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 One of the calcium phosphate compounds that can be used as an antibacterial 
material for coating dental implants is fluorapatite (FAp). This research aims to 
synthesize FAp at three different sintering temperatures (600, 800, and 1000°C), 
copper(II) oxide (CuO), and fluorapatite-copper(II) oxide (FAp-CuO) using the 
sol-gel method, and test the antibacterial properties of the synthesized products. 
The sol-gel technique proved successful in synthesizing FAp, with optimal results 
observed at a sintering temperature of 1000°C, achieving a crystallinity level of 
90%. Analyses conducted using X-ray diffractometer, Fourier-transform 
infrared spectrometer, and scanning electron microscope-energy dispersive X-
ray spectrometer revealed FAp as the dominating phase, exhibiting Ca/P and P/F 
ratios of 1.84 and 4.67, respectively. In FAp-CuO, replacing Ca2+ with Cu2+ ions 
lowered the average crystallite size, crystallinity, and Ca/P ratio. FAp, CuO, and 
FAp-CuO all displayed antibacterial activities against S. aureus and E. coli, with 
FAp-CuO having the maximum average inhibitory zone diameters of 0.243 and 
1.397 mm, respectively. 

 

1. Introduction 

Biomaterials are synthetic materials designed to 
replace body parts through interactions with living 
tissues and are inert to these living tissues [1]. 
Biomaterials also have properties and characteristics 
acceptable to body tissues, making them commonly 
utilized in various medical applications such as bone 
implants, dental fillings, catheters, heart valve 
replacements, and drug delivery systems [2]. Fluorapatite 
(Ca10(PO4)6F2) or FAp is a calcium phosphate biomaterial 
like hydroxyapatite (Ca10(PO4)6(OH)2) or HAp, but 
hydroxide ions (OH−) are replaced by fluoride ions (F−). 
Replacement of OH− by F− increases biodegradability and 
bioactivity [3] while reducing ion solubility and reactivity 
[4]. 

Fluorapatite can be synthesized through various 
methods, including chemical precipitation with a 
sintering temperature of up to 1200°C [4], the sol-gel 
method followed by sintering at 550°C [3], and ball-
milling with a milling duration ranging from 24 to 48 
hours [5]. All three methods have been reported to 
produce crystalline FAp. In this study, the sol-gel method 

was employed. This choice was motivated by several 
factors: its capacity to generate high-quality products 
with uniform particle distribution, its suitability for low-
temperature applications, and its cost-effectiveness [6]. 
The sol-gel method is categorized as a bottom-up 
synthesis method, which entails irreversible chemical 
reactions to produce the final product [7]. 

In this research, fluorapatite was synthesized using 
biogenic waste, specifically sourced from the golden snail 
shell (Pomacea canaliculata). The selection of the golden 
snail shell as the raw material for FAp synthesis was based 
on its high calcium carbonate (CaCO3) content, which 
amounts to 99% [8]. This surpasses the calcium 
carbonate content found in other biogenic wastes, such as 
chicken eggshells (41%), duck eggshells (40%), and quail 
eggshells (38%) [9]. Fluoride ions can be obtained by 
adding ammonium fluoride (NH4F), sodium fluoride 
(NaF), or calcium fluoride (CaF2), which play important 
roles in the formation of tooth enamel [4, 10]. 

Fluorapatite has potential as an antibacterial agent, 
and its antibacterial properties are currently being 
explored. This antibacterial property is related to the 
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ability of FAp to prevent bacterial infection when applied 
as a dental implant coating material. Previous research 
conducted by Shanmugam and Gopal [10] stated that FAp 
can reduce the growth of S. aureus and E. coli bacteria by 
67% and 60%, respectively. The antibacterial effect of 
FAp is attributed to the release of fluoride ions (F−), which 
interfere with cellular metabolic processes, leading to the 
deactivation of bacterial cells. This mechanism indicates 
that FAp exhibits bacteriostatic properties, implying that 
its effectiveness is not as potent as that of other 
bactericidal antibacterial agents [11]. 

One of the bactericidal materials that can enhance 
the antibacterial properties of FAp is copper(II) oxide 
(CuO). Copper(II) oxide is a transition metal oxide with a 
monoclinic crystal structure and several interesting 
characteristics. These characteristics include thermal 
conductivity, photovoltaic, high stability, and 
antibacterial activity. This makes CuO widely applied in 
various fields, such as active catalysts, gas sensors, high-
efficiency heat-conducting materials, magnetic 
recording media, and solar cells. The selection of CuO is 
based on its excellent antibacterial properties [12]. It has 
been reported to increase the reduction percentage of 
bacterial cells to 98% when combined with FAp [10]. 
These results are due to the ability of copper ions to 
interact with bacterial cell membranes and cause 
bacterial cells to die [13, 14]. The mechanism of the 
antibacterial properties of CuO involves Cu2+ ions, which 
interact with sulfhydryl groups in cell proteins and 
trigger oxidative stress that inhibits the bacteria [13]. 

This research aims to synthesize FAp, CuO, and FAp-
CuO using the sol-gel method, determine the effect of 
sintering temperature variations on the FAp synthesis, 
and test the antibacterial activity of the synthesized 
products. This research is expected to provide 
information about sintering temperature on the FAp 
synthesis and to obtain high-crystalline FAp. The high-
crystalline FAp can be combined with CuO via the sol-gel 
method and is expected to have better antibacterial 
properties against Gram-positive and Gram-negative 
bacteria. 

2. Experimental 

2.1. Materials 

(NH4)2HPO4 (Merck), NH4F (Merck), ethanol 
(analytical reagent) (Merck), distilled water, NaOH 
pellets (Merck), CuCl2.2H2O (Merck), dimethyl sulfoxide 
(DMSO) (Merck), Müller−Hinton agar, chloramphenicol, 
Staphylococcus aureus ATCC 6538, and Escherichia coli 
ATCC 8739 bacterial cultures. 

2.2. Preparation of Ca(OH)2 from Golden Snail Shells 

The previously collected golden snail shells were 
boiled, cleaned, and dried under the sun. The dried golden 
snail shells were then crushed using a mortar and blender 
to obtain a powder of calcium carbonate (CaCO3) and 
sifted through a 100-mesh sieve. The obtained CaCO3 
powder was then calcined in a furnace at 1000°C for 6 
hours to convert CaCO3 into calcium oxide (CaO) and 
release CO2. Subsequently, CaO powder was allowed to 
come into contact with moisture in the air to form 

Ca(OH)2. The formed Ca(OH)2 powder was analyzed for its 
calcium contents using an atomic absorption 
spectrometer (AAS) PerkinElmer PinAAcle 900T flame-
type instrument (λ = 422.7 nm). The conversion reaction 
of CaO to Ca(OH)₂ is described by chemical Equation (1). 

 CaO + H2O → Ca(OH)2 (1) 

2.3. Synthesis of Fluorapatite 

(NH4)2HPO4 or DAP was used as a source of phosphate 
and weighed 6.603 g (50 mmol). Furthermore, DAP was 
mixed with 50 mL of ethanol to make a DAP suspension. 
The Ca(OH)2 solid produced in the previous step was 
weighed 6.1868 g (83.5 mmol) and mixed with 50 mL 
ethanol to make Ca(OH)2 suspension. NH4F was used as a 
fluorine source, and 0.6185 g (16.7 mmol) was weighed 
and then mixed into the Ca(OH)2 suspension. The DAP 
suspension was mixed slowly with the CaF2 suspension 
from the previous step with constant stirring. 
Furthermore, the resulting reaction mixture was allowed 
to stand at room temperature and then dried in an oven at 
120°C for 8 hours. The synthesis process was continued by 
sintering the dry FAp powder at 600, 800, and 1000°C for 
3 hours. The product of the sintering results was cooled in 
a desiccator and ground using a mortar and pestle. The 
reaction of the FAp synthesis process is described by 
Equation (2) [15]. 

10Ca(OH)2 + 6(NH4)2HPO4 + 2NH4F → Ca10(PO4)6F2 + 
 14NH4OH + 6H2O (2) 

2.4. Synthesis of Copper(II) Oxide 

The synthesis of CuO in this study involved two main 
ingredients, copper(II) chloride dihydrate (CuCl2.2H2O) 
and NaOH, with distilled water as the solvent. The 
compound CuCl2.2H2O is a source of Cu2+ ions, while NaOH 
is a precipitating agent [16]. CuCl2.2H2O was weighed 
8.524 g (50 mmol) and dissolved in 50 mL of distilled 
water. Next, 4 g (100 mmol) NaOH was weighed and 
dissolved in 50 mL of distilled water. The 2 M NaOH 
solution was mixed slowly into the CuCl2.2H2O solution 
with constant stirring. The reaction solution was allowed 
to stand for a few moments until two layers were formed. 
The top layer was separated, and the bottom layer was 
centrifuged at 5000 rpm for 20 minutes. The supernatant 
liquid was separated, and the solid sample was washed 
with distilled water two to three times to obtain Cu(OH)2 
solid. The Cu(OH)2 solid was then dried in an oven at 120°C 
for 8 hours. The synthesis ended with sintering the 
product in a furnace at 800°C for 3 hours and then cooling 
it down to grind it using a mortar and pestle. The chemical 
reaction of CuO synthesis occurs according to Equations 
(3) and (4) [16]. 

 CuCl2.2H2O + 2NaOH → Cu(OH)2 + 2NaCl + 2H2O (3) 

 Cu(OH)2 → CuO + H2O (4) 

2.5. Synthesis of Fluorapatite-Copper(II) Oxide 

The produced FAp and CuO were mixed with a 1:1 
mole ratio. The mixing process was accompanied by 
constant stirring until FAp-CuO suspension was 
obtained. After that, the reaction product was dried in an 
oven at 120°C for 8 hours and sintered in a furnace at 
800°C for 3 hours. 
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2.6. Calculation of Fluorapatite and Copper(II) Oxide 
Yield 

Equations (2) for the synthesis of FAp and Equations 
(3) and (4) for the synthesis of CuO were employed in the 
calculation of the product yield. The yield was determined 
based on the ratio between the actual weight of the 
synthesized product and its theoretical weight. The yields 
of FAp and CuO were calculated using Equations (5) and 
(6), respectively. 

 FAp yield = FAp actual weight

FAp theoretical weight
×100%  (5) 

 CuO yield = CuO actual weight

CuO theoretical weight
×100% (6) 

2.7. Characterization Techniques 

Ca(OH)2, FAp, CuO, and FAp-CuO samples were 
characterized using Bruker D8 Advance XRD at 2θ 10−90°. 
The diffraction pattern obtained was then compared with 
the reference diffraction pattern from the crystallography 
open database (COD) using QualX 2.0 software. 
Furthermore, the crystal structures of FAp and CuO were 
elucidated using a crystallography information file (CIF) 
with the .cif extension obtained from COD. The 
elucidation process involved Mercury 2022.1.0 (Build 
343014) software, copyrighted by Cambridge 
Crystallographic Data Center (CCDC) 2001−2022 
Cambridge, UK. The obtained diffractogram was further 
used to calculate the crystallinity degree (CD) and 
crystallite size based on Equation (7) and Scherrer 
Equation (8). 

 Crystallinity degree = Total area of crystalline peaks

Total area of diffractogram
×100% (7) 

 D = K λ

β cosθ
 (8) 

Where D is crystallite size (nm), K is Scherrer constant 
(0.94), λ is Cu Kα X-ray wavelength (0.15406 nm), β is Full 
Width at Half Maximum (rad), θ is diffraction angle (°). 

FAp, CuO, and FAp-CuO samples were characterized 
using the PerkinElmer Spectrum One FTIR spectrometer 
to determine the presence of functional groups. The 
sample was mixed with 1 g of KBr and formed into pellets. 
The sample pellets were then measured in the 4000−400 
cm-1 wavenumber range. 

The FAp and FAp-CuO samples were characterized 
using a ThermoFisher Scientific scanning electron 
microscope with energy dispersive X-ray analyzer (SEM-
EDX) instrument to determine the morphology and 
particle size as well as the content of calcium, 
phosphorus, fluorine, copper, and oxygen. The 
magnifications applied were 15,000 and 25,000×. 
Furthermore, the EDX spectrum obtained was utilized to 
calculate the Ca/P ratio based on Equation (9). 

 Ca P⁄ ratio = Atomic percentage of Ca

Atomic percentage of P
 (9) 

2.8. Antibacterial Experiment 

The antibacterial activity of FAp, CuO, and FAp-CuO 
(0.2 mg/mL) was tested using the Kirby−Bauer agar disk 
diffusion method with three replications. 
Chloramphenicol and DMSO were used as positive and 
negative controls, respectively. S. aureus ATCC 6538 and 
E. coli ATCC 8739 bacterial suspensions were prepared 
and aseptically spread evenly onto the surface of 
Müller−Hinton agar (MHA). Sterile paper discs 
containing FAp, CuO, and FAp-CuO samples were 
attached to the surface of the MHA and then incubated at 
37°C for 24 hours. The inhibition zone formed around the 
disc paper was measured using a caliper to determine the 
antibacterial properties of FAp, CuO, and FAp-CuO [5]. 

3. Results and Discussion 

3.1. XRD 

The purpose of calcining golden snail shells at 
1000°C for 6 hours is to decompose CaCO3 into CaO. The 
resulting solid CaO was subsequently hydrated to form 
Ca(OH)2. Solid CaO, which is reactive to water vapor in the 
air, easily undergoes hydration to form Ca(OH)2, even at 
ambient temperature. The diffractogram of the obtained 
Ca(OH)2 was compared to the reference diffraction 
pattern (COD 00-152-9752), revealing Ca(OH)2 as the 
dominant phase with a diffraction peak observed at 
34.05° (with a crystallinity of 81%). Analysis indicated a 
calcium content of 93.64% in the Ca(OH)2, slightly lower 
than the 99% reported by Rungpin et al. [8]. This 
discrepancy is attributed to a small amount of CaCO3 and 
CaO remaining unconverted to Ca(OH)2 (Figure 1a). 

 

Figure 1. Diffractograms of (a) prepared Ca(OH)2, 
(b) three FAp, (c) CuO, and (d) comparison of FAp 1000 

and FAp-CuO 
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Table 1. Interpretation of FTIR spectrum of FAp 1000 

Wavenumber (cm-1) 
Functional group 

FAp Reference 

3469 3570 [15] −OH 

1635 1645 [5] −OH 

1418 1420 [15] CO3
2− 

1043 1050 [5] PO4
3− 

726 743 [5] F− 

 

Figure 2. (a) Yield, (b) crystallinity degree, and 
(c) average crystallite size of the synthesized FAp after 

sintering at 600, 800, and 1000°C 

The FAp synthesized using the sol-gel method has 
different yields, crystallinity degrees, and crystallite size 
(Figure 2). The substitution of the −OH group by F− ions is 
reported to decrease solubility while enhancing density, 
chemical, and thermal stability due to the high 
electronegativity of F− ions [3, 17]. In the FAp synthesis 
process, the sintering temperature is an essential factor 
as it can influence the crystallinity, density, and size of 
the resulting crystals. The crystallinity degree was 
calculated from the ratio between the total area of the 
crystalline peaks and the total area of the diffractogram, 
while the average crystallite size was calculated using the 
Scherrer equation. Fluorapatite with a sintering 
temperature of 1000°C (FAp 1000) shows the maximum 
crystallinity. The high crystallinity degree is affected by 
the high sintering temperature. Increasing the sintering 
temperature also increases the crystal density [18]. 
Similar results were also reported by Borkowski et al. [4], 
who stated that the crystallite size increased from 20 nm 
to 50 nm when treated with a temperature of 1200°C. 

The diffractograms of the three FAp products show 
similar diffraction peaks (Figure 1b). However, FAp 600 
and FAp 800 display diffraction peaks around 18°, 
indicating the presence of unreacted Ca(OH)2. In contrast, 
FAp 1000 demonstrates a peak with maximum intensity 
at 31.78°, consistent with the reference diffractogram 
(COD 00-900-1879) (Figure 1b). These results also 
confirm that the dominant phase of each product is 
apatite. In addition, the elucidated FAp structure was 
confirmed to have a hexagonal crystal system with lattice 
parameter values a = b = 9.3874 Å and c = 6.8920 Å based 
on the reference diffractogram (Figure 3a). 

 

Figure 3. The structure of the elucidated (a) FAp and 
(b) CuO 

The synthesis of CuO in this study employed two 
precursors: CuCl2.2H2O and NaOH. The results indicate a 
yield, crystallinity degree, and average crystallite size of 
84%, 58%, and 37 nm, respectively. The CuO 
diffractogram exhibits two prominent peaks at 35.82° and 
39°, which are compared with the reference 
diffractogram (COD 00-101-1148), showing two 
prominent peaks at 35.73° and 38.93° (Figure 1c). These 
results confirm the successful synthesis of the CuO 
product, notwithstanding the presence of a NaCl 
byproduct (at 2θ = 72.64°). In addition, the elucidated CuO 
structure is confirmed to have a tenorite phase with a 
monoclinic crystal system and lattice parameter values of 
a = 4.6530 Å, b = 3.4100 Å, c = 5.1080 Å based on reference 
diffractogram (Figure 3b). 

FAp-CuO synthesis was done by mixing FAp 1000 and 
CuO products in the previous step. The mole ratio between 
FAp and CuO is 1:1. The mole ratio value was chosen due to 
its ability to yield products with high crystallinity [10]. 
The obtained FAp-CuO diffractogram was similar to the 
FAp diffractogram (Figure 1d). The maximum diffraction 
peak of FAp-CuO is located at 32.06°, while the maximum 
diffraction peak of FAp is located at 31.78°. The 
crystallinity degree and the crystallite size of FAp-CuO 
are 88% and 30 nm, respectively. This value decreases 
when compared to only FAp. This occurs due to the 
replacement of Ca2+ ions in the FAp crystal structure by 
Cu2+ ions with a smaller ionic radius [5]. 
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Figure 4. FTIR spectra of FAp 600, 800, and 1000 

3.2. FTIR 

The functional groups in the three FAp samples were 
determined using the FTIR spectrometer, and their 
interpretation can be seen in Table 1. The wavenumbers 
1043 and 576 cm-1 are the maximum absorptions from the 
phosphate groups (Figure 4). The presence of F− ions in 
FAp gives weak absorption at wavenumber 726 cm-1 due 
to the small number of F− ions, which is supported by the 
results reported by Nikonam M. et al. [5]. However, there 
are still −OH functional groups at wavenumbers 3469 and 
1635 cm-1. This happens because of unreacted Ca(OH)2 in 
small amounts. In addition, there are also carbonate 
groups derived from CaCO3, which are not maximally 
converted to FAp (Figure 4). 

The interpretation of the FTIR spectrum and 
associated functional groups attributed to CuO are 
presented in Table 2. The absorption observed at 
wavenumber 528 cm-1 corresponds to the Cu−O bond, 
suggesting the formation of CuO (refer to Figure 5). 
Nonetheless, the presence of the −OH functional group is 
detected at wavenumbers 3469, 1652, and 1405 cm-1. This 
occurrence can be attributed to incomplete drying of the 
CuO product or KBr pellets, resulting in the binding of 
water molecules [19]. 

The FTIR spectrum of FAp-CuO has absorption 
similar to those of single FAp. However, in the FTIR 
spectrum of FAp-CuO, no absorption was found from the 
−OH and CO3

2− functional groups (Figure 6). The 
absorption at wavenumber 473 cm-1 comes from the Cu−O 
bond. In addition, the FAp-CuO FTIR spectrum 
experienced a shift in wavenumber values caused by the 
presence of Cu2+ ions in the FAp-CuO structure [5]. The 
interpretation of the FTIR spectrum obtained can be seen 
in Table 3. 

Table 2. Interpretation of FTIR spectrum of CuO 

Wavenumber (cm-1) 
Functional group 

CuO Reference [19] 

3469 3424 −OH 

1652 1631 −OH 

1405 1466 −OH 

528 510 Cu−O 

 
Figure 5. FTIR spectrum of CuO 

3.3. SEM-EDX 

Micrographs of SEM at 15,000 and 25,000× 
magnifications illustrate that the morphology of the FAp 
1000 particles forms disordered agglomerations (Figure 
7). This is caused by the attachment of smaller FAp 
particles, resulting in an overall increase in particle size 
[20]. In addition, agglomeration can also be caused by an 
increase in the surface energy of particles and the 
sintering temperature [21]. Elemental analysis provides 
information that there are five elements present in FAp, 
including Ca, P, F, O, and C, with different percentages 
(Table 4). Similar results were reported by Borkowski et 
al. [4] with atomic percentages of Ca, P, O, and F of 30.65, 
15.05, 52.38, and 1.92%, respectively. The presence of 
carbon atoms in FAp particles is attributed to residual 
CaCO3, which remains unconverted. Based on the 
obtained atomic percentage values of Ca, P, and F (Table 
4), the Ca/P and P/F ratios were calculated to be 1.84 and 
4.67, respectively. These values closely align with the 
standard ratios observed in FAp, which are typically 1.67 
for Ca/P and 3.0 for P/F [22]. 

The surface morphology and the chemical 
components of FAp-CuO were analyzed using an SEM-
EDX microscope. SEM images at magnifications of 15,000 
and 25,000× revealed that the morphology of the 
agglomerated FAp-CuO particles was disorderly 
(Figure 7). The agglomerates formed caused the shape of 
the particles to be non-uniform [5]. Elemental analysis 
shows four elements in FAp-CuO, including Ca, P, O, and 
Cu, with different percentages. Notably, copper atoms 
exhibit the highest atomic percentage, suggesting the 
dominance of Cu atoms on the surface of FAp-CuO 
particles (Table 5). The Ca/P ratio obtained was 1.44. This 
decrease is attributed to the replacement of Ca2+ ions by 
Cu2+, resulting in a reduction of the Ca/P ratio. 

Table 3. Interpretation of FTIR spectrum of FAp-CuO 

Wavenumber (cm-1) 
Functional group 

FAp-CuO Reference [5] 

1040 1050 PO4
3− 

746 743 F− 

576 568 PO4
3− 

473 471 Cu−O 
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Figure 6. FTIR spectra comparison of (a) FAp and 
(b) FAp-CuO 

3.4. Antibacterial Properties 

The antibacterial test results for the FAp sample 
indicated the smallest average diameter of the inhibition 
zone compared to CuO and FAp-CuO (Table 6). This 
outcome is attributed to the bacteriostatic nature of the 
fluoride ions (F−) released by FAp. The F− ions released by 
FAp play a crucial role as chemical species essential for 
inhibiting bacterial growth. Fluoride ions can interfere 
with the performance of metabolic enzymes in bacterial 
cells, inhibiting the metabolism and growth of bacterial 
cells. In addition, bacterial cells also experience 
deactivation due to decreased cellular intake, which can 
support bacterial cell growth [11]. Similar results were 
also presented by Shanmugam and Gopal [10] and 
Nikonam M. et al. [5], that FAp is the sample with the 
lowest antibacterial properties based on the value of the 
inhibition zone and the percentage of reduction of 
bacterial cells. 

CuO compound has been widely recognized as a metal 
oxide with excellent antibacterial properties. Selvaraj [23] 
reported that at a concentration of 200 ppm, CuO 
produced a 13 mm inhibition zone. Dadi et al. [24] also 
reported similar results, and the inhibition zone reached 
a maximum value of 30 mm when the concentration of 
CuO was increased to 1.5 M. This result was due to the 
nature of Cu2+ as an oxidizing agent which can interact 
with bacterial cell components and create reactive oxygen 
species. Furthermore, these reactive oxygen species can 
induce oxidative stress, interfere with protein function, 
and cause damage to bacterial DNA, ultimately leading to 
the death of bacterial cells [24]. The 200 ppm CuO sample 
had a larger average inhibition zone diameter than FAp 
(Table 6). This happens because CuO samples are 
bactericidal and more effective in killing bacterial cells. 

Table 4. Chemical components of FAp 1000 

Element 
Weight 

percentage 
(%) 

Atomic percentage 
(%) 

Ca 42.14 24.94 

O 32.89 48.76 

P 17.65 13.52 

C 5.00 9.88 

F 2.32 2.90 

 

Figure 7. SEM micrographs of (a) FAp at 15,000 and 
(b) 25,000× magnifications, and (c) FAp-CuO with 

15,000 and (d) 25,000× magnifications 

Previous studies have proven that CuO and FAp-CuO 
can be used as Gram-positive and Gram-negative 
antibacterial agents. Gram-positive bacteria that are 
reported to be able to be inhibited by CuO include 
Staphylococcus aureus [5, 10, 24, 25], Staphylococcus 
epidermidis [13], Bacillus thuringiensis [26], Bacillus cereus 
[26], and Bacillus subtilis [23]. Gram-negative bacteria 
that can be inhibited include Escherichia coli [10, 24, 25], 
Salmonella enteritidis [13], Pseudomonas aeruginosa [23, 
24, 26], and Klebsiella pneumoniae [26]. 

Combining CuO and FAp is one way to obtain more 
effective antibacterial biomaterials than single FAp and 
CuO. The release of Cu2+ and F− ions can synergistically 
inhibit bacterial metabolism, growth, and nutrient 
intake, ultimately triggering bacterial cell death. This is 
supported by the larger average diameter of the FAp-CuO 
inhibition zone compared to the other two samples (Table 
6). These results confirm that the presence of Cu2+ ions in 
FAp-CuO enhances the antibacterial properties of FAp, 
resulting in increased inhibition zone size and a higher 
reduction percentage of bacterial cells [5, 10]. 

The difference in results between E. coli and S. aureus 
is caused by the difference in the structure of the cell walls 
of the two bacteria. E. coli, classified as Gram-negative, 
has a thin layer of peptidoglycan on its cell wall, while S. 
aureus, classified as Gram-positive, has thicker 
peptidoglycan. These differences can affect the cell's 
response to antibacterial substances or compounds. The 
response of antibacterial compounds to bacteria is 
categorized into three groups based on the range of 
inhibition zone diameters, including weak (0−12 mm), 
medium (13−17 mm), and strong (≥ 18 mm) [27]. The 
small average diameter of the inhibition zones observed 
indicates that the three tested samples exhibited weak 
antibacterial activity against E. coli and S. aureus. 

Table 5. Chemical components of FAp-CuO 

Element 
Weight 

percentage (%) 
Atomic 

percentage (%) 

Cu 80.42 55.73 

O 13.35 36.73 

Ca 4.06 4.46 

P 2.17 3.09 
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Table 6. The average diameter of inhibition zones of FAp, CuO, and FAp-CuO 

Sample 
Average diameter of inhibition zones (mm) 

E. coli ATCC 8739 S. aureus ATCC 6538 

DMSO 0.000 0.000 

FAp (0.2 mg/mL) 0.243 ± 0.046 0.000 

CuO (0.2 mg/mL) 0.893 ± 0.199 0.190 ± 0.100 

FAp-CuO (0.2 mg/mL) 1.397 ± 0.023 0.243 ± 0.116 

Chloramphenicol 11.617 ± 0.194 10.567 ± 0.047 

4. Conclusion 

The sol-gel method effectively produced FAp under 
three distinct sintering temperature conditions. The 
densification process occurring at higher temperatures 
led to enhanced crystallinity and size of FAp crystals. 
Additionally, functional groups characteristic of FAp, 
notably PO4

3− and F−, were identified. The SEM-EDX 
image shows a disordered agglomeration of FAp 1000 
particles with Ca/P and P/F close to standard ratios. The 
FTIR spectrum of CuO indicates the presence of the Cu−O 
group, and the diffractogram produced demonstrates 
that CuO is the dominating phase. The practical synthesis 
of FAp-CuO shows that substituting Cu2+ for Ca2+ ions can 
reduce crystallinity and average crystallite size. 
Micrographs of SEM revealed irregular aggregation on 
FAp-CuO particles. The antibacterial test findings 
demonstrated that the FAp, CuO, and FAp-CuO samples 
had weak antibacterial capabilities against E. coli and S. 
aureus, with the average diameter of the FAp-CuO 
inhibition zone being larger than the average diameter of 
single FAp and CuO. 
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