Chinese Chemical Letters 32 (2021) 2861-2864

i

Contents lists available at ScienceDirect

ctiers (FREHRR

Chinese Chemical Letters

journal homepage: www.elsevier.com/locate/cclet

Communication

®

Check for
updates

Flexibly regulated electrochemiluminescence of all-inorganic
perovskite CsPbBr; quantum dots through electron bridge to across
interfaces between polar and non-polar solvents

Nan Hao®*, Yu Qiu?, Jinwen Lu?, Xu Han¢, Yaqi Li%, Jing Qian?, Kun Wang®"*

2School of Chemistry and Chemical Engineering, Jiangsu University, Zhenjiang 212013, China

b Key Laboratory of Sensor Analysis of Tumor Marker, Ministry of Education, College of Chemistry and Molecular Engineering, Qingdao University of Science
and Technology, Qingdao 266042, China

©Science and Technology on Space Physics Laboratory, Beijing 10076, China

9 School of Grain Science and Technology, Jiangsu University of Science and Technology, Zhenjiang 212003, China

ARTICLE INFO ABSTRACT

Article history:

Received 15 October 2020

Received in revised form 3 December 2020
Accepted 15 January 2021

Available online 20 January 2021

All-inorganic perovskite quantum dots (QDs) have attracted great interests due to its outstanding
properties. But their poor stability in polar solvents seriously hampered wide applications in analytical
chemistry. In this work, strong, stable and flexibly regulated the electrochemiluminescence (ECL)
emission form CsPbBr; QDs was successfully obtained and applied in the analysis of polar solvents
through the unique structure of closed bipolar electrode (BPE). To demonstrate the feasibility, it was
successfully used in the detection of tetracycline (Tc) aqueous solution. CsPbBr; QDs was immersed into
organic solution in anode microcell of closed BPE while Tc aqueous solution was added into cathode
microcell. The two microcells were physically separated and would not interfere with each other. But the
bio-recognition event between aptamer and Tc in cathode microcell would induce the ECL signal change
in anode microcell through the electrons conducted by BPE as the bridge. The ECL emission can be flexibly
regulated by environmental factors of both polar and non-polar solvents and the interface status of the
BPE. Compared with traditional methods to overcome the intrinsic instability in polar medium, the
reported method does not need any further surface modifications, has no limitations on the targets and
can provide wide development space for further deep research, which may open a new direction for the
ECL sensing of CsPbBr; QDs.
© 2021 Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.
Published by Elsevier B.V. All rights reserved.
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All-inorganic cesium lead halide (CsPbX3, X = Cl, Br, I) perovskite
quantum dots (QDs) have been widely applied in optoelectronic
and photovoltaic devices due to their superior optical/electronic
performances [1,2]. However, the application of these materials in
the analysis field has rarely been reported due to the poor stability
in the polar solvents [3,4]. Considering most targets exist in
aqueous system, a strong polar solvent, this instability is no doubt a
great obstacle. To extend the application area, the most widely
applied methods are to enhance the stability through the
protection of nanospheres or ligands [5,6]. But besides complex
modification progress, the dispersity of CsPbX3; QDs in water may
be affected by the protection layer. Another method is to drive
the target molecule to escape from aqueous solution into the
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non-polar solution containing CsPbX3 QDs. For example, rat brain
micro-dialysis solution containing hydrogen sulfide (H,S) was
added into to the phosphoric acid solution. H,S gas was released
and injected into n-hexane solution to quench the fluorescence of
CsPbBr3 QDs [7]. Obviously, this strategy is only feasible for some
special targets.

As a novel emitter, the electrochemiluminescence (ECL)
performance of perovskite nanocrystals (NCs) has also been
explored [8-11]. Zhu's group [11] researched the ECL emission
of CsPbBr; QDs thin films in organic solution, and the study
showed that the ECL efficiency was five times higher than the
classical Ru(bpy)s?*/tri-n-propylamine(TPrA) system. For the
application in aqueous system, CsPbBr; QDs and coreactant are
encapsulated into SiO, matrix, which provides an efficient method
to obtain stable ECL emission [12]. Being protected by SiO, shell,
CsPbBr3 QDs are isolated from polar solvents. But the interactions
between CsPbBr; QDs and other environmental factors to regulate
the ECL performance are also inevitably affected. For example, the
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electrical signal is critical to excite ECL emission while SiO, shell
has a low conductivity. The strategy that simultaneously satisfy the
requirement of stability, strength and flexible regulation of the ECL
biosensing based on CsPbX3 QDs has not been well developed.
Bipolar electrode (BPE) technology is a promising tool in
electrochemistry, which allows the remote control of electrical
field applied to the electrode without the direct connection with
power supply [13-15]. Unlike traditional three-electrode system,
the electrochemical oxidation and reduction reactions occur at the
two ends of the BPE. The cathodic and anodic ends can be
immersed into one solution (open BPE) or two physically separated
solutions (closed BPE). Because of the unique structure and great
flexibility of closed BPE, many researches have been conducted in
previous works, which is also an ideal platform for the application
of CsPbX5 QDs.

Tetracycline (Tc) is a widely used broad-spectrum antibiotic
[16-19]. The excessive use of tetracycline will lead to many
residues in animal products, and the remaining of hazardous
materials in the food chain is a great threaten to human health
[20,21]. In this work, a novel closed BPE system using the stable
and strong ECL performance of all-inorganic perovskite CsPbBr3
QDs has been constructed for sensitive detection of Tc as a proof of
concept experiment. Through the electrons conducted by the BPE
as the bridge, the quantitative detection of Tc aqueous solution in
the cathode reaction cell was successfully achieved by recording
the ECL intensity of CsPbBr; immersed under organic solution at
the anode cell of the closed BPE. The ECL emission can be flexibly
regulated by environmental factors of both polar and non-polar
solvents and the interface status of the BPE, which affords wide
space for the further deep research and improvement on the ECL
performance of CsPbBrs QDs.

The detection of the closed BPE is based on the principle of
conservation of charge [22-24]. In this work, anode and cathode
microcells of the fabricated BPE chip were modified with the
luminescent reagent CsPbBr; QDs and Tc aptamer respectively.
CsPbBr; QDs film in the anode microcell was immersed into
organic electrolyte solution while the cathode microcell was filled
with PBS aqueous solution. When an enough voltage was applied
on the BPE, a stable and strong ECL emission of CsPbBr3 could be
excited with the dual enhancement of TPrA and H,0,. But the
aptamer in the cathode cell would enhance the steric hindrance of
the electrode interface and prevent electron transfer, resulting in a
sharp drop in ECL strength [25]. After the addition of Tc molecules,
it would bind with the aptamer and the aptamer was detached
from the sensing interface, and the ECL signal was restored [26]
The change of the ECL intensity was proportional to the
concentration of Tc. So the quantitation of targets in the aqueous
solution could be obtained through the ECL signal generated in the
organic medium, the assembly process was shown in Scheme 1.

The detailed information about the reagents, apparatus, the
preparation of CsPbBr3; QDs, and the fabrication process of BPE are
provided in the Supporting information. The well dispersed
uniform cubic CsPbBr3 QDs of approximately 10 nm were observed
in the transmission electron microscopy (TEM) image. And the
solution generated bright green light emission under ultraviolet
light, indicating the successful preparation (Fig. S1 in Supporting
information). Fig. 1 presents the ECL responses of perovskite QDs
modified bipolar electrodes under different experiment condi-
tions. When the anode and cathode microcell were only CsPbBr3
QDs/organic electrolyte solution and PBS solution respectively, the
ECL intensity was about 1000 (Fig. 1, curve a). After adding the co-
reactant TPrA into the anode microcell, TPrA can be oxidized to
TPrA* and then produced TPrA", which can inject electrons into the
LUMO of CsPbBr; QDs to produce anion radicals, which then
reacted with the oxidized cation radicals and generated unstable
excited substances ([CsPbBr3|*). The relaxation of excitation state
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Scheme 1. The processes of constructing the ECL aptasensor for tetracycline
detection. (A) Schematic diagram of the assembly process of the sensing cell. (B)
Schematic diagram of ultrasensitive detection of Tc, and (C) schematic diagram of
the BPE with the 3D printed microcell.
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Fig. 1. ECL responses of CsPbBr3 QDs (a), CsPbBr; QDs/TPrA (b) and CsPbBr; QDs/
TPrA/H,0, (c).

to the ground state produced 5 times enhanced ECL emission
(Fig. 1, curve b) [27,28]. After adding a certain amount of H,0, in
the cathode microcell, the ECL intensity was further enhanced to
about 10 times (Fig. 1, curve c). The reduction of HO, can promote
the electron transport, thus making the oxidation reaction of
CsPbBr3 QDs more complete. Through adjusting the environmental
factors of both polar and non-polar solvents, the ECL performance
was greatly improved [29,30].

Under optimized experimental conditions (Figs. S2 and S3 in
Supporting information), CsPbBr3; QDs showed excellent and stable
ECL intensity with the presence of TPrA and H,0, (Fig. 2A, curve a).
When the aptamer was immobilized on the surface of the cathode
reaction cell (Fig. 2A, curve b), the ECL intensity decreased sharply.
After adding Tc solution (Fig. 2A, curve c), the ECL intensity
increased immediately. To study the fixation and detachment of
the aptamer, electrochemical impedance spectroscopy (EIS) and
cyclic voltammetry (CV) were used to monitor the connection
between the aptamer and GO and the process of detachment from
the electrode surface after introducing Tc. In Fig. 2B, R, (electron-
transfer resistance) increased significantly from 500 () to 3000 ()
after the modification of aptamer, indicating that the aptamer was
successfully assembled on the ITO surface through a non-covalent
bond connection with GO. Then the impedance decreased after
adding Tc solution due to the desorption of the Tc-aptamer
complex from the BPE. As shown in Fig. S4 (Supporting
information), the current change during the assembly process
was opposite to the impedance change. All these results indicated
that the proposed ECL aptasensor has been successfully prepared
and can be used for the detection of Tc.



N. Hao et al.

Chinese Chemical Letters 32 (2021) 2861-2864

ECL Intensity (a.u.)

2100
a
A e B
—R;s
L ]
. Ret—Zw W
c <)
b N. 700
M 04
Time (s) 0 2000 4000
Z'(Q)

Fig. 2. (A) ECL responses of CsPbBr; QDs/TPrA/H,0, (a), CsPbBr; QDs/TPrA/H,0,-Aptamer (b) and CsPbBr; QDs/TPrA/H,0,-Ampater/Tc (c). (B) EIS spectra of bare BPE (a),

Aptamer/BPE (b) and Tc/aptamer/BPE (c).
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Fig. 3. (A) ECL responses of the aptasensor at different concentrations of Tc: (10~° — 10~ mol/L) and (B) the corresponding linear calibration curve for Tc detection.

Fig. 3A shows the ECL response of aptamer sensors at different
concentrations of Tc solutions. The ECL signal gradually increased
with increasing Tc concentration due to the release of more Tc-
aptamer complexes. A good linear relationship was obtained
between the ECL intensity of the aptasensor and the logarithm of
the Tc concentration in the range of 1nmol/L and 1 mmol/L
(R>=0.9954) (Fig. 3B). In addition, the detection limit was
estimated to be 0.33nmol/L (S/N=3). As shown in Fig. S5
(Supporting information), the selectivity, reproducibility and
stability of this ECL aptasensing system were explored. After
adding 100 nmol/L of various antibiotics solutions (pH 7.4),
including ampicillin, oxytetracycline, chloramphenicol, and strep-
tomycin, only Tc caused significant enhancement of ECL intensity,
showing the good selectivity and anti-interference ability. No
significant signal changes occurred and the calculated relative
standard deviation (RSD) was 6.33% under 5 times test, indicating
relatively good stability performance. This biosensor was further
applied in the detection of milk samples with a good recovery
ranging from 98.4%-102.7%, and the RSD were less than 7.6%
(Table S1 in Supporting information).

In summary, we explored the flexibly regulated ECL perfor-
mance of CsPbBr; QDs based on the closed BPE system. Through
adjusting the polar solvent in anode microcell, the non-polar
solvent in cathode microcell and the interface status of BPE, a
stable and strong ECL from CsPbBr3; QDs was achieved and applied
in the detection of Tc in aqueous solution. Compared with
traditional methods to overcome the intrinsic instability of
perovskite QDs in polar medium, the reported method doesn’t
need any further surface modifications, has no limitations on the
targets and can provide wide development space for further deep
research, which may open a new direction for the ECL sensing of
CsPbBr3; QDs.
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Supplementary material related to this article can be found, in the
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