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Fig. 1. Schematic diagram of some of the most important species generated during plasma discharge in contact with water. Repro-

duced with permission, Copyright 2020, American Chemical Society!'?).
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Fig. 2. (a) Modulation of quantum yield and (b) photolu-
minescence emission spectra with different concentrations of
DAMO; (c¢) Fourier transform infrared spectrum of carbon
quantum dots samples before and after adding NaOH. Re-
produced with permission, Copyright 2023, IOP Publishing
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Fig. 3. (a), (b) Photoluminescence spectra and two-dimensional (2D) excitation-emission contour maps of N-doped carbon quantum
dots prepared by 30 minutes of plasma treatment; (c), (d) photoluminescence spectra and two-dimensional (2D) excitation-emission
contour maps of N-doped carbon quantum dots prepared by 60 minutes of plasma treatment. Reproduced with permission, Copy-

right 2022, Wiley-VCH GmbH?2.
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Fig. 6. The UV-Vis absorption spectra and three-dimensional fluorescence spectra of carbon quantum dots prepared with precursors

(a), (b) citric acid monohydrate and L-lysine; (c), (d) amaranth; (e), (f) o-phenylenediamine, respectively.
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Fig. 7. (a)—(c) Three-dimensional fluorescence spectra and absorption spectra of carbon quantum dots at concentrations of 10 g/L

and 10 mg/L, respectively; (d) fluorescence spectra of carbon quantum dots at different concentrations. Reproduced with permis-

sion, Copyright 2021, Wiley-VCH GmbHB7.
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Fig. 8. Schematic diagram of the plasma-based preparation of carbon quantum dots, their folate receptor targeting, and photody-

namic therapeutic effect. Reproduced with permission, Copyright 2023, Wiley-VCH GmbH?.
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SPECIAL TOPIC—Non-equilibrium transport and active control strategy in
low-temperature plasmas

Research progress of preparation, modification, and optical
performance regulation of carbon quantum dots based on
plasma electrochemistry method”

SHAO Huiwu  GAO Shuo WANG Ruoyu MA Yupengxue |
ZHANG Qing? ZHONG Xiaoxia ff
(Key Laboratory for Laser Plasmas (Ministry of Education), State Key Laboratory of Photonics and Communications,
School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China)

( Received 31 August 2025; revised manuscript received 22 September 2025 )

Abstract

Carbon quantum dots, as an emerging zero-dimensional carbon-based nanomaterial, have shown great
potential applications in fields such as biomedicine, sensing detection, and LED lighting due to their excellent
photoelectric properties, good biocompatibility, and ease of functionalization. Traditional synthesis methods like
hydrothermal and microwave approaches often face challenges such as harsh reaction conditions, long reaction
times, high energy consumption, and difficulties in controlling the optical properties of the products. The
plasma electrochemistry method, which utilizes reactions between carbon source molecules and high-density
electrons, ions, photons, and reactive radicals generated during the interaction of plasma with liquid, can
efficiently drive the rapid synthesis and modification of carbon quantum dots. This method possesses the
advantage of tunable multiple reaction parameters under mild conditions, providing a novel research method for
synthesizing and modifying carbon quantum dots. This article first elucidates the growth mechanism of carbon
quantum dots synthesized via plasma electrochemical methods and highlights the unique advantages of this
approach in controlling product properties by regulating multidimensional parameters. Then, it reviews research
progress of the regulation of the fluorescence quantum yield and wavelength of carbon quantum dots based on
the adjustment of plasma reaction parameters. Finally, this article presents the application progress and
prospects of plasma-prepared and plasma-modified carbon quantum dots in biomedicine, optoelectronic devices,
pH sensing, and other fields.

Keywords: plasma electrochemistry, carbon quantum dots, fluorescence quantum yield, fluorescence emission

wavelength
PACS: 52.40.Hf, 52.77.—j, 52.80.Wq, 82.33.Xj DOI: 10.7498/aps.74.20251183
CSTR: 32037.14.aps.74.20251183

* Project supported by the National Natural Science Foundation of China (Grant Nos. 12575272, 12175141, 12305281), the
Natural Science Foundation of Shanghai, China (Grant Nos. 21ZR1435200, 23ZR1435000), and the Start-up Program for
New Young Teachers of Shanghai Jiao Tong University, China (Grant No. 23X010502152).

t Corresponding author. E-mail: mypxue@sjtu.edu.cn

i Corresponding author. E-mail: gingzhang@sjtu.edu.cn

11 Corresponding author. E-mail: xxzhong@sjtu.edu.cn

205206-12


http://doi.org/10.7498/aps.74.20251183
https://cstr.cn/32037.14.aps.74.20251183
mailto:mypxue@sjtu.edu.cn
mailto:mypxue@sjtu.edu.cn
mailto:qingzhang@sjtu.edu.cn
mailto:qingzhang@sjtu.edu.cn
mailto:xxzhong@sjtu.edu.cn
mailto:xxzhong@sjtu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

%?%g?ﬁi RALRIE IR T R Sk RO R R AT R
AKX HM EFE LAHT KW ARE
Research progress of preparation, modification, and optical performance regulation of carbon quantum dots based
on plasma electrochemistry method
SHAO Huiwu  GAO Shuo  WANG Ruoyu  MA Yupengxue ZHANG Qing ZHONG Xiaoxia
5] Fi{i &, Citation: Acta Physica Sinica, 74, 205206 (2025) DOI: 10.7498/aps.74.20251183
CSTR: 32037.14.aps.74.20251183
TELER L View online: https:/doi.org/10.7498/aps.74.20251183
BN 2 View table of contents: http://wulixb.iphy.ac.cn

AT RE RSB HAN S R

Articles you may be interested in

T/ REE B TR AL PR AR G W1 /40 S0 S B I A T R e A~V RE B2

Effects of argon/oxygen plasma treatment on microstructure and electrochemical properties of nanodiamond/graphene composite films

WIHRZEAR. 2025, 74(16): 168101  https://doi.org/10.7498/aps.74.20250339

/N BB A CsPhBr DGR T8 19 & U DB PERENE ST
Synthesis and optical properties of ultra—small Tin doped CsPbBr; blue luminescence quantum dots

YrH2EAR. 2022, 71(4): 047401 https:/doi.org/10.7498/aps.71.20211895

BT AL - A G AR ) IS i T A A e A R OB S 1
Simulation and optimization of silicon/carbon core—shell structures in lithium—ion batteries based on electrochemical-mechanical

coupling model

YIFREH. 2021, 70(17): 178201  hitps://doi.org/10.7498/aps.70.20210455

Bk B 1 2 ik S5 B T PR A A ST AL B AT
Theoretical study on charge—state evolution of carbon ions passing through hydrogen plasma

PPz 2025, 74(18): 185203  https://doi.org/10.7498/aps.74.20250668

WRHE 55 B PR 5 2 A SR I A2 W 5

In—situ diagnosis of Ar/CH, helicon wave plasma for synthesis of carbon nanomaterials

PyFEEEAR. 2021, 70(9): 097201  https:/doi.org/10.7498/aps.70.20201809

A CsPhBr B EH 18 T 1 DL INIRAF
Photoluminescence blinking properties of single CsPbBr; perovskite quantum dots

PyFEEEAR. 2021, 70(20): 207802 hitps:/doi.ore/10.7498/aps.70.20210908


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20251183
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211895
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211895
https://doi.org/10.7498/aps.71.20211895
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210455
https://doi.org/10.7498/aps.70.20210455
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250668
https://doi.org/10.7498/aps.74.20250668
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201809
https://doi.org/10.7498/aps.70.20201809
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210908
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210908
https://doi.org/10.7498/aps.70.20210908

	1 引　言
	2 等离子体-液体相互作用合成碳量子点机理与参数可控性
	2.1 等离子体-液体界面的相互作用
	2.2 碳量子点的生长机理
	2.3 等离子体电化学法合成碳量子点参数可控可调性

	3 荧光量子产率及波长调控
	3.1 荧光量子产率调控
	3.2 荧光波长调控

	4 碳量子点的应用
	5 总结与展望
	参考文献

