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The focal point of this paper, nanocomposite of hybrid materials Chitosan(CH) with α -Fe2O3, Chitosan with γ-Fe2O3 was synthesized. The α-Fe2O3 and γ-Fe2O3 nanoparticles were synthesized by the self-assembly and microwave method and characterized. The average particle size was found to be 27-30nm by XRD and AFM. The synthesized nanoparticles were dispersed into the prepared chitosan (CH) solution. After the dispersion, the CH-α-Fe2O3, CH-γ-Fe2O3 nanocomposite was subjected to characterizations such as UV-Visible, XRD and SEM with EDX. The CHα-Fe2O3 nanocomposite to impart good antibacterial activity compared to that of pristine α -Fe2O3 and pristine chitosan. Electrochemical response studies were carried out using CH-γ-Fe2O3 nanocomposite with carbon paste modified electrode.

Introduction. Nanoparticles (NPs) are solid particles or particulate dispersions with a size in the range between 1 and 100 nm. Among the various nanomaterials, magnetic nanoparticles have been recently increased interest due to promising applications as; Drug delivery, Hyperthermia treatment, Cell separation, Biosensors and enzymatic assays etc. Pure magnetic nanoparticles themselves may not be very useful in practical applications because they are more likely to aggregate for their large ratio of surface area to volume and strong magnetic dipole-dipole attractions between particles compared with other nanoparticles and have limited functional groups for selective binding [START_REF] Mlyamotta | Tissue biocompatibility of cellulose and its derivatives[END_REF][START_REF] Huang | Surface functionalization of silk fabric by PTFE sputter coating[END_REF][START_REF] Burnision | Nano technology meets TiO2[END_REF][START_REF] Fei | Room temperature synthesis of rutile nanorods and their applications on cloth[END_REF][START_REF] Shi | Antibacterial activity of polymeric substrate with surface grafted with viologen moieties[END_REF][START_REF] Choi | Preparation of catalytically efficient precious metallic colloids by g-irradiation and characterization[END_REF][START_REF] Satio | Antibacterial deodorizing and UV absorbing materials obtained with ZnO[END_REF][START_REF] Kang | Synthesis and characterization of nanometer-size Fe3O4 and g-Fe2O3 particles[END_REF][START_REF] Racuciu | Synthesis protocol influence on aqueous magnetic fluid properties[END_REF].

In order to improve the stability and biocompatibility, the iron oxide NPs are often modified with biopolymer. Among the various biopolymers, chitosan (CH) along with NPs has been utilized as a stabilizing agent due to its Excellent film-forming ability, Mechanical strength, Biocompatibility, Non-toxicity, High permeability towards water, Susceptibility to chemical modifications, Costeffectiveness etc. for enzyme immobilization [START_REF] Willner | Magnetic control of electrocatalytic and bioelectrocatalytic processes[END_REF][START_REF] Dobson | Magnetic nanoparticles for drug delivery[END_REF][START_REF] Park | Surface-modified magnetic nanoparticles with lecithin for applications in biomedicine[END_REF][START_REF] Wunderbaldinger | Tat peptide directs enhanced clearance and hepatic permeability of magnetic nanoparticles[END_REF][START_REF] Nunes | Synthesis and characterization of poly(ethyl methacrylate-co-methacrylic acid) magnetic particles via miniemulsion polymerization[END_REF][START_REF] Massia | Surface immobilized dextran limits cell adhesion and spreading[END_REF][START_REF] Berry | Dextran and albumin derivatised iron oxide nanoparticles:Influence on fibroblast in vitro[END_REF][START_REF] Miao | Amperometric hydrogen peroxide biosensor based on immobilization of peroxidase in chitosan matrix crosslinked with glutaraldehyde[END_REF][START_REF] Xu | Electrochemical detection of sequence-specific DNA using a DNA probe labeled with aminoferrocene and chitosan modified electrode immobilized with ssDNA[END_REF][START_REF] Singh | Preparation and properties of hybrid monodispersed magnetic Fe2O3 based chitosan nanocomposite film for industrial and biomedical applications[END_REF][START_REF] Chenliang | Novel and efficient method for immobilization and stabilization of d-galactosidase by covalent attachment onto magnetic Fe3O4-chitosan nanoparticles[END_REF][START_REF] Carola | Water dispersible iron oxide nanoparticles coated with covalently linked chitosan[END_REF]. Iron oxide NPs with polymer are usually composed of the magnetic cores to ensure a strong magnetic response and a polymeric shell to provide favorable functional groups and features. Chitosan with iron oxide composites have recently attracted much attention since surface functionalization of the nanoparticles allow their covalent attachment, self assembly and organization on surface making them promising for the loading of biomolecules in a favorable microenvironment for the development of a biosensor [START_REF] Xia | Direct electrochemistry and electrocatalysis of hemoglobin immobilized in a magnetic nanoparticles-chitosan film[END_REF][START_REF] Yue | In situ preparation of magnetic Fe3O4-chitosan nanoparticles for lipase immobilization by cross-linking and oxidation in aqueous solution[END_REF][START_REF] Shengfu | Amperometric tyrosinase biosensor based on Fe3O4nanoparticles-chitosan nanocomposite[END_REF][START_REF] Karina | Synthesis and characterization of the iron oxide magnetic particles coated with chitosan biopolymer[END_REF][START_REF] Kaushik | Iron oxide-chitosan nanobiocomposite for urea sensor[END_REF][START_REF] Cheong | Superparamagnetic iron oxide nanoparticles loaded chitosan-linoleic acid nanoparticles as an effective hepatocyte-targeted gene delivery system[END_REF][START_REF] Kaushik | Chitosan-iron oxide nanobiocomposite based immunosensor for ochratoxin-A[END_REF][START_REF] Singh | Chitosan-iron oxide nano-composite platform for mismatch-discriminating DNA hybridization for Neisseria gonorrhoeae detection causing sexually transmitted disease[END_REF].

In the present work, the iron oxide particles were synthesized by two different methods such as selfassembly and microwave. The synthesized iron oxide particles were characterized by XRD, FT-IR, SEM and AFM. Chitosan was prepared and characterized by using XRD, FT-IR and SEM techniques. The synthesized iron oxide particles, chitosan and iron oxide-chitosan composite were used for; Antibacterial activity and Electrochemical response studies.

Chemicals. Chemicals such as ferric chloride (FeCl3), urea (CH4N2O), tetra-n-butylammonium bromide (C16H36NBr), ethylene glycol (C2H6O2), potassium hydroxide (KOH), sodium hydroxide (NaOH), zinc chloride (ZnCl2), ethanol (C2H5OH), Acetone (C3H6O), Hydrochloric acid, Acetic acid, graphite powder and paraffin oil were purchased from Merck and used as such without further purification.

Experimental. Synthesis of iron oxide Nanoparticles.

Self-assembly method: FeCl3 (125 mM), urea (125 mM) and tetra-n-butylammonium bromide (62 mM) were added to 100 ml ethylene glycol in a conical flask. The red solution thus obtained was stirred with a magnetic stirrer and heated at 200 o C for 1 h. After cooling, the as-synthesized iron oxide precursor was collected as a yellowish green precipitate (α-Fe2O3). The α-Fe2O3 precipitate thus formed was washed with ethanol four times and dried using hot oven at 300 o C for 4 hours [START_REF] Liang-Shu | Self-assembled 3D flowerlike iron oxide nanostructures and their application in water treatment[END_REF].

Microwave method: 250 mM FeCl3 was initially dissolved in 30 ml of ethylene glycol and 70 ml of water. KOH was added into the solution to maintain the pH 10. In the first process, the solution was stirred with a magnetic stirrer and heated at 200 o C for 1 hour 45 min; while in the second process, the solution was refluxed for 45 min in a microwave oven. A brown colour precipitate of γ-Fe2O3 settled down was decanted with water and acetone several times and dried in hot oven at 200 o C for 2 hours.

Synthesis of Chitin and Chitosan

The shells of crab were obtained from the coastal area of Nagapattinam. The shells were washed well with sea water and again with fresh water before converting to the final product. From this, chitin and chitosan were prepared.

Preparation of chitin:

The well dried crab shell was powdered by crushing in a mortar. About 50 g of this powder was taken in a 500 ml beaker. 250 ml of 5% HCl was added to remove calcium carbonate present in the powder. The mixture was then allowed to stand for about 2 h. It was filtered with a muslin cloth and the residue was transferred into a 500 ml beaker. 250 ml of 5% NaOH was added to it slowly to remove protein present in the powder. The mixture was then allowed to stand for about 3 h and filtered through muslin cloth to get chitin. Preparation of chitosan: 2 grams of chitin was added to 60% anhydrous ZnCl2 solution and heated in a boiling water bath for 30 minutes. The mixture was then dissolved in dilute acetic acid. It was then filtered to remove the unreacted chitin and other impurities. The filtrate was precipitated using 20% sodium hydroxide solution. It was then filtered through muslin cloth and air dried to get chitosan.

Procedure for antibacterial activity. Chitosan (0.25%) solution was prepared by dissolving 25 mg of chitosan in 100 ml of acetate buffer (0.05 M, pH 4.2) solution. The calculated amount of α-Fe2O3 was dispersed in the chitosan solution by stirring at room temperature. Then, it was sonicated to get a solution of α-Fe2O3-chitosan composite (1:5). The synthesized α-Fe2O3-chitosan composite was characterized using UV, FTIR, XRD, SEM with EDAX. The α-Fe2O3, chitosan and α-Fe2O3-chitosan composite solutions were then tested for antibacterial activity against E. coli and S. aureus microorganism by AATCC 147 method (sterile AATCC bacteriostatic agar medium was dispensed in to the sterile petri dishes. Overnight culture was used as an inoculum by using sterile swab. The test organism was inoculated over the surface of the agar plate and gently pressed in the centre of the Mat culture. The plates were then incubated overnight at 37 o C).

The α-Fe2O3, chitosan and α-Fe2O3-chitosan composites were coated separately on both cotton and silk fabrics by dip-coat method. For this, 50 mg/L of (α-Fe2O3 or chitosan or α-Fe2O3-chitosan composite (1:5) was taken by diluting it with distilled water. The test fabric was immersed into the solution and kept for 10 minutes. Then the fabric was taken out, washed with water and air dried. The coated fabrics were characterized by XRD, SEM and tested for antibacterial activity against E. coli and S. aureus by AATCC 147 standard method. In addition, UV-Vis diffuse reflection spectrum of coated fabric was recorded. Gamma-iron oxide with chitosan composite did not produce good antibacterial activity against E. coli and S. aureus.

Preparation of γ-Fe2O3-chitosan (3:1) composite containing carbon paste electrode.

The carbon paste electrode (CPE) was prepared in a regular way by mechanically mixing graphite powder and paraffin oil in an agate mortar for 30 min. CPE containing chitosan (0.1g)-γ-Fe2O3(0.3g) nanocomposite (1:3) was prepared in the similar procedure (initially the CH solution was prepared by dissolving CH in acetate buffer (0.05 M, pH 4.2) solution, calculated amount of γ-Fe2O3 nanoparticles was dispersed in the CH solution by stirring at room temperature, finally, a highly viscous solution of CH with uniformly dispersed γ-Fe2O3 nanoparticle was obtained). Then γ-Fe2O3chitosan composite and paraffin oil were mixed for 1 min, followed by the incorporation of the graphite powder and mixing continued for additional 30 min. A portion of the paste obtained was packed firmly into a glass tube. The electrical contact was established through a copper wire. The electrode surface was smoothed on a weighing paper before starting every new experiment.

Results and Discussion. Characterization of Iron oxide Nanoparticles

Iron oxide particles synthesized by self assembly method. XRD: The X-ray diffraction pattern of αiron oxide is shown in Fig. 1 

XRD:

The microwave method of synthesis yields γ-Fe2O3 particles. Fig. 3. shows its XRD pattern. This is confirmed with the standard pattern (JCPDS 15-0615) [START_REF] Mlyamotta | Tissue biocompatibility of cellulose and its derivatives[END_REF]. Diffraction peaks of 2θ at 27.6º, 35.30º, 39.57º, 50.70º, 58.31º and 66.19º are observed. The d-space values of these main peaks are 3.750, 2.950, 2.642, 2.089, 1.822 and 1.638 Å, which are corresponding to h l planes of 106, 206, 109, 0012, 2112 and 2014 respectively. The average grain size is calculated using Scherrer formula and found to be 28 nm. 

AFM:

The AFM micrograph of γ-Fe2O3 particles is shown in Fig. 4. The surface looks rough because of voids present between the particles. The size of particle is found to be small. The mean size of particles is 22 nm [START_REF] Fei | Room temperature synthesis of rutile nanorods and their applications on cloth[END_REF][START_REF] Shi | Antibacterial activity of polymeric substrate with surface grafted with viologen moieties[END_REF].

Fig. 4. AFM image of γ-Fe2O3 particles synthesized by microwave method.

Antibacterial activity of α-Fe2O3, chitosan and α-Fe2O3-chitosan composite. Synthesized α-Fe2O3-chitosan composite is characterized using XRD, UV and SEM with EDAX techniques and then tested for antibacterial activity against gram positive bacteria (S. aureus) and gram negative bacteria (E.coli) as per AATCC 147 method. Their results are given below; XRD: The XRD pattern of α-Fe2O3-chitosan composite is given in Fig. 5. It shows a single peak around 20º for chitosan. The representive peaks for the dispersed α-Fe2O3 particles are not found. This indicates that α-Fe2O3 particles are fully incorporated within the chitosan matrix. This type of behaviour is considered as advantage for biocompatibility issue [START_REF] Dobson | Magnetic nanoparticles for drug delivery[END_REF].

Fig. 5. XRD pattern of α-Fe2O3-chitosan composite.

UV-Vis: The UV-Visible absorption spectroscopy is employed to characterize the α-Fe2O3-chitosan composite. Absorption band observed at 220 nm arising due to the π-π* transition may be attributed to the chitosan oligomer [START_REF] Park | Surface-modified magnetic nanoparticles with lecithin for applications in biomedicine[END_REF] originating from the degradation of product chitosan (Fig. 6). The absorption band observed at 226 nm (curve b) may be due to the absorption and scattering of light by iron oxide particles and its characteristics of the indirect band gap of semiconductors [START_REF] Wunderbaldinger | Tat peptide directs enhanced clearance and hepatic permeability of magnetic nanoparticles[END_REF]. When the iron oxide is incorporated as composite, the absorbance band at 220 nm has shifted to higher wavelength region with increased intensity. This absorption variation may be due to the association of iron oxide particles by successive loading within chitosan. 

SEM:

The SEM images of α-Fe2O3, chitosan and α-Fe2O3-chitosan composite are depicted in Fig. 7. SEM image of α-Fe2O3 particles is shown in image a, which reveals spheroid shape and the EDAX image confirms the presence of Fe and O (image b). The porous film of chitosan containing pin holes is shown in image c; the Fe2O3 dispersed within the porous network of chitosan as composite is shown (image d) and the EDAX image confirms the presence of Fe and O (image e) in the composite [START_REF] Siraleartmukul | Study of chitosan coating on different types of natural fiber by scanning electron microscopy[END_REF][START_REF] Rajendran | Use of Zinc oxide nanoparticles for production of antimicrobial textiles[END_REF].

Fig. 7. SEM images of (a) α-Fe2O3, (c) chitosan and (d) α-Fe2O3-chitosan composite; EDAX of (b) α-Fe2O3 and (e) α-Fe2O3-chitosan composite.

Antibacterial activity assessment. Antibacterial activity assessment of α-Fe2O3, chitosan and α-Fe2O3-chitosan was performed with Escherichia coli and Staphylococcus aureus organism (Method: AATCC 147). The result of antibacterial assessment by zone of inhibition (Fig. 8) shows that α-Fe2O3-chitosan composite has tremendous inhibitory effect against E.coli and S.aureus (Table 1) when compared with pristine chitosan and pristine α-Fe2O3. When the concentration of either chitosan or α-Fe2O3 is increased, the zone of bacterial inhibition is also increased accordingly. 4) α-Fe2O3-chitosan composite at higher concentration. 

Fig. 8. Antibacterial assessment against E.Coli and S.aureus organism by zone of inhibition; (1) Chitosan, (2) α-Fe2O3, (3) α-Fe2O3-chitosan composite, (

S.aureus 12

Antibacterial finishing on Textile fabrics. Chitosan, α-Fe2O3, α-Fe2O3-chitosan composites were individually coated on textile substrates such as cotton and silk by dip-coat method. The finished fabrics were characterized by different techniques. Antibacterial activity was checked by zone of inhibition method (AATCC 147) against Staphylococcus aureus and Escherichia coli bacteria, then UV-protection activity was analyzed using UV-DRS spectroscopy.

Antibacterial activity of cotton and silk fabrics coated with α-Fe2O3-chitosan composite.

Antibacterial activity test was performed against E.coli and S.aureus organisms for α-Fe2O3 as well as α-Fe2O3-chitosan composite coated cotton and silk (Fig. 9). The result by zone of inhibition shows better inhibitory effect against E.coli and S.aureus for composite-coated fabrics (Table 2) than α-Fe2O3 coated fabrics. When the concentration of either α-Fe2O3 or α-Fe2O3-chitosan is increased in coating, the zone of bacterial inhibition is also increased for both coated cotton and coated silk (Fig. 10). Surface morphology of γ-Fe2O3, chitosan and γ-Fe2O3-chitosan modified electrode was investigated using SEM (Fig. 12). The images (a-c) clearly reveal the changes in the morphology of the respective materials. The image (C) of composite shows that γ-Fe2O3 particles are uniformly embedded in the chitosan network. Cyclic voltammetric investigation of carbon paste electrode. The concentration of chitosan (0.1g) and γ-Fe2O3 particles (0.3g) were used to prepare composite carbon paste electrode system. Electrolyte medium was prepared my mixing aqueous potassium ferrocyanide (2.5 mM) and aqueous potassium chloride (0.1M) at 1:1 ratio. Voltammetric analysis was carried in this electrolyte medium at 50 mV/s. The cyclic voltammograms of carbon paste electrode containing γ-Fe2O3, chitosan and γ-Fe2O3-chitosan is shown in Fig. 13 (a-d). In the presence of γ-Fe2O3 or chitosan or γ-Fe2O3-chitosan composite on the electrode surface, redox peak was observed. When compared between γ-Fe2O3-chitosan composite and others, Good redox peak behaviour was obtained for the electrode containing the composite, which could be due to the presence of incorporation of γ-Fe2O3 particles well into the chitosan matrix. Thus, the interaction of γ-Fe2O3 particles with chitosan has resulted into increased electron mobility at the electrode surface.

The voltammetric study has been carried out with carbon paste electrode containing γ-Fe2O3-chitosan composite as a function of scan rate varying from 10 to 500 mV/s (Fig. 14).

The variation of the peak current with scan rate is shown in (Fig. 15). It is observed that the peak current increased linearly with the increase in scan rate (with linear regression coefficient 0.981), indicating improved redox behaviour. The slope value obtained from log ip against log υ plot is 0.41, which is less than 0.5. Thus, the redox reaction is considered as diffusion controlled process. Surface parameters study of γ-Fe2O3-chitosan in carbon paste electrode. The surface parameters like surface coverage (), Diffusion coefficient (Do), and rate constant for electron transfer process using γ-Fe2O3-chitosan carbon paste modified electrode was studied extensively. The surface coverage was calculated using the formula [START_REF] Karina | Synthesis and characterization of the iron oxide magnetic particles coated with chitosan biopolymer[END_REF] is 0.9721×10 -6 mol -1 cm -2 , since the area of the electrode is 0.196 cm 2 . The plot of ip against υ 1/2 (ip=4.091υ 1/2 , r 2 =0.982) gives the value of D0 as 2.5816×10 -3 cm 2 s -1 (Fig. 16). The rate constant for the electron transfer process was calculated using Ep against ln υ 1/2 plot (Fig. 17) (Ep=0.251 ln υ 1/2 + 0.147, r 2 =0.936) and the value arrived at is ks=1.3 s -1 . These results suggest that γ-Fe2O3-chitosan in carbon paste electrode provides fast electron transfer between the redox center of the surface of electrode.

Electrochemical impedance spectroscopy.

Electrochemical impedance spectroscopy study (EIS) of bare, γ-Fe2O3, chitosan, γ-Fe2O3-chitosan in carbon paste electrodes have been investigated in potassium ferrocyanide (2.5 mM)/KCl (0.1M) at 1:1 ratio in the frequency range 0.01-10 5 Hz. In the EIS, the semicircle part corresponds to the electron transfer limited process its diameter is equal to the electron transfer resistance, RCT, which controls the electron transfer kinetics of the redox probe at the electrode interface. Fig. 20-21 represents the Nyquist plots of the impedance spectroscopy of the γ-Fe2O3, γ-Fe2O3chitosan in carbon paste electrode respectively. Only a depressed semicircle is observed for bare CPE (Fig. 18), indicating a rather slow electron-transfer rate between the couple of potassium ferrocyanide (2.5 mM)/KCl (0.1M) (1:1) and the electrode surface. However, the Nyquist plot of Potassium ferrocyanide (2.5 mM)/KCl (0.1M) (1:1) on the γ-Fe2O3, chitosan (Fig. 19) was quite different, which is formed of a semicircle followed by a straight line at high frequency range. The γ-Fe2O3-chitosan composite greatly enhance the electron-transfer rate of potassium ferrocyanide (2.5mM)/KCl (0.1M) (1:1) and the conductivity of the modified electrode. The results are similar to the electrochemical behaviour of potassium ferrocyanide (2.5 mM)\KCl (0.1M) (1:1) by CVs. Synthesis and characterization of iron oxide-chitosan composite: α-Fe2O3-chitosan composite was prepared and characterized by UV, XRD and SEM analyses.

Antibacterial activity of composite material:

The α-Fe2O3-chitosan composite showed high antibacterial activity against S.aureus and E.coli bacteria. When compared between them, inhibitory effect with E.coli was better than with S.aureus.

Antibacterial activity in composite material coated on cotton and silk:

The coated fabrics were then tested for antibacterial activity. The α-Fe2O3-chitosan composite coated cotton and α-Fe2O3chitosan composite coated silk showed improved antibacterial activity against E.coli and S.aureus when compared to α-Fe2O3 coated cotton and α-Fe2O3 coated silk.

The coated fabrics were tested for UV protection capability. UV protection activity results (40% reflectance for uncoated material and 5% reflectance for coated material) obtained are at acceptable levels.

γ-Fe2O3-CH composite carbon paste modified electrodes:

γ-Fe2O3-CH composite carbon paste modified electrodes were prepared and characterized. The electrochemical responses of this electrode have been studied in potassium ferrocyanide/KCl system using cyclic voltammetry and electrochemical impedance spectroscopy. The results of cyclic voltammetric and EIS studies indicated better electron transfer of γ-Fe2O3-CH composite (3:1) carbon paste modified electrodes compared to bare, magnetite, chitosan composite electrodes. This type electrode can be used for binding studies and biomedical applications.
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 1 Fig. 1. XRD pattern of α-Fe2O3 particles synthesized by self-assembly method.
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 2 Fig. 2. AFM image of α-Fe2O3 particles synthesized by self-assembly method.
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 3 Fig. 3. XRD pattern of γ-Fe2O3 particles synthesized by microwave method.
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 6 Fig. 6. UV-Visible spectra of (a) Chitosan, (b) α-Fe2O3-Chitosan composite.

Fig. 9 .

 9 Fig.9. Antibacterial activity against S.aureus: (a) α-Fe2O3 coated cotton, (b) α-Fe2O3-chitosan coated cotton, (c) α-Fe2O3 coated silk, (d) α-Fe2O3-chitosan coated silk; and activity against E. coli: (e) α-Fe2O3 coated cotton, (f) α-Fe2O3-chitosan coated cotton, (g) α-Fe2O3 coated silk, (h) α-Fe2O3chitosan coated silk.

Fig. 10 .

 10 Fig. 10. Increased concentration of α-Fe2O3-chitosan composite in coating and antibacterial activity; (a) Cotton and (b) Silk tested against E.coli, (c) Cotton and (d) Silk tested against S.aureus.
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 11 Fig. 11. XRD pattern: (a) bare CPE, (b) CPE containing chitosan, (c) CPE containing γ-Fe2O3, (d) CPE containing γ-Fe2O3-chitosan composite.
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 12 Fig. 12. SEM images of carbon paste electrode containing (a) γ-Fe2O3, (b) chitosan, (c) γ-Fe2O3chitosan composite.

Fig. 13 .

 13 Fig. 13. Cyclic voltammograms of carbon paste electrode containing at 50mV/s scan rate in Potassium ferrocyanide(2.5 mM) + KCl(0.1M)(1:1)ratio solution(a) Blank (b)Chitosan (c) γ-Fe2O3 (d) γ-Fe2O3-chitosan.
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 1415 Fig. 14. Cyclic voltammograms of carbon paste electrode containing γ-Fe2O3-chitosan composite at various scan rates[START_REF] Willner | Magnetic control of electrocatalytic and bioelectrocatalytic processes[END_REF][START_REF] Chenliang | Novel and efficient method for immobilization and stabilization of d-galactosidase by covalent attachment onto magnetic Fe3O4-chitosan nanoparticles[END_REF][START_REF] Liang-Shu | Self-assembled 3D flowerlike iron oxide nanostructures and their application in water treatment[END_REF] 40, 50, 100, 200,300 & 500 mV/s) in KCl medium containing potassium ferrocyanide.
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 16217 Fig. 16. Plot of iP vs υ 1/2 .
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 18 Fig. 18. Electrochemical impedance spectra of Bare carbon paste electrode.
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 19 Fig. 19. Electrochemical impedance spectra of carbon paste electrode containing chitosan.
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 20 Fig. 20. Electrochemical impedance spectra of carbon paste electrode containing γ-Fe2O3.
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 21 Fig. 21. Electrochemical impedance spectra of carbon paste electrode containing γ-Fe2O3-chitosan composite.

  

  

  . Peaks are observed at 24.80º 33.30º, 35.60º 39.3º 43.10º, 54.10º, 56.40º, 62.40º, 64.70º and 72.60º. The d-space values of these main peaks are 3.68, 2.69, 2.51, 2.29, 2.07, 1.69, 1.63, 1.48, 1.45, and 1.35Å, which are corresponding to h k l planes of 012, 104, 110, 006, 202, 116, 211, 214, 300 and 119 respectively. This data matches well with the standard pattern for α-Fe2O3 particles [JCPDS 80-2377]. The average grain size is calculated using Scherrer formula and found to be 27 nm.

Table 1 .

 1 Antibacterial assessment by zone of inhibition method.

	Test Chitosan (mg)	α-Fe2O3 (mg)	Test Organism	Zone of inhibition (mm)
	1	25	-	E.coli S.aureus	2 0.2
	2	-	5	E.coli S.aureus	0.5 0.2
	3	25	5	E.coli S.aureus	16 10
	4	50	10	E.coli	18

Table 2 .

 2 Antibacterial activity assessment by zone of inhibition method.

	Compound	Fabric	Zone of inhibition (mm) E.coli S.aureus
	α-Fe2O3		17	20
	α-Fe2O3-chitosan composite	Cotton	28	24
	Increasing α-Fe2O3-CH composite		35	29
	α-Fe2O3		12	16
	α-Fe2O3-chitosan composite	Silk	26	28
	Increasing α-Fe2O3-CH composite		34	32