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Table S1. Fractional atomic coordinates and isotropic displacement parameters (Å2) of 
LiNCGM:HY samples 
 

Atom x y z Biso Occ. 

Na1/3Ca1/3Gd1/6MoO4:0.05Ho,0.45Yb 

Na 0 0.25 0.625 1.89 (19) 1/3 
Ca 0 0.25 0.625 1.89 (19) 1/3 
Gd 0 0.25 0.625 1.89 (19) 1/6 
Ho 0 0.25 0.625 1.89 (19) 1/6 
Yb 0 0.25 0.625 1.89 (19) 0.15 
Mo 0 0.25 0.125 1.64 (19) 1 
O 0.222 (2) 0.1182 (15) 0.0338 (7) 2.4 (3) 1 

Na0.95/3Li0.05/3Ca1/3Gd1/6MoO4:0.05Ho,0.45Yb 

Na 0 0.25 0.625 0.49 (19) 0.95/3 
Li 0 0.25 0.625 0.49 (19) 0.05/3 
Ca 0 0.25 0.625 0.49 (19) 1/3 
Gd 0 0.25 0.625 0.49 (19) 1/6 
Ho 0 0.25 0.625 0.49 (19) 1/60 
Yb 0 0.25 0.625 0.49 (19) 0.15 
Mo 0 0.25 0.125 0.64 (18) 1 
O 0.242 (2) 0.1003 (14) 0.0389 (6) 0.6 (3) 1 

Na0.9/3Li0.1/3Ca1/3Gd1/6MoO4:0.05Ho,0.45Yb 
Na 0 0.25 0.625 0.32 (17) 0.9/3 
Li 0 0.25 0.625 0.32 (17) 0.1/3 
Ca 0 0.25 0.625 0.32 (17) 1/3 
Gd 0 0.25 0.625 0.32 (17) 1/6 
Ho 0 0.25 0.625 0.32 (17) 1/60 
Yb 0 0.25 0.625 0.32 (17) 0.15 
Mo 0 0.25 0.125 0.50 (17) 1 
O 0.2404 (18) 0.1030 (11) 0.0401 (5) 0.5 (3) 1 

Na0.8/3Li0.2/3Ca1/3Gd1/6MoO4:0.05Ho,0.45Yb 
Na 0 0.25 0.625 0.72 (15) 0.8/3 
Li 0 0.25 0.625 0.72 (15) 0.2/3 
Ca 0 0.25 0.625 0.72 (15) 1/3 
Gd 0 0.25 0.625 0.72 (15) 1/6 
Ho 0 0.25 0.625 0.72 (15) 1/60 
Yb 0 0.25 0.625 0.72 (15) 0.15 
Mo 0 0.25 0.125 0.69 (14) 1 



O 0.2472 (19) 0.1028 (12) 0.0392 (5) 1.1 (2) 1 
Na0.7/3Li0.3/3Ca1/3Gd1/6MoO4:0.05Ho,0.45Yb 

Na 0 0.25 0.625 1.03 (14) 0.7/3 
Li 0 0.25 0.625 1.03 (14) 0.3/3 
Ca 0 0.25 0.625 1.03 (14) 1/3 
Gd 0 0.25 0.625 1.03 (14) 1/6 
Ho 0 0.25 0.625 1.03 (14) 1/60 
Yb 0 0.25 0.625 1.03 (14) 0.15 
Mo 0 0.25 0.125 1.08 (14) 1 
O 0.2406 (18) 0.1065 (11) 0.0418 (5) 1.3 (2) 1 

 
 
 
 
 
 
Table S2. Main bond lengths (Å) of LiNCGM:HY samples 
 

Na1/3Ca1/3Gd1/6MoO4:0.05Ho,0.45Yb 

(Na/Ca/Gd/Ho/Yb)—Oi 2.616 (10) Mo—O 1.699 (10) 

(Na/Ca/Gd/Ho/Yb)—Oii 2.413 (9)   

Na0.95/3Li0.05/3Ca1/3Gd1/6MoO4:0.05Ho,0.45Yb 

(Na/Li/Ca/Gd/Ho/Yb)—Oi 2.467 (10) Mo—O 1.776 (9) 

(Na/Li/Ca/Gd/Ho/Yb)—Oii 2.425 (8)   

Na0.9/3Li0.1/3Ca1/3Gd1/6MoO4:0.05Ho,0.45Yb 

(Na/Li/Ca/Gd/Ho/Yb)—Oi 2.477 (8) Mo—O 1.756 (8) 

(Na/Li/Ca/Gd/Ho/Yb)—Oii 2.436 (7)   

Na0.8/3Li0.2/3Ca1/3Gd1/6MoO4:0.05Ho,0.45Yb 

(Na/Li/Ca/Gd/Ho/Yb)—Oi 2.459 (8) Mo—O 1.786 (8) 

(Na/Li/Ca/Gd/Ho/Yb)—Oii 2.406 (7)   

Na0.7/3Li0.3/3Ca1/3Gd1/6MoO4:0.05Ho,0.45Yb 

(Na/Li/Ca/Gd/Ho/Yb)—Oi 2.479 (8) Mo—O 1.735 (8) 

(Na/Li/Ca/Gd/Ho/Yb)—Oii 2.440 (7)   

Symmetry codes:  (i) -x+1/2, -y, z+1/2; (ii) -x+1/2, -y+1/2, -z+1/2. 



Table S3. Main parameters of processing and refinement of the NaCaGd(MoO4)3:xEr,yYb samples 

[64] 

x, y 0, 0 0.2, 0 0.1, 0.2 0.05, 0.45 
Sp.Gr. I41/a I41/a I41/a I41/a 
a, Å 5.22881 (14) 5.22313 (11) 5.21690 (13) 5.20680 (13) 
c, Å 11.4228 (3) 11.4095 (3) 11.3911 (3) 11.3635 (4) 
V, Å3 312.304 (18) 311.263 (15) 310.02 (2) 308.08 (2) 

Z 4 4 4 4 
2θ-interval, 

º 
10-90 10-90 10-90 10-90 

No. of 
reflections 

67 67 67 67 

No. of 
refined 

parameters 
7 7 7 7 

Rwp, % 17.88 18.175 16.89 16.05 
Rp, % 11.67 12.62 11.26 10.76 

Rexp, % 15.97 15.84 15.15 14.00 
χ2 1.12 1.15 1.11 1.15 

RB, % 3.15 2.89 2.37 2.43 
 

Table S4. Main parameters of processing and refinement of the NaCaGd(MoO4)3:xHo,yYb samples 

[65] 

x, y 0, 0 0.05, 0.35 0.05, 0.40 0.05, 0.45 0.05, 0.50 
Sp.Gr. I41/a I41/a I41/a I41/a I41/a 
a, Å 5.2287 (1) 5.2125 (2) 5.20938 (19) 5.20933 (11) 5.20550 (11) 
c, Å 11.4226 (2) 11.3799 (5) 11.3720 (4) 11.3666 (3) 11.3613 (3) 
V, Å3 312.291 (13) 309.20 (3) 308.61 (3) 308.457 (16) 307.859 (16)) 

Z 4 4 4 4 4 
2θ-interval, 

º 
10-90 10-90 10-90 10-90 10-90 

No. of 
reflections 

67 67 67 67 67 

No. of 
refined 

parameters 
7 7 7 7 7 

Rwp, % 18.49 18.14 15.91 15.07 14.88 
Rp, % 12.62 12.91 10.84 10.63 10.16 

Rexp, % 15.96 14.19 13.99 13.38 13.13 
χ2 1.16 1.28 1.14 1.13 1.13 

RB, % 3.20 2.59 2.18 1.61 2.07 
 

 

 



Table S5. Main parameters of processing and refinement of the LixNa1-

xCaLa(MoO4)3:0.05Ho,0.45Yb samples [66] 

x 0 0.05 0.1 0.2 0.3 
Sp.Gr. I41/a I41/a I41/a I41/a I41/a 
a, Å 5.2451 (3) 5.24541 (14) 5.24314 (17) 5.2447 (2) 5.2404 (3) 
c, Å 11.4741 (7) 11.4743 (4) 11.4656 (5) 11.4729 (5) 11.4682 (8) 
V, Å3 315.67 (4) 315.71 (2) 315.20 (2) 315.58 (3) 314.93 (4) 

Z 4 4 4 4 4 
2θ-interval, 

º 
10-90 10-90 10-90 10-90 10-90 

No. of 
reflections 

67 67 67 67 67 

No. of 
refined 

parameters 
7 7 7 7 7 

Rwp, % 15.87 17.45 17.43 19.64 16.96 
Rp, % 10.88 12.52 12.13 13.44 11.89 

Rexp, % 13.43 14.47 15.17 14.73 15.06 
χ2 1.18 1.21 1.15 1.33 1.13 

RB, % 2.50 4.40 2.91 4.13 3.03 
 

 

 

 

 



 

Figure S1. Difference Rietveld plots of LiNCGM:HY-0.05. 

 



 

Figure S2. Difference Rietveld plots of LiNCGM:HY-0.1. 

 

 



 

Figure S3. Difference Rietveld plots of LiNCGM:HY-0.2. 



 

Figure S4. Variations of integral intensity and intensity of specific UC bands upon Li 

content.  

 

 


