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ABSTRACT: Electrocatalytic activity of supported FePt alloy
nanoparticles (NPs) with diﬀerent compositions (Fe25Pt75, Fe30Pt70,
Fe35Pt65) for the electro-oxidation of vitamin C is investigated. These
spherical FePt NPs with nanocrystallite size of 7−9 nm are found to
consist of a nanoalloy core with a more Pt-rich shell. The FePt alloy
NPs are superior catalysts than Pt NPs for vitamin C electrooxidation, with a linear concentration range of 0.01−1 mM, a high
sensitivity of 4.347 mA cm−2 mM−1, and a low detection limit of 0.1
μM (S/N = 3). By eﬀectively reducing the overpotential for the
electro-oxidation, these alloy NPs are signiﬁcantly more selective to
the detection of vitamin C against other common interference species,
including dopamine, citric acid, uric acid, glucose, and NaCl.
Enhancement in sensor performance can be attributed to the increase
in surface area due to reduction of nanocrystallite size and to modiﬁcation in the Pt electronic structure as a result of
nanoalloying. These are supported by the X-ray diﬀraction data and binding energy shifts as observed by X-ray photoelectron
spectroscopy, respectively. Alloying therefore represents a powerful approach to introduce synergetic properties for new
biosensor applications.
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high sensitivity, simple-to-use and easy-to-miniaturize instrumentation, and compatibility with in vivo detection.5,15,16
In the electrochemical methods, AA is oxidized on bare
electrodes (e.g., Pt, Au, or C), and the extent of electrooxidation can be characterized by measuring the anodic current
at the appropriate oxidation potential. However, direct electrooxidation of AA on bare electrodes is irreversible, and it usually
requires a high overpotential, which could result in electrode
fouling. Furthermore, electroactive species, such as dopamine,
uric acid, and glucose, are found to have oxidation potentials
rather close to that of AA. As these species often coexist with
AA, they introduce interference signals that cannot be easily
separated.16 To improve the selectivity of electrochemical
sensors, it has been proposed that the oxidation potential of AA
should be lowered by modifying the electrode with catalysts.
Screening suitable catalysts with both high activity and
selectivity is therefore not only of scientiﬁc signiﬁcance but
also beneﬁcial to the aforementioned practical applications.
Because metallic nanoparticles (NPs), especially noble metal
NPs, provide a high electrochemically active surface area, they
are ideal catalysts for analytes that have sluggish redox
processes.17,18 They can also act as the active component for
eﬀectively accelerating the electron transfer between the
electrode and the analyte, which leads to a rapid current
response and a reduced overpotential for the electrochemical
reactions.19−21 For AA detection, there are only a few studies

-ascorbic acid (AA) or vitamin C is a powerful antioxidant
present in food and beverages and is often used as a
chemical marker for evaluating food deterioration, product
quality, and freshness.1,2 Furthermore, AA can help to promote
healthy cell development, iron absorption, and normal tissue
growth, which play signiﬁcant roles in proper functioning of
human metabolism and central nervous and renal systems.3,4
However, overdose of AA can cause chemical conversion into
oxalate, which contributes to a rise in the oxalate level of urine
and results in the development of kidney stones in the long
term.5,6 Precise quantitation of AA is therefore of great
importance to the food industry and human health. Several
methods, including ﬂuorometry and ﬂow injection analysis,7−10
spectrophotometry, and chromatography,11−13 have been
employed to detect and quantify AA in food, biological ﬂuids,
and pharmaceutical products. However, some of these methods
are time-consuming, costly, or in need of specially trained
operators. The UV spectrophotometric methods suﬀer from
the interference from almost all kinds of organic compounds
due to their absorption in the UV region of interest. On the
other hand, visible spectrophotometric methods based on the
oxidation of AA with a chromogenic redox reagent are aﬀected
by simultaneous oxidation of other phenolic antioxidants.14
Furthermore, some of the aforementioned methods are based
on the reduction properties of AA, and they are also prone to
interferences by other coexisting chemicals with similar
reduction properties.15 Among these methods, the electrochemical methods have attracted much attention because of
their numerous advantages, including rapid response, low cost,
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on using noble metal ﬁlms or nanostructures, including
electrodes modiﬁed by Au22−24 or Pd15,19,25 nanostructures to
obtain a more rapid response and to increase selectivity by
lowering the oxidation potential of AA. However, these
methods have multiple steps, and most have low sensitivity
and a short linear range of detection.
Of the noble metal catalysts, Pt NPs have been extensively
used in enhancement of electrochemical sensing of a variety of
biomolecules,26 including glucose,27,28 DNA,29 and cholestrol.30
Numerous eﬀorts have been devoted to the optimization of the
existing Pt NP catalysts and to the design of new lower-cost
catalysts with minimal Pt content by incorporating other metal
components.31−33 To date, these studies have focused primarily
on fuel-cell applications31,34,35 and none on biosensing. Of the
Pt NP catalysts used for fuel-cell applications, the best eﬃciency
has been obtained with a Pt content above 60% while
noticeably poorer performance is found with a Pt content
below 25%. Here, we electrochemically deposit FePt alloy NPs
of diﬀerent Pt content directly on the surface of the electrode,
and we investigate the performance enhancement relative to Pt
NPs. By keeping the Pt content near the optimal value found
for catalyst applications (60−80%), we not only introduce
synergistic properties due to the modiﬁcation to the Pt
electronic structures in this alloy NP system but also reduce
material cost by employing Fe as the second metal. Our results
show signiﬁcant improvements in the sensitivity, detection
limit, and range of linear response, higher signal-to-noise
performance in neutral pH operating environment, and greatly
enhanced selectivity to interference species including dopamine, uric acid, citric acid, glucose, and NaCl. This simple
synthetic approach to producing bimetallic alloys can be
extended to other binary metallic systems as new materials for
biosensing.

compositions determined by transmission electron microscopy
(TEM) in a Zeiss Libra 200MC TEM system operating at 200
kV. Chemical-state compositions of the NPs were analyzed by
X-ray photoelectron spectroscopy (XPS) in a Thermo-VG
Scientiﬁc ESCALab 250 microprobe with a monochromatic Al
Kα X-ray source (1486.6 eV), operated with a typical energy
resolution of 0.4−0.5 full width at half-maximum.
2.3. Single-Step Electrode Preparation of Pt and FePt
NPs and Electrochemical Sensing. FePt alloy NPs with
diﬀerent compositions were prepared by potentiostatic
amperometry on a Si substrate in a deoxygenated electrolyte
containing 1 mM H2PtCl4 and 200 mM boric acid and diﬀerent
concentrations of FeCl2. In order to obtain a homogeneous,
uniform NP deposition for a particular FePt alloy composition
on the H-terminated Si(100) substrate, we varied the
deposition potential from −0.8 to −1.6 V (vs Ag/AgCl).
Between −0.8 and −1.0 V, the resulting NPs consisted of only
Pt and no Fe. At −1.1 and −1.2 V, NPs with the desired alloy
composition were obtained with a uniform coverage. For
potential more negative than −1.2 V, the coverage was found to
be less uniform, and at −1.4 V, a black precipitate began to
appear in the solution. We have therefore chosen an applied
potential of −1.1 V (vs Ag/AgCl) as the deposition potential
for preparing the FePt alloy NPs.
For the purpose of comparison, Pt NPs and Fe NPs were
prepared using the same conditions in the same electrolyte
without FeCl2 and H2PtCl6, respectively. After the deposition,
the samples were washed by ﬁltered deionized water (18 MΩ
cm) and stored in a N2 atmosphere at room temperature until
use. This method has the advantage of producing NPs with a
uniform spatial distribution without agglomeration, which
therefore provides the maximal exposed surface for electrocatalysis without any additional step. For electrochemical
sensing using the as-prepared NP-coated electrode, cyclic
voltammetry was carried out in quiescent solutions of
biomolecular analyte in a PBS solution at a scan rate of 50
mV s −1 . Magnetic stirring was used throughout the
amperometric measurements where sample injections were
performed after stabilization of the baseline unless stated
otherwise. The electrode was vigorously rinsed with deionized
water after each measurement.

2. EXPERIMENTAL DETAILS
2.1. Materials. The chemicals (all analytical grade) for the
electrodeposition experiments (FeCl2, H2PtCl6, and H3BO3)
and for the sensing experiments (ascorbic acid, dopamine, uric
acid, citric acid, glucose, and NaCl) were purchased from
Sigma-Aldrich and used as received unless stated otherwise.
The phosphate buﬀer saline solution (PBS, 0.1 M Na2HPO4−
NaH2PO4−KCl, pH 7.2) was prepared from a PBS tablet
(Sigma). One-side polished Si(100) wafers (p-type, B-doped,
with a resistivity of 0.01−0.02 Ω·cm) were purchased from
Siegert Wafer GmbH and used as substrates.
2.2. Apparatus. All electrochemical experiments were
performed in a three-electrode cell workstation (CH Instruments 660A). The Si chips (15 × 2.5 mm2, 0.4 mm thick,
precut from the Si(100) wafer) were cleaned using the RCA
method36 and H-terminated by dipping in an aqueous HF (2%)
solution, and they were used as the working electrode for both
FePt deposition and sensor application. The as-prepared
electrode was dried and stored in a N2 atmosphere at room
temperature when not in use. A standard Ag/AgCl electrode
and a Pt wire were used as the reference and counter
electrodes, respectively.
The surface morphology of the NPs was characterized by
ﬁeld-emission scanning electron microscopy (SEM) in a Zeiss
Ultra Plus microscope. Crystal structures were determined by
glancing-incidence X-ray diﬀraction (GIXRD) in a PANalytical
X’Pert Pro MRD diﬀractometer with Cu Kα (1.542 Å)
radiation at an incidence angle of 0.5°. These data are
correlated with the local nanostructures and elemental

3. RESULTS AND DISCUSSION
3.1. Characterization of FePt NPs. Three diﬀerent sets of
FePt alloy NPs are prepared by electrodeposition for 60 s in 1
mM H2PtCl4 and FeCl2 with three diﬀerent concentrations (1,
5, and 10 mM). The SEM images shown in Figure 1 reveal
spherical NPs with average sizes of 97, 102, and 107 nm,
respectively, while EDX analysis shows Fe25Pt75, Fe30Pt70, and
Fe35Pt65 as their respective compositions. These FePt alloy NPs
all appear to have a rough surface, and they consist of grains of
a few nanometers in size. Changing the deposition time from 3
to 60 s produces FePt NPs with average NP size from 10 to 100
nm, with the corresponding surface coverage increasing from 5
to 40%. The GlXRD patterns for all three samples show typical
face-centered cubic (fcc) patterns of FePt alloy without any
observed features corresponding to segregated Fe bodycentered cubic (bcc) or Pt fcc phase. The GIXRD pattern for
Fe25Pt75 NPs, shown in Figure 1, reveals small shifts in the
peaks to a higher angle relative to Pt fcc. For the most intense
(111) peak, the observed 0.5° shift indicates a 1.0% contraction
in the fcc lattice of the Fe25Pt75 alloy NPs (from 3.911 Å for Pt
fcc lattice) due to the substitution of Pt atoms with Fe atoms in
5975
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Figure 2. (a) Cyclic voltammograms of a bare Si electrode and
electrodes electrodeposited with pristine Fe nanoparticles (NPs),
pristine Pt NPs, and Fe30Pt70 alloy NPs, all in a 10 mM PBS solution
without and with 1 mM ascorbic acid (AA). (b) Cyclic voltammograms of Si electrode, electrodes with Fe NPs, Pt NPs, and Fe25Pt75,
Fe30Pt70, and Fe35Pt65 alloy NPs in a 10 mM PBS solution with 1 mM
ascorbic acid (AA). Scan rate is 50 mV s−1.

Figure 1. Top panel: SEM images of FePt alloy NPs with three
diﬀerent compositions, Fe25Pt75, Fe30Pt70, and Fe35Pt65, obtained from
amperometry at −1.1 V vs Ag/AgCl for 60 s deposition (scale bars
show 200 nm). Middle panel: Comparison of the GIXRD pattern of
Fe25Pt75 alloy NPs with the reference patterns for Fe bcc (PDF2 01085-1410) and Pt fcc (PDF2 004-0802), with the shift in the (111)
peaks for Fe25Pt75, Fe30Pt70, and Fe35Pt65 NPs shown in the inset
(bottom to top). Bottom panel: Bright-ﬁeld (BF) STEM image of a
typical Fe25Pt75 NP and its corresponding Fe and Pt EDX elemental
maps and line scans along the NP (from the surface through the NP).

electrode, the anodic peak observed at +0.54 V is attributed to
the electro-oxidation of AA. Figure 2b compares the CV curves
obtained in the solution of 10 mM PBS and 1 mM AA for all
electrodes including those of FePt NPs with diﬀerent
compositions. The highest anodic peak current density (at
+0.54 V) is found for the Fe30Pt70 NP electrode, with the
anodic response following the order: Fe30Pt70 > Fe25Pt75 >
Fe35Pt65 > Pt > Fe. Given that the Fe30Pt70 NP electrode
provides the best electrocatalytic performance among the alloy
and pristine NPs studied in the present work, all the subsequent
tests are performed using this electrode.
In order to investigate the variation of the anodic peak
current (measured at +0.54 V) with increasing AA concentration, we perform CV measurements of the Fe30Pt70 NP
electrode in PBS solutions with increasing AA concentrations at
a ﬁxed sweep rate (50 mV s−1), and the result is shown in
Figure 3a. The anodic peak current density, J, is found to
depend linearly on the AA concentration, C, in the range of
0.01 and 1 mM with a regression relation of J (mA cm−2) =
0.33766 × C (mM) + 0.04538 (with a correlation coeﬃcient of
0.9974). Furthermore, potentiostatic amperometry of the
Fe30Pt70 NP electrode in PBS solutions is conducted in low
AA concentrations (0.01−0.3 mM). Figure 3b shows the
amperometry response of the Fe30Pt70 NP electrode at +0.5 V
to successive addition of ﬁve aliquots of 5, 10, and 20 μL of 50
mM AA to a 10 mM PBS solution. After each injection, the
solution is gently stirred for 1 min before the current
measurement, during which the solution is kept quiescent.
Evidently, successive addition of AA aliquots results in stepwise
increase of anodic current. As expected, we also obtain a good

the cubic lattice. Similar shifts in the (111) peak by diﬀerent
amounts have also been observed for the Fe30Pt70 and Fe35Pt65
alloy NPs (Figure 1, inset), which indicates a respective lattice
contraction of 1.2 and 1.5%. Using the widths of the respective
(111) peak, we estimate the grain size to be 7, 7, and 9 nm for
Fe25Pt75, Fe30Pt70, and Fe35Pt65 NPs, respectively, by the
Scherrer analysis. Figure 1 also shows the STEM image of a
typical Fe25Pt75 NP and its corresponding Fe and Pt elemental
maps obtained by EDX analysis. The uniform distributions of
both Fe and Pt elements in the elemental maps of the NP show
mixed alloy NP formation, with a self-organized Pt-enriched
region on the surface as indicated by the line scans throughout
the NP.
3.2. Sensor Properties. To investigate the role of alloying
in the electrocatalytic activities of FePt alloy NPs, we study the
electro-oxidation of AA by cyclic voltammetry (CV) and
potentiostatic amperometry. Figure 2a shows the CV curves
acquired at a sweep rate of 50 mV s−1 in a solution of 10 mM
PBS with and without 1 mM AA using the bare Si electrode and
electrodes electrodeposited with pristine Fe NPs, pristine Pt
NPs, and Fe30Pt70 alloy NPs. Evidently, the bare Si electrode
and Fe NP electrode do not exhibit any current response in the
presence of AA. On the other hand, the Pt NP electrode shows
a discernibly stronger anodic response to the presence of AA
than the Fe NP electrode but a much weaker response when
compared to the alloy NP electrode. For the alloy NP
5976
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Figure 4. (a) Amperometry of Fe30Pt70 NPs and Pt NPs at an applied
potential of 0 V (vs Ag/AgCl) by successive additions of 1 mM
ascorbic acid (AA), dopamine (DA), citric acid (CA), uric acid (UA),
glucose (G), and NaCl to 10 mM PBS to obtain a ﬁnal concentration
of 20 μM for all species. (b) Corresponding relative current responses
normalized to the AA current response.

AA current responses. Evidently, all ﬁve species introduce
current responses comparable to that of AA for Pt NPs, with
the following order: DA > CA > UA > NaCl > G. In contrast,
UA, G, and NaCl do not show any response for Fe30Pt70 NPs,
while DA and CA only exhibit relatively weak signals (less than
15% that of AA signal). The present result therefore shows that
Fe30Pt70 NPs are much more selective than Pt NPs as an AA
sensor material.
3.4. Sensor Optimization. In order to obtain the best
sensor performance, we increase the electroactive surface area
of the electrode. This can be achieved by optimizing the NP
loading onto the substrate by tuning the deposition time (to
obtain the maximum NP number density) and/or increasing
the surface area of the substrate (from ﬂat Si(100) to Si
nanowires). Of the FePt alloy NPs studied in the present work,
the best current response to AA detection is obtained by
Fe30Pt70 alloy NPs, following the order: Fe30Pt70 > Fe25Pt75 >
Fe35Pt65. Using the electrolyte solution for producing the
Fe30Pt70 alloy NPs at the optimized deposition potential (−1.1
V vs Ag/AgCl), we vary the deposition time from 3 to 600 s.
Increasing deposition time leads to larger NPs with a higher
number density (i.e., a larger surface coverage), thereby
increasing the electroactive area, until a monolayer ﬁlm of
NPs is eventually reached at 600 s. The current response to 1
mM AA increases with increasing surface coverage and reaches
a maximum at the 300 s deposition time (not shown). Further
increase in the deposition time causes the merging of the NPs
into a ﬁlm and reducing the electroactive surface, which leads to
gradual decrease in the current response. To increase the Si
surface area for depositing the NPs, we prepare Si nanowires by
chemical etching of the Si(100) substrate in a 5 M HF and 0.02
M AgNO3 solution at room temperature for 10 min and
followed by dipping in a HNO3/H2O (3:1) solution for 30 min
(to remove the Ag deposits).37,38 Figure 5a shows a typical
morphology of the resulting Si nanowires, with signiﬁcantly
increased surface areas than the ﬂat Si(100) surface. We then
deposit Fe30Pt70 alloy NPs at −1.1 V (vs Ag/AgCl) for 300 s on
the Si nanowires. Evidently, these alloy NPs appear to cover at
least the top halves of the nanowires, as shown in Figure 5b,
leading to signiﬁcant increase in the NP loading on the
substrate. Using the Si nanowires loaded with Fe30Pt70 NPs as

Figure 3. (a) Cyclic voltammetry of the Fe30Pt70 NP electrode (with a
scan rate of 50 mV s−1) in the absence and presence of diﬀerent
ascorbic acid (AA) concentrations in a 10 mM PBS solution. (b)
Corresponding amperometric response to successive addition of ﬁve
aliquots of 5, 10, and 20 μL of a stock solution of 50 mM AA to a 10
mM PBS solution. The linear relationships between the peak current
density at 0.5 V and the concentration over diﬀerent concentration
ranges are shown in the respective insets.

linear relationship of current response to the concentration in
the low concentration regime (Figure 3b, inset).
3.3. Interference Study. Coexistence of biomolecules such
as dopamine, citric acid, uric acid, and glucose introduces
serious interference to the electrochemical detection of AA,
which hinders the practical application of the biosensor. In
order to minimize the common interference signals, we employ
in the present work metallic nanostructures as the catalysts in
order to reduce the overpotential of AA oxidation. The current
responses of Fe30Pt70 NPs to successive additions of AA are
investigated using diﬀerent applied potentials from 0 to 0.6 V
(not shown), and the best potential (that gives the largest
current response) is found to be +0.5 V (vs Ag/AgCl).
However, at this potential, the common electroactive species
such as dopamine and citric acid also exhibit sizable current
signal similar to that for AA, indicating strong interferences
toward AA determination from these biomolecules. At 30% of
the value found at +0.5 V, a good current response is also
obtained for AA at 0 V (vs Ag/AgCl). Amperometric responses
of Fe30Pt70 NPs recorded at 0 V to successive additions of equal
aliquots of AA and other biomolecules, including dopamine
(DA), citric acid (CA), uric acid (UA), glucose (G), and NaCl,
all with the same concentration of 20 μM, are compared with
those of Pt NPs in Figure 4a. Stirring has been applied after
each aliquot injection to obtain a homogeneous concentration.
Both Fe30Pt0 NPs and Pt NPs show a notable current response
to the addition of AA, with the response for Fe30Pt0 NPs being
3 times that for Pt NPs. Figure 4b summarizes the relative
responses of both Fe30Pt0 NPs and Pt NPs to the additions of
AA, DA, CA, UA, G, and NaCl, all normalized to the respective
5977

dx.doi.org/10.1021/ac400785h | Anal. Chem. 2013, 85, 5974−5980

Analytical Chemistry

Article

μA cm−2 mM−1),15 and Pd nanowires (166.5 μA cm−2
mM−1).19
3.5. Electro-oxidation Model. To verify the relative nearsurface composition of the FePt alloy NPs, we also analyze their
chemical-state compositions by XPS after brief (20 s) Ar
sputtering of the respective NP samples (to remove the
carbonaceous layer due to ambient handling in air). Figure 6a

Figure 5. SEM images of Si nanowires (a) before and (b) after
Fe30Pt70 NPs deposition, and (c) amperometry response of Fe30Pt70
NPs/Si nanowire electrodes in solutions with diﬀerent AA
concentrations (C) at an applied potential of 0 V (vs Ag/AgCl).
Inset shows the linear relationship of the steady-state current density
to the concentration.
Figure 6. (a) XPS spectra of the Fe 2p and Pt 4f regions for pristine
Fe, pristine Pt, and the Fe25Pt75, Fe30Pt70, and Fe35Pt65 NPs, and (b)
schematic model of AA electro-oxidation on the FePt NP surface.

the electrode, we observe over 5-fold increase in the current
response, compared that found for the ﬂat Si electrode.
Furthermore, we perform amperometry for a series of solutions
with diﬀerent AA concentrations at 0 V (vs Ag/AgCl), at which
applied potential the least interference from other species has
been observed. The current density has reached a steady-state
value in less than 5 s for all the solutions (Figure 5c). These
steady-state current densities are found to increase linearly with
increasing concentration, which provides a calibration curve for
this Fe30Pt70 NPs/Si nanowire sensor (Figure 5c, inset). The
sensitivity of this sensor is estimated to be 4.347 mA cm−2
mM−1, and the detection limit of 0.1 μM is obtained by 3σ/S,
where σ is the standard deviation of 10 blank measurements
and S is the slope of the calibration curve. The resulting
sensitivity is therefore over 10 times higher than the best
performance sensor materials reported to date (as summarized
in Table 1), including K2UO2[Fe(CN)6]-modiﬁed Pd/Al
electrode (122.3 μA cm−2 mM−1),25 Pd NP composites (570

compares the XPS spectra of the Fe 2p and Pt 4f regions for
pristine Fe, pristine Pt, and the three FePt alloy NPs. Evidently,
pristine Pt NPs and all three FePt alloy NPs exhibit Pt 4f7/2
(4f5/2) features at essentially the same binding energy of 71.0
eV (74.3 eV), within the instrumental accuracy of 0.1 eV. For
the pristine Fe NPs, two Fe 2p3/2 features at 707.0 and near 711
eV can be attributed to metallic Fe and Fe oxides, respectively.
In contrast, the FePt alloy NPs all exhibit only the metallic
feature at 0.4 eV higher binding energy, except for Fe35Pt65 NPs
which have an additional oxide feature near 711 eV. The
observed chemical shifts indicate changes in the electronic
structures of the FePt alloy NPs from that of pristine Fe NPs.
This is in good agreement with the in situ EXAFS data obtained
for Pt alloys by Mukerjee et al.,44 which shows more d-band
vacancies for the Pt alloys than Pt metal. It should be noted that

Table 1. Comparison of the Working Potential, Linear Range, Sensitivity and Detection Limit of the Fe30Pt70 NPs/Si Nanowire
Electrodes with Other Electrodes for the Electro-oxidation of Ascorbic Acid
electrode
overoxidized polypyrrole and Pd nanoparticle composites
Pd nanowires
K2UO2[Fe(CN)6]-modiﬁed Pd/Al electrode
ferricyanide mediator/polyelectrolyte−calcium carbonate
microspheres
multiwall carbon nanotube−silica network−Au
nanoparticles
graphene nanosheets on pyrolyzed photoresist ﬁlm
polyacrylic acid-coated multiwall carbon nanotubes
CoNSal-modiﬁed electrode
Fe30Pt70 alloy NPs on Si nanowire electrode

applied potential (V) (vs
Ag/AgCl)

linear range
(μM)

sensitivity (μA mM−1
cm−2)

detection limit
(μM)

ref

0
0
0.3 (SCE)
0.27

1−520
25−900
1−50
1−2143

570
166.5
122.3
4.5

1
0.2
0.5
0.7

15
19
25
39

∼0.46

1000−5000

8.59

not reported

40

∼0.35
∼−0.1
∼0.25
0

400−6000
100−1000
1−100
10−1000

18.5
26
4.2
4347

120
49.8
0.7
0.1

41
42
43
this
work
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1, 1062−1067.
(38) Chen, C.-Y.; Wu, C.-S.; Chou, C.-J.; Yen, T.-J. Adv. Mater. 2008,
20, 3811−3815.
(39) Li, F.; Tang, C.; Liu, S.; Ma, G. Electrochim. Acta 2010, 55, 838−
843.
(40) Ragupathy, D.; Gopalan, A. I.; Lee, K.-P. Sens. Actuators, B 2010,
143, 696−703.
(41) Keeley, G. P.; O’Neill, A.; McEvoy, N.; Peltekis, N.; Coleman, J.
N.; Duesberg, G. S. J. Mater. Chem. 2010, 20, 7864−7869.
(42) Huang, S.-H.; Liao, H.-H.; Chen, D.-H. Biosens. Bioelectron.
2010, 25, 2351−2355.
(43) Shahrokhian, S.; Zaremehrjardi, H. Sens. Actuators, B 2007, 121,
530−537.
(44) Mukerjee, S.; Srinivasan, S.; Soriaga, M. P.; Mcbreen, J. J.
Electrochem. Soc. 1995, 142, 1409−1422.
(45) Casella, I. G. Electroanalysis 1996, 8, 128−134.

the chemical stability of the FePt NP catalysts has also been
investigated by XPS before and after AA detection. No
degradation or change in surface composition has been
observed.
The increase in the d-band vacancies in the FePt alloy NPs
has been used to account for the observed enhancement in the
electroactivity of FePt alloy NPs compared to that of Pt NPs.
Because Fe has more 5d vacancies than Pt, the replacement of
Pt with Fe in a FePt alloy generally increases the d vacancies
(relative to pristine Pt), which aﬀects the electron aﬃnities of
the Pt atoms in the alloys. Following the mechanism of electrooxidation of AA on the Pt electrode proposed by Casella45 and
Karabinas et al.,46 an increase in the electron aﬃnities of the
alloy would enhance the adsorption of deprotonated AA
adspecies (C6H6O62−), which subsequently leads to oxidation
of the adsorbed AA radical. Figure 6b shows a schematic
diagram of the AA anionic radical formation and its adsorption
to the surface of the alloy NPs. The radical then loses an
electron and desorbs from the surface. Alloying is believed to
increase the adsorption rate and therefore enhance the electron
detection.

4. CONCLUSION
In summary, FePt alloy NPs with three diﬀerent compositions
have been obtained on Si substrate by electrodeposition. These
NPs have been tested for electro-oxidation of AA, and all alloy
compositions show higher electrocatalytic activity than pristine
Pt NPs. By eﬀectively reducing the overpotential for AA
oxidation, these alloy NPs are signiﬁcantly more selective to AA
detection against other common interference species, including
dopamine, citric acid, uric acid, glucose, and NaCl. Increasing
electroactive surface area of the substrate by replacing ﬂat Si
substrate with Si nanowires enhances the current response 5fold. Higher d vacancies of FePt relative to Pt have been used to
account for the observed enhancement in the electroactivity of
FePt alloy NPs. The present FePt alloy NPs can therefore
provide superior sensing materials for a fast-response AA sensor
with high sensitivity, wide linear detection range, and low
detection limit in neutral pH operating environment.
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