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1. Introduction

We are pleased to introduce to you this Special Issue of Nanomaterials on ‘Luminescence
Nanomaterials and Applications’. Luminescence is a phenomenon that we experience daily
in our work and lives. Emerging nanotechnology and quantum dots offer a new class of
materials to make our lives better. For example, the applications of luminescent nanoparti-
cles for medical research are taking advantage of their high quantum yield, multi-colors,
high photostability, large surface-to-volume ratio, surface functionality, and small size.
For solid-state displays, they can provide more colors by simply adjusting the size of the
particles. In this Special Issue, we discuss nanomaterials with quantum size confinement,
photoluminescence, upconversion, thermoluminescence, and long persistence, as well as
their potential applications in cell labeling, imaging, detection, and sensing. This Special
Issue also covers the synthesis of luminescence nanomaterials, applications for in vitro and
in vivo imaging, detection based on fluorescence resonance energy, and the applications of
luminescent nanoparticles for photodynamic activation and solid-state displays, as well
as new materials and structures, such as perovskite quantum dots, and novel phenom-
ena, such as aggregation-induced emissions. In total, we have 15 papers (2 reviews and
13 research articles) for this Special Issue, which are summarized below:

2. Upconversion Luminescence Nanomaterials

Upconversion nanomaterials can emit high-energy lights when excited with two or
more low-energy photons. They can produce ultraviolet (UV)-visible or near-infrared (NIR)
light upon excitation with NIR light, depending on size or dopants, owing to their unique
properties, such as good optical stability, narrow emission band, large anti-Stokes spectral
shift, high levels of light penetration in biological tissues, long luminescence lifetime, and
high signal-to-noise ratio. The review paper by Dr. Jigang Wang and his collaborators
systematically introduced the physical mechanism of upconversion luminescence nanoma-
terials and their potential applications in bioimaging, detection, photodynamic therapy,
and therapeutics [1].

Upconversion nanocrystals converting near-infrared light into high-energy UV emis-
sions may provide many exciting opportunities for drug release, photocatalysis, photody-
namic therapy, and solid-state lasing. However, a key challenge is their low conversion
efficiency. For that, Dr. Chuanyu Hu’s team [2] proposed and developed dye-sensitized
and heterogeneous core–shell lanthanide nanostructures for ultraviolet upconversion im-
provement. They systematically investigated the main factors on ultraviolet upconversion
emission. Interestingly, they found a method for a largely promoted multiphoton upconver-
sion, which provides more opportunities for applications in biomedicine, photo-catalysis,
and environmental science.

3. Luminescence for Solid-State Lighting, Displays, and Anti-Counterfeiting

White-light-emitting diodes show great promise for replacing traditional lighting
devices because of their high efficiency, low energy consumption, and long lifetime. Metal
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organic frameworks (MOFs) are good materials for white-light emissions. The encap-
sulation of organic dyes is a simple way to obtain luminescent MOFs. In a review, Dr.
Derong Cao and his collaboration team summarized the recent research on the design and
construction of dye-encapsulated MOFs phosphors and their potential applications [3].

Dr. Dangli Gao and her collaboration team reported the optical properties of
Zn3Ga2GeO8:Mn phosphors that could be modified by different preparation methods, in-
cluding a hydrothermal method and solid-state diffusion combined with a non-equivalent
ion-doping strategy [4]. Consequently, Mn-doped Zn3Ga2GeO8 phosphors prepared by a
hydrothermal method showed an enhanced red emission at 701 nm and a green persistent
luminescence at 540 nm, while the phosphors prepared by solid-state diffusion in combi-
nation with hetero-valent doping only exhibited an enhancement in the single-band red
emission. Furthermore, the substitution of hetero-valent dopant ion Li+ into different sites
can change the emission colors. These fantastic phenomena were discussed in detail in the
paper [4].

The study of room-temperature phosphorescent carbon quantum dots is important
for various applications. Dr. Hongmei Yu et al. [5] successfully fabricated matrix-free
carbonized polymer dots (CPDs) that can produce green room-temperature phosphores-
cence under dual-mode visible- and ultraviolet-light excitations. Hydrogen bonding can
provide a space protection and stably excite the triplet state. This self-matrix structure
effectively avoids the non-radiative transition by blocking the intramolecular motion of
CPDs. The long lasting room-temperature phosphorescence is good for applications in
anti-counterfeiting.

4. Particle Based Sensing Technology

Early cancer detection is important, and plenty of sensors are being explored. Dr.
Liu and her collaboration team reported novel lanthanide-upconverted NaYF4:Yb,Tm
fluorescence probes, which can detect cancer-related specific miRNAs in very low concen-
trations [6]. The detection is based on emissions at 345, 646, and 802 nm upon excitation at
980 nm. The two common proteins, miRNA-155 and miRNA-150, were captured by the de-
signed fluorescent probes. The probes can effectively distinguish miRNA-155 from partial-
and complete-base mismatched miRNA-155, which is critical for early cancer detection.

Sulfur quantum dots (SQDs) are considered potential green nanomaterials because
they have no heavy metals. Dr. Yang [7] and his collaboration team prepared SQDs by a
microwave-assisted method using sulfur powder as a precursor. SQDs show the highest
emission at 470 nm when excited at 380 nm and have a good sensitivity and selectivity in
alkaline phosphatase detection.

Radiation detection and dosimetry are old questions but pose new challenges for
security and safety. As such, Dr. Abd Khamim Ismail et al. [8] examined the thermolumi-
nescence dosimetry behaviors of Ag-ZnO films. The dose–response revealed high linearity
up to 4 Gy. The proposed sensitivity was 1.8 times higher than the TLD 100 dosimeters.

5. Particle-Based Therapeutics

Chemodynamic therapy (CDT) has received extensive research attention in recent
years. However, the efficiency of CDT is influenced by H2O2 limitations in the tumor. In
this issue, Dr. Yang Shu and her collaborators [9] described a novel core–shell nanostructure,
namely a Cu-metal organic framework (Cu-MOF)/glucose oxidase (GOD)@hyaluronic
acid (HA) (Cu-MOF/GOD@HA), for the purpose of improving CDT efficacy by increasing
H2O2 concentration and cancer cell targeting. The CDT enhancement as a result of GOD
and HA effects in Cu-MOF/GOD@HA was confirmed for both in vitro cell and in vivo
animal studies.

Photothermal therapy has been widely tested in treating bacterial infections [10,11].
Weiwei Zhang et al. [12] tested the growth inhibition of Staphylococcus aureus by using
a very low concentration of vancomycin and applying photothermal therapy with MoS2.
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MoS2-Van-FITC with near-infrared irradiation significantly inhibited S. aureus growth,
reaching an inhibition rate of 94.5%, indicating its possible use as a wound-healing agent.

Dr. Oleg A. Yeshchenko et al. [13] presented the thermoresponsive Zinc-TetraPhenyl
Porphyrin-based hybrid nanosystem. The shrinking of D-g-PNIPAM macromolecules
during a thermally induced phase transition leads to the release of both ZnTPP molecules
and Au NPs from the ZnTPP/D-g-PNIPAM/AuNPs macromolecule. The three-fold en-
hancement of singlet oxygen production with surface plasmon resonance is critical for
clinic applications.

6. New Materials and Structures

Bovine-serum-albumin-embedded Au nanoclusters are thoroughly investigated by
Radek Ostruszka [14] using continuous-wave electron paramagnetic resonance, light-
induced EPR, etc. In addition to the presence of Au(0) and Au(I) oxidation states in
BSA-AuNCs, a significant amount of Au(II) was detected, which may come from a dispro-
portionation event occurring within NCs: 2Au(I) − Au(II) + Au(0).

Haibin Li et al. [15] reported on n-p Bi2O2CO3/α-Bi2O3 heterojunction microtubes
and studied their photocatalytic activities under visible-light irradiation. The results
indicated that Bi2O2CO3/α-Bi2O3 with a Bi2O2CO3 mass fraction of 6.1% exhibited higher
photocatalytic activity than α-Bi2O3.

Obtaining drinking water from seawater has always been a long-term goal. Here, Dr.
Zhongxin Liu et al. [16] reported on the use of graphene-loaded nonwoven fabric mem-
branes coated with graphene oxide for seawater purification. The photothermal membrane
is expected to be suitable for regional water purification and seawater desalination due to
its high light absorption, strong heating effect, and its evaporation rate, which is about five
times higher than that of non-woven fabric.

In this issue Dr. Yiqun Li et al. [17] synthesized a novel carboxymethylcellulose–
polyaniline-film-supported copper catalyst (CuII/I@CMC-PANI) and used it as a dip
catalyst for aldehyde–alkyne–amine coupling reactions with a high yield of 97%. They
found that CuII/I@CMC-PANI, as a good dip catalyst, is very useful in organic synthesis
due to its easy fabrication, convenient deployment, superior catalytic activity, and high
reusability.

We would like to thank the Nanomaterials Editorial Office for the opportunity to edit
this Special Issue, as well as all the authors for their valuable contributions and reviewers
for their valuable comments. This Special Issue would not have been possible without
them. We hope that this Special Issue can offer some valuable information and guidance
for future research directions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gao, C.; Zheng, P.; Liu, Q.; Han, S.; Wang, J.; Li, D.; Luo, S.; Temple, H.; Xing, C.; Wei, Y.; et al. Recent Advances of Upconversion

Nanomaterials in the Biological Field. Nanomaterials 2021, 11, 2474. [CrossRef] [PubMed]
2. Wang, M.; Wei, H.; Wang, S.; Hu, C.; Su, Q. Dye Sensitization for Ultraviolet Upconversion Enhancement. Nanomaterials 2021, 11,

3114. [CrossRef] [PubMed]
3. Sun, Z.; Khurshid, A.; Sohail, M.; Qiu, W.; Cao, D.; Su, S.-J. Encapsulation of Dyes in Luminescent Metal-Organic Frameworks for

White Light Emitting Diodes. Nanomaterials 2021, 11, 2761. [CrossRef] [PubMed]
4. Gao, D.; Wang, P.; Gao, F.; Nguyen, W.; Chen, W. Tuning Multicolor Emission of Manganese-Activated Gallogermanate

Nanophosphors by Regulating Mn Ions Occupying Sites for Multiple Anti-Counterfeiting Application. Nanomaterials 2022, 12,
2029. [CrossRef] [PubMed]

5. Wang, H.; Yu, H.; AL-Zubi, A.; Zhu, X.; Nie, G.; Wang, S.; Chen, W. Self-Matrix N-Doped Room Temperature Phosphorescent
Carbon Dots Triggered by Visible and Ultraviolet Light Dual Modes. Nanomaterials 2022, 12, 2210. [CrossRef] [PubMed]

6. Ding, Z.; He, Y.; Rao, H.; Zhang, L.; Nguyen, W.; Wang, J.; Wu, Y.; Han, C.; Xing, C.; Yan, C.; et al. Novel Fluorescent Probe Based
on Rare-Earth Doped Upconversion Nanomaterials and Its Applications in Early Cancer Detection. Nanomaterials 2022, 12, 1787.
[CrossRef] [PubMed]

7. Ma, F.; Zhou, Q.; Yang, M.; Zhang, J.; Chen, X. Microwave-Assisted Synthesis of Sulfur Quantum Dots for Detection of Alkaline
Phosphatase Activity. Nanomaterials 2022, 12, 2787. [CrossRef] [PubMed]

http://doi.org/10.3390/nano11102474
http://www.ncbi.nlm.nih.gov/pubmed/34684916
http://doi.org/10.3390/nano11113114
http://www.ncbi.nlm.nih.gov/pubmed/34835876
http://doi.org/10.3390/nano11102761
http://www.ncbi.nlm.nih.gov/pubmed/34685201
http://doi.org/10.3390/nano12122029
http://www.ncbi.nlm.nih.gov/pubmed/35745368
http://doi.org/10.3390/nano12132210
http://www.ncbi.nlm.nih.gov/pubmed/35808046
http://doi.org/10.3390/nano12111787
http://www.ncbi.nlm.nih.gov/pubmed/35683645
http://doi.org/10.3390/nano12162787
http://www.ncbi.nlm.nih.gov/pubmed/36014652


Nanomaterials 2023, 13, 1047 4 of 4

8. Thabit, H.A.; Kabir, N.A.; Ismail, A.K.; Alraddadi, S.; Bafaqeer, A.; Saleh, M.A. Development of Ag-Doped ZnO Thin Films and
Thermoluminescence (TLD) Characteristics for Radiation Technology. Nanomaterials 2022, 12, 3068. [CrossRef] [PubMed]

9. Hao, Y.-N.; Qu, C.-C.; Shu, Y.; Wang, J.-H.; Chen, W. Construction of Novel Nanocomposites (Cu-MOF/GOD@HA) for Chemody-
namic Therapy. Nanomaterials 2021, 11, 1843. [CrossRef] [PubMed]

10. Zhen, X.; Chudal, L.; Pandey, N.K.; Phan, J.; Ran, X.; Amador, E.; Huang, X.; Johnson, O.; Ran, Y.; Chen, W.; et al. A Powerful
Combination of Copper-Cysteamine Nanoparticles with Potassium Iodide for Bacterial Destruction. Mater. Sci. Eng. C 2020, 110,
110659. [CrossRef] [PubMed]

11. Zhen, X.; Pandey, N.K.; Amador, E.; Hu, W.; Liu, B.; Nong, W.; Chen, W.; Huang, L. Potassium Iodide Enhances the Anti-
Hepatocellular Carcinoma Effect of Copper-Cysteamine Nanoparticle Mediated Photodynamic Therapy on Cancer Treatment.
Mater. Today Phys. 2022, 27, 100838. [CrossRef]

12. Zhang, W.; Kuang, Z.; Song, P.; Li, W.; Gui, L.; Tang, C.; Tao, Y.; Ge, F.; Zhu, L. Synthesis of a Two-Dimensional Molybdenum
Disulfide Nanosheet and Ultrasensitive Trapping of Staphylococcus Aureus for Enhanced Photothermal and Antibacterial
Wound-Healing Therapy. Nanomaterials 2022, 12, 1865. [CrossRef] [PubMed]

13. Yeshchenko, O.A.; Kutsevol, N.V.; Tomchuk, A.V.; Khort, P.S.; Virych, P.A.; Chumachenko, V.A.; Kuziv, Y.I.; Marinin, A.I.;
Cheng, L.; Nie, G. Thermoresponsive Zinc TetraPhenylPorphyrin Photosensitizer/Dextran Graft Poly(N-IsoPropylAcrylAmide)
Copolymer/Au Nanoparticles Hybrid Nanosystem: Potential for Photodynamic Therapy Applications. Nanomaterials 2022, 12,
2655. [CrossRef] [PubMed]

14. Ostruszka, R.; Zoppellaro, G.; Tomanec, O.; Pinkas, D.; Filimonenko, V.; Šišková, K. Evidence of Au(II) and Au(0) States in Bovine
Serum Albumin-Au Nanoclusters Revealed by CW-EPR/LEPR and Peculiarities in HR-TEM/STEM Imaging. Nanomaterials 2022,
12, 1425. [CrossRef] [PubMed]

15. Li, H.; Luo, X.; Long, Z.; Huang, G.; Zhu, L. Plasmonic Ag Nanoparticle-Loaded n-p Bi2O2CO3/-Bi2O3 Heterojunction Microtubes
with Enhanced Visible-Light-Driven Photocatalytic Activity. Nanomaterials 2022, 12, 1608. [CrossRef] [PubMed]

16. Huang, J.; Chu, Z.; Xing, C.; Li, W.; Liu, Z.; Chen, W. Luminescence Reduced Graphene Oxide Based Photothermal Purification of
Seawater for Drinkable Purpose. Nanomaterials 2022, 12, 1622. [CrossRef] [PubMed]

17. Xu, Z.; Xiao, L.; Fan, X.; Lin, D.; Ma, L.; Nie, G.; Li, Y. Spray-Assisted Interfacial Polymerization to Form CuII/I@CMC-PANI Film:
An Efficient Dip Catalyst for A3 Reaction. Nanomaterials 2022, 12, 1641. [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.

http://doi.org/10.3390/nano12173068
http://www.ncbi.nlm.nih.gov/pubmed/36080105
http://doi.org/10.3390/nano11071843
http://www.ncbi.nlm.nih.gov/pubmed/34361229
http://doi.org/10.1016/j.msec.2020.110659
http://www.ncbi.nlm.nih.gov/pubmed/32204087
http://doi.org/10.1016/j.mtphys.2022.100838
http://doi.org/10.3390/nano12111865
http://www.ncbi.nlm.nih.gov/pubmed/35683721
http://doi.org/10.3390/nano12152655
http://www.ncbi.nlm.nih.gov/pubmed/35957085
http://doi.org/10.3390/nano12091425
http://www.ncbi.nlm.nih.gov/pubmed/35564133
http://doi.org/10.3390/nano12091608
http://www.ncbi.nlm.nih.gov/pubmed/35564315
http://doi.org/10.3390/nano12101622
http://www.ncbi.nlm.nih.gov/pubmed/35630846
http://doi.org/10.3390/nano12101641

	Introduction 
	Upconversion Luminescence Nanomaterials 
	Luminescence for Solid-State Lighting, Displays, and Anti-Counterfeiting 
	Particle Based Sensing Technology 
	Particle-Based Therapeutics 
	New Materials and Structures 
	References

