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Abstract Avrticle Info.
This research aims to study the optical characteristics of semiconductor
quantum dots (QDs) composed of CdTe and CdTe/CdSe core-shell structures. It Keywords:

utilizes the refluxed method to synthesize these nanoscale particles and aims to
comprehend the growth process by monitoring their optical properties over varied
periods of time and pH 12. Specifically, the optical evolution of these QDs is
evaluated using photoluminescence (PL) and ultraviolet (UV) spectroscopy. For
CdTe QDs, a consistent absorbance and peak intensity increase were observed
across the spectrum over time. Conversely, CdTe/CdSe QDs displayed distinctive
absorbance and peak intensity variations. These disparities might stem from
irregularities in forming selenium (Se) layers around CdTe QDs during growth
stages, which could potentially induce quenching in the emission spectrum. The
optical examinations unveiled a discernible redshift towards higher wavelength
values as the reaction progressed. This spectral shift was coupled with an
enlargement in QDs size and a decrease in the energy gap. Using PL and UV
analysis techniques enabled a comprehensive study of the optical attributes of the
CdTe and CdTe/CdSe QD systems. Our findings underscored the influence of
growth conditions and shell materials on the optical properties of QDs. The
observed changes in absorbance, peak intensity, wavelength values, QDs size, and
energy gap with increasing reaction time provided valuable insights into the growth
dynamics of these QD structures.

Refluxing Method, Quantum
Dots, Aqueous Method, pH,
UV-vis.
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1. Introduction

Quantum dots (QDs) are defined as nanoparticles (NPs) in which the movement
of electrons is restricted in all directions [1-4]. They have unique properties that differ
from other nanoparticles with no quantum limitations. Nanomaterials (NMs) are a huge
group of atoms, up to billions, combined to form a ball with a diameter of not more than
a few nanometers [5]. They are prepared in several ways depending on the desired
application and NMs have a very large surface area compared to volume [6]. For
example, if a cube is divided, it will result in many cubes, each with a surface area, so if
the cube is removed, it will result in a very large area. Also, its surface is water-
repellent and has high activation energy since the bonds of surface atoms tend to be
stable due to their lack of association with the outer surroundings, unlike the interior
part of the material's surface [7]. Through tunning, it was possible to modify the
properties of these materials based on the required application [8, 9]. This science is
called nanotechnology due to the unique properties obtained [10]. In addition,
semiconductors are used in various applications such as drug transport, biological
applications, solar cells, and others [9-14]. Despite their unique properties, these
nanoparticles have low stability due to oxidation and agglomerations that reduce their
effectiveness in the external environment. Therefore, a new study or technique has
enabled researchers to preserve the properties of these materials by encapsulating the
nanoparticles. The final product is called a core-shell when the nanoparticle is covered
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with a shell. It can be defined as a nanoparticle from a semiconductor material coated
with a semiconductor nanomaterial so that the energy gap of the core is less than that of
the shell such as, CdTe/ZnS, CdTe/CdSe, and others [15-18].

Cadmium telluride (CdTe) is a semiconducting nanomaterial with a direct energy
gap of approximately 1.53 eV. It is a good candidate for many applications, such as
biological sensors, solar cells, and other applications [19-21]. On the other hand,
Cadmium-selenium CdSe is one of the most widely used semiconductors with a direct
energy gap of approximately 1.74 eV [22].

In this paper, CdTe was prepared using cadmium acetate dihydrate as a source of
cadmium using a liquid consisted of a 3-mercaptopropionic acid 3MPA matrix to
arrange the atoms [23-26]. KeTeOs is trihydrate Te and NaBH, is sodium brohydrate,
work to reduce Te to Te? and stop its diffusion. Na,SeSO3 ions were released and
prepared in the laboratory, and sodium hydroxide, NaOH, was used to adjust the acidity
to obtain the required particle size [27, 28]. This research aims to study the optical
properties of the growth of Core and Core-shell at PH=12 and different interval periods
of time.

2. Experiment Work
2.1. Chemical Materials
The materials used are: Cd(ACl,).2H,0 (95%) (Merck KGaA, Germany), KeTeOs
(95%) (India), sodium hydroxide (NaOH) (India), selenium (Se) (Merck KGaA,
Germany), NaBH, (95%) (Alpha Chemika, India), 3-MPA (99%) (Sigma Aldrich), and
deionized water (D.I). All materials were used without purification.

2.2. Preparation Method

CdTe and CdTe/CdSe QDs were synthesized using the method described in
reference [29] at pH 12. The only difference was in the concentration of the Se solution
used for coating CdTe QDs to form the CdTe/CdSe core-shell QDs. Additionally, a
stirrer was employed at 400 rpm instead of an oil bath. The synthesis process involved
the refluxing method at a temperature of 100 °C in a 250 ml three-neck flask. While for
the core shell, the difference was in the volume of the Se solution added to the core
solution as a shell around CdTe QDs. Also, Se was prepared in the laboratory, but with
the difference in the time and temperature of the refluxed solution. Se was prepared by
dissolving (4mmol) 0.503g of sodium sulfate (Na,SOs3) in 50 ml of deionized water and
then left for 5 min in a stirrer at a speed of about 400 rpm to obtain a homogeneous
mixture. The temperature was raised to 70 °C for half an hour; after that, 0.15 g
(2mmol) of Se was added to the solution, and the mixture's temperature was increased
to 90 °C for 3 hrs. After completion, it was left for use the next day, noting precipitates
of insoluble selenium at the bottom of the beaker. CdTe/CdSe was prepared by adding 5
ml of Se into a hot solution of another reflux process of CdTe QDs after 1 hr of
refluxing at 100 °C. After the preparation process, a centrifugal device performed the
complete separation process at a speed of 5000 rpm for 10 min. Finally, the remnants of
unnecessary salts were removed by washing the QDs three times with a mixture of
ethanol and deionized water (5:1) and put in an ultrasonic device to break up the
insoluble particles to obtain a completely dissolved solution.

2.3. Tools
The tools used in this study are three-necks flask, beaker 100 ml, macro-dropper
1ml, goedkope pH meter, hot plate with a stirrer, condenser, magnetic bar, tube
centrifuge, rubber stoppers, and thermometer.
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2.4. Characterization Devices

The absorption spectra of the as-prepared CdTe QDs and CdTe/CdSe core shell
QDs were characterized by UV-visible SP-8001 spectrophotometer and their
corresponding PL spectra were measured using RF-1501 Spectro fluorophotometer
(Shimadzu) under an excitation wavelength of 420 nm.

3. Results and Discussion

Fig. 1(a and b) shows the absorption and fluorescence spectra of CdTe QDs
prepared at pH 12. Table 1 illustrates data obtained from the absorption and PL peaks
for BAMPA-CdTe QDs. It was noticed in Fig. 1(a and b) that there is a regular increase in
the values of the absorption and fluorescence spectra (shift from the blue region towards
the red region or stock shift [30]), as well as an asymmetry increase in the intensity of
the peaks with increasing reaction time. It can be attributed to NP's regular growth of
nucleation or particle formation phase during their reaction periods [31-33]. The
increase in the uniformity of the intensities of the fluorescence peaks can be attributed
to the decrease of the precursor Cd*? and Te ions in the solution [34, 35], representing
surface defects and a fluorescence inactivation factor [36, 37]. The values of the full
width at half maximum (FWHM) are less than 50 nm during the interaction, indicating
that CdTe QDs without surface defects, giving them good optical properties. Any
increase in the FWHM values at the beginning of the reaction means irregularity in the
NPs sizes during preparation [38-41].

Fig. 2 (a and b) shows the absorption and fluorescence spectra of CdTe/CdSe
core-shell QDs prepared at pH 12. Table 1 illustrated data from the absorption and PL
spectra peaks 3MPA-CdTe/CdSe QDs. It was noticed in Fig. 1(a and b) that there was a
sudden shift in the absorption and PL spectrum towards the redshift when Se precursors
were added to the solution after 90 min, which can be attributed to the formation of the
CdSe shell towards CdTe [42-45]. The formation of the CdSe shell reduced the mobility
of the charge carrier’s wave function, enhancing of quantum confinement effect
(increase in energy gap) in the CdTe core. The energy gap in the CdTe core was lower
than those in the CdSe shell. As a result, the CdTe QDs emit light at longer wavelengths
(lower energies) or the shifting towards longer wavelength is a result of the energy
transfer from higher energy CdTe QDs to the lower energy CdSe shell [46, 47]. Also, it
can observe a decrease in the emission and PL intensities. This can be attributed to an
increase in the NP's size and an excess of Se ions, which act as traps that form non-
radioactive recombinants, decreasing the intensities of the fluorescence spectrum [35].
Or, it can be attributed to the presence of excess precursors of Se ions at the boundary
between CdTe and CdSe act as site trapping of charge carriers, which reduces the
mobility of charge carriers and increases recombination rates, which decreases the
intensity of the PL [46-49].

The particle sizes of CdTe QDs and CdTe/CdSe core-shell QDs was calculated
using an empirical relationship [50]:

D (nm) = (9.8127 x 1077)A3 — (1.7147 x 1073)2%? + (1.006)1 — (194.84) (1)

Where D (nm) is the diameter of a QD sample and A (nm) is the wavelength of the first
excitonic absorption peak of the UV-vis absorption spectrum.
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Figure 1: (a) absorbance and (b) photoluminescence spectra of 3SMPA-CdTeQDs at PH 12
with different reaction times (0, 15, 30, 45, 60, 75, 90, 210, 330, 430 min).

250

w— () MiN
w15 Min
30 min
e 85 1IN
e 60 MIN
e 75 N
e 50 M
w210 mn
— 330 mn
—420 mn

Absorbance (a.u)

350 450 550 650 750
Wavelength (nm) Wavelength (nm}
a b

Figure 2: (a) absorbance and (b) photoluminescence spectra of 3SMPA-CdTe/CdSe QDs at
PH 12 with different reaction times (0, 15, 30, 45, 60, 75, 90, 210, 330, 430 min).
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Table 1: The optical properties of SMPA-CdTe QDs and 3MPA-CdTe/CdSe QDs at pH 12.

3MPA-CdTe QDs

Reaction Abs. PL. Max. Peak FWHM Stock Ey(eV) Particle
Time Max. (nm) Intensity | (nm) Shift 1240/A size
(min) (nm) (a.u (nm) (nm) (nm)

0 488 522 126 35 34 2.37 1.97
15 498 525 192 39 27 2.36 2.28
30 502 528 293 43 26 2.34 2.39
45 509 531 383 40 22 2.33 2.57
60 516 533 416 38 17 2.32 2.72
75 522 538 465 40 16 2.30 2.84
90 533 542 509 43 9 2.28 3.02
210 547 558 602 44 11 2.22 3.20
330 553 565 645 45 12 2.19 3.27
420 564 576 638 47 12 2.15 3.37
3MPA-CdTe/CdSe QDs

Reaction Abs. PL. Max. Peak FWHM Stock Ey (eV) Particle
Time Max. (nm) Intensity (nm) Shift 1240/ size
(min) (nm) (a.u) (nm) (nm) (nm)

0 484 510 64 27 30 241 1.83
15 493 518 109 29 25 2.39 2.13
30 499 523 125 31 24 2.37 2.31
45 505 530 133 33 25 2.33 2.47
60 525 538 145 36 13 2.30 2.89
75 536 548 175 38 12 2.26 3.07
90 548 559 221 40 11 2.21 3.22
210 566 576 154 42 10 2.15 3.39
330 580 593 134 45 13 2.09 3.50
420 593 602 123 48 9 2.05 3.60

4. Conclusions

A regular spectrum increase was observed in the absorbance and the intensity of
the peaks of 3AMPA-CdTe QDs. In contrast, there is a difference in the absorbance and
intensity of the peaks in 3SMPA-CdTe/CdSe QDs. These differences may be attributed to
excess precursors of Se ions at the boundary between CdTe and CdSe acting as site
trapping for charge carriers, which reduces the mobility of charge carriers and increases
recombination rates, decreasing the intensity of the PL. The optical examinations
showed shifting toward higher wavelength values, increased QDs size, and a decreased
energy gap with increased reaction time.
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