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Abstract: We present experimental results on polymer-based nanocomposites based on styrene with butyl methacrylate (SBMA)
(1:1), isothiocyanato-chalcone (ITCC) and inorganic semiconductor CdS. Thin film composite samples have been characterized by
UV-Vis absorption and photoluminescent (PL) spectroscopy, X-ray diffraction, as well as by atomic-force microscopy (AFM).
The surface of nanocomposites SBMA+10%ITCC+10%CdS films exhibits a quasi-ordered structure with conic-shaped elements
25-50 nm high, almost regularly distributed on the surface of the films. The average CdS particles size estimated from the X-ray
diffraction pattern correlates with the corresponding value obtained from the UV-Vis absorption spectrum, and was found to be in
the range 9-17 nm. The PL emission spectra have been registered at room temperature under the excitation of laser beam 337 nm
or 405 nm, both in SBMA/CdS samples as well as in NC samples made of SBMA/ITCC/CdS.

1. Introduction

Nanocomposite materials have attracted attention in
both fundamental studies as well as technical
applications. This is basically due to the possibility of
tuning of their physical and chemical parameters
through varying the size of nanoparticles.'” The
polymers are widely used in the technology of
preparation of nanocomposite materials in the quality
of matrix that serves for assembling the nanoparticles
into clusters and for avoiding the agglomeration, as a
matrix in self-assembling nanomaterials that induce
ordering and anisotropic orientation, as well as acting
as a functional element** The polymer-inorganic
nanocomposite  materials  possess  important
advantages, among them, mechanical strength, a
simple technology and low cost.'® They are
characterized by ease of processing and control of the
shape of materials, and can be prepared by different
methods of spin-coating, casting, extrusion, etc.***

Nanocomposite materials based on inorganic
semiconductors incorporated in polymeric or in glass
matrix exhibit advanced optical properties and
stability during the long time exploitation in
comparison to purely polymer-made devices.”"’
Because of the quantum confinement of electrons and
photons inorganic semiconductor nanoparticles used
in the nanccomposites exhibit physical and chemical
properties which are different from the properties of
corresponding bulk materials, and this can be used
for fine tuning of the properties of nanocomposite
structures.””"! Among various inorganic
nanoparticles CdS have received great attention
because of their attractive properties and potential for
application in photonics and optoelectronics.'>"®
Further investigation of the polymer-based
nanocomposites are equally important for
understanding the mechanism of transport and
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photoluminescence in these materials, developing of
materials with advanced characteristics, as well as for
possible minimizing the toxicity of Cd-based
materials. In the present work we report preparation
and characterization of  polymer-inorganic
nanocomposite thin films based on styrene with
butylmethacrylate (SBMA) (1:1), isothiocyanato-
chalcone (ITCC) and inorganic semiconductor CdS.

2. Experimental

The photoluminescent nanocomposites based on
styrene with butylmethacrylate (SBMA) (1:1),
isothiocyanato-chalcone (ITCC) and inorganic
semiconductor CdS were prepared by simple
chemical method'®'® using organic solvents instead
of water. The cyanato-chalcone derivate was used as
mechanical additive, as well as for chemical bonding
in the polymer, which makes the final composite
more stable. For preparation of the nanodimensional
composites we have used an aromatic chalcone with
organic polymer - isothiocyanato-chalcone. The
polymer made of styrene with butylmethacrylate
(SBMA) (1:1) exhibits the following physico-
chemical characteristics: Viscosity [77] = 0.26 Dl/g;

Vitrification 63-64°C; Flow
temperature T, = 89-90°C. Preparation of the

temperature 7, =

nanocomposites was described elsewhere.” The
composite layers were obtained on clean glass
substrates or on SnO,-covered glass substrates for
measuring of photoluminescence and
electroluminescence. The thickness of the thin film
layers was in the range 5-15 pm,

Nanocomposite thin films were characterized by
measuring UV-Vis transmission and PL spectra, by
atomic force microscopy and X-ray diffraction. The
measurements of atomic force microscopy (AFM)
were performed using a Nanoscope IIla (digital



Instruments, Santa Barbara, CA) in contact mode.
Optical transmission spectra of the samples were
registered in the range 400-800 nm on a Specord
UV-Vis spectrophotometer, to determine the energy
band gap. PL spectra of nanocomposite thin films
were measured under excitation of a laser beam 337
or 405 nm using a MDR-23 monochromator and a
photomultiplier detector. X-ray diffraction patterns
were recorded using a DRON-UM diffractometer (Fe
K, - radiation, A = 1.93604 A, -2 0 - method).

3. Discussion

Examination of prepared thin films suggests that they
contain clusters of CdS of different sizes. It was
established that the SBMA/ITCC/CdS composite thin
films exhibits a strong tendency to self-organization.
This clearly can be seen on nanocomposite thin films
SMBA+10%ITCC +10%CdS  deposited on SnO,-
covered glass substrate (Fig. 1).

Fig. 1. AFM 3D surface  of

image  of
SBMA +10%ITCC +10%CdS thin film deposited on glass
substrate covered with SnO,.

In this case the surface morphology can be described
as quasi-ordered structure with conic-shaped
elements almost regularlily distributed on the surface
of the films. The average hight of conic-shaped
elements varies in the range 25-50 nm (Fig. 1). The
distance between these domains is about 4 pm, while
the average diameter of the domain is around 1.5 pm.
A similar situation was observed with thin films of
other compositions, but with less ordered structure.

Fig. 2 illustrates the results for X-ray diffraction
(XRD) measurements for the nanocomposite thin-
film samples SBMA+10%ITCC+10%CdS. The XRD
pattern provides information on the crystalline phase
of embedded nanoparticles, as well as on the particle
sizez. The XRD pattern of the composite
SBMA+10%ITCC+10%CdS  deposited on  SnO,-
covered glass consists of the weak reflections of CdS,
the pronounced reflections of the SnO; thin film and
some reflections related with a presence of the ITCC
and glass substrate, The polycrystalline CdS has an
orthorhombic syngony,”™*' of the space group Pnnn,
a=14315A,b=14.074 A, c=14.568 A.

The diffraction peaks were observed on the XRD

pattern of the sample SMBA+10%ITCC +10%CdS

(Fig. 2(b)) corresponding to the orthorhombic phase

of CdS nanoparticles.””®' The size D of the CdS

particles was determined by the width of the most

intense peak by the well-known Scherer relation:**
D=kA/Bcos,
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where £ is the constant equal to | for orthorhombic
crysta]”, A is the X-ray radiation wavelength equal to
1.93604 A; B is the full width at half maximum
(FWHM) of the XRD selected diffraction peak on the
20 scale, and @ is the diffraction angle. The particle
size calculated from XRD line width is 12-14 nm.
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Fig. 2. X-ray diffraction patterns of thin films: (a) SBMA +
10%ITCC + 10%CdS deposited on SnO,-covered glass; (b)
SBMA + 10%ITCC + 10%CdS deposited on glass.

The UV-Vis absorption spectra of nanocomposite
thin-film samples deposited on glass substrates are
represented in Fig. 3 and 4. The fundamental
absorption, which corresponds to electron excitation
from the valance to conduction bands, can be used to
determine the value of the optical band gap.***’
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Fig. 3. The dependence of (ahv)?versus hv for different
compositions of the nanocomposite thin films for

determination of the band edge E, .

The optical band gap E, has been evaluated using
the relation:****

(ahv)!'" = A(hv -E,),

where a is the absorption coefficient, hv is the
incident photon energy, 4 is a constant, and the
exponent n depends on the type of transition. As CdS
is a direct band gap material, n =1/2 for the allowed
transition."” The band gap has been calculated by

extrapolating the linear region of the plot (ahv)? vs

hv on the energy axis, as shown in Fig. 3. The band
gaps for the samples SBMA/ITCC/CdS with the
concentration of 5, 10, and 20 % CdS are obtained as



2.47, 2.52, and 2.57 eV, respectively. These values
are hrgher than £; of the bulk CdS (2.42 eV at 300
K*") which is indicative of a blue shift of the
absorption edge.
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Fig. 4. The dependence of optical absorption of photon
energy for composite samples SBMA+20%CdS (1.1; 1.2)
and SBMA+40%CdS (2.1, 2.2, 2.3).

The XRD spectra in Fig. 2(b) suggest that the CdS
nanoparticles are in a polycrystalline form, i.e., they
consist of a large number of small crystallites. The
increase of the band gap may be aftributed to the
quantum size effect of these small crystallites,
although the calculated diameter of the nanocrystals
are lar%er than the excitonic Bohr radius ~ 3 nm of
CdS.>" One can be seen (Fig. 3) that the band gap
varies from 2.47 to 2.58 eV, which can be explained
by the decrease of the size CdS crystallite as the
concentration of CdS increases. The UV-Vis
absorption spectrum of the nanocomposite thin films
in Fig. 3 indicates on a blue shift in the absorption
edge when the concentration of the CdS increases
from 5 to 20 %. This shift, along to registered X-ray
diffraction patterns suggest that the CdS
nanoparticles are quantum-confined. Consegently,
from the shift of the absorption edge the size of the
CdS nanoparticles are calculated based on the
effective mass approximation approach:**?’

2h*E,, (7/R%)
Egn =\)Egb — 7

m
where E,, is the band gap of the nanocomposite,

E,, is the band gap of the bulk CdS, m’ is the

effective electron mass (= (0.2 times the mass of a free
electron), and hi=h/2x (h is the Planck constant).
If we take for the bulk CdS E, =2.42 eV*?, then the

calculated diameter of the CdS particles obtained
from the band gap shift (Fig. 3) are as listed in Table
1. Consequently, the CdS particle size for the
SMBA+10%ITCC +10%CdS is found to be 12 nm
compared to the average size 13 nm obtained from
the XRD measurements.

PL spectra of polymeric nanocomposites were
investigated at room temperature in the range 360-
800 nm under excitation with laser beam 337 nm or
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405 nm. Fig. 5 represents the PL spectra of
nanocomposites SBMA/ITCC/CdS with different
concentrations of CdS measured at room temperature.

Table 1.
Band gap energy and the diameter of the CdS nanoparticles
as calculated from the plot (ahv)? vs. hv in Fig. 3.

Nanocomposite D, (nm
ot Ep vy Do)
SBMA+ITCC+5%CdS 247 17.19
SBMA+10%ITCC+10%CdS 2.52 12.09
SBMA+10%ITCC+20%CdS 2.58 9.5
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Fig. 5. PL spectra for the nanocomposite films at room
temperature when excited with UV light A=337 nm:
SBMA+I0%ITCC (1);: SBMA+10%ITCC+5%CdS (2);
SBMA+10%ITCC+10%CdS;  (3); SBMA+10%ITCC+
20%CdS (4). The insert shows the FWHM of the PL peaks
versus concentration of CdS nanoparticles.

Increasing of the concentration of CdS nanoparticles
leads to increase in the intensity of the
photoluminescence and shifts the maximum of the
photoluminescence peak in the high energy region.
The PL emission peaks of the nanocomposites
SBMA/ITCC/CdS are found to be located around
2.45,2.40, 2.41 and 2.44 eV respectively (curves 1, 2
3, 4 in Fig. 5). The optical band gap of the
nanocomposits with the content 5, 10, and 20% CdS
determined from the extrapolation of the plot (ahv)’
vs. hv in Fig. 3 corresponds to 2.47, 2.52, and 2.57
eV respectively. This indicates that the luminescence
peaks are Stokes-shifted from their band gap energy.
The full width at half maximum (FWHM) of the PL
peak slightly decreases with increasing the
concentration of CdS nanoparticles in the composite
material (Fig. 5). FWHM value slightly varies in the
range 74-92 nm. This suggests the size distribution of
the nanoparticles around the mean diameter value. As
far as emission energies of the nanocomposite
samples are lower than the corresponding band gap
energies, one may suppose that the luminescence
may originate from the radiative recombination
involving donors and acceptor centers."
Nanocomposite samples SBMA+CdS exhibit a strong
luminescent signal in the range 350-600 nm (edge
maximum, A), with the position of PL maximums
varying in dependence of the dimensions of the CdS
nanoparticles in polymer matrix. In addition in the
550-750 nm range one can observe several weaker
maximums at ~ 600 nm (B1) and ~ 650 nm (B2). The
PL maximums A can be attributed to direct
transitions from the conduction band to valence,
while B1 and B2 bands - to the transitions between
donor levels to the valence band of CdS. While
varying the excitation wavelength one can observe
the redistribution of PL intensity between A and B.
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Fig. 6. PL spectra of nanocommposite samples at room
temperature: SBMA+20%CdS (1.1); SBMA+40%CdS (2.1,
2.3). The excitation light: L., =337 nm (a); 405 nm (b).

4. Summary

Polymer-based nanocomposites made of styrene with
butyl methacrylate, isothiocyanato-chalcone and
inorganic semiconductor CdS have been investigated.
The concentration of CdS semiconductor was varied
in the range 0-20 %. Examination of the thin film
surface of SBMA+10%ITCC +10%CdS films by AFM
microscope showed that the surface of these
composites can be described as quasi-ordered
structure with conic-shaped elements, 25-50 nm high,
almost regularly distributed on the surface of the
films. The average CdS particle size estimated from
the X-ray diffraction correlates with those obtained
from the UV-Vis absorption spectrum and were
found to be in the range 9-17 nm. The nanocomposite
samples exhibit a strong luminescent in the visible
range 350-600 nm.
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