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Fig. S1 (a) HRTEM image and (b) XRD of the as-synthesized KSc2F7:Yb/Er nanocrystals. The 
diffraction pattern at the bottom is the literature reference of orthorhombic KSc2F7 crystal (JCPDS: 
39-0784). (c) The energy-dispersive X-ray spectrum of the as-synthesized KSc2F7:Yb/Er nanocrystals, 
proving the presence of K, Sc, F, Yb and Er.  
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Fig. S2 The (a) length and (b) diameter distributions of KSc2F7:Yb/Er nanocrystals doped with varied 

amounts of Li+ (0-70 mol%). L and D represent length and diameter, respectively. 
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Fig. S3 (a) XRD pattern of KSc2F7:Yb/Er nanocrystals doped with 80 mol% Li+. The diffraction 
pattern at the bottom is the literature reference of cubic ScF3 crystal (JCPDS: 46-1243). 
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Fig. S4 XRD patterns of KSc2F7:Yb/Er nanocrystals doped with varied amounts of Li+ (0-70 mol%). 

The diffraction pattern at the bottom is the literature reference of orthorhombic KSc2F7 crystal 

(JCPDS: 39-0784). 

 

  



 

6 

 

 

Fig. S5 The amount of Li+ detected in the KSc2F7 nanocrystals and the (a) length, (b) diameter, and (c) 

aspect ratio of the corresponding nanocrystals as a function of Li+ doping concentration. 
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Fig. S6 (a) Relative enhancement of upconversion emission as a function of Li+ doping concentration. 

The emission intensity of KSc2F7 nanocrystals without Li+ doping was set as 1. (b) Red to green 

emission intensity ratio as a function of Li+ doping concentration. 
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Fig. S7 Photoluminescence spectra of (a) KSc2F7:Yb/Tm (20/0.5 mol%) and (b) KSc2F7:Yb/Ho (20/2 

mol%) nanocrystals without and with 60 mol% Li+ doping under the excitation of a 980 nm laser. 
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Fig. S8 Proposed upconversion mechanism under 980 nm laser excitation in KSc2F7:Yb/Er 

nanocrystals. The dash, dotted, dash-dotted and full arrows represent energy transfer, multiphonon 

relaxation, excitation, and emission process, respectively. 
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Table S1 Luminescent lifetime of 4F9/2 state of Er3+ ions in KSc2F7:Yb/Er nanocrystals 

Li+ doped (mol%) τeff  (μs) 

0 56.7 

10 87.0 

30 161.6 

50 260.8 

60 462.5 

70 315.1 

 

The effective luminescent lifetime (τeff) was calculated by: 
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where I0 is the maximum intensity, and I(t) is the luminescent intensity as a function of time t. 

 

 

 


