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Abstract: Highly biocompatible near-infrared-emitting CdSeTe alloyed quantum dots
(QDs) were fabricated in aqueous medium with octa-aminopropyl polyhedral
oligomeric silsesquioxane (OA-POSS) as the capping agent. By changing the size and
composition of CdSeTe alloyed QDs the fluorescence emission peak reached to near
infrared (NIR) region (681 nm) with photoluminescent quantum yield (QY) of 26.4%.
POSS-CdSeTe QDs were prepared by conjugating OA-POSS to CdSeTe QDs through
condensation reaction utilizing EDC. And the optical properties of CdSeTe QDs were
retained with improved biocompatibility. Furthermore, the as-prepared NIR-emitting
POSS-CdSeTe alloyed QDs have been successfully applied to SiHa cell imaging,

which demonstrates their promising applications in biomedical field.

Key words: NIR-emitting CdSeTe QDs, OA-POSS, high biocompatibility,

water-soluble, cell-imaging

1. Introduction

Quantum dots (QDs) offer several significant advantages over organic dyes,
including size-tunable photoluminescence spectra, narrow and symmetric emission
spectra, broad excitation spectra, high photoluminescent quantum yields and

resistance against photobleaching.l'3 These properties make QDs ideal candidates for
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biological labeling and imaging. The near-infrared-emitting QDs between 650 and
900 nm are of particular interest for biological applications because biological
autofluorescence and absorbance can be reduced to their minima in this wavelength
range. This allows penetration of excitation and fluorescence photons deep into
biological samples with reduced interaction and photodamage to the surrounding
tissues. ™’

Generally, the CdTe QDs of 7 nm can reach to 720 nm in emission, while the big
QDs size is not favorable for biological applications.® The CdSe-based QDs can only
reach 650 nm in emission, which just falls short of the optimal near-infrared range.’
The syntheses of type-Il core-shell QDs (e.g. CdTe/CdSe, CdSe/ZnTe and
CdTe/CdSe/ZnS) or alloyed QDs (e.g. CdSeTe, CdSTe and CdHgTe) are good ways
for the preparation of high quality NIR-emitting QDs.*'* The CdSeTe alloyed QDs
have a nonlinear effect between the band-edge emission and composition. This
nonlinear effect leads to new optical properties which are not available from the
parent binary QDs.

Bailey and Nie reported for the first time the synthesis of NIR-emitting CdSeTe
QDs in organometallic route.'’ They tuned the quantum emission wavelength without
changing the particle size and the as-prepared CdSeTe QDs were successfully applied
in cell 1abeling.13 Afterwards, CdSeTe/CdS core-shell QDs were synthesized in

4 Water-soluble

organometallic route and were applied in HelLa cell imaging.
CdSeTe/CdS core-shell QDs for in vivo imaging were prepared by surface
modification of hydrophobic QDs with bifunctional thiol ligands.15 The presence of a
high-band-gap, oxidation-resistant shell significantly improved the QYs and stability
of CdSeTe/CdZnS core/shell QDs, making them promising fluorescence probes for
NIR biological imaging.'® The CdSeTe QDs were successfully incorporated into
porous polystyrene microbeads to fabricate NIR-emitting microbeads with low
cytotoxicity, which were coupled with goat anti-mouse IgG and applied in
multiplexed bioassays."’

Although conspicuous progresses have been made in the synthesis of NIR

emitting CdSeTe QDs through organometallic routes, the aqueous synthesis route for
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QDs is relatively simpler, cheaper, less toxic and more environment-friendly. Also the
resulting QDs are water-soluble, which make them convenient for the biological
applications. Rogach demonstrated a successful synthesis of water soluble alloyed
CdSeTe nanocrystals stabilized with TGA in aqueous system.'® But the optical
properties of the synthesized QDs were poor and need to be improved. The
microwave synthesis method can be applied to prepare alloyed CdSeTe QDs with
high photoluminescence (PL) quantum yields." A facile method is developed for the
preparation of water-soluble NIR-emitting CdSeTe alloyed QDs with L-cysteine as
the capping agent. The as-prepared QDs were applied for cell imaging and
biosensing.**?' The CdSeTe/ZnS and CdSeTe/CdS/ZnS core-shell QDs with high
compatibility were synthesized and were used for ultrasensitive immunoassay.®*
However, synthesizing core-shell QDs involves relatively complicated preparation
process and may lead to a drastic increase in QDs size. Alternatively, QDs coated by
stable and nontoxic capping ligands can obtain good biocompatibility and also retain
their unique photophysical properties.”

Recently, polyhedral oligomeric silsesquioxane (POSS) has attracted much
interest in materials field due to its unique structure.***® POSS exhibits high stability

and excellent biocompatibility under biological environment"**

and has shown great
potential in tissue engineering for clinical applications.zg'3 3 Octa-aminopropyl POSS
(OA-POSS) is a subtype of POSS with eight amine groups (-NH;) rendering it a
desirable and versatile candidate for further modifications. It is ideal for reactions
with carboxyl groups (-COOH) that exist on QDs to form strong covalent bonds
through cross-linking reagents. It is a simple procedure for coating OA-POSS on
surface of the QDs to render them biocompatible and their eventual small sizes are
favorable in biomedical applications. Currently, several studies about the composites
of POSS and QDs were reported involving DNA optosensing,’* photosensitizers of

35 263637
solar cells™ and cell imaging,”>

in which visible emitting CdTe or CdSe QDs were
used. To the best of our knowledge, near-infrared-emitting POSS-modified QDs have
not been synthesized up to now.

Herein, we report the preparation of NIR-emitting CdSeTe alloyed QDs in
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aqueous solution using OA-POSS as the capping agent. OA-POSS was applied to
improve the biocompatibility of the CdSeTe QDs. MTT assay method was applied to
evaluate the cytotoxicity of the as-prepared QDs. SiHa cells incubated with
POSS-CdSeTe QDs exhibited higher cell viability than the CdSeTe QDs. The

POSS-CdSeTe QDs were successfully applied in cellular imaging.

2. Experimental section

2.1 Materials

Cadmium chloride (CdCl,2.5H,0), potassium borohydride (KBH4), sodium
tellurite (Na,TeOs3), sodium selenite (Na,SeO3) and sodium hydroxide (NaOH) were
purchased from Sinopharm Chemical Reagent Co. Ltd. N-acetyl-L-cysteine (NAC),
1-ethyl-3-[3-dimethylaminopropyl] carbodiimide hydrochloride (EDC),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased
from Sigma-Aldrich Chemical Co. Octa-aminopropyl polyhedral oligomeric
silsesquioxane (OA-POSS) was provided by the School of Chemistry and Chemical
Engineering of Shandong University.”®** All chemicals were of analytical reagent
grade and were used without further purification. Ultra pure water (18.2 MQ-cm) was

used throughout the experiment.

CFH,N:

TH, N \H o NH,CI
CFHNt

NH,'Cr
Fig. 1 Structure of OA-POSS as used in the experiment.
2.2 Synthesis and purification of N-acetyl-L-cysteine (NAC) capped CdSeTe QDs

In a typical synthesis, 0.6 mmol NAC was dissolved in 40 mL ultrapure water in

a three necked vessel under magnetic stirring. Then 0.5 mmol CdCl,2.5H,O was
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added and stirred at room temperature. Different molar ratios of Na,TeO; and
Na,SeO; were mixed in ultrapure water used as Te and Se precursors. After stirring
for 30 min, an excess amount of KBH; and 0.1 mmol the Na,TeO; and Na,;SeO;
mixture were added into the above solution. The solution pH was adjusted with an
appropriate amount of 1 M NaOH solution. The reaction mixture was heated to 100
and refluxed for varied times with a condenser attached to obtain CdSeTe QDs of
different sizes. In order to remove the unreacted species and by-products, the
as-prepared QDs were precipitated and washed with ethanol by centrifugation. The
purified QDs were dried in vacuum at 40 [] overnight.
2.3 Synthesis and purification of OA-POSS modified CdSeTe QDs

The CdSeTe QDs prepared above were conveniently conjugated to OA-POSS
using EDC as a coupling reagent. The concentration of the as-prepared CdSeTe QDs
is calculated according to Peng’s method.* Appropriate amount of EDC was mixed
with the CdSeTe QDs solution in a flask and activated at room temperature for 30 min.
Then OA-POSS was added to the flask and stirred for 4 h. The molar ratio of CdSeTe
QDs, EDC and OA-POSS was fixed at 1:5000:10. After the modification of
OA-POSS on CdSeTe QDs, the product was purified as described above. The CdSeTe
QDs coupling with and without OA-POSS were separately defined as POSS-CdSeTe
QDs and CdSeTe QDs throughout the article.
2.4 Cytotoxicity assay

The human cervical tumor cell line SiHa were applied to evaluate the cytotoxicity
of the POSS-CdSeTe QDs and CdSeTe QDs with MTT assay.* The detailed process
was described in our previous report.*” In this paper the concentrations of the
POSS-CdSeTe QDs and CdSeTe QDs were 1.25, 5, 10, 15, 20, 40, 60, 80 and 100 pg
mL™" and the incubation time for SiHa cells was 24 h.
2.5 Cell labeling with the POSS-CdSeTe QDs and CdSeTe QDs

SiHa cells were cultured in DMEM supplemented with 10% fetal bovine serum in
a 5% CO, incubator at 37 [1. The cells were grown overnight in a 24 well plate, in
which each well contained sterile glass coverslips. After removing the medium by

washing three times with PBS solution, cells were incubated with the as-prepared
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POSS-CdSeTe QDs and CdSeTe QDs at concentration of 60 ug mL™ for 24 h. In vitro
fluorescence imaging was then carried out after washing cells with the PBS buffer
solution.

Confocal fluorescence images of the stained cells were obtained with Olympus
FV-300 laser scanning confocal microscope with a 40x water-immersion objective
lens (N.A. = 1.25). Cells were imaged using an excitation wavelength of 488 nm from
an Ar' laser and a 570 nm bandpass filter in the detection channel.

2.6 Apparatus and characterization of samples

The pH values of solution were measured with a Sartorius PB-10 pH meter.
UV-visible absorption spectra were collected on a UV-2550 spectrophotometer at
room temperature. Fluorescence experiments were performed on a Hitachi F-4500
fluorescence spectrophotometer using an excitation wavelength of 400 nm. X-ray
powder diffraction (XRD) analysis was conducted on a Bruker D8 Advance X-ray
diffractometer (Cu K, radiation (A = 1.54178 A)). Transmission electron microscopy
(TEM) images were obtained with a JEOL JEM-2100F transmission electron
microscope operating at an acceleration voltage of 200 kV. Fourier transform infrared
spectra (FTIR) were obtained on a Nicolet FTIR760 spectrometer. The energy
dispersive X-ray spectra (EDS) were conducted on a HORIBA EMAX Energy
EX-450 energy dispersive X-ray spectrometer. The electrophoretic mobility (Zeta
potential) of the as-prepared QDs was measured by Zetapals (Brookhaven Instruments
Corp, USA). The dynamic light scattering (DLS) experiments were performed on a
BI-200SM dynamic and static light scattering instrument (Brookhaven Instruments
Corp, USA). The absolute PL efficiency of the as-prepared POSS-CdSeTe QDs was
determined by Edinburgh FS-920 fluorescence spectrometer equipped with

integrating sphere system.

3. Results and discussion

The near-infrared-emitting CdSeTe alloyed quantum dots (QDs) capped with
N-acetyl-L-cysteine (NAC) were synthesized in aqueous media. The as-prepared QDs

were precipitated and washed with ethanol by centrifugation in order to remove the
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unreacted species and by-products. The growth rate of CdSeTe QDs is fast under
optimal conditions and the emission peak wavelength of CdSeTe QDs shifts to 681
nm after reactions of 4 h. OA-POSS is a subtype of POSS with eight amine groups
(-NH) rendering it a desirable and versatile candidate for further modifications with
carboxyl groups (-COOH) that exist on NAC-capped CdSeTe QDs to form strong
covalent bonds. The CdSeTe alloyed QDs prepared above were conveniently
conjugated to OA-POSS using EDC as a coupling reagent, and then the highly
biocompatible near-infrared-emitting POSS-CdSeTe alloyed QDs were fabricated.
The optical properties of CdSeTe QDs were retained with improved biocompatibility
after the modification of OA-POSS. The cytotoxicity test was conducted by MTT
assay method. Furthermore, the as-prepared NIR-emitting POSS-CdSeTe alloyed
QDs have been successfully applied to SiHa cell imaging, which demonstrates their
promising applications in biomedical field.

Temporal evolution of UV-visible absorption spectra and normalized PL emitting
spectra of the as-prepared CdSeTe QDs are presented in Fig. 2. Both absorption and
emission spectra shift to longer wavelength by prolonging the growth time, which is
on the basis of quantum-confined size effects. The near-infrared emission CdSeTe
QDs can be obtained through prolonging the refluxing time under suitable conditions.
The CdSeTe QDs exhibit well-resolved absorption maximum peak shape and
symmetrical fluorescent emission peaks, indicating a narrow size distribution. The
growth rate of CdSeTe QDs is fast under optimal conditions and the emission peak
wavelength of CdSeTe QDs shifts to 681 nm after reactions of 4 h. The band edge
emission of CdSeTe QDs achieves at nearly 750 nm with an absolute

photoluminescence quantum yield of 26.4%.
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Fig. 2 Temporal evolution of UV-visible absorption spectra (a) and normalized PL

emitting spectra (b) of the as-prepared CdSeTe QDs (Cd/Te=10:1, pH=11.75,
Se/Te=3:7).

The Te? and Se” ions were reduced when KBH4 and the mixture of Na,TeO; and
Na,SeOs were added, just then a large number of nuclei were generated and free Cd
and Te (Se) precursor were consumed for the growth of CdSeTe QDs. With the
depletion of free Cd and Te (Se) precursor, the CdSeTe QDs growth can only depend
on the route of Ostwald ripening, which means the smaller particles dissolved,
providing monomers for building the larger ones. It is known that the characteristic of
Ostwald ripening is a slow growth rate, resulting in a broadening FWHM (full width

at half maximum) as shown in Fig. 2b.%*
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Fig. 3 (a) The relationship between PL wavelength and growth time of the CdSeTe
QDs with different Se/Te feed ratios (b) PL wavelength and bandgap (E,) of CdSeTe

QDs (with 4 h growth time) as a function of Se/Te feed ratios.

To investigate the relationship between composition and optical properties of the
as-prepared CdSeTe QDs, different compositions of NAC-capped CdSeTe alloyed
QDs were synthesized by controlling different feed ratios of Se to Te with the same
reaction time as shown in Fig. 3a. Compared with binary CdTe QDs, the CdSeTe
alloyed QDs shift obviously to longer wavelength with the incorporation of Se ions.
The growth rate decreases when the Se/Te feed ratio is 8:2, in which case the structure
of CdSeTe QDs is similar to the CdSe QDs. The CdSe QDs have a wider band gap
(1.74 eV) than CdTe QDs (1.45 eV), leading to the blue shift of emitting wavelength
for CdSeTe QDs. The PL wavelength and bandgap (E,) of the CdSeTe QDs (with 4 h
growth time) reveals an obvious nonlinear relationship with the varied compositions
(Se) as shown in Fig. 3b. It is safe to say that this nonlinear relationship leads to the
unusually large spectral shifts in Fig. 3a. The CdSeTe alloyed QDs with Se
compositions of 10% and 30% show faster growth rate under the same synthetic
conditions, demonstrating larger redshift of the emitting towards longer wavelengths
in contrast to the parent CdTe and CdSe QDs. The PL wavelengths of CdSeTe QDs

with Se/Te feed ratios of 1:9 and 3:7 were gradually closer as time prolonging.

Table 1. The actual composition of CdSeTe QDs with different Se/Te feed ratios.
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Actual
Sample Se/Te feed ratio composition
Se/Te
CdTe 0/1 0/1

CdSe(0.1)Te(0.9) 0.1/0.9 0.15/0.85
CdSe(0.3)Te(0.7) 0.3/0.7 0.35/0.65
CdSe(0.5)Te(0.5) 0.5/0.5 0.54/0.46
CdSe(0.8)Te(0.2) 0.8/0.2 0.87/0.13

Table 1 lists the actual compositions of CdSeTe alloyed QDs with different Se/Te
feed ratios, which was measured by EDS. The actual Se composition is slightly higher
than its feed ratio, which means it is easier for Se> to nucleate with Cd*" than the Te*
ions. The binding energy of CdSe (1.32240.26 eV) is higher than that of CdTe
(1.036+0.157 eV).** On the other hand, the solubility product (Ksp) of CdTe
(Kgp=1 x10™*%) is much lower than CdSe (Ksp=6.3><10'3 %). The compromised results of

binding energy and K, would ensure the growth rate of CdSe and CdTe to stay at the

o cdse| [(111)
e

similar level.
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M
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Fig. 4 (a) TEM image of CdSeTe QDs with emission peak of 681 nm (The inset is the
histogram of the size distribution of the prepared CdSeTe QDs analyzed by dynamic
light scattering (DLS)). (b) XRD patterns of CdSeTe QDs with different Se/Te molar
ratios  (from the Dbottom up: CdSeTe(0/1)649, CdSeTe(0.3/0.7)681,
CdSeTe(0.5/0.5)660, CdSeTe(0.8/0.2)578).

TEM image of the as-prepared CdSeTe QDs with emission peak wavelength of
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681 nm is presented in Fig. 4a. The QDs appear as spherical particles with excellent
monodispersity and its particle size is 4.3 nm, which is in good accordance with the
DLS analysis result. The powder XRD patterns (Fig. 4b) of CdSeTe alloyed QDs
confirm the crystallinity of the cubic (zinc-blende) structure. Three broad diffraction
peaks typical for nanoparticles’’ appear at (111), (220) and (311). The XRD
diffraction peaks for all CdSeTe QDs shift towards the values of bulk CdSe as Se
composition increased, suggesting a transformation from CdTe lattice to CdSe during

the formation of the alloyed QDs.
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Fig. 5 UV-visible absorption spectra (a) and PL spectra (b) of CdSeTe QDs with
emission peak of 681 nm before and after the modification of OA-POSS (c) FTIR
spectra of the CdSeTe QDs and POSS-CdSeTe QDs (d) TEM image of the OA-POSS
modified CdSeTe QDs (The insets are HRTEM image and DLS analysis result of the
POSS-CdSeTe QDs).

The OA-POSS were conjugated to CdSeTe QDs using EDC as activating agent.
OA-POSS is a subtype of POSS with eight amine groups (-NH;) rendering it a
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desirable and versatile candidate for further modifications with carboxyl groups
(-COOH) that exist on NAC-capped CdSeTe QDs to form strong covalent bonds.
UV-visible absorption spectra and PL emission spectra of the CdSeTe QDs before and
after the modification of OA-POSS are presented in Fig. 5a and Fig. 5b. The
absorption and PL emitting wavelength of CdSeTe QDs remain unchanged after
conjugation with OA-POSS, which means the modification of OA-POSS has no
effects on the optical properties of CdSeTe QDs. FTIR analysis was applied to
confirm successful coating of the CdSeTe QDs with OA-POSS as shown in Fig. 5c.
Compared with CdSeTe QDs, POSS-CdSeTe QDs show a new peak at 1039.3 cm’
arising from variable strong stretching vibrations of the Si-O-Si bonds in the
OA-POSS.”® The electrophoretic mobility (Zeta potential) of the as-prepared CdSeTe
QDs and POSS-CdSeTe QDs was measured separately as -11.59 mV and 12.12 mV,
which further confirm the surface coating of OA-POSS on the CdSeTe QDs. TEM
and HRTEM images of the POSS-CdSeTe QDs with emission peak wavelength of
681 nm are presented in Fig. 5d. The highly crystalline CdSeTe cores of the
POSS-CdSeTe QDs have a mean diameter of 4.3 nm. OA-POSS coating can’t be
exhibited in TEM images due to its amorphous structure. In DLS analysis, the mean
diameter of POSS-CdSeTe QDs increases to about 6.3 nm, indicating successful

coating of OA-POSS on the CdSeTe QDs.

I CdSeTe
B POSS-CdSeTe

01255 10 20 40 60 80 100
Concentration (Jug/mL)

Fig. 6 Cytotoxicity of SiHa cells incubated with different concentrations of
POSS-CdSeTe QDs and CdSeTe QDs for 24 h.
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The cytotoxicity of QDs has been paid close attention by many researchers, since
it is a critical characteristic for their further biological applications. It is generally
acknowledged that the leakage of toxic Cd*" ions from QDs and the tendency of QDs
to aggregate in living cells are the two significant factors that lead to their

cytotoxicity.**!

So far, synthesizing core-shell QDs structure, surface coating of
photostable and biocompatible materials and incorporation of nontoxic ions are
effective strategies to reduce the cytotoxicity of QDs.*****>% Herein, OA-POSS was
employed as a kind of stable and biocompatible capping agent to render CdSeTe QDs
better biocompatibility. The cellular response to QDs was examined using MTT assay
method. The cytotoxicity effects of POSS-CdSeTe QDs and CdSeTe QDs were
studied on SiHa cells at various concentrations for 24 h as is shown in Fig. 6. A
significant dose-dependent phenomenon in cellular viability is observed. There is no
obvious suppression of cell viability with low concentrations of QDs. By comparison,
POSS-CdSeTe QDs were significantly less toxic than CdSeTe QDs at all dosages. The
cell viability for POSS-CdSeTe QDs at concentration of 100 pg mL™" is about 50%,
while it is less than 30% for CdSeTe QDs, indicating a significant increase in the
biocompatibility of POSS-CdSeTe QDs. Although the diameter of CdSeTe QDs
increases with the OA-POSS coating, the quantities of CdSeTe QDs and
POSS-CdSeTe QDs ingested by SiHa cells are nearly the same as shown in Fig. 7.
The POSS-CdSeTe QDs have a surface coating with both hydrophilic and
hydrophobic moieties, which allows rapid intracellular uptake across the lipophilic
cell membranes.” The encapsulation of CdSeTe QDs with OA-POSS reduces the
cytotoxicity compared to CdSeTe QDs since the release of Cd*" was effectively
inhibited. In addition, OA-POSS is nontoxic and photostable, which can protect the

QDs from aggregating caused by photobleaching.
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Fig. 7 Laser scanning confocal microscopy images (left: confocal fluorescence
images, middle: differential interference contrast (DIC) images, right: overlay of the
left and middle rows) of SiHa cells incubated with CdSeTe QDs (a) and
POSS-CdSeTe QDs (b) at concentration of 60 pug mL" for 24 h.

The cancer cell lines can be labeled with quantum dots by membrane rupturing on
nonspecific bindings or receptor mediated endocytosis.”>>’ After being incubated by
60 pg mL™ of POSS-CdSeTe QDs and CdSeTe QDs for 24 h, the uptake of QDs in
SiHa cells is shown according to laser scanning confocal imaging. It is demonstrated
in Fig. 7 that POSS-CdSeTe QDs can be successfully internalized into cells via
endocytosis and show red punctuated fluorescence around the nucleus. No
fluorescence signal was measured for SiHa cells without the incubation of QDs,
indicating that the red fluorescence originate from the QDs. More importantly, no sign
of morphological damage to the cells is observed upon incubation with the
POSS-CdSeTe QDs, while cells incubated with CdSeTe QDs were significantly

damaged under the same conditions. In our previous report, visible emitting
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POSS-CdTe QDs were applied in SiHa and MC3T3-El cell labeling. And the
POSS-CdTe QDs exhibited better biocompatibility than CdTe QDs**. Based on our
study we think that the surface modification of QDs by POSS is a feasible strategy to

make the as-prepared QDs more biocompatible for cellular studies.

Conclusions

In summary, the octa-aminopropyl polyhedral oligomeric silsesquioxane
(OA-POSS) coated near-infrared-emitting CdSeTe alloyed quantum dots with low
toxicity were fabricated in aqueous system. The emission wavelengths of the alloyed
CdSeTe quantum dots can be tuned by changing composition and size, in which a
nonlinear relationship exists between the band gap and composition. OA-POSS and
CdSeTe quantum dots were conjugated together through condensation reaction. The
as-prepared POSS-CdSeTe quantum dots obtained improved biocompatibility and
retained the unique photophysical properties of CdSeTe quantum dots. The
cytotoxicity results revealed that the cytotoxic effect of CdSeTe quantum dots
towards living cells was dramatically reduced with the surface capping of OA-POSS.
The usage of near-infrared-emitting POSS-CdSeTe quantum dots in biological
applications gave low interference with biomolecules in this region. For preliminary
cell labeling application, the favorable biocompatibility of OA-POSS modified
CdSeTe quantum dots was demonstrated by using SiHa cells with laser scanning
confocal microscopy. The POSS-CdSeTe quantum dots were internalized into cells
via endocytosis and showed no sign of morphological damage to the SiHa cells,
indicating that the near-infrared-emitting POSS-CdSeTe alloyed quantum dots are

highly promising fluorescent labels in biomedical field.
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Highly biocompatible near-infrared-emitting OA-POSS modified CdSeTe QDs were

fabricated in aqueous and were successfully applied to SiHa cell imaging.



