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Abstract

Hybrid polymer structures formed with semiconductor quantum dots
that are doped into the polymer matrix and whose optical properties
can be adjusted have attracted attention with their high usage potential
in electronic applications in recent years. In this study, three types of Cd-
based QD (CdX (X = Se, Te, SeTe)) were used to strengthen the poly (vinyl
alcohol) (PVA) matrix and increase its optical properties. Optical,
conductivity and thermal characterizations of PVA / 3 different Cd-
based QDs CdSe QD-PVA nanocomposites structures were evaluated
comparatively. With the addition of QDs, it was observed that the PVA /
QDs nanocomposites structure exhibits fluorescence properties.
Hybridization structures in PVA/QDs nanocomposites structures were
illuminated by FT-IR spectrum. In addition, it was determined that the
thermal stability of hybrid polymer structures increased between 7-9%
and the melting point of PVA/QDs hybrid polymers increased by 5-7°C
which was analyzed by DSC. The highest thermal stability and melting
point increases were observed in PVA / CdSeTe QDs hybrid structures.
With the addition of CdSe QDs and CdTe QDs into the PVA matrix, the
conductivity value of the hybrid polymer structure increased 100 times,
while the addition of CdSeTe QDs increased the conductivity by 1000
times. Similarly, in dielectric constant and dielectric loss tests, it was
determined that PVA / CdSeTe QDs hybrid polymer structures are more
successful than both types due to the synergic effect.

Keywords: Nanotechnology, PVA nanocomposites, Quantum Dots,
Optical properties, Thermal properties, Dielectric permittivity.
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Polimer matrisine katkili yari iletken kuantum noktalart ile olusturulan
ve optik ézellikleri ayarlanabilen hibrit polimer yapilari, son yillarda
elektronik uygulamalarda yiiksek kullanim potansiyelleri ile dikkat
cekmektedir. Bu ¢alismada, poli(vinilalkol) (PVA) matrisini
gliclendirmek ve optik 6zelliklerini arttirmak igin ii¢ tip Cd bazl
kuantum nokta (QDs) (CdX (X = Se, Te, SeTe)) kullanilmistir. PVA / 3
farkli Cd tabanli QDs yapilarinin optik, iletkenlik ve termal
karakterizasyonlart karsilastirmali olarak degerlendirildi. QDs'lerin
eklenmesiyle birlikte PVA/QDs nanokompozit yapisinin floresans
ozellikleri  sergiledigi  gézlemlendi. PVA/QDs  nanokompozit
yapilarindaki  hibridizasyon ~ yapilart ~ FT-IR  spektrumu ile
aydinlatilmigtir. Ayrica DSC ile analiz edilen hibrit polimer yapilarin
termal stabilitesinin %7-9 arasinda arttigi ve PVA/QDs hibrit
polimerlerin erime noktasinin 5 ile 7°C arttigi tespit edilmistir. En
yliksek termal kararlilik ve erime noktast artislart PVA / CdSeTe QDs
hibrit yapilarinda gézlendi. PVA matrisine CdSe QDs'ler ve CdTe
QDs'lerin eklenmesiyle hibrit polimer yapisinin iletkenlik degeri 100 kat
artarken, CdSeTe QDs'lerin eklenmesi iletkenligi 1000 kat artirmigtir.
Benzer gsekilde dielektrik sabiti ve dielektrik kayip testlerinde de
PVA/CdSeTe QDs hibrit polimer yapilarinin sinerjik etki nedeniyle her
iki tipe gore daha bagsarili oldugu tespit edilmistir.

Anahtar kelimeler: Nanoteknoloji, PVA nanokompozitleri, Kuantum
Noktalari, Optik 6zellikler, Termal 6zellikler, Dielektrik gecirgenlik.

1 Introduction

Since the 2000s, nanoparticles have become the center of
attention of many researchers with their desired size, shape
and highly efficient synthesis properties. Semiconductor
nanoparticles are semiconductor nanoparticles known as
quantum confinement (QD), which are under the influence of
quantum confinement in three dimensions and whose optical
and electrical properties can vary depending on their size.[1].
QDs are semiconductor nanoparticles used in many optical
systems due to their fluorescence effect, tunable energy band
structure and low cost. These nanoparticles used in optical
systems have two main skeletons, II-1V and I1I-V. The most well-
known members of these systems are CdX (X =S, Se, Te) [2]. Cd-
based QDs, first synthesized in 1993, are a member of the II-1V
group and find use in many different applications. For example,
CdX (X = SeTe, Se, Te) has been successfully used in many fields
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including the development of electronic devices [3], solar cells
[4], electrogenerated chemiluminescence [5], biological
applications [6] and composite technology [7-8]. With the
introduction of QDs in nanocomposite technology in recent
years, it has become extremely important to improve the
performance of devices containing polymer structures and to
gain new application areas with this development.

Especially in recent years, QDs have been used in
polyvinylpyrrolidone (PVP) [9], polyamide (PA) [8,10], poly
(9,9-di-n-octylfluorenyl-2,7-diyl (PFO) [11], polyvinyl alcohol
(PVA)[12]. ], polyvinyl alcohol (PVA) [12] has been frequently
used in the literature and has been successfully applied in this
regard. Polyvinyl alcohol is one of the most widely used
hydrophobic polymer types for thin film preparation. This is
due to the presence of free hydroxyl (OH) groups in its
structure. The presence of OH groups in the side chains of the
PVA structure allows them to interact easily with II-IV type
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nanoparticles [13]. Cadmium-based QDs with II-IV properties
have been shown to provide significant contributions to PVA
thin films such as thermal counteraction, degradation,
fluorescence contribution, and enhancement of optical and
electronic properties. The most basic examples of these are
nanocomposite Schottky diodes [14], UV blockers in food
packaging [15] and protein scavengers [16]. It has been shown
in previous studies that CdSe and CdTe QDs, which form hybrid
structures with polymer structures, are effective in increasing
the conductivity, hardness and fluorescence properties of the
polymer structure [12,17,18]. On the other hand, alloy CdSeTe
QDs [19], which have been used in many applications in the
literature in recent years and whose energy band gaps can be
tuned more precisely thanks to their alloy structure, are
utilized in hybrid form with polymer structures.

Poly (vinyl alcohol) (PVA) is a synthetic polymer widely used in
a variety of applications due to its excellent film-forming and
adhesive properties as well as its biocompatibility. PVA is a
water-soluble polymer that can form transparent films when
dried, useful in applications such as coatings, adhesives, textiles
and packaging materials. [20]

A common method for crosslinking PVA is the use of chemical
crosslinkers such as glutaraldehyde, formaldehyde or borax.
These crosslinkers react with the hydroxyl groups (-OH)
present in PVA molecules to form covalent bonds between the
polymer chains. The introduction of quantum dots can be
achieved by mixing with the PVA solution before the
crosslinking reaction takes place. The quantum dots are
incorporated into the PVA matrix during the crosslinking
process. Anot her approach to incorporate quantum dots into
PVA is physical crosslinking. Physical crosslinking involves the
use of external stimuli such as heat, UV radiation or a
combination of both to induce crosslinking of the polymer
chains [21].

In this study, water-based alloy CdSeTe QDs, synthesized for
the first time in the literature, were added to the PVA matrix
and PVA/CdSeTe QD nanocomposite structures were obtained.
In order to make a comprehensive comparison depending on
the QD type, three different Cd-based QDs (CdSe, CdTe, CdSeTe)
were added to the PVA matrix and optical, conductivity and
thermal characterizations of PVA/CdX (X = Se, Te, SeTe (X = Se)
were performed so that the molarities of the three QDs and the
thicknesses of the PVA/QDs nanocomposites were completely
equal to each other during the study. The morphological,
thermal, optical, photoluminescence and electrical properties
of the N-type hybrid polymer nanocomposites were
investigated and comparative analysis was performed
according to the type of QDs used.

2 Material and Methods

2.1 Material

PVA (Mw~8000) and all chemicals were purchased Sigma-
Aldrich and used directly without any purifications. Deionized
water was produced through a Thermo Scientific purification
system (218 M(,) special.

2.2 Synthesis
Preparation methods of precursor solutions

Preparation of cadmium precursor solution; 0.146 g cadmium
chloride (CdClz, 0.8mmol) was dissolved in 160 ml ultra-pure
water and 118.5 uL 3-mercapto propionic acid (MPA)
(HSCH2CH2CO2H) was added to the solution. When the mixture

becomes homogeneous, the pH was adjusted to 12 with 0.1 M
sodium hydroxide (NaOH) [22].

Preparation of selenium precursor solution; 0.021g of
selenium powder (Se, 0.4 mmol) and 0.038g of sodium
borohydride (NaBH4, 1 mmol) were taken into a double neck
reaction flask and 10 mL of ultra-pure water was added to the
mixture. The solution was stirred for 30 min at 80°C in an inert
environment [22].

Preparation of tellurium precursor solution; 0.051g of
tellurium powder (Te, 0.4 mmol) and 0.038g of sodium
borohydride (NaBH4, 1 mmol) were taken into a double-necked
reaction flask and 10 mL of ultrapure water was added. This
mixture was stirred for 30 minutes at 80°C in an inert
environment.

Preparation of CdSe QDs: After the precursors were ready, 2.0
ml of the Se precursor was quickly injected into 50.0 mL of the
Cd precursor. The solution was kept at 80°C for 15 min for the
growth of CdSe QDs. The solution temperature was then
lowered to room temperature with the aid of an ice bath. The
CdSe QD solution was washed with ethanol: acetone at a ratio
of 1:1 and centrifuged for 3 rounds to be purified. Then, the
CdSe QDs obtained in solid form were dissolved in ultrapure
water and the pH value was adjusted to 10 for use with 0.1 M
(NaOH)[22].

Preparation of CdTe QDs: To synthesize CdTe QDs, 2.0 ml of
Te precursor was injected quickly with the help of a syringe into
the Cd precursor, which was ready at 80°C an inert medium.
The solution was stirred at 80°C for 15 min and then cooled
rapidly with an ice bath. Similarly, in the purification of CdTe
QDs, the solution was centrifuged after washing with ethanol:
acetone. Then CdTe QDs were re-dissolved in ultrapure water
and adjusted to pH=10[23].

Preparation of CdSeTe QDs: For the water-based synthesis of
CdSeTe QDs, firstly, 1 ml of Se precursor was injected into 50.0
ml of Cd precursor kept at 80°C in an inert environment and the
mixture was kept at this temperature for 10 min. Then, 1.0 ml
of Te precursor was injected into the mixture and the solution
was continued to be stirred at 80°C for another 10 min. The
solution was then cooled to room temperature and washed
with ethanol: acetone mixture and centrifuged to purify the
CdSeTe QDs. The CdSeTe QDs, like other QDs, were dissolved in
ultrapure water and the pH was adjusted to 10 and ready for
use [24].

Preparation of PVA (m/V): 10 g of PVA was dissolved in 100
ml of ultrapure water and stirred at 65 °C for 30 min. After
obtaining a homogeneous structure, the mixture was poured
into a glass layer and kept at room temperature in a vacuum
oven for 3 days to obtain a CdSe QD-PVA nanocomposites
structure.

PVA/CdX (X=Se, Te, SeTe) QD nanocomposites: To obtain
PVA/CdX (X = Se, Te, SeTe) QD CdSe QD-PVA nanocomposites
structures, firstly 10.0 g of PVA was dissolved in 100.0 ml of
ultrapure water at 65°C. The mixture was stirred for 30 min at
this temperature and a homogeneous structure was obtained.
In order to obtain 3 different PVA/CdX (X = Se, Te, SeTe) QD
thin film, 10.0 ml of PVA solutions were divided into 3 different
beakers. 1.0 ml of CdSe QD, 1.0 ml of CdTe QD and 1.0 ml of
CdSeTe QD solutions were separately injected into 3 different
PVA solutions to obtain PVA: QD rate as 10:1. The mixtures
were continued to be stirred at 65°C for another 30 minutes and
the QD's were homogeneously dispersed in the PVA matrix. The
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solvents were then poured into glass plates and allowed to dry
in a vacuum oven for 3 days.

3 Results and discussion

3.1 Structural Analysis

The structural characterizations of PVA/QD' nanocomposites
prepared during the study were demonstrated in micrographs
using Quanta FEG 250 SEM. SEM images obtained for PVA and
PVA/QDs are given in Figure 1. In Figure 1a, the SEM image of
pure PVA nanocomposites is given and the homogeneity of the
surface is seen. On the other hand, with the QDs added to the

surface, although the QDs are homogeneously distributed on
the surfaces, some roughness is noticeable. EDAX analysis was
performed to determine the number of molecules on the
PVA/QDs surfaces. The PVA/QDs thin film showed 1.06% Cd
and 0.86% Se for CdSe QDs, 1.96% Cd and 1.09% Te for CdTe
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QDs, 1.22% Cd, 1.13% Te and 1.06% Se for CdSeTe QDs. PVA
measurements are indicated with an average of 55% C and 42%
0. EDAX images are shown in Fig.S.5-8 in SI.

Figure 2 shows the AFM images of PVA, CdSe QDs-PVA, CdTe
QDs-PVA and CdSeTe QDs-PVA nanocomposites taken at room
temperature, respectively. As shown in Figure 2, the roughness
structure of the surface morphology of the designed PVA and
PVA-QDs nanocomposite structures was investigated and it
was found that there are quantum dots in clusters in PVA to
provide the optimal surface energy. This resulted in the
nanocomposite structure of PVA-based QDs having a wavy
appearance. The average surface roughness (RMS) and average
roughness values of the thin films were 18.00 nm, 5.79 nm and
13.98 nm for PVA/CdSe QDs, PVA/CdTe QDs and PVA/CdSeTe
QDs, respectively.
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Figure. 1. SEM micrographs of (a) PVA (b) CdSe- PVA (c) CdTe QDs-PVA, (d) CdSeTe QDs-PVA.
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Figure 2. AFM micrographs of (a) PVA, (b) CdSe QDs-PVA, (c) CdTe QDs-PVA (d) CdSeTe QDs- PVA.

In the study, XRD analysis was performed to determine the
crystal structure of PVA / QDs nanocomposites and compared
with conventional XRD analysis of pure PVA. RIGAKU Smart lab
device was used for XRD analysis. It is known that the main
peak of the XRD pattern of PVA is 20° [25]. This crystal
structure of PVA has been realized thanks to the hydrogen bond
interactions in the molecule. It is known that the 3 different QDs
used in this study have a zinc cubic blend structure. The XRD
peaks obtained in the studies in the literature for these three
QD types can be listed as follows; XRD peaks of CdSe QDs are
206=24°(111) and 26=39°(311) [1] XRD peaks for CdTe QDs
are20=24°(111),26=39°(220) and 26 =46 °(331)[26] and
XRD peaks of CdSeTe QDs are 20 = 24 ° (111), 26 = 41 ° (220)
and 20 =48° (311)[27].

XRD analyses were performed for 3 different PVA/QD surfaces
prepared in this study and the results obtained are shown in
Figure 3. Figure 3a shows the XRD results of the PVA/QD
nanocomposite structure and the results are compared with the
JCPDS standard results. As can be seen in Figure 3, due to the
limited amount of CdSe QD in PVA, the peak at approximately
26° (111) shown in the CdSe JCDPS (No: 00-019-0191)
standards, the peak at 42.5° (200) was at low power, while the
peak at 49° (311) became too small to be detected. In the JCPDS
standards, the structure of the PVA/CdSe QDs surfaces appears
as a zinc cubic blend structure. Figure 3b shares the XRD
characterization results obtained for PVA/CdTe QDs
nanocomposites. CdTe QDs JCPDS (No.65-1046) was used here
for comparison. In the XRD patterns of PVA/CdTe QDs
nanocomposites, the first peak appeared as a neck next to the

PVA peak, while the peaks at 42° (220) and 48° (311) were
more prominent compared to PVA/CdSe QDs nanocomposites.
Again, Figure 3c shows the XRD characterization results of
PVA/CdSeTe QDs. Due to the alloy structure of CdSeTe QDs,
JCPDS standards of both CdSe QDs and CdTe QDs were used for
XRD characterization. PVA/CdSeTe QDs were also not detected
in thin films due to the low strength of the third peak. Although
this is thought to be mainly due to the low amount of QDs on
the surface, it was observed that the peaks of Te2* QDs were
stronger than those of Se2- QDs.

The thermal properties of PVA/CdX QDs nanocomposites were
investigated in nitrogen environment in the range of 25-650°C
at 20°C/min using Shimadzu TA-60 instrument. Thermogram
analyses, thermogravimetric and differential thermal analysis
(TG-DTA) results due to the interaction between CdSe QDs,
CdTe QDs and CdSeTe QDs and PVA are shown in Table 1 and
Figure 4. When the PVA/QDs structures were examined, it was
observed that the water and volatile molecules in the structure
were firstly separated up to 190°C. The second fragmentation
period in the TG-DTA graphs corresponds to the half-chain
breaks of the PVA structure and lasts up to 405°C. In this range,
an average 12-13% increase in crosslinking reactions was
observed with the presence of QDs in the PVA structure,
regardless of the type of QD. The main reason for this increase
is thought to be due to the strengthening of the CdSe QDs-PVA
nanocomposite structure by chemical interactions (Van Der
Waals) between carboxylic acids and QDs in the structure of
PVA.
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Figure 3. XRD spectrum of Cd based QDs-PVA nanocomposites.

While no major differences were observed between the
surfaces in the first two thermal breakdown periods,
differences were observed in the 480°C and 650°C ranges
depending on the QD used in the third thermal breakdown
period shown in Table 1. The third thermal breakdown
observed between 480°C and 650°C was 22.22% for pure PVA
nanocomposites, 30.92% for PVA/CdSe QDs nanocomposites,
35.11% for PVA/CdTe QDs nanocomposites and 34.74% for
PVA/CdSeTe QDs nanocomposites. Considering the secondary
and tertiary thermal breakdown values, it is concluded that QDs
increase the thermal stability of the PVA nanocomposite
structure. This increase was found to be 7.06%, 6.29% and
9.25% (m/m) for CdSe QD, CdTe QD and CdSeTe QD,
respectively. When the remaining part of the combustion was
examined, it was found that CdSe QDs-PVA was 1.60%, CdTe
QDs-PVA was 2.98%, and CdSeTe QDs-PVA was 3.25%. These
values showed the % elemental part (Cd, Se, Te) in PVA. This
value showed linear results with SEM-EDAX.

Table 1. Thermal Decomposition of PVA and QDs-PVA

nanocomposites.
Temperature(°C) <190 190-405 405-600 ash
Weight Loss (%)
PVA 7.67 70.11 22.22 0.00
PVA-CdSe QDs 7.25 60.23 30.92 1.60
PVA-CdTe QDs 7.87 54.04 35.11 2.98
PVA-CdSeTe QDs 7.11 54.90 34.74 3.25
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Figure 4. TGA Spectrum of PVA and QDs-PVA
nanocomposites.

The characterization of the hybrid polymer QDs-PVA
nanocomposites obtained by adding cadmium-based quantum
dots to PVA was investigated by DSC. The DSC characterization
curves obtained are shown in Figure 5 and the parameter
values obtained from these curves are shown in Table 2. When
the DSC diagram shown in Figure 5 is examined, large peaks
around 120 °C were observed in PVA and PVA/QDs
nanocomposite structures. indicating the presence of water in
the structures. The peaks between 190-200°C, which appear
more pronounced than this peak, indicate the melting point of
PVA nanocomposites and PVA/QDs nanocomposites. When the
changes in the melting points of nanocomposites due to the
addition of QDs to the PVA matrix are examined, it is seen that
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while the melting point for PVA is 191.16 °C, this value
increases to 192.5 °C for PVA/ CdSe QDs, 194.97°C for
PVA/CdTe QDs and 198.23°C for PVA/CdSeTe QDs. Thus, it was
clearly seen with the results obtained that the QDs added to the
PVA matrix increased the melting point of the QDs-PVA
nanocomposite structure. It was determined that the highest
increase in this melting point was obtained by adding CdSeTe
QDs with a value of 7.07°C. In addition, when the crystallization
rates were examined, it was observed that the crystallization
increased by 1.23%, 0.98% and 3.45% with the addition of CdSe
QDs, CdTe QDs and CdSeTe QDs, respectively, compared to pure
PVA nanocomposites.

Table 2. PVA and QDs-PVA nanocomposites Tm point.

Tm (°C) Delta Hf (j/g)
PVA 191,16 20,65
PVA-CdSe QDs 192,57 21,97
PVA-CdTe QDs 194,97 23,13
PVA-CdSeTe QDs 198,23 26,17
2
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Figure 5. DSC Spectrum of QDs-PVA nanocomposites.

FTIR Spectra analyses of PVA/CdX QDs nanocomposites were
measured on Shimadzu IR Prestige-21 using ATR apparatus.
FTIR reviews were carried out in thirty-two scans. The FTIR
spectra of CdSe, CdTe QDs and CdSeTe QDs showed aliphatic C-
H vibrations at 2950 cm-! [26] and 2899 cm-! [27]. Again, C=0
peaks of carboxylic acids around the QDs were determined as
1710 cm'! and 1425 cm-!. Finally, C-C stretching was found to
be 1065 cm-l. This information seems to be quite consistent
when compared with the literature [30].

In the FTIR analysis of PVA/QDs nanocomposite structures,
670 cm! and 2956 cm-! peaks of C-H peaks were found in all
samples. When the intensity of the peaks was analyzed, it was
determined that the peaks were stronger in PVA/QDs
structures than in pure PVA. The main reason for this is the
geometrically high tendency of C-H vibrations on a single
surface [31]. Again, in PVA/QDs structures, 2875 cm- peaks
were observed, which are not present in pure PVA
nanocomposites and appear in the spectrum specific to QDs.
Apart from this, when pure PVA nanocomposites and PVA/QDs
nanocomposites are compared, it is seen that the OH peak of
carboxylic acid at 3299 cm-! and carbonyl peaks at 1682 cm!

are stronger in pure PVA nanocomposites. The intensity of the
C-C (1452 cm1) and C-0 (1168 cm-1) peaks also tended to be of
the same strength. This is mainly due to the hydrogen bonding
of OH and C-H groups in the PVA structure with MPA ligands
and metallic interaction with the ligand of QDs [32].

Transmittance(%)

—— PVA-CdSe QDs
—— PVA-CdSeTe QDs

—— PVA-CdTe QDs

"1000 | 1500 ' 2000 ~ 2500 3000 3500
Wavelength (cm")

Figure 6. FT-IR Spectrum of PVA and Cd based Q. Dots -PVA
nanocomposites.

UV-Vis absorption spectra of the samples in aqueous solution
and thin films were performed using a Shimadzu UV-1800
ultraviolet visible spectrophotometer. The absorbance
characterizations of the solvent and PVA matrix of the QDs
synthesized in the study were performed and the results
obtained are shown in Figure 7. The thickness of all surfaces
tested in absorbance measurements was set to 0.15 mm so that
each surface was considered equally.

The absorbance characterization results of PVA
nanocomposites are shown in Figure 7a. As can be seen, no
absorbance peak was detected in the range of 400-750 nm for
the PVA nanocomposite structure, with the known absorbance
peak of PVA being 189 nm [33]. Figure 2b shows the
absorbance characterization results of CdSe QDs dissolved in
water and PVA/CdSe QDs nanocomposite. It was observed that
the absorbance peak of the MPA-coated CdSe QDs synthesized

here was at 493 nm, while the absorbance peak of the addition,
the absorbance peaks of CdSe QDs in the PVA matrix lost their
distinction, especially the second peak representing 2s2
transitions disappeared completely. It has been previously
shown that the interaction of ligands on the surfaces of QDs and
PVA matrix is different and this causes differences in the
absorbance and emission characterization of the PVA/QDs
structure [17]. This is thought to be mainly due to the
interaction of the OH and C-H groups of the PVA matrix and the
carboxyl groups in the MPA ligand used in all three QD types in
this study. The PVA/QDs hybrid structure prepared at 60°C is
thought to interact at the molecular level and cause shifts in
absorbance peaks. Such shifts have been previously observed
to occur in the absorbance peaks of QDs where similar
processes were applied to treat the surface ligands [34]. The
blue shift in PVA/CdSe QDs was similarly observed in
PVA/CdTe QDs (Figure 7c) and PVA/CdTe QDs (Figure 7d)
hybrid structures [35].
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Figure 7. UV-Vis spectrum of Cd based QDs-PVA nanocomposites.

The energy band gap values of the synthesized QDs were
calculated as 2.44 eV for CdSe QDs, 2.03 eV for CdTe QDs, and
2.06 eV for CdSeTe QDs [12]. The energy bandgap of the
PVA/QDs nanocomposites structures was calculated using the
absorbance spectrum according to the Tauc relation and shown
in Figure 8. The Tauc relation is calculated from the formulas
using a graph of In {HV * In [(Rmax =Rmin) / (R = Rmin)]} vs In (hv
- Eg). Using this formula and the absorbance measurements of
the surfaces, the energy band gaps of the PVA/QDs structures
were calculated. As a result of the calculations, energy band
gaps of PVA/CdSe QDs, PVA/CdTe QDs, and PVA/CdSeTe QDs
CdSe QD-PVA nanocomposites surfaces were found to be 2.48
eV, 2.33 eV, and 2.68 eV, respectively. The main difference
between QDs (in water) and PVA/QDs is thought to be caused
by the new hydrogen bond interactions between the carboxylic
acid structures on the outermost surface of the QDs and PVA.
This interaction is shown in Figure 8 as 2D interaction.

Figure 9 shows the fluorescence images and spectra of pure
PVA, CdSe QDs, CdTe QDs, CdSeTe QDs and PVA/QDs
nanocomposites. Edinburg FS5 fluorescence spectrometer was
used for photoluminescence (PL) measurements and the
excitation wavelength was selected as 383 nm for all surfaces.
When the PL spectra results were analyzed, no significant
fluorescence effect was observed in the 400-700 nm range of
pure PVA nanocomposites as shown in Figure 9a. On the other
hand, it is known to have an emission peak around 340 nm due
to the electronic* — n electronic transitions of -OH groups due
to the spatial distribution of molecules in the PVA matrix [36].
On the other hand, the emission peaks of CdSe QDs, CdTe QDs
and CdSeTe QDs used in this study vary depending on the
synthesis time, and the emission peaks for the QDs used in this
study were determined as 517 nm, 596 nm and 583 nm,
respectively (Figure 9 b-d). The emission characterizations
obtained for these three QDs are in agreement with literature

studies [37,38]. Although there were no emission peaks at 400-
700 nm of the PVA matrix, emission peaks of PVA/QDs were
observed with QDs added to the PVA matrix. Figure 9b shows

that the peaks of PVA/CdSe QDs nanocomposites appear at 512
nm and have a blue shift of 5 nm compared to the emission peak
of QDs in water.
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Similarly, as shown in Figure 9c, the emission peaks of
PVA/CdTe QDs nanocomposites were observed at 593 nm with
a blue shift of 3 nm. The amount of blue shift of the PVA/CdSeTe
QDs nanocomposite structure reached 10 nm and the obtained
emission characterizations are shown in Figure 9d. The
obtained results show that the OH groups in the PVA matrix,
together with the QDs added to the PVA structure, cause the
rearrangement of delocalized n groups [39]. One of the main
reasons for the blue shift of the emission peaks of PVA/QDs
nanocomposites relative to the emission peaks of QDs is
thought to be due to the partial passivation of the surface traps
of QDs by PVA-OH and COOH groups. A decrease in the strength
of the emission peaks of PVA/QD nanocomposites in solvent
was observed against the emission peaks of QDs. On the other
hand, considering the emission of pure PVA, it is seen that the
emission value of the PVA/QDs nanocomposite structure
increases significantly with the addition of QDs. This is thought
to be due to the electron capture ability of QDs in the PVA
matrix and the increased recombination rate of electron-
vacancy pairs.

Looking at the absorbance and emission characterization
results given in Figure 8 and Figure 9, a red shift of the stoke is
observed at the edges of the PVA/QDs emission band. Although
this red shift in emission has been observed many times in the
literature, it is attributed to the impurity of the structure,
intermediates used, voids and surface defects [33].

Electrical Conductivity of PVA/QDs nanocomposites

The measurement results for the frequency-dependent
electrical conductivity values of PVA/QDs whose composite
structure is formed with CdSe QDs, CdTe QDs, and CdSeTe QDs
are shown in Figure 10. In electrical conductivity
measurements, while the frequency range was adjusted
between 10 Hz and 1 MHz, 2 V voltage was applied. Depending
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Wavelength (nm)
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on the frequency, increases in the conductivity of
nanocomposite materials have been observed. As can be seen
from Figure 10, although it has been observed that the
conductivity of nanocomposite materials consisting of
PVA/CdSeTe QDs is the highest in all frequency ranges, it is
observed that the addition of QDs provides extra electrical
conductivity to PVA. The main reason for this increase in
electrical conductivity is due to the conductive paths formed by
the QDs within the PVA template[40]. Thanks to the
conductivity channels produced by the QDs in the PVA matrix
as an alternative, the charge transfer mechanism between the
PVA and the QDs becomes operable, and the conductivity of the
nanocomposite increases as the amount of charge carrier
increases. In addition, due to the interaction of the MPA ligands
coated on the surface of the QDs and the OH and COOH groups
present in the PVA matrix, it is thought that the QDs are
homogeneously distributed on the PVA surface and contribute
to the increase of the surface conductivity.

When Figure 10 is examined, it is observed that the difference
between the electrical conductivity of the QDs-added
nanocomposites at low-frequency values and the electrical
conductivity of the PVA polymer is more pronounced and this
difference is up to 300 times, while at high-frequency values
this difference tends to decrease. This is mainly since its
conductivity is associated with the dielectric loss (¢”), which
changes in €” depending on the frequency 41]. Similarly, it was
determined that the conductivity values of the PVA/CdSeTe
QDs nanocomposite structures showed better conductivity
than the other two similar nanocomposites. In this case, it is
thought that the synergetic effect of using Se? and Te2+ as a
complex provides better conductivity than using these
elements separately. Such that, as will be discussed in the next
section, the &''values of PVA/CdSeTe QDs nanocomposites are
higher than the other two counterparts.
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Figure 9. PL Spectrum of CdX QDs and CdX QDs-PVA nanocomposites
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Figure 10. The electrical Conductivity of PVA/QDs
nanocomposites depends on frequency.

Dielectric Constant of PVA/QDs Nanocomposites

The expression defining the complex dielectric constant which
have real and imaginary parts can calculate with Equation 1 (EI-
Shamy 2019);

e (w) = &' (w) — ie"(w) M

In this equation, the real part, €, shows the dielectric constant,
while €”is the imaginary part, is the indicator of dielectric
losses. To investigate the dielectric properties of PVA/QDs
nanocomposites prepared by adding 3 different QDs were
examined in the frequency range of 10 Hz - 1 MHz and the
variation of dielectric constants depending on the frequency is
shown in Figure 11.
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Figure 11. Variation of dielectric constants of nanocomposites
concerning frequency.

The Dielectric constant is an indicator of a material's ability to
polarize current electric dipoles against an electric field and to
store energy [42]. The plot of the frequency-dependent
dielectric constant for the PVA/QDs nanocomposite material
with Figure 11 is compatible with the literature [43]. The initial
&'values are higher than the low-frequency values of polar
materials. This is because the dipole moments in the existing
nanocomposites have sufficient time to exhibit a structure that
is compatible and aligned with the direction of the electric field
at low frequency [44]. Compared to PVA, it has been observed
that the &'of PVA/QDs structures are quite high in the range of
10 Hz-10 kHz. On the other hand, with the increase in
frequency, €'of nanocomposites tended to decrease and the

differences between ¢'values gradually decreased. The
decrease in &' with increasing frequency basically does not
provide enough time for the dipole moments to align in the
direction of the electric field, which causes a decrease in
polarization [45]. PVA is an insulating material, however, CdSe
QDs, CdTe QDs, and CdSeTe QDs used in this study are
semiconductor nanomaterials. Although this situation causes
incompatibilities within the PVA/QDs nanocomposite material,
the increase in dielectric constants of nanocomposite materials
can be attributed to the QDs capacitors placed in the PVA
matrix. Although the carboxyl groups on the surface of the QDs
show good compatibility with the OH groups of PVA, they offer
a harmonious dipolar interaction. As can be seen from Figure
11, it is seen that the addition of QDs increases the ' value. The
dielectric constant of PVA/CdSeTe QDs has reached the highest
value just like the electrical conductivity. This situation is
thought to be caused by the harmony between the coated
ligands on the surface of CdSeTe QDs and the surface of PVA, as
well as the synergistic interaction of Se?- and Te2* at optimal
values. Compared to CdSe QDs and CdTe QDs, alloy CdSeTe QDs
are thought to be more efficient in bipolar interaction due to
their higher capacitor properties within the PVA surface.

Dielectric Loss and Dissipation Factor (tan 8) of PVA/QDs
nanocomposites

Dielectric losses and dissipation factor are related values. So
that this can be represented by Equation 2 below;

e =¢'tané 2)
In this expression, tan § shows the dissipation factor.

The variation of dielectric losses of PVA/QDs nanocomposites
in the frequency range of 10 Hz - 1 MHz is given in Figure 12.
The dielectric loss of the nanocomposites was tested at room
temperature at 2 Volt. As can be seen here, €' also varies
significantly depending on the frequency. So much so that the
increase in frequency causes a decrease in €'’. This situation is
basically explained by the Waxwell-Warner model [46]. At low
frequencies, as the PVA and QDs are not completely
homogeneously distributed on the surface, interfacial
polarization occurs with the electric field, which causes
dielectric losses. On the other hand, the fluctuation in the
electric field increases due to the increase in the frequency
value, and in this case, the amount of polarization produced at
the PVA/QDs interface is observed to below. This situation
causes fewer dielectric losses in high-frequency ranges. When
Figure 12 is examined, it is observed that dielectric losses in
PVA/CdSeTe QDs are higher. This is basically due to similar
reasons as the dielectric constant. CdSeTe QDs in PVA cause the
formation of a conductive line on the PVA surface, which causes
an increase in the charge transfer transitions occurring in the
PVA matrix of CdSeTe QDs. This increase both the conductivity
and dielectric losses of the composite structure. By the
dielectric losses, the dissipation factor also changed depending
on the frequency, and the results obtained are shown in Figure
13. As can be seen with Equation 1, the increase in dielectric
losses causes an increase in tan §. Similarly, the decrease in
dielectric losses depending on the frequency causes a decrease
in tan 8.
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Figure 13. Variation of dissipation factor of PVA/QDs
nanocomposites for frequency.

4 Conclusions

In this study, Cd-based QDs-PVA nanocomposite structures
were formed by adding 3 different Cd-based QDs to the PVA
matrix. The morphological, thermal, optical,
photoluminescence and electrical properties of PVA/QDs
nanocomposite structures were investigated. The ionic
interactions between PVA matrix, CdSe QDs, CdTe QDs and
CdSeTe QDs were investigated. In all PVA/QDs nanocomposite
structures formed in the study, it was observed that QDs were
homogeneously dispersed in the PVA matrix and results were
obtained according to the optical properties of QDs in both
absorbance and emission characterizations. On the other hand,
QDs dispersed in PVA matrix were found to have blue shifts in
absorbance and emission peaks due to the interactions
between hydroxyl groups and OH and COOH groups in MPA
ligands. While all QDs added to the PVA matrix caused an
increase in the fluorescence of PVA, the highest fluorescence
increase occurred with the addition of CdSeTe QDs. No
significant difference was detected when the morphological
properties of PVA/QDs were analyzed. It was observed that all
three PVA/QDs nanocomposite structures were compatible
with the Zinc Blende Cubic structure (crystal structure of QDs).
No major differences were observed in the SEM images of the
surfaces. However, when the thermal properties of PVA/QDs
were examined, increases in the thermal decomposition
temperatures and melting points of the nanocomposites were
observed with the addition of QDs to the PVA matrix. The data

obtained at this stage showed that the alloy structure and
CdSeTe QDs gave better results in both degradation
temperatures and melting point increase in PVA matrix
compared to QD types. Finally, when the impedance values of
PVA/QDs nanocomposites are compared with pure PVA
nanocomposites, increases in dielectric constants and
conductivity are observed. In fact, when CdSe QDs and CdTe
QDs were added to the PVA matrix, the conductivity of the
surface increased 100 times. However, with the addition of
CdSeTe QDs, the conductivity was increased up to 1000 times.
In conclusion, in this study where three different QDs were
tested in PVA matrix, CdSeTe QDs were found to be more
effective than CdSe QDs and CdTe QDs in both thermal and
conductivity properties of PVA. As a result of the study, it is
predicted that the hybrid organic/inorganic structure of
PVA/QDs can be used for application in light emitting devices
and has a high potential for biomedical research.
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