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CuO NRs electrodes as nonenzymatic glucose sensors were successfully synthesized using a
simple low-cost, high-bene¯t (double hydrothermal method) on indium tin oxide glass CuO/
ITO with di®erent concentrations. X-ray di®raction (XRD), ¯eld-emission scanning electron
microscopy (FE-SEM), energy–dispersive X-ray spectroscopy (EDX), ultraviolet–visible spec-
troscopy, and investigations were used to con¯rm the nanostructures. XRD patterns of CuO
explained all of the peaks may be attributed to CuO's monoclinic phase. FE-SEM presented
nano rod-like shapes with a diameter range of 20–100 nm and was found to be uniformly and
vertically grown on the ITO substrate. Besides, the energy gap of the CuO NRs was expanded to
3.3 eV, 3.1 eV and 3 eV, respectively. CuO NRs displayed the high activity of glucose sensing,
with a sensitivity of (5805.7, 7365.7 and 994.8) �AMm�1 cm�2 with LOD (0.44, 0.4 and 0.35)
�A, respectively. These results indicate that the sensor has a lot of potential for becoming a
high-performance nonenzymatic glucose sensor with a simple, low-cost, and unique sensor design.
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1. Introduction

The diagnosis of diabetes mellitus as a \chronic and
metabolic disease" is based on the blood glucose
level. Numerous health issues, including chronic
kidney failure, stroke, cardiovascular disease, reti-
nal damage to the eyes, and foot ulcers are caused
by high blood sugar levels, or \glucose".1,2 There-
fore, early identi¯cation is essential to stop and
avoid the life threatening complications brought on
by high glucose levels. Recently, a variety of techniques
have been used to monitor glucose concentration,

including electrochemical, colorimetric, piezoelectric,
and thermoelectric based biosensors.3–9 Because of
its unique characteristics of high sensitivity, superior
selectivity, and ease of operation, the electrochemical
approach is a promising tool for the manufacture of
simple and low-cost glucose biosensors because of its
unique characteristics of high sensitivity, good
selectivity, and ease of operation.10,11 Traditional
glucose biosensors based on glucose oxidase (GOxÞ
are widely known for their great sensitivity and
selectivity for glucose detection.
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Increased surface area, catalyzing the reaction,
allowing the reaction to take place at low poten-
tials,12,13 improved biomolecule adsorption,14,15 and
facilitating the rapid transfer of electrons from the
active center of the reaction to the electrode surface
are all advantages of using nanomaterials in bio-
sensor structures today. These approaches, however,
have some major limitations, including di±cult and
multi-step immobilization procedures, heat and
chemical instability, and a high cost, all of which
limit their use.16–18 To overcome these challenges,
nonenzymatic glucose biosensors based on noble
metals (such as Pt, Pd and Au) have been
successfully developed. Unfortunately, the expen-
sive cost of the electrode materials prevents them
from being widely used commercially.19,20

CuO, NiO, Co3O4, Mn3O4, and other low-cost
transition metal oxides have recently attracted a lot
of attention as nonenzymatic glucose bio-
sensors.21–24 Because of its strong electrochemical
activity, adequate surface charge, and easily pro-
grammable surface structure, CuO, a p-type metal
oxide semiconductor with a narrow band gap (1.2–
1.9 eV), has been intensively explored for nonenzy-
matic glucose biosensing.

Several CuO-based materials-based nonenzy-
matic glucose biosensors have been successfully
manufactured up to now. Nonenzymatic glucose
biosensors have been made using CuO-based
materials with various morphologies or topologies,
such as nanoparticles,25 nanorods,26 and nanotube
arrays.27 In this study, we used a new simple dou-
ble-hydrothermal method to manufacture CuO NRs
with di®erent concentrations, which was inspired by
past research papers for the detection of an enzyme-
free glucose sensor. The created sensor displayed
excellent long-term stability and high sensitivity
with low detection limits when it came to detecting
glucose.

2. Experimental

2.1. Materials

Copper nitrate hydrate (Cu(NO3)2 � 5H2O, purity
99.9%) was acquired from Scharlau, Spain, while
hexamethylenetetramine (HMT, C6H12N4, quality
99%) was obtained from Hi-media India. The indi-
um tin oxide glass was supplied by Yingke Optical
Products, Co. Ltd. in China (ITO). KOH with a
purity of 99.5% was acquired from Scharlau, Spain.
Absolute ethanol (C2H5OH) and distilled water

were utilized as speci¯ed. For electrochemical
measurements, a glucose (Sigma Aldrich, 99.99%
purity) solution with speci¯c concentrations (0.5, 1
and 2) mM was produced.

2.2. Synthesis of CuO NRs by a
double-hydrothermal method

To remove impurities from the surface of the Indi-
um Tin Oxide glass (ITO) substrates (1:2� 1:2 cm),
they were washed in an ultrasonic bath with ethanol
and distilled water for 15 min before being dried in
an air stream. This approach consisted of two steps.
To begin, dissolve 0.02 M (0.3 g) copper nitrate
hydrate (Cu(NO3)2 � 5H2O and 0.06 M (0.224 g)
HMT in 80ml DW for 15 min, or until the pH
reaches 5. Inside the autoclave at 90�C, the ITO
substrate was immersed in the aforementioned so-
lution. After 4 h, the CuO ¯lm was washed with
DW and dried on a hotplate for 15min at 50�C.
Second, under similar growth conditions, the CuO
layer was immersed in a solution of Cu(NO3)2 � 5
H2O (0.06 M) and HMT (0.06 M), and then ther-
mally treated at 400�C for 2 h to improve the CuO
¯lm's crystal quality. This synthesis was carried out
using a two-step hydrothermal method. The same
previous steps are repeated to prepare di®erent
concentrations of 0.04 and 0.06 of CuO (Fig. 1).

2.3. Characterization

To characterize the ¯lms that were produced, a
variety of methods were used. X-ray di®raction
(XRD) and ¯eld-emission scanning electron mi-
croscopy were used to investigate the structural
characteristics (FE-SEM). A PIXcel di®ractometer
equipped with a monochromatic CuK� X-ray
source was used to perform �/2� scans with a Bragg
range of 20�–80�. The morphology of the formations
was imaged using a Zeiss SIGMA VP-FESEM. A
Double Beam Li-2800 spectrophotometer was used
to detect absorption across a wavelength range of
200–900 nm.

2.4. Glucose biosensor measurements

To conduct electrochemical measurements, a
Keithley 2430-C Source Meter (SMU) Instrument
with contact check/GPIB interface and 1kW
pulse mode was employed (A Tektronix Company).
As shown in Fig. 2, all electrochemical measure-
ments were performed with a three-electrode setup
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(a working electrode (WE), a counter electrode
(CE), and a reference electrode (RE). The CuO NRs
were represented by the working electrode (WE),
graphite was used as the counter electrode (CE),
and Ag/AgCl was used as the reference electrode
(RE). Cyclic voltammetry (CV) was used to char-
acterize electrodes in 0.1 M (NaOH) (supporting
electrolyte) with varying concentrations of glucose
(0.5, 1 and 2) mM at a scan rate of 200mVs�1. At
þ0:1V, CuO chronoamperometric responses were
measured. The electrodes were kept in the air at
room temperature. All of the experiments were re-
peated three times at room temperature to ensure
that they were repeatable.

3. Results and Discussion

3.1. XRD analyses

Figure 3 shows the XRD patterns of CuO NRs on
ITO substrate obtained using the double-hydrothermal

technique at three di®erent concentrations (0.02,
0.04 and 0.06) M. All of the peaks may be attributed
to CuO's monoclinic phase (JCPDS 45-0937), and
no impurity peaks can be found, showing that the
CuO nanostructures are pure and well crystallized.
The high resolution of the principal di®raction
peaks indicated the CuO NRs' crystallinity, and
peak intensity decreased as molar concentration
increased. The decrease in the intensity of the XRD
peak is mainly attributed to the e®ects caused in the
di®ractogram by the micro deformation, coherent
domain, and instrumental e®ects.28

The average crystallite size of strong peaks
(preferable orientation) was calculated based on the
Debye–Scherrer formula29

D ¼ 0:9�

� cos�
; ð1Þ

where D is the crystal size, � is the XRD beam
wavelength (1.5408), � is the peak's full-width

Fig. 1. Scheme of synthesis of CuO NRs using double-hydrothermal setup.

Fig. 2. Schematic illustration of nonenzymatic glucose sensor electrode fabrication and its application in glucose detection.
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half-maximum in radians, and � is the Bragg angle.
The thick ¯lm su®ers frommicrostrain and dislocations
as a result of the heat treatment process. The equa-
tion30 is used to calculate the dislocation density (�):

� ¼ 1

D2
: ð2Þ

The ¯lm's microstrain " was calculated using the
following formula:

" ¼ � cos �

4
: ð3Þ

Table 1 shows the crystallite size (DÞ, dislocation
density (�), and Micro strain (") of CuO NRs cal-
culated from XRD patterns with preferable orien-
tations (�111). The crystallite size of the preferred
peak obtained was decreased when molar concen-
tration increased.

3.2. Morphology of CuO NRs (FE-SEM)

Next, morphologies of the as-synthesized CuO NRs
were examined by FE-SEM, as shown in Figs. 4(A)–
4(C). Obviously, in the images, the CuO NRs ag-
gregate as °ower-like structures in Fig. 4(A). On the
ITO substrate, CuO was found to be uniformly and
vertically grown. Thus, increasing the concentra-
tion from 0.02 M to 0.06 M increased the length of
CuO nanorods since the number of nuclei increased
which further coalesce to decrease the surface en-
ergy of the system. In other words, observed that by

Fig. 3. XRD pattern of CuO as prepared by a double hydro-
thermal method.

Fig. 4. (A)–(C) FE-SEM surface images of CuO by double-hydrothermal technique, and (D) EDX analysis.
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increasing the concentration from (0.02 M to 0.06
M) of the hydrothermal treatment the particles size
of the obtained structure was decreased, this agree
with XRD results as-explained in Table 1. Also, as
seen in Fig. 4(D), EDX shows in the structure, that
there are Cu and O components with di®erent weight
percentages are 83.4% and 16.6%, respectively.

3.3. UV–Vis spectra analyses

Figure 5 shows the UV–Visible absorption spectra
of CuO NRs structures. The absorption peak of
pure CuO NRs is about 350 nm. For three distinct
concentrations of CuO NRs, UV–Vis spectroscopy
revealed a broad characteristic absorption band
near 300 nm. Among the two, CuO NRs prepared at
the highest concentration (0.06 M) had the highest
absorbance (0.02 and 0.04 M).

The optical transition involved in as-synthesized
CuO NRs can be estimated using the Tauc rela-
tion,31 which is based on the dependence of � on h�.

� ¼ Aðh� � EgÞ
h�

: ð4Þ
The optical energy gap between the bottom of

the conduction band and the top of the valance

band was supposed to be Eg, B was a constant, and
nwas the index, which was assumed to be 0.5 for
indirect transition and 2 for direct transition. The
bandgap of CuO NRs was observed to be synthe-
sized utilizing a double hydrothermal process
with varying concentrations (0.02, 0.04 and 0.06).
The estimated bandgap was found to be about 3.3,
3.1 and 3 eV, respectively. This referred to an ex-
pansion in the energy gap due to the phenomenon of
quantum con¯nement (Fig. 6).

3.4. Free-enzymatic glucose
measurements

The electrocatalytic activity of the CuO electrode to-
wards the oxidation of glucose in an alkaline solution
was tested in 0.1 M NaOH solution in the presence
and absence of glucose, respectively, at a scan rate of
200 mV/s for the fabrication of a nonenzymatic glu-
cose sensor. CuO NRs on ITO substrate with di®erent
concentrations were used as the working electrode.
The sensor performances of the fabricated sensor were

Fig. 5. The absorption spectra of CuO as-prepared by the
double-hydrothermal method with di®erent concentrations.

Table 1. Structural parameters of CuO NRs by the double-
hydrothermal method.

Material Concentration (M) D (nm) � (1010) cm�2 " 10�3

CuO 0.02 23 18.8 1.50
0.04 17.6 32.07 1.96
0.06 14.8 45.5 2.33

(a)

(b)

Fig. 6. Energy band gap of CuO NRs as prepared using
double hydrothermal method.

Synthesis of CuO NRs Using a Double Hydrothermal Method
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examined by using the I–V technique. All the
measurements were carried out at room temperature.
Interestingly, it was observed that the fabricated
glucose sensor exhibited a signi¯cant enhancement in

the current with applied voltage (0–1) volt upon the
addition of (0.5, 1 and 2) mM of glucose.

In the absence of glucose, only a small back-
ground current and no peaks are observed, however
when CuO NRs electrode is utilized with (0.5, 1 and
2) mM of glucose, a substantial rise in current signal
with a wave potential of roughly þ0:5V is observed.
CuO NRs have signi¯cantly improved the electro-
de's performance and electrocatalytic capacity to-
ward glucose oxidation, which may be due to their
large surface area, high surface energy, and higher
electron transfer ability.32

In comparison to pure 0.02 M and 0.04 M, a
maximum current response of 0.5mA is attained in
0.06 M as shown in Fig. 7(C). Furthermore, because
the response is linear, the conductivity may be
calculated using the linear relationship's slope. A
short-circuit between the granular nanostructure
forms during temporal relaxation, resulting in
the rapid increase in total current throughout the
sensor, which explains the sensor's regular behavior.

(a) (b)

(c)

Fig. 7. I–V characteristics of CuO prepared using the double hydrothermal method, (A) 0.02 M, (B) 0.04 M and (C) 0.06 M.

(c)

Fig. 6. (Continued)
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For the majority of the glucose concentrations
studied, the reaction increases as the test time du-
ration increases at an interval of 50 s, as seen in
Fig. 8, this results also agree with the reference was
reported in Ref. 26.

Figure 9 shows the sensitivity of CuO NRs pre-
pared by double hydrothermal with di®erent con-
centrations (0.02, 0.04 and 0.06) for glucose
detection without the usage of enzymes. According
to the correlation coe±cient, the current density of
the CuO biosensor has a linear connection as a
function of glucose content, as shown in Fig. 9.
Surprisingly, CuO thin ¯lms as prepared by this
method signi¯cantly boost sensitivity at low glucose
concentrations (Table 2).

4. Conclusions

Highly sensitive CuO NRs bio-sensors were
successfully synthesized using a new simple process

Fig. 8. I–t curves of CuO NRs by double hydrothermal
method with an increasing glucose concentration.

(a)

(b)

Fig. 9. Sensitivity and a calibration curve of CuO using the
double hydrothermal method, (A) 0.02 M, (B) 0.04 M and (C)
0.06 M.

(c)

Fig. 9. (Continued)

Table 2. Comparison of various free-enzymatic electrochemi-
cal sensors based on CuO electrodes.

Electrode

Sensitivity

�A cm�2 Mm�1

Linear
Range
(mM)

Lower limit
of Detection
(LOD) �M Refs.

CuO/GCE
nano¯bers

431.3 0.006–2.5 0.8 33

Mesoporous CuO 26.6 0.1–3 1.7 34
CuO/graphene 37.63 5–14 0.21 35
CuO nanorods 371.43 4–8 4 26
CuO NRs 580, 736

and 994
0.5–2 0.44, 0.4

and 0.35
This
work

Synthesis of CuO NRs Using a Double Hydrothermal Method
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a low-cost, high-bene¯t (double hydrothermal
method) with di®erent concentrations (0.02, 0.04
and 0.06) M. XRD patterns of CuO explained all of
the peaks may be attributed to CuO's monoclinic
phase. FE-SEM presented nano rod-like shapes with
a diameter range of 20–100 nm and was found to be
uniformly and vertically grown on the ITO sub-
strate. Besides, CuO NRs prepared at the highest
concentration (0.06 M) had the highest absorbance
with energy gap. Compared with variations in
concentrations, the CuO sensor achieved excellent
glucose sensitivity in a linear range (0.5–2mM) of
glucose, especially at 0.06 M with energy band gap
about 3 eV. As a result, as the data reveal, the
morphology of CuO NRs generated using this pro-
cess is critical in con¯rming the electrode's e±ciency
for glucose sensing without the usage of mediators.
It has a very high sensitivity of (5805.7, 7365.7
and 994.8) �AMm�1 cm�2 with LOD (0.44, 0.4 and
0.35) �A, a higher linear range of up to 2 mM, and
robust stability when compared to the other elec-
trodes. Based on electrochemical tests, CuO NRs
electrodes o®er a lot of potential for use as a non-
invasive nonenzymatic glucose biosensor. Based on
these promising results, CuO is a potential nano-
material for future design and microfabrication
of bioelectrochemical nanodevices for glucose
detection.
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