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Electrochemical reduction of hydrogen peroxide by

nanostructured hematite modified electrodes

Chia-Ting Chang and Chia-Yu Lin*

In this study, various nanostructured hematite (a-Fe,0s), including nanorods (o.-Fe,Osng), nanoparticles (a-Fe,0syp), and
nanosheets (o-Fe,Osys), were synthesized and their electrocatalytic properties towards the reduction of H,0, were
investigated. All nanostructured a-Fe,0; were synthesized by using chemical bath deposition (CBD) at mild conditions,
followed by thermal treatment at 500 °C. The nanostructure was controlled simply by adjusting the composition of
precursor solution and reaction duration for CBD process. It was found that iron phosphate (FePO,) was deposited in-situ
onto the surface of these nanostructured o-Fe,03 during the electrochemical pretreatment in the phosphate electrolyte,
and both FePO, and a-Fe,0; showed the activity in catalysing the electrochemical reduction of H,0,. In addition, the
interaction/compatibility between deposited FePO, and a-Fe,0; has a decisive effect on the overall electrocatalytic
activity of the resultant electrodes; FePO, only showed synergetic effect on the overall electrocatalytic activity of o-
Fe,0sng and a-Fe;0sys. The rate constant for the electro-reduction of H,0, on FePO, modified o-Fe;0sng (at-Fe,0snr | FEPO,)
is highest, but FePO, modified o-Fe;Osns (a-Fe,0sns| FEPO,) showed best overall electrocatalytic activity due to its
relatively higher surface area. Furthermore, dissolved oxygen showed negligible interference on the activity of o-
Fe,0snk| FePOsand a-Fe,0sys| FePO,4, which makes them as promising sensing materials in oxidase-based electrochemical

sensors.

Introduction

Development of a highly sensitive and reliable hydrogen
peroxide (H,0,) electrochemical sensor is of great importance
not only because H,0, has been identified as a chemical threat
to the environment and one of major factors causing the
diseases,” but also it a frequent intermediate involved in many
important oxidase-catalyzed chemical processes, such as
glucose oxidation catalysed by glucose oxidase (GOD) (Eqgs. 1-
2)2:

glucose + GOD —FAD ——=gluconolactone + GOD—-FADH, (1)

0, +GOD —FADH, ——>H,0, + GOD—FAD (2)

H,0, is an electroactive species that can be oxidized or
reduced electrochemically, and therefore, the electrochemical
detection of chemicals involved in oxidase-catalyzed chemical
processes can be achieved by detection of H,0,. Some
oxidase-based electrochemical sensors that utilize the anodic
current from the electrooxidation of H,0, as the output signal
have been developed, but this kind of sensors often suffer the
interferences from some common electro-oxidizable species,
such as ascorbic acid and uric acid existing in the biological
samples.3 As a result, to minimize the interference and
enhance the selectivity of the oxidase-based electrochemical
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sensors, the development of oxidase-based electrochemical
sensors that wuse the cathodic current from the
electroreduction of H,0, as the output signal is preferential.
However, in this case, dissolved oxygen, required to re-oxidize
oxidase (e.g., Eg. 2) becomes a potential interfering species as
oxygen can also be reduced electrochemically. Therefore, an
electrocatalyst that can selectively catalyse the reduction of
H,0, against the reduction of O, is highly required for
constructing oxidase-based electrochemical sensors operated
in the cathodic regime.

Many materials have been explored as an active species
catalyzing the electrochemical reduction of H,0,, including
Prussian blue,4 iron oxides,5 silver,6 manganese oxides,7 copper
oxides,8 etc. Among them, iron oxides have been received
much attention not only because it is robust, earth abundant,
and can be easily synthesized in a cheap way, but also it
exhibited peroxidase-like activity.9 Nevertheless, the
mechanism for the electrocatalysis of H,0, by iron oxides is
still not well-understood. For example, in previous report,10
iron oxides nanorods, including B-FeOOH, a-Fe,0;, »Fe,03,
were found to be active for the electrochemical reduction of
H,0, in non-phosphate buffer, but only a-Fe,0; was found to
be active in the phosphate buffer. The
interaction/compatibility between the surface modifier (iron
phosphate) and the iron oxide matrix played an important role
in determining the overall activity of the iron oxide based
material. On the other hand, iron oxides of various

5f . 5b-d, 5f, 11
nanostructures, such as nanorods,” nanoparticles, and
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nanotubes,‘r’e have been synthesized, and these

nanostructured iron oxides have been shown to exhibit
enhanced the apparent electrocatalytic activity as compared
with the bulk counter-parts. Crystallinity, crystal size, structure,
and exposed surface facets, have been shown to have decisive
effects on the overall activity of these nanostructured iron
oxides.™“ *? Nevertheless, most of nanostructured iron oxide
were synthesized in powder form, and rarely directly deposit
onto the electrode surface, which would not only cause the
irreproducibility due to the un-controllable aggregation of
these nano-sized iron oxides, but also complicate the following
electrode preparation process.

In this work, we report the directly growth of hematite
(o-Fe,03) with different nanostructures, including nanorods,
nanosheets, and nanoparticles, onto the fluorine-doped tin
oxide coated glass substrate (FTO) using chemical bath
deposition at mild conditions with follow-up thermal
treatment. The effects of nanostructure and the interplay of
FePO, with different nanostructured a-Fe,0; on the overall
electrocatalytic properties towards the reduction of H,0, were
thoroughly investigated. It was found that synergetic effects of
FePO, with «o-Fe,0; greatly enhanced the overall
electrocatalytic activity, in terms of overpotential and catalytic
current, as compared with FePO, or o-Fe,0; alone, but this
effect occurs only for a-Fe,0; nanorods and nanosheets. In
addition, the detection of H,0, by Fe,Os\|FePO, and
Fe,Osns | FEPO, is insensitive to the dissolved oxygen, which
allows their applications to electrochemical detection of key
biomolecules involving in oxidase-catalyzed chemical
processes.

Experimental section

General consideration. Starting materials for the synthetic
part of the work were purchased from commercial suppliers
and of the highest available purity for the analytical work.
Flourine-doped tin oxide (FTO) coated glass (sheet resistance 7
ohm sq_l, TEC GlassTM 7) substrates (1.0x3.0 sz) were
cleaned with an ammonia-hydrogen peroxide-deionized water
mixture (volume ratio: 1:1:5) at 70 °C for 30 min, after which
the FTO substrates were dried at room temperature under
nitrogen purge. Hydrogen peroxide stock solution (0.5 M) was
prepared before each experiment by direct dilution of
hydrogen peroxide (H,0,, 30wt%) with electrolyte solutions, of
different pHs, either containing (i) sodium phosphate (0.1 M)
and sodium sulfate (0.1 M), or (ii) sodium sulfate (0.1 M).
Deionized water (DIW) was used throughout the work.

Preparation of the FTO|a-Fe,Osyz, FTO|a-Fe,03ys, and
FTO| a-Fe,0;\p electrodes. The FTO| a-Fe,0Oz3\r electrode was
prepared by first growing akagenite nanorods (NR) onto the
FTO substrate using chemical bath deposition (CBD) in an
aqueous solution containing 1.0 M urea and 0.15 M iron
chloride at 90 °C for 4 h, followed by thermal conversion of
akagenite NRs to a-Fe,Osyg at 500 °C for 1 h. The a-Fe,0;
nanosheets (a-Fe,03ys) were grown onto the FTO substrate,
designated as FTO| a-Fe,03ys, by CBD in an aqueous solution
containing 0.75 M urea and 0.15 M iron nitrate at 90 °C for 4 h
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and follow-up thermal treatment at 500 °C for 1 h. The a-
Fe,03 nanoparticles (a-Fe,O3yp) Wwere grown onto the FTO
substrate, designated as FTO| a-Fe,03yp, by CBD in an aqueous
solution containing 2.0 M urea and 0.15 M iron nitrate at 90 °C
for 24 h and follow-up thermal treatment at 500 °C for 1 h. The
exposed area of the FTO substrate for growing nanostructured
hematite was kept at 2.0 cm’.

Physical Characterization. The surface morphology of the
electrodes was characterized using a Hitachi SU-8010 scanning
electron microscope (SEM). X-ray diffraction (XRD) analyses
were carried out using an Ultima IV (Rigaku Co., Japan) X-ray
diffractometer. The surface composition of the films was
verified by X-ray photoelectron spectroscopy (XPS, PHI 5000
VersaProbe system, ULVAC-PHI, Chigasaki, Japan), using a
microfocused (100 pm, 25 W) Al X-ray beam, with a
photoelectron take off angle of 45°. The Ar® ion source for XPS
(FIG-5CE) was controlled by using a floating voltage of 0.2 kV.
The binding energies obtained in the XPS analyses were
corrected for specimen charging, by referencing the C 1s peak
to 285.0 eV.

Electrochemical
characterizations on the electrocatalytic properties of the
nanostructured hematite modified electrodes were performed
with a CHI 440 electrochemical workstation (CH Instruments,
Inc., USA) at room temperature and all potentials are reported
against Ag/AgCl (saturated KCl). A conventional three-
electrode electrochemical cell employed  with
nanostructure hematite modified electrodes (exposed area of
~1.0 cm?) as the working electrode, Pt foil (exposed area 4.0
sz) as counter electrode, and Ag/AgCl as reference electrode.
Prior to experiments, all hematite modified electrodes were
pretreated either in (i) phosphate buffer solution (PBS, pH 7)
containing sodium phosphate (0.1 M) and sodium sulfate (0.1
M), or in (ii) sodium sulfate (0.1 M, pH 7), using cyclic
voltammetry (CV) at a scan rate of 50 mV st in the potential
window between -0.7 V and +0.4 V (vs. Ag/AgCl) until the CV
curves became stabilised. The sensitivities of all the hematite
modified electrodes determined by CV were the slopes of the
curves of cathodic peak current density vs. H,0, concentration.
A suitable operating potential in the limiting current plateau
region for the amperometric detection of H,0, was
determined using linear sweep voltammetry (LSV) at a scan
rate of 0.1 mV s™ in PBS (pH 6) containing 0 mM and 4.95 mM
H,0,. After obtaining the operating potential, which is -0.3 V vs.
Ag/AgCl, the amperometric detection of H,0, was carried out
in PBS (pH 6) under constant magnetic stirring. The current
density responses to the changes H,0, concentration were
collected, and the calibration curve for detection of H,0, was
then constructed. All the electrochemical measurements were
repeated at least three times.

Characterization. Electrochemical

was

Results and discussion

Synthesis of the nanostructured hematite electrodes. All
nanostructured hematite (a-Fe,03) were directly grown on to
FTO by chemical bath deposition at mild conditions and
follow-up thermal treatment at 500 °C for 1 h (see ESI for
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details). The XRD analyses (Figure S1) shows that all deposited
materials were converted into hematite after thermal
treatment. As revealed in the SEM images, shown in Figure 1,
the nanostructure of a-Fe,03 can be controlled by tuning the
composition of the bath solution and the reaction times. For
example, nanorods array (a-Fe,Os\g) can be grown in FeCls-
urea bath solution system, whereas nanosheets (a-Fe,Osys)
and nanoparticles (a-Fe,;0syp) can be grown in Fe(NOs)s-urea
bath solution system. The adsorption of anions (Cl, CO32", NO3)
to specific crystal face and their relative concentrations
influence the preferential growth direction of crystal, and
therefore, the different nanostructures are created. The
detailed growth mechanism will be submitted to elsewhere
The relative effective
nanostructured a-Fe,0; was determined by measuring double-

soon. surface area for these

layer capacitance using cyclic voltammetry, % and the results
(Figure S2) reveal that the relative effective surface area (-
FeZOgNR: a—FeZ03N5: a—Fe203Np) is 1.00: 1.58: 1.74.

Figure 1 SEM of (a, d) a-Fe,Oz3yg, (b, €) a-Fe,Osys, (c, f) a-
Fe,O3pp. Scale bar: 1 pum.

Electrochemical characterization. o-Fe,0; is studied in this
work as we found that only a-Fe,03 is compatible with in-situ
deposited iron phosphate (FePO,) in phosphate buffer.’® As
the formation of FePO, on «-Fe,0; surface during the
electrochemical detection of H,0, in phosphate buffer solution
(PBS) is inevitable, and to ensure the surface of all the
nanostructured o-Fe,0; modified electrodes are fully covered
with FePO,, all the nanostructured o-Fe,0; modified
electrodes were pre-treated in 0.1 M PBS solution (pH 7) with
cyclic voltammetry (CV) from +0.4 to -0.7 V vs. Ag/AgCl at a
scan rate of 50 mV s™ until the redox peaks of FePO, saturated.
Figure 2 shows the XPS spectra of Fe 2p, O 1s, and P 2p for all
three nanostructured o-Fe,0; electrodes before and after CV
pre-treatment. A positive shift (from ~710.9 to 711.3 eV) in
binding energy (BE) of the Fe 2p peak after the pre-treatment
was noticed for all the electrodes (Figures 2a-c). In addition,
the appearance of additional shoulder in O 1s spectra at a BE
of 531.5 eV (Figures 2d-f) along with the peak in P 2p spectra
at a BE of 133.2 eV (Figures 2g-i) after the pre-treatment were
also observed for all the electrodes.

This journal is © The Royal Society of Chemistry 20xx
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Figure 2 XPS spectra of the pretreated (a, d, g) a-Fe,Osyz, (b, €, h)
a-Fe,0z3ys, and (c f, i) o-Fe,Osyp (i) before and (ii) after CV-
pretreatment. (a-c) Fe 2p region, (d-f) O 1s region, and (g-i) P
2p region

Figure 3 shows the CVs of all the pre-treated nanostructured
a-Fe,03; modified electrodes in the PBS (pH 7) at different scan
rates (v) and the corresponding plots of the peak current
density (J,) vs. v are shown in Figure S3. It can be found that
the all the pre-treated electrodes exhibited reversible redox
peaks which are characteristic to FePO4,14 and the relationship
between J, with v is linear (see Figure S3), which suggests that
the deposited species strongly absorbed onto the electrode
surface after the pre-treatment. The above observations
(Figures 2-3) suggest FePO, formed during the pre-treatment
process. In addition, the slopes of the plot J,c vs v for o
Fe,O3\r| FEPO,, a-Fe,O5ns|FePO,, and a-Fe,0s3yp|FePO, are
found to be -8.38, -18.45, and -2.72, respectively, and the ratio
of the relative amount of the deposited FePO, on the pre-
treated a-Fe,0sng, a-Fe,03yns, and a-Fe,0szp can be induced
according to Eq. 3, which is 1.00: 2.20: 0.32. Nevertheless,
from the XPS analyses, it was found that the elemental ratio of
P/Fe for a-Fe,Os\g|FePO,, a-Fe,0Os3ys|FePO,, and o-
Fe,O3\p|FEPO, are 0.26, 0.47, and 0.85, respectively. These
findings suggest that the surface of a-Fe,Osyp prefers the
adsorption of phosphate ions over the deposition of FePO,.
22

! ®
Where J, is peak current density, n is number of electron
transfer, F is the Faraday constant, R is gas constant, T is
temperature, and Iy is the amount of absorbed electroactive
species. For the clarification, the pre-treated a-Fe,Os\g, a-
Fe,0sys, and  a-Fe,Osyp in PBS are designated as o~
Fe,O3\r| FEPO,,  a-Fe,03ys|FePO,, and  a-Fe,Osnp|FEPO,,
respectively, in the following discussion.
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Figure 3 Cyclic voltammetry of the pretreated (a) a-Fe,Ozyg, (b)
a-Fe,03ys, and (c) a-Fe,Osyp in 0.1 M PBS (pH 7) at various
scan rates. Scan rates for (i), (ii), (iii), (iv), (v), (vi), (vii), and (viii)
are 5, 10, 15, 20, 40, 60, 80, and 100 mV s'l, respectively.

Figure 4 shows the CVs of the FTO, a-Fe,Os\g|FePO,; o-
Fe,03ns | FePO,, and a-Fe,03yp | FEPO, at a scan rate of 20 mvs™
in PBS solution (pH 7) containing H,0, of various
concentrations. The cathodic peak current densities (J,) and
corresponding peak potentials (E,) of all the electrodes in
presence of 4.95 mM H,O, are also summarized in Table 1. It
can be found that all FePO, modified «a-Fe,03 electrodes
exhibited better electrocatalytic activity, in terms of J,. and E,
than FTO substrate. In addition, J,. at E=-0.30 V vs. Ag/AgCl (r;)
increased and J,,at E= -0.22 V vs. Ag/AgCl (o;) decreased upon
the addition of H,0, for a-Fe,0snr|FePO,, a-Fe,0sys|FePOy,,
and a-Fe,03yp | FePO,, which indicates that the electrochemical
process at peak ry involves
electrocatalytic EC’ mechanism, and the deposited FePO, is the
active species responsible for the electrochemical process. In
addition, an additional cathodic peak (r,) at E= -0.18 V vs.
Ag/AgCl appeared upon the addition of H,0, to o-
Fe,Ozng| FEPO4 and  a-Fe,03ys| FEPO,, and as this peak is more
sensitive to H,0, than peak r;, peak r, outpaced peak r; at H,0,
concentration of higher than 3.31 mM. Figures 5a-c show the
CVs of o-Fe,O3\|FePO,;,  a-Fe,0O3s|FePO,;, and o
Fe,Osnp | FEPO,, respectively, in PBS containing 1.66 mM H,0,
at various pHs ranging from 4 to 7. It can be found that the E
for peak r; for all the a-Fe,0; modified electrodes shifted to
more negative side as the solution pH was increased, which
reflects the redox behavior of FePO,, whereas E,. of peak r,
(only for o-Fe,Osng|FEePO, and o-Fe,Osys|FePO,)  was
insensitive to the change in solution pH. Figure 5d shows the
sensitivities, i.e., the slope of the curve of J,. vs. H,0,
concentration, of a-Fe,Osyg|FePO,, a-Fe,03ys| FEPO,, and o-
Fe,Osnp | FEPO,, towards the electrochemical reduction of H,0,
at various solution pHs. It can be found that all the electrodes
showed best sensitivity at pH 6, and «-Fe,0sys|FePO,
exhibited the highest sensitivity among the three kinds of o-
Fe,0; modified electrodes. Figure S4 shows the

4| J. Name., 2012, 00, 1-3

chronoamperometric response of a-Fe,Osys|FePO,, at an
applied potential of -0.3 V vs. Ag/AgCl, after successive
addition of the H,0, solution of various concentrations into
deaerated 0.1 M PBS (pH 6). It can be found that the current
response increased linearly with the increase in H,0,
concentration. The sensitivity, i.e., the slope of the calibration
curve (shown in the inset of Figure S4) was found to be 225.0 +
19.9 pA cm?mm™, Besides, the sensor response reached 95%
of the steady-state value within 10 s upon the addition of H,O,.
Furthermore, the limit of detection (signal to noise ratio =3) of
3.4 £ 0.5 uM can be achieved.

In previous report,10 we proposed the EC’ mechanisms for
peak r; (Egs. 4-5) and peak r, (Egs. 6-7):

FePO,, +& +H' —=Fe* , +HPO? @)
Fe ) +H,0, + HPO? &==—=FePO, + H,0+ OH ®)
OHe+e” —» OH" 4)
OH™ +H"——=H,0 (5)

The pH-insensitive reduction peak r, was found to be related
to the intrinsic catalytic property of a-Fe,0; itself, and electron
probably comes from the active site, that is, Fe(ll) species in
the electro-reduced a-Fe,03 under cathodic conditions.” The
lack of this peak for the case of a-Fe,O3yp|FePO, implies that
this intrinsic catalytic property is structure-dependent or
repressed by other factors, such as the electrolyte or the
deposited FePO,. It is worth noting that although o-
Fe,O3\p|FEPO, has the highest surface area (Figure S2),
without synergetic with this activity, it showed least overall
activity, in terms of I and E,, among the three a-Fe,O3yp
modified electrodes. The higher overpotential required for a-
Fe,O3np | FEePO, to reduce H,0, is in agreement with previous
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Figure 4 Cyclic voltammetry, recorded at a scan rate of 20 mV
s™, of (a) FTO, (b) a-Fe,03\r| FEPO,, (c) a-Fe,03ys| FEPO,, and
(d) o-Fe,O3np|FEPO,4 in 0.1 M PBS solution (pH 7) containing
H,0, of various concentrations. Concentration of H,0, used for
curve (i), (ii), (iii), and (iv) are 0, 1.66, 3.31, and 4.95 mM,
respectively.
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Table 1 Summary of values of J,. and E,. of the FTO and
nanostructured FePO, modified a-Fe,0; electrodes.

Sample

FTo aFe,0,,,|FePO, = aFe,0, |FePO, | aFe,0,,|FePO,

I -0.996 +0.099 -1.02510.035 -1.236£0.074 -1.008 £ 0.035
(mA em?)
Eub -0.373£0.026 -0.180 1 0.003 -0.17910.003 -0.345 1 0.005

(v vs. Ag/agcl)

a

. cathodic peak current density; P, cathodic peak potential. All
parameters are determined in 0.1 M PBS solution (pH 7) containing
4.95 mM H,0,.
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Figure 5 (a)-(c) Cyclic voltammetry, recorded at a scan rate of
20 mV s, of a-Fe,0syr|FePO, (a), a-Fe,0sys|FePO, (b), and
a-Fe,05np| FEPO, (c) in 0.1 M PBS containing 1.66 mM H,0, at
various pHs ranging from 4 to 7. (d) The sensitivities of -
Fe,0O3\r| FEPO,, Fe,03ns| FEPO,, and Fe,O5np|FEPO, in 0.1 M
PBS of various pHs.

Figures 6a-c shows the chronoamperograms for all the -
Fe,0; modified electrodes at an applied potential of -0.3 V vs.
Ag/AgCl in 0.1 M PBS solution containing H,0O, of various
concentrations. It can be found that all the nanostructured
FePO, modified a-Fe,0; modified electrodes exhibited
catalytic current densities that are linearly proportional to the
H,0, concentration. The rate constants of the reduction of
H,0, on the nanostructured FePO, modified a-Fe,0; modified
electrodes can be derived from Figures 6a-c and the Egs. 6-7:'°

% _ 205 |:7r°'56rf (1°5) + exp(—i)}

where J,; is the catalytic current density in presence of H,0,, J,
is the current density in the absence of H,0,, and A= k.,C*t,
where k,, C*, and t are the apparent rate constant, bulk H,0,
concentration, and the elapsed time, respectively. When the
value of A is larger than 1.5, the value of erf (XO'S) approaches
to 1, and exp(-A) term can be ignored, and as a result, Eq. (6)
can be simplified to Eq. (7):

Q — 7[0.510.5 (7)

L

This journal is © The Royal Society of Chemistry 20xx
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The values of k; for the reduction of H,0, on a-Fe;O3yz|FePO,,
a-Fe,03ys| FePO,4, and a-Fe,03yp | FePO,, determined from the
slopes of plots of J /), versus t*%in Figure 6d, are found to be
18253.9, 15242.7, and 2037.9 L mol™ s, respectively, which
further indicates that the kinetics of H,0, reduction process
can be further facilitated with the active Fe (ll) species in o-
Fe,03. Note that although the value of k, for Fe,O3yg| FEPO, is
higher than that for a-Fe,Osys|FeP0O,, o-Fe,0z3ys|FePO,
exhibited higher overall electrocatalytic activity over
Fe,O3nr| FEPO4as a-Fe,03ys| FePO, has higher surface area.
Figure S5 shows CVs of the FTO, a-Fe,Osyg, -Fe,0s3ys, and
a-Fe,03yp at a scan rate of 20 mV s'in0.1 M Na,S0O, solution
(pH 7) containing H,0, of various concentrations. Note that
the deposition of FePO, is impossible in this electrolyte, and
the observed activity from all the o-Fe,0; reflects their
intrinsic activity. Values of I, and E,. of all the electrodes in
presence of 4.95 mM H,0, are also summarized in Table S1. As
revealed, o-Fe,Oz3yp the highest apparent
electrocatalytic activity, in terms of I, and E,,, among the four
electrodes, which could be attributed to its highest surface
area. In addition, as shown in Figure S6, all the three
nanostructured a-Fe,03; modified electrodes exhibited a pH-
independent current response to H,0O,, which suggests the

showed

reaction catalysed by these nanostructured a-Fe,0; should be
the same, and therefore, the repressed activity of a-
Fe,O3np | FEPO, in phosphate buffer could be attributed to the
unfavourable interaction between «a-Fe,Os\p and deposited
FePO, and/or phosphate ions. It has been reported that the
adsorbed phosphate ions would inhibit the reduction of o-
Fe203,17 which in turn inhibit the formation of Fe(ll) species
responsible for the reduction of H,0,.
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Figure 6 (a)-(c) Chronoamperograms of o-Fe,Os\g|FePO, (a), o-
Fe,0s3ys| FePO, (b), and o-Fe,03yp | FEPO, (c) recorded at an applied
potential of -0.3 V vs. Ag/AgCl in 0.1 M PBS (pH 6) containing H,0,
of various concentrations. H,0, concentrations used for curves (i),
(ii), (iii), (iv), (v), and (vi) are 0, 0.66, 1.32, 1.98, 2.64, and 3.30 mM,
respectively. (d) Plots of J.,i/J, vs. Y2 for (i) a-Fe,03nr| FEPO,, (ii) o~
Fe,03ys| FEPO,, and (iii) and a-Fe,Osyp|FEPO, using the curves
obtained with 0 mM H,0, and 3.30 mM H,0, in (a)-(c).
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Figure 7 shows the CVs of o-Fe,O3\gz|FePO,, a-Fe,03ys|FEPO,,
and o-Fe;0zyp|FEPO, in 0.1 M PBS (pH 6) containing various H,0,
concentration under N, and air atmospheres. The sensitivities of o-
Fe,O3nr| FEPO4, a-Fe,03ys| FEPO,, and o-Fe,03yp|FEPO, obtained
from the data in Figure 7 are shown in Figure S7. When comparing
the CV responses in absence of H,0, under different atmospheres,
it can be found that I,. of peak r; increased and I, of peak o,
decreased for all the FePO, modified a-Fe,0; electrodes, which
indicates that the deposited FePO, is active in catalysing the
electrochemical reduction of dissolved oxygen in PBS. In addition,
the peak r, appeared only after the addition of H,0, regardless of
background atmosphere, which suggests that the Fe(ll) sites in
electro-reduced o-Fe,0;is active for the reduction of H,0, but not
for the reduction of dissolved oxygen. As a result, the dissolved
oxygen showed little effect on the sensitivity of a-Fe,O3yz|FePO,
and a-Fe,03ys|FePO, towards the electrochemical reduction of
H,0,; the sensitivities of o-Fe,03\z|FePO, and a-Fe,03ys| FePO,
towards the electrochemical reduction of H,0, under air
atmosphere remained 96.5 £ 4.3% and 94.7 + 4.7%, respectively, of
those under N, atmosphere. In contrast, the sensitivity of o-
Fe,O3yp | FEPO, towards the electrochemical reduction of H,0,
under air atmosphere only remained 41.4 + 3.9% of that at N,
atmosphere. The significant influence of dissolved oxygen on o-
Fe,03np | FePO,4can be attributed to the facts that o-Fe,Oayp | FEPO,
lacks of the Fe(ll) sites and the interaction of FePO, with dissolved
oxygen suppresses the reaction between FePO, and H,0,. The low
interference  from oxygen for o-Fe,Oa|FePO,; and o
Fe,03ys| FEPO, makes them as a potential candidate material for
the detection of biomolecules involving in oxidase-catalysed
chemical processes.
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Figure 7 Cyclic voltammetry, recorded at a scan rate of 20 mV s, of
(a, @’') a-Fe,03yr| FEPO,, (b, b’) Fe,03ys| FEPO,, (c, ¢’) Fe,03yp| FEPO,
in 0.1 M PBS (pH 6) containing various H,0, concentrations under
(a-c) N,, and (a’-c’) air atmospheres. H,0, concentrations used for
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curves (i), (ii),
respectively.

(iii), and (iv) are 0, 1.66, 3.31, and 4.95 mM,

Conclusions

a-Fe,0; nanorods, nanosheets, and nanoparticles were
successfully synthesized using chemical bath deposition and
their electrocatalytic properties were thoroughly examined in
phosphate buffer and non-phosphate electrolyte. In
phosphate buffer, the in-situ deposited FePO, exhibited
synergetic effect on the activity of a-Fe,03; nanorods and
nanosheets only, and the surface modification of FePO, on
these two nanostructured o-Fe,0; greatly enhanced their
overall electrocatalytic activity as compared with FePO, or a-
Fe,03 alone. The active sites, Fe(ll), in a-Fe,03 nanorods and
nanosheets are insensitive to the dissolved oxygen, and makes
them as the potential electrode material for the fabrication of
selective and sensitive H,0, or related electrochemical sensors.
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