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Abstract 

Electrospinning is a pomising technique to produce polymeric as well as metal oxide nanofibers 

in diverse domains. In this work, different weight ratios (5%, 7.5% and 10%) of 

Fe3O4@Cs@Ag magnetic nanoparticles were added in PVP (polyvinylpyrrolidone) polymer 

and fabricated via electrospinning method to produce magnetic nanofibers (MNFs). Structural, 

magnetic, morphological, spectroscopic and thermal properties of produced nanofibers were 

characterized. Furtheremore, antibacterial effects of Fe3O4@Cs@Ag nanofibrous membrane 
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was investigated. Obtained SEM images showed that produced nanofibers were uniform and 

defect free. Moreover, crystallinity and magnetic moment of fibers was tested by using X-ray 

diffraction and a vibrating sample magnetometer. The results showed that produced 

nanofibrous membranes exhibited good antibacterial activity versus Staphylococcus aureus, 

Bacillus subtilis, Enterococcus faecalis, Escherichia coli, Proteus mirabilis and Pseudomonas 

aeruginosa. 

Keywords: Fe3O4@Cs@Ag, nanofiber, magnetic property, antibacterial activity 

1. Introduction 

Electrospinning is a technique that allows the production of very fine diameters through the 

electrostatic force created between the two electrodes. This fiber production technique has a 

potential to be used in diverse fields therefore, lately, a significant number of studies have been 

concentrated on nanoscale fiber production [1]. To produce nanofiber structures via 

electrostatic force, both natural and synthetic polymers can be used as raw materials polymer 

solution [2]. The advantages of using electrospinning technique are porosity, ductility, high 

specific surface area, fine diameter of fibers ranges from several nanometers to several microns, 

controllability and design of the fiber formation [3]. Therefore, it can be considered as a 

versatile technique for nano-scale fiber composites and porous structures. Electrospun 

nanofiber structures have a wide range of applications including but limited to filtration, 

material reinforcement, energy storage, wound dressings and so on. [4-6]. 

The interest in developing new nanomaterials has aroused recently due to its wide range of 

potential applications in multiple fields [7-10]. Magnetic and optical properties of magnetic 

nanomaterials make them good candidates for different research areas and multidiciplinar 

studies. A significant number of magnetic nanoparticles are synthesized however, Fe3O4 is the 



3 

 

most widely studied one due to its properties such as optical, electrical, spin dependent 

transport, super-paramagentism and low toxicity [11, 12]. Furtheremore, Fe3O4 can be 

considered as environmental friendly and it is low in price.  

Unique properties of Fe3O4 attracted great attention in various applications, such as magnetic 

recording media [13], drug delivery agents [14] and adsorbents [15, 16]. Fe3O4 nanoparticles 

are good candidates for magnetic attenuation sources in electromagnetic shielding composites 

due to their excellent magnetic and dielectric properties [17]. Biotechnology/biomedicine, 

medical diagnosis, electrochemical and bioeletrochemical sensing, environmental remediation, 

catalysis, electrodes for supercapacitors and lithium ion batteries, data storage, magnetic fluids 

recording, photo catalysis, microwave absorption, material sciences, magnetic resonance 

imaging are some of the potential applications for Fe3O4 and its nanocomposites [18-25]. Lately 

studies in the literature have focused on the use of magnetic nanoparticles as carriers of drug or 

gene delivery and as contrast agents for magnetic resonance imaging biomolecules separation 

[26].   

Chitosan is an aminopolysaccharide biopolymer derivated derived by N-deacetylation of chitin, 

whose structure may be regarded as cellulose, but chitin has acetamide groups (-NHCOCH3) 

instead of the hydroxyl [-OH] at the C2-portion [27]. It is a linear polycation with high charge 

density, reactive hydroxyl and amino groups as well as extensive hydrogen bonding. Its 

biocompatibility, physical stability and processability make chitosan important for a number of 

applications [28]. Chitin is characterized as white, non-elastic, hard, nitrogenous 

polysaccharides that have been estimated to be synthesized in approximately one billion tons 

annually [29, 30]. Chitosan is derivated from chitin, which can be found in nature, as the 

structural component of crabs, shrimps, lobsters, and insects, in algae, and some fungal cell 

walls [31, 32]. Chitosan is composed of β (1→4)-linked 2-acetamido-2-deoxy-β-D-glucose (N-
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acetylglucosamine).  Chitosan can also be obtained from dimorphic fungi, such as Mucor rouxii, 

by the action of the deacetylase enzyme on chitin [33-35]. Due to its high biodegradability, 

nontoxicity and antimicrobial properties, a significant number of applications of chitosan is to 

use it as an antimicrobial agent either alone or blended with other natural polymers [36]. 

Important properties of chitosan and its oligosaccharides include: antifungal and antibacterial 

[37, 38]; anti-inflammatory [39]; antitumour [40]; neuroprotective [41].  

Textile fabrics have a potential to be used in many applications due to their versatility and ease 

to combine with composite materials [42]. Production of technical and functional textiles can 

be considered as important milestones in textile industry. One of the most desired functionality 

in textiles is being antibacterial for not only in medical applications but also in daily life. 

Therefore, production of antibacterial textiles has increased for a number of application areas, 

including but not limited to hygienic and medical applications. Conductive textiles are very 

promising to be used for electromagnetic shielding issues in the field of industry, military and 

civil wearable technologies as well as medicine, telecommunication [43]. There are a number 

of electromagnetic shielding applications of nonwoven and nonwoven coated fabrics with 

conductive fibers due to their light-weight, flexibility, versatility and grate blending options 

[44]. One of the material which is desirable for industrial applications, where good conductivity, 

chemical stability, and catalytic and antibacterial activity required, is collodial silver [45]. 

Silver has been a potential material for medical applications since ancient times due to 

antibacterial, antifungal and antivirus effects of silver ions. [46-48]. A complex compound of 

silver was previously synthesized and used as an antibacterial agent in finishing process of a 

cotton fabric [49]. Using silver ions in a complex compound offers some advantages, such as 

not getting into the skin when contacted that makes it possible to be used as a new antibacterial 

agent in textiles [49, 50].  
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In a master thesis fulfilled by Demir, Fe3O4@HumicAcid@Ag magnetic nanocomposites were 

synthesized via a simple reflux method. Produced nanocomposites were added in a polymer 

solution and drawn via an electrical force to form magnetic nanofibers. The analyzes conducted 

in the thesis proved that produced nanofibers were in a size range between 200 nm and 400 nm, 

and they had both antibacterial and magnetic properties [50]. In another study, inclusion 

complexes of Fe3O4@HumicAcid@Ag and β-CD were prepared via kneading technique to gain 

water solubility [51]. 

The aim of this study was to produce nanofibers including Fe3O4, chitosan (Cs) and Ag in the 

structure to obtain both magnetic and antibacterial properties. The antibacterial effect of 

chitosan has been known for a long time. Therefore, it was predicted to have an increase in the 

antibacterial effect in the composite nanofibers by adding chitosan into the composite structure. 

For this purpose, first of all, a nanocomposite material consisting of Fe3O4, chitosan (Cs) and 

Ag was synthesized and characterized. Then, synthesized Fe3O4@Cs@Ag nanocomposites 

were added into polyvinylpyrrolidone (PVP) polymer solution. Magnetic nanoparticle 

containing polymer solution was fed to a single capillary electrospinning unit to produce 

nanofibers.  Produced Fe3O4@Cs@Ag doped PVP nanofibers were then tested to investigate 

their antibacterial activity and also magnetic property.  

2. Experimental 

2.1. Chemicals and instrumentations 

FeCl3.6H2O, FeCl2.4H2O, AgNO3, NaBH4, NH3 and DMSO (Dimethyl sulfoxide) were obtained 

from Merck (Darmstadt, Germany). High purity chitosan (C6H12NO4, Mv 50,000-190,000), 

polyvinylpyrrolidone (C6H9NO)X, MW=1.300.000), N,N-dimethylformamide (DMF) and 

ethanol  were purchased from Aldrich and used without further purification. DMEM 
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(Dulbecco’s modified Eagle’s high glucose medium) and Fetal bovine serum (FBS) were 

obtained from Capricorn (Capricorn Scientific, Ebsdorfergrund, Germany), while MTT [3-(4 

5-dimethylthiazol-2-yl)-2 5-diphenyltetrazolium bromide] was purchased from Serva 

(Heidelberg, Germany). Nutrient broth and Mueller Hinton (MH) agar were obtained from 

Diffco (Difco, Detroit, USA). 

Produced nanocomposites were analysed via a BRUKER VERTEX 70 ATR model Fourier 

alternating infrared spectrometer (FT-IR-ATR) in ytansmission mode over the range of 400-

4000 cm-1. For obtaining information on crystalline structure and surface morphology of 

produced materials, PANalytical Empyrean brand X-ray diffraction (XRD) equipment and 

Quanta FEG 250 model Scanning Electron Microscope (SEM) (FEI, Netherland) were used, 

respectively.  

Magnetic measurements of samples were carried out in Quantum Design’s Dynacool 

superconducting magnetometer that has a field range of -9 T to +9T and a temperature range of 

1.9K to 1000K. A Perkin Elmer Instruments brand DSC 4000 model thermogravimetric 

analyser was used to determine the thermal stability of the materials. For the thermogravimetric 

analyse, 6 mg of each sample was heated with a heating rate of 10°C/min under nitrogen 

atmosphere and the results were recorded. Production of nanowebs were carried out via 

Inovensa, Inc. brand single-capillary electrospinning device, which allows both horizontal and 

vertical production.  

2.2. Preparation of Fe3O4@Cs@Ag nanocomposite 

A study in the literature was followed for the preparation of Fe3O4@Cs@Ag nanocomposite 

[48]. FeCl3.2H2O and FeCl2.4H2O salts with a molar ratio of 2:1, and 2 g of chitosan 

(C6H12NO4, Mv 600,000-800,000) were placed in a three-neck flask to obtain Fe3O4@Cs. After 

a homogeneous solution was obtained by stirring at 40°C for 15 min, the pH of the solution was 
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increased to pH ~11-12 by adding NH3 drop wise. Then obtained black material was put into a 

reflux, and continuously stirred at 80°C for 2 h in the presence of argon gas. Magnetic 

decantation method was used to seperate Fe3O4@Cs from the aqueous solution. Seperated 

Fe3O4@Cs was then washed with distilled water several times and dried in the oven at 80°C for 

4 h. Obtained Fe3O4@Cs was sonicated in 100 mL of deionized water for an hour. After addition 

of 0.2 mmol/L of AgNO3 solution in to the mixture, a further ultrasonication was applied for 2 

h followed by rapid edition of 0.6 g of NaBH4. The whole mixture was vigorously stirred for 2 

h to allow the reaction. The separation of final nanocomposite (Fe3O4@Cs@Ag) was done 

magnetically. To eliminate any impurities, obtained Fe3O4@Cs@Ag was washed with 

deionized water for several times. 

2.3. Production of nanofibrous membranes containing Fe3O4@Cs@Ag 

Polymer solution, consisting of PVP and absolute ethanol with a ratio of 18% w/v was prepared 

while three different weight ratios (5%, 7.5% and 10%) of Fe3O4@Cs@Ag were homogenously 

dispersed in DMF (10 mL). These two mixtures were put together and stirred vigorously at 

50°C for 6 h to prepare the electrospinning solution. Viscosity and conductivity values of the 

prepared solutions were as given in Table 1. 

 

Table 1. Viscosity and conductivity values of prepared PVP solutions containing different 

ratios of Fe3O4@Cs@Ag  

Fe3O4@Cs@Ag (%) 5 7.5 10 

Viscosity (cP) 893.8 773.8 707.8 

Conductivity (µS/cm) 35.2 37.1 38.3 

Temperature (°C) 23.6 23.6 23.6 
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Prepared solution was used in electrospinning device via a 10 mL syringe and a syringe pump. 

The inner diameter of the capillary was 0.7 mm. Pretrials were done to determine the optimum 

electrospinnig parameters for this particular study. The optimum parameters were found to be 

0,5 mLh-1 feeding rate, 17.5 kV high voltage, and 15 cm distance between the capillary tip and 

the collector. 

 

2.4. Determination of antibacterial activity  

In our study, antibacterial activity of Fe3O4@Cs@Ag nanofiber was determined by using disk 

diffusion method. Staphylococcus aureus (ATCC 29213), Bacillus subtilis (NRRL NRS-744), 

Enterococcus faecalis (ATCC 29212), Escherichia coli (ATCC 25922), Proteus mirabilis 

(ATCC 12453) and Pseudomonas aeruginosa (ATCC 27853) were used as test microorganisms 

in this study. Bacteria strains were inoculated to nutrient agar and were then activated by 

incubating at 37°C for 16-24 hours. After incubation, bacteria density was adjusted to 0.5 

MacFarland at Mueller Hinton Broth for all microorganisms and then, Mueller Hinton agar 

were inoculated with a density-adjusted bacterial suspension. Fe3O4@Cs@Ag composite in 

three different concentrations (I: 5%, II: 7.5%, III: 10%) were tested for antibacterial activity. 

In addition, DMF solution were used as a negative control in the synthesis of the nanofibers 

and gentamicin disk were also used as a positive control. 5 μl of the prepared test samples (I, 

II, III and DMF) were impregnated onto sterilized discs prepared by cutting 5 mm pieces from 

Whatman Filter paper. Prepared samples were placed on plates that were then incubated at a 

temperature of 37±2°C for 24 hours. Inhibition zone diameters (milimeter) were measured at 

the end of incubation. Each test was performed three times. 
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3. Results and Discussion  

3.1. Characterization of magnetic nanofibers containing Fe3O4@Cs@Ag  

The Fe3O4@Cs@Ag nanocomposites obtained as a result of synthesis were separated from the 

medium by a magnet. Therefore, the obtained product definitely contained Fe3O4. For 

determination whether it also contains Cs and Ag, in other words whether the nanocomposite 

formation occurred or not, FTIR, XRD, TGA, SEM-EDX, and VSM analysis were performed 

and the results were presented below.  

FTIR spectra of the pure chitosan, Fe3O4@Cs and Fe3O4@Cs@Ag given in Figue 1 confirm 

that the syntheses of nanoparticles were successful. The peak observed at 3364 cm−1 on 

transmission spectra of chitosan was related to the amino (-NH2) and hydroxyl (-OH) groups.  

The band at 1649 cm−1 was attributed to C=O stretching vibration of amide groups while the 

band at 1590 cm−1 represented to the bending vibration of -NH2 groups. The C-O stretching 

vibration of C-OH was observed at 1059 cm−1 in the spectrum. The peaks observed in the 

transmission spectrum of chitosan were at 3364, 1649, 1590 and 1059 cm−1. These peaks shifted 

to 3358, 1632, 1560 and 1018 cm−1, respectively, in the spectrum of Fe3O4@Cs 

nanocomposites. On the other hand, when the spectrum of Fe3O4@Cs@Ag MNFs was 

analyzed, it can be seen that the peaks shifted to 3340, 1627, 1556, 1041 cm−1. Therefore, 

obtained results clearly indicated the involvement in complexation of amino and hydroxyl 

groups of chitosan with Fe3+. Moreover, in the spectrum of Fe3O4@Cs, the strong peak observed 

at 559 cm−1 was related to the Fe-O bond vibration of Fe3O4, which were observed at 546 cm−1 

for Fe3O4@Cs@Ag [52]. 

Fe3O4@Cs@Ag MNFs containing 5%, 7.5% and 10% of Fe3O4@Cs@Ag were also studied 

under FT-IR for their surface chemisty. The stretching vibrations of Fe-O bond were seen in 

Figure 1 as a broad peak centered at ~550 cm-1 when transmission spectra of Fe3O4@Cs@Ag 
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and magnetic nanofibers were studied. The peek seen at ~1650 cm-1 of the spectrum of 

Fe3O4@Cs@Ag MNFs was attributed to attributed to C=O stretching vibration of amide groups 

while the stretching bands at ~1280, ~2900 cm-1 detected in the spectrum were related to -CH2, 

-CH3 species, respectively [53]. Therefore, it is possible to claim that obtained nanofibers 

contain magnetic particles of Fe3O4@Cs@Ag with regard to the transmission spectrums 

obtained from FT-IR. The crystal structures and phase investigation of Fe3O4@Cs@Ag MNFs 

(5%, 7.5% and 10%) were performed, and the patterns obtained from XRD are shown in Figure 

2b. The existence of both Fe3O4 ((220), (311)) (JCPDSNo.75-0033)) and Ag (111) 

(JCPDSNo.87-0720) was confirmed in XRD patterns of MNFs containing 7.5% and 10% of 

Fe3O4@Cs@Ag [54, 55]. However, these peaks were not observed in the XRD pattern of MNFs 

containing 5% Fe3O4@Cs@Ag.  
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Figure 1: FT-IR specta of Fe3O4@Cs@Ag nanocomposite 
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Figure 2. (a) FT-IR spectra of Fe3O4@Cs nanocomposite, Fe3O4@Cs@Ag magnetic 

nanocomposite and Fe3O4@Cs@Ag MNFs (5%, 7.5% and 10%); (b) XRD patterns of 

Fe3O4@Cs@Ag magnetic nanofibers (5%, 7.5% and 10 %)  

 

TGA thermograms of the Fe3O4@Cs nanocomposite, Fe3O4@Cs@Ag magnetic nanocomposite 

and Fe3O4@Cs@Ag MNFs (5%, 7.5% and 10%) are given in Figure 3. For Fe3O4@Cs and 

Fe3O4@Cs@Ag nanocomposites, weight loss occurred between 250°C and 500°C are 

connected with the decomposition of chitosan. As Fe3O4@Cs@Ag nanocomposite contain 

lower chitosan amount in weight (%), weight loss was not as sharp as Fe3O4@Cs.  On the other 

hand, the evident peak observed in TGA thermograms of the Fe3O4@Cs@Ag MNFs between 

450 and 500°C are related to the decaying of chitosan and ignition of PVP.  
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Figure 3. TGA thermograms of Fe3O4@Cs nanocomposite, Fe3O4@Cs@Ag magnetic 

nanocomposite and Fe3O4@Cs@Ag MNFs (5%, 7.5% and 10%)  

 

The surface morphology of Fe3O4@Cs@Ag/PVP MNF nanowebs containing 5%, 7.5% 

and 10% Fe3O4@Cs@Ag can be seen from the SEM images given in Figure 4. It can be 

said that successful and bead free magnetic nanofiber production was confirmed by 

the SEM images. It should be noted that the distribution of fiber diameter was 

between 200 nm and 500 nm.  

The chemical composition of Fe3O4@Cs@Ag MNFs were determined with a 

quantitative elemental analysis from EDX measurements. Obtained EDX spectra of 

Fe3O4@Cs@Ag MNFs are shown in Figure 5. An increase in the amount of Ag and Fe 

was detected in EDX graphs due to the increase in Fe3O4@Cs@Ag in electrospinning 

solution. Figure 6 clearly shows the increase in the amount of Ag and Fe, with an 

increase in the amount of magnetic nanocomposites in the nanofiber structure. This 

confirms the successful electrospinning process and magnetic nanofiber production. 
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Figure 4. SEM images of magnetic nanofibers containing (a) 5%; (b) 7.5% and (c) 10%  

Fe3O4@Cs@Ag in the fiber structure 

 

 

. 
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Figure 5. EDX spectra of magnetic nanofibers containing (a) 5%; (b) 7.5% and (c) 10% of 

Fe3O4@Cs@Ag in the fiber structure 
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Figure 6. Amount of Ag and Fe in magnetic nanofibers containing 5%, 7.5% and 10% of 

Fe3O4@Cs@Ag in the fiber structure 

Magnetic measurements of samples were also carried out. Figure 7 (a)-(c) show magnetization 

as a function of magnetic field for 5%, 7.5% and 10% Fe3O4@Cs@Ag measured at a 

temperature of 300 K. The inset figures in Figure 7 a, b, c show the magnified portion of the 

hysteresis graphs highlighting small coercivity. 5%, 7.5% and 10% Fe3O4@Cs@Ag have a 

coercivities of 20 Oe, 20 Oe and 25 Oe respectively.  Figure 7 (d) shows hysteresis graphs of 

all 3 samples between magnetic field range of +3T to -3T (+30 kOe to -30 kOe) at an interval 

of 100 Oe. It can be noted that hysteresis graphs do not saturate even at an applied magnetic 

field of 30 kOe. This is because of the paramagnetic nature of PVP in the samples. The 

paramagnetic fraction of the sample contributed by PVP was deducted by first calculating the 

slope of the magnetic curve above 1 T (10 kOe) magnetic field and subtracting it in the original 

hysteresis graphs. The saturation field of 1 T (10 kOe) was chosen based on the prior literature 

on Fe3O4 [ 17, 44, 56, 57]. Figure 7 (e) shows hysteresis graphs of 5%, 7.5% and 10% 

Fe3O4@Cs@Ag after removing the paramagnetic contribution from the original hysteresis 

graphs. The coercivity and the remanence magnetization of the hysteresis graph didn’t change 

significantly after the removal of paramagnetic contribution of PVP.  
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Saturation magnetization of high purity Fe3O4 nanoparticles range from 80 emu/g to 100 emu/g 

based on the method of preparation [17, 44, 56-58].  The saturation magnetic field of pure Fe3O4 

nanoparticles is reported to be below 10kOe [17, 56]. However, the saturation magnetization of 

composite materials that have magnetic nanoparticles will be significantly smaller due to 

contribution of mass of non-magnetic constituent of the composite material.  
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Figure 7. Magnetization as a function of magnetic field measurements at 300 K on (a) sample 

1 (b) sample 2 (c) sample 3. Inset of (a), (b) and (c) graphsshow coercivity of 20 Oe, 20 Oe and 

25 Oe respectively. (d) shows combined hysteresis graphs between 3T (30 kOe) and -3T 

(30 kOe) and (e) shows hysteresis graph after removal of paramagnetic part of PVP. 

It can be attributed that the reduced saturation magnetization detected in the samples could be 

caused by following circumstances; surface spins canting, which was resulted by competing 

antiferromagnetic interactions [54], randomly dispersed small particles exhibiting high 

magneto-crystalline anisotropy caused unsaturation effect [55], spin glass characteristics [56], 

magnetic inactive layer formation [57] and the disordering cations distribution [17] on the 

surface of nanoparticles.  
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Table 2 shows saturation magnetization, remanence magnetization in emu/g, ratio of remanence 

and saturation magnetization and coercive fields for 5%, 7.5% and 10% Fe3O4@Cs@Ag at 

room temperature. These values are derived from Figure 7. All the three samples show very 

low coercive fields and low remanence magnetization. The ratio of remanence and saturation 

magnetization is also significantly below 0.5, indicating that the magnetic nanoparticles are soft 

ferromagnetic and have uniaxial anisotropy [59].  

Table 2. Magnetic properties of 5%, 7.5% and 10% Fe3O4@Cs@Ag doped PVP nanofibers 

Rate  
(wt %) 

Ms (emu/g) Mr (emu/g) 
 

Mr/Ms 
Hc (Oe) 

5% Fe3O4@Cs@Ag 0.47 0.009 0.019 20 

7.5% Fe3O4@Cs@Ag 0.20 0.02 0.1 20 

10% Fe3O4@Cs@Ag 0.63 0.03 0.048 25 

 

3.2. Determination of antibacterial activity  

The antibacterial activities by disk diffusion method of inhibiton zones of Fe3O4@Cs@Ag 

magnetic nanofibers were given in Table 3 and Figure 8. As it could be seen from Table 3 the 

antibacterial activity increased depending on concentration levels.  

 

Table 3. Inhibiton zones of Fe3O4@Cs@Ag MNFs in mm 

 S. aureus 

ATCC 
29213 

B. subtilis 

NRRL 
NRS-744 

E. faecalis 

ATCC 
29212 

E. coli 

ATCC 
25922 

P. mirabilis 

ATCC 
12453 

P. aeruginosa 

ATCC 
27853 

I  ND ND 8.33±0.57 7.33±0.57 7.0±1.0 ND 

II  6.66±0.57 ND 8.66±0.57 7.66±0.57 7.33±0.57 6.33±0.57 



21 

 

III 8.0±1.0 6.33±057 8.66±0.57 9.0±1.0 8.33±0.57 7.66±0.57 

DMF ND ND ND ND ND ND 

 
Values are mean of triplicate readings (mean ± S.D). ND= Not detected 
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Figure 8. Antibacterial activity of fabricated nanofibers containing 3 different concentrations 

of Fe3O4@Cs@Ag magnetic nanofibers (5%, 7.5% and 10%) against six different bacteria. 

DMF and Fe3O4@Cs@Ag solutions used in the preperation of nanofibers are also tested for 

antibacterial activity as controls. 

 

In order to explain the antibacterial activity of PVP nanofibers containing Fe3O4@Cs@Ag 

nanoparticles, one should take into consideration that there are four components in the structure; 

PVP, Fe3O4, Cs and Ag. So the total antibacterial efficiency will be caused by the synergistic 

effect of each components having antibacterial effect. It is known that PV itself does not have 

antibacterial effect. Abd El-Mohdy and Ghanem (2009) stated that no antibacterial activities 

of PVA/PVP hydrogels of various compositions were detected [60]. On the other hand, Prabhu 

et al. (2015) observed the antibacterial effect of Fe3O4 against both gram-positive and gram-

negative bacteria. The presence of reactive oxygen species (ROS) generated by different 

nanoparticles induced the bactericidal activity. It was indicated that the antibacterial activity of 

Fe3O4 could be caused by the chemical interaction of hydrogen peroxide with membrane 

proteins or between the chemical produced in the presence of Fe3O4 nanoparticles and the outer 
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bilayer of bacteria. Furthermore, it was stated that the electromagnetic attraction between metal 

nanoparticles carrying positive charge and microbes with negative charge created the possible 

mechanism of action. Microbes get oxidized and died instantly as a result of the attraction 

between the metal nanoparticles and the microbes [61].  

Another component in the structure is Ag whose antibacterial effect was widely investigated in 

literature and well explained. In literature there are different explanations related to the action 

mechanism of metal ions. One of the proposed mechanisms expresses that the metal ions can 

catalyze the production of oxygen radicals which are able to oxidize the molecular structure of 

bacteria. Such a mechanism does not need any direct contact between the anti-bacterial agent 

and bacteria, because the active oxygen produced diffuses from the fiber to the surrounding 

environment. Therefore, this mechanism could be valid in this study as Ag atoms are in bonded 

form in the produced nanofiber structure.  Metal atoms in the nanocomposite structure catalyze 

the transformation of water coming from humidity present in the medium firstly to hydrogen 

peroxide by the action of atmospheric oxygen and then to active oxygen, as shown in the 

reaction given below [62, 63]. 

                                   

An interesting finding published in literature is that the antibacterial effectiveness of silver is 

stronger when it is bound with Fe3O4 [64]. 

On the other hand, different mechanisms were mentioned in the literature regarding the 

antibacterial action of chitosan. The possible mechanism amongst, which would be valid in this 

study, is that it adsorbs and precipitates electronegatively charged substances in the cell and 

causes cell death by deforming the physiological activities of the cell due to its polycationic 

nature [65]. 
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Results given in Table 3 and Figure 8 present that antibacterial effect of Fe3O4@Cs@Ag 

nanofibers were good against S. aureus,  E. faecalis, E. coli, P. mirabilis and P. aeruginosa, on 

the other hand it showed lower antibacterial effect against B. subtilis than others. The highest 

antibacterial activities were obtained against E. faecalis and E. coli among all microorganisms. 

The highest concentration (III) of Fe3O4@Cs@Ag had good antibacterial effect on all 

microorganisms except B. subtilis. When the results were evaluated, the increasing of 

Fe3O4@Cs@Ag nanocomposite concentration was found to be effective in antibacterial 

activity. 

 

4. Conclusion 

Fe3O4@Cs nanocomposite was synthesized via a simple reflux method while the synthesis of 

Fe3O4@Cs@Ag magnetic nanocomposites was carried out in an ultrasonic bath. Obtained 

nanocomposites were used to produce Fe3O4@Cs@Ag containing magnetic nanofibers, which 

were produced from solution via a single capillary electrospinning device. The characterization 

of produced nanofibers were carried out via FT-IR, XRD, SEM-EDX, TGA, and VSM. The 

antibacterial effect of the nanofibers against gram negative and gram positive bacteria was also 

investigated.  

FT-IR spectogams confirmed the successful production of magnetic nanofibers, that was also 

supported by the results obtained from EDX and XRD. EDX spectras indicated that produced 

nanofibers contained both Fe and Ag, and their amount increased with the increase in 

Fe3O4@Cs@Ag concentration in the electrospinning solution. The existence of both Fe3O4 

((220), (311)) (JCPDSNo.75-0033)) and Ag (111) (JCPDSNo.87-0720) was confirmed in XRD 

patterns of MNFs containing 7.5% and 10% of Fe3O4@Cs@Ag. The uniformity of produced 

magnetic nanofibers were seen in the images obtained from SEM.  The results obtained from 
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VSM analysis indicated that produced nanofibers showed soft superparamagnetic behavior at 

room temperature. Furthermore, antibacterial test results of produced Fe3O4@Cs@Ag MNFs 

showed that the concentration of Fe3O4@Cs@Ag in nanofibres was an important parameter, 

and Fe3O4@Cs@Ag MNFs can be good candidates to be used in applications where magnetic 

and antibacterial properties are required. Therefore, it is could be possible to use 

Fe3O4@Cs@Ag nanocomposites for electromagnetic shielding purposes. However, for 

obtaining electromagnetic shielding effect, the most important parameter is the weight and 

thickness of the material. Therefore, electromagnetic shielding property was not tested since 

very thin layers of nanowebs were produced in this study. Nevertheless, using this compound 

in composite structures having both electromagnetic shielding and antibacterial effects is in our 

further study plans. 
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