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Materials with the whitlockite-type structure have a wide range of applications. 
Materials containing the rare earth ions (REE) recently are regarded as promising 
materials for LEDs [1] that can be used in wide fields, for example for the production of 
plants [2]. Besides, the compounds with the REE are interesting due to their 
luminescent properties. The whitlockite-type structure is a universal matrix for the 
implementation of the lanthanide luminescent properties. 

The whitlockite-type structure phosphates with REE Ca9Gd(1–x–y)TmxSmy(PO4)7, 
Ca8SrGd(1–x–y)TmxSmy(PO4)7 x = 0.1; 0.2; 0.3; y = 0.05 were synthesized by standart 
solid-state reaction from stoichiometric amounts of СаСО3 , CaHPO4∙2H2O , SrCO3, 
RE2O3 (RE= Tm3+, Gd3+, Sm3+). Synthesis was carried out in the air for 120 hours with 
an intermediate mixing. 

The photoluminescence spectra were measured for Ca9Gd(1–x–y)TmxSmy(PO4)7, 
Ca8SrGd(1–x–y)TmxSmy(PO4)7 system. As shown on PL spectra, which were registered at 
excitation wavelength 360 nm (fig. 0). The transitions of cations Tm3+ and Sm3+ in both 
systems were observed. Line at 450 nm corresponds to the transition of Tm3+  
1D2 → 3F4; lines at 567 nm, 603 nm, 651 nm and 715 nm correspond to the transition of 
Sm3+ 4G5/2 → 6H5/2, 4G5/2 → 6H7/2, 4G5/2 → 6H9/2 and 4G5/2 → 6H11/2 respectively. In both 
systems is observed the increase of transition 1D2 → 3F4 with addition thulium cation. 
In opposite to the Tm3+ transitions, the Sm3+ transitions show the decrease of 
transitions intensity (fig. 0).  

The CIE coordinates are shifted from purplish pink to reddish purple [3] 
(fig. 0) due to redistribution of Tm3+ transition intensity, moreover, the CIE coordinates 
are close to white area.  

This work was supported by the Russian Science Foundation (16-13-10340), 
Foundation of the President of the Russian Federation (MK-3502.2018.5). 
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Fig. 1. PL spectra Ca9Gd(1–x–y)TmxSmy(PO4)7 (right), 
Ca8SrGd(1–x–y)TmxSmy(PO4)7 (left) 

Fig. 2. Intensity of transitions in systems Ca9Gd0.95–xTmxSm0.05(PO4)7 (a), 
Ca8SrGd0.95–xTmxSm0.05(PO4)7 (b) x = 0.1; 0.2; 0.3 

Fig. 3. CIE coordinates Ca9Gd(1–x–y)TmxSmy(PO4)7 (white points), 
Ca8SrGd(1–x–y)TmxSmy(PO4)7 (green points) 
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