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ABSTRACT: Pristine samples of polyvinyl chloride (PVC) in addition to other samples
containing different dopant levels of the synthesized cadmium selenide quantum dots
(CdSe QD's) were successfully prepared using the traditional liquid casting route. X-ray
diffraction (XRD), Fourier transform Infrared (FT-IR), and Ultraviolet/Visible (UV/Vis.)
spectroscopic measurements were employed to retrace structural variations in the
structure associated with increasing dopant levels of CdSe QD’s. X-ray diffraction
pattern of synthesized CdSe QD’s reveals the hexagonal crystalline structure belongs to
Wourtzite and in agreement with that of the Joint Committee on Powder Diffraction
Standards (JCPDS). The amorphous nature of studied samples points out the interstitial
position taken by the dopant CdSe Qd’s. Fourier transform infrared shows repetitive
spectral data indicating physical interaction between dopant and polymeric matrix and
supporting XRD findings. UV/Vis. Electronic spectra reveal a quiet change in the optical
energy gap resulting from the increasing level of dopant within the polymeric matrices.
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1. Introduction

Polymer nanocomposite is a unique class of
materials with unique and modified physical
characteristics as well as a wide range of
industrial uses. Several pieces of research on
polymer nanocomposites have been published.
These include various polymer matrices such as
polyimide, polypropylene, polyurethane, etc [1-
3]. Poly-vinyl chlorides (PVC) is a polymer
commonly used by the variants of polymers. It
was incorporated in many reports of nano-
composite production. The PVC polymer is a
thermoplastic material that consists of both
chlorine and carbon that represent 57 and 43%
respectively. It is also a brittle one secure and
insoluble in alcohol but more soluble in
tetrahydrofuran [4]. This type of thermoplastic
polymer is used to make a variety of goods,
including sanitary equipment, furniture, toys,
clothing, and electrical wire insulation. PVC
may be utilized in a variety of sectors,
including medical applications, because of its
extended service life, high transparency,
flexibility, and low cost [5-7].

Ekimov and Onushenko were the first to
identify quantum dots (QDs) as tiny semi-

conductor crystals. The first use of biological
imaging was reported in 1998, using a glass
matrix with the first, back in 1981. The field of
QDs has since been growing steadily and now
includes solar cells, photovoltaic applications
devices, manufacturing of light-emitting diodes
(LED), photodetectors, computers, biomedicine
imaging, and so on. The Near-Infrared (NIR)
(650 nm) is not available for most conventional
organic label colors possibility of emissions;
this region is highly sought after for biomedical
imaging because of its low light dispersion and
low tissue absorption are the reasons why QDs
with their adjustable optical properties gained
considerable interest [8-10]. These semicond-
uctors provide nanometric optical character-
istics that are distinctive and intriguing, such as
high quantity yield, size-adjustable light emiss-
ion, and excellent photo and chemical stability.
QDs range in size from 2 to 10 nm and are
made of mostly elements from classes II-VI,
I11-1V (such as Cd, Pb, and Hg). IV-VI in the
periodic table. The researchers have established
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ternaries more recently 11, 111, VI QDs (where |
= Cu and Ag, Ill = Ga and In, VI = S or Se).
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Different types of the same light wavelength,
QDs, and their narrow emission bands can be
excited about multiple assays, they can be
detected simultaneously.

The structure, size, and thickness of the QD
shells determine the fluorescence bands. If the
particle size is smaller, the energy levels take
on atom-like characteristics and are distinct
from the energy spectrum seen in bulk
materials; in other words, these unique qualities
come from the physical decrease of the
confinement of the states of the load carriers
nanoparticles size. [11]. To use QDs in system
Conditions, they must be active or passive, as
of their high surface and reactivity. When
picking The stabilizer, the absorption must be
taken into account and the profile of the
luminescence spectra; the quantum yield, as
well as the Lifetime, depends on the
composition of the environment.

There is a growing interest in improving the
nano-theranostic simultaneous sensing systems,
Photo, and therapy. QDs offer a wide range of
possible uses, including sensors, medication
administration, and biomedical imaging, among
others. Photovoltaic cells, laser, and thin-film
transistors, Diode-emitting light, and other
nanoscale devices are all possible uses for
CdSe-polymer nanocomposites [12,13].
Numerous methods to synthesize CdSe have
been developed in a thin-film form comprising
chemical bath deposition (CBD) [14]
evaporation by vacuum [15], electrodeposition
[16], Pyrolysis spray [17], and adsorption of
successive ionic layers and (SILAR) Reaction
[18]. CBD method is used for the polymer-
capped production of CdSe thin films with
nanocomposite because it is simple to handle,
cost-effective, and appropriate for large-scale
deposition [16,17]. Recently, several studies
have focused on the production and
characterization of cadmium selenide (CdSe)
QDs in polymeric matrices using a synthetic
wet chemical method [19,20]. CdSe QDs
successfully prepared by Borkovsk et al.
embedded in a polymer matrix, and the
annealing effects. The temperature was
investigated  regarding the  luminescent
properties of nanostructures [21]. The CdSe
NPs covered with PVC were synthesized by
Shah et al. via a simple chemical route and they
studied the influence of concentration of

precursors, aging, and the temperature of
reaction on the as-synthesized size of the CdSe
NPs and their optical properties [22].
Kushwaha et al reported synthesis and photo-
luminescence characteristics of CdSe/PVA
polymer nanocomposites containing different
mass fractions of filler [23]. Ma et al.
established the  production of CdSe
nanoparticles distributed through a one-step
PVA matrix at ambient temperature. The
method of solution growth and the investigation
of its optical and structural properties [24].

The present work aims to synthesis a new
composite material comprising an organic
polymer with inorganic CdSe QDs as a filler in
the dopant level and to study their optical and
structural role.

2. Experimental details
2.1. Material used

Polyvinyl Chloride in the form of a white
solid powder was purchased from Sigma
Aldrich Company of chemicals and has a
chemical formula (-CH,—CHCI-)n with high
molecular weight. Synthesis of CdSe quantum
dots (QD’s) was previously discussed
elsewhere [25]. Tetrahydrofuran (THF) C4HgO
with M\W. 72,11 was obtained from Alpha
Chemika and used as a common solvent.

2.2. Sample Preparation

2.2.1. Preparation of polyvinyl chloride
(PVC)

120 ml of the solution of (THF) was used to
dissolve the pre-calculated amount of PVC
powder. The polymeric powder was vigorously
stirred at room temperature to get a clear
bubble-free and transparent solution. The
obtained solution was cast at 50 C in glass
Petri dishes. The prepared samples were peeled
from the dishes and placed in a desiccator until
use.

2.2.2. Preparation of Quantum Dots (QDs)
Suspension

50 ml of (THF) was used to dissolve the pre-
calculated amount of QDs powder and then put
in a sonicator for mixing which produced the
clear solution.

2.2.3. Preparation of Composite Samples

120 ml of a solution of (THF) was used to
dissolve the pre-calculated amount of PVC
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powder, 120 ml of mixed (PVC) and (THF)

Table 1: Name abbreviations and their

divided into 6 beakers. Added different  composition
amounts QDs (0.5, 1, 2, 4 and 8 ml) into 6 CdSe QD PVC
beakers. The obtained solution was cast at 50°C Vel ml 'S‘%ded (g£7n)
in glass Petri dishes. The prepared samples BVCL 05 1
were peeled from the dishes and placed in a PVC2 10 1
desiccator until use. Sample abbreviation and PVC3 2.0 1
their composition were listed in the table (1). PVC4 4.0 1
PVC5 8.0 1
Step 1
W N < TN
= + ~ p\;c' S L i - 1
PVC THF [:; | E " __[ > C;
at S0 degmree
Step 2
iw w1 e —
QD= THF > e —
¥ THE e -
Sonicator
This amount divided into 6 beakers Step 3
TN
BT Tx . s £ r__
THF &S THEF = : I[':____._}

Each beaker
added differene
QD= THI (0.51.2 % and 8)

Aamount of

Peeled in perri dizhex

at S0 degree

Fig. 1: Schematic representation of preparation technique

3. Results and discussion
3.1. Characterization of dopant CdSe QD’s

Fig. 2 describes the UV/Vis. spectral data of
the studied CdSe QD’s in correlation with their
transmission electron micrograph and electron
diffraction. UV spectrum shows a presence of
two characteristic peaks originally located at
255 and 418 nm as previously discussed by
several authors [25-27]. In addition, TEM
images point to the formation of 3-5 nm CdSe
QD’s with hexagonal patterns supporting the
findings of the XRD pattern.

Absorbance

T T T T T T T T
300 400 500 600 700 800 900 1000 1100

Wavelength (nm)
Fig. 2: UV/Vis. spectrum, TEM and electron
diffraction of the studied CdSe QD's

3.2. X-ray diffraction analysis

Fig. 3 discloses the X-ray diffraction (XRD)
pattern of the studied CdSe QD’s. The obtained
pattern reveals the presence of sharp diffraction
peaks located at 26 angles 23.9, 25.3, 27.0,
42.0, 45.8, and 49.8 correspondings to (100),
(002), (101), (110), (103), and (112) planes of
hexagonal structure with (a = 4.299 A and ¢ =
7.010 A) and in agreement with that of
(JCPDS) CAS No. 08-0459 [28].

— PVC5
— PVC4
— PVC3
— PVC2
— PVC1]|
— PVC

23.9 (100)
25.4 (002)

27.0 (101)
42.0 (110)

45.8 (103)
49.8 (112)

Intensity (a.u.)

206 (degree)

Fig. 3: XRD patterns of synthesized crystalline
CdSe QD’s, PVC, and samples of PVC doped
with CdSe QD’s.

XRD of doped samples reveals the absence

of any sharp peaks which can be interpreted in
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terms of low-level doping (ppm) level and/or
the interstitial position taken by QD’s within
the polymeric chains and supporting the idea of
physical interaction and the weak possibility of
chemical interaction resulting from the strong
covalent bonding within PVC.

3.3. FT-IR absorption spectra

FT-IR absorption data represents a powerful
tool that supplies a huge amount of information
about the structure of the material at the
subatomic level. Besides, it can determine the
type of functional groups present in the studied
samples. FT-IR absorption spectra are shown in
Fig. 4 indicated that pristine (PVC) polymer
characterized through a specific vibrational
band located at nearly 2974, 2912 cm™ and in
agreement with that reported by Subban and
Arof [29] and attributed for C-H group of CHCI
and C-H of CH, asymmetric stretching
vibrations, respectively. Three successive sharp
intense bands in the fingerprint region located
at 1435 cm™ (wagging CH.), 1330, and 1253
cm™ were assigned to, d¢c.y of CHCI. A medium
band at 1068 cm™ related to C-C vibration.
Two weak peaks at 966 were assigned to the
rocking vibration of CH,, 698, 616 cm™ due to
stretching vibrations of C-Cl. All reported
speaks with their assignments were recorded
and tabulated as shown in Table (2).

1435
1330
1283
1068
963
692
817

2972
2912

PVC5

PVC4

PVC3

Absorbance

PVC2

PVC1
W
PVC A

4000 ' 35|00 I 30|00 I 25|00 I 20l00 I 15|00 I 10|00 500
Wavenumbers (cm")

Fig. 4: FT-IR optical absorption spectra of

studied samples

Spectra of PVC modified of different doping
levels of CdSe quantum dots did not indicate
the existence of any interaction or complex-
ation between different compartments that may
result in the appearance of a new peak or shift
in the polymer cage peak frequencies.

Table 2: FT-IR band position and attribution

Wavenumber |Assignment Ref.
(cm™)
2974 C-H group of CHCI 29,
30
2912 C-H of CH, asymetric 30,
stretching vibrations 31
1435 CH, Wagging 29-
31
1330, 1253 8C-H of CHCI 29
1068 C-C vibration 29
966 rocking vibration of CH, 31
698, 616 stretching vibrations of C-Cl 31

3.4. UV/Vis. optical Absorption spectra

The electronic transition of the studied base
shown in Fig. 5 shows the major bands of
studied polyvinyl chloride (PVC) previously
studied by several authors [31]. PVC spectrum
consists of an intense sharp band located at
about 210 nm attributed to n — 7 and a less
intense peak at about 280 nm attributed to the
m — 7+, Samples that comprising polymer
doped with QD’s show nearly parallel behavior
with higher intensities and without any
absorption peaks till the end of measurements
indicating the presence of physical interaction
between dopant and polymeric matrix resulting
from the strong covalent bond constituting the
polymer matrix. Such observations agree with
that obtained from XRD suggesting that CdSe
QD’s in the dopant level takes an interstitial
position between the atoms of the parent
network increasing their randomness and
amorphous nature.

25
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Fig. 5: UV/Vis. optical absorption spectra of
the studied samples

Values of optical energy gap (Egsp) were
calculated from the UV/Vis. spectral data using
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Mott and Davis formula [32] describing the
photon energy (hv) in terms of absorption

Table 3: Absorption edge and calculated energy
gaps of studied samples

.. 172 2
coefficient o and constants m and B: Sampl | Aegge | Eopt | (@hv)™ (ohv)”
e [cm™ eV] [cm™ eV]

(ahv)™ = B(hv-Egap) PVC | 271 [ 457 4.5 5.52

The values of HUMO, and LUMO energy PVC1 | 329 | 3.76 5.1 4.24

were also calculated for the optimized PVC2 | 339 | 3.65 4.47 5.52

structures and compared with that obtained PVC3 | 366 | 3.88 4.46 5.57

from ener ap calculations Table (3) and PVC4 | 476 | 2.60 4.12 4.08

gy gap PVC5 | 493 | 2.82 4.1 5.38

represented in Fig. 6.
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Fig. 6: Tauc Plots, HUMO, and LUMO analysis for exemplified samples.
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4. Conclusions

Pristine PVC sample in addition to other
samples containing different dopant levels of
cadmium selenide quantum dots was success-
fully synthesized using the traditional liquid
casting route. X-ray diffraction pattern of the
synthesized CdSe QD’s reveals the formation
of hexagonal crystalline phase of Wurtzite
whose in agreement with that of JCPDS card
no(08-0459). The amorphous nature of studied
samples points out the interstitial position taken
by the dopant CdSe Qd’s. FTIR shows repet-
itive spectral data indicating physical inter-
action between dopant and polymeric matrix
and supporting XRD findings. UV/Vis. Electr-
onic spectra reveal a quiet change in the optical
energy gap resulting from the increasing level
of dopant within the polymeric matrices.
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