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Abstract

In this work, core—shell ZnSe/ZnS quantum dots (QDs) with excellent blue light emission were successfully synthesized
in aqueous solution using thioglycolic acid as a stabilizer, thiourea as a sulphur source, and zinc acetate dihydrate as a Zn
source. The crystal structure and optical properties of the as-synthesized ZnSe/ZnS QDs were characterized using X-ray
diffraction, transmission electron microscopy, X-ray photoelectron spectroscopy, Fourier transform infrared spectroscopy,
photoluminescence (PL) and UV-Visible spectroscopy. The ZnSe/ZnS QDs had a cubic zinc blende crystalline structure
with an average particle size of approximately 4.6 nm. The excitonic emission slightly shifted to a longer wavelength and the
PL intensity increased considerably with the growth of the ZnS shells. Meanwhile, the PL quantum yield of the ZnSe/ZnS
QDs increased to 58.5%, which was much higher than that of ZnSe QDs. The exciton radiative lifetimes were approximately
46.3 and 23.1 ns for the core—shell ZnSe/ZnS QDs and ZnSe QDs, respectively.

1 Introduction

II-VI semiconductor nanocrystals, known as quantum dots
(QDs), are interesting materials due to their excellent elec-
tronic and optoelectronic properties. These materials have
been developed for a wide range of potential applications,
such as LEDs [1, 2], lasers [3], solar cells [4], thin films tran-
sistors [5], field emitters [6], and biomedicine [7]. Among
the various II-VI QDs, cadmium compounds, including
CdSe, CdTe and alloyed QDs, are toxic and dangerous for
the human body and the environment; therefore, lower toxic
zinc compounds have attracted much interest [6, 8, 9]. Zinc
selenide (ZnSe) has a wide band-gap (2.7 eV) and large
exciton binding energy (21 meV) at room temperature [10,
11]. In comparison with cadmium compounds, ZnSe with
little toxicity is suitable for practical applications [12—14].
In recent decades, many groups have synthesized ZnSe
QDs using different methods. For example, Molaei et al.
synthesized ZnSe QDs with an average size of 3 nm using a
microwave irradiation method. The excitonic and trap state
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emissions are located at approximately 415 and 500 nm,
respectively [15]. Ehsan et al. used a facile method to syn-
thesize ZnSe QDs in an aqueous media. The ZnSe QDs with
an average size of 4.6 nm had a deep-blue luminescence,
and their band edge and trap emission are located at 370
and 460 nm, respectively [16]. Wang et al. presented a novel
cationic inverse injection method to synthesize ZnSe QDs
with a bright blue luminescence in an aqueous media [17].

Additionally, compared to another popular II-VI mate-
rial, zinc sulphide (ZnS) with a large band-gap energy
(3.66 eV) has outstanding photoelectric and luminescent
properties with extensive applications [18]. Thus, the
growth of a ZnS shell around ZnSe QDs could improve
its optical properties and decrease its toxicity. The devel-
opment of novel methods for the synthesis of core—shell
ZnSe/ZnS nanostructures have been the subject of inten-
sive investigation in recent years. For example, Lin et al.
synthesized ZnSe/ZnS core/shell NCs with strong pho-
toluminescence (PL) intensity at 150 °C for 6 h. The
wide band-edge emission was centered at 476 nm [19].
Li et al. reported a self-assembled method to synthe-
size ZnSe/ZnS/L-Cys quantum dots synthesized at room
temperature or at a reflux temperature of 90 °C for 3 h
[20]. Molaei et al. reported the synthesis of ZnSe and
core—shell ZnSe/ZnS NCs using a rapid and room tem-
perature photochemical method. The PL spectra indicated
a broad emission with two peaks located about 370 and
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490 nm related to band edge and trap state emission,
respectively. The excitonic emission of ZnSe/ZnS NCs
shifted to a longer wavelength after the growth of ZnS
shells [21]. Cao et al. reported a facile, two-step method
to synthesize core/shell ZnSe/ZnS QDs with highly lumi-
nescent UV-blue emission under mild conditions (low
temperatureo150 °C) [22]. Kim et al. employed a micro-
wave-assisted hydrothermal method to prepare highly
luminescent ZnSe-based QDs. Their QY was higher than
90% when the ZnS shells were applied to form the ZnSe/
ZnS-core/shell structure [23].

Recently, we proposed a cation-inverting-injection
method to synthesize ZnSe QDs in an aqueous solution
[24]. Here, we improved this method to synthesize high-
quality core/shell ZnSe/ZnS QDs using a facile and green
route in an aqueous solution. The ZnS shell was epitaxi-
ally overgrown around the ZnSe core after the introduc-
tion of additional Zn(OAc),, thioglycolic acid (TGA), and
thiourea to the ZnSe reaction solution, where the thiourea
acted as a sulphur source (S27) for the growth of ZnS
shells and the TGA acted simultaneously as both the cap-
ping agent and a S?~ source. Various analysis tools were
employed to characterize the crystal structure and opti-
cal properties of the as-synthesized core—shell ZnSe/ZnS
QDs under optimized conditions. This method is facile
and green, and the PL QY of the ZnSe/ZnS QDs were
improved.
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2 Experimental details
2.1 Materials and reagents

Zinc acetate dihydrate (Zn(OAc),-2H,0, 99.99%), sodium
borohydride (NaBH,, 99.99%), selenium powder (Se,
99.99%), thioglycolic acid (TGA, 99.99%) and thiourea
(99.0%) were purchased from Sigma-Aldrich (Shanghai)
Trading Limited Company. Sodium hydroxide (NaOH,
96%) and isopropyl alcohol were purchased from Shang-
hai Guoyao Chemical Reagent Company. All the reagents
were of analytical grade and were used without further
purification.

2.2 Synthesis of ZnSe QDs

The flow chart of ZnSe/ZnS QDs is shown in Fig. 1. First,
the ZnSe QDs were prepared using the cationic inverse
injection method in an aqueous solution [24]. Freshly pre-
pared NaHSe solution, as the Se precursor solution, was
injected into a three-necked flask after degassing with N,
for 30 min, where the mixture of TGA had been dispersed
into the deionized water and the pH was adjusted to 8.5 with
the NaOH solution. Second, a prepared Zn-TGA solution, as
the Zn precursor, was slowly injected into the compounded
solution and the final feeding ratio of Zn**:NaHSe:TGA was
tuned to 1:0.125:1.2. After heating at 90 °C for 2 h, the
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Fig. 1 a Flow chart for the synthesis of core—shell ZnSe/ZnS QDs and b schematic illustration for the growth of core—shell ZnSe/ZnS QDs
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three-necked flask was immediately put into water to cool,
and the colloid solution of ZnSe QDs was obtained.

2.3 Synthesis of ZnSe/ZnS QDs

Core/shell ZnSe/ZnS QDs were synthesized using the epi-
taxial overgrowth method in an aqueous solution. First,
Zn(OAc),-2H,0 (0.1098 g, 0.5 mmol), deionized water
(30 ml), TGA (69 pl, 1 mmol) and thiourea (0.038 g,
0.5 mmol) were put into the reaction vessel. The mixed
solution was stirred until it was completely dissolved at
room temperature. Then, the mixture was injected into the
previously prepared ZnSe colloid solution (the molar ratio
of ZnSe/thiourea = 1:5), where the pH value was adjusted
with the NaOH solution (5 M) and the reaction flask was
slowly bubbled with N, and was under magnetic stirring
during the whole reaction process. The reaction temperature
was fixed at 90 °C for 3 h, after rapidly cooling to room
temperature, the core/shell ZnSe/ZnS colloid solution was
obtained. Finally, the as-synthesized ZnSe/ZnS colloid solu-
tion was centrifuged by mixing it with the same volume
of isopropanol, and then the precipitate was dispersed in
a small amount of ultrapure water. ZnSe/ZnS QDs powder
were successfully obtained after drying at 60 °C for 10 h
under the vacuum condition.

2.4 Sample characterization

The PL spectra of the as-synthesized ZnSe/ZnS QDs were
measured using a F-4600 fluorescence spectrophotometer
with a Xe lamp as the excitation source, and the UV-Visible
(UV-Vis) absorption spectra were measured using a Shi-
madzu 3600 UV-Vis near infrared spectrophotometer. The
X-ray diffraction (XRD) spectra of the as-synthesized sam-
ples were analysed using a Bruker AXS D8-advance X-ray
diffractometer with Cu Ko radiation (A=1.5418 /0%) within
the range of 20 =10°-80°. The morphology was character-
ized using transmission electron microscopy (TEM) and
high-resolution TEM (HRTEM, Tecnai G2 F20 S-Twin)
with an accelerating voltage of 200 kV. The compositions
of the as-synthesized samples were characterized using an
X-ray photoelectron spectroscopy (XPS) system consisting
of a Kratos Axis Ultra X-ray photoelectron spectrometer
and a monochromatic Al Ka source (1486.6 eV). The Zeta
potential and particle size distribution were measured using
a Zeta Potential and Nano Particle Analyzer (NanoPlus 3).
The chemical bonds of the ZnSe and ZnSe/ZnS QDs were
measured using a Fourier transform infrared spectrom-
eter (FT-IR, Nicolet is50). The fluorescence lifetimes were
measured using a FL920-fluorescence lifetime spectrometer
(Edinburgh Instruments). The recorded decay curves were
fitted with a multiexponential function deconvoluted with
the system response.

3 Results and discussion

3.1 The optimization of the synthesis conditions
of ZnSe/ZnS QDs

High quality QDs strongly depend on the experimental
conditions. To obtain high quality core-shell ZnSe/ZnS
QDs, we investigated the effects of a series of experimen-
tal variables on the optical performances of the as-synthe-
sized ZnSe/ZnS QDs, including the pH value, the molar
ratio of ZnSe/thiourea and refluxing time. The experimen-
tal results are shown in Fig. 2.

The pH is an important factor that influences the shell
growth and optical performances of ZnSe/ZnS QDs. Fig-
ure 2a shows the effect of the pH on the PL spectra of
as-synthesized ZnSe/ZnS QDs, where the pH was varied
from 8 to 9.5 while the molar ratio of ZnSe/ thiourea was
kept at 1:5 and the refluxing time was kept at 3 h. The
main contribution of excitonic emission is from the band
edge emission and the strongest PL intensity is observed
at the pH of 8.5. With the increase of the pH, the PL inten-
sity decreases sharply because of the excessive growth of
the ZnS shell, resulting in the aggregation and precipi-
tation of quantum dots. The inset in Fig. 2a shows the
PL peaks position of the band edge emission at various
pH values. With the increase of the pH, the peak of the
band edge emission moves from 398 to 410 nm because
the growth rate of ZnS shell increases monotonously.
The faster growth rate at a higher pH can attribute to the
faster decomposition rate of thiourea and lead to the facile
availability of the free sulphur precursor S2~. While at a
lower pH, the decomposition product of thiourea exists in
the form of H,S, which requires a deprotonation process
before the formation of ZnS shells [25, 26]. Additionally,
under alkaline conditions, the deprotonated thiol and car-
boxy could balance the attractive and repulsive forces and
stabilize quantum dots in the aqueous solution, which is
beneficial to enhancing the intensity of the PL [27, 28].

Figure 2b reveals the PL spectra of the as-synthesized
ZnSe/ZnS QDs and the insets shows the PL peaks posi-
tion of the band edge emission, where the molar ratio of
ZnSe/ thiourea were varied from 1:2 to 1:6 while keeping
the pH 8.5 and the refluxing time at 3 h. The best results
for the excitation emission peak can be achieved due to
the growth of ZnS shells on the surface of the ZnSe cores
when the molar ratio of ZnSe/thiourea is 1:5.

Figure 2c presents the effect of the refluxing time on
the PL spectra of as-synthesized ZnSe/ZnS QDs, where
the molar ratio of ZnSe/thiourea was fixed as 1:5 and the
pH was 8.5. The PL intensity is strongest at the refluxing
time of 3 h due to the growth of ZnS shells. Meanwhile,
the peaks of the band edge emission slightly shift to longer
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Fig.2 Optical properties of as-synthesized ZnSe/ZnS QDs: a PL
spectra at various pH values (Inset: the evolution of the PL peak posi-
tion versus pH values); b PL spectra at various ny,g./Npiourca Fatios
(Inset: the evolution of the PL peak position versus ngz,g./Niourca

wavelengths, as shown from the inset in Fig. 2¢. During
the initial stage of the reaction with the growth of ZnS
shells, the surface defects of the ZnSe cores will be inac-
tivated and the surface charge density will be reduced,
which results in the enhancement of the fluorescence
intensity. However, the core—shell interface forms some
defects due to the lattice mismatch between ZnS and ZnSe
and introduces non-radiative transition channels as the
thickness of ZnS shell further increases, which results in
a decrease of the fluorescence intensity. Figure 2d shows
the corresponding UV—Vis absorption spectra of the as-
synthesized ZnSe/ZnS QDs under various refluxing times.
The absorption peak shows a slight red-shift in emission
due to the growth of the ZnS shells, which is consistent
with the PL spectra.

@ Springer

ratios); ¢ PL spectra at various refluxing times (Inset: the evolution of
the PL peak position versus refluxing times); and d UV-Vis absorp-
tion spectra at various refluxing times

3.2 Structural characterization and optical
properties

3.2.1 Micromorphology structure

XRD was used to examined the as-prepared QDs. Fig-
ure 3a shows the XRD patterns of the ZnSe and the opti-
mized core—shell ZnSe/ZnS QDs, where the molar ratios
of ZnSe/thiourea was 1:5, the pH was approximately
8.5 and the growth temperature and refluxing time were
fixed at 90 °C and 3 h, respectively. For the ZnSe QDs,
three peaks at 27.5°, 45.6° and 54.1° that relate to the
diffraction from the (111), (220) and (311) crystal planes
are observed, indicating that the as-prepared ZnSe QDs
have cubic sphalerite structures. The XRD pattern of the
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Fig.3 a XRD patterns of the initial ZnSe and ZnSe/ZnS QDs. b
TEM image of core—shell ZnSe/ZnS QDs; the inset is the particle size
distribution histogram; and ¢ HRTEM image of the core—shell ZnSe/

core—shell ZnSe/ZnS QDs has a similar pattern as that of
the ZnSe QDs without any extra peaks, but the diffraction
peaks are slightly moved to higher angles. This behaviour
can be explained using the Bragg equation [29]:

2dsin@ = ni D
where d is the interplanar space, @ is the diffraction angle,
n is a positive integer, and A is the X-ray wavelength
(0.154 nm). The growth of the ZnS shells decreased the lat-
tice parameters of the ZnSe QDs. Therefore, the diffraction
peaks shift to higher angles due to the shrinkage of the core
structure [30].

ZnS QDs. Inset.1 is the selected area electron diffraction (SAED) pat-
tern and Inset.2 is a high-magnification pattern

Figure 3b shows the TEM image of the core—shell ZnSe/
ZnS QDs, and the inset in Fig. 3b reveals the particle size
distribution histogram. The results indicate that the ZnSe/
ZnS QDs have very good monodispersity and that their
average diameter is approximately 4.6 +0.2 nm, which is an
increase of 0.5 nm compared to that of the ZnSe QDs [24].
The increase in the nanoparticle size is due to the forma-
tion of the ZnS shells. This result corresponds to the red-
shift of the absorption and fluorescence emission spectra
of the nanoparticles, providing evidence for the formation
of a core—shell structure. HRTEM further shows that the
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core—shell ZnSe/ZnS QDs with a nearly spherical shape have
a high degree of monodispersity and uniformity, as shown
in Fig. 3c. The lattice stripes on the surface of the ZnSe/ZnS
QDs with a good crystallinity could be clearly observed.
The inset 1 in Fig. 3c is a selected area electron diffraction
(SAED) diagram of the ZnSe/ZnS QDs and depicts three
concentric rings corresponding to the (111), (220) and (311)
orientations of the cubic ZnSe/ZnS QDs. Inset 2 in Fig. 3¢
shows that the distance between the adjacent lattices fringes
are at approximately 3.22 A, which is basically consistent
with the (111) plane of a cubic zinc blende ZnSe/ZnS struc-
ture and also agrees with the XRD result.

The growth of ZnS shells around the ZnSe cores was
further demonstrated by the XPS measurement results, as
shown in Fig. 4a. The high-resolution Zn-2p, Se-3d and S-2p
XPS spectra of the ZnSe/ZnS core—shell QDs are presented
in Fig. 4b—d. The Zn core-level spectrum in Fig. 4b has been
split into Zn-2ps,, (1022.2 V) and Zn-2p,,, (1045.3 eV)
with a spin—orbit splitting energy of ~23.1 eV, which cor-
responds to that of Zn>*. The Se-3d core level spectrum
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in Fig. 4c is deconvoluted into two Gaussian components
located at 53.3 eV (3ds;,) and 54.2 eV (3d;,,) with an energy
splitting of 0.9 eV, implying that the chemical state of Se
element is —2. The deconvoluted core-level spectrum of
S-2p is shown in Fig. 4d. The bivalent $>~ state is confirmed
by peaks at 162.1 eV (2p,,,) and 160.9 eV (2p;/,) with its
characteristic peak separation of 1.2 eV. The S-2p peak
located at 160.9 eV is attributed to the Zn—S bond. With the
deposition of the ZnS shells, the percentages of the Zn and
S contents increase with the thickening of the ZnS shells.
These results further indicate the uniform growth of ZnS
shells on the ZnSe core QDs.

To further investigate the particle size distribution and
stability of ZnSe/ZnS QDs, the Zeta Potential and Nano
Particle Analyzer (NanoPlus 3) was employed to measure
the particle size and zeta potential distribution, where Nano
particle size analyzer used Dynamic Light Scattering (DLS)
method to test particle size. This technique is a common
technique for determining particle size in colloidal sus-
pensions. Particles suspended in a liquid solvent undergo
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Fig.4 a XPS spectrum of the core—shell ZnSe/ZnS QDs; b the XPS spectrum of Zn 2p; ¢ the XPS spectrum of Se 3d; and d the XPS spectrum

of S 2p
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random Brownian motion by a laser beam. By detecting
the time-dependent fluctuations in the intensity of scattered
light, an autocorrelator which determines the autocorrelation
function of the signal can analyze the particle size distri-
bution [30, 31]. Figure 5 shows the particle size and zeta
potential distribution of the core—shell ZnSe/ZnS QDs. Fig-
ure 5a further confirms that the ZnSe/ZnS QDs have a good
dispersibility and uniform size. The average diameter of the
ZnSe/ZnS QDs is approximately 4.6 nm, which agrees well
with the results of the TEM investigation. Figure 5b reveals
the zeta potential distribution of the ZnSe and ZnSe/ZnS
QDs. The zeta potential of the ZnSe/ZnS QDs is approxi-
mately 36.35 mV, which is much higher than that of the
ZnSe QDs (23.41 mV). This result indicates that the stabil-
ity of ZnSe/ZnS QDs can be better than that of ZnSe QDs.

Figure 6 presents the FI-IR spectra of the TGA and
ZnSe/ZnS QDs. The important role of the TGA is to cap
the QDs. There is an improved peak in the TGA spectrum
at 2567 cm™!, relating to the S—H bond [32, 33]. The as-
synthesized QDs have no S—H stretching band between 2682
and 2561 cm™!, which indicates that the S—H bond in the
TGA is destroyed, a bond with the ZnSe and ZnSe/ZnS QDs
surface occurred and the TGA is successfully modified on
the surface of the QDs to stabilize the ZnSe and ZnSe/ZnS
QDs. In these spectra, there is a broad peak between 3500
and 3000 cm™" that relates to the O—H vibration of H,O mol-
ecules; there is also a peak above 1590 cm™! corresponding
to the COO™! asymmetric vibration [34].

3.2.2 Photostability

Figure 7a shows the absorption and PL spectra of the as-
synthesized samples under the optimum condition. Com-
pared to the ZnSe QDs, the exciton absorption peak and
band edge peak of the ZnSe/ZnS QDs are approximately
377 and 402 nm, respectively. With the growth of ZnS,
the absorption and band edge peaks slightly shift to longer
wavelengths. Because of the formation of a core—shell
structure and the increases of the particle size, the con-
duction band of ZnS will be located below that of ZnSe.
Thus, the excited electrons in the nucleus are delocalized
and the space of movement increased. These electrons are
expanded to the ZnS conduction band and the emission
can be attributed to the recombination of an electron in
the ZnS conduction band with a hole in the ZnSe valence
band, which results in a red-shift in the emission [20, 35].
The PL intensity of the ZnSe/ZnS QDs is significantly
enhanced because the ZnS shell can modify the surface
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Fig.7 a UV-Vis absorption and PL spectra of ZnSe QDs and ZnSe/ZnS QDs. The inset is the fluorescent image of the ZnSe QDs and ZnSe/ZnS
QDs, and b the relationship between the integrated fluorescence intensity and absorbance

defects of the ZnSe QDs and better cap the ZnSe surface
trap states [20, 36]. The inset in Fig. 7 indicates the emis-
sion images of the as-synthesized ZnSe QDs and ZnSe/
ZnS QDs under UV excitation. Clearly, core—shell ZnSe/
ZnS QDs are more luminous than ZnSe QDs.

As an important parameter, the fluorescence QY of the
as-synthesized ZnSe/ZnS QDs is calculated by comparing
the integrated fluorescence intensities (at excitations of
346 nm) and the absorbency values (at 346 nm) of QDs
samples with the reference quinine sulphate. The PL QY
of the samples are calculated using the following equa-
tion [37]:

(D (D MX nX 2
o ()2
where the subscripts x and ST denote the QDs and reference
reagent, respectively; @ is the photoluminescence quantum
yield; the M are the slopes (the gradient from the plot of the
integrated fluorescence intensity versus absorbance) and n
is the refractive index of the solvent. In this work, quinine
sulphate was dissolved in 0.05 M H,SO, (©=0.55, refrac-
tive index n=1.33, M=2.21 X 106). The QDs samples were
dissolved in deionized water (refractive index n=1.33).
Figure 7b reveals the relationship between the integrated
fluorescence intensity and the absorbance. According to
the Eq. 2 and Fig. 7b, the PL QYs of the ZnSe and ZnSe/
ZnS core—shell QDs can be estimated to be approximately
31.2 and 58.5%, respectively, according to the slopes of
1.26x 10° (ZnSe QDs) and 2.35 x 10° (ZnSe/ZnS core—shell
QDs) from the plot of the integrated fluorescence intensity
versus absorbance.

To further compare the optical performances of the
ZnSe QDs and ZnSe/ZnS QDs, the fluorescence life-
times of the QDs were measured. Figure 8 presents the

2
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Fig.8 Time-resolved luminescence decay curves of the ZnSe QDs
and ZnSe/ZnS QDs (Aex =397 nm). The inset illustrates the detailed
parameters of the ternary exponential function for each sample of as-
synthesized ZnSe QDs and core-shell ZnSe/ZnS

time-resolved luminescence decay curves of the ZnSe QDs
and ZnSe/ZnS QDs. In general, the PL attenuation curve
for each sample is satisfactorily fitted with a ternary expo-
nential form.

I(1) =A+Blexp<—ri> +Bzexp<—TL> +B3exp<—ri>
1 2 3

3
where 1, T, and 7, represent the time constants, B, and B,
represent the amplitudes of the fast components and B, rep-
resents the amplitude of the slow component [24]. The time
at which the PL intensity has decreased to 1/e of its initial
value is used as a parameter to compare the lifetimes. The
average lifetime is calculated using the following equation
[38]:
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T = (BIT12+B2T22+B3’[32)/(BITI + By7, + By3) 4)

We attribute 7, to internal recombination. The fast com-
ponent (t,) is contributed to surface-related recombination
and the fast component (t5) is dominated by non-radiative
recombination channels [39-41]. The inset in Fig. 8 shows
the fitting parameters of different samples. Based on the
results, we can obtain that the luminescence lifetime of the
core—shell ZnSe/ZnS QDs is approximately 46.3 ns, which
is much higher than that of the ZnSe QDs (25.1 ns). For
the QD samples with higher PL QYs, the probability that
the vector appears on the surface increases. The ZnS shell
growth leads to the increased probability of carriers appear-
ing on the surface, thus effectively removing the carrier
quenching defect from the ZnSe surface [26].

Compared with the conventional synthesis of ZnSe/ZnS
QDs, the proposed method is employed to synthesize the
core/shell ZnSe/ZnS QDs at low temperature (90 °C) using
a facile and green route in aqueous solution. The synthe-
sized ZnSe/ZnS QDs with excellent blue light emission and
high PL QY only consist of a band edge emission located
at 398—-410 nm. The excitonic emission slightly shifted to
longer wavelength and the PL intensity increased consid-
erably with the growth of ZnS shell. In the future work,
we will further increase the thickness of the ZnS shell to
improve the optical performance of core—shell ZnSe/ZnS
QDs. On the other hand, we can also synthesize the various
doped ZnSe/ZnS QDs with a wide range of emission colors
using the proposed method, which is a good candidate for
being used in light emitting devices, sensors, solar cells,
and laser diodes.

4 Conclusion

In summary, the core—shell ZnSe/ZnS QDs with a cubic zinc
blende crystalline structure were successfully synthesized
using a facile and green approach. The average particle size
of the ZnSe/ZnS QDs is approximately 4.6 nm. Compared
with the ZnSe core, the PL intensity of the ZnSe/ZnS QDs is
much stronger, and the band edge emission is slightly shifted
to longer wavelengths by the growth of ZnS shell. The zeta
potential of the core—shell ZnSe/ZnS QDs is approximately
36.35 mV, which is much higher than that of the ZnSe QDs
(23.41 mV). The PL QY can reach 58.5%, and the exciton
radiative lifetime is approximately 46.3 ns for the ZnSe/
ZnS QDs. These results indicate that the as-synthesized
core—shell ZnSe/ZnS QDs have an excellent stability and
excellent optical properties, which have potential application
value in optoelectronics and other fields.
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