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Abstract 

In this work, nanoparticles of europium doped calcium fluoride (CaF2:Eu) has been prepared by Simple Chemical Co-
Precipitation Method in which 0.05 mol of CaCL2 is used as the calcium ion source and 0.05 mol of NH4F as the fluoride ion source. 1 
mol% of Eu(NO3)3 was used as the dopant. The synthesized nanoparticle samples was characterized by X- ray diffraction (XRD) and 
the average crystallite size was found to be 25.58 nm. The energy band gap is found to be 3.75 eV. 
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Introduction 

As alkaline-earth fluorides exhibit single properties, it finds a number of applications in optics and electronics [1]. Fluorides 
are transparent in a wide wavelength region from Vacuum Ultraviolet (VUV) to Infrared (IR) due to its large band gap [2,3]. The 
fluoride materials normally possess low refraction index and phonon energies, usually in the range of 400–500 cm-1 as compared to 
oxides [4], which in turn can decrease the nonradioactive transition probability of the active ions [5]. These materials also find their 
applications in laser and frequency conversion when their features are combined with the spectroscopic characteristics of rare earths 
used as doping ions [6]. Therefore, they can act as the window materials for both ultraviolet and infrared wavelength regions [7]. As 
calcium fluoride (CaF2) possesses good stability, non-hygroscopic behavior and applications as optical device, especially in ultraviolet 
and vacuum ultraviolet (VUV), it had considerable interest among the various fluorides. CaF2 being one of the alkaline-earth fluorides, 
it has a well-known fluorite-type structure. Each Ca2+ ions lie at the nodes in a face-centered lattice whereas F-ions lie at the centers of 
the octants [1,8]. CaF2 nanoparticles exhibit high laser induced damage threshold and high transparency up to vacuum ultraviolet. 
Therefore, they can be considered as the most promising candidate to replace the fused silica for deep ultraviolet laser lithography 
techniques and ultraviolet transparent optical lenses [9]. Furthermore, CaF2 can act as optical waveguide for optoelectronic devices 
[10,11]. RE-doped CaF2 is also becoming an attractive material for up-conversion (UC) luminescence and can be compared with RE-
doped NaYF4, which is broadly acknowledged as the most efficient UC host [12–15]. 

 
In the last 5 years, fluoride compounds are more attracted due to the possibility of preparing nano powders of fluorides which 

can produce ultimate effects on their physical properties [16]. Therefore, a number of synthesis methods had been employed to 
produce CaF2 nanoparticles such as co-precipitation method [17], hydrothermal method [18–20], reverse micelle method [3], etc. 
Since the fluoride compounds are very sensitive to water and oxygen which are always present in the environment, the production of 
fluoride compounds is a challenge for researches. The possibility of contamination with impurities like O2- and OH- is very high due to 
similarity of the ionic radius [21,22]. Such impurities can affect the luminescence properties [23] acting as luminescence quenching 
centers, degradation of the transparency, lights scattering defects and others. However, the chance to incorporate these impurities can 
be reduced by following the process of annealing. Further, the liquid-phase methods have the advantages of simple operation, 
controllable granularity and the nanoscale powders materials thus prepared have high surface activity. So, in this work, we synthesized 
CaF2 nanoparticles by Co-Precipitaion method. 

 
Experimental Details 

Eu doped Calcium Fluoride nanoparticles was prepared by the chemical co-precipitation method. Calcium chloride and 
ammonium fluoride of AR grade were taken as the calcium ion source and fluoride ion source respectively. 0.05 mol of CaCl2 was 
dissolved separately in 20 ml double distilled water to form a clear solution. 0.05 mol of NH4F was also dissolved in 20 ml of distilled 
water to form a clear solution. Then 1 mol% of Eu(NO3)3 was added to the CaCl2 solution and the mixture was stirred continuously for 
20 minute and subsequently 50 ml ethanol was added to the solution. The same is further stirred for 10 min. The NH4F solution was 
added drop wise in the solution until the precipitation was complete. The precipitates so formed were filtered out and washed four 
times with double distilled water. The precipitate was finally dried at 120oC for 5 h. to obtain the sample. The sample is crushed to 
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obtain the powder samples and the same was annealed at 300oC, 400oC, 500oC, 600oC and 700oC each for 2 h to obtain CaF2:Eu 
nanoparticles. 
Results and Discussion 
XRD Study 

The structural characterization was done by an X-ray diffractometer (Bruker D8 Advance) in the 2θrange (0⁰–80⁰) using 
CuKa radiation of wavelength λ= 1.5406Ao. The XRD patterns of CaF2 Nanoparticles is shown in figure 1. The formation of CaF2 
Nanoparticles is confirmed by the standard reference JCPDS Card No. 4-864 and the nanoparticles possess simple cubic crystal 
structure. The good crystallinity of the material is indicated by narrow and sharp peaks corresponding to corrected crystal planes 
(111), (220) and (311). Further, the introduction of rare earth ions on concentration does not change the crystal structure of the 
product, which is confirmed by the absence of other diffraction peak of other substances in the XRD pattern. The inter planar spacing 
(d spacing) is calculated by using Bragg’s equation, 

 
 nλ = 2dSinθ ……………. (1) 

 
where λ = 1.5406Ao (wavelength of incident X-ray), θ = Peak position (in radian), n = 1(order of diffraction), d = inter planar spacing 
or d spacing (in Ao ).  
 
The lattice constants for cubic phase is determined by using the relation  

a = d (h2 + k2 + l2 )1/2 …………… (2) 
 

The crystallite size of CaF2:Eu nanoparticles is calculated by using Scherrer’s formula,
     

 ……………(3) 
 
where K is a constant (= 0.94),  is the full width at half maximum (FWHM) in radian at 2θ [24]. Assuming spherical crystal, the 
diameter of the sphere (L) can be estimated by 

< L > = (4/3)D ………………(4) 
 

where D is the crystallite size [25]. The structural parameters are shown in table 1. 
 

Table 1. Structural parameters of CaF2:Eu 
2θ(degree) 
 

Miller 
index 
(hkl) 
 

d 
value(A0) 
 

Crystallite 
size D(nm) 
 

Diameter 
<L> (nm) 
 

Lattice 
Constant, 
a0(A0) 

Average 
Crystallite 
Size (nm) 

28.55 111 3.13 31.88 42.50 5.41  
 
25.58 

47.09 220 1.97 7.11 9.47 5.57 
56.01 311 1.64 19.73 26.30 5.43 
68.70 400 1.37 29.93 39.90 5.50 
75.97 331 1.25 39.25 52.33 5.44 

 
From the above table 1, it is clear that the planes giving rise to the smallest Bragg’s angle will have the largest d-spacing 

which is in good agreement with theoretical prediction. The crystallite sizes corresponding to crystal planes are also comparable with 
earlier workers [26]. The average crystallite size is 25.58 nm. The value of lattice constants are also comparable with the literature 
value  

a = 5.435 Aº [27]. 
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Figure 1. XRD pattern of Eu doped CaF2 nanoparticlesOptical Study. 

 
The optical property of CaF2:Eu nanoparticles is studied with the help of UV-Visible Spectroscopy. The UV absorption 

spectrum of europium doped Calcium fluoride, CaF2:Eu nanoparticles taken at room temperature are shown in Figure 2. The 
absorption coefficient  associated with the strong absorption region of the sample, absorbance (A) and the cuvette thickness (t) are 
related as below [28, 29].  

 
  = 2.303 A / t   …………. (5) 

The absorption coefficient of direct band gap semiconductor is given by [30] 
 = c (h - Eg)1/2 /h ……………… (6) 

 
where  is absorption coefficient, c is a constant, h is incident photon energy and Eg is the band gap. Graph between h vs (h)2 is 
plotted and shown in Figure 3. The intercept of the extrapolated straight line at the (h)2 = 0 axis gives the value of the Eg of the 
material. The values of Eg so obtained is found to be 3.75 eV which is very small as compared to value in bulk state, 12.1 eV. [31]  

 
Figure. 2. Absorption spectrum of CaF2:Eu 

naoparticles 

 
Figure. 3. Plot of h  vs  (.h)2 ofCaF2:Eu 

nanoparticles 
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Conclusion 
We have demonstrated the preparation of europium doped CaF2 nanoparticles by simple co-precipitation method. The 

nanoparticles so synthesized are characterized by XRD and UV-Visible Spectrometer. The average crystallite size is found to be 25.58 
nm. The Energy Band Gap of NPs synthesized by this method is found to decrease at 3.75 eV. The materials having such energy band 
gap may find many applications in laser and optical devices [32]. 

 
Acknowledgement 
The authors are thankful to Nano Mission Laboratory ( DST, Government of India), Thoubal College , Thoubal, Manipur for 
providing the facility to synthesize the sample and NIT, Manipur for providing the facilities for XRD and UV-Visisble Spectroscopy 
measuement  of the sample. 
 
References  

1. H. Wang, R.Liu, K.Chen, X.Shi, Z.Xu, (2011), Electrodeposition and characterization of CaF2 and rare earth doped CaF2 
films, Thin Solid Films 519, 6438–6442. 

2. M.F.Joubert, Y.Guyot, B.Jacquier, J.P.Chaminade, A.Garcia (2001), Fluoride crystals and highly excited states of rare earth 
ions, J.Fluor.Chem.107, 235–240.  

3. A.Bensalah, M.Mortier, G.Patriarche, P.Gredin, D.Vivien (2006),Synthesis and optical characterizations of undoped and 
rare-earth-dopedCaF2 nanoparticles, J. Solid StateChem.179, 2636–2644. 

4. C. Fouassier, T.Nakajima,B. Zemva, A.Tressaud(Eds.) (200), Adv.Inorg.FluoridesSynth.Charact.Appl.,Elsevier,Am- 
sterdam, pp.315–328. 

5. Z. Yang, G.Wang, Y.Guo, F.Kang,Y.Huang,D.Bo (2012), Microwave-assisted synthesis and characterization of 
hierarchically structured calcium fluoride, Mater.Res.Bull.47, 3965–3970. 

6. P.Maroni, L.Palatella, A.Toncelli, M.Tonelli, Fluoridecrystals (2001), laser emission and energy transfer mechanisms in 
Er3þ, J.Cryst.Growth 229, 497–500. 

7. H. Shi,R.Jia,R.I.Eglitis, (2014), CaF2, Comput. Mater.Sci.89, 247–256. 
8. R. Saravanan, S.Israel, Bondingin (2016), fluorite compoundCaF2 using MEM,Phys.B   
9. J.Wang, J.Hao,Q.Wang, Y.Jin, F.Li, B.Liu, Q.Li,B. Liu,Q. Cui (2011), Pressure-induced structural transitioninCaF2 

nanocrystals, Phys.Status Solid Basic Res 248, 1115–1118. 
10. L.E. Bausa, G.Lifante, E.Daran, P.L.Pernas (1996), CaF2: Er3þ molecular beam epitaxial layers as optical waveguides, 

Appl.Phys.Lett.68, 3242.  
11. H.H. Moore, (1982), Refractive index of alkaline earth halides and its wavelength and temperature derivatives,J. Phys.Chem. 

Ref.Data.9, 161–290. 
12. Z. Liu,B, Mei,J.Song, W.Li (2014), Fabrication and optical characterizations of Yb,Er codoped CaF2 transparent 

ceramic,J.Eur.Ceram.Soc.34, 4389–4394. 
13. G. Wang, Q. Peng, Y.Li (2009), Up conversion luminescence of monodisperse CaF2: Yb3þ/Er3  nanocrystals, 

J.Am.Chem.Soc.131, 14200–14201. 
14. J. Zhao, Y.J.Zhu, J.Wu,F, Chen (2015), Microwave-assisted solvo thermal synthesis and up conversion luminescence of 

CaF2: Yb3þ/Er3 nanocrystals, J., ColloidInter- face Sci.440, 39–45. 
15. N. Rakov, R.B.Guimarães, G.S.Maciel (2016), Photon up-conversion production in Tb3þ–Yb3þ co-doped CaF2 phosphors 

prepared by combustion synthesis, Mater.Res.Bull.74, 103–108. [16]V.V.Vistovskyy, A.V.Zhyshkovych, N.E.Mitina, 
A.S.Zaichenko, A.V.Gektin (2012), Relaxation of electronic excitations in CaF2 nanoparticles, vol.24325, pp. 0–7.  

16. G. Zhi, J.Song, B.Mei, W.Zhou (2011), synthesis and characterization of Er3 doped CaF2 nanoparticles, J.Alloy.Compd.509, 
9133–9137. 

17. C. Pandurangappa,B.N.Lakshminarasappa,B.M.Nagabhushana (2010), Synthesisand characterization of CaF2 
nanocrystals,J.Alloy.Compd.489, 592–595.  

18. S. Hou,Y.Zou,X.Liu,X.Yu,B.Liu,X.Sun,Y.Xing (2011), CaF2 and CaF2 : Ln3þ (Ln¼Er, Nd, 
Yb)hierarchicalnanoflowers:hydrothermalsynthesisandluminescent properties, CrystEngComm13, 835–840.  

19. X. Sun,Y.Li (2003), Size controllableluminescentsinglecrystalCaF2 nanocubes, Chem. Commun, 1768.  
20. S.L. Baldochi,S.P.Morato m(2001), Fluoridebulkcrystals:growth,Encycl.Mater.Sci. Technol, 3200–3205.  
21. R.D. Shannon (1976), Revised effective ionic radii and systematic studies of interatomic distances in halides and 

chalcogenides, Acta Crystallogr. Sect.A32, 751–767. 
22. P.D. Belsare,C.P.Joshi,S.V.Moharil,S.K.Omanwar,P.L.Muthal,S.M.Dhopte (2009), One stepsynthesisofCe3þ activated 

aluminofluoride powders,Opt.Mater.31, 668–672.  



 

  

 
Cover Page 

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:5(1), May:2021 

Online Copy of Article Publication Available: www.ijmer.in 
Digital certificate of publication:http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

DOI: http://ijmer.in.doi./2021/10.05.45 
Scopus Review ID: A2B96D3ACF3FEA2A 

Article Received: 10th May- Publication Date:30th May 2021 

 

 
99 

 

23. Hong BC, Kawano K (2006) Reduction of Eu2+-activated nanoparticles by unique TCRA treatment. J Alloys Compd 451: 
276-279 

24. M. Meier,(2004) crystallite size measurement using x-ray diffraction. Department of chemical engineering and materials 
science, university of california, davis 

25. Tingjing Hu, Xiaoyan Cui, Jingshu Wang, Xin Zhong, Yinzhu Chen, Junkai Zhang 
26. Taylor A, (1961) X-ray Metallography, John Wiley & Sons, Inc., New York  
27. Cottrell A,(1975)173, Introduction to Mettallurgy, Arnold, London. 
28. Longhurst R.S., (1957), Geometrical and Physical Optics, Longmans green Maity R., Chattopadhyay K.K., (2004)(15) 812, 

Nanotechnology. 
29. Ray, S.C., (2001) (68) 307, Solar Energy Mater, Solar Cells, 68, pp. 307. 
30. M. Verstraete and X. Gonze (2003), Phys. Rev. B 68,195123 
31. O, Callen C, Rhodes RW, William T (1977) (Book) Introduction to Lasers and their Applications. Reading, MA: Addison-

Wesley Publishing Co. 
 

 
 

 
 



Filename: 15 
Directory: C:\Users\DELL\Documents 
Template: C:\Users\DELL\AppData\Roaming\Microsoft\Templates\Normal.dotm 
Title:  
Subject:  
Author: Windows User 
Keywords:  
Comments:  
Creation Date: 5/15/2021 12:19:00 PM 
Change Number: 7 
Last Saved On: 5/23/2021 11:23:00 AM 
Last Saved By: Murali Korada 
Total Editing Time: 32 Minutes 
Last Printed On: 6/2/2021 7:48:00 AM 
As of Last Complete Printing 
 Number of Pages: 5 
 Number of Words: 2,018 (approx.) 
 Number of Characters: 11,508 (approx.) 

 


