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Abstract: Quantum dots (QDs), with diameters ranging from 1 to 20 nm, are zero-dimensional nanomaterials. They
possess excellent optical properties, including size tunability, broad excitation spectra, high quantum efficiency,
wide wavelength range, high photostability, and low photolysis. When the size of QDs approaches or becomes
smaller than the exciton Bohr radius, the original material's continuous band structure undergoes quantization,
leading to significant changes in properties and exhibiting outstanding optoelectronics performance. This review
introduces the preparation methods of QDs, among which the ultrasonic method, as a common "top-down" method,
is widely used because of its advantages of simple operation and environmental friendliness. Firstly, the
mechanism and characterization techniques of non-metal and non-metallic compound QDs prepared by the
ultrasonic method were prepared, and the effects of dispersants agent, ultrasonic power, and time on their size and
morphology were analyzed. Subsequently, the application of non-metal and non-metallic compounds QDs prepared
by the ultrasonic method in laser, solar cell, and other fields is discussed. The challenges and issues in current

research are addressed, and personal perspectives and insights are provided. Finally, the prospect is given.
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Fig. 1 Mechanism diagram of G QDs prepared by the ultrasonic method

230319-3



WAEER, % e TR, 2024, 51(4): 230319

https://doi.org/10.12086/0ee.2024.230319

A1 BEERELEFFFHRETS
Table 1 Preparation of elemental semiconductor QDs by the ultrasonic method
. . . » ) Absorption o
Materials  Dispersants Ultrasonic conditions Size/nm Application Year Ref.
wavelength/nm
100 W/7 h 2 - Electrocatalysts 2019 [53]
30h 4.25 - Heterojunctions 2021 [46]
10h 3.4 350 ~ 1000 Nonlinear optics 2016 [42]
6h 3.3 - Lubrication 2022 [49]
200 W/3 h 4.9 300 ~ 800 Memory performance 2015 [65]
1200 W/3 h (Probe sonication)
o 2.6 400~ 1100 Targeted photothermal cancer therapy 2015  [37]
300 W/10 h (Bath sonication)
1200 W/4 h (Probe sonication
( o ) 3.1 400 ~ 1000 Photothermal cancer therapy 2016 [32]
300 W/12 h (Bath sonication)
200 W/3 h 2.6 - Saturable absorber device 2017 [47]
NMP
1200 W/3 h (Probe sonication)
L 3.8 250 ~ 850 Ultra-broadband saturable absorbers 2017  [36]
5 h (Bath sonication)
600 W/6 h (Probe sonication
( o ) 2.5 400 ~ 1000 Cancer treatment 2017 [48]
BP QDs 300 W/10 h (Bath sonication)
6h 2.7 - Resistive random access memories 2017 [62]
1200 W/3 h (Probe sonication) . .
L 2.6 - Biomedical research 2017 [67]
300 W/11 h (Bath sonication)
200 W/15 h 2.7 200 ~ 1000 Biological cells 2017 [66]
150 W/4 h 5.7 300 ~ 1500 Ultrafast photonics devices 2017 [60]
1200 W/3 h (Probe sonication
( L ) 2.8 400 ~ 900 Efficient PA agents 2017 [39]
300 W/10 h (Bath sonication)
Ethanol - 2.5 200 ~ 800 - 2020 [54]
500 W/3 h 5.2 250 ~ 800 Electron-extraction layers 2017 [64]
IPA
40 kHz/2 h 2.82-10 - - 2020 [59]
CF 1h 5.9 240 ~ 800 Cellular imaging 2017  [52]
NVP 20 W/5h/5 C 5 - FET devices 2016 [40]
DI 100 W/30 min 10 - Hela cell imaging 2016 [68]
45W/1 h 3 200 ~ 500 Fluorescence nanoprobes 2016 [50]
53 kHz/10 h 3.25 190 ~ 490 UV detector 2017 [57]
NMP
50 W/9 h 5.8 260 ~ 700 - 2018 [45]
10h 3-5 - Sensors 2018 [33]
C QDs
DMSO 400 W/3 h 10-30 - - 2014 [56]
H,SO,+HNO, 300 W/12 h 3-5 250 ~ 450 Photocatalyst 2012  [34]
H,SO,+H,0, 120 W/24 h 4.45 200 ~ 800 Fluorescent sensor 2020 [41]
Acetonitrile 500 W/4 h 2-3 250 ~ 600 - 2019 [35]
Se QDs NMP 500 W/4 h 2.95 200 ~ 750 - 2017 [43]
DI 540 W/12 h/5 C 3 - Anode materials 2021 [51]
B QDs DMF - 71 200 ~ 1600 Laser 2021 [61]
EG 700 W/3 h/5 C 7 200 ~ 1200 All-optical diode 2021 [44]
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I: BPQDs |l: PEG-modified BPQDs

B2 ZEETFEHE&EREIE. (a) 4= (b) 554 BP QD 4 TEM B4 HRTEM B";  (c) # (b) ¥ @ & & &3ty FFT
A" (d). (e) A= (f) %% BP QDs/PLGA NSs #) SEM H. TEM E4=£ PBS ¥4 0 h. 24 h = 8 i a4 Bl g™,
(g) #= (h) %-%] A KK PBS & ¥ 49 BP QDs (1) 5 PEG 645 (1) 49 8 K A= R Rl K 49 PEG 154549 BP QDs £ # &
R F BAHEE; (i) BP QDs #9 4 5h-+T LA #5
Fig. 2 Preparation and characterisation of BP QDs. (a) and (b) TEM and HRTEM images of the BP QD, respectively **; (c) FFT pattern of the
white highlights in (b) “?; (d) , (e) and (f) are the SEM and TEM images of BP QDs/PLGA NSs and the absorption spectra dispersed in PBS for
0 h, 24 h and 8 weeks, respectively®; (g) and (h) are the pictures of BP QDs ( I ) and PEG modified ( IT ) in water or PBS solution, respectively,

and the absorption spectra of different concentrations of PEG modified BP QDs dispersed in water solution®”;
(i) Ultraviolet visible absorption spectrum of BP QDs"™”
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Fig. 3 Preparation and characterization of elemental semiconductor QDs. (a) Schematic diagram of G QDs prepared by ultrasonic stripping *”;

(b) Ultraviolet-visible absorption spectra of G QDs"”; (c) Photoluminescence spectra and excitation spectra at different excitation
wavelengths"'”; (d) and (e) are TEM and HRTEM images of C QDs, respectively™; (f) The UV-visible absorption spectrum of CQDs dispersion

along with non-sonicated acetonitrile as solvent background®; (g) Photographs of C QDs fluorescence excited at different excitation

[35].

wavelengths®; (h) and (i) are HRTEM image and UV-vis absorption spectra of B QDs, respectively"*’
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K2 REEHNGEMAELBNEHETE

Table 2 Preparation of other nonmetallic QDs by the ultrasonic method

Materials Dispersants Ultrasonic conditions Size/nm Emission peak/nm Application Year Ref.
8h 3.19 325-550 Bioimaging 2015 [71]

BN QDs PMF 8h 3.3 300-600 Bioimaging 2013 [73]
Ethanol/DMF/NMP 400 W/3 h 4.1/2.8/2 400-600 Fluorescent probes 2017  [70]

H,PO, 750 W 3-6 350-600 - 2016  [74]

BN Ds H,PO, 15h <10 300-500 UV fluorescence 2021 [72]
0O-gCN QDs DMF 200 W/30 min/2 h/1 h 6.7 400-525 Fluorescence probe 2022 [75]
BCNO QDs H,0, 40 kHz/3 h 10.1 350-600 Fluorescence biosensor 2018 [76]
g-C;N, QDs DI 6h 4 350-550 Bioimaging 2014 [77]
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Fig. 5 Applications of QDs lasers. (a) Configuration of the pulsed laser or ultrashort pulsed laser based on GR-BP"”; (b) and (c) are output

[55].

power and pulse energy as pump power functions, and output repetition rate and pulse duration as pump power functions, respectively”;
(d) Schematic diagram of ultrafast Erbium-doped fiber laser based on microfiber P QD-SA""; (e) and (f) are optical spectra and soliton spectra,

[471.

respectively””; (g) Experimental diagram of all-optical active Q-switched lasers based on B QDs""; (h) and (i) are the state and output spectra

of CW and Q-switched pulse lasers, respectively

[61]
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Research progress in the quantum dots of
nonmetals and their compounds prepared by
ultrasonic method

Zhang Taiwei"*’, Hu Kun"*?, Li Guobin"*?, Yang Ao"*? Xia Yiping1'2’3,
Li Xueming'*, Tang Libin***, Yang Peizhi'

l Ultrasonication

-* G Nanosheets © GQDs

Mechanism diagram of G QDs prepared by ultrasonic method

Overview: This review paper aims to provide a detailed introduction and summary of the research progress on the
preparation of non-metal quantum dots (QDs) using the ultrasonic method, and explore their potential applications in
various fields. QDs are nanomaterials with zero-dimensional structures, with grain diameters ranging from 1-20 nm.
Compared to traditional materials, QDs exhibit a wide excitation spectrum, continuous distribution characteristics,
symmetric and narrow emission spectra, tunable colors, high photostability, and resistance to photobleaching, making
them highly attractive for applications in optoelectronic devices, solar cells, optical devices, sensors, and bioimaging. The
paper first introduces the preparation methods of QDs, among which the ultrasonic method is a common "top-down"
approach known for its simplicity and environmental friendliness. When the size of QDs approaches or is smaller than
the exciton Bohr radius, the continuous band structure of the original material becomes quantized, resulting in
significant changes in their properties. Subsequently, an overview of the research progress in the preparation of non-
metal quantum dots using the ultrasonic method is presented, including the preparation methods and characterization
techniques for different non-metal and non-metallic compound quantum dots. During the preparation process, the
action of ultrasound, which involves the formation, growth, and collapse of bubbles, accompanied by intense shock
waves, can produce small-sized nanoscale particles.

Through a review and analysis of related studies, the following conclusions are drawn: the ultrasonic method is an
effective approach for the preparation of non-metal quantum dots, offering advantages such as simplicity, low cost,
controllable size, environmental friendliness, and scalability. However, there are still challenges in current research, such
as controlling the size and morphology of QDs and improving their luminescence efficiency and stability. Therefore, by
optimizing the preparation process of the ultrasonic method, the stability and dispersibility of QDs can be further
improved, facilitating their in-depth research and application in the field of nanomaterials.

In summary, the preparation of non-metal quantum dots using the ultrasonic method is a research area with potential
and challenges. Through continuous research and exploration, along with the development of new materials, the
application of new processes, and interdisciplinary collaborations, the ultrasonic method for QD preparation will have
broader prospects, providing new opportunities and breakthroughs for the development of optoelectronics, energy, and
biomedical fields.

Zhang T W, Hu K, Li G B, et al. Research progress in the quantum dots of nonmetals and their compounds prepared by
ultrasonic method[J]. Opto-Electron Eng, 2024, 51(4): 230319; DOI: 10.12086/0ee.2024.230319

Foundation item: Project supported by the Science and Technology Talents and Platform Project of Science and Technology Department of
Yunnan Province (202205AC160026), and Spring City Plan: The High-level Talent Promotion and Training Project of Kunming (2022SCP005)
'School of Energy and Environmental Sciences, Key Laboratory of Advanced Technique & Preparation for Renewable Energy Materials, Ministry
of Education, Yunnan Normal University, Kunming, Yunnan 650500, China; 2Kunming Institute of Physics, Kunming, Yunnan 650223, China;
*Yunnan Key Laboratory of Advanced Photoelectric Materials & Devices, Kunming, Yunnan 650223, China

* E-mail: Ixmscience@163.com; scitang@163.com

230319-16


https://doi.org/10.12086/oee.2024.230319
mailto:lxmscience@163.com
mailto:scitang@163.com

	1 引　言
	2 超声法
	3 超声法制备非金属单质及非金属化合物量子点
	3.1 元素半导体
	3.2 其他非金属化合物

	4 量子点的应用
	5 结　论
	参考文献

