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Multifunctional composites based on calcium carbonate (CaCO3) spherical microparticles stabilized
through the embedding of CdSe/ZnS/SiO2 nanoparticles into surface pores were fabricated.
The stabilization of the vaterite polymorph of CaCO3 through nanoparticles embedding was necessary
to generate a spherical, porous morphology of the microparticles. The CdSe/ZnS quantum dots were
obtained and dispersed in aqueous solution after coating them with a silica shell via a reverse
microemulsion approach. Green and red-emitting CaCO3-CdSe/ZnS/SiO2 microcomposites were
analyzed via confocal laser-scanning fluorescence microscopy were to demonstrate their potential for
imaging applications. The acetylcholinesterase (AChE) enzyme was immobilized into the pores of the
spherical CaCO3-CdSe/ZnS/SiO2 microcomposites and the resulting hybrid material was used as
a platform for the design of a pesticide biosensor. The detection limit for the paraoxon pesticide in
aqueous solutions was determined to be of 4.6 nM.

1. Introduction
Recently, composite nano and microstructured materials consisting of more than two different materials have been studied
extensively because of their potential to combine the different
properties of the individual component materials, resulting in
multifunctionality and versatility. Quantum dots (QDs), having
superior optical properties such as size-tunable light emission,
narrow emission band width, broad excitation band, and high
photostability are one category of such materials with properties
that makes them attractive for the design of composite materials
with multiple functionality.1 QDs have been widely used for
biological applications such as biolabeling,1 imaging,2 optical
encoding,3 or biosensing.4 Among several QDs, CdSe based QDs
have attracted considerable attention because they cover the
entire visible region, from blue to red, and have high quantum
efficiency.5 Core/shell structured QDs with wide bandgap semiconductor shells have been developed to further improve their
stability and quantum efficiency.6 CdSe/ZnS core/shell QDs with
high quantum efficiency were reported by Dabbousi et al.6 For
biological applications, the surface of QDs synthesized via an
organometallic based approach requires modification due to its
hydrophobicity that renders the QDs unusable in aqueous media.
Several approaches to achieve QDs with hydrophilic surface
properties have been reported including ligand exchange,7
amphiphilic polymer modification,8 and silica (SiO2) shell
formation.9 Silica shell formation is an attractive surface
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modification method for water soluble QDs for biological
applications, due to the optical transparency and biocompatibility of silica.10 In addition, the surface of the silica shell is
chemically reactive and can be therefore easily modified with
additional functional groups by conventional surface chemistry.11 The reverse microemulsion method for silica shell
formation on QDs was used by several groups, who used Igepal
CO-520 as a surfactant, hexane as a hydrophobic solvent, and
tetraethyl orthosilicate (TEOS) as a precursor of silica.9,12
Calcium carbonate is one of the main biomineral components
of seashells. It is fascinating how nature skillfully designs and
precisely controls the architecture, polymorphism, chemical
composition and morphology of such biominerals. The polymorph control of calcium carbonate biomineral in seashells is
achieved naturally by complex cellular cues. Calcium carbonate
has three different crystalline forms, such as vaterite, calcite and
aragonite. The porous CaCO3 microspheres can be an effective
host for the fabrication of biocompatible composite materials
due to its availability in nature as a biomineral and its porous
structure that is suitable for loading other materials.13 These
characteristics lead to CaCO3 microspheres being used for drug
delivery,14 biosensing,13,15 and protein encapsulation.16 The
difficulty in using this attractive material for the design of
multifunctional composites stays in its polymorphic character.
The most attractive phase of CaCO3 as a matrix for the fabrication of multifunctional materials, featuring a spherical
morphology and porous surface is the metastable vaterite form.
Vaterite easily undergoes the phase transition to the more thermodynamically stable phase of CaCO3, calcite, which does not
however present with the spherical porous morphology of
vaterite.16 This phase transformation usually occurs overnight
for vaterite samples kept in DI water.16 Stabilization of the
vaterite form of CaCO3 can be acheived via presence of impurities of inorgainc or orgainc materials.17,18 To stablize the vaterite
phase, several research groups used organic impurites such as
ovalbumin,18 polypeptide,19 double hydrophilic block
This journal is ª The Royal Society of Chemistry 2010
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copolymers,20 and anionic starburst dendrimer.21 Cai et al.
embedded gold nanoparticles (NPs) into the pores of CaCO3.15
For the same stabilization purposes, Wang et al. used a layer-bylayer approach and deposited polyelectrolyte multilayer films on
the vaterite surface.14 The vaterite polymorph can be stabilized
for more than a year through some of these stabilization
methods.20 In this work, we report on using, for the first time,
both pore embedding of CdSe/ZnS/SiO2 NPs and coating of the
vaterite phase with polyethylene glycol (PEG) to stabilize the
vaterite form of CaCO3 with a microspherical, porous structure.
By doing so, CdSe/ZnS/SiO2 NPs can act as both a vaterite
stabilizer and at the same time add functionality to the microspheres to be potentially used as fluorescent probes. The PEG
layer can have both a vaterite stabilizing effect and provide
added chemical activity for further modification with functional
molecules. By combining these approaches, in this work we
demonstrate the synthesis of novel microcomposites with
multifunctional properties, consisting of porous CaCO3 and
CdSe/ZnS/SiO2 NPs and describe their potential applications as
fluorescent probes for imaging and as biosensing platform
materials after modification with a model enzyme, acetylcholinesterase (AChE).

2. Experimental
2.1.

Materials

CaCl2$H2O and Na2CO3 were obtained from Sigma Aldrich to
prepare CaCO3 microspheres. In order to synthesize CdSe/ZnS
QDs, cadmium acetate dihydrate (Cd(CH3COO)2$2H2O), selenium powder, zinc acetate, bis(trimethlysilyl) sulfide, trioctylphosphine (TOP, technical grade), trioctylphosphine-oxide
(TOPO, technical grade), hexadecylamine (HDA, technical
greade), hexane, and ethanol were purchased from Sigma
Adrich. IGEPAL CO-520, ammonium hydroxide (NH4OH),
tetraethyl orthosilicate (TEOS), and methanol were obtained
from Sigma Adrich for silica shell formation on CdSe/ZnS QDs.
To test the pesticide biosensor, acetylcholinesterase (AChE),
acetylthiocholine chloride (ATChCl), polyethylene glycol (PEG),
paraoxon, and phosphate buffered saline (PBS, pH 7.4) were
purchased from Sigma Adrich. All chemicals were used without
additional purification.
2.2.

Synthesis of CaCO3-CdSe/ZnS/SiO2 microcomposites

Porous CaCO3 microspheres were prepared via the process
reported by Volodkin et al.16,22 0.33 M Na2CO3 and 0.33 M
CaCl2$H2O solution were prepared with 10 ml deionized (DI)
water. The Na2CO3 solution was poured into CaCl2$H2O solution and the mixture was stirred for 10 min. The mixture was
centrifuged and washed with DI water, and then dried in air.
CdSe QDs and CdSe/ZnS QDs are synthesized by using
organometallic based thermal decomposition method.23,24
In order to synthesize CdSe QDs, TOP-Se was prepared through
heating TOP (12.5 ml) and selenium powder (1.5 g) to 230  C for
20 min under argon gas as first step. Then, cadmium acetate
dehydrate (0.054 g), TOPO (4 g), and HDA (2 g) were added to
50 ml three-neck flask. The mixture was heated to 300  C under
argon gas and TOP-Se (2 ml) which was prepared separately was
quickly added into the flask. The color of the solution was
This journal is ª The Royal Society of Chemistry 2010

changed from yellow to deep brown with increasing growth time.
CdSe QDs of different sizes were obtained by controlling the
growth time. The solution was cooled down to room temperature
by adding hexane and washed through precipitation and centrifugation by ethanol. Finally, CdSe QDs were dispersed in
hydrophobic solvent such as hexane.
To make ZnS shell on the CdSe, TOP-Zn and TOP-S were
prepared by the same method as the formation of TOP-Se. CdSe
QDs, TOPO, and HDA were heated to 150  C in 50 ml threeneck flask. TOP-Zn and TOP-S were added into the flask by
syringe pump (30 ml/min). The mixture was kept to 150  C for
12 h to improve the crystallinity of ZnS shell.
Silica shell was formed on CdSe/ZnS QDs to make them
dispersed in aqueous solution for biology applications by reverse
microemulsion approach.9,12 CdSe/ZnS QDs (1 ml) were added
into the flask with hexane (7 ml), Igepal CO-520 (0.6 ml), and
ammonium hydroxide (0.1 ml). TEOS as a precursor of silica
shell was added into the flask and the mixture was stirred for
20 h. The solution was precipitated by methanol and centrifuged
and CdSe/ZnS/SiO2 NPs were finally dispersed in DI water.
In order to prepare microcomposites consist of CaCO3 and
CdSe/ZnS/SiO2 NPs, 2 mg CaCO3 particles dispersed in 1 ml DI
water and 0.2 ml CdSe/ZnS/SiO2 NPs (0.8 mg/ml) were added
into the solution. The mixture was stirred for 30 min and
centrifuged to remove CdSe/ZnS/SiO2 NPs which were not
attached on CaCO3.

2.3.

Fabrication of pesticide-biosensors

To apply the synthesized microcomposites to pesticide biosensor
fabrication, AChE enzymes were immobilized into CaCO3CdSe/ZnS/SiO2 microcomposites. 100 ml AChE enzymes solution
which were prepared in PBS (pH 7.4) and 20 ml PEG were added
into 100 ml CaCO3-CdSe/ZnS/SiO2 microcomposites solution
and the solution was stirrer for 2 h to incubate enzymes under
4  C. Then, the mixture (3 ml) was deposited on the screen printed
electrodes (SPEs, Pine Research Instrumentation) and dried
overnight. The SPEs were stored in PBS under 4  C.

2.4.

Characterization

Synthesized CaCO3 and CdSe/ZnS/SiO2 NPs were characterized
by scanning electron microscopy (SEM, Nova NanoSEM 200
(FEI Company, USA)) operated at 10 kV and transmission
electron microscopy (TEM, Tecnai 20 (FEI Company,USA))
operated at 200 kV. The X-ray diffraction pattern of the CaCO3

was measured with a Bruker D8 focus (Cu Ka, l = 1.5406 A).
The ultraviolet-visible (UV-vis) absoption spectra were recorded
using SpectraMax Plus spectrometer (Molecular devices, USA).
Confocal fluorescent microscopy images of CaCO3-CdSe/ZnS/
SiO2 microcomposites were obtained by FV1000 + IX81 laserscanning microscope (Olympus America Inc., PA) with femto
second laser source (Mai Tai, Spectra-Physics, Fremont, CA).
The biosensors were tested at room temperature using BASi
epsilon C3 cell stand by a method previously reported by our
group.12
J. Mater. Chem., 2010, 20, 7728–7733 | 7729
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3.1.

Synthesis and characterization of porous CaCO3

The spherical, porous, vaterite form of CaCO3 was synthesized
by mixing 0.33 M Na2CO3 and 0.33 M CaCl2$H2O solution.16,22
Fig. 1 shows SEM images of porous CaCO3 microspheres
composed of individual, smaller CaCO3 NPs (10  30 nm).13 The
microspheres are uniform with 3  5 mm and well dispersed in
deionized (DI) water as shown in Fig. 1a. From Fig. 1b, the high
magnification SEM image, it is confirmed that the microsphere
has a porous surface, with 20–60 nm pore sizes.16,22 In order to
confirm the phase of the CaCO3 microspheres, an XRD pattern
was obtained from the synthesized CaCO3 powder, after drying
in air. The XRD pattern is consistent with the vaterite phase of
CaCO3 (JPCDS #: 24-0030) as shown in Fig. 2. There are a few
low intensity peaks corresponding to the calcite phase. This
indicates that a small amount of calcite phase coexists with the
vaterite phase. Calcite being the most thermodynamically stable
form of calcium carbonate at room temperature and under
ambient pressure, it is not surprising to find the presence of the
residual calcite phase. However, the complete vaterite-calcite
transformation that usually occurs under ambient conditions can
be significantly slowed down by impeding the face growth of the
vaterite crystals and transphormation of the hexagonal crystal
structure of vaterite to the rombohedrical crystal structure of
calcite. However, immediately after vaterite synthesis, the low
intensity of the calcite phase XRD peaks, coupled with the low

Fig. 1 SEM images of synthesized porous CaCO3 particles with (a) low
magnification and (b) high magnification.

magnification SEM observations that indicated that the rectangular morphology of calcite is very sparsely present in the
samples, make us confident that the spherical, porous
morphology of the vaterite phase is predominant enough to
make this material useful for various applications if the phase
transformation is stopped through means of stabilization that
will be discussed in section 2.3.
3.2.

Synthesis and characterization of CdSe/ZnS/SiO2

Due to the quantum confinement effect, CdSe QDs can emit light
with different wavelength in the visible spectrum, depending on
their size. The size of CdSe QDs can be easily tuned by
changing the growth time during synthesis. For this work, ZnS
(Eg = 3.66 eV at 300 K), which has a wider bandgap than that of
CdSe (Eg = 1.74 eV at 300 K) was selected as a shell material for
the fabrication of CdSe/ZnS core-shell nanoparticles. Covering
CdSe QDs with a ZnS layer improves the stability and quantum
yield. Figs. S1a and S1b (ESI†) show representative TEM images
of red-emitting CdSe QDs and CdSe/ZnS QDs. The CdSe/ZnS
QDs are uniform in size ( 4.5 nm) and well dispersed and
arrayed. Figs. S1c and S1d (ESI†) are UV-vis absorption spectra
and digital camera images of CdSe QDs with different sizes under
365 nm UV lamp. The absorption bands were shifted to longer
wavelengths as the size of CdSe QDs increased. This demonstrates that the bandgap energy of the QDs decreases as their size
increases. The digital camera images show the emitting color
variation of the QDs with increasing their size (Fig. S1d,
Supporting Information†).
The properties of CdSe/ZnS QDs render these materials
amenable to surface modification. For applications in biological
fields, using a silica shell on the surface of CdSe/Zn QDs may be
appropriate due to its biocompatibility and dispersability in DI
water.10 A silica shell was formed on the CdSe/ZnS QDs, by using
a reverse microemulsion approach.9,12 Fig. 3 shows TEM and
SEM images of CdSe/ZnS/SiO2 NPs with various sizes, respectively. In the Fig. 3a and 3d, the CdSe/ZnS/SiO2 NPs are about
25 nm in diamater and are composed of red-emitting CdSe/ZnS
QD of about 4.5  5 nm diameter and a silica shell of about
10 nm in thickness. In addition, the size of the NPs can be simply
controlled by the modification of the silica shell thickness which
can be changed concentration of a precursor of silica, TEOS. The
diameters of CdSe/ZnS/SiO2 NPs were increased as concentration of TEOS increased. As shown in Fig. 3b3f (TEM and SEM
images), diameters of CdSe/ZnS/SiO2 NPs are 40 (b,e) and 85 nm
(c,f) with silica shell 17.5 and 40 nm thicknesses, respectively.
3.3. Stabilization of vaterite and multicomposite fabrication
and characterization

Fig. 2 XRD pattern of synthesized porous CaCO3 particles with vaterite
phase (;: calcite phase).
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In order to stabilize the vaterite phase and at the same time create
a multifunctional composite, CdSe/ZnS/SiO2 NPs were conjugated into the surface pores of CaCO3 microspheres.15 CdSe/ZnS/
SiO2 NPs of 25 nm diameter were used due to their size matching
the pore sizes of CaCO3, which are  20 to 60 nm. Since the
isoelectric points of CaCO3 and CdSe/ZnS/SiO2 NPs are 8.515 and
2  3,25 respectively, the negatively charged CdSe/ZnS/SiO2 NPs
are conjugated into the pores of positively charged CaCO3
microparticles at neutral pH by electrostatic interaction. Previous
This journal is ª The Royal Society of Chemistry 2010
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Fig. 3 TEM and SEM images of (a),(d) 25 nm, (b),(e) 40 nm, (c),(f) 85 nm CdSe/ZnS/SiO2 core/shell/shell NPs.

research showed that coupling vaterite with inorganic materials
leads to the formation of solid solutions between calcium
carbonate and these inorganic materials on the vaterite surface.26
These solid solutions have been shown to have a lower heat of
formation than that of calcite, thus preventing the dissolution of
the vaterite polymorph. Although different chemistries of both
inorganic and organic stabilizers have been proposed by
others,15,18–21,26 we speculate that similar stabilizing mechanisms,
with the formation of thermodynamically stable compounds
(with heat of formation lower than that of calcite) between the
stabilizer and the calcium carbonate, at the microparticle surface
is acting in the case of our proposed stabilizing materials.
Fig. 4a–4f show SEM images of CaCO3 (a,d), CaCO3-CdSe/
ZnS/SiO2 (b,e), and PEG-AChE-CaCO3-CdSe/ZnS/SiO2 (c,f),

respectively. Fig. 4b and 4e show that CdSe/ZnS/SiO2 NPs are
present into the pores on the CaCO3 microspheres and they kept
the morphology of the vaterite phase after conjugation. Fig. S2
(ESI†) shows SEM images of spherical CaCO3-CdSe/ZnS/SiO2
microcomposites, indicating a vaterite morphology.
This multifunctional microcomposite has the potential to be
used for bioimaging applications due to the optical properties of
CdSe/ZnS QDs and the biocompatibility properties of CaCO3
and SiO2. Another stabilizer of the vaterite structure, PEG, was
added on the surface of the calcium carbonate microcomposites
that also provided additional chemical reactivity for coupling of
biologicals. As an example of the applicability of this material
platform for biosensor design, the AChE enzyme was chosen as
a model enzyme and immobilized onto the microcomposite

Fig. 4 SEM images of (a),(d) CaCO3, (b),(e) CaCO3-CdSe/ZnS/SiO2 NPs, and (c),(f) PEG-AChE-CaCO3-CdSe/ZnS/SiO2 microcomposites.
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surface by covalent binding to PEG.27 In addition to the enzymatic stabilization effect that the PEG has, the isoelectric points
of CaCO3 and AChE are 8.515 and 5.5,28 respectively. Thus, the
electrostatic interaction between CaCO3 and AChE is also
favorable, since at a neutral pH that was used in these experiments, CaCO3 is positively charged, while AChE is negatively
charged. From the SEM images in Fig. 4c and 4f, it is apparent
that the size of the pores of the microcomposites decreased
following AChE immobilization.29
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3.4. Imaging and biosensing capabilities of CaCO3-CdSe/ZnS/
SiO2 microcomposites
CaCO3-CdSe/ZnS/SiO2 microcomposites were tested for potential applications in two different fields, imaging and biosensing.
As mentioned earlier, due to the biocompatibility and water
solubility of both calcium carbonate and silica, the synthesized
microcomposites have the potential to find biological applications. Confocal fluorescent microscopy images of the green and
red-emitting CaCO3-CdSe/ZnS/SiO2 microcomposites were
obtained to show the potential for imaging applications (Fig. 5).
The excitation source was 488 nm laser and two types of filters
were used, 505–535 nm and 581–608 nm for the microcomposites
containing green (Fig. 5a) and red-emitting QDs (Fig. 5b),
respectively. The confocal fluorescent microscopy images were
overlapped with transmitted images of the microcomposites and
the insets are fluorescence images of CdSe/ZnS QDs under
365 nm UV lamp. The green and red fluorescence were observed
on the location of the microcomposites. These results demonstrate that the fluorescence properties of CdSe/ZnS QDs in the
microcomposites has the potential to be applied to imaging of
biomolecules such as proteins or cells.
To test the potential of the CaCO3-CdSe/ZnS/SiO2 microcomposites as materials for biosensor platforms, AChE enzyme
was chosen as a model enzyme and immobilized on their surface.
Among various detection methods of biosensors, an amperometric approach has several advantages such as rapid response,
superior sensitivity, simplicity, relatively low cost, and so on.30
Therefore, an amperometric method was used for the fabrication
of a pesticide biosensor using PEG-AChE-CaCO3-CdSe/ZnS/
SiO2 microcomposites as an electrode material. For the immobilization of AChE, 100 ml AChE solution (PBS, pH 7.4) and
20 ml PEG (20% v/v in DI water) was incubated with 100 ml
CaCO3-CdSe/ZnS/SiO2 microcomposites for two hours. The
resulted hybrid enzyme-microparticle composites (3 ml) were

Fig. 5 Fluorescence microscopy images of CaCO3-CdSe/ZnS/SiO2 using
(a) green emitting and (b) red emitting CdSe/ZnS QDs.

7732 | J. Mater. Chem., 2010, 20, 7728–7733

deposited on the screen printed electrodes (SPEs) with the
working electrode area of 4  5 mm2, which were pretreated to
render their surface hydrophilic by direct current (DC) potential
amperometry (1750 mV vs. Ag/AgCl) for 5 min and dried overnight in air. The surface area of the SPE after surface modification is calculated to be 31.42 mm2. For this calculation we
assumed the microparticles are uniform spheres with 4 mm in
diameter and one layer coating on the SPE. The SPEs were stored
in 3 ml phosphate buffered saline (PBS, pH 7.4) at 4  C
before use.
ATChCl is generally used as a substrate for AchE based
amperometric biosensors. The reaction mechanism is as shown in
eqn (1),12
AChEðenzymeÞ

ATChClðsubstrateÞ þ H2 O ! ThiocholineðTChÞ
þ Acetate

(1)

ATChCl is hydrolyzed to TCh and acetate by AChE and TCh
is changed to dithio-bis-choline. From the cyclic voltammetry
curves (Fig. S3a, ESI†), the oxidation peak of ATChCl is located
at 250 mV. The current response of SPEs with microcomposites
was saturated at a substrate concentration of 1.0 mM ATChCl
(Fig. S3b, ESI†). In order to find the optimum conditions for the
biosensor, both the concentration of AChE and the pH of the
measuring solution were optimized (Fig. S3c and S3d, ESI†).
The current response was saturated at 23.8 mU AChE and
reached maximum point at pH 7.4 PBS solution. Thus, the
applied potential, ATChCl and AChE concentration, and pH
value of measuring solution were set to 250 mV, 1.0 mM,
23.8 mU, and 7.4 for further biosensor tests. The inhibition curve
of the biosensor was obtained by using paraoxon, an organophosphorous pesticide. Six SPEs were prepared by coating them
with the hybrid microcomposites. Fig. 6a shows the calibration
curve of six SPEs. Their current responses have a 10% standard
deviation at 1.0 mM ATChCl. To determine the concentration of
paraoxon, each SPE was incubated in a paraoxon solution of
different concentration. After incubation for 10 min, the current
response of SPEs were measured and the inhibition (%) was
calculated by eqn (2):
Inhibition ð%Þ ¼ 100 

Initial current  final current
Initial current

(2)

The inhibition curve of the SPEs shows a linear relationship
between inhibition (%) and paraoxon concentration as shown in
Fig. 6b. The inhibition (%) of the biosensor is proportional to the
paraoxon concentration in the range of from 4.6 nM to 46 mM.

Fig. 6 (a) Calibration curve and (b) inhibition curve of paraoxon
biosensor with PEG-AChE-CaCO3-CdSe/ZnS/SiO2 microcomposites.

This journal is ª The Royal Society of Chemistry 2010

Downloaded by Purdue University on 21 October 2010
Published on 11 August 2010 on http://pubs.rsc.org | doi:10.1039/C0JM01231A

View Online

Thus, the detection limit was determined to be 4.6 nM of paraoxon corresponding to 0.0013 ppm at an inhibition of 20% (I20%).
Amperometric biosensors are more sensitive compared with
other methods such as fluorescence spectroscopy and chromatography. The detection limit (4.6 nM of paraoxon) of the
biosensor with PEG-AChE-CaCO3-CdSe/ZnS/SiO2 microcomposites lower when compared with other biosensors, shown
in Table S1 (ESI†).31–35 The current United States Environmental
Protection Agency (U.S. EPA) standards for organophosphate
pesticides allow the presence of pesticides in concentrations
varying in the range of 0.1 to 1 ppm. Therefore, we can confidently state that the fabricated paraoxon biosensor has a lower
detection limit than the EPA standards. This demonstrates that
the synthesized microcomposite shows great promise as a material platform candidate for electrochemical biosensors.

4. Conclusion
A novel multifunctional microcomposite, based on a porous
CaCO3 and CdSe/ZnS/SiO2NPs, was fabricated. The vaterite
polymorph of CaCO3, which is good template for biological
applications was stabilized with CdSe/ZnS/SiO2 NPs and PEG
layer. The multifunctional microcomposite have advantages of
high surface area, high porosity, biocompatibility, and superior
fluorescent properties. Based on these properties, the microcomposites were tested for their functionalities in imaging and
biosensing. From confocal fluorescent spectroscopy images, we
inferred that CaCO3-CdSe/ZnS/SiO2 demonstrated their potential as biomarkers. In addition, AChE enzyme immobilized
CaCO3-CdSe/ZnS/SiO2 were tested to fabricate an amperometric
pesticide biosensor as an example of potential applications in the
biosensing and biocatalysis. The biosensor detection limit was of
109 M for paraoxon, which is lower than the value from U.S.
EPA standards. Thus, CaCO3-CdSe/ZnS/SiO2 microcomposites
showed their versatility and multifunctionality and the potential
of being used for imaging as well as biosensing applications.
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