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Abstract

In this study, a novel method is used to prepare water-soluble CdTe, CdTeSe quantum dots (QDS) and CdTe/CdS
core-shell QDs by using Te, Se, NaBH4, and CdCl; as precursors. Electrospinning method is used to obtain polyvinyl
alcohol (PVA)/QDs composite nanofibers. A series of PVA/QDs nanofiber mats with three different QDs content are
prepared. Transmission electron microscopy (TEM) and X-ray powder diffraction (XRD) have been used to
characterize QD nanoparticles. In addition, for characterization of the composite nanofibers, scanning electron
microscopy (SEM) and atomic force microscopy (AFM) have been used. QDs have a good dispersed crystalline
structure with an average crystalline size between 2-4 nm. Morphology analyses reveal that the composite nanofibers

with an average diameter ranging from 50 to 250 nm are prepared using the electrospinning technique.
Keywords: CdTe Quantum Dots; Polyvinyl Alcohol; Nanofibers; Electrospinning

1. Introduction achieved using the simple electrospinning method.
There has been great interest in the preparation of  Nanofibers obtained using the electrospinning technique
quantum dots (QDs) because of their novel provides a number of enhanced properties such as an
optoelectronic properties, which are tunable emission increase in surface area/volume ratio, a drop in structural
wavelength, high quantum vyields (QYs) exceptional defects and a decrease in pore size. Electrospinning is a
photostability and broad absorption cross section [1-3].  fundamental technique to prepare nanofibers. The
The exciton binding energy in QD structures increases  electrospinning instrument is composed of a syringe, a
remarkably. So, new excitonic optical characteristics can ~ pump system, two electrodes and a high voltage supply.
be expected for the wide bandgap materials [1, 2]. There  The solution of the polymer is filled into the syringe and
are many companies that produce these fine particles  fed from the syringe to the tip of electrode as polymer
(QDs) designed for some specific applications [4]. drop with the help of the pump system. The polymer drop

is drawn into fibers on the other electrode, known as the
Synthetic fibers are produced mostly from polymer-  collector, with the help of the high voltage supply. The
based materials and especially, spinning process is used  polymer drop at the tip of the electrode is electrically
to prepare synthetic fibers. During the spinning process,  charged and turn into the polymer jet, which is collected
polymer-based material is melted and extruded through  as nanofibers on the collector [6]. Membranes, protective
the fine holes of the die. The spun fibers are stretched and  clothings and sensors can be shown as potential
drawn to enhance the polymeric chain orientation and the  applications for nanofibers prepared using the
crystallinity after the extrusion process [5]. Synthetic  electrospinning process [7]. In addition, electrospun
fibers have specific properties (tensile properties and  nanofibers have been utilized by many studies as
conductivity) which allow them to be used in different  platform for quantum dot based applications, with
applications. When compared with material’s bulk  mentioned advantages such as functional immobilization
properties, synthetic fibers spun from polymer-based  with desired spacing, high surface area, reproducibility
materials exhibit enhanced properties such as tensile  [8-10]. Quantum dots were added into the electrospun
properties, optical and electrical properties. In synthetic  nanofiber to label the fibrous structure due to their unique

fiber preparation techniques, the current trend used isto  optical properties [8-11].
prepare submicron scale nanofibers, which can be
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In this study, polyvinyl alcohol/quantum dots composite
nanofibers, including CdTe, CdTeSe QDs and CdTe/CdS
core-shell QDs, respectively, are prepared by the
electrospinning process. Electrospun nanofibers with
high surface area and with unique optoelectronic
properties turn the polymeric material into a label.

2. Materials and Methods

2.1. Chemicals for QDs and PVA/ODs nanofibers
Chemicals used for QDs preparation, cadmium chloride
(CdCl,.5/2H,0), 3-mercapto propionicacid (MPA),
selenium powder (Se), tellurium powder (Te),
sodiumborohydride (NaBH4) and thiourea ((NH.).S),
were purchased from Sigma-Aldrich. KOH, purchased
from Sigma-Aldrich, was used to adjust the pH of the
reaction mixture. For this purpose, stock solution of 0.1
mol/L KOH was prepared.

Polyvinyl alcohol, from Inovenso Ltd., Turkey, was used
as polymer matrix material. The degree of hydrolysis of
PVA ranges from 86 to 89 mol % and the degree of
polymerization ranges from 1700 to 1800. The molecular
weight of PVA changes from 84000 to 89000 g/mol.

2.2. Synthesis of CdTe and CdTeSe QDs

In the synthesis, MPA-capped Cd based Qdots were
prepared by using CdCl,. 5/2H,0, MPA, thiourea, Se and
Te powders. Typically, CdCl,. 5/2H,0 (n moles) with
MPA (2n moles) were used for synthesis and the pH was
adjusted to basic conditions with NaOH. The solution
was heated to 100 °C under nitrogen for 0.5 h. At 80 °C
of temperature, fresh NaHTe aqueous solution was used
as precursor solution and was prepared from Te and
NaBH4. In order to prepare the selenium precursor
solution, Se powder was mixed with 2 ml of fresh NaBH4
in water under nitrogen atmosphere. The precursor
solution of Te were injected into the reaction system to
obtain CdTe QDs (core QDs). Regular intervals were
taken out for characterizations. To prepare CdTeSe QDs
(alloyed QDs), Te and Se precursor solutions were
simultaneously injected into the reaction media.
CdTe/CdS QDs (core-shell QDs) were made in the same
way as the reported synthesis procedure of CdTe and
CdTeSe QDs. In order to prepare S precursor solution,
Thiourea was added in a appropriate molar ratio for used
Te amount. The all QDs obtained were precipitated and
washed with 2-propanol more than three times.

PVA was dissolved in distilled water at 80 °C with
magnetic stirring to obtain 5 wt. % solutions. The
composite solution was prepared by mixing the quantum
dots, CdTe QDs, CdTeSe QDs and CdTe/CdS (core-
shell) QDs, respectively, within the prepared PVA
solution. The QDs composition of the prepared
composite solutions was kept at 10 wt. %.
Electrospinning instrument from Inovenso Ltd., Turkey
(NE-100) was used to prepare the composite nanofibers.
The composite solution was pulled into a syringe, placed
on the top of the pump, and the feed rate of the composite
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solution was maintained at 0.1 ml/hr. Due to the high
voltage supply, there is an electric potential difference of
30 kV between the electrodes, which are the collector and
the syringe tip. The distance of electrodes was provided
to be 10 cm. Electrospun PVA/QDs nanofibers were
collected on aluminum foil.

2.3. Characterization of and PVA/ODs

nanofibers

The surface microstructure of PVA/QDs nanofibers mats
was analyzed using EVO LS10 ZEISS model scanning
electron microscope (SEM) and Tecnai G2 F30 model
atomic force microscope (AFM). The surface
morphology of QDs was examined by using JEOL JEM
2100F HRTEM model transmission electron microscopy
(TEM). The average diameter of PVA/QDs nanofibers
was determined from the SEM images of the composite
nanofibers with the help of a software (The National
Institutes of Health ImageJ). For this purpose, image
analysis was performed on SEM figures and at least 25
different fiber structures were analyzed for each
composite system (PVA/CdTe, PVA/CdTeSe and
PVA/CdTe/CdS). Image analysis results were given with
standard deviations.

QDs

XRD patterns of the following quantum dots, which are
CdTe QDs, CdTeSe QDs and CdTe/CdS QDs (core-
shell), were analyzed with Bruker Advance D8 model X-
ray diffractometer with Cu Ka radiation at the
wavelength of 0.15406 nm. X-ray diffraction patters
were obtained at 1°/min scan speed between 10° and 80°.
Average crystalline size of prepared QDs could be
determined with the help of the Scherrer equation, given
below:

Lc=K A/ (B cosb) @
where L. is the average crystalline size, K is a constant
(0.89), A is the radiation wavelength (0.15406 nm), B is
widening of diffraction angle in the middle of Bragg’s

maximum and 0 is diffraction angle at Bragg’s maximum
[12,13].

A digital color camera was used to record the colors of
CdTe QDs aqueous solutions under sunlight. The
fluorescent images were recorded under UV light (365
nm) with the digital color camera.

3. Results And Discussions

The XRD diffraction patterns of the prepared CdTe QDs,
CdTeSe QDs and CdTe/CdS QDs (core-shell) are
illustrated in Figures 1a-c. All the samples showed three
characteristic peaks at 26 = 26°, 43° and 50°, which can
be assigned to the diffractions from (1 1 1), (2 2 0), and
(3 11) planes of the cubic zinc blend crystal structure of
CdTe QDs [13, 14]. CdS has three characteristic peaks at
20 =27°, 44° and 52°, referred to (111), (220), and (311)
planes. The diffraction peaks of CdTe and CdS structures
might overlap. When compared with Figures 1a and 1b,
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Figure 1c shows broad diffraction peaks because of CdS
content of core/shell QDs. The main XRD peaks (1 1 1)
was used to estimate the average crystalline size of the
as-prepared nanoparticles using the Scherrer equation
[13].
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Figure 1a, b, c. XRD diffraction patterns of the prepared
CdTe QDs, CdTeSe QDs and CdTe/CdS core-shell QDs,
respectively.

The average crystalline sizes of CdTe QDs, CdTeSe QDs
and CdTe/CdS QDs (core-shell) were calculated to be 2.7
nm, 3.2 nm and 4.0 nm, respectively. With the growth of
the CdS shell, the diffraction peak positions of core-shell
QDs almost remain constant when compared with the
CdTe QDs. In addition, the widths of the diffraction
peaks remain almost unchanged and no separate CdS
peak is observed, which confirms the formation of a
core/shell QD rather than structure of an alloyed QDs
[15].
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Figure 2a, b, c. SEM images of PVA/CdTe,
PVA/CdTeSe and PVA/CdTe/CdS composite nanofiber,
respectively.
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In Figures 2a-c, the SEM images of PVA/CdTe,
PVA/CdTeSe and PVA/CdTe/CdS composite nanofiber
systems are given. SEM images prove the presence of
nanofiber structures within the composites. The fiber size
did not change much with the QDs type. In addition, the
QDs content was low and did not alter the fiber structure.
PVD/ODs nanofibers have an average diameter ranging
from 50 to 250 nm and the average fiber diameter of
PVA/CdTe, PVA/CdTeSe and PVA/CdTe/CdS
composite nanofiber systems are 116 + 12 nm, 161 + 16
nm and 137 £ 13 nm, respectively. The polymer solution
properties such as solution viscosity and concentration
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are important parameters in the electrospinning technique
in terms of the prepared fiber morphology [6, 16]. During
the electrospinning process, if the concentration and the
viscosity of the polymer solution are relatively low, bead
structures can be observed along the fiber structures,
which may be the reason for the beaded fiber structures
seen on the SEM images of PVA/QDs composite systems
(Fig. 2a-c) [6, 16].

Topographic imaging by AFM of PVA/CdTe,
PVA/CdTeSe and PVA/CdTe/CdS composite nanofiber
systems reveal fibrous and porous surface features,
respectively (Fig. 3a-c), AFM images are consistent with
the SEM images in terms of the fiber size. Similar to the
SEM images, nanofibers with the diameter at around 100
nm can be observed on AFM images. In addition, AFM
images prove the beaded fiber structures, which might
result from the low polymer solution concentration.

AFM

Figure 3a, b, c. images of PVA/CdTe,
PVA/CdTeSe and PVA/CdTe/CdS composite nanofiber,
respectively.

Figures 4a-c show TEM micrographs of CdTe QDs,
CdTeSe QDs and CdTe/CdS QDs (core-shell). The
presence of nanoparticles with the size of less than 10 nm
can be seen on the micrographs. The QDs of this size are
consistent with the X-ray diffraction results. TEM
analyses reveal that the nanoparticles obtained have a
good crystallinity and they are actually within the regime
of guantum confinement [17].
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c
Figure 4a, b, c. TEM images of CdTe QDs, CdTeSe QDs
and CdTe/CdS core-shell QDs, respectively.
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Figure 5a, b. Absorbance and luminescence spectra of
CdTe, CdTe/CdS and CdTeSe QDs, respectively.
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The luminescence of all type of QDs is bright red colour
under the UV lamp for 20h reaction (Figure 6) and the
luminescence colors of all QDs aqueous solutions change
from green to red with increasing refluxing time. Figure
5a and b show absorbance and luminescence spectra of
CdTe, CdTe/CdS and CdTeSe QDs for 20h reaction time
[18]. They have good absorbance and emission bands as
being consistent with the literature.
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Figure 6a, b, c, d. a) Photos of QDs solutions under UV
lamp and day light, photos of fibers prepared with b)
alloyed nanoparticles, c) core nanoparticles, d) core/shell
nanoparticles

Photos (Fig. 6) show luminescence of fibers prepared
with CdTe, CdTe/CdS and CdTeSe QDs. As can be seen
in photos, there is still fluorescence in the nanofiber mat
containing CdTe, CdTe/CdS and CdTeSe QDs due to the
stable structure of the nanoparticles but there was a
certain decrease in fluorescence because of the thick
polymer layer surrounding QDs in the composite
structure.
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4. Conclusions

Water-soluble CdTe, CdTeSe quantum dots (QDs) and
CdTe/CdS QDs (core-shell) are prepared using a novel
method. QDs have a good dispersed crystalline structure
with an average crystalline sizes between 2-4 nm. QDs
are combined with PVA solution to prepare composite

nanofibers by electrospinning process.

Composite

nanofibers with an average diameter ranging from 50 to
250 nm are obtained using the electrospinning technique.
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