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A new complex multiple forklike ZnO nanostructure was fabricated by citric acid assisted annealing
process. The complex multiple forklike ZnO nanostructure is composed of several nanorods. These
nanorods grow from a thin platelet base and are parallel to each other to form complex multiple forklike
ZnO nanostructure. The widthes of thin platelet bases range from 60 to 230 nm. The diameters of the
nanorods range from 16 to 60 nm, and their lengths are 0.5 mw 1.3m. FT-IR spectrum, room-temperature
PL, and UVeVis absorption spectra are also discussed. A possible growth mechanism is proposed.
Complex multiple forklike ZnO nanostructure was first used to construct a novel enzymatic biosensor
based on the ZnO/CHIT inorganiceorganic composite film. Well-studied horseradish peroxidase (HRP)
was chosen as a model enzyme. The as-prepared biosensor displays ultrahigh sensitivity, quick response
time, low detection limit and small apparent MichaeliseMenten constant. These results show that the
Complex multiple forklike ZnO nanostructure is a promising material to construct enzyme biosensors.

� 2010 Published by Elsevier Ltd.
1. Introduction

The design of nanoscale materials with controlled size and
morphology has stimulated considerable research efforts in
seeking new morphology-physical properties and functions. As is
well-known, different morphologies can have a large effect on the
properties of nanostructures themselves. Complex nanostructures
of, typically, IIeVI and IIIeV semiconductors have been a new focus
in nanoscience because of their exciting optical and electronic
properties, which are closely related to their unique morphologies
and spatial organization. What’s more, complex nanostructure
materials are also expected to represent important building blocks
for nanoscale devices possessing various interesting functions. Self-
assembly driven by physical or chemical interaction is an effective
route to construct nanoscale materials with a multidimensional
(MD) structure.

ZnO is an important group IIeVI semiconductor with a wide
bandgap (3.37 eV) and a large exciton binding energy of 60 meV at
room temperature [1]. It is one of the many technologically
important semiconducting materials with a variety of applications,
including chemical sensor [2], catalysts [3], UV light-emitters [4],
ax: þ86 571 8795 2625.
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phosphors [5], photovoltaics [6], cantilevers [7], varistors [8].
Recently, a variety of ZnO nanostructures have been synthesized by
various physical and chemical routes. The synthesis of ZnO nano-
structure ranging from wires [9], rods [10], belts [11], tubes [12],
coaxial cables [13], branches [14], needles [15], towers [16],
columns [17], tetrapods [18], nail [19], helices [20], combs [21],
cones [22], and paint-brush structures [23], has attracted consid-
erable research interest because of their great potential for funda-
mental studies of the roles of dimensionality and size in their
physical properties as well as for applications of building blocks and
interconnects in electronic and photonic devices. Generally, the
fabrication methods for ZnO nanostructures can be divided into
two groups: “hard” and “soft” approaches. The former includes
template-directed synthesis, the vaporeliquidesolid (VLS), vapore
solid (VS) techniques, which usually require high temperature, high
pressure, substrate choice, and low product yield. The latter, “soft”
approaches, such as hydrothermal/solvothermal processes, the
solutioneliquidesolid (SLS) mechanism, and capping agents/
surfactant-assisted synthesis, provide a convenient and lower-
temperature pathway for the fabrication of desired ZnO nano-
structures. Although substantial effort has been devoted to the
development of new synthetic methodologies for making new
nanostructures, achieving control over the size and morphology of
the grown ZnO nanostructures and their further self-organization
into MD structures in large scale at low cost is still challenging. In
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Fig. 1. XRD patterns of as-grown complex multiple forklike ZnO nanostructure.
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addition, the large-scale industrial preparation of MD ZnO nano-
materials by a controlled methodology is very difficult. Hence, it is
fundamentally and practically important to exploit a quick, simple,
and scale-up easy synthetic method for growing new complex MD
nanostructures at low cost.

In the area of bioscience, the special properties of ZnO nano-
structure have also attracted much attention gradually. ZnO is
a good biomaterial with a high Isoelectric Point (IEP) ofw9.5 which
makes it suitable for absorption of proteins with low IEPs where
the protein immobilization is primarily driven by electrostatic
interaction [24]. ZnO possesses several unique advantages such as
high-specific surface area, nontoxicity, chemical stability, electro-
chemical activity, and high electron communication features. Such
properties indicate the potential applications of ZnO as one of the
promising materials for biosensor applications [25]. So far, ZnO
nanoparticles, porous films, nanocombs, and nanorods have been
developed into biosensors to detect cytochrome C [26], protein
[27], uric acid [28], glucose [29], and phenolic compounds [30],
respectively. Over the past decades, the determination of hydrogen
peroxide (H2O2) has been a very active study area because H2O2
plays an important role in food industry, environmental monitoring
and clinical diagnosis. Moreover, the electrochemical tracking of
biological targets by way of enzyme-based H2O2 detection is
of special interest. However, hydrogen peroxide biosensor made of
ZnO nanostructures is rare. There are only two reports in the
literature in which ZnO nanostructures are used in hydrogen
peroxide biosensor [31,32]. The lower sensitivity and higher
detection limit of previously fabricated ZnO nanostructures based
hydrogen peroxide biosensor has been demonstrated in the liter-
ature, hence more works are needed to obtain the higher-sensi-
tivity and lower-detection limit of the ZnO nanostructures based
hydrogen peroxide biosensors. To the best of our knowledge, there
is no report on investigating complex multiple forklike ZnO nano-
structures based hydrogen peroxide biosensors.

In this paper, we first report a new complex multiple forklike
ZnO nanostructure. It is synthesized by citric acid assisted anneal-
ing process. The samples are characterized by X-ray diffraction
(XRD), field-emission scanning electron microscopy (FE-SEM),
high-resolution transmission electron microscopy (HRTEM), FT-IR
spectrophotometer, photoluminescence (PL) spectroscopy, ultravi-
olet visible (UVeVis) spectroscopy. Complex multiple forklike ZnO
nanostructure was first used to construct an enzymatic biosensor
based on the ZnO/CHIT inorganiceorganic composite film. Well-
studied horseradish peroxidase (HRP) was chosen as a model
enzyme.

2. Experimental section

2.1. Synthesis of complex multiple forklike ZnO nanostructure

All the chemicals used in this study were of analytical grade and used without
further purification. Four chemicals were needed and they were analytically pure
zinc acetate (Zn (CH3COO)2$2H2O, citric acid (C6H8O7$H2O), pure distilled water
(H2O) and absolute ethanol (CH3CH2OH). A solution of citric acid (0.16 M) in ethanol
was added to Zn (CH3COO) 2 solutions (1.8M) in distilled water. After the addition
was finished, the solution (pH value was equal to 5.8) was stirred at 80 �C for 9 h to
get the precursor. The precursor was calcined in a muffle furnace for 2 h at 400 �C.
After heat treatment, the powder was cooled naturally down to room temperature
in air.

2.2. Material characterization

The obtained sample was characterized by X-ray powder diffraction XRD
(Rigaku, D/max-rA) with Cu Ka radiation. The size and morphology of as-synthesized
sample were determined using a HITACHI S-4800 scanning electron microscope,
JEM-2010 high-resolution transmission electron microscope. EDX was performed to
determine the composition of the products. Infrared (IR) absorption spectroscopy
(Nicolet Nexus 670) was carried out at room temperature in the range
of 400e4000 cm�1 by FT-IR spectrophotometer. Photoluminescence (PL)
measurements were performed at room temperature by using a HeeCd laser
(325 nm) as the excitation source. UVeVis absorption spectra were recorded using
a Unico UVeVis 2802 PC spectrophotometer.

2.3. Fabrication of hydrogen peroxide biosensors

The H2O2 biosensor used in this study was fabricated as follows: the glassy
carbon (GC) electrodes was polished by 0.3 and 0.05 mm aluminum slurries and then
was cleaned by dipping into 1:1(V/V) aqueous solution of HNO3, deionized water
and ethanol with the assistance of ultrasonication prior to the experiment. The as-
prepared Complex multiple forklike ZnO nanostructures were dispersed, in ethanol
by ultrasonication for 1 h to 5 � 10�3

M suspension. Firstly, 5 ml of complex multiple
forklike ZnO nanostructure suspension was firstly dropped onto the surface of GC
electrode and dried at room temperature. Secondly, 5 ml of HRP (E.C.1.11.1.7, RZ> 3.0,
A > 250 U mg�1) Solutions with concentration of 5.0 mg ml�1 prepared in 0.067M

phosphate buffer (pH 7.0) was dropped onto the surface of GC electrode modified by
complex multiple forklike ZnO nanostructure. Finally, 5 ml of 0.5 wt% CHIT (molar
weightw1 � 106, 75e85% deacetylation) solution dissolved in acetic acid solution
was dropped onto the surface of HRP/complex multiple forklike ZnO nano-
structures/GC to avoid the leakage of the enzyme. The device was dried at 4 �C
overnight in a refrigerator, followed by washing step to remove the unimmobilized
HRP. The CHIT/HRP/complex multiple forklike ZnO nanostructures/GC electrodewas
stored in PBS and kept at 4 �C in a refrigerator when not in use.

3. Results and discussion

3.1. Synthesis and structure of the complex multiple forklike
ZnO nanostructure

A typical XRD pattern of the product is shown in Fig. 1. All the
diffraction peaks can be indexed as a wurtzite structure ZnO
(a ¼ 0.3249 nm, c ¼ 0.5205 nm, space group: P63mc (186)) with
high crystallization, which together with the intensity distribution
are consistent with those of the standard card for the hexagonal
ZnO crystal (Joint Committee for Powder Diffraction Studies
(JCPDS) 36-1451). No characteristic peaks were observed for
impurities. The XRD patterns indicate that the samples obtained via
our current synthetic methods consist of pure phases.

The characteristic morphology of the complex multiple forklike
ZnO nanostructure can be seen in the field-emission scanning
electron microscopy (FE-SEM) images shown in Fig. 2. Fig. 2(a) is
a low-magnification picture of complex multiple forklike ZnO
nanostructure. It illustrates that the products are composed of
several nanorods. Fig. 2(b) is a medium magnification picture of
complex multiple forklike ZnO nanostructure. Interestingly, these
nanorods grow from a thin platelet base and are parallel to each
other to form complex multiple forklike ZnO nanostructure. The
widthes of thin platelet bases range from 60 to 230 nm. The
diameters of the nanorods range from 16 to 60 nm, and their



Fig. 2. (a) A low-magnification picture of complex multiple forklike ZnO nanostructure. (b) A medium magnification picture of complex multiple forklike ZnO nanostructure.
(c) A high-magnification FE-FEM image of complex multiple forklike ZnO nanostructure. (d) EDS of complex multiple forklike ZnO nanostructure.
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lengths are 0.5mw1.3m. Furthermore, both ends of the nanorods
have relatively smaller diameters compared with the central parts,
as seen in the high-magnification FE-FEM image (Fig. 2(c)). More
careful observation of the morphology of complex multiple forklike
ZnO nanostructures indicated that the nanorods grew on the side
surface of thin platelet base. The EDS result (Fig. 2(d)) shows only
Zn and O Peaks for the samples. No other elements were detected
from the samples. XRD, EDS and SEM results demonstrate that the
product is a single-crystalline ZnO nanostructure without defects
or dislocations.

Further detailed structural analysis of complex multiple forklike
ZnO nanostructure was carried out using transmission electron
microscopy (TEM). Typical TEM image obtained from the sample is
shown in Fig. 3(a). It indicates that each nanorod of complex
multiple forklike ZnO nanostructure has uniform diameters and no
catalyst particle at the tip. The surface of the nanorods is very
smooth. Each nanorod has shrinking necks with sharp tips. The
surface of the nanorods and the junction were both very smooth.
The edges of the nanorod are clear, and no amorphous layer is
observed on the surface. The junction parts are further detailed in
Fig. 3(b). These crystals show joinable capacity for further assem-
blies with other nanostructures (including heteronanostructures),
especially for creating an external connectivity (thin platelet base).
To gain detailed structural information for complex multiple fork-
like ZnO nanostructure, high-resolution TEM (HRTEM) image is also
recorded on a single rod of complex multiple forklike ZnO nano-
structure. The HRTEM image from one nanorod is shown in Fig. 3
(c). The lattice spacing of 0.263 nm corresponds to the ZnO
crystal planes, which indicates that the ZnO each rod of complex
multiple forklike ZnO nanostructure is preferentially oriented along
the [0001]. Each rod of complex multiple forklike ZnO nano-
structure possesses a single-crystal hexagonal structure without
dislocations and stacking faults. ZnO nanostructures are easily
synthesized owing to facile growth along the c axis of the wurtzite
crystal, which has a hexagonal unit cell with six nonpolar f1010g
prismatic faces capped by polar oxygen ð0001Þ and zinc (0001)
basal planes. The polar faces are electrostatically unstable Tasker
type III surfaces [33], making the {0001} planes has the highest
energy of the low-index surfaces. This suggests a growth habit
where the c axis is the fastest-growing direction.

The possible growth mechanism is given below. We begin to
study from GibbseThompson equation:

Sr ¼ Sbexp
�
2sVm

rRT

�
(1)

Where r is the radius of the crystal, s is the specific surface energy,
Vm is the molar volume of the material, Sb and Sr are the solubilities
of bulk crystals and crystals with a radius r, respectively, R is the gas
constant, and T is the absolute temperature. In principle, the higher
the monomer concentration is, the smaller the critical nuclei can
be, the easier the nucleation process can take place. The inevitable
formation of critically sized nanoclusters in the nucleation stage for
the growth of anisotropic shapes likely plays a key role in deter-
mining the nature of all of the following events, and the size/shape
of the resulting nanocrystals [34]. The critically sized nuclei deeply
impact the following growth process of the elongated nano-
structures. A relatively high monomer concentration will promote
to grow longer in the following one dimension growth. Conversely,
a relatively low monomer concentration will promote two-
dimension or multidimensional grows [35], so complex multiple
forklike ZnO nanostructure is formed.

The ZnO samples were mixed with potassium bromide in the
ratio of 1:100. The background spectrum recorded using KBr was



Fig. 3. (a) Typical TEM image of complex multiple forklike ZnO nanostructure (b) TEM image of junction parts of complex multiple forklike ZnO nanostructure (c) HRTEM image of
a single rod of complex multiple forklike ZnO nanostructure (d) IR spectra for complex multiple forklike ZnO nanostructure.
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subtracted from the sample spectrum. Fig. 3(d) exhibits IR spectra
for the as-obtained ZnO nanostructure. In the IR spectra, spherical
ZnO nanoparticle usually shows one distinct absorption bands at
around 464 cm�1 [36]. The position and number of these bands not
only depend on crystal structure and chemical composition but also
on particle morphology [37]. If the particle morphology changes
from spherical to a needlelike shape, this maximum broadens and
splits into two maxima absorption bands at around 512 and
406 cm�1 [36]. These absorption peaks locate between the bulk
TO-phonon frequency (uTt) and the LO-phonon frequency (uILII).
In Fig. 3(d), the IR spectrum of the complex multiple forklike ZnO
nanostructure shows a characteristic absorption band at
w508 cm�1 and there will be another absorption band at 432 cm�1.
These absorption peaks shifted towards lower frequencies when
the permittivity of the surrounding medium was increased.

3.2. Optical properties of the complex multiple forklike ZnO
nanostructure

The PL from ZnO consists of two emission bands at room
temperature: a near-band-edge (UV) emission and a broad, deep-
level (visible) emission. For bulk ZnO crystals, ultraviolet emissions
were only observed at very low temperature, while the intensity of
the emissions was found to decrease rapidly with the increase of
temperature due to the thermal quenching effect. It was therefore
difficult to observe UV light emission from bulk ZnO at ambient
temperature. Two factors were responsible for the enhancement in
emission intensity of the room temperature PL. One was the high-
quality of ZnO nanostructure. On the other hand, the quantum
confinement effect related to the nanostructures was another
important factor responsible for the increase of emission intensity
of the observed UV emission at room temperature. The visible
emission is usually considered to be related to various intrinsic
defects produced during ZnO preparation [38]. Normally, these
defects are located at the surface of the ZnO nanostructure [39]. The
green emission of ZnO is usually ascribed to structural defects,
which included zinc vacancy (VZn), oxygen vacancy (VO), interstitial
zinc (Zni), interstitial oxygen (Oi) and antisite oxygen (OZn). Fig. 4(a)
shows the room-temperature PL spectra of complex multiple
forklike ZnO nanostructure. This is only one emission peak in the
UV region at 384 nm. The UV emission attributes to the near-band-
edge emission, arises from the recombination of free excitons
through an excitioneexciton collision process [40]. This indicates
that the ZnO samples have better crystal quality.



Fig. 4. (a) the room-temperature PL spectra of complex multiple forklike ZnO nano-
structure (b) the UVeVis absorption spectra of the complex multiple forklike ZnO
nanostructure at room temperature (c) plot of (ahn)2 as a function of photon energy Eg
for the complex multiple forklike ZnO nanostructure.

Fig. 5. Schematic illustration of the preparation process of the enzyme electrode.

Z. Yang et al. / Biomaterials 31 (2010) 7534e75417538
The UVeVis absorption spectra of the complex multiple forklike
ZnO nanostructure at room temperature are shown in Fig. 4(b). The
absorption spectra have a peak near the band edge in the exciton
absorption region (at about 377 nm) and blue-shifted relative to the
bulk exciton absorption (380 nm). The reason being the carriers are
confined in a very small district that makes the electron and hole
move only in a potential well. At the same time, it can enhance the
coupling interaction with each other. Then the exciton bounded
stronger and probability of binding increased, so we can observe
a more apparent exciton absorption peak and hence the blue shift
occurred. The direct bandgap energy (Eg) for the ZnO powders is
determined by fitting the absorption data to the direct transition
equation:

ahv ¼ ED
�
hv� Eg

�1=2 (2)

Where a is the optical absorption coefficient, hn is the photon
energy, Eg is the direct bandgap, and ED is a constant [41]. Plotting
(ahn)2 as a function of photon energy, and extrapolating the linear
portion of the curve to absorption equal to zero as shown in Fig. 4
(c), gives the value of the direct bandgap (Eg) to be 3.28 eV.
3.3. Application as hydrogen peroxide biosensor

Complex multiple forklike ZnO nanostructure was used to
construct a enzymatic biosensor based on the ZnO/CHIT inorga-
niceorganic composite film as the immobilization matrix. The
fabrication process of the enzyme electrode is schematically illus-
trated in Fig. 5. The as-prepared biosensor displayed high sensi-
tivity, quick response to H2O2 and good stability. The cyclic
voltammetric behavior of the enzyme electrode in an unstrirred
0.067M phosphate buffer solution (pH 7.0) containing 1.0 mm
hydroquinone without H2O2 and with 1.05 mM H2O2 added was
investigated at a scan rate of 100 mVs�1 shown in Fig. 6. Fig. 6(a) is
the cyclic voltammetric responses of GC/Complex multiple forklike
ZnO nanostructure/CHIT/HRP electrode in stirred 0.067M PBS (pH
7.0) in the absence of hydroquinone. No electrochemical response is
observed. In the absence of H2O2, the HPR electrode only gives the
electrochemical behavior of hydroquinone in solution and there is
a pair of typical oxidation and reduction peaks (Fig. 6(b)); The
results indicate that hydroquinone could be used as a diffusional



Fig. 6. (a) the cyclic voltammetric responses of GC/Complex multiple forklike ZnO
nanostructure/CHIT/HRP electrode in stirred 0.067M PBS (pH 7.0) in the absence of
hydroquinone (b) the cyclic voltammetric responses of GC/Complex multiple forklike
ZnO nanostructure/CHIT/HRP electrode in stirred 0.067M PBS (pH 7.0) containing
1.0 Mm hydroquinone without H2O2 (c) the cyclic voltammetric responses of
GC/Complex multiple forklike ZnO nanostructure/CHIT/HRP electrode in stirred 0.067M

PBS (pH 7.0) containing 1.0 Mm hydroquinone with 1.05 mM H2O2 added; scan rate 100
mVs�1.
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electron-transferring mediator. The addition of 1.05 mM H2O2

results in an increase in the reductive current and a decrease in the
oxidative current (Fig. 6(c)). This indicated that the current
response was catalyzed by HRP. It may be attributed that the
synergistic effect between ZnO and hydroquinone is preferable for
the enzyme and promote the electron transfer between the protein
and electrode. These phenomena indicated the hydroquinone could
effectively shuttle electrons from GC electrode surface to the redox
center of HRP immobilized on the complex multiple forklike ZnO
nanostructure. The typical enzyme-dependent catalytic process can
be expressed as follow [42]:

HRP (Fe3þ) þ H2O2 / Compound (I) þ H2O (a)

Compound (I) þ QH2 / Compound (II) þ Q (b)

Compound (II) þ QH2 / HRP (Fe3þ) þ Q þ H2O (c)

Q þ 2e / QH2 (d)

Where compounds I (oxidation state þ 5) and II (oxidation
state þ 4) represent intermediates in the reactions and QH2, Q
repreents hydroquinone and its oxidized form (benzoquinone),
respectively. Compound I was reduced to compound II, and then II
to the original form of HRP (Fe3þ) by a redox mediator QH2. The
benzoquinone is subsequently reduced back to hydroquinone by
a rapid reaction involving the acceptance of two electrons from the
electrode. The reason that the ZnO/CHIT inorganiceorganic
composite film could facilitate the electron transfer between the
protein molecules and the electrode could be elucidated as follows.
Firstly, as we have mentioned, the good biocompatibility of the
composite film may prevent denaturation and retain the essential
secondary structure of the entrapped protein. More importantly,
due to its high surface area, the complex multiple forklike ZnO
nanostructure can enhance the active surface area of the GC elec-
trode available for protein binding; meanwhile, the complex
multiple forklike ZnO nanostructure may probably act a rigid
framework to favor the appropriate conformation of entrapped
proteins, facilitating the electron transfer between the redox
protein and the underlying electrode.

Fig. 7(a) displays the typical currentetime response of the
biosensor on successive step changes of 0.5 mmH2O2 in 0.067M PBS
buffer (pH ¼ 7.0) at an applied potential of �0.2 V under stirring. It
is found that the biosensor shows a rapid and sensitive response to
the change of H2O2 concentration, which is ascribed to the good
electrocatalytic property of CHIT/GOx/ZnO/GC electrode. The
detection limit of the sensor was found to be 0.3 mm. The biosensor
could achieve 95% of the steady-state current within 3 s. It indi-
cated that the immobilized HRP could well catalyze the reduction
of H2O2, which was due to the fact that the uniform complex
multiple forklike nanostructure of the ZnO matrix yields a very low
mass transport barrier and results in a rapid diffusion from bulk
solution to enzyme and the complex multiple forklike ZnO nano-
structure could effectively retain the bioactivity of the HRP. The
corresponding calibration curve is shown in Fig. 7(b). The linear
detection range of complex multiple forklike ZnO nanostructure-
based H2O2 biosensor is 5 � 10�5

M to 7 � 10�4
M with a correction

coefficient R ¼ 0.9979. This kind of biosensor has a low detection
limit of 0.3 mm. The reduction of H2O2 could be well catalyzed by
the immobilized HRP, which was due to the fact that the complex
multiple forklike ZnO nanostructure provided a mild immobiliza-
tion process for HRP, effectively retain its bioactivity and enhanced
the electron transfer between the enzyme active sites and the
electrode. The sensitivity of our biosensor is determined to be as
high as 201.12 mAmM�1, better than many previous reports [31,32].
It indicated the enzyme electrode had good bioelectrocatalytic
activity for H2O2. The apparent MichaeliseMenten constant (Kapp

m )
could be calculated from the LineweavereBurk equation [43]:

1=ISS ¼ 1=Imax
�
1þ Kapp

m ðmMÞ=C� (3)



Fig. 7. (a) the typical currentetime response of the biosensor on successive step
changes of 0.5 mm H2O2 in 0.067M PBS buffer (pH ¼ 7.0) at an applied potential of
�0.2 V under stirring (b) The corresponding calibration curve of biosensor.
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Where ISS (mA) is the steady current, Imax (mA) is the current
measuredwhen H2O2 is saturation in PBS solution and C (mmolL�1)
is the concentration of H2O2. The apparent MichaeliseMenten
constant (KM) is calculated to be 0.292 mM. Compared with other
HRP-based H2O2 biosensors, the value of Kapp

m is smaller than those
of 23.85 mM for HRP immobilized in solegel-derived ceram-
icecarbon nanotube nanocomposite film [44], 23.15 mM for HRP on
clayechitosanegold nanoparticle nanocomposite modified GC
electrode [45], and 5.5 mM for HRP immobilized in polymer [46].
From Table 1, we can see that the complex multiple forklike ZnO
nanostructure biosensor shows high sensitivity, rapid response.
The good performance of the electrode may be attribute two
Table 1
Comparison of performances between H2O2 biosensor based on different modified
electrode materials.

Electrode material Sensitivity
(mAm M�1)

LOD
(mM)

Response
time(s)

Ref

Nanosized flower-like ZnO 1.07 2 5 32
Porous nanosheet-based ZnO

microspheres
9.679 31

Gold nanoparticles 0.176 0.65 47
ZnO particle 23 0.3 48
Complex multiple forklike

ZnO nanostructures
201.12 0.3 3 This work
points: on one hand, the complex multiple forklike ZnO nano-
structure provides a high surface area matrix for the enzyme
loading; on the other hand, the complex multiple forklike ZnO
nanostructure may be preferable for the enzyme and promote the
electron transfer between proteins and electrode.

4. Conclusions

In summary, we report here a complex multiple forklike ZnO
nanostructure, consisting of a large quantity of nanorods, that are
synthesized by citric acid assisted annealing process. These nano-
rods grow from a thin platelet base and are parallel to each other to
form complex multiple forklike ZnO nanostructure. The widthes of
thin platelet bases range from 60 to 230 nm. The diameters of the
nanorods range from 16 to 60 nm, and their lengths are 0.5mw1.3m.
Each nanorod of the complex multiple forklike ZnO nanostructure
grows along the [0001] direction. The IR spectrum of the complex
multiple forklike ZnO nanostructure shows a characteristic
absorption band at w508 cm�1 and there will be another absorp-
tion band at 432 cm�1. These absorption peaks shifted towards
lower frequencies when the permittivity of the surrounding
medium was increased. This is only one emission peak in the UV
region at 384 nm in the room-temperature PL spectra. The
absorption spectra have a peak near the band edge in the exciton
absorption region (at about 377 nm) and blue-shifted relative to the
bulk exciton absorption (380 nm) in UVeVis absorption spectra.
Complex multiple forklike ZnO nanostructure was used to
construct a enzymatic biosensor based on the ZnO/CHIT inorga-
niceorganic composite film. The detection limit of the sensor was
found to be 0.3 mm. The biosensor could achieve 95% of the steady-
state current within 3 s. The linear detection range of complex
multiple forklike ZnO nanostructure-based H2O2 biosensor is
5 � 10�5

M to 7 � 10�4
M with a correction coefficient R ¼ 0.9979.

The sensitivity of our biosensor is determined to be as high as
201.12 mAm M�1, better than many previous reports. The apparent
MichaeliseMenten constant (KM) is calculated to be 0.292 mM,
which is much lower than that reported. The complex multiple
forklike ZnO nanostructure provides an efficient matrix for
promoting the electron transfer of proteins and developing
biosensors. This enzyme immobilization strategy may hold great
potential to be further extended as a general and promising alter-
native to other bioactive molecules in various biosensor designs.
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