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Abstract

Introducing oxygen-vacancy into the surface of the non-enzymatic sensor is supposed to be an effective way to
improve inherently low catalytic activity and specificity of non-enzymatic sensors. In this work, CuO/C was synthe-
sized at different temperatures using metal-organic frameworks as sacrificial templates to receive additional con-

tent of oxygen-vacancy. The product with the highest oxygen vacancy was found at 400 °C (named CuO/C-400°C),
which increased catalytically active sites and enhanced the charge-transfer efficiency. The sensing performance was
afterward explored by amperometry under an optimal applied potential at 0.5V (vs. SCE), presenting a broad detec-
tion range from 5.0 UM to 25.325 mM (R? =0.9998) with a sensitivity of 244.71 uA mM~' cm~2 and a detection limit
of 1 uM. Furthermore, the reliability and selectivity of CuO/C-400°C sensors were extensively explored in the presence
of artificial serum/saliva samples with gradient glucose concentrations. The human blood samples were also detected
with high recoveries compared with the clinical Hexokinase method. Hence, the prepared CuO/C-400°C sensor with a
broad detection range and high selectivity can be applied for the diabetes diagnosis ex vivo without further dilution

for real-time analysis in practical applications.

Keywords: Metal-organic frameworks, High-temperature pyrolysis, Oxygen-vacancy, Direct glucose sensing, Non-
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Introduction

Diabetes is a chronic disease that occurs when insulin
is neither well-produced nor effectively utilized. Over
4.2 million people died from diabetes in 2019 [1], and
this number is projected to constantly increase to about
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700 million by 2040s, according to the estimation of
the International Diabetes Federation (IDF) [2]. Precise
control of blood glucose levels in daily life can not only
reduce the symptom and increase the survival rates of
diabetes, but also prevent or delay long-term, serious
health problems, such as heart disease, vision loss, and
kidney disease, so the development of glucose monitor-
ing devices in real-time is necessary [3]. Although com-
mercial glucose oxidase-based glucose meters have been
widely used, the sensing performance is easily interfered
with by the external storage and transport conditions,
which hinders their applications in glucose determina-
tion [4]. Non-enzymatic glucose sensors (such as metal
oxides), in that case, have attracted much attention for
their high chemical stability and easy operation. Nev-
ertheless, compared with glucose oxidase enzymes, the
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catalytic activity and specificity of non-enzymatic materi-
als are usually lower, resulting in a poorer sensing perfor-
mance [5-7].

CuO, which is expected to be an attractive non-enzy-
matic sensor for its p-type semiconductor with a nar-
row bandgap of 1.2eV, has been widely explored [8, 9],
especially for non-enzymatic glucose sensors [10-12].
Still, the detection range of most as-prepared sensors is
0-5mM which is narrower than the glucose in human
blood (4-7mM for healthy people and >9mM for dia-
betic patients) due to the weak conductivity of CuO [13,
14]. While introducing oxygen vacancies by adjusting
defect structures and electronic states, such as heating
the material in a reductive atmosphere, and doping non-
metals (halogen, etc.) to replace lattice oxygen [15, 16],
has been suggested to improve the conductivity of CuO
[17, 18]. However, these methods often require second-
ary heating, and the reductive atmosphere is prone to
make crystal agglomerate and collapse. Thus it is urgent
to develop a technique to increase the oxygen-vacancy
content in CuO without secondary heating.

Metal-organic frameworks (MOFs) are composed
of metal ions and organic links through coordination
bonds with regular pores. These have been widely applied
in biomedicine, such as sensors, bioimaging materi-
als, and drug delivery agents [19-22]. Recently, metal
oxide/C-derived MOFs have attracted much attention
in the electrochemical field for designing appropriate
structures with plenty of active species [23]. For exam-
ple, thermal treatment can reduce the reaction time
with no post-treatment, whilst the product keeps the
morphology of the initial MOF with a large surface area
[24, 25]. More importantly, such treatment allows more
atomically active sites to be exposed, resulting in better
MOF performance. Recently, many groups found that
oxygen-vacancy in MOF-derived materials can enhance
electrochemical performance [26]. Hence, exploring
MOF-derived CuO with more atoms active-sites and
oxygen-vacancy will be a promising way to achieve a
more comprehensive linear range for glucose sensing.
However, the change of oxygen-vacancy under differ-
ent processing temperatures is seldom reported for the
MOFE-derived sensors.

Given the above-mentioned advantages and consid-
eration, in this study, the Cu-MOF was synthesized
through the coordination of copper ions and homophe-
nolic acid, followed by the calcination in the furnace at
different temperatures (350 °C, 400 °C, and 450 °C) to
receive the CuO/C core-shell nanoparticles with oxygen
vacancy. The thermal treatment of Cu-MOF under differ-
ent temperature were further found to create active sites
and increase the oxygen-vacancy for the electrocatalytic
oxidation of glucose. Compared with CuO/C-350°C and
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CuO/C-450°C, the developed CuO/C-400°C has the
most oxygen-vacancy and the highest response toward
glucose oxidation in primary media. The wide detec-
tion range of glucose was explored using CuO/C-400°C
modified glassy carbon electrode (GCE) by amperometry
under an optimal applied potential at 0.5V due to the
oxygen-vacancy and adsorbed hydroxyl ions. The sens-
ing performance was then verified in artificial serum/
saliva and human blood sample in real time analysis with
remarkable reproducibility.

Experimental

The synthesis of CuO/C at different temperatures

Cu-MOF was first synthesized at room tempera-
ture (RT) by liquid phase method. In detail, 3mmol
Cu(NO,),-6H,0 was dissolved in 25mL deionized water,
while 2mmol 1,3,5-benzenetricarboxylic acid and 6 mmol
triethylamine were mixed in 25mL ethanol. Then two
solution was mixed under stirring and kept for 24 h at RT.
The final blue powder was received after the purification
with ethanol and dry at 60 °C for 24 h.

For the preparation of CuO/C nanoparticles, the syn-
thesized Cu-MOF (100mg) was afterward placed in a
porcelain boat and calcined in a muffle furnace with the
increased temperature at a rate of 1 °C/min. After reach-
ing the specified temperature, the temperature was kept
constant for 2h and then cooled down to RT. The final
samples were black and named CuO/C-X°C (X=350,
400, 450), depending on the calcination temperature.

The preparation of the working electrode

0.3 pm and 0.05um alumina slurries were used sequen-
tially to polish the glassy carbon electrodes (GCE; diam-
eter, 3mm), followed by the immersion in ethanol and
ultrapure water in sequence for ultrasonic cleaning. For
the preparation of the CuO/C-X °C (X=350, 400, 450)
based working electrode, 2mg of prepared CuO/C-X °C
powder was dispersed in 1 ml of ultrapure water under
ultrasound for 30 min. Then 5 pL of the CuO/C-X °C dis-
persion was directly dropped onto the surface of the pre-
treated GCE and dried under 30 °C. The GCE /CuO/C-X
°C electrode was obtained by repeating the drip - drying
process for four times.

Real samples detection

To further study the practical application of the sen-
sor, 5 pL of the CuO/C-400°C dispersant was dropwise
added to the working electrode area of the electrode
(diameter: 3mm) through the drip-drying process
four times. The simulated serum sample was prepared
using PBS containing 10% FBS, while simulated saliva
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was received from Chuangfeng Technology Company
(Dongguan, China). The human serum samples (2 dia-
betics and 2 healthy) were kindly donated by Anzhen
Hospital (Beijing, China) and tested using by Hexoki-
nase method (Roche COBAS INTEGRA 800 automatic
biochemical analyzer). The performance of the synthe-
sized biosensor in complex biological samples contain-
ing different concentrations of glucose was investigated
by amperometry under an applied voltage of 0.5V.

Results and discussion

Synthesis and characterization of Cu-MOF

After the successful preparation of the Cu-MOF, the
morphology and properties were examined by com-
monly used material characterization methods, includ-
ing transmission electron microscope (TEM), EDS
mapping, X-ray diffractometer (XRD), X-ray photo-
electron spectroscopy (XPS), etc. TEM results showed
that the prepared Cu-MOF was nanoparticles with the
size of 50-80nm, and energy dispersive spectrometer
(EDS)-mapping represented that the synthesized nano-
particles were mainly composed of Cu, C, and O with
uniform dispersion (Additional file 1: Fig. S1). The pow-
der XRD patterns of the as-prepared Cu-MOF (Addi-
tional file 1: Fig. S2) further identified a good crystalline
state that was in line with the previous literature [27],
indicating the successful synthesis of Cu-MOF. Mean-
while, the high purity and good crystal quality of the
Cu-MOF can be further confirmed by the observation
of sharp and intense diffraction peaks. To further con-
firm the element and the chemical state, the prepared
Cu-MOF was tested by XPS (Additional file 1: Figs. S3
and S4), revealing the presence of Cu, C, and O without
other elemental contaminants. Furthermore, the high-
resolution spectra of XPS can also confirmed the suc-
cessful preparation of Cu-MOF containing Copper ion
(II) and 1,3,5-benzenetricarboxylic acid.

In addition, the heat treatment mechanism of Cu-
MOF under air was simulated by means of thermo-
gravimetric-differential thermal analysis (TG-DTA)
between 25 °C and 600 °C (Additional file 1: Fig. S5)
with two obvious weight loss steps. The first mass
loss, with 30.47 wt% from 25 to 296 °C, relating to the
removal of water and other molecules for negative of
DTA. While the weight loss of 42.36 wt% from 296 °C
to 350 °C indicated framework of Cu-MOF began to
collapse at this stage. After 350 °C, there was no notice-
able weight loss could be observed, representing that
the Cu-MOF was decomposed entirely and totally con-
verted to CuO directly. Hence the 350 °C, 400 °C, and
450 °C were selected to calcine Cu-MOF in this study
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to explore the changes of oxygen-vacancy content
caused by thermal treatment temperature.

Synthesis and characterization of CuO/C at different
temperature

The samples obtained after thermal treatment under air
at different temperatures (350 °C, 400 °C, and 450 °C)
were named as CuO/C-350 °C, CuO/C-400 °C and CuO/
C-450 °C, respectively (Fig. 1a). In addition, a commer-
cial CuO with a size of 40 nm was bought for comparison.
The prepared samples at different temperatures and
commercial CuO were first observed by scanning elec-
tron microscope (SEM). As shown in the SEM images
(Fig. 1b and S6), the average size of prepared samples
were calculated to be 50.78, 59.28, 40.88, and 44.95nm
for CuO/C-350 °C, CuO/C-400 °C, CuO/C-450 °C, and
commercial CuO, respectively. TEM, HR-TEM together
with the mapping were used to further confirm the detail
morphology of the prepared samples (Fig. 1c—e). Similar
with the results from SEM, the size of CuO/C-400 °C in
TEM image was about 60 nm. Moreover, an amorphous
carbon layer was observed to wrap on the surface of cop-
per oxide, forming a core-shell structure of CuO/C by
HR-TEM in Fig. 1d. Further well-defined lattice fringes
with the d-spacing of the lattice fringes were measured to
be 0.25nm attributing to the (111) reflections of mono-
clinic CuO. Meanwhile, the EDS (Additional file 1: Fig.
S7) and EDS-mapping analysis (Fig. 1e) were confirmed
that the architecture of CuO/C-400°C contained Cu
and O elements distributing homogenously in the entire
architecture of CuO/C-400 °C.

The crystal structures of the prepared samples and
commercial CuO were also characterized by XRD
(Fig. 1f and Additional file 1: Fig. S8). All the diffrac-
tion peaks can be indexed to the monoclinic-phase of
CuO (JCPDS 48-1548). Specifically, the peaks with 20
of 32.406°, 35.489°, 38.694°, 48.841°, 53.403", 58.194°,
61.498°, 66.101°, 67.909°, 72.301°, and 74.998° matched
the crystal surface of monoclinic CuO without any
signal from copper acetate or other precursor com-
pounds, indicating the production of high purity sin-
gle-phase CuO. Furthermore, the results of different
samples with 26 from 30° to 40° were identified in a
narrow range in Fig. 1g. As the under bound orbital of
atom located on the nonbonding orbital of the transi-
tion metal due to the extra electrons generated with the
oxygen-vacancy, causing the peaks of the crystal planes
shift to lower angles. The tested angle of (111) was
35.48°, 35.44°, 35.493°, and 35.579° for CuO/C-350 °C,
CuO/C-400°C, CuO/C-450 °C, and commercial CuO,
respectively, demonstrating more oxygen-vacancies of
CuO/C-400 °C. In addition, the electron paramagnetic
resonance (EPR) spectrum (Fig. 1h), which was proved
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Fig. 1 a Scheme illustration of the synthesis of CuO/C; b SEM images of CuO/C-350°C, CuO/C-400°C and CuO/C-450°C, the inset is the particle size
statistics; ¢ TEM, d HR-TEM and e Cu, O, C element mapping of CuO/C-400°C; f XRD patterns of CuO/C-350°C, CuO/C-400°C, CuO/C-450°C and the
standard PDF of CuO; g XRD patterns for the 20 from 30° to 40°; h EPR spectra of CuO/C-350°C, CuO/C-400°C and CuO/C-450°C

to be an effective tool for manifesting the presence of
atomic vacancy [28], was used to examine the forma-
tion of oxygen vacancies in the samples. All the sam-
ples displayed a symmetrical EPR signal at g=2.005.
Compared with the calcination at other temperatures,

the signal strength of CuO/C-400 °C was the strong-
est, indicating the highest content of oxygen vacancies.
Herein, the CuO/C-400 °C might have the most oxygen-
vacancy among all samples, indicating a potentially
good electrochemical activity.
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To further investigate the surface element chemical
states and oxygen-vacancy, the prepared CuO samples
and commercial CuO were subjected to XPS testing. The
peaks of C, O, and Cu could be observed in all prepared
samples (Fig. 2a—c), whilst only Cu and O existed in com-
mercial CuO (Fig. 2d). Moreover, the binding energy of
Cu for all samples were similar, which indicated the Cu
oxidation state with no noticeable difference. The spec-
tra of C,, for the prepared samples showed there were
a carbon layer with sp® bonding on the surface which
was consistent with the result of TEM images. For the
high-resolution spectra of O, there were two O, sur-
face peaks that could be fitted by two bands. The band
with lower binding energy was ascribed to the lattice
oxygen (Cu-O) of the CuO crystal lattice, corresponding
to 529.7eV, 529.6€V, 529.9¢eV, and 529.9eV of CuO/C-
350°C, CuO/C-400°C, CuO/C-450°C, and commercial
CuO, respectively. A shoulder band with higher binding
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energy was ascribed to the adsorbed oxygen or oxygen
in hydroxyl-like groups on the surface of CuO (denoted
as oxygen-vacancy). The band of oxygen-vacancy was
related to the bands at 531.4¢V, 531.7¢V, 531.6eV, and
531.8 eV of CuO/C-350°C, CuO/C-400°C, CuO/C-450°C,
and commercial CuO, respectively. Peak areas were used
to calculate the relative content of different elemental
states of O on the surface. The ratio of oxygen-vacancy
to Cu-O was 1.15, 1.62, 1.31, and 1.05 for CuO/C-350°C,
CuO/C-400°C, CuO/C-450°C, and commercial CuO,
respectively, indicating that CuO/C-400°C had the high-
est oxygen-vacancy. The possible mechanism was that
the increase of temperature might cause a carbon-medi-
ated local reduction reaction at the surface of CuO/C,
bringing an improvement in oxygen vacancies without
disrupting the lattice. However, excessive temperature
would lead to the structure collapse to reduce the oxy-
gen-vacancy [29]. The experiment showed that with the
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increase of temperature (from 350 to 400°C), oxygen
dissociation is caused, leading to the generation of more
oxygen vacancy. As the temperature further increased
(400 to 450°C), the structure collapsed, finally deduc-
ing the oxygen vacancy of CuO/C. The TG-DTA results
indicated that the temperature increase did not lead to
further loss of the mass or the collapse of the structure.
However, the XPS results demonstrated that the change
of temperature would lead to the oxygen-vacancy content
change, together with the higher density of the surface
defects, the surface adsorption sites, and the catalytic
activity. Hence, the CuO/C-400°C was expected to show
good electrocatalytic ability toward glucose oxidation.

Electrocatalytic performance of the obtained electrodes
for glucose detection

Electrochemical Impedance Spectroscopy (EIS) was
used to analyze the mass transfer characteristics and the
charge of components in sensors. Figure 3a showed the
Nyquist plot obtained for the GCE, GCE/CuO, GCE/
CuO/C-350°C, GCE/CuO/C-400°C, GCE/CuO/C-450°C
electrodes in 0.1M KCI containing 5mM Fe(CN)>~
/%= with frequency from 0.1 to 10° Hz at 0.2V. The CuO
electrode showed the smallest resistance value (Rct) was
about 1544 Q, while the Rct of GCE/CuO/C-350°C,
GCE/CuO/C-400°C, and GCE/CuO/C-450°C were
2003 Q, 7244 Q, and 2515 Q, respectively, owning to the
increase of surface oxygen vacancies increase can destroy
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the crystal structure in the nanoparticles, resulting in an
increased conductivity of the sensors.

The CV curves were used to evaluate the performance
of the prepared GCE/CuO/C-X°C (X=350, 400, 450)
sensors for catalyzing glucose. All electrodes were tested
in 0.1M NaOH solution with or without 0.2mM glu-
cose. As shown in Fig. 3b, the CV curves of the GCE/
CuO/C-400°C electrode showed a distinct oxidation
peak in glucose, while no oxidation peak was observed
without glucose. The catalytic oxidation ability of the
other three materials was also tested under the same con-
ditions (Additional file 1: Fig. S9). The largest catalytic
oxidation current of the GCE/CuO/C-400°C electrode
indicated that the CuO/C-400°C had the strongest cata-
lytic oxidation capacity for glucose in comparison, which
was related to the highest oxygen vacancy of the CuO/
C-400°C and can not only increase the charge trans-
fer efficiency but also enhance the interaction between
oxygen-containing species and the metal oxide surface
effectively. The 0.5V was selected as the applied potential
for chronoamperometry detection as it had the highest
response with the gradual addition of glucose under dif-
ferent potentials and enough driving force for the glucose
oxidation reaction. The amperometric curves of different
electrodes were carried out under 0.5V with an addition
of 1.0mM glucose. The current responses of GCE/CuO/
C-400°C, GCE/CuO/C-350°C, and GCE/CuO/C-450°C
to glucose were 17, 10, and 7 pA, respectively (Fig. 3c).

3000 300 20
(a) —— (b) (c) =1
akda, 1 GG * 02mMGlu I "
A 0o - -1< .
2000 LT Comeroal Guo £ %7 = without Glu < & :
(] 4 = = g‘ 2 -
X a § 100- § 105" °.
' vl s IR
1000 o R B 2 -+ Cuo/C-350°C
0 Temperaturel®C B; + Cu0/C-400°C
0 T T T T -100 T T T T T 0 T . CuoieAS0°C
0 2000 4000 6000 8000 10000 04 02 00 02 04 06 08 0 50 100
Z'/Q Potential/V Timels
300 300
(d) T (e) (f)
50 mV/s Y =22.49*X - 84.52
2004 70 mVis R? =0.9941
< < 200 2 2001
2 E H
S 100 g g
5 5 5
3 S 100 © 1004 Y = 1.138*X + 17.22
0_ .............. R2:09975
-100 T T T T T 04— L 0 T T T T
04 -02 0.0 0.2 0.4 0.6 0.8 0 5 10 15 0 50 100 150 200 250
Potential/V Scan Rate”’zl(mv 5‘1)A1’2 Scan Rate/mV s™
Fig. 3 a Nyquist plots of the CuO/C-350°C, CuO/C-400°C, CuO/C-450°C and commercial CuO in 0.1 M KCl electrolyte containing 5mM Fe(CN)f’
/4= and an applied AC frequency range of 0.1-10° Hz at 0.2V (vs. Ag/AgCl) with an amplitude of 5mV; b Cyclic voltammograms of the CuO/C-400°C
electrodes in 0.1 M NaOH with/without 0.2 mM glucose at a scan rate of 100mV-s~'; ¢ Amperometric i-t response of the Cu0/C-350°C, CuO/
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It proved that the catalytic ability of the CuO/C-400°C
material was significantly higher than that of the other
two materials. Figure 3d showed the CVs at different scan
rates for GCE/CuO/C-400°C in electrolytes contained
0.2mM glucose. In the range of 30mV/s to 200mV/s, the
current increased with the aggrandizement of the scan
rate. As shown in Fig. 3e, f, and Additional file 1: Fig. S10,
the oxidation current had a linear relationship with the
scan rate and the square root of the scan rate, indicat-
ing the co-existence of surface confinement and diffu-
sion control in the CuO/C-X°C [30-32]. Moreover, as the
slopes of the regression equation of GCE/CuO/C-350°C
and GCE/CuO/C-450 °C were significantly lower than
that of GCE/CuO/C-450 °C, which was related to the
catalytic performance of the material.

Figure 4a, b showed the i-t curve of GCE/CuO/C-
400°C along with the corresponding linear plots of the
calibration curve. According to the results, the electrode
exhibited a rapid response with the addition of glucose,
indicating CuO/C-400°C has high catalytic activity. The
sensitivity and linear range of these modified electrodes
could be obtained from calibration curves. Based on the
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catalytic ability of CuO/C, the electrode showed a promi-
nent characteristic that the current response value gradu-
ally increases with the increase of glucose concentration.
In addition, the concentration of oxygen vacancies on the
surface of the CuO/C was controlled by changing the cal-
cination temperature during the calcination process, and
the catalytic ability of CuO/C-X°C (X=350, 400, 450)
to glucose was different, which in turn leaded to differ-
ent sensitivity among GCE/CuO/C-X °C (X =350, 400,
450) electrodes. Among them, the GCE/CuO/C-400°C
electrode exhibited the highest sensitivity at about 244.71
HA mM~! cm™? while the sensitivities of GCE/CuO/C-
350 °C and GCE/CuQO/C-450°C electrodes were 140.69
and 79.06 pA mM~! cm™? respectively. Furthermore,
the linear correlation between the response current (pA)
and glucose concentration (mM) of the GCE/CuO/C-
400°C electrode was y=17.13x+0.7648 (R*=0.9998)
with the linear range from 5.0 uM to 25.325mM, and the
limit of detection (LOD) of 1.0uM (S/N=3). Compared
with other reported CuO-based non-enzymatic sensor
in Table 1, our prepared CuO/C-400 °C with abundant
oxygen-vacancy through a simple preparation process
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without secondary heating. The MOF derived material
offers larger surface area for more activated species and
oxygen-vacancy leading to the enhanced charge-transfer
efficiency. Furthermore, the thin carbon layer on the sur-
face of the copper oxide during the formation process
may facilitate the electron transfer, reduce the physical
changes on the surface of CuO during the catalytic pro-
cess, so as to better maintain the detection activity and
repeatability of biosensor. Herein, the GCE/CuO/C-
400°C electrode showed remarkable electrocatalytic

activity toward glucose oxidation with a wider detection
range than other reported CuO-based nonenzymatic glu-
cose probes.

Selectivity and stability of the resulting electrodes

It is considered that multiple possible interferents (NaCl,
KCl, AA, fructose, and GSH) may coexist with glucose in
a real serum environment. Figure 4c showed i-t curves of
the sensor with successfully adding 1.0mM glucose and
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Table 2 Determination of glucose level in artificial samples

Sample Added Concentration R.S.D. (%) Recovery (%)
(mM)

1 53 535 16 101

2 8.7 851 23 98

3 04 038 1.1 97

4 1.1 1.13 14 103

Sample 1-2: artificial serum, Sample 3-4: artificial saliva, RSD relative standard
deviation for three independent measurements, Recovery: (detected /added
x 100%)

Table 3 Determination of glucose level in clinical samples

Sample Concentration Concentration R.S.D. Recovery (%)

recorded from calculated (%)

hexokinase method from biosensor

(mM) (mM)
5 13.2 12.81 2.2 97
6 1.7 11.82 1.8 101
7 4.7 461 23 98
8 6.1 592 2.1 97

Sample 5-6: two diabetics, Sample 7-8: two healthy persons, RSD relative
standard deviation for three independent measurements, Recovery:
(concentration calculated from our prepared sensor /concentration recoded
from glucometer x100%

0.1 mM interferences in the electrolyte. The response cur-
rent changed significantly after the addition of glucose.
In contrast, the changed response currents were almost
negligible when interfering substances were added to the
electrolyte. Figure 4d showed the comparison of pertur-
bation responsiveness and glucose responsiveness, and
it can be clearly seen that the effect of perturbation was
not obvious. Thus, the resulting electrodes demonstrated
acceptable resistance to interference measurements. For
the stability test, the sensors were stored in RT and tested
every 2days. As shown in Fig. 5f, the sensors still main-
tained good detection performance within 28 days, which
was about 95% of the initial value, indicating that the
obtained sensor can be harnessed to sensitively detect
the glucose concentration after being placed for a long
time.

Real sample detection

As the CuO/C-400°C nanoparticles containing oxy-
gen vacancies with a remarkable ability to catalyze glu-
cose oxidation and a good anti-interference ability. The
prepared biosensor has also been explored with artifi-
cial serum/saliva (Fig. 5a—d) and real blood to establish
its applicability in real-time detection. Specifically, the
detection performance of the sensor in 0.1M NaOH
solution containing different biological samples was
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investigated by continuously adding an artificial serum
and saliva containing 1M and 0.1 M glucose, respec-
tively, under an applied voltage of 0.5V. The current
response was found to increase with the increase of
added artificial samples with perfect regression equa-
tions of I(nA) = 16.3 C(mM) +3.670 pA (R*=0.9996) and
I(1A) = 16.23 C(mM) +0.6128 pA (R*=1.0000) from 1 to
16 mM and 0.1-1.5 mM, respectively.

In addition, the detection performance of the sensor
was also verified by dropping different samples, including
artificial and actual samples, directly on the surface with-
out dilution (Fig. 5e). As shown in Table 2, the concentra-
tions of the pieces were calculated referring to different
equations mentioned above with high recovery from
97% to 103% in Table 2. In addition, the comparison of
the glucose levels estimated with the fabricated biosen-
sor and concentration recorded from the clinically avail-
able Hexokinase method was shown in Table 3. Herein,
the designed CuO/C-400°C sensor can be applied in dif-
ferent conditions with remarkable sensing performance.
Notably, the screen-printed-based sensors can also be
converted into portable detection platforms with minia-
ture electrochemical workstations.

Conclusion

In this work, the CuO/C with the most abundant content
of oxygen-vacancy was synthesized through pyrolyzing
MOF as a sacrificial template at 400°C with fast electron
transfer, low overpotential, and high response current,
which contributed to its excellent electrocatalytic activ-
ity toward glucose oxidation. The electrooxidation of glu-
cose on the CuO/C-400°C sensor was correlated with the
pairing of vacancies (h™) and adsorbed OH™, resulting
in high accumulated energy and oxidation of the glucose
molecules. The sensing performance of CuO/C-400°C
was then applied with a wide linear range from 5.0 uM to
25.325mM (R?=0.9998) and a good sensitivity of 244.71
HA mM~! cm™2 In order to verify the accurate sample
analysis, the CuO/C-400°C sensor was also performed in
simulated saliva/serum and human blood samples, and
the results indicated that our prepared biosensor could
effectively detect the glucose with high selectivity and
recovery without further dilution, which opens up possi-
bilities for ex vivo diagnostic applications for clinical and
domestic use.
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