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Alternatively, some amphiphilic ligands can be utilized to pre-
pare complexes that can self-assemble into micelles in aqueous
solution to protect the lanthanide luminescence center. Sec-
ondly, the majority of current photoresponsive lanthanide lumi-
nescent materials are driven by UV/visible light. This makes it
difficult to penetrate biological tissues, can cause damage to the
tissues, and they can be interfered with by the self-fluorescence
of the biological tissues. The assembly of lanthanide-doped
upconversion nanoparticles with photoresponsive molecules to
prepare composites that utilize the energy of lanthanide-doped
upconversion nanoparticles to drive photoresponsive molecules
is a growing area of research. Lanthanide-doped upconversion
nanoparticles are capable of converting NIR light into UV and
visible light, thereby enabling the delivery and controlled release
of guest molecules. Thirdly, although lanthanide luminescent
materials have demonstrated effective intelligent anticounter-
feiting properties, their long response time (seconds or even
minutes) is still far from the requirements of actual applications.
Shorter times are necessary to meet future equipment needs.
Efforts are being made to investigate the potential of new
photoresponsive molecules and mechanisms, or to modify exist-
ing photoresponsive molecules. In parallel, efforts can be made
to enhance the understanding of the relationship between
suitable structures and photoresponse by integrating theoretical
calculations into the structural design and synthesis of materi-
als. This approach could facilitate more effective and precise
control over the resulting materials.

Author contributions
All authors have given approval to the final version of the
manuscript. Lingna Su: data curation and writing – original draft;
Xiao Liu: conceptualization (table of contents) and writing –
original draft; Qingyu Niu: data curation (sensing mechanisms)
and writing – original draft; and Zhiqiang Li: funding acquisition,
data validation, and writing – reviewing and editing.

Conflicts of interest
The authors have no conflicts of interest.

Acknowledgements
This work was financially supported by the National Natural
Science Foundation of China (22171069), the Natural Science
Foundation of Hebei Province (B2021202026), and the Educa-
tional Committee of Hebei Province (JZX2024012).

Notes and references
1 J.-C. G. Bünzli, Acc. Chem. Res., 2006, 39, 53–61.
2 J.-C. G. Bünzli and S. V. Eliseeva, Chem. Sci., 2013, 4,

1939–1949.
3 M. C. Heffern, L. M. Matosziuk and T. J. Meade, Chem.

Rev., 2014, 114, 4496–4539.

4 X.-Z. Li, C.-B. Tian and Q.-F. Sun, Chem. Rev., 2022, 122,
6374–6458.

5 X. Qin, X. Liu, W. Huang, M. Bettinelli and X. Liu, Chem.
Rev., 2017, 117, 4488–4527.

6 Y. Liu, D. Tu, H. Zhu and X. Chen, Chem. Soc. Rev., 2013,
42, 6924–6958.

7 E. G. Moore, A. P. S. Samuel and K. N. Raymond, Acc. Chem.
Res., 2009, 42, 542–552.

8 D. Chen, Y. Wang and M. Hong, Nano Energy, 2012, 1,
73–90.

9 G. Wang, Q. Peng and Y. Li, Acc. Chem. Res., 2011, 44,
322–332.

10 P. Singh, S. Kachhap, P. Singh and S. K. Singh, Coord.
Chem. Rev., 2022, 472, 214795.

11 L. Armelao, S. Quici, F. Barigelletti, G. Accorsi, G. Bottaro,
M. Cavazzini and E. Tondello, Coord. Chem. Rev., 2010,
254, 487–505.

12 E. R. Trivedi, S. V. Eliseeva, J. Jankolovits, M. M. Olmstead,
S. Petoud and V. L. Pecoraro, J. Am. Chem. Soc., 2014, 136,
1526–1534.

13 J.-C. G. Bünzli, Trends Chem., 2019, 1, 751–762.
14 J. Feng and H. Zhang, Chem. Soc. Rev., 2013, 42, 387–410.
15 S.-J. Li, F. Li, N. Kong, J.-R. Liu and X. Zhu, Adv. Healthcare

Mater., 2023, 12, 2302276.
16 Z. Wang, M. Zhang, S. Chi, M. Zhu, C. Wang and Z. Liu,

Adv. Healthcare Mater., 2022, 11, 2200521.
17 J. Xu, A. Gulzar, P. Yang, H. Bi, D. Yang, S. Gai, F. He, J. Lin,

B. Xing and D. Jin, Coord. Chem. Rev., 2019, 381, 104–134.
18 P. Du, R. An, Y. Liang, P. Lei and H. Zhang, Coord. Chem.

Rev., 2022, 471, 214745.
19 K. Binnemans, Chem. Rev., 2009, 109, 4283–4374.
20 A. A. Ansari, M. R. Muthumareeswaran and R. Lv, Coord.

Chem. Rev., 2022, 466, 214584.
21 S. Weissman, J. Chem. Phys., 1942, 10, 214–217.
22 D. E. Barry, D. F. Caffrey and T. Gunnlaugsson, Chem. Soc.

Rev., 2016, 45, 3244–3274.
23 P. A. Vigato, V. Peruzzo and S. Tamburini, Coord. Chem.

Rev., 2009, 253, 1099–1201.
24 K. Miyata, Y. Konno, T. Nakanishi, A. Kobayashi, M. Kato,

K. Fushimi and Y. Hasegawa, Angew. Chem., Int. Ed., 2013,
52, 6413–6416.

25 Z. Li, Z. Hou, H. Fan and H. Li, Adv. Funct. Mater., 2017,
27, 1604379.

26 Q. Zhu, L. Zhang, K. Van Vliet, A. Miserez and N. Holten-
Andersen, ACS Appl. Mater. Interfaces, 2018, 10,
10409–10418.

27 Z. Gao, B. Xu, T. Zhang, Z. Liu, W. Zhang, X. Sun, Y. Liu,
X. Wang, Z. Wang and Y. Yan, Angew. Chem., Int. Ed., 2020,
59, 19060–19064.

28 J.-C. G. Bünzli and C. Piguet, Chem. Soc. Rev., 2005, 34,
1048–1077.

29 P. Li and H. Li, Coord. Chem. Rev., 2021, 441, 213988.
30 H.-Q. Yin, X.-Y. Wang and X.-B. Yin, J. Am. Chem. Soc.,

2019, 141, 15166–15173.
31 K. Wu, X.-Y. Liu, Y.-L. Huang, M. Xie, X. Xiong, J. Zheng,

W. Lu and D. Li, Inorg. Chem. Front., 2022, 9, 1714–1721.

Review Journal of Materials Chemistry C

Pu
bl

is
he

d 
on

 0
6 

Ju
ne

 2
02

4.
 D

ow
nl

oa
de

d 
on

 7
/1

2/
20

25
 6

:2
9:

32
 P

M
. 

View Article Online

https://doi.org/10.1039/d4tc01353k


Pu
bl

is
he

d 
on

 0
6 

Ju
ne

 2
02

4.
 D

ow
nl

oa
de

d 
on

 7
/1

2/
20

25
 6

:2
9:

32
 P

M
. 

View Article Online

https://doi.org/10.1039/d4tc01353k


Pu
bl

is
he

d 
on

 0
6 

Ju
ne

 2
02

4.
 D

ow
nl

oa
de

d 
on

 7
/1

2/
20

25
 6

:2
9:

32
 P

M
. 

View Article Online

https://doi.org/10.1039/d4tc01353k



