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The aim of the present study was to develop synthesize, characterize, 

and find many applications of functionalized metal oxide 

nanoparticles. Herein, a new strategy is developed to functionalize 

magnetite nanoparticles to improve their performances of cerium 

oxide-functionalized Fe3O4@SiO2@CeO2 magnetic nanoparticles 

(FSC). In this study, after preparing optimized FSC, characterization 

and identification of their chemical structure were carried out by FT-

IR, FESEM, VSM, TGA, DLS, and XRD. Afterward, the 

functionalized nanoparticles were examined in the delivery of 

celecoxib as an active drug model involving cerium oxide and 

hydroxyl functional groups. The results with respect to particle size, 

present investigation indicate that the formulations (mFSC=5 mg, 

pH=3.3) can be considered as best among various formulations. 

Dynamic light scattering (DLS) techniques used to measure particle 

size and zeta potential distribution revealed successful preparation 

of an Fe3O4@SiO2@CeO2  nanocomposite prepared on Fe3O4@SiO2 

(FS), with a hydrodynamic size distribution of 45 nm. 
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1. Introduction 
In regeneration, nanomaterials with biomaterials are 

offer ways to control surface and mechanical 

properties. Moreover, it increases cellular adhesion, 

differentiation, and integration of stem cells into the 

environment around us. Finally, the additional 

possibilities of increasing the biological performance 

of biomaterials are because of the drug delivery 

capabilities of nanoparticles [1]. 

The use of nanotechnology to improve current 

approaches in tissue and organ regeneration has 

received increased attention over the years owing to 

the great versatility that they offer in terms of size and 

surface chemistry, allowing the utilization as carriers 

for the delivery of drugs, genetic material, or growth 

factors (GFs). Indeed, various nanoparticles have 

been developed for therapy; these include 

dendrimers, liposomes, polymer-based 

nanoparticles, micelles, carbon nanotubes, and many 

more [2]. The slower transit times exhibit regarding 

nanoparticulate oral delivery systems than larger-

sized particles in various dosage forms, increasing 

the local concentration gradient across absorptive 

cells, thereby enhancing local and systemic delivery 

of both free and bound drugs across the gut [3]. 

A number of biocompatible carrier systems involving 

large surface areas and tailorable pore size are 

introduced for drug delivery, such as calcium 

phosphate cement [4], organic polymers [5], various 

inorganic composites [6], metal-organic frameworks 

[7], and nanoporous silica [8, 9]. 

In regeneration, nanoparticles improve biomaterials' 

regenerative capabilities, offering ways to control 

surface and mechanical properties. Moreover, the 

incorporation of nanoparticles within biomaterials 

increases cellular adhesion, differentiation, and 

integration of stem cells into the surrounding 

environment [10]. Inevitably, the release rate of 

drugs can be affected by important parameters such 

as pores size and functional groups anchored to the 

surface of the carrier [11]. The modification in the 

surface and properties could be effective [12] and 

make the pores interact with drugs and control drug 

delivery processes [13]. Magnetic iron oxide 

nanoparticles with a large surface area, due to their 

multifunctional properties, superparamagnetism, and 

low toxicity, have been known as potential carriers in 

drug delivery for applications in medicine and 

biology [14-16]. The purpose of this investigation is 

to construct developed a new strategy to 

functionalize Fe3O4 by CeO2 and well-ordered 

magnetic core/mesoporous shell Fe3O4@SiO2 

spheres. Then, the fabricated nanocarrier was used 

for the promising delivery of celecoxib as a model 

antiviral drug [17-20]. Influences of the type and 

concentration of the surfactant, pH, contact time, and 

temperature on the loading/release of celecoxib, 

loading capacity, and in vitro potential for drug 

adsorption enhancement of Fe3O4@SiO2@CeO2 

magnetic nanoparticles (FSC) are systematically 

investigated. 

 

2. Experimental 

2.1. Methods and Materials  
All chemicals were received from commercial 

resources (Merck and Chem Lab) and utilized 

without further refinement. Field emission scanning 

electron microscope (FESEM) micrographs were 

taken by applying an LEO 440i (acceleration speed 

voltage 26 kV). FT-IR spectra were recorded on a 

Bomem MB100. These measurements were carried 

out at a resolution of 4 cm−1 in KBr pellets. The 

pellets have been used for FTIR spectroscopy 

measurement. 

The particle size of HA/casein nanoparticles was 

measured using Dynamic Light Scattering (DLS) 

technique (ZS/ZEN3600 Zeta sizer; Malvern, 

Instruments Ltd, Malvern, UK). The crystalline 

structure of the samples was assessed by X-ray 

diffraction (XRD) analysis on a Seisert Argon 3003 

PTC using nickel filtered XD-3Cu Ka radiations (k = 

1.5418 A). A freeze dryer, Model FD-10, Pishtaz 

Equipment Engineering Co, Iran, was applied for 

drying of the prepared nanomaterials. Fe3O4 and 

Fe3O4@SiO2@CeO2 nanocomposites were 

synthesized by the introduced single-step 

solvothermal method with a few modifications [20-

22]. 

 

2.2. Preparation  
Fe3O4 nanoparticles were prepared similar to the 

method reported in several studies [20-22]. 

FeCl3.6H2O (2.2 g), NaNO3.3H2O (0.42 g), PEG-400 

(53 ml), and 6 ml ethanol were mixed under intense 

stirring at 25 °C for 40 min. Then, 3 g of NaAc was 

added, and the resulting was mixed under intense 

stirring at 25 °C for 14 h. After that, the mixture was 

put on a stainless steel autoclave (with Teflon-lined) 

of 60 ml volume. Eventually, the autoclave was 

warmed and retained at 190 °C for 12 h, and 

afterward, it was chilled off to room temperature. The 

particles were washed three times with absolute 

ethanol and were dried by a rotary evaporator [18]. 

A one-step synthesis was used to obtain silica-coated 

Fe3O4 nanoparticles. 0.15 g of Fe3O4 was dispersed in 

a mixture containing distilled water (3 ml), absolute 

ethanol (7 ml), and ammonia (0.3 ml, 25%) with 

sonication for 40 min. Then, the reaction mixture was 

conducted with 0.7 ml cetyltrimethylammonium 

bromide (CTAB) and was stirred for 20 h. Then, the 

precipitate (black color) was filtered and well dried. 
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2.3. Surface modification of the prepared 

nanomaterial 
Fe3O4@SiO2 (0.06 g) was spread out in 2.2 ml of dry 

toluene by ultrasonication for 25 min under N2. Then, 

0.06 ml of CeO2/CTAB was joined and was refluxed 

under nitrogen for 20 h. After completion of the 

reaction, the resulting Fe3O4@SiO2@CeO2 magnetic 

nanoparticles (FSC) were isolated by filtration, 

washed with acetone, and dried at room temperature 

[19-20]. All materials were used directly without any 

further purification. 

  

2.4. Particle size and zeta potential 

distributions 

The size distribution and particle size of the 

FSC/drug were characterized by photon correlation 

spectroscopy (PCS) using a Zetasizer 2300 Malvern 

Instruments, UK. This solution (including FSC/drug) 

was diluted with filtered (0.32μm) with ultra-pure 

water and analyzed using Zetasizer. The surface 

charge was determined using an aqueous dip cell in 

an automatic mode by placing diluted samples (with 

ultra-purified water) in the capillary measurement 

cell, and the cell position was adjusted [23-25]. The 

particle size of HA/casein nanoparticles was mea-

sured using Dynamic Light Scattering (DLS) 

technique (ZS/ZEN3600 Zeta sizer; Malvern, 

Instruments Ltd, Malvern, UK). 

 

2.5. Loading and release studies of Celecoxib 
The Celecoxib loading was studied by adding FSC 

(0.005 g) into a phosphate buffer (5 ml, pH 3.3) 

containing celecoxib (0.07 mM in ethanol) with 

magnetic stirring at 40 °C for 4 h. Then, the mixture 

was isolated via an external magnet and was utilized 

for measuring the drug loading amount. To remove 

the unloaded celecoxib, the precipitate was re-

dispersed in 4 ml of the above buffer (Schematic 1). 

Uv-Vis quantified the free-celecoxib content at 253 

nm. The amount of the loaded drug was calculated by 

Eq. (1) [26]. 

Loading content = M0-Mt /MN × 100 %         Eq. (1) 

Here, M0 and Mt are the amounts of celecoxib in the 

primary and filtered solutions, respectively. MN is the 

amount of FSC used for the loading process. 

To determine the amount of the drug adsorbed after 

120 min, 8, 24, and 48 h, 1 ml of the above solution 

was replaced with a fresh buffer solution and was 

analyzed by UV-Vis [27]. The loading process would 

be achieved via the hydrogen bonding interactions of 

the hydroxyl groups of celecoxib with the surface 

amino groups of FSC. To study the impact of drying 

conditions on the loading efficacy of the modified 

nanomaterial; the prepared final compound was dried 

under freeze conditions. Results showed only a little 

enhancement in the loading capacity compared with 

the one dried under usual thermal conditions. 

This system was equipped with a 4 mV helium/neon 

laser at 633 nm wavelength and measured the particle 

size with the noninvasive backscattering technology 

at a detection angle of 173° after at least 100-fold 

dilution with purified water. The DLS measurements 

were performed at 25.0 ± 0.1 °C at 20-second 

intervals for three repeat measurements. Each diluted 

nanoparticle suspension was put in a universal folded 

capillary cell equipped with platinum electrodes for 

zeta potential measurement. The electrophoresis 

mobility was measured and the zeta potential (ζ) was 

calculated by the Dispersion Technology Software 

provided by Malvern. 

Aliquots of 1 ml were withdrawn at pre-determined 

time intervals and immediately replaced by the same 

volume of the fresh medium. The aliquots were 

suitably diluted with the dissolution medium and 

analyzed by UV-Vis Spectrophotometer at the 

appropriate wavelength. Stability studies of prepared 

FSC nanoparticles were carried out by storing 

optimized formulation at 25 ± 1 °C and 40 ± 2 °C for 

90 days. The samples were analyzed at 1-3 months 

for their drug content, drug release rate (t50%) as well 

as any changes in their physical appearance (ICH 

Q1A (𝑅2) 2003) [28]. 

3. Results and discussion 
Fig. 1a, b shows the FT-IR spectra of celecoxib, FSC, 

and celecoxib-loaded Fe3O4@SiO2@CeO2. The 

reaction of hydroxyl groups on the surface of 

Fe3O4@SiO2 with the ethoxy groups of 

trimethoxysilylpropylamine ended in the formation 

of a novel carrier system. The bands at 648, 940, and 

1069 cm-1 are attributed to the Fe-O, Si-O-H, and, Si-

O-Si vibrations, respectively. The bands at 648 cm-1 

in the FT-IR spectrum were ascribed to Ce–O 

stretching vibration, which corroborated that it is 

cross to the surface of nanomagnetic material. The 

grafted Ce–O groups at the surface of FSC formed H-

bond with the oxygen atoms of celecoxib, causing the 

drug molecules to settle down onto the carrier surface 

Fig. 1a [29-30]. 

According to the chemical structure of celecoxib, the 

presence of S=O stretching vibration at 1339 cm-1, 

together with aliphatic C–H stretching vibrations in 

2925–2986 cm-1 for the alkyl groups confirmed 

loading of the celecoxib. Moreover, the bands at 

1090, 1437, and 1561 cm-1 are assigned to C-N, C-H, 

and N-H bending vibrations, respectively Fig. 1b. 
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a)   

 

 
b) 

Fig. 1. FT-IR spectra of FSC (a), and celecoxib loaded Fe3O4@SiO2@CeO2 (b). 

 

The XRD patterns for Fe3O4 and drug-loaded 

Fe3O4@SiO2@CeO2 (FSC) are depicted in Fig. 2. It 

is assigned that the relative intensities and positions 

of the reflection peaks for Fe3O4 nanoparticles agree 

well with the standard diffraction card JCPDS 12882-

54552. Comparing the XRD pattern of initial Fe3O4 

nanoparticles to the modified one displayed that the 

pores remained intact after functionalization (Fig. 3) 

[31]. The attendance of a distinct peak at nearly 2θ = 

25-35°, which matches with the reported ones, 

authenticated that the pores retained after 

functionalization and the structure of magnetite 

remained intact after drug loading.  
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Fig. 2. XRD pattern of  Fe3O4@SiO2@CeO2 (FSC) nanocomposite. 

 

 

Fig. 3. Compare the resulting pattern XRD pattern of Fe3O4, Fe3O4@SiO2 (FS), Fe3O4@SiO2@CeO2 (FSC) 

nanocomposite. 

 

Zetasizer analyzed the particle size of Celecoxib/FSC 

nanoparticles loaded. EDX spectroscopic results 

related to the FSC nanocomposite coating containing 

cerium oxide and silica are reported in Fig. 4. The 

EDX spectrum of this nanocomposite shows the 

presence of Fe, Si, Ce, O, C elements. X-ray 

diffraction analysis and the presence of 

corresponding peaks confirm the presence of cerium 

and silica nanoparticles in this nanocomposite. The 

Z-particle size (r.nm) of Celecoxib/FSC 

nanoparticles formulations ranged from 2.9 to 13.3 

nm, as shown in Table 1. Particle size and zeta 

potential result revealed that all nanoformulation 

were within the range of 2.9 to 13.3 nm, with the 

slight negative in charge. 

Position [°2Theta] (Copper (Cu)) 
10 20 30 40 50 60 70 

Counts 

0 

100 

200 

300 

Ce O2 

Fe3 O4 

Ce O2 

Fe3 O4 

Fe3 O4 

Fe3 O4; Ce O2 
Fe3 O4; Ce O2 

Fe3 O4 

Ce O2 

Fe3O4@TEOS@CeO2 
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Fig. 4. Spectrum of EDX and size distribution of Fe3O4@SiO2@CeO2 (FSC) anocomposite. 

 
Table 1. Evaluation of particle size and zeta potential. 

Formulation  
Particle Size Zeta Potential 

(mV) Size (r.nm) Mean Intensity (%) 

FSC 
2.903 41.8 

-5.17 
4.128 58.2 

FSC 
11.157 31.7 

-6.18 
13.30 68.3 

 

In this respect, the dimensions (size and surface) 

characteristics of nanoparticles are of prime 

importance. Particles of 50 nm diameter with 

hydrophilic surfaces have a longer circulation in the 

blood and increase the targeting efficiencies to 

specific sites [28-29]. The electric charge present on 

the FSC nanoparticles was evaluated by measuring 

the zeta potential. The zeta potential of FSC 

nanoparticles was in the range of -6.18 to -5.17 mV 

(Table 1) which indicates no agglomeration, 

meanwhile with moderate stability. 

Scanning electron microscopy micrograph of 

optimized Celecoxib/FSC nanoparticles showed that 

the particles have a smooth surface and they are 

uniformly and spherically distributed (Fig. 5). The 

size and morphology of Fe3O4 and FSC were further 

studied with FESEM. Fig. 5 describes that Fe3O4 

nanoparticles were semi-spherical in shape; 

therefore, the prepared Fe3O4 nanoparticles by 

solvothermal method resulted in uniform sizes with 

good dispersibility. The images dispersion of 

transmission electron microscopic (TEM) of FSC 

nanoparticulate (Fig. 6) further confirms the 

spherical shape of nanoparticles with less or no 

aggregation. The average grain size obtained by XRD 

via the Scherrer equation for Fe3O4 (<30 nm) was in 

good agreement with the results obtained by FESEM 

(<25 nm). The FESEM images for FSC 

nanocomposites before and after drug loading 

confirmed that the semi-spherical shape of the 

nanoparticles was unchanged and no observable 

change in morphology of the nanoparticles occurred.  
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Fig. 5. FESEM images of the FSC with resolution of (a) 100 nm, (b) 200 nm, (c) 500 nm.  

 

 
Fig. 6. (a, b). TEM images of the Fe3O4@SiO2@CeO2 (FSC). 

 

Considering the d-orbital of Ce and the influence of 

hydrogen bonding on the loading of the drug onto the 

pores of the modified nanomagnetic material, further 

studies were outlined to clarify loading and release 

efficacies. The pH, loading time, and temperature 

seem to be the main parameters on the celecoxib 

loading.  

The impact of pH on celecoxib loading was 

investigated using a variety of pHs ranging from 

acidic to basic. As Fig. 7 shows, for the increments of 

the hydrogenic interactions in an alkaline pH, the best 

loading can be achieved at pH 3.3. The decrease in 

loading was observed at high alkaline pH (>7) merely 

due to the hydrolysis of Fe–O–Si and C-O-Si bands 

and demolition of the bind to the agent. The loading 

temperature was also screened on the drug loading 

capacity. Findings displayed that by enhancing 

temperature, the drug loading improves. This 

phenomenon can be attributed to decreasing 

desorption because of the hydrogenic interactions by 

raising temperature [32]. The effect of time on the 

loading of celecoxib onto FSC was also investigated.  
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Fig. 7. Effect of pH on loading of celecoxib onto FSC. 

 

Dynamic light scattering (DLS) is a valuable tool for 

studying size and degree of agglomeration of the 

nanoparticles as a function of time in the suspension 

solution. In this technique, one can determine the 

hydrodynamic size of the nanoparticles by measuring 

the intensity of laser scattered light that passes 

through a colloidal solution. Larger particles will 

diffuse slower than smaller particles. So, particle size 

can be mathematically provided by measuring the 

time dependence of the scattered light. The DLS 

experimental data obtained in this work which is 

given in Fig.8, shows a zeta particle size distribution 

of 45 nm. In fact, this is the average particle size of 

the FSC nanocomposite prepared on Fe3O4@SiO2 

(FS). The zeta-potential (Fig. 9)of the particles, 

which is a basic parameter in controlling the stability 

of colloidal suspensions, is obtained by measuring 

particles mobility under an applied electric field 

which is applied and can be calculated using the 

Smoluchowski equation [33]: 

 

ζ = 
𝜂

ℇ₀.ℇг
 𝑈               (2) 

 

 
Fig. 8. DLS measured results for FSC nanocomposite prepared on Fe3O4@SiO2 (FS). 
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Fig. 9. Zeta potential distributions for FSC nanocomposite prepared on Fe3O4@SiO2 (FS). 

 
Where, ℇ₀ and ℇг are dielectric constants of vacuum 

and solvent respectively, η is viscosity and U is the 

mobility of the particles in suspended solution. In 

general, when an electric field is applied to the 

charged particles in a colloidal sample, particles 

move toward an electrode opposite to its surface 

charge. Because the velocity is proportional to the 

amount of charge of the particles, zeta potential can 

be therefore estimated by measuring the mobility of 

these particles. To determine the speed of the 

particles movement, the particles was normally 

irradiated with laser light, and the light emitted from 

the particles was detected from the shifted scattered 

frequency. Since shifted scattered light from incident 

light is proportional to the speed of the movement of 

the particles, the electrophoretic mobility of the 

particles can be thereby measured [34-37]. The most 

widely used theory for calculating zeta potential from 

experimental data was developed by Marian 

Smoluchowski in 1903 [37]. 

Experimental zeta potential value obtained in this 

work for FSC nanocomposite prepared on 

Fe3O4@SiO2 (FS) is given in Fig. 9. This result 

reveals a bimodal zeta potential distribution may be 

due to the two different populations of particles 

within the prepared suspension sample. About 42% 

of the particles have a zeta potential of +50 mV, and 

58% of the particles have a lower value of +40.94 

mV. Considering that and a dividing line between 

stable and unstable aqueous dispersions reported at 

either +15 or +65mV, particles with zeta potentials 

more positive than +30mV have been considered 

stable, and particles with low absolute values of the 

zeta potential will agglomerate, and the dispersion 

becomes unstable [38-46], we can conclude that 

colloidal samples prepared in this work at the our 

experimental condition even after 4 hours ultrasonic 

treatment, were unstable because of FSC 

nanocomposite high tendency to aggregate.  

Considering the important role of temperature on the 

drug loading and the body temperature, three 

different temperatures 35, 43, and 50 °C were 

investigated (Fig. 10). Results showed that by 

increasing temperature, the drug loading was 

increased, and the best loading was achieved at 50 

°C.  
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Fig. 10. Effect of temperature on loading of celecoxib onto FSC. 

 

According to the diagram with equation 

Y=19.883X+0.0025, the correlation coefficient for 

equation 0.999 has been calculated, which is 

desirable (Table 2, Fig. 11). According to the results, 

the only mechanism of drug release from 

nanocomposite in solution was the Fickian model, 

and matrix degradation did not have the main role in 

the release of Celecoxib. The early high-level release 

is probably due to the release of Celecoxib on the 

surface of the nanocomposite that was matched with 

the Higuchi model (Table 3). Therefore, because of 

the heavy-metal degradation of the FSC, the release 

mechanism does not match with the Hixon-Crowell 

model. The greatest value of the correlation 

coefficient (r2) was obtained from the Higuchi model. 

In addition, the correlation coefficient for the 

different release rates of the drug from FSC explains 

relative adaptation to the First-order model. This 

model is related to the delivery of poorly soluble 

drugs into the release medium. In addition to Fickian 

theory, four more models were used to analyze the 

drug-release profile further, including the first order, 

Higuchi, and Hixon–Crowell models. These model 

equations are listed as follows: 

First order: lnQt = ln Q0 + K1t                                                                               (3) 

Hixson–Crowell: Q0
1/3 –Qt

1/3= Kst                           (4) 

Higuchi: Qt = KH√t                                                       (5) 

Qt is the amount of drug dissolved in time t, Q0 is the 

initial amount of drug in the solution (most of the 

time, Q0
¼), K1 is the first-order release constant, KH 

is the Higuchi dissolution constant, and KS is a 

constant incorporating the surface–volume relation 

[31-32]. 

 

 
Fig. 11. Celecoxib calibration curve onto FSC. 
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Table 2. Results of celecoxib adsorption. 

Conc. (mM) Absorbsion 

0.0001 0 

0. 001 0.028 

0.01 0.206 

0.02 0.401 

0.05 0.986 

0.07 1.392 

0.1 1.997 
 

Table 3. Regression coefficients of mathematical models fitted to the release of Celecoxib from the FSC- Celecoxib 

nanocomposites mats. 

samples Zero order First order Hixson–Crowell Higuchi 

FSC- Celecoxib 0.37 ± 0.03 0.61 ± 0.06 0.4 ± 0.01 0.8 ± 0.09 
 

Stability studies of Celecoxib/FSC were carried out 

by storing optimized formulation at 4 ± 1 °C and 30 

± 2 °C for 3 months. The samples were analyzed at 

1-3 months for their drug content and drug release 

rate (t50%), as well as any changes in their physical 

appearance (Table 4). These results indicated that the 

developed Celecoxib/FSC nanoparticles retain their 

pharmaceutical properties at various environmental 

conditions over a period of 3 months and are 

physically/chemically stable. 

Thermogravimetric analysis (TGA) traces of 

Fe3O4@SiO2@CeO2 magnetic nanoparticles are 

illustrated in Fig. 12. TGA of Fe3O4 exhibits 9% 

weight loss because of the removal of water 

molecules and surface hydroxyl groups (Fe−OH) 

[44], whereas that of Fe3O4@SiO2@CeO2 contains 

two weight losses in the range 180−210 and 500−680 

°C. The first weight loss is attributed to the 

dehydration of CeO2. Similar TGA behavior was 

observed by Yang and co-workers in nanoceria 

prepared by the solvothermal synthesis in ethylene 

glycol [48]. TGA analysis revealed that, apart from 

the solvent mass loss, all samples underwent large 

weight loss in the temperature range 205–395 °C 

(13–26%) accompanied by endothermic processes 

[46],  probably due to oxalate decomposition and 

leaching of organic ligands [49], that formed an 

inorganic–organic composite with ceria. 
 

 
Fig. 12. TGA curves of Fe3O4@SiO2@CeO2 (FSC) in the range 0−1000°C. 
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Table 4. Regression coefficients of mathematical models fitted to the release of Celecoxib from the FSC- Celecoxib 

nanocomposites. 

Temperature 
Evaluation 

Parameters 

Observation (Months) 

0 1 2 3 

40°C ± 2°C Physical 

appearance 
--- No change No change No change 

%Drug content 77.15 74.65 73.45 71.86 

t50% (hrs) 13.85 13.18 12.90 12.75 

8°C ±1°C Physical 

appearance 
--- No change No change No change 

%Drug content 77.15 75.67 74.91 72.88 

t50% (hrs) 13.85 13.65 13.16 12.92 

 

4. Conclusions  
In this study, celecoxib/FSC nanoparticles were 

successfully prepared by the modified 

nanoprecipitation method. Magnetite Fe3O4@SiO2 

nanoparticles are synthesized by the sol-gel method. 

In summary, the uniform Fe3O4 nanoparticles were 

successfully synthesized, and then the prepared 

nanoparticles were enriched with silanol groups and 

were finally modified with TMPA to improve their 

efficiencies in the delivery of celecoxib. The 

introduced biocompatible delivery system showed a 

very good capacity for the storage of a large amount 

of celecoxib. The two important parameters of pH 

and amounts of the nanocomposite were investigated. 

In order to show the necessity of modification, the 

efficiency of the FSC nanomaterial was compared 

with FSC, and the results demonstrated that 

modification has been absolutely effective. With 

respect to particle size entrapment efficiency, it can 

be included that the formulation (mFSC=5 mg, 

pH=3.3) was considered to be the best among various 

formulations. The pH and concentration of biomaterial 

used for formulating these batches of nanoparticles 

showed a significant effect on its efficiency to entrap 

the Celecoxib molecule. Dynamic light scattering 

(DLS) techniques used to measure particle size and zeta 

potential distribution revealed successful preparation 

of the FSC nanocomposite prepared on Fe3O4@SiO2 

(FS), with a hydrodynamic size distribution of 45 nm. 

Bimodal zeta potential distribution in divergence 

with the DLS average zeta size data reveals the 

instability of the FSC nanocomposite because of 

casein- calcium nanocomposite’s high tendency to 

aggregation. Cerium oxide displaces electron transfer 

and absorption band due to the presence of f-orbital 

in the cerium network. 
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