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ESI S1. Synthesis and Characterization of NaYF4:20% Yb/2% Er 

For comparison between the hosts, 3±1 μm sized β-NaYF4 phosphor powder doped with 20% 

Yb
3+

/2% Er
3+

 was synthesized using method as described in reference, which is generally 

accepted to give the highest quality β-NaYF4: 20% Yb
3+ 

/2% Er
3+

 with most efficient UC 

emission.
1
 Fig. S1 (a) shows the scanning transmission electron microscopy (STEM) image of 

the β-NaYF4: 20% Yb
3+ 

/2% Er
3+

 phosphor. STEM image as shown in Fig. S1 (a) confirms non-

uniform morphology of the particles with an average size of 3 ± 1 μm. The compositional 

distributions of each element in the particles were confirmed by Energy Dispersive X-ray (EDX) 

line and spectral mapping analysis as shown in Fig. S1 and Fig. S2. Spectral mapping was 

performed in a cluster of particles as shown Fig. S1 (b). Line scan spectrum was recorded 

through the center of a nanoparticle marked by a yellow line as shown in inset of Fig. S1 (a). 

EDX signals obtained from K, L, and M shell electrons were clearly traced across the region of 

the nanoparticles as shown in Fig. S1(c) and Fig. S1(d), which guarantees the doping of 

Yb
3+

/Er
3+

. The X-Ray, morphological characterizations, and optical properties of β-NaYF4: 20% 

Yb
3+

/2% Er
3+ 

were compared with the reference too. 
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Figure S2. (a) SEM image of the NaYF4: 20 % Yb
3+

/ 2% Er
3+ 

phosphor synthesized through solid 

state reaction, inset of 1(a) shows the EDX line scan setup for NaYF4: 20 % Yb
3+

/ 2% Er
3+ 

particles (b) shows the EDX mapping scan of NaYF4: 20 % Yb
3+

/ 2% Er
3+ 

particles (c) EDX line 

scan spectrum confirming the doping of Er
3+ 

and Yb
3+

,  (d) EDX spectrum confirming the doping 

of Yb
3+

/Er
3+ 

into NaYF4 lattice matrix  
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Figure S3. EDX mapping of NaYF4: 20 % Yb
3+

/ 2% Er
3+ 

particles confirming the doping of Er
3+ 

and Yb
3+
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Upconversion Quantum Yield: La2O2S:Yb
3+

/Er
3+

 

Table S4 Absolute UC QYs for different concentration of La2O2S: Yb
3+

/Er
3+

compared to that of 

β-NaYF4:20%Yb
3+

/2% Er
3+

 at the excitation power density of 0.5± 0.07 W/cm
2
 

 

Table S5 Absolute UC QYs for different concentration of La2O2S: Yb
3+

/Er
3+

 compared to that of 

β-NaYF4:20%Yb
3+

/2% Er
3+

 at the excitation power density of 3.8 ± 0.57 W/cm
2
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Table S6. Absolute UC QY for La2O2S: 9% Yb
3+

 /1% Er
3+

 compared to that of NaYF4: 20% Yb, 

2% Er at their threshold excitation power densities and at 3.8 ± 0.57 W/cm
2
  

 

 

Upconversion Quantum Yield: Y2O2S:Yb
3+

/Er
3+

 

Table S7 Absolute UC QY for different concentrations of Y2O2S: Yb
3+

/ Er
3+

 at the excitation 

power density of 3.8 ± 0.57 W/cm
2 
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Upconversion Quantum Yield: Gd2O2S:Yb
3+

/Er
3+

 

Table S8 Absolute UC QY for different concentrations of Gd2O2S: Yb
3+

/Er
3+

 at the excitation 

power density of 0.5 ± 0.07 W/cm2  

 

Table S9 Absolute UC QY for different concentrations of Gd2O2S: Yb
3+

 /Er
3+

 at the excitation 

power density of 3.8 ± 0.57 W/cm
2
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