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Frederiks Transition in the Nematic and Smectic
A Phases of Polar Thioesters

J. CHRUŚCIEL,1 J. CZERWIEC,2 M. JAGLARZ,2

M. MARZEC,2 A. WAWRZYNIAK,2

M. D. OSSOWSKA-CHRUŚCIEL,1 AND S. WRÓBEL2

1Institute of Chemistry, Siedlce University of Natural Sciences and
Humanities, Siedlce, Poland
2Institute of Physics, Jagiellonian University, Kraków, Reymonta,
Poland

Dielectric and electro-optic properties of two homologues of 4-chlorophenyl 40-n-
alkoxythiobenzoates, showing nematic and smectic A phases with positive dielectric
anisotropy, were studied. Planar alignment of the nematic was obtained upon slowly
cooling from the isotropic phase using ITO planar cell. Upon further slowly cooling
to the smectic phase one can obtain its planar texture. Reversible Frederiks tran-
sition was observed for nematic phase in AC field. It is possible to measure the splay
elastic constant which changes discontinuously at the nematic-smectic A transition.
However, in the smectic phase Frederiks transition was irreversible and the threshold
voltage was much higher.

Keywords Conductivity anisotropy; dielectric anisotropy; Frederiks transition;
planar and homeotropic texture; splay elastic constant; threshold voltage

1. Introduction

Theoretically for highly polar compounds – composed of molecules with permanent
dipole moments being parallel to the long molecular axes – a rich polymorphism of
the SmA phase occurs [1]. For the compounds studied the SmA2 phase shows up
most probably (Fig. 1(b)).

Highly polar thioesters with nitro group at para position displaying only SmA
phase which exhibits irreversible Fredericks transition was studied by us before
[2]. New asymmetric thioesters with chlorine atom at para position show N and
smectic A polymorphism [3]. They exhibit positive and strong dielectric anisotropy
which facilitates Frederiks transition. In this study two principal electric permittiv-
ities and conductivities were measured vs. temperature. The elastic constant k11
was computed based on dielectric and electro-optic data.
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We have found out that the last point could be an interesting experiment for stu-
dent’s laboratory as it bears the following advantages: 1. Students can learn how a
mono-domain texture can be grown; 2. One can demonstrate that Frederiks tran-
sition is reversible in nematic phases what is very important for display application.
On the other hand in SmA phase this transition is irreversible; 3. Students can learn
that for the smectic A phase both quantities the threshold voltage and the k11 splay
elastic constant are much larger than those for the nematic phase; and 4. The charac-
ter of the nematic-smectic A phase transition can be also studied.

2. Experimental

2.1. Synthesis

We present a convenient synthesis of mesogens containing two phenyl rings and COS
central bonding, belonging to new homologous series of thiobenzoates, 4-chlorophe-
nyl 40-n-alkoxythiobenzoates, CnH2nþ1O-Ph-COS-Ph-Cl, which we refer to as nOSCl
(n denotes the number of carbon atoms in the alkoxy chain), in which the chlorine is
p-substituted in the phenyl ring.

The nOSCl compounds were synthesized according to the route shown in
Figure 2. The 4-n-alkoxybenzoic acid CnH2nþ1O-C6H4COOH, (nOB (1)) were used
as the starting compounds for the synthesis of the 4-n-chlorophenyl 4-n-alkoxythio-
benzoates (nOSCl (2)). Alkoxybenzoyl chlorides, the intermediates for the synthesis

Figure 2. Synthesis of nOSCl [a: SOCl2, toluene; b: HSC6H4Cl, (C2H5)3N].

Figure 1. Models of SmA for liquid crystalline compounds having large permanent dipole
moments along the long molecular axis [1]. a) Ferroelectric like order – positive dipole-dipole
correlation, b) Double-layer SmA phase with negative dipole-dipole correlation, c) Normal
SmA phase, d) Interdigitated SmAd phase – strongly correlated double layers due to overlap-
ping of molecules in neighboring layers.
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of nOSCl, were obtained by reaction of the 4-n-alkoxybenzoic acid and thionyl
chloride in anhydrous toluene. The final liquid crystal compounds (2) were purified
by recrystallization from ethanol, giving 80–90% yields and using gel column
chromatography. The synthesis was described in detail in [4].

The structure of the nOSCl compounds were confirmed by NMR, IR, mass and
elemental analysis. The NMR spectra were obtained using an NMR Varian 500
spectrometer (CDl3, TMS as internal standard), IR spectra were recorded by an
FTIR Nicolet Magna 760 spectrometer and a minimum of 64 co-added scans at
the resolution of 1 cm�1. The mass spectrum were obtained using a TOF MS ESþ

spectrometer. Transition temperatures were determined by complementary methods:
polarizing optical microscopy (POM), transmittance light intensity (TLI) [5] and the
enthalpy and entropy changes were determined by differential scanning calorimetry
(DSC).

2.2. DSC Calorimetry

Phase transitions were studied by means of DSC calorimetry using Perkin-Elmer
DSC8000. As found using both DSC thermograms (Fig. 3) and texture observation
(Figs. 4 (a)–(d)) both materials studied possess nematic and smectic A phases.

2.3. Texture Observation

5OSCl and 6OSCl were very well aligned in planar cells giving a uniform texture.
Since both materials exhibit positive dielectric anisotropy a reversible transition
between planar and homeotropic textures have been observed for nematic phases
(Figs. 4 (a) and (b)). In the case of smectic phase an irreversible planar-homeotropic
transition has been observed (Figs. 4(c) and (d)).

2.4. Dielectric Spectroscopy

The principal components of the dielectric permittivity tensor (Eq. (1)) were
measured by using the dielectric spectrometer based on Agilent 4294A impedance

Figure 3. DSC thermograms obtained for 6OSCl. (Figure appears in color online.)
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analyzer.

êe ¼
e? 0 0
0 e? 0
0 0 ek

8<
:

9=
;; ð1Þ

where e? is measured for planar texture, and ek - for homeotropic alignment. Both
principal conductivities (r? and rk) have also been measured. One should apply very
week measuring electric field. Two kinds of special AWAT 5 mm – cell with gold elec-
trodes were used – one cell for planar and the other one for homeotropic alignment.
The planar HG cell had gold electrodes with rubbed polymer layers, whereas the
homeotropic HT cell had electrodes covered with surfactant giving homeotropic
alignment. In dielectric measurements cells without surface treatment to obtain
proper values of the dielectric and conductivity anisotropies were also used.
Homeotropic and planar textures of the SmA phase obtained by slowly cooling from
the nematic phase are shown Figure 4.

For homeotropic alignment a strong dielectric relaxation process (Figs. 5 (a) and
(b)) was found with large activation energy characteristic for the reorientation of
molecule around the short molecular axis.

Figure 4. (a) Planar and (b) homeotropic (at 8Vp-p) texture of N phase of 6OSCl at 85�C (c)
Planar and (d) homeotropic (at 110Vp-p) texture of SmA of 6OSCl phase at 79�C. (Figure
appears in color online.)
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This dielectric relaxation process can be described by the Debye model with
conductivity term:

e�ðxÞ ¼ e0ðxÞ � ie00ðxÞ ¼ eð1Þ þ DeS

1þ ðixsÞ1�a � i
rðxÞ
eox

; ð2Þ

Figure 5. (a) Dielectric spectrum for SmA phase of 6OSCl, (b) Cole-Cole diagram for SmA
phase of 6OSCl. (Figure appears in color online.)

Figure 6. Arrhenius plots the relaxation process originated from molecular reorientation
around the short axis – (a) 5OSCl, (b) 6OSCl. (Figure appears in color online.)
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where: e(1) is the high frequency limit of electric permittivity, DeS is the dielectric
increment of the relaxation process related to reorientation around the short molecular
axis, eo is electric permittivity of free space, s is the relaxation time, a-distribution para-
meter,r-ionic conductivity,x¼ 2pn is a circular frequency ofmeasuring field. By fitting
Eq. (2) to the experimental points one can find that the Debye model (with a¼ 0.0)
describes very well the relaxation process studied for homeotropic alignment of
the SmA phase for both materials. The values of activation energies (Figs. 6(a) and
(b)) indicate that one has to do here with molecular reorientation around the short axis.

2.5. Electro-Optic Experiment

The threshold voltage was measured using an electro-optic set-up which consists of
polarizingmicroscope with INSTEC temperature controller. The transmission of light
can be measured by digital camera or recorded by a photodiode. The HG planar
electro-optic cell is heated above the clearing point of the material studied. A small
amount of degassed liquid crystal (in form of a button) is being put against the capil-
lary gap of the HG cell. One in the isotropic phase the material fills out the cell. Upon
slowly cooling one can grow a homogenous planar nematic mono-domain (Fig. 4(a))
which upon further cooling transforms into planar smectic A phase (Fig. 4(c)).

Such planar mono-domain can be switched from planar to homeotropic align-
ment when one applies an electric field equal to the threshold voltage (Vth) or higher.
The following equation allows computing the k11 splay elastic constant:

k11 ¼
U2

theoDe
p2

; ð3Þ

where: eo is electric permittivity of free space, De ¼ ekð0Þ � e?ð0Þ is the dielectric ani-
sotropy.

3. Results and Discussion

3.1. Dielectric Anisotropy

Dielectric anisotropy behaviour with temperature shows that at low temperatures
formation of double layer structures of the smectic A phase (Fig. 1(b)) takes place

Figure 7. (a) Dielectric anisotropy of 5OSCl, (b) Dielectric anisotropy of 6OSCl. (Figure
appears in color online.)
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as predicted by the theory [1]. Greater stability of the smectic double layers in the low
temperature range of the SmA phase causes bigger conductivity anisotropy
(Fig. 8(b)) and larger k11 elastic constant which saturates at low temperatures
(Figs. 9(a) and (b)).

Dielectric studies show that both compounds exhibit negative dipole – dipole
correlation in their SmA phases. As seen in Figures 7(a) and (b) the dielectric ani-
sotropy De decreases with decreasing temperature.

3.2. Conductivity Anisotropy

As found the conductivity anisotropy is negative in the SmA phase (Figs. 8(a) and
(b)) whereas for the nematic phase it is positive. It is interesting that for both phases
diffusion of ions perpendicular to the director has much smaller activation energy
(by factor 2) than parallel to the director.

The dielectric measurements show that the dielectric anisotropy (Figs. 6 (a) and
(b)) in the nematic phase fulfils Maier-Meier theory whereas in the smectic A phase
negative dipole-dipole correlation leads to its decreasing. It may be a sign of bi-layer
formation characteristic for SmA2.

Figure 8. (a) Activation energy for principal conductivities for N phase of 5OSCl, (b)
Activation energy for principal conductivities for SmA2 phase of 5OSCl. (Figure appears in
color online.)

Figure 9. Elastic constant vs. temperature – (a) 5OSCl and (b) 6OSCl. (Figure appears in color
online.)
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3.3. Elastic Constant

Dielectric and electro-optic studies allowed us to compute the splay elastic constant
(k11) for the nematic and SmA phases of both compounds. As found k11 is for the
SmA phase (Figs. 9(a) and (b)) three orders ofmagnitude higher than for nematics what
is caused by greater stability of bilayer structure due to dipole-dipole interaction.
Frederiks transition for the nematic phase is reversible whereas for the SmA –
irreversible.

As seen the elastic constant changes discontinuously at the nematic-smectic A
transition.

4. Conclusions and Perspectives

As found k11 is three orders of magnitude higher for the SmA phase than for
nematics what is caused by greater stability of bilayer structure due to dipole-dipole
interaction. Frederiks transition for the nematic phase is reversible whereas for the
SmA – irreversible.

The conductivity anisotropy (Dr) of both substances changes its sign at the
nematic-SmA transition from positive to negative which means that migration of
ions is easier within than across the layers.

The values of activation energy obtained for the substances studied on the basis
of temperature dependence of conductivity confirm the idea that the diffusion of par-
ticles inside the layers is much easier than between the layers. The activation energy
for the former process is by factor 2 smaller.
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Marzec, M., & Haase, W. (2005). Frederiks transition in smectic a Phase of a strongly
polar tioester. In: Neutron Scattering and Complementary Methods in Investigations
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