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Stable luminance properties are essential for light-emitting devices with excellent performance. Thermal photoluminescence (PL)
quenching of quantum dots (QDs) under a high temperature resulting from a surface hole or electron traps will lead to unstable and
dim brightness. After treating CdZnSe/ZnSe QDs with TBP, which is a well-known passivation reagent of the anions, the excess Se
sites on the surface of the QDs were removed and their PL quantum yields (QYs) was improved remarkable. Furthermore, after
TBP treatment, the CdZnSe/ZnSe QDs exhibit no quenching phenomena even at a high temperature of 310°C. The
electroluminescent light-mitting diodes based on the QDs with TBP treatment also demonstrated satisfied performance with a
maximum current density of 1679.6mA/cm2, a peak luminance of 89500 cd/m2, and the maximum values of EQE and
luminescence efficiency are 15% and 14.9 cd/A, respectively. The performance of the fabricated devices can be further improved
providing much more in-depth studies on the CdZnSe/ZnSe QDs.

1. Introduction

Colloidal quantum dots (QDs) materials are attracting
tremendous interest because of their size- and composition-
dependent bandgap, high quantum yields (QYs), and
solution-processed method with low cost. These advantages
have enabled their extensive use in many fields including dis-
play, illumination, photovoltaic, and biosensor. As light
converters or emitting layer materials, QDs driven optically
or electrically with both high luminescence efficiency and sta-
ble luminescence properties are one of the crucial factors for
the large-scale commercialization of the QD-based light-
emitting diodes (QLEDs). QDs including red, green, and blue
emission with QYs~100% have been reported [1–3]. For gen-
eral displaying or lighting applications, heat originated from
the nonradiative transition and the resistance of the electric
circuit leads the temperature inside the devices as high as 150

– 200°C, under which photoluminescence (PL) quenching of
QDs occurs and the brightness becomes unstable and dim.
Intense efforts have been carried out on the mechanism of
thermal PL quenching for QDs [4–10]. The extent of PL
quenching depends on many factors, including surface com-
position, structure, ligand, solvent, and temperature [4–6].
At high temperature (RT – 200°C), it has been reported that
reversible quenching originates from thermally activated
escape of carriers to the surface trap states and/or thermally
activated creation of trap states, and irreversible quenching is
explained by the thermally induced permanent structural
changes which giving rise to trap states [7].

Different types of surface hole and electron traps can be
identified by PL decay dynamics coupled with PL quantum
yield measurements. To exempt device application from the
trouble of PL quenching, many efforts have been carried
out to remove the surface defects or middle states for QDs,
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so as to obtain the “perfect” QDs, which have near unity PL
QYs and a single decay channel for the intrinsic combination
of excitons. Generally, luminescence properties of emissive
material, excited either optically or electrically, are domi-
nated by their excited states. For colloidal QDs, their excited
states are usually described as exciton. Optimal characteris-
tics of an exciton in a quantum dot can be achieved by precise
control of both interior crystal and surface structure. Control
of interior crystal structure is relatively easy with nearly 30
years of efforts. Surface engineering including shell growth
and ligand engineering are usually employed to reduce sur-
face defects, hence boost the PL QYs of the QDs.

As emission materials, II-VI QDs are usually coated with
another semiconductor shell with a relatively wide bandgap,
and the excited states of the core participate mostly in the
light emission [11]. Ternary alloyed QDs can be obtained
by means of interfusing binary II-VI QDs with another II ele-
ment, for example, CdZnS and CdZnSe [12–17]. However,
the emission wavelengths of pure core CdZnS or CdZnSe
QDs are quite limited (ranging from 400 to 475 nm for
CdZnS QDs and from 500 to 620nm for CdZnSe ones) [3,
13, 17], which restricts their further applications. In our pre-
vious work, after introducing a versatile ZnSe shell with a
moderate bandgap (2.7 eV) upon the CdZnS and the CdZnSe
cores, the emission wavelength of the resulting CdZnS/ZnSe
and CdZnSe/ZnSe QDs is extended to the deep-red region
(680 nm) [18, 19]. Emission tunable CdZnSe QDs can been
achieved by tuning the Cd : Zn ratio by incorporating the
control of the reaction time and/or temperature [13, 16].
However, pure core QDs usually suffer from low PL QYs
resulted from the abundant surface anions or cations. By
coating them with monolayer or multilayer of shells to
eliminate the traps, their PL QYs can be enhanced remark-
ably. [3, 20] Herein, we utilize a high-temperature (300°C)
injection for the synthesis of CdZnSe cores and an even
higher temperature (310°C) for shell growth to obtain
CdZnSe/ZnSe core/shell QDs. After treating with TBP, the
resulting QDs exhibited improved PL quantum yields
(QYs) and no quenching phenomena even at a high temper-
ature of 310°C. The as-fabricated QDs are also employed as
emitting materials to assemble QLEDs, which demonstrated
satisfied performance.

2. Experimental Section

2.1. Materials. Cadmium oxide (CdO, 99.99%, powder), zinc
acetate (Zn(Ac)2, 99.99%, powder), selenium (Se, 99.99%,
powder), 1-octadecene (1-ODE, 90%), tributylphosphine
(TBP, 98%), oleic acid (OA, 90%), ethyl alcohol (AR, 99.7%),
n-hexane (98%), and acetonitrile (99.5%) were purchased
from Aladdin Industrial Corporation. All of the commercial
reagents are used as received without further purification.

2.2. Synthesis of CdZnSe QDs. In brief, a mixture of
0.25mmol CdO, 2.5mmol Zn(Ac)2, 1 mL OA, and 5mL
1-ODE loaded in a 50mL three-neck flask were degassed
under vacuum for 30min and then heated to 120°C with
magnetic stirring. When the solution became optically clear,
it was heated to 300°C under an N2 flow and maintained at

this temperature for 20min. Next, Se precursor (S-SUS,
0.2mmol Se powder suspending in 2mL 1-ODE) was
injected quickly into the hot solution. Eight minutes later,
core CdZnSe QDs were synthesized.

2.3. Synthesis of CdZnSe/ZnSe QDs. For the synthesis of
CdZnSe/ZnSe QDs, the above resulted solution was heated
to a higher temperature of 310°C, at which another S-SUS
solution containing 1.5mmol Se powder and 4mL 1-ODE
was injected drop by drop into the flask in 10min. The tem-
perature was kept at 310°C for 30min during which the ZnSe
shell grew thicker and thicker. Then, the solution was cooled
to room temperature.

2.4. Treating CdZnSe/ZnSe QDs with TBP. 1mL TBP was
injected into the solution followed by magnetic stirring at a
speed of 500 rpm for 20min.

2.5. Purification. The mixture of the above-resulted solution,
n-hexane, and acetonitrile with volume ratio of 1 : 1 : 2 was
heated to 60°C and kept at this temperature for 3min. Puri-
fied CdZnSe/ZnSe QDs were obtained by repeating the preci-
pitation/dispersion method (8000 rpm, 5min).

2.6. Device Fabrication.QLEDs were fabricated following the
similar procedures reported in [21]. Firstly, indium-tin oxide
(ITO) glass substrates were cleaned by using of ultrasonic
treatment followed by being dried under a N2 flow and then
etched in a UV ozone for 20min. Next, they were transferred
quickly to a glove box full of argon for the assembling of the
device. Both concentrations of O2 and H2O in the glove box
were required to be below 20ppm. For the deposition of
hole-injection layer, PEDOT:PSS was dissolved in isopropa-
nol, and then the solution was spin-coated onto the substrates
at a speed of 3500 rpm for 50 s, and then the substrates were
baked for half an hour under 150°C. For the deposition of
the hole-transport layer, TFB solution (in chlorobenzene,
8mg/mL) was spun at a speed of 3000 rpm followed by baking
at 150°C for 30min. Subsequently, CdZnSe/ZnSe QDs (in
octane, 18mg/mL) were spin-coated on the TFB surface at a
speed of 2000 rpm for 50 s, and ten minutes later, an emission
layer formed. PBO solution (in DMF, 2mg/ml) was spin-
coated at a speed of 4000 rpm and then baked at 120°C for half
an hour. For the deposition of electron-injection layer, colloi-
dal ZnO nanocrystals (in ethanol, 40mg/mL) was then
spin-coated at a speed of 2000 rpm for 40 s and then baked at
80°C for another 30min. Finally, by using of vacuum thermal
evaporation at a rate of ~0.1 nm/s under a pressure of 4 ×
10−6 kPa, metal Al anodes were deposited. The QLEDs were
moved away from the glove box for subsequent measurement
after being sealed with UV-curing adhesive and glasses.

2.7. Characterization. The optical properties of the prepared
CdZnSe/ZnSe QDs material properties were characterized
using a steady-state photoluminescence (PL) spectropho-
tometer (Cary Eclipse, Varian) and a UV-vis spectrophotom-
eter (Cary 300, Varian). Time-resolved photoluminescence
experiments were carried out on a spectrometer (Bruker
Optics 250IS/SM) with an intensified charge-coupled device
detector (CCD; IStar 740, Andor Tech.). Absolute PL QYs
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were tested by an absolute QY test system (Quantaurus-QY
C11347-11, Hamamatsu Photonics). The structure of the
QDs was characterized by a high-resolution transmission
electron microscope (TEM; JEM-2010, JEOL) and an X-ray
diffractometer (MiniFlex II X-ray diffractometer, Rigaku).
The luminescent and the current–voltage (I–V) properties
of the fabricated QLEDs were measured on a spectrometer
(Maya 2000 Pro, Ocean Optics) coupling with an integrating
sphere (3P-GPS-033-SL, Labsphere, Inc.) and a Keithley
2400 current and voltage source meter.

3. Result and Discussion

3.1. PL Optical Properties and Se-SUS Stoichiometry. During
the synthesis process, all the reaction conditions for the prep-
aration of CdZnSe QDs were the same, and CdZnSe/ZnSe
QDs with different emission wavelengths ranging from 460
to 640 nm were obtained by changing the stoichiometric of
the Se-SUS dropped into the solution. ZnSe shell with
different thicknesses here plays the role of not only passivat-
ing the surface dangling bonds but also changing the energy
band structure, consequently, the emission wavelength of
the resulted QDs. The digital photograph of the obtained
QD solutions after TBP treatment under irradiation of a
UV lamp and the corresponding PL spectra for the solutions
are shown in Figures 1(a) and 1(b), respectively. Amounts of
dropped Se-SUS, peak wavelengths, and full-width-at-half--
maximum (FWHM) of the QDs are given in Table 1. With
the amount of Se-SUS increasing gradually from 0.50mmol
to 1.20mmol, the peak emission of the core/shell QDs shifts
to shorter wavelength correspondingly.

Bulk semiconductor materials usually have specific con-
duction band (CB) and valence band (VB). However, theo-
retical and existing experimental results have indicated that
the band structure for nanomaterials, including QDs, is quite
complex. The bandgap of bulk CdSe is 1.74 eV with CB
−3.75 eV and VB −5.49 eV and that for bulk ZnSe is 2.69 eV
with CB −2.81 eV and VB −5.50 eV. With sizes in quantum
confinement regime, their band structures become size-de-
pendent, shape and structure sensitive, and relative to the
ligands. Even for core ZnSe and shell ZnSe, they may have
different bandgap structures which mean different CB, VB,
and bandgaps [11, 22]. Shell ZnSe has a specific VB value
of −5.7 eV and a varied CB in the range between −2.4 and
−2.83 eV. For core ZnSe materials, both their VB and CB
are fluctuant, in the range of −5.64 eV and −5.55 eV and
−2.32 eV and −2.62 eV, respectively. The CB and VB for core
CdSe materials synthesized under different condition vary
around −5.55 eV and −3.1 eV, respectively, with small span
[22]. The VB values of shell ZnSe, core ZnSe, and core CdSe
are close to each other. The bandgap of an alloy core CdZnSe
should be between those of core CdSe and core ZnSe, which
will be more close to the later one with abundant Zn precur-
sor during the synthesis. Therefore, the intrinsic structure of
CdZnSe/ZnSe enables electrons to localize in the CB of both
the core and the shell, so as to holes in VB. Consequently,
both the excited states of the shell ZnSe and the core CdZnSe
are involved with the light emission, and tuning the emission
wavelength by manipulating the shell thickness is possible.

The blueshift of the emission and absorption can be well
interpreted by energy level changes induced from the slight
lattice strain which increases with the shell growth coated
onto the compressible CdZnSe core. Thin ZnSe shell com-
poses less stress on the core CdZnSe, and the lattice strain
has less function on changing the energy levels. Therefore,
the emission and absorption properties rely more on the
intrinsic heterostructures of CdZnSe and ZnSe. The energy
difference between the CBs and VBs of the core and the shell
decides the optical properties. The red emission with thin
shell (0.5mmol Se) may originate from the intrinsic CB-VB
energy difference. A thicker shell (0.75mmol Se) compresses
the CdZnSe and leads to a green emission. Theoretical and
experimental results have demonstrated that the electronic
energy gap will enlarge under compressive force in zinc
blende II-VI semiconductors and narrow when tensile strain
[23]. The change of VB can be neglected because lattice
strains have little significant influence on it [24]. With the
shell growth, thick ZnSe shell composes more compresses
on the core, thereby leading to a CB elevation, which finally
results in notable blueshifts of PL.

TEM image of CdZnSe/ZnSeQDs is shown in Figure 2(a).
Their corresponding high-resolution TEM image and size
distribution histograms are inset in Figure 2(a). The CdZ
nSe/ZnSe QDs show reasonable narrow size distributions
with average diameters of 6.76 nm. To further characterize
the structures of CdZnSe and CdZnSe/ZnSe QDs, their crys-
tallographic properties were determined by XRD. The char-
acteristic peaks of zinc blende ZnSe (JCPDS no. 65-7409)
are located at 27.5°, 45.6°, and 53.3° and those for bulk CdSe
(JCPDS no. 19-0191) are 25.4°, 42.1°, and 49.6°. According
to the XRD patterns shown in Figure 2(b), all the characteris-
tic peaks of CdZnSe with double diffraction angles of 26.08°,
44.10°, and 53.3° are located between the zinc blende ZnSe
and CdSe bulk materials. This suggests a compositional
homogeneity of CdZnSe rather than a mixture of CdS and
ZnSe. When ZnSe shells were coated onto the CdZnSe cores,
characteristic peaks shift to smaller angles of 26.52°, 44.81°,
and 52.55°. This blueshift of the diffraction peaks may result
from the enlargement of the lattice constant.

3.2. TBP Treatment and High-Temperature Antiquenching
PL Properties. The excited states of colloidal are usually
described as exciton, which is a pair of photo- or electrogen-
erated electron and hole bonded together through Coulomb
interaction. Owing to their limited physical size, exciton
delocalizes within the entire nanocrystal and is mostly
exposed to the physical boundary between the nanocrystal
and its ligands/solvent. Therefore, apart from the precise
control of the interior crystal structure, management of the
surface structure is also needed to achieve optimal character-
ization for excitons. Here, in our synthesis experiment,
Se-SUS precursor is used for the synthesis of alloy CdZnSe
and shell growth upon the alloy cores, owing to advantages
such as high reactive chemical nature, good conversion rate,
no other by-products, and strong operability. For the synthe-
sis of alloy CdZnSe, Zn2+ is abundant as the mole ratio of
Cd : Zn : Se in the reaction mixture is 1 : 10 : 0.8; hence, the
surface of the as-synthesized CdZnSe QDs should be
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cation-rich when the their synthesis is completed. Se-SUS is
injected dropwise into the CdZnSe QD solution for the shell
growth. With a small amount of Se precursor, thin ZnSe shell
grows, Zn2+ is still redundant, and the surface of the resulted
CdZnSe/ZnSe QDs will still be cation-rich. Cations on the
surface have been found to reduce the QY of the radiative
decay of excitons. Zn cations can be consumed gradually by
increasing of the mole number of Se in Se-SUS, with ZnSe
shell getting thicker. With redundant Se-SUS, Zn2+ can be
depleted, and the surface of the resulting CdZnSe/ZnSe
QDs will become anion-rich. However, similar to that of
excess cations on the surface of QDs, Se sites will bring hole
traps on the QD surface and lead to QY reduction of excitons,
or even nearly nonemissive. TBP treatment is a well-known
passivation reagent of the Se anions on the surface of CdSe
QDs. Upon TBP treatment, the relative PL QY of the final
CdZnSe/ZnSe QDs is measured to be 90.9%, much higher
than that of the original ones which is 46%.

Absorbance and PL spectra of the as-synthesized CdZ
nSe, CdZnSe/ZnSe, and TBP-treated CdZnSe/ZnSe QDs are
shown in Figure 3(a). Both the absorbance and PL spectra
of the CdZnSe/ZnSe and TBP-treated QDs exhibit blueshift,
by comparing with to those of the core CdZnSe QDs. The
peak wavelength of the as-synthesized CdZnSe QDs is
~555nm and those of CdZnSe/ZnSe and TBP-treated CdZ
nSe/ZnSe QDs are ~540 and ~535 nm, respectively, as shown
in Figure 3(a). The blueshift of PL of the CdZnSe/ZnSe QDs
relative to that of CdZnSe may result from the bandgap
change originated from the lattice strain, as described above.
The peak emission of TBP-treated CdZnSe/ZnSe QDs also
shifts to shorter wavelength slightly, and these small peak

wavelength difference between the CdZnSe/ZnSe QDs after
and before TBP treatment is attributed to the removal of
those “dangling” Se ions on the surface and have been
reported in similar QD systems [11].

Many experimental results have identified that anions
and cations on the surface induce short and long lifetime
channels for the excitons of QDs, respectively. Transient
photoluminescence measurements were taken to identify
the lifetime of the excitons for cation-rich, anion-rich, and
TBP-treated CdZnSe/ZnSe QDs, respectively, their corre-
sponding PL decay spectra are shown in Figure 3(b). The
PL QYs and lifetimes for these QDs are also summarized
and inset in Figure 3(b). For cation-rich CdZnSe/ZnSe
QDs, their PL decay curve can be fitted with one slow chan-
nel, ~45 ns, along with the original channel at ∼11.43 ns.
These results suggested that excess cations on the surface of
QDs create shallow electron traps with relatively long life-
time. However, different from cation-rich QDs, the PL decay
curve for anion-rich CdZnSe/ZnSe QDs can be fitted with
one fast channel, ~4.16 s, along with the original channel at
~9.93 s. The appearance of fast channels usually implies the
existence of middle-gap states, and such middle-gap states
should efficiently trap the holes and quench the PL.
Evidently, the TBP treatment could boost the PL QY to near
unity to ~90% for CdZnSe/ZnSe QDs and convert their PL
decay dynamics to be nearly monoexponential with a
goodness-of-fit of χ2 = 1 12. Owning to the good intersolubi-
lity between the TBP and Se, the excess Se on the surface can
be removed efficiently; consequently, the surface defects can
be eliminated completely. As a result, the intrinsic decay
channel of the excitons of CdZnSe/ZnSe QDs could be nearly
completely radiative.

Thermal activated photoionization can cause lumines-
cence quenching because of the escape of a charge carrier
from luminescence center. Therefore, surface states, defects,
or impurities surrounding the QD can act as trapping cen-
ters and lead to the sharp decrease of PL intensity with tem-
perature above RT, which is also known as the luminescence
quenching behavior of QDs. Both the solutions of CdZnSe
cores and CdZnSe/ZnSe QDs, before and after TBP
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Figure 1: (a) Digital photographs of CdZnSe/ZnSe QD solutions after TBP treatment with different shell thicknesses under the irradiation of
a UV lamp. (b) The PL spectra of the obtained CdZnSe/ZnSe QDs.

Table 1: Parameters for the CdZnSe/ZnSe QDs with different
emission wavelengths.

Parameter I II III IV V VI VII VIII

Se-SUS (mmol) 1.20 1.00 0.80 0.75 0.65 0.60 0.55 0.50

λpeak (nm) 465 490 510 535 560 570 600 640

FWHM (nm) 24 33 38 34 47 39 39 39
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treatment, were cooled down to RT and then reheated to
310°C, under which their photographs were taken under
UV irradiation and shown in Figure 3. As described above,
CdZnSe cores were synthesized at 300°C, and they have

cation-rich surface because the total amounts of Cd and
Zn are much more than that of Se in the reaction. Middle
states resulted from the combination of excess ions on the
surface and the ligand detachment occurred at an elevated
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Figure 2: TEM images of (a) CdZnSe/ZnSe QDs and (b) XRD patterns of the CdZnSe core and the CdZnSe/ZnSe QDs. Insets in (a) are the
HR-TEM image and the histograms of the size distribution of the CdZnSe/ZnSe QDs, respectively.
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Figure 3: (a) Absorbance and PL spectra for the core CdZnSe QDs and the CdZnSe/ZnSe QDs without and with TBP treatment. (b) PL decay
cures for the cation-rich, anion-rich, and the TBP-treated CdZnSe/ZnSe QDs. The photograph’s insets in (a) are for the core CdZnSe QDs
(left column) and CdZnSe/ZnSe QDs before (middle column) and after TBP treatment (right column) taken under the sunlight at RT (top
row), under the UV radiation at RT (middle row), and under the UV radiation at the temperature of 310°C (bottom row), respectively.
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temperature probably diminish the PL intensities and
reduced the PL QYs of the plain core CdZnSe QDs. There-
fore, the luminescence of the CdZnSe QDs looks dim among
these three photos, as shown in Figure 3(a). It seems that the
luminescence of the CdZnSe/ZnSe QDs before TBP-
treatment is brighter than that of core CdZnSe QDs, as
shown in Figure 3(a). This is because the abundant Se pre-
cursor dropped in flask for shell growth neutralizes the
excess cations completely and suppresses the surface middle
states somewhat. After TBP treatment, all the excess Se ions
on the surface can be removed, so that there are no middle
states in the forbidden gaps of QDs, which has been verified
by its single-exponential PL decay curve. Therefore, the
CdZnSe/ZnSe QDs after TBP treatment exhibit the brightest
luminescence among these three QD solutions at the high
temperature of 310°C.

3.3. Device Performance. The prepared CdZnSe/ZnSe QDs
peaked at ~540nm are employed as light-emitting materials

to assemble QLEDs. The devices have a multilayer structure
of ITO/PEDOT:PSS/TFB/QDs/PBO/ZnO/Al, as the struc-
ture diagram shown in Figure 4(a). It can be seen from the
cross-sectional TEM image of the prepared device shown in
Figure 4(b) that the interface of PEDOT:PSS and TFB is
almost undistinguishable because both organic polymer films
with small thickness are transparent. The electrolumines-
cence (EL) spectra of the device are measured with voltage
varying from 3 to 7V and stacked in Figure 4(c). With the
applied voltage increasing, the relative intensity of the EL
curve rises steadily while the FWHMs remain almost the
same (~40nm). Furthermore, the redshift of peak emission
of the electroluminescent QLEDs often occurs owing to the
temperature rise resulting from an increasing voltage or cur-
rent, which has been reported. However, with applied voltage
increasing from 4 to 10V, the redshift of the EL spectra of the
QLEDs based on CuInS2/ZnS QDs is distinguishable [21].
Here, the EL of our devices also shows a slightly perceptible
redshift, as can be seen from Figure 4(b). These results
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Figure 4: (a) Structure diagram and (b) TEM image of the cross-section of the QLED. (c) EL evolution with increasing applied voltage, and
the inset is a luminescent image of the device at 6 V. (d) Variation of current density and luminance with applied voltage. (e) Variation of
external quantum efficiency and current efficiency with applied voltage.

6 Journal of Nanomaterials



indicate again the good thermal stability of our CdZnSe/ZnSe
QDs to some extent.

The current density and luminance of the devices based
on the CdZnSe/ZnSe QDs with TPB treatment as a function
of driving voltage is shown in Figure 4(d), while the external
quantum efficiency ηEQE and current efficiency ηA as a
function of voltage are shown in Figure 4(e). The device
exhibits a low turn-on voltage of approximately 2V. The
current density of the device begins to increase rapidly with
driving voltage above 5V, and it exhibits a maximum value
of 1679.6mA/cm2 at 9.2V. The maximum luminance of
the device achieves 89500 cd/m2 at 7.6V. When the applied
voltage is 6.2V, the EQE achieves to a peak value ~15%
and that of luminescence efficiency is 14.9 cd/A. To some
extent, the performance of this device indicates that
CdZnSe/ZnSe QDs with TBP treatment are suitable for the
fabrication of electroluminescent QLEDs with stable lumi-
nescent properties.

4. Conclusions

In summary, we synthesized CdZnSe/ZnSe QDs with unable
emission wavelength covering most part of the visible range.
“Perfect” CdZnSe/ZnSe QDs with a near-unity PL QY of
90.6% also obtained by means of TBP treatment and tran-
sient PL analysis on their PL decay curve proved that their
exciton radiates through a single decay intrinsic channel.
When these QD solutions were heated to a high temperature
of 310°C, nonquenching behavior was observed. Green-
emission CdZnSe/ZnSe QDs were also employed as active
material to fabricate QLEDs which also exhibit satisfied lumi-
nescent performance. These results indicate that CdZnSe/
ZnSe QDs after TBP treatment are promising candidate
materials for the fabrication of light-emitting devices.
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