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In this paper, for the first time, we introduced the seed-mediated method to the growth of cobalt hex-
acyanoferrate nanoparticles (CoNPs), using 3.5 nm gold nanoparticles as seeds and multiwalled carbon
nanotubes (MWCNTSs) as growth scaffold which would both show synergistic action toward the reduction
of H,0,. Via gold seeds, the one-step fabrication of CONPs on the glassy carbon electrode is simple without
any linking reagents, which will ingeniously exert the electrochemical properties of cobalt hexacyanofer-
rate. Combined with glucose oxidase, the sensing surface is applied as a biosensor for glucose. The growth
of CoNPs is a chemical deposition process around the small Au nanoseed particles. The nanoseeds bridge
the CoNPs and CNTs to form a smart nanocomposite. Spherical CoONPs have a relatively moderate disper-
sion on the three-dimensional network of CNTs with relatively even diameter ca. 100 nm. Whereas, in the
control experiments without gold seeds cobalt hexacyanoferrate can only form continuous films, of which
the size is far from nanolevel and the catalytic ability is poor. The synthesis and fabrication/modification
of CoNPs are simple and fast without prior preparation of CoNPs and lengthy process of cross-linking.
The amount of the seeds and CNTs, growth time and concentration of growth solution were investigated.
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Scanning electron microscopy (SEM) and electrochemical method were used.

© 2009 Published by Elsevier B.V.

1. Introduction

Nanostructure materials are very attractive due to their unique
optical, electrical, catalytic and magnetic properties and have found
potential applications in nanoelectronic devices, nanosensors and
catalysts [1-5]. Single-component nanomaterials, such as metals,
metal oxides, polynuclear transition metal cyanides, sulfides, sili-
con dioxide and polymers have been greatly focused for the past
decades. While composite nanomaterials show predominance of
the merit or virtue integration of individual components, called as
synergistic effect and functionality, which would greatly improve
the performance of biosensors. The synergy is usually realized by
simple entrapment or encapsulation of the individual components
to get enhanced signal [6-8]; the case of bifunctional or multifunc-
tional nanomaterials is more diverse and complex [9-11].

Carbon nanotubes (CNTs) consist of graphitic sheets, which have
been rolled up into a cylindrical shape. Due to the unique electri-
cal properties, high chemical stability and high surface-to-volume
ratio, CNTs have been intensively researched for electrocatalytic
and sensing applications [12]. Multiwalled carbon nanotubes
(MWCNTSs) usually have 2-100 nm diameter (typically 2-10nm
internal diameter) while the single layer cylindrical graphite sheet
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of single-walled carbon nanotubes (SWCNTs) are usually about
0.2-2nm in diameter. The length of the CNTs can vary from
micrometers to centimeters with a very high aspect ratio, which
would be a good scaffold for composite nanomaterials [13].

Metal hexacyanoferrates (MHCFs), an important class of
mixed-valence compounds, have attractive electrocatalytic, elec-
trochromic, ion-exchanging, ion-sensing, and photomagnetic
properties. As a group of excellent electron-transfer mediators
these inorganic polymers have been widely used in electro-
chemistry to electrocatalyze the oxidation of guanine, DNA,
deoxyguanosine, dopamine, ascorbic acid, NADH, glutathione, cys-
teine and H,0, [14-20] and the reduction of Fe3*, CO, and
hydrazine [21-23]. Among the hexacyanoferrates, cobalt hexa-
cyanoferrate (CoHCF) would be especially attractive because of
its interesting chemical and electrochemical properties [24-27]. It
exhibits excellent reversible redox centers very similar to those of
Prussian blue while its electrochemical activity affected by elec-
trolyte cation behaves differently from Prussian blue [28,29]. The
traditional methods to prepare MHCFs include chemical deposition
[30], electrochemical deposition [31], Langmuir-Blodgett tech-
nique [32] and reversed micelle synthesis [33]. The modification
of MHCFs on substrates involves mechanical rub, electrodeposi-
tion, self-assembly and entrapment or encapsulation [30,31,34].
However, the preparation of nanoMHCFs and their modification
on substrates are usually performed step-by-step. It is a challenge
to control over the morphology and the size of MHCFs or to cre-
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ate advanced and functional building blocks for the development
of innovative nanomaterials and smart nanodevices.

To our best knowledge, few researches of nanoMHCFs com-
posite have been carried out. For instance, Kumar et al. reported
a one-step electrochemical deposition of gold-Prussian blue
nanocomposite films in which each phase can control the growth
of the other [35]; Cheng et al. devised a site-selective self-assembly
of 3-mercaptopropionic acid-bridged CuHCF multilayers on (3-
aminopropyl) trimethoxysilane-supported gold colloid [36]; Qiu
et al. synthesized Prussian blue shell/Au core hybrid composite in
solution and used layer-by-layer technique to fabricate on ITO glass
through polyelectrolyte [37].

Oyama’s research group reported a series of work on metal
nanoparticle-attached indium tin oxide surface by seed-mediated
growth, where metal nanoparticles ca. 60 nm have been grown
firmly around small size seed particles by alternately immers-
ing into seed solution and growth solution [38-40]. Briefly, the
nanoseed particles are attached on the ITO surface by just immers-
ing into relevant seed solution containing metal nanoparticles
of ca. 4nm. The crystal growth of metal nanoparticles on the
ITO surface is possible when immersing the nanoseed-attached
substrate into the growth solution, which contained metal ions,
cetyltrimethylammonium bromide (CTAB) and ascorbic acid as
reductant. Seed-mediated growth is used to prepare nanomate-
rials in solution, especially for metal nanostructure. However, its
application to fabricate biotransducer is scarce.

Our research was aimed at the seed-mediated method for fab-
ricating cobalt hexacyanoferrate nanoparticles (CoNPs) on CNTs
modified glassy carbon electrode (GC). The approach is quite simple
because the growth of CoNPs was completed in one step, i.e., only
by immersing into the growth solution. This electrochemical func-
tion nanomaterial (without using any peculiar binder molecules
or entrapment reagents) can sufficiently contact the detection
target, exhibiting high electron-transfer ability and attractive elec-
trocatalytic properties. Combined with glucose oxidase, the sensing
surface is applied as a biosensor for glucose.

2. Experimental
2.1. Reagents and apparatus

MWNTs with approximately 95% purity were obtained from
Shenzhen Nanotech Port Co. Ltd. (Shenzhen, China). Chloroauric
acid (HAuCly4-3H,0), trisodium citrate and sodium borohydride
(NaBH4) were all purchased from Sinopharm Chemical Reagent
Co. Ltd. (Shanghai, China). Glucose oxidase (GOx, from Aspergillus
niger; EC 1.1.3.4, type VII-S; 196,000 unit g~!) was purchased from
Sigma. KCl, CoCl,, K3Fe(CN)g and any other reagents were of analyt-
ical grade. Ultra pure water was used throughout with a resistance
of 18.2MQ cm.

Scanning electron microscopy (SEM) analysis was performed
using a JSM-5600LV microscope (JEOL Ltd., Japan). Cyclic voltam-
metric and amperometric measurements were carried out on
CHI 760B electrochemical workstation (Shanghai, China). A three-
electrode cell (10 mL) was used with the modified glassy carbon
electrode (GC) as the working electrode, a saturated calomel elec-
trode (SCE) as reference electrode and a platinum foil electrode
as counter electrode. All potentials were measured and reported
versus the SCE and all experiments were carried out at room tem-
perature.

2.2. Preparation of gold seeds

The 3.5nm Au nanoparticles (AuNPs) were synthesized by
the method reported previously [41]. Briefly, 0.6 mL of ice cold

0.1M NaBH4 was added to 20mL aqueous solution containing
2.5 x 1004 M HAuCl, and 2.5 x 10~4 M trisodium citrate under stir-
ring. The solution immediately turned orange-red, indicating the
formation of 3.5nm gold nanoparticles, denoted as Au(seed) in
the context. Prior to any further experimentation, the seed par-
ticles were stored at 25°C for 3 h to allow excess borohydride to
be decomposed by water. The Au(seed) is stable for a couple of
weeks stored at 4 °C. The average size measured from transmission
electron microscopy was 3.5 +0.7 nm.

2.3. Treatment of carbon nanotubes

The CNTs were purified as reported previously [6]. Briefly,
100 mg of CNT was oxidized at 400 °C for 30 min to remove amor-
phous carbon particles. Then, the oxidized carbon nanotubes were
dispersed in 60 mL of 6.0 M HCI for 4 h under ultrasonic agitation
eliminating metal oxide catalyst. Finally, they were washed until
the pH of the solution was neutral and dried for further use. The
CNTs were dispersed in ethanol by ultrasonic bath with a concen-
tration of 2mgmL-1.

2.4. Fabrication of the electrodes

Glassy carbon electrodes (4-mm diameter) were polished with
emery paper and alumina slurry consecutively, then cleaned under
bath sonication alternatively with water and ethanol and finally
thoroughly rinsed with distilled water.

Typical procedures to attach CoNPs on CNTs modified electrode
adopted eventually in this work are as follows: 10 wL solution of
CNT was first cast on the GC surface laying in room temperature
for the evaporation of ethanol (step 1). Next 10 L Au(seed) solu-
tion was dropped on the thin film of CNTs (step 2). After drying,
the electrode was immersed into the fresh prepared growth solu-
tion containing 0.25M KCl, 0.5 mM CoCl, and 0.25 mM K3Fe(CN)g
for 2 h for the growth of CoNPs (step 3). The modified electrode
was denoted as CoNP/Au(seed)/CNT/GC, other electrodes such as
Au(seed)/CNT/GC, CoNP/Au(seed)/GC were prepared in a similar
manner.

2.5. Enzyme immobilization

Equal volumes of 20mgmL-! GOx, 1% BSA and 2.5% glutaric
dialdehyde were mixed and 10 L of the mixture was cast onto the
surface of CONP/Au(seed)/CNT/GC and dried at 4 °Cin a refrigerator.

3. Results and discussion
3.1. Morphology of the CONP/Au(seed)/CNT

The modified GC as prepared in Section 2.4, was characterized
by scanning electron microscope. Fig. 1 shows a series of the typical
SEM micro morphologies of the relevant modified GC surface. The
modified GC of Fig. 1A is performed by Section 2.4 step 3; Fig. 1B
is step 1 plus step 3; Fig. 1C is step 1 plus step 2; and Fig. 1D is
step 1 plus step 2 and 3. It can be seen from Fig. 1A, in situ chemi-
cal deposition CoHCF stretched into continuous agglomerated film
whose size is far from the nanolevel and so in the case in Fig. 1B
the film of CoHCF covers densely over the CNTs which are totally
buried and the electrochemical properties of which might be con-
siderably blocked, compared with CNT/Au(seed)/CoNP (Fig. 1D). In
Fig. 1C, the CNTs spread and twist while gold seeds are difficult
to recognize due to the resolution of the SEM. With the introduc-
tion of gold seeds, Fig. 1D presents a distinct contrast to the CoOHCF
films of Fig. 1A and B. Spherical CoNPs have a relatively moderate
dispersion on the Au(seed) attached CNTs, which confirms that the
CoNPs grow well on the CNTs with the aid of the AuNP seeds. Gold
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Fig. 1. Typical SEM images of the relevant modified GC surface: (A) CoHCF film, (B) CNT/CoHCF film, (C) CNT/Au(seed), and (D) CNT/Au(seed)/CoNP.

nanoseeds can physically adsorb onto substrate of normal glass
[39]. Herein, the CNTs wind and twist spatially with large surface
area which would be benefit to enhance physisorption between the
CNTs and the gold seeds. The growth of CoNPs is a chemical depo-
sition process around the small Au nanoseeds, which is known as
a precursor method in the filed of catalysis [42]. In general, the
small size gold seeds act as nucleation sites in the seed-mediated
growth method; but the exact mechanism of the initial nucleation,
growth and shape control is yet not clear. We presume that the
negative citrate protected AuNP could attract positive Co%* cations
by electrostatic adsorption, which would assist cobalt hexacyano-
ferrate to deposit around the Au seed. From the SEM image we
can see that the CNTs provide a net-like support to CONP/Au(seed),
which appears a fluffy and rough net bearing the CoNPs growing
around the attached gold seeds. The size of the CoNPs is relatively
uniform with the diameter ca. 100 nm and the distribution is rel-
atively even with few clumps sticking from individual CoNPs on
the upper surface of the CNTs net. Due to the enwinding three-
dimensional network of the CNTs, the CoNPs grow transversely and
longitudinally within this stereo net. The as-prepared nanostruc-
ture will bring sufficient exposure to the electrochemical reactant,
which would be very useful to exert its electrochemical and elec-
trocatalytic properties. Meanwhile, the enwrapped gold nanoseeds
in CoNPs would also be helpful to electron transfer. Further eletro-
chemical experiments were carried out for demonstration in the
following section.

3.2. Electrochemical characterization of the seed-mediated CoNPs
composite electrode

Fig. 2 illustrates the typical cyclic voltammograms (CVs) of
the CoNP/Au(seed)/CNT/GC obtained in 0.5M KCl, 0.5M NaCl
and 0.1M NaH,PO4 at the scan rate of 20mVs~!. It can be
seen that the CV shape (number and position of the redox
peaks) depends on the type of the supporting electrolyte. In
NaCl solution (curve A), two pairs of redox peaks can be

observed and the formal potentials (E°=[(Epa+Epc)/2]) are 0.40
and 0.85V, respectively. The two pairs of redox peaks were
explained as the existence of two stoichiometries of CoHCF,
Na,Co!l[Fell(CN)g] and NaCo; s![Fel!(CN)g] [43]. The peaks at 0.40
and 0.85V are attributed to transformation between Fe(Il) and
Fe(IlI) in the redox couples of Cojs"'Felll(CN)g/NaCo s!'Fe!'(CN)g
and NaCo!'Felll(CN)g/Na,Co"Fe!l(CN)g, respectively. According to
the previous reports [14,43,44], the redox reactions with the
involvement of Na* can be expressed as follows:

Coq.5"Fe"'(CN)g + e~ + Na*™ = NaCo; 5s"Fel(CN)g (1)
NaCo'"Fe(CN)g + e~ +Na* = Na,Co'Fe!l(CN)g (2)

The number of redox peaks and the peak potential in NaH;POy4
(curve C) is almost same as that in NaCl. However, the two anodic
peaks merged into one in KCl solution (curve B); a pair of well-
defined redox peaks near 0.50 V and another obvious cathodic peak
near 0.65V can be observed.

Fig. 3 shows the CVs of the CoNP/Au(seed)/CNT modified elec-
trode in 10 mM phosphate-buffered saline (PBS) containing 0.1 M
KCl at different scan rates. As can be seen, both the anodic and the
catholic peak currents increase with increasing potential scan rates.
The inset line plots are the square root of the scan rates versus cur-
rent responses, indicating the diffusion-controlled process of the
modified electrode.

Cyclic voltammetry is a powerful tool for investigating the prop-
erties of the modified interface. Fig. 4A shows the CVs of the
CoNP/Au(seed)/CNT electrodes with different volume of Au(seed)
solution (a) OpL; (b) 10L; (c) 20l in 0.1 M NaH,PO4. CNTs
commonly do not affect the electron-transfer process between
the redox polymer film and the electrode support without virtual
change in the shape or peak potentials of the CV [8]. In Fig. 4A curve
b, there are two sets of distinct redox peaks with the formal poten-
tials (E° =[(Ep,a *+Ep,c)/2]) of about 0.41 and 0.86V, which attribute
to the characteristic electrochemistry of cobalt hexacyanoferrate
[14]. The wave around 0.2 V is thought to be the CNTs’ background
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Fig. 2. CVs of the CoNP/Au(seed)/CNT electrodes in 0.5M NacCl (A), 0.5M KCl (B),
and 0.1 M NaH,PO; (C) at the scan rate of 20mVs~1,

which is not overwhelmed by the peak of CoNPs. The characteris-
tic rodox peaks of cobalt hexacyanoferrate can be also identified
in Fig. 4A cure c. The current signal of curve a (without Au seeds)
has much weaker of that characteristic redox peaks compared with
that of curve b and ¢ (with Au seeds) in Fig. 4A. From Fig. 4A, we
can even see that the current responses with Au(seed) are larger
than that without Au(seed), suggesting the growth of CoONPs under
the existence of Au(seed) was beneficial to the electrochemical
response. This is well consistent with the scanning electron micro-
grams, that is, the electrochemical response of CONPs is much larger
than that of CoHCF film, supporting the seed mediated growth of
CoNPs. However, the current signal of curve b (10 pL seed solu-
tion) is much larger than that of curve c (20 L seed solution),
not as initially anticipated. The reason might be that gold seeds
compete for reacting species and too much gold seeds are not
good for growing CoNPs of uniform size, shape and dispersion
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Fig. 3. CVs of the CoNP/Au(seed)/CNT modified electrode in 10 mM PBS (pH 7.0)
containing 0.1 M KCl at different scan rates (from inner to outer): 0.005, 0.01, 0.02,
0.04, 0.06, 0.08,0.1,0.2,0.3,0.4, and 0.5Vs~',

which relates tightly to its electrochemical and electrocatalytic
properties.

According to the enhanced current signals in Fig. 4A, the
advantages of the CoNP/Au(seed)/CNT nanocomposite were fur-
ther illustrated in connection with the detection of hydrogen
peroxide. Fig. 4B shows the amperomeric responses for succes-
sive addition of 1 mM H,0, of the CoNP/Au(seed)/CNT electrodes
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Fig. 4. (A) CVs of the CoNP/Au(seed)/CNT electrodes with different volume of
Au(seed) solution (a) OpL; (b) 10L; (c) 20 L in 0.1 M NaH,PO4. Scan rate,
50mVs~'. (B) Current-time recordings of the CONP/Au(seed)/CNT electrodes with
different volume of Au(seed) solution (a) O wL; (b) 10 wL; (c) 20 wL for successive
addition of 1 mM H,0; in 0.1 M NaH,PO4 at —0.1V.
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Fig. 5. Current-time curves of 1 mM H,0, at CoNP/Au(seed) (a), Au(seed)/CNT (b)
and CoNP/Au(seed)/CNT (c) electrodes in 0.1 M NaH,PO4 at —0.1 V.

with different volume of Au(seed) solution (a) OpL; (b) 10 uL;
(c) 20 L at the potential of —0.1V. The responses with Au seed
(CoNP/Au(seed)/CNT) are much larger than that without Au seed
(CoNP/CNT) and the electrode with 10 uL seed solution has the
largest current signal which quite agrees with the CVs of Fig. 4A.
The linear range of the modified electrode with 0, 10, and 20 pL
Au(seed) solution toward H,0, is 1 x 1075 to 8 x 103, 8 x 10~7
to 1.2x 1072, 5x 1075 to 1 x 10-2 M with the sensitivity of 3.57,
39.8 and 18.65 uAmM~! cm~2, respectively. The seed-mediated
growth of CoNPs catalyzes the reduction of hydrogen peroxide,
improving greatly the electrochemical response. Repeated use of
the CoNP/Au(seed)/CNT/GC did not affect the repeatability and the
long term stability. For instance, 1 mM H,0, was measured contin-
uously for 6 times, and a relative standard deviation (RSD) of 4.1%
was obtained.

In order to discern the role of the individual components and
possible synergy between them, amperometry was performed for
the step modified GC. Fig. 5 displays the current-time curves of the
CoNP/Au(seed) (a), Au(seed)/CNT (b) and CoNP/Au(seed)/CNT (c)
electrodes for the detection of 1 mM H, 0, at the potential of —0.1 V.
The CoNP/Au(seed)/CNT modified electrode shows the largest and
most rapid response which exhibits one main advantage of the
electrocatalytic properties of CONPs capable to catalyze the reduc-
tion of H,0, at low potential and prevent interference from other
electroactive substances. In particular, the current response of the
CoNP/Au(seed)/CNT electrode (c) was about 36.5 times that of the
CoNP/Au(seed) (a) and 4.7 times that of the Au(seed)/CNT (b). It is
worth noting that the current response of the CoONP/Au(seed)/CNT
electrode is much larger than that of the summation of the other
two electrodes. The improvement could be ascribed to the syn-
ergistic action between the CoNPs and CNTs, which leads to the
enhanced redox activity of CoNPs. The introduction of CNTs facil-
itates the electroreduction of H,O, (by CoNPs) for its inherent
fast electron-transfer property; another important aspect is the
enwrapped gold nanoseeds in the CoNPs would also be helpful
to electron transfer; herein, both promotions were attributed to
synergistic action.

To get a preferable electrochemical performance of this sens-
ing surface, growth time was carefully studied. The electrocatalytic
response increases with the increasing growth time and gets to the
peak at 2 h, which may be ascribed to the size-dependent effect
of the CoNPs. The adopted concentration of growth solution in
this paper had also been optimized. The electrochemical response
increased with increasing amount of CNTs, while too much amount
of CNTs will decrease the stability of the sensing surface. 10 pL
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Fig. 6. Consecutive 10 CV cycles of the glucose biosensor in 10 mM PBS (pH 7.0)
containing 0.1 M KCl at 50mVs~!,

CNT (2mgmL-1) was chosen for the experiment to get a stable
and content response. Supporting electrolytes were investigated
by the electrochemical response of cyclic voltammetry and amper-
ometry to H,0,. The largest electrochemical response has been
figured out in 0.1 M NaH,PO, after experimented in 0.1 M NacCl,
0.1M KCI, 10mM PBS (pH 7.0) and 10 mM PBS (pH 7.0)/0.1 M KCL.
Ionic strength and ion types were not taken into account, the solu-
tion of 0.1 M NaH, POy is acidic which is quite agreeable with the
general opinion that the redox activities of MHCFs prefer in acid
media [45].

3.3. Performance of the glucose biosensor

The excellent electrocatalytic activity toward H,O, means a new
platform for fabricating oxidase based electrochemical biosensors.
Here, glucose oxidase was selected as a model enzyme and immo-
bilized onto the CoNP/Au(seed)/CNT electrode by cross-linking of
glutaric diadehyde. Experiments were performed in the phosphate
buffer solution, which is commonly used for glucose biosensor.

The stability of the biosensor was investigated by successive CVs
in the PBS over potential range from —0.2 to 1.0V at the scan rate of
50mVs~!. As shown in Fig. 6, the electrochemical interface is fairly
stable without significant current change during the consecutive
10 CV cycles.

The working potentials between —0.3V and +0.4V were inves-
tigated. There are very weak reductive signals or hardly any signals
over the potential range except that distinct reductive current
appears at —0.1 V. Common redox-active substances in physiolog-
ical sample are interference-free in such low working potential as
—0.1V [46]. Fig. 7 shows the typical current-time curve for the
biosensor upon the injection of glucose and electroactive inter-
ferences. Compared with the current response of 0.5 mM glucose
(Glu), the responses generated by 0.1 mM ascorbic acid (AA) and
uric acid (UA) were essentially negligible, which demonstrates the
good selectivity. The low detection potential makes it attractive for
electrochemical biosensor.

Fig. 8 shows the amperometric response at the
CoNP/Au(seed)/CNT modified biosensor toward successive
addition of 0.5 mM glucose in 10 mM PBS (pH 7.0) containing 0.1 M
KCI at the potential of —0.1V. Stable, repeated and fast responses
were observed with steady state reached within 10s. The liner
range is from 0.005 to 2mM with the detection limit of 0.5 uM
(3 S/N). The repeatability of the biosensor was investigated by
continuous measurement to 0.25 mM glucose for 10 times and a
RSD of 3.1% was obtained, which implies good repeatability for
practical application. The reproducibility of the biosensor was also
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Fig.7. Amperometric responses of the glucose biosensor to the successive additions
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Fig.8. Amperometric response of CNT/Au(seed)/CoNP-GOx electrode to subsequent
additions of 0.5 mM glucose in 10mM PBS (pH 7.0) containing 0.1 M KCl at —0.1V.
The inset is the calibration curve with the error bars of the standard deviation for
three repeated measurements.

tested by six biosensors and a RSD of 4.6% was obtained toward
0.25 mM glucose, indicating the reliability of the method.

As a preliminary evaluation of the validity of the proposed
electrochemical biosensor, the recovery of glucose with different
concentration in spiked urine samples from a healthy volunteer
was testified as shown in Table 1. The recovery is from 98.7 to 104%
which reveals that the newly proposed biosensor could be used in
practical applications.

The method of as-prepared biosensor based on seed medium is
quite different from the traditional chemical and electrochemical
method for biosensors based on MHCFs. The performance of the
present glucose biosensor is comparable with the previous MHCFs
based glucose biosensor. For instance, the performance of the lin-
ear range and the detection limit is better than that reported for
the glucose biosensor based on electrodeposition of CoHCF [47],
and based on layer-by-layer membranes of polyamidoamine sta-

Table 1

Analysis of spiked urine samples by the biosensor (n=3).
Added (mM) Found (mM) Recovery (%) RSD (%)
0.05 0.052 104 4.67
0.20 0.198 99.0 2.35
1.00 0.987 98.7 1.20

bilized gold nanoparticles and poly(vinylsulfonate) which were
covered by electrochemically deposited CoHCF [48], and based on
adsorbed Prussian blue (prepared by chemical method in advance)
solid carbon paste [49], and based on palladium hexacyanoferrate
hydrogel/electrodeposited nickel hexacyanoferrate [50], and based
on alternately electrodepositing hybrid polypyrrole/copper hexa-
cyanoferrate [51].

The one-step preparation and attachment of CoNPs is a rather
simple method, i.e., in situ chemical deposition in growth solu-
tion mediated by Au seeds. Without any binding reagents, exposed
nanoscale material with large surface area could directly touch the
electrochemical active substance and lead to improved response.
The gold nanoparticle, as a juncture, bridges the CoNPs and
CNTs to form a smart nanocomposite. The seed-mediated growth
method improves significantly the performance of the sensing
through ingenious combination of the individual nanomaterials.
The present composite style for CoNPs is different from previous
reports of encapsulation, self-assembly and layer-by-layer tech-
niques. One obvious advantage is that synthesis and fabrication
are simultaneous which is fairly simple and fast. Another impor-
tant advantage is that without couple reagent it would be better to
exert the inherent electrocatalytic properties of CONPs reinforced
with CNTs ingeniously.

4. Conclusions

A novel method of compositing nanomaterial for CoNPs with
a single step preparation and fabrication has been worked out by
seed medium. The CoNP nanocomposite synergized by CNTs has
excellent selectivity and electrocatalytic ability. Via gold seeds, the
one-step synthesis/fabrication of CONPs on the substrate is simple
without any couple reagents. This strategy could be extrapolated
to obtain other homo- and hetero- MHCFs nanometer systems and
could have a considerable amount of research space for composite
nanomaterials.
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