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ABSTRACT: The polyaniline (PAN)-coated CdSeTe quantum dots (QDs) were
prepared by in situ polymerization of aniline on the surface of CdSeTe QDs. The PAN-
coated CdSeTe QDs has a tremendously enhanced fluorescence (∼40 times) and
improved biocompatibility compared to the uncoated CdSeTe QDs. The fluorescence
intensity of the PAN-coated CdSeTe QDs can be adjusted by controlling the
construction parameters of the PAN shell. The kinetics of the in situ controllable
polymerization process was studied by varying the temperature, and the apparent
activation energy of polymerization was estimated. With the same method, a series of
the PAN derivatives were also tested to coat the CdSeTe QDs in this study. All the
QDs showed a significant enhancement of the fluorescence intensity and better
biocompatibility. The significantly enhanced fluorescence can provide highly amplified
signal for luminescence-based cell imaging.
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1. INTRODUCTION

Fluorescent semiconductor quantum dots have attracted great
interest over the past years in various fields, for example, solar
cells,1−4 imaging,5−8 light-emitting devices,9−12 and biosen-
sors,13−16 since of their unique optical properties. However, the
nanometric crystal size brings in a very high surface-to-volume
ratio and thus high surface deficiency, which can adversely
affect the optical performance of QDs. To reduce the surface
deficiency of QDs, many methods have been developed to
modify the surface structure of QDs. A significant strategy to
improve QDs surface passivation is to decorate them with a
shell of a second semiconductor.17−19 It has been reported that
the fluorescence quantum yield of QDs can be improved by the
modification of a shell with a large band gap semiconductor.20

Inorganic semiconductors, such as CdS, ZnS, and SiO2 are now
commonly used as appropriate shell materials to improve the
optical properties.21−26

With regard to biological applications of semiconductor
QDs, besides their eligible optical properties, biocompatibility is
another key requirement. Compared with an inorganic shell, a
polymeric one typically shows a better compatibility and could
be a promising candidate for the shell material. Up to now,
some methods of decorating QDs with hydrophilic polymer
have been developed. Polyethylene glycol (PEG), polyethylene
glycol-phosphatidyl ethanolamine copolymer (PEG−PE) and
poly(methyl methacrylate) (PMMA) have been decorated onto
QDs to improve their stability and biocompatibility,27−32 and
polyamide amine (PAMAM) has been grafted onto QDs to
functionalize the initial QDs.33−37 The fluorescence intensity
and the quantum yields of the QDs prepared by some of the

methods have been improved to a certain degree (∼2
times),36,37 but in most cases the fluorescence intensity of the
QDs coated with such polymers has not been improved or even
decreased, or the largely increased particle size resulted in some
restrictions for their applications. Conducting polymers, such as
polyaniline (PAN), polypyrrole (PPY) and polythiophene
(PTH) have aroused great interest because of their attractive
properties, for example, conductivity, mechanical flexibility, and
biocompatibility.38−41 The band gap of conducting polymers
can be adjusted by controlling their degree of polymerization,
rendering them the properties of a semiconductor. Thus, they
are expected to be a promising shell material to produce QDs
with stronger and controllable fluorescence as well as better
biocompatibility. In our previous studies, water-soluble
CdSeTe, CdSeTe/ZnS and CdSeTe/CdS/ZnS QDs have
been prepared and successfully applied to biosensing.42−44

Herein, PAN-coated CdSeTe QDs were obtained via an in situ
polymerization method on particle surface. The PAN shell
brought about a significant enhancement of the fluorescence
intensity (∼40 times) as well as improved biocompatibility.
Several PAN derivations, that is, poly(o-methylaniline)
(PMAN), poly(m-aminobenzoic acid) (PABA), and poly(o-
chloroaniline) (PCAN), were also tested with this method. A
tunable fluorescence can be achieved by varying either a
polymer type or a degree of polymerization. The enhanced
fluorescence can provide highly amplified signal for lumines-
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cence-based cell imaging and is anticipated to be beneficial to
other possible bioapplications.

2. EXPERIMENTAL SECTION
2.1. Materials. Aniline, m-aminobenzoic, toluidine, and o-

chloroaniline were purchased from Nanjing Chemical Reagents
Factory (Nanjing, China) and were purified by reduced pressure
distillation. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) was purchased from Sigma (St.Louis, MO, USA).
Secondary deionized water (18.2 MΩ·cm at 25 °C) prepared by a
Milli-Q (MQ) water system was used throughout all experiments. All
other reagents were of analytical grade and used as received.
2.2. Synthesis of CdSeTe QDs. The CdSeTe QDs were prepared

according to our previous work.42 CdCl2 (0.625 mmol) and 3-
mercaptopropionic acid (1.5 mmol) were dissolved in 500 mL of
water, and pH was adjusted to 12.2 with 1 M of NaOH. The precursor
solution was then loaded into a three-necked flask and stirred at 15 ±
2 °C in oxygen-free atmosphere under nitrogen for about 30 min. At
this temperature, the mixed solution composed of 1.0 mL of fresh
NaHTe aqueous solution and 0.5 mL of fresh NaHSe aqueous
solution which were respectively prepared from NaBH4 and Te
powder (0.125 mmol) or Se powder (0.125 mmol) was injected into
the reaction system under vigorous stirring. The solution was then
stirred in oxygen-free atmosphere under nitrogen for 1 h to get
CdSeTe nanoclusters which were then stored under 4 °C for 24 h.
After purified by absolute ethanol and concentrated 10 times, the
solution was then refluxed under 240 W in the microwave oven.
2.3. Synthesis of CdSeTe QDs Coated with PAN and Its

Derivatives (CdSeTe@PANs QDs). The pH of CdSeTe QDs
solution (500 μL) was adjusted to 6−7 with an appropriate amount of
0.1 M of HCl. 0.6875 μL of aniline (AN) was then added into the
solution and fully mixed 2.7 mg of K2S2O8 was then added into the
mixture to initiate the reaction. The growth of polyaniline shell on the
surface of CdSeTe QDs lasted for about 5 h at 25 ± 2 °C to obtain
highly fluorescent CdSeTe@PAN QDs. The Schematic representation
of the preparation of CdSeTe@PAN QDs is shown in Figure 1.

The similar method has been used to prepare the PAN derivatives-
capped CdSeTe QDs except that 0.5156 mg of m-aminobenzoic acid
(ABA) monomer was used to obtain CdSeTe@PABA QDs, 0.7812 μL
of o-methylaniline (MAN) and 0.1985 μL of o-chloroaniline (CAN)
were used respectively for each type of QDs.
2.4. Sample Characterizations. An F-7000 spectrophotometer

(Hitachi, Japan) set with an excitation slit width of 2.5 nm and an
emission slit width of 2.5 nm was used to excite the samples (at 360
nm) to record their fluorescence spectra. Ultraviolet−visible (UV−vis)

absorption spectra were obtained using a UV-3600 spectrophotometer
(Shimadzu). Fluorescence quantum yield (QY) was determined using
a previously published procedure by using rhodamine B as a reference
standard. Fourier transform infrared (FTIR) spectra were taken on a
Nicolet 6700 spectrophotometer (Nicolet, USA) using KBr pressed
disks. High-resolution transmission electron microscopy (HRTEM)
images were taken using a JEOL 2010 electron microscope operated at
200 kV. The HRTEM samples were prepared by drop casting one
drop of a dilute solution of QDs on a carbon-coated copper grid. The
grid was dried by evaporating the solvent in air. Zeta potential was
measured on a nano Z zeta potential analyzer (Malvern Instruments,
USA).

2.5. Quantum Yield (QY) calculations. The quantum yields of
CdSeTe and CdSeTe@PANs QDs were obtained by comparing the
integrated FL intensities and the absorbance values (at 360 nm) of the
QDs with the references, rhodamine B (Φ = 0.31) and the as-prepared
QDs were dissolved in water (n = 1.33). UV−vis absorption
spectrometer was used to determine the absorbance values of the
samples at a 360 nm excitation wavelength. The spectrophotometer set
with an excitation slit width of 2.5 nm and an emission slit width of 2.5
nm was used to excite the samples 360 nm to record their FL spectra.
The QY was calculated using the equation below45
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where Φ is the QY, I is the integrated fluorescence intensity, A is the
absorbance, and n is the refractive index of the solvent; r denotes the
standard and x denotes the sample.

2.6. Kinetic Study. The change of fluorescence intensity of QDs
during the in situ capping process was monitored every 2 min. The
monitoring experiments of the formation of CdSeTe@PAN,
CdSeTe@PMAN, CdSeTe@PABA and CdSeTe@PCAN QDs were
carried out at different temperatures (288.2, 293.2, 298.2, 303.2, 308.2,
and 313.2 K). Subsequently, the initial reaction rate at different
temperatures was measured and the activation energy of each
polymerization could be determined using the Arrhenius equation.

2.7. Cellular Toxicity Test. The in vitro cytotoxicity of CdSeTe
QDs and as-prepared CdSeTe@PANs QDs was evaluated by the
MTT cell viability assay on human cervical carcinoma cells (HeLa
cells). The MTT assay was carried out according to previously
reported literature.41 Briefly, HeLa cells were seeded in 96-well plates
at 1 × 104 cells/well in Dulbecco’s Modified Eagle’s Medium
(DMEM) with 10% fetal bovine serum and 100 μg/mL of penicillin/
streptomycin and incubated at 37 °C in a humidified atmosphere with
5% CO2. After incubating the cells for 24 h, the medium was replaced
with 100 μL of fresh medium containing CdSeTe QDs or CdSeTe@
PANs QDs with a concentration from 0 μg/mL to 100 μg/mL. After
24 h, the medium was removed and fresh medium (100 μL)
containing MTT (10 μL, 5 mg/mL) was added into each well. After
incubating the cells for 4 h, the absorbance of the solution was
measured to assess the relative viability of the cells using a
ThermoFisher Scientific Varioskan Flash multifunctional microplate
reader. Optical density (OD) was read at a wavelength of 490 nm. The
cell viability was estimated according to the following equation.

= ×cell viability (%)
OD
OD

100%Treated

Control

where ODControl is the optical density in the absence of QDs and
ODTreated is the optical density in the presence of QDs.

2.8. Cell Imaging. HeLa cells were cultured in phosphate buffered
saline (PBS) medium in a humidified atmosphere with 5% CO2 inside
an incubator at 37 °C (standard condition). For the celling imaging
assay, the cells were washed with PBS and then incubated with 250 μL
of a CdSeTe QDs solution (0.5 μM) and 250 μL of a CdSeTe@PABA
QDs solution (0.5 μM) respectively for 2 h. After incubation, the cells
were washed with PBS again and the labeling was observed under the
confocal microscope (TCS SP5 Leica, Germany). CdSeTe QDs were
excited with 360 nm laser and the signal was collected from 500 to 560

Figure 1. Schematic representation of the preparation of CdSeTe@
PAN QDs.
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nm. CdSeTe@PABA QDs were excited with 360 nm laser and the
signal was collected from 380 to 440 nm.

3. RESULTS AND DISCUSSION

3.1. Significant Enhancement of Fluorescence. The
fluorescence and UV−vis spectra of CdSeTe QDs coated and
uncoated with PANs are shown in Figure 2. Compared to the
bare CdSeTe QDs, the fluorescence of QDs was dramatically
improved via an in situ capping of either PAN or its derivatives
on the surface of CdSeTe QDs (Figure 2A, B). During the
growth of PANs shell, the fluorescence intensity of the bare
CdSeTe QDs (560 nm) gradually decreased. Meanwhile, a new
peak attributed to CdSeTe@PANs QDs appeared at around
450 nm and the intensity of this peak gradually increased.
However, when the same amount of CdSeTe QDs was just
mixed up with as-prepared PANs under the same condition, no
enhanced fluorescence could be observed, indicating the
existence of the in situ capping process. Via this in situ
polymerization method, the ultimate fluorescence intensity of
CdSeTe@PAN QDs is up to about 40 times stronger than the
bare CdSeTe QDs (Figure 2A). For CdSeTe@PABA,
CdSeTe@PMAN, and CdSeTe@PCAN QDs, the fluorescence
intensity increased about 10, 8, and 4 times, respectively

(Figure 2B). All QDs were excited at 360 nm as indicated by
the UV−vis absorbance spectra (Figure 2C, D). As control
experiments, pure PAN was prepared under the same
conditions without CdSeTe QDs. The fluorescence and the
UV−vis absorbance spectra of pure PAN is shown in Figure 2A
and Figure 2C respectively. Figure 2A indicates that the pure
PAN showed no fluorescence when excited at the same
wavelength as QDs (360 nm). The UV−vis absorbance
spectrum of pure PAN (Figure 2C) shows that there is no
absorption peak at 360 nm, therefore pure PAN is non-
fluorescent under such condition. The PAN derivatives also
showed no fluorescence under the same condition without
CdSeTe QDs, indicating that the fluorescence emission at 450
nm is attributed to QDs rather than PANs.
The great enhancement of fluorescence intensity is attributed

to the surface passivation of CdSeTe QDs with PANs shell.
When the QDs are unpassivated, the existence of surface states
cause nonradioactive transition, which can reduce the radiative
quantum yield.46 However, when coated with a semiconductor
with a wide band gap, the charge carriers are confined within
the core region and separated from the surface owing to the
enough offset of band gap energies between core and shell
region, generating the significantly enhanced fluorescence.

Figure 2. (A) Fluorescence spectra of CdSeTe QDs, CdSeTe@PAN QDs and PAN. Inset: Camera image of CdSeTe QDs (left) and CdSeTe@PAN
QDs (right) in the exposure of ultraviolet light. (B) Fluorescence spectra of CdSeTe QDs, CdSeTe@PABA QDs, CdSeTe@PMAN QDs, and
CdSeTe@PCAN QDs. (C) UV−vis absorbance spectra of CdSeTe QDs, CdSeTe@PAN QDs and PAN. (D) UV−vis absorbance spectra of
CdSeTe QDs coated with PAN derivatives.
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Once passivated by the conducting polymer shell, the surface
defects are modified and generate intrinsic states of QDs. Since
the band gap of defect states is smaller than that of intrinsic
states of QDs,47,48 the band edge emission of PANs-capped

QDs shifted to a higher energy after the surface traps were
passivated by PANs shell, resulting in the greatly increased
fluorescence with a blue shift from 560 nm to about 450 nm.
The amount of monomers (AN, ABA, MAN, and CAN)

plays an important role in the in situ coating process. When the
amount of monomers was too small, the surface passivation of
CdSeTe QDs could not be effectively improved while excessive
monomers resulted in bulk polymers to quench the
fluorescence. Several studies have been published regarding
the preparation of CdSe/PAN or CdS/PAN nanocomposites.
However, the fluorescence of QDs has not been effectively
enhanced due to the excessive amount of PAN.49,50 In this
work, an appropriate molar ratio of the monomers to CdSeTe
QDs ranging from 1250 to 20000 was chosen to obtain
CdSeTe@PANs QDs with enhanced fluorescence.
Figure 3 shows the effect of the molar ratio of monomers to

CdSeTe QDs (rm) on the fluorescence intensity of the obtained
CdSeTe@PANs QDs with a fixed amount of either CdSeTe
QDs or the initiator K2S2O8. It can be observed that the
fluorescence intensity increased at first and then gradually
decreased with the increase of rm. Figure 4 shows the
relationship between the peak of fluorescence and rm according
to the data in Figure 3. The results in Figure 4 indicate that
there was an optimal concentration for each monomer to
achieve maximal fluorescence intensity. With a monomer
concentration below this optimal value, the surface coverage
and the passivation of the CdSeTe core by the polymer
improved as the degree of polymerization increased, so as the
fluorescence intensity was increasing. Once the monomer
concentration got higher than this optimal value, the polymer
chains on the surface of CdSeTe grew further and the band gap
of the conducting polymer would decrease. So the shell could
not effectively confine the charge carriers within the core
region, which could adversely affect the optical properties of
QDs. Therefore, by changing the amount of the monomer and
thus the degree of the polymerization, the fluorescence of QDs
can be adjusted.
The quantum yields of the obtained CdSeTe@PANs QDs

with the maximum fluorescence intensity using rhodamine B as
a reference is 0.77, 0.72, 0.45, and 0.40, respectively, while the
quantum yield of CdSeTe QDs is only 0.076 (Table 1). This
considerable improvement in optical properties indicates that
this kind of conducting polymers can be expected as a series of
promising shell materials.

3.2. Characterizations. High resolution transmission
electron microscopy (HRTEM) was used to characterize the
as-prepared QDs. Taking CdSeTe@PAN QDs as an example,
Figure 5 shows that CdSeTe QDs were confirmed to be
nanoscale-sized with mean diameter of 2.5 nm while the
corresponding CdSeTe@PAN QDs showed increased average
size of 5 nm.
FTIR spectra were used to further verify the coating of PAN

on the surface of CdSeTe QDs. Figure 6 shows FTIR spectra of
CdSeTe QDs, PAN and CdSeTe@PAN QDs, respectively. The
spectra of pure PAN show characteristic peaks at 1188 and
1363 cm−1 that can be attributed to the vibration of C−N bond
in aromatic aniline and the peak at 1540 cm−1 corresponded to
the characteristic vibration of the N−B−N structure (B
represents the benzoid unit).51 Both the spectra of CdSeTe
and CdSeTe@PAN QDs show the characteristic peaks of
CdSeTe QDs at 1307 and 1275 cm−1. In the spectra of
CdSeTe@PAN QDs, the characteristic peak of PAN
corresponding to the vibration of C−N bond shifts from

Figure 3. Fluorescence spectra of (A) CdSeTe@PAN QDs (B)
CdSeTe@PMAN QDs (C) CdSeTe@PABA QDs (D) CdSeTe@
PCAN QDs prepared via different molar ratio of monomer to CdSeTe
QDs (rm). (a) rm = 1250; (b) rm = 2500; (c) rm = 5000; (d) rm = 7500;
(e) rm = 10000; (f) rm = 15000; (g) rm = 20000.

Figure 4. Relationship between the peak of fluorescence of CdSeTe@
PANs QDs and rm according to the data in Figure 3.

Table 1. Calculations of CdSeTe and PAN Derivative-
Capped QDs

sample

integrated
fluorescence
intensity (I)

absorbance
at 360 nm

(A)

refractive index
of the solvent

(n)
quantum
yield (Φ)

rhodamine B 55828 0.054 1.33 0.31
CdSeTe 12135 0.048 1.33 0.076
CdSeTe@
PAN

102731 0.040 1.33 0.77

CdSeTe@
PABA

84391 0.035 1.33 0.72

CdSeTe@
PCAN

61318 0.041 1.33 0.45

CdSeTe@
PMAN

48208 0.036 1.33 0.40
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Figure 5. HRTEM images of (A) CdSeTe QDs and (B) CdSeTe@PAN QDs.

Figure 6. FTIR spectra of (A) CdSeTe QDs, (B) PAN, (C) CdSeTe@
PAN QDs.

Figure 7. Relationship between fluorescence intensity and reaction time at various temperatures (1, 288.2 K; 2, 293.2 K; 3, 298.3 K; 4, 303.2 K; 5,
308.2 K; 6, 313.2 K): (A) CdSeTe@PAN QDs, (B) CdSeTe@PMAN QDs, (C) CdSeTe@PABA QDs, and (D) CdSeTe@PCAN QDs.

Figure 8. Relationship between ln k and 1/T according to the data in
Figure 7 for in situ capping of PAN, PMAN, PABA, and PCAN on the
surface of CdSeTe QDs.
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1188 to 1192 cm−1 and the peak of the vibration of N−B−N
structure shifts from 1540 to 1548 cm−1, indicating the
electrostatic interactions between the CdSeTe core and the
PAN shell through their carboxyl and amine groups. In
addition, the zeta potential of the CdSeTe and CdSeTe@PAN
QDs aqueous solution were measured to be −29.9 and −53.1
mV respectively, indicating that CdSeTe@ PAN QDs were
more negatively charged. The increased surface charge could
improve the colloidal stability of the nanoparticles because of
an electrostatic repulsion.
3.3. Kinetics of the in Situ Capping Process. To study

the kinetics of the in situ coating process, activation energies of
the in situ polymerization of AN, ABA, MAN, and CAN on the
surface of CdSeTe QDs were determined by monitoring the
fluorescence intensity of QDs during the reactions at different
temperatures. As shown in Figure 7, during the growth of PANs
shell, a peak at around 450 nm of CdSeTe@PANs QDs
occurred and the intensity gradually increased. Since the
fluorescence intensity is proportional to the concentration in a
certain range, we can use the ratio of fluorescence intensity to
reaction time to represent the reaction rate. We calculated the
slope of the curve as the average reaction rate (k). Figure 8
shows the relationship between ln k and 1/T, where T is the
reaction temperature in kelvin. The linear regression equations
are ln k = 22.400−5.537/T (CdSeTe@PAN), ln k = 19.986−
5.170/T (CdSeTe@PMAN), ln k = 29.560−7.817/T
(CdSeTe@PABA), and ln k = 25.213−6.890/T (CdSeTe@

PCAN), respectively. The activation energies were calculated
by Arrhenius equation52

= −k eA E RT/a

where A is the pre-exponential factor, Ea is the activation energy
of the reactions, and R is the molar gas constant. The activation
energy of the in situ polymerization of AN on CdSeTe QDs
was measured to be 46.0 ± 1.2 kJ/mol, while those of MAN,
ABA, and CAN are 43.0 ± 1.6, 65.0 ± 2.2, and 57.3 ± 2.5 kJ/
mol, respectively. The introduction of electron-withdrawing
group (−COOH and −Cl) reduces the density of electron
moiety on the benzene rings, which results in the decrease in
the rate of chain growth and the increase of activation energy.53

The introduction of weak electron-donating group (−CH3), on
the contrary, increases the density of electron moiety and
results in the slight decrease of activation energy. The
calculated values of the activation energies are in the same
order of magnitude of the activation energies of the
polymerization of aniline reported in the literature.54,55 The
data trend of the activation energies of in situ polymerizations
of aniline and its derivatives on the surface of CdSeTe QDs is
in accord with the kinetic regularity of polymerizations of pure
aniline and the corresponding derivatives. Such results of the
kinetic study suggest the in situ growth of PANs on the surface
of CdSeTe QDs and indicate the tunability and controllability
of this capping process.

3.4. Cytotoxicity and Bioimaging. The in vitro
cytotoxicity of CdSeTe@PANs QDs in comparison with the
bare CdSeTe QDs was evaluated using HeLa cells with an
MTT viability assay (Figure 9). Results suggest that CdSeTe@
PANs QDs have lower toxicity to the HeLa cells than CdSeTe
QDs did because of great biocompatibility of shell material.
Among the as-prepared CdSeTe@PANs QDs, CdSeTe@PABA
QDs showed the lowest cytotoxicity, which could be attributed
to the introduction of a hydrophilic group to the PAN shell that
can further improve the biocompatible of QDs. CdSeTe@
PCAN QDs showed a relatively higher cytotoxicity compared
to other CdSeTe@PANs QDs because PCAN contains organic
chlorine resulting in its slight toxicity. PAN and PMAN have
similar properties so the MTT results of the two were similar.
The greatly enhanced QYs and excellent biocompatibility make
the as-prepared conducting polymer-coated QDs suitable for
biomedical applications. Thus, we applied CdSeTe@PABA
QDs with the lowest toxicity to cell imaging experiments to
further evaluate their bioimaging applications. Figure 10 shows
the images of HeLa cells treated with CdSeTe and CdSeTe@
PABA QDs for 2 h, respectively. Obviously, the HeLa cells

Figure 9. Growth inhibition assay (MTT) showing effects of either
CdSeTe QDs or CdSeTe@PANs QDs on the viability of HeLa cells.

Figure 10. Fluorescent images of (A) HeLa cells cultured with CdSeTe QDs and (B) HeLa cells cultured with CdSeTe@PABA QDs.
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treated with CdSeTe@PABA QDs displayed highly amplified
signal compared to those cultured with the bare CdSeTe QDs.

4. CONCLUSIONS

In this study, we prepared CdSeTe QDs coated with a series of
conducting polymers (i.e., PANs) via an in situ polymerization
method. By adjusting the polymerization condition, the degree
of polymerization and thus the physicochemical properties of
the polymer shell, that is, modification to the core deficiency,
and the shell band gap, can be tuned to be suitable for
enhancing the fluorescence. The kinetics study of the in situ
polymerization on QDs surface was carried out to verify the
controllable polymerization. The conducting polymer shells
significantly improved the fluorescence intensity, the quantum
yield and the biocompatibility of the QDs. This study
demonstrated a successful utilization of the coated QDs for
luminescence-based cell imaging with a highly amplified signal.
We anticipated that the conducting polymer shells can serve as
a versatile interfacial medium capable of conjugating biological
molecules with QDs. Herein, this kind of conducting polymer
materials can be regarded as a series of promising shell
materials to improve the optical properties as well as
biocompatibility of QDs and such novel QDs are expected to
have broad bioapplication prospects.
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