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We have studied the doping effect on the photo-pyroelectricity of ferroelectric liquid crystals
(FLCs) with nonlinear optical chromophores. For a FLC mixture of SCE 13 doped with 4-
dimethylamino-4 nitro stilbenes (DANS), it is found that the paraelectric-ferroelectric (PA-FE)
phase transition temperature, Tc, becomes lower with increasing the concentration of DANS. Under
a dc bias electric field, the enhancement of the pyroelectricity in the PA phase (above Tc) of the
doped SCE 13 is much larger than that in the FE one. The doped FLCs are expected to be useful
for thermal detection and imaging applications.

I. INTRODUCTION

The pyroelectricity in ferroelectric liquid crystals
(FLCs) [1–4] has attracted great interest in the use of
these materials for thermal detection of infrared radia-
tion and infrared imaging. It is a fundamental property
of ferroelectric materials and originated from the change
in the spontaneous polarization with temperature. The
pyroelectric coefficient γ is defined as the rate of change
of the spontaneous polarization Ps with temperature T
(γ = dPs/dT ). For high voltage responsivity, a large
value of γ/ε′ is needed [5]. Likewise, the signal-to-noise
is governed by γ/ε′′. Here, the dielectric constant ε is
given by ε′+iε′′. Therefore, a smaller ε and a larger γ are
required for better figures of merit, i.e., γ/ε′ and γ/ε′′.
Moreover, temperature independence of these quantities
is highly desirable.

Most ferroelectric solids such as BaSrTiO3 and
PbTiO3 possess very large values of Ps but show the di-
vergence of ε on approaching the critical temperature, Tc,
for the paraelectric (PA)-ferroelectric (FE) phase transi-
tion. Unlike ferroelectric solids, FLCs exhibit no catas-
trophic divergent behavior of ε at the ferroelectric, smec-
tic C* to the paraelectric, smectic A phase transition.
For practical applications, however, the magnitude and
temperature dependence of the pyroelectric properties of
these materials need to be improved by molecular engi-
neering [6–8].

In this paper, we have studied the doping effect on the
photo-pyroelectric properties of a FLC with nonlinear
optical chromophores. For SCE 13 (British Drug House)
doped with 1 % to 5 % of 4-dimethylamino-4 nitro stil-
benes (DANS) in weight, it is found that Tc becomes
lower with increasing the concentration of DANS. Above
Tc, γ shows a maximum at a certain concentration of
DANS (about 2 %) while below Tc, it remains fairly con-
stant. The dielectric constant ε is found to be almost

independent of the DANS concentration.

II. EXPERIMENTAL

The FLC materials used in this study were the un-
doped SCE 13 and doped SCE 13 with DANS of 1 %
to 5 % in weight. The phase transition sequence of the
undoped SCE 13 is as follows: paraelectric smectic A
→ (60.8 ◦C) → ferroelectric smectic C* → (−20.0 ◦C)
→ crystalline. The sample cell was made of patterned
indium-tin-oxide glass substrates (0.8 cm×0.8 cm). The
cell thickness was maintained by glass spacers of 10 µm.
Two inner sides of the glass substrates were coated with
polyimides of 300 Å, followed by rubbing, so that the
homogeneous alignment of LC was promoted [9]. The
LC was filled in the isotropic state, and cooled into the
mesophase. Electric contacts were made directly to the
internal surfaces of the glasses to apply an external elec-
tric field. The sample cell was mounted in a hot stage
(Mettler FP 90) for temperature control, and the tem-
perature fluctuations were approximately 0.05 ◦C. For
uniform alignment of both the FLC molecules and smec-
tic layers, the sample was cooled down at a rate of
0.1 ◦C/min into the ferroelectric phase.

The pyroelectric response of each sample was mea-
sured using the dynamic Chynoweth technique [10]. A
laser diode with the wavelength of 830 nm and the in-
tensity of about 100 mW was used as a light source.
The sample cell was periodically heated at a frequency
of ω = 100 Hz by a chopped light source. The ac pyro-
electric current, generated from the sample in response
to the heating, was measured with a lock-in amplifier
during heating or cooling of the hot stage. The mea-
sured current i(ω) is given by Aγ(dT/dt) where A is the
area of the electrode, and dT/dt is the rate of the heating
of the sample which depends on the cell geometry, the
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Fig. 1. The photo-pyroelectric currents of a doped SCE
13 with 2% of DANS in weight as a function of temperature
at various dc bias electric fields.

absorption of the light, and the thermal relaxation time
with the cell walls. Since the quantity AdT/dt is not
known, a calibration procedure must be adapted for the
spontaneous polarization Ps. For the undoped SCE 13,
the measured value of Ps = 20.4 nC/cm2, using a trian-
gular wave method, at 41.0 ◦C was used for calibrating
the current i.

Fig. 2. The variations of the paraelectric-ferroelectric
phase transition temperature Tc with the doping concentra-
tion of DANS in weight.

Fig. 3. The pyroelectric coefficient γ and the dielectric
constant ε′ at (T − Tc) = ±5 ◦C as a function of the doping
concentration of DANS in weight. The open and filled sym-
bols denote γ and ε′, respectively. The circular and triangular
symbols represent the data measured at (T −Tc) = 5 ◦C and
at (T − Tc) = −5 ◦C, respectively.

III. RESULTS AND DISCUSSION

Figure 1 shows the pyroelectric currents of the doped

Fig. 4. The pyroelectric coefficient γ of the undoped SCE
13 and the doped SCE 13 with 2% of DANS in weight at
(T − Tc) = ±5 ◦C as a function of the bias field. The open
and filled symbols denote the undoped SCE 13 and the doped
SCE 13, respectively. The circular and triangular symbols
represent the data measured at (T − Tc) = 5 ◦C and at (T −
Tc) = −5 ◦C, respectively.
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SCE 13 with 2 % of DANS as a function of temperature
for various bias electric fields. As expected, the pyroelec-
tric current exhibits a divergent behavior at the PA-FE
phase transition. The dielectric divergence was found to
be less profound than the pyroelectric response at the
transition. The qualitative features of the undoped SCE
13 were quite similar to this doped sample except for
the enhanced pyroelectric response in the PA state un-
der a relatively high bias voltage. Above a certain bias
voltage (≥ 35 V), the dipole moment of the individual
DANS molecule seems to experience reorientation in the
PA state. This is reflected in the pyroelectric current at
temperatures above 70 ◦C as shown in Fig. 1.

The effect of the DANS concentration on Tc is shown
in Fig. 2. Tc decreases linearly with increasing the con-
centration. This indicates that the tuning of the pyro-
electricity and its temperature range can be controlled by
the concentration of an appropriate doping agent. Fig. 3
shows γ and ε′, measured at (T − Tc) = ±5 ◦C, as a
function of the DANS concentration. In the FE phase, γ
remains fairly constant while it has a maximum at a cer-
tain concentration (about 2 %) of DANS in the PA phase.
This may be attributed to the subtle change in the in-
termolecular interactions between the DANS molecules
in the FLC environment [11,12].

Fig. 4 shows γ of the undoped SCE 13 and the doped
SCE 13 with 2% of DANS in weight at (T −Tc) = ±5 ◦C
as a function of the bias electric field. Under a dc bias
field, it is clear that the pyroelectricity of the doped
SCE 13 is greatly enhanced above a certain field strength
(about 5 V/µm) in the PA as well as in the FE phases.
In the PA phase of the doped SCE 13, γ stays constant
in the low field regime, increases almost linearly with the
field, and becomes eventually saturated in the high field
regime. This manifests itself the reorientation process
of DANS in the FLC medium; hindered rotation, par-
tial reorientation, and complete reorientation. It may
be then concluded that considerable improvement in py-
roelectricity of FLCs can be anticipated with structural
modifications of the constituent molecules or introduc-
tion of a proper dopant into them.

IV. CONCLUDING REMARKS

We have studied the doping effect on the photo-
pyroelectric properties of FLCs with nonlinear opti-
cal chromophores. It was found that the paraelectric-
ferroelectric phase transition temperature becomes lower
with increasing the concentration of the dopant. The
material figures of merit can be tuned by controlling the
doping concentration and a dc bias electric field. Over
conventional ferroelectric solids, doped FLCs have sev-
eral advantages such as non-catastrophic divergence of
the dielectric constant near the phase transition. These
materials seem promising for the use in the area of ther-
mal detection and imaging of infrared radiation.
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