T.89, Ne 1 JKYPHAJI IPUKJIATHOM CHEKTPOCKOIINA SIHBAPb — ®EBPAJIb 2022
V.89,N 1 JOURNAL OF APPLIED SPECTROSCOPY JANUARY — FEBRUARY 2022

LUMINESCENCE IN THE LiF-MgF,; SYSTEM ACTIVATED BY RARE EARTHS
V. S. Singh ', P. D. Belsare !, S. V. Moharil 2

'Shri Ramdeobaba College of Engineering and Management, Katol Road,
Nagpur, India; e-mail: vartikasinghl710@gmail.com
2 Department of Physics, R. T. M. Nagpur University, Nagpur, India

In recent years, several reports have appeared on luminescence in LiMgFs;. Important applications have
also been claimed. There is no record of LiMgF’; in the ICDD database. In light of the crystallographic stud-
ies on ABF3; compounds and especially the finding that LiMgFs is not formed, the reports on the LiMgF3
based phosphors appear interesting. Our reinvestigation confirmed that LiMgF; does not exist. It is quite
likely that the interesting properties described in the literature for LiMgFs, in fact, belong to the frozen eu-
tectic or two-phase system. All the same, the existence of eutectic was exploited to melt MgF> at much lower
temperature (735°C) than the melting point of MgF> (1263°C). We prepared LiF-MgF>:Eu** and LiF-
MgF>:Ce* by melting at 735°C. These materials exhibited properties similar to those of MgF»:Eu** and
MgF>:Ce* phosphors, respectively. Thus, using the lower melting point of eutectic, it might be possible
to prepare various MgF> based phosphors at temperatures as low as 735°C, against the high melting point
of 1263°C for MgF».
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Tloomeepoicoeno, umo LiMgF3 ne cywecmseyem. Onucannvle 8 tumepamype ceoticmea LiMgF; ommuo-
CAMCA K 3aMOPOICEHHOU d8meKmuke uiu 08yxgasnoii cucmeme. Tem ne menee cyujecmaogamue I6MmeKmuxy
UCNoIL308a10¢h 05 naasienus MgF» npu eopazoo 6onee nuskot memnepamype (735°C), uem mouxa nias-
nenus (1263°C). Cucmemwr LiF-MgF>:Eu** u LiF-MgF>:Ce>" noayuenwi ¢ nomowwio nnagnenus npu 735°C.
Dmu mamepuanvt nposENsANU CEOUCMEA, AHANO2UYHbIE CEOLICMEaM MoMUHOpopos MgF>:Eu’* u MgF,:Ce*”.
Takum obpazom, ucnonvsys Oonee HU3KYI0 MeMnepamypy NideneHust 36MeKmuKU, MOICHO NOTYUUMb DA3-
JUYHble TIOMUHOQOpbl Ha ochose MZF> npu memnepamypax 0o 735°C no cpasnenuio ¢ 8biCoKoU memnepa-
mypotl naasnenus 1263°C onsa MgF.

Kniouesvie cnosa: nomunecyenyus, s36mexmuxa, pmopuo, nomunogop, Ev’*, Ce’.

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 LiMgF; was found useful for optically stimulated luminescence
(OSL) dosimetry and X-ray imaging [7]. There are no reports on LiMgF3:Eu*". On the other hand, several
Eu?" fluoroperovskites like NaMgF3 [8, 9], KMgF; [10, 11], and LiBaF; [12, 13] are important phosphors for
various applications. Thus, we have attempted the synthesis of LiF-MgF,:Eu?* phosphor.
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MgF>, is an important material. MgF»: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 MgF> [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 MgF, crystals has been made by
Sibley and co-workers [22-24]. Eu*" activated MgF, as a good luminescent material for blue emission has
been investigated by Lizzo et al [17]. MgF,:Mn?" has also proved to be an efficient phosphor. Even energy
transfer between Mn?" and Eu?* in MgF,:Mn*" and Eu*" co-doped phosphors has been observed, due to the
overlapping of Eu*" emission band with that of absorption of Mn?* [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 LiMgFs. 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/CaF, [26, 27] and LiF/SrF; [28]? We have therefore decided to investigate the for-
mation of LiMgF3 and its luminescence properties.

Experimental. 64 LiF-36 MgF, 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 MgF, powders were freshly synthesized by neutralization of HF with
Li/Mg carbonate. LiF and Eu®"/Ce*" doped MgF> 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 10091) 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 ®’Co source. The samples were exposed to 1 Gy.

Results and discussion. Phase identification using XRD. The phase diagram of LiF-MgF, is discussed
by Jackson [30]. Previously in 1924, Tacchini investigated the LiF-MgF, system [31] and concluded that
there exists an eutectic nearly at 50 mol% of MgF». 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 MgF, actually gets into the lattice of LiF at room temperature
and the structure of LiF does not change even on melting it with MgF,. Later, Bergman and Dergunov [35]
also investigated the system and found that there exists a series of solid solutions with up to 33 mol.% MgF>.
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.% MgF,.

Mixtures examined at room temperature containing these two phases LiF and MgF, 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 MgF, 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 MgF» and LiF at room tem-
perature.

These findings are confirmed from XRD of Fig. 1. The compound formed by melting 64 LiF-36 MgF,
together at about 750°C is a mixture of LiF and MgF,. XRD patterns show lines of both LiF (ICDD 8&8-
2298) and MgF, (ICDD 72-2231).
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Fig. 1. XRD pattern of LiF-MgF, at room temperature.
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Fig. 2. PL spectra of LiF-MgF»: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-MgF»:Eu?* 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 MgF»:Eu?", Lizzo et al. [17] reported excitation consisting of a broad band between 270430 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-MgF»:Eu*".

Synthesis of MgF,:Ce phosphor was also attempted by melting MgF,: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-MgF,:Eu** described above also exhibits thermoluminescence. Figure 4
shows TL glow curves for LiF-MgF,:Eu?*. 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-MgF,:Ce (1%) eutectic: a) excitation for 330 nm emission;
b) emission for 254 nm excitation.
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Fig. 4. TL glow curve of LiF-MgF,:Eu?* eutectic.

Conclusions. The results show that MgF, based phosphors can be made at temperatures as low as
735°C, against the melting point of 1263°C for MgF,. Though LiMgF3 based phosphors are described quite
often in the literature, it does not exist. The properties correspond to the mixture of LiF and MgF, phases.
However, the mixture melts at a considerably lower temperature. Eu or Ce doped mixtures show PL charac-
teristics of MgF»:Eu and MgF»: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 MgF, based phosphors such as
MgF,:Mn?*, Eu** 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 MgF,.
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