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ABSTRACT

Nanomaterials are mostly used for creating an
electroanalytical biosensor and nanosensor. In the
last decades, sensor technology has become very
popular in the biomedical and pharmaceutical
industry, medical field, food industry, marine
sector, etc. with its wide applications.
Electroanalytical biosensors are analytical devices
that convert a biological response into an electrical
signal. New detection technologies need to be
more clearly sensitive than the current
technologies to be seriously investigated for
adoption. Therefore, electroanalytical biomarker
studies and strategies for wusing different
nanomaterials are continuously being verified,
developed and utilized to increase the sensitivity of
biomarkers determination in the cells, body fluids
and tissues in the early stages of some diseases.
Nowadays, electroanalytical nanosensors have
been applied to the wide area, with good
advantages. They have very low detection limits
and wide linear response range with excellent
sensitivity, good stability and reproducibility when
compared to other methods. Carbon is one of
excellent and the most “multipurpose” elements.
Its capability is incredible to create different
compounds. Fullerene was the first discovered
carbon-based materials. Carbon based
nanomaterials provide better stability and
sensitivity as compared with the traditional
methods. In this conference summary, the
properties and contribution of the carbon-based
nanomaterials to the electrochemical nanosensor
were explained. Moreover, the application of
carbon-based  nano(bio)sensor and  future
perspectives of electrochemical sensors were
referred to.

INTRODUCTION

Nanotechnology is the study of science,
engineering, and technology at the nanoscale,
which is measured in several nanometers up to 100
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nanometers. Nanosensors are nanotechnology-
based sensors that detect a number of analytes by
binding with analytes, producing and processing
signals. They have many advantages such as
sensitivity, selectivity, rapid response, real-time
detection, and low cost [1]. In addition,
nanosensors have been used in many different
applications in biotechnology, drug delivery,
agriculture, environmental safety, military, and
health diagnostics [2]. Nanomaterials show
excellent properties such as chemical and physical
stability, lower density, high surface-to-volume
ratio, and a high percentage of atoms or molecules
on the surface [3]. Especially carbon nanomaterials
have attracted considerable interest as a
consequence of their electronic and
physiochemical aspects that makes them suitable
for batteries, supercapacitors, solar cells,
photocatalysis, bioimaging, and sensors [4]. They
have been wused in electrochemical sensor
applications owing to increment in electrical
conductivity, chemical and physical stability, and
high adsorption capacity for a variety of analytes
[4]. There are many studies about using carbon
materials as nanosensors which are fullerene,
carbon nanotubes, graphene nanosheet, carbon
nanofibers, and carbon nanohorns for analysis of
pharmaceuticals compounds [5-9]. Recently,
carbon materials can be used for the detection of
different human viruses, and a popular research
topic that molecularly imprinted polymers [10,11].
The future of nanosensors and biosensors will rely
on lab-on-a-chip systems and point of care testing.

RESULTS AND DISCUSSION

Electrochemical biosensors and nanosensors have
significant advantages over other methods such as
very low limit of detection values, great sensitivity,
good stability, and reproducibility [12,13]. As the
demand for smaller, faster, cheaper, and
ultrasensitive quantification of samples rapidly
increases, these methods provide a viable path
toward the next generation of electrochemical
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sensors. Since the first discovery of nano-sized
carbon-based materials, i.e., graphene, carbon
nanofiber, and carbon nano-onion, they have been
widely used in electrochemical nano(bio)sensor
applications due to their electrocatalytic features
[14,15]. As carbon-based nanomaterials developed
and diversified over time, classifications were
made according to their molecular models and

structures. The most well-known and most
frequently used carbon nanomaterials in the
literature are classified as follows: Zero-
dimensional (0D) carbon nanomaterials (i.e.,
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fullerene, carbon quantum dots, carbon nano-
onion, nanodiamond, etc.), one-dimensional (1D)
carbon nanomaterials (i.e., single and multi-walled
carbon nanotubes, nanohorns), two-dimensional
(2D) carbon nanomaterials (i.e., graphene,
nanoribbons, multilayer graphitic sheets), and
three-dimensional (3D) carbon nanomaterials (i.e.,
nanotube networks, graphite) [16-19].
Classification of 0D, 1D, 2D, and 3D carbon
nanomaterials is given in Figure 1.

LS J‘:I

" Nanoribbons

Ml

Figure 1. Classification of carbon nanomaterials by dimensionality

When the latest applications of electrochemical
nano(bio)sensors are examined in the literature, it
is seen that more effective results are obtained
with the synergistic effect of the use of multiple
nanomaterials. Obtained highly sensitive, more
affordable, easy to apply, and portable
electrochemical sensors provide a wide range of
applications in  environmental monitoring,
pharmaceutical analysis, biomedical analysis,
diagnostics, etc. It is expected that future studies
and applications will be more focused on point-of-
care devices and lab-on-a-chip systems that can
offer rapid and user-friendly analysis options. Table
1 summarizes the electrochemical sensor
applications of selected carbon-based
nanomaterials for the determination of various
analytes.

CONCLUSION

The integration of nanomaterials  with
biomolecules and electrochemistry is expected to

produce major advances in the field of
electrochemical nano(bio)sensors. Throughout this
summary, the carbon nanomaterials are attractive
materials for electrochemical sensors applications,
because of their several advantages such as lower
detection limits, sensitivity, good stability, and
reproducibility.  Carbon  nanomaterials are
classified into four dimensions. All of them have
different properties. Due to the outstanding
physical and electrical properties of fullerene,
graphene, and carbon nanotubes, highly selective
and sensitive detection of analytes has been
shown.

The future of nanomaterials-based sensors has
several benefits in sensitivity and specificity over
sensors made from traditional materials. They will
depend on lab-on-a-chip systems in order to
miniaturize biochemical analysis systems and they
offer significant advantages in cost, response
times, and real-time monitoring, which makes
nanosensors  suitable  for  high-throughput
applications.
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Table 1. Recent applications of electrochemical carbon-based nanosensors on pharmaceuticals.

Modifier Analyte Metho Linear Range LOD Real Reference
d sample
Ceo@COFs/AuE Tobramycin EIS 2.14 nM-10.7 pM 2.95fM Milk [20]
River
ND/GCE Bisphenol A SWv 0-50 uM 5nM NA [21]
FeC-AuNPs- Serotonin SWvV 0.05-20 uM 17 nM Urine
MWCNT/SPCEs
CNHs-CHI@ PtNPs/  Morphine MDMA DPV 0.05-25.4 um 0.02 uM Serum [22]
GCE 0.05-25.4 uM 0.018 uM Urine
TisCoTxR/CNT/GCE Hg?* ASV 0.01-7.0 uM 5.2nM Lake [23]
MGO@MIPy/SPCE Malondialdehyde DPV 0.01-100 um 0.01 uM Serum [24]
Zn/Zn(OH),/GrE Cu () SWASV 0.6 uM-0.1 nM 0.903 nM Local [25]
source
water

NA: Not Applicable, MDMA: 3,4-methylenedioxymethamphetamine, COFs: Covalent organic frameworks, FeC: Ferrocene, AuNPs:
Gold nanoparticles, MWCNT: multi-walled carbon nanotubes, TisC;TyR: TisC,Tx MXenes nanoribbons, CNT: Carbon nanotube, MGO:
Magnetic graphene oxide, MIPy: Molecularly imprinted polypyrrole, ND: Nanodiamond, AuE: Gold electrode, SPCEs: Screen-printed
carbon electrodes, GCE: Glassy carbon electrode, GrE: Graphite electrode, EIS: Electrochemical impedance spectroscopy, SWV:
Square wave voltammetry, ASV: Anodic stripping voltammetry, SWASV: Square wave anodic stripping voltammetry
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