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Interest to investigate the spectral properties of double phosphates doped with ions of iron and RE groups 
arises during last decade. This attention is explained by great variety of the structural types of such 
compounds, that gives opportunity to study relations between their structure and optical properties and by 
the perspectives of use these materials for lasing in wide spectral diapason and detection of ionizing 
radiation as well. This our study was mainly devoted to determination of luminescent characteristics both of 
un-doped and doped with manganese and chromium ions of the double phosphate of one-, two-, and three 
charged metals based on P2O7

4-
 molecular anions.  

Two types of compounds were investigated by us. 1 -  “pure’ and doped with chromium phosphates of alkali 
and aluminum/indium  – MAl(In)P2O7:Cr (M = Na, K, Cs); 2 - solid solutions of the phosphates of two 
valence metals - Zn2-xMnxP2O7 • nH2O (n = 0, 1, 5). The measurements of the luminescence in the 250–1200 nm 
region of wave lengths, excitation spectra in the 50–700 nm region, luminescence decay in the 0.5–200 ns 
diapason were made at SUPERLUMI station. Additionally, some TSL data in the temperature interval 77 - 
600 K were obtained in National Taras Shevchenko University of Kyiv, Ukraine.    

Two components are observed in the spectra of own PL (the 280-650 nm diapason) of un - doped (x=0)  and 
doped with manganese (x≠0) Zn2-xMnxP2O7  double phosphates: UV emission band (λmax =340 nm) and band of 
the blue-rose radiation (350–650 nm). Additional long wave components of the blue-rose band and red PL 
band with peak position near 700-740 nm were observed when manganese ions or molecules of water had 
been added to the composition of the phosphates (Fig. 1a). The contribution of the additional radiation and 
TSL curves characteristics depend on the ratio of zinc and manganese contents, on the number of molecules 
of water and excitation wave length λex (Fig. 1b).  

 
 

 

Figure 1: а) Luminescence spectra of the Zn2P2O7 (1), Zn1.04Mn0.,96P2O7 (2), Zn1.24Mn0.76P2O7 · nH2O, n = 0 
(3), 1 (4) і 5 (5) crystals, T = 300 K, λex = 337.1 (1, 2), 170 nm (3–5); b) TSL curves for the Zn2P2O7 (1) and 

Zn1.,04Mn0.96P2O7 crystals (2). 
 

Excitation spectra of the own PL of both manganese containing and without one lie in the 90–320 nm region 
and they are similar each to other and to excitation spectra of red PL (Fig. 2) that reveal similarity of the 
excitation mechanisms and note the processes of excitation transfer from own to red PL centers take place. 
Red PL also is excited in 325–630 nm diapason. The structure of these spectra is typical for the spectra of 
PL excitation of  Mn

2+ 
- ions located in octahedral oxygen surround and it caused by transitions from ground 

6
А to the excited 

4
T(320-390 nm),

4
A+

4
E(390-480 nm),

4
T(480-580 nm), and 

4
T(580-630 nm) states (Fig. 2). 

Red PL is caused by 
4
T�

6
A radiation transition.  



The results of study have showed that spectra of the red PL are complex and it is caused by two types of PL 
centers. First of them generates the band - I with λmax near 690-700 nm. This PL dominates in the emission of 
compounds without water. Other type of PL centers generates the band - II (λmax is near 740 nm). This type of 
the PL centers is formed by Mn

2+ 
- ion surrounded by defect oxygen octahedron. Oxygen vacancies or atoms 

of water’s oxygen can be act as mentioned defects.  

  

Figure 2: Excitation of luminescence of the 
Zn2P2O7⋅5H2O (1, 2) та Zn1.04Mn0.96P2O7⋅5H2O 
crystals (3, 4), λreg = 340 (2), 470 (1), 505 (4), 
690 nm (3); T = 10 K. 

Figure 3: PL of the а) undoped КAlP2O7 
(2, 3), CsAlP2O7 (1) and CsInP2O7 
crystals (4); b) doped with Cr ions 

КAlP2O7 (1) and CsInP2O7 crystals (2); 
CCr = 0.08 (1), 0.02 mass. % (2); T = 10 
K, λex = 126 (2a, 1b), 170 (4a, 2b), 190 

(1a) and 211 nm (3a). 

 

Spectra of un-doped MAl(In)P2O7:Cr crystals lie in the region 300-800 nm (Fig. 3). The relative intensity of 
the spectral components depends on temperature, λex and from the type of alkali and three charged metal. 
Additional bands are observed in the green-rose, red and IR emission areas for the crystals doped with 
chromium (Fig.3).   Luminescence decay can be well approximated by the sum of two, fast and slow, 
exponential curves with decay times equal 1.1 and 8.5; 0.9 and 4.1; 1.1 and 5.2 ns for the PL bands peaked 
near 330, 400 and 460 nm respectively (Fig. 4). Mentioned decay takes place on the microsecond 
background that indicate a role of recombination processes. 

 

Figure 4: PL decay curves for the 
CsAlP2O7 and their fitting with 

sum of two exponential curves: λr 

= 325 (1); 400 (2), and 460 nm 
(3); T = 10 K. 

 
Intensity of the own PL decreases by the factor 1.4 - 2.0 when Cr 
ions are incorporated.  

Mentioned above data showed that additional PL comparing to un-
doped crystals is caused by radiation transitions in Cr - ions of 
various charge. Green-rose PL reveal molecular anions СrО4

2-
,where 

chromium is 6+ charged and Сr
3+

 - ions which substitute for 
Al

3+
/In

3+
 ions and located within oxygen octahedron originate the 

red PL at radiation transitions  
2
E, 

4
Т�

4
А. Investigated compounds 

are perspective for practical use. Particularly, Zn2-xMnxP2O7•nH2O 
can be regarded as the base for development of white lumonophors 
and AAl/(In)P2O7 compounds doped with chrom are capable for 
creation of the tunable laser solid state body.    

Experiments with synchrotron radiation were carried out at 
SUPERLUMI station, HASYLAB, DESY, Hamburg; 

Project # II-20080221. 

 


