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In the present study, the stable CdS quantum dots were successfully prepared using hydrophobic amino acids
methionine and valine as stabilizers through a facile one-pot strategy in aqueous media. The CdS quantum
dots exhibited strong absorption and photoluminescence properties in the visible wavelength region. From
the results, the CdS quantum dots can effectively photocatalytically degrade the organic dyes through the
mediation of the hydroxyl radical under visible light irradiation. More importantly, the CdS quantum dots ex-
hibit good recycling stability during the photocatalytic experiments. This suggested that the as-prepared CdS
quantum dots might be used as potential photocatalyst to effectively treat the organic pollutants under vis-
ible light irradiation.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

CdS quantum dots (QDs) have attracted considerable attention
over the past decades due to their unique properties and potential ap-
plications, such as the photoelectric conversion, light-emitting diodes
for flat-panel displays, and lasers [1–3]. However, owing to the ultra-
small size and high surface energy, the QDs tend to the serious ag-
glomeration, leading to the significant difficulties in the preparation
of the stable QDs. Previously, the CdS QDs were generally prepared
using surfactants and polymers as stabilizers [4–6]. However, the in-
troduction of the toxic stabilizers and the complicated procedures
significantly limit the applications. Therefore, it is urgent to construct
a facile method to prepare the stable and well dispersed QDs. Because
of the coordinating interactions between amino acids and metal ions
[7,8], the amino acids might be used as stabilizers to prepare the sta-
ble QDs [9–12]. However, hitherto the synthesis of the stable CdS QDs
using hydrophobic amino acids as stabilizers is seldom reported and
attracts our interest.

Currently, QDS are widely used in photocatalytic degradation of
the biological nondegradable organic pollutants [1–3,13,14]. Howev-
er, most of the existing photocatalysts can only exert the functions
under UV light irradiation, which seriously limits their applications.
Therefore, it is still a great challenge to find an effective photocatalyst
to treat the organic pollutants under visible light irradiation.
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Herein, using two hydrophobic amino acids methionine (Met) and
valine (Val) as stabilizers, the stable CdS QDs were successfully pre-
pared through a facile one-pot method. The CdS QDs exhibited special
optical properties in visible wavelength region. Moreover, the CdS
QDs showed strong photocatalytic degradation activities for organic
dyes under visible light irradiation. This suggested that the as-
prepared CdS QDs might be used as photocatalyst to effectively
treat the organic pollutants under visible light irradiation.

2. Materials and methods

To prepare the CdS QDs, 0.12 mmol amino acids and 0.06 mmol
CdCl2 were dissolved into 20 mL double distilled water (DD water)
and incubated for 12 h at 30 °C. Then, 20 mL thioacetamide aqueous
solution (3 mM) was added and refluxed for 1 h at 100 °C. The yellow
products were centrifuged, washed, dried in vacuum and denoted as
Met-CdS and Val-CdS, respectively. For comparison, the bulk CdS
was also prepared in the absence of amino acids. The size and mor-
phology of the samples were determined through transmission elec-
tron microscopy (TEM, JEOL JEL-2010). The XRD patterns were
recorded on DX-2000 diffractometer with Cu Kα radiation source
(λ=1.5406 Å). The FT-IR spectra were recorded on Bio-Rad FTS-40
infrared spectrometer. The UV–Visible absorption and photolumines-
cence (PL) spectra were recorded on Lambda-17 UV–vis and Cary
Eclipse fluorescence spectrophotometers, respectively.

For photocatalysis experiment, 30 mg CdS QDs were suspended in
24 mL DD water by sonicating. Then 6 mL rhodamine B (RhB) aque-
ous solution (250 ppm) was added and stirred in the dark for
60 min to establish an adsorption/desorption equilibrium. Then the
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suspension was irradiated by 500 W xenon lamp for photocatalysis
under moderate stirring. At specified intervals, the suspension was
taken from the reactor and centrifuged. The content of RhB in the su-
pernatant was determined by UV–Vis spectroscopy at 554 nm. For
comparison, the photocatalytic activities of the bulk CdS was also
determined.

The formation of hydroxyl radical (•OH) on the photo-irradiated
CdS QDs' surface was detected in situ by fluorimetric assay using ter-
ephthalic acid (TPA) as a probe under similar conditions to the photo-
catalytic experiment except the replacement of RhB with TPA. The
photo-irradiated suspension was taken from the reactor and centri-
fuged. Then the fluorescent intensity of 425 nm excited with
315 nm was detected.

3. Results and discussion

Fig. 1a presents the XRD patterns of the CdS QDs. From the figure,
the Met-CdS and Val-CdS exhibit similar XRD patterns, in which three
peaks with 2θ values of 26.8°, 44.1° and 52.1° correspond to the (1 1
1), (2 2 0) and (3 1 1) planes of the cubic CdS phase (JCPDF 75–0581),
respectively. The broadness of the peaks can be attributed to the
Fig. 1. (a) XRD patterns of the CdS QDs. (b) TEM images of the Met-CdS and (c) Val-CdS QDs
small sizes of the QDs. Fig. 1b–e presents the size and morphologies
of the CdS QDs. From the results, the Met-CdS and Val-CdS exhibit
similar spherical morphology but different sizes. From the results
shown in Fig. 1d–e, the QDs exhibit narrow particle size distributions.
The mean diameter of the Met-CdS is 6.45 nm, smaller than that of
the Val-CdS (7.22 nm).

Fig. 2a presents the FT-IR spectra of the bulk CdS and CdS QDs.
Compared with the spectrum of the bulk CdS, the stretching bending
band of the carbonyl group of amino acids at 1550–1580 cm−1 can be
found in the spectra of the QDs. However, the intensities decrease ob-
viously. From these results, there is a trace amount of amino acids in
the CdS QDs. Furthermore, there are certain interactions between the
QDs and the carbonyl groups of the amino acids. It might be these in-
teractions that may contribute to the stability and dispersity of the
CdS QDs.

The optical properties of the CdS QDs, including the UV–visible
absorption and PL spectra, were determined and the results are
shown in Fig. 2b–c. From Fig. 2b, the CdS QDs exhibit broad ab-
sorption band from 200 to 600 nm, indicating the effective photo
absorption properties. From the results shown in Fig. 2c, when ex-
cited with wavelength 202 nm, the CdS QDs exhibit a strong green
. Inset: Magnified images. (d) Particle size distribution of Met-CdS and (e) Val-CdS QDs.



Fig. 2. (a) FT-IR spectra of the bulk CdS, Met-CdS, and Val-CdS. (b) UV–vis and (c) PL spectra of the CdS QDs.
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emission near 528 nm with the quantum yield up to 20%, which
can be attributed to the recombination of the charge carriers
within surface states.

Because of the photo absorption properties, the photocatalytic ac-
tivities of the CdS QDs to degrade RhB under visible light irradiation
were studied. From the results (Fig. 3a), after 110 min visible light ir-
radiation, the photodegradation efficiencies of the Met-CdS and Val-
CdS on RhB are 84.9% and 89.7%, respectively, much higher than
Fig. 3. (a) Photocatalytic degradation of RhB in the presence of the CdS QDs. (b) The PL inten
Met-CdS and (d) Val-CdS on the photocatalytic degradation of RhB.
those of the bulk CdS (15.7%) and the sample prepared by conven-
tional methods (22.71%).

From the reports, the active oxygen species such as •OH and su-
peroxide are the key active intermediates in the photocatalytic degra-
dation. Therefore, with the aid of TPA, the •OH formed on the photo-
illuminated QDs' surface was detected to determine the degradation
mechanism of RhB. From the results (Fig. 3b), with the increase of
the irradiation time, the PL intensities increase gradually, indicating
sities at 426 nm against irradiation time for TPA on the CdS QDs. (c) The recycling of the
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the continuous formation of •OH during the irradiation. Moreover, the
PL intensities of the two CdS QDs are different, revealing the different
•OH production efficiency. The •OH production efficiency of the Val-
CdS is higher than that of the Met-CdS, consistent with the photoca-
talytic activities. Based on the results, the photocatalytic degradation
mechanism of the RhB is proposed. Firstly, the photons possessing the
energy higher than that of the QDs' band gap are firstly absorbed on
the QDs' surface. This will promote the electrons from the valence
band (vb) to the conduction band (cb), generating the positive hole
(hvb+) at the valence band edge and the electron (ecb−) in the conduc-
tion band of the QDs (Eq. (1)). Secondly, hvb+ and ecb

− can react with
water or hydroxyl groups and transform into •OH (Eqs. (2), (3)). Fi-
nally, •OH can react with RhB absorbed on the QDs' surface to exert
the degradation (Eq. (4)).

CdSþ hv→CdSðe−cb þ hþ
vbÞ ð1Þ

hþ
vb þ H2O→H

þ þ •OH ð2Þ

hþ
vb þ OH

−→•OH ð3Þ

•OH þ dye→degradationof thedye ð4Þ

Furthermore, the recycling of the CdSQDs on the photocatalytic deg-
radation of RhB was determined. From the results (Fig. 3c–d), after five
cycles of the photocatalytic reaction, the photocatalytic activities did not
show significant loss. These reveal that the CdS QDs can be reused for
several times to degrade the organic pollutants under visible light irra-
diation without great decrease in photocatalytic activity, exhibiting
the prospects for practical and long-term applications.
4. Conclusions

In summary, the stable CdS QDs with good optical properties were
successfully prepared using Met and Val as the stabilizing agents.
Through the mediation of the hydroxyl radicals, the CdS QDs showed
strong photocatalytic activities and good recycling stability to de-
grade the organic dyes under visible light irradiation, suggesting the
potential application in the effectively treatment of the organic pol-
lutants under visible light irradiation.
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