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Abstract

In this study, CdSe quantum dots which is highigim@scent were synthesized by two
phase method using oleic acid (OA) as a surfactdieiv hanocomposites have been
obtained by mixing CdSe quantum dots with low-dgngolyethylene (LDPE) in
different ratios. The structural (FT-IR), morphologl (TEM, SEM), thermal (TG-DTA)
and absorption (UV-VIS) properties of these nanquousites were investigated as well
as their radioluminescence (RL) properties. Radinhescence peaks at 335 nm, 510
nm and 655 nm for the oleic acid-capped CdSe nastar were observed. As a
consequence of the nanocomposites being dopedpaitller CdSe quantum dot, a
significant blue shift was observed in the absamptbands. The optical band gap for
CdSe was calculated as 1.82 eV. The nanocompéiieded with CdSe QD, this value
increased to 3.23 eV.

Keywords:Quantum dots, Radioluminescence (RL), Low DeRsityethylene (LDPE),

optical absorption, structural characterizationgttmal analysis.
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Ozet

Bu calsmada, yuksek parildar madde olan CdSe kuantum laokiaizey aktif madde
olarak oleik asit (OA) kullanilarak cift fazli y@rhle sentezlengtir., CdSe kuantum
noktalarinin alcak ygunluklu polietilen (AYPE) ile farkh oranlarda katirilmasiyla

yeni nanokompozititler elde edildi. Bu nanokompeuit yapisal (FT-IR), morfolojik
(TEM, SEM), termal (TG-DTA) ve @&wma (UV-VIS) 0ozelliklerinin yani sira
radyoluminesans (RL) Ozellikleri agtarildi. Oleik asit kapli CdSe nanokristali i¢cin 33
nm, 510 nm ve 655 nm'de radyoliminesans pikleriegdz Nanokompozitlerin toz
haldeki CdSe kuantum nokta ile katkilandiriimasiusn, sgurma bantlarinda énemli
derecede mavi bolgeye kayma gozlemlendi. CdSejtik bant aralgi 1.82 eV olarak
hesaplandi. CdSe QD ile katkilandirijqimanokompozitler icin bu ger 3,23 eV'ye
yukselmitir.

Anahtar kelimeler: Kuantum nokta, Radyoliminesans (RL), Alcakguntukiu
Polietilen (AYPE), optik smrma, yapisal karakterizasyon, termal analiz.

1. Introduction

Quantum dots have become an important focal pofnsaence thanks to their

electronic and optical properties, which have besed in many different applications

today. These are often preferred in semiconduetdiology due to their controllable

nano size, strong emission characteristics and dliglorption values [1-3]. Especially
due to its controllable dimensions, from medicimal diotechnological applications

according to their emission behavior, to imaging agbrid solar batteries, has become
widely used in many fields [4]. Another interegtimaterial that has recently been
widely used is nanocomposites. The small volumaario-sized additive materials

means that they have a very large surface areas, The superficial properties of the
nanocomposite material directly influence the ptgisand chemical properties of the
matrix [5]. Therefore, nanocomposites have atdcctonsiderable interest in the
industrial and technological field owing to themmarkable morphological, mechanical,
thermal, optical and other remarkable changes [6].

The nanocomposites prepared by incorporating thentgon dots into low-density

polyethylene at a very low rate have been foundchave the same luminescence
characteristics as the powder quantum dot. It basn observed that these
nanocomposites with quantum dot additive have Bggmt advantages in experimental
studies in terms of being easy to shape, beingbliexbeing able to prepare in desired
quantity and size and having more suitable stocagelitions. [7].

The CdSe quantum dot prepared by the synthesisoohé@ththe two-phase method was
doped into low density polyethylene (LDPE) and pody nanocomposites were
prepared by solution blending method.

In this study, the optical absorption spectra ahposites which are consisted of three
polymer nanocomposites prepared with CdSe addidgagmure LDPE composite were
obtained, and the band gap energy values of sawglescalculated from these spectra.
Unlike other quantum dot studies, the RL system wssd in obtaining emission
spectra. It is possible that these RL spectra bmmbtained for solid, colloidal or
powder samples. This is a significant advantagenms of ease of analysis. However,
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in the fluorescence system, which is frequentlyduse the quantitative analysis of
guantum dots, the material can only be examingtercolloid structure. If the sample
is solid, it should be dissolved in certain molast with solvent. The
photoluminescence and fluorescence spectroscopihvwdre used to determine the
emission characteristics of quantum dots, are lysualuced by low energy sources.
The RL system, in which high-energy X-rays is ussdexcitation source enables the
detection of sputtered electrons by inducing etersrin deep traps in semiconductor
nanocrystals. This is a significant advantagénefRL system [8, 9].

2. Materials and method

2.1 Synthesis of CdSe nanocrystal

CdSe nanocrystals were synthesized by the two phestbod [10, 11]. 0.4 g of
cadmium myristate as a cadmium source, 2 g of aleit as a surfactant is dissolved in
80 ml of toluene at a temperature of 80°C and keptater use in the process. In a
further step, 80 ml of distilled water is heated1@0 °C under nitrogen and 1 ml of
NaHSe is injected into the reaction flask. Thegerature was kept constant at 100 °C.
Nitrogen saturation was provided, and the toludmesp solution was added to the water
phase with the aid of a stirrer. CdSe quantum oastals begin to form at the
interface in about 30 minutes. During the procegewth and optical properties of
nanocrystal were controlled by UV-Vis, taking saegplat different intervals. The
reaction is stopped when the desired size is oddaimccording to the absorption
spectra. The biphasic mixture in the reactionkfles separated using a separatory
funnel.

2.2 Preparation of QD added polymer nanocomposites

In the heater with the temperature stabilized a@ 1@, the weighed low-density
polyethylene granules were heated to the requicdthess in the borosilicate glass
beaker. The weighed powder quantum dots were agipldissolved by stirring in 20
ml of toluene. This solution is incorporated ith@ molten polyethylene. Toluene is a
good solvent in polyethylene material too. 20 mitaiiene in the solution provides
even better dissolution of the polyethylene [1Zhe mixture was stirred at 130 °C. for
10 minutes to remove toluene from it. Then, thetare was to cool down to room
temperature and allowed to stand for at least 48sh0The toluene residues that may be
present at this point have been removed from tbepable level. 0.30 g of the dried
mixture was weighed and again softened by heatintfl@ °C for 15 minutes at the
melting point of polyethylene. Thus, more homogerseeand smoother composites are
obtained by pressing. The sample is cooled to r@mperature under a pressure of 10
MPa. The nanocomposites with a smooth surface.®»fndm thickness and 16 mm
diameter were obtained.

For the radioluminescence (RL) measurements ofCiti8e QD and nanocomposites,
excitation was made with a Machlett OEG-50A X-rapd operated at a maximum
experimental level of 30 kV and 15 mA. Lumineseaedetection system is conducted
with a Yobin Yvon spectrometer, coupled to a ligumittogen cooled CCD detector.
The fluorescence spectra of CdSe QD were recorgeddient Technologies Cary
Eclipse Spectrophotometer at 290 nm excitation Veangth. Optical absorption spectra
of QD and nanocomposites were recorded at roomegmatye in the wavelength region
of 200—2000 nm using Perkin-Elmer Lambda 950 sppbotometer. TEM images
were obtained using a FEI Tecnai G2 -Biotw SpiriighH Contrast Transmission
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Electron Microscopy and operated with Lanthanumabexide (LaB) electron gun,
under accelerating voltage in the range of 20-120 Khe FTIR spectra were recorded
in the region 4000—-650c¢rhusing an Agilent Technologies Cary 660 Spectromeiih
room temperature. The thermal analysis (TG-DTA}¥ahples was performed Hitachi
Sll Exstar 7300 thermal analyzer. The thermal bemaf nanocomposites was studied
in the temperature range of 25-5%5 at a heating rate of 4@in'in air atmosphere.
Scanning electron microscopy (SEM) was used to @anthe morphology of
nanocomposites by using a Philips XL-30S FEG e SEM.

3. Results and discussion

3.1 Optical properties

The radioluminescence measurements of CdSe quamtomand the prepared
nanocomposites were taken with the RL system atdatelobin Yvon monochromator
integrated X-ray unit. Figure 1 shows that the gemCdSe and RL spectra of quantum
dot added polymer nanocomposites.
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Figure 1. RL spectra of nanocomposites in differatibs (0.2, 1, 5wt%.CdSe) and
CdSe QD.

The main radioluminescence peak of CdSe QD isdacat 655 nm and there are weak
peaks at 335 nm and 510 nm. The peaks at RL speciould originate from VSe (Se
vacancy), VCd (Cd gap), Se (Se cracks), Cd (Cdkejac The surfactant (OA),
synthesis time and concentration rate are impog#ett on shifting the peaks red or
blue region in RL spectrum.

The decrease in RL intensity upon addition of Cd#2 could be attributed to the

charge transfer from polymer to the nanocrystdleis charge transfer results from the
formation of separated electron—hole pair that md@oes non-radiatively which leads

to quenching of emission intensity of nanocompssitd’he nanocomposites showed
same glow curves with the quantum dot, and the L2PRears to reduce the RL
intensity of the quantum dot.
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In figure 2, the low intensity of themissionpeak of CdSe, which has a brc
fluorescence spectrum, is thought to be causeditigce defects that may occur dur
the synthesis process. CdSe, which emits aroundniQas can be seen in Figur
from UV-light images of nanocomposites), has a ye-orange color in th
electromagnetic spectrum.
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Figure 2. The fluorescence spectrum of OA cappeBeCGaL.

(b) (c) (d)

Figure 3.The images of thnanocomposites under UV lanip,& 365 nm)(a) 5 wt% ,
(b) 1 wt%, and (c) 0.2 wt% CdSe, and (d) pure LD&%pectivel.

In Figure 3, the yellowsrange color, which is apparent in the 5% QD adtkedple (a)
is diminished on the 1% sample (b). At 0.2% QD addample, it became uncert:
that it could mly be seen at the edg

From the figure 4, the optical band gap for CdSe walculated as 1.82 €[13]. The
absorption spectrum of LDPE showed a significaift stthe red region with the Cd
guantum dot contribution. By increasing the cdnittion rate, it is seen that forbidd
energy band values can be reduced from 3.71 e\btbe&/ (Table 1

As can be seen in Figure 4 when the QD nanopartidéedain LDPE matrix, th
absorption band of nanocomposites broadened towasidarge wavelengths The
intensity of main absorption bands of the QD addathples increased remably.
Presumably, this is caused by the radi~induced rise of quantum dots concentra
in polyethylene.
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Figure 4. The optical spectra of OA capped CdSea@iDCdSe QD added polymer
nanocomposites.

The optical band gap values obtained by using the Bchonset equation, whebeis
the onset wavelength which can be determined grgattion of two tangents on the
absorption edges. Alsapnset represents the electronic transition staveleagth [14].

Table 1. The calculated optical band gag) @hd onset wavelength values of CdSe QD,
LDPE and, CdSe added nanocomposites.

LDPE 0.2 wt % 1wt % 5 wt % CdSe QD
Wavelength (nm) 334 384 492 496 681
Band Gap (eV) 3.71 3.23 2.52 2.50 1.82

3.2 Size determination of CdSe QD

The TEM image and the histogram of the particle sistribution of the OA capped
CdSe QD is shown in Fig 5 and Fig 6. The distidubf particle size for CdSe QDs
are nearly monodispersed and spherical in shape.

Figure 5. The TEM image of OA capped CdSe QD.
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The TEM image of CdSe QD revealed a distinct spghéshape pattern of the parti
distribution and also showed that the particles ewdighly monodispersed al
homogenous. The average size distributiothe CdSe QD measured was 2.8
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Figure 6. The particle size histogram of CdSe.

3.3 FT-IR gectra of QD antnanocomposites

Figure 7 shows the FTIR spectra of CdSe quanturs alod doped nanocomposites.
the spectrum of nanocompositit was determined that the absorbance intensipuod
polyethylene showed a decrease with the contributiadhe inset spectra at 2¢-3000
cm®. However, it is observed that especially the 0.2#ded sample gives
characteristic spectrum by incring the intensity at values between 700 and 1300
cm™. In FAg. 7, the FTIR spectrum of OA capped CdSe QD,ettse main peaks
2850 cnt and 2920 cil which are due to the —GHsymmetric and asymmetr
stretching. The peak at 1420 ™ is attribued to the OH bending from O

In spectra of nanocomposites, apart from the meakg, there are medium strong pe
refer to the —CH{—CHs bending vibrations at 1460 * and rocking at 720 c*. The
absorbance intensity decrease shows that CdSe @ih have inorganic structure ha
been successfully doped inside LDPE which has garic structur(15, 16.

3.4 Thermalanalysis of nanocomposit

The nanocompositeand LDPE show almost the same TG characterig17]. In the
TG analysis, the effect of the nanocrystals added DPE on the melting rate
nanocomposites was observ

As canbe seen in Table 2, at low addition ratios (0.2% &%), nanocomposites shu
close thermal stability to LDPE. However, the seempith 5% CdSe addition show:
faster degradation than the otf[18, 19].

Table 2.Thermal degradation values of nanocompo.

Degradation Step °C) Residue Weight Percentac
Sample Ttart T s Tend 430°C 460°C 490°C
LDPE 184 475 496 16.7 24.41 89.39
0.2 wt % 172 475 499 6.71 23.44 87.19
1wt% 108 474 494 5.84 23.67 91.85
5wt % 106 473 496 10.37 26.92 90.84
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Figure 7. FTIR spectrum of OA capped CdSe quantotradd FTIR spectra of CdSe doped polymer nanoceitgs
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The thermal stability of LDPE and CdSe QD addedosamposites have been

investigated. Thermogravimetric curves are giveRign8.
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Figure 8. TG curves of CdSe doped polymer nanocaitgso
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Figure 9. DTA curves of the nanocomposites.

Figure 9, CdSe QD also contributed to the therrmoadactivity of the polymer matrix,
with the most active being dominant in the 5% Cd8ged sample. the melting point of
LDPE was 110C [20, 21], the melting point of the pure polyetityd decreased to 106

°C due to the quantum dot additive (Figure 10).
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Figure 10.The changing in the melting point of LDPE with qtian dot additiv.

Figure 11 also shows irregularly pieced structarthe SEM image. During preparati
of the nanocomposites, the powder sample is rddes$on toluene to provide
homogeneous state for QD solution as additive mdtefiaus, said pieced structure

not a problem in terms of QD homoeeity.

HV spot | det
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3.00 kv
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Figure 11.The SEM image taken for oleic acid capped CdSe Qudp.

As shown in Fig. 12, the 1Qdn image of 5% QDdoped sample does not have eno

zoom to detect quantum dot structures.

Howeveappears that the surface of

nanocomposite is very smooth. The presence oftqomadots is more pronounced ir
um and 10um images. The QDs are centrated in bright circular structures on

surface of the LDPE matrix hanocompo:
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Figure 12The SEM images of 5 wt% Cd nanocomposi'.

4. Conclusions

The polymer nanocomposites have been prepared @#B¢ quantum dots b
considering that quantum dots may be an ideal ranposite additive due to their hi
quantum vyield and the fact that forbidden energydbspacing and dimensions can
controlled.  The optical, structural and thermalogarties of LDPE matrix
nanocomposites doped with quantum dots at diffewids have been investigat

It is aimed to determine the advantages of theséemals and investigate the
suitability for new application are:i

The CdSe QD show a broad fluorescence eon band located at 610 nm under |
excitation =290 nm). RL spectra show that the emission of twrandots in the
polymer matrix have the same wavelength as the posthtes. The band gap of (
capped CdSe QD is determined to be 1.82 eV. ltokasrve that the bandgap of Cd:
added nanocomposites increase with the adding rafiothe LDPE. The
radioluminescence properties were investigated.théhRL spectrum, three differe
peaks were obtained at 335 n510 nm and, 655 nm. Also, OA as a surfactis a
significant factor for emission and RL intensitFor the nanocomposites in differe
ratios 0.2, 1, 5 wt%.CdS), the decrease in RL intensity upon addition ofSE
nanocrystals could be referred to the charge tearisim polymer to the nanocryls.
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