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The different compositions of the ternary alloyed CdSe,S;., quantum dots (QDs) and CdSe,S;.,/ZnS core/shell quantum

dots (CSQDs) have been synthesized by the chemical routes. The radii of these QDs were determined by transmission

electron microscope (TEM). The optical properties of these QDs were investigated by the absorption and fluorescent

measurement. It was found that the absorption and fluorescent emissions were tuned by the component ratio, and the

Commission Internationale de 1'Eclairage (CIE) coordinates of the fluorescent spectra also depended on the composition.
Compared with the CdSe,S;., QDs, the CdSe,S;.,/ZnS CSQDs exhibit the fluorescence enhancement due to the surface
passivation by shell coating. The composition-tuned optical properties may allow them to be used as fluorescent markers

in biological imaging and to fabricate multicolor light emitting diode (LED).
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Semiconductor nanocrystals (NCs) known as quantum
dots (QDs) are composed of an inorganic core, made up
of a few hundred or a few thousand atoms. In recent
years, the rapid developments in the fabrication of QDs
have pushed forward the investigations of their chemical
and physical properties'' . Confinement effects make
them possess remarkably different optical properties
from the bulk, such as size-tunable absorption, narrow
band fluorescence and large optical nonlinearity. These
unique optical properties allow them to be potentially
applied in biological and optoelectronics fields. So QDs
are still one of great concerns in both research and ap-
plication fields so fart*.

The tunable absorption and narrow band fluorescence
are essential for the application in the photoelectric de-
vice and biological imaging!®”. From the fundamental
physical point of view, the narrow bandwidth of the
fluorescence is easier to be obtained from the II-VI
semiconductor than the III-V QDs under the same size
distribution on account of the large hole effective mass in
the II-VI semiconductor QDs. Thus, the optical proper-
ties of II-VI semiconductor QDs still have attracted a
widespread attention recently!'®’. For the specific surface
of QDs, these QDs are readily degraded as a function of
time due to a surface oxidation. Moreover, the suspended
bonds on the surface of the QDs result in the defect
states, which have a great impact on the optical proper-
ties of QDs. In order to improve the optical properties,
the wide bandgap semiconductor shell encapsulated on
core QDs is often adopted as an effective method for the

improvement of optical performance. Recent reports
show that the core/shell structure can increase the photo-
luminescence quantum yield to some extent'''!. Previous
reports have been focused on the size-tuned optical
properties’' >, Compared with the method of the
sized-tunable optical properties, the composition-tuned
method is easier to realize the control of the optical
properties for these ternary alloy QDs. Nevertheless,
there are few reports on the composition-tuned optical
properties of CdSe,S;, QDs and CdSe,S;./ZnS
core/shell quantum dots (CSQDs). In this letter, we syn-
thesized the ternary alloyed CdSe,S,., and CdSe,S,.,/ZnS
CSQDs with different compositions. The optical proper-
ties of these QDs were investigated by the absorption and
fluorescent measurement. It was found that the absorp-
tion fluorescent emission was tuned by component ratio
and the Commission Internationale de 1'Eclairage (CIE)
coordinates of the fluorescent spectra also depended on
the composition. The composition-tuned optical proper-
ties may lead to a wide application in the photoelectric
and biological fields.

The ternary alloyed CdSe,S,., QDs and CdSe,S;.,/ZnS
CSQDs with different compositions have been synthe-
sized by the chemical routes. The three samples of
CdSe,S., QDs were prepared and their feed mole ratios
of Cd, Se and S are 1: 0.28: 29.02, 1: 0.50: 26.69 and 1:
0.81: 24.58. According to their feed mole ratios, these
CdSe,S|, QDs samples were labeled as S1, S2 and S3
and their CSQDs counterparts labeled as S1', S2' and S3'.
The detailed preparation process was described in our
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previous work!"”, At last, these QDs were dissolved in
some amount of chloroform and their concentration was
5x10° mol/L. The sizes of CdSe,S;. QDs and
CdSe,S,../ZnS CSQDs were inspected by the transmis-
sion electron microscope (TEM, Philip TZOST) operat-
ing at 190 kV. The linear absorption spectra of these
QDs were recorded on the ultraviolet-visible (UV-Vis)
spectrometer (TU-1901). The fluorescent emission spec-
tra of these QDs were recorded on the fluorescence spec-
trometer (F4500).

The TEM image of CdSe,S,., QDs in the sample S2 is
shown in Fig.1(a), and the size distribution is presented
in Fig.1(b). The solid line is a Gaussian fitting result to
the size distribution, and the average diameter is
(4.0£0.2) nm as shown in Fig.1(b), which is consistent
with the determined size of S1 in our previous report!>.
The TEM images and the size distributions of the other
samples are similar to those of S2, which are not given
here.
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Fig.1 (a) TEM image and (b) size distribution of the
sample S2

The absorption spectra of the CdSe,S,, QDs for the
samples are shown in Fig.2. As indicated by three arrows
in Fig.2(a), the peak wavelengths of exciton absorption
are 493 nm, 525 nm and 565 nm for S1, S2 and S3, re-
spectively. The effective bandgaps of CdSe,S;,. QDs
were estimated to be 2.51 eV, 2.37 ¢V and 2.20 eV. The
effective bandgaps of CSQDs samples were estimated to
be 2.48 eV, 2.33 eV and 2.16 eV according to their ab-
sorption, of which the absorption spectra were not given
here. Since the radius R is only about 2 nm, the strong
confinement regime is considered. Based on the quantum
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confinement theory and empirical formula of ternary
alloy semiconductor, the components x of these QDs is
determined to be 0.3, 0.5 and 0.8 for S1, S2 and S3, re-
spectively!'”>'”). The composition, the blue-shifted wave-
length and energy of these QDs relative to bulk counter-
part are summarized in Tab.1. Their effective bandgaps
relative to bulk counterparts show a sharp blue shift,
which demonstrates the strong quantum confinements. In
addition, the absorption peaks of these QDs show a red
shift with the increase of Se composition, which indi-
cates the composition-tuned absorption of these QDs.
Relative to their bulk counterparts, the blue shifts of the
effective bandgaps of these QDs get larger and larger
with increase of the Cd composition and those of their
CdSe,S;../ZnS CSQDs show the same trend, as shown in
Tab.1. Fig.2(b) shows the comparison of S2'
(CdSe5S0s/ZnS) and S2 (CdSepsSys) QDs. Compared
with CdSeqsSy s, these CdSe(sSs/ZnS CSQDs exhibit a
red shift of 12 nm, corresponding to the red-shifted
bandgap of 36 meV, as shown in Tab.1, which indicates
that the dielectric confinement effect results from the
ZnS shell encapsulated on CdSe(sSys QDs. In a word,
both CdSe,S,.,QDs and CdSe,S;.,/ZnS CSQDs show the
composition-tuned absorption properties.
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Fig.2 (a) Absorption spectra of the CdSe,S1.x QDs for
the samples S1, S2 and S3; (b) The comparison of
absorption for S2' (CdSe¢sSos5/ZnS) and S2
(CdSeo.5S0.5) QDs
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Tab.1 Composition of CdSe.,Sx QDs and their corresponding CSQDs
Sample S1 S1' S2 S2' S3 S3'

Core QDS | CSQDS Cdseo_350_7 CdSCQJSoj/ZnS CdSeo_5SO_5 CdSeO_550_5/ZnS CdSeongO_z CdSeo_gSO_z/ZnS

Blue-shifted wave-
77 70 100 88 102 91

length (nm)

Blue-shifted energy

311 261 317 281 331 287

(meV)

The normalized fluorescent spectra of CdSe;.S, QDs
and CdSe;.,S,/ZnS CSQDs were shown in Fig.3(a) and
Fig.3(b), respectively. There are six narrow band fluo-
rescent spectra for the series of CdSe,.S, QDs and
CdSe,.,S,/ZnS CSQDs, and their half width was about
36 nm, of which the narrow band emission means the
high colorimetric purity. Moreover, with increase of Cd
composition, the fluorescent emission of CdSe,_S, QDs
and CdSe,_,S,/ZnS CSQDs gradually moved to the long
wave direction, which implies that the fluorescent emis-
sion can be tuned by the component ratio. The excellent
colorimetric purity and composition-tuned emission per-
haps allow them to be used in the multi-color illumina-
tion and light emitting diode (LED) display. As for the
mechanism of spectrum broadening, the particle size
distribution may play an important role in the emission
spectrum broadening in our opinion, and we will discuss
them elsewhere in detail.
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Fig.3 Normalized fluorescent spectra of (a) CdSe4.,Sx
QDs and (b) CdSe1.xSx/ZnS CSQDs

In order to investigate the fluorescent chromaticity of
these CdSe;,S, QDs and CdSe,,S,/ZnS CSQDs, their
color coordinates were obtained on the basis of their
emission spectra and CIE standard!"®. As shown in Fig.4,
the CIE coordinate positions of these QDs were marked
with solid dots and the coordinate values were recorded
in brackets. All the coordinate positions of these QDs
were relatively close to the border of the chromatic dia-
gram. And even those of some QDs almost located at the
tongue curve, including CdSeysSos QDs, CdSepsSoa
QDs, CdSeysSos/ZnS CSQDs and CdSe(gSg,/ZnS
CSQDs. These results indicate that the fluorescent emis-
sions of these QDs were of high colorimetric purity,
which is consistent with their narrow band emission.
Compared the coordinates of the CdSe,.S, QDs with
those of CdSe,..S,/ZnS CSQDs, the obvious red shift
was observed owing to ZnS shell coating. It was worth
noting that the ZnS shell encapsulated on CdSe(3Sy
QDs not only leads to a bit red shift but also an im-
provement of the high colorimetric purity as shown in
Fig.4(a) and Fig.4(d). As given in Fig.4, the coordinates
of these QDs were tuned by the component ratios. As
well known, the chromaticity of light source depends on
the spectrum power distribution and the human visual
function. The chromaticity simulation is significant for
LED display technology, and also contributes to under-
standing the relationship between the chromaticity and
the spectrum power distribution.

For sake of investigating the effect of shell on the
optical properties, it is necessary to compare the
fluorescent emission of CdSe;.,S, QDs with that of
CdSe;..S,/ZnS CSQDs. As shown in Fig.5, the
fluorescent enhancement was observed in the
CdSe§So,/ZnS CSQDs in comparsion with those of the
conterparts without shell layer. We also observed the
fluorescent enhancement phenomena in the other two
components of QDs, of which the comparison of the
fluorescent spectra is similar to Fig.5 and is not given
here. In the fundamental photophysical process, the
emission intensity /p; can be discribed by the following
expression!"”’

I =L [1-(1-R)*exp(1—ad) 17*1in, (1)

where R is reflection coefficient, a is linear absorption
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coefficient, d is the sample thickness, #;, is inherent
fluorescence quantum yield, and " is the optical loss
induced by light scattering and reabsorption. For exciton
fluorescence, the inherent fluorescence quantum yield #;,
can be expressed by the following formula!'”

T Bn
s , )
hn 7., OLN, @

ex

where 1,=1/Bn is the exciton lifetime with
recombination coefficient B and exciton density #,
t=1/0,0N is non-radiative lifetime of carriers with cross
section o for the carriers captured by the surface traps, v
is the thermal velocity of carrier, and N is the surface
trap concentration. As a rule, B, o,and v don't depend on
N,. As shown in Eq.(2), there are two possible ways to
increase #7;,. One way is increasing the concentration (»)
of excitons while fixing N; value, and the other is de-
creasing N; at constant excitation conditions. In our
case, the shell coating on QDs may play a great role in
the fluorescent enhancement obviously and results in
the decrease of surface trap concentration N.
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Fig.4 Chromaticity diagrams of these CdSes.,Sx QDs
and CdSe1.,S,/ZnS CSQDs
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Fig.5 Comparison of the fluorescent spectra for
Cdseu_sSu,z and CdSeu_sSo_lenS QDs

In summary, the optical properties of these CdSe,.,S,
QDs and CdSe,_,S,/ZnS CSQDs were investigated by the
absorption and fluorescent measurement. The absorption
and fluorescent emission can be tuned by the component
ratio of Se and S. Based on their emission spectra and
CIE standard, the color coordinates of these CdSe,.S,
QDs and CdSe;.,S,/ZnS CSQDs were obtained by simu-
lations. It was found that the ZnS shell encapsulated on
QDs may play a great role in the emission enhancement.
The composition-tuned optical properties and high col-
orimetric purity of these QDs perhaps lead to potential
application in the photoelectric and biological fields. In
addition, the chromaticity simulation also helps to under-
stand the concept of chromaticity.
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