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Structural and morphological characteristics 

The phase structure of the Gd2O3: Er3+, M+ (M=Na, K, Cs) phosphor 

samples was determined by X-ray diffraction (XRD) measurements. 

Fig. S1(a) displays the XRD patterns of Gd2O3 phosphors doped with 

Er3+ concentrations of 1, 3, 5, 7, 10, 12, and 15 mol%. All diffraction 

peaks correspond well to the cubic phase G2O3 (JCPDS No. 12-0797) 

with the space group Ia-3. With a closer observation, a weak peak is 

shown at 2θ-32°, which can be attributed to the monoclinic phase of 

Gd2O3, which can be transformed into a cubic phase by increasing the 

annealing temperature (Fig. S1(d)) [1]. For the overall right shift of 

the main peak of the samples, this is related to the lattice shrinkage 

caused by the replacement of the larger Gd3+ ion (0.938 Å) by the 

smaller Er3+(ion radius (0.89 Å)) [2]. Fig. S1(b) showed the XRD 

patterns of Gd2O3: 3% Er3+, xNa+ (x=1, 3, 5, 7, 10, 12 mol%) 

phosphor. It can be found that the introduction of Na+ ions does not 

generate other impurity phases, but the peak width is significantly 

narrowed. The evolution of sharp diffraction peaks indicates a 

significant increase in crystallinity after the introduction of Na+ ions, 

which may be related to the lower phase formation temperature 

caused by the low melting point of the Na+ precursor [3]. Meanwhile, 

the overall diffraction peak shifts to a smaller angle for the samples 

of Gd2O3: 3% Er3+ with the increase of Na+ doping concentration (Fig. 

S2, Supporting Information). This is because the alkali ions (i.e., Na+) 

enter into the interstitial sites, which leads to the expansion of the host 

lattice. In addition, the XRD patterns of K+ and Cs+ ions introduced 

into Gd2O3: 3% Er3+ phosphors were also recorded. As shown in Fig. 

S1(c, f), the increase of the absolute height of the diffraction peak and 

the decrease of the peak width again prove that the introduction of 

alkali metals contributes to the improved crystallinity of phosphors. 

The lattice parameters of Gd2O3, Gd2O3: 3% Er3+, and Gd2O3: 3% 

Er3+, N (N=10% Na+, 7% K+ and 3% Cs+) were obtained by Rietveld 

refinement, which revealed the effect of the introduction of different 

alkali metal elements on the lattice parameters and cell volume. As 

shown in Table S1 (Supporting Information), the lattice parameters 

show the trend of first decreasing and then increasing with the 

addition of Er3+ and alkali metal ions. This result proves again that 

the lattice of Gd2O3: 3% Er3+, M+ (M= Na, K, and Cs) phosphors 

contracts first and then expands with the addition of doping ion



 

Fig. S1. (a)-(c) XRD patterns and (d)-(f) enlarged regions (24‒36°) of Gd2O3: x% Er3+ + y% M+ (x, y =1, 3, 5, 7, 10, 12, 15; M= 

Na, K, Cs). 

 

Table S1. Lattice parameters of Gd2O3, Gd2O3: 3%Er3+ and Gd2O3: 3%Er3+, N (N= 10%Na+, 7%K+ and 3%Cs+) obtained by 

Rietveld refinement. 

    Space  Volume  

Samples a (Å) b (Å) c (Å) groups (Å3) 

Gd2O3 10.813 10.813 10.813 Ia-3 (206) 1264.27 

Gd2O3: 3%Er3+ 10.759 10.759 10.759 Ia-3 (206) 1245.60 

Gd2O3: 3%Er3+, 10%Na+ 10.788 10.788 10.788 Ia-3 (206) 1255.52 

Gd2O3: 3%Er3+, 7%K+ 10.794 10.794 10.794 Ia-3 (206) 1257.93 

Gd2O3: 3%Er3+, 3%Cs+ 10.778 10.778 10.778 Ia-3 (206) 1252.19 

 



 

Fig. S2. (a) Crystal structure of the Gd2O3. (b) Possible crystal structure of Er, Na co-doped Gd2O3. 

 

 
 

Fig. S3. (a) UC spectral of the Gd2O3: 3%Er3+ and Gd2O3: 3%Er3+, N (N= 10%Na+, 7%K+ and 3%Cs+) phosphors recorded after 

stored in ambient condition for 60 days. (b) TEM and (c) SAED of Gd2O3: 3%Er3+, 7%K+ phosphors. (d) TEM, (e) HRTEM and 

(f) SAED of Gd2O3: 3%Er3+, 3%Cs+ phosphors. 



 
 

Fig. S4. (a), (d) The power-dependent emission intensity of Gd2O3: 3% Er3+, M+ (M = K, Cs) phosphors. (b), (c) and (e), (f) 

Emission decay curves of Gd2O3: 3% Er3+, 7% K+ and Gd2O3: 3% Er3+, 3% Cs+ phosphors at 563 and 661 nm (980 nm 

excitation). 
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