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Amplified electrochemiluminescence signals
promoted by the AlIE-active moiety of D—A type
polymer dots for biosensing+

Ziyu Wang,}? Ningning Wang,1° Hang Gao,? Yiwu Quan,*¢ Huangxian Ju @ *° and
Yixiang Cheng @ *2

Three-component conjugated polymers of a strong donor—acceptor (D—-A) type could be synthesized by
Pd-catalyzed Suzuki coupling polymerization reaction of 1,2-bis(4-bromophenyl)-1,2-diphenylethene
(M-1) with 9-octyl-3,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole (M-2) and 4,6-bis
((E)-4-bromostyryl)-2,2-difluoro-5-phenyl-2H-113,3,2l4-dioxaborinine (M-3). Among them, P-1 and P-2
with high TPE ratios at 0.95 and 0.9 showed obvious aggregation-induced emission (AIE) behavior; in
contrast P-3 with a low TPE ratio at 0.8 showed an aggregation-caused quenching (ACQ) phenomenon.
In particular, the three resulting polymer dots (P-1 to P-3 Pdots) exhibited a 200 mV lower electrochemi-
luminescence (ECL) potential due to their strong D—A electronic structure. Most importantly, the ECL
signals of Pdots could be enhanced as high as 3 times by increasing their AlE-active TPE moiety ratios
from 0.8 (P-3) to 0.95 (P-1) via the band gap emission process. Herein, P-1 Pdots with the strongest ECL
signal were successfully used as ECL biosensors for the detection of catechol, epinephrine and dopamine
with detection limits of 1, 7 and 3 nM, respectively. This work provides a new strategy for developing
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Introduction

AlE-active materials have attracted much attention due to their
high emission quantum efficiency in aggregate state, which
can overcome the notorious aggregation-caused quenching
(ACQ) phenomenon observed for most traditional organic
chromophores in aqueous solutions." To date, much effort has
been devoted to developing AlE-active luminogens for different
applications, such as ion detection,”> OLEDs,” circularly polar-
ized luminescent (CPL) materials,* electrofluorochromic (EFC)
materials® and so on. In particular, AlIE-active biosensors have
been regarded as one of the most important biosensors in
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highly sensitive ECL biosensors by the smart structure design of the AlE-active Pdots.

various fields.® Recently, tetraphenylethene (TPE)-based AIE-
active anti-cancer supramolecular coordination complexes as a
self-indicating drug carrier were successfully applied for doxo-
rubicin (DOX) to achieve a synergistic anticancer effect.”

As is well known, conjugated polymers with donor-acceptor
(D-A) type electronic systems exhibit tunable band gaps and
long wavelength emission via the intramolecular charge trans-
fer (ICT) process.® Nowadays, D-A type conjugated polymers
with excellent optical and electrochemical properties are being
widely used in OLEDs,” memory devices,'® solar cells,"* elec-
trochromic devices'”> and so on. Over the past ten years,
organic fluorine-boron complexes have received a considerable
amount of attention due to their excellent electron accepting
ability, high absorption coefficients, small Stokes shifts,
narrow emission bands, desirable chemical and photostability
and high fluorescence quantum yields."> As an important
member of organoboron dyes, the 2,2-difluoro-5-phenyl-4,6-
di((E)-styryl)-2H-1A3,3,204-dioxaborinine (DFPDB) group was
chosen as the chromophore and electron acceptor to construct
a series of D-A type photoelectronic materials using different
electron donor terminal groups.**

Electrochemiluminescence (ECL) can be regarded as a kind
of luminescence emission process on electrode surfaces via
the excited states formed by an exergonic electron transfer
reaction.'” Various ECL probes have been developed for their
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high sensitivity and low detection limits including luminol*®
and ruthenium(n) complexes,'”” quantum dots (QDs),'® Au
nanoclusters (AuNCs)'® and so on. Compared with traditional
ECL materials, polymer dots (Pdots) have been regarded as
one of the most promising ECL luminogens due to their low
toxicity and versatile structural modification at a well-defined
molecular level.>® Recently, more and more reports have
demonstrated that the ECL response signals of Pdots can be
greatly improved, including ECL enhancement, a low ECL
potential and highly sensitive biosensing, by incorporating an
AlE-active group into the polymer chain backbone and adjust-
ing the D-A electronic structure system.>' In our recent work,
we have reported a strategy for designing ECL materials with a
low potential and strong ECL emission via the tuning of the
D-A structure.”” To the best of our knowledge, there have been
no studies on the ECL amplification effect promoted by the
AlE-active moieties of Pdots. In this work, we further designed
and synthesized three D-A type Pdots for ECL biosensing by
changing the AIE-active TPE moiety ratios. Compared with the
model polymer Pdots without the D-A system, D-A type Pdots
showed a 200 mV lower anodic ECL potential. Most impor-
tantly, 3 times ECL amplification could be observed on
increasing the AIE-active TPE moiety from P-3 to P-1 Pdots.
Furthermore, P-1 Pdots with the strongest ECL were used as
biosensors for the detection of three catechol derivatives via
the resonance energy transfer (RET) mechanism.

Experimental

Synthesis and characterization of the monomers and polymers

The detailed synthetic routes of P-1 to P-3 and the model
polymer are outlined in Scheme 1. The AIE-active 1,2-bis(4-bro-
mophenyl)-1,2-diphenylethene monomer (M-1), the electron
donor 9-octyl-3,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

S0,

NBS WCXH”E, i’s B\ot B

c!H., n Pd(dvpf
2Cly

B ERO ,,,
Br DCM  Br
L-Proline Bzoj BlOBu ) d

K,COs, Cul

Bro,

CgHyn
y
% ?)% I N

O3S
>
. M-1 "
_oma n
CyHyrn Pd(PPhy);, K,CO3 *
M2 Reflux
Model Polymer
& 7
J
b B Br_

CH, n
M-2
EF

B

VAN
oo

~ /L\ AN
LSO T
[\ J Br

M-3

Pd(PPhy),, K;CO;
Reflux

Scheme 1 Synthetic routes to the conjugated polymer and model
polymer.
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yl)-9H-carbazole monomer (M-2) and the electron acceptor 4,6-
bis((E)-4-bromostyryl)-2,2-difluoro-5-phenyl-2H-113,3,214-dioxa-
borinine monomer (M-3) were synthesized according to pre-
vious literature studies.'®** The detailed synthesis procedures
of M-3, the model polymer and P-1 to P-3 are described in the
ESL.f Three-component polymers P-1 to P-3 and a two-com-
ponent model polymer were synthesized via the Suzuki coup-
ling polymerization reaction to give 54.3% to 60.7% yields.
The GPC data of P-1 to P-3 and the model polymer showed
that M,, = 7650 to 13 040, M,, = 5570 to 8390 and PDI = 1.11 to
1.55 (Table S1t). The relative ratios between TPE and DFPDB
moieties were 95:5 for P-1, 90:10 for P-2 and 80:20 for P-3,
respectively (Scheme 1). For P-1 to P-3, the three moieties had
different functions: (i) carbazole and DFPDB moieties formed
the D-A type electronic structure, with the carbazole moiety
acting as the electron donor and linker and the DFPDB moiety
acting as the electron acceptor and (ii) the TPE moiety acted as
the AIE-active moiety.

Preparation of conjugated polymer dots (Pdots)

The polymers (100 pg) and poly(styrene-co-maleic anhydride)
(PSMA) (10 pg) were dissolved in 2 mL THF. The solution was
added into Milli-Q water (10 mL) quickly in a bath sonicator
(120 W, 37 kHz) over 4 min. The mixture was concentrated to
2 mL by rotary evaporation under vacuum followed by filtration
through a 0.22 pm poly(ether sulfone) (PES) syringe filter
(Millex-GP Filter, Millipore) to give a 50 pg mL ™" aqueous solu-
tion of Pdots.

Electrochemical and ECL measurements

Cyclic voltammetric (CV) measurements were carried out on a
CHI 660B electrochemical workstation with a three-electrode
system containing a glassy carbon electrode (GCE) as the
working electrode, platinum wire as the counter electrode, and
an Ag/Ag' electrode (filled with 0.01 M AgNO; and 0.1 M
Bu,NBF,) as the reference electrode. The CV curves were
measured in 50 pg mL™" P-1 to P-3, model polymer and 1 mM
corresponding monomers in CH,Cl, with 0.1 M Bu,NBF, as the
electrolyte, using ferrocene (Fc) as the internal potential stan-
dard that had a half-wave potential of 0.12 V versus Ag/Ag".
Before each measurement, the solution was deoxygenated with
nitrogen for 20 min, and the GCE electrodes were polished with
0.3-0.05 pm alumina slurry (Gaoss Union, Wuhan) and soni-
cated in water, ethanol and water, respectively, and then rinsed
thoroughly with ultrapure water and dried under nitrogen flow.
ECL experiments were performed on an MPI-E multifunc-
tional electrochemical and chemiluminescent analytical
system with a Pdot modified glassy carbon electrode (GCE,
5 mm in diameter) as the working electrode, platinum wire as
the counter electrode and an Ag/AgCl electrode as the refer-
ence electrode. The Pdot modified GCEs were prepared by
casting 20 pL of 50 pg mL~" P-1 to P-3 and model polymer
Pdot aqueous solution on a clean GCE surface and drying at
room temperature, respectively. ECL measurements were per-
formed in 0.1 M PBS, pH 7.4, containing 0.1 M KNO; and 0.1
M co-reactant. The ECL spectra were acquired by applying a con-
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stant potential of +1.424 V for a duration of 10 s for P-1 Pdots in
0.1 M PBS, pH 7.4, containing 0.1 M KNO; and 0.1 M TPrA.

Results and discussion

Three P-1 to P-3 Pdots could be prepared according to the
method from our previous work using P-1 to P-3 as lumines-
cent precursors and poly(styrene-co-maleic anhydride) (PSMA)
as the functional reagent.”* In the preparation process, PSMA
could produce carboxyl groups as the hydrophilic group on the
surface of the Pdots, which was beneficial for the stability of
Pdots in aqueous solution. The TEM images of P-1 to P-3
Pdots indicated that their average diameters are in the range
of 20 to 40 nm as shown in Fig. 1.

The UV-vis absorption spectra of P-1 to P-3 showed two
absorbance peaks situated at 300 and 340 nm (Fig. 2A). The
peak at 300 nm could be assigned to the cross-shaped conju-
gation structure formed by the carbazole moiety,> and the
shoulder peak at 340 nm could be attributed to the carbazole
moiety (Fig. 2A).>*>*® Meanwhile, another weak broad absor-
bance peak appeared in the long wavelength region from 430
to 570 nm, indicating the successfully formed D-A type system
between the electron-donating carbazole moiety and the elec-
tron-accepting DFPDB group.'** We also observed that these
kinds of absorption bands gradually enhanced from P-1 to P-3,
which could be attributed to the stronger D-A structure system
with the increase of the DFPDB ratio from 0.05 to 0.2. The fluo-
rescence emission spectra of P-1 to P-3 are shown in Fig. 2B,
Fig. S1 and S2, respectively. P-1 exhibited a weak peak cen-
tered at 514 nm in THF solution, which could be assigned to
the AIE-active TPE chromophore, and it gradually enhanced
about 7 times as the water fraction (f,,) increased from 0% to
80%. The highest photoquantum yield was found to be 0.69
(using 3.33 mg mL ™" quinine sulfate in a 0.1 M H,SO, solution
as a standard) (Fig. 2B). As was evident from the relationship
between the fluorescence photoquantum yields and f,
(Fig. 2C), its emission intensity showed an obvious decrease
with the further increase of f,, from 80% to 99%, which could
be attributed to the low effective polymer concentration gener-
ated by large-sized aggregates in poor solvents.>” In addition,
an approximately 25 nm blue shift was also observed from
514 nm to 489 nm in the aggregate state, indicating restricted
conformational relaxation in the aggregate state.”®

P-2 also showed obvious AIE behavior in THF-H,O mixed
solution and a 38 nm blue shift similar to P-1 in the aggregate
state (fy = 99%) (Fig. S11). But the fluorescence emission of

A

Fig. 1 TEM images of Pdots: (A) P-1, (B) P-2 and (C) P-3. Plotting scale:
100 nm.
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Fig. 2 (A) UV-vis absorption spectra of P-1 to P-3 in THF; (B) fluor-
escence spectra of P-1; and (C) the photoquantum yield of P-1 in
different f,, using 3.33 mg mL™t quinine sulfate in 0.1 M H,SO,4 solution
as a standard. 1ex = 370 nm, 1 x 10> M corresponding to the carbazole
moiety in THF or THF—H,O mixtures.

P-2 firstly decreased from f,, = 0% to 50% due to its enhanced
ICT process caused by the increase in the ratio of the DFPDB
moiety. The additional f,, enhanced the polarity of the micro-
environment, which could stabilize the charge separation to
reach the equilibrium to the ICT state.>® The increased DFPDB
ratio of P-2 also led to a stronger ICT process compared with
that of P-1, which showed another weak peak centered at
603 nm when f;, = 90% to 99% and a much weaker aggregate
emission than that of P-1 (Fig. S17).>° In contrast, P-3 with the
strongest ICT exhibited obvious ACQ behavior and emitted
two very weak peaks at 480 nm and 618 nm when f;, = 99%
(Fig. S2t). From P-1 to P-3, the aggregate emission signals
exhibited an obvious decline (Fig. 3A) due to both the
reduction of the TPE moiety and the addition of the DFPDB
moiety. To clearly demonstrate this mechanism, the relation-
ship between the fluorescence photoquantum yields and the
ratios of TPE and DFPDB moieties is outlined in Fig. 3B at f, =
99%. On the other hand, the addition of the electron acceptor
DFPDB moiety induced a stronger ICT process, which could
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Fig. 3 (A) Fluorescence spectra of P-1 to P-3 and (B) the photoquan-
tum yields of P-1 to P-3 with different ratios of TPE and DFPDB moieties
using 3.33 mg mL™ quinine sulfate in 0.1 M H,SO, solution as a standard
(inset: photographs taken under 365 nm UV illumination of P-1 to P-3).
Aex = 370 nm, 1 X 10 Min fuw = 99% THF-H,0 mixture.
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Fig. 4 Cyclic voltammograms of P-1 to P-3 and the model polymer
measured in 0.1 M BusNBF4 CH,Cl; solution at a concentration of 50 pg
mL™%, scan rate: 100 mV s,

also lead to fluorescence emission quenching in the aggregate
state.

Electrochemical studies of P-1 to P-3, the model polymer
and the TPE monomer were performed in CH,Cl, with a con-
centration of 10 mg mL™" and a bare GCE as the working elec-
trode (Fig. 4). The energy levels could be calculated using the
cyclic voltammogram (CV) data (Table 1). As shown in Fig. 4,
P-1 exhibited two oxidation peaks at +0.814 V and +1.173 V
with an onset oxidation potential of +0.657 V, which were
similar to P-2 and P-3. Two one-electron oxidation peaks at
+1.246 V and +1.549 V could be attributed to the oxidation of
the TPE moiety.>>?° Similarly, the model polymer also showed
two oxidation peaks at +0.937 V and +1.289 V of the TPE
moiety with an onset oxidation potential of +0.801 V (Fig. 4).
The oxidation potentials of P-1 to P-3 and the model polymer
obviously were lower than those of the TPE monomer, demon-
strating that the electron donating ability of the carbazole
moiety could be extended to the whole conjugated backbone
which led to their easier oxidation than the TPE monomer.

P-1 to P-3 and the model polymer did not exhibit obvious
reduction waves until reaching —1.733, —1.734, —1.738 and
—1.678 V, respectively (Fig. 4A), which indicated that the elec-
trons began to inject into the conjugated polymers to produce
radical anions. The band gaps of P-1 to P-3 and the model
polymer could be calculated using the CV data (Table 1) as
2.390, 2.380, 2.369 and 2.481 eV, respectively. Their optical
band gaps could be calculated from their fluorescence spectra
in THF solution via the formula: E, = 1239.8/1 (eV) as 2.412 eV

Table 1 Electrochemical data and calculated energy levels of P-1 to
P-3 and the model polymer

EOx @ pRd @ pomMo? LUMO?  E,°

onset onset g
V) V) (ev) (ev) (eV)
P-1 0.657 —-1.733 —=5.337 —2.947 2.390
P-2 0.646 -1.734 -5.326 —2.946 2.380
P-3 0.631 -1.738 -5.311 —2.942 2.369
Model polymer 0.803 -1.678 —5.483 -3.002 2.481

“ potential versus Ag/Ag" in CH,Cl,. ” The energy levels were calculated
using the following equations: Exomo = —(EQ%., — Ercre + 4.8) €V,
Erumo = —(EReq - EFC/FC+ +4.8) eV, and Eg = Evumo — Enomo- EFC/FC+

was reported as +0.12 V vs. Ag/Ag”.
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for P-1 (Aey = 514 nm, Fig. 2B), 2.362 €V for P-2 (e, = 525 nm,
Fig. S1%), 2.326 eV for P-3 (A, = 533 nm, Fig. S21) and 2.450
eV for the model polymer (¢, = 506 nm, Fig. S31). The electro-
chemical gaps were quite close to their optical band gaps,
demonstrating that the energy levels and band gaps calculated
from CV data were reliable.’" The electrochemical band gaps
of P-1 to P-3 were quite similar but obviously lower than that
of the model polymer, which could be attributed to the D-A
electronic systems.>”

In N,-saturated 0.1 M PBS, pH 7.4, P-1 to P-3 Pdot modified
electrodes all exhibited two oxidation peaks at +0.893 V and
+1.900 V, which confirmed that all these Pdots could be elec-
trochemically oxidized into radical cations (Fig. 5A). The ECL
signals of the three Pdots all appeared in the anodic potential
region, demonstrating that the radical anions of Pdots were
more stable than the radical cations (Fig. 5B). P-1 to P-3 Pdot
modified electrodes showed anodic ECL signals at +1.127,
+1.087 and +1.006 V with onset potentials at +0.854, +0.834 and
+0.824 V, respectively, while the ECL signal of the model
polymer Pdot modified electrode appeared at +1.279 V with the
onset potential at +1.036 V. Interestingly, P-1 to P-3 Pdot modi-
fied electrodes exhibited quite similar onset ECL potentials but
about 200 mV lower than the model polymer Pdots, which
could be attributed to the lower band gaps of P-1 to P-3 caused
by their D-A type structure. The mechanism of the annihilation
ECL emission process was proposed as eqn (1)—(4):

Pdots + e~ — Pdots'~ (1)
Pdots — e~ — Pdots’™" (2)
Pdots’" + Pdots'~ — Pdots* (3)
Pdots” — Pdots + Av. (4)

In order to explore the effects of different coreactants, the
ECL signals of P-1 to P-3 Pdot modified electrodes were
measured by using four kinds of coreactants (Fig. 6A, Fig. S4
and S5T). Among these coreactants, we found that only TPrA
could greatly enhance their ECL response signals (Fig. 6A).
Upon the participation of TPrA, the Pdot modified electrodes
exhibited strong ECL signals at +1.434 V for P-1, +1.394 V for
P-2 and +1.374 V for P-3 with onset potentials of +0.817,

500
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Fig. 5 (A) CV measured using P-1 to P-3 Pdot modified GCE in 0.1 M
PBS aqueous solution, pH 7.4, containing 0.1 M KNOs and (B) ECL emis-
sion measured in 0.1 M PBS aqueous solution, pH 7.4, containing 0.1 M
KNO3 using P-1 to P-3 and the model polymer Pdot modified GCE. Scan
rate: 100 mV s™-. PMT: 600 V.
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Fig. 6 (A) ECL intensity—potential curves and (B) the corresponding
CVs of P-1 to P-3 Pdots measured in 0.1 M PBS aqueous solution, pH
7.4, containing 0.1 M KNOz with 25 mM TPrA as the coreactant using
Pdot modified GCE. Scan rate: 100 mV s~%. PMT: 400 V. (C) PL spectrum
of P-1 Pdots excited at 370 nm and ECL spectrum of P-1 Pdots in 0.1 M
PBS, pH 7.4, containing 30 mM TPrA as the coreactant.

+0.787 and +0.767 V, respectively. The detailed ECL mecha-
nism of the resulting Pdots in the TPrA coreactant system is
outlined as the following processes:**”

TPrA — e~ — TPrAH'™" (5)
TPrAH'" — H" — TPrA’ (6)
Pdots — e~ — Pdots’" (7)

Pdots"" + TPrA" — Pdots* + Pr,N'HC=CH,CH;  (8)

Pdots* — Pdots + Av. (9)

The CV waves of P-1 to P-3 Pdot modified and bare electro-
des could demonstrate the detailed ECL process with TPrA as
the coreactant (Fig. 6B and S6t). Firstly, the coreactant TPrA
could be oxidized into TPrAH™* between +0.559 and +1.308 V
(egn (5)). After undergoing the deprotonation process, it gave
TPrA” as a strong reducing substance (eqn (6)). When the
potential was >1.20 V, the Pdots could be oxidized as Pdot
radical cations (eqn (7)). Then electrons could inject into the
LUMO level of Pdot radical cations from TPrA’ to afford the
excited species (eqn (8)). Finally, the excited species decayed
back to the ground state and emitted ECL signals (eqn (9)).

As is evident from Fig. 6C, the ECL spectrum of the P-1
Pdot modified electrode showed an emission peak centered at
493 nm, similar to its fluorescence emission, indicating the
same excited species in both ECL and fluorescence emission
processes. Therefore, the ECL emission mechanism of Pdots
could be regarded as the band gap emission process.”® In
Fig. 6A, it is clearly observed that the ECL signals could be
greatly amplified by increasing the ratio of the AlE-active TPE
moiety from P-3 to P-1 Pdots. P-1 Pdots with the highest TPE
ratio (0.95) emitted the strongest ECL signal, which was 3
times stronger than that of P-3 Pdots with the lowest TPE ratio

This journal is © The Royal Society of Chemistry 2020

View Article Online

Paper

(0.80). This kind of change in feature was quite coincident
with their fluorescence emission behavior in the aggregate
state (Fig. 3B), which could be well demonstrated by their
same excited species in the ECL and fluorescence emission
processes. Similar to fluorescence signals, the amplification of
ECL emission signals from P-3 Pdots to P-1 Pdots could be
attributed to two reasons: (i) the increase of the AIE-active TPE
moiety and (ii) the weaker ICT effect from the decreased ratio
of the electron acceptor DFPDB moiety.

Herein, we further chose P-1 Pdots as the ECL biosensor for
the detection of catechol, epinephrine and dopamine. After
different concentrations of catechol were mixed with 25 pg
mL™" P-1 Pdots, the ECL signals could be nonlinearly
quenched with the increase of the catechol concentration
(Fig. 7A). Otherwise, a good linear relationship could be
observed between the ECL intensity and the logarithmic value
of the catechol concentration from 2 nM to 1 mM (Fig. 7B)
with the detection limit as 1 nM (S/N = 3). The relative stan-
dard deviation (RSD) was 7.5% for five measurements in
1.0 pM catechol, indicating good precision and reproducibility.

As described in previous literature reports, oxidation of
catechol and catechol derivatives could produce o-benzo-
quinone species, which were able to efficiently quench the PL
emission of QDs or silole-containing Pdots by the energy trans-
fer process, and not the charge-transfer process.** This mecha-
nism could be confirmed by increasing the concentration of
catechol and oxidized catechol. The PL emission of Pdots
could only be quenched by oxidized catechol instead of cate-
chol (Fig. 7C). Thus, during the anodic scan, catechol was oxi-
dized into oxidized catechol as an efficient quencher, which
was also demonstrated by its UV-vis absorption spectra
(Fig. 7D). The oxidized catechol exhibited a broad absorbance
from 330 nm to 590 nm (Fig. 7D, curve a) which significantly
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Fig. 7 (A) ECL intensity—potential curves of Pdots in the presence of
0.002, 0.01, 0.1, 1, 10, 100 and 1000 pM catechol (top to bottom) (PMT
set at 500 V). (B) Calibration curve of ECL intensity vs. logarithmic value
of the catechol concentration. (C) PL spectra of Pdots in the (a) absence
and (b-d) presence of 10 (b) or 100 pM (c) catechol, and 10 (d) or
100 pM oxidized catechol (e). (D) UV-vis absorption spectra of oxidized
catechol (a) and catechol (b).
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overlapped with the fluorescence emission spectrum of Pdots
(Fig. 6C), while catechol did not exhibit any absorbance in this
region (Fig. 7D, curve b).

As catechol derivatives, epinephrine and dopamine could
also efficiently quench the anodic ECL emission of Pdots. The
ECL intensity vs. the logarithmic value of the substance concen-
tration showed a linear range of 10 nM to 500 pM and 10 nM to
100 pM with detection limits as 3 nM and 7 nM for epinephrine
and dopamine, respectively (Fig. S7A and Bf). Their ECL
quenching mechanisms could be also assigned to the energy
transfer process between the oxidized product and Pdots
(Fig. S7C and D). The specificity of this method was further
investigated by adding ascorbic acid (AA) and uric acid (UA) as
interferents in the detection solution. A comparison of the
quenching efficiency of 84.5% with 50 pM dopamine
(Fig. S7BY), AA, and UA as the interferents at the same concen-
tration gave the quenching efficiency of 5.2% and 6.1%, respect-
ively (Fig. S8t), indicating the acceptable practicability of the
proposed method for dopamine detection in complex samples.

Conclusions

In summary, D-A type three-component conjugated polymers
could show obvious AIE behavior at higher ratios (0.95 and
0.9) of the AlE-active TPE moiety. Most importantly, the ECL
response signals of Pdots could be greatly amplified as high as
3 times by increasing the ratio of the AIE-active TPE moiety.
The resulting P-1 Pdots with the strongest ECL signal could be
chosen as ECL biosensors for the detection of catechol, dopa-
mine and epinephrine with detection limits as 1, 7 and 3 nM,
respectively. This work provides a novel strategy for developing
highly sensitive ECL biosensors via the smart design of the D-
A type AlE-active Pdots.
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