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Abstract: Polydopamine (PDA) bio-functionalized Co;0, nanoparticles (NPs) were successfully synthesised and

first applied to the research of electrocatalysis on H0,. Co;0,NPs, as a peroxidase-like, were wrapped with PDA

by a simple self-polymerization in mild basic solution. Then, uniformly dispersed platinum nanoparticles (Pt NPs)
were deposited on PDA-Co;0,. It is found that the introduction of PDA film enhanced the load of Pt NPs, and the
combined effect of Co;0,, Pt NPs and horseradish peroxidase (HRP) amplified the electrical signal of H,0, sensor.

Under optimal conditions, a wide linear detection range from 0.1 to 700 wmol -L™" with a detection limit of 0.08

pmol - L™ was observed.

Keywords: Co;0,; polydopamine; multiple signal amplification; electrocatalysis; H,0,

0 Introduction

Hydrogen peroxide (H,0,), as a kind of commonly
used oxidizer and reductant, has been widely used in
food industry, clinical diagnostics, pharmacy, environ-

mental monitoring, etc!?. H,0, plays an important role

SR H 191 .2016-03-26,, W& Bk H 91.2016-06-24,

in the living cells depending on the extent, timing,
and location of its production. The disorder of H,0,
concentration is closely connected with oxidative
stress reaction in injury, aging and disease®. There-
fore, accurately detection for H,0, at low level
becomes Electrochemical

increasingly  important.
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sensors are sensitive and efficient since they can
analyze biological sample by direct conversion into an
Nanomaterials have stimulated

electrical ~ signal®.

intense research over past decades due to their high
biocompatibility and large surface area®®.

Metal nanoparticles (NPs) and metallic oxides NPs
are increasingly applied in the studies of catalysis,
semiconductor, energy storage, and semiconductor as
a result of their high surface reaction activity and

BB As  a significant transition metal

catalytic activity
oxide, Co;0, NPs have been reported and applied
and energy
storage!"". Compared with CoO and Co,0; Cos0,

exhibit more broad application prospects in electro-

in calalysis, electrochemical sensors

chemistry because of its extremely high electrocatal-
ytic activity and theoretical specific capacitance ™",
Cheng et al. reported that Co;0, directly grown on Ni
foam has superior mass transport property, as well as
this strategy is low in cost and facile in preparation®.
Mu et al. reported that Co;0, NPs exhibited peroxidase

2. However,

-like activity and catalase-like activity
small molecules like Cos0, nanoparticles usually show
poor stability and are easy to aggregate, as a result of
the active sites decreased ™,

To solve this problem, some research groups
wrapped some filming materials around the small
molecules, and achieved initial success™?\. Liu et al.
reported porphyrin  functionalized chain-like Co;0,
NPs exhibited higher stability and catalytic activity
than those of pure Co;0, NPs®. Dong et al. reported a
novel organic-inorganic hybrid material polypyrrole-
Co50, with good stability was successfully synthesized™!.
Lee et al. reported a very good film-forming bioma-
terial dopamine”. Dopamine, as an important catech-
olamine neurotransmitter with excellent self-polymeri-
zing ability and biocompatibility, has received great
attention on filming material in the past few years™?.

(PDA) film formed by

polymerization —and

The stable polydopamine
covalent non-covalent  self-
assembly dopamine is easily linked with many
materials such as metallic nanoparticles and biological
molecules through the residual catechol groups on the

film surfacet**.

In this paper, we reported the synthesis of PDA
bio-functionalized Co;0, NPs and its application in
the electrocatalysis on H,0,. The Co;0, NPs were
in PDA film by
dopamine. With the residual catechol groups on the
PDA film surface,
nanoparticles (Pt NPs) could be simply and steadily
deposited on PDA-Co0s0,. Then, the introduction of
(HRP) further enhanced the

electrocatalytic activity of the nanocomposites. By

covered self-polymerization of

uniformly dispersed platinum

horseradish peroxidase

taking advantages of the excellent biocompatibility,
film forming ability of PDA, and high electrocatalytic
activity of Co;0, NPs, as well as the combined effect
of Cos04, Pt NPs and HRP, the fabricated Co;0,-PDA-
Pt nanocomposite exhibited excellent electrocatalysis
on H,0,.

1 Experimental

1.1 Chemicals and materials

Cobaltous nitrate (Co(NOs), +6H,0), polyethylene
glycol (PEG), butyl alcohol, chloroplatinic acid (H,PtClg
-6H,0), sodium borohydride (NaBH,), and dopamine

were purchased from Alfa Aesar, while horseradish

peroxidase (HRP) was from Jianglaibio Co. Ltd.
(Shanghai, China). All other chemicals were of
analytical grade and used as received without further

(PBS) of
various pH values were prepared by mixing the 0.067
mol - L' stock solutions of KH,PO, and Na,HPO, at

specific ratios. All solutions were established with

purification. Phosphate buffer solution

ultrapure water.
1.2 Apparatus

Cyclic voltammetry (CV), electrochemical imped-
ance spectroscopy (EIS) and /-t curves were performed
using a Potentiostat/Galvanostat Model 283 electro-
(Ametek, USA). The three-

electrode system consisted of a bare or modified gold

chemical workstation

electrode (GE) which was used as a working electrode,
a saturated calomel electrode (SCE) as a reference
electrode and a Pt wire counter electrode. The
transmission electron microscope (TEM) images were
obtained with a H600 transmission electron microscope

(Hitachi Instruments, Japan). X-ray powder diffraction
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(XRD) measurements were performed on a Bruker D8
advanced X-ray diffractometer with Cu Ka irradiation
(A =0.154 06 nm) at 40 kV and 40 mA in the
scanning 26 range of 10° and 90°. Fourier-transform
infrared (FT-IR) spectroscopic were determined using
a Nicolet Avatar 360 FTIR spectrometer.
1.3 Synthesis of PDA functionalized Co;O, NPs
Co;04 NPs  were simply
hydrothermal method. In brief, 5.0 mL of 1.5 mol - L™
Co(NOs), solution was added into a sample vial. Then,
7.5 mL of 5% (w/w) PEG and 7.5 mL butyl alcohol

were added into the vial with vigorous magnetic

synthesized by

stirring. Next, a certain amount of NaOH solution was
added into the vial drop by drop and the color of the
suspension changed into blue. Then a certain amount
of H,O, was dropped slowly and the color further
changed into brown-black. The obtained suspension
was transferred into a 50 mL Teflon-lined stainless
steel autoclave. The autoclave was maintained at 160
C for 10 h after it was tightly sealed. Then, the
autoclave was cooled down to room temperature and
the black precipitation was washed three times with
water and anhydrous ethanol respectively, and then
the Co;0, NPs colloid was obtained. The Co;0, NPs
colloid was first to be ultrasonically treated for 10 min
to ensure Co0;0, NPs dispersed in the solution.
Subsequently, 40 mL pH 7.0 PBS containing 1.5 mg-
mL ™' fresh dopamine was added. After that, the

solution was violently stirred in ice-water bath for 6 h.

Nanocomposite

° modification
Pt o %%

ppa €0

Bio-enzyme
immobilization

HRP g%

Scheme 1

Finally, the precipitate was washed with water and
then the functionalized Co;0, NPs (Co;0,-PDA) were
obtained.

The loading of Pt NPs on Co0;0,-PDA (Co;0,-
PDA-Pt) was synthesized by in situ deposition. Firstly,
the obtained Co0;0,-PDA solution was dispersed in 4.0
mL of 0.1%
stirring and then 0.1 mL of 0.1 mol L™ fresh NaBH,

solution was dripped slowly and vigorous stirred for

(wlw) H,PtClg with vigorous magnetic

0.5 h. After centrifugation, the solution was washed
with water and then Co;0,-PDA-Pt nanocomposite was
obtained.  For
properties, Co;0,-Pt, PDA-Pt and Co;0,-PDA were
also prepared by the same method.

investigating the electrocatalytic

1.4 Fabrication of the modified electrodes

10 pL of the Co;0,-PDA-Pt suspension was
dipped onto the cleaned bare GE surface to dry at 4
C for 4 h. After the Co;0,-PDA-Pt modified electrode
was dried, 15 pL of 1 mg-mL™ HRP solution was
dipped onto the resulting electrode and then it was
maintained upon water for 6 h at 4 “C. Finally, the
modified electrode was carefully rinsed with water to
remove the physically absorbed HRP, then GE/Co;0,-
PDA-P/HRP was obtained. The schematic representa-
tion of the preparation process of GE/Co;0,-PDA-Pt/
HRP modified electrode is shown in Scheme 1. GE/
Co304, GE/Co30,-Pt, GE/Co;0,-PDA/HRP, and GE/
PDA-P/HRP were also prepared by the same process.

Catalyzed
reduction

HO

Schematic representation of the preparation of GE/Co;0,-PDA-PVHRP
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2 Results and discussion

2.1 Characterization of Co;O,-PDA-Pt

The morphology and size of Co;0,-PDA-Pt nano-
composites were characterized by TEM. Fig.1(a) gives
the image of Co;0, NPs. It can be seen that the
diameter of them was about 30 nm. Compared with
the Cos;04 NPs, the diameter of Co;0,-PDA increased
and obvious layer structure can be seen in Fig.1(b).
This indicated that the PDA film was successfully
coated on the surface of Co;0, NPs. With the
abundant amine groups and residual catechol groups
of the PDA film, Pt NPs could be linked simply and
steadily on the nanocomposite by in situ reduction. As
shown in Fig.1(c), a large amount of Pt NPs were
uniformly distributed on the Co;0,-PDA surface.

The as-synthesised nanocomposites are also
determined by XRD and FT-IR. The pattern for the
as-prepared Co;0, NPs (Fig.2A (a)) exhibited the
diffraction peaks at 260 =19.01°, 31.34°, 36.91°,

38.73°, 44.90°, 59.55°, 65.36° and 77.22°, which
corresponded to (111), (220), (311), (222), (440),
(422), (511), (440) and (531) crystal planes and all of
which coincided with those for Co;0, cubic (PDF#42-
1467, Fig.2A(b)). No impurity peaks were observed,
which indicates the high purity of the final products.
Fig.2B shows the FT-IR spectra of the as-prepared
nanocomposites. As shown in Fig.2B(a), two strong
bands at 667 and 565 c¢m ™' appeared, which are
assigned to the stretching vibrations of the metal-
oxygen bond™. The peak at 667 ¢cm™ is attributed to
Co-0 vibration in tetrahedral hole in which Co is Co®,
and the another peak at 565 cm™ can be attributed to
Co-O vibration in octahedral hole in which Co is
Co* B+ This indicated that Cos0, NPs were success-
fully prepared. Compared with the Co;O0, NPs, PDA
coated Co;0, NPs showed additional three absorption
peaks around 1 296, 1 602 and 3 421 em™ (Fig.2B
(b)). The absorption peaks at 1 296 and 1 602 cm™ are
attributed to the C-N stretching vibration and phenylic

Fig.1 TEM images of Co;0,NPs (a), Co;0,-PDA (b) and Co;0,-PDA-Pt (c)
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Fig.2  (A) XRD pattern of Co;04NPs: (a)experimental, (b) PDF#42-1467; (B) FT-IR spectra: (a) Co;04NPs, (b) Co;0,-PDA
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C=C stretching vibrations®, The absorption peaks at
3 421 ¢m™ is from catechol-OH groups™.
2.2 Electrochemical characteristics of different
modified electrodes
The electrochemical characteristics of different
modified
voltammetry (CVs) which was carried out at 50 mV -
s in 0.067 mol- L' PBS (pH 7.0) containing 0.1 mol -
L™ KCI and 5.0 mmol-L™" K;[Fe(CN)g]. The CVs of

different modified electrodes are shown in Fig.3. As

electrodes were investigated by cyclic

shown in Fig.3a, a pair of well-defined redox peaks
corresponding to Ks;[Fe(CN)s] were observed at the
bare GE. After the electrode was modified with the
C0;0,-PDA  nanocomposite, the
decreased slightly (Fig.3b), which should be caused
by the weak conductivity of PDA. After the Co;0,
PDA was loaded with Pt NPs, the Co;0,-PDA-Pt

modified electrode exhibited a strongly enhancement

peaks  current

to redox peaks current, which was mainly from the
large surface area and excellent conductivity of Pt
NPs  (Fig.3c).

adsorption of HRP, the peaks current decreased

Compared with Fig.3c, after the

obviously (Fig.3d), which was mainly from the weak

conductivity of macromolecular zymoprotein.

90

60

Current / pA

02 0.0 02 0.4 0.6
Potential / V

(a) bare GE, (b) GE/Co0504-PDA, (c) GE/Co;0,-PDA-Pt,
(d) GE/Co;0,-PDA-P/HRP
Fig.3 CVs of different electrodes at 50 mV+s™ in 0.067
mol- L™ PBS (pH 7.0) containing 0.1 mol-L™" KCI
and 5.0 mmol - L' Ky[Fe(CN)g

Electrochemical impedance spectroscopy (EIS)
can also provide useful information on the impedance
changes on the electrode surface during the process of

electrodes modification. Fig.4 exhibited the impedance

of different modified electrodes in 0.1 mol -L~" KCl
solution containing 5.0 mmol -L™" K;[Fe(CN)g]. As is
shown in Fig.4, the Nyquist plot of impedance spectra
includes a semicircle portion and a linear portion. The
semicircle at high frequency region relates to the
electron transfer limited process, and the Warburg
linear at low frequencies region relates to the diffusion

process¥,

The semicircle diameter of EIS spectrum
(Ry)- It can
be seen that the resistance for GE/Co;0,-PDA (Fig.4b)

was larger than that at bare GE (Fig.4a), which should

equals to the electron-transfer resistance

also be due to the inhibition effect of PDA biopolymer
film for electron transfer. Compared with the Co;0,-
PDA modified electrode, the Co;0,-PDA-Pt modified
electrode exhibited smaller R, (Fig.4c). The reason
might be the enhancer for electron transfer of Pt NPs.
When HRP was immobilized onto the GE/Co;0,-PDA-
Pt surface the resistance of the modified electrode
decreased  (Fig.4d), which was attributed to the
inhibition effect of the enzyme biomacromolecules for

electron transfer. The results are also consistent with
the previous CVs' (Fig.3).
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AR

(a) bare GE, (b) GE/C0;0,—PDA, (c¢) GE/C0;0,-PDA-Pt,
(d) GE/C0;0,-PDA-PYHRP

Fig.4 EIS of different modified electrodes in 5.0 mmol-
L™ Ky[Fe(CN)4] solution

2.3 Optimization of working potential

The performance of the electrochemical biosensor
usually relates to the working potential. Fig.5 showed
the current response to successive addition of 10 pmol -
L™ H,0, of GE/C0o;0,-PDA-PYHRP at the working
potential in the range from 0 to —0.40 V. Curves in
Fig.5A display typical current-time curves at different
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Fig.5

Influence of different working potential on current response of GE/Co;0,-PDA-PVHRP:

(A) current—time curves; (B) corresponding calibration curves

working potential for successive addition of 10 pmol -
L™ H,0, and the corresponding calibration curves
were shown in Fig.5B. Moreover, in order to compare
the influence of working potential more clearly, the
slope vs working potential curve was presented in the
inset of Fig.5B. It was found that the slope continu-
ously increased with the increasing of working
potential, and the highest current response appeared
at —0.4 V. However, too high working potential results
in interference from the matrix species. Therefore,
considering the sensitivity of sensor, —0.30 V was
chosen for the working potential in the further work.
2.4 Electrocatalytic property towards H,O,

To investigate the catalytic activities of different
nanocomposites to H,0,, different modified electrodes
were tested by CV in 0.1 mol -L ™" KCI solution
containing 5.0 mmol - L' K;[Fe(CN)¢] and 10 pwmol - 1!
H,0, at 50 mV-s™ (Fig.6). Compared with Co;0, NPs
modified electrode (Fig.6(a)), Cos04NPs loaded with Pt
NPs modified electrode exhibited larger reduction
peak current due to the strong catalytic activity of Pt
NPs to H,0, (Fig.6(b)). Fig.6(c) shows that GE/Co;0,-
PDA-Pt exhibited larger reduction peak current than
GE/Co;04-Pt, which might be because the introduction
of PDA enhances the load of Pt NPs. Due to the
efficient catalytic performance of bio-enzyme, the
reduction peak current was further increased after
HRP was immobilized onto the GE/Co;0,-PDA-Pt
surface (Fig.6(d)).

100

Current / pA

w
(=]
1

-1004 ,

-150

02 0.4
Potential / V
(a) GE/C0304, (b) GE/C0;0.,-Pt, (c) GE/Co;0,-PDA-Pt,

(d) GE/Co;0,-PDA-PUHRP

0.0 0.6

Fig.6 CVs of different modified electrodes at 50 mV -s™
in 0.067 mol-L.! PBS (pH 7.0) with 10 pmol- 1!
H,0,

Comparative experiments were carried out using
different modified electrodes by successively adding
H,0, to a continuously stirred PBS  (pH 7.0) solution
at working potential of —0.30 V to further investigate
the properties  of  Co;0,-PDA-Pt
nanocomposite  (Fig.7). As can be seen, GE/Co;0,-
PDA-Pt/HRP had the highest current response (Fig.7B
(d)). Compared with GE/Co;0,-PDA/HRP  (Fig.7B (a))
and GE/PDA-PY/HRP (Fig.7B(b)), the current response
of GE/Co;0,-PDA-PYHRP to H)0, is

enhanced, which might be ascribed to the excellent

electrocatalytic

greatly

conductivity of Pt NPs. Through this conductivity,
Cos04 can play its catalytic role better. Due to the

efficient catalytic performance of HRP, the current
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Inset in (B): slope vs working potential curve

Fig.7 Current response to successive addition of 10 pwmol-L™ H,0, of different modified electrodes:

(A) current-time curves; (B) corresponding calibration curves

response of GE/Co;0,-PDA-PYHRP (Fig.7B (d)) was
larger than that of GE/Co;0,-PDA-Pt (Fig.7B (c)).
Based on these results, we confirmed that the combined
effect of Co;0,, Pt and HRP made the nanocomposite
exhibit excellent electrocatalytic properties.

Fig.8 showed the typical current-time curves at
GE/Co;0,-PDA-Pt/HRP with successive additions of
H,0, at —=0.30 V. A linear detection range from 0.1 to
(LOD) of 0.08
pmol - L™ was observed. The regression equation is I/
mA=2.867x10%; o /(mol - L™)+19.47 (R’=0.998 2). The
GE/Co;0,-PDA-PU/HRP  biosensor exhibited higher
sensitivity of 1 014.6 pA -L-mmol™-cm™ than those

700 pmol -L™" with a detection limit

of polyaniline-graphene composited thin film electrode

4 200
125 y=2.867X10°x + 19.47

R=0.9982

100

Current / pA

0.0 2.0xX10* 4.0x10* 6.0x10*
Concentration / (mol-L™")

Current / pA
3
T

W
(=}
L

254

T T T T T
400 500 600 700 800 900 1000

Time /s

1100

Working potential: =0.30 V; Inset: plot of current vs
concentration of H,0,

Fig.8 Current response to H,0, additions on GE/Co;0,-
PDA-PY/HRP

(325.4 pA -L -mmol " -cm ) ™ hierarchical porous
Co50, electrode (389.7 pA -L-mmol™-cm™®)™ and Pd-
TiO, electrode (554 pA +L-mmol™-cm™?™, and nano-
porous Ag@BSA/Au electrode (101.3 wA -L-mmol™-
em )™ The results indicated that the fabricated
C030,-PDA-Pt nanocomposite modified electrode H,0,
sensor exhibited high sensitivity and wide dynamic
measurement range, which mainly due to the high
NPs,
biocompatibility, film forming ability of PDA and the
synergies in Co;04 Pt NPs and HRP.

electrocatalytic ~ activity of Co;04 excellent

3 Conclusions

This work reported that PDA bio-functionalized
Co30, NPs were successfully synthesized through a
simple and cost-effective strategy and first applied to
the research of electrocatalysis on H,0,. Co;0,NPs, as
a new peroxidase-like, were wrapped with PDA by a
simple self-polymerization in mild basic solution. It
was found that the introduction of PDA film enhanced
the stabilities of CosO, NPs and Pt NPs and the
combined effect of Co;0, and Pt NPs greatly improved
the electrocatalytic properties of Co0;0,-PDA-Pt nano-
composite. The high electrocatalytic activity and
stability of the proposed nanocomposite provide
potential applications for electrochemical sensors,
catalysis, and fuel cells.
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