
Supporting Information 

Simultaneous Dual-mode Emission and Tunable 

Multicolor in the Time Domain from Lanthanide-

doped Core-shell Microcrystals 

Dandan Ju 1,2, Feng Song 1,2,*, Adnan Khan 1,2, Feifei Song 1, Aihua Zhou 1,2, Xiaoli Gao 1,2, 

Huimin Hu 1,2, Xu Sang 1,2 and Victor Zadkov 3 

1 School of Physics & The Key Laboratory of Weak Light Nonlinear Photonics, Ministry of Education, 

Nankai University, Tianjin, 300071, China; judandan@mail.nankai.edu.cn (D.J.); 

adnanphyzx@mail.nankai.edu.cn (A.K.); songff@mail.nankai.edu.cn (F.S.);  

zhouihua@mail.nankai.edu.cn (A.Z.); 1120180066@mail.nankai.edu.cn (X.G.); 

2120170177@mail.nankai.edu.cn (H.H.); 2120180202@mail.nankai.edu.cn (X.S.);  

zadkov@isan.troitsk.ru (V.Z.) 
2 Collaborative Innovation Center of Extreme Optics, Shanxi University, Taiyuan, Shanxi, 030006, China 
3 The Institute of Spectroscopy of the Russian Academy of Sciences, Moscow, 142190, Russia 

* Correspondence: fsong@nankai.edu.cn; Tel.: +86-022-23502572

Figure S1. Size distribution analysis of the NaYF4: Yb/Er@NaYF4:Ce/Tb/Eu microcrystals along the 

axial direction (a) and radial direction (b) collected at various doping concentration ratios of Tb/Eu. 

Figure S2. The CIE chromaticity coordinates of the emission of the seed microcrystals (NaYF4:Yb/Er) 

and core-shell microrods ( NaYF4:Yb/Er@NaYF4:Ce/Tb0.1/Eu0.1) under 980 nm excitation, respectively.
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Figure S3. CIE chromaticity coordinates of the emission of samples with various doping 

concentrations of Tb3+ and Eu3+. The direction of the arrow denotes the changing of emission colors. 

 

Figure S4. Pump-power-dependent downshifting luminescence spectra of the core-shell structured 

microrods with various doping concentration ratios of Tb/Eu under 395 nm excitation. 

 

Figure S5. Relative intensity of different emission bands in core-shell microrods under 395 nm irradiation. 



 

 

Figure S6. (a) Delay curves of NaYF4:Yb/Er@NaYF4:Ce/Tb0.1/Eu0.05 microrods at 544 nm and 615 nm 

under 252 nm excitation, (b) rise time of emission at 615 nm for NaYF4:Yb/Er@ NaYF4:Ce/Tb0.1/Eu 

microrods doped with different Eu concentrations. 

 

Figure S7. (a) Pump-power-dependent upconversion luminescence spectra of the core-shell-

structured microrods (NaYF4:Yb/Er@NaYF4:Ce/Tb0.1/Eu0.01) using 980 nm excitation and (b) 

corresponding log-log plots of upconversion emission intensity versus excitation power. 
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