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The unique strategy for electrochemiluminescence (ECL) sensor based on the quantum dots (QDs) oxidation
in aqueous solution to detect amines is proposed for the first time. Actually, there existed two QDs ECL
peaks in anhydrous solution, one at high positive potential and another at high negative potential. However,
here we introduced the QDs oxidation ECL in aqueous solution to fabricate a novel ECL sensor. Such sensor
needed only lower positive potential to produce ECL, which could prevent the interferences resulted from
high potential as that of QDs reduction ECL in aqueous solution. Therefore, the present work not only extended
the QDs oxidation ECL application field from anhydrous to aqueous solution but also enriched the variety of
ECL system in aqueous solution. Furthermore, we investigated the QDs oxidation ECL toward different kinds
of amines, and found that both aliphatic alkyl and hydroxy groups could lead to the enhancement of ECL
intensity. Among these amines, 2-(dibutylamino)ethanol (DBAE) is the most effective one, and accordingly,
the first ECL sensing application of the QDs oxidation ECL toward DBAE is developed; the as-prepared
ECL sensor shows wide linear range, high sensitivity, and good stability.

Introduction

Semiconductor nanocrystals (NCs), often referred to as
quantum dots (QDs), have attracted extensive interest because
of their variety of size- and shape-dependent optical and
electrical properties.1-5 QDs can be utilized as an emitting
material in light-emitting diode and display devices.6,7 The color
emission can be tuned by size variation without altering their
chemical properties.8,9. High fluorescence quantum yields are
achieved by introducing defects on the surface of the QDs.10,11

Moreover, electrochemical methods of characterizing semicon-
ductor NCs can often complement the optical methods that are
usually employed. While absorption and fluorescence spec-
troscopies mainly probe the interior of the particle and provide
information about the electronic transitions (band gap) of the
material, electrochemistry predominately probes the particle
surface.12

Electrochemiluminescence (ECL), the production of light
from electrochemically generated reagents, has been paid
considerable attention during the past several decades due to
its versatility, simplified optical setup, very low background
signal, and good temporal and spatial control.13 Many chemi-
luminescent reagents were applied in ECL reactions, such as
luminol,polyaromatichydrocarbons(PAH),andmetalcomplexes.14-16

Recently, more people began to be aware of the potential
application of QDs in ECL field. Bard’s group found that QDs
could be oxidized and reduced during the potential cycling or
pulsing. Light emission occurs when electrogenerated reduced
species (R•-) are in collision with the oxidized species (R•+) in
an annihilation process that produces excited states (R*).17-20

These works were carried out in nonaqueous media, since the
potential window for the electrochemical oxidation and reduction
of water is simply too small to conveniently generate these two
species (i.e., the radical anions and cations) needed for an-
nihilation ECL.

An alternative approach to generate QDs ECL is through the
use of a coreactant. The purpose of the coreactant in ECL is to
overcome either the limited potential window of a solvent or
the poor stability of radical anions or cations.21 Thereafter, ECL
emission can be generated by a single direction potential sweep
with the addition of coreactant. For example, the oxidation of
oxalate produces a strong reducing agent, CO2

•-, which can
then react with the radical cation R•+ to emit light. Similarly,
the reduction of peroxydisulfate releases a strong oxidizing agent
SO4

•-, which can interact with the radical anion R•-, and finally
leads to ECL signal.17 The electron-transfer reaction between
electrochemically formed QDs and coreactants implies that QDs
have great potential for development of ECL sensors. According
to this principle, a novel kind of QDs ECL sensor was developed
to detect the concentration of H2O2 in aqueous solution.22-24

The prepared ECL sensor shows high sensitivity, good stability,
and reproducibility, indicating QDs could be a new and
promising material for ECL application. In their work, QDs are
first reduced to R•- and then reacted with H2O2 to emit light.
However, in order to produce R•-, the potential has to be
scanned to as negative as-1.5 V, at which water began to
electrolyze. The produced bubbles could absorb onto the
electrode surface and might impact the results to a certain extent.

Here, for the first time, the novel strategy for ECL sensor
based on the CdTe NCs oxidation in aqueous solution to detect
2-(dibutylamino)ethanol (DBAE) has been proposed. Moreover,
such sensor could be sensitively functioned at lower positive
potential not exceeding 1.0 V, avoiding the interferences from* Corresponding author.

R* f R + hν (b)

R•- + R•+ f R* + R (a)

4451J. Phys. Chem. C2008,112,4451-4454

10.1021/jp7097944 CCC: $40.75 © 2008 American Chemical Society
Published on Web 02/29/2008

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by CiteSeerX

https://core.ac.uk/display/357571104?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


high potential either positive or negative. Once the DBAE is
introduced into the solution, a great enhancement of ECL signal
was observed at 0.9 V, and the ECL enhancement has good
linear relationship with the concentration of DBAE in solution.

Experimental Section

Materials. Mercaptosuccinic acid and tripropylamine were
purchased from Aldrich. DBAE was obtained from Sigma.
Sodium borohydride was purchased from Acros. Na2TeO3 was
brought from Germany. Cadmium chloride, trisodium citrate
dihydrate, diethylamine, triethylamine, ethanolamine, and tri-
ethanolamine were bought from Beijing Reagent Company. All
other chemicals were of analytical grade, and the aqueous
solutions were prepared with doubly distilled water.

Apparatus. Cyclic voltammetric experiments were performed
with a CH Instruments 832 voltammetric analyzer. All experi-
ments were carried out with a conventional three-electrode
system. Glassy carbon electrode, platinum wire, and Ag/AgCl
(saturated KCl) were used as working electrode, counter
electrode, and reference electrode, respectively. The ECL signal
produced in the electrolytic cell was detected and recorded by
a flow injection chemiluminescence analyzer (IFFD, Xi an
Remax Electronic Science Tech. Co. Ltd.), and the photomul-
tiplier tube was biased at 900 V.

UV-vis spectra were recorded using a Cary 50 Scan UV-
vis spectrophotometer (Varian). Emission spectra data were
obtained from a LS 55 luminescence spectrometer (Perkin-
Elmer, U.K.) at room-temperature, and the excitation wavelength
was selected at 400 nm.

Preparation of CdTe NCs. CdTe NCs were prepared
according to the reported method.25 In a typical synthesis,
cadmium chloride (CdCl2, 0.04 M, 4 mL) was diluted to 50
mL in a one-necked flask, and trisodium citrate dihydrate (100
mg), Na2TeO3 (0.01 M, 1 mL), mercaptosuccinic acid (50 mg),
and sodium borohydride (NaBH4, 100 mg) were added with
stirring. When the color of the solution changed to green, the
flask was attached to a condenser and refluxed under open-air
conditions for 5 h. The resulting CdTe NCs were washed with
ethanol and separated by centrifugation. Finally, the prepared
CdTe NCs were dispersed in the water.

Results and Discussion

Characterization of CdTe NCs. Figure 1 shows typical
absorption and photoluminescence (PL) spectra of CdTe NCs
aqueous solution. The sharp UV and PL peaks indicate a highly
monodisperse sample. The band gap from the absorption peak

is 2.2 eV (571 nm) and is shifted to higher energy from the
band gap of bulk CdTe (1.5 eV), representing the quantum size
effect of the nanoparticles.26 A particle size of 3.4 nm is
estimated from this spectrum, based on the first absorption peak

Figure 1. Absorption (A) and photoluminescence (B) spectra of the
as-prepared CdTe NCs. Excitation wavelength: 400 nm.

Figure 2. (A) CV and (B) ECL of (a) CdTe NCs in PBS (pH 7.5), (b)
1.5 × 10-4 M DBAE added to (a). Scan rate: 100 mV/s.

Figure 3. ECL intensities of CdTe NCs with different kinds of amines
with the same concentration of 3 mM. (1) diethylamine, (2) triethy-
lamine, (3) tripropylamine, (4) DBAE, (5) triethanolamine, (6) etha-
nolamine, measured in 0.1 M PBS (pH 7.5) and the potential was
scanned from 0 to 1.0 V.
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wavelength.27 Furthermore, the PL of CdTe NCs exhibits a peak
at 598 nm when excited at 400 nm.

Electrochemistry and ECL of CdTe NCs. In CdTe NCs
phosphate buffer solution (PBS), a scan between 0 and 1 V is
featureless as shown in Figure 2A. However, ECL shows a
distinct signal around 0.9 V as demonstrated in Figure 2B. Once
1.5 × 10-4 M DBAE is introduced into the solution, an
irreversible anodic peak is emerged around 0.87 V, which could
be attributed to the oxidation of DBAE. Meanwhile, the
corresponding ECL increases greatly. The onset of luminescence
occurs near 0.8 V, and then the ECL intensity rises up steeply
from 0.8 V until it reaches a maximum near 0.9 V.

However, in previous study of CdTe NCs annihilation process
in anhydrous solution, when potential is scanned between-2.46
and 1.5 V, ECL response was not observed at positive potential
region, although there existed a significant ECL signal around
-1.85 V.20 Surprisingly, here, the ECL signal of CdTe NCs
occurring at 0.9 V in aqueous PBS is found. When DBAE is
used as coreactant with the CdTe NCs system, we suppose the
reaction mechanism as the following equations:

As the electrode potential is scanned to more positive, (CdTe)NCs

are oxidized to (CdTe)NCs
•+. Concurrently, DBAE is oxidized

and then undergoes a chemical reaction generating the powerful
reducing agent DBAE•. Since the reduction potential of
(CdTe)NCs

•+ was less negative than the that of DBAE•,
(CdTe)NCs

•+ could receive electrons from DBAE• to populate
the excited state (CdTe)NCs*.28 While CdTe NCs fall from
excited state (CdTe)NCs* to ground state (CdTe)NCs, light is
emitted. Before the addition of DBAE, the presence of impurities
might act as coreactant to produce ECL signal, but during this
process, the oxidation current of CdTe NCs might be too slight
to be discernible in cyclic voltammogram (CV) (Figure 2Aa).
On the other hand, when DBAE is introduced into the system,
the oxidation current of CdTe NCs might be overshadowed by

the relatively high DBAE oxidation current (Figure 2Ab).
Furthermore, we took the control experiment to verify the ECL
is originated from CdTe NCs. When 1.5× 10-4 M DBAE is
added to the PBS (pH 7.5, without CdTe NCs), no ECL signal
occurs although there exists an irreversible anodic peak around
0.87 V, which could be attributed to the oxidation of DBAE.

Moreover, we investigated the dependence of CdTe NCs ECL
intensities on 6 coreactant amines at 1.0 V in PBS, and all of
these amines were with the same concentration of 3 mM. As
demonstrated in Figure 3, different ECL responses were emerged
toward different amines. As we proposed the reaction mecha-
nism of CdTe NCs-DBAE (eqs 2 and 3), amine is first oxidized
to produce a short-lived radical cation, and then it is deproto-
nated to form a strong reducing intermediate. This intermediate
is the source of the chemical energy to produce the excited-
state of CdTe NCs in the ECL reaction. It is reported that
electron-donating substituents attached to the nitrogen of the
amine would stabilize positive or electron-deficient radical
ions.29 Therefore, since aliphatic alkyl groups are electron
donating by an inductive effect, an increase in the number and
length of alkyl chains attached to the nitrogen atom would
enhance the stability of the radical ions and finally lead to an
increased ECL response. Hence, tertiary amines are the most
ECL active, followed by secondary and finally primary amines.
As illustrated in Figure 3, from diethylamine, triethylamine to
tripropylamine, the ECL intensity increased accordingly. Fur-
thermore, as the hydroxy group could catalyze the oxidation of
amines, when the hydroxy group was attached to the amine, its
ECL response is much higher than the corresponding amine
without hydroxy group.30

As shown in Figure 3, DBAE could most effectively enhance
the CdTe NCs ECL response, besides it is an environmental
friendly reagent.30 Therefore, we developed CdTe NCs ECL
sensor for DBAE in aqueous solution at lower potential. Each
point as shown in Figure 4 is a mean of three ECL signals
obtained by three successive measurements. It could be seen
that ECL intensity had good linearity with the DBAE concentra-
tion and the linear range was wide extending from 1.7× 10-8

to 1.5× 10-4 M (R ) 0.995) with a remarkable detection limit
(S/N ) 3) of 8 nM. Moreover, under continuously cyclic
potential scanning for 9 cycles in CdTe NCs PBS (pH 7.5)
containing 5× 10-5 M DBAE, the ECL response changes only
2.2% as demonstrated in Figure 5.

Figure 4. ECL intensities of CdTe NCs with different concentrations
of DBAE in PBS (pH 7.5) at the scan rate of 100 mV/s.

(CdTe)NCs f (CdTe)NCs
•+ + e- (1)

DBAE f DBAE•+ + e- (2)

DBAE•+ f DBAE• + H+ (3)

(CdTe)NCs
•+ + DBAE• f (CdTe)NCs* + DBAEfragments (4)

(CdTe)NCs* f (CdTe)NCs + hν (5)

Figure 5. ECL intensity of CdTe NCs in PBS (pH 7.5) containing 5
× 10-5 M DBAE under continuous cyclic voltammetry for 9 cycles
with the scan rate of 500 mV/s.
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Conclusions

In previous works, QDs ECL signals were found mainly in
anhydrous solution and required high potential both positive
and negative. In our work, we extended the application field of
QDs ECL from anhydrous solution to aqueous solution to detect
amines for the first time. The ECL signal of mercaptosuccinic
acid protected CdTe NCs emerged around 0.9 V, and the signal
responds sensitively with the existence of amines. The as-
prepared ECL sensor demonstrated a linear response extending
from 1.7× 10-8 to 1.5× 10-4 M with a remarkable detection
limit (S/N ) 3) of 8 nM toward DBAE. Furthermore, we also
studied the CdTe NCs ECL responses toward different kinds
of amines and concluded that amines with aliphatic alkyl and
hydroxy groups could lead to the enhancement of ECL intensity.
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