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Effect of Different Drying Methods on Structure and Electrochemical Performance
of Nitrogen-doped Carbon Quantum Dot/Reduced Graphene Oxide Composites
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(Department of Materials Engineering, Taiyuan Institute of Technology, Taiyuan 030008, China)

Abstract: Nitrogen-doped carbon quantum dots/reduced graphene oxide (N-CQDs/rGO) composites were synthesized
via a one-step hydrothermal method using citric acid as the carbon source and p-aminobenzoic acid as the nitrogen source.
The effects of vacuum drying and freeze drying on the morphology, composition, and electrochemical performance of the
composites were systematically investigated. The results showed that vacuum drying led to densification of the material
structure, resulting in compact stacking of the lamellae and causing partial loss of nitrogen-containing species on the
surface. In contrast, freeze drying effectively preserved the original loose flaky structure, retained and exposed nitrogen-
containing functional groups, with the surface nitrogen content of pyrrolic N increasing to 3.66%. Electrochemical
performance tests revealed that the freeze-dried sample (N-CQDs/rGO-FD) exhibited a specific capacitance as high as
126.0 F/g, a capacity retention of 92.5% at 10 A/g, significantly reduced charge transfer impedance, and markedly
improved ion diffusion rate, all of which were comprehensively superior to those of the vacuum-dried sample. Freeze
drying can optimize the microstructure and surface chemical state of nitrogen-doped carbon quantum dot composites,
thereby enhancing the electrode performance of supercapacitors.
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