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Preparation of Polymer Quantum Dots and Their Modification of
Zn-MnO, Cathode Performance

—A Comprehensive Experimental Design for Undergraduate Chemistry

DENG Ya-ting, YANG Zong-xian’, WEI Ji-shi"
(College of Chemistry and Molecular Sciences, Henan University, Kaifeng 475004)

Abstract: This experiment integrates material synthesis, characterization, and performance testing into a
comprehensive undergraduate chemistry laboratory designed for senior students to conduct. In this study,
polyethyleneimine (PEI) and hydroquinone were used as raw materials to prepare fluorescent amino
polymer dots (APDs) through self-assembly and cross-linking in an aqueous system. The optical and
structural characteristics of the APDs were investigated using ultraviolet-visible absorption spectroscopy,
fluorescence spectroscopy, infrared spectroscopy, and transmission electron microscopy. Subsequently,
APDs were coated on the surface of J-MnO, to construct a composite cathode material, and Zn-MnO,
batteries were assembled accordingly. Electrochemical measurements, including cyclic voltammetry and
galvanostatic charge-discharge tests, were performed to investigate the effects of the APDs on the specific
capacity, rate performance, and cycling stability of the cathode material. This experiment integrates
the synthesis, characterization, and application of polymer quantum dots into undergraduate teaching,
which helps students understand the optimization mechanism of interface regulation on energy storage

performance and systematically trains their comprehensive practical abilities in material preparation,
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instrument operation, and data analysis.
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Figure 1 Schematic diagram of the synthetic mechanism for the construction of APDs using branched PEI and hydroquinone
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Figure 2 Photographs of (a) PEI and (b) APDs under natural
light (left) and under UV light irradiation irradiation (right)
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Figure 3 Composition and property characterization of APDs: (a) UV-Vis absorption spectrum of APDs; (b) Apparent optical band

gap estimated from the Tauc plot; (c) Photoluminescence (PL) emission spectrum; (d) Fourier transform infrared (FTIR) spectra
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Figure 6 Electrochemical properties of 6-MnO, and APDs-MnO,: (a) CV of 6-MnO, and APDs-MnO, at a scan rate of 0.2 mV+s ';
(b) GCD curves at a current density of 1 A- gﬁl; (c) Rate performance; (d) Long-term cycling performance at a current density of 1 A+ gﬁ1
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