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Colloidal quantum dots (CQDs) have unique advantages in the wide tunability of
visible-to-infrared emission wavelength and low-cost solution processibility [1–5]. There-
fore, they have become an important class of materials with great potential for applications
in fields such as biological medicine [6,7], optoelectronics [8–12], and quantum informa-
tion [13]. The performance of CQD-based photovoltaic and light-emitting devices has
become competitive with other state-of-the-art materials [14–16]. Narrow-band semicon-
ductor CQDs also hold unique promise for infrared technologies [17,18]. Thus, new and
in-depth insights into CQD growth, chemical transformations, and physical properties
would benefit not only the purely fundamental side but also commercialization. This Spe-
cial Issue (SI), “Colloidal Quantum Dots for Nanophotonic Devices”, presents recent and
CQD-related information ranging from CQD material chemistry and characterization to
processing and device fabrication. This SI contains ten articles, including seven research ar-
ticles and three review articles. This editorial aims to summarize the publications included
in this SI.

CQDs have the advantages of a broad spectral tuning range, low preparation cost, and
compatibility with silicon-based readout integrated circuits via solution processing [1,5,8,19–21].
As a result, CQD photodetectors have become a research hotspot in recent years. Lead
chalcogenide CQDs and mercury chalcogenide CQDs, as the mainstream materials of CQDs,
have excellent infrared detection performance and have become the most ideal materials for
infrared photodetectors [22–25]. Zhao et al. [26] and Hao et al. [27] summarized the recent
development of infrared photodetectors based on lead chalcogenide CQDs and mercury
chalcogenide CQDs, respectively.

In addition to showing superior performance in the detector field, CQDs also have
obvious advantages in spectral filtering [28–30]. This indicates that CQDs have great
potential for applications in microspectrometers. Qiu et al. [31] presented the advances of
micro spectrometers based on material nanoarchitectonics, which pointed to the direction
for researchers to study novel low-dimensional materials in this field. Qiao et al. [32]
reported that CQDs can be introduced as a sacrificial layer when polishing single-crystal
silicon carbide (SiC) using pulsed ion beam sputtering to improve surface quality. This
provides a new idea for achieving high-precision fabrication of ultra-smooth single-crystal
SiC surfaces.

Low-dimensional materials have a wide range of applications in various fields, such
as photovoltaic devices, of which well-designed heterojunctions can make it possible to
improve the performance of the devices [33]. In the study by Wang et al. [34], CH3NH3PbI3/
Au/Mg0.2Zn0.8O heterojunction self-powered photodetectors with a high responsivity of
0.58 A/W were demonstrated, where CH3NH3PbI3 and Mg0.2Zn0.8O acted as the p-type
and n-type layer, respectively. This work provides new concepts for the study of perovskite
photodetectors with low dark current and high detectivity. Sun et al. [35] reported flexible
CZTSSe/ZnO solar cells by optimizing ZnO buffer layers, achieving the maximum power
conversion efficiency of 5.0%.

To improve the detection performance of photodetectors, optical structures and pho-
tosensitive materials need to be efficiently combined to enhance light absorption. In
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photoelectric devices, a metal microstructure can be engineered to squeeze light into the
sub-diffractive region, and then, the plasmon exciton resonance phenomenon boosts light
absorption [36]. Lin et al. [37] investigated a performance-enhanced GaAs nanowire pho-
todetector by introducing Au nanoparticles prepared by thermal evaporation. Assisted by
the coupling of electron gas in the Au nanoparticles to the excitation light, the photocurrent
and responsivity of this proposed photodetector were raised. Pierini et al. [38] designed a
phototransistor that combined two resonances by utilizing a lithium-ion glass gating of
HgTe nanocrystal film, realizing a high responsivity.

In addition, the performance and reliability of optoelectronics can also be improved by
studying and optimizing the optical material characteristics. Zhao et al. [39] enhanced the
homogeneity of large-scale nanorods by controlling the solution flow and tuning the electric
field distribution, thus improving their light utilization efficiency. The optimized ZnO NRs
have promising applications in solar cells and collector systems. Bai et al. [40] investigated
the spatial shifts of the reflected light beam on hexagonal boron nitride (hBN)/alpha-
molybdenum (α-MoO3) trioxide structure. They successfully enhanced hBN in-plane
anisotropy by twisting. This study provides theoretical guidance for novel nanophotonic
devices and optical encoders.

Conflicts of Interest: The authors declare no conflict of interest.
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Dot Single-Photon Sources with Ultra-Low Multi-Photon Probability. NPJ Quantum Inf. 2018, 4, 43. [CrossRef]

14. Yuan, M.; Liu, M.; Sargent, E. Colloidal Quantum Dot Solids for Solution-Processed Solar Cells. Nat. Energy 2016, 1, 16016.
[CrossRef]

15. Gong, X.; Yang, Z.; Walters, G.; Comin, R.; Ning, Z.; Beauregard, E.; Adinolfi, V.; Voznyy, O.; Sargent, E.H. Highly Efficient
Quantum Dot Near-Infrared Light-Emitting Diodes. Nat. Photonics 2016, 10, 253–257. [CrossRef]

16. Pradhan, S.; Di Stasio, F.; Bi, Y.; Gupta, S.; Christodoulou, S.; Stavrinadis, A.; Konstantatos, G. High-Efficiency Colloidal Quantum
Dot Infrared Light-Emitting Diodes via Engineering at the Supra-Nanocrystalline Level. Nat. Nanotechnol. 2019, 14, 72–79.
[CrossRef] [PubMed]

17. Kovalenko, M.V.; Kaufmann, E.; Pachinger, D.; Roither, J.; Huber, M.; Stangl, J.; Hesser, G.; Schäffler, F.; Heiss, W. Colloidal HgTe
Nanocrystals with Widely Tunable Narrow Band Gap Energies: From Telecommunications to Molecular Vibrations. J. Am. Chem.
Soc. 2006, 128, 3516–3517. [CrossRef] [PubMed]

https://doi.org/10.1021/cr900137k
https://www.ncbi.nlm.nih.gov/pubmed/19958036
https://doi.org/10.1021/ar9001069
https://www.ncbi.nlm.nih.gov/pubmed/19827808
https://doi.org/10.1021/acsnano.1c01399
https://www.ncbi.nlm.nih.gov/pubmed/33830732
https://doi.org/10.1021/nn506223h
https://www.ncbi.nlm.nih.gov/pubmed/25608730
https://doi.org/10.1021/acsnano.8b09815
https://www.ncbi.nlm.nih.gov/pubmed/30648854
https://doi.org/10.1038/nmat1390
https://www.ncbi.nlm.nih.gov/pubmed/15928695
https://doi.org/10.1038/nm1371
https://doi.org/10.1038/nature04855
https://www.ncbi.nlm.nih.gov/pubmed/16838017
https://doi.org/10.1038/nphoton.2011.142
https://doi.org/10.1021/acsnano.3c12581
https://doi.org/10.1038/s41377-022-01014-0
https://www.ncbi.nlm.nih.gov/pubmed/36587039
https://doi.org/10.1038/s41377-024-01436-y
https://www.ncbi.nlm.nih.gov/pubmed/38609412
https://doi.org/10.1038/s41534-018-0092-0
https://doi.org/10.1038/nenergy.2016.16
https://doi.org/10.1038/nphoton.2016.11
https://doi.org/10.1038/s41565-018-0312-y
https://www.ncbi.nlm.nih.gov/pubmed/30510279
https://doi.org/10.1021/ja058440j
https://www.ncbi.nlm.nih.gov/pubmed/16536514


Materials 2024, 17, 2471 3 of 3

18. Song, H.; Eom, S.Y.; Kim, G.; Jung, Y.S.; Choi, D.; Kumar, G.S.; Lee, J.H.; Kang, H.S.; Ban, J.; Seo, G.W.; et al. Narrow Bandgap
Silver Mercury Telluride Alloy Semiconductor Nanocrystal for Self-Powered Midwavelength-Infrared Photodiode. Commun.
Mater. 2024, 5, 60. [CrossRef]

19. Chu, A.; Martinez, B.; Ferré, S.; Noguier, V.; Gréboval, C.; Livache, C.; Qu, J.; Prado, Y.; Casaretto, N.; Goubet, N.; et al. HgTe
Nanocrystals for SWIR Detection and Their Integration up to the Focal Plane Array. ACS Appl. Mater. Interfaces 2019, 11,
33116–33123. [CrossRef]

20. Greboval, C.; Darson, D.; Parahyba, V.; Alchaar, R.; Abadie, C.; Noguier, V.; Ferre, S.; Izquierdo, E.; Khalili, A.; Prado, Y.; et al.
Photoconductive Focal Plane Array Based on HgTe Quantum Dots for Fast and Cost-Effective Short-Wave Infrared Imaging.
Nanoscale 2022, 14, 9359–9368. [CrossRef]

21. Liu, J.; Liu, P.; Chen, D.; Shi, T.; Qu, X.; Chen, L.; Wu, T.; Ke, J.; Xiong, K.; Li, M.; et al. A Near-Infrared Colloidal Quantum Dot
Imager with Monolithically Integrated Readout Circuitry. Nat. Electron. 2022, 5, 443–451. [CrossRef]

22. Pietryga, J.M.; Schaller, R.D.; Werder, D.; Stewart, M.H.; Klimov, V.I.; Hollingsworth, J.A. Pushing the Band Gap Envelope:
Mid-Infrared Emitting Colloidal PbSe Quantum Dots. J. Am. Chem. Soc. 2004, 126, 11752–11753. [CrossRef] [PubMed]

23. Ackerman, M.M.; Tang, X.; Guyot-Sionnest, P. Fast and Sensitive Colloidal Quantum Dot Mid-Wave Infrared Photodetectors.
ACS Nano 2018, 12, 7264–7271. [CrossRef] [PubMed]

24. Chen, M.; Hao, Q.; Luo, Y.; Tang, X. Mid-Infrared Intraband Photodetector via High Carrier Mobility HgSe Colloidal Quantum
Dots. ACS Nano 2022, 16, 11027–11035. [CrossRef]

25. Deng, Y.; Pang, C.; Kheradmand, E.; Leemans, J.; Bai, J.; Minjauw, M.; Liu, J.; Molkens, K.; Beeckman, J.; Detavernier, C.; et al.
Short-Wave Infrared Colloidal QD Photodetector with Nanosecond Response Times Enabled by Ultrathin Absorber Layers. Adv.
Mater. 2024, 2402002. [CrossRef] [PubMed]

26. Zhao, X.; Ma, H.; Cai, H.; Wei, Z.; Bi, Y.; Tang, X.; Qin, T. Lead Chalcogenide Colloidal Quantum Dots for Infrared Photodetectors.
Materials 2023, 16, 5790. [CrossRef]

27. Hao, Q.; Ma, H.; Xing, X.; Tang, X.; Wei, Z.; Zhao, X.; Chen, M. Mercury Chalcogenide Colloidal Quantum Dots for Infrared
Photodetectors. Materials 2023, 16, 7321. [CrossRef]

28. Bao, J.; Bawendi, M. A Colloidal Quantum Dot Spectrometer. Nature 2015, 523, 67–70. [CrossRef] [PubMed]
29. Zhu, X.; Bian, L.; Fu, H.; Wang, L.; Zou, B.; Dai, Q.; Zhang, J.; Zhong, H. Broadband Perovskite Quantum Dot Spectrometer

Beyond Human Visual Resolution. Light Sci. Appl. 2020, 9, 73. [CrossRef]
30. Li, H.; Bian, L.; Gu, K.; Fu, H.; Yang, G.; Zhong, H.; Zhang, J. A Near-Infrared Miniature Quantum Dot Spectrometer. Adv. Opt.

Mater. 2021, 9, 2100376. [CrossRef]
31. Qiu, Y.; Zhou, X.; Tang, X.; Hao, Q.; Chen, M. Micro Spectrometers Based on Materials Nanoarchitectonics. Materials 2023, 16,

2253. [CrossRef]
32. Qiao, D.; Shi, F.; Tian, Y.; Zhang, W.; Xie, L.; Guo, S.; Song, C.; Tie, G. Ultra-Smooth Polishing of Single-Crystal Silicon Carbide by

Pulsed-Ion-Beam Sputtering of Quantum-Dot Sacrificial Layers. Materials 2024, 17, 157. [CrossRef]
33. Furchi, M.M.; Pospischil, A.; Libisch, F.; Burgdörfer, J.; Mueller, T. Photovoltaic Effect in an Electrically Tunable van der Waals

Heterojunction. Nano Lett. 2014, 14, 4785–4791. [CrossRef] [PubMed]
34. Wang, M.; Zhao, M.; Jiang, D. CH3NH3PbI3/Au/Mg0.2Zn0.8O Heterojunction Self-Powered Photodetectors with Suppressed

Dark Current and Enhanced Detectivity. Materials 2023, 16, 4330. [CrossRef]
35. Sun, Q.; Tang, J.; Zhang, C.; Li, Y.; Xie, W.; Deng, H.; Zheng, Q.; Wu, J.; Cheng, S. Efficient Environmentally Friendly Flexible

CZTSSe/ZnO Solar Cells by Optimizing ZnO Buffer Layers. Materials 2023, 16, 2869. [CrossRef] [PubMed]
36. Schuller, J.A.; Barnard, E.S.; Cai, W.; Jun, Y.C.; White, J.S.; Brongersma, M.L. Plasmonics for Extreme Light Concentration and

Manipulation. Nat. Mater. 2010, 9, 193–204. [CrossRef] [PubMed]
37. Lin, F.; Cui, J.; Zhang, Z.; Wei, Z.; Hou, X.; Meng, B.; Liu, Y.; Tang, J.; Li, K.; Liao, L.; et al. GaAs Nanowire Photodetectors Based

on Au Nanoparticles Modification. Materials 2023, 16, 1735. [CrossRef]
38. Pierini, S.; Abadie, C.; Dang, T.H.; Khalili, A.; Zhang, H.; Cavallo, M.; Prado, Y.; Gallas, B.; Ithurria, S.; Sauvage, S.; et al.

Lithium-Ion Glass Gating of HgTe Nanocrystal Film with Designed Light-Matter Coupling. Materials 2023, 16, 2335. [CrossRef]
39. Zhao, Y.; Li, K.; Hu, Y.; Hou, X.; Lin, F.; Tang, J.; Tang, X.; Xing, X.; Zhao, X.; Zhu, H.; et al. The Effect of the Solution Flow and

Electrical Field on the Homogeneity of Large-Scale Electrodeposited ZnO Nanorods. Materials 2024, 17, 1241. [CrossRef]
40. Bai, S.; Li, Y.; Cui, X.; Fu, S.; Zhou, S.; Wang, X.; Zhang, Q. Spatial Shifts of Reflected Light Beam on Hexagonal Boron

Nitride/Alpha-Molybdenum Trioxide Structure. Materials 2024, 17, 1625. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/s43246-024-00499-z
https://doi.org/10.1021/acsami.9b09954
https://doi.org/10.1039/D2NR01313D
https://doi.org/10.1038/s41928-022-00779-x
https://doi.org/10.1021/ja047659f
https://www.ncbi.nlm.nih.gov/pubmed/15382884
https://doi.org/10.1021/acsnano.8b03425
https://www.ncbi.nlm.nih.gov/pubmed/29975502
https://doi.org/10.1021/acsnano.2c03631
https://doi.org/10.1002/adma.202402002
https://www.ncbi.nlm.nih.gov/pubmed/38657973
https://doi.org/10.3390/ma16175790
https://doi.org/10.3390/ma16237321
https://doi.org/10.1038/nature14576
https://www.ncbi.nlm.nih.gov/pubmed/26135449
https://doi.org/10.1038/s41377-020-0301-4
https://doi.org/10.1002/adom.202100376
https://doi.org/10.3390/ma16062253
https://doi.org/10.3390/ma17010157
https://doi.org/10.1021/nl501962c
https://www.ncbi.nlm.nih.gov/pubmed/25057817
https://doi.org/10.3390/ma16124330
https://doi.org/10.3390/ma16072869
https://www.ncbi.nlm.nih.gov/pubmed/37049163
https://doi.org/10.1038/nmat2630
https://www.ncbi.nlm.nih.gov/pubmed/20168343
https://doi.org/10.3390/ma16041735
https://doi.org/10.3390/ma16062335
https://doi.org/10.3390/ma17061241
https://doi.org/10.3390/ma17071625

	References

