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Fig. 1. Schematic diagram of different core-shell structures based on NaYbF,:2%Er** micron crystals and their corresponding

energy transfer.
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Fig. 2. The XRD patterns of NaYbF,:2%Er?*microcrystals

and their coating with different core-shell (CS) structures.
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Fig. 3. (a)—(f) SEM image of NaYbF:2%Er?" microcrystals and coating with different CS structures. (al)—(fl) The corresponding

element maps.
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Fig. 4. (a) The UC emission spectra (the insert is corresponding optical micrographs), (b) R/G ratio and (c) enhancement factor of

the red emission of the NaYbF:2%Er** microcrystals and coating with different CS structures under the excitation of a 980 nm

NIR laser.
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Fig. 5. (a) The UC emission spectra (the insert is corresponding optical micrographs), (b) R/G ratio and (c) enhancement factor of

the red emission of the NaYbF,:2%Er?* microcrystals and coating with different CS structures with doping 2%Ho?* ions under the

excitation of a 980 nm NIR laser.
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Fig. 6. Under different pump power excitation at 980 nm, the upconversion emission spectra of a single particle NaYbF:2%Er?+,
NaYbF 2% Er**@NaYbF;:2%Ho*t, and NaYbF;:2%Er**@NaYbF, @ NaYF, core-shell-shell micron disks (the corresponding lumine-

scence pattern is inset) and their red and green emission dependencies.
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Fig. 7. Diagram of energy transfer between Yb**, Er** and Ho%' ions in different structures and their possible transition mecha-
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Enhancement mechanism of red up-conversion emission in
single NaYbF ;:2%Er**@NaYbF, micron core-shell structure’
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Abstract

The construction of core-shell structure can effectively reduce the quenching effect on the surface of
material and regulate ion-ion interaction, which has become one of the effective ways to enhance and regulate
the spectral characteristics of rare-earth upconversion luminescent materials. In this paper, a variety of NaYbF,:
2%Er®* micron core-shell structures are constructed with the help of epitaxial growth technology, effectively
improving the red up-conversion emission of Er3* ions. The prepared microcrystals with core-shell structures are
of hexagonal phase microdisks, and their sizes are relatively uniform. In order to better obtain the material
spectral data, a confocal microscopic spectroscopy is used to study spectral properties. Under 980 nm near-
infrared laser excitation, the red emission intensity of single NaYbF:2%Er**@NaYbF,@NaYF, core-shell-shell
microdisk is 4.6 times higher than that of NaYbF,:2%Er** micron disk, and the red-to-green ratio increases
from 6.3 to 8.1. Meanwhile, Ho?* ions are introduced into the NaYbF :22%Er**@NaYbF,: 2%Ho®** @NaYF,
core-shell-shell microdisk, and the red emission intensity is nearly 6.7 times higher than that of single NaYbF,:
2%Er3* microdisk, and the red-to-green ratio increases from 6.3 to 9.4 through the interaction between ions.
The microcrystal spectral characteristics and luminescence kinetics of different core-shell structures are studied,
showing that the red emission enhancement of Er®* ions is mainly derived from the construction of different
core-shell structures, which can effectively enhance the cross-relaxation between Er®* ions, the energy back
transfer between Yb?* and Er3* ions, and the energy transfer from Ho?* ions to Er3* ions. The micron core-shell
structures with efficient red emission in this study has great application prospects in the fields of luminescence,

anti-counterfeiting and optoelectronic devices.

Keywords: upconversion luminescence, core-shell structure, energy transfer, cross-relaxation

PACS: 42.70.-a, 78.55.-m, 78.67.-n, 76.30.kg DOI: 10.7498 /aps.73.20231663

* Project supported by the National Natural Science Foundation of China (Grant Nos. 12274341, 12004304, 12104366), the
Key R & D Plan of Shaanxi Province, China (Grant Nos. 2022SF-333, 2023-YBGY-256), the Natural Science Foundation of
Shaanxi Province, China (Grant No. 2022JZ-05), the Youth Program of the Natural Science Foundation of Shaanxi
Province, China (Grant No. 2022JQ-041), the Education Department Service Local Special Program of Shaanxi Province,
China (Grant No. 22JC057), and the Xi’an University Talents Service Enterprise Project, China (Grant No. 23GXFWO0089).

1 Corresponding author. E-mail: gaowei@xupt.edu.cn

1 Corresponding author. E-mail: dongjun@xupt.edu.cn

054206-10


https://doi.org/10.1063/5.0047509
https://doi.org/10.1063/5.0047509
https://doi.org/10.1063/5.0047509
https://doi.org/10.1063/5.0047509
https://doi.org/10.1063/5.0047509
https://doi.org/10.1063/5.0047509
https://doi.org/10.1063/5.0047509
https://doi.org/10.1016/S1002-0721(16)60165-5
https://doi.org/10.1016/S1002-0721(16)60165-5
https://doi.org/10.1016/S1002-0721(16)60165-5
https://doi.org/10.1016/S1002-0721(16)60165-5
https://doi.org/10.1016/S1002-0721(16)60165-5
https://doi.org/10.1016/S1002-0721(16)60165-5
https://doi.org/10.1016/S1002-0721(16)60165-5
https://doi.org/10.1016/S1002-0721(16)60165-5
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.7498/aps.65.084205
https://doi.org/10.1016/j.jallcom.2012.12.010
https://doi.org/10.1016/j.jallcom.2012.12.010
https://doi.org/10.1016/j.jallcom.2012.12.010
https://doi.org/10.1016/j.jallcom.2012.12.010
https://doi.org/10.1016/j.jallcom.2012.12.010
https://doi.org/10.1016/j.jallcom.2012.12.010
https://doi.org/10.1016/j.jallcom.2012.12.010
https://doi.org/10.1103/PhysRevB.61.3337
https://doi.org/10.1103/PhysRevB.61.3337
https://doi.org/10.1103/PhysRevB.61.3337
https://doi.org/10.1103/PhysRevB.61.3337
https://doi.org/10.1103/PhysRevB.61.3337
https://doi.org/10.1103/PhysRevB.61.3337
https://doi.org/10.1103/PhysRevB.61.3337
https://doi.org/10.1016/j.jlumin.2022.119487
https://doi.org/10.1016/j.jlumin.2022.119487
https://doi.org/10.1016/j.jlumin.2022.119487
https://doi.org/10.1016/j.jlumin.2022.119487
https://doi.org/10.1016/j.jlumin.2022.119487
https://doi.org/10.1016/j.jlumin.2022.119487
https://doi.org/10.1016/j.jlumin.2022.119487
https://doi.org/10.1039/C7TC05742C
https://doi.org/10.1039/C7TC05742C
https://doi.org/10.1039/C7TC05742C
https://doi.org/10.1039/C7TC05742C
https://doi.org/10.1039/C7TC05742C
https://doi.org/10.1039/C7TC05742C
https://doi.org/10.1039/C7TC05742C
https://doi.org/10.1039/C9CP04692E
https://doi.org/10.1039/C9CP04692E
https://doi.org/10.1039/C9CP04692E
https://doi.org/10.1039/C9CP04692E
https://doi.org/10.1039/C9CP04692E
https://doi.org/10.1039/C9CP04692E
https://doi.org/10.1016/j.apsusc.2020.146074
https://doi.org/10.1016/j.apsusc.2020.146074
https://doi.org/10.1016/j.apsusc.2020.146074
https://doi.org/10.1016/j.apsusc.2020.146074
https://doi.org/10.1016/j.apsusc.2020.146074
https://doi.org/10.1016/j.apsusc.2020.146074
https://doi.org/10.1016/j.apsusc.2020.146074
https://doi.org/10.1016/j.jallcom.2022.168371
https://doi.org/10.1016/j.jallcom.2022.168371
https://doi.org/10.1016/j.jallcom.2022.168371
https://doi.org/10.1016/j.jallcom.2022.168371
https://doi.org/10.1016/j.jallcom.2022.168371
https://doi.org/10.1016/j.jallcom.2022.168371
https://doi.org/10.1016/j.jallcom.2019.152934
https://doi.org/10.1016/j.jallcom.2019.152934
https://doi.org/10.1016/j.jallcom.2019.152934
https://doi.org/10.1016/j.jallcom.2019.152934
https://doi.org/10.1016/j.jallcom.2019.152934
https://doi.org/10.1016/j.jallcom.2019.152934
https://doi.org/10.1016/j.jallcom.2019.152934
https://doi.org/10.1039/c0jm03470c
https://doi.org/10.1039/c0jm03470c
https://doi.org/10.1039/c0jm03470c
https://doi.org/10.1039/c0jm03470c
https://doi.org/10.1039/c0jm03470c
https://doi.org/10.1039/c0jm03470c
https://doi.org/10.1039/c0jm03470c
https://doi.org/10.1021/acsnano.8b04988
https://doi.org/10.1021/acsnano.8b04988
https://doi.org/10.1021/acsnano.8b04988
https://doi.org/10.1021/acsnano.8b04988
https://doi.org/10.1021/acsnano.8b04988
https://doi.org/10.1021/acsnano.8b04988
http://doi.org/10.7498/aps.73.20231663
mailto:gaowei@xupt.edu.cn
mailto:gaowei@xupt.edu.cn
mailto:dongjun@xupt.edu.cn
mailto:dongjun@xupt.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

BUIGRINaYbF, : 2%Er" @NaYbF M F oK AL ) L H6 34T Y R S M TR 32

FEL RRE KEFT TH #HRE KRS S EF

Enhancement mechanism of red up—conversion emission in single NaYbF 4:2%Er3+@NaYbF 4 micron core—shell
structure

Yan Xue-Wen  Zhang Jing-Lei  Zhang Zheng-Yu Ding Peng Han Qing-Yan  Zhang Cheng-Yun  Gao
Wei  Dong Jun

5] Hi{5 &, Citation: Acta Physica Sinica, 73, 054206 (2024) DOI: 10.7498/aps.73.20231663

TELR T2 View online: https://doi.org/10.7498/aps.73.20231663

MHHPNZS View table of contents: http://wulixb.iphy.ac.cn

ST BRRRNER IR LAt SO

Articles you may be interested in

Ho™ B T45 2 FUBDRL SR AL I MoK 75 M ) T g i et
Upconversion luminescence characteristics of Ho* ion doped single—particle fluoride micron core—chell structure

YIBR2EA. 2022, 71(3): 034207  https://doi.org/10.7498/aps.71.20211719

PESHE S U T EY USR5S SR iy
Hot injection synthesis of core—shell upconversion nanoparticles for bioimaging application

PyFEEEHR. 2020, 69(14): 147801 https:/doi.ore/10.7498/aps.69.20200347

BRI R o™ B8 78 H LK B IO 2006 s 5t

Enhanced red upconversion fluorescence emission of Ho’* ions in NaLuF 4 nanocrystals through building core—shell structure

WIFRZEAR. 2019, 68(17): 174204 https:/doi.org/10.7498/aps.68.2019044 1

HUBRINaYF B e 4 A Y RE AL Rtk

Energy transfer characteristics of single—particle NaYF, core—shell structure

YrH2E 4. 2022, 71(23): 234206  hitps://doi.org/10.7498/aps.71.20221454

HIEINaYF - YD /Ho ™ /Ce? @Na Y F ;- Ybo VNA KA 4 M Ho ¥ 8 10 A i S 3t

Enhancing red upconversion emission of Ho’* ions through constructing NaYF 4:Yb3+/H03+/Ce3+@NaYF 4:Yb3+/Nd3+ core—shell

structures

YIHE2AAR. 2021, 70(15): 154208  hitps://doi.org/10.7498/aps.70.20210118

SRR B BB R AT A M DL SR
Tuning optical force of dielectric/metal core—shell placed above Au film

WAL 2020, 69(18): 184206  https://doi.org/10.7498/aps.69.20200214


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231663
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20211719
https://doi.org/10.7498/aps.69.20200347
https://doi.org/10.7498/aps.68.20190441
https://doi.org/10.7498/aps.71.20221454
https://doi.org/10.7498/aps.70.20210118
https://doi.org/10.7498/aps.69.20200214

	1 引　言
	2 实　验
	2.1 实验材料
	2.2 NaYbF4: 2%Er3+核微米晶体的制备
	2.3 NaYbF4: 2%Er3+核壳及核-壳-壳结构微米晶体的制备
	2.4 样品表征和光谱测试

	3 结果讨论
	3.1 晶体结构及形貌
	3.2 不同核壳结构微米盘的上转换发光特性
	3.3 上转换红光发射机理

	4 结　论
	参考文献

