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ABSTRACT 
A solution composed of calcium fluoride (CaF2) and methanol 

was precipitated using the chemical precipitation method for 

three samples in equal proportions. The samples were 

measured with X-ray diffraction with exposure times of (10, 

15, and 20 sec). The peaks are displaced from each other 

towards the lower diffraction angles. This is attributed to the 

expansion of the crystal lattice due to the increase in the 

formation of atomic voids in the crystal structure of CaF2. 

Using a UV-Vis device, the absorbance of CaF2 suspended in 

methanol was measured and the energy gap was calculated, 

recording (3.7 eV) for direct transmission and (2.9 and 3.1 eV) 

for indirect transmission, resulting from crystalline defects. 

This represented another evidence of the presence of atomic 

voids in the crystal structure of CaF2, as the energy gap of 

CaF2 was (12.1 eV). The emission spectrum was taken at a 

wavelength of (300 nm) for the two samples with an exposure 

time of (10 and 20 sec) to X-rays, and (400 nm) for the sample 

with an exposure time of (15 sec). A shift was observed at the 

emission peaks, which confirmed a change in the intensity and 

displacement atomic voids. 
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 توصيف فلوريد الكالديوم المحضر بطريقة الترسيب الكيميائي

 عماد كاظم خضير

 العراق – 2مديرية تربية بغداد الكرخ/ –وزارة التربية 

 الملخص

( وانًيثاَىل تاسرخداو طريقح انررسية انكيًيائي نثلاز عيُااخ تُساة يرسااويحم ذاى  يااش  ياى  CaF2انكانسيىو ) يٍ فهىريدذى ذرسية يحهىل يكىٌ 

م ويرجا  لناإ إنا  الاوطأم  يس ذى إزا ح انقًى عٍ تعضها انثعط َحى زوايا انحيى  (and 20 sec ,15 ,10)الأشعح انسيُيح نهعيُاخ تسيٍ ذعرض 

ذااى  ياااش    UV-Visم تاساارخداو جهاااز  CaF2ذىساا  انكااثكح انثهىريااح تسااثة انسيااا ج فااي ذكااىيٍ انفراااااخ اناريااح فااي انرر يااة انثهااىر  نًر ااة 

 and 2.9)ونلاَرقاال ايار انًثاشار  (eV 3.7)طا ح  ياس  اَاد نلاَرقاال انًثاشار انًعهق في انًيثاَىل و ساب فجىج ان CaF2الايرصاصيح نًر ة 

3.1 eV)  انُاذج عٍ عيىب تهىريح وهاا  نيم اخر عه  وجى  فراااخ لريح في انرر ية انثهىر  نـCaF2 ، ياس اٌ فجاىج انطا اح نًاا ج CaF2  هاي

(12.1 eV)( 300م ذاى خخاا طيالا الاَثعااز تطاىل ياىجي nm ٍنهعيُراي ) ٍذعارضتاسي (10 and 20 sec) نلأشاعح (400انسايُيح، و nm نهعيُاح )

 (،  يس نى ظ  دوز ذحىل عُد  ًى الاَثعاز، يًا يؤ د  دوز ذغيير في شدج وإزا ح انفراااخ اناريحمsec 15تسيٍ ذعرض )

 طريقح انررسية انكيًيائي،  يى  الاشعح انسيُيح، طيلا انرأنق انضىئي، طيلا الايرصاصيحم ، فهىريد انكانسيىو الكلمات المفتاحية:

1- Introduction  

Calcium fluoride (CaF2) is a hemisphere with a face-centered cubic (FCC) structure with three sub-lattices. The 

single cell of matter is easily described, as a simple cubic lattice forms fluorine ion. The calcium ion is located in 

the second cube. The remaining empty cubes are very important for defect formation and diffusion and for 

containing undesirable impurities, such as the rare earth elements [1], as shown in Figure (1).                     

 

Fig (1): the cubic structure of Calcium fluoride [1] 

Figure (1) shows one cell of calcium fluoride. The crystal lattice constant is (5.45 Å). The position of fluorine 

ions is limited to black corpuscles, while the position of calcium ions is limited to white corpuscles. The calcium 

ion is surrounded by (8) fluorine ions, whereas the fluorine ion is surrounded by (4) calcium ions. The ionic 

radius of calcium is (0.99 Å), while the ionic radius of fluorine is (1.36 Å)
 
[2,3]. Calcium fluoride is used in the 

manufacture of optical crystals and microscopic mirrors [4]. Microspheres are spheres with a dielectric structure 

and have dimensions from (1-1000 μm). The light is confined inside the dielectric sphere by continuous total 

internal reflections at the curved borders of the surface. The response patterns (resonance) are obtained at distinct 

frequencies that depend on the refractive index of the sphere and its radius [5-13]. It is characterized by low 

spectral dispersion according to the API number, which is a measure of the dispersion of the material and is used 

to describe the dispersion phenomenon. Whenever the API number is high, the spectral dispersion is low, as its 

value in calcium fluoride reaches (95.23). It is considered a chemical element that is stable to the changes in 

pressure and temperature. Calcium fluoride particles possess high technology in the field of advanced optical 

photons, display screens, imaging, and optical amplification. It can be obtained in the liquid phase by several 

methods, including co-precipitation, hydrolysis at high temperatures, gel structures, and radiochemical 

generation [4]. The chemical precipitation method (CPM) is used, as it has many advantages. It is a simple, 

economical, low-cost, widely used, and applicable technique. It is employed by adding chemicals, such as 
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methanol, to a compound (CaF2). This will change the physical state of the dissolved and suspended solids as the 

percentage of dissolved and suspended materials increases in the resulting solution, and is then treated by 

centrifugation method. In this study, CaF2 was prepared by employing the chemical precipitation method and 

characterized using XRD and optical fluorescence spectroscopy in order to study its optical properties in the 

future as an optical material for microspheres. 

2- Experimental Part 
In this respect, (5g) of calcium fluoride was dissolved in (30 ml) of methanol using a magnetic stirrer. This 

solution was expelled once during (5 min) at a rate of (4000 cycles), and washed with distilled water to get rid of 

impurities. Then, it was expelled four times for (3 min) at a rate of (3000 cycles) and washed after that. It was 

treated in a convection oven at a temperature of (70 ᵒC). Three samples of equal proportions were taken to 

measure the X-ray diffraction of the samples with an exposure time of (10, 15, and 20 sec), and also to study 

their photoluminescence. 

3- Results and Discussion 

3-1 Structural properties 

The spectrum of the calcium fluoride compound was studied for the three samples using an X-ray diffraction 

device with an exposure time (10,15,20 Sec), respectively. The results showed that the structure of CaF2 was 

cubic of (FCC) type, as shown in figure (2). This result agrees with that found in [14]. In addition, there was a 

shift in the peaks of the X-ray spectrum characteristic of crystalline planes. 

 

Fig (2): XRD of the CaF2 samples with exposure times (10, 15, 20 sec) 

Crystal plane (111) appeared at (2Ө = 28
o
) and crystal plane (220) appeared at (2Ө = 50.6

o
), the crystal plane 

(222) appeared from (2Ө = 59.1
o
). Figure (2) illustrates that plane (111) had a high intensity and displacement 

was clear. The longer exposure time of the material to X-ray, a shift occurs in peaks of X-ray spectrum (2Ө). 

This means that the crystal lattice has expanded due to the increase in calcium voids and the movement of 

calcium atoms towards the new levels. Thus, there is repulsion between the fluorine ions as a result of the 
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repulsive electrical forces. Based on the X-ray spectrum and Bragg's law, the distance between the crystalline 

planes was calculated using this relationship:  𝑛𝜆= 2𝑑𝑠𝑖𝑛𝜃  ………..…… (1) [15] 

Where (λ) represents the wavelength of X-ray (1.5418 Å). From relation (2), the crystal lattice constant was 

calculated [16]. 

  

    
   

           

  
 ……..… (2) 

Where (d) represents the lattice planes, (a) represents the lattice constant, and (hkl) represents miller indices.  

The average crystallite size (D) for samples was estimated by the standard Scherrer formula [17]. 

  
   

     
  ………..(3) 

Where (k) is constant (0.9), (β) is the full width at half maximum (FWHM) of the diffraction peak, and (Ө) is the 

diffraction angle. The strain of the crystal lattice (ε) and dislocations density (δ) were estimated, which were 

extracted from the diffraction spectrum of the three prepared samples, as per the following relationships [15]: 

   
     

 
  …………..(4) 

  
 

  
  ………….(5) 

Where (n) is a factor that gives minimum dislocations when (n =1), as shown in table (1). 

Table (1): The values of crystallite size (D), the distance between the crystalline planes (d), strain of the 

crystal lattice (ε), dislocations density (δ), and crystal lattice constant (a) of the three CaF2 samples 

Sample CaF2 D (Å) d(Å) ε δ (Å)
-2 

a(Å) 

10 s 44.6 3.22 0.004 0.16 5.41 

15 s 48.9 3.26 0.006 0.37 5.47 

20 s 51.2 3.29 0.008 0.61 5.57 

Table (1) clarifies that when the exposure time to X-ray increases, the crystallite size increases, and the crystal 

lattice constant and the strain of the crystal lattice also increase. This indicates an expansion of the crystals, so 

the number of calcium atom voids increases, which increases the dislocation density and creates trap levels 

located in the energy gap of the sample.    

3-2 Optical properties     

  Using a UV-Vis spectrometer to measure the absorption spectrum of CaF2 suspended in methanol, figure (3) 

shows the presence of two absorption peaks for wavelengths (λCaF2 = 285 nm, λCaF2 = 335 nm). 
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Fig.(3): The absorption spectrum of CaF2 suspended in methanol 

The absorption coefficient is given by the following relationship [8]: 

αhѵ = A(hѵ- Eg )
n
  …….(6)   

where (Eg)  is the energy gap, (hѵ) is the photon energy, (A) is constant, and (n) is the amount that indicates the 

nature of electronic transition. In CaF2, the electronic transition is direct if (n = 1/2 ), as shown in figure (4-a), 

while the value of (Eg = 3.7eV) will be an indirect electronic transition, occurring at (n = 3/2), as shown in figure 

(4-b). Then, there will be two energy levels resulting from crystalline defects (Eg = 2.9 eV) and (Eg = 3.1 eV). 
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Fig.(4-a): The direct energy gap of CaF2                               Fig.(4-b): Indirect energy gap of CaF2 

CaF2 has a wide energy gap (12.1 eV) whose value in references ranges from (11.6 – 12.1 eV) [19], but due to 

the exposure of calcium fluoride to X-ray, defects are produced in the crystal lattice. These defects are limited to 

the negative sub-lattice, while the charge is much less than the energy needed to excite the positive charge [20]. 

The structural defects and voids of calcium atoms are from the traps levels in the energy gap and when the 

material is excited, it leads to the formation of pair (electron-hole). In the presence of electrons and holes, the 

self-trapped excitons (STE) process occurs with a time of (10
-12

 sec) and has an efficiency of approximately (1). 

One of the fluoride ions releases an electron and moves to one of the trap levels.  
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The photoluminescence device was used to measure the fluorescence spectrum of samples prepared for CaF2, as 

well as the time of exposure to X-rays. Figure (5-a) shows the sample prepared with a time of (10 sec), figure (5-

b) clarifies the sample with a time of (15 sec), and figure (5-c) presents sample with time (20 sec). The Eg values 

for the energy levels are calculated from the following relationship [8]: 

Eg = 
    

 
  ………(7) 
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Fig.(5-a): The energy levels and photoluminescence spectra for sample prepared (CaF2) with (10 sec) for 

X-ray 
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Fig.(5-b): The energy levels and photoluminescence spectra for sample prepared (CaF2) with (15 sec) for 

X-ray 
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Fig.(5-c): The energy levels and photoluminescence spectra for sample prepared (CaF2) with (20 sec) for 

X-ray 

Figures (5-a,b,c) show the energy levels and fluorescence. It is noticed that the peaks shifted towards the longer 

wavelengths with increasing exposure time of the samples to X-rays. The sample with an exposure time (10 sec) 

had peaks at (405 - 420 nm), the sample with an exposure time (15 sec) had the highest peak at (460 nm), and the 

sample with an exposure time (20 sec) had peaks at (420 nm). This occurs due to the increased formation of 

voids in calcium atoms [21,22].  

Conclusion 

The method of Chemical precipitation is easy and inexpensive to obtain a compound of calcium fluoride. It is 

observed that the crystal lattice expands as a result of an increase in atom voids, and these voids increase with 

the increase in exposure time to X-ray. It is found that the energy gap is (3.7 eV) for direct transitions and (2.9 

and 3.1 eV) for indirect transitions, due to the crystal defects of CaF2, where the energy gap of CaF2 is (12.1 eV). 

The fluorescence spectrum also shifts towards longer wavelengths with increasing exposure to X-rays. In the 

future, it is preferable to study the properties of CaF2 as optical material for microspheres.  

References   

[1] Faraji, S., Ghasemi, S. A., Parsaeifard, B., & Goedecker, S. (2019). Surface reconstructions and premelting 

of the (100) CaF2 surface. Physical Chemistry Chemical Physics. (21):29,16270-16281. 

[2] Nelson, J.R., Needs, R.J., and Pickard, C.J. (2017). High-pressure phases of group-II difluorides: 

polymorphism and superionicity. Phys. Rev. B, 95:054118.  

[3] Nelson, R.J., Needs, R.J., and Pickard, C.J. (2018). High-pressure CaF2 revisited: A high temperature phase 

and the role of phonons in the search for superionic coconductivity. Phys. Rev. B, 98(22):224105.    

[4] Hahn, D. (2014). Calcium Fluoride and Barium Fluoride Crystals in Optics. optical materials. V(9), I(4):45-

48.    

[5] Mohammed, A.J., Abdullah, M.A., et all. (2023). Study of optical, structural and electrical properties of CuO 

films prepared by chemical bath deposition with laser at different concentrations. Tikrit journal of pure 

science. V(28):2. doi.org/10.25130/tips.v28i2.1339.                                                

[6] Murugan, G.S., Petrovich, M.N., et all. (2011). Hollow-bottle optical microresonators. Optics Express, 

19(21):20773-20784. doi.org/10.1364/OE.19.020773.                                       



  

 

  
Tikrit Journal of Pure Science (2023) 28 (6): 76-83 
Doi:  
 

83 

[7] Matsko, A. (2019). Practical Applications of Microresonators in Optics and Photonics. (CRC Press). 

[8] Hall, D. and Jackson, P. (2020). (e book) Physics and Technology of Laser Resonators. (CRC Press).  

[9] Bykov, V. and Silichev, O. (1995). Laser Resonators. (Cambridge Intl. Science Publ.).   

[10] Kudryashov, A. and Weber, H. (1999). Laser Resonators. Novel Design and Development (SPIE Press). 

[11] Hodgson, N., and Weber, H. (2005). Laser Resonators and Beam Propagation. 2
nd

 edition (Springer).  

[12]  Dixit, S.K. (2001). Filtering Resonators. (Nova Science Publishers). 

[13] Rabus, D.G.(2007). Integrated Ring Resonators. The Compendium (Springer) Rayleigh L., Philos. Mag., 

20(1910):1001.          

[14] Tahvildari, K., Ghammamy, M., Nabipour, H. (2011). CaF2 nanoparticles: Synthesis and characterization. 

Spring Int. J. Nano Dim. 2(4):269-273.                                                                       

[15]  Fred, S. (2015). Physical Foundations of Solid-State Devices. Rensselaer Polytechnic Institute Troy NY, 

USA.                                                                                                                                             

[16]  Cullity, B.D. and Stock, S.R. (2001). Elements of XRay diffraction.  (3
rd

 ed.), Prentice Hall. 

[17] Panda, S., Antonakos, A, Bhattacharya, S. and Chaudhuri, S. (2007). Optical properties of  nanocrystalline 

SnS2 thin films. Mater Res Bull 42:576–583. doi:10.1016/j.materresbull.2006.06.028.    

[18] WahabH. (2012). Metal oxide catalysts for carbon nanotubes growth: The growth mechanism using NiO 

and doped ZnO. PhD. Thesis, University of York. 

[19] Jiaqi, C., Yuzheng, G. and John, R. (2022). Electronic properties of CaF2 bulk and interfaces.  Journal of 

Applied Physics, 131:215302. doi.org/10.1063/5.0087914.                               

[20] Mir, A., Zaoui, A. et all. (2018). The displacement effect of a fluorine atom in CaF2 on the band structure. 

Applied surface science 439. doi:10.1016/j.apsusc.2017.12.257.                                                  

[21] Hasabeldaim, E.H.H., Swart, H.C. and Kreem, R.E. (2023). Luminescence and stability of Tb doped 

CaF2 nanoparticles. RSC advances, 8(13):5353-5366. doi.org/10.1039/D2RA07897.              

[22] Anees, A.A., Majeed, M.A. et all. (2023). Influence the host lattices on photoluminescent properties of the 

Ce/Tb doped CaF2, NaYF4, and NaGdF4 nanoparticles. journal of fluorine chemistry, V270.110174. 

doi.org/10.1016/j.jfluchem.                                          

 


