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ABSTRACT: Luminescent semiconducting polymer dots
(Pdots) have attracted intense attention in the field of
electrochemiluminescence (ECL) due to their nontoxic
features. For utilizing the nontoxic Pdots to achieve sensitive
ECL bioimaging detection, this work studied the ECL
behaviors of poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-(1-cya-
novinylene-1,4-phenylene)] (CN-PPV) Pdots in aqueous
solution, which introduced an electron-withdrawing cyano
group to p-phenylenevinylene for enhancing the luminescent
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efficiency. The CN-PPV Pdots could be both electrochemically oxidized to a positively charged state and electrochemically
reduced to a negatively charged state, which led to annihilation of ECL emission. The order of oxidation and reduction greatly
influenced the annihilation behavior. In the presence of tri-n-propylamine (TPrA) or S,04>" as a coreactant, the CN-PPV Pdots
showed strong band gap ECL emission at 602 nm, which followed two different routes and gave ECL efficiencies of 11.22% and
1.84% (vs Ru(bpy);”*/TPrA), respectively. The high ECL efficiency allowed CN-PPV Pdots/TPrA system for ECL imaging
analysis. As a proof-of-methodology, an ECL imaging method was designed via the chelating interaction of metal ions and Pdots
to achieve high selectivity. The proposed ECL imaging chip-based sensor exhibited excellent analytical performance for Fe* with
a wide linear range from 100 pM to 100 #M and a detection limit of 67 pM. Compared with the ECL methods based on the
direct intensity measurement, the developed ECL imaging method possesses the advantages of simplicity, rapid, and high-
throughput and has application potential in monitoring water and food quality.

lectrochemiluminescence (ECL) is an electrochemically

triggered energy-relaxation process involving electron
transfer to form excited states that emit photons.l_5 Currently,
ECL luminophores are divided into three categories: inorganic,
organic, and semiconductor nanoparticle systems.” Compared
with the first two systems, semiconductor nanoparticles,
especially quantum dots (QDs), have been widely used in
bioanalysis because of their excellent dimensional controll-
ability, surface-trap luminescence, and photostability.” How-
ever, the presence of heavy metal toxic elements in most QDs,
such as CdS,® CdSe,” CdSe/ZnSe,"® and PbS QDs,'""* limits
their biosensing application. Therefore, it is particularly
important to develop a novel ECL nanoemitter with good
biocompatibility and high ECL efficiency.'”'*

In recent years, semiconductor polymer dots (Pdots) as a
kind of new luminescent nanomaterial'>~>° have been widely
used in biosensing,”"** in vivo imagng,u’24 drug and gene
delivery,”*° single particle tracing,””*® and super-resolution
imaging.”” Pdots exhibit excellent optical properties, including
extraordinary fluorescence brightness, ultrafast emission rate,
and good photostability. Moreover, Pdots show good
biocompatibility and tunable optical properties through
changing of monomer and easy functionalization.'® Thus, the
ECL behaviors of various Pdots prepared with silole-containing
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polymer (SCP),** poly(9,9-dioctylfluorene-co-benzothiadia-
zole) (PEBT),”" poly(9,9-dioctylfluorenyl-2,7-diyl) (PFO),**
poly[2-methoxy-S-(2-ethylhexyloxy)-1,4-phenylenevinylene]
(MEH-PPV),** and poly[(9,9-di(2-ethylhexyl)-9H-fluorene-
2,7-vinylene)-co-(1-methoxy-4-(2-ethylhe-xyloxy)-2,5-phenyle-
nevinylene)] (PFV)** has been reported. Some of these Pdots
have even been used for ECL biosensing.w"?’2 However, owing
to the low ECL efficiency compared to the most frequently
inorganic emitters such as Ru(bpy),**, these Pdots have not
been used for the development of ECL imaging technology yet.
To utilize the nontoxic Pdots to achieve sensitive ECL
detection and bioimaging, this work studied the ECL behaviors
of poly[2-methoxy-S-(2-ethylhexyloxy)-1,4-(1-cyanovinylene-
1,4-phenylene)] (CN-PPV, see Figure S1 for molecular
structures) Pdots in aqueous solution, which introduced an
electron-withdrawing cyano group to the p-phenylenevinylene
moiety of MEH-PPV for increasing the electron affinity of the
polymer and thus enhancing the luminescent efficiency and had
already showed the increased fluorescence quantum efficiency
(~60%)>° and 0.68 eV higher ionization potential than those of
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MEH-PPV.*® The high luminescent efficiency led to strong
annihilation ECL emission and sensitive band gap ECL
emission in the presence of coreactant, which provided a
novel highly efficient emitter for the development of ECL
imaging technology.

As a proof-of-methodology, the ECL imaging method could
be designed via the chelating interaction of metal ions and the
highly luminescent CN-PPV Pdots to achieve the high
selectivity using iron(III) cation as a target. As is well-known,
iron is the most abundant transition metal in the human body
and plays a critical role in various biological process, includin
metabolism, DNA synthesis, and signal transduction.”
Disruption of iron homeostasis has been linked to disorders
such as anemia and hemochromatosis,®” and excessive iron can
cause cancer and neurodegenerative diseases.”® On the basis of
the stable and highly efficient ECL emission of the CN-PPV
Pdots/tri-n-propylamine (TPrA) system, the proposed ECL
imaging method could detect iron(III) in a wide concentration
range up to 100 yM and showed a detection limit of 67 pM,
which could be used for monitoring of iron ion in water
according to the limit of 0.3 mg L™ (5.37 uM), the drinking
water standards and health advisories revised by the U.S.
Environmental Protection Agency (EPA).39 Because of its
simplicity, rapidity, and high-throughput, the ECL imaging
method has significant potential in the analysis of metal ions for
monitoring water and food quality.

B EXPERIMENTAL SECTION

Materials and Reagents. Poly(styrene-co-maleic anhy-
dride) (PSMA) (average M,: 1700) was purchased from Sigma-
Aldrich Co., Ltd. (Shanghai, China). CN-PPV (M,,: 353000,
polydispersity: 9.4) was obtained from American Dye Source,
Inc. (Quebec, Canada). Carbon crystal paste was purchased
from Shanghai Electronic Technology Co., Ltd. Poly Long
(Shanghai, China), which was made of superfine carbon
powder and low-temperature setting thermoplastic resin. All
other reagents were of analytical grade and used as received.
Ultrapure water obtained from a Millipore water purification
system (>18 MQ cm™, Milli-Q, Millipore) was used in all
assays. The ECL measurements were conducted in 0.1 M pH
7.4 PBS containing 0.1 M KNOj as the electrolyte.

Apparatus. Transmission electron microscopic (TEM)
images were acquired on a JEM-2100 transmission electron
microscope (JEOL Ltd., Japan). The TEM samples were
prepared by dipping an ultrathin carbon film into S0 pg mL™
of CN-PPV Pdots solution followed by drying in a desiccator.
UV—vis absorption spectra were obtained using a Nanodrop-
2000C UV—vis spectrophotometer (Thermo, USA). Fluores-
cence measurements were conducted on an F-7000 fluo-
rescence spectrometer (Hitachi Co., Japan) equipped with a
xenon lamp.

ECL experiments were taken using a self-made cell on an
MPI-A multifunctional electrochemical and chemiluminescent
analytical system (Xi'an Remex Analytical Instrument Co., Ltd.
China) with modified glassy carbon electrode (GCE, S mm in
diameter) as working electrode, platinum wire as counter
electrode, and Ag/AgCl electrode (saturated KCI) as the
reference electrode. ECL imaging was carried out in a self-build
multicolor ECL imaging system equipped with a Retiga R6
color scientific CCD camera (QImaging, Canada) and focus
lens (EF 50 mm f/1.2L USM, Canon). The distance between
the lens and the ECL chip was adjusted by a mechanical stage.
The ECL images were collected by applying a constant
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potential with a CHI 630B electrochemical workstation (CH
Instruments, Shanghai) in a dark box. The ECL spectra were
carried out in a CHI 660B electrochemical workstation in
conjunction with an F-7000 fluorescence spectrometer using
luminescence mode under the closed shutter.

Preparation of CN-PPV Pdots. CN-PPV Pdots were
prepared through the nanoprecipitation method by using CN-
PPV as a luminescent-conjugated polymer and PSMA as
carboxyl-functionalized copolymer.”® The hydrophobic poly-
styrene units of PSMA were crimped into the interior of Pdots,
and the maleic anhydride units of PMSA were hydrolyzed in
water to form carbonxyl groups on the Pdot surface. In brief, 1
mg mL™" of stock solutions of CN-PPV and PSMA in THF
were first prepared to obtain the mixture of 50 ug mL™" of CN-
PPV and 10 ug mL™' of PSMA. After the mixture was
ultrasonically degassed for 20 min at room temperature
(Elmasonic P30H, Germany), 2 mL of the mixture was quickly
added to 10 mL of water in a bath sonicator (120 W, 37 kHz)
for 3 min. The solvent THF was then removed by rotary
evaporation under a vacuum followed by filtration through a
0.22 pum poly(ether sulfone) (PES) syringe filter (Millex-GP
Filter, Millipore). The carboxyl CN-PPV Pdots were clear and
stable for months without obvious aggregation.

Preparation of CN-PPV Pdot-Modified GCE and ECL
Characterization. The CN-PPV Pdot-modified GCE was
prepared by casting 20 uL of SO ug mL™" of CN-PPV Pdots
solution on a clean GCE and dried at room temperature. The
ECL window was placed in front of the photomultiplier tube
(PMT, detection range: 300—650 nm). The PMT was set at
600 V for annihilation ECL and 400 V for coreactant ECL. The
annihilation ECL curves were obtained by cyclic voltammetric
sweep between —1.4 and +1.6 V or multipotential steps at —1.3
V for 1 s and +1.4 V for 1 s with different orders in 0.1 M pH
7.4 PBS. Unless specifically noted, the scan rate was 100 mV
sh

Preparation of CN-PPV Pdot-Modified Carbon Elec-
trode. The ECL spectra were collected, and ECL imaging was
performed on homemade carbon electrodes. The carbon
electrode was prepared by spin-coating the carbon crystal
paste on indium tin oxide (ITO) at 4000 rpm for 10 s and
drying at 60 °C. The CN-PPV Pdot-modified carbon electrode
was prepared for collecting the ECL spectra by casting 20 uL of
50 ug mL™" of CN-PPV Pdot solution on the carbon surface
and dried at room temperature. The ECL imaging chip (25 X
25 mm) was constructed by pasting a layer of sticker with 3 X 4
well array (diameter: 2 mm, depth: 1 mm) on the carbon
surface and a rubber ring on the sticker to fix a platinum wire
and a Ag/AgCl wire as the counter and reference electrodes
(Figure S2). The wells were then modified by casting different
mixtures containing CN-PPV Pdots and dried at room
temperature.

ECL Quantum Efficiency. The ECL quantum efficiency is
defined as the number ratio of emitted photons to annihilated
radical luminophores. Because of the experimental difficulty in
measuring the absolute efficiency, relative ECL efficiency is
usually calculated using the equation™

Dy, = P (1/Q)/(1°/Q°) (1)

where @ and @ are the ECL efficiency, I and I° are the
integrated ECL intensities (integrating ECL spectrum vs
wavelength), and Q and Q° are the consumed charges
(integrating current vs time) of the sample and standard,
respectively. Here, the ECL spectrum of 1 mM Ru(bpy);**-
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Figure 1. (A) TEM image and (B) size distribution of CN-PPV Pdots. (C) UV—vis absorption and (D) fluorescence spectra of CN-PPV in THF
and CN-PPV Pdots in H,O. The excitation wavelengths for CN-PPV and CN-PPV Pdots are 445 and 494 nm, respectively. (D, inset) Photograph of
CN-PPV in THF (left) and CN-PPV Pdots in water (right) under UV irradiation at 365 nm.
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Figure 2. (A) CV and (B) ECL curves of bare (a) and CN-PPV Pdot-modified (b, c) GCE in nitrogen-saturated 0.1 M pH 7.4 PBS from 0 to —1.4
to +1.6 V (b) and 0 to +1.6 to —1.4 V (c) at 100 mV s™". (C,D) ECL transients of CN-PPV Pdot-modified GCE in the nitrogen-saturated 0.1 M pH
7.4 PBS by multipotential steps of 1 s at —1.3 and then +1.4 V (C) and +1.4 and then —1.3 V (D). PMT: 600 V.

modified carbon electrode with the ®°;; value of 1 was used
as the standard, which was obtained by applying a constant
potential of +1.2 V in 0.1 M pH 7.4 PBS containing 0.1 M
TPrA for 9 s. The anodic and cathodic ECL spectra of CN-PPV
Pdot-modified carbon electrode were recorded in 0.1 M pH 7.4
PBS containing 0.1 M TPrA or S,04°" as coreactant at +1.4 V
and —1.3 V for 9 s, respectively.

1204

ECL Imaging Detection of Iron lon. The quenching
effects of 11 kinds of metal ions on ECL emission of CN-PPV
Pdots were investigated by mixing S g mL ™" of CN-PPV Pdots
with 1 mM metal ions, such as Cu?*, Ca*’, Mn**, Mg*', Fe*,
AI*, Pb**, Zn*", Ag*, Cd**, and Fe*’, or various concentrations
of Fe** in aqueous solution, and then dropping 2 uL of these
mixed solutions into the exposed wells of the ECL chip to be
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Figure 3. (A,C) CV and (B,D) ECL curves of bare (a) and CN-PPV Pdot-modified (b,c) GCE in 0.1 M pH 7.4 PBS in the absence (b) and presence
(a,c) of (A,B) 10 mM TPrA as anodic coreactant or (C,D) 10 mM S,04> as cathodic coreactant. Scan rate: 100 mV s™*. PMT: 400 V.

dried at 60 °C, respectively. The ECL imaging detection was
carried out in 0.1 M pH 7.4 PBS containing 30 mM TPrA
solution.

B RESULTS AND DISCUSSION

Characterization of CN-PPV Pdots. The carboxyl CN-
PPV Pdots were prepared with CN-PPV and PSMA polymers
by nanoprecipitation method. PSMA polymer brought about
the carboxyl groups on the Pdot surface by hydrolysis of maleic
anhydride.”> The TEM image of the CN-PPV Pdots showed an
essential spherical morphology and monodisperse feature with
a relatively narrow Gauss size distribution ranging from 15 to
30 nm and an average diameter of 22.3 nm (Figure 1). The
UV—vis absorption spectrum of CN-PPV Pdots solution
showed two absorption peaks at 347 and 494 nm, which
exhibited significant red-shift as compared to those of CN-PPV
in THF (Figure 1C). The fluorescence spectrum of the CN-
PPV Pdot solution showed an emission peak at 600 nm, which
also exhibited an obvious red-shift by 60 nm compared with
that of CN-PPV in THF (Figure 1D). Under UV lamp
illumination at 365 nm, the CN-PPV Pdots in water emitted
reddish-brown fluorescence, whereas CN-PPV in THF emitted
bright yellow fluorescence (inset in Figure 1D). The red-shift
could be attributed to the increasing interchain interaction due
to the chain collapse.'®

Annihilation ECL Behaviors of CN-PPV Pdots. In the
nitrogen-saturated 0.1 M pH 7.4 PBS, the cyclic voltammogram
of bare GCE did not show an obvious response, whereas the
CN-PPV Pdot-modified electrode showed an irreversible
anodic peak at +1.0 V and higher reduction current than bare
GCE at potentials more negative than —0.9 V (Figure 24,
curves a and b), indicating the oxidation or reduction of CN-
PPV Pdots through injecting the holes or electrons into the
CN-PPV Pdots, which led to a strong annihilation ECL
emission in the anodic region with an ECL peak at +1.4 V and a
relatively weak annihilation ECL emission in the cathodic
region with a peak at —1.25 V (Figure 2B, curve b). However,
these phenomena were only observed when the potential was
scanned cathodically from 0 to —1.4 V and then anodically
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from —1.4 to +1.6 V, and the cathodic ECL emission was
undetectable when the potential was first scanned from 0 to
+1.6 V and then to —1.4 V (Figure 2B, curve c), indicating
more stable electroreduced forms of Pdots.”

The annihilation ECL activity and relative stability of the free
radicals were further studied with ECL transient technology by
alternately switching the electrode potential at +1.4 and —=1.3 V
for 1 s to achieve the oxidation and reduction of CN-PPV
Pdots, respectively. When the potential started at —1.3 V and
alternately stepped from —1.3 and +1.4 V, no ECL emission
was observed at —1.3 V, and an obvious sharp and intensive
ECL emission was generated following the annihilation
mechanism (eqs 2—S5) (Figure 2C). The ECL emission quickly
decreased at +1.4 V and showed very low intensity in the
followed potential steps from —1.3 and +1.4 V. These
phenomena confirmed the stable reduced form of CN-PPV
Pdots.

Pdots (film) + ¢~ — Pdotso®™ (film) (2)
Pdots (film) — e~ — Pdotso®™ (film) (3)
Pdots*™ (film) — Pdots®~ (film) — Pdotso™ (film)  (4)
Pdots™ (film) — Pdots (film) + hv (s)

On the contrary, when the potential started at +1.4 V and
alternately stepped from +1.4 V and —1.3 V, an intensive ECL
emission with relatively lower intensity could be observed at the
starting potential (Figure 2D), which was called preannihilation
process and also observed in the study of CdSe nanocrystals in
organic solution.” This might be due to the reaction of the
oxidative state of CN-PPV Pdots with the trace amount of OH™
in water acting as an electron donor to produce light
emission.’’ In the followed stepping from +1.4 V and —1.3
V, no ECL emission was observed, and the ECL emission
occurred again at the stepping from —1.3 V and +1.4 V, further
demonstrating the stable reduced form.

Coreactant ECL Behaviors of CN-PPV Pdots. In the
presence of TPrA, strong anodic ECL emission of CN-PPV
Pdot-modified GCE could be detected at +1.46 V in 0.1 M pH
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7.4 PBS with a PMT set voltage of 400 V along with an
irreversible oxidation peak of TPrA at +1.17 V (Figure 3A and
B, curve c). The small ECL emission at +1.35 V in the absence
of TPrA (Figure 3B, curve b) could be attributed to the
annihilation ECL due to the trace amount of OH™ as electron
donor in water,”® whereas the much stronger anodic ECL peak
(Figure 3B, curve c) resulted from the coreactant ECL
emission. The ECL intensity of the CN-PPV Pdots/TPrA
system was 11.3-times higher than that in the absence of TPrA.
The oxidation of TPrA produced a strong reducing agent,
TPrA®, which injected electrons into the oxidized CN-PPV
Pdots, Pdots*®", to produce the excited state Pdots*. The anodic
ECL mechanism was proposed as eqs 6—10)

Pdots—e~ — Pdots®" (6)
TPrA—e” — TPrAH®* (7)
TPrAH** — HY — TPrA (8)
Pdots** + TPrA® — Pdots™ + PL,N*HC=CH,CH; (9)
Pdots® — Pdots + hv (10)

The CN-PPV Pdot-modified GCE also showed an obvious
cathodic ECL emission at —1.38 V in the presence of $,04>” as
cathodic coreactant along with the reduction of $,04> (Figure

1206

3C and D). No ECL could be observed at bare GCE or in the
absence of S,04’" (Figure 3D, curves a and b). The cathodic
response of 10 mM S,0¢*” at CN-PPV Pdot-modified GCE
was almost the same as that observed at bare GCE (Figure 3C,
curves a and c). The corresponding ECL mechanism of CN-
PPV Pdots/S,04*” system could be described as

Pdots + ¢~ — Pdots®~ (11)
$,0,°" + e — SO,"” + SO,>” (12)
Pdots®™ + SO, — Pdots™ + SO,*~ (13)
Pdots™ — Pdots + hv (14)

ECL Efficiency. The ECL spectrum of the CN-PPV Pdot-
modified carbon electrode at +1.4 V in 0.1 M pH 7.4 PBS
containing TPrA showed a peak at the wavelength of 602 nm
(Figure 4A), which was consistent with the fluorescence
emission peak of CN-PPV Pdots in H,O (600 nm, Figure 1D),
indicating the same excited species (eq 10). Thus, the ECL
emission originated from the band gap emission of CN-PPV
Pdots. Because of the same excited species in both annihilation
and coreactant ECL emission, the ECL band gap could be
estimated from the onset potentials of anodic and cathodic
annihilation ECL emission at +1.1 and —1.08 V to be 2.08 eV

DOI: 10.1021/acs.analchem.7b03821
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(Figure 2B, red curve), which was consistent with the optical
band gap of 2.07 eV. The latter was obtained from the equation
Eg (eV) = 1239.8/4 (nm) and the wavelength of 600 nm
(Figure 1D, red curve).

Similarly, the cathodic ECL emission of the CN-PPV Pdot-
modified carbon electrode in the presence of S,04*~ occurred
at the wavelength ranging from 550 to 650 nm (Figure 4B),
which showed two split peaks, and the anodic ECL emission
peak of the Ru(bpy);**/TPrA system occurred at 609 nm
(Figure S3). From eq 1, the integrated ECL intensities and
consumed charges, the relative ECL efliciency of CN-PPV
Pdots/TPrA system, and CN-PPV Pdots/S,04*” system were
calculated to be 11.22% and 1.84% (vs Ru(bpy);>*/TPrA). The
former was 8.63-times higher than that of 1.3% for the PFV
Pdots/TPrA system.”* The highly efficient ECL emission of the
CN-PPV Pdot-modified carbon electrode in the presence of
TPrA allowed its potential application in ECL imaging analysis.

ECL Imaging Detection of Iron lon. The cyano group in
CN-PPV and carboxyl in PSMA could be used as selective
coordination groups of metal ions for chelating interaction of
the CN-PPV Pdots and metal ions, which changed the ECL
response to provide a signal switch for detection of metal ions.
From the results described above, the CN-PPV Pdots showed
both strong annihilation ECL in nitrogen-saturated solution
and coreactant-based ECL emission in the presence of TPrA as
anodic or $,04” as cathodic coreactant. Considering the need
for nitrogen-saturated detection solution for obtaining
annihilation ECL (Figure 2B), the quick attenuation of anodic
annihilation ECL at +1.4 V (Figure 2C), which was adverse for
imaging analysis, and 11.3-times higher ECL intensity of CN-
PPV Pdots/TPrA system than anodic annihilation ECL (Figure
3B), the coreactant-based CN-PPV Pdots/TPrA system with
high ECL efficiency was used for obtaining the high-quality
ECL image for imaging analysis.

After the mixtures of CN-PPV Pdots and metal ions were
coated on each exposed carbon well of the chip, respectively,
the ECL images of these metal ions were conducted in 0.1 M
pH 7.4 PBS containing 10 mM TPrA. As shown in Figure SA,
the reddish-brown ECL emission of CN-PPV Pdots could be
quenched by Fe®*, Pb**, Zn>, Ag', and Fe’’, whereas other
metal ions such as Cu**, Ca®, Mn*, Mg**, and Cd** did not
show an obvious effect on the ECL emission of CN-PPV Pdots.
This quenching phenomenon was different from the
aggregation-induced fluorescence quenching of carboxyl
PFBT Pdots by both Cu®* and Fe®* due to the chelating
interactions between carboxyl groups on the Pdot surface and
metal ions.”’ Here, the strong chelating ability of the cyano
group in CN-PPV with metal ions, such as Fe*" and Fe** with
cumulative stability constants of 35 and 42, respectively,” led
to the electron-transfer quenching from the electrogenerated
Pdots* to the chelated metal ions.”> The quenching efficiency
of Fe*" was the maximum among these ions at the same
concentration. At the concentration of 1 mM, the quenching
efficiency was 83%, which gradually decreased with the decrease
of Fe®" concentration (Figure 5B and C), and showed a linear
relationship between (I, — I)/I, and the logarithm of Fe®"
concentration ranging from 100 pM to 100 uM with the
correlation coefficient R of 0.997 (Figure SD), where I, and I
were the ECL intensities in the absence or presence of Fe*" at a
given concentration. The regression equation was (I, - D)/1, =
0.589 X log C (Fe®") + 0.115. The limit of detection was 67 pM
at a signal-to-noise ratio of 3, which was significantly lower than
that of Pdot-based fluorescence sensors."" Obviously, the
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relatively weaker quenching efficiencies of Pb**, Zn®', Ag’,
and Fe?" might interfere with the detection of Fe*". However,
these interfering ions could be first covered for practical ECL
imaging application by adding general masking agents in the
mixture. The addition of ethylenediaminetetraacetic acid
(EDTA) could almost completely recover the ECL quenched
by Pb*, Zn>*, Ag®, and Fe’" due to the strong chelating effect
of EDTA (Figure S4). Thus, this ECL chip-based imaging
detection method not only possessed high sensitivity and wide
detectable concentration range but also could achieve rapid and
high-throughput analysis of Fe’* ion, which extended the ECL
application of Pdots.

B CONCLUSIONS

This work systematically studies the ECL behaviors of Pdots in
aqueous solution, including the annihilation and coreactant
ECL emission, which possesses the same excited species as the
photoluminescence. The introduction of electron-withdrawing
cyano group to p-phenylenevinylene moiety of MEH-PPV
efficiently increases the luminescent efficiency and enhances the
ECL intensity. A strong annihilation ECL emission is observed
in the anodic region due to the relatively stable electroreduced
forms of Pdots. The much stronger ECL emission can be
obtained in the presence of TPrA or S,04*” as anodic or
cathodic coreactant, indicating a new emitter for ECL imaging
analysis. Thus, an ECL imaging method has been designed via
the chelating interaction of metal ions and Pdots to achieve the
selectivity analysis, which exhibits excellent analytical perform-
ance with high sensitivity and a wide detectable concentration
range. Compared with the traditional ECL analysis, this ECL
imaging method features the advantages of simplicity, rapidity,
and high-throughput and thus extends the ECL application of
Pdots.
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