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Abstract—Fluorides are the important class of 
materials which are useful for various optical 
applications such as solid state laser, scintillator, 
thermoluminescence dosimetry phosphors, 
photostimulable phosphor etc. Synthesis of fluoride 
phosphor at nano scale is tricky due to various complex 
processes involved in it. Techniques such as sol-gel 
synthesis, solvothermal synthesis etc. to prepare 
complex fluoride material of nanometer size were 
reported in recent years but these methods have their 
own drawback.   Preparation of complex nanofluorides 
including several constituents is even more difficult to 
prepare by using these methods. A novel simple wet 
chemical method for synthesis of nano LiCaAlF6 is 
reported in the paper. LiCaAlF6 is a colquirite type 
mixed metal fluoride material which has been 
investigated extensively in recent years for its optical 
applications such as thermoluminescence dosimeter, 
window material in VUV region, scintillator etc. 
Formation of nano LiCaAlF6 is confirmed by 
transmission electron microscopy (TEM) and by 
comparing the X-ray diffraction pattern of nano and 
bulk material. The influence of thermal treatment on 
emission properties prepared samples is discussed and 
the usefulness of a wet-chemistry route for synthesis of 
nano fluoride phosphors is argued  

Keywords — Photoluminescence, Fluorides, Wet 
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I. INTRODUCTION 

In the recent years due to their various optical and 
technological applications fluoride materials have 
attracted attention of several researchers. When these 
materials are doped with rare earth ions they show 
properties favorable for many optical applications such 
as high quantum efficiencies. LiCaAlF6  is a colquirite 
type mixed metal fluorides which has been investigated 
for use in photonic devices because it is  good host for 
optically active cations and can be grown easily[1]. 
LiCaAlF6 is also a potential window material in VUV 
region [2,3]. LiCaAlF6:Pr3+ exhibits photon cascade 

emission which can be useful for obtaining phosphors 
with quantum efficiency exceeding 100 % [4]. Nikl et 
al reported for the first time the scintillation and 
thermoluminescence in LiCaAlF6:Ce3+ [5]. Gektin et al 
[6] presented detailed results on scintillation properties 
and thermoluminescence of LiCaAlF6:Ce3+. Crystals of 
LiCaAlF6 with Ce3+ ions have been receiving a great 
deal of attention because of their potential capacity for 
lasing with wide UV tunability using solid-state direct 
UV pumping [7]. In this paper we report results of 
structural and luminescence studies of nano LiCaAlF6 
synthesized by the wet chemical method.  

 
II. EXPERIMENTAL 

 
Nano LiCaAlF6 fluoride is synthesized by simple wet 
chemical method. In a typical preparation of LiCaAlF6 
nano phosphor, calculated amount of anhydrous LiCl, 
CaCl2, AlCl3 and EuCl3 were added to a sealed flask 
containing 200 ml of highly pure ethanol. Solution was 
stirred magnetically for about 30 minute thoroughly till 
it became clear. A slight excess of ammonium fluoride 
was added to the flask and a white suspension formed 
upon stirring. After the mixture was stirred for 12 h, the 
precipitate was separated by cooling centrifugation 
(4oC, 5000 rpm for 25 min) and washed with ethanol 
and de-ionized water for several times to remove 
untreated constituents. Finally, the precipitate was dried 
at 80OC for 12 h and collected for characterization. For 
preparation of bulk LiCaAlF6:Eu ,  LiCl, CaCl2 · 2H2O , 
AlCl3 (Analar grade) were dissolved in triply distilled 
deionized water. Europium chloride (0.2 mol % ) was 
added to the solution. LiCaAlF6: Eu was precipitated by 
the addition of NH4F. The precipitate was collected and 
dried in an oven at 373 K. It was then annealed in air at 
973K and quenched to room temperature. Europium 
concentration refers to the amount of Europium 
chloride added to the solution, and the actual Europium 
incorporated was not estimated.Photoluminescence 
spectra were recorded on Hitachi F-4000 
spectrofluorimeter, equipped with Xe-arc lamp as 
excitation source, using spectral slit width of 1.5 nm. X-
ray diffraction patterns were recorded on Philips 
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PANalytical x’pert Pro diffractometer. The morphology 
of the nano samples was studied with Transmission 
electron microscopy (TEM) using Philips CM-200 
microscope operating at 150 kV.  

III. RESULT AND DISCUSSION 
 
The X- ray diffraction pattern of bulk LiCaAlF6 is 
shown in the Figure 1. The diffraction peaks of this 
bulk sample synthesized in deionized water were found 
to be in good agreement with the values of in the ICDD 
file 431841. No lines of residual LiCl, CaF2 or AlCl3 
were seen in the XRD pattern indicating the formation 
of phase pure LiCaAlF6. X- ray diffraction pattern of 
nano LiCaAlF6 prepared by using ethanolic solution is 
shown in Fig.2. Diffraction peaks of nano LiCaAlF6 are 
found to be relatively broad compare to bulk sample. 
From the diffraction peaks average grain size of nano 
LiCaAlF6 particles using Scherrer formula was 
estimated to be 50 nm. Particles of that size were also 
confirmed by TEM photograph of nano powder as 
shown in Figure 3. 
Nano LiCaAlF6 was doped with EuCl3 to investigate the 
photoluminescence spectra. As prepared powders of 
nano LiCaAlF6 did not show any luminescence 
attributable to Eu2+ or Eu3+. However when the sample 
is heated at 200o C luminescence of Eu2+ (curve (a,b)  
Fig. 4 ).was observed. Fig. 4 shows the 
photoluminescence spectra of LiCaAlF6: Eu samples.  
A weak photoluminescence of Eu3+ was also noticed 
(curve (c,d) Fig.4 ).  Eu2+ and Eu3+ luminescence can be 
identified from their characteristics photoluminescence. 
Weak emission lines (curve d) at 594 nm and 613 nm 
are due to Eu3+ luminescence. These lines arise because 
of f-f transitions from 5D0

7F1 (594 nm) and 5D0
7F2 

(613 nm) of Eu3+ which are forbidden.  The excitation 
spectra (curve c ) of Eu3+ consists of  multiple lines in 
between 300nm to 400 nm. Various lines in this region 
arise due to transitions from 7Fo→5L6 392 nm, 7Fo→5G 
380 nm, 7Fo→5D4 365 nm, 7Fo→5H 325–335 nm, 
7Fo→5F 300–305 nm. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Above 300o C particles of nano LiCaAlF6 were found 
to aggregate and Eu2+ luminescence become more 
dominant. This suggests that Eu3+ is converting to Eu2+. 
No Eu3+ luminescence was observed for the samples 
heated above 5000C temperature. The intensity of Eu2+ 
luminescence increases with the increase in 
temperature. Nano LiCaAlF6 heated at 500o C showed 
intense photoluminescence of Eu2+. An intense 
emission is observed (curve (b)) in the form of a narrow 
band around 369 nm arising from transition from the 
lowest level of 4f65d1 configuration to 8S7/2 level of 4f7 
configuration .The excitation (curve (a )) consists of 
several overlapping bands between 290 and 325 nm. 
These are attributable to the transitions from 8S7/2 level 
of 4f7 configuration to the levels of 4f65d1 
configuration. The excitation and emission spectra are 
in excellent agreement with the literature results [8]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1 XRD pattern of LiCaAlF6 prepared by wet chemical 
method. Excellent match is seen 

 

 

 

Fig. 2 X-ray Diffraction of LiCalAlF6 : Eu Bulk and LiCalAlF6 : 
Eu Nano. Broadening of line can be clearly seen in nano 
sample 

 

 

Fig. 3 TEM photograph of LiCaAlF6 on 100 
nanometer scale 
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CONCLUSIONS 
 
The above results illustrate that using simple wet 
chemical method nano LiCaAlF6 can be synthesized. 
This method can be adopted for the synthesis of other 
complex fluorides containing multiple components. 
Europium luminescence is absent in the as prepared 
nano powder but evolves with the heating of sample. 
With the increase in temperature Eu3+ Eu2+ 
conversion takes place and at higher temperature Eu2+ 
become more dominant. 
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Fig. 4 Photoluminescence spectra of LiCaAlF6 : Eu 


