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Abstract: A comprehensive summary of the most recentre search
concentrating on chemical sensors utilizing nano tubes,Nano rods,Nano
belts, and nano wiresis given in this article. The experimental principle,
sensor device design,sensor mechanism, and multiple significant
conclusionsreceivethevastmajorityofourattention. Thefollowingfoursectio
nsprovide additional information on the creation of chemical sensors
based on nanostructured materials: nanotube sensors, Nano rod
sensors, Nano belt sensors and Nano wire sensors.
Weconcludethisreviewwithpersonalperspectivesonthedirectionstowards
whichfuture research on nanostructured sensors might be directed.

At ambient temperature, the nanotube sensors show a far faster
response time and a significantly higher sensitivity than the current
solid-state sensors. Reversibility of the sensor can be obtained by
heating it to a high temperature or by slowly recovering under ambient
conditions. Over the past decade, synthesized nanomaterial’s, such as
carbon nanotube, nanoparticle, quantum dot, and nanowire, have
already made breakthroughs in various fields, including biomedical
sensors. Enormous surface area-to-volume ratio of the Nano materials
increases sensitivity dramatically compared with macro-sized material.
Herein we present a comprehensive review about the working principle
and fabrication process of nanowire sensors. Then anotube sensor sex
hibit a fast response and asubstantially higher sensitivity than
thatofexistingsolid-
statesensorsatroomtemperature.Sensorreversibilityisachievedbyslow
recovery under ambient conditions or by heating to high
temperatures.Synthesized Nano materials, including carbon nanotubes,
nanoparticles, quantum dots, and nanowires, have already achieved
significant advances in a number of sectors, including biological
sensors, during the last ten years. When compared to macro-sized
material, the nanoparticles' enormous surface area-to-volume ratio
significantly boosts sensitivity. We provide a thorough overview of the
fabrication process and operating principle of the nanowire sensor
here. Recent advances including self-powering, reusability, sensitivity in
high ionic strength solvent,andlong-term
stabilityaresurveyedandhighlightedas well.Nanowire isexpectedtolead
significant improvement of biomedical sensor in the near
future.Advantages and disadvantages of the sensors are provided along
with brief descriptions. An electrical device that monitors changes in a
quantity, such as voltage, temperature, pressure, or humidity, is called
a sensor. As a result, classification is done according to the attribute

9|Page


https://www.doi.org/10.59256/ijrtmr.20240401002
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

A Review of Development of Chemical Sensors

that a sensor measures. A temperature sensor detects even the
smallest variations in its environment or shifts in temperature, such as
hot or cold weather.

Microelectronic manufacturing techniques have been used to
manufacture chemical and electrochemical sensors.Thedevelopment
ofchemical sensors has been spurred forward by the
recentadvancesinmicromachingtechnology.Chemicalsensorresearchhasa
dvancedthanksto micro machining methods like sacrificiallayers,
plasmaetching, andchemicalanisotropicetching. These methods enable
the creation of low mass, low power driven devices as well as
controlled working conditions and temperature.
Researchersbecameinterestedinthesecarefullychoseninvitronanostructur
eswhentheywere combined with nanomaterials because the improved
properties of these nanostructures led to advances inthe analytical
performance of chemical and biosensors. Thisstudycoversthe latest
advancements in recognition elements that are integrated in to
chemical sensors and bio sensors used in the food, medical, and
environmental domains. These elements include both traditional ones
like enzymes and antibodies as well as more modern ones like
aptomers and phages.Cyclic voltammetry and electron microscopy are
frequently used in the characterization of chemically modified sensors
and biosensors because they enable the confirmation of electrode
mechanisms and surface morphologies. X-ray photoelectron
spectroscopy (XPS), among other methods, is a special tool for
obtaining information on the sensor surface that is qualitative,
quantitative/semi-quantitative, and speciation-related. However, XPS is
still not widely applied in this industry. The purpose of this work is to
review a few selected studies that demonstrate how
wellXPSperformswhencharacterizingthetopsurfacelayersofbiosensorsand
chemically Modified sensors. The reader is provided with the necessary
background information in a brief introduction to X-ray photoelectron
spectroscopy. The use of XPS to characterize sensors appropriate for
environmental and food analysis is highlighted.

Key Word: Nanotubes, nanowires, Nano rods, Nano belts, optical
sensors, nanoparticles, chemical stimulus, chemical signals,
sensitivity, nanostructured particles, micro hotplate, biosensors,
wearable chemical sensors. Micro fibrication technique, micro
electronic sensors.

1. Introduction

The three "S" sensitivity, selectivity, and stability are the most crucial factors to consider when examining different types of
sensors. Such as investigating new sensing materials. Control of sensor structures (arrays), surface modification techniques,
measurement methods (static and dynamic), sensor manufacture methods, and research data analytical methods. An
enormous amount of literature on one-dimensional nanostructured materials, such as tubes, rods, belts, and wires in this field,
has been written annually due to the advancement of Nano science and technology ™ Microelectronic manufacturing
techniques have been used to manufacture chemical and electrochemical sensors.The development of chemical sensors has
been spurred forward by the recent advances in micro maching technology. Chemical sensor research has advanced thanks
to micromachining methods like sacrificial layers, plasma etching, and chemical anisotropic etching 2!

A sensing film's temperature can influence a number of variables, such as the base conductance of the film,the amount of
gases it will adsorb, and thes peed sat which adsorb entsreact with one another on its surface. Temperature-controlled
platforms have been used in the development of gas sensors since these effects can be significant in generating reaction
signals. In an effort to use temperature management to achieve low power consumption, smaller device platform shave
been manufactured more frequently lately. Micro hotplate fabrication methods for producing array configurations with
functionalities that facilitate investigations of sensing materials, detection principles and mechanisms
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The physicochemical interfacial characteristics of silicon and germanium, the two primary semiconductors, served as the
foundation for the first semiconductor-based transistors. The real area and thickness of the active layer, as well as the
ultimate dimensions and form of the entire device, were the key physical characteristics of the transistors. Most crucially,
it has long been understood that the behavior and performance of the finished device are largely determined by the
chemical properties of the semiconductor's active region )
Nano tube sensors: Metal oxide tubes like CO304, Fe;03, SnOzand TiO, as well as metal
tubes like Pt. Nano sensor

Are examples of nanotube-based sensors? When it came to H2, nanotubes showed better gas sensing skills. The
sensor was created by pouring the ethanol and nanotube combination into ceramic tubes and connecting them with four
platinum wires connecting gold electrodes. They proposed that the adsorption was primarily responsible for the change in
resistance.

Au particles CNTs

Ag metal strips

Si substrate

Nano rod sensors:
Metal oxide Nano rods(ZnO,Mo0O3,and tungs tenoxideNano sensors),polymer Nano rods(poly (3, 4-Ethylene-
dioxythiophene)Nano sensor),and metal Nano rods(Au Nano sensor)typically involve a significant number of repetitive
steps of Nano rod-based sensors. The majority of these studies have been on ZnO Nano rod sensors.
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Nano belt sensors:
Nano belt-based sensors, metal oxides like ZnO, SnO2, and V205 Nano sensors particularly ZnO Nano belt

sensors are received the most interest. Wang et al. demonstrate the oxygen-sensing capabilities of SnO2 field-effect
transistors. Additionally, they have put together tin dioxide Nano belts with low-power micro heaters to detect the nerve
agent stimulant dimethyl methyl phosphonate .

(a) PMMA (b) Electron beam (¢) sno,
!glass :i/Au

Ni/Au
(d) (e)

Nano wire sensors:

Hydrogen sensors and switches based on electrodeposited palladium meso wire arrays (PMAs) were disclosed by
Penner and colleagues. The sesensors were made of up to 100Pdmesoscopic wires, also referred to as "meso wires,"
arranged in parallel and made contact with silver epoxy. Theme so wire-based sensors showed a rise-time(base line to
90% signal saturation)of less than 80ms in response to 5% H2 [°l
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To gather (bio) chemical data from their immediate surroundings, process it, and send the chemical analysis data
to one or more distant devices .

A growing number of economically robust business sectors, including healthcare, security, the food chain, and
sports, have expressed a need for distributed (bio) chemical sensing. This demand has been fueled by significant
advancements in mobile communications and miniaturization techniques .

Therefore, the target application plays a major role in determining how a chemical sensing component and a
wireless link are combined to create a single hybrid device. The analytical application's connectivity needs play a major
role in the selection of a wireless technology. The characteristics and constraints of the chemical sensor's signal
transduction process [

Wireless Chemical Sensor

May also have animpacton:
Chemical and biosensors depend heavily on their recognition mechanisms, and by improving these mechanisms or
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instance, by adding nano materials chemical and biosensors can perform much better analytically, especially in terms of
selectivity .

Chemical sensor is a device that transforms chemical information, ranging from the concentration of a specific
sample component to total composition analysis, in to an analytically useful signal. Recognition element entirely depends
on the target analyte and the recognition element should have a high binding affinity for the target as well as stability.
Chemical sensors and biosensors [}

Since 1948, when the transistor was invented, semiconductor technology has grown dramatically. The
physicochemical interfacial characteristics of  silicon and germanium, the two primary
semiconductors,servedasthefoundationforthefirstsemiconductor-basedtransistors. Thereal area and thickness of the active
layer, as well as the ultimate dimensions and form of the entire device, were the key physical characteristics of the
transistors. Most crucially, it has long been understood that the behavior and performance of the finished device are
largely determined by the chemical properties of the semiconductor's active region. This is accurate, as a detailed
examination of the interfacial processes entailed in transistor operation demonstrates that it is unquestionably a chemical
process [

2. Present challenges and future prospects

The development of wearable chemical sensors that provide more thorough information on a wearer's well-being
has received little attention. The creation of wearable chemical sensors is confronted with humerous obstacles on several
fronts. This viewpoint examines the main technological obstacles and constraints in the areas of materials, power,
analytical technique, communication data collecting, processing, and security that prevent the successful development of
wearable chemical sensor systems.

Current chemical sensors are too big, too rigid, or too complicated to use with wearable technology. Key
analytical issues include on-body sensor surface regeneration and sensor
Stability. Similarly, because of their low energy density and delayed recharging, current wearable power sources cannot
match the demands of wearable electronics. There are inherent problems with a number of energy-harvesting techniques,
such as unstable power supplies and low stability [

3. Use of sensors in industry

Modern process and environmental analytical applications that have already been accomplished offer a potential
approach for the effective use of chemical sensors in industry. We come to the conclusion that, in order to address process
analytical issues, chemical sensors currently need to be designed in conjunction with an appropriate metrology and
incorporated into total analysis systems [0

4. Types of chemical sensors

Temperature Sensor, Proximity Sensor, Accelerometer, IR Sensor(Infrared Sensor), Pressure Sensor, Light
Sensor, Ultrasonic Sensor, Smoke, Gas and Alcohol Sensor, Touch Sensor, Color Sensor, Humidity Sensor, Position
Sensor, Magnetic Sensor(Hall Effect Sensor), Micro phone(Sound Sensor), Tilt Sensor, Flow and Level Sensor, PIR
Sensor, Touch Sensor.

Classification of chemical sensors
Chemical sensors can be categorized based on the transducer's operating mechanism.

1. Changes in optical phenomena brought about by the interaction of the analyte with the receptor component are
transformed by optical devices.
a) Measured in a transparent medium, absorbance can be attributed to either the analyte's inherent absorptivity or an
interaction with an appropriate indicator.
b)  Innon-transparent material, reflectance is measured, typically using an immobilized indicator.
c) Luminescence, which is determined by measuring the amount of light released by the receptor system's chemical
response.
2. Electrochemical devices convert the electrochemical interaction between the analyte and electrode into a signal
that is useful. The subsequent subcategories can be identified
a) Voltammetric sensors, which measure current they include amperometric instruments. Chemically active
electrodes, chemically inert electrodes, and modified electrodes may be the basis for sensors in this class. This category
includes sensors that have an external current source or not galvanic sensors.
b)  The potential of the indicator electrode (ion-selective electrode, redox electrode, is measured against a reference
electrode using potentiometric electrode
3. Electrical devices based on measurements, where no electro chemical processes take place, but the signal arises
from the change of electrical properties caused by the interaction of the analyte.
a) Metaloxide semiconductor sensors used principally as gas phase detectors, based on reversible redox processes of
analyte gas components.
b)  Organic semiconductor sensors, based on the formation of charge transfer complexes, which modify the charge
carrier density.
¢)  Electrolytic conductivity sensors.
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d)  Electric permittivity sensors.

4. Mass sensitive devices transform the mass change at a specially modified surface into a change of a property of
the support material. The mass change is caused by accumulation of the analyte.

5. Magnetic devices based on the change of paramagnetic properties of a gas being analyzed. These are represented
by certain types of oxygen monitors.

6.  If other physical characteristics are utilized to determine chemical composition, such as X-,p-, orr-radiation, they
could serve as the foundation for a chemical sensor [}

absorbance

refractive index reflectance
luminescence

optm;‘m'll fluorescence
Magnetic chemically sensitized
gsvices light \ o field effect transistor
scattering (CHEMFET)
voltammetric

surface acoustic sensors

wave devices

potentiometric
sensors
Mass
sensitive
devices

Chemical
Sensors

potentiometric solid
electrolyte gas sensors

piezoelectric

devices metal oxide (MOX) B e
Others Electrical
physical devices organic semiconductor
properties sensors
electric permittivity electrolytic conductivity
sensors sensors

5. Advantages

High surface-to-volume ratios, Debye lengths comparable to the target molecule, minimum power consumption, and
they can be relatively easily incorporated in to micro electronic devices.

For many important chemicals, optical measurements can offer a quick, accurate, and non destructive
investigation. With fiber-optic chemical sensors, the analyte in the sample can be detected remotely thanks to the use of
optical fibers to transfer the optical signal to the measuring device.

Chemical stimulus.

Sensors may be used to screen and manipulate structures remotely, permitting faraway operation and
maintenance.

Sensors can automate responsibilities and methods, growing performance and accuracy. Sensors might also have
restrained ranges, which mean they'll no longer be capable of degree very excessive or very low values.

Sensors may not be appropriate for all environments, as a few sensors may not be capable off acing up to
excessive ranges of moisture or dust.

Does not get poisoned by other gases. The presence of other ambient vapors will not shorten or curtail the life of
the sensor.

6. Disadvantages

Sensors might also have restrained ranges, which mean they'll no longer be capable of degree very
Excessive or very low values.

Sensors may not be appropriate for all environments, as a few sensors may not be capable offacing up to excessive
ranges of moisture or dust.

Sensors may be expensive, in particular, if they're excessive-precision or specialized.

Sensors may be tormented by interference from different sources, electromagnetic fields. Limited or confined
temperature range.
Short or limited shelf life.
Cross-affectability of different gases.
Shorter the life span due to greater exposure to the target gas.

Sensors may be expensive, in particular, if they're excessive-precision or specialized. Sensors may be fragile and can

want to be covered from bodily harm or severe temperatures. Sensors may be tormented by interference from different
sources, electromagnetic fields, or sensors, (2

7. Applications

Biotechnology, chemical and environmental engineering, and other industries are currently being revolutionized
by ever-increasing automation.

Here, system theory or safety considerations necessity a tea high degree of automation in order to maximize
efficiency.

To provide an accurate image of the system’s state, a wide range of sensors and recording devices are used. This
makes it clear that the sensors play a crucial role in the control system's functionality.

In dynamic systems, errors in the measured quantities might result in unfavorable operating conditions or be
magnified in the control variables.
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Significant advancements in microelectronics mean that self-calibrating and self-regulating "intelligentsensors"
will be a major technological focus in the 1990s.

Instrumental methods of molecular analysis in particular, owing to their very favorable cost- performance
relationship. .

Chemical sensors, which are based on low-dimensional nanostructured materials, exhibit high sensitivity and
quick response times to a wide range of vapors and gases. The sensors find the most in bioengineering, environmental
monitoring, food industry, medical detection, mining, and defense safety [*3
Chemical sensor based on resonance-frequency oscillating Nano cantilevers. A determining signal is produced when the
chemical connects to the cantilever and stops the pattern of oscillation can be applied to the detection of

biological viruses.

Chemical stimulus

Sensing Layer

Electrical
signal

8. Features

Two of the most important features of any chemical sensors include selectivity and sensitivity. Analyte can be
present in liquid, gas, solid

PhasesandMayonlyistransientpresentinthesample. Analytemayalsobepresentovera range of dimensional scales
from liters topicoliters.

Cellulose

CHEMICAL SENSOR

- 3 | § N

Electrochemical Optical Mass Magnetic Thermal

T N

[ Signal Process J

9. Scope of Chemical Sensors

These days, new recognition components and their combinations have been researched to improve recognition in
chemical sensing and bio sensing. This is because of the requirement for quick diagnosis as well as improvement sins
ensing properties including selectivity, stability, and cost-effectiveness. The development of sophisticated Nano sensors
has been aided by the identification of novel recognition components for chemical and biosensors as well as the use of
nanotechnology. This combination has increased the sensitivity, selectivity, limit of detection (LOD), and signal-to-noise
ratio of Nano sensors in terms of analytical performance. These Nano sensors have been applied in biomedical fields,
including illness biomarker detection, virus identification, and pathogenic bacteria monitoring.

The difficulty lies in creating devices that adhere to the same exacting standards of accuracy and precision as
those attained by laboratory analysis. However, in situ instrumentation must carry out this work in an actual environment
that varies in temperature, salinity, pH, and the concentrations of interfering chemicals (which are frequently higher than
the concentration of the analyte) as well as high ambient pressures. Therefore, in situcalibrations are required in order to
assess the efficacy of remote sensors.

10. Conclusion

Growth during the previous ten years as are sult of the growing commercial availability of several types of
specialty optical fibers. The detection of numerous useful sensing parameters, such as pH, humidity, ions, DNA, glucose,
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hazardous gases and organic materials, and explosive gases, has been successfully demons traded using FOCS and FOBS
due to their unique characteristics of
Small size, long distance transmission with low loss and no electromagnetic interference.

An overview of the state of research on chemical sensors based on novel forms of nanostructured materials,

including nanotubes, Nano rods, Nano belts, and nanowires, is given in thisarticle. For a wide variety of sensors, including
as biological, electrochemical, gas, optical, pH, orientation, and more, the senano structure-based sensors offer apotent
detecting platform. Both single and multiple nanostructured sensors are part of the sensing apparatus.
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