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Abstract:

An integrated receptor-transducer device that can translate a biological reaction into an
electrical signal is called a biosensor. Due to the numerous uses for biosensors in the last ten years,
including medication delivery, environmental monitoring, water and food quality monitoring,
health care and illness diagnosis, and environmental monitoring, biosensor design and
development have gained significant attention from scientists and researchers.

The major obstacles to the advancement of biosensors are (i) effectively capturing bio recognition
signals and converting them into electrochemical, electrical, optical, gravimetric, or acoustic
signals (transduction process); (i1) improving transducer performance, meaning lowering detection
limits even for the detection of individual molecules, increasing sensitivity, and reproducibility;
and (iil) miniaturizing biosensing devices through the use of micro- and nanofabrication
technologies. The problems can be addressed by combining zero- to three-dimensional
nanomaterials with sensing technologies.

These materials have high surface-to-volume ratios, strong conductivities, shock-bearing
capacities, and color tunability. The following nanomaterials (NMs) are used in the creation of
nano-biosensors: carbon nanotubes (CNTs) (large surface area, high electrical and thermal
conductivity), quantum dots (QDs) (color tunability), nanowires (NWs) and nanorods (NRs) (high
stability and high carrier capacity). These nanoparticles can also function as transduction elements
in and of themselves.

The evolution of biosensors, their types based on receptors and transducers, and contemporary
methods used in biosensors using nanomaterials like NPs (such as metal oxide and noble metal
NPs), NWs, NRs, CNTs, QDs, and dendrimers, as well as their recent advancement in biosensing
technology with the growth of nanotechnology, are all summarized in this review.
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Introduction:

A biosensor is an apparatus that uses signals proportionate to the concentration of an analyte in
a reaction to quantify biological or chemical responses. Applications for biosensors include illness
monitoring, drug discovery, and the identification of contaminants, pathogen-causing
microorganisms, and disease-indicating markers in physiological fluids (blood, urine, saliva,
sweat).[Figl]depicts a typical biosensor, which is made up of the following parts.
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Analyte:
A material of interest that has to be found. For instance, in a biosensor used to identify
glucose, glucose serves as an "analyte."

Bioreceptor:

A bioreceptor is a molecule that can identify the analyte with precision. Bioreceptors include
things like enzymes, cells, aptamers, deoxyribonucleic acid (DNA), and antibodies. Bio-
recognition is the process of generating a signal (such as light, heat, pH, charge or mass
shift, etc.) when the bioreceptor and analyte interact.

Transducer:

An element that transforms one type of energy into another is called a transducer. The
transducer's job in a biosensor is to transform the bio-recognition event into a signal that
can be measured. Signalization is the term used to describe this energy conversion process.
Analyte—bioreceptor interactions are typically proportionate to the optical or electrical
signals produced by most transducers.

Electronics:

The electronics component of a biosensor is responsible for processing the transduced signal
and getting it ready for display. It is made up of intricate electrical circuitry that carries out
signal conditioning tasks like amplification and digital signal conversion from analog form.
The biosensor's display device then quantifies the signals that have been processed.

Display:

A user interpretation system, such as a computer's liquid crystal display or a direct printer
that produces comprehensible numbers or curves, makes up the display. This component
typically comprises of a hardware and software combination that produces the biosensor's
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results in an approachable way. Depending on the needs of the user, the output signal on the
display may be graphic, tabular, numerical, or an image.
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Schematic representation of a biosensor [Figl]

Historical Background:

Biocatalyst (an enzyme, cell, or tissue) that can transform a biological or biochemical signal
or reaction. This field of study involves a number of researchers with varying backgrounds; these
include chemists, physicists, microbiologists, and, of course, electrical engineers. All of these
experts are heavily involved in various aspects of the assembly of the "Biosensor" item. By taking
a look back, we can also see that the idea of a biosensor has changed over the past 50 years. A
biosensor is a self-contained analytical tool that reacts to the number of chemical species present
in biological samples. It's obvious that this is incorrect, but it's been incredibly challenging to
explain. There is no mention of the device's biological active ingredient. Therefore, a biosensor
could be any type of sensor that operates on biological material, whether it is chemical

(microelectrode implanted in animal tissue) or physical (thermometer).
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1975: First commercial biosensor (Yellow springs Instruments glucose biosensor)
1975: First microbe-based biosensor, First immunosensor
1976: First bedside artificial pancreas (Miles)
1980: First fiber optic pH sensor for in vivo blood gases (Peterson)
1982: First fiber optic-based biosensor for glucose
1983: First surface plasmon resonance (SPR) immunosensor
1984: First mediated amperometry biosensor. Ferrocene used with
glucose oxidase for glucose detection.
1987: Blood-glucose biosensor launched by Medi Sense ExacTech

We both agree that a biosensor is a device that combines a transducer and a biological sensing
material, sometimes known as a molecular biological recognition element. The idea of using
artificial chemical molecules to duplicate or replace biological material has recently undergone
another evolution. In 1962, Professor Leland C. Clark described how "to make electrochemical
sensors (pH, analytical tool made up of a transducer that can measure an electrical signal and an
"enzyme transducers as membrane enclosed sandwiches" to his 1956 paper on the development
of an oxygen probe. Based on this research activity, Clark expanded the range of analytes that
could be measured.””! The glucose oxidase enzyme was entrapped in a dialysis membrane and
placed over an oxygen probe to demonstrate the first example. The proportionate drop in oxygen
concentration was evaluated by the addition of glucose. The report that was published and used to
coin the term "enzyme electrode" described the first biosensor."!

Subsequently, in 1967, Updike and Hicks used the same term "enzyme electrode" to refer to a
device that was similar in that it allowed for the quick and quantitative measurement of glucose
by immobilizing the enzyme glucose oxidase in a polyacrylamide gel on the surface of an oxygen
electrode. During that time, there was a lot of activity in the electrochemical world regarding Ion
Selective Electrodes (ISE) research, and it was widely accepted to expand the sensor's application
to include non-ionic chemicals like glucose as well as non-electrochemical active compounds. At
the time, we saw the potential to expand the research effort significantly. Unquestionably, the first
groups to focus on the development of electroanalytical biosensors were those involved in the
creation of ISE. An "amygdaline" sensor was created by Professor G. Rechnitz. It works by
combining betaglucosidase with an Ion Selective Electrode (cyanide ISE) to produce

benzaldehyde and cyanide. ]
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Depiction the overview of nanomaterials used for improving biosensor technology [Tablel |

ﬁlr Nanomaterial Key Benefits
° used
1 Carbon Improved enzyme loading, higher aspect ratios, ability to be
nanotube functionalized, and better electrical communication. [20.11.12]
2 Nanoparticles Aid in immobilization, enable better loading of bio analyte, and also
possess good catalytic properties. [13:14.15.16]
3 Quantum Excellent fluorescence, quantum confinement of charge carriers, and
dots size tunable band energy. 17181
4 Nanowires Highly versatile, good electrical and sensing properties for bio- and
chemical sensing; charge conduction is better. 2021221
> Nanorods Good plasmonic materials which can couple sensing phenomenon

well and size tunable energy regulation, can be coupled with MEMS,

and induce specific field responses. 23242
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Carbon nanotube

(A) Single-walled carbon nanotubes (SWNTSs) structures in function of their chirality (zigzag,
armchair, and chiral). (B) Model of double-walled carbon nanotubes (DWNTs). (C) Structure of
multi-walled carbon nanotubes (MWNTs) made up of several concentric shells.

chiral
< lm-’n) ’

'lnn)

STRUCTURE AND MODELS OF CARBON NANOTUBES IN FUNCTION OF THEIR
NUMBER OF WALLS. [Fig3]

One type of carbon is a carbon nanotube (CNT), which has a length to diameter ratio of
more than 1000 and a diameter of one nanometer. The configuration of the atoms is hexagonal,
much like in graphite. The cylindrical graphitic sheet, known as graphene, that makes up the
structure of carbon nanotubes is assembled and rolled into a flawless cylinder with a diameter of
about one nanometer. As a relatively recent member of the carbon allotropes, carbon nanotubes
(CNTs) are thought to be the substance that lies between fullerenes and graphite (Tanaka et al.,
1999).

Buckyballs and carbon nanotubes are both members of the fullerene structural family. A CNT is
cylindrical, and whereas buckyballs are spherical, some of its ends are open, while the others are
closed with complete fullerene caps. The name carbon nanotubes (CNTs) come from their size; a
CNT's diameter is only a few nanometers, which is about 50,000 times smaller than the width of
a human hair, and they can reach lengths of several micrometers. However, the development of
commercial applications for carbon nanotubes (CNTs) has been somewhat delayed, mainly due to
the high production costs of the highest quality CNTs.!?¢]
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Carbon Nanotubes Properties and Applications?’1-

e Carbon Nanotubes Properties:

CNTs have high thermal conductivity

CNTs have high electrical conductivity

CNTs aspect ratio

CNTs are very elastic ~18% elongation to failure

CNTs have very high tensile strength

CNTs are highly flexible — can be bent considerably without damage
CNTs have a low thermal expansion coefficient

VvV V VYV V VYV V VYV VY

CNTs are good electron field emitters

e Carbon Nanotubes Applications:

CNTs field emission

CNTs thermal conductivity

CNTs energy storage

CNTs conductive properties

CNTs conductive adhesive

CNTs thermal materials

Molecular electronics based on CNT’s.
CNTs structural applications

CNTs fibers and fabrics

CNTs biomedical applications

V V V V VYV V V V V VY
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Nanoparticles:-

Diesel Exhaust Particles Fullerene Nanotubes Dendrimers Quantum Dots

< >

Incidental Nanoparticles Engineered Nanoparticles

Nanoparticles[Fig4]

Only a limited number of labels are captured per binding event in conventional (optical)
sandwich bio affinity experiments. Because of their small size, the characteristics of nanoparticles
are highly impacted by the binding of target biomolecules.?®! Additionally, nanoparticles can be
specifically tailored for particular bioassays. The signal from the assays is greatly increased by
using nanoparticles. The need to overcome the shortcomings of organic fluorophores has
motivated the application of nanoparticle-quantifying tags in optical bioassays.? Mirkin's team
showed that DNA hybridization-induced aggregation of gold nanoparticles produces materials
with extraordinary optical characteristics. Additionally, highly sensitive bioassays can be
produced by semiconductor quantum dots with high fluorescence intensities. Using CdSE/ANnS
core-shell quantum dots coupled to streptavidin, Hahn et al. achieved highly sensitive detection of
the single bacterial pathogen Escherichia coli 0157.E%
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Quantum Dots:-

Surface
coating e.g.
amphiphyllic
polymer

Biomolecules
eg. antibodies,
peptides, ete.

15-20 nm

Quantum Dots[Fig5]

Typically made up of atoms from groups 11-VI (e.g., CdTe, CdSe) and I1I-V (e.g., InP,
InAs) of the periodic table, semiconductor nanocrystals, also known as quantum dots (QDs), are
a type of novel fluorescent nanomaterial consisting of inorganic nuclei with organic molecules in
the nanoscale range of 1-10 nm. Both form and size have an impact on their optoelectronic
characteristics. Larger QDs, measuring 5-6 nm in diameter, release colors like orange and red.
Shorter wavelength QDs (two to three nm) create hues like green and blue.132 The precise hues
differ based on the QD's particular composition. These QD cores are frequently topped with an
inorganic layer to increase their quantum yield and improve the signal-to-noise ratio. The size and
makeup of QDs allow them to emit a wide range of wavelengths, from visible to near-infrared
(NIR) and ultraviolet (UV).*I34 QDs' characteristics lie in the middle of those of discrete atoms
or molecules and bulk semiconductors. QD surfaces cannot become more water soluble without
the addition of a hydrophilic substance, such as cysteamine or mercaptopropionic acid (MPA).

In order to stop these nanoparticles from aggregating, surface conjugations with artificial polymers
like polyethylene glycol (PEG) are frequently helpful .31 Quantum dots (QDs) can be used to
construct biosensors. Researchers may examine cellular activities at the molecular level with the
use of molecular QDs, which may also aid in the detection and treatment of diseases like cancer.
By conjugating antibodies to the surface of the dots, one can use quantum dots as passive label
probes or as active sensors in high-resolution cellular imaging. B8

The dots' fluorescence can change as they react with the analyte. QDs cannot be employed in
biological applications because they contain extremely poisonous heavy metal elements like
cadmium. The use of nanomaterials in biological applications has raised concerns about toxicity
and environmental pollution, thus it's critical to produce nontoxic and biocompatible
nanomaterials. Due to their abundance of functional groups, QDs have proven to be
straightforward to include into hybrid nanomaterials. Improved thermal and chemical stability,
high quantum efficiency, extended excited state durations, and reduced toxicity can all be obtained
by hybridizing QDs with other materials. 140l
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e NANOWIRES:

One kind of nanowire sensor is a nanowire field-effect transistor (FET), which developed
from ordinary planar FETs, which have a gate, source, drain, and body. The body's drain and
source are made at the micro- or nanoscale using a metallic substance. The conductivity between
the source and drain can be adjusted by creating electric potential fluctuations through the gate, a
critically thin isolation layer that is constructed between them. Usually, the application of an
external voltage causes these changes in electric potential. By binding the charged species to the
gate, chemically or biologically charged species can also change the potential and hence the
conductivity. Many years ago, a proposal was made for an electrical sensing mechanism that
would use a build-up of charged species. Unfortunately, the low sensitivity of the planar gate FET
sensor means that many applications cannot use it for detection without a large number of samples.

e Nanorods:

Nanorods are hollow tubes without an interior surface Thermally stable but less adaptable
than nanotubes Made of metal, metal oxide, and carbon Uses: medication administration,
bioimaging, photothermal therapy, nanocapacitors, etc. Nanorods are an intriguing component to
study and perfect candidates for numerous applications because of their form anisotropy (physical
characteristics). When compared to spherical particles, it was found that the nanorods' ability was
improved. This is because the nanoparticles' higher surface plasmon excitation is caused by the
increased aspect ratio of the particles. In particular, the increasing surface plasmons within a
nanoparticle give rise to the strength of the dipole moment. Thus, in nanorods relative to spherical
particles, an increase in surface plasmons results in an amplification of the electrical field. Partially
aligned CdSe nanorods offered an efficient, guided channel for charge carriers to pass across the
photovoltaic device and be collected, as established by Alivisatos and colleagues as one advantage
of a rod-like form. In a similar vein, adding nanorods to P3HT film might boost the external
quantum efficiency from 1 to 10 by a factor of 3.
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As the aspect ratio of the nanoparticles rose, the electron accumulation improved.
Additionally, one of the main factors in enhancing its qualities is the alignment of the nanorods.
Anisotropic nanoparticle aspect ratio was found to be a factor in the electrical conductivity of
polymer composites by the Winey group during their study of Ag nanorods for polystyrene
composites. In particular, since rod-shaped particles have a lower percolation threshold than
spherical ones. It has been discovered that percolation depends on the size and form of the
nanoparticles. Greater length and diameter of rod-shaped particles are anticipated to confer
numerous benefits on the oriental characteristics of nanorods. Last but not least, compared to
isotropic (homogenous and uniform) particles, nanorods have greater advantages. In conclusion,
it can be said that the aspect ratio, volume fraction, polydispersity, and orientation of nanorods
have a significant impact on their efficiency.

e Biosensors applications in medical field

Modern medicine makes use of a wide range of biosensors. Tissues, microbes, organelles,

cell receptors, enzymes, antibodies, and nuclear acids all employ these tools to find substances in
delicate bio-elements. The creation of biosensors has been enormously important and has led to
great advancements in the medical profession and the discovery of novel, powerful, and accurate
analytical sensors.
A variety of processes, including the connection between anti-corps, catalytic enzymes, glucose
thresholds, microbial diseases, tumor growth detection, pathogens, and toxins, are identified with
the aid of the medical sector. The COVID-19 detection method now in use uses biosensors enabled
by nanomaterials.

e Significant applications of Biosensor in the medical field[ Table2]

Sr. Applications Description
No.

1 Track biological Many medical problems are resolved with biosensors. It is
abnormalities capable of monitoring a patient's vital signs and detecting
biological anomalies. ldentification and monitoring of risk
variables are essential to lowering healthcare costs because
treatment costs are mostly determined by prevention and early
intervention. The patient's treatment and care stakeholders
guarantee that effective time management will help the patient
achieve better results. A medical biosensor can swiftly identify
the physiological modifications that can lead to proactive, early
treatment. With current technology improvements, monitoring
systems can be deployed for less money than hospital therapy.
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Sr. Applications Description

No.

2 Heart rate An athletic band or smartwatch that records heart rates
tracking continually and provides physiological data is an example of a

biosensor. To gain a clinical understanding of the condition,
sophisticated sensors can identify specific biomarkers. A
bioreceptor detects the physiological state or activity of a
biomarker and produces corresponding optical and
electrochemical data. Biological data can be transmitted via a
transducer, which transforms this unprocessed data into an
electric signal. These technologies are being utilized in
biomedical applications as an evolutionary algorithm to carry out
a number of crucial tasks. This key piece of Industry 4.0
technology continues to advance and accomplish new
milestones.

3 Track body  Diet Sensor allows users to check the molecules in food and track
chemistry the amount of calories consumed. Those who suffer from severe
allergies understand that excessive caution when it comes to food
can lead to major problems, as individuals have little control over
what they eat. To test an inpatient's breath for acetone molecules,

healthcare uses a sophisticated nanosensor

4 Diet Diet Sensor allows users to check the molecules in food and track
monitoring  the amount of calories consumed. Those who suffer from severe
allergies understand that excessive caution when it comes to food
can lead to major problems, as individuals have little control over
what they eat. To test an inpatient's breath for acetone molecules,

healthcare uses a sophisticated nanosensor.

5 Tracking Air  Modern sensor technologies make it simple to monitor air
quality quality. This device notifies users and medical experts of disease
diagnosis by tracking daily air quality and taking the body's core
temperature. Accurately monitoring body temperature, sleep
patterns, sports physiology, clinical testing, and hospital

applications are all possible with its cable-free interface.

e Reference:

1. Varnakavi naresh / A Review on Biosensors and Recent Development of Nanostructured Materials-Enabled Biosensors
/ National library of Medicine/doi.org/10.22214/ijraset.2023.48492 [CrossRef]

2. Clark LC/Monitor and control of blood and tissue oxygenation/Trans. Am. Soc. Artif. Intern/Organs; 2:41-48, 1956
[CrossRef]

3. Clark LC/Lyons C. Electrode systems for continuous monitoring cardiovascular surgery/Ann. N. Y. Acad. Sci; 102:29—

45, 1962 [CrossRef]

IJNRD2404881 ‘ International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijrti.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7915135/
https://www.ijraset.com/best-journal/biosensing-technology-a-brief-history
https://www.ijraset.com/best-journal/biosensing-technology-a-brief-history

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

© 2024 IJNRD | Volume 9, Issue 4 April 2024| ISSN: 2456-4184 | [[NRD.ORG

Updike SJ/Hicks GP. The enzyme electrode. Nature/214:986-988, 1967[CrossRef]

Rechnitz GA/Llenado R. Improved enzyme electrode for amygdalin/Anal. Chem.; 43:1457—-1461, 1971 [CrossRef]
Nhu Ngoc Van/(2013). Fluorescent sensors of protein kinases: from basics to biomedical applications. Prog. Mol. Biol.
Transl. Sci. 113, 217-274. Doi: 10.1016/B978-0-12-386932-6.00006-5 [CrossRef]

Neves, et al. /(2010). Uptake and release of double-walled carbon nanotubes by mammalian cells. Adv. Funct. Mater. 20,
3272-3279. Doi: 10.1002/adfm.201000994 [CrossRef]

Gajendra  Inwati/Nanobiosensors: Concepts and Variations/January 2013ISRN  Nanomaterials 2013(1-
2)DOI:10.1155/2013/327435 [CrossRef]

M. L. H. Green/“Chemical and biochemical sensing with modified single walled carbon nanotubes, Chemistry/vol. 9 no.
16, pp. 3732-3739, 2003 [CrossRef]

N. A. Chanio- takis/*Novel carbon materials in biosensor systems,” Biosensors and Bioelectronics/vol 18, no. 2-3, pp.
211-215, 2003 [CrossRef]

W.-D. Zhang/“Direct electrochemistry of horseradish peroxidase at carbon nanotube powder microelectrode, Sensors
and Actuators B/vol. 87, no. 1, pp. 168-172, 2002 [CrossRef]

A. J. Killard/ “Application Of nanoparticles in electrochemical sensors and biosensors,” Electroanalysis/ vol. 18, no. 4,
pp- 319-326, 2006 [CrossRef]

J. Wang/“Electroanalytical and bio-Electroanalytical systems based on metal and semiconductor nanoparticles,
Electroanalysis/vol. 16, no. 1-2, pp. 19-44, 2004 [CrossRef]

J. Wang/ “Nanoparticle-based electrochemical DNA detection,” Analytica Chimica Acta/vol. 500, no. 1-2, pp. 247-257,
2003 [CrossRef]

A. Merkoci/ “New materials for electrochemical sensing. V: nanoparticles for DNA labeling,” TrAC Trends in Analytical
Chemistry/vol. 24, pp. 341-349, 2005

A. Merkogi/“Electrochemical stripping detection of DNA hybridization based on cadmium sulfide nanoparticle tags,
Electrochemistry Communications/vol. 4, no. 9, pp. 722-726, 2002 [CrossRef]

Y. Fang/“Cadmium sulfide nanocluster-based electrochemical stripping detection of DNA Hybridization,” Analyst/vol.
128, no. 3, pp. 260-264, 2003 [CrossRef]

Y. Huang/ “An electrochemical investigation of glucose oxidase ata C dS nanoparticles modified electrode,” Biosensors
and Bioelectronics/vol. 21, no. 5, pp. 817- 821, 2005

C. M. Lieber/ “Nanowire nanosen- sors for highly sensitive and selective detection of biological and chemical species,
Science/vol. 293, no. 5533, pp. 1289-1292, 2001 [CrossRef]

D. A. Routenberg et al/“Label- free immuno detection with CMOS-compatible semiconducting nanowires,” Nature/vol.
445, no. 7127, pp. 519-522, 2007

R. MacKenzie/ “Nanowire devel- opment and characterization for applications in biosensing,” Nanosystems Design and
Technology/pp. 143-173, 2009 [CrossRef]

IJNRD2404881 ‘ International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijrti.org/
https://www.ijraset.com/best-journal/biosensing-technology-a-brief-history
https://www.ijraset.com/best-journal/biosensing-technology-a-brief-history
https://www.sciencedirect.com/science/article/abs/pii/B9780123869326000065?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1002/adfm.201000994
https://www.researchgate.net/publication/258392441_Nanobiosensors_Concepts_and_Variations
https://pubmed.ncbi.nlm.nih.gov/12916096/
https://www.researchgate.net/publication/6419463_Novel_carbon_materials_in_biosensor_systems
https://www.researchgate.net/publication/222972427_Direct_electrochemistry_of_horseradish_peroxidase_at_carbon_nanotube_powder_microelectrode
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/elan.200503415
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/elan.200302930
https://www.researchgate.net/publication/223024793_Nanoparticle-Based_Electrochemical_DNA_Detection
https://www.researchgate.net/publication/239163654_Electrochemical_stripping_detection_of_DNA_hybridization_based_on_cadmium_sulfide_nanoparticle_tags
https://www.mdpi.com/1424-8220/9/7/5534
https://pubmed.ncbi.nlm.nih.gov/11509722/
https://www.researchgate.net/publication/226608419_Nanowire_Development_and_Characterization_for_Applications_in_Biosensing

23

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

© 2024 IJNRD | Volume 9, Issue 4 April 2024| ISSN: 2456-4184 | [[NRD.ORG

. F. A. Rahim/Tunable Surface Assembly of Gold Nanorods for Biosensor Applications, Division of Bioengineering;
Nanyang Technological University [CrossRef]

A. V. Kabashin/ “Plasmonic nanorod metamaterials for biosensing, Nature Materials/vol 8, no. 11, pp. 867-871, 2009
[CrossRef]

S. Ramanathan/ “Fluorescence and infrared spectroscopy of electrochemically self assembled ZnO nanowires: evidence
of the quantum confined Stark effect,” Journal of Materials Science/vol. 17, no. 9, pp. 651-655, 2006 [CrossRef]

Ahmad Aqel a/Carbon nanotubes, science and technology part (I) structure, synthesis and characterization /Arabian
Journal of Chemistry Volume 5, Issue 1/ January 2012, Pages 1-23 [CrossRef]

Nanotechnology: Carbon Nanotube Applications[CrossRef]

van den Berg B, Wain R, Dobson CM, Ellis RJ. Macromolecular crowding perturbs protein refolding kinetics:
implications for protein folding inside the cell. EMBO J. 2000;19:3870-3875.[CrossRef]

Edgar D Goluch/A microfluidic detection system based upon a surface immobilized biobarcode assay/Biosens
Bioelectron 2009 Apr 15;24(8):2397-403. doi: 10.1016/5.bi0s.2008.12.017. Epub 2008 Dec 24. [CrossRef]

Hahn MA, Tabb JS, Krauss TD. Detection of single bacterial pathogens with semiconductor quantum dots. Anal Chem.
2005;77:4861— 4869.[ CrossRef]

Wonci Z, Tsolekile N,Matoetoe MC. Polyvinylpyrrolidone as a polymer template for CulnS quantum dots: Effect on
optical properties. Materials Today: Proceedings. 2022;56:1989-1994. DOI:10.1016/j.matpr dots. Anal
Chem.2005;77:4861-4869.2021.11.330

Lee G, Lee SY, Park S, Jang SH, Park H-K, Choi I, et al. Highly effective surface defect passivation of perovskite
quantum dots for excellent optoelectronic properties. Journal of Materials Research and Technology. 2022;18:4145-4155.
DOI:10.1016/j.jmrt.2022.04.080

Amani-Ghadim AR, Arefi-Oskoui S, Mahmoudi R, Sareshkeh AT, Khataee A, Khodam F, et al. Improving photocatalytic
activity of the ZnS QDs via lanthanide doping and photosensitizing with GO and g-C3N4 for degradation of an azo dye
and bisphenol-A  under visible light irradiation. Chemosphere. 2022;295:133917. DOLI:
10.1016/j.chemosphere.2022.133917

Safari M, Najafi S, Arkan E, Amani S, Shahlaei M. Facile aqueous synthesis of Ni-doped CdTe quantum dots as
fluorescent probes for detecting pyrazinamide in plasma. Microchemical Journal. 2019;146:293-299. DOI:
10.1016/j.microc.2019.01.019

Fan G, Wang C, Fang J. Solution-based synthesis of III-V quantum dots and their applications in gas sensing and bio-
imaging. Nano Today. 2014;9:69-84. DOI: 10.1016/j.nantod.2014.02.007

Tomlinson ID, Gies AP, Gresch PJ, Dillard J, Orndorff RL, Sanders-Bush E, et al. Universal polyethylene glycol linkers
for attaching receptor ligands to quantum dots. Bioorganic & Medicinal Chemistry Letters. 2006;16:6262-6266. DOLI:
10.1016/j.bmcl1.2006.09.031

Roy S, Tuinenga C, Fungura F, Dagtepe P, Chikan V, Jasinski J. Progress toward producing n-Type CdSe quantum dots:
Tin and indium doped CdSe quantum dots. The Journal of Physical Chemistry C. 2009;113:13008-13015. DOI:
10.1021/jp8113946

IJNRD2404881 ‘ International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijrti.org/
https://www.hindawi.com/journals/isrn/2013/327435/
https://pubmed.ncbi.nlm.nih.gov/19820701/
https://www.academia.edu/14158981/Fluorescence_and_infrared_spectroscopy_of_electrochemically_self_assembled_ZnO_nanowires_evidence_of_the_quantum_confined_Stark_effect
https://www.sciencedirect.com/science/article/pii/S1878535210001747#:~:text=The%20structure%20of%20CNT%20consists,et%20al.%2C%201999
https://www.azonano.com/article.aspx?ArticleID=4842
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC306593/
https://pubmed.ncbi.nlm.nih.gov/19157846/
https://pubs.acs.org/doi/abs/10.1021/ac050641i

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

IJNRD2404881 ‘ International Journal of Novel Research and Development (www.ijnrd.org)

© 2024 IJNRD | Volume 9, Issue 4 April 2024| ISSN: 2456-4184 | [[NRD.ORG

Nann T, Skinner WM. Quantum dots for electro-optic devices. ACS Nano. 2011;5:5291-5295. DOI: 10.1021/nn2022974

Liu Q, Fan Z, Yi X, Chen S, Li B, Luo W. Porous polyimide/carbon quantum dots/ZnS quantum dots material acrogel
for efficient visible-light photocatalytic degradation over oxytetracycline. Reactive and Functional Polymers.
2022;178:105330. DOI: 10.1016/j.reactfunctpolym.2022.105330

Vinnichenko MY, Makhov IS, Ustimenko RV, Sargsian TA, Sarkisyan HA, Hayrapetyan DB, et al. Doping effect on the
light absorption and photoluminescence of Ge/Si quantum dots in the infrared spectral range. Micro and Nanostructures.
2022;169:207339. DOI: 10.1016/j.micrna.2022.207339

Guedon P, Livache T, Martin F, et al. Characterization and optimization of a real-time, parallel, label-free, polypyrrole-
based DNA sensor by surface plasmon resonance imaging. Anal Chem. 2000;72:6003—6009.[ CrossRef]

Homola J, Yee S, Gauglitz G. Surface plasmon resonance sensors: review. Sens Actuators B Chem. 1999;54:3—
15[CrossRef]

M.U. Ahmed, I. Saaem, P.C. Wu, A.S. Brown Personalised diagnostics and biosensors: a review of the biology and
technology needed for personalised medicine Crit. Rev. Biotechnol., 34 (2) (2014 Jun 1), pp. 180-196[CrossRef]

L.S. Upadhyay, N. Verma Alkaline phosphatase inhibition based conductometric biosensor for phosphate estimation in
biological fluids Biosens. Bioelectron., 68 (2015 Jun 15), pp. 611-616]CrossRef]

D. Rodrigues, A.l. Barbosa, R. Rebelo, LK. Kwon, R.L. Reis, V.M. Correlo Skin-integrated wearable systems and
implantable biosensors: a comprehensive review Biosensors, 10 (7) (2020 Jul), p. 79[CrossRef]

A. Guerrieri, R. Ciriello, F. Crispo, ...55.1.A. Pindoo, S.K. Sinha Increased sensitivity of biosensors using evolutionary
algorithm for biomedical applications Radioelectron. Commun. Syst., 63 (6) (2020 Jun), pp. 308-318[CrossRef]

M. Javaid, A. Haleem Industry 4.0 applications in medical field: a brief revie Current Medicine Research and Practice,
9 (3) (2019 May 1), pp. 102-109[CrossRef]

J.L. Zhang, Y.H. Wang, K. Huang, K.J. Huang, H. Jiang, X.M. Wang Enzyme-based biofuel cells for biosensors and in
vivo power supply Nanomater. Energy (2021 Feb 9), p. 105853[ CrossRef]

A. Kowalczyk Trends and perspectives in DNA biosensors as diagnostic devices : 60.Wearable biosensors for body
computing Adv. Funct. Mater. (2020) 2008087[CrossRef]

M.A. Morales, J.M. Halpern Guide to selecting a biorecognition element for biosensors Bioconjugate Chem., 29 (10)
(2018 Sep 14), pp. 3231-3239[CrossRef]

E.B. Bahadir, M.K. Sezgintiirk Applications of commercial biosensors in clinical, food, environmental, and
biothreat/biowarfare analyses[CrossRef]

Acceptability of continuous glucose monitoring in free-living healthy individuals: implications for the use of wearable
biosensors in diet and physical activity research JMIR mHealth and uHealth, 6 (10) (2018), Article e11181[CrossRef]

E.H. Yoo, S.Y. Lee Glucose biosensors: an overview of use in clinical practice Sensors, 10 (5) (2010 May), pp. 4558-
4576[CrossRef]

J.L. Hammond, N. Formisano, P. Estrela, S. Carrara, J. Tkac Electrochemical biosensors and nanobiosensors Essays
Biochem., 60 (1) (2016 Jun 30), pp. 69-8 View at publisher CrossRefView in ScopusGoogle Scholar 66.Bees as
biosensors: chemosensory ability, honey bee monitoring systems, and emergent sensor technologies derived from the

pollinator syndrome Biosensors, 5 (4) (2015 Dec), pp. 678-711[CrossRef]



http://www.ijrti.org/
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25

© 2024 IJNRD | Volume 9, Issue 4 April 2024| ISSN: 2456-4184 | [[NRD.ORG

55. G. Lee, B. Choi, H. Jebelli, C.R. Ahn, S. Lee Wearable biosensor and collective sensing—based approach for detecting
older adults’ environmental barriers J. Comput. Civ. Eng., 34 (2) (2020 Mar 1), Article 04020002[ CrossRef]

56. A. Touhami Biosensors and nano biosensors: design and applications Nanomedicine, 15 (2014), pp. 374-403[CrossRef]

57. F.J. Gruhl, B.E. Rapp, K. Lange Biosensors for diagnostic applications Molecular diagnostics (2011), pp. 115-148 View
at publisher CrossRefGoogle Scholar 51.M.U. Ahmed, I. Saaem, P.C. Wu, A.S. Brown Personalised diagnostics and
biosensors: a review of the biology and technology needed for personalised medicine Crit. Rev. Biotechnol., 34 (2) (2014
Jun 1), pp. 180-196[CrossRef]

IJNRD2404881 ‘ International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijrti.org/
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25
https://www.dovepress.com/nanobiosensors-the-future-for-diagnosis-of-disease-peer-reviewed-fulltext-article-NDD#ref25

