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In recent years, several reports have appeared on luminescence in LiMgF3. Important applications have 

also been claimed. There is no record of LiMgF3 in the ICDD database. In light of the crystallographic stud-
ies on ABF3 compounds and especially the finding that LiMgF3 is not formed, the reports on the LiMgF3 
based phosphors appear interesting. Our reinvestigation confirmed that LiMgF3 does not exist. It is quite 
likely that the interesting properties described in the literature for LiMgF3, in fact, belong to the frozen eu-
tectic or two-phase system. All the same, the existence of eutectic was exploited to melt MgF2 at much lower 
temperature (735°C) than the melting point of MgF2 (1263°C). We prepared LiF-MgF2:Eu2+ and LiF-
MgF2:Ce3+ by melting at 735°C. These materials exhibited properties similar to those of MgF2:Eu2+ and 
MgF2:Ce3+ phosphors, respectively. Thus, using the lower melting point of eutectic, it might be possible  
to prepare various MgF2 based phosphors at temperatures as low as 735°C, against the high melting point 
of 1263°C for MgF2.  

Keywords: luminescence, eutectic, fluoride, phosphor, Eu2+, Ce3+.  
 
 
 

ЛЮМИНЕСЦЕНЦИЯ СИСТЕМ LiF-MgF2, АКТИВИРОВАННЫХ  
РЕДКОЗЕМЕЛЬНЫМИ ЭЛЕМЕНТАМИ 
 
V. S. Singh 1*, P. D. Belsare 1, S. V. Moharil 2 

УДК 535.37 
1 Колледж инженерии и менеджмента Шри Рамдеобабы, 
Нагпур, Индия; e-mail: vartikasingh1710@gmail.com 

2 Университет Нагпура, Нагпур, 440033, Индия 
 

(Поступила 23 декабря 2020) 
 

Подтверждено, что LiMgF3 не существует. Описанные в литературе свойства LiMgF3 отно-
сятся к замороженной эвтектике или двухфазной системе. Тем не менее существование эвтектики 
использовалось для плавления MgF2 при гораздо более низкой температуре (735°C), чем точка плав-
ления (1263°C). Системы LiF-MgF2:Eu2+ и LiF-MgF2:Ce3+ получены с помощью плавления при 735°C. 
Эти материалы проявляли свойства, аналогичные свойствам люминофоров MgF2:Eu2+ и MgF2:Ce3+. 
Таким образом, используя более низкую температуру плавления эвтектики, можно получить раз-
личные люминофоры на основе MgF2 при температурах до 735°C по сравнению с высокой темпера-
турой плавления 1263°C для MgF2. 

Ключевые слова: люминесценция, эвтектика, фторид, люминофор, Eu2+, Ce3+. 
 
Introduction. Though the LiMgF3 molecule has been studied [1, 2], there is no record of LiMgF3 in the 

ICDD database. In recent years, several reports have appeared on the luminescence in LiMgF3. Also, signifi-
cant applications have been claimed. LiMgF3 doped with Ce, Er [3–5] or Dy was found applicable for beta 
dosimetry measurements [6]. Mn doped LiMgF3 was found useful for optically stimulated luminescence 
(OSL) dosimetry and X-ray imaging [7]. There are no reports on LiMgF3:Eu2+. On the other hand, several 
Eu2+ fluoroperovskites like NaMgF3 [8, 9], KMgF3 [10, 11], and LiBaF3 [12, 13] are important phosphors for 
various applications. Thus, we have attempted the synthesis of LiF-MgF2:Eu2+ phosphor. 
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MgF2 is an important material. MgF2:Eu phosphors as an efficient luminescence material have been in-
vestigated with a variety of applications in radiation detection, solid state lighting, and also for increasing so-
lar cell efficiency [14–18]. Optical properties like absorption and luminescence crystals have been reported 
in MgF2 [19, 20]. Also, studies on color centers produced due to X-ray were conducted [21]. A detailed 
study of 3D impurity-ion spin-forbidden absorption enhanced by defects in MgF2 crystals has been made by 
Sibley and co-workers [22–24]. Eu2+ activated MgF2 as a good luminescent material for blue emission has 
been investigated by Lizzo et al [17]. MgF2:Mn2+ has also proved to be an efficient phosphor. Even energy 
transfer between Mn2+ and Eu2+ in MgF2:Mn2+ and Eu2+ co-doped phosphors has been observed, due to the 
overlapping of Eu2+ emission band with that of absorption of Mn2+ [25]. 

In light of the crystallographic studies on ABF3 compounds and especially the finding that LiMgF3 is 
not formed, the reports on the LiMgF3 based phosphors appear interesting. None of these reports discuss the 
crystal structure of LiMgF3. If LiMgF3 is not formed, then what compounds are formed which show interest-
ing luminescence properties as depicted in these reports? Are these two-phase compounds similar to the eu-
tectics reported for LiF/CaF2 [26, 27] and LiF/SrF2 [28]? We have therefore decided to investigate the for-
mation of LiMgF3 and its luminescence properties. 

Experimental. 64 LiF-36 MgF2 samples were prepared by melting the constituent fluorides in a graph-
ite crucible. Fluorides are highly prone to hydrolysis [29]. They are also very reactive and attack the crucible 
material during high temperature processes. Hence, freshly prepared constituting materials were used to min-
imize the hydrolysis. Thus, LiF and MgF2 powders were freshly synthesized by neutralization of HF with 
Li/Mg carbonate. LiF and Eu2+/Ce3+ doped MgF2 were taken in the proportion of 64 and 36 mol.%, respec-
tively, mixed together, and transferred to a graphite crucible. The sample was heated up to 735°C. When 
reaching the melting point for quenching purpose, the melt was poured immediately on a graphite plate, 
which is at room temperature. It was found that the sample melted and quenched in this way directly showed 
luminescence. 

X-ray diffraction patterns were recorded on a Philips PANalytical X’pert Pro diffractometer. Photolu-
minescence spectra were recorded on a Hitachi F-4000 spectrofluorimeter with a spectral slit width of 1.5 
nm in the spectral range of 220–700 nm. Thermoluminescence glow curves were recorded on a Nucleonix, 
Hyderabad (India) TL reader (Model no. TL 1009I) with a heating rate of 5°C per second using a Hamama-
tsu R.6095 PMT (S11 response), which is sensitive over the region of 300–650 nm with maximum sensitivi-
ty of about 420 nm. Irradiations were performed using 60Co source. The samples were exposed to 1 Gy.  

Results and discussion. Phase identification using XRD. The phase diagram of LiF-MgF2 is discussed 
by Jackson [30]. Previously in 1924, Tacchini investigated the LiF-MgF2 system [31] and concluded that 
there exists an eutectic nearly at 50 mol% of MgF2. In the same year Bruni and Levill [32], and later on Fer-
rari [33], analyzed different parts of the system using X-ray techniques. Zintl and Udgird [34] extended this 
work and discovered that a small amount of MgF2 actually gets into the lattice of LiF at room temperature 
and the structure of LiF does not change even on melting it with MgF2. Later, Bergman and Dergunov [35] 
also investigated the system and found that there exists a series of solid solutions with up to 33 mol.% MgF2. 
Further, Ferrari [33] suggested that the reason behind the existence of this extensive range of solid solutions 
lies in the fact that the unit-cell volumes of these two compounds are almost same. However, even this ex-
planation was not sufficient regarding the occurrence of a complete solid solution between such end mem-
bers having different crystal structures (cubic and tetragonal) at higher temperatures. In 1953 Counts et al. 
[36] studied at least eight mixtures by phase identification using petrographic microscopy, the visual thermal 
method, and X-ray techniques at room temperatures in this system. The most relevant points made after this 
study were that no compound formation was observed and the eutectic exists at 735°C for 36 mol.% MgF2. 

Mixtures examined at room temperature containing these two phases LiF and MgF2 by using the X-ray 
diffraction as well as by the optical properties, identification techniques, were found similar to that of their 
respective pure end members. Hence, it was concluded that the solid solution between LiF and MgF2 be-
comes complete at temperatures above 670°C, whereas an exsolution occurs on cooling the system below 
this temperature. Therefore, there exists no appreciable solid solution between MgF2 and LiF at room tem-
perature. 

These findings are confirmed from XRD of Fig. 1. The compound formed by melting 64 LiF-36 MgF2 
together at about 750°C is a mixture of LiF and MgF2. XRD patterns show lines of both LiF (ICDD 88-
2298) and MgF2 (ICDD 72-2231). 
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Fig. 1. XRD pattern of LiF-MgF2 at room temperature. 

 

 

Fig. 2. PL spectra of LiF-MgF2:Eu (1%) eutectic: a) excitation for 420 nm emission; 
b) emission for 270 nm excitation. 

 
Photoluminescence. Figure 2 shows the PL spectra obtained from LiF-MgF2:Eu2+ eutectic. It can be 

seen that at an emission wavelength of 420 nm, the excitation band starts from 230 nm and extends up to 380 nm 
with a broad peak of about 275 nm. Emission taken at 270 nm consists of a band emission with maxima at 
420 nm. For MgF2:Eu2+, Lizzo et al. [17] reported excitation consisting of a broad band between 270–430 nm and 
emission band at 438 nm. Hence, it may be concluded from the results that both emission and excitation 
maxima were shifted towards shorter wavelengths. This may be attributed to the presence of LiF phase in 
LiF-MgF2:Eu2+. 

Synthesis of MgF2:Ce phosphor was also attempted by melting MgF2:Ce and LiF powders together at 
735°C. Figure 3 shows PL for this sample. Emission of about 336 nm is obtained for 254 nm excitation. This 
is in good agreement with the earlier reports [37]. 

Thermoluminescence. The LiF-MgF2:Eu2+ described above also exhibits thermoluminescence. Figure 4 
shows TL glow curves for LiF-MgF2:Eu2+. It contains a prominent peak of about 175°C with a shoulder at 
120°C.  
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Fig. 3. PL spectra of LiF-MgF2:Ce (1%) eutectic: a) excitation for 330 nm emission;  
b) emission for 254 nm excitation. 

 

 

Fig. 4. TL glow curve of LiF-MgF2:Eu2+ eutectic. 
 
Conclusions. The results show that MgF2 based phosphors can be made at temperatures as low as 

735°C, against the melting point of 1263°C for MgF2. Though LiMgF3 based phosphors are described quite 
often in the literature, it does not exist. The properties correspond to the mixture of LiF and MgF2 phases. 
However, the mixture melts at a considerably lower temperature. Eu or Ce doped mixtures show PL charac-
teristics of MgF2:Eu and MgF2:Ce phases, respectively. There is some blue shift in PL spectra which may be 
due to the presence of LiF in the mixture. It may be possible to prepare other MgF2 based phosphors such as 
MgF2:Mn2+, Eu2+ at lower temperatures exploiting the melting properties of eutectic phases. Hence by taking 
the advantage of lower melting point of eutectics, it is possible to prepare all these phosphors at temperatures 
as low as 735°C against the melting point of 1263°C for MgF2. 
 
REFERENCES 
 
1. V. V. Sliznev, V. G. Solomonik, J. Struct. Chem., 26, 667–674 (1986).  
2. O. P. Charkin, N. M. Klimenko, M. L. McKee, Russ. J. Inorg. Chem., 45, 879–891 (2000).  
3. I. C. Munoz, F. Brown, R. I. Baldenevro, V. R. Orante-Barron, C. Cruz-Vazquez, C. Furetta, R. Bernal, 
Mater. Res. Soc. Symp. Proc., 1278, S08–S26 (2010).  
4. G. Kitis, C. Furetta, C. Sanipoli, Y. S. Horowitz, L. Oster, Radiat. Prot. Dosim., 100, 247–250 (2002).  
5. I. C. Munoz, E. Cruz-Zaragoza, A. Favalli, C. Furetta, Appl. Radiat. Isot., 70, 893–896 (2012). 
6. R. Bernal, K. R. Alday-Samaniego, C. Furetta, E. Cruz-Zaragoza, G. Kitis, F. Brown, C. Cruz-Vazquez, 
Radiat. Eff. Def. Solids, 162, 699–708 (2007).  
7. L. Struye, P. Leblans, Europ. Patent, EP 1 150 303 A1 (2000). 
8. A. S. Pradhan, J. I. Lee, J. L. Kim, J. Med. Phys., 3, 85–99 (2008).  

               100        200        300        400   t, C 

ITL, a. u.
160

120

80

40

0

220                 320                420                520    , nm 

Ifl, a. u. 
   a 
 
 

                         b 
 
                                    3 

1500

1000

500

0



SINGH V. S. et al. 
 

34

9. C. Dotzler, G. V. M. Williams, A. Edgar, Appl. Phys. Lett., 91, 121910(1–3) (2007).  
10. H. J. Seo, B. K. Moon, T. Tsuboi, Phys. Rev. B, 62, 12688–12695 (2000).  
11. N. S. Ugemuge, S. M. Dhopte, P. L. Muthal, S.V. Moharil, Int. J. SHS, 21, 162–166 (2012).  
12. G. Zhu, Q. Yang, X. Shi, W. Zheng, Y. Liu, J. Rare Earths., 30, 985–989 (2012).  
13. J. L. Sommerdijk. J.M.P.J. Versteegen, A. Bril, J. Lumin., 10, 411–413 (1975).  
14. A. J. Wojtowicz, J. Glodo, D. Wisniewski, A. Lempicki, J. Lumin., 72, 731–733 (1997).  
15. B. C. Hong, K. Kawano, J. Alloys Compd., 408, 838–841 (2006).  
16. S. Lizzo, A. Meijerink, D. J. Dirksen, G. Blasse, J. Lumin., 63, 223–234 (1995).  
17. S. Lizzo, A. H. Velders, A. Meijerink, D. J. Dirksen, G. Blasse, J. Lumin., 65, 303–311 (1996).  
18. C. K. Duana, A. Meijerink, R. J. Reeves, M. F. Reid, J. Alloys Compd., 408, 784–787 (2006).  
19. O. E. Facey, W. A. Sibley, Phys. Rev., 186, 926–932 (1969).  
20. R. T. Williams, C. L. Marquardt, J. W. Williams, M. N. Kabler, Phys. Rev. B, 15, 5003–5011 (1977).  
21. R. F. Blunt, M. I. Cohen, Phys. Rev., 153, 1031–1038 (1967).  
22. L. A. Kappers, S. I. Yun, W. A. Sibley, Phys. Rev. Lett., 29, 943–946 (1972).  
23. S. I. Yun, L. A. Kappers, W. A. Sibley, Phys. Rev. B, 8, 773–779 (1973).  
24. S. I. Yun, K. H. Lee, W. A. Sibley, W. E. Vehse, Phys. Rev. B, 10, 166516–166572 (1974).  
25. W. Chen, S. L.Westcott, S. Wang, Y. Liu, J. Appl. Phys., 103, 113103(1–5) (2008). 
26. J. Trojan-Piegza, J. Glodo, V. K. Sarin, Radiat. Meas., 45, 163–167 (2010).  
27. N. Kawaguchi, K. Fukuda, T. Yanagida, Y. Fujimoto, Y. Yokota, T. Suyama, K. Watanabe, A. Yama-
zaki, A. Yoshikawa, Nucl. Instrum. Methods A, 652, 209–211 (2011).  
28. T. Yanagida, K. Fukuda, Y. Fujimoto, N. Kawaguchi, S. Kurosawa, A. Yamazaki, K. Watanabe,  
Y. Futami, Y. Yokota, J. Pejchal, A. Yoshikawa, A. Uritani, T. Iguchi, Opt. Mater., 34, 868–871 (2012).  
29. N. Kodama, T. Hoshino, M. Yamaga, N. Ishizawa, K. Shimamura, T. Fukuda, J. Cryst. Growth, 229, 
492–496 (2001).  
30. I. Jackson, Phys. Earth Planet. Int., 14, 86–94 (1977).  
31. G. Tacchini, Gazz. Chim. Ital., 54, 777–780 (1924).  
32. G. Bruni, G. K. Lcvi, Atti Accad. Lincei, 33II, 377–384 (1924). 
33. A. Ferrari, Atti Accad. Lincei, 6I, 664–671 (1925). 
34. E. Zintl, A. Udgird, Z. Anorg. Allgem. Chem., 240, 150–156 (1939).  
35. A. G. Bergman, E. P. Dergunov, Compt. Rend. Acad. Sci. U.R.S.S, 31, 755–756 (1941).  
36. W. E. Counts, R. Roy, E. F. Osborn, J. Am. Ceram. Soc., 36, 12–17 (1953). 
37. P. D. Belsare, Study of Luminiscence in Fluorides, Ph. D. Thesis, R. T. M. Nagpur University (2009). 


