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A B S T R A C T

Electrochemiluminescent (ECL) performance and cytotoxicity of CdTe quantum dots (QDs)-based nanocompo-
sites and its possible application for ECL immunoassay were investigated. Two types of CdTe-based nano-
composites, i.e., SiO2-coated CdTe (CdTe@SiO2) and CdTe-functionalized SiO2 (SiO2@CdTe), were synthesized
and comprehensively compared in regarding of the cytotoxicity and ECL performance. The in vitro cytotoxicity
of SiO2@CdTe and CdTe@SiO2 nanoparticles was assessed in L02 cells using standard CCK-8 assay, and their
ECL performance was investigated by constructing sandwiched immunosensor using SiO2@CdTe and CdTe@
SiO2 as tags for the labelled antibody, respectively. The results showed that CdTe@SiO2 exhibited much lower
cytotoxicity and a higher ECL intensity than SiO2@CdTe. Taking the analysis of alpha-fetoprotein (AFP) as an
example, the ECL immunosensor using CdTe@SiO2 as an emitter was proved to have a wide linear dynamic
range from 1.0 pgmL−1 to 100 ngmL−1 with a low detection limit of 0.22 pgmL−1 (S/N ratio of 3). The ECL
immunosensor also demonstrated satisfactory recovery and excellent reproducibility and stability, indicating
that this method has prospects in practical application in the clinical diagnosis of AFP.

1. Introduction

Electrochemiluminescence (ECL) has received intense interest in
clinical diagnosis (Li et al., 2018), immunoassays (Qin et al., 2018),
DNA analysis (Wang et al., 2018), and food and environmental analysis
due to its inherent features, such as high sensitivity and simple in-
strumentation (Farka et al., 2017; Hu and Xu, 2010; Liu et al., 2015;
Richter, 2004). Several ECL-active materials, such as luminol, [Ru
(bpy)3]2+ and semiconductor crystals, have been chosen as ECL emit-
ters to generate ECL signals (Liu et al., 2018; Zamolo et al., 2012).
Among these materials, semiconductor crystals such as CdTe quantum
dots (QDs) have been extensively investigated as ECL emitters for the
construction of biosensing platforms (Babamiri et al., 2018; Han et al.,
2017; Liang et al., 2011), due to their tunable ECL properties, narrow
emission bands, good chemical stability, stable ECL emission and easy
surface functionalization (Chen et al., 2018b; Hesari et al., 2015; Liu
et al., 2016). However, due to the release of the heavy metal Cd2+ in
aqueous solution, CdTe QDs are highly toxic to biological systems,
which has led to restrictions in bioanalytical applications and could

further cause health and environmental issues (Derfus et al., 2004; X. Li
et al., 2016; Nagy et al., 2012; Su et al., 2010). Thus, it is desirable to
develop nontoxic QDs by appropriate surface modification or material
design. One effective solution to the problem is to create composite QDs
with inert materials (Byrne et al., 2007; Su et al., 2009). Silica (SiO2) is
an optically transparent material that exhibits good water dispersity,
biocompatibility and easy surface functionalization. In these regards,
SiO2 is an ideal candidate as a carrier for reducing Cd2+ release from
CdTe due to its inert nature, high biocompatibility, excellent water
solubility and ease of surface functionalization (Hu et al., 2018; Ma
et al., 2013).

Moreover, considering the sensitivity of ECL-based biosensing, in-
troducing signal amplification elements for the more sensitive detection
of biomarkers is of significant importance (L. Li et al., 2017). Thus, the
use of nanomaterials as signal amplifiers is of particular interest for the
fabrication of biosensors because of the unique physicochemical prop-
erties of nanomaterials (Y. Chen et al., 2017; Y. Li et al., 2016; Wei
et al., 2013). SiO2-based nanomaterials have been widely applied as
nanocarriers for signal amplification due to their high surface-to-
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volume ratio and excellent water solubility (Wu et al., 2013; Zhao et al.,
2017; Zhou et al., 2016). Thus, it is desirable to use SiO2 as a nano-
carrier of ECL emitters to improve biosensor sensitivity (Chen et al.,
2009). Although SiO2/CdTe nanocomposites have been applied as ECL
emitters in pioneer works (Chen et al., 2018a; Dong et al., 2017; Shan
et al., 2011), there is no study focusing on both the cytotoxicity and ECL
performance of SiO2/CdTe nanocomposites as yet.

In this study, SiO2 was selected as both an inert nanomaterial to
reduce the toxicity of CdTe QDs and a nanocarrier for signal amplifi-
cation in ECL immunosensing for the detection of the model tumor
biomarker alpha-fetoprotein (AFP) by using CdTe QD-based nanoma-
terials as ECL emitters. Meanwhile, two types of SiO2/CdTe nano-
composites, i.e., SiO2-coated CdTe (CdTe@SiO2) and CdTe-functiona-
lized SiO2 (SiO2@CdTe), were synthesized, and both their cytotoxicity
and ECL performance were evaluated. By forming composites with SiO2

nanoparticles, the cytotoxicity of both nanomaterials substantially de-
creased, while the ECL efficiency adequately increased. More im-
portantly, CdTe@SiO2 exhibited much lower cytotoxicity and a higher
ECL intensity than SiO2@CdTe. As a result, CdTe@SiO2 was employed
as an ECL emitter to construct a sandwiched ECL immunosensor
(Fig. 1). This work will provide a new avenue for CdTe-based ECL
biosensing and extend the application of QDs in clinical fields.

2. Experimental section

2.1. Preparation of CdTe@SiO2

CdTe@SiO2 was prepared by a microemulsion (water-in-oil) method
(Li et al., 2015; Wang et al., 2014; Zhang et al., 2007). Briefly, 0.18mL
of 1-hexanol was first mixed with 0.177mL of Triton X-100 and
0.75mL of cyclohexane in a microcentrifuge tube, followed by adding
0. 1mL of CdTe (6mgmL−1) and stirring for 20min. Then, 0.01mL of
tetraethylorthosilicate (TEOS) and 0.01mL of (3-aminopropyl)trie-
thoxysilane (APTES) was added to the above solution and stirred for
another 20min. Next, 0.02mL of NH3·H2O (25 wt%) was added to the
prepared solution and stirred in the dark for another 24 h at 4 °C. Then,
the resultant particles were mixed with 1mL acetone, centrifuged, and
washed 3 times with ethanol and water to remove any remaining un-
reacted CdTe. Finally, the precipitate was redispersed in ultrapure
water. The as-obtained amino-functionalized CdTe@SiO2 nanocompo-
site was stored in the dark at room temperature.

2.2. Synthesis of SiO2@CdTe

Briefly, 20mL of ethanol, 1.21mL of ultrapure water and 0.9 mL of
NH3·H2O were added to a 50mL round-bottom flask. After the mixture
was heated to 55 °C, 8mL of ethanol solution containing 0.775mL
TEOS was rapidly added under stirring, and then the mixture continued
to react for another 5 h. The resulting SiO2 nanoparticles were cen-
trifuged, washed and dried in vacuum. After that, 26.95mg SiO2 and
0.56mL APTES were added to 3.34mL of ethanol, and the mixture was
stirred for 5 h. Then, the amino-functionalized SiO2 nanoparticles were
collected by centrifugation. Afterwards, the as-obtained amino-func-
tionalized SiO2 nanoparticles were added into a solution containing 1-
(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC)
and N-hydroxysuccinimide (NHS)-activated CdTe (1mgmL−1). The
mixture was stirred for 12 h at 4 °C. Finally, CdTe-coated SiO2 nano-
particles (denoted as SiO2@CdTe) were collected by centrifugation and
washed with ethanol and ultrapure water.

2.3. Cell viability assay

The cytotoxicity of the nanoprobes to human hepatocyte (L02) cells
was evaluated by the CCK-8 test. Human hepatocyte (L02) cells were
seeded in 96-well plates for 24 h at 37 °C under a 5% CO2 atmosphere,
then treated with three different materials, CdTe, SiO2@CdTe and
CdTe@SiO2, at various concentrations (10, 50, 100 μgmL−1) and in-
cubated for 24 h. A total of 10 μL of CCK-8 solution was added to each
well, and cell culture plates were incubated for 1 h. In addition, the
viability of L02 cells treated with the same concentration (10 μgmL−1)
of nanoprobes for different times was explored. Absorbance values were
measured with a microplate reader at 450 nm. The viability of cells was
calculated as follows: Viability = (ODtest group-ODblank group)/(ODcontrol

group-ODblank group) × 100%. All experiments were performed in tripli-
cate.

2.4. Preparation of CdTe@SiO2-GO labelled AFP antibody (CdTe@SiO2-
GO-Ab2)

A total of 200 μL graphene oxide (GO) (1mgmL−1) solution was
activated with EDC (20mgmL−1, 10 μL) and NHS (10mgmL−1, 10 μL)
for 2 h. Then, the activated graphene was collected by centrifugation.
After that, 100 μL CdTe@SiO2 (1.2 mgmL−1) was added to the above
precipitate and reacted for 2 h. Then, 20 μL labelled anti-AFP antibody
(Ab2, 100 μgmL−1) was cultured with the nanocomposite for another
12 h at 4 °C in the dark. Next, 100 μL of 1% BSA was added to the so-
lution, and the solution was stirred for 2 h at 37 °C. The resulting
CdTe@SiO2-GO-Ab2 was obtained by centrifugation and stored under
darkness at 4 °C before use.

2.5. Fabrication of ECL immunosensor

As shown in Fig. 1, a sandwich-format ECL immunosensor was
fabricated as follows: first, a bare glassy carbon electrode (GCE) was
polished into a mirror with 0.3 µm alumina powder, rinsed with water,
washed ultrasonically for 5min in anhydrous ethanol and ultrapure
water in turn, and then dried at room temperature. Then, 5 μL of a CS/
MWCNT dispersion (1mgmL−1) was dropped on the GCE and dried at
room temperature. Next, 1% glutaraldehyde solution was dropped on
the surface of the electrode and incubated at room temperature for 2 h.
Afterwards, the CS/MWCNTs/GCE was incubated with the capture anti-
AFP antibody (Ab1) at 4 °C for 12 h. After rinsing with buffer, the re-
sulting Ab1-modified GCE was blocked by 1% (w/v) BSA in 10mM PBS
(pH 7.4) for 2 h at room temperature. After rinsing, the electrode was
then incubated with AFP solution at 37 °C for 40min. After that, 10 μL
of CdTe@SiO2-GO-Ab2 solution was cast on the electrode and incubated
for 40min at 37 °C. Finally, the ECL immunosensor for AFP was ob-
tained by rinsing with PBS.

Fig. 1. Scheme (not in scale) of the fabrication and mechanism of the ECL
biosensor for AFP detection.
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3. Results and discussion

3.1. Synthesis and characterization of CdTe@SiO2 and SiO2@CdTe

The successful synthesis of CdTe@SiO2 and SiO2@CdTe was con-
firmed by transmission electron microscopy (TEM). As shown in Fig. 2a,
the CdTe@SiO2 exhibited monodispersed meatball-like structures with
a diameter of approximately 50 nm and porous structures on the sur-
face. The high-resolution TEM (HRTEM) image showed individual is-
lands in the CdTe@SiO2 nanocomposites in a crystal lattice with an
interplanar spacing of ~3.0 Å (Fig. 2b), which was consistent with the
results of HRTEM observation of CdTe QDs (Fig. S1a), indicating that
the CdTe nanoparticles were homogenously distributed in the SiO2

nanospheres. For the synthesis of SiO2@CdTe nanoparticles, SiO2 na-
noparticles were firstly prepared. As shown in Fig. S1b, SiO2 nano-
particles exhibited monodispersed spheres with a diameter of ca.
50 nm. After further functionalized with CdTe, the resulted SiO2@CdTe
nanoparticles showed similar spherical structures but with a dark ring
on the outer surface of the spherical nanoparticles (Fig. 2c). The
HRTEM image of the ring showed a crystal lattice with an interplanar
spacing of ~3.0 Å on the ring, confirming the existence of CdTe on the
outer surface of these nanospheres (Fig. 2d).

As shown in Fig. 3a, both the SiO2@CdTe and CdTe@SiO2 nano-
hybrids showed similar emission at 590 nm (λex= 365 nm), which was
also consistent with that of CdTe. The photoluminescence results de-
monstrated that the physicochemical properties of CdTe were main-
tained in the nanohybrids (Shan et al., 2011). Further elemental ana-
lysis showed that the amounts of CdTe in CdTe@SiO2 and SiO2@CdTe
were approximately 3.6% and 2.5%, respectively. In addition, the ECL
intensities of CdTe, SiO2@CdTe and CdTe@SiO2 as different probes for
ECL sensing was further investigated, as shown in Fig. 3b, in which Ab2
was modified with different labels. Compared with the biosensor with

CdTe as ECL probe, the ECL intensity of this sensor with SiO2@CdTe
bound to Ab2 was only enhanced by approximately 12.2%, which could
be attributed to the low amount of CdTe (the mass fraction of CdTe in
SiO2@CdTe was 2.5%) and the high resistance of SiO2 in the
SiO2@CdTe nanohybrid; the observed behavior was consistent with the
EIS results of different nanoprobe-modified electrodes (shown in Fig. S2
and Table S1). Interestingly, the ECL intensity of the prepared sensing
with CdTe@SiO2 nanohybrids as probe was enhanced by 80.1% com-
pared to that with CdTe bound to Ab2, which was much higher than
that of SiO2@CdTe.

To further explore the reason, the surface area of both the CdTe@
SiO2 and SiO2@CdTe nanoparticles was investigated by Brunauer-
Emmett-Teller (BET) analysis of nitrogen adsorption-desorption iso-
therms. As shown in Fig. 3c and d, the surface area of the CdTe@SiO2

nanoparticles was approximately 93.911m2 g−1, while the surface area
of the SiO2@CdTe nanoparticles was only approximately 45.727m2

g−1. The Barrett-Joyner-Halenda (BJH) pore size distribution of CdTe@
SiO2 and SiO2@CdTe obtained from the N2 adsorption-desorption iso-
therms (Fig. 3c, d) was shown in Fig. S3. Compared with SiO2@CdTe,
CdTe@SiO2 showed more evident mesopores ranging from 3 to 10 nm.
These results further confirmed the much larger surface area and me-
soporous structure of CdTe@SiO2, which would be responsible for
higher CdTe loading. As a result, the high surface area and large
amount of CdTe in CdTe@SiO2 probe would be highly desirable for ECL
biosensing.

3.2. Biocompatibility of CdTe, CdTe@SiO2 and SiO2@CdTe

The inherent nature of a material, including the shape, size, surface
roughness and toxic low-molecular-weight substances remaining from
preparation are all related to the biocompatibility of the material.
Materials with poor biocompatibility could cause toxicity, irritation,

Fig. 2. TEM (a, c) and HRTEM (b, d) images of CdTe@SiO2 (a, b) and SiO2@CdTe nanocomposite (c, d). The inset in (b) and (d) is the enlarged HRTEM image,
showing CdTe crystalline structure.
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teratogenicity and local inflammation in cells and the whole body.
Therefore, when considering the use of materials in the biomedical
field, biocompatibility is an important indicator that needs to be con-
sidered and evaluated. The biocompatibility of three nanoprobes (CdTe,
CdTe@SiO2 and SiO2@CdTe) was assessed by use of a cell counting kit-
8 (CCK-8) assay. As shown in Fig. 3e, a substantial decrease in the
viability of L02 cells treated with different concentrations of QDs and
SiO2@CdTe was observed, while CdTe@SiO2 led to a small reduction in
cell activity. For the lowest concentration (10 μgmL−1) of CdTe- and
SiO2@CdTe-treated cells, cell viability fell below 60.0% and 76.8%
after 24 h, respectively. In contrast, although the cells were exposed to
high concentrations (100 μgmL−1) of CdTe@SiO2, their activity re-
mained above 90%, indicating that the presence of a SiO2 outer layer

greatly improved the biocompatibility of the QDs (Ou et al., 2014; Su
et al., 2009; Yu et al., 2018). In addition, a significant time-dependent
decrease in cell viability (in Fig. 3f) was observed. The cell viability
decreased to 60.1% and 76.8% after 24 h in CdTe QDs and SiO2@CdTe,
respectively, and decreased to 19.79% and 35.4% after incubation for
48 h, while a small difference (reduction of less than 10%) in L02 cell
cytotoxicity was observed within 48 h in the CdTe@SiO2 group, in-
dicating that CdTe@SiO2 had lower cell cytotoxicity. Accordingly, the
CdTe@SiO2 nanoprobe, which had superior performance, was selected
as ECL probes for the immunoassay.

Fig. 3. (a) Photoluminescence spectra
for CdTe@SiO2, and SiO2@CdTe. (b)
The ECL intensities of biosensors with
three different nanoprobes labelled on
Ab2, respectively, namely CdTe,
SiO2@CdTe, and CdTe@SiO2, in 0.1M
PBS (pH 7.4) containing 0.1M K2S2O8

and 0.1M KCl with 800 V photo-
multiplier tube (PMT) at a scan rate of
100mV s−1. BET results of SiO2@CdTe
(c) and CdTe@SiO2 (d). (e) Cell vi-
abilities of L02 cells treated with dif-
ferent concentrations (0, 10, 50 and
100 μgmL−1) of CdTe, CdTe@SiO2 and
SiO2@CdTe for 24 h. (f) Cell viabilities
of L02 cells treated with CdTe, CdTe@
SiO2 and SiO2@CdTe (10 μgmL−1) for
0, 12, 24, 36, and 48 h.
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3.3. Fabrication of the electrochemical immunosensor

In this strategy, CS/MWCNTs were dropped on the surface of GCE
for Ab1 loading, and the electron transfer rate increased. Then, a CdTe
QD-based signal probe was constructed by coating a CdTe@SiO2 core-
shell structure, which used GO as a substrate for greater Ab2 im-
mobilization. GO is a novel two-dimensional planar nanomaterial with
a special monatomic layer structure; this material has attracted much
attention recently because of its excellent electrical conductivity and
mechanical properties, such as a high specific surface area and good
biocompatibility (Boland et al., 2016; Kong et al., 2017; M. Li et al.,
2017; Wang et al., 2015). After forming a sandwich-type structure of
Ab1, AFP, and Ab2 signal probes, a considerably enhanced ECL signal
was obtained in test solution with the CdTe/S2O8

2--based ECL system.
The fabrication process of the ECL immunosensor was monitored by

cyclic voltammetry (CV) measurements. As shown in Fig. S4, the CV of
the bare GCE showed a pair of well-defined redox peaks with anodic
and cathodic peak potential differences of less than 70mV, demon-
strating a reversible redox reaction process. After the modification of
the CS/MWCNTs onto GCE, the peak current increased remarkably,
indicating that CS/MWCNTs accelerated the electron transfer on the
surface of the electrodes (Gholivand and Mohammadi-Behzad, 2015).
The redox peak currents decreased progressively after modification
with Ab1, BSA and AFP due to the electronic hindrance of proteins. All
the above results confirmed that the ECL immunosensor was success-
fully fabricated. To further investigate the possible mechanism of the
CdTe-based ECL system in this study, CV and ECL performance of the
as-fabricated immunosensor (Fig. S5) were examined. It was found that
both the oxygen and S2O8

2- worked as the co-reactions for the CdTe-
based ECL system (see more discussion in ESI).

3.4. Optimization of experimental conditions

The proportion of each component in the CdTe@SiO2 nanocompo-
site might be a significant parameter for the ECL response of the CdTe@
SiO2 probe, which will in turn impact the performance of the ECL im-
munosensor. Thus, the effect of the mass ratio of TEOS (the source
material for SiO2) and CdTe on the ECL response of the immunosensor
was examined. As shown in Fig. 4a, as the mass ratio of TEOS and CdTe
decreased, the ECL response of the immunosensor increased gradually
and reached a maximum when the ratio reached 16:1 in 0.1 M PBS (pH
= 7.4) containing 0.1M KCl and 0.1M K2S2O8, and this response could
be ascribed to the enhanced loading of CdTe with an increased SiO2

amount. When further increasing the mass ratio of TEOS and CdTe, the
amount of CdTe in the nanocomposite decreased gradually, reducing

the ECL response of the immunosensor. Thus, a ratio of 16:1 for
TEOS:CdTe was selected for the following studies. In addition, the effect
of the incubation time of Ab1 and AFP on the ECL intensity of the im-
munosensor was examined. As shown in Fig. 4b, the ECL response in-
creased gradually with increasing the incubation time and reached a
plateau after 40min, indicating a tendency to complete the im-
munoreaction on the electrode surface. Thus, 40min was chosen as the
optimized immunoreaction time for Ab1 and AFP.

3.5. Detection of AFP by the immunosensor

On the basis of the optimized conditions, the sandwiched im-
munoassay was applied for AFP detection. Fig. 5a displays the ECL
profiles for the immunosensor with different concentrations of AFP in
0.1 M PBS containing 0.1M KCl and 0.1M K2S2O8. The ECL intensities
of the sensor increased with increasing AFP concentration. The ECL
intensities were linearly related to the AFP concentrations in the range
from 1 pgmL−1 to 100 ngmL−1 with a detection limit of 0.22 pgmL−1

(S/N=3). The linear regression equation could be expressed as
y= 1189.4 lgc +3915.6 with R2 =0.9901 (Fig. 5b). Furthermore, the
proposed ECL immunosensor was compared with other assays for the
determination of AFP, as shown in Table 1. The results showed that the
sensing performance of the current ECL immunoassay was superior to
those of most previous reports. Therefore, except for exhibiting low
cytotoxicity, the CdTe@SiO2 nanohybrid could also be applied as an
excellent ECL emitter for immunosensing.

3.6. Stability, reproducibility and specificity of the immunosensor

As a newly developed detection method, the stability, reproduci-
bility and specificity of this ECL sensor are critical for future applica-
tions. In Fig. S6, the stability was investigated by continuous cyclic
potential scans (n= 11) with a relative standard deviation (RSD) of
3.5%, indicating excellent stability of the ECL signals. Additionally, as
shown in Fig. 5c, by storing the immunosensor in 10mM PBS (pH 7.4)
at 4 °C under darkness, 96.9%, 94.8% and 91.3% of the initial signal
was retained after storage for 1 d, 3 d and 7 d, respectively. Moreover,
the immunosensor still retained 84.6% of the initial signal after 2
weeks, indicating that the proposed immunosensor had satisfactory
stability. The reproducibility of the ECL immunosensor for AFP was
investigated with intra- and inter-assay precision. The intraassay pre-
cision was estimated by assaying one AFP level with five similar mea-
surements with the same immunosensor. The interassay precision was
evaluated by measuring one AFP level with five immunosensors. The
RSD of the intra- and interassay results obtained for AFP (0.1 ngmL−1)

Fig. 4. Optimization of (a) the mass ratio of TEOS and CdTe for the synthesis of CdTe@SiO2, and (b) the incubation time for AFP (1 ngmL−1) for the detection using
the ECL immunosensor. The detection was carried out in 0.1M PBS (pH 7.4) containing 0.1M K2S2O8 and 0.1M KCl with 800 V PMT at a scan rate of 100mV s−1.
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were 4.58% and 4.37%, respectively, indicating that the proposed im-
munosensor possessed acceptable reproducibility. The specificity of
immunosensors plays a significant role in the analysis of real biological
samples. Two possible interfering substances, i.e., TNF-α (10 ngmL−1)
and CEA (10 ngmL−1), and the mixture of above each substance with
AFP were used as interferents to assess specificity. As shown in Fig. 5d,
no significant difference was observed in the ECL response for the
mixtures compared with that for AFP, while incubation with TNF-α and
CEA did not cause an obvious ECL response, suggesting the acceptable
specificity of the immunosensor for AFP detection.

3.7. Human serum samples analysis

To investigate the feasibility of the immunosensor for clinical

applications, the detection of AFP in human serum was performed with
the proposed immunosensor in a recovery experiment. Human serum
samples were diluted 40 times with PBS buffer before a standard ad-
dition of AFP. The recovery was in the range of 96.5–103.8% (shown in
Table S2), indicating that the immunosensor had a good accuracy for
the determination of AFP in biological samples.

4. Conclusions

In summary, we investigated the ECL performance of CdTe QDs-
based nanocomposites and their possible application for ECL im-
munoassay were investigated. Two types of CdTe-based nanocompo-
sites, i.e., CdTe@SiO2 and SiO2@CdTe, were synthesized. Both their
cytotoxicity and ECL performance of CdTe@SiO2 and SiO2@CdTe were

Fig. 5. (a) The ECL intensities of the
biosensor for different concentrations
of AFP from 1 pgmL−1 to
100 ngmL−1. (b) Corresponding cali-
bration curve between the ECL in-
tensity and concentrations of AFP. (c)
The stability of the immunosensor after
storage for two weeks at an AFP con-
centration of 0.1 ngmL−1. (d)
Selectivity of the proposed im-
munosensor when employed with TNF-
α (10 ngmL−1); CEA (10 ngmL−1);
TNF-α (10 ngmL−1) +AFP
(10 ngmL−1); CEA (10 ngmL−1)
+AFP (10 ngmL−1); and AFP
(10 ngmL−1). Error bars: SD, n= 5.
The detection was performed in 0.1M
PBS (pH 7.4) containing 0.1M K2S2O8

and 0.1M KCl with 800 V PMT at a
scan rate of 100mV s−1.

Table 1
Comparison of previously reported detection methods for AFP.

No. Modification method Linear range (ng mL−1) Detection limit (pg mL−1) Reference

1 Electrochemical immunoassay 0.05–30 5 (Zhao et al., 2013)
2 Electrochemical immunoassay 0.025–15 12 (J. Li et al., 2017)
3 Piezoelectric immunoassay 0.02–4.0 10 (Tang et al., 2010)
4 Fluoroimmunoassay 0.1–750 80 (Hou et al., 2013)
5 Aptamer sensor 0.001–10 0.3 (Zhao et al., 2018)
6 Photoelectrochemical immunoassay 0.05–100 40 (X. Chen et al., 2017)
7 Aptamer-induced fluorescence assay 0.5–60 160 (Xu et al., 2017)
8 Immunosensor 0.05–6 20 (Du et al., 2010)
9 LA-ICPMS 1–500 200 (Hu et al., 2007)
10 Enzyme-linked immunosorbent assay 0.1–11.2 40 (Zhu et al., 2018)
11 Electrochemiluminescence 0.001–100 0.22 This work

LA-ICPMS: Laser ablation inductively coupled plasma mass spectrometry.
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assessed. By forming composites with SiO2 nanoparticles, the cyto-
toxicity of both nanomaterials substantially decreased, while the ECL
efficiency adequately increased. More importantly, CdTe@SiO2 ex-
hibited much lower cell cytotoxicity due to the inert nature and high
biocompatibility of SiO2 coating on CdTe QDs. Moreover, CdTe@SiO2

showed 80% enhancement of ECL intensity compared to that of CdTe,
while SiO2@CdTe only exhibited 12.2% ECL enhancement. The much
more enhanced ECL performance of CdTe@SiO2 could be attributed to
its large surface area, high CdTe loading, and sufficient bonding sites
for biomolecules conjugation. As a result, CdTe@SiO2 was selected as
an ECL emitter for the construction of immunosensor. Taking as the
detection of AFP as an example, the as-obtained ECL immunosensor
showed superior performance compared to those using other strategies.
This work may substantially pave the way for the applications of CdTe-
based nanomaterials for bioanalysis in clinical diagnosis.
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