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ABSTRACT 

 
   In this work, sol-gel processing was used to synthesize the 

fluorohydroxyapatite (nano-FHA, Ca10(PO4)6(OH)2−xFx) nanopowders. 

The advantages of the sol-gel method over other methods are precise 

control of composition, low processing temperature, and better 

homogeneity. Calcium nitrate tetrahydrate, phosphorous pentoxide and 

Tetrabuthylammonium fluoride were used, respectively, as P, Ca, and F 

precursors with a Ca:P ratio of 1.67. The FHA powders were calcined at 

temperatures of 600ºC. The characterization and structural features of the 

synthesized powders were evaluated using powder X-ray diffraction 

(XRD), Fourier transform infrared spectroscopy (FT-IR) spectra and 

scanning electron microscopy (SEM) techniques. The thermal stability of 

FHA powders was studied through diffraction thermal analysis (DTA) 

and the optimized calcination temperature was found 600ºC, we used 

thermal gravimetric analysis (TGA) experiment in three heating rate 7, 

10, 15 (ºC) on minute. The in vitro behavior of powder was investigated 

with mouse fibroblast cells. 

 

Keywords: Fluorohydroxyapatite; Nanopowders, Sol-gel; Synthesize; X-

ray diffraction (XRD); Scanning electron microscopy (SEM). 
 

 

INTRODUCTION 
 

 Synthetic hydroxyapatite, [HA, Ca10(PO4)6(OH)2], has been 

extensively used as an implant material for bone substitute owing to its 

excellent osteoconductive properties [1]. Among the different forms of 

calcium phosphates, particular attention has been placed on HA 

because the bone mineral consists of tiny HA crystals [2]. 

Nevertheless, HA has a high dissolution rate in biological systems [3], 

poor corrosion resistance in an acid environment and poor chemical 

stability at high temperature [4], which has restricted wider 

applications in the fields of orthopedics and dentistry.  
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 It is believed that the reason for fluoride’s 

anticaries effect is due to its ability to partly 

transform the carbonated hydroxyapatite in enamel 

to thermodynamically more stable FA or 

fluorhydroxyapatite (FHA), and then during the 

caries process, the fluoride is released, which 

changes the dynamics of the  demineralization/ 

remineralization process [5]. The substitution of 

OH
-
, Cl

-
, CO3

2-
, or other ions for the F

-
 usually 

leads to atomic displacements and lower symmetry, 

therefore compromising its chemical stability [6]. 

When OH
–
 groups in HA are partially substituted 

by F
–
, fluorine substituted hydroxyapatite, [FHA, 

Ca10(PO4)6 (OH)2–xFx, 0 < x < 2], is obtained [7]. 

The presence of fluorine (F) in saliva and blood 

plasma is important for normal skeletal and dental 

development. It has been suggested that fluorine 

intake of 1.5–4 mg/day significantly reduces the 

risk of dental caries [7].  Bioactivity of this 

materials will be able them to make direction bond 

with damaged texture. Hydroxyapatite properties 

such as bioactivity, mechanical strength,  solubility 

and capability properties can be optimum from 

method of chemical composition control, 

morphology and the grains size control [8].  

 Iran. Solution of Hydroxyapatite can be 

control by many so factors for  example: rate of 

crystallization, chemical composition and elements 

stoichiometry ratio [7]. Many methods, namely, 

solid-state reaction, wet precipitation and sol–gel 

processing have been developed for the preparation 

of FHA powders and ceramics [9-11]. One of the 

most common methods for the synthesis of 

fluorhydroxyapatite is the sol-gel method.  

 In this work, we have used 

Tetrabuthylammonium fluoride (N(C2H4)4F) as the 

fluorine reagent for the preparation of FHA but in 

several past studies Hexafluorophosphoric acid 

(HPF6) has been used as the fluorine reagent [12-

14]. The excellent biocompatibility of HA 

nanostructures has resulted in many studies 

focusing on their synthesis [15-20]. This is mainly 

achieved by using surfactants [15], glutamic acid 

[16], EDTA [17], polyaspartate [18], biological 

proteins [19], etc. However, there is little literature 

specially reporting the synthesis of 1-dimension 

fluorapatite nanostructures. In comparison to 

hydroxyapatite, the incorporation of fluoride makes 

the fluorapatite structure more stable, therefore, the 

reaction progresses more easily under relatively 

simple and mild reaction conditions. 

EXPERIMENTAL 
 

Materials and instruments 

 Analytical grade Calcium nitrate 

tetrahydrate (Ca(NO3)2·4H2O, Merck, Germany), 

phosphorous pentoxide (P2O5, Merck, Germany) 

and Tetrabuthylammonium fluoride [ (N(C2H4)4F) 

DAP, Merck, Germany], were used as precursor 

materials for the preparation of nanocrystalline 

FHAs. IR spectra were recorded by using the KBr 

disks on a Brucker tensor (model 420) 

spectrophotometer. Structural characterization of 

the samples by XRD measurements was carried by 

an equipment with Cu target of λkα=1.540A. 

Absorbance and also photoluminescence from the 

prepared samples was taken by a V-570 UV and 

Cary 4000 systems, respectively. SEM images were 

achieved by FESEM: S-4160: HITACHI. 

 

Synthesis of nano-fluorohydroxyapatite 
 Nano-FHA was synthesized using an 

ethanol based sol–gel technique similar to previous 

reports of FA and FHA sol–gel coatings/powders 

manufacture. Calcium nitrate tetrahydrate 

(Ca(NO3)2·4H2O) was dissolved in ethanol (Merck) 

at a concentration of 2 mol l_1 as a Ca precursor 

solution and phosphorus pentoxide (P2O5) was 

dissolved in ethanol at the concentration of 2 mol 

l_1 as a P precursor solution and refluxing process 

for 12 h to obtain a clear P-containing solution. P, 

F, and Ca precursors with a nonstoichiometric Ca:P 

ratio equal to 1:67. First, Tetrabuthylammonium 

fluoride (P/F=6) was added to P2O5 in ethanol to 

form the P–F mixture. Subsequently, the solution 

containing Ca was added to the solution containing 

P. The resulting solution was refluxed for 48 h to 

obtain the FHA solution. The FHA solution was 

dried at 120 ºC for 12 h.  The FHA powders were 

calcined at temperatures of 600ºC. 

 The powders were subjected to various 

investigations using experimental techniques like 

XRD for the phases present and crystal size 

measurement, FT–IR and SEM for the particle size 

and morphology. 

 

X-ray Diffraction Analysis (XRD) 

 X-ray diffraction (XRD) technique was 

used to determine the ingredients of the sample. 

The morphology of nano composite was observed 

using a scanning electronic microscopy (SEM). For 
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SEM analysis, the powder sample was 

ultrasonically dispersed in ethanol to form dilute 

suspensions and then a few drops were deposited 

on the carbon coated copper grids. 

 

Fourier Transform Infrared Spectroscopy (FTIR) 
 FT–IR spectra were obtained over the 

region 450–4000 cm
–1 

in pellet form for 1 mg 

powder samples mixed with 200 mg spectroscopic 

grade KBr (Merck, Germany). Spectra were 

recorded at 4 cm
–1

 resolution averaging 80 scans. 

Fourier Transform Infrared spectroscopy (FT-IR) of 

powder sample is shown in the Figure 1. 

 

 
 

Fig. 1. FTIR spectrum of nano- fluorohydroxyapatite. 

 

  

RESULTS AND DISCUSSION 
 

 Room temperature powder X-Ray 

diffraction spectra for the product was performed to 

identify the crystalline phase present in the sample 

and shown in Figure 2. The  broadening of the 

peaks indicated that the particles were of nanometer 

scale. The average crystallite size (Dc) of the FHA 

nano composite was calculated using the Debye-

Scherrer Equation (1) from the major diffraction 

peaks of the corresponding (002) and (111). 

 

Dc   K. / β.cosθ     (1) 

 

 Where K is a constant equal to 0.9, λ is 

the X-ray wavelength (0.15405 nm), β is the full 

width at half maximum (FWHM) of the diffraction 

peak in radiant and θ is the Bragg angles of the 

main planes. The XRD peaks were markedly 

broader, which suggested that particles were 

nanosized. The average crystallite size of the FHA 

nano composite was 50 nm, in agreement with that 

observed from SEM images (Figure 3). 

 FTIR absorption was used in order to 

check the characteristic bands of the synthesized 

nano fluorohydroxyapatite. Figure 1 shows the FT–

IR spectra of FHA powder subjected to heat-

treatment at 600 ºC for 2 h. 

 

 
 

Fig. 2. XRD plot of an undoped sample of nano- fluorohydroxyapatite. 

 

 

 
 

Fig. 3. SEM images of nano- fluorohydroxyapatite. 

 

 

 The characteristic bands (listed in Table 

1) exhibited in the  FHA spectra are assigned here: 

The band at 3470 cm
–1

 due to the stretching mode 

of hydrogen-bonded OH– ions, OH…OH and 

OH…F, respectively. The 536 cm
–1

 arise from 

vibrational mode of OH
–
 ions. The bands at 1109 

cm
–1

 and 1114 cm
–1

 arise from υ3 PO4, the band at 

962 cm
–1

 arise from υ1 PO4. The band at 730 cm
–1

 

arises from CO3 ions. 

 At the Figure 4 (TGA) curve show the 

Flourapatite kinetic. With attention to the curve 

observed that in the temperature between 75ºC until 

800ºC we have differed in slope. 
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Table 1. Infrared bands assigned for FHA 

 

Assignment Infrared frequency (cm
-1

) 

υ4PO4
3- 

bend 705 

OH
- 
(librational)

 
536 

CO3
2-

 730 

υ1PO4
3-

(stretching) 1380 

υ3PO4
3-

(stretching) 
1109 

1114 

OH
- 
(stretching) 3470 

 

 

 
 

Fig. 4. TGA spectrum of nano- fluorohydroxyapatite. 
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CONCLUSIONS 
 

 Nanocrystalline fluorine-substituted 

hydroxyapatites (FHAs) were successfully 

synthesized by sol-gel method. The FT–IR 

spectroscopic results suggest that the fluoride 

substitutes for the hydroxyl groups. The SEM 

micrographs show that the particles are of 50 nm 

size and the morphology has been slightly changed 

with increase in fluoride ion substitution in the 

microwave synthesized FHAs. 
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