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Abstract: Cr’*-activated double perovskite structure phosphor has drawn wide attention due to its far-

red and near-infrared emission. In this work, we synthesized a series of (La,Gd,Y),MgTiO: Cr'*
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phosphors which can be excited by ultraviolet light of about 345 nm, and the emission bands are in the

range of 700 —900 nm. The spectra were tuned by ions substitution strategy. The main emission peaks were

blue shifted from 766 nm to 737 nm and 757 nm by substituting the La site with Gd and Y, respectively.
Meanwhile, the thermal stability at 150 °C increased from 41.7% to 69.1% and 67% , respectively. The

crystal structure, microstructure, decay time, thermal stability and band gap were investigated systematical-

ly. The substitution of Gd/Y ions causes the lattice contraction, which results in the change of the nephelaux-

etic effect, and eventually leads to the blue shift of the spectra. The emission spectra of these phosphors have

good matching with the 730 nm absorption peak of phytochrome FR (P, ), indicating their application

prospect in plant growth lighting. Cationic substitution strategy can regulate the luminescence properties

of Cr’", which provides ideas for the development of phosphors for plant growth lamps in the future.
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Fig. 1 Crystal structure of La,MgTiO, and schematic dia-

gram of Gd/Y replacing La
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Tab.1 Main bond lengths of La,MgTiO,: xCr

r/nm
La—O01 0.316(5)
La—O1 1 0.288(5)
La—O1 i 0.290(5)
La—O11i 0.227(5)
La—02 0.299(4)
La—021" 0.308(4)
La—021 0.235(4)
x=0 La—02V 0.276(4)
La—03 0.285 0(18)
La—03" 0.281 9(18)
La—03 ! 0.225(4)
Mg—O1 0.206(4)
Mg—O02 0.204(3)
Mg—O03 | 0.210(4)
Ti—O01 0.197(4)
Ti—02" 0.197(3)
Ti—03 0.199(4)
La—O1 0.310(5)
La—O11 0.285(5)
La—O011 0.291(5)
La—O11i 0.232(5)
La—02 0.300(4)
La—02" 0.298(4)
La—021 0.245(4)

x =0.004 La—02V 0.273(4)
La—O03 0.278 8(18)
La—O03 " 0.285 7(18)
La—O03 | 0.229(5)
(Mg/Cr)—O01 0.201(5)
(Mg/Cr) —02 0.202(3)
(Mg/Cr)—03 1 0.203(4)
(Ti/Cr)—01 0.200(5)
(Ti/Cr)—02"i 0.195(3)
(Ti/Cr)—03 0.203(4)
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Fig.2 (a) - (b) XRD patterns of Y La, ,MgTiO,: Cr'*
and Gd, La, MgTiO.: Cr’* phosphors
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Tab.2 Main parameters of processing and refinement of the La, MgTiO,: xCr samples

Space Cell parameters/nm Cell volume/
x(Cr) s R, R, R, X
group a b ¢ B nm’
0 P2,/n 0.556 10(2) 0.556257(16) 0.78572(2) 8.9952(3) 0.243051(12) 8.33 6.15 3.43 1.37
0.004  P2,/n  0.556 135(17) 0.556 108(16) 0.785 687(18) 8.994 5(3)  0.242990(12) 5.26 4.09 2.26 1.38
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Fig.5 (a) - (b)PLE and PL spectra of La,MgTiO,: xCr’*. (¢)Point plot of luminescence intensity with the concentration of

Cr’*. (d)PLE spectra monitored at different wavelengths.
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Tab.3 Energy level, crystal field parameter and 8, calculated value of Gd La,  MgTiO: Cr'* and Y La,  MgTiO,: Cr'" phos-

phors
Sample A=, /em AT /em T YA, T /em ! Dq B c Dg/B B,
x=0.4 21 413.3 15 552.1 13 089.0 1552.2  573.9 2930.0 2.71  0.985
Gd,La,  MgTiOg: Cr'* x=1.6 21 413.3 15 528.0 13 175.2 1552.8 583.8 2937.1 2.66 0.993
x=2.0 22 124.0 15 898.0 13 568.5 1589.8 676.5 2866.3 2.35 1.048
x=0.4 21 598.3 15 576.3 13 071.9 1557.6 596.8 2875.0 2.61  0.990
Y La, MgTiOg:Cr'* x=1.6 21 645.0 15 723.3 13 192.6 1572.3  580.2 2949.0 2.71  0.993
x=2.0 21739.0 15 748.0 13 210.0 1574.8 589.8 2933.8 2.67 0.997
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