as 
a blue phase although measurements with the highest sensitivity range of the DSC 
did not show any blue phase transitions. As the temperature is lowered a cholesteric 
planar texture is observed in aligned samples with selective reflection in the visible 
spectrum. Racemic compounds showed typical nematic textures. The Sm A showed 
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34 A. MERLO er al. 

a strong tendency to assume the homeotropic texture but the focal conic fan texture 
was also observed. Convergent light observations on the homeotropic texture gave 
a centered uniaxial positive cross. The texture of the Sm C* was “homeotropic”’ 
if the preceding Sm A was homeotropic and broken fan (normally with black bands 
due to the helix) if the preceding Sm A showed the fan texture. Some measurements 
were made on the “homeotropic” Sm C* texture with an electric field applied 
parallel to the smectic layers to unwind the helix.3 With an applied electric field 
parallel to the layers and in convergent light, at the Sm A-Sm C* transition the 
centered uniaxial cross of the Sm A becomes a biaxial cross and inclines rapidly, 
eventually saturating at an angle of 20 to 30 degrees. Originally we intended to 
use this method to measure the optical tilt angle but the optical field available with 
the Mettler hot stage is too small to permit precise measurement of large tilt angles. 

Table I and Table I1 summarize the phase behavior as a function of temperature. 
The major difference between series I1 and series I is that almost all transition 
temperatures of series I1 are ten to twenty degrees higher than those of series I .  

4. TILT ANGLE AND HELIX PITCH 

For measurement of the Smectic C* tilt angle the compounds were sandwiched 
between two glass plates with I T 0  electrodes of 5 x 5 mm. The electrodes were 
first spin-coated using a polyvinyl alcohol solution (0.05 percent by weight) and 
baked at 125°C. The plates were then rubbed gently in one direction several times 
on a lint free cloth. The plates were mounted together with the rubbing directions 
antiparallel without spacers under uniform pressure and the sample cell filled by 

TABLE I 

Mesomorphic ranges for ser i e  I 

n K SmC SmA Ch I 

5 126.0 (109.0) 176.6 202.7 
8 0 95.6 133.9 180.8 192.2 
10 0 83.5 139.0 195.0 199.5 
12 0 76.2 140.5 177.8 178.7 

* 

TABLE I1 

Mesomorphic ranges for ser i e  I1 

n K SmC* SmA Ch I 
~ ~~ 

7 0 82.0 152.3 204.6 224.6 
9 0 5799 16498 20590 216,3 
12 0 67,O 16594 196,5 198,5 
13 0 6895 16690 19898 200,5 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
11

 1
8 

Fe
br

ua
ry

 2
01

3 



NEW FERROELECTRIC LIQUID CRYSTALS 35 

capillary action in the cholesteric or isotropic phase. The cell thickness was esti- 
mated by compensation of the interference color of aligned samples using a quartz 
wedge with determination of the interference order of the wedge by observation 
of air bubbles. Assuming a maximum birefringence of 0.2 for the smectic phases, 
we calculated that the sample thickness was less than 4 Fm. 

Planar alignment of the liquid crystal was usually done by shearing the glass 
plates in the Sm A or Sm C* although at times it was possible to obtain planar 
alignment without shearing. We almost always obtained excellent alignment close 
to the Sm A-Sm C* transition but with decrease in temperature the alignment 
quality always deteriorated. At times it was possible to regain an excellent alignment 
by shearing again at lower temperatures. 

The tilt angle was measured using the polarizing microscope and with crossed 
polarizers, a DC voltage of 15 V was applied to the cell and the microscope stage 
adjusted to give extinction. Then the polarity of the DC voltage was inverted and 
the stage adjusted to the new extinction position; the angle between the two ex- 
tinctions positions is taken to be twice the tilt angle. Although the apparent quality 
of the alignment was always excellent it was relatively common to obtain tilt angles 
that were smaller than what we knew to be the true tilt angles. Presumably, this 
indicates that there existed, at times, a layer tilt (i.e., the chevron structure) which 
gives a measured tilt angle smaller than the true tilt angle. 

Graphs of the tilt angle versus temperature are shown in Figures 1 and 2. The 

i I I I I 1 1 I I I I 

TEMPERATURE 1°C 

90 100 I10 120 130 140 

FIGURE 1 
open circle, n = 8; open square, n = 10; open triangle, n = 12. 

Smectic C* tilt angle as a function of the temperature for compounds of Series I. Symbols: 
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FIGURE 2 
open square, n = 7; filled circle, n = 9; open circle, n = 12; open triangle, n = 13. 

Smectic C* tilt angle as a function of the temperature for compounds of Series 11. Symbols: 

compounds of series I1 have a saturation tilt angle on the order of 30 to 40 degrees 
and those of series I a saturation angle on the order of 25 to 30 degrees. The tilt 
angles reported are those that we think correspond to no layer tilt (i.e., maximum 
values of the measured tilt angle) and where the same angles were measured on 
two different samples. We did not observe the presence of optical bistability under 
an electric field in these compounds. 

The Sm C* phase helical pitch was measured by the laser diffraction method. 
Alignment was obtained using the same method as in the tilt angle measurements; 
a sample thickness of 180 pm was obtained using mylar spacers. Some samples 
with a thickness of 340 pm were made to check the effect of wall anchoring on the 
measured pitch. The pitch measured with the two thicknesses was the same within 
experimental error and therefore we present results measured on 180 p,m thick 
samples. All measurements were made on cooling. The quality of the diffraction 
pattern was always good until about 20 degrees below the Sm A-Sm C* transition. 
At lower temperatures the pattern progressively deteriorates as has been reported 
previously.' 

Figures 3 and 4 show the variation of the pitch with temperature. Both series 
show similar behavior of the pitch; the pitch is on the order of 10 pm near the 
transition to the Sm A and at lower temperatures tends to a constant value of about 
2 to 4 pm. 
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FIGURE 3 
open circle, n = 8; open square, n = 10; open triangle, n = 12. 

Smectic C* helix pitch as function of the temperature for compounds of Series I. Symbols: 

n 

2 , , , , , , , , , , 1 , , , , 1 , ,  
05 110 135 I60 

TEMPERATURE/"C 
FIGURE 4 
open square, n = 7; filled circle, n = 9; open circle, n = 12; open triangle, n = 13. 

Smectic C* helix pitch as function of the temperature for compounds of Series 11. Symbols: 

5. EXPERIMENTAL 

The purity of the compounds was determined by thin layer chromatography (TLC) 
and elemental analysis (Tables I11 and IV). I.R. spectra were recorded for KBr 
discs with a Perkin-Elmer model 283 spectrometer, and *H NMR spectra were 
recorded at 60 MHz (Varian T-60). 
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38 A. MERLO et al. 

TABLE 111 

Yields and elemental analyses of series I 

Molecular Crude Found ( % )  
n Formula Yields (Required) 

X C H N 

5 C31H35N05 85 74.9 

C34H41N05 80 74.9 

(74.3) 

(75.1) 
8 

83 75.3 '3 6H4 5 N05 10 

(75.6) 
12 C38H49N05 81 76.8 

(76.1) 

7.1 

(6.9) 

7.3 
(7.5) 
7.0 
(7.8) 
8.5 
(8.2) 

TABLE IV 

Yields and elemental analyses of series I1 

Molecular Crude Found ( X )  
n Formula Yields (Required) 

X C H N 

7 C35H41N05 72 76.1 7.3 2.3 

75 76.8 7.9 2.3 
(75.8) (7.4) (2.5) 

9 C37H45N05 
(76.2) (7.7) (2.4) 

(76.8) (8.2) (2.2) 

(76.9) (8.3) (2.2) 

'4 OH 5 1 No 5 80 76.7 8.0 2.3 

'4 lH 5 3N05 82 77.0 8.2 2.3 

12 

13 

The 4-n-alkoxybenzoic acids were obtained from ethyl-p-hydroxy benzoate under 
standard Williamson esterification conditions. The corresponding acid chlorides 
were prepared by treatment of the acid with freshly distilled thionyl chloride. 

The 4-(4'-n-alkoxybenzoyloxy)benzaldehydes were prepared by the methods of 
Reference 5 .  

(S)-( + )-4-amino(2-methylbutyl)benzoate (3) was prepared by methods described 
in the literature."' Data: [(.ID = 13.9" (C 3.9 g CHCI,); m.p. 45-46°C. 'H NMR 
(CDCl,, TMS, 60 MHz): 6 = 0.9 (m, 8H); 1.3 (m, 1H); 4.1 (d, 2H, J = 7 Hz); 
4.3 (s, 2H); 6.7 (d, 2H, J = 8 Hz); 7.99 (d, 2H, J = 8 Hz). 

The 4-(4'-n-alkoxycinnamoyloxy)benzaldehydes were prepared by the methods 
of Reference 8. 

The Schiff Bases were prepared by standard methods and purified by chroma- 
tography on silica gel and recrystallized several times from ethanol or a mixture 
of hexane and benzene. 

Physical data for series I ,  n = 10. 'H NMR (DCCl,, TMS, 60 MHz): 6 = 0.89 
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NEW FERROELECTRIC LIQUID CRYSTALS 39 

(2t, 6H, J = 6.3 Hz, -2CH,); 1.02 (d, 3H, J = 7.6 Hz, -CH,); 1.13-2.13 (m, 

= 7.0 Hz, -OCH,); 7.17 (d, 2H, J = 8.0 Hz, Arom.); 7.30-8.43 (5d, 10H, J = 
8.0 Hz, Arom.): 8.67 (s, lH,  -CH=N). I.R. (KBr): 2950,2850,1720,1600, 1500, 
1450, 1380, 1250, 1190, 1160, 1075, 720 cm-'. 

Physical data for series 11, n = 13. 'H NMR (DCCl,, TMS, 60 MHz): 6 = 0.90 
(2t, 6H, J = 6.2 Hz, -2CH,); 1.02 (d, 3H, J = 7.6 Hz, -CH,); 1.12-1.87 (m, 

19H, -(CH2-)9, --CH-); 4.13 (t, 2H, J = 7.0 Hz, -CH,O-); 4.30 (d, 2H, J 

25H, -(CH2)12, -CH-); 4.05 (t, 2H, J = 7.0 Hz, -OCH2-); 4.20 (d, 2H, J 
= 7.0 Hz, -OCH,--CH-); 6.53 (d, HA, J = 16.0 Hz, -CFI, = CH,-); 7.73 
(d, H,, J = 16.0 Hz, -CH, = CH,-); 7.04-7.70 (dd, 4H, J = 8.1 Hz, Arom.); 
7.33-8.28 (dd, 4H, J = 8.0 Hz, Arom.); 7.34-8.35 (dd, 4H, J = 8.0 Hz, Arom.); 
8.59 (s, H, -CH=N-). I.R. (KBr) 2950, 2850, 1720, 1600, 1550, 1450, 1380, 
1250, 11190, 1160, 1075, 720 cm-'. 
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