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Abstract−Magnetite nanoparticles were synthesized by coprecipitation and characterized. The average particle size
was 22-50 nm by XRD and AFM. Chitosan was prepared from crab shells and characterized. Magnetite-chitosan com-
posite carbon paste modified electrode was prepared and characterized by using XRD, FT-IR and SEM technique. The
electrochemical responses of this Magnetite-CH composite electrode were studied in potassium ferrocyanide/KCl sys-
tem using cyclic voltammetry and electrochemical impedance spectroscopy. The cyclic voltammetric and EIS studies
indicated better electron transfer of magnetite-CH composite (3 : 1) carbon paste modified electrodes compared to
bare, magnetite, chitosan composite electrodes. The surface parameters like surface coverage (τ), Diffusion coefficient
(D0), and rate constant (kS) were studied. The shelf-life of the developed electrode system is about 12 weeks under
refrigerated conditions.
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INTRODUCTION

Among the various nanomaterials, iron oxide nanoparticles have
gained increased interest due to promising applications as drug
delivery, hyperthermia treatment, cell separation, biosensors, enzy-
matic assays etc [1,2]. However, pure iron oxide nanoparticles them-
selves 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 par-
ticles compared with other nanoparticles [3], and have limited func-
tional groups for selective binding. Among the various biopoly-
mers, chitosan (CH) along with nanoparticles has been utilized as
a stabilizing agent due to its excellent film-forming ability, mechani-
cal strength, biocompatibility, non-toxicity, high permeability towards
water, susceptibility to chemical modifications, cost-effectiveness
etc. for enzyme (GOx) immobilization. Chitosan with iron oxide
composites has attracted much attention since surface functional-
ization of the nanoparticles allows 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 and biomedical applications [4-14].

Carbon paste electrodes (CPEs) belong to promising electro-
chemical or bioelectrochemical sensors of wide applicability. CPEs
represent one of the most frequent types of working electrodes. The
overwhelming number of CPEs used worldwide belongs to pastes
with insulating liquids (paraffin oil, silicon oil, bromonaphthalene,
tricresyl phosphate and others). The basic requirements for a past-
ing liquid are its practical insolubility in the solution under meas-
urement, low vapor pressure to ensure both mechanical stability

and long life-time, its electrochemical inactivity in the potential
window of interest [15,16]. A holder for carbon pastes can be real-
ized as a well drilled into a short Teflon rod, a glass tube or a poly-
ethylene syringe filled with a paste, which is electrically contacted
through a conducting wire. Such constructions are very simple.
Different carbon-based materials such as glassy carbon (GC), graph-
ite, carbon paste (CP), carbon fibers, porous carbon and carbon
spheres are commonly employed as electrode materials or as bio-
sensor immobilization matrices [17-22].

In the present work, magnetite nanoparticles were synthesized
and composited with prepared chitosan and added to carbon paste
for the preparation of modified electrode system. XRD, FT-IR, SEM
techniques were employed for the characterization. The electro-
chemical behavior of the composite electrode was thoroughly inves-
tigated by cyclic voltammetry and electrochemical impedance spec-
troscopy.

EXPERIMENTAL

1. Reagents
AR grade chemicals such as ferric chloride (FeCl3), ferrous sul-

fate (FeSO4), ammonia, Acetone (C3H6O), hydrochloric acid, sodium
hydroxide, Acetic acid, zZinc chloride, graphite powder and paraf-
fin oil were purchased from Merck. All these chemicals were used
without further purification. TKA-high pure water was used to
prepare solutions.
2. Characterization

The structure and particle size of magnetite nanoparticles were
investigated by using X-ray diffraction (X’Pert PRO) instrument.
FT-IR spectrophotometer (Shimadzu 8400) was used to character-
ize magnetite-chitosan nanocomposite. The surface morphologi-
cal studies were investigated using a scanning electron microscope
(Hitachi S3000H). The carbon paste electrode tip was cut into
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1 cm2 area and then characterized for SEM analysis. Cyclic vol-
tammetric (CV) analysis was performed using a CH-620A instru-
ment for electron transfer reaction and experiments were conducted
with a three electrode system (carbon paste modified electrode as
working electrode, Pt foil as counter electrode and Ag/AgCl as ref-
erence electrode). The electrochemical impedance spectroscopy
(EIS) was recorded with AUTOLAB for electron transfer resistance
(RCT) measurements.
3. Preparation of Magnetite Nanoparticles

Magnetite nanoparticles were prepared by co-precipitation of
Fe2+ and Fe3+ ions with ammonia. Ferric chloride and ferrous sulfate
(mole ratio 2 :1) were dissolved in water at a concentration of 0.3M
Fe ions by passing N2 gas for five minutes. Chemical precipitation
was achieved at 25 oC under vigorous stirring by adding 30 ml of
ammonium hydroxide solution (29.6%). During the reaction pro-
cess, the pH was maintained at about 10.5. Black precipitate of mag-
netite thus obtained was heated at 80 oC for 30 min and then sub-
jected to washing with deionized water and ethanol several times.
Finally, it was dried in a vacuum oven at 70 oC for about 3 hours.
4. Preparation of Chitosan

For the preparation of chitin, crab shells were collected from the
Nagapattinam coastal area. The shells were washed well with sea
water and again with fresh water and then powdered by crushing
in a mortar. About 50 g of powdered shell was taken in a 500 ml
beaker. 250 ml of 5% HCl was added to remove calcium carbon-
ate present in the shell. The mixture was allowed to stand for about
2 hours. It was then 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 shell. The mixture
was then allowed to stand for about 3 hours and filtered through
muslin cloth to get chitin. 2 g of this chitin was added to 60% anhy-
drous ZnCl2 and heated in a boiling water bath for 30 minutes.
The mixture was dissolved in dilute acetic acid. It was then fil-
tered to remove the unreacted chitin and other impurities. Chi-
tosan was precipitated from the filtrate using 20% NaOH solution,
filtered and then air dried.
5. Preparation of Magnetite-chitosan (3 : 1) Composite Con-
taining 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 30min. CPE containing chitosan (0.1g)-magnetite (0.3g)
nanocomposite (1 : 3) was prepared in the similar procedure (ini-
tially, the CH solution was prepared by dissolving CH in acetate
buffer (0.05 M, pH 4.2) solution, a calculated amount of magne-
tite nanoparticles was dispersed in the CH solution by stirring at
room temperature, and finally, a highly viscous solution of CH with
uniformly dispersed magnetite nanoparticle was obtained). Then
magnetite-chitosan composite and paraffin oil were mixed for 1min,
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. Electrical contact was estab-
lished through a copper wire. The electrode surface was smoothed
on a weighing paper before starting every new experiment.

RESULTS AND DISCUSSION

1. Characterization of Magnetite Nanoparticles, Chitosan and
Magnetite-chitosan Composite Carbon Paste Modified Elec-
trode

Formation of magnetite nanoparticles and chitosan was con-
firmed by XRD pattern [23,24] and shown in Fig. 1. The average
particle size was calculated with Scherrer formula and found to be
52 nm. FT-IR spectrum of magnetite nanoparticles exhibited peak
in the frequency region 586 cm−1. The peak at about 3,400 cm−1 is
attributed to the presence of -OH group. FT-IR spectrum of chitosan
shows a band of 1,596 cm−1 for N-H bending vibration and a peak
of 1,384 cm−1 for C-O stretching of primary alcoholic group [25].

The bare and modified carbon paste electrode surfaces were
characterized by XRD, FT-IR and SEM techniques. Fig. 2 depicts
the XRD patterns of bare electrode, modified electrode of chitosan,
magnetite and magnetite-chitosan composite. The magnetite and
chitosan were present in the modified carbon matrix. This is evinced
by comparing the XRD pattern obtained for the composite with
the standard JCPDS 89-6466 data for magnetite and the standard
JCPDS 008-0415 data for carbon.

The FT-IR spectrum of carbon paste electrode containing mag-
netite nanoparticles confirmed the presence of magnetite with a
peak at 586 cm−1 (Fig. 3(a)). The FT-IR spectrum of carbon paste

Fig. 1. XRD of (a) magnetite nanoparticles, (b) chitosan.
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electrode containing chitosan (Fig. 3(b)) displayed bands at 3,200-
3,400 cm−1 due to the stretching mode of -OH and -NH2 groups,
peak at 1,746 cm−1 for C-O stretching (C=O in carboxylic acid),
peak at 1,650cm−1 for amide group (C-O stretching along with N-H
deformation mode), peak at 1,625 cm−1 represents the C=C stretch-
ing mode and peak at 1,560cm−1 for NH2 group due to N-H defor-
mation [26-34]. The FT-IR spectrum of carbon paste electrode
containing magnetite-chitosan composite (Fig. 3(c)) exhibited char-
acteristic bands of the functional group corresponding to pure CH
and the magnetite nanoparticles. The bands corresponding to the
-NH and -OH stretching modes were shifted to lower wavenum-
ber in the spectrum of the magnetite-chitosan composite. This indi-
cates that amine group of CH is involved in the assembling of
magnetite nanoparticles.

Surface morphological studies of magnetite, chitosan, magnetite-
chitosan and magnetite-chitosan-GOX bioelectrode were investi-
gated by SEM analysis (Fig. 4). The images (a)-(c) clearly reveal

the changes in the morphology of the respective material content.
The image c of composite shows that magnetite nanoparticles are
uniformly embedded in the chitosan network.
2. Electrochemical Response Studies of Magnetite, Chitosan,
Magnetite-CH, Composite Carbon Paste Modified Electrode
2-1. Cyclic Voltammetry

The initial concentration of CH (0.1 g) and magnetite nanopar-
ticles (0.3 g) was made to prepare composite carbon paste electrode
system. Voltammetric analysis was carried out in potassium ferro-
cyanide (2.5 mM)+KCl (0.1 M) at 1 : 1 ratio solution at 50 mV/s.
The cyclic voltammograms of carbon paste electrode containing
blank, magnetite, chitosan, magnetite-chitosan, in potassium ferro-
cyanide (2.5 mM)+KCl (0.1 M) at 1 : 1 ratio are shown in Fig. 5(a)-
(d). In the presence of either blank or magnetite or chitosan or
magnetite-chitosan composite on the electrode surface, redox peak
was observed; the potential shifted to 0.21 V in magnetite-chitosan
composite compared to individual composite. In the presence of
magnetite nanoparticles incorporated into the CH matrix on the

Fig. 4. SEM images of carbon paste electrode containing (a) magnetite, (b) chitosan, (c) magnetite-CH composite.

Fig. 3. FT-IR spectra of carbon paste electrode containing (a) mag-
netite, (b) chitosan, (c) magnetite-CH composite.

Fig. 2. XRD of bare carbon paste electrode (a) and the electrode
containing chitosan (b), magnetite nanoparticles (c), magne-
tite-CH composite (d).
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electrode surface, a better redox peak was obtained. This may be
due to the interaction of magnetite nanoparticles with chitosan
that resulted in increased electron mobility at the electrode sur-
face. The reproducibility of this modified electrode was studied
and found to be satisfactory.

A voltammetric study was carried out with magnetite-CH car-
bon paste electrode as a function of scan rate varying from 10 to
300 mV/s (Fig. 6(a)). The variation of the peak current with scan

rate is shown in (Fig. 6(b)). The peak current increased directly
with the scan rate (with linear regression coefficient 0.994), indi-
cating improved electrocatalytic behavior. The slope value obtained
from log ip against log υ plot is above 0.5. Thus the redox reaction
is considered as adsorption controlled process.
2-2. Electrochemical Impedance Spectroscopy

Electrochemical impedance spectroscopy studies (EIS) of bare
carbon paste, magnetite, chitosan, magnetite-CH in carbon paste

Fig. 5. (a) Cyclic voltammograms of blank carbon paste electrode containing at 50 mV/s scan rate in Potassium ferrocyanide (2.5 mM)+KCl
(0.1 M)(1 : 1) ratio solution. (b) Cyclic voltammograms of Magnetite carbon paste electrode containing at 50 mV/s scan rate in Potas-
sium ferrocyanide (2.5 mM)+KCl(0.1 M)(1 : 1) ratio solution. (c) Cyclic voltammograms of Chitosan carbon paste electrode contain-
ing at 50 mV/s scan rate in Potassium ferrocyanide (2.5 mM)+KCl(0.1 M)(1 : 1) ratio solution. (d) Cyclic voltammograms of Magnetite-
Chitosan carbon paste electrode containing at 50 mV/s scan rate in Potassium ferrocyanide (2.5 mM)+KCl(0.1 M)(1 : 1) ratio solution.

Fig. 6. (a) Cyclic voltammograms of Magnetite-Chitosan carbon paste electrode containing various scan rate (10, 20, 30, 40, 50, 100, 200 &
300 mv/S in Potassium ferrocyanide (2.5 mM)+KCl(0.1 M)(1 : 1) ratio solution. (b) The plot of ip(µA) Vs υ(mV) in Potassium ferrocy-
anide (2.5 mM)+KCl(0.1 M)(1 : 1) ratio solution. Variation of the peak current with scan rate.
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electrodes were investigated in potassium ferrocyanide (2.5 mM)/
KCl (0.1 M) at 1 : 1 ratio in the frequency range 0.01-105 Hz. In
the EIS, the semicircle part corresponds to the electron transfer
limited process; its diameter is equal to the electron transfer resis-
tance, RCT, which controls the electron transfer kinetics of the redox
probe at the electrode interface. Fig. 7(a)-(d) presents the Nyquist
plots of the impedance spectroscopy of the bare, magnetite, chi-
tosan, magnetite-CH in carbon paste, respectively. Only a depressed
semicircle is observed for bare CPE, indicating a rather slow elec-
tron-transfer rate between the couple of potassium ferrocyanide
(2.5 mM)\KCl(0.1 M)(1 : 1) and the electrode surface. However, the

Nyquist plot of potassium ferrocyanide (2.5 mM)/KCl(0.1 M)(1 : 1)
on the magnetite, chitosan CPE was quite different, which is formed
of a semicircle followed by a straight line at high frequency range.
The magnetite-CH composite greatly enhanced the electron-trans-
fer rate of potassium ferrocyanide (2.5 mM)\KCl(0.1 M)(1 : 1) and
the conductivity of the modified electrode. The results are similar
to the electrochemical behavior of potassium ferrocyanide (2.5mM)\
KCl(0.1 M)(1 : 1) by CVs.
2-3. Surface Parameter Study of Magnetite-CH in Carbon Paste
Electrode

The surface parameters like surface coverage (τ), Diffusion coef-

Fig. 7. (a) Electrochemical impedance spectra of Bare carbon paste electrode. (b) Electrochemical impedance spectra of carbon paste elec-
trode containing magnetite. (c) Electrochemical impedance spectra of carbon paste electrode containing chitosan. (d) Electrochemical
impedance spectra of carbon paste electrode containing magnetite-CH composite.

Fig. 8. The plot of (a) iP(µA) Vs υ1/2(mv), (b) Ep (V) Vs log u1/2.
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ficient (Do), nd rate constant for electron transfer process using
magnetite-CH carbon paste modified electrode were studied exten-
sively. The surface coverage was calculated using the formula [35]
is 0.8450×10−5 mol−1cm−2, since the area of the electrode is 0.196
cm2. The plot of ip against υ1/2 (ip=24.28 υ1/2, r2=0.95) gives the
value of D0 as 2.356×10−1 cm2s−1 (Fig. 8(a)). The rate constant for
the electron transfer process was calculated using Ep against log υ1/2

plot (Fig. 8(b)) (Ep=0.110 logυ1/2+0.129, r2=0.936) and the value
arrived at was ks=2.3 s−1. These results suggest that magnetite-CH
in carbon paste electrode provides fast electron transfer between
the redox center of the surface of electrode.

CONCLUSION

Magnetite-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 spec-
troscopy. The results of cyclic voltammetric and EIS studies indi-
cated better electron transfer of magnetite-CH composite (3 : 1)
carbon paste modified electrodes compared to bare, magnetite,
chitosan composite electrodes. This type of electrode can be used
for binding studies and biomedical applications.
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