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f a CuSe/PVP nanocomposite for
ultrasensitive non-enzymatic glucose biosensing
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and Muhammad Naeem Ashiq d

Non-enzymatic glucose biosensors show high sensitivity, lower response time, wide linear range and low

cost. Copper based composites show excellent electrocatalytic tunability and lead to a better charge

transfer in electrochemical non-enzymatic glucose biosensors. In this work, a nanocomposite of

polyvinylpyrrolidone (PVP) and copper selenide was synthesized by a facile one pot sol gel method.

Synthesized nanomaterials were characterized by XRD, FTIR, UV-visible spectroscopy, SEM, EDS and XPS

techniques. Electrochemical behavior was analyzed by cyclic voltammetry (CV), electrochemical

impendence (EIS) and chronoamperometry techniques. XRD analysis revealed a hexagonal structure and

crystalline nature of CuSe/PVP. FTIR spectra depicted C–N bonding at 1284 cm−1 and C]O stretching

at 1634 cm−1, which indicated the presence of PVP in the nanocomposite. Stretching at 823 cm−1 was

attributed to the presence of copper selenide. UV-visible absorption indicated the bandgap of copper

selenide/PVP at 2.7 eV. SEM analysis revealed a flake like morphology of CuSe/PVP. EDS and XPS analysis

confirmed the presence of copper and selenium in the prepared nanocomposite. Prior to employing for

biosensing applications, it is important to evaluate the antibacterial activity of nanomaterials for long

term use in biological in vitro testing. These materials have shown an efficient inhibition zone of 26 mm

against Gram negative Pseudomonas at 50 mg ml−1 and MIC value of 10 mg ml−1. Cyclic voltammetry

shows that CuSe/PVP is a promising biosensor for monitoring glucose levels in a wide linear range of 0.5

mM to 3 mM at an excellent sensitivity of 13 450 mA mM−1 cm−2 with an LOD of 0.223 mM.

Chronoamperometry measurements revealed a selective behavior of CuSe/PVP for glucose biosensing

amongst ascorbic acid and dopamine as common interfering molecules. The nanocomposite was stable

after 8 repeated cycles with 92% retention for glucose sensing capacity. This is attributed to the stable

nature of the CuSe/PVP nanocomposite as well as higher surface area of available active sites. Herein the

CuSe/PVP nanocomposite offered reasonable selectivity, high sensitivity wide linear range with very low

LOD, as well as being abundant in nature, this Cu based biosensor has promising applications for future

point of care tests (POCT).
1. Introduction

Diabetes is a silent and potentially deadly condition that oen
remains asymptomatic until it reaches an advanced stage,
leading to severe complications.1 Prediabetes, the early stage of
diabetes, typically manifests without noticeable symptoms in
patients. This condition is commonly attributed to factors such
as overeating, obesity, genetic predisposition, and stress.
Unfortunately, the diagnostic process for prediabetes is
complex and time-consuming, necessitating the development
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the Royal Society of Chemistry
of a rapid screening test for this life-threatening disease. It is
crucial to identify diabetes at an early stage in both diabetic
patients and individuals without symptoms through contin-
uous monitoring of glucose levels, as this facilitates timely
intervention and the adoption of preventive measures.
Although commercially available strip-based glucose detectors
are commonly employed for blood glucose analysis, their
limited shelf life, low sensitivity, lack of reusability, and high
cost emphasize the need for an alternative solution in glucose
sensing.2–4

Glucose biosensors can be broadly categorized into two
types: enzymatic and non-enzymatic. Traditional glucose
sensors used in blood detection rely on the glucose oxidase
(Gox) enzyme, which is highly sensitive to environmental
factors like temperature and humidity. Furthermore, the
limited lifespan of the enzyme poses challenges to the stability
RSC Adv., 2023, 13, 26755–26765 | 26755
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and reproducibility of enzymatic glucose sensors. Moreover,
enzymatic sensors exhibit the oxidation of interfering
substances, leading to decreased selectivity for glucose as the
target analyte. To overcome the pH and temperature depen-
dency observed in enzyme-based sensors, the development of
non-enzymatic glucose sensors has become crucial. Non-
enzymatic glucose biosensors have garnered signicant
interest in the scientic and technological domains due to their
high stability, sensitivity, affordability, and ease of
preparation.5–7

Non-enzymatic electrochemical sensors involve directly
depositing a sensing material onto the electrode surface,
enabling unrestricted electron ow and enhancing conduc-
tivity. By utilizing non-biological materials, these sensors
ensure analytical sensing remains unaffected by working
conditions, temperature, or pH. This type of electrochemical
sensor has experienced signicant advancements in recent
years. Various enzyme-free glucose sensors have been devel-
oped, employing different materials such as metal nano-
structures and carbon nanomaterials. These materials are oen
immobilized using binders; however, non-conductive polymer-
based binders can impede catalysis by inhibiting rapid elec-
tron transfer and diminishing sensitivity.8–11 In contrast, metals
like cobalt, nickel, and iron have been utilized for glucose
oxidation, offering advantages such as their abundance, low
cost, and eco-friendliness.12,13 Metallic alloys and compounds,
such as Co and Ni, Ni and Fe, and Ni and Cu, have also
demonstrated excellent electrochemical glucose biosensing
capabilities.14–17 Copper, due to its favorable electrochemical
properties and cost-effectiveness, is considered an ideal mate-
rial for the development of electrochemical biosensors.
Copper's abundance on Earth makes it highly accessible for
various catalytic applications.18–20 Recent studies have high-
lighted the superior catalytic activity of copper nanoparticles,
which offer a multitude of active sites for enzyme-free glucose
biosensing. However, nanoparticles are prone to agglomera-
tion, leading to reduced catalytic activity. Nanocomposite of
metal oxide and conducting polymer, not only enhance the
reactive sites but also supports the material from agglomera-
tion. Transition metal chalcogenides (TMC) are the recent
highlights in electrochemical sensing and charge storage
devices because of their superior catalytic performance owing to
the high degree of covalency and reduced anion electronega-
tivity. Moving from top to bottom in chalcogens, electronega-
tivity decreases, that results in higher electrocatalytic activity. In
a series of studies conducted, from NiO to NiTe, chalcogens
have shown improved water splitting redox reactions moving
down the group in periodic table from oxide to telluride.
Moreover, copper selenide is biocompatible and possesses
antimicrobial properties.21,22 Copper based material exhibit
compatibility with biological systems, ensuring minimal
adverse effects and maintaining the integrity of the sensor. For
this purpose, we also conducted thorough antibacterial activi-
ties for CuSe/PVP nanocomposite prior to use in biosensor
applications. By employing a biocompatible sensing material,
the sensor can effectively interact with the target analyte while
26756 | RSC Adv., 2023, 13, 26755–26765
minimizing any unwanted interactions with other substances,
thus enhancing both sensitivity and selectivity.

The focus of this paper is to investigate the potential of
copper selenide and polyvinylpyrrolidone based nano-
composites for glucose detection. Antibacterial in vitro investi-
gations were also conducted for CuSe/PVP nanocomposites, to
evaluate the withstand potential of nanocomposite during
glucose biosensing. The composite of both materials exhibited
high stability and wide linear range for detection of glucose. The
CuSe/PVP composite demonstrates exceptional performance in
detecting glucose levels at very low concentrations with wide
linear range and high selectivity for glucose amongst common
interferants ascorbic acid and dopamine. As previous reports
were based on CuO, CuO–ZnO, CuS, CuO/polymer, CuSe and
their alloys for biosensing applications, this is a novel and
comprehensive exploration of CuSe/PVP nanocomposites for
glucose biosensing.

2. Methodology
2.1. Chemicals

Sigma-Aldrich was the source for obtaining selenium (Se)
powder of the highest purity (99.9%), copper sulfate pentahy-
drate with a purity of 99.9%, PVP (polyvinylpyrrolidone),
dimethylformamide (DMF) and ammonia (NH3).

2.2. Instrumentation

To investigate the structural and crystallographic insight of
CuSe/PVP, powder XRD analysis was utilized with Cu Ka (l =

1.54178 Å) rays. X-ray diffraction pattern of CuSe/PVP was
measured at room temperature between 20° and 80° q. The scan
rate used is 1° min−1. FTIR is the spectral analysis of the
chemical compound which provides the information about
functional groups present in the sample. FTIR of CuSe/PVP is
measured between the range of 4000 cm−1 to 400 cm−1 by using
(SHIMADZU) spectrometer. For detecting the optical properties
of CuSe/PVP, a UV-visible spectroscopy was employed. To
investigate the micro structural image of the prepared sample,
SEM technique is used. For this, ZEISS Sigma 500VP is used
which is also equipped with EDX unit. XPS measurements were
performed using a Scienta-Omicron XPS instrument that was
equipped with a micro-focused monochromatic Al K Alpha X-
ray source and the Gamry 1000 potentiostat at room tempera-
ture was used for electrochemical measurements.

2.3. Antibacterial analysis of CuSe/PVP nanocomposite

To examine the susceptibility of copper selenide and PVP
against different bacteria, disk diffusion method was employed.
Two-gram negative bacteria i.e.; Escherichia coli and Pseudo-
monas aeruginosa were used. These two bacteria were obtained
from Bahawalpur Victoria Hospital, Bahawalpur. Clad agar and
nutrient agar were used as a medium. Prepared solution of
antibiotic (copper selenide and PVP) is distributed equally on
the disks. These disks were then placed in disinfected condi-
tions. Aer that, placed it on agar plates comprising bacteria
with a disk that has measured quantity of antibiotics,
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 X-ray diffraction analysis of copper selenide–PVP.

Table 1 Cell volume and lattice parameters of CuSe/PVP

Lattice parameters CuSe/PVP
CuSe
(JCPDS card)

a (Å) 3.96 3.94
c (Å) 17.18 17.25
Volume 233.69 231.91
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tigecycline (TGC) as well as levooxacin (LEV) at the central area
of plate. For 24 h, incubated these plates under the temperature
of 37 °C. For the performance of antibiotics against bacteria,
their respective zone of inhibitions were measured.

2.4. Synthesis of CuSe/PVP

For synthesis of CuSe/PVP a one pot co-precipitation method
was applied. Briey, 0.125 g of CuSO4$5H2O was added in 50 ml
DMF. Stirred for an hour until a complete dissolution of
CuSO4$5H2O was acquired. Small amount of selenium powder
added into a cleared mixture and stirred for an hour. A mild
aqua colored solution was obtained. Aer this, 0.5 g of PVP was
added and stirred it for another 20 minutes. With the help of
ammonia, pH of the solution was maintained. Finally,
a blackish precipitate were obtained. These precipitates were
cooled down to room temperature and then dried at 200 °C in
oven.

3. Results and discussion
3.1. XRD analysis

XRD diffraction peaks of copper selenide and poly-
vinylpyrrolidone proves the hexagonal structure of CuSe/PVP.
Peaks in the following gure were also conrmed with JCPDS
card no. 00-006-04.23

The diffraction peaks shown above at 2q (Bragg's angle) are
28.37°, 31.37°, 45.38°, 53.39°, 66.26° and 75.42° are very similar
with standardized JCPDS card no. 00-006-0427. Their planes are
(1 0 2), (0 0 6), (1 0 7), (2 0 1), (2 0 7) and (2 1 3) respectively. But,
in literature24 the planes are slightly different. This is due to the
presence of polymer. In Fig. 1, peak at 22.51° shows the pres-
ence of PVP. Similar peak of PVP is observed in pure PVP
graph.25 Peak at 31.37° indicated the highest diffraction inten-
sity of CuSe with their desired orientation along (0 0 6) direc-
tion. This highest peak is also observed in the synthesis of CuSe
nano-powder.17 The hexagonal phase structure of CuSe/PVP has
the low coordinate geometry which may enhance the electro-
catalytic property as previously been observed in other metal-
selenide electrocatalysis.26

Grain size of CuSe/PVP is 6.586 nm. The grain size of CuSe as
deposited thin lms is greater grain size than CuSe/PVP powder.
Moreover, CuSe thin lms annealed at different temperature
changes its grain size as illustrated earlier.27,28 As FWHM
increases, the interplanar spacing also increases. Moreover, the
dislocation density decreases as the crystal size increases.
Lattice parameters a, c and unit volume of CuSe/PVP composite
is shown in the following Table 1. It is almost similar to JCPDS
card no. 00-006-042.

3.2. FTIR spectrum analysis

Stretching at 1284 cm−1 shows C–O bond that conrms the
presence of PVP in the sample. Another stretching at 1634 cm−1

shows C]N bonding which also conrms the presence of PVP
in sample. Almost same peaks were observed in the poly-
vinylpyrrolidone capped gold nanoparticles as a function of
pH.29 Presence of CuSe has been indicated at 823 cm−1. Our
© 2023 The Author(s). Published by the Royal Society of Chemistry
results correlate well to another report,30 where two-stage
synthesis and characterization of CuSe/PVP nanocomposite
thin lms also conrmed the peaks of CuSe. This FTIR veried
the presence of PVP in the compound at a prominent peak
1284 cm−1. The shi from 1290 cm−1 to 1284 cm−1 and
1660 cm−1 to 1634 cm−1 is due to the strong interaction of
copper selenide with PVP. These results clearly conrm the
formation of CuSe/PVP composite (Fig. 2).
3.3. UV/visible spectroscopy

UV/vis spectroscopy of CuSe/PVP synthesized by sol–gel method
can easily be calculated. The absorption spectrum of as
prepared CuSe/PVP composite is shown is the Fig. 3a. The broad
absorption edge is present in the range of 500–800 nm. It is
reported that,31 copper selenide thin lms deposited by chem-
ical bath deposition also observed the similar range. With the
help of Tauc plot method, we have following relation;

(hn − Eg)
n = ahn (1)

Photon energy is denoted by;

hc/l = hn (2)

where;

hn = 1240/wavelength (3)
RSC Adv., 2023, 13, 26755–26765 | 26757

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra03175f


Fig. 2 Comparison of FTIR spectra between CuSe/PVP and pure PVP.
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By the help of these equations, we can easily nd out the
band gap energy of the prepared sample.

It is determined from Fig. 3b that CuSe/PVP shows the value
of band gap at 2.7 eV. It has been reported earlier that CuSe has
band gaps at 2.4 eV and 2.5 eV.31 It is also observed in ref. 32 that
the CuSe thin lms shows the band gap energy at 2.4 eV. Band
gap energies at 1.7 eV, 2.01 eV and 2.8 eV are also reported in
ref. 33 and 34. Ranging from 1.5 to 3 eV in the reference report
depicts the presence of CuSe in composite. This conrms the
improved crystal structure of the conned nanocomposite.35
3.4. SEM and EDS of CuSe/PVP

SEM images of CuSe/PVP have been obtained at different
magnications. SEM measurements have shown that CuSe/PVP
nanoakes-like morphology are in agreement with reported
literature.17 Nano-akes in any nanocomposite or nanomaterial
offers high surface area for the absorption of analytes. Fig. 4a
shows nano-akes having thickness of 50 nm. The thickness of
a single ake is less than 100 nm as shown in Fig. 4a which is an
agreement with reported literature.35 It is a compact structure that
is composed of small, closely packed and well-dened
Fig. 3 UV-visible spectrum and band gap of copper selenide and polyv

26758 | RSC Adv., 2023, 13, 26755–26765
microcrystals that are visible in Fig. 4b.27 In Fig. 4c, there aremany
small particles and pores that are formed due to the low nucle-
ation of the crystal's growth rate. SEM of CuSe/PVP conrms that
nanocomposite is well organized and dispersed. This nano-
composite with higher surface area can be efficient for the
absorption of glucose regarding biosensing. EDS of CuSe/PVP has
validated the presence of copper and selenium in the composite.
The atomic percentage of Cu and Se elements is 22.3% and 31.9%
respectively. Fig. 4d conrms the presence of PVP in nano-
composite as carbon, nitrogen and oxygen are present with atomic
percentage of carbon 17.4%, oxygen is 10.7% and nitrogen was
3.2%.24 Fig. 5 shows the uniform distribution of Cu and Se in the
nanocomposite in an elemental mapping.

3.5. XPS analysis of CuSe/PVP nanocomposite

High-resolution XPS scans of Cu 2p and Se 3d core level are
depicted in Fig. 6a–d. Cu 2p3/2 peak is deconvoluted into two
peaks leveled at 932.20 eV and 933.75 eV, which corresponds to
Cu2O and CuO respectively. The major component is copper in
the form of Cu2+ states. These values are in good agreement
with literature 36 and 37. Se 3d spectra is dissolved into two
peaks separated by DE = 0.8 eV due to spin orbit coupling. The
rst peak is attributed to Se 3d5/2 positioned at 59.4 eV corre-
spond to selenium in divalent form. Two prominent peaks at
930 and 950 eV depict Cu p3/2 and Cu p1/2 respectively. These
peaks are representation of Cu(I) state in the nanocomposite.
While other peaks around 940 and 960 eV respectively were
evident for Cu(II) state in nanocomposite see Fig. 6. This clearly
demonstrates that Cu two p states form a heterojunction which
helps in glucose sensing characteristics enhancement. Presence
of C 1s at 288 and 284 eV (6c) and O 1s at 530 eV (6d) presence of
these peaks is a conrmation of bonding between Cu and PVP
in this nanocomposite. Cu in this nanocomposite exists in both
ionic states as evident from their peaks. Although Cu in its Cu(I)
form exhibits 3d10 conguration which should be more stable
than Cu(II), but the hydration energy of later is more −ive than
former, which compensates for ionization energy values as
well.36,37
inyl pyrrolidone.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 (a)–(c) Shows SEM images of CuSe/PVP nanocomposite and (d) shows EDS analysis report.

Fig. 5 Shows EDS elemental mapping of images of CuSe/PVP nanocomposite, showing a uniform distribution of Cu and Se in the
nanocomposite.

© 2023 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2023, 13, 26755–26765 | 26759

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

7.
10

.2
02

5 
10

:3
3:

09
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra03175f


Fig. 6 Cu 2p core-level XPS spectrum in CuSe/PVP (a) and Se XPS analysis in CuSe/PVP (b). Presence of C 1s at 288 and 284 eV (c) and O 1s at
530 eV (d).
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3.6. Results of antibacterial activity

This activity was performed against E. coli which is a Gram-
negative bacterium. Mead et al.38 estimated, in 1999 that this
organism was accountable for about 73 000 human illness cases
and 61 deaths each year in United States of America. Pseudo-
monas aeruginosa is a Gram-negative, rod shape bacteria that
oxidize positively belongs to the family Pseudomonadaceae.
Recent studies have shown that Pseudomonas is an antibiotic
resistant bacterium. Zone of inhibition shows the effect of
Fig. 7 (a) Inhibition zone of CuSe/PVP against E. coli increases by incre
sample. (b) Inhibition zone of CuSe/PVP against Pseudomonas also incr
ml−1) of a sample.

26760 | RSC Adv., 2023, 13, 26755–26765
CuSe/PVP at different concentrations. It can be clearly seen that
the composite has shown more phenomenal results as the
concentration of composite increases. Among three concentra-
tions (20, 30, 50 mg ml−1) of the composite, antibacterial effect
of 50 mg ml−1 of CuSe/PVP against Gram negative E. coli has
shown more inhibition zone (18 mm) than the other two
concentrations (Fig. 7a). The antibacterial effect of 50 mgml−1 of
CuSe/PVP against Gram negative Pseudomonas has shown
higher inhibition zone (26 mm) than the other two
asing the concentration (20 mg ml−1, 30 mg ml−1, 50 mg ml−1) of the
eases by increasing the concentration (20 mg ml−1, 30 mg ml−1, 50 mg

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Comparison of antibacterial activity of CuSe/PVP with literature reports

Sr. no. Sample Bacteria
Concentration
of sample (mg ml−1)

Zone of inhabitation
(mm) References

1 CuS/PVA/CS Pseudomonas 20 000 18 39
2 CuSe Pseudomonas 60 12 40
3 CuS Pseudomonas 40 12 41
4 CuO Pseudomonas 40 26 41
5 CuSe Enterococcus faecalis 160 12 42
6 CuSe E. coli 310 14 42
7 PVP-B E. coli — 2.4 43
7 CuSe/PVP E. coli 20 11 This work
8 CuSe/PVP E. coli 30 14 This work
9 CuSe/PVP E. coli 50 18 This work
10 CuSe/PVP Pseudomonas 20 19 This work
11 CuSe/PVP Pseudomonas 30 22 This work
12 CuSe/PVP Pseudomonas 50 26 This work

Fig. 8 Scan rate effect on electrochemical response of CuSe/PVP
nanocomposite (a), linear regression of scan rate (b).
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concentrations (Fig. 7b). It is also observed that the zone of
inhibition of CuSe/PVP is higher in Pseudomonas (Gram nega-
tive) than E. coli. According to the disk diffusion method, it was
proposed that by increasing the concentration of the
© 2023 The Author(s). Published by the Royal Society of Chemistry
nanocomposite, inhibition zone also increases for both E. coli
and Pseudomonas as shown in the Table 2. From this study, it
was also observed that Pseudomonas is more susceptible to
CuSe/PVP than E. coli bacteria.

It has also been reported in ref. 42 that copper selenide
shows low antibacterial activity against micro-organisms. This
could be the reason of its limited antimicrobial study. Addi-
tionally, due to the presence of polyvinyl pyrrolidone (PVP) in
this composite, both bacteria become highly sensitive to the
composite. Large inhibition zone conrmed that the antibac-
terial nature of nanocomposite. Hence, it is elucidated that due
to the presence of a polymer, antibacterial activity of
a composite would be enhanced. Copper has ability to produce
Cu2+ ion that can easily penetrate and disrupt the cell
membrane.41–43 PVP makes the outer membrane more hydro-
philic resulting in the disruption of membrane rapidly. PVP
helps Cu to damage the cell membrane of Gram-negative
bacteria very quickly.44 Minimum inhibitory concentration
(MIC) of CuSe/PVP is 10 mg ml−1 for both bacterial strains. It is
the minimum concentration of the prepared sample that was
required to inhibit the growth of bacteria. Minimum inhibition
zones for E. coli and Pseudomonas are 3 mm and 5 mm
respectively.
3.7. Electrochemical glucose biosensing

Electrochemical measurements were carried out in a three
electrode cell, with Ag/AgCl as reference, platinum wire as
counter and glassy carbon (GCE) as working electrodes respec-
tively. 0.1 M NaOH was used as an electrolyte and the potential
window was swept between 0.5 and 1.5 V for different
experiments.45

3.7.1. Modication of working electrode for sensing. The
working electrode which carried the sensing materials was
polished with 0.05 mmalumina powder prior to use, and washed
in distill water aer ultrasonication step to remove residual
alumina. The surface area of this working electrode was 0.07
cm−2. Aer polishing the electrode the exposed surface was
modied with CuSe/PVP nanocomposite (NC). CuSe/PVP in
amount of 2 mg/2 ml of DI water was optimized as standard
RSC Adv., 2023, 13, 26755–26765 | 26761
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Fig. 9 (a) Sensitivity of CuSe/PVP and bare electrode for the addition of glucose. (b) CuSe/PVP response at different concentrations of glucose
from 0.5 mm to 3 mM. (c) Linear regression of glucose conc. vs. current response.
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stalk solution to be deposited on GCE. A 5 ml of this solution was
drop casted on electrode surface and dried in air overnight
before use in electrochemical set up as a sensing electrode.

3.7.2. Scan rate effect on sensing electrode. Three electrode
set up was used, which carried nanocomposite (NC) as a sensing
material on GCE in 0.1 M NaOH solution as an electrolyte. The
scan was swept between different rates from 25–350 mV s−1 as
shown in Fig. 8a. The electrochemical response was measured
against each scan rate. The anodic peak current Iap was regularly
increased with every scan rate. A linear relationship was ob-
tained between Iap vs. n1/2 i.e., square root of scan rate (Fig. 8b)
with a regression coefficient of 0.989, this signies that mech-
anism of electron transfer is diffusion controlled.

The Randles–Sevcik equation allows for the estimation of the
diffusion coefficient. Equation is given as follows;

Ip = (2.69 × 105)n3/2a1/2ACD1/2n1/2 (4)
26762 | RSC Adv., 2023, 13, 26755–26765
where, Ip = peak current, n = number of electrons involved in
the half-reaction for the redox couple (here, n= 1), A= electrode
area (0.07 cm−2), C = analyte concentration (1 × 10−3 mol
cm−3), a = transfer coefficient,46 D = diffusion coefficient (cm2

s−1), and n = scan rate (V s−1).
Diffusion coefficients were calculated using the slope of the

linear regression curves from Fig. 8b and were found to be 7.65
× 10−5 cm2 which shows fast electron transfer kinetics.

3.7.3. Estimation of sensitivity, LOD and linear range of
biosensor. Nanocomposite CuSe/PVP displayed higher sensi-
tivity towards glucose addition in electrolyte solution while,
bare working electrode did not show considerable current
enhancement see Fig. 9a. This remarkable change in response
is attributed to the higher surface area of nanocomposite and
more active reaction sites that resulted in higher electron
transfer kinetics.47,48
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 10 (a) Chronoamperometry of CuSe/PVP for sensing glucose amongst ascorbic acid, dopamine (b) and (c) and stability with regard to
current and adsorption of amino acid on sensing electrode after 8 cycles for glucose sensing.

Table 3 A comparison of different Cu based glucose biosensors re-
ported in literature

Nanocomposite
Sensitivity
(mA mM−1 cm−2)

LOD
(mM) References

CuSe 19 140 0.196 17
CuS/RGO/CuS/Cu 22 670 0.5 52
CuO/NiO/PANI/GCE 3402 2 53
CuO/rGO/CNT 9278 1 54
SiO2/C/CuO 472 0.06 55
Cu2–xSe 536 50 56
Cu2Se 18 660 25 57
CuO 627 0.2 58
Cu3Se2 18 500 2.8 59
NGA–CuO 233 2.7 60
Bi2Se3 0.112 6.1 61
CuSe/PVP 13 450 mA 0.223 This work
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A wide linear range of glucose concentration was analyzed by
the nanocomposite i.e., 0.5 mM−3 mM see Fig. 9b. This range is
critical for pre-diabetic and diabetic patients. Our investigated
sensor nanocomposite is active in this critical range with
a response time less than 5 s. Sensitivity was evaluated by linear
regression of conc. vs. current density response as shown in
Fig. 9c. Slope of the linear regression is represented by m and is
the sensitivity while, LOD was calculated as follows;

LOD = 3SD/m (5)

where SD is the standard deviation of blank. Sensitivity was
calculated to be 13 450 mA mM−1 cm−2 and the LOD was as
0.223 mA. These values show that sensor is ultrasensitive with
very low LOD values as compared to most of the reported
literature.48–50 A comprehensive comparison is given in Table 3.

3.7.4. Mechanism of electro-oxidation at electrode surface.
Glucose sensing mechanism by CuSe/PVP follows non-
enzymatic behavior, where Cu2+/Cu3+ redox couple is respon-
sible for catalytic response of nanocomposite. In alkaline media
with the help of OH− copper metal is oxidized to 2Cu(III)OOH
© 2023 The Author(s). Published by the Royal Society of Chemistry
complex, which further in step two oxidizes glucose to gluco-
nolactone and itself converts back to its reduced form. The
presence of two oxidation states in co-existence is also
conrmed by XPS analysis in Section 3.5.
RSC Adv., 2023, 13, 26755–26765 | 26763
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Cu(II) + 2OH− / Cu(III)OOH + e− + H2O (6)

Cu(III)OOH + glucose / gluconolactone + Cu(II) (7)

3.7.5. Chronoamperometric analysis for selectivity of
CuSe/PVP sensor. Detection of glucose present in blood
samples may be interfered by other biological species like
ascorbic acid, uric acid, dopamine etc. Chronoamperometry is
a technique that measures minute uctuation in current with
respect to time at a xed voltage. Selectivity response of CuSe for
glucose in the presence of interfering species ascorbic acid and
dopamine was recorded at 1.2 V and is plotted in Fig. 10a. As
glucose (1 mM) was added in electrolyte, an increase of 500 mA
in current was observed, but similar concentration of AA and
dopamine could not alter the current to this level. Nano-
composite has shown reasonable selectivity among common
interferents. At the same time, aer multiple uses as a sensing
material the stability and efficiency of the nanocomposite was
not affected as can be observed in Fig. 10b. The nanocomposite
was stable during 8 cycles of sensing glucose, the reason can be
attributed to synergistic effect of PVP and CuSe which enhances
the available surface area for the reaction as well as there was no
need of binder between glassy carbon electrode and
nanocomposite.49–51

4. Conclusion

CuSe/PVP was synthesized by a well-documented sol gel
method. XRD analysis indicated crystalline nature of materials
and average crystal size was 6.58 nm. FTIR spectra displayed the
occurrence of CuSe bonding at 823 cm−1. It shows the existence
of PVP at 1284 cm−1 and 1635 cm−1. UV/vis spectra showed
absorbance above 400 nm. It shows band gap at 2.7 eV. Anti-
bacterial activity shows that inhibition zone increases as the
concentration of CuSe/PVP increases. The biggest inhibition
zone is 26 mm for Gram negative Pseudomonas at the concen-
tration of 50 mg ml−1 of CuSe/PVP. The electrodeposited CuSe/
PVP indicate high-level sensitivity and super efficiency for
monitoring oxidation of glucose having sensitivity of 13 450 mA
mM−1 cm−2, limit of detection of 0.223 mM and a linear range of
0.5 mM to 3 Mm, stability of long time and exceptional selec-
tivity displayed by chronoamperometry amid ascorbic acid, as
interferent. All of these results disclose excellent potential of
electrodeposited CuSe/PVP on the electrode operating highly-
productive, competent and economical glucose biosensor
appropriate for practical applications.

Conflicts of interest

There are no conicts to declare.

Acknowledgements

Authors would like to acknowledge the Islamia University of
Bahawalpur Pakistan and National Center for Physics (NCP),
Islamabad, Pakistan for nancial and technical assistance.
26764 | RSC Adv., 2023, 13, 26755–26765
References

1 K. M. Bullard, C. C. Cowie, S. E. Lessem, S. H. Saydah,
A. Menke, L. S. Geiss, T. J. Orchard, D. B. Rolka and
G. Imperatore, Morb. Mortal. Wkly. Rep., 2018, 67, 359–361.

2 A. L. Galant, R. C. Kaufman and J. D. Wilson, Food Chem.,
2015, 188, 149–160.

3 A. T. Kharroubi and H.M. Darwish,World J. Diabetes, 2015, 6,
850–867.

4 A. Stokes and S. H. Preston, PLoS One, 2017, 12, 117–219.
5 G. Rocchitta, A. Spanu, S. Babudieri, G. Latte, G. Madeddu,
G. Galleri, S. Nuvoli, P. Bagella, M. I. Demartis, V. Fiore,
R. Manetti and P. A. Serra, Sensors, 2016, 16, 780.

6 R. Gaia, S. Angela, B. Sergio, L. Gavinella, M. Giordano,
G. Grazia, N. Susanna, B. Paola, D. Maria Ilaria, F. Vito,
M. Roberto and S. Pier Andrea, Sensors, 2016, 16, 780.

7 R. Wilson and A. P. F. Turner, Biosens. Bioelectron., 1992, 7,
165–185.

8 A. A. Saei, J. E. N. Dolatabadi, P. Naja-Marandi, A. Abhari
and M. de la Guardia, TrAC, Trends Anal. Chem., 2013, 42,
216–227.

9 J. Luo, S. Jiang, H. Zhang, J. Jiang and X. Liu, Anal. Chim.
Acta, 2012, 709, 47–53.

10 H.-X. Wu, W.-M. Cao, Y. Li, G. Liu, Y. Wen, H.-F. Yang and
S.-P. Yang, Electrochim. Acta, 2010, 55, 3734–3740.

11 Z. Zhu, L. Garcia-Gancedo, A. J. Flewitt, H. Xie, F. Moussy
and W. I. Milne, Sensors, 2012, 5996–6022.

12 T. Chen, D. Liu, W. Lu, K. Wang, G. Du, A. M. Asiri and
X. Sun, Anal. Chem., 2016, 88, 7885–7889.

13 P. K. Kannan and C. S. Rout, Chem, 2015, 21, 9355–9359.
14 K. Ramachandran, T. Raj kumar, K. J. Babu and G. Gnana

Kumar, Sci. Rep., 2016, 6, 36583.
15 J. Yang, X. Liang, L. Cui, H. Liu, J. Xie and W. Liu, Biosens.

Bioelectron., 2016, 80, 171–174.
16 M. Ranjani, Y. Sathishkumar, Y. S. Lee, D. Jin Yoo, A. R. Kim

and G. Gnana Kumar, RSC Adv., 2015, 5, 57804–57814.
17 S. Umapathi, H. Singh, J. Masud and M. Nath, Mater. Adv.,

2021, 2, 927–932.
18 J. Masud, W. P. R. Liyanage, X. Cao, A. Saxena and M. Nath,

ACS Appl. Energy Mater., 2018, 1, 4075–4083.
19 Y. Wang, S. Liu, Y. Lai, Y. Zhu, R. Guo, Y. Xia, W. Huang and

Z. Li, Sens. Actuators, B, 2018, 262, 801–809.
20 W. Zhu, J. Wang, W. Zhang, N. Hu, J. Wang, L. Huang,

R. Wang, Y. Suo and J. Wang, J. Mater. Chem. B, 2018, 6,
718–724.

21 X. Hao, J. Jia, Y. Chang, M. Jia and Z. Wen, Electrochim. Acta,
2019, 327, 135020.

22 N. G. Mbewana-Ntshanka, M. J. Moloto and P. K. Mubiayi, J.
Nanotechnol., 2021, 18, 1–4.

23 X. Li, M. Chen, R. Rui, Z. Wan, F. Chen, X. Zuo, C. Wang and
H. Wu, Int. J. Electrochem., 2019, 14, 4327–4337.

24 K. Kaviyarasu, A. Ayeshamariam, E. Manikandan,
J. Kennedy, R. Ladchumananandasivam, U. U. Gomes,
M. Jayachandran and M. Maaza, J. Mater. Sci. Eng. B, 2016,
210, 1–9.
© 2023 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra03175f


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

7.
10

.2
02

5 
10

:3
3:

09
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
25 S. Thirumavalavan, K. Mani and S. Sagadevan, Mater. Res.,
2015, 18, 1000–1007.

26 W. El Hotaby, H. Sherif, B. Hemdan, W. Khalil and S. Khalil,
Acta Phys. Pol., A, 2017, 131, 1554–1560.

27 J. Masud, P. C. Ioannou, N. Levesanos, P. Kyritsis and
M. Nath, ChemSusChem, 2016, 9, 3128–3132.

28 V. M. Bhuse, P. P. Hankare, K. M. Garadkar and
A. S. Khomane, Mater. Chem. Phys., 2003, 80, 82–88.

29 R. Seoudi, M. M. Elokr, A. A. Shabaka and A. Sobhi, Eurasian
Chem.-Technol. J., 2008, 10, 25–30.

30 V. A. Dhumale, R. K. Gangwar, S. S. Datar and R. B. Sharma,
Mater. Express, 2012, 2, 311–318.

31 Y. E. Firat and A. H. Peksoz, J. Alloys Compd., 2017, 727, 177–
184.

32 S. Thirumavalavan, K. Mani and S. Sagadevan, Mater. Res.,
2015, 18, 1000–1007.
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