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Abstract

The progress in developing the electrochemical sensors for biomolecule detection
requires a facile device fabrication method. Herein, we report printing of silver (Ag) precursor
and copper oxide nanoparticles (CuO NPs) inks by nozzle-jet technique to fabricate non-
enzymatic glucose biosensor on flexible polyethylene terephthalate (PET) substrate. The fully
printed CuO NPs/Ag/PET electrodes were characterized using electrochemical techniques for
non-enzymatic biosensing of glucose. The fully printed non-enzymatic biosensor exhibited a
high sensitivity (1424.2 pA mM™cm®), linear range from 0.1 to 15'mM, low detection limit (0.3
uM; S/N = 3) and fast response time of ~2s under a working potential of +0.6V. Additionally,
printed electrodes demonstrated an excellent long term stability, high reproducibility, good
selectivity and high accuracy during glucose concentration measurements in human blood and
serum samples. These results indicate that the electrode fabrication using nozzle-jet printing can
be regarded as a potential technique for the future development of high performance and low

cost bio/chemical sensor devices:
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1. Introduction
Glucose detection offers a prominent technical importance to scientists for clinical
diagnostics of diabetes, analytical applications and food industry [1-5]. Generally, in diabetic
patients and healthy people the blood glucose levels are in the range of 1.1-20.8 and 3.6-7.5 mM,
respectively. The electrochemical sensing technique, being a precise technology, can measure
glucose with high accuracy for clinical purposes. However, enzymatic biosensors have serious
drawback of week stability due to the intrinsic nature of enzymes, critical operating conditions,
complicated immobilization procedures, and high cost of enzymes [6, 7]. Therefore, several
methods have been utilized to encompass and measure glucose with high sensitivity [7, 8, 9].
However, some problems like low sensitivity and poor selectivity are associated with most of the
non-enzymatic sensors which can be imputed to the adsorption of intermediates [10, 11]. Hence,
it is essential to investigate and develop a highly sensitivity, reproducible, cost effective and
stable non-enzymatic glucose biosensor in order to achieve promising clinical measurements.
Copper oxide (CuO) has been studied immensely in recent years due to its typical p-type
nature, narrow band gap (1.2 eV), low cost, high specific capacitances, favorable pseudo-
capacitive characteristics and non-toxicity [12-14]. These appealing properties make it suitable in
different fields of research, such as, electrical, gas sensing, optical and heterogeneous catalysis,
photovoltaic devices, magnetic storage media, field-emission emitters, lithium ion electrode
materials, etc [15-21]. The CuO nanostructures based biosensors can sense glucose non-
enzymatically with better sensing performance than many other metal oxides. The reason for this
sensing property can be assigned to its better electrochemical activity and its ability to enhance
electron transfer reactions [22]. Until now, variable CuO nanostructures like CuO NPs,

nanowires, CuO nanorods, flower-shaped CuO have been investigated and explored for glucose



detection with considerable gains [23-25]. However, attaching and maintaining the
structure/activity of nano-catalyst on a solid support (electrode) in a fast and reproducible
manner, prompts a point to explore. Thus, deposition of CuO nanostructures on the conductive
electrode for electrochemical sensor remains intact to the technical issues. Nozzle-jet printing s
a successful and an effective manufacturing technique, capable to fabricate/deposit
semiconductors and conductive structures on different substrates for sensing applications [26,
27]. Moreover, this printing technique can reduce the cost of fabrication during sensor
development. However, the main problem for this printing technology is ink formulation. The
ink printing and jetting performance through nozzle on different substrates is directly governed
by rheological parameters, such as viscosity and surface tension [28, 29]. Ethylene glycol, poly
(vinyl alcohol), glycerol and sodium carboxymethyl cellulose have been utilized to maintain the
viscosity of ink [30, 31]. Ethylene glycol and water are the most widely used dispersing solvents
for CuO NPs dispersion [32]. Even the CuO NPs remain dispersed in water for days by simply
employing an optimized combination of stirring and sonication without using any additive or
stabilizer [32, 33]. Thus, we formulated water-based CuO NP ink and short chain alkyl amine
based Ag ink for sensor fabrication.

In this study, for the first time, we report fully nozzle-jet printed CuO NPs/Ag/PET non-
enzymatic glucose biosensor. The electrochemical performance of the non-enzymatic biosensor
towards glucose was studied in alkaline media. The sensing performance was found to be better
than those from other CuO morphological nanostructures integrated on the different conductive
electrodes such as, gold or platinum by using cross-linkers or sol-gel process. The nozzle-jet

printed CuO NPs on Ag printed PET substrate offers excellent attachment due to high porosity



and large surface area of CuO NPs. Moreover, the nozzle-jet printed CuO NPs/AQ/PET

electrodes were applied to can measure glucose concentrations in blood and serum samples.

2. Experimental details
2.1. Reagents

D-(+)-glucose (>99.5%), copper acetate dihydrate [Cu(CH3C0O)2.2H20], sodium
hydroxide (NaOH, 96% purity), acetic acid (>99.7%), ethylene glycol (99.8%), ascorbic acid
(AA, >99%), lactose (>99%), mannose (>99%), dopamine (DA, >98%), L-cysteine (97%), uric
acid (UA, >99%) and human serum sample (H4522) were purchased from Sigma-Aldrich.
Isopropanol (>99.5%), ethanol (>94.5%), and methanol (>99.5%) were purchased from Daejung,
Korea. All the chemicals were used as received without further purification. Ultrapure water

purified with micro pure HIQ with resistivity of ~18 MQ cm was exclusively utilized in all

aqueous solutions and rinsing procedure.

2.2. Synthesis of CuO NPs

In a typical synthesis procedure, 100 mL aqueous solution of 0.02 M copper acetate was
thoroughly mixed with 0.50 mL acetic acid followed by slow heating in a three-necked refluxing
flask under stirring. 0.50 g of NaOH was added, as the temperature of solution reached to 90 °C,
which formed black color solution (pH = 5-6) specifying the formation of CuO NPs. In this
reaction process, NaOH provides basic media and acetic acid prevents precipitate formation of
uniformly grown CuO NPs. After 10-15 min refluxing, black-colored colloidal solution was

centrifuged at 3000 rpm for 2 min and washed several times with deionized water and ethanol.

2.3. Ink-formulation and nozzle-jet printing



Ag ink formulation and printing properties were discussed in detail in our previous
studies [34, 35]. In brief, to formulate CuO NPs ink, first, we prepared a solution of mixed
solvents (i.e. 1 mL methanol, 5 mL isopropyl alcohol, 2 mL ethylene glycol, 10 mL deionized
water, and 2 mL ethanol) in the ratio of 1:5:2:10:2 volume %. Then, prepared mixture was
sonicated for 20 min and stirred at 1000 rpm for 24h. In the next step, as-synthesized CuO NPs
were dispersed in the above prepared solution and concentration of CuO NPs‘was adjusted to 60

weight %.

To fabricate non-enzymatic biosensor (Fig. 1), first, Ag was printed by nozzle-jet printer
on the cleaned PET substrate using Ag ink. Then, CuO NPs ink was printed over Ag/PET
substrates using same printing technique. Uniform and straight lines were achieved by
maintaining various parameters such as moving speed of nozzle (~4000 mm/s), nozzle pressure
(~40 kPa), nozzle tip diameter (100 pm), stage-plate temperature (80 °C for Ag ink and 110 °C
for CuO NPs ink printing), and height between nozzle tip and substrate (12 mm). The as-printed
CuO films were post-annealed at 80 °C in an oven for 3h before characterizations and sensing

measurements.

2.4. Apparatus and electrochemical measurements

The structural investigation of as-synthesized CuO NPs was carried out by transmission
electron microscopy (TEM) equipped with digital charge-coupled device (JEOL-JEM-2010
equipped with CCD camera). Crystallinity of the CuO NPs was examined by X-ray diffraction
(XRD, Rigaku) with Cu-Ka radiation (A = 1.54178 A) in the range of 30-70° at 40 kV. Single
crystallinity and chemistry of as-grown CuO NPs were examined with selected area electron
diffraction (SAED) and elemental mapping energy-dispersive X-ray spectroscopy (EDS),

respectively. Optical characterization of CuO NPs was carried out by UV-Visible spectroscopy.



The morphological characterization of printed CuO NPs was analyzed by using field emission
scanning electron microscopy (FESEM, Hitachi S4700), atomic force microscopy (AFM). All
printing experiments were performed using a commercial nozzle-jet printer (System Engineering
Solution (SES, Korea). The cyclic voltammetry (CV) and amperometric measurements were
carried out using an electrochemical analyzer connected to a personal computer. All experiments
were carried out using a conventional three-electrode system with the CuO NPS/AQ/PET as the
working electrode, a platinum (Pt) wire as the counter electrode, and Ag/AgCl with saturated
KCI solution as the reference electrode. All the potentials in this work were measured with
respect to Ag/AgCI reference electrode and the electrochemical measurements were carried out
at room temperature in 0.10 M NaOH. Each CV was performed in a solution of 15 mL volume
between -0.2 and +0.80 V (vs. Ag/AgCI). In steady state amperometric experiments, the potential

was set at +0.60 V (vs. Ag/AgCI) while stirring the solution using magnetic bar.

3. Results and discussion
3.1. Structural and optical characterization of CuO NPs

Fig. 2 shows the low resolution TEM image (a), and HR-TEM image (b) of CuO NPs. As
it can be seen from the images, CuO NPs are nearly spherical in shape with relatively average

diameter of ~11-20 nm. From HR-TEM image, the distance between two neighboring lattice

fringes was measured as 0.27 nm, which corresponds to the [110] lattice fringe of the monoclinic
structure of CuO. Its corresponding SAED pattern (FFT image, inset of ¢) and elemental
mapping (d) confirms the single crystallinity of as-grown CuO NPs. The XRD pattern (Fig. 2e)
shows characteristic diffraction peaks of only monoclinic CuO phase [36, 37]. Besides the

characteristic CuO peaks, there were no other peaks corresponding to impurities or other crystal



phases such as Cu,O and Cu(OH),, which confirms that the as-grown CuO NPs are of high
purity. From UV-visible spectrum, the peak at 300 nm is observed due to surface plasmon
absorption of metal oxide (Fig. 2f). The surface plasmon absorption effect is due to the collective
oscillation of the free conduction band electrons which is excited by the incident electromagnetic
radiation in the metal oxide nanoparticles [38]. This type of resonance occurs when the incident
light with certain wavelength far exceeds the particle diameter. Surface plasmon absorption band

with a maximum at 300 nm indicates the formation of CuO NPs.

3.2. Characterization of Ag and CuO NPs inks printed on PET

The as-formulated inks were printed sequentially onPET substrate. The optical image of
printed non-enzymatic electrode is shown in the Fig. 3a (inset). The fully nozzle-jet printed CuO
NPs yielded CuO NPs/Ag/PET electrodes which also showed better adhesion between CuO NPs
and Ag/PET electrode and had working area of 2x5 mm?. During printing, proper viscosity of
ink is important for jetting and good wettability of ink on substrate to make uniform film
morphology. Fig. 3(a, b) shows FESEM image of overprinted CuO NPs on Ag printed lines. It
can be seen clearly that as-printed CuO line possessed uniform and densely porous morphology.
Two dimensional (2D) surface profiler image illustrate height of the overprinted CuO line with
thickness of ~1.5 um (Fig. 3c). The EDS analysis shows that as-printed CuO NPs line exhibited
only CuO phase with no impurity or additive left out after annealing in an oven for 3h at 80 °C
(Fig. 3d). The printed CuO pattern shows a smooth surface topography without any structural
defects with root-mean-square (rms) roughness of 20.4 nm (Fig. 3e, f). Moreover both printed
Ag and CuO inks did not show any defects such as bulging or coffee-ring effect while printing or

annealing process.

3.3. Electrochemical properties of fully printed non-enzymatic electrode and glucose detection



The fabrication process of Ag/PET and CuO NPs/Ag/PET electrodes were pre-examined
by electrochemical impedance spectroscopy (EIS) measurements to study the changes of
electrode surface state and charge transfer properties of the electrode (Fig. 4a). For EIS spectrum

measurement, an electron transfer probe [Fe(CN)g "+

] was used for electrode surface
characterization. After each impedance measurement, the Randle equivalent circuit model was
used to fit obtained data (inset of Fig. 4a). In this circuit the solution resistance (Rs) is in series
with charge transfer resistance (R.) and in parallel with double-layer capacitance (Cg). The
semicircle diameter of the Nyquist plot indicates the charge transfer resistance (Rc) which
controls the electron transfer kinetics of the redox probe at the electrode surface. The EIS
spectrum of AQ/PET electrode (i) shows no semicircle for R value which means smooth charge
transfer rate due to high conductivity of printed Ag. However, after printing of CuO NPs on
AgQ/PET electrode (ii), the Nyquist semicircle becomes larger which most probably might be due
to the hindrance of electron transfer caused by CuO NPs. Thus, it indicates the successful
fabrication of CuO NPs/AQ/PET electrodes by nozzle-jet printing at low temperature.

Moreover, the electrochemical properties of fully printed electrodes (CuO NPs/Ag/PET)
were characterized by CV method in 0.1 M NaOH solution between the potentials of -0.2 and
+0.8V. Fig. 4b shows the CV curves of Ag printed electrode (Ag/PET, black curve) and fully
printed CuO NPs/Ag/PET electrode (red curve) in the absence of glucose, which shows no redox
reaction. However, after addition of 2.0 mM glucose (blue curve) fully printed CuO NPs/Ag/PET
electrode showed increase in current signal toward the positive end of the potential range. It can
be clearly seen that the oxidation process begins in presence of glucose at approximately +0.2V

with very broad peak at around +0.60 V. Fig. 4c shows the CVs of fully printed CuO

NPs/Ag/PET electrode performed at different scan rates (50-300 mV/s) in the presence of 5 mM



glucose 0.10 M NaOH solution. From the calibrated curve (i.e. anodic peak current versus scan
rate) shows the linear increase in anodic peak current with increasing scan rate (insets of Fig. 4c),
confirming that the glucose oxidation is a surface controlled electrochemical process [39, 40]. A
linear regression equation (y = 11.8X + 2694) was obtained from the graph with correction
coefficient (R?) of 0.99715. This indicates that nozzle-jet printed CuO NPs/Ag/PET electrode
greatly enhances the sensing performance, which is attributed to the porosity; large surface area
and enhanced electron transfer properties of printed CuO NPs. First, Marioli and Kuwana, later
by Wei et. al. suggested the oxidation mechanism of glucose on the modified copper-based
electrodes [41, 42]. The oxidation process begins with deprotonation of glucose and subsequently
isomerization to its enediol form. The later get adsorbed onto the electrode surface, following
oxidation by Cu(ll) and Cu(lll). The possible.reaction could be explained by the following
equations [43].

CuO + OH — CuOOH + ¢ (i)

CuOOH + e +glucose — CuO + OH" +gluconic acid (i)

During CV measurement, primarily CuO NPs gets oxidized from Cu(ll) to Cu(lll). Then,
it catalyzes glucose oxidation reaction to liberate gluconolactone which upon further oxidation
converts to gluconic acid. Here, it is clear that Cu(I1)/Cu(lll) redox couple assists the catalysis
reaction by CuQ in the electrochemical non-enzymatic detection of glucose. Thus, an enhanced
catalytic current response on our CuO NPs/Ag/PET electrode in the presence of glucose solution
Is observed and it further depends upon the glucose concentration.

The amperometric response under different glucose concentration solutions (0.1-17.6
mM) was determined to investigate the performance of fully printed non-enzymatic electrode
(CuO NPs/Ag/PET). Fig. 5a shows amperometric response of CuO NPs/Ag/PET printed

electrode on the successive addition of glucose into continuously stirred 0.1 M NaOH solution at
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a working potential of +0.6V. The printed non-enzymatic electrode exhibits a sensitive
amperometric response and an obvious increase in current with successive increase in glucose
concentration. From the graph, a clear rapid steady state current increase is evident with
increasing addition of glucose i.e. from 0.1 to 17.6 mM. Further, the sensitive non-enzymatic
electrode showed a short response time of ~2s. From the calibration plot (Fig. 5b), the sensitivity
was calculate to be 1424.2 pA mM™ cm?in the wide linear range from 0. 1 to 15 mM with high
linear relationship between glucose concentration and current response (R? = 0.9989). Moreover,
the low detection limit (LOD) was estimated to be 0.3 uM (based on signal/noise (S/N) ratio of 3)
for the nozzle-jet printed non-enzymatic electrode. A comparative study (Table 1) reveals high
sensitivity, low detection limit, wide linear range and relatively fast response, which are far
better results obtained for our fully nozzle-jet printed biosensor than other sensors fabricated by
different methods [44-55]. The high sensitivity-and wide linear range of fully nozzle-jet printed
sensor are mainly attributed to porous nature of printed CuO NPs (due to fast evaporation of
solvents during drying of printed CuO NPs ink) which provides the higher specific surface area
and the strong adhesion of the printed material on PET which enables fast and direct conduction

of electron resulting in faster response and high sensitivity.

3.4. Anti-interference

The nozzle-jet printed CuO NPs/AgQ/PET electrodes were further evaluated for anti-
interference test. The anti-interference test is considered to be an effective parameter for
electrochemical based sensing of glucose associated with other similar chemically composition
biological molecules, as the oxidation potential of glucose may be correlated to the oxidation
potential of other interfering species. Therefore, both lower and higher concentration interferants

were employed to analyze the selectivity of non-enzymatic electrode by amperometry which in
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turn governs its accuracy. Interference test was carried out by successive addition of 1 mM
glucose and 0.10 mM of each interfering species i.e. AA, L-cysteine, UA, mannose, lactose, and
DA, followed by subsequent addition of 1 mM glucose and 0.5 mM interfering species in 15 mL
of 0.1 M NaOH solution at an applied potential of +0.6V (Fig. 5c). The addition of 1 mM
glucose resulted in significant and quick current response, whereas the sensing performance was
not affected or caused negligible current changes by addition of 0.10 mM and 0.5 mM of each
interfering species. From the results obtained, our fully nozzle-jet sensor shows reliable anti-
interference property and is also highly suitable for detection of glucose in real samples. Besides,
the chloride poisoning of the non-enzymatic electrodes were also checked by introducing
chloride poisons (citric acid, sodium citrate, NaCl, and KH,PQO,), which shows no significant
effect on sensor response (Fig. 5d). It governs that our fully printed non-enzymatic electrodes are

exclusively chloride poisons resistance.

3.5. Reproducibility and stability test of nozzle-jet printed non-enzymatic electrodes

Fig. 6a shows the reproducibility test of five nozzle-jet printed CuO NPS/AQ/PET non-
enzymatic electrodes prepared in similar conditions for the detection of 5.0 mM glucose in 0.1 M
NaOH solution by CV. The calibrated histogram (Fig. 6b) shows a good relative standard
deviation (RSD) of ~2%. The fabricated non-enzymatic electrode was also evaluated for ten
times showing better repeatability with a RSD of 2.5%. Additionally the long-term stability of
the printed CuO NPs/Ag/PET non-enzymatic electrode was regularly evaluated for the detection
of 5.0 mM glucose in 0.1 M NaOH solution by CV for eight weeks while storing under ambient
conditions (Fig. 6¢). The corresponding histogram shows that the calibrated CV responses
explicit excellent stability as the decrease in sensitivity of the non-enzymatic electrode was only

around ~5% even after eight weeks of storage (Fig. 6d). In general, the present fully printed
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glucose sensing non-enzymatic electrode with excellent reproducibility and stability can be

considered to be quite reliable for glucose determination.

3.6. Real sample analysis

To verify the workability, nozzle-jet printed electrodes were applied for the determination
of glucose in human blood and serum sample. For both sample, three nozzle-jet printed
electrodes were used for the determination of glucose concentration. During CV. measurement,
CuO NPs/Ag/PET as working, Ag/AgCl as reference and Pt as counter electrode were immersed
in 15 mL of 0.1 M NaOH solution containing human blood and serum sample (Fig. 7a and 7b).
The obtained current response during CV measurement in human blood and serum sample are
compared in histogram (Fig. 7c). From histogram, it can be seen that the glucose concentration in
human blood sample is comparable to that of serum sample, which confirms the selectivity of the
sensor in the presence of other biomolecules and protein fragments [56-58]. Also, the measured
glucose concentration (4.75+£0.17 mM) in serum sample using our nozzle-jet printed electrode is
in good agreement with the pre-analytically determined known concentration (4.88 mM) of

glucose in serum sample.

4. Conclusions

In-summary, we have successfully nozzle-jet printed non-enzymatic glucose biosensor
(CuO NPs/Ag/PET) electrodes by employing CuO NPs ink as a sensing material, Ag ink as
conductive electrode, and PET as a flexible substrate. During electrochemical characterizations,
the fully printed non-enzymatic biosensor exhibited a high sensitivity (1424.2 pA mM™cm?),
wide linear range (0.1 to 15 mM), low detection limit (0.3 uM), fast response time (~2s),

excellent long term stability, high reproducibility, good selectivity and applicability in human
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blood and serum samples. Additionally, nozzle-jet printing method can easily be employed for
the fabrication of electrodes in large scale. Hence, nozzle-jet printing technique can promote an
efficient strategy for the development of low-cost and environmental friendly, highly stable and

better performing sensing electrodes for various applications.
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Table 1. Comparison of our nozzle-jet printed non-enzymatic biosensor with previous reports.

Electrode Method Response (s) Linear Detection Sensitivity Ref.
range limit (WA mM*'cm?)
(mM) (pm)
CuO NPs/Au/PET Micro-plotter technology <5 0.1-6.5 0.5 2419.8 [37]
CuO-MWCNT/TA foil Sputter <2 0.0004-1.2 0.2 2596 [38]
CuO nanospheres/GCE Drop cast - 0-2.55 1 404.53 [39]
CuO NPs/Ag/Si Inkjet printing <2 0.05-18.45 0.5 2762.5 [40]
CuO microspheres/SPE Drop cast <5 2-9 20.6 26.59 [41]
Flower-shaped CuO/graphite  Solution spray <15 - 4 709.52 [42]
CuO nanoseeds/Au/glass Drop cast 2 0.1-13.3 50 1101 [43]
CuO NFs/ITO Electrospinning - 0.0002-1.3 0.04 873 [44]
Sandwich structured Drop cast 0.7 0-3.2 1 5342.8 [45]
CuO/GCE
CuO-SWCNT/ITO Co-arc-discharge method <2 0.00005- 0.05 1610 [46]
and sputtering 1.8
Nanoporous CuO/Cu Solution process 2 0.1-2.04 2 1066 [47]
CuO NFs/GCE Electrospinning 1 0.006-2.5 0.8 431.3 [48]
CuO NPs/Ag/PET Nozzle-jet printing ~2 0.1-15 0.3 1424.2 This
work
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Figure captions:
Fig. 1. Schematic illustration of non-enzymatic (CuO NPs/Ag/PET) electrode fabrication process

using nozzle-jet printing technique for electrochemical glucose biosensor application.

Fig. 2. Bright-field TEM image (a), HR-TEM image (b), corresponding SAED pattern (c),
elemental mapping (d), typical XRD and UV-visible spectrum of CuO NPs (f). Inset ¢ shows the

FFT image.

Fig. 3. FESEM image CuO NPs printed line on Ag line (a, b), 2D surface profiler (c), EDX
spectrum (d), and AFM analysis (e, f) of the nozzle-jet printed CuO line. Inset a and b show the

optical image of non-enzymatic electrode and FESEM of CuO NPs, respectively.

Fig. 4. The Nyquist curves of the EIS spectrum of Ag line printed on PET (curve i) and CuO
NPs/Ag/PET electrodes (curve ii) in 0.1 M KCI containing 5.0 mM K4Fe(CN)s (a); CV graphs
of Ag/PET electrode without (black curve), CuO NPs/AgQ/PET electrode without (red curve) and
with (red curve) 2.0 mM glucose at the scan rate of 100 mV/s (b); CV graphs at different scan
rates in 5.0 mM glucose in 0.1 M NaOH (c). Error bars in ¢ indicate standard deviations of three

measurements.

Fig. 5. Amperometric. steady-state current-time responses of glucose at the CuO NPs/Ag/PET
electrode in 0.10 M NaOH at +0.6V (a); Calibration curve (current vs. concentration) (b);
interference test of the CuO NPs/Ag/PET electrode after successive addition of 1.0 mM glucose,
low (0.10 mM) and high (0.5 mM) concentration of each interfering species (c); Chloride
poisoning test of the sensor by subsequent addition of 1.0 mM glucose and 0.10 mM of each
chlorides (citric acid, sodium citrate, NaCl, and KH,PO,) in 0.1 M NaOH at an applied potential

of +0.6V (vs. Ag/AgCI) (d). Error bars in b indicate standard deviations of three measurements.
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Fig. 6. CV response of five CuO NPs/Ag/PET electrodes prepared in similar conditions for the
detection of 5.0 mM glucose in 0.1 M NaOH solution at the scan rate of 100 mV/s (a) and the
calibrated histogram showing current response (b); CV response of CuO NPs/Ag/PET electrodes
for the detection of 5.0 mM glucose in 0.1 M NaOH solution (c) at the scan rate of 100 mV/s for
eight weeks and calibrated histogram showing current response. Error bars in b and d indicate
standard deviations of three measurements.

Fig. 7. CV response of CuO NPs/AQ/PET electrodes prepared in similar-conditions for the
detection of glucose in human blood (a) and serum samples (b) in 0.1M NaOH solution at the
scan rate of 100 mV/s, and calibrated histogram showing current response (c). Error bars in ¢

indicate standard deviations of three measurements.
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Figures:

PET substrate Nozzle-jet printed Nozzle-jet printed
Ag/PET CuO NPs/Ag/PET device

Fig. 1/7
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