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Cadmium telluride (CdTe) quantum dots (QDs) were synthesizedwere synthesized via a molecular precursor (hot-injection) method
and their optical properties were investigated. A cadmium oleate precursor in octadecene/oleic acid was heated to 180 °C under an inert
atmosphere, and a trioctylphosphine—tellurium (TOP-Te) solution was swiftly injected to initiate nucleation. By varying the growth
time, the QD size was tuned, giving emission colors from green to red. The nanocrystals were characterized by UV—visible absorption
and photoluminescence (PL) spectroscopy, which revealed a clear red shift in the optical spectra with increasing particle size. The QDs
exhibited size-dependent optical properties consistent with quantum confinement, with the first excitonic absorption peak shifting from
approximately 520 nm to 700 nm as the diameter increased. All samples showed high luminescence, with photoluminescence quantum
yield (PLQY) values ranging from 60% to 90%. This colloidal synthesis at relatively low temperatures produced colloidally stable
QDs with tunable band gaps. These results demonstrate a straightforward route to tailor QD optical properties by controlling the
reaction time and provide insights into the growth kinetics and defect states in CdTe QDs.and provide insights into the growth kinetics
and defect states in CdTe QDs.
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INTRODUCTION

Quantum dots (QDs) are semiconductor nanocrystals with unique optoelectronic properties that strongly depend on
their size [1]. By tuning the particle size, one can tune the absorption and photoluminescence (PL) spectra of QDs — a
manifestation of quantum confinement effects [2,3,4]. This size-dependent band gap enables a spectrum of applications
in solid-state lighting, display technology, solar cells, and biomedicine [5,6]. Indeed, QDs have been utilized as
fluorescent probes in bioimaging, as color converters in LED displays, and as sensitizers in photovoltaic devices, among
others [2,3]. The significance of QDs in science and technology was underscored by the awarding of the 2023 Nobel Prize
in Chemistry to Ekimov, Brus, and Bawendi for the discovery and synthesis of quantum dots [1]. This achievement
highlighted decades of development in colloidal QD synthesis that have led to readily available nanomaterials with high-
quality optical properties [9,10].

Colloidal CdTe QDs, in particular, are of great interest as they can emit across the visible spectrum into the near-
infrared and have favorable band-gap energies for optoelectronic applications [12,13]. Two of the most common
approaches to synthesize CdTe and other II-VI QDs are (1) organometallic (hot-injection) methods in high-boiling
organic solvents and (2) aqueous methods with thiol stabilizers [14,15,16]. In a typical organometallic route, a cadmium
precursor (e.g., cadmium oleate) in a nonpolar solvent is rapidly injected with a molecular chalcogen source at high
temperature, causing burst nucleation followed by nanocrystal growth. This method, introduced in the early 1990s by
Murray, Norris and Bawendi, produces nearly monodisperse QDs with excellent crystallinity and optical quality [17]. In
contrast, aqueous colloidal synthesis uses water-soluble precursors (e.g., Cd** salts with NaHTe or TeOs* reduced by
NaBHa4) along with stabilizing thiol ligands such as 3-mercaptopropionic acid (MPA) to obtain QDs at relatively low
temperatures (typically 80-100°C) [18]. Both approaches can yield highly luminescent CdTe QDs; however,
organometallic methods often produce better size uniformity and higher quantum yields, whereas aqueous methods yield
water-dispersible QDs that are more suited for biological applications [19].

The term “molecular precursor method” generally refers to the organometallic hot-injection technique, where a molecular
tellurium source (e.g., trioctylphosphine telluride, TOP-Te) is injected into a hot cadmium-containing solution [9]. In this work,
we employ the molecular precursor (hot-injection) method to synthesize CdTe QDs at 180 °C, a relatively moderate
temperature compared with classical CdSe/CdS syntheses (>300 °C). Our approach emphasizes simplicity and rapid synthesis,
allowing us to obtain highly luminescent CdTe QDs within minutes. The emission color can be tuned from green to red by
adjusting the reaction time. While similar hot-injection strategies for CdTe have been reported (including the use of single-
molecule precursors, such as cadmium diphenylditelluride, in coordinating solvents) [9,20], this study focuses on a
straightforward TOP-Te injection into a cadmium oleate solution. We also compare our results with alternative recent
techniques; for instance, microwave-assisted aqueous syntheses have achieved tunable emission of thioglycolic acid
(TGA)-capped CdTe QDs by varying reaction time and conditions [21]. In this paper, we detail the synthesis of CdTe
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QDs via the molecular precursor method, characterize their size-dependent optical properties, and discuss the quantum
confinement effects observed.

METHODS

Cadmium oxide (CdO, 99.99%), oleic acid (OA, technical grade, 90%), l-octadecene (ODE, 90%), and
trioctylphosphine (TOP, 90%) were used as received. Tellurium powder (99.999%) was used. All synthesis manipulations
were carried out under an inert atmosphere (argon) using standard air-free techniques to prevent oxide formation.

Preparation of precursors: Cadmium oleate, the Cd precursor, was prepared in situ by heating CdO with excess
oleic acid in ODE. In a three-neck round-bottom flask, CdO (13 mg, ~0.10 mmol), OA (~0.6 mL, 1.9 mmol), and ODE
(10 mL) were combined. The mixture was heated to 120°C under vacuum for 30 min to remove moisture and dissolved
gases, then purged with argon. The temperature was then raised to 180 °C, at which point the CdO had completely reacted
with OA to form cadmium oleate (yielding a clear solution). Separately, a TOP-Te precursor solution was prepared by
reacting Te powder with TOP. Approximately 13 mg of Te (0.10 mmol) was added to 1 mL of TOP in a small flask and
heated (under Ar) to ~200 °C until the Te dissolved, yielding a clear amber-colored TOP-Te solution.

Synthesis of CdTe QDs: Once the cadmium oleate solution reached 180 °C, the TOP-Te solution (1 mL) was swiftly
injected into the hot Cd-oleate/ODE solution, marking time zero for QD nucleation. The reaction mixture was vigorously
stirred and maintained at 180 °C for the duration of nanocrystal growth. Aliquots were withdrawn at specific reaction
times (3, 7, 9, and 16 min) to obtain CdTe QD samples. Growth was quenched by rapidly cooling each aliquot to room
temperature (e.g., by an ice-water bath). No additional shell was added; the native oleate ligand matrix was relied upon
to passivate and stabilize the QD surfaces. The following simplified reaction equations summarize the precursor formation
and QD nucleation steps:

180°C

CdO + 20A —> Cd(0A), + H,0, )]
200°C

Te(s) + TOP —> TOP — Te (solution), )

In the above, OA represents oleic acid and TOP-Te denotes trioctylphosphine telluride (a molecular Te complex in
solution). Upon injection of TOP-Te into the hot Cd(OA)_2/ODE solution (Equation 2), CdTe nuclei form and then grow
as the reaction progresses. During growth, the solution’s color visibly changes: initially nearly colorless immediately after
nucleation, then pale yellow, orange, and finally dark red as the nanocrystals enlarge — indicating a progressive shift of
the absorption edge to longer wavelengths.

After the desired reaction time, the QDs were isolated by a standard purification procedure. Specifically, an aliquot
was removed from the hot reaction mixture and mixed with anhydrous ethanol (to induce precipitation of the QDs and
remove excess ligands/byproducts), then centrifuged to collect the QD precipitate. The precipitated QDs were redispersed
in a nonpolar solvent (hexane or toluene). This precipitation/redispersion wash was repeated twice to yield clean, stable
colloidal CdTe QDs capped with oleic acid. All samples were stored in sealed vials under inert gas (argon) in the dark.
The molar concentration of each QD dispersion was estimated via the Beer—Lambert law at the first excitonic absorption
maximum, ¢ = A/(el), with | = 1.00 cm. The size-dependent molar extinction coefficient € for CdTe QDs was taken
from literature; we used the empirical CdTe relation & = 10043D%2 (M~' cm™), where D is the TEM/optically
estimated diameter in nm.

Characterization: UV—Vis absorption spectra were collected on a double-beam spectrophotometer with hexane as
both solvent and reference. Photoluminescence (PL) spectra were recorded on a fluorescence spectrometer (g, =
350 nm; 1 cm quartz cuvettes; room temperature) and are reported without detector-response correction, as our analysis
focuses on peak positions and qualitative line shapes. The absorbance and PL intensity scales were verified with a
calibrated tungsten lamp and a silicon photodiode, respectively.

PL quantum yields (PLQY) were determined by the relative method using quinine sulfate in 0.1 M H2SOu4 (literature
® ~54%) as the standard. The standard and QD dispersions were prepared to have matched absorbance at 350 nm
(A =0.05-0.10) and were measured under identical integration settings. For each sample, PLQY was obtained from the
slope of integrated emission vs. absorbance, averaged over three independently prepared dispersions. All optical
measurements (absorbance, PL, PLQY) were acquired in triplicate and are reported as mean + standard deviation.

Colloidal dispersions were also inspected visually under ambient light and 365 nm UV to assess emission color and
any qualitative signs of precipitation. Transmission electron microscopy (TEM) and X-ray diffraction (XRD) were used
to determine particle size, morphology, and crystal structure. For TEM, a drop of the hexane dispersion was cast onto a
carbon-coated copper grid, dried under ambient conditions, and imaged at 200 kV. For XRD, purified QDs were drop-cast
onto glass to form a thin film and measured on a powder diffractometer with Cu Ko radiation (A=1.5406 A) over
20 =20°-60°; peak positions were compared with reference CdTe patterns to confirm phase identity and estimate
crystallite size.

RESULTS
Optical appearance and qualitative emission: Figure 1 is a schematic illustration of the CdTe QD synthesis via
the molecular precursor method. After injection and during growth (0—16 min), the solution color evolves from nearly
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colorless (immediately after nucleation) to yellow, orange, and finally red, corresponding to increasing QD size and a red-
shifting band gap. This color change is apparent in the actual QD samples. Figure 2a shows photographs of vials
containing CdTe QD dispersions (in hexane) under normal ambient light for four different reaction durations (from left
to right: 3 min, 7 min, 9 min, 16 min). The solution color deepens with longer synthesis time: the 3 min sample is nearly
colorless with only a faint yellow tint, while the 16 min sample is visibly reddish-brown. This progression indicates the
growth of larger CdTe nanoparticles, since larger QDs have narrower band gaps and thus absorb more lower-energy
(visible) light, imparting a stronger color to the solution. Figure 2b presents the same set of samples under ultraviolet
illumination (365 nm). A striking rainbow of fluorescence is observed: the shortest reaction (smallest QDs) emits green
light, and as the QD size increases, the emission color shifts through yellow and orange to red for the largest QDs. All
samples show bright, saturated fluorescence, confirming efficient surface passivation by the oleic acid ligands. The
emission colors correspond roughly to the expected PL peak wavelengths for CdTe QDs of these sizes (approximately
520-540 nm for the green-emitting smallest dots, 580—-600 nm for medium-sized QDs emitting yellow-orange, and ~640—
680 nm for the red-emitting largest dots). These qualitative observations already suggest successful tuning of QD size via
reaction time, consistent with quantum confinement theory [18].
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Figure 2. Photographs of CdTe QD samples at various reaction times, showing (a) solution color under ambient light and (b)
photoluminescence under 365 nm UV light

UV-Vis absorption spectra: Figure 3 shows the UV—Vis absorption spectra of the CdTe QD samples (dispersed in
hexane) for the four different growth times.
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Figure 3. UV—Vis absorption spectra of CdTe QDs (in hexane) grown at 180 °C with different reaction times (black: 3 min; red:
7 min; blue: 9 min; green: 16 min)

All spectra exhibit a distinct first excitonic absorption peak, a hallmark of quantum-confined semiconductor
nanocrystals. For the 3 min sample (black curve), the first absorption peak appears around 500-520 nm (in the blue-green
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region). With increasing growth time, this peak systematically shifts to longer wavelength: approximately 560 nm for the
7 min sample (red curve), ~620 nm for the 9 min sample (blue curve), and ~700 nm for the 16 min sample (green curve).
Concomitantly, the absorption edge (onset of strong absorption) moves from roughly 550 nm (3 min sample) to about
800 nm (16 min sample). This pronounced red-shift of the absorption features clearly indicates an increase in particle size
over the reaction interval. Longer reaction times allow the initially formed CdTe nuclei to grow larger, resulting in reduced
quantum confinement and thus a smaller effective band gap. The observed absorption peak positions are in good
agreement with literature values for CdTe QDs in the ~2—5 nm size range. For instance, the 16 min sample’s first exciton
peak at ~700 nm is consistent with QDs about 4-5 nm in diameter, whereas the 3 min sample’s peak near 500 nm
corresponds to very small nanocrystals of around ~2 nm diameter. These size estimates are supported by the qualitative
PL colors in Figure 2b and by empirical sizing formulas reported in previous studies [18].

Photoluminescence spectra: Photoluminescence spectra of the same four CdTe QD samples are shown in Figure 4.
Under 350 nm UV excitation, the emission maxima exhibit a parallel red-shift with increasing reaction time, mirroring
the absorption trend in Figure 3. Specifically, the PL peak moves from ~525 nm for the 3 min QDs to ~580 nm (7 min),
~630 nm (9 min), and ~650—-670 nm for the 16 min QDs. Each spectrum consists of a single prominent emission band;
we did not observe any secondary long-wavelength emission bands (within the detection limit), indicating an absence of
significant trap-state luminescence. The PL full-width at half-maximum (FWHM) for all samples is on the order of 30—
50 nm, which is relatively narrow. Such narrow emission peaks suggest a fairly uniform QD size distribution (narrow size
polydispersity) and good crystallinity. The Stokes shift (the difference between the absorption peak and PL peak) remains
modest (~20-30 nm for these samples), which further indicates effective surface passivation with minimal defect-related
Stokes losses. The qualitative brightness observed under UV illumination (Figure 2b) is reflected in the PL spectra
intensity; all samples were highly emissive. We note that although we did not perform time-resolved PL measurements,
the absence of any low-energy (red/NIR) trap emission in steady-state PL implies that radiative recombination is primarily
via band-edge exciton decay. A detailed study of recombination lifetimes (e.g., via time-resolved PL) would be valuable
future work to confirm this and to quantify carrier dynamics in these QDs.

/\
photoluminescence CdTe QDs Iy
— = 3min ! \
— — 7min ! \
— — 9min ! \
— — 16 min ! \
! \
] \
, N 1 \
, \ ! \
Vi AN \
/ s NN \
; , \ \
b 7 [N \
’ ’ /N \ \
/- - = / N N
= ’ 3 = B ~ AN Y <
7 - = ~ ~ - =
- —-— .~ ~

T T T T T T T T T T T
475 500 525 550 575 600 625 650 675 700 725
Wavelenght (nm)

Figure 4. Photoluminescence (PL) spectra of CdTe QDs grown at 180 °C for 3, 7, 9, and 16 min. All samples were measured in
hexane at room temperature (excitation: 350 nm).

Photoluminescence quantum yield: In addition to qualitative brightness, we quantitatively evaluated the
photoluminescence efficiency of the QDs. PL quantum yield (PLQY) values for all samples, measured relative to a quinine
sulfate standard, are summarized in Table 1.

Table 1. Photoluminescence characteristics of CdTe QDs as a function of reaction time.

Growth | 4., | Diameter | Absorbance | ¢ (M™"-cm™) Concentration PL FWHM Stokes shift PLQY
time (nm) (nm) A (M) (nm) (nm) (%)
3 min 525 2.0 0.045 43.656 1.03 47 25 889+25
7 min 580 3.5 0.051 142.984 0.36 50 20 63.9+3.1
9 min 630 4.0 0.061 189.771 0.32 53 30 61.9+£4.0
16 min | 670 5.0 0.043 304.565 0.14 54 20 64.0+3.7

The 3 min CdTe QDs exhibited the highest PLQY, around ~89%. The intermediate-sized QDs (7 min and 9 min
samples) showed slightly lower PLQY's (~64% and ~62%, respectively), and the largest QDs (16 min) had a PLQY
of ~64%. All samples thus have moderately high quantum yields (exceeding 60%), even without any core/shell structure.
The trend of decreasing PLQY with increasing QD size could be due to a greater likelihood of crystalline imperfections
or surface defects in the larger nanocrystals, or reabsorption effects in samples with more red-shifted emission.
Conversely, the smallest QDs may have fewer nonradiative surface recombination centers relative to their volume, thanks
to the strong binding of oleate ligands. Regardless of the exact mechanism, these QY values indicate that the CdTe cores
synthesized by this method are of good optical quality. We anticipate that adding an epitaxial shell (e.g., ZnS) around
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these cores would further enhance the PLQY and stability, as has been observed in core-shell QD systems; however, this
is beyond the scope of the present work.

We quantified the QD number concentration from the UV—Vis spectra using the Beer—Lambert law at the first
excitonic peak and a size-dependent extinction coefficient for CdTe QDs. The diameters used in (D) were taken from
TEM (and cross-checked against the excitonic peak positions). Table 1 summarizes the results for the 3-, 7-, 9-, and
16-minute samples.

These values (=0.14—1.03 uM) are typical for colloidal QD dispersions prepared in nonpolar solvents and are
sufficiently dilute to minimize inner-filter and reabsorption artifacts during optical measurements.

Growth and reproducibility: Nucleation began almost immediately upon TOP-Te injection, as evidenced by an
instantaneous color change to pale yellow. Thereafter, the absorption edge and PL maximum red-shifted progressively
with time as the nanocrystals grew. By ~16 min, growth slowed markedly, consistent with precursor depletion and the
onset of Ostwald ripening. No secondary nucleation was detected after the initial burst, in line with the classical LaMer
mechanism for achieving narrow size distributions. All samples were time-stamped aliquots from a single batch, and their
consistent optical trends confirm reproducible, well-controlled growth.

Our results align well with other reports on CdTe QD growth. For example, da Costa et al. (2024) monitored CdTe
QD formation in situ. They found that emission peaks shifted from ~550 nm to ~655 nm as reaction time or temperature
increased, corresponding to QD diameters growing from ~2 nm (green-emitting) to ~4 nm (red-emitting). This is in
excellent agreement with the size progression achieved in our study. Such consistency confirms that the molecular
precursor (TOP-Te) method effectively produces CdTe QDs whose size can be tuned predictably by reaction time, similar
to the control achieved by adjusting temperature or precursor ratios in other synthesis methods [18].
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Figure 5. TEM ) ¢ Te QDs Figure 6. XRD pattern of a purified CdTe QD sample,
(representative sample) showing nearly spherical nanocrystals confirming the crystalline zinc-blende CdTe structure
with an average diameter of ~4 nm (scale bar: 40 nm)

The above results demonstrate a clear correlation between reaction time, particle size, and optical properties for
CdTe QDs synthesized by the molecular precursor (hot-injection) method. Short reaction times yield small QDs that
absorb and emit in the blue-green region, whereas longer times produce progressively larger QDs with red-shifted spectra.
This behavior is a direct consequence of quantum confinement: smaller nanocrystals confine charge carriers in a tighter
volume, raising their kinetic energy and thus increasing the energy of optical transitions [1]. As the CdTe QDs grow, the
confinement energy decreases, leading to lower band-gap energies and emission at longer wavelengths (approaching the
bulk CdTe band edge of ~820 nm). Our experimental data (Figures 2—4) vividly illustrate this tunability, which is one of
the defining advantages of colloidal QDs.

It is worth noting some practical benefits of the synthetic approach we used. The reaction is rapid — within a few
minutes, a spectrum of sizes (and colors) can be obtained — and it occurs at 180 °C, which is a relatively low temperature
compared to many classic organometallic syntheses of II-VI QDs (often >300 °C for CdSe or CdS). A lower synthesis
temperature simplifies the experimental setup and can reduce unwanted side reactions or precursor degradation. In our
case, the moderate temperature was sufficient because TOP-Te is a highly reactive Te source that readily reacts with
cadmium oleate even at 180 °C. This is in contrast to some older methods, where, for example, elemental Te would have
to be injected into a 300°C solvent, or where cadmium precursors, such as CdClz, had to be reduced in situ with NaBHa
in an aqueous solution [18]. By using pre-formed Cd—oleate and a molecular Te precursor (TOP-Te), we bypassed the
need for an external reducing agent and leveraged the reactivity of organometallic precursors to achieve CdTe formation
under milder conditions.

Another advantage of our approach is the monodispersity observed in the QD samples. The relatively narrow
absorption peaks (Figure 3) and the vivid, narrow emission bands (Figure 4 and visually in Figure 2b) indicate a uniform
QD size distribution for each sample. This can be attributed to the classic hot-injection mechanism, promotes a burst of
nucleation followed by focused growth on existing seeds, rather than continuous nucleation. Our observation that no new
nucleation occurred after the initial stage (with aliquots taken at later times yielding larger QDs but no significant second
population of small QDs) supports the notion of effective Ostwald ripening and growth on seed crystals only [9]. In
practice, this means one can simply stop the reaction at a desired time to obtain QDs of a target emission
wavelength — a convenient way to tune QD color by controlling reaction duration.
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We also briefly compare our results with the aqueous route for CdTe QD synthesis. While not the focus of this study,
it is known that aqueous-synthesized CdTe QDs (typically using thiol ligands like MPA) generally require longer reaction
times (on the order of hours) to achieve similar emission wavelengths, and often the size distribution is broader than that
of hot-injection QDs [1]. However, a key benefit of aqueous QDs is that they are directly obtained as water-soluble
colloids. In contrast, the oleic-acid-capped QDs we produced are hydrophobic (soluble only in nonpolar organic solvents).
We did not perform a ligand exchange to water in this work, but we acknowledge its importance. In fact, recent studies
have shown that microwave-assisted aqueous synthesis can produce CdTe QDs with controlled emission by varying
parameters [21], offering a complementary, more environmentally benign approach. Exploring ligand exchange or direct
aqueous synthesis for our QDs is an important future direction to extend their applicability.

The optical quality of our CdTe QDs suggests good surface passivation by the oleate ligands. We did not observe
any secondary (trap-related) emission peak in PL, and the PL intensity remained stable (with no significant drop) over at
least several weeks when the samples were stored under inert conditions in the dark. This implies that as-synthesized QDs
have relatively few surface trap states initially, and that the oleic acid capping provides a degree of protection against
immediate oxidation or photodegradation. However, we did not carry out comprehensive long-term stability tests or
deliberate oxidation/photobleaching experiments. It is likely that exposure to air, moisture, or prolonged UV excitation
would eventually lead to oxidation of the QD surface (e.g., forming CdO or TeO-) and a corresponding decline in optical
quality, as is known for many II-VI QDs without additional protective shells. In future work, systematic stability studies
(such as monitoring PL intensity and peak position over time under various storage conditions, and performing
photobleaching assays under continuous illumination) should be conducted to quantify the long-term colloidal and
photostability of these CdTe QDs. Additionally, further improvements in stability and quantum yield could be achieved
by overcoating the CdTe cores with a wider-bandgap shell. For example, growing a CdTe/ZnS core—shell structure (as
conceptually depicted in Figure 1 after the core formation step) can dramatically enhance the QD’s resistance to oxidation
and increase QY by confining excitons away from surface defects. Although shell growth was outside the scope of this
study, core/shell CdTe QDs are well known to exhibit superior stability and brightness [13].

Theoretical interpretation. The size-dependent spectral shifts we observe are consistent with the effective mass
approximation (EMA) for semiconductor nanocrystals. The Brus equation provides a quantitative estimate of the
first-exciton energy as a function of radius, capturing quantum-confinement effects. Using literature parameters for CdTe
(electron effective mass =~ 0.096 mo, hole effective mass ~0.60 mo, and the bulk dielectric constant) [18], a 3 nm QD is
expected to have a first-exciton energy near 2.4 eV (=515 nm), while a 5nm QD is expected near 1.9 eV (= 653 nm).
These estimates agree with the absorption peaks of our smallest and largest samples. More sophisticated models could
include surface strain, ligand-field effects, and dielectric screening (which can induce slight red shifts), but the EMA
captures the dominant trends in our data.

Overall, our findings confirm that the molecular precursor (hot-injection) method is a powerful technique for
producing high-quality CdTe QDs with controllable size. The combination of a rapid injection and proper ligand capping
yields nanocrystals whose optical properties can be finely tuned, which is crucial for optimizing QDs for specific
applications. In the next section, we summarize the conclusions and also outline some remaining challenges and future
directions.

CONCLUSIONS

In summary, we have successfully synthesized CdTe quantum dots using a molecular precursor (TOP-Te) hot-
injection method and investigated their optical properties as a function of particle size. By adjusting the growth time from
3 min to 16 min at 180 °C, we obtained a series of QD samples with tunable emission across the visible spectrum (from
green to red). UV—Vis and PL spectroscopy confirmed a pronounced red-shift in absorption and emission peaks with
increasing QD size, in agreement with quantum confinement theory. The CdTe QDs exhibit narrow excitonic absorption
peaks and bright, size-dependent photoluminescence with high quantum yields (up to ~90%), indicating good crystalline
quality and effective surface passivation by oleate ligands. These experimental observations were consistent with
theoretical expectations (as estimated by the Brus equation) and with literature reports, validating the effectiveness of the
relatively mild hot-injection synthesis approach for CdTe.

Direct structural and morphological characterization supported these findings: XRD confirmed the cubic CdTe phase
and nanocrystal domain size, and TEM provided direct visualization of particle sizes (~3—5 nm) and their distribution,
consistent with optical estimates. A logical next step is time-resolved PL to probe recombination dynamics and to test
explicitly for trap-state contributions via exciton lifetimes. We also plan extended stability studies—exposure to air, light,
and elevated temperature over longer periods—to assess long-term colloidal stability and resistance to photobleaching.
The results will guide strategies such as core—shell encapsulation and optimized ligand treatments to enhance robustness.
Finally, translating these QDs into aqueous media is important for specific uses; although we did not pursue ligand
exchange here, future work should explore replacing oleate with hydrophilic ligands (or other phase-transfer methods) to
yield water-dispersible CdTe QDs. Such surface modifications, together with protective shells, will broaden the
applicability of these materials in optoelectronics, biology, and beyond.

ORCID
Karimberdi E. Onarkulov, https://orcid.org/0000-0002-8916-978X; © Adkhamjon L. Zokirov, https://orcid.org/0000-0003-1651-1115



385
Synthesis of CdTe Quantum Dots Via the Molecular Precursor Method and Investigation... EEJP. 4 (2025)

REFERENCES

[1] K.D. Wegner, and U. Resch-Genger, “The 2023 Nobel Prize in Chemistry: Quantum dots. Analytical and Bioanalytical
Chemistry,” 416(14), 3283-3293 (2024). https://doi.org/10.1007/s00216-024-05225-9

[2] W. Li, “Quantum Dots for Biological Imaging,” in: Molecular Imaging. Advanced Topics in Science and Technology in China,
(Springer, Berlin, Heidelberg, 2023), pp. S01-511. https://doi.org/10.1007/978-3-642-34303-2 14

[3] Z.Ren, and J. Zhang, “Applications of fluorescent biosensors based on quantum dots,” Highlights in Science, Engineering and
Technology, 3(1), 93-100 (2022). https://doi.org/10.54097/hset.v31.697

[4] N. Ilaiyaraja, S.J. Fathima, and F. Khanum, “Quantum dots: A novel fluorescent probe for bioimaging and drug delivery
applications,” in: Inorganic Frameworks as Smart Nanomedicines, (William Andrew Publishing, 2018), pp. 529-563.
https://doi.org/10.1016/B978-0-12-813661-4.00012-2

[5] E. Fresta, V. Fernandez-Luna, P.B. Coto, and R.D. Costa, “Merging biology and solid-state lighting: Recent advances in light-
emitting diodes based on biological materials,” Advanced Functional Materials, 28(24), 1707011 (2018).
https://doi.org/10.1002/adfm.201707011

[6] J. Chen, H. Ding, and X. Sheng, “Advanced manufacturing of microscale light-emitting diodes and their use in displays and
biomedicine,” Journal of Information Display, 25(1), 1-12 (2023). https://doi.org/10.1080/15980316.2023.2248403

[71 M. Green, “The origin and evolution of molecular precursors for quantum dot synthesis,” Materials Advances, 5(18), 7130-7139
(2024). https://doi.org/10.1039/d4ma00352¢g

[8] Y. Kwon, J. Oh, E.J. Lee, S.H. Lee, A. Agnes, G. Bang, J. Kim, ef al., “Evolution from unimolecular to colloidal-quantum-dot-
like character in chlorine- or zinc-incorporated InP magic-size clusters,” Nature Communications, 11(1), 3127 (2020).
https://doi.org/10.1038/s41467-020-16855-9

[9] E. Lee, Y. Kwon, A. Agnes, Y. Ryu, and S. Kim, “Multiple roles of magic-sized clusters in quantum dot synthesis,” Journal of
Physical Chemistry C, Phys. Chem. C, 128(4), 1809—1818 (2024). https://doi.org/10.1021/acs.jpcc.3c07189

[10] Y. Wang, B. Si, S. Lu, X. Ma, E. Liu, J. Fan, X. Li, and X. Hu, “Effective improvement in optical properties of colloidal
CdTe@ZnS quantum dots synthesized from aqueous solution,” Nanotechnology, 27(36), 365707 (2016).
https://doi.org/10.1088/0957-4484/27/36/365707

[11] H.H. Kim, J.-S. Park, [.LK. Han, S.O. Won, C. Park, D.K. Hwang, and W.K. Choi, “Emissive CdTe/ZnO/GO quasi-core—shell—
shell hybrid quantum dots for white light-emitting diodes,” Nanoscale, 8(47), 19737-19743 (2016).
https://doi.org/10.1039/C6NR06314D

[12] X. Zhang, Y. Li, Y. Pan, and Q. Zhao, “Synthesis of water-soluble CdTe quantum dots and its influencing factors,” Journal of
Functional Materials, 43(5), 667-670 (2012). https://doi.org/10.3969/].issn.1004-1656.2012.05.002

[13] X.L. Liao, N. Yang, L.X. Xie, X.C. Yang, and X.P. Yang, “Synthesis and characterization of CdTe quantum dots capped by N-
acetyl-L-cysteine,” Applied Mechanics and Materials, 275-2717, 1956-1959 (2013).
https://doi.org/10.4028/www.scientific.net/ AMM.275-277.1956

[14] B. Zhou, F. Yang, X. Zhang, W. Cheng, W. Luo, L. Wang, and W. Jiang, “One-pot aqueous phase synthesis of CdTe and CdTe/ZnS
core/shell quantum dots,” Journal of Nanoscience and Nanotechnology, 16(6), 5755-5760 (2016).
https://doi.org/10.1166/jnn.2016.11764

[15] C.B. Murray, D.J. Norris, and M.G. Bawendi, “Synthesis and characterization of nearly monodisperse CdE (E = S, Se, Te)
semiconductor nanocrystallites,” Journal of the American Chemical Society, 115(19), 8706-8715 (1993).
https://doi.org/10.1021/ja00072a025

[16] P.F.G.M. da Costa, L.G. Merizio, N. Wolff, H. Terraschke, and A.S.S. de Camargo, “Real-time monitoring of CdTe quantum dots
growth in aqueous solution,” Scientific Reports, 14(1), 1160 (2024). https://doi.org/10.1038/s41598-024-57810-8

[17] Y. Shi, Z. Ma, N. Cui, Y. Liu, X. Hou, W. Du, and L. Liu, “In situ preparation of fluorescent CdTe quantum dots with small thiols
and hyperbranched polymers as co-stabilizers,” Nanoscale Research Letters, 9(1), 121 (2014). https://doi.org/10.1186/1556-
276X-9-121

[18] M.P. Campos, and J.S. Owen, “Synthesis and surface chemistry of cadmium carboxylate-passivated CdTe nanocrystals from
cadmium bis(phenyltellurolate),” Chemistry of Materials, 28(1), 227-233 (2016). https://doi.org/10.1021/acs.chemmater.5b03914

[19] L. Ding, Z. Peng, W. Sun, T. Liu, Z. Chen, M. Gauthier, and F. Liang, “Microwave synthesis of CdTe/TGA quantum dots and
their thermodynamic interaction with bovine serum albumin,” Journal of Wuhan University of Technology—Materials Science
Edition, 31(6), 1408—1414 (2016). https://doi.org/10.1007/s11595-016-1546-x

CHUHTE3 KBAHTOBUX TOYOK CdTe METOJOIO MOJIEKYJIAPHUX NIONEPEJTHUKIB TA JOCJILKEHHSA
IX ONTUYHUX BJACTUBOCTEN
Kapim0epnai E. Onapxkyinos, Axxamuaxon 1. 3okipos
Depeancokuti deporcasHuti ynieepcumem, Pepeana, Y3bexucman

KsanToBi touku (KT) temypuny kagmito (CdTe) Oymu cuHTE30BaHI METOAOM MOJIEKYISIPHOTO TIpeKypcopa (Tapsdoi iHKekmii) Ta
JIOCTI/KEH1 iXHi ONTHYHI BiacTuBocTi. [Ipexypcop oneaTty kaaMmiro B OKTaaeleHi/oneiHoBii kucaoTi HarpiBamu 10 180°C B iHepTHIH
arMocepi, a po3unH TpuokTHwiIdochiny-remypito (TOP-Te) mBuako BBoAMIN A IHIMIIOBaHHS HyKJearil. 3MIiHIOIOYM Yac pOCTY
(3-16 xB), po3mip KT HanmamToByBaH, CTBOPIOIOYH KOJIHOPH BUIPOMIHIOBAHHS BiJ 3€JICHOTO 10 YepBOoHOro. HaHokpucramu Oymu
oxapakTepn30BaHi 3a jornomoror YP-Vis abcopbuiitnoi ta poromominecuentHoi (OJI) crekTpockorii, sika MoKa3aia 4iTke YepBOHE
3MIilIEHHS ONTHYHUX CIIEKTPIiB 31 301IbIIEHHSIM po3Mipy yacThHOK. KBaHTOBI Toukn CdTe neMOHCTPYIOTh ONTHYHI BIACTHBOCTI, IO
3aJIeXKaTh BiJl PO3MIpY, IO Y3rOMKYIOTECS 3 KBAHTOBHM OOMEKEHHSM, IIPUIOMY HEPIINH eKCHTOHHHH ITiK MONIMHAHHS 3MIIY€THCS BiJ|
~520 M 10 ~700 HM 3i 30i7bLIEHHAM JTiameTpa. Bci 3pasku Oynmu BHCOKONIOMIHECHEHTHUMH, 31 3HAUYSHHSIMU KBAaHTOBOTO BHXOIY
¢doromominecuenuii (PLQY) B nianazoni 60-90%. Leii npocTuii cHHTE3 P BiTHOCHO HU3bKiil TeMIIepaTypi 1ae KOJIOIIHO cTabinbHI
kBaHTOBI Touki CdTe 3 HacTporOBaHHMH 3a00POHEHHMH 30HAMH. Pe3yabTaTé AEMOHCTPYIOTH MPOCTHH LUISX 10 HaJallTyBaHHS
ONITHYHUX BJIACTUBOCTEH KBAHTOBHX TOYOK IILIIXOM KOHTPOJIO Yacy PEaKIil Ta JaroTh YSABICHHS IPO KiHETHKY POCTY Ta KBaHTOBO-
po3MipHi epekTr B kBaHTOBUX Toukax CdTe.
KirouoBi cioBa: xkeanmosa mouka; menypuod KaoMito; MONEKVIAPHUL NPEKYPCOp; 2apAaua IHXCeKyisa, KEaHmose OOMedCeHH s,
Gomontominecyenyis,; NO2IUHAHHA, HAHOKPUCIMAN, KONOIOHUL CUHME3; HANI6NPOBIOHUK



