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ABSTRACT

A highly sensitive and selective amperometric hydrogen peroxide (H,0,) biosensor based on immobili-
zation of hemoglobin (Hb) at multiwalled carbon nanotubes-zinc oxide (MWCNT/ZnO) composite mod-
ified glassy carbon electrode (GCE) is reported. ZnO microsponges were electrochemically grown on
MWCNT surface by the simple, cost-effective, green, electrochemical method at room temperature. The
MW(CNT/ZnO/Hb composite film showed a pair of well-defined, quasi-reversible redox peaks with a for-
mal potential (E*) of —0.336 V, characteristic features of heme redox couple of Hb. The electron transfer
rate constant (ks) of immobilized Hb was 1.26 s!. The developed biosensor showed a very fast response
(>2 s) toward H,0, with good sensitivity, wide linear range, and low detection limit of 0.02 uM. The fab-
ricated biosensor showed interesting features, including high selectivity, acceptable stability, good repro-
ducibility, and repeatability along with excellent conductivity, facile electron mobility of MWCNT, and
good biocompatibility of ZnO. The fabrication method of this biosensor is simple and effective for deter-
mination of H,0, in real samples with quick response, good sensitivity, high selectivity, and acceptable

recovery.

© 2012 Elsevier Inc. All rights reserved.

Over the past decades, multiwalled carbon nanotubes
(MWCNT)! has been a promising electrode material that is well
known for its fascinating properties such as excellent conductivity,
fast electron transfer, high surface area [1], and ability to promote
the direct electron transfer between the enzymes and the bare elec-
trodes [2]. Due to the aforementioned interesting properties,
MWCNT has been extensively employed in the field of electrochem-
ical biosensors. Specifically, functionalized MWCNT modified sur-
faces have been widely used for promoting the direct electron
transfer of various proteins [3,4], whereby MWCNT has acted as a
conduit between the prosthetic group of the proteins and the elec-
trode surface. On the other hand, hydrogen peroxide (H,0,) has re-
ceived considerable attention during recent years because of its
fascinating antiseptic and bleaching properties that have produced
immense applications in various fields [5]. So far, various methods
have been used for H,0, analysis, such as titrimetry [6], photometry
[7], chemiluminescence [8], and electrochemical method [9,10].
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Among the various methods, electrochemical methods have been
playing a crucial role because of their real-time measurements and
cost-effective protocols. Due to the high selectivity and specificity
for H,0,, redox enzymes (horseradish peroxidase, cytochrome c,
and hemoglobin [Hb])-based biosensors have been extensively em-
ployed for sensitive H,0, detection [11-14]. Among these redox en-
zymes, Hb is an ideal model enzyme used in H,0, biosensors
because of its known structure, commercial availability, and rela-
tively higher stability [15]. Moreover, Hb has intrinsic peroxidase-
like activity and, thus, could be an appropriate substitute for horse-
radish peroxidase, specifically for improving the biosensor perfor-
mance and reducing the fabrication cost.

To enhance the performance features of the biosensor and to
efficiently immobilize enzymes onto the electrode surfaces, vari-
ous nanomaterial matrices have been used. Zinc oxide (ZnO) is well
known for its interesting features and has been a promising mate-
rial with good biocompatibility, high surface activity, and rapid
electron communication features [16,17]. These salient features
of ZnO are highly advantageous for enzyme-based biosensor appli-
cations, and ZnO has been used as a potent matrix for immobilizing
redox proteins successfully for efficient H,O, detection [17]. Apart
from these interesting aspects of ZnO, great interest has been
shown toward the synthesis of MWNT/ZnO composites with
interesting morphologies using versatile strategies, including
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hydrothermal [18-21], thermal decomposition [22-25], and elec-
trodeposition [26,27]. Among the various approaches, electro-
chemical deposition is cost-effective, simple, and eco-friendly.
However, only few reports are available for the electrodeposition
of ZnO microstructures at low temperature (80 °C) [28-31]. No re-
ports are available in the literature for the room temperature elec-
trodeposition of ZnO microstructures on the MWCNT surface for
Hb immobilization. Keeping all of these interesting facts about
MWCNT and ZnO in mind, we developed a novel amperometric
H,0, biosensor using MWCNT/ZnO composite as a matrix and Hb
as the model enzyme for our study.

In this article, we present a simple, eco-friendly, one-step elec-
trochemical approach for the deposition of ZnO microsponges on
MWCNT modified glassy carbon electrode (GCE). MWCNT/ZnO
microsponges could be a promising platform for Hb because the
strong electrostatic interactions between positively charged
MWCNT/ZnO composite and negatively charged Hb could retain
the bioactivity. The as-fabricated MWCNT/ZnO/Hb composite film
exhibits high sensitivity, fast response (>2 s), low detection limit,
and high selectivity toward H,0, that are ascribed to the large sur-
face area, good biocompatibility, and synergistic effect of MWCNT
and ZnO.

Materials and methods
Chemicals

MWCNT with lengths of 0.1 to 10 pum was obtained from Al-
drich. Hb (bovine blood) was purchased from Sigma-Aldrich and
used as received without any further purification. Zinc nitrate
hexahydrate [(ZnNOs),-6H,0, 99% pure] and potassium nitrate
(KNO3) were obtained from Sigma-Aldrich. H,0, (30%) was ob-
tained from Wako Pure Chemical Industries. The supporting elec-
trolyte used for all experiments was phosphate buffer solution
(PBS, pH 7.0), which was prepared using 0.05 M Na,HPO, and
NaH,P0,4 solutions. All of the chemicals used in this work were
of analytical grade, and all of the solutions were prepared using
doubly distilled water.

Apparatus

Electrochemical experiments were carried out using a single-
compartment, three-electrode-cell apparatus under N, atmo-
sphere (an N, tube was kept over the solution during measure-
ment). A computerized electrochemical workstation (CHI 1205)
was used for cyclic voltammetry (CV) and amperometric measure-
ments. Surface morphological studies were carried out using a
Hitachi S-3000 H scanning electron microscope (SEM). Ultravio-
let-visible (UV-VIS) absorption spectra were obtained using a
Hitachi U-3300 UV spectrophotometer. Amperometric (i-t curve)
measurements were performed using a CHI-750A potentiostat
with an analytical rotator AFMSRX (Pine Instrument, USA). A con-
ventional three-electrode system was used for the electrochemical
experiments, with a modified GCE as the working electrode, a sat-
urated Ag/AgCl as the reference electrode, and a platinum elec-
trode as the auxiliary electrode. All measurements were carried
out at ambient conditions.

Preparation of MWCNT/ZnO composite

MWCNT (0.01 g/ml) was dispersed well in dimethylformamide
with the aid of sonication for 2 h. The precleaned GCE was used for
the fabrication of MWCNT/ZnO composite film. Approximately 8 pul
of MWCNT (optimized concentration) was drop-casted on the pre-
cleaned GCE and dried in an air oven at 30 °C. The MWCNT modi-

fied GCE was shifted to an electrochemical cell containing 0.5 mM
(ZnNO3),-6H,0 and KNOs solution. A total of 30 consecutive cyclic
voltammograms were recorded in the potential range of 0 to
—1.5V at a scan rate of 50 mV s~!, resulting in the formation of
ZnO microsponges on MWCNT modified GCE. The as-prepared
composite modified GCE is denoted as MWCNT/ZnO/GCE hereafter.

Fabrication of MWCNT/ZnO/Hb biosensor

Fresh Hb (0.005 g/ml) solutions were prepared in 0.05 M PBS
(pH 7.0) and stored at 4 °C when not in use. To immobilize Hb
on the as-prepared MWCNT/ZnO composite modified GCE, approx-
imately 8 pl of Hb was drop-casted and dried at room temperature.
We noted that the large surface area and high conductivity of
MWCNT, along with the good biocompatibility of ZnO, provides
high enzyme absorption. The as-obtained MWCNT/ZnO/Hb com-
posite film modified GCE was gently rinsed a few times with dou-
bly distilled water to remove the loosely bound Hb. The fabricated
MWCNT/ZnO/Hb electrode was used for further experiments.

Results and discussion
Electrochemical formation mechanism of MWCNT/ZnO composite

The MWCNT modified GCE was transferred to an electrochemical
cell containing 0.5 mM (ZnNOs3),-6H,0 and KNOs solution. It is nota-
ble that an N, atmosphere was maintained throughout the experi-
ments. A total of 30 consecutive cyclic voltammograms were
performed in the potential range between 0 and —1.5 V ata scanrate
of 50 mV s~! (see Fig. 1). During the first anodic potential scan, a
small anodic hump appears at —0.66 V with an onset potential of
—0.83V, indicating the formation of Zn?* ions [32]. Relatively, no
anodic peak was observed at MWCNT/GCE in the same potential
window. During the electrochemical deposition process, the posi-
tively charged Zn?" ions from the bath solution will be attracted to-
ward the negatively charged MWCNT surface by electrostatic
driving force and, thus, got anchored at the MWCNT surface. During
the second cathodic potential scan, at a more negative potential
(~1V), the as-dissociated NO; ions will undergo further reduction,
forming both NO, ions and oxygen. Meanwhile, the released oxygen
should be captured immediately by the anchored Zn?* ions, resulting
in the formation of MWCNT/ZnO composite (step 1). As reported
previously, ZnO electrochemical deposition can plausibly occur by
any one of the following reversible mechanistic pathways [32,33]:
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Fig.1. 30 consecutive cyclic voltammograms recorded at an MWCNT modified GCE
in 0.5 mM (ZnNOs3),-6H,0 and 0.5 mM KNO; containing N,-saturated 0.05 M PBS
(pH 7.0) at a scan rate of 50 mV s~ 1.
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Zn** + NO; +2e~ — Zno + NO, (1)
PTR (P -
Zn** +50; +2e” —Zn0. (2)

In our case, because we maintained the N, atmosphere during
the MWCNT/ZnO electrochemical deposition process, the feasibil-
ity of ZnO formation through the association of Zn?" ions and dis-
solved oxygen as mentioned in Eq. (2) can be neglected. Instead,
ZnO formation should have occurred via Eq. (1), where Zn?* ions
will associate with the oxygen atoms produced by the reduction
of NO; ions.

Surface morphological study

Fig. 2A shows the ZnO microsponges closely anchored on the
MWCNT surface. Fig. 2B is the SEM image of the same MWCNT/
ZnO composite at lower magnification. The as-grown ZnO struc-
tures were between 500 nm and 1 pm in size. The individual ZnO
microsponges were interconnected through nanotubes networks.
We believe that initially the ZnO growth should have headed along
the MWCNT walls because they served as potential templates. Later
on, the as-deposited ZnO sponges should have acted as seeds and
the growth process might progress laterally, leading to the forma-
tion of ZnO microsponges. The large surface area of MWCNT/ZnO
composite and the net positive surface charges are helpful for
immobilizing negatively charged Hb. SEM results indicated that
sponge-like ZnO microstructures have been successfully grown on
the MWCNT surface, and the as-prepared MWCNT/ZnO composite
material should be a promising platform for the Hb immobilization.

Fig.2. SEM images of electrochemically deposited ZnO microsponges on MWCNT at
room temperature (B) and MWCNT/ZnO composite at higher magnification (A).

UV-VIS spectroscopic analysis

The position of the Soret absorption band of heme group may
provide information about possible denaturation of proteins [34].
UV-VIS spectroscopy is an important tool that provides valuable
information about the possible change of the Soret adsorption
band in the heme group region. Therefore, we used UV-VIS spec-
troscopy as a handy tool to confirm the activity of Hb immobilized
on the MWCNT/ZnO composite modified film. As shown in Fig. S1
of the supplementary material, the Soret band of the Hb entrapped
in MWCNT/ZnO film was located at 410 nm, similar to that of na-
tive Hb [35]. It clearly suggested that no significant denaturation
of the immobilized Hb had occurred, revealing the good biocom-
patibility of the composite matrix.

Direct electrochemistry of Hb

Fig. 3A shows the cyclic voltammograms of different modified
GCEs obtained at a scan rate of 0.05 V in PBS (pH 7.0). Cyclic voltam-
mograms were recorded in the potential range of —0.7 to 0.1 V.
Bare/GCE does not show any characteristic peaks in this potential
window (curve a). Likewise, MWCNT (curve b) and MWCNT/ZnO
(curve ¢) modified electrodes also do not show any characteristic
peaks; however, the background current of the latter is higher,
clearly indicating that MWCNT/ZnO has higher active electrode
area than that of MWCNT. In the same potential, ZnO/Hb and
GCE/Hb modified electrodes do not show any characteristic electro-
chemical signal for Hb (Fig. 3A inset, curves a and b), whereas
MWCNT/Hb modified electrode shows a little anodic hump at
—0.36 (Fig. 3Ainset, curve c¢). At the MWCNT/ZnO/Hb modified elec-
trode (Fig. 3A, curve d), a pair of well-defined redox peaks appear,
indicating that the direct electron transfer of Hb has occurred and
it has been augmented in the presence of both MWCNT and ZnO.
The formal potential (E*’) calculated from the average of cathodic
and anodic peak potentials was —0.336 V (vs. Ag/AgCl). This E* va-
lue is in close agreement with that of the Hb modified electrode re-
ported previously [36]. The redox peaks were attributed to the
electrode process of the electroactive center of Fe(Ill)/Fe(Il) couples
in the Hb molecule. The peak potential separation (AEp) was
approximately 43 mV, which was smaller than that of other Hb
immobilized carbon nanotubes composite films [36,38,39]. Such a
small AE,, value revealed a fast and quasi-reversible electron trans-
fer process. This result indicates that the synergetic effect of
MWCNT/ZnO played a more important role in facilitating the direct
electron transfer of Hb than bare/Hb, MWCNT/Hb, and ZnO/Hb
modified GCEs. The fast electron transfer of Hb can be attributed
to the good biocompatibility, large surface area, and high electronic
communication capability of MWCNT/ZnO composite.

Different scan rate studies at MWCNT/ZnO/Hb composite modified
electrode

Fig. 3B shows the cyclic voltammograms obtained at MWCNT/
ZnO/Hb composite film modified GCE in deoxygenated PBS at dif-
ferent scan rates. On increasing the scan rates, the redox peak cur-
rents and peak separation increased linearly. Meanwhile, the
cathodic and anodic peak potentials showed a small shift and the
peak-to-peak separation also increased. Both anodic and cathodic
peak currents increased linearly with scan rates from 100 to
1000 mV s~! (Fig. 3B, inset). In addition, the anodic and cathodic
peak potentials shifted toward positive and negative directions,
respectively, and it was clear that Hb absorbed onto the
MWCNT/ZnO composite matrix underwent a surface-controlled,
quasi-reversible process. The electron transfer rate constant (ks)
for Hb at MWCNT/ZnO/Hb composite film modified GCE was calcu-
lated using Eq. (3) [37]:
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Fig.3. (A) Cyclic voltammograms obtained at bare GCE (a), MWCNT (b), MWCNT/ZnO (c), and MWCNT/ZnO/Hb (d) film modified GCEs in deoxygenated PBS at a scan rate of
50 mV s~!. The inset shows the cyclic voltammograms of MWCNT/Hb (c), ZnO/Hb (b), and GCE/Hb (a) modified electrodes recorded at similar conditions. (B) Cyclic
voltammograms recorded at MWCNT/ZnO/Hb composite film modified GCE in deoxygenated PBS at different scan rates. The scan rates from inner to outer are 100 to
1000 mV s~'. The inset shows the linear dependence of I, and I, versus scan rates (100-1000 mV).

LogKs = aLog(1 — o) + (1 — a)Logor — Log(%)

o(1 — o)nFAE,
- 23RT (3)

where R is the gas constant (8.314 ] mol~! K'), T is the room tem-
perature (298.15 K), and AE,, is the peak separation of the redox cou-
ple. Here, the o value was assumed as 0.5 and the number of
electrons transferred was considered as 1. The ks value at MWCNT/
ZnO/Hb composite film was calculated to be 1.22 s}, and it was
higher than the values of Hb immobilized at Nafion-coated, ther-
mally prepared ZnO on MWCNT (1.14 s~1) [36], carbon nanotubes

(0.062 s71) [40], silica-coated gold nanorods (0.83s~!') [41], and
functionalized carbon nanotubes (1.02 s~!) [42]. These results dem-
onstrated that MWCNT/ZnO matrices efficiently facilitated the elec-
tron transfer process between Hb and the electrode surface.

Effect of pH

The effect of pH on the electrochemical behavior of MWCNT/
ZnO/Hb was investigated as shown in Fig. S2 of the supplementary
material. The Hb was found to be electroactive over the tested pH
range of 4.0 to 9.0. The E~ shifted negatively on increasing the pH,
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and it exhibited a linear dependence over wide pH range (4.0-9.0)
with a slope of —54.1 mV/pH and a correlation coefficient of
0.9837. This slope value was slightly lower than that of the theo-
retical value of —59 mV/pH at 25 °C for a reversible electron trans-
fer coupled proton transport process [43]. These results also imply
that the redox reaction of Hb is a one-proton (H*) and one-electron
(e™) process. The reaction scheme for the electron transfer process
of Hb can be described simply as follows:

Hb — hemeFe(Ill) + H" + e~ — Hb — hemeFe(II). (4)

Electrocatalysis of H,0, at MWCNT/ZnO/Hb composite film

The electrocatalytic activity of the MWCNT/ZnO/Hb modified
GCE toward H,0, was investigated using CV, and the results are
shown in Fig. 4. It is notable that MWCNT/ZnO/Hb composite mod-
ified electrode showed a well-defined reduction peak at —0.356 V
in the absence of H,0,. When H,0, was added into the PBS, a sig-
nificant increase in the reduction peak at —0.307 V (positive poten-
tial shift) was observed, whereas the oxidation peak disappeared,
demonstrating the typical electrocatalytic reduction process of
H,0,. On increasing the H,0, concentrations further, the reduction
peak current increased gradually. The maximum reduction peak
current was observed for 20.42 utM H,0,, where both the increase
in peak current and the decrease in overpotential are considered as
electrocatalysis. However, in the presence of the same H,0, con-
centration (20.42 pM), no significant catalytic peak was observed
at bare GCE (figure not shown). Relatively, MWCNT/ZnO/Hb mod-
ified GCE showed good electrocatalytic property for H,O, reduc-
tion. The electrocatalytic response toward the H,O, in linear
enslavement could be witnessed between the current response
and the concentration of H,0, in the range of 0.01 to 20.42 uM
with a correlation coefficient of 0.9981. These results clearly show
that MWCNT/ZnO/Hb composite film can be efficiently used for the
detection of H,0,. The possible mechanism of catalytic reduction
of H,0, by Hb could be expressed by the following equations re-
ported previously [44]:

Hb[Heme(Fe")] + H,0, — Coml + H,0 (5)
Com I + H,0, — Hb[Heme(Fe")] + H,0 + 0, (6)
Hb[Heme(Fe")] + H" + e~ — Hb[Heme(Fe")] at electrode (7)
Hb[Heme(Fe")] + 0, — Hb[Heme(Fe")] — O, Fast (8)

Hb[Heme(Fe")] — 0, + H? + e~
— Hb[Heme(Fe")] + H,0, at electrode. 9)

The overall reaction would be

H,0, + 2H" + 2e~ — 2H,0. (10)

Amperometric H,0, reduction studies

In this study, we have used the amperometry technique to eval-
uate the performance of the developed MWCNT/ZnO/Hb biosensor.
During the amperometric i-t measurements, the electrode poten-
tial was held at —0.34V (from the CV electrocatalysis) and the
N,-saturated PBS (pH 7.0) was constantly stirred at 1600 rpm. This
low applied potential is beneficial for efficient H,0, detection be-
cause the matrix effect caused by the common interference species
can be minimized and the oxygen reduction current can be limited.
For every 50 s, aliquots of H,0, were successively injected into the
supporting electrolyte. Fig. 5A shows the amperometric i-t re-
sponse obtained at MWCNT/ZnO/Hb composite rotating disc GCE
on various H,O, concentration additions. The response time of
the MWCNT/ZnO/Hb composite film toward H,0, was less than
2 s, validating the rapid catalytic reduction process occurring at
the composite film surface, which was faster than that of other
MWCNT modified Hb-based biosensors (see Table 1), and its over-
all performance was quite comparable. The response current in-
creased linearly between 0.1 and 36.6 uM H,0, (see Fig. 5A,
lower inset). MWCNT/ZnO/Hb composite modified electrode has
a sensitivity of 3.63 pA pM~! and a detection limit of 0.02 pM.
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Fig.4. Cyclic voltammograms obtained at MWCNT/ZnO/Hb at a scan rate of 50 mV s~! in the absence (a) and presence of 0.01 uM H,0, (b), 9.62 uM H,0, (c), 16.54 pM H,0,
(d), 19.48 uM H,0; (e), and 20.42 uM H,0; (f) in N,-saturated 0.05 M PBS (pH 7.0). The inset is the plot of cathodic peak current versus [H;0,]/uM.
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Fig.5. (A) Amperometric i-t response at MWCNT/ZnO/Hb composite film modified
rotating disc GCE on successive additions of 0.1 to 36.6 M H,0 into continuously
stirred N,-saturated 0.05M PBS (pH 7.0). Applied potential = —-0.34 V; rotation
rate = 1600 rpm. The lower inset is the plot of response current versus [H,0,]/UtM.
The upper inset is an enlarged view of the amperometric i-t response obtained for
0.1 to 7.9 uM H0,. (B) Amperometric i-t response at MWCNT/ZnO/Hb composite
film modified rotating disc GCE for the successive addition of 1 uM H,0, (a), 1 mM
ascorbic acid (b), 1 mM dopamine (c), 1 mM glucose (d), and 1 mM L-cysteine (e)
solutions into continuously stirred N,-saturated 0.05M PBS (pH 7.0). Applied
potential = —0.34 V; rotation rate = 1600 rpm.

Selectivity, stability, repeatability, and reproducibility studies

The selectivity of the biosensor is very important for its prac-
tical applications because H,0, is naturally coexisting with a
number of interfering species, including ascorbic acid, dopamine,
glucose, and L-cysteine. Therefore, we investigated the selectivity
of MWCNT/ZnO/Hb modified electrode in the presence of these
common electroactive species. The amperometric technique was
employed for evaluating the selectivity of the biosensor. During
the amperometric measurements, the supporting electrolyte solu-

Table 1

113

Comparison of electroanalytical performance of various Hb-based biosensors.

Film Sensitivity ki Detection Response References
(MApM™Y)  (s71)  limit(puM) time (s)
Hb/ZnO-MWCNT/  0.028 1.14 0.08 3 [36]
Nafion
Hb/MWCNT na. 0.062 9 7 [40]
ZnO/Nafion/Hb 0.137 3.2 1 n.a. [44]
Graphene/ZnO/Hb  2.261 1.0 0.6 >10 [45]
MWCNT/ZnO/Hb 3.66 1.22  0.02 >2 This work

n.a.: Not available.

tion was continuously stirred at 1200 rpm and the electrode po-
tential was held at —0.34 V. Fig. 5B shows the amperometric i-t
responses obtained at the MWCNT/ZnO/Hb modified electrode
for each successive addition of 1 mM ascorbic acid (b), dopamine
(c), glucose (d), and L-cysteine (e) at regular intervals (50 s once)
into 1 uM H,0, (a) containing N,-saturated PBS (pH 7.0). It is evi-
dent that each addition of the electroactive interfering species
brought out a hardly discernible current response, whereas a
notable response was observed for 1 uM H,0,. The high selectiv-
ity of the biosensor is attributed to the fast direct electron trans-
fer rate of Hb at MWCNT/ZnO electrode surface. These results
revealed that the prepared H,0, biosensor exhibits high selectiv-
ity toward H,0,, and it has the ability to reduce the interference
from the electroactive species, which is more helpful for practical
applications.

To investigate the storage stability of the MWCNT/ZnO/Hb bio-
sensor, the modified electrode was stored in N,-saturated PBS (pH
7.0) at 4 °C, and its background current was monitored periodically
in fresh supporting electrolyte. The modified electrode retained
approximately 91.94% and 88.66% of its initial sensitivity after 30
and 60 days, respectively, indicating the excellent storage stability
of the composite film. The good biocompatibility of the MWCNT/
ZnO composite and the strongly bounded Hb are plausible reasons
for the high stability. Moreover, the background current was 92%
stable even after 400 consecutive CV potential scanning cycles
(conditions same as in Fig. 3A), authenticating the good stability
of the composite film. The repeatability and reproducibility of
the proposed biosensors were evaluated by CV studies. The other
experimental conditions are the same as those described above
(see “Electrocatalysis of H0, at MWCNT/ZnO/Hb composite film”
section). The five electrodes fabricated independently showed an
acceptable reproducibility with a relative standard deviation
(RSD) of 3.57% for each 1 M H,0, determination. The RSD for each
1 uM H,0, measurements (n = 10) was 1.40%, revealing the good
repeatability of the proposed biosensor.

Real sample analysis

The feasibility of MWCNT/ZnO/HDb film for practical application
was investigated through real sample analysis by the amperomet-
ric i-t technique. Commercially available contact lens cleaning
solution was used for real sample analysis and was purchased from
China Chemical and Pharmaceutical (Taipei). This real sample con-
tains approximately 3% of H,0,, and further dilutions were made
using PBS (pH 7.0). All of the detected H,O, concentrations were
in the linear response range. As can be seen from the calibration
plot displayed in Fig. 6, the results obtained using the biosensor
are compared with those obtained using the classical potassium
permanganate titration method. The results are in good agreement
with each other, revealing the good practicality of our method. The
real sample analysis results validate that the proposed biosensor
can be employed for other real-time sensing applications.
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Fig.6. Correlation between the results obtained from the real sample analysis of the
Hb biosensor and those obtained with the standard potassium permanganate
titration method. x axis: enzyme electrode; y axis: standard potassium permanga-
nate titration method.

Conclusions

We have reported the facile, green, cost-effective approach for
the room temperature electrochemical deposition of ZnO micro-
sponges on the MWCNT surface. SEM results clearly revealed that
Zn0 microsponges are well formed on the MWCNT surface and are
interconnected via nanotubes networks. Along with the unique
properties of MWCNT/ZnO microsponges, including good biocom-
patibility, they were demonstrated to be a good immobilization
matrix for Hb. The as-prepared biosensor has good direct electron
transfer with the electrode, which may lead to high sensitivity, sta-
bility, and selectivity. The fabricated biosensor shows good linear
range, fast response, and low detection limit toward H,0,. The
new cost-effective methodology described here can be applied to
develop other MWCNT/ZnO-based enzymatic biosensors. In addi-
tion, the MWCNT/ZnO composites can be a promising platform
for the fabrication of super-capacitors and solar cells at low cost.
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