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Abstract—znS QDs (Quantum Dots) were dispersed in an FLC
mixture (SCE4). The dispersion of QDs in FLC causes enhanced
Photoluminescence, which can be attributed to the high molecular
orderning of the composite system induced by QDs. FWHM (full width
half maxima) values of peaks reveal that the presence of QDs in an FLC
material faours the NB (near band) emissions. The POM (Polarizing
Optical Microscope) images confirms the change in the alignment of
FLC molecules after the dispersion of QDs.

The combination of LCs with nanomaterials has been
studied widely in the recent years. The amalgamation of
nanomaterials in Liquid Crystals (LCs) is a novel method
to improve the various properties of LCs [1-3]. The
ferroelectric liquid crystal (FLC), usually referred to as a
chiral smectic C (SmC¥*) phase, has characteristic features
like fast response time, low threshold voltage, good
optical contrast, etc [4-5]. In the recent years more and
more studies focused on the optical properties of FLCs
have been carried out. In the present paper, a ZnS
quantum dot has been dispersed in an FLC material
(SCE4). The changes in the PL and optical properties
after the dispersion of QDs have been analyzed. We have
observed an almost threefold enhancement in the PL
intensity for the QDs — FLC composite. The Gaussian fit
of the PL peak of FLC and QDs — FLC composites has
been done to obtain the components of the PL peak. The
FWHM (full width half maxima) of peaks were found to
be decreased, which indicates that the presence of QDs
are favouring the NB (near band) emissions in the
composites.

The sample cells used in the present study were
prepared by using indium tin oxide (ITO) coated glass
plates. The thickness of the sample cells was maintained
Sum by using Mylar spacers. ZnS is a typical II — VI
semiconductor, it is widely used as a phosphor material
and in thin film electroluminescent devices [6]. The phase
sequence of the FLC material (SCE4) used here is as
follows:
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Cryst., SmC*, SmA, N*, Iso. at 10°C, 57°C, 88°C, 122°C
The ZnS QDs — FLC composites were prepared by
dispersing an appropriate amount of ZnS QDs {Mix.1
(0.25 wt. /wt. %) and Mix.2 (0.5 wt. /wt. %)}into a pure
FLC material and homogenized by an ultrasonic mixer for
1 hr at 122°C. The PL spectra of all the samples were
recorded using a Perkin Elmer LS55 luminescence
spectrophotometer equipped with a Xenon discharge lamp
of power equivalent to 20kw for 8ms duration, as an
excitation source with slit width (5nm in our case) at room
temperature.

The optical micrographs of a pure FLC and QDs — FLC
composite were taken using a polarizing microscope
under crossed polarizer conditions in a planar aligned cell
as shown in Figs. 1(a), (b) and (c). It is clearly observable
from the POM images of the pure and QD — FLC
composite that the surface morphology or the alignment of
the pure FLC has been significantly changed after the
dispersion of QDs. The change in the alignment of a pure
FLC material with the addition of QDs is mainly due to
the molecular alignment ability of QDs [7]. It is expected
that the change in the molecular alignment also affects the
optical property (like Photoluminescence) of FLC as
phtoluminescence of any material depends upon the
surface properties of that material. In the present study,
the presence of QDs significantly changes the surface
property (molecular alignment) and leads to subsequent
changes in the PL properties of QDs — FLC composites.
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Fig. 1. Polarizing optical micrographs (POMs) of planar aligned
samples of (a) pure (b) Mix.1 and (c) Mix.2 taken at 35°C under crossed
polarizer conditions.
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The PL emission of a ZnS quantum dot has been
represented in Fig. 2. Quantum dots emit strongly with a
maximum at 420nm with an excitation wavelength of
350nm. The blue emission centered at 420nm is
associated with the luminescence from the self-activated
centers. These centers have often been attributed to
crystal lattice vacancies [8].
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Fig. 2. PL emission spectra of ZnS quantum dot.

The PL emission plot of the FLC material and QDs —
FLC composite at a 350nm excitation wavelength is
depicted in Fig. 3(a). It can be seen that the FLC material
emits strongly with a maximum at ~394nm. Emission
spectra are broad in nature and composed of three
submerged components, as presented in Fig. 3 (b).
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Fig. 3. (a) Photoluminescence spectra of FLC material and QDs — FLC
composites. (b) The de-convoluted PL spectra of FLC material.

The de-convoluted spectra obtained from the Gaussian
fit for the PL peak of the FLC material have three
submerged components centered at 384, 404, 425nm.
SCE4 FLC material is a mixture of molecules with
different substituents. The three emission peaks of the
FLC material show that different components of
ferroelectric liquid crystal are contributing to the
photoluminescence property of the ferroelectric mix. The
wavelength band from 380-450nm corresponds to the
violet region of visible light electromagnetic spectra.
Three different emission peaks predict that all the three

http://www.photonics.pl/PLP

have the same origin with a slight change in the molecular
structure of the PL sources [9].

PL emission spectra of QDs — FLC composite depict a
substantial increase in the intensity of PL emission of an
FLC material after the dispersion of QDs. It seems that the
emission bands of the FLC material have been modified
and shifted by the dispersion of the ZnS quantum dot. The
PL emission for Mix.1 and for Mix.2 was found to be
centred at 395nm and 396nm, respectively. The de-
convoluted PL spectra for both the composites are shown
in Fig. 4(b) and Fig. 4(c).
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Fig. 4. (a)-(b) De-convoluted PL spectra of Mix.1 and Mix.2.

The fitted PL peak spectra for mixtures again result in
three emission peaks. For Mix.1, the position of peak has
been found to be at 384, 405, 427nm, respectively.
However, for Mix.2 the peaks are centered at 386, 406,
432nm, respectively. The PL intensity for the QD
dispersed FLC has been enhanced by almost threefold for
Mix.2. Such a large enhancement can be attributed to high
molecular ordering due to the presence of a quantum dot.
It means that a high dipole moment of QDs [10] leads to
additional orderning of an FLC molecule, which
subsequently affects the surface morphology of the
composite system as discussed earlier in the manuscript.
So it can be concluded that the emission from the QDs is
combining constructively with the emission from the
highly scattering phase of the FLC material due to the
high orderning of an FLC molecule in the composite
system [11]. We found no emission peak related to the
pristine QDs in the PL spectra of the zZnS - FLC
composite system. This indicates that the QDs based FLC
composite shows different PL properties rather than
individual constituents. The intensity of emission peaks
strongly depends on dopant concentration. A higher
concentration of QDs leads to a higher ordering in the
system, consequently higher PL intensity [12].
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Fig. 5. Variation in the wavelength of the three components of a PL
peak with a variation in the conc. of QDs (wt./wt. %) in a host FLC
material. 1, 2, 3 refer to PL peak components as depicted in the de-
convoluted spectra of an FLC material and QDs — FLC composites.

It has been observed that the position of first and second
emission peaks has been shifted towards a higher
wavelength by about 1 or 2nm for QDs - FLC composites.
However, the position of a third emission peak has been
red shifted by about 8nm for Mix.2. This indicates that the
concentrations of QDs plays an important role in
modifying the properties of the host. The FWHM (Full
Width Half Maximum) value of all the emission peak has
been presented in the following Table.

FWHM (nm) Peak 1 Peak 2 Peak 3
of the peaks —
Pure FLC 25 43 71
Mix.1 25 41 69
Mix.2 22 38 65

It can be seen that the FWHM value of all the emission
peaks has been decreased for QDs - FLC composites. The
emission peak having FWHM < 25nm corresponds to the
NB (near band) Emission and FWHM>25nm is mainly
due to surface defect level transitions [13]. It has been
reported by Lupon et al. and Bae et al., that FWHM <
25nm is mainly due to direct transitions of electrons
between the conduction band and valence band tails [14-
15]. However, defect levels are shallow levels with
respect to the band edges. The small decrease in the
FWHM value for QDs - FLC composites predicts that in
the present study QDs are supporting radiative emissions
from bands rather than defects levels of an FLC material.

In brevity, it can can be concluded that the dispersion
of ZnS QDs into the host FLC material changes its optical
parameters. A change in the aligment of FLC molecules in
composites has been reflected in their PL profile. The PL
intensity has been enhanced significantly and it has been
found that the QDs favour the NB (hear band) emissions
in the composites.Thus the present study provides a better
understanding of the optical properties of QDs - FLC
composites for the development of display technology.
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