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1. Introduction

Sensors are analytical devices that detect any change or reaction and
responds to some type of input from the physical environment. The first bio-
sensor for detection of glucose in blood was invented by Leland C. Clark
who is also referred to as the “Father of Biosensors” [1]. In recent times,
the use of biosensors has increased owing to their advantages such as high
specificity and sensitivity, rapid results, reliability, easy handling and PoC
diagnostics [1-3]. Due to these advantages over older conventional
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diagnostic methods [4,5], biosensors have paved their way into medical diag-
nostics [6], environmental impact analysis [7—9], food industry, marine sec-
tor etc. [3,10].

Each biosensor device comprises of three parts, namely, a biological rec-
ognition element, a transducer, and a signal processor. The recognition ele-
ment may be an organic or inorganic substance that specifically binds to the
target analyte, in this case, a biomolecule [11]. The transducer converts the
chemical reaction into a detectable signal, which may be an electrical or
optical or piezoelectric signal. The signal processor amplifies and records
the signal for data representation [1,12,13].

Biosensors are classified based on the different type of recognition ele-
ment, transducer or amplifier used. On the basis of the type of recognition
element [12], biosensors are often classified into enzymatic sensors [14—16],
immunosensors [13,17—19], DNA based sensors [20—22], aptamer based sen-
sors [23,24] or whole cell microbial biosensors [25—28]. Based on the type of
transducer, biosensors can be categorized into four types- Electrochemical
biosensors [29,30], Optical biosensors [31-33], Piezoelectric biosensors
[34-36], and Thermal biosensors [37—39]. Another mode of classification
is based on the amplifying material, mainly nanomaterial [40,41], used such
as gold nanoparticles [42,43], graphene [13,17,19], etc.

It is a well-established fact that graphene based biosensors are one of the
most sensitive. Graphene is honey comb like structure formed with single
thick planer carbon sheet [44]. It is a two-dimensional (2D) nanomaterial
that has made a major contribution in the sensor and electronic industries.
Its properties are similar to those of semimetals and is found to be stable
under suitable conditions [45]. Graphene has been utilized in biosensors
because of its numerous advantages which include a high electron transfer
rate, large surface area, its ability to immobilize molecules and increased
electrical conductivity [46]. The larger surface area promotes active sites for
charge-biomolecular interaction which assists in proper functionalization/
immobilization [47] that leads to enhanced sensing of the target molecule
for increased sensitivity. Moreover graphene is easily available and also cost-
effective as compared to other material such as metallic nanoparticles.

Nanomaterials made up of graphene and its derivatives have contributed
to the fabrication of different types of advanced biosensors as demons-
trated in Fig. 1. In recent years, novel sensing platforms are in high demand
for immobilizing biomolecules, such as DNA, antibodies, antigen, etc. for
creating highly sensitive and selective biosensors. Different strategies were
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Fig. 1 Flow chart representing the types of graphene biosensors based on principles of
detection such as electrochemical, fluorescence, colorimetric (SPR), piezoelectric and
magnetic and target analytes such as disease biomarkers, whole-cells, toxins/drugs
and nucleic acids.

used for the attachment of analyte on the surface of graphene based
nanoparticles such as covalent coupling method via polyethylene glycol
(PEG) [48,49] coating, EDC-NHS [50-53] or physisorption [19]. There
are numerous graphene based sensors which have been developed for detec-
tion of cancer markers [19], pathogen detection [54-56], and early diagnosis
of various other deadly diseases [13]. Several implantable devices have also
been reported for the real time measurement of glucose levels in diabetic
patient, respiration rate, heart rate, body temperature, electrocardiogram
signals, etc. [57] using graphene and its derivatives as well as analytical lab
on chip platforms [58—60].

2. Characteristics and classification of graphene and its
derivatives

In recent years, different forms of graphene and its derivatives have been
utilized in the fabrication and development of sensors and biosensors in various
field such as, detection of narcotic drugs and toxins [61], medical theranostics,
food science research, environmental and clinical sectors. Majority of the
sensors are electrochemical, optical, or piezoelectric principle based. Highly
cross-linked graphene has also been used to develop molecularly imprinted
polymers (MIPs) which show high selectivity and affinity towards a target ana-
lyte [62]. Schematic of a graphene based biosensor has been depicted in Fig. 2.
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Graphene in its pristine form and its functionalized derivatives such
as graphene quantum dots (GQDs), graphene oxide (GO), and reduced
graphene oxide (rGO) are some of the significant forms of graphene based
nanomaterials [46]. Depending on the synthetic method, difterent deriva-
tives of graphene can be synthesized. Different types of graphene based
nanomaterials have been used in biosensor research and development which
includes graphene in its pure form and its functionalized derivatives such as
graphene quantum dots (GQDs), graphene oxide (GO), reduced graphene
oxide (rGO), etc. [45]. Numerous strategies and techniques have been
carried out to make different types of graphene based nanomaterials.

Different methods of synthesis methods result in different functional
properties of the graphene based nanomaterials as shown in Fig. 3.
Different number of layers, functional group addition and oxidation states
causes the impact on the bonding between the bio receptor and transducer,
and also causes the difference in the sensing performances among sensors.
In comparison with graphene, GO consists of various oxygen functional
groups such as —OH, C-O-C, C=0, and —COON [63] which have
relatively good dispersibility, strong reactivity, and multiple binding sites
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Fig. 2 Schematic of graphene based biosensors where antibody, enzymes and ssDNA
(aptamer) are immobilized on the surface of the graphene which act as bioreceptors for
target analytes like whole-cells, ions/molecules and nucleic acid.
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for further functionalization. When the oxygen containing groups are
removed by chemical, electrochemical or thermal methods, rGO is obtained
which has good thermal conductivity, chemical stability and a large
surface area.

2.1 Graphene

Graphene is made up of a sp> bonded carbon atoms, arranged in a single
layer, existing as a 2-D honeycomb structure. It shows properties which
are unique such as quantum Hall effect, very high electron mobility, excel-
lent electrical conductivity, large surface to volume ratio so it can absorb a
large amount of aromatic biomolecules by -7 stacking [64], tuneable optical
properties, and high mechanical strength, which make it an ideal nano-
material [65,66] for potential application in medical and biological fields
as a biosensor [11]. It has been used for the detection of different varieties
of biomolecules such as Deoxyribonucleic Acid (DNA), antibodies,
enzymes, aptamers, etc. [67-70].
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2.2 Graphene oxide (GO)

Graphene oxide (GO), a nanomaterial also known as graphitic acid, belongs
to the graphene superfamily, containing several reactive oxygen functional
group such as epoxy group, hydroxyl group and carboxyl group which result
in bulking of the plane [71-73]. Modification of GO with different func-
tional groups set an impact on the properties of the material which lead
to its application in theranostics field. It has been reported that spacing
between the layers is almost twice as that of normal graphene (7A")
[72,74], and thus due to this increase in interplanar space, water layers
can be seen in between the GO layers and it gets hydrated immediately
on immersion into water. Apart from water, polar solvents like alcohol
are also easily incorporated between the layers. In terms of electrical con-
ductivity, GO acts as an insulator due to the sp> network disruption [71].
However, the presence of oxygen containing groups makes it thermally
unstable. GO, due to their unique properties, such as dispersion ability in
aqueous medium and large surface area, have been used in different bio-
application. They have been utilized in early stage diagnosis and treatment
of various diseases as they can be used for detection of different target
analytes such as proteins, DNA, pesticides and microbes.

2.3 Reduced graphene oxide (rGO)

Reduced graphene oxide (rGO) is an alternative form of GO which has
been processed by various methods which include chemical, thermal, etc.
in order to minimize the amount of oxygen as the oxygen content makes
GO more unstable [75]. In its usual oxidized state, GO shows reduced sen-
sitivity due to the oxygen functional groups, making it electrically insulating
and not ideal for fabrication of a sensor based on conductance. However,
reduction of GO using chemical or thermal methods such as hydrazine
hydrate vapour [76], hydrogen sulphide [77], hydroquinone [78], dimeth-
ylhydrazine [79], NaBH, [80], and aluminium powder [81] can restore
the conductivity by multiple times by removing oxygen and restoring
the double-bonded aromatic carbon atoms. This method does not convert
GO back to graphene in its pure form since at least few oxygen groups are
present even after chemical and thermal exposure. Hence, rGO shows high
conductivity, stability, and the presence of defective sites which are chem-
ically active making it a potential candidate in the application as an active
material in biosensors [82].
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2.4 Graphene quantum dots (GQDs)

Graphene quantum dots are a relatively new class of material, which are
derived from both carbon dots (CD) and graphene. It has extraordinary
chemical, structural, electrical and tunable optical properties of photo-
luminescence and electrochemiluminescence [83]. Due to their nobel prop-
erties, GQDs are used for the fabrication of highly sensitive sensors. GQDs are
synthesized by various methods such as nanolithography [84—86], acidic oxi-
dation, hydrothermal or solvothermal [87,88], sonication-assisted [89,90)],
selective plasma oxidation [91] and photo-Fenton reaction [92] technique.
Unlike graphene, which is used in field-effect transistor (FET), GQDs are
being utilized in charge sensors made up of single electron transistor (SET)
[93,94]. It is also used for the detection of pressure and humidity. GQDs have
also been used for the development of photoluminescence based sensor.
Blue and green are the common photoluminescence colours observed in
the GQDs. Optical biosensors are one of the best established sensors for
the detection of biomolecules. Kermani et al. introduced a biosensing
method for the detection of DNA methyltransferase which is crucial for
the biological activities [95] as abnormal expression of this enzyme may lead
to cancer. As shown in the Fig. 4, double stranded-DNA (ds-DNA) acts as a
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Fig. 4 Detection of methyl transferase enzyme activity using graphene quantum dots
based on fluorescence anisotropy.
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recognition site for both methyltransterase I (M.SssI) as well as endonuclease
Hpall. When ds-DNA combine with GQDs, there is a 45% significant
reduction in fluorescence intensity. But when ds-DNA conjugates with
M.Sssl, it gets methylated and develops resistance to cleavage by Hpall
and no change in fluorescence is observed. But in the absence of M.Sssl
enzyme, Hpall cleaves the unmethylated ds-DNA resulting in an increased
fluorescence.

3. Application of different types of graphene
based sensors

Desirable and superior properties of graphene and its derivatives are
what make it useful as a signalling device for the quantitative detection of
biomolecules, antigen, antibody, antibiotics, chemicals, narcotics, toxins,
DNA, whole cell virus/bacteria, etc. In the environmental sector, it is also
used for the detection of pesticides, e.g. Chloropyrifos, along with the detec-
tion of antibiotics such as, Chloramphenicol, Tetracycline, Streptomycin,
Kanamycin, etc. In the field of diagnostics, graphene based sensors are being
researched into for diagnosis of various ailments by detecting viruses, bac-
teria, disease biomarkers, immune bodies, etc. Sensitivity, limit of detection
(LOD) [96,97] and reproducibility of the biosensor can be improved when
graphene sheets are used in combination with nanoparticles [98]. A few
examples of biosensors fabricated using graphene have been compared
and discussed in Table 1.

3.1 Graphene-based fluorescence biosensors

Nanoparticles like gold nanoparticles, carbon-nanotubes and graphene can
efficiently be used as fluorescence quenchers and are widely used as bio
sensing platforms [57,112]. Graphene and GO both exhibit fluorescence
quenching properties which has sparked an interest in their potential
application in the field of the clinical and environmental research.
Graphene is used in fluorescent detection due to its extraordinary potential
of Fluorescence Resonance Energy Transfer (FRET) [107]. A FRET based
graphene aptasensor has been developed to detect thrombin in blood
serum and buffers. By choosing appropriate aptamers, this sensor may be
modified and alternatively be used to detect narcotics, toxins, pesticides
and proteins, identify cancer cells, etc. Graphene oxide, due to its high
photoluminescence has been used as a fluorophore to detect label free



Table 1 Development of the graphene based sensors and detection of different analyte.

Limit of detection

Analyte detected Sensor design Sensing material/electrode (LOD) References

Glucose Electrochemical sensor Graphene—copper NP 0.5pM [99]

Cancer uPAR biomarker Electrochemical sensor FTO-Graphene nanosheets 4.8 tM [19]

HIV, arthritis, Electrochemical sensor Graphene-FET 10fg/mL [13]

cardiovascular disease

Dopamine Electrochemical sensor Graphene and PVP 0.2nM [100]

DNA Magnetic field (Hall effect) Graphene-PMMA 10 pM [101]

b-Amyloid Magnetic/plasmonic GO SERS 100fg/ mL [1]

Lysozyme Au/PDDA-GO-Micrococcus Surface plasmon based sensing  3.4nM [102]

lysodeikticus

Glucose GQDs—bipyridine boronic acid Fluorescence graphene 1mM [103]
quantum dots

DNA GO nanowalls DPV 9.6 zM [104]

a-Fetoprotein Electrochemical immunosensor Graphene—gold NP—carboxyl  5.4pg/mL [105]
groups

Thrombin Optical biosensor Aptamer and graphene 0.45 M [106]
nanocomposite

Thrombin Optical aptasensor Graphene 31.3 pM [107]

Continued



Table 1 Development of the graphene based sensors and detection of different analyte.—cont'd

Limit of detection

Analyte detected Sensor design Sensing material/electrode (LOD) References

Chlorpyrifos Electrochemical biosensor Graphene-FET 1.8 tM [17]

Chlorpyrifos Electrochemical biosensor Carboxylic graphene-NiO 5x107 "M [108]
NP—Nafion

Chloramphenicol CV, amperometry GCE/MoS2/ 0.015mM [109]
MWCNTsCOOH

Tetracycline DPV SPCE/graphene 0.08 mM [63]

Streptomycin DPV GCE/PCNR /graphene 28 pg/mL [110]
Fe304-AuNPs

Kanamycin Graphene oxide based rGO 1.0x10 """ M [111]

fluorescent aptasensor
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mercury by allowing graphene to undergo fluorescence quenching with a
detection limit of 0.92nM. When compared to nanomaterials like gold
nanoparticles and carbon nanotubes, it was revealed that GO has the highest
quenching ability, quick binding with DNA molecules, repeatability, and
specificity to different DNA structures [112]. Graphene oxide displays
amphiphilicity, which allows biomolecules to get adsorbed onto its planar
surface. It has the potential to undergo proper energy transfer leading to
fluorescence quenching with a minimum background signal if the adsorbed
molecule is coupled with a fluorescent dye [113,114]. Graphene oxide has
also been used for screening of Hepatitis C Virus (HCV) NS3 helicase inhib-
itors and Severe Acute Respiratory Syndrome coronavirus (SARS CoV)
helicase using a GO-helicase based assay which can be further applied for
screening of other essential enzymes too [115]. GO has also been used to
detect Circulating Cancer Cells (CTCs) by using dye conjugated aptamers.
When the aptamers are in close proximity, GO readily quenches its fluores-
cence. In the presence of CTCs, due to specificity, the aptamers bind to the
cells. This leads to an increased gap between the aptamer and GO as a result
of which the fluorescence remains unquenched [116]. A GO-based immu-
nosensor was developed to detect pathogens, where the antibodies against
the pathogen were immobilized on the GO sheet. When the target patho-
genic cells bound to the antibodies, fluorescence quenching by GO was
detected [56].

3.2 Graphene-based electrochemical biosensors

There are several electrochemical based sensors for the detection of biolog-
ical analyte. These electrochemical sensors are based on the change in the
current, voltage and impedance due to the presence of analyte on the elec-
trode surface. In recent research, they have gained immense popularity due
to high specificity, sensitivity, stability, low cost and lower limit of detection
[117]. Varieties of electrochemical based graphene biosensors are constantly
being developed with ultra-high sensitivity as the 2 dimensional lattice comb
structured graphene demonstrates excellent conductivity and is biocompat-
ible for easy conjugation. Adding a graphene base to electrochemical sensors
improves sensitivity of the sensor. Islam et al. [17] fabricated an electrochem-
ical based sensor by exfoliating graphene onto a Field-Effect Transistor
(FET) electrode for chlorpyrifos pesticide detection. In this study, the
graphene channel acts as a transducer which converts the chemical signal
from the biomolecule interaction into an electrical signal that can be
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measured by a lock-in amplifier. Drude conductivity equation demonstrates
this diftusive motion of channel carriers, which is shown as 6 = neu, where ¢
is the conductivity, n is the carrier density, and g is the carrier mobility.
Doping of graphene channel occurs due to the heterogenous electron trans-
fer caused by the Ag—Ab interaction, which shows a change in the resistance
of the graphene channel which can be measured. Anti-chlorpyrifos antibody
was conjugated onto the graphene using carbodiimide chemistry and this
device was successfully able to detect chlorpyrifos in spiked samples.
Similar work has been carried out using graphene coated FETs for the detec-
tion of Human Immunodeficiency Virus (HIV), Cardio Vascular Disorders
(CVDs) and Rheumatoid Arthritis (RA) [13]. Another example of enhanc-
ing an electrochemical sensor using graphene has been demonstrated by
Roberts et al. [19] where graphene nanosheets were coated on a Fluorine
Doped Tin Oxide (FTO) glass electrode. Reduced graphene oxide was
modified and converted to graphene nanosheets which were then fabricated
onto the electrode. A cancer biomarker antibody was allowed to conjugate
with the graphene nanosheets using carbodiimide chemistry and this fabri-
cated electrode was then used to detect a cancer biomarker.

3.3 Graphene-based SPR biosensors

In SPR Biosensors, the interaction between the biorecognition element and
the sensor surface is analysed using surface plasmon polariton waves. In a
study, graphene as a biorecognition element was adsorbed onto the surface
of a gold film. This combination showed that biomolecules with carbon-
based ring structures, like ssDNA, were firmly adsorbed onto the surface
and increased the adsorption efficiency as shown in Fig. 5. This led to a local
increase in the refractive index (RI) along the surface of the metal, causing a
deviation in the propagation constant of the surface plasmon polariton,
hence increasing the sensitivity of the optical measurement [118,119].
A GO based SPR biosensor was developed where graphene oxide was
adsorbed onto the surface of a gold film for highly sensitive Human
(Immunoglobulin G) IgG detection. Due to the increased surface area of
GO, a larger number of goat anti-human IgG could get immobilized, lead-
ing to more antigen being detected [120]. In a study comparing the charac-
teristics of graphene and GO, it was seen that GO provided a greater number
of binding sites (3.25 times) than a monolayer graphene surface, hence pre-
senting enhanced sensitivity [121]. In another study, it was seen that sand-
wiching a silicon layer between a gold film and graphene layer also led to a
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Graphene coating

Gold film

Fig. 5 SPR based sensor where graphene is adsorbed onto gold film and the
biorecognition element such as ssDNA is immobilized onto it for the detection of a
specific target analyte.

significant increase in sensitivity. Highest sensitivity was exhibited when the
sensor was made of gold 40nm thickness, silicon 7nm thickness and two
layers of graphene [122]. An SPR based biosensor made of carboxyl mod-
ified graphene oxide exhibited high biocompatibility and outstanding detec-
tion sensitivity as low as 0.01 pg/mL of BSA exceeding traditional chip
detections [123]. Another SPR biosensor was developed where the
graphene oxide sheets were coated with gold nanorods-antibody conjugates.
The high sensitivity of gold nanorods and high loading capacity of graphene
oxide led to highly sensitive detection of transferrin, indicating that various
other proteins can be detected with the used of appropriate antibodies and
nanorods on graphene oxide sheets [124]. Another graphene SPR biosensor
was developed where NTA (nitrilotriacetic acid) functional groups were
attached onto graphene. NTA controlled the adsorption of the bioreceptor,
in this case cholera toxin on the surface. When compared to SPR sensors
without graphene, it was observed that the NTA-functionalized graphene
biosensor increased the performance of the sensor by 80% with a highly sen-
sitive LOD of 4 pg/mL [125].

3.4 Graphene-based SERS biosensors

Raman spectroscopy or Surface Enhanced Raman Spectroscopy (SERS) is a
method to determine the vibration, rotation and low mode frequency of the
molecules. Graphene based SERS sensors are considered as a promising tool
for quantitative and repeatable detection of the target molecules due to their



14 Deepshikha Shahdeo et al.

ultra-sensitive detection and relative insensitivity to external factors.
Graphene can be used as Raman enhancement substrate due to its flat surface
along with strong chemical interaction with target molecules. SERS has
become an interesting filed of research after Fleischmann et al. first reported
the SERS phenomenon at roughened silver electrodes [126]. This tool is
mostly used for the quantitative detection of biomolecules. For e.g. Feliu
etal. has checked the protein expression level, which may be used to indicate
genomic mutation [127]. Demeritte et al. worked on the development of a
SERS-GO based plasmonic-magnetic multifunctional immunosensor for
and label-free identification and selective separation of Pf-amyloid which
is a biomarker for Alzheimer’s disease [128]. DINA biosensing was developed
using GO and AulNPs based SERS platform. Khalil et al., developed a PCR.
free SERS based DNA to be able to identify the endangered species-
Malayan box turtle (MBT) (Cuora amboinensis) [129]. In this research work,
one of the two capture probes was GO-AuNPs functionalized and the other
was modified using AuNPs and Raman dye. Hybridization was induced by
the target DNA between capture probe 1, capture probe 2 and the target.
A locally enhanced electromagnetic field was generated by coupling of
the two capture probes, which significantly amplified the SERS signal.
Hence, coupling of two SERS active substrates in the presence of short-
length probe DNA sequences has resulted in improvement of biosensor sen-
sitivity to obtain an LOD as low as 10 fM. Moreover, the biosensor also dis-
played high specificity towards a particular target DNA as it was able to
successfully discriminate between six non-target DNA sequences which
were closely related and sensitivity for a base-mismatch comprising of a sin-
gle nucleotide in the target DNA. In this research work, the fabricated SERS
based biosensor could act as a potential platform for the authenticated iden-
tification of a Malayan box turtle from multiple archaeological and/or foren-
sic samples. This sensor can further be applied in various other diagnostic
fields, e.g. detection of cancer biomarkers.

3.5 Graphene based gas sensors

2D structure with extreme high surface area makes graphene compatible for
the development of gas sensors. Gas sensing involves absorption and desorp-
tion of small gaseous molecules by the thin layer of graphene, resulting in
change in the conductance of graphene. Now days, breath analysis for
non-invasive diagnosis of diseases 1is attracting widespread attention.
Human breath contains biomarkers that can be used for the diagnosis of
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several disease like lung cancer, diabetes, etc. [130]. According to the
research carried out by Clemens et al., compounds like isoprene, acetone
and methanol are expelled in the normal exhalation of breath. However
in the case of certain disorders, these three main components show abnor-
mally high or low concentration as compared to healthy volunteers
[130,131]. Therefore high sensitivity of graphene towards gaseous molecules
led to the fabrication of a gas based sensor, which can be utilized for the
detection of ethanol, NH;, NO,, and O, [132]. Engineer et al. have devel-
oped high-quality MNPs-rGO nanocomposites based gas sensor platforms
for the detection of NHj3 gas. Graphene oxide nanosheets were synthesized
and further decorated with metal nanoparticles (MNPs) like Ag, Pd, Cu, and
Au to improve the charge transfer [133] as shown in the Fig. 6. Gas sensing
principle is based on the electrical and ionic conductivity at low and high
availability of gas molecules respectively. The sensor was fixed onto the non-
conductive surface to negate the effect of ambient humidity. MNP-rGO
nanocomposite was exposed to different concentrations of the analyte
(NH3) and electrical resistance was measured at different exposure concen-
trations. It was reported that the electrical resistance increases upon increase
in the concentration of NHj3 and returns to initial value after removal of the
analyte. Sensing response increases with increase in the concentration of gas

Sensitivity (%)

SOTT T T TI T ]
0 10 2030 40 50
NH3 concentration (ppm)

Fig. 6 Fabrication of graphene based gas sensor for detection of ammonia. Graphene
oxide was synthesized directly using graphite powder. Metal-nanoparticles (MNPs) were
fabricated by single step reduction process and electrical resistance was measured.
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because of increase in gas molecule adsorption at the active sites of the
g p
graphene-based nanocomposites.

3.6 Graphene-based multifunction detection sensor

In recent times, there is a huge focus to develop miniaturized diagnostic
devices which are portable and can be used on-site without the need of
an elaborate laboratory set up. Graphene enables us to develop such devices
for detection of various parameters as well as health-monitoring devices due
to its robustness, added sensitivity and low cost. Xu et al. [134] developed a
health monitoring device which can be mounted onto a person’s neck
(detection of laryngeal prominence motions) for simultaneous in-situ detec-
tion of various human movements and ion concentration in sweat. The sen-
sor was made by applying an rGO film on top of a porous inverse opal
acetylcellulose (IOAC) film. The rGO film due to its resistance change acted
as a layer for strain-sensing to be able to monitor human motion, while the
porous IOAC acted as a flexible microstructured substrate which enabled
collection and analysis of sweat ion concentration using colorimetric prin-
ciple/reflection peak shifts besides high sensitive motion sensing. Similarly,
another rGO/single-wall carbon nanotubes (SWCNTSs) hybrid fabric-based
strain-pressure sensor was developed by Kim et al. In this study, GO was
coated on cotton fabric with subsequent chemical reduction to rGO and
later coated with SWCNTs to improve durability and electrical conductiv-
ity. The fabric showed water resistant properties (crucial for applicability of
wearable electronics) and was used to make a wearable glove which could
detect motion signals when it was bent, gripped, pressed, and wrist-
turned [135].

4, Conclusion

In this book chapter, we have described recent advances made in
graphene based sensors and have discussed about different types of graphite
based material such as graphene in its pure form, graphene quantum dots,
graphene oxide, and reduced graphene oxide along with their properties
for the development of advanced sensors. Besides the different forms of
graphene used, there are also various types of sensors developed based on
different principals such as optical, electrochemical, etc. which have also
been elaborated in this chapter. It is clear that graphene and its derivatives
are a major advantage in the development of biosensors and graphene shows
a lot of promise in the field of theranostics due to its unique properties such
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as excellent electrical conductivity, high electron mobility, tunable optical
properties, room temperature quantum Hall effect, large surface to volume
ratio, high mechanical strength, and ease of functionalization. Graphene
based sensors are cost effective and have the potential to be developed into
miniaturized devices for on-field point of care diagnostic testing. Being one
of the most sensitive tool for detection, it is vital for future research needs to
focus on making this graphene based devices small, portable and cost effec-
tive without compromising on the sensitivity.
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