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A novel mechanism to detect hydrogen peroxide (H,0,) using a poly(N-butyl benzimidazole) (PBBI)-
modified gold (PBBI/Au) electrode is proposed. Synthetic PBBI was oxidized using a mixture of acetic
acid (AcOH) and H,0; to form PBBI N-oxide (PBBINO). The structure of PBBINO was verified by Fourier
transform infrared spectroscopy (FT-IR) and the degree of oxidation was measured by X-ray photoelec-
tron spectroscopy (XPS). Moreover, the oxide could be reduced electrochemically back to PBBI. Based on
this reaction, a novel enzyme-free PBBI/Au electrode was developed to detect H,0, in the presence of
AcOH electrochemically. The biosensor detected H, 0, linearly over concentrations ranging from 25 pM
to 10 mM with a detection limit of 6.25 M in phosphate buffer solution (PBS) mixed with AcOH at pH 6.4.
In addition, at an applied potential of —0.5V, the sensor characteristics could be tuned using AcOH over
a pH range of 3.7-6.4. The sensitivity of the probe could be enhanced from 35.1 to 419.4 pAmM~" cm—2
by modifying the surface morphology of the PBBI/Au electrode from a smooth plane to a granular, three-
dimensional configuration. Furthermore, it was not influenced by interfering compounds and showed
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high thermal stability.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

H,0,,achemical used widely in the food, pharmaceutical, paper,
and chemical industries, is a reactive oxygen species that can cause
cancer when found in excess in the human body [1]. It is also a
by-product of the reaction catalyzed by large number of oxidase
enzymes [2,3]. The detection of H, 0, thus is important in biomed-
ical and environmental applications. In past decades, a number
of technologies such as titrimetry, fluorescence, and absorbance
spectra [4,5] have been developed to detect H,0,. Recently, a new
generation of sensors based on electrochemical technology has
proven simple to use and highly sensitive for real-time detection
[6,7]. Most of the electrochemical methods are based on enzymes
such as horseradish peroxidase, hemoglobin, or myoglobin [8-10].
Enzymatic electrodes usually are prepared by immobilizing a coat
of enzymes mixed with organic or inorganic materials on the elec-
trode surface. Although such biosensors are highly sensitive, loss
of content and degradation lead to decreased enzyme activity over
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time. The development of enzyme-free biosensors to overcome this
limitation is of great interest. The simplest alternative method is
to electrocatalyze H, 0, directly at working potentials of 0.5-0.7 V
[11-13]. Unfortunately, at this relatively high potential, the selec-
tivity is easily influenced by the presence of interfering species
[14].

Recently, electrodes modified with inorganic and
organic-inorganic materials have been studied widely owing
to their selectivity, stability, and the efficiency with which they
transfer electrons; such modifications include metallic particles
(Ag, Au, Co, and CuS nanoparticles) [15-17], metallic oxides
(Cu;0, CuO, TiOy, and MnO,) [18-21], transition metals (Prussian
blue and metalloporphyrins) [22,23], and biological complexes
incorporating inorganic components [24]. Such polymer-modified
electrodes, either with immobilized enzymes or with hybrid
organic-inorganic compounds, are widely used because of their
high build and ease of preparation [25,26]. However, only a few
studies have used polymers without enzymes to detect H0, at
lower potentials [27,28].

Polybenzimidazole (PBI) is a heterocyclic aromatic poly-
mer with exceptional chemical resistance, excellent mechanical
strength, and thermal stability [29,30]. After doping with acid, it
is an excellent proton conductor and is used in proton exchange
membranes in fuel cells [31,32]. Furthermore, its fluorescence char-
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acteristics — the result of benzimidazole’s conjugated structure —
have been investigated and reported widely [33]. PBI is poorly sol-
uble in many solvents because of its rigid backbone and interchain
interactions via hydrogen bonds. Alkylation of PBI improves its sol-
ubility without sacrificing its original properties [34]. However,
neither PBI nor its derivatives have been used to modify electrodes
for biosensor applications.

Here, we demonstrate that PBBI prepared by the butyl alkyla-
tion of PBI with 1-iodobutane can be oxidized by peracetic acid (a
mixture of AcOH and H;05,; AcOOH) to form PBBINO, which subse-
quently can be reduced electrochemically. Based on this reaction, a
PBBI/Au electrode was developed for use as an enzyme-free H,0,
biosensor. This biosensor showed superior performance compared
with traditional ones, including long-term detection capability,
rapid response time, and high specificity. Furthermore, preparing
a three-dimensional PBBI/Au (3D-PBBI/Au) electrode with a granu-
lated surface enhanced the sensitivity of the probe to 12 times that
of a PBBI/Au electrode with a smooth surface. We also propose the
redox mechanism by which the PBBI/Au electrode detects H,0,.

2. Experimental
2.1. Chemicals

Isophthaloyl dichloride (98%) was purchased from Acros, 3,3'-
diaminobenzidine tetrahydrochloride hydrate (>97%) was from
Sigma-Aldrich, polyphosphoric acid and H,0, (30%) were from
Showa, dimethyl sulfoxide (DMSO) was from Tedia, sodium hydride
was from Fluka, 1-iodobutane (99%) was from Lancaster, and AcOH
(99.8%) was from Scharlau. Deionized (DI) water was used in all
experiments.

2.2. Instrumentation and measurements

FT-IR spectra were obtained using a Bruker-Tensor 27 spectrom-
eter at a spectral resolution of 8 cm~!. XPS measurements were
performed using a VG Scientific ESCALAB 250 system. Electrochem-
ical measurements were performed on a CHI 660A electrochemical
workstation (CH Instruments, USA) with a three-electrode sys-
tem consisting of the PBBI/Au electrode, a bare Au electrode,
and an Ag/AgCl electrode as the working, counter, and reference
electrodes, respectively. All electrochemical measurements were
performedin40 mLof0.2 MPBS at 25 °Cand at pH 7.0 (unless stated
otherwise). The pH values of the electrolytes were adjusted with
AcOH to 7.0 (without AcOH), 6.4 (43.8 mM AcOH), 4.6 (216.0 mM
AcOH) or 3.7 (833.4 mM AcOH).

2.3. Procedures

2.3.1. Preparation of PBI, PBBI, and PBBINO

PBI was synthesized by condensation of 3,3’-diaminobenzidine
tetrahydrochloride hydrate and isophthaloyl dichloride in
polyphosphoric acid [35]. To produce PBBI, 1mmol of PBI
(0.3 g) was dissolved in 50 mL of DMSO and stirred at 80°C for 1h.
Sodium hydride (0.1 g; 4.2 mmol) was added and the solution was
purged with nitrogen to form a deep red solution. After stirring
for 2h, 0.55g (3 mmol) of 1-iodobutane was added and reacted
for 24 h at 120°C. The solution was added to 500 mL of DI water,
stirred vigorously, and the precipitate was separated from the
solution by filtration. The filtered solid was redissolved in DMSO,
recrystallized sequentially three times with acetone, and dried in
a vacuum aspirator to obtain the PBBI.

AcOOH solutions were prepared by mixing 0.2 mmol AcOH with
0.1, 0.2, or 0.4 mmol H,0,. PBBI (0.2 mmol) was dissolved in 10 mL
of DMSO and added to the AcOOH solutions. The reactions were
incubated in a 43-kHz ultrasonic bath at 40°C for 0.5h in a dark

room. The purification procedure was as described above for PBBI,
producing PBBINO1, PBBINO2, and PBBINO3, with molar ratios of
PBBI:AcOH:H,0, 0f 1:1:0.5, 1:1:1 and 1:1:2, respectively.

2.3.2. Preparation of the PBBI/Au and 3D-PBBI/Au electrodes

To produce the PBBI/Au electrode, 2 pL of a solution contain-
ing 0.23 g PBBI in 10 mL of DMSO were dropped onto an Au disk
electrode (0.196 cm?) and dried in a vacuum aspirator at 50°C for
5h. The 3D-PBBI/Au electrode was similarly prepared by dissolving
0.23 g PBBI in 10 mL of DMSO and then dispersing it with stirring
into a poor solvent consisting of 250 mL DI water and 150 mL ace-
tone. After high-speed centrifugation (5500 rpm), the precipitate
was washed by DI water three times. Finally, the precipitate was
dispersed into 40 mL DI water and 4 pL of the solution with 1%
DMSO was dropped onto an Au disk electrode (0.196 cm?2) and dried
in a vacuum aspirator at 50 °C for 5 h.

3. Results and discussion
3.1. Characterization of PBBI and PBBINO

FT-IR spectroscopy detected the characteristic absorption bands
of PBBI (Fig. 1A), including the stretching vibrations (v) of N-H
(vn-n) at 3389cm!, unsaturated vc_y (3061 cm~1), asymmetric
and symmetric saturated ve_y (2931 and 2864 cm™!, respectively),
Ve=n/c=c (1617 cm~1), the in-plane deformation of benzimidazole
(1558 cm~1), and C-H bending (1457 and 1389 cm~1). Two other
peaks appearing at 801 and 701 cm~! were indicative of hetero-
cyclic ring vibrations [36]. After reacting with AcOOH, three new
peaks attributable to the resonance structure of PBBINO1 appeared
at 1709 cm~! (ve_p+), 1204cm™! (vy+_qo-), and 1050cm~! (ben-
zene ring in-plane C-H bending) (Fig. 1A) [37]. Furthermore, the
intensity of the latter two peaks increased with increasing con-
centrations of H,0, at a constant concentration of AcOH (Fig. 1A).
However, oxidation did not occur in the absence of AcOH. This is
consistent with the results seen when pyridine is added to a mix-
ture of AcOH and H, 05, to produce pyridine N-oxide [38], indicating
that PBBINO is formed through the oxidation of PBBI by AcOOH (a
mixture of H,O, and AcOH).

The N(1s) XPS spectrum of PBBI can be deconvoluted into three
peaks (Fig. 1B): imine at 398.4 eV, amine at 400.2 eV, and a peak at
400.3 eV attributable to the amine substitution by butyl alkylation
[39]. The ratio of the peak areas was 1:0.55:0.45; i.e., butyl alkyla-
tion accounted for 45%, whereas 55% remained as native amine. The
N(1s) spectrum of PBBINO3 (Fig. 1B) was deconvoluted into four
peaks: in addition to the previous three peaks, a new characteristic
peak formed at 402.0 eV, indicating formation of the N-oxide struc-
ture (imine salt) [40]. The ratio of the peak areas (from lowest to
highest binding energy) was 8.60:27.24:22.60:41.56. Thus, the cor-
responding ratios of amine N (native amine plus butyl amine):imine
N:imine salt was 1.00:0.17:0.83; i.e., the total area of imine N and
imine salt was equal to that of amine N. Consistent with the results
of the FT-IR studies, the XPS spectra suggest that the reactive site
occurring at the imine of PBBI can be oxidized by AcOOH to form
an imine salt, which in PBBINO3 accounts for 41.5% of the total area
attributable to N.

3.2. Electrochemistry of the PBBI/Au electrode

Cyclic voltammograms of the PBBI/Au electrode showed one
pair of redox peaks between —0.6 and 0.6V at a potential scan
rate (V) of 0.05Vs~1 in PBS at pH 7.0 (Fig. 2A). The potentials of
the anodic (Epa) and cathodic (Epc) peaks were 0.20 and 0.04V,
respectively, with a peak-to-peak separation ((Ep) of 0.16V and a
formal potential (the average of Epa and Epc; EY) of 0.12V. This
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Fig. 1. (A) FT-IR spectra of (a) PBBI, (b) PBBINOT1, (c) PBBINO2, and (d) PBBINO3. (B) N(1s) XPS spectra of (a) PBBI and (b) PBBINO3. -N=: imine; H CqHy :
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amine-substituted PBBI; Y : imine salt.

pair of peaks is characteristic of electroactive imine. In 0.2 M PBS
at pH 7.0, both the anodic and the cathodic peak currents of the
of PBBI/Au electrode increased with increasing v (Fig. 2B) and
were linearly proportional to the square root of v over a range
from 0.05 to 0.3V s~! (Fig. 2C), indicating that the electrochemical
response of the PBBI/Au electrode is a typical diffusion-controlled
process. Meanwhile, the low conductivity of PBBI (which can-
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not respond instantly at high v because of the slow electron
transfer rate) and the distortion in the aromatic backbone caused
by alkylation resulted in positive and negative shifts of Ep, and
Epc, respectively, as v increases [41]. Furthermore, when (E; is
>0.2V and v>0.1Vs™1, the peak potentials were proportional to
the natural logarithm of v (Fig. 2D). Two linear equations for
the anodic (Epa=0.45+0.058 Inv) and cathodic peak potentials
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Fig. 2. (A) Cyclic voltammograms of the PBBI/Au electrode in 0.2 M PBS at (a) pH 7.0 and (b) pH 4.6. (B) Cyclic voltammograms of the PBBI/Au electrode in 0.2 M PBS (pH 7.0)
as a function of v (0.05-0.3 Vs~1). (C) Plots of peak currents versus the square root of v. (D) Plots of peak potentials versus the natural logarithm of v.
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Fig. 3. Cyclic voltammograms of the PBBI/Au electrode in the (a) absence and (b)
presence of 3mM H,0, in PBS at pH 4.6. Inset: cyclic voltammograms of a bare Au
electrode in the (c) absence and (d) presence of 3 mM H,O0, in PBS at pH 4.6.

(Epc =—0.13 — 0.041 In v) were obtained, respectively. According to
Eq. (1) [42]:

ka
o= ka — ke

(1)

where « is the electron transfer coefficient and k, and k¢ are the
slopes of Ep, and Ej¢ versus In v, respectively, the « of the PBBI/Au
electrode in 0.2 M PBS (pH 7.0) was calculated to be 0.59. In prin-
ciple, the number of transferred electrons (n) is equal to 1 when
0.3 < <0.7[43]. Thus, the electrochemical reaction of PBBI in 0.2 M
PBS appears to be a one-electron transfer process. Additionally, the
surface concentration (I") of electroactive imine can be deduced
according to Eq. (2) [44]:

n2F2dvAl’
Ih=—fer— (2)

where I, is the peak current, A is the surface area of the electrode
(0.196 cm?2), Fis Faraday’s constant, and Tis the temperature. In this
case, the I' of electroactive imine on the PBBI/Au electrode was
estimated to be 7.4 x 10~ molcm—2.

Because the oxidation of PBBI with H,O, occurred in the pres-
ence of AcOH, the PBBI/Au electrode was also studied in acidic PBS.
When the pH of the PBS was adjusted with AcOH to 4.6 (Fig. 2A), the
peaks of electroactive imine shifted positively toward potentials of
0.35V (Epa2) and 0.13V (Epc2), respectively, with a (Ep of 0.22V,
presumably as a result of solution polarity. Furthermore, an addi-
tional pair of weak redox peaks appeared concurrently at 0.072V
(Epa1) and —0.177V (Ey¢1). These likely resulted from redox reac-
tions in which the imine of PBBI was partially protonated by the
acidic solution [31,32].

To investigate the performance of the PBBI/Au electrode with
respect to H, 05, cyclic voltammograms of the electrode were mea-
sured in PBS at pH 4.6 without and with the addition of 3 mM
H,0, (Fig. 3). Adding H,0, increased the reductive current from
0 to —0.6V, and the increase in the response current at —0.5V was
12.3 pA. In contrast, adding the same concentration of H,0; to the
PBS at pH 4.6 did not induce an obvious current response in the bare
Au electrode (Fig. 3, inset). Presumably, the imine sites of PBBI are
oxidized by the hydroxyl radicals from AcOOH, forming the imine
salt. When the imine salt content increases, more current is needed
to reverse the process by electrochemical reduction. This is similar
to the behavior seen in enzymatic and other enzyme-free biosen-
sors in which the oxidation of substances by H,0, is reversed by
electrochemical reduction [8,20].
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Fig. 4. Typical current/time response curves of the PBBI/Au electrode with the addi-
tion of different concentrations of H,O, in PBS at (a) pH 7.0, (b) pH 6.4, (c) pH 4.6,
and (d) pH 3.7. Inset: linear dependence of the response current versus the H,0;
concentration as a function of the pH of PBS: (a) pH 7.0, (b) pH 6.4, (c) pH 4.6, (d) pH
3.7 (n=5).

3.3. PBBI/Au electrode-based H,0, biosensor

The above results indicate that PBBI could be oxidized by H,0,
to form PBBINO and generate a response current at reduction
potentials from 0 to —0.6 V in the presence of AcOH. To assess the
performance of PBBI/Au electrode as a means of assaying for H, 05,
current/time plots were generated by the successive addition of
H,0, in PBS at varying pH values. To assure that the reduction
reaction went to completion, an applied potential of —0.5V (i.e.,
more negative than that of the reductive peak) was used. At pH 7.0
(Fig. 4), the response current curve was negligible, indicating that
PBBI was barely oxidized by H, 0, in the absence of AcOH. Although
enzyme-free H,0, biosensors are sensitive to oxygen production
during H,0, reduction at negative potentials [17], in this study
no such current response occurred in the presence of H,O, at pH
7.0, indicating that H,0O, was not reduced to oxygen. In contrast,
the response currents increased markedly with increasing H,0,
concentrations at pH values of 6.4, 4.6 and 3.7 and achieved 95%
of the steady-state current within 11.3, 6.0 and 4.9's, respectively
(Fig. 4). The corresponding calibration plots for the amperomet-
ric response curves and the biosensor performances at various pH
values are presented in Fig. 4 (inset) and Table 1, respectively.
Although the response time of the PBBI/Au biosensor was longest at
pH 6.4, these conditions also produced the highest sensitivity and
the lowest detection limit for H,0,. Indeed, over five trials using
the same PBBI/Au electrode in PBS at pH 6.4, the sensor detected
H,0,; over a linear range from 25 wM to 10 mM with a sensitivity
of 35.1 uhAmM~! cm~2 and a standard deviation for the detection
of 1 mM H,0, of 3.9%.

The response time of the PBBI/Au biosensor is relative to the
formation rate of AcOOH. At pH 6.4, the low concentration of AcOH
reduces the opportunity for interactions with H,0,, resulting in a
longer time required to achieve equilibrium. In contrast, sensitivity
is dominated by the surface concentration of imine, which provides
active sites to react with AcOOH. However, imine sites are also pro-
ton acceptors and are easily protonated in the acid solution [31,32].
As the AcOH concentration increases, so does the degree of protona-
tion, reducing the surface concentration ofimine that can react with
AcOOH. Therefore, the sensitivity of the PBBI/Au electrode-based
H,0, biosensor decreases with increasing AcOH concentrations
(and decreasing pH values). Consequently, a three-step mechanism
is proposed as the basis for an enzyme-free PBBI/Au electrode to
detect H,O, (Scheme 1). Firstly, the mixture of AcOH and H,0,
in PBS produces AcOOH and H,0. The AcOOH then oxidizes PBBI to
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Characteristics of the PBBI/Au electrode-based H,0, biosensor in 0.2 M PBS at various pH values.

pH Sensor characteristic
Response time (s) Sensitivity (WAmM~! cm~2) Detection range (mM) Detection limit (M) R
3.7 <4.9 21.7 0.2-22.5 75.00 0.997
4.6 <6.0 33.2 0.075-15.0 12.50 0.998
6.4 <113 35.1 0.025-10.0 6.25 0.999
7.0 - - - - -
-: no response detected.
5
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Scheme 1. Redox mechanism of the H,0, biosensor using the PBBI/Au electrode as the working electrode.

form PBBINO and AcOH. Finally, the PBBINO reverts to PBBl and H, O
by accepting two electrons and two protons by electrochemical
reduction. No PBBI is consumed at any point in the redox reaction,
confirming the catalysis nature of the PBBI/Au electrode.

3.4. 3D-PBBI/Au electrode-based H,0, biosensor

The above results demonstrate that a method to detect H,O,
using a PBBI/Au electrode is feasible and accurate. However, the

B

Current (uA)

solubility of the PBBI polymer in DMSO resulted in a planar mor-
phology on the PBBI/Au electrode surface (Fig. 5A), limiting the
effective surface area for detection. Therefore, a PBBI/Au electrode
with a granulated surface and porous structure (Fig. 5A) was pre-
pared by dispersing the PBBI in water before it was drop-coated
onto the Au electrode. Current/time plots of the 3D-PBBI/Au elec-
trode showed a rapid response, reaching 95% of the steady-state
currentin ~6.3 s (Fig. 5B), presumably because AcOOH could diffuse
through the granulated surface freely. As with the PBBI/Au elec-

480 (b)
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0 T T T
0 300 600 900
Time (s)

Fig. 5. (A) Scanning electron micrographs of (a) PBBI/Au electrode and (b) 3D-PBBI/Au electrode. (B) Typical current/time response curves of the 3D-PBBI/Au electrode at (a)
pH 7.0 and (b) pH 6.4. Inset: linear dependence of the response current versus the H,O, concentration (n=5).



M.-Y. Hua et al. / Analytica Chimica Acta 693 (2011) 114-120 119

Table 2

Comparison of the performance of various H,0, biosensors.
Modified electrode Detection range Sensitivity (WAmM~"' cm~2) Response time (s) Ref.
Gel/HRP/TTF-TCN/MWCNTs/Au 5 WM-1.05 mM 383.0 6.0 46
MWCNTs/Ag/Au 50 uM-17 mM 20.1 5.0 47
Hb/SA/MWCNTs/GC 40 uM-0.2 mM 224.6 10.0 48
MnO,/Nf/GC 10 WM-0.15mM - 5.0 49
Cu,0/Nf/GC 5pM-1.5mM 717.1 3.0 19
3D-PBBI/Au 12.5 puM-5.0 mM 4194 6.3 This work

HRP: horseradish peroxidase; TTF-TCN: tetrathiafulvalene-tetracyanoquinodimethane;

GC: glassy carbon; Nf: Nafion.

trode, no response current was observed in the absence of AcOH
(Fig. 5B). The linear range of the 3D-PBBI/Au electrode-based H,0,
sensor was 12.5 wuM-5.0mM with a slope of 419.4 uAmM~! cm—2
(Fig. 5B, inset) and a detection limit of 6.25 wM. Relative to the
PBBI/Au electrode, the 3D electrode showed higher sensitivity (~12
times greater), a more rapid response and a lower detection limit.

3.5. Selectivity and stability of the 3D-PBBI/Au electrode H,0,
biosensor

Ascorbic acid (AA) and uric acid (UA) are often used to test
for interference in H,0O, or glucose biosensors because they occur
naturally in the body [14,15]. AA and UA are oxidized directly
at potentials of 0.25 and 0.54V, respectively [45]. Thus, the abil-
ity to detect H,0, at negative potentials would avoid the effects

A 900- 0.1mM 1 mM
AA ¢ AA ¢
1601 (
< 0.1 mM 1 mM
= UA UA
5
g 120
=1
o
<+ | mM HQO2
80-
0 40 80 120 160
Time (s)
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<
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g 601
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304

0 1 3 5 7 10
Time (day)

Fig. 6. (A) Influence of interfering substances on the response currents of the 3D-
PBBI/Au electrode after the addition of 1 mM H, O, in PBS at pH 6.4. (B) Variation of
3D-PBBI/Au electrode response currents in the presence of 1 mM H,0, in PBS at pH
6.4 versus storage time at 50°C.

MW(CNTs: multiwalled carbon nanotubes; Hb: hemoglobin; SA: sodium alginate;

of such interfering compounds. Indeed, at an applied potential of
—0.5V, neither AA nor UA at concentrations of 0.1-1 mM interfered
noticeably with the response of the 3D-PBBI/Au electrode to H,0,
(Fig. 6A). Similarly, injecting 40 wL of PBS saturated with oxygen
produced no obvious variation in the response current, indicating
that the 3D-PBBI/Au electrode is specific for H,0,.

The long-term stability of the 3D-PBBI/Au electrode was investi-
gated by storingitat 50 °Cin the atmosphere. The electrode showed
very good stability, with a deviation after 10 days under such con-
ditions of <5.9% from its initial response current (Fig. 6B). This
excellent stability was attributed to the intrinsic thermal stability
of PBBI.

The performance of the 3D-PBBI/Au electrode was comparable
to that of other H,0, biosensors based on modified Au or glassy
carbon electrodes (Table 2). Enzyme-based biosensors are limited
by the number of active sites on each, and possibly by stereo-
hindrance when the enzymes are immobilized [46-49]. Also, to
avoid loss of activity, enzyme-based sensors must be stored at
lower temperatures to avoid enzyme inactivation. Enzyme-free
H,0, sensors using metal and metallic oxide particles can over-
come such problems and show high stability. They also have rapid
response times and lower detection ranges. However, because such
materials tend to be poorly adhesive, they must be hybridized with
a polymer or electrodeposited directly onto the electrode surface.
The polymer PBBI adheres readily to the Au surface and is eas-
ily deposited by dropping, dipping or spin coating. Furthermore,
there are two reactive imine sites for each repeating unit along the
PBBI polymer chain. Finally, altering the morphology of the probe
to enhance the surface area can produce a PBBI-modified probe
with a short detection time, high sensitivity and good thermal
stability.

4. Conclusions

This work uses an electrode material with imine residues that
can be oxidized to form N-oxide in the presence of AcOH and H,0,.
This novel mechanism forms the basis for an enzyme-free PBBI/Au
electrode to detect H,0,. Adding H, O, in PBS that contains AcOH
produces AcOOH. PBBI is then oxidized by AcOOH to form PBBINO
and AcOH. The PBBINO subsequently reverts to PBBI and water
by electrochemical reduction, producing a detectable signal. The
intrinsic properties of the polymer make the sensor based on the
above mechanism highly selective and stable. Furthermore, the
nanoscale environment provided on the surface of the 3D-PBBI/Au
electrode greatly enhances the sensitivity (419.4 wpAmM~! cm~—2)
and lowers the detection limit to 6.25 wM.
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