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Abstract Prussian blue (PB) films have been widely used
for blood glucose monitoring. Here, we present the strategy
to improve the performance and sensitivity of PB film for
hydrogen peroxide (H,O,) monitoring by using modified
gold electrode for hydrogen peroxide monitoring. The
microstructure of the studied electrodes was characterized
using scanning electron microscopy and atomic force
microscopy. The electrochemical properties of experi-
mental electrodes were obtained via cyclic voltammograms
and chronoamperometry methods. The results show that
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the thickness of deposited PB film is increased with the
deposition time. The PB-modified electrode exhibits the
widest linear range and best operational stability after
being electrochemically deposited for 240 s. The highest
sensitivity for experimental electrodes is obtained on
samples deposited for 40 s (341 mA cm™? M™"), indicat-
ing that a thinner PB film with certain critical thickness can
accelerate the exchanging rate of K* between PB lattice
and the tested solution.
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1 Introduction

Hydrogen peroxide (H,O,) is the byproduct of several
enzymatic processes including glucose oxidase, cholesterol
oxidase, and alcohol oxidase. The effective and sensitive
detection of H,O, remains of critical importance in ana-
lytical field owing to its extensive use in various aspects
(e.g., environmental monitoring, pharmaceutical industry,
clinical chemistry, and especially the diabetes monitoring)
[1-3]. Such techniques as fluorescence spectroscopy, near
infrared spectroscopy, Raman spectroscopy, chemilumi-
nescence, and liquid chromatography—mass spectroscopy
have been applied for the determination of H,O, [4-7].
However, most of these measurements showed their own
disadvantages as time consuming, complicated in detection
or requiring costly facilities, for instance. Meanwhile, the
electrochemical sensors have been proven to be sensitive,
selective, fast response, ease of use, and cost-effectiveness
in detecting such analytes as H,O, [8, 9].

Prussian blue (ferric hexacyanoferrate, PB) has known
to be “artificial peroxidase” due to their high catalytic
activity and selectivity in detecting H,O, [3, 10]. The
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reduced form of PB (also called Prussian white, PW) [11]
is able to catalyze the reduction of hydrogen peroxide at a
low applied potential (around 0 V vs. Ag/AgCl), which can
obstacle a wide range of interferences in practical use
[2, 12, 13]. These excellent characteristics of PB towards
H,0, detection can be attributed to its peculiar structure.
The unit cell of zeolitic structured PB is large enough
(102 nm) to promote the low molecular weight molecules
(e.g., O, and H,0,) diffusing through the crystal, once the
molecule of H,O, penetrates the PB lattice, it will be
located in the center of each vacancy and surrounded by
four divalent high spin iron ions, providing a catalytic
active cite for H,O, reduction via a four electron reaction
[14, 15].

After the first try from Itaya and Neff [16, 17], PB can
be successfully deposited on most of the chemical
stable electrodes surface (glassy carbon, Au, Pt, Ag, gra-
phite screen, carbon paste, etc.) via various methods such
as electrochemical deposition, in situ chemical deposition,
and screen print [18-21]. Being a fast and well-controlled
technique for confining PB on to electrodes surface, elec-
trodeposition has been utilized in fabricating flexible and
stretchable PB-modified sensors [22, 23].

In the present study, we studied the crucial deposition
parameter, i.e., the deposition time, for developing a
hydrogen peroxide sensor via electrochemical deposition.
Mattos et al. [24, 25] had investigated the influence of
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related parameters on stability and activation of PB film on
glassy carbon electrodes without considering the monitor-
ing performance; some other studies concerned only on the
electrode material with fixed deposition parameter. Thus,
the crucial data (thickness, microstructure and electro-
chemical performance, etc.) for PB-modified gold elec-
trodes in this work are still important and fundamental for
further fabricating of high sensitive, wide linear range, and
long stable sensors regarding the determination of blood
glucose.

2 Materials and methods
2.1 Reagents and materials

Ferric chloride (FeCl;), potassium ferricyanide (III) (Kj.
Fe(CN)g), potassium chloride (KCl), and 30 wt% hydrogen
peroxide (H,O,) were all purchased form Sinopharm
Chemical Reagent Co., Ltd, China. The tested H,O,
solution was prepared via diluting 30 wt% H,O, into dif-
ferent molar concentration with a 0.05 M phosphate buffer
solution (PBS, containing 0.05 M KH,PO,/K,HPO, and
0.1 M KCl in deionized water, pH 6.2). All inorganic salts
were obtained at analytically grade.

The gold film, i.e. the working electrode, for elec-
trodeposition of Prussian blue was prepared by magnetron
co-sputtering for 200 nm on a silicon wafer with 400 pm in
thickness. Before the sputtering of gold film, an adhesive
layer of 20 nm Cr was sputtered onto Si wafer to modify
the biding quality between gold and Si substrate.

2.2 Electrochemical deposition of Prussian blue

The electrochemical deposition and measurement were
conducted using a CS350-type electrochemical workstation
(Corrtest Instrument, China) at room temperature
(20-23 °C). A three-electrode cell, which comprised a thin
platinum wire as counter electrode (CE), a Ag/AgCl elec-
trode as reference electrode (RE), and the gold film as the
working electrode (WE), was used as the testing system.
Prior to use, the gold film were all washed in alkaline solu-
tion, acid solution, acetone, and deionized water in turn.
Afterwards, Prussian blue (PB) was electrochemically
deposited onto the gold film electrodes via applying a
constant potential of 4400 mV (vs. Ag/AgCl) in an
aqueous solution comprising 2.5 mM FeCl; + 2.5 mM
K3Fe(CN)g + 0.1 M KCI + 0.12 M HCI (pH 0.89) for 10,
40, 120, and 240 s, respectively. In the following sections,
the PB-modified electrodes were distinguished by the
aforementioned deposition process, for instance, a sample
deposited for 10 s was denoted as ME-10 sample.

Then, the PB-modified electrodes were transferred into a
supporting electrolyte containing 0.12 M HCI 4 0.1 M
KCl solution and electrochemically cycled with a scanning
rate of 50 mV s~' between —50 mV (vs. Ag/AgCl) and
4350 mV (vs. Ag/AgCl) for 40 cycles. After washing with
deionized water, the PB-modified electrodes were dried at
100 °C for 1 h and placed into PBS (pH 6.2) by keeping a
constant potential of —50 mV (vs. Ag/AgCl) for 600 s,
then washed with deionized water and dried.

2.3 Sensor characterization and electrochemically
properties

The microstructure of each PB-modified electrode was
observed by field emission scanning electron microscopy
(FE-SEM) of LEO-1530 type at an acceleration voltage of
5 kV. The PB samples used for SEM observation were all
sprayed with Pt powder. Atomic force microscopy (AFM,
Asylum Research Cypher, Oxford Instruments Asylum
Research, Inc., USA) was used to analyzed the height
information of PB film deposited with different time. The
cyclic voltammograms (CVs) were conducted from
—50 mV (vs. Ag/AgCl) to 4350 mV (vs. Ag/AgCl) by
various scanning rate in 0.05 M PBS (pH 6.2). The
amperometric response of each type of PB-modified elec-
trode was performed in PBS with a mild stirring rate
(~200 rmin~") at —100 mV (vs. Ag/AgCl) in room
temperature (20-23 °C). The electrochemical results of
each type of samples were averaged based on at least three
parallel specimens from the same depositing procedure.
The error bars of the amperometric response of each type

of samples were based on the formula of ﬁ;(x,- —X),

where x; is the current response of each electrode towards
certain concentration of H>O, solution, X is the mean value
of current response of each electrode towards certain
concentration of H,O, solution, 7 is the electrodes amount
for each deposition time, here the value of n = 3.

3 Results
3.1 Microstructure of the deposited PB film

The SEM morphologies in Fig. 1 show the PB film
deposited with different times. It can be seen that the PB
film is mainly composited with PB particles. Some clusters
of PB particles are also observed. The size of these parti-
cles is increased with the increase in deposition time, such
that when the deposition time reaches 240 s, the length of
PB particles reaches about 20 nm. In addition, the shape of
the PB particle in ME-10 and ME-40 samples is spherical,
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Fig. 1 SEM images of gold electrodes deposited of PB with different times: a 10 s, b 40 s, ¢ 120 s, d 240 s

whereas in the PB film deposited for 120 and 240 s. The PB
film is mainly consisted with cubic PB crystal.

In order to investigate the change of the PB film
thickness in gold film electrodes with different deposition
time by AFM, new samples were prepared with the same
procedure as other samples used for electrochemical
measurements, except that the electrodes used for AFM
observation is partially covered by oil ink, which can be
dissolved in acetone. After being electrochemically
deposited for different times, the AFM samples were
ultrasonically cleaned in acetone, where the oil ink was
removed and the gold films were all partially covered by
PB film. Thus, the thickness of PB film is acquired from
the sharp boundary between gold substrate and PB layer.
As shown in Fig. 2, the thickness of the PB film is about
30 nm for ME-10 sample, 50 nm for ME-40 sample,
70 nm for ME-120, and 100 nm for ME-240 sample,
respectively. This result is in concordance with the study
from Mattos [24] that increasing the electrochemically
deposition time would lead to an increase in the surface
coverage of PB film on the electrode surface, and the
electro-catalytic activity of PB film was linearly deter-
mined on the surface coverage of PB-modified
electrodes.

@ Springer

3.2 Electrochemical characterization of PB film

The quality and electrochemical behavior of the PB-mod-
ified electrodes with different deposition time were evalu-
ated by cyclic voltammetry (CV). Figure 3 shows the
cyclic voltammograms of the experimental samples
recorded under ambient condition with a scan rate of
50 mV s~' in 0.05 M phosphate buffer solution (PBS,
pH 6.2), in which a pair of well-defined redox peaks
are observed in all PB-modified electrodes, indicating
the reversible redox interconversion between Prussian

white (PW, Fe; " [Fe?™(CN)g] 3> and Prussian blue

(PB, K Fe; ™ [Fe2+(CN)6]3) [26, 27]. For electrodeposi-

tion time ranging from 10 to 120 s, the peak separation
(AE,) is about 70 mV. Meanwhile, the AE,, value of MP-
240 sample reaches 107.94 mV, which indicates an
increase of the ohmic resistance [24] and a decrease of
reversibility [24] of the PB film after being electrode-
posited for 240 s. Moreover, the capacitive current of the
experimental PB film is increased with the deposition time
from 10 to 40 s; being electrochemically deposited for 120
s, the capacitive current density remains the same as the
MP-40 sample. An impressive increase of the capacitive
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Fig. 2 Semi contact mode
AFM images of a ME-10
sample, b ME-40 sample, ¢ ME-
120 sample, and d ME-240
sample. (al), (b1), (c1) and (d1)
show the height profile of cross
section of line 1 in (a), line 2 in
(b), line 3 in (¢), and line 4 in
(d), respectively

current density is acquired for ME-240 sample, suggesting
more electroactive PB was deposited on the gold [25].
Considering the results from thickness analysis (Fig. 2), it
can be inferred that the thickness of the PB film would
dramatically affect the electro-activity when it reaches
about 100 nm. In addition, with larger size of the PB
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particle (longer deposition time), the exchange of potas-
sium ion (K') between PB/solution interfaces would be
easier, which consequently improve the electro-activities of
obtained PB-modified electrodes.

Figure 4 is the dependency of the peak current of the
PB-modified electrodes in 0.05 M PBS (pH 6.2) between
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Fig. 3 Cyclic voltammograms
of experimental PB-modified
electrodes in 0.05 M phosphate
buffer (pH 6.2) containing

0.1 M K(l, scan rate:

50 mV s~

(a) 2.0x10°

1.5x10°

1.0x10°4 3

5.0x10*

0.0] g
-5.0x10*
-1.0x10°

-1.5x10%

Current density (mA/cm?)

-2.0X10-3 T T T T T T T T T
-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Potential (V vs. (Ag/AgCl))

2

(c) 4.0x10° g

S 3.0x10°:
< 20x10°

3 -

3.0x10° ] /

4 6 8 10 12 14 16 18 20
Scan rate (mVis”)"?

2.0x10" ]

1.0x10° 4

0.0
-1.0x10°

-2.0x10°

Current density (A cm?)

-3.0x10° ]

-4.0X10-3 T T T T T T T T T
-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Potential (V/(Ag/AgCl))

Fig. 4 Cyclic voltammograms of PB-modified electrodes with
deposition time of a 10s, b 40 s, ¢ 120 s, and d 240 s. Scan rate
variated from 10 to 400 mV s™', in 0.05 M phosphate buffer with
—5 and 35 mV with the square root of the scan rates '
ranging from 10 to 400 mV s~'. It reveals that all the PB
films deposited in this study are in proportional to v'’?,
indicating the electrochemical process of the system is
controlled by diffusion of the counter potassium ion (K*)
through the PB lattice [4]. In addition, the potential of

cathodic (Ep.) and anodic peaks (Ep,) of these PB-modified
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0.1 M KCI (pH 6.2). Inset each plot is the relative anodic and
cathodic peak current density versus the square root of scan rate

electrodes are shifted along with the increase in scan rate,
suggesting that the redox reaction of PB on the electrodes
surface is quasi-reversible reaction [28], and the oxidation
or reduction properties of the electrodes would be gradu-
ally deteriorated.

From Table 1 and Fig. 4, the anodic and cathodic slope
values for ME-240 sample (0.28689 and —0.30575
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Table 1 Electrochemical parameters from cyclic voltammograms, both stationary scan rate of 50 mV s~ and variational scan rate from 10 to

400 mV s~

Electrode Slope (mA cm™>)/(mV s~ ipa (50 MV s7") (mA cm™?) ipe (50 mV s7") (mA cm™) AE (50 mV s7") (mV)
ME-10 0.09 0.45 —0.54 54.23

ME-40 0.19 0.74 —0.88 70.40

ME-120 0.18 0.70 —0.91 65.17

ME-240 0.29 1.67 —1.89 107.94

(mA mV s~ "2 respectively) are larger than those of
other samples. The slope values of ME-40 and ME-
120 samples are slightly different, but still larger than those
of the ME-10 sample. According to Randles—Savcik
equation [28], the relation between peak current density
(ip) and diffusion coefficient (D) can be summarized as
follow:

ip=2.69 x n*?. D2 . y12 . A . ¢, (1)

where ip is the peak current density, n is the number of
electrons, D is the diffusion coefficient, v is the scan rates,
A is the area of electrodes and c¢ is the concentration.
Considering the fact that n is 4, A and c is constant in the
measurement procedure, ip would be proportional to D"
2912 Thus, for diffusion-controlled process, D2 is pro-
portional to the slop of 7, — v’ curve (dip/dv” %) [29]. In
this study, increasing the deposition time from 10 to 40 s
could improve the diffusion process on electrode surface,
but a further increase in time to 120 s cannot further
improve that. When the deposition time reaches 240 s, the
obtained PB film possesses the highest diffusion coeffi-
cient, and thus is much easier for such electron transducers
as K to enter and leave in the PB lattice.

3.3 Amperometric detection of H,O,

The applied potential at the working electrodes in this
study is estimated from other literature [20, 21] as
—100 mV (vs. Ag/AgCl). Amperometric response of the
experimental PB-modified electrodes towards H,O, was
conducted in 0.05 M phosphate buffer containing 0.1 M
KCI (pH 6.2) under mildly stirring (220 r min~" for the
magnetic rotor). The results of the chronoamperometry
measurements were recorded after successive addition of
H,0, solution with different concentration, and the sensor
calibration was performed by plotting the chronoampero-
metric currents versus H,O, concentration.

As shown in Fig. 5a, the amperometric response of the
ME-40 sample is larger than other samples and the linear
relation of the experimental samples is increased with the
increase in deposition time. The sensitivities of the sensors
are acquired via the slope of the calibration curve (Fig. 5b,
S/N = 3). It is noted that the sensitivity of ME-10 sample

(204 mA cm~> M, in Table 2) is the worst among all the
experimental modified electrodes. With the increase in
deposition time, the detecting sensitivity reached the
maximum value of 341 mA cm 2 M~ for ME-40 sample,
then decreased to 282 mA cm™ 2 M~' when the deposition
time continuously increased to 240 s. The linear relation of
the sensor, in contrast, is increased with the increase in
deposition time, and the highest linear range is acquired by
ME-240 sample (5 pM—4.5 mM). It has been pointed out
that a thinner Prussian blue layer can provide better sen-
sitivity [23]; however, according to our experiments, the
thickness of PB layer on Au film electrodes must reached a
certain value (50 nm for instance) to acquire better
detecting sensitivity. Moreover, the linear range of the PB-
modified Au electrode would be determined by the thick-
ness of the PB layer. Considering the results form Figs. 3
and 4, it can be inferred that the linear range for the PB-
modified electrodes could be related to the exchange of
electron transducers between PB lattice and solution sur-
face. For instance, with a thicker layer, more electroactive
PB particle on the ME-240 sample can improve the
mobility of K* among PB lattice. In addition, comparing
with several earlier works listed in Table 2, the ME-40
sensor exhibits lower LOD and higher sensitivity. The liner
range of current samples (except ME-10 sample) are all
better than G-rGO-PB, Nafion-PBNPs-GE and NEA/PB
electrodes [21, 30, 31], especially the linear range of ME-
240 sample is as high as the work form Cinti [4], which is
the highest value acquired from PB-modified electrodes.
The results thus indicate that the PB-modified electrode
produced by electrodepositing on magnetron co-sputtering
gold film with certain deposition time is able to achieve a
good balance between excellent analytical properties and
utility range.

3.4 Stability and reproducibility of the experimental
Sensors

The operational stability of hydrogen peroxide sensor is of
great importance for their application in continuous mon-
itoring. It is well known that the operational stability of
PB-modified sensor is decreased by the thermodynamic
instability of the reduced form of PB (Prussian white) and
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Fig. 5 a Amperometric response of the experimental sensors with the
successive additions of H,O, in 0.05 M phosphate buffer solution
with 0.1 M KCl (pH 6.2). b The corresponding calibration curves for

Concentration of H202 (uM)

H,0, detection. Inset (a) is the raw amperometric responding data
from 1 to 5 M H,0,

Table 2 Comparison of electrochemical behavior of the experimental sensors for H,O, detection

Modified electrode Linear range Sensitivity LOD (uM) Degradation slope Stability degree after Reference
(mM) (mA cm™— M) (HA min~! cm™?) 1000 cycles (%)

PBNPs-SPE 107345 762 0.2 - - [4]
G-rGO-PB 1.6 x 107°-0.07 1500 0.5 - - [21]
Nafion-PBNPs-GE 2 x 107°-0.14 138 1 - - [30]
NEA/PB 107°-1 60 0.01 - - [31]
ME-10 107°-1.0 223 0.2 3.57 66.37 This work
ME-40 1073-3.0 341 1 1.55 75.65 This work
ME-120 107335 318 0.02 1.22 74.85 This work
ME-240 3 x 107°-4.5 281 0.01 1.16 78.49 This work

SPE screen printed electrode, GE graphite electrode, GC glassy carbon electrode, PBNPs Prussian blue nano-particles, NEA nanoelectrode array,
G-rGO-PB glucose-oxidized PB particle on reduced graphene oxide sheet

the dissolving of PB polycrystalline caused by hydroxyl
ion, which is the product of H,O, reduction [32]. In this
study, the operational stability of experimental samples is
measured by means of “hydrogen peroxide reduction”
[33]. Namely, the test was operated by immersing PB-
modified electrode as working electrode (WE) into a stirred
batch of PBS with 0.1 M KCI, then a potential of
—100 mV was applied on the WE for 10 min to obtain a
stable responding current. Afterwards, H>O, solution with
certain concentration was injected into the PBS, to obtain a
1 mM concentration of hydrogen peroxide in tested phos-
phonate buffer solution. The test was terminated when the
responding current density decreased —0.1 mA cm ™~ than
the responding current of the injecting point, so the
degradation of the responding current density of experi-
mental sensors can be recorded and the slope of the
degradation curve could be an indication for evaluating the
operational stability of tested sensors.

Similar study was carried out by Borisova [32] and
Talagaeva [33] in 0.l1and 1 mM H,0, solution,

@ Springer

respectively. As shown in Fig. 6, the responding current of
ME-10 shows a rather fast decay of response after ~5 -
min. With the increase in deposition time, the PB-modified
sensors after depositing for 40, 120, and 240 s remained
their highest activity at a constant level for about 20 min,
which is 2.5 time times greater than the screen printed PB/
GC electrode in 0.1 mM H,O, [32] and 10 times higher
than PB/Pt electrode in 1 mM H,0, [33]. The slopes from
degradation curves (with the unit of mA min~' cm™?) of
ME-10, ME-40, ME-120 and ME-240 samples are
3.57 x 107%,1.55 x 107, 1.21 x 10> and 1.16 x 1077,
respectively. In addition, we also measured the stability of
experimental sensors via CVs for 1000 cycles. The stability
degree of each sample was based on the area ratio of per
100th cycle to initial cycle of the cyclic voltammograms
[33, 34]. It can be seen from Fig. 7 and Table 2 that the
stability degree of experimental electrodes after 1000
cycles is also increased with the increase in deposition
time, indicating that thicker layer of PB film possesses
stronger binding with the gold electrode. Comparing to the
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Fig. 6 Current response of experimental PB-modified sensors to
stirred flow of 1 mM H,0, in 0.05 M phosphate solution with 0.1 M
KCl, PH 6.2, stir rate of 200 r min~'. Inset is the detail data of current
response during the early 50 min

results from Talagaeva [33], the stability of PB film on
ME-40, ME-120 and ME-240 sample is greater than that of
the PB film on ITO-coated GC electrode (deteriorated to
nearly 58% after only 500 cycle of CV measurements), and
almost the same as the composite Prussian blue—
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polypyrrole electrode during the first 1000 cycle (decreased
only 12% after 1000 cycle of CV measurements).

The repeatability of the sensor performance, i.e., the
storage stability, with each thickness was established by
measuring the amperometric response of the electrodes to
1 mM H,0, solution for 5 days and storing the tested
electrodes in drying cabinet after each test. The current
response for ME-10, ME-40, ME-120, and ME-240 sample
respectively remained 75, 89, 90 and 93% of the initial
current density after 5 days. The repeatability of inter-
electrode was estimated by the ratio between mean squared
error and mean value of the current density of three dif-
ferent electrodes in 1 mM H,O, solution. The values of
standard deviation for ME-10, ME-40, ME-120 and ME-
240 samples are 20, 17, 10, and 5%, respectively. It is
worth noting that the results from performance repeata-
bility of tested electrodes are related to the stability test,
which showed the same trends that with longer depositing
time, the reproducibility of the ME-240 sample would be
enhanced. In addition, the stability and reproducibility of
ME-10 sample is rather low, and the decrease of stabilities
and reproducibility among ME-40, ME-120 and ME-240
samples are slight either in measurement of H,O, elec-

troreduction, the test of CVs (~5%) or test of
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Fig. 7 Repeated cyclic voltammograms of a ME-10, b ME-40, ¢ ME-120, and d ME-240 electrodes for 1000 cycles in 0.05 M phosphate buffer

solution with 0.1 M KCI (pH 6.2)
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reproducibility, suggesting that the thickness of PB film on
sensor surface must reach a critical value (50 nm in this
work) to acquire necessary working performance.

4 Discussion

The deposition time dramatically affects the microstructure
and thickness of the PB film deposited on the gold film. As
the deposition time increases, the PB film is constructed by
larger cubic particles, and the thickness of PB film is also
increased. It reveals in this study that the electrochemical
process of the PB-modified electrode is controlled by dif-
fusion of the counter potassium ion (K*). With larger
particle size and film thickness, the ME-240 electrode
possesses the highest diffusion coefficient and the widest
linear range of which in H,O, amperometric measurements
(Fig. 8).

Even though some researchers pointed out that thinner
PB layer could provide better sensitivity, our founding
shows the thinnest PB layer obtained after being deposited
for 10 s exhibits the worst response sensitivity and opera-
tional stability. When the deposition time reaches 40 s,
ME-40 electrode obtains the highest sensitivity, showing
that only when the thickness of PB layer reaches a critical
value (50 nm for instance), the exchange of K" through
PB/solution can be accelerated due to a better diffusion
process. As shown in SEM and AFM images, the size of
the PB particles for ME-10 and ME-40 samples is nearly
the same, and the thickness of ME-40 sample is thicker
than ME-10 sample but thinner than ME-120 and ME-240
samples. Considering the fact that the surface area of PB-
modified electrode is higher when the particles are smaller
which enhances the sensitivity, it turns out that the

100 —=— ME-10
' —+— ME-40
951 —+—M3-120
__90- —e— ME-240
< |
> 851
:g 80
s
75
70
65

0 100 200 300 400 500 600 700 800 9001000
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Fig. 8 Stability degree variation of the experimental sensors derived
from repeated CVs for 1000 cycle (Fig. 7)

@ Springer

thickness and particle size of PB film both determine the
sensitivity of the electrodes: smaller particle size offers a
higher surface area for PB-modified electrode which
enhances the sensitivity, but if the thickness of PB layer is
thinner than a critical value (50 nm for instance), the
sensitivity of the sensor would be harmed due to the fewer
amount of electroactive PB particles that were deposited on
electrode surface, which lead to lower response between
current density and H,O, concentration. In contrast, a
thicker PB layer possesses a larger amount of electroactive
PB particles; however, their particle size is larger and the
surface area of the PB film is smaller, which would dete-
riorate the electrochemical action rate and decrease the
sensitivity of PB-modified electrode.

5 Conclusions

Electrochemical deposition is an effective method to pro-
duce PB-modified gold electrode, which is a promising
transducer for selective low-potential detection of hydro-
gen peroxide. When deposition time reached 240 s, the PB
particle size and film thickness, respectively, reached about
20 and 100 nm, which obtain the widest linear range in
H,0, amperometric measurements and the best operational
stability among all the electrodes. Meanwhile, the best
detecting sensitivity is obtained by the electrode deposited
for 40 s. It therefore can be concluded that electrode-
positing for 240 s would produce the PB-modified elec-
trode with good balance among excellent analytic
performance, low cost production, and long-time stability.
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