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a b s t r a c t

This work reports the advantages of incorporating a metal as common as iron in a carbon paste elec-
trode containing glucose oxidase to develop highly selective, stable and sensitive amperometric glucose
biosensors. The excellent catalytic activity of iron nanoparticles towards the reduction of hydrogen per-
oxide has made possible the quantification of glucose at very low potentials (−0.100 V) avoiding, in this
way, the interference of easily oxidizable compounds like ascorbic acid and uric acid without needing
of redox mediators or permselective membranes. Linear relationship between current and glucose con-
centration was obtained up to 0.020 M (3.6 g/L), with a detection limit of 0.2 mM, no interference of AA
and UA, and very good correlation with the spectrophotometric methods when determining glucose in
human blood serum.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Glucose biosensing is very important for early diagnostic and
management of diabetes, pathology widely distributed around
the world, with estimations of 300 million sufferers by 2045 [1].
Amperometric biosensors based on the use of glucose oxidase
(GOx) as biorecognition element have demonstrated to be highly
successful [2–5]. GOx catalyzes the oxidation of glucose to glucono-
lactone in the presence of oxygen, which is converted into hydrogen
peroxide during the regeneration cycle.

Carbon transducers containing GOx and metals that catalyze the
oxidation/reduction of hydrogen peroxide have received consider-
able attention in the last 20 years. Ir [6–8], Ru [9,10], Rh [11,12],
Cu [13], Au [14], mixtures of metals [15,16], metal oxides [17–21],
perovskites [22], and magnetite electrochemically synthesized [23]
as well as Prussian blue [24] have demonstrated to be highly suc-
cessful for this task.

In this work we present for the first time the advantages of incor-
porating iron nanoparticles in carbon paste electrodes containing
GOx for the highly selective and sensitive glucose biosensing based
on the catalytic activity of iron towards hydrogen peroxide reduc-
tion. To the best of our knowledge, the use of this common metal
for developing oxidases-based biosensors has not been reported.
Just few works mentioned the catalytic activity of iron towards
hydrogen peroxide reduction when discussing the effect of carbon
nanotubes oxidation [25,26].

∗ Corresponding author. Tel.: +54 351 4334169/80; fax: +54 351 4334188.
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2. Experimental

2.1. Reagents

Hydrogen peroxide (30%, v/v aqueous solution) was purchased
from Baker. Uric acid (UA) and glucose were from Merck and ascor-
bic acid (AA) was from Fluka. Glucose oxidase (GOx) (Type X-S,
Aspergillus niger, EC 1.1.3.4, 157,500 Units per gram of solid, Cat-
alog number G-7141) was obtained from Sigma. Graphite powder
was purchased from Fisher (grade 38). The mineral oil, FeSO4·7H2O
and sodium carbonate were acquired from Aldrich. Other chemicals
were reagent grade and used without further purification.

Ultrapure water (� = 18 M� cm) from a Millipore-MilliQ system
was used for preparing all the solutions. A 0.050 M phosphate buffer
solution pH 7.40 was employed as supporting electrolyte.

Acicular Fe nanoparticles were obtained from thermal reduc-
tion of acicular goethite (�-FeOOH). Goethithe nanoparticles were
obtained by mixing aqueous solutions of FeSO4 (0.60 M) and
Na2CO3 (0.90 M), followed by oxidation at 40 ◦C for 6 h by bubbling
air at a constant flow rate of 2 dm3/min. The precipitates were then
cooled, washed several times with deionized water and dried at
50 ◦C. The powders were dehydroxylated in the presence of N2 for
4 h at 500 ◦C and the resulting hematite particles were thermally
reduced with hydrogen at 400 ◦C [27].

2.2. Apparatus

The electrochemical measurements were performed with
TEQ 02 and BAS CV-37 potentiostats. A platinum wire and Ag/AgCl,
3 M KCl were used as counter and reference electrodes, respec-
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tively. All potentials are referred to the latter. A magnetic stirrer
provided the convective transport during the amperometric
measurements.

Carbon paste electrode (CPE) containing iron was prepared by
mixing first the iron nanoparticles with mineral oil for 10 min in an
agate mortar, followed by the incorporation of the graphite pow-
der and mixing for additional 30 min. In the case of the enzymatic
electrode, GOx and iron nanoparticles were first mixed with the
mineral oil for 10 min before incorporating the graphite powder. A
portion of the given paste was packed firmly into a Teflon tube cav-
ity (3 mm diameter). The electric contact was established through
a stainless steel screw. The surface was smoothed onto a weighing
paper before starting every new experiment.

Iron nanoparticles were observed using transmission electronic
microscopy (TEM) model JEOL 2000 FXII (200 kV) with a microanal-
yse X-EDS.

2.3. Procedure

Amperometric measurements were conducted in a stirred
0.050 M phosphate buffer solution pH 7.40 by applying the desired
working potential and allowing the transient currents to decay to
a steady-state value prior to the addition of the analyte and sub-
sequent current monitoring. All measurements were performed at
room temperature.

3. Results and discussion

Fig. 1 illustrates a TEM image of iron nanoparticles. They con-
sisted of acicular iron with an average size of 100 nm with a
polydispersity degree of 25% and an axial ratio of 5 with a poly-
dispersity degree of 23%.

Fig. 2 displays hydrodynamic voltammograms for 0.050 M
hydrogen peroxide obtained at CPE (empty circles) and at CPE
containing 5.0% w/w of iron nanoparticles (CPE-Fe (5.0% w/w)
full circles). In the presence of iron, the reduction of hydrogen
peroxide at CPE-Fe starts at 0.100 V. At −0.100 V, the current

Fig. 1. TEM image of iron acicular nanoparticles.

Fig. 2. Hydrodynamic voltammograms for 0.050 M hydrogen peroxide at bare car-
bon paste electrode (CPE) (empty circles) and at carbon paste electrode modified
with 5.0% w/w iron nanoparticles (full circles). The inset shows the hydrody-
namic voltammograms in a more restricted potential range. Supporting electrolyte:
0.050 M phosphate buffer solution pH 7.40.

enhances in a factor of 17.7 (compared to CPE), indicating that iron
nanoparticles have a strong catalytic activity towards the reduc-
tion of hydrogen peroxide. A less pronounced catalytic effect is
observed on the hydrogen peroxide oxidation. Similarly to the
behavior of CPE modified with iron oxides [28], the iron would

Fig. 3. (A) Amperometric recordings for additions of 5.0 × 10−3 M glucose solution
using a CPE containing 5.0% w/w iron nanoparticles and 5.0% w/w GOx. (B) Calibra-
tion plots obtained from amperometric recordings shown in (A). The inset shows
a calibration plot for lower of glucose concentrations range. Working potential:
−0.100 V. Supporting electrolyte: 0.050 M phosphate buffer solution pH 7.40.
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Fig. 4. Current–time profiles performed at Fe(5.0%, w/w)-GOx(5.0%, w/w)-CPE for
successive additions of (A) 2.5 × 10−5 M AA and (B) 1.0 × 10−4 UA followed by one
addition of 5.0 × 10−3 M glucose. Other conditions as in Fig. 3.

be oxidized by hydrogen peroxide to Fe(III) which at the working
potential is easily reduced giving place to the catalytic reduction
current.

Fig. 3(A) shows the current–time recordings obtained at
−0.100 V for successive additions of 5.0 × 10−3 M glucose using
CPE-Fe(5.0%, w/w)-GOx(5.0%, w/w). A well-defined response is
observed for each glucose addition. A linear relationship between
current and glucose concentration is obtained up to 2.0 × 10−2 M
glucose (Fig. 3(B)). The inset of Fig. 3(B) shows a calibration plot for
smaller glucose concentrations. The average sensitivity obtained at
−0.100 V was (8.8 ± 0.5) �A M−1 and the detection limit, 0.2 mM.

Fig. 4 displays amperometric recordings at −0.100 V obtained
after four successive additions of 2.5 × 10−5 M ascorbic acid (AA)
(A) or five additions of 1.0 × 10−4 M uric acid (UA) (B) followed by
one addition of 5.0 × 10−3 M glucose. No interference was observed
even for the maximum physiological concentrations of AA and UA
found in human blood serum clearly evidencing the advantages of
the proposed biosensor not only to obtain high sensitivity but also
excellent selectivity.

The bioelectrode was challenged with blood human serum
samples (Standatrol S-E-2, Wiener Lab.) with elevated values of
different bioanalytes usually present in blood. The glucose con-
centration obtained after 6 determinations of serum samples was
(1.8 ± 0.3) × 10−2 M, with a 12.5% error compared to the value
obtained by the spectrophotometric method (1.6 × 10−2 M). These
results indicate that our methodology can be used to determine

glucose in samples as complex as human serum even with elevated
concentrations of typical interferents.

The % R.S.D. for the sensitivities obtained from 10 successive
calibrations plots performed with the same CPE-Fe-GOx surface
was 10.9% evidencing an excellent short-term stability. The repro-
ducibility for the same CPE-Fe-GOx composite and six different
surfaces was 6.4%. After 140 days, the sensitivity remained in a
91% of the original value for the electrode stored at 4 ◦C or at room
temperature (25 ◦C).

4. Conclusions

This work reports for the first time an amperometric glucose
biosensor based on the excellent catalytic activity of iron nanopar-
ticles towards the reduction of hydrogen peroxide. The biosensor
allows working at low potentials, with excellent selectivity with-
out need of redox mediators or polymeric membranes. Compared
to other metallized electrodes, this one presents several advantages
like wider dynamic linear range (compared to Ir [6,7], Cu [8], and
Au [14] based biosensors); preferential catalytic activity towards
hydrogen peroxide (compared to Cu [8], Pt [16], Pd [16]); compa-
rable or even better long-term stability than others. A secondary,
but not less important advantage is that iron offers the possibility
to develop cheaper sensors compared to Ir-, Rh-, Pd- or Au-based
sensors.

In summary, this interesting approach has allowed us to develop
a robust and highly stable, sensitive and selective biosensor able
to detect glucose not only in pure solutions but also in complex
matrices like human serum, and represents a highly promis-
ing alternative for further developments of other oxidases-based
biosensors.
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