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Abstract
In this study, a novel method is used to prepare vaeible CdTe, CdTeSe quantum dots (QDS) and CdTe/CdS
coreshell QDs by using Te, Se, NaBHind CdG 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) anchyX powder diffraction(XRD) have been used to
characterize QD nanoparticles. In addition, for characterizatiothe composite nanofiberscanning electron
microscopy (SEM) and atomic force microscopy (AFM) have been used. QDs have a good dispersed crystalline
structure withan averagerystallinesize between-2 nm.Morphology analyses reveal that the composite nanofibers
with an average diameter ranging from 50 to 250 nm are prepared using the electrospinning technique.
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1. Introducti on achieved using the simple electrospinning method.
There has been great interest in the preparation Wanofibers obtained using the eflespinning technique
quantum dots (QDs) because of their noveprovides a number of enhanced properties such as an
optoelectronic properties, which are tunable emissidncrease in surface area/volume ratio, a drop in structural
wavelength, high quantum yields (QYs) exceptionallefects and a decrease in pore size. Electrospinning is a
photostability ancbroad absorption cross sectiondl  fundamental technique to prepare nanofiber§he
The exciton binding energy in QD structures increasedectrospinnig instrument is composed of a syringe, a
remarkably. So, new excitonic optical characteristics cggump system, two electrodes and a high voltage supply.
be expectedor the wide bandgap materials Pl. There The solution of the polymer is filled into the syringe and
are many companies that produce these fine particlExl from the syringe to the tip of electrode as polymer
(QDs) designed for some specifigpications[4]. drop with the help of the pump system. Thé/pter drop

is drawn into fibers on the other electrode, known as the
Synthetic fibers are produced mostly from polymercollector, with the help of the high voltage supply. The
based materials and especially, spinning process is ugsymer drop at the tip of the electrode is electrically
to prepare synthetic fibers. During the spinning processharged and turn into the polymer jet, which is collected
polymerbased material is melted and extrudecsbdigh as nanofibersmthe collectof6]. Membranes, protective
the fine holes othe die. The spun fibers are stretched andothings and sensors can be shown as potential
drawn to enhance the polymeric chain orientation and tlag@plications for nanofibers prepared nggi the
crystallinity after the extrusion proce$S]. Synthetic electrospinning process [7]in addition, electrospun
fibers have specific properties (tensile properties andanofibers have been utilized by many studies as
conductivity) which allow them to be used in differentplatform for quantum dot based applications, with
applications. Wh e n c 0 mp anendiacthed agvantdyes soch asdundtianadl insobilibation k
properties, synthetic fibers spun from polyAmased with desired spacing, high surface area, reproducibility
materials exhibit enhanced properties such asileen [8-10]. Quantum dots were added into the electrospun
properties, optical and electrical properties. In synthetitanofiber to label the fibrous structure dugigitt urique
fiber preparation techniques, the current trend used is dptical properties [@.1].
prepare submicron scale nanofibers, which can be
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In this study, polyvinyl alcohol/quantum dots compositesolution was maintained at 0.1 mi/hr. Due to the high
nanofbers, including CdTe, CdTeSe Q&xsd CdTe/CdS voltage supply, there is an electric potential difference of
coreshell QDs, respectively, are prepared by th80 kV between the electrodes, which are the ctileand

electrospinning process. Electrospun nanofibers witihe syringe tip. The distance of electrodes was provided
high surfae area and with unique optoelectronido be 10 cm. Electrospun PVA/QDs nanofibers were

properties turn the polymeric material into a label. collected on aluminum foil.
2. Materials and Methods 2.3. Characterization of QDs and PVA/ODs
2.1. Chemicals for QDs and PVA/ODs nanofibers nanofibers

Chemicals used for QDs preparation, cadmium chloridehe surface microstructure of PVA/QDs nanofibers mats
(CdCh.5/2H,0), 3mercapto propionicacid(MPA), wasanalyzed using EVO LS10 ZEISS model scanning
selenium powder (Se), tellurium powder (Te)gelectron microscope (SEM) and Tecnai G2 F30 model
sodiumborohydride (NaBfl and thiourea ((NB.S), atomic force microscope (AFM). The surface
were purchased from Sigafddrich. KOH, purchased morphology of QDs was examined by usiHgOL JEM
from SigmaAldrich, was used to adjust the pH of the2100F HRTEMmodel transmission electron microscopy
reaction mixture. For this purpose, stock solutid®.1 (TEM). The averagaeliameter of PVA/QDs nanofibers
mol/L KOH was prepared. was determined from the SEM images of the composite
nanofibers with the help of a software (The National
Polyvinyl alcohol, from Inovenso Ltd., Turkey, was usednstitutes of Health ImageJ). For this purpose, image
as polymer matrix material. The degree of hydrolysis adnalysis was performed on SEM figures and at least 25
PVA ranges from 86 to 89 mdélb and the degree of different fiber structures were analyzed for each
polymerization ranges from 1700 to 1800. The moleculamomposite system (PVA/CdTe, PVA/CdTeSe and
weight of PVA changes from 84000 to 89000 g/mol. PVA/CdTe/CdS). Image analysis results were given with
standard deviations.
2.2. Synthesis of CdTe and CdTeSe QDs
In the synthesisMPA-capped Cd based Qdots wereXRD patterns of the following quantum dots, which are
preparedy using CdGl. 5/2H0, MPA, thioureaSe and CdTe QDs, CdTeSe QDs and CdTe/CdS QDs fcore
Te powdersTypically, CdChk. 5/2H0 (n moleg with  shell), were analyzed with Bruker Advance D8 model X
MPA (2n moles) were used for syntheaisd the pHwas r a 'y di ffractometer wi t h Cu k
adjusted to basic conditions with NaOH. The solutiowavelength of 0.15406 nm. -ky diffraction patters
was heated td 0 0 un@lenitrogen for 0.5 hAt 80°C wer e obtained at 1A/ min scan s
of temperature, fresh NaHTe aques solution was used Average crystalline size of prepared QDs cobe
as precursor solution andas prepared from Te and determined with the help of the Scherrer equation, given
NaBH:. In order to prepare the selenium precursdoelow:
solution, Se powder was mixed with 2 ml of fresh NaBH
in water under nitrogen atmospher&€he precursor L.= K & / (B cos @)
solution of Te were injectenhto the reaction system to
obtain CdTe QDs (core QDs). Regular intervals werehere L is the average crystalline size, K is a constant
taken out for characterizations. To prepare CdTeSe QDs0 . 8 9) , & i s the radiation wayv
(alloyed QDs), Te and Se precursor solutions wengi dening of diffraction angl e
simultaneously injected into the reaction mediama xi mum and i d ni @a ndgil fef amaac Br agg6
CdTe/CdS QDs (corshdl QDs) were made in the same[12, 13]
way as the reported synthesis procedure of CdTe and
CdTeSe QDs. In order to prepare S precursor solutioA,digital color camera was used to record the colors of
Thiourea was added in a appropriate molar ratio for us€&tiTe QDs aqueous solutions under sunlight. The
Te amount. The all QDs obtained were precipitated arfldiorescent images were recorded under UV light (365
washed wh 2-propanol more than three times. nm) with the digital color camera.

PVA was dissolved in di 8.tRe$ultsérd Digcassians at 80 AC with
magnetic stirring to obtain 5 wt. % solutions. TheThe XRD diffraction patterns of the prepa@dTe QDs,
composite solution was prepared by mixing the quantu@dTeSe QDs and CdTe/CdS QDs (eshell) are

dots, CdTe QDs, CdTeSe QDs and CdTe/CdS {coriflustrated in Figures %a. All the samples showed three

shell) QDs, regectively, within the prepared PVAc har act er i s=t26AcA3Aand 50k vehichacan 2 d
solution. The QDs composition of the preparedbe assigned to the diffractions from (1 1 1), (2 2 0), and
composite solutions was kept at 10 wt. %(3 1 1) planes of the cubic zinc htkcrystal structure of
Electrospinning instrument from Inovenso Ltd., TurkeyCdTe QDg13, 14] CdS haghree characteristic peaks at
(NE-100) was used to prepare the composite nanofibpe&s.d = 27 A, 4 4 Ao (a11)d(228)2aAd, (31t)ef er r e
The composite solutionas pulled into a syringe, placed planes The diffraction peaks aZdTe and CdS structures

on the top of the pump, and the feed rate of the compositeght overlap When compared ith Figures 1a and 1b,
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Figurelc shows broad diffretion peaks because of CdSE==
content of core/shell QD3he main XRD peaks (1 1 1) A
was used to estimatbe average crystalline sizd the
asprepared nanoparticles using the Schergagon
[13].
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c Figure 2a, b, c. SEM images of PVA/CdTe,
Figure 1a, b, c.XRD diffraction patterns of the prepared PVA/CdTeSe and PVA/CdTe/CdS composite nanofiber,

CdTe QDs, CdTeSe QDs and CdTe/CdS atrell QDs, respectively.

respectively. In Figures 2ec, 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 composifeke fiber size
did not change much with the QDs type.addition, he
Ds content walow and did not alter tHéber structure.
D/ODs nanofibers have an average diameter ranging
50 to 250 nm and the average fiber diameter of
A/CdTe, PVA/CdTeSe and PVA/CdTe/CdS
composite nanofiber systems
nm and 137 N 13 nmmersoletisrpect i
properties such as solution viscosity and concentration

The averagerystallinesizes ofCdTe QDs, CdTeSe QDs
and CdTe/CdS QDs (coshell)were calculated to be 2.7
nm, 3.2 nm and 4.0 nm, respectivalyith the growth of
the CdS shell, the diffraction peak positions of esinell
QDs almost remain constant when compared with t
CdTe QDs. In addition, the widths of the diffraction
peaks remain almost unchanged and no separate
peak is observed, whicbonfirms the formation of a
core/shell QD rather #n structure of an alloyed QDs
[15].
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are important parameters in the electrospinning techniq l " all
in terms dthe prepared fiber morpholod§, 16]. During : X i
the electrospinning process, if the concentration and tl - ~ ]
viscosity ofthe polymer solution are relatively low, bead . 1
structures can be observed along the fiber structure ) J

which may be the reason for the beaded fiber structur
seen on the SEM images of PVA/QDs composite syster
(Fig. 2ac) [6, 16]

Topographic imaging by AFM of PVA/CdTe,
PVA/CdTeSe and PVA/CdTe/CdS composite nanofibe
systems reveal fibrous and porous surface feature
respectively (Fig3ac), AFM images are consistent with T R G S
the SEM images in terms of the fiber si&émilar to the c

SEM images, nanofibersith the diameter at around 100Fjgure 3a, b, c. AFM images of PVA/CdTe,
nm can be observed on AFM images. In addit®BM  pyvA/CdTeSeand PVA/CdTe/CdS composite nanofiber,
images prove théeaded fiber structuresvhich might  respectively.

result from the low polymer solution concentration.

Figures 4ac show TEM micrographs of CdTe QDs,
CdTeSe QDs and CdTe/CdS QDs (eshell). The
presence of nanoparticles with the size of less than 10 nm
’ can be seen on the micrographs. The QDs of thésagie
consistent with the Xay diffraction results. TEM
analyses reveal that the nanoparticles obtained have a
good crystallinity and they are actually within the regime
of quantum confinemernt7].
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c

Figure 4a, b, cTEM images ofcdTeQDs, CdTeSe QDs a
and CdTe/CdS corshell QDs, respectively.
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Figure 5a, b. Absorbance and luminescence spectra ¢figure 6a, b, ¢, da) Photos of QDs solutions under UV
CdTe, CdTe/CdS and CdTeSe QDs, respectively. lamp and day light, photos of fibers prepared viah
alloyed nanoparticles) core nanopatrticlesl) core/shell
The luminescence of all type of QDs is bright red colodf@noparticles

under theUV lamp for 20hreaction (Figure band the ) i i
luminescence colors of all QDs aqueous solutions char Potos(Fig. 6) show luminescence of fibers prepared
from green to red with increasing refluxing time. FigurWith CdTe, CdTe/CdS and CdTeSe QDs. As can be seen

5a and b show absorbance and luminescence spectr.n photos, there istill fluorescence in the nanofiber mat
CdTe, CdTe/CdS and CdTeSe QDs for 20h reaction tir containing CdTeCdTe/CdS and CdTeSe QDs due to the
[18]. Theyhave good absorbance and emission bands stable structure of the nanoparticles but there was a

being consistent with the literature. certain decrease in fluorescence because of the thick
polymer layer surrounding QDs in the composite
structure
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