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Cu2O ordered nanoarrays for non-enzymatic glucose detection
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Non-enzymatic glucose sensors have been proposed and widely investigated due to their better stability and
higher durability against external environmental conditions compared with enzymatic sensors. In this work, the
Cu2O long-range ordered nanoarrays with periodic bamboo-like nanostructure were in situ assembled by 2D
electrochemistry method for non-enzymatic glucose detection. Combined with ion sputtering, we developed
a portable non-enzymatic glucose sensor based on Cu2O ordered nanoarrays. The sensor exhibits excellent
sensitivity and specificity toward glucose and a linear relationship with glucose concentrations ranging from
0.05 to 15 mM. In short, the Cu2O ordered nanoarrays developed with special periodic and long-range order
nanostructure are expected to be used for the application of non-enzymatic glucose sensors.
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1. Introduction

Diabetes mellitus is a worldwide public health problem.
This metabolic disorder results from insulin deficiency are
reflected by blood glucose concentration higher or lower
than the normal range of 80-120 mg/dL (4.4-6.6 mM) [1].
For diabetics, the frequent test of physiological glucose
levels is of great significance to avoid emergencies (e.g.,
hyperglycemia and hypoglycemia) and to assess whether
a diabetes treatment protocol is efficient or not. This huge
requirement has made glucose sensors dominate approxi-
mately 85% of the entire biosensor industry [2]. Due to the
extremely large financial burden caused by diabetes and
its serious complications, glucose detection is becoming
paramount in battling diabetes and reducing financial loss
[3].

The rising demand for glucose sensors with high sensi-
tivity, good reliability, long-term durability, and excellent
selectivity has impelled researchers to make tremendous

efforts for decades [4]. Up to now, a variety of glucose
detection methods have been developed such as electro-
chemical, optical, thermometric, and fluorescent sensors
[5]. Compared with the above methods, the amperomet-
ric method exhibits high sensitivity, reliable low detection
limit, which becomes one of the important methods to de-
tect glucose accurately [6–8]. Among these different types
of sensors, enzymatic amperometric glucose sensors have
a broad application prospect due to the convenient opera-
tion, based on which good selectivity and high sensitivity
have been achieved for glucose detection [5]. However, ow-
ing to the intrinsic not only expensive but also vulnerable
of enzymes (enzymes can easily be affected by tempera-
ture, pH, humidity and toxic chemicals), enzymatic sensors
maybe not the best strategy for glucose detection [9]. The
non-enzymatic glucose sensor with the same detection per-
formance and more stability becomes the first choice for
glucose detection [10].

Cu2O has attracted intensive attention because of its
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great potential for catalytic oxidation of glucose ascribed to
its good redox potential and higher stability [11–13], and it
has been reported in many studies as the sensing material
for non-enzymatic glucose detection [14–16]. In addition,
many kinds of sensors were prepared by modifying elec-
trodes with Cu2O nanoparticles, such as Cu2O-straight
multiwalled carbon nanotube hybrid nanostructures and
Cu2O nanoparticles deposited on polypyrrole nanowires
[17]. Furthermore, in some studies, many metal oxides
modified with Cu2O were fabricated for non-enzymatic
glucose detection [18, 19]. It is acknowledged that the elec-
trocatalytic performance is directly related to the specific
surface area and morphology of Cu2O nanostructures [20].

In order to improve the glucose detection performance,
Cu2O nanostructures need to be designed specially with
larger specific surface area and more distinctive morphol-
ogy. In our work, we propose a Cu2O ordered nanoarrays
prepared by in situ electrodeposition and used directly
for glucose detection. To achieve a stronger sensitivity of
glucose, the nanoarrays were designed to possess a larger
specific surface area and a more organized structure than
that we have prepared by the same method before [21–
23]. The sensor based on the Cu2O ordered nanoarrays
has good linearity (0.05-15 mM), low detection limit (0.05
mM), high sensitivity, and good stability towards glucose
test. Hence, the Cu2O ordered nanoarrays prepared by
this method to meet the requirements of the enzyme-free
glucose sensor. The ordered and controllable assembly
strategy has an important reference for the design of new
nano-microstructure biosensor materials.

2. Material and Methods

2.1. Materials

Experimental reagents include Cu(NO)2, HNO3, glucose,
KOH, uric acid (UA), ascorbic acid (AA), NaCl, L-cysteine
(L-Cys) and Deionized water were used to prepare the
electrolyte and test solutions. All reagents were directly
used without treatment. The copper foils (30 µm thick, 1
mm wide, 2 mm long) were used as electrodes, and cover
glasses were used as substrate. Petrolatum was used as an
insulation waterproof layer to prepare detection elements.

2.2. Preparation of Cu2O ordered nanoarrays

The detailed description of the experiment has been given
in our previous reports [21–23]. Briefly, the ultra-thin sam-
ple growth space is constructed by freezing the electrolyte
(50 mM Cu(NO)2 solution) at -1.7 ◦C. Then a DC voltage
of 0.5 V was applied to the electrodes for the beginning of
the deposition. When the sample grew to 0.5-1 mm, the
deposition voltage was changed to a 0.5 Hz semi-sine wave

potential with an amplitude varied from 0.3 V to 0.7 V. Af-
ter the deposition, the sample was rinsed 3 to 5 times with
deionized water and dried at ambient environment.

2.3. Characterization of structural and glucose detection

The morphology and nanostructure of Cu2O ordered
nanoarrays were characterized using scanning electron mi-
croscopy (SEM, ZEISS EVO 18) and transmission electron
microscopy (TEM, JEOL JEM-2010F). The surface elemental
composition was measured with X-ray photoelectron spec-
troscopy (XPS, ESCALAB MKII, VG). The electrochemical
characterization of the sensor involved cyclic voltammetry
(CV) and chronoamperometry experiments were carried
out using a custom-made four-probe tester (including a
four-electrode probe, a Keithley 2400 source meter and a
computer). The CV experiments were performed between
0 and 1.8 V using a scan rate of 0.01 V/s, while a DC bias
voltage of 1.6 V was utilized in the chronoamperometry
experiments.

Fig. 1. SEM images of Cu2O ordered nanoarrays with
high magnification (a) and low magnification (b). (c)
and (d) are TEM and HRTEM images of Cu2O ordered
nanoarrays.

3. Results and Discussion

Fig. 1a and b present the morphology, size, and microstruc-
ture of Cu2O ordered nanoarrays by SEM at different mag-
nification. We can clearly see in Fig. 1a, Cu2O ordered
nanoarrays are bamboo-like nano-microstructures with uni-
form cycle length and long-range order. Fig. 1b proves that
the bamboo-like pattern is composed of periodically ac-
cumulated nanoparticles. The nanoparticles accumulate
together compactly at the bamboo joints, while the accu-
mulation is insufficient between the bamboo joints. The
noncompact distribution of Cu2O nanoparticles leads to
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large specific surface area and more available catalytic ac-
tive sites. The TEM image of the sample in Fig. 1c is a
further indication of the periodic variation of accumulation.
According to the HRTEM image of the nanoparticle shown
in Fig. 1d, the Cu2O nanoparticles are similar to cube struc-
ture, and the lattice fringes with d-spacings of 0.246 nm
correspond to (111) facets of Cu2O.

XPS spectrum was further employed to investigate the
compositions and element chemical states of the samples.
Fig. 2a indicates that the high distinguishability of the
Cu 2p XPS spectrum has two strong main peaks at the
binding energy of 952.2 and 932.4 eV, which are attributed
to the 2p1/2 and 2p3/2 spin-orbital components of Cu1+.
In addition, two weak binding energy peaks appear at
near 954.4 and 934.6 eV, which are attributed to the 2p1/2

and 2p3/2 spin-orbital components of Cu2+. There is the
observation of other satellite peaks on the high binding
energy side of the main peak of Cu2+, which are absent in
the spectra for Cu2O [24]. The appearance of Cu2+ may be
due to the slight surface oxidation of Cu2O in the air [11].
Fig. 2b displays that O 1s has a strong peak at 531.4 eV,
indicating the O element exists only in the form of O2-.

The Cu2O ordered nanoarrays were explored as a non-
enzymatic biosensor for glucose detection, and its electro-
catalytic activity was assessed by cyclic voltammetry (CV)
measurement. The flow chart of constructing glucose sen-
sor based on Cu2O ordered nanoarrays is shown in Fig. 3a.
After the sample (about 5 mm long) was dried naturally, the
top of the sample was covered with a narrow strip mask 1
with a width of 1 mm. And another 3 mm wide strip mask
2 was fixed to the top of the mask 1 subsequently. Then
an Au film was deposited on the whole upper surface of
the substrate by vacuum ion sputtering. After that, mask 2
was removed leading to the exposure of mask 1 and part
of the sample. The vaseline was applied as an insulating
layer to cover the exposed sample and avoid direct contact
of this side Au film with the test solution. At last, we get
a non-enzymatic glucose sensor after removing the mask
1. The glucose solution was dripped onto the sample and
directly contacted with the corresponding side of the gold
film.

The kinetically controlled reactions of Cu2O ordered
nanoarrays on glucose oxidation were verified and ana-
lyzed by CV measurements. 0.1 M KOH was selected as
the electrolyte for all the chronoamperometry experiments.
In this typical experiment, 20 µL 0.2 M KOH aqueous so-
lution and 20 µL glucose solution were dripped onto the
sensor simultaneously. The CV curves of 5, 8 and 10 mM
glucose solutions at a scan rate of 0.01 V/s were recorded
as shown in Fig. 3b. All the CV curves of 5, 8 and 10 mM

glucose solutions exhibit two significant redox peaks. They
have the same redox peak at ∼0.85 V even in case of dif-
ferent glucose concentrations, indicating that the peak is
independent of glucose. According to the previous reports,
this peak is attributed to the oxidation of Cu1+ to Cu2+ and
Cu3+ [11, 25]. The second peak due to the oxidation of
glucose because of the shift from ∼1.38 V for 5 mM glucose
solution to 1.42 V for 8 mM and 1.48 V for 10 mM glucose
solution. The current signal is significantly higher than the
peak current of Cu1+ oxidation, and the oxidation voltage
value increases with the increasing concentration, while the
oxidation peak becomes more obvious at higher concentra-
tion conditions. The optimized potential should not only
provide sufficient current response but also tremendously
avoids the oxidation of any other interference molecules or
substances [26]. Hence, the bias voltage was set to 1.6 V in
our chronoamperometry test to satisfy the redox potential
of the glucose with higher concentration.

In the typical test process, 20 µL 0.2 M KOH solution
was first dripped onto the sensor with a bias voltage of
1.6 V, and then 20 µL glucose solution was dripped into
the KOH solution. As we can see in Fig. 4a, the plot of
I-t image of detection of 10 mM glucose solution based on
Cu2O ordered nanoarrays, the current increased immedi-
ately accompanied by an obvious fluctuation when the 20
mM glucose solution was dripped into the KOH solution.
The current reached a maximum value in 12 s and then
decreased due to the reduction of glucose concentration.
As shown in Fig. 4a, the R-value calculated according to the
formula (R = (Imax-IKOH)/IKOH) is used as the response
of glucose catalyzed by electrooxidation to express the con-
centration of glucose. The chronoamperometric current
response of glucose with concentrations ranging from 0.05
to 20 mM was recorded to evaluate the linear relationship
of response and glucose concentration. As Fig. 4b shown,
the result proves the linear relationship of response and
glucose concentration in 0.05-15 mM. The fitting equation
is R = 0.17204c + 0.05657 (R2 = 0.99962), which can cover
a broad dynamic range required for human glucose de-
tection. In addition, the detection limit of Cu2O ordered
nanoarrays is 0.05 mM, far lower than the normal blood
glucose level, which can be applied to the measurement
standard of glucopenia.

There are lots of co-existing interfering species with glu-
cose in the human blood serum, such as AA, UA, NaCl,
L-Cys, lactose, and soluble starch. Although at low concen-
trations relative to glucose, they are known to sometimes
have high electron transfer rates [27]. For example, AA
and UA could be easily oxidized at a relatively positive
potential and accordingly obtained overlapped responses
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Fig. 2. XPS spectra of the (a) Cu 2p and (b) O 1s core level of Cu2O ordered nanoarrays.

Fig. 3. (a) Schematic illustration of construction and application of non-enzymatic glucose sensor. (b) The CVs of 5, 8 and
10 mM glucose solutions based on this sensor at a scan rate of 0.01 V/s.

to interfere with the detection of glucose [9]. Amperomet-
ric response of upon interfering species were carried out
by adding 40 mM NaCl, 40 mM UA, 40 mM L-Cys and
40 mM AA to 0.2 M KOH solution separately at 1.6 V. As
Fig. 4c shown, for all the interfering species, the sensors
showed no any significant responses, indicating that the
Cu2O ordered nanoarrays had good specificity of glucose
detection even in the presence of interfering species. Fur-
thermore, to determine the storage stability of the sensors,
the prepared Cu2O ordered nanoarrays were stored in air
for certain lengths of time, and at the end of these times
their detection performances were tested. As can be seen
from Fig. 4d, the response maintained the initial strength
even after 30 days of storage. Meanwhile, the effect of

temperature on response value was also investigated and
shown in Fig. 4e and f. It can be seen that the response
value of the sensor to 10 mM glucose in the temperature
ranges of 0-60 ◦C changed slightly in the extent of -20%-
20%, which indicates the relative outstanding resist ability
to temperature interference. The accuracy of the sensor is in
line with the Chinese national standard (GB/T19634-2005,
≤ ± 20% when the concentration of glucose > 4.2 mM).

To make a contrast, the performances of other non-
enzymatic glucose sensors that based on the Cu2O micro or
nanostructures are summarized in the Table 1. Compared
with the previous reports, the Cu2O ordered nanoarrays
also demonstrates a wider detection range with a higher
detection accuracy, which would be much more suitable
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Fig. 4. (a) The chronoamperometric current response of the sensor to 10 mM glucose. (b) Calibration curve versus glucose
concentration. (c) Interference test of the sensor with the same bias voltage of 1.6 V. (d) Stability of the sensor stored at
ambient conditions over a month. (e) The temperature dependence of the sensor to 10 mM glucose. (f) Response error
calculated from the data in (e).

Table 1. Comparison of the fabricated Cu2O non-enzymatic glucose sensor performance in our work with other reported
works.

Materials Linear range (mM) Detection Limit (mM) Reference
Octahedral Cu2O particles 1-14 0.51

[20]
Hexapod Cu2O particles 1-14 0.6
Cu2O micronanoparticles 0.5-10 0.1 [28]
Cu2O ordered nanoarrays 0.05-15 0.05 Our work

for the detection of human blood glucose.

The large specific surface area and ordered nanos-
tructure of Cu2O ordered nanoarrays are the fundamen-
tal reasons for the excellent performance. Furthermore,
the nanoarrays in situ assembled by 2D electrochemistry
method have a relatively firm adhesion on the substrate,
which is a benefit for the preparation of the detection sensor.
Above all, the sensor based on Cu2O ordered nanoarrays
exhibits high sensitivity, large linear range, specificity and
stability for glucose detection, it proves our work has refer-
ence value in the research and commercial application of
non-enzyme glucose detection.

4. Conclusions

In summary, Cu2O ordered nanoarrays were prepared
by 2D electrochemistry method for non-enzymatic glu-
cose detection. The nanoarrays are bamboo-like nano-

microstructure composed of periodically accumulated
nanoparticles with uniform cycle length and long-range
order. We fabricated a sensor for fast and efficient glu-
cose monitoring with a 0.05 mM detection limit and a lin-
ear relationship in a range of 0.05-15 mM, which covers a
broad dynamic range required for human glucose detec-
tion. Cu2O ordered nanoarrays show a wide linear range,
high sensitivity, good stability and fast response for glucose
detection, these excellent detection performances meet the
urgent need of glucose sensor. This study reveals a promis-
ing strategy for the design of nano-microstructure materials
for facile non-enzymatic glucose detection.
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