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ABSTRACT

Nanoparticles (NPs) of new fluoride (SrF2 and MgF2) nanocompounds were synthesized by the simple chemical method of precipitation in ethanol. 
Synthesis of the strontium fluoride (SrF2)-magnesium oxide (MgO) nanocomposite was achieved through the ultrasonic method. These prepared nanopowders 
were characterized through Fourier transform infrared (FT-IR) spectroscopy, ultraviolet–visible (UV–Vis) spectroscopy, Powder X-ray Diffraction (PXRD) and 
Scanning Electron Microscopy (SEM). FT-IR confirmed the purity of the synthesized fluoride NPs by evaluation of the vibrations, and UV–Visible showed the 
intense absorption peaks of NPs. PXRD analysis indicated the average of particle size, and SEM demonstrated a nearly spherical morphology of the NPs. The 
antibacterical properties of the nanopowders on Staphylococcus Aureus, Bacillus Subtilis and E. Aklay bacteria were studied, with the strongest effect by the 
magnesium fluoride (MgF2) NPs and the SrF2-MgO nanocomposite. 
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1. INTRODUCTION

Nanoparticles (NPs) are defined as particles less than 100 nm in diameter 
[1, 2]. They exist widely in the natural world. For example, preparation of NPs 
in nature can be caused by photochemical process, volcanic activity or created 
by plants and etc. Currently, the level of nanomaterials is highly advanced, 
both in terms of scientific knowledge and in commercial applications. A decade 
ago, NPs were studied widely because of their size-dependent physical and 
chemical properties [3] and have now entered a commercial exploration period 
[4-7]. 

In order to produce a small particle size, high-speed homogenization or 
ultrasonication is often employed [8]. Changes in the physical and chemical 
properties of the materials at the nanoscale have resulted in important 
applications and received considerable attention in various fields [9, 10]. 
In recent years, increasing attention has been paid to the synthesis and 
characterization of nanomaterials because of their novel chemical and physical 
properties arising from the large surface to volume ratios and the quantum size 
effect, compared with those of bulk counterparts [11-15]. They exhibit novel 
electronic, magnetic, optical, chemical and mechanical properties that cannot 
be obtained in their bulk counterparts [16-21].

The alkali (IA) metals show a closer relationship in their properties than 
any other family of elements. They are extremely chemically reactive and never 
naturally found in the element form. All of these metals react spontaneously 
with gases in the air and thus, must be stored immersed in oil. The chemical 
reactivity of the alkali metals increases as the atomic number increases [22]. 
Almost, most of the compounds of the alkali metals are soluble in water and 
widely distributed. Alkaline earth halides are also soluble in water [23-26]. 

In this study, we synthesized nano-sized SrF2, MgF2 and SrF2-MgO that 
might be used as an agent for dental applications and antibacterial activities. 
These products were characterized by FT-IR, UV–Visible, PXRD and SEM 
to understand the influence of the orientation and shape of the resulting 
nanostructures on bacterial growth parameters.

2. EXPERIMENTAL

2.1. Materials and Instruments
Strontium chloride (SrCl2), magnesium chloride (MgCl2), ammonium 

fluoride (NH4F), ethanol and ether were acquired from Merck company. 
Solvents used in reactions were purified and dried by standard procedures. MgO 
NPs and Neutrino were purchased from Merck company. Infrared spectra were 
recorded on potassium bromide (KBr) disks using the Bruker Tensor model 
420 spectrophotometer. The UV-Vis spectra were recorded on the Agilent 8453 
UV-Vis spectrophotometer. The PXRD measurements of synthesized samples 
were carried out using the MPD3000 Powder Diffractometer. The surface 

morphology of the products was characterized with a scanning tunneling 
microscope (NAMA-STM Model SS2, NATSYCO, Iran). A multiwave 
ultrasonic generator (Sonicator-3000; Misonix, Inc., Farmingdale, NY, USA), 
equipped with a converter/transducer and titanium oscillator (horn), 12.5mm 
in diameter, operating at 20kHz with a maximum power output of 600W was 
used.

2.2. Synthesis of SrF2 NPs
SrCl2 was dissolved in anhydrous ethanol and stirred for 1 h at room 

temperature to prepare the white solution. NH4F was similarly prepared to 
generate the colorless solution. Both solutions were mixed together and stirred 
for 3 h, generating a white precipitate (equation 1).

SrCl2 + 2 NH4F → SrF2 + 2 NH4Cl  (1)

2.3. Synthesis of MgF2 NPs
For preparation of the MgF2 NPs, 0.95 g of MgCl2 was dissolved in distilled 

water. Then, 0.74 g of NH4F was added to the MgCl2 solution and stirred for 2 
h (equation 2). The precipitate was washed with ethanol and extracted onto a 
ceramic dish to dry on a sand bath.

MgCl2 + 2 NH4F → MgF2 + 2 NH4Cl   (2)

2.4. Synthesis of SrF2-MgO Nanocomposite
In order to the synthesis of the nanocomposite, 0.75 g of synthesized 

SrF2 and 0.25 g of MgO were dissolved in 100 mL of ethanol. The opalescent 
suspension was collected and sonicated at a frequency of (>20 kHz) for 15 
min 70 times. The suspension was then centrifuged for 5 min at 6000 rpm 
and the white precipitate was washed twice with ethanol. The precipitate was 
then extracted onto a ceramic dish and dried on a sand bath, and the resulting 
powder was cooked in an oven at 300°C for 15 min. 

2.5. Bacterial Cell culture
S. aureus, B. subtilis and E. Aklay were prepared in plates at the Pasteur 

Institute of Iran. Vials of lyophilized bacteria were opened under aseptic 
conditions, resuspended in BHI (Brain Heart Infusion) media and incubated 
for 24 h at 37°C. In order to ensure the purity of the bacterial broth, bacteria 
was cultivated on Macconkey agar plates for 24 h at 37°C. Colonies were 
picked and added to BHI media. The microbial suspension was prepared using 
a solution of (0.5 μg/ml) that is equivalent to the McFarland standard of 1.5 × 
108 colony forming units (CFU)/ml. 

To assess the antibacterial properties of the NPs, discs were prepared 
containing 0.01 % of NPs in the appropriate solvent. The discs were heated 
for 20 min at 37°C. The discs were placed on the bottom of petri dishes and 
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Mueller Hinton agar was poured over the discs. After the agar solidified, S. 
aureus, B. subtilis and E. Aklay were plated and incubated for 24 h in a 37°C 
incubator. 

3. RESULTS AND DISCUSSION

3.1. Vibrational spectra
The vibrational spectra of the synthesized MgF2 NPs shown in the Fig. 

1. Several studies have reported a wider absorbance at 435 cm-1 relating to 
the composition of the Mg-F stretching vibration [28, 29]. FT-IR of reference 
inorganic compounds indicate that a peak at 477 cm-1 is related to the Mg-F 
stretching vibration [30]. So, a strong absorption peak in the FT-IR spectrum 
of synthesized MgF2 at 452.99 cm-1 was observed, which is corresponded to 
the Mg-F stretching vibration. The strong peak absorption, in the areas around 
3448.22 cm-1 and 1661.58 cm-1, are characteristic of H-O-H bending (of H2O 
molecules) and is indicative of the presence of hydroxyl groups in the sample 
preparation [31, 32]. 

[34]. The greater surface to volume ratio of smaller NPs (~10-20 nm) also 
results in the increased distribution of surface defects of nanomaterials, thus, 
nanomaterials with smaller particle sizes have wide and strong absorption 
peaks [35] These results are consistent with previous reports [36].

Fig. 1. FT-IR spectra of MgF2 NPs.

Also, the vibrational spectra of the synthesized SrF2 NPs revealed in the 
Fig. 2. In this figure, the absorption peak at 441.5 cm-1 is considered to be 
specifically relevant to SrF2 [30], which is corresponded to the Sr-F vibrations. 
A strong absorption peaks are also visible at 3412.51 and 1648.48 cm-1 which 
is related to stretching vibration of hydroxyl group (OH) of the absorbed water 
molecules [31-33]. 

Fig. 2. FT-IR spectra of SrF2 NPs.

The FT-IR spectra of SrF2-MgO nanocomposite displayed in Fig. 3. The 
peaks related to the Mg-O and Sr-F bonds were observed with a medium 
intensity at 482.16 cm-1 and 449.56 cm-1 respectively. Again, the peaks at 
1063.88, 1507.64, 2371.48 and 3470.47 cm-1 belong to stretching and bending 
vibrations of the hydroxyl group and is due to the absorption of water molecules.

3.2. UV–Visible spectrum
The NPs have characteristic strong absorption peaks at 300 and 310 nm 

for MgF2 (Fig. 4) and SrF2 (Fig. 5), respectively. Nano-scale materials have a 
greater surface to volume ratio, leading to the formation of pores on the surface 
and inside of dense NPs. The pores are responsible for the main UV absorption 

Fig. 3. FT-IR spectra of SrF2-MgO nanocomposite. 

Fig. 4. UV-Vis spectra of MgF2 NPs in (THF) solvent.

Fig. 5. UV-Vis spectra of SrF2 NPs in (THF) solvent.

3.3. PXRD pattern of the synthesized NPs
The PXRD analysis was performed at a voltage of 40 kV and Kα of 

copper with the wave length of 1.54, and calculated using the Debye-Scherrer 
(equation 3):

D(nm) = Kλ/β cos θ   (3)

In this equation: D is the size (nm) of the particles; K is a constant (0.99); λ 
is the X-ray (Cu Kα) wavelength (0.154 nm); β is the width of the peak at half 
the height; θ is the diffraction angle in degrees.

3.3.1. MgF2 NPs
The PXRD pattern for MgF2 is shown in Fig. 6. The standard card number 

00-006-0290 was used as a reference to identify MgF2. The synthesized MgF2 
NPs have a tetragonal structure and the space group P42/mnm (136). The 
observed peaks coincide with the following hkl values: (110), (101), (111), 
(210), (211), (220), (002), (310), (301), (311), (212), (400) and (222) [27]. 
Furthermore, the PXRD pattern confirms the formation of the MgF2 NPs. The 
synthesized powder is crystalline and the width of peaks is consistent with the 
small particle size.
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The Debye-Scherrer equation and FWHM have been used to calculate 
particle sizes.

FWHM = 0.3542°   β = 0.0061
2θ = 40° θ = 20°  cosθ = 0.93
D = 0.9 × 0.154 / 0.0061× 0.93 
D = 24.43 nm

Fig. 6. PXRD pattern of MgF2 NPs.

3.3.2. SrF2 NPs
The powder PXRD pattern (Fig. 7) confirm that the preparation was SrF2, 

supporting the feasibility of preparing NPs of highly insoluble compounds. 
One of the most important characteristic of strontium phosphate/strontium 
fluoride materials is their solubility properties because most reactions of 
these compounds in an aqueous environment are driven by relative solubility/
reactivity of the reactant and product. Although the SrF2 NP was expected to 
be more soluble than crystalline SrF2, the solution could precipitate to form 
crystalline SrF2 during the dissolution process of the SrF2 NPs [37]. The 
observed peaks coincide with the following hkl values: (111), (200), (220), 
(311), (222), (400), (331), (420), (422) and (511). The SrF2 PXRD pattern was 
also compared with the standard card number 00-006-0262. SrF2 NPs have a 
standard cubic structure and the space group Fm3m (225), and the status and 
placement of index peaks are in agreement with references.

FWHM = 0.1919  β = 0.0033
2θ = 26 θ = 13  cosθ = 0.97
D = 0.9 × 0.154 / 0.0033 × 0.97 
D = 43.29 nm

Fig. 7. PXRD pattern of SrF2 NPs.

3.3.3. SrF2-MgO nanocomposite
The PXRD pattern of the synthesized SrF2-MgO nanocomposite is shown 

in Fig. 8 and was compared with the standard cards numbers 01-075-0447 and 
00-006-0262, for MgO and SrF2, respectively. According to PXRD pattern, 
the SrF2-MgO nanocomposite have the standard cubic structure and the 
space group Fm3m (225). The status and placement of the index peaks are 
in agreement with the references, and the observed peaks are completely in 
coincidence with reference peaks.

FWHM = 0.2362°   β = 0.0041
2θ = 26° θ = 13°  cosθ = 0.97
D = 0.9 × 0.154 / 0.0041 × 0.97 
D = 34.85 nm

Fig. 8. PXRD pattern of SrF2-MgO.

3.4. SEM morphology of the synthesized NPs 
3.4.1. MgF2 NPs
The morphology of synthesized MgF2 NPs were examined by SEM (Fig. 

9). The mm-sized crystals and colorless piles were transformed into a white 
powder and examined. The synthesized NPs are spherical and less than 24 nm. 
Amorphous dense piles were also observed.

Fig. 9. SEM image of MgF2 NPs.

3.4.2. SrF2 NPs
Compared to its highly crystalline counterpart, the peaks of the SrF2 

NPs were much broader, indicating a finer crystal size or a more amorphous 
structure. SEM analysis (Fig. 10) indicated that the particles ranged from < 
50 nm to about 100 nm in size. Morphologically, SrF2 NPs are piled in an 
amorphous form and aggregated parts can be observed, likely due to the high 
surface energy of synthesized NPs.

Fig. 10. SEM image of SrF2 NPs.
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3.4.3. SrF2-MgO nanocomposite
In the synthesized SrF2-MgO nanocomposite sample (Fig. 11), the number 

and size distribution of NPs was not uniform, and aggregates were visible. 
MgO NPs were observed as large white aggregates on SrF2 NPs. The MgO NP 
aggregates were considerably larger than the conjoined and dense SrF2 NPs, 
likely due to the higher surface energy of MgO compared to SrF2 NPs.

Fig. 11. SEM image of SrF2-MgO nanocomposite.

3.5. Antibacterial properties
Since fluoride compounds have antibacterial properties, the effect of the 

NPs on S. aureus, B. subtilis and E. Aklay bacterial growth was studied. The 
zone of growth inhibition around each disc was measured and the average 
results are reported in Table 1. MgF2 and the SrF2-MgO nanocomposite 
inhibited bacterial growth more than SrF2. 

Table 1. The zone of growth inhibition around each bacteria of the 
synthesized NPs.

NPs S. aureus E. Aklay B. subtilis

SrF2 2 mm - 2 mm

MgF2 4mm 3mm 3mm

SrF2-MgO 1-2mm 4mm 5mm

4. CONCLUSIONS

NPs were prepared through precipitation and sedimentation. One of the 
most important benefits of this method is that it can be implemented using 
standard equipment. Another major advantage is the extremely simple setup. In 
addition, SrF2-MgO nanocomposites were synthesized by ultrasonic waves, the 
proper method to produce mineral powder nanocomposites. FT–IR absorption 
was measured to determine the purity of the synthesized powders. For the NPs 
showed strong absorption peaks due to greater surface to volume ratio, leading 
to the formation of pores on the surface and inside of dense NPs. The PXRD 
analysis characterized the crystal structure and average particle size of the NPs 
which is less than 50 nm. So, SEM images of the NPs approved the nano-
sized shape and morphology of them. Considering the strength and stability at 
very high temperatures and the antibacterial properties, SrF2-MgO is a valuable 
composite that can be used in different applications such as dental and material 
instruments.
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