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A B S T R A C T   

Accurate and convenient detection of H2O2 is of great significance for the diagnosis and treatment to some 
diseases. Herein, a unique stamen-like CuCo-Cu@Co(CO3)0.5(OH) (defined as CuCo-Cu@CoCH) nanoarray was 
fabricated by cation exchange and co-reduction for electrochemical detection of H2O2. The nanostructure with 
large electrochemical surface area can adsorb H2O2 efficiently, while the Cu@CoCH nanowire offers a high-way 
for electron transfer, and the CuCo nanoparticle possesses high activity for H2O2 reduction. Hence, the CuCo- 
Cu@CoCH nanoarray performs excellently as a electrochemical H2O2 sensor with a high sensitivity of 3570 
μA mM− 1 cm− 2 (1 μM to 100 μM) and 3290 μA mM− 1 cm− 2 (100 μM to 2000 μM), a fast response time (＜1.5 s), a 
low detection limit (0.97 μM, S/N = 3) and superior selectivity, stability. Furthermore, the nanoarray shows 
promising electrochemical activity for real-time detection of H2O2 released from HepG2 human liver cancer cells. 
This work offers a novel material as electrochemical sensor to H2O2 with enhanced performance, and shows a 
new solution to prepare nanostructure of alloy.   

1. Introduction 

Hydrogen peroxide (H2O2) is an important product of human 
metabolism, which can kill invading pathogens and promote wound 
healing and repair process in an appropriate amount [1–3]. However, 
under excessive pressure, cells would produce large amounts of 
hydrogen peroxide, which can cause apoptosis, necrosis and autophagy, 
and finally trigger oxidative stress – this is an important mechanism of 
many liver injury diseases [4–6]. Therefore, timely and accurate 
detection of H2O2 is of great significance for disease prevention [7,8]. 
Common detection methods of H2O2 include titration [9], spectroscopy 
[10], colorimetry [11], chemiluminescence detection [12], electro
chemical detection [13,14] and so on, among which, electrochemical 
detection is widely concerned because of its convenience, high accuracy 
and low-priced [15–20]. While much attention is paid on non-enzyme 
electrode in electrochemical detection, which is more stable and easy 
to preserve than enzymic one. 

Hydrogen peroxide can be reduced by superoxide dismutase (SOD) 
in human body, and the most common enzyme is Cu–Zn SOD, in which 
Cu is the main active center [21,22]. Therefore, copper-based materials 
have promising catalytic reduction activity for hydrogen peroxide and 

can be used for its detection [23–25]. Co based materials are also widely 
used in the electrochemical detection of hydrogen peroxide due to its 
abundant variable valence. Cu and Co composites can form the redox 
cycle of Co (III)/Co (II) and Cu (II)/Cu (I) electron pairs, accelerate the 
interfacial electron transfer process, and further improve the catalytic 
reduction ability of hydrogen peroxide [26], for instance, various 
nanostructures of CuCo2O4 have been reported for hydrogen peroxide 
detection [27–30]. 

Composites of metal compound and metal nanoparticle/quantum 
dot usually have excellent performance in (photo) electrochemical 
catalysis, sensing and other fields due to the high activity of compounds 
and the high conductivity of metal particles [20,31–38]. And among the 
synthesis methods, in situ synthesis is an effective method to accelerate 
electron transfer as it ensures the close contact between metal particles 
and compounds [39]. For example, as a photocatalytic material, BiOX (x 
= Cl, I, Br) could be partially reduced to Bi in situ by adding appropriate 
amount of glucose in the preparation process. The reduced Bi forms SPR 
effect on the surface of BiOX, which accelerates the separation of pho
togenerated electron-hole and effectively improves the photocatalytic 
activity [40]. It has also been reported that Co–CoO Janus catalyst was 
prepared by one-step solution, which can effectively utilize the activity 
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of the two materials and form Mott-Schottky heterojunction between Co 
and CoO, thus accelerate the electron flow and improve the electro
catalytic activity [41]. Due to the synergistic geometric and electronic 
effect, bimetallic particles usually exhibit better catalytic activity than 
the monometallic particle, such as Cu-Ni, Cu-Co etc. [42,43]. However, 
many metal compounds are not easy to be reduced under mild condi
tions, furthermore, the metal nanoparticles are inclined to aggregate and 
the activity would decrease, so the synthesis of metal/metal compound 
composite is worthy of further study. 

In this paper, a CuCo-Cu@CoCH composite nanoarray was synthe
sized by a co-reduction method, in which CuCo alloy nanoparticles were 
loaded on the top of Cu@CoCH nanowires, forming a structure similar to 
stamen. Cu(OH)2 can be reduced to Cu by NaBH4, but CoCH cannot be 
reduced at the same condition, however, if there exists Cu, it can be 
reduced in the form of CuCo alloy. The mechanism of this co-reduction 
reaction was systematically analyzed, and the reaction was further 
extended to CuNi system. The as-prepared CuCo-Cu@CoCH composite 
showed excellent performance in the detection of hydrogen peroxide 
with a sensitivity of 3570 μA mM− 1 cm− 2 (1 μM–100 μM), 3290 μA 
mM− 1 cm− 2 (100 μM–2000 μM), an outstanding selectivity and repro
ducibility, and could be used for the real-time detection of hydrogen 
peroxide released from HepG2 human liver cancer cells. 

2. Result and discussion 

2.1. Characterization of CuCo-Cu@CoCH nanoarray 

As shown in Fig. 1a, the preparation procedure for the stamen-like 

CuCo-Cu@CoCH nanoarray was composited with hydrothermal, cation 
exchange and co-reduction. The Co(CO3)0.5(OH) (CoCH) nanowire array 
was directly grown on Ni foam (NF) substrate by hydrothermal method, 
which was then immersed in Cu2+ solution to obtain Cu(OH)2@CoCH by 
cation exchange. Finally, stamen-like CuCo-Cu@CoCH nanoarray was 
obtained by reducing Cu(OH)2@CoCH with NaBH4. 

It could be seen in the SEM images that the CoCH nanowires were 
uniformly and neatly arranged on the NF substrates (Fig. 1b), after 
cation exchange, nanoparticles appeared on top of the nanowires 
(Fig. 1c). Finally, after reduction with NaBH4, a stamen-like structure 
could be seen with neatly arranged nanowires and nanoparticles scat
tered above (Fig. 1d). In addition, electrodes that exchanged with Cu2+

for different times were prepared to understand the evolution of the 
microstructure morphology. As shown in Fig. S2a-b, there were only a 
few CuCo alloy particles on the CoCH nanowires when the immersion 
time was 20 min. However, when immersion time extended to 90 min, 
samples were peeled off from the NF substrates, so 60 min was chosen as 
the optimal cation exchange time and subsequent characterization. 

To investigate the composition of the as-prepared samples, XRD and 
FT-IR tests were carried out. In the XRD spectrum, due to the shielding 
effect of NF, there was only peaks for NF of the CoCH sample (the blue 
line in Fig. 1e), however, new peaks at 17.5◦, 33.8◦, 35.5◦ and 39.5◦

appeared as the samples scraped off from the NF, which belonged to 
(020), (221), (040) and (231) of CoCH, respectively (Fig. S3) [44], 
confirming the formation of CoCH. The XRD pattern of the sample after 
cation exchange (the black line in Fig. 1e) exhibited peaks at 16.7◦, 
33.9◦ and 39.9◦, which were corresponded well to (020), (002) and 
(130) planes of Cu(OH)2 (JCPDS no. 72-0140) [45], respectively, 

Fig. 1. (a) Schematic illustration of the formation process of CuCo-Cu@CoCH nanoarray; SEM images of (b) CoCH nanowires, (c) Cu(OH)2@CoCH nanoarray, (d) 
CuCo-Cu@CoCH nanoarray; (e) XRD patterns of CoCH, Cu(OH)2@CoCH and CuCo-Cu@CoCH; (f) Fourier transform infrared (FT-IR) spectra of CoCH, Cu 
(OH)2@CoCH and CuCo-Cu@CoCH. 
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revealing the partly exchange from CoCH to Cu(OH)2. The peaks for Cu 
(OH)2 disappeared in the spectrum after reduction (the red line in 
Fig. 1e), and new peaks at 43.7◦, 50.9◦ and 74.6◦ belonging to (020), 
(002) and (130) plane of CuCo (JCPDS no. 50-1452) appeared [46], 
indicating the transform from Cu(OH)2 to CuCo. In the FT-IR spectrum 
of CoCH nanowire array (green line in Fig. 1f), there were two faint 
peaks at 3440 cm− 1 and 3515 cm− 1 for M–OH stretching vibration, two 
peaks at 1690 cm− 1 and 1510 cm− 1 for H–O–H vibration, and a peak at 
866 cm− 1 for CO3

2− vibration [47,48]. Then the peaks for M–OH 
stretching vibration increased significantly after Cu2+ exchange (purple 
line in Fig. 1f), indicating the formation of Cu(OH)2, and after reduction 
with NaBH4, the two peaks decreased dramatically (orange line in 
Fig. 1f), demonstrating the decomposition of Cu(OH)2 and CoCH. 

TEM further revealed the morphology and composition of CuCo- 
Cu@CuCo. As was shown in the low-resolution TEM image (Fig. 2a), 
there was a stamen-like morphology of the nanoarray. High-resolution 
TEM images (Fig. 2b-c) displayed lattice fringes of 0.265 nm and 
0.228 nm corresponding to (221) and (231) planes of CoCH, and 0.207 
nm assigned to the (111) plane of CuCo [49,50]. Then the elemental 
mapping images clearly revealed the composition of the CuCo- 
Cu@CuCo nanostructure (Fig. 2d-g). Cu and Co were distributed in 
the nanowire and nanoparticle, while O elemental was only found in the 
nanowire, revealing the nanoparticle was CuCo alloy. Furthermore, Cu 
was almost distributed in the whole nanowire, and Co, O only existed in 
the inner of the nanowire, demonstrating the Cu@CoCH composition of 
the nanowire. 

XPS spectrum was tested to characterize the surface composition and 
valence state of the CuCo-Cu@CoCH nanoarray. C, Ni, Cu, Co and O 
appeared in the XPS full spectrum (Fig. 3a), which was consistent with 
the elemental mapping results in Fig. 2d-e. In the high-resolution C 1s 
spectra of Fig. S4, three peaks at 284.5 eV, 286.2 eV, and 288.9 eV could 
be observed, which were attributed to the presences of C–C, C–O and 
C––O species of CoCH. As shown in Fig. 3b, The Cu 2p spectra could be 
deconvoluted into five prominent peaks at 932.2 eV, 934.4 eV, 942.6 eV, 
952.2 eV and 954.4 eV, while the sharp peaks of 932.2 eV and 952.2 eV 
corresponded to Cu 2p3/2 of zero-valent, which might be derived from 
CuCo alloy and metallic Cu, the broad peaks of 934.4 eV and 954.4 eV 
corresponded to Cu 2p1/2 of Cu(II), which might be caused by the 
unreduced Cu2+ in CuCo-Cu@CoCH or metallic Cu oxidized in the air, 
and the peak of 942.6 eV was a satellite peak. After deconvolution, the 
Co 2p spectra in Fig. 3c was fitted with five peaks. Peaks at 780.9 and 

796.8 eV were assigned to Co(II) 2p3/2 and 2p1/2, and the 775.6 eV peak 
belonged to zero-valent Co in the metallic state. As for O 1s spectra in 
Fig. 3d, the peak at 531.1 eV and 532.3 eV possibly stated the existence 
of M–OH (Co–OH) and O–C––O, respectively, and the peak at 533.9 
eV indicated the presence of adsorbed water [46,49–52]. The results 
further confirm the formation of CuCo-Cu@CoCH. 

2.2. Electrochemical performance of CuCo-Cu@CoCH 

CV measurements were performed in 0.1 M PBS in the absence and 
presence of 1000 μM H2O2 to verify the activity of CuCo-Cu@CoCH 
electrode for H2O2 detection. As shown in Fig. 4a, there was a reduc
tion peak at − 0.25 V (vs. SCE) and a rather weak oxidation peak at − 0.1 
V without H2O2. This pair of redox peaks might be attributed to the 
redox reaction of CuCo [26]. The reduction peak increased observably 
after addition of 1000 μM H2O2, suggesting that H2O2 was involved in 
the reaction, so the potential near the reduction peak was chosen for the 
following tests. 

To investigate the effect of different parts of the nanocomposite, CVs 
were recorded for the CoCH(Fig. S5a); Cu@CoCH(Fig. S5b); Co@CoCH 
(Fig. S5c),CuCo/NF (Fig. S5d) and CuCo-Cu@CoCH (Fig. S5e) in 0.1 M 
PBS (pH 7.0) with and without 1.0 mM H2O2. And by comparison be
tween the current differences at potential between − 0.20~− 0.40 V, it 
could be clearly seen that the CuCo-Cu@CoCH electrode exhibited the 
best activity to H2O2 at − 0.25 V (Fig. S5f). 

CVs are recorded for the CoCH and Cu(OH)2@CoCH electrodes in 
0.1 M PBS with and without H2O2 (Fig. S6a). The catalytic peak current 
of H2O2 recorded for the CuCo-Cu@CoCH electrode was 1.07 A at 
− 0.25 V, which was 7.1 and 8.9 times higher than those of the CoCH and 
Cu(OH)2@CoCH electrodes, respectively. And the sensitivity of H2O2 
detection in the range of 100–700 μМ for CuCo-Cu@CoCH（3290 μA 
mM− 1 cm− 2)was much larger than that of Cu(OH)2@CoCH （257 μA 
mM− 1 cm− 2)and CoCH（29 μA mM− 1 cm− 2) (Fig. S6b-d). 

Larger electrochemical surface area (ESCA) meant facile interfacial 
charge transfer, so it was important to the detection of trace amounts of 
chemical species [53,54]. The double-layer capacitance (Cdl), which was 
in proportion with the ESCA of the electrode, could be obtained by 
plotting the ΔJ /2 with the scan rate (Fig. S7a-d), where ΔJ represented 
the difference between anodic and cathodic current under the same 
potential. The ESCA of CuCo-Cu@CoCH (12.81 mF cm− 2) was much 
larger than that of Cu(OH)2@CoCH (1.23 mF cm− 2) and CoCH (0.24 mF 

Fig. 2. (a) TEM image of the CuCo-Cu@CoCH; (b, e) HRTEM images of the CuCo-Cu@CoCH nanoarray; (d-g) elemental mapping images of the CuCo- 
Cu@CoCH nanoarray. 
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cm− 2), demonstrating that the CuCo-Cu@CoCH electrode had larger 
ESCA to participate in the reaction. Then CV curves of CuCo-Cu@CoCH 
under different H2O2 concentrations were tested (Fig. 4b), in which the 
reduction peak at − 0.25 V increased in proportion with the of H2O2 
concentration from 200 μM to 1000 μM. All the results indicated that the 
CuCo-Cu@CoCH electrode might be a promising H2O2 sensor. 

To investigate the adsorption and activation behavior of H2O2 on 
CuCo-Cu@CoCH electrode, CV curves with different scan rates were 
tested under different H2O2 concentrations. The CV curves at low H2O2 
concentration (800 μM) was shown in Fig. 4c, from which it could be 
found that there was a perfect linear relationship between the reduction 
peak current and scan rate (inset in Fig. 4c), suggesting an adsorption- 
controlled process of H2O2 reduction on the electrode [55,56]. How
ever, reduction peak current was proportional to the square root of scan 
rate at high H2O2 concentration (2000 μM) (Fig. 4d), demonstrating a 
typical diffusion-controlled reaction [57–59]. The different adsorption 
and activation behavior of H2O2 under different concentrations might 
lead to different linear regions in the following detection [60], which 
was further verified in Fig. 5c. 

2.3. Amperometric measurement of H2O2 

To find the optimal applied potential, amperometric tests with suc
cessive addition of H2O2 under different potentials were carried out 
(Fig. 5a). The electrochemical response increased with the applied po
tential stepped from − 0.20 V to − 0.25 V, but as the potential increased 
to − 0.28 V, the current response began to decrease. As shown in the 
calibration curve in Fig. 5b, the current response at − 0.25 V had the 

largest slope, so − 0.25 V was chosen as the optimal applied potential in 
H2O2 detection. 

As shown in Fig. S8a, amperometric measurements of CuCo- 
Cu@CoCH with different exchange times were performed at − 0.25 V 
in 0.1 M PBS solution with the successive addition of 100 μM H2O2. 
Compared with the electrode with 20 min and 40 min, the CuCo- 
Cu@CoCH electrode with exchange time of 60 min had a more 
obvious response to H2O2, however, with the further increase of the 
exchange time, the response decreased, the electrode with 80 min 
exhibited a little weaker response than the 60 min one, and the 90 min 
one showed a much weaker response. Converted into the linear rela
tionship between H2O2 concentration and response current (Fig. S8b), 
CuCo-Cu@CoCH electrode had the largest slope when the cation ex
change time was 60 min. The results were in consistent with the 
morphology in SEM images in Fig. 1d and Fig. S2a-b, and CuCo- 
Cu@CoCH electrode with exchange time of 60 min was selected for 
the subsequent testing. 

Fig. 5c showed the amperometric curve of CuCo-Cu@CoCH at − 0.25 
V with successive addition of H2O2 every 60 s. With the addition of 
H2O2, the CuCo-Cu@CoCH had a fast response time, as shown in Fig. S9 
the steady current response could be reached within 1.5 s. Furthermore, 
the calibration curve between H2O2 concentration and the current 
response was shown in Fig. 5d. The linear relationship at 1 μM–100 μM 
could be expressed as I (mA cm− 2) = − 3.57C (mM) − 0.20459 (R2 =

0.9983), and I (mA cm− 2) = − 3.29C (mM) − 0.32722 (R2 = 0.9989) at 
100 μM–2000 μM, where I represented the current density, C repre
sented the H2O2 concentration and the slope indicated the sensitivity to 
H2O2 concentration, so the sensitivity was 3570 μA mM− 1 cm− 2 (1 

Fig. 3. (a) XPS survey scan of the CuCo-Cu@CoCH; XPS spectra of (b) Cu 2p, (c) Co 2p and (d) O 1s in CuCo-Cu@CoCH nanoarray.  
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μM–100 μM) and 3290 μA mM− 1 cm− 2 (100 μM–2000 μM), respectively. 
The lowest detection limit (LOD) was calculated to be 0.97 μM (LOD =
3σ/N, σ was the standard deviation of background current while N was 
the sensitivity). 

Table 1 displayed materials reported recently for the electrochemical 
detection of H2O2 for comparison, among which the CuCo-Cu@CoCH 
electrode as prepared presented an outstanding electrochemical per
formance for H2O2 with high sensitivity and low LOD, which could be 
attributed to the unique stamen-like structure. 

2.4. Selectivity, reproducibility, and stability of CuCo-Cu@CoCH 

To analyse the selectivity of CuCo-Cu@CoCH electrode, 1000 μM 
sodium chloride (NaCl), potassium chloride (KCl), ammonium chloride 
(NH4Cl), sodium nitrite (NaNO2), uric acid (UA), ascorbic acid (AA), 
glucose, saccharose and 100 μM H2O2 were successively added to 0.1 M 
N2-saturated PBS at − 0.25 V. As shown in Fig. 6a-b, the CuCo-Cu@CoCH 
electrode had a negligible response to the interferes even though they 
were 10 times more concentrated than H2O2. The current responses to 
NaCl, KCl, NH4Cl, NaNO2, UA, AA, glucose and saccharose were calcu
lated to be only 4.1%, 6.1%, 3.3%, 2.2%, 4.3%, 3.6%, 3.7% and 4.3% 
relative to H2O2, demonstrating that the excellent selectivity of the 
stamen-like CuCo-Cu@CoCH electrode for the detection of H2O2. 

Reproducibility and stability should also be considered in the actual 
application of the sensor. To investigate the reproducibility of the CuCo- 

Cu@CoCH electrode, amperometric response was used to investigate the 
electrochemical signal of the CuCo-Cu@CoCH electrode with the addi
tion of 100 μM H2O2. The relative standard deviation (RSD) of the 
current signal was only 4.7% for 8 electrodes (Fig. 6c), suggesting that 
the CuCo-Cu@CoCH electrode possessed favorable reproducibility. 

Moreover, the stability of the CuCo-Cu@CoCH electrode was tested 
by recording the current signal with addition of 100 μM H2O2 during a 
week. The RSD was 3.7% of the different days (Fig. 6d), moreover, the 
morphology of CuCo-Cu@CoCH was little changed after the stability test 
(Fig. S10a-b), demonstrating that the CuCo-Cu@CoCH electrode had 
superior stability. 

2.5. Measuring H2O2 secreted from human liver cancer HepG2 cells 

To investigate the effectiveness of practical application of CuCo- 
Cu@CoCH sensor in real samples, amperometric measurement was 
carried with CuCo-Cu@CoCH electrode to detect H2O2 released from 
HepG2 cells at − 0.25 V (vs. SCE) in N2-saturated 0.1 M PBS solution. As 
was shown in Fig. 7, there was a negligible current change on the 
electrode after injection of 5 mM ascorbic acid (AA) into the 0.1 M PBS 
(red line). However, after addition of the 5 mM AA solution into the 0.1 
M PBS solution with HepG2 cells (blue line), an obvious current 
response could be found. The current signal was recorded to be 0.109 
mA, corresponding to 29 μM H2O2 released from the HepG2 cells. 

Fig. 4. (a) CV curves of the CuCo-Cu@CoCH electrode in N2-saturated 0.1 M PBS solution (PH = 7) in the absence and presence of 1000 μM H2O2 (scan rate: 20 mV 
s− 1); (b) CV curves of the CuCo-Cu@CoCH electrode in 0.1 M PBS solution with different H2O2 concentrations (scan rate: 20 mV s− 1), and inset is the enlargement of 
the CV curve from − 0.1 to − 0.5 V; (c) CV curves of the CuCo-Cu@CoCH electrode at different scanning rates (10–100 mV s− 1, a–j) in 800 μM H2O2, and inset is the 
relationship between reduction peak current density and scan rate; (d) CV curves of the CuCo-Cu@CoCH electrode at different scanning rates (20–90 mV s− 1, a–h) in 
2000 μM H2O2, and inset is the relationship between reduction peak current density and the square root of scan rate. 
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2.6. Formation mechanism of CuCo-Cu@CoCH 

Compared with other reports on NaBH4 reduction, a much lower 
concentration of NaBH4 was used in this paper. CoCH could not be 
reduced to Co under this solution, as shown in SEM images (Fig. S11a-b), 
the morphology of CoCH nanowire array before and after NaBH4 

reduction had almost no change. Moreover, the XRD pattern in Fig. S11c 
also showed no new phase after NaBH4 reduction, indicating that pure 
CoCH nanowire could not be reduced in low concentration NaBH4 so
lution. On the contrary, Cu(OH)2 nanowire can be directly reduced to Cu 
by low concentration NaBH4 solution [45,69]. 

Cu(II) can be reduced to the metallic state with a relatively mild 
reductant such as NH3BH3, while Co(II) cannot. However, if there is a 
small amount of Cu2+ in CoO, Cu2+ could react with NH3BH3 to form 
Cu–H active intermediate, which can help further reduce part of CoO to 
Co and form CuCo alloy [51,70]. 

In this work, Cu(OH)2 was formed on the surface and tip of CoCH 
nanowire by cation exchange. In the presence of Cu2+, the tip of CoCH 
nanowire, which was the most active area, was reduced simultaneously 
by low concentration NaBH4 solution to form CuCo alloy nanoparticles, 
while the Cu(OH)2 wrapped outside the CoCH was reduced to Cu, and 
finally formed CuCo-Cu@CoCH composite nanoarray structure. 

This co-reduction process also occurred on nickel hydroxide mate
rials. Cu(OH)2-Ni(OH)2 was obtained by cation exchange between Ni 
(OH)2 and Cu2+, and CuNi-Ni(OH)2 nanoarray was obtained by reducing 
Cu(OH)2-Ni(OH)2 by NaBH4. As shown in Fig. S12a, Ni(OH)2 nanosheets 
grown neatly and vertically on the NF substrate, after Cu2+ exchange, 
the Cu(OH)2 nanoparticles appeared on the top of the nanosheets 
(Fig. S12b). Finally, after reduction, the combination of CuNi alloy and 
Ni(OH)2 nanosheets were obtained (Fig. S12c), which could be verified 
from the XRD spectrum (Fig. S13). However, as shown in Fig. S11d-f, 

Fig. 5. (a) Amperometric responses of CuCo-Cu@CoCH electrode at different potentials in 0.1 M PBS solution with the successive addition of 100 μM H2O2; (b) The 
relationship between response current density and H2O2 concentration of CuCo-Cu@CoCH at various potentials in 0.1 M PBS solution; (c) Amperometric responses of 
the CuCo-Cu@CoCH electrode to the successive addition of H2O2 in 0.1 M PBS at − 0.25 V (vs. SCE). The inset shows the low concentration of H2O2 (1–40 μM); (d) 
The linear relationship between current density and H2O2 concentration of CuCo-Cu@CoCH at − 0.25 V in 0.1 M PBS solution. The inset shows the H2O2 concen
tration from 1 to 100 µM. 

Table 1 
Comparison of the performance of different H2O2 sensors.  

Electrode 
materials 

Linear range 
(μM) 

Sensitivity (μA 
mM− 1 cm− 2) 

Detection 
limit (µM) 

Ref 

Meso-C/ZnO 50–981 46.48  6.25 [61] 
CuO NWs/3D-Cu 

foam 
1–1000 8870  0.98 [62] 

CuO/GCE 5–180 8.6  1.6 [63] 
ITO-rGO-AuNPs 25–3000 64.1  6.65 [64] 
Co3O4/rGO/GCE 15–675 1.14  2.4 [65] 
NiO-NSs/CF- 

1801/ 
200–3750 23.30  0.013 [20] 

HRP/HAuDE 3–400 /  1.5 [66] 
nanoporous gold 10–1800 /  0.6 [67] 
CoFe2O4 

@CdSeQDs/ 
RIF/GC 

7–145 
145–1430 

143.01 
28.67  

0.38 [68] 

CuCo-Cu@CoCH 1–100 
100–2000 

3570 
3290  

0.97 This 
work  
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pure Ni(OH)2 nanoarray could not be reduced under the same solution. 

3. Conclusions 

In conclusion, a stamen-like CuCo-Cu@CoCH electrode was prepared 

by co-reduction with a large electrochemical surface active area and fast 
interfacial charge transfer. The electrode exhibited excellently in H2O2 
detection with a sensitivity of 3570 μA mM− 1 cm− 2 (1 μM–100 μM) and 
3290 μA mM− 1 cm− 2 (100 μM–2000 μM), and a low LOD of 0.97 μM. The 
electrode also had superior selectivity and stability, and could be used in 
detection of H2O2 released by HepG2 cells. The co-reduction method 
could also be used to prepare NiCu nanostructure, which might offer a 
novel solution to prepare nanostructure of alloy. 
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Fig. 6. (a) Amperometric response of CuCo-Cu@CoCH electrode to the addition of H2O2, NaCl, KCl, NH4Cl, NaNO2, UA, AA, glucose and saccharose at − 0.25 V (vs. 
SCE) in 0.1 M PBS solution; (b) Amperometric response of CuCo-Cu@CoCH with various interferences; (c) The amperometric responses of 8 samples with the addition 
of 100 μM H2O2 at − 0.25 V in 0.1 M PBS solution to test repeatability of CuCo-Cu@CoCH; (d) Amperometric responses of the electrodes with the injection of 100 μM 
H2O2 at–0.25 V in 0.1 M PBS solution (PH = 7), the test was made every day in a week to test the stability. 

Fig. 7. Amperometric responses of CuCo-Cu@CoCH electrode to the addition 
of 5 mM AA with and without HepG2 cells as well as in the presence of HepG2 
cells without AA at − 0.25 V (vs. SCE) in N2-saturated 0.1 M PBS solution. 
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Appendix A. Supplementary material 

The detail of the materials and instruments and the preparation of 
CuCo-Cu@CoCH, CuNi-Ni(OH)2, CoCH NWs, Ni(OH)2 NSs,Cu@CoCH, 
Co@CoCH and CuCo/NF; the SEM images of CuCo-Cu@CoCH electrode 
with different time of ion exchange, CuNi-Ni(OH)2, CoCH NWs and Ni 
(OH)2 NSs; the XRD images of the CoCH was scraped off from the NF, 
CuNi-Ni(OH)2, CoCH NWs and Ni(OH)2 NSs; XPS spectra of C 1s of 
CuCo-Cu@CoCH; electrochemical characterization of CoCH, Cu@CoCH, 
Co@CoCH, CuCo/NF, Cu(OH)2@CoCH and CuCo-Cu@CoCH. Supple
mentary data to this article can be found online at https://doi.org/10.10 
16/j.apsusc.2021.151879. 
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