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S1 (a) NaYF4:20%Yb*/12%Ce* /2%Ho* 44K fit A Fll NaYF4:20%Yh3*/12%Ce**/12%H0*" @
NaYF4x%YDb* (x = 0, 5, 10, 15)# 549K A, (b) NaYF4:20%Yb3*/12%Ce®/2%Ho®* @NaYF.:
15%YDb**/x%Nd** (x = 10, 20, 30, 40)Z7e49K LA R XRD K&

Fig. S1. The XRD patterns of (a) NaYF4:20%Yb%*/12%Ce®*"/2%Ho>" nanoparticles (NPs) and
NaYF4:20%Yb3®*/12%Ce3/2%Ho* @NaYF4:x%Yb* (x = 0, 5, 10, 15) core-shell (CS) NPs, (b)

NaYF4:20%Yb®/12%Ce® /2% Ho®* @NaYF4:15%Yb*/x%Nd** (x = 10, 20, 30, 40) CS NPs.



P S2 (a) NaYF4:20%Yb3*/12%Ce® /2%H0%" 4K fh ik, (b)—(e) NaYF4:20%Yh3*/12%Ce®/12%
Ho®* @NaYF4:x%Yb** (x=0, 5, 10, 15)#Z Fe 44K i I (f) NaYF4:20%Y b3*/12%Ce* /2%Ho* @
NaYF4:15%Yb**/10%Nd>* 252 4K fb R 1) TEM B, 4 B 90 5 AR L R A% R SF 43 A1 I

Fig. S2. The TEM images and size distribution (insert) of the (a) NaYFa:
20%Yb%/12%Ce%*/12%H0** NPs, (b)—(e) NaYF4:20%Yb%/12%Ce*/2%Ho** @NaYFs:x%Yh%*
x = 0 5 10, 15 CS NPs and (f) NaYFs20%  Yb%/12%

Ce®*/2%Ho** @NaYF4:15%Yb*/10%Nd* CS NPs.
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K] S3 1F 800 nm L L AMEIE A T » NaYF4:20%Yh**/12%Ce®/ 2%Ho** @NaYF4:x%Nd** (x = 5,
10, 15, 20, 30)k%7e4hK dib 44 (1 (a) b 4 4 S 6 1% A (0) B4 3 K17, (c) NaYF4:20%Yb®*
112%Ce*12%Ho* @NaYF4:15%Nd** F1  NaYF4:20%Yb%*/12%Ce*/2%Ho* @NaYF4:15%Yb3*/
20%Nd>* 1 Fe 9K A AR (1 b 4 R S s

Fig. S3. (a) The upconversion (UC) emission spectra, (b) enhancement factor of NaYF4:20%Yb3"/
12%Ce3*/12%Ho** @NaYF4:x%Nd** (x=5, 10, 15, 20, 30) CS NPs, (c) the UC emission spectra of

NaYF4:20% Yb*/12%Ce*/2%Ho%* @NaYF4:15%Nd** and NaYF:20%Yb*" /12%Ce** /2%Ho**

@NaYF4:15%Yh%*/20%Nd3" CS NPs under the excitation of an 800 nm NIR laser.
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Fig. S4. Dependences of the red and green emission intensity  of
NaYF4:20%Yb*/12%Ce* /2%Ho** @NaYF4:15%Yb3*/20%Nd** CS NPs on the excitation power

of 980 nm (a) and 800 nm (b) under simultaneous 980 nm + 800 nm excitation.



