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High Performance Cu/Cu2O Nanohybrid Electrocatalyst for 

Nonenzymatic Glucose Detection 

 

Xiqing Cheng,ab Jun Zhang,b Hucheng Chang,b Liqiang Luo,a Fuqiang Nie b and Xinjian Feng *bc

Here we report Cu/Cu2O nanocomposites prepared via 

potential oscillations. High resolution transmission electron 

microscopy images reveal a homogeneous distribution 

feature of Cu and Cu2O in the composite. Due to 

thesynergistic effect between Cu and Cu2O, the nanohybrids 

show much lower resistivity and glucose oxidation activity 

(lower over-potential and higher current-output) compared 

to the Cu2O counterpart. As an example of application, the 

nanocomposite-based electrode is employed for 

nonenzymatic glucose biosensor application, which exhibits a 

linear detection up limit of 40 mM, a sensitivity of 1434.12 μA 

cm
-2 

mM
-1

, and good selectivity.  

Introduction 

The development of high performance electrochemical 

biosensors has been a subject of extensive research owing to 

their importance in clinical diagnosis, bioprocess monitoring, 

and so on.1-9 Compared to enzyme-based biosensors,1-6 non-

enzymatic sensors can avoid the intrinsic instability of enzyme 

and the need of electron mediators, has attracted an 

increasing interests.7-9 Non-enzymatic biosensors need 

efficient electrocatalyst for direct substrate oxidization with 

minimum resistances in electrochemical reaction occurring at 

electrolyte/electrode interface and the electron conduction in 

electrode. Among a wide variety of electrocatalysts, 

nanostructured metal oxides have promising application as 

nonenzymatic catalysts in biosensors owing to their low cost 

and high stability, biocompatibility and electrocatalytic 

activity.10-19 However, the high resistivity of metal oxides (for 

example, Cu2O is 3 × 106 ohm-cm at room temperature)20 

significantly impedes them from wide use in electrochemical 

biosensor with wide linear detection range, high sensitivity and 

excellent selectivity. 

Integration of metal into the matrix of metal oxide is a novel 

strategy that can combine the advantages of the catalytic 

activity of metal oxide and the conductivity of metal. Recently, 

Cu/Cu2O composites have been deposited on TiO2 nanotube 

arrays via a constant potential approach and applied for 

nonenzymatic glucose detection. But the linear detection limit 

is only up to about 2.5 mM.26 Electrodeposition under 

conditions of spontaneous potential oscillations is a simple and 

inexpensive way to prepare nanocomposite of Cu and Cu2O.20-

23 Materials composing this structure by themselves possess 

rather interesting optical and electrical properties, however, to 

the best of our knowledge, there are few reports regarding to 

their device applications. 

Herein, we report the first nonenzymatic biosensor 

application of Cu/Cu2O nanocomposite deposited on fluorine 

doped tin oxide (FTO) coated substrate via potential oscillation 

for glucose analysis. Such nanohybrid has much lower 

resistivity and glucose oxidation activity (low over-potential 

and high current-output) compared to the Cu2O counterpart. 

We show that biosensor based on this nanohybrid exhibits a 

linear detection range of 40 mM, the highest value that has 

been reported of Cu2O based devices, and higher than the 

clinically relevant range (～30 mM).2 Moreover, the biosensor 

has a sensitivity of 1434.12 μA cm-2 mM-1, good selectivity, and 

repeatability. 

Experimental Section 

Chemical: Copper (II) sulfate pentahydrate (CuSO4·5H2O, ≥
98.0%), DL-Lactic acid (C3H6O3, 90%), were purchased from 
Sigma (USA). Sodium hydroxide (NaOH, ≥96.0%), uric acid 
(UA), ascorbic acid (AA)  and Dopamine(DA). All chemicals 
were directly used without further purification. All solutions 
were prepared with Milli-Q water except especially 
mentioned. 
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Preparation of Cu-Cu2O and Cu2O modified electrodes: Prior 
to the deposition, the FTO (Fluorine-doped Tin Oxide) 
substrates were rinsed thoroughly with water followed by 
sonication in acetone, absolute alcohol and water (for 15 min 
each) in sequence. Finally, the FTO substrates were rinsed 
thoroughly with water and allowed to dry with nitrogen flow. 
The electrochemical deposition of Cu/Cu2O and Cu2O onto the 
FTO substrates were conducted in an electrolyte solution 
consisting of 0.3 M cupric sulfate and 3 M lactic acid. The pH of 
the electrolyte solution was adjusted to 9 and 13 by the 
addition of 5 M sodium hydroxide. The Cu/Cu2O and Cu2O 
modified electrodes were fabricated with -0.5 mA/cm2 and 
magnetic agitation at room temperature. The saturated 
calomel electrode (SCE) and a platinum foil served as reference 
and counter electrodes, respectively. 

Apparatus: The morphologies and microstructures of Cu2O 
were investigated by using field-emission scanning electron 
microscope (FE-SEM, HITACHI-S4800, Japan). The transmission 
electron microscopy (TEM) image were taken using Tecnai F20 
(FEI, Hillsboro, OR, USA) microscope at an accelerating voltage 
of 200 kV. XRD was obtained on a Rigaku DLMAX-2200 X-ray 
diffractometer using K radiation (λ= 1.5418 Å, 40 kV, 40 mA; 
scanning rate: 0.2o s-1) in the range of 20-70o. The 
electrochemical measurements were carried out on a CHI660D 
electrochemical workstation (Shanghai CH Instrument Co., 
China). A conventional three-electrode system was used to 
conduct electrochemical tests consisting of a saturated 
calomel electrode (SCE) or silver-silver chloride electrode as 
the reference electrode, a platinum foil as the counter 
electrode and a modified FTO as the working electrode. 

Results and discussion 

 

Fig. 1 (a) FE-SEM top view of the Cu/Cu2O nanohybrid that 
deposited on FTO substrate. The insert in (a) is a FE-SEM image 
at higher magnification. (b) XRD pattern of the nanohybrid. 
Peaks from both Cu and Cu2O phases were observed. (c) TEM 

image of part of the nanohybrid. (d) HR-TEM image of the area 
that marked by black. 

 

In a typical experiment, the nanohybrid is electrodeposited 

on FTO substrates at a current density of -0.5 mA cm-2 using 

electrolyte of 0.3 M Cu(II) with a pH value of 9. Fig. 1a and the 

insert are typical field-emission scanning electron microscopy 

(FE-SEM) top views of the as-deposited electrocatalyst at low 

and high magnification, respectively. The film is composed of 

microscale particles that aggregated from cubic nanoparticles 

with diameter of about 100 nm. Fig. 1b shows the powder X-

ray diffraction (XRD) patterns. The peaks at 29.63°, 36.50°, 

42.40° and 61.52°can be, respectively, indexed to the (110), 

(111), (200) and (220) plane of Cu2O (JCPDS file no: 65-3288). 

In addition, a relatively weak peak at 43.407°that can be 

indexed to the (111) plane of Cu (JCPDS file no: 65-9743) is 

observed. These results confirm that Cu/Cu2O nanocomposite 

has been successfully obtained. More detail information on 

the microstructure of the nanohybrid is gained from high 

resolution in the left and right parts as marked with white 

boxes. These d-spacing can be, receptively, indexed to the 

(111) planes of cubic phase Cu2O and Cu, which is consistent 

with their corresponding fast Fourier transform (FFT) patterns 

shown below. HR-TEM image at their border area as marked 

with red box in Fig. 1d and its corresponding FFT pattern 

illustrates lattice fringes of both Cu2O and Cu. These results 

indicate that the as-prepared nanohybrid has a good 

crystallinity and is a homogeneous mixture of metal and metal 

oxide. 

 

Fig. 2 Potential oscillations recorded during the 
electrodeposition in electrolyte with pH value of 9. The 
oscillation persist for hours in a stirred solution. 

 

Fig. 2 shows the electrodeposition curves with a typical 

potential oscillation feature that recorded when the 

deposition is carried out in an electrolyte with pH value of 9. 

The potential oscillates constantly in a stirred solution 

Page 2 of 6Journal of Materials Chemistry B

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
B

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
3 

Ju
ne

 2
01

6.
 D

ow
nl

oa
de

d 
by

 C
al

if
or

ni
a 

In
st

itu
te

 o
f 

T
ec

hn
ol

og
y 

on
 2

1/
06

/2
01

6 
04

:5
6:

50
. 

View Article Online
DOI: 10.1039/C6TB01158F

http://dx.doi.org/10.1039/c6tb01158f


Nanoscale COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx J. Mater. Chem. B, 2016, 00, 1-4  |3 

Please do not adjust margins 

Please do not adjust margins 

between -0.46 and -0.64 V vs. SCE. Such oscillation could be a 

result of the pH oscillations at the electrode/electrolyte 

interface during the electrodeposition. When pH value at the 

electrode/electrolyte interface is high, the formation of Cu2O is 

favored (2Cu2+ + 2 e- + 2 OH-→ Cu2O + H2O) during the 

positive-going spike in potential.20-23 As Cu2O is deposited, OH­ 

ions at the electrode surface would be rapidly consumed, but 

cannot be supplied effectively from the electrolyte due to the 

slow diffusion rate of OH- in aqueous solution. This results in 

the decrease of interface pH value and the deposition of Cu 

(Cu2+ + 2e-→ Cu), which is thermodynamically favored.23 

During the deposition of Cu, the local pH value would increase 

following the diffusion of OH- from the bulk electrolyte, which 

consequently result in the transition from Cu to Cu2O 

deposition and the potential oscillation. In contrast, when the 

electrodeposition is operated in electrolyte with high pH value, 

such as 13, no potential oscillation curve is observed and only 

pure Cu2O is deposited as shown in Fig. S1 and S2. This can be 

attributed to the fact that OH- consumed during Cu2O 

deposition can be effectively supplied from bulk solution due 

to the high diffusion concentration gradient and the high 

diffusion rate, as a result, no Cu can be deposited. These 

results indicate that the Cu/Cu2O nanocomposite are produced 

only when the potential oscillations are observed. 

 
Fig. 3 (a) LSVs of Cu/Cu2O and Cu2O that deposited on FTO 
substrate in electrolyte with pH value of 9 and 13, respectively, 
in the presence of 10 mM glucose in 0.1 M NaOH (scan rate of 
20 mV s-1). (b) EIS recorded in 5.0 mM [Fe(CN)6]3-/4- + 0.1 M KCl 
at bare FTO, Cu/Cu2O and Cu2O based electrodes. EIS 
parameters: frequency range of 0.1-105 Hz, and 5 mV 
amplitude of sine voltage signal. (c) CV curves of Cu/Cu2O 
based electrode in 1 mM glucose and 0.1 M NaOH solution at 
different scan rates. (d) Plot of peak currents vs. scan rate v1/2. 

 

The electrocatalytic activity of the nanocomposite towards 

glucose oxidation was further studied. As shown in Fig. 3a, the 

peak current density of 16.76 mA cm-2 was obtained on the 

Cu/Cu2O modified electrode, which is 2 times higher than the 

value achieved on Cu2O, indicating that the nanohybrids has 

much higher electro-activity. Negligible current response was 

observed on bare electrode. We can also see that the 

oxidation current of the Cu/Cu2O hybrids starts from about 

0.13 V. In contrast, the oxidation current of Cu2O starts at 

around 0.27 V, indicating that the oxidation potential shift 140 

mV negatively relative to that of Cu2O after the integration of 

Cu, which can be attribute to the difference in electron 

conduction of electrode materials. Electrochemical impedance 

spectroscopy (EIS) is used to investigate the electron transfer 

property of electrode materials. As shown in Fig. 3b, the Ret 

value of Cu/Cu2O is 173.8 Ω, much lower than the value of 

Cu2O (447.3 Ω), indicating that the resistivity of Cu/Cu2O 

composites is much lower than that of Cu2O, which explains 

the difference in oxidation over-potential of these two 

electrode materials. Fig. 3c shows the cyclic voltammograms of 

the Cu/Cu2O electrode recorded in 1 mM glucose solution at 

different scan rates in the range of 5 mV s-1 to 200 mV s-1. It is 

found that anodic peak currents increase distinctly with the 

increasing potential scan rate. The anodic peak currents are 

linearly correlated to the square root of scan rate (Fig. 3d), 

implying that the electrode surface oxidation reaction is not 

electrocatalyst kinetics limited, but instead a typical diffusion-

controlled process. 

 

Fig. 4 Performance of Cu/Cu2O based electrode for non-
enzymatic glucose detection. (a) CVs corresponding to the 
electroxidation of glucose with various concentrations. (b) 
Calibration plot derived from the CVs at 0.5 V versus SCE. (c) 
Current-time curves recorded on Cu/Cu2O electrode upon the 
addition of different concentrations of glucose at an applied 
potential of 0.5 V. The detection limit is 1.6 μM. (d) 
Amperometric responses of Cu/Cu2O electrode to the 
successive addition of 0.1 mM NaCl, UA, AA, DA, AP and 5 mM 
glucose in 0.1 M NaOH electrolyte. 
 

The Cu/Cu2O nanohybrid with such unique microstructure 

and electrical property will be of broad academic and 

industrial interests. In this work, we investigated its application 

as an electrode in non-enzymatic biosensor for glucose 

detection, where minimum resistance in electrochemical 
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reaction occurring at electrolyte/electrode interface and 

excellent electron conduction in electrode materials are 

essential for high device performance. CVs (Fig. 4a) show that 

the electroxidation current increases steadily with the 

increases of glucose concentration up to a value of 56 mM. 

From the calibration plot of current versus concentration 

shown in Fig. 4b (red line), it can be seen that a linear 

detection range of 40 mM, much higher than the clinically 

relevant range ～ 30 mM,2 is achieved. The detection 

sensitivity is 1434.12 μA cm-2 mM-1. In contrast, as illustrated in 

the insert in Fig. 4b, control experiment based on Cu2O 

modified electrode gives linear detection range only up to 

about 10 mM, similar to the values reported previously based 

on Cu2O17,24,25 and Cu2O electrochemically deposited on TiO2 

nanotube arrays,26 but much lower than that achieved on 

Cu/Cu2O nanohybrid modified electrode. Fig. 4c shows the 

detection limit and response time of the Cu/Cu2O based 

electrode. The electrode response rapidly within 5s upon the 

addition of glucose and has a detection limit of 1.6 μM 

(S/N=3). The results demonstrate the outstanding 

performance of Cu/Cu2O nanohybrid based nonenzymatic 

biosensor. 

 Selectivity, reproducibility and stability are crucial 

importance for the practical application of electrochemical 

biosensor. Fig. 4d shows the performance of Cu/Cu2O 

nanohybrid based electrode upon successive addition of 0.1 

mM NaCl, uric acid (UA), ascorbic acid (AA), dopamine (DA), 

acetamidophenol (AP) and 5 mM glucose. There is only a total 

of 3.3% increase in the current density after the addition of 

these interferents, suggesting a high selectivity of Cu/Cu2O 

electrode for glucose detection. The reproducibility and 

stability of the electrodes are investigated by cyclic 

voltammetry (Fig. S3). Results based on five separately 

fabricated electrodes give a relative standard deviation (RSD) 

of 4.5% while measuring 10 mM glucose, indicating acceptable 

reproducibility of the glucose sensor. For the same electrode, 

the relative standard deviation for 80 times continuous 

measurements in the presence of 10 mM glucose 

concentration is calculated to be 3.7%, indicating a good 

stability and repeatability of the electrode material. In 

addition, the long-term stability of the sensor is examined by 

measuring the amperometric response of electrode at every 5-

day intervals in the presence of 10 mM glucose. The current 

remained 90% of its initial values after a month. These results 

confirm that the proposed Cu/Cu2O nanohybrid based 

electrode has a good selectivity, reproducibility and stability.  

Conclusions 

 In summary, we have developed a homogenous 

nanohybrid of Cu/Cu2O as a high performance electrode 

material for non-enzymatic sensor with wide linear detection 

range, high sensitivity, excellent selectivity and short response 

time. The nanohybrids modified electrode has a low 

overpotential and high electrocatalytic activity towards 

glucose oxidation. Such impressive performance of the 

nanocomposite and sensing behaviour of the corresponding 

electrode originate from the homogeneous integration of 

metal into the metal oxide, which simultaneously minimizes 

the resistance of electron conduction between electrode 

material and electrode/electrolyte interface where 

electrochemical reaction occurs. We believe that the 

homogenous metal/metal oxide nanohybrids will promise 

prospects for the development of non-enzymatic biosensor 

and biofuel cell devices. 
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Described herein is Cu/Cu2O nanohybrids prepared via potential oscillation and their high 

performance for nonenzymatic glucose detection applications.  
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