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Abstract
Nanosensors work on the “Nano” scale. “Nano” is a unit of measurement around 10− 9 m. A nanosensor is a device 
capable of carrying data and information about the behavior and characteristics of particles at the nanoscale 
level to the macroscopic level. Nanosensors can be used to detect chemical or mechanical information such as 
the presence of chemical species and nanoparticles or monitor physical parameters such as temperature on the 
nanoscale. Nanosensors are emerging as promising tools for applications in agriculture. They offer an enormous 
upgrade in selectivity, speed, and sensitivity compared to traditional chemical and biological methods. Nanosensors 
can be used for the determination of microbe and contaminants. With the advancement of science in the world 
and the advent of electronic equipment and the great changes that have taken place in recent decades, the need 
to build more accurate, smaller and more capable sensors was felt. Today, high-sensitivity sensors are used that 
are sensitive to small amounts of gas, heat, or radiation. Increasing the sensitivity, efficiency and accuracy of these 
sensors requires the discovery of new materials and tools. Nano sensors are nanometer-sized sensors that, due 
to their small size and nanometer size, have such high accuracy and responsiveness that they react even to the 
presence of several atoms of a gas. Nano sensors are inherently smaller and more sensitive than other sensors.

Keywords: Nano sensors, organic, chemical, sensitivity, sensors, nanometer, molecular sensor.

Resumo
Os nanossensores funcionam na escala “Nano”. “Nano” é uma unidade de medida em torno de 10-9 m. Um nanosensor 
é um dispositivo capaz de transportar dados e informações sobre o comportamento e as características das partículas 
no nível da nanoescala para o nível macroscópico. Os nanossensores podem ser usados para detectar informações 
químicas ou mecânicas, como a presença de espécies químicas e nanopartículas, ou monitorar parâmetros 
físicos, como temperatura em nanoescala. Os nanossensores estão surgindo como ferramentas promissoras para 
aplicações na agricultura. Eles oferecem uma abrangente atualização em seletividade, velocidade e sensibilidade 
em comparação com os métodos químicos e biológicos tradicionais. Os nanossensores podem ser usados para a 
determinação de micróbios e contaminantes. Com o avanço da ciência no mundo e o advento dos equipamentos 
eletrônicos e as grandes mudanças ocorridas nas últimas décadas, sentiu-se a necessidade de construir sensores 
mais precisos, menores e mais capazes. Hoje, são usados sensores de alta sensibilidade que são sensíveis a pequenas 
quantidades de gás, calor ou radiação. Aumentar a sensibilidade, eficiência e precisão desses sensores requer a 
descoberta de novos materiais e ferramentas. Os nanossensores são sensores de tamanho nanométrico que, devido 
ao seu tamanho pequeno e tamanho nanométrico, possuem uma precisão e capacidade de resposta tão altas que 
reagem até mesmo na presença de vários átomos de um gás. Os nanossensores são inerentemente menores e 
mais sensíveis do que outros sensores.

Palavras-chave: nanossensores, orgânico, químico, sensibilidade, sensores, nanômetro, sensor molecular.

Organic chemical Nano sensors: synthesis, properties, and 
applications
Nanossensores químicos orgânicos: síntese, propriedades e aplicações

Z. H. Mahmouda, H. N. K. AL-Salmanb, H. H. Husseinb, A. H. Adhabc, K. Al-Majdid, T. Rasheede, H. A. Abdulhussienf, 
N. Sasirekhag, A. N. Abdh and E. Kianfari,j* 
aScience College University of Diyala, Chemistry Department, Diyala, Iraq
bUniversity of Basrah, College of Pharmacy, Department of pharmaceutical Chemistry, Basrah, Iraq
cAl-Zahrawi University College, Department of Medical Laboratory Technics, Karbala, Iraq
dAshur University College, Department of Biomedialc Engineering, Baghdad, Iraq
ePrince Sattam Bin Abdulaziz University, College of Science and Humanities, Department of English, Al-Kharj, Alkharj, Saudi Arabia
fNational University of Science and Technology, DhiQar, Iraq
gSona College of Technology, Salem, Tamil Nadu, India
hUniversity of Diyala, Science College, Chemistry Department, Diyala, Iraq
iIslamic Azad University, Department of Chemical Engineering, Arak Branch, Arak, Iran
jIslamic Azad University, Young Researchers and Elite Club, Gachsaran Branch, Gachsaran, Iran

*e-mail: ehsankianfar775@gmail.com; ehsan_kianfar2010@yahoo.com
Received: October 23, 2022 – Accepted: March 20, 2023

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-7213-3772


Brazilian Journal of Biology, 2024, vol. 84, e2688932/15

Mahmoud, Z.H. et al.

is accompanied by a change in a quantity being measured, 
such as a change in color or fluorescence, and so on.

2.1. Some detection methods in chemo sensors

1) Fluorescence Detection
2) Colorimetric Detection
3) Electrochemical Detection

Each of  these methods has advantages and 
disadvantages. Fluorescence is a method with very high 
sensitivity and is used in a wide range (Tang et al., 2019; 
Xiao et al., 2020; Kearns et al., 2017). The colorimetric 
method is similar to fluorescence but has a lower 
sensitivity. In the electrochemical method, the sensitivity 
is high and the equipment required is simple, but it is 
used for certain species (Madou and Morrison,1989; 
Gauglitz et al., 1993).

2.1.1. Principles of chemical sensors based on fluorescence

Chemical sensors must have two main components, 
fluorophore (Fluorophore) as part of the signal generator 
and receiver of this signal. In the presence of the analytic, 
the receptor attaches to it, and the fluorophore exhibits a 
signal change in color or fluorescence. The components 
of a chemical sensor are shown in Figure 1. In a simple 
example, the emission of a photon or fluorescence occurs 
following the excitation of an electron from the highest 
occupied orbital (HOMO) to the lowest occupied orbital 
(LUMO) in a molecule (Hisamoto and Suzuki, 1999; 
Tiwari and Anthony, 2014). In Figure 2a, as you can see, 
a pair of unbounded electrons is located adjacent to the 
fluorophore molecule, and the energy of this orbital is 
located between the HOMO orbital and the LUMO orbital 
of the fluorophore. By emitting light, the electron is 
excited from the HOMO orbital to LUMO, whereupon 
one of the unbounded electrons is transferred to the 
HOMO fluorophore orbital cavity created by the electron 
excitation. The excited electron is transferred to the 
non-bonded orbital instead of returning to the ground 
state, turning off the fluorescence. Such a mechanism is 
called photo induced electron transfer (PET). Figure 2b 
shows that if the same pair of unbounded electrons 
participates in a bonding interaction, the energy of this 
orbital decreases and the transfer of electrons to the 
Homo orbital cavity is prevented. The electron excited 
from the LUMO orbital returns to the ground state with 
the emission of radiation, which is called a mechanism 
(Chelation-Enhanced Fluorescence-CHEF).

1. Introduction

Chemical sensors, Nano sensors and biosensors are 
among the most popular topics in chemistry. This issue 
can be concluded from the volume of studies and also 
the variety of methods and techniques used in this 
field (Martínez-Máñez and Sancenón, 2003; Kim and 
Quang, 2007; Han et al., 2009). This is especially due to 
the new needs that have arisen in medical diagnostics, 
environmental decomposition, food decomposition and 
production monitoring of some products (James et al., 
1995; Motsenbocker et al., 1993; Jung et al., 2011). 
For example, sensors can be used to detect illicit drugs, 
toxins, and chemical warfare agents. Controlling the 
function of drugs in the body is another practical aspect 
of biosensors that has received much attention in recent 
years (Janata and Bezegh, 1988; Kaniusas et al., 2004; 
Adhikari and Majumdar, 2004; Madou and Morrison, 1989). 
In designing a sensor, scientists of different sciences such 
as biochemistry, biology, electronics, different branches of 
chemistry (organic, decomposition, physics and surface) and 
branches of physics (mechanics, light, thermodynamics) 
are involved (Gauglitz et al., 1993; Hisamoto and Suzuki, 
1999; Tiwari and Anthony, 2014; Wu et al., 2016). The main 
part of a chemical or biological sensor is its sensor element. 
The sensor element is in contact with a detector. The sensor 
element is responsible for identifying and linking to the 
target analytic (target species) in a complex sample. 
The detector then converts the chemical signals generated 
by the bonding of the sensor element to the analytic into 
a measurable output signal (Bonyani et al., 2016; Lee and 
Park, 2011; Dahman, 2017; Zhuiykov, 2012; Xu and Zhang, 
2010; Hou et al., 2010). Biosensors rely on biological 
components such as antibodies. Enzymes, receptors, or 
cells can also be used as sensors. With recent advances 
in chemistry, and in particular the targeted and precise 
synthesis of molecules (and macromolecules) in organic 
chemistry, a sensor element can be found for analyses 
for which there are no natural receptors. This designed 
molecule can be used as a sensor component in a chemical 
sensor (Chemo sensor) and linked relatively specifically 
to the decomposed species (Vunain and Mishra, 2018; 
Gupta et al., 2015; Zhang et al., 2018).

2. Chemical Sensors

A sensor is a chemical device or device that is able to 
reversibly communicate with analyses. This relationship 

Figure 1. Organic chemical sensor components (Adhikari and Majumdar, 2004).



Brazilian Journal of Biology, 2024, vol. 84, e268893 3/15

Organic chemical Nano sensors

2.2. Anionic sensors

2.2.1. Anionic sensor to detect fluoride ions through 
fluorescence

Nano silica functionalized by the organic molecule of 
Figure 3b shows fluorescence change in the presence of 
fluoride anion in aqueous solution. As shown in Figure 3a, 
fluorescence does not change in the presence of other 
anions such as bromine, iodine, and sulfate. However, 
in the presence of fluoride anions and the formation of 
hydrogen bonds with nitrogen hydrogens, fluorescence 
changes (Jimenez-Falcao et al., 2020; Ehgartner et al., 2016; 
Wang et al., 2017; Caon et al., 2017). Here, due to the transfer 
of non-bonded electrons by nitrogen to the fluorophore 
part of this sensor, the fluorescence is turned off.

2.2.2. Sensor to detect phosphate anion by calorimetry

The sensor uses a derivative of fluorescein to detect 
phosphate anions. Its fluorescein fraction shows a certain 
color. This sensor, as shown in Figure 4, contains hybrid 
materials with nanoscale acceptor sites for anion bonding. 
In the absence of the phosphate anion, the anionic 
derivative of fluorescein is placed in the mesoporous 
Nano silica cavity (Srivastava et al., 2018; Vikesland, 2018; 

Fuertes et al., 2016; Arndt et al., 2020). In the presence of 
the phosphate anion, this derivative is released into the 
medium, which is clearly shown in Figure 4 as the cause 
of the color change. Therefore, the signal generation is 
actually due to the release of fluorescein derivative into 
the environment.

2.3. Cation sensors

2.3.1. Sensor to detect copper cation through calorimetry

This sensor is designed to detect copper cations. This 
sensor is made by functionalizing silica nanotubes using 
organic molecules. Figure 5a shows the deposition color 
of functionalized silica nanotubes without the presence of 
cations, Figure 5b shows the presence of copper cations, and 
Figure 5c shows the presence of other cations. Figure 5d 
also shows how the copper interacts with the acceptor 
site on silica nanotubes.

2.3.2. Sensor to detect mercury cation through 
fluorescence

A report presents a cationic chemical sensor for lead 
ions based on Core-Shell silica nanoparticles on iron 
oxide (Shen et al., 2017; Mahmoudpour et al., 2019; 

Figure 2. Mechanism of chemical sensors (Adhikari and Majumdar, 2004).

Figure 3. (a) Change in fluorescence emission in the presence of different anions (b) Nano silica functionalized by organic molecules 
(Adhikari and Majumdar, 2004).
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Borgognoni et al., 2018; Sun et al., 2019; Wang et al., 2017). 
In this work, the core-shell nanostructure is functionalized 
with an organic compound. Figure 6 shows the fluorescence 
change of this sensor. The organic molecule emits radiation 
in the presence of cations.

2.3.3. Chemo dosimeter Irreversible Chemical Sensors

These sensors refer to sensors that react irreversibly 
with analyses and the cause of color change or fluorescence 
change in such sensors is a change in the structure of the 
organic species. This change in these sensors is irreversible 
(Huang et al., 2021).

2.3.3.1. Gold nanoparticle-based chemo dosimeter for 
nitrate anion detection by calorimetry

Functionalized gold nanoparticles that exhibit 
distinctive optical properties are used to identify 
various systems such as DNA, proteins, small molecules, 
metal cations, and cancer cells. Figure 7 shows a Como 
dosimeter to identify nitrate anions. In this case, in the 
presence of nitrate anion, a two-molecular reaction occurs 
between two functionalized gold nanoparticles, causing 
the two molecules to pair and change color. This color 
change is shown in Figure 3b in the presence of different 
concentrations of nitrate anion.

Figure 4. Sensor for phosphate anion detection (Adhikari and Majumdar, 2004).

Figure 5. Sensor for detecting copper cation through calorimetry (Adhikari and Majumdar, 2004).
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2.3.3.2. Nano silica-based chemo dosimeter for detection 
of copper cation by fluorescence and calorimetry

This Chemo dosimeter is designed to detect copper 
cations. The system has the dual properties of color change 
and fluorescence in the presence of copper cation as a 
chemo dosimeter (Agrawal et al., 2018; Bandodkar et al., 
2016; Bott and Franz, 2019; Ntim et al., 2018). In the 
presence of other different cations, as you can see, it does 
not show any fluorescence change. As shown in Figure 8, 
the presence of copper cation changes the structure of the 
molecule, which causes a change in color and fluorescence.

3. Molecular Sensors

3.1. Sensor to detect glucose

As you can see in Figure 9, they have designed a sensor to 
detect goulash that does not show fluorescence due to the 
transfer of non-bonded nitrogen electrons to the anthracene 
fraction. But in the presence of saccharide and the interaction 
of saccharide with boron, boron has a negative charge. 
In this case, the formation of a positive charge on nitrogen 
increases. By forming a hydrogen bond, a positive charge 
is formed on the nitrogen and prevents electron transfer 
and shows fluorescence change (Martínez-Máñez and 
Sancenón, 2003; Kim and Quang, 2007; Han et al., 2009).

3.2. Nanoparticle-based molecular sensor used to detect 
trinitrotoluene

A sensor designed to detect TNT (Trinitrotoluene) is 
shown in Figure 10a. This sensor is composed of several 
polymer filaments that contain conjugate bonds. Each 
unit of this polymer filament is shown in Figure 10b. 

Functionalized ruthenium metal nanoparticles have been 
used to detect trinitrotoluene, which is based on a change 
in the fluorescence of the pyrene species located on the 
nanoparticles in the presence of TNT (Figure 10c).

Figure 6. Sensor for detecting lead cation by fluorescence (Agrawal et al., 2018).

Figure 7. Anionic Chemo dosimeter (Agrawal et al., 2018).
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3.3. Biological and environmental applications of sensors 
based on magnetic nanoparticles

Oregano-mineral hybrids of magnetic nanoparticles 
can selectively identify and isolate molecules in biological 
and environmental samples. Isolation of the main factor 
of the disease from the blood has been considered in a 
large number of clinics (Zhang et al., 2019; Hunter et al., 
2013; Xu et al., 2016; Lin et al., 2020; Chen et al., 2014; 
Freeman et al., 2013). Membranes, which are limited to 
small molecules, are commonly used to directly separate 
small molecules such as urea, potassium, and serotonin 
(Ehgartner et al., 2016; Chen et al., 2014; Tahmasebi et al., 
2021). Biomaterials are large and cannot be separated using 
these membranes. In a study to separate lead from human 
blood, nickel nanoparticles labeled with molecule 1 were 
used. As shown in Figure 11, a change in fluorescence is 
observed with the adsorption of lead by acceptor sites. 
Due to its magnetic nature, this nanoparticle absorbs all 
the lead in the blood after 30 minutes and can be separated 
using a magnet. Uranium is a radioactive metal found 
in nature. This species is sometimes found in natural 
waters, which is dangerous to human health. Therefore, 
the design of sensors that are able to detect and isolate 
this species has received much attention (Smaisim et al., 
2022; Kadhim et al., 2023; Tahmasebi et al., 2021). In one 
study, they were able to easily identify and separate these 
particles using magnetic nanoparticles optimized with 
bisphosphonates. Figure 12 shows the separation method 
well (Xu et al., 2016).

4. Chemical Sensors

A chemical sensor is a sensory receptor that detects 
specific chemical stimuli in the environment. The use of 
chemical sensors is one of the most advanced methods 
in decomposition chemistry, which makes it possible 
to quantitatively measure different species instantly 
(Mahmoud et al., 2021; Bokov et al., 2022). Existing 
electronic and optical technology has made these tools more 

widespread and advanced. In designing a sensor, scientists 
from different sciences such as biochemistry, biology, 
electronics, various branches of chemistry and physics are 
involved. The main part of a chemical or biological sensor 
is the sensor element that is in contact with a detector. 
This element is responsible for identifying and linking to 
the species in a complex specimen. After this bonding, the 
detector converts the chemical signals generated by the 
bonding of the sensor element to the target species into 
a measurable output signal (Mahmoud et al., 2022a, b; 
Raya et al., 2022; Bahadoran et al., 2022). Biosensors rely 
on biological components such as antibodies; Enzymes, 
receptors, or whole cells can be used as sensors. Chemical 
sensors include a sensor layer that generates an electrical 
signal by the interaction of a chemical species (analytic) 
with this layer. This signal is then amplified and processed. 
Therefore, the operation of chemical sensors consists of 
two main stages, which are: detection and amplification. 
The device that performs this process is generally called a 
chemical sensor. This device collects information about the 
chemical composition of its operating environment and 
transmits it to the processor as an optical or electrical signal 
(Mahmood et al., 2022; Smaisim et al., 2023; Fattah et al., 
2023). Figure 13 shows the mechanism of action of a 
chemical sensor. A concrete example of these sensors in 
nature is the human nose, where a nerve signal is generated 

Figure 8. Chemo dosimeter detection of copper cation based on Nano silica (Adhikari and Majumdar, 2004).

Figure 9. Sensor for glucose detection (Agrawal et al., 2018).
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by the collision of material molecules with nerve cells and 
then amplified and sent to the brain. Ideally, a chemical 
sensor is in direct contact with the sample and provides 
good results in low time, precision and high selectivity. 
The sensor and sensing process are usually designed to 
require sampling, dilution, reagent, and so on. The ease 
of use of these sensors has led to their use in a variety 
of fields; In clinical chemistry, it is used to control the 
causes of diseases such as diabetes, to detect and track 
specific gases such as oxygen and carbon monoxide, and 
so on. Sensors are also used to determine the amount of 
environmental pollutants, control and process of the food 
industry. An important feature of chemical sensors is that 
they can be made in very small sizes. This shrinkage makes 
it possible to measure different species, even in the cells 
of living organisms.

4.1. Types of chemical sensors

Chemical sensors are divided into four categories 
based on the converter used to convert the chemical 
change into a process able signal: thermal sensors, 
mass sensors, electrochemical sensors (potentiometric, 
aerometry, conductivity), and optical sensors (Kianfar, 
2023; Hachem et al., 2022; Abdelbasset et al., 2022).

4.1.1. Heat sensors

Heat is a common feature of chemical reactions; 
Accordingly, a suitable physical factor for sensing, 
detecting and measuring temperature changes generated 
during a reaction is proportional to changes in analytic 
concentration. To do this, only a small amount of solution is 
needed to control the temperature. Enzymatic reactions are 
among the reactions that can be used as selective chemical 

reactions to generate heat; For this reason, in most heat 
sensors, enzymes are used for sensory action. Enzyme 
transistors are a class of sensors that use undercurrent 

Figure 10. Sensor for detection of trinitrotoluene (Agrawal et al., 2018).

Figure 11. Synthesis of magnetic Nano silica to separate lead from 
blood (Al Sarraf et al., 2022).
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systems for calorimetry. In these systems, the enzymatic 
reaction takes place in a column containing an enzymatic 
reagent, and the output heat is measured at the end of the 
column at the outlet of the sample stream and solution. 
Two types of heat detectors are used in the construction 
of heat sensors; Among these detectors, Thermistor is 
the most common one, which is more used due to its 
cheap price, availability, stability and high sensitivity. 
Pyroelectrics are another type of converter used in heat 
sensors that are very sensitive to heat sensors. They 
can be used to track the heat absorbed by the gas layer 
(Jasim et al., 2022; Suryatna et al., 2022; Omer et al., 
2022). Another type of heat sensor is a biosensor made of 
silicon chips, which are more sensitive than conventional 
thermistor sensors. Applications of heat sensors include 
the following: Cholesterol determination, measurement 
of the catalytic properties of stabilized cells, control of 
biological processes, measurement of water in food, etc. 
Figure 14 shows a heat sensor.

4.1.2. Mass sensors

Like measuring the heat generated by a reaction, 
measuring mass change can also be used as a suitable 
measure for chemical sensors. This property can be used 
for reactions that result in a change in net mass due to 
the release of a selective catalytic reactor. These sensors 
have two important features; First, they can be used in 
the liquid phase, and second, because they are used in the 
gas phase and selectivity in this phase, they are used for 
immunoassay applications. There are two major types of 
mass sensors, the first using piezoelectric oscillators and 
the second using surface acoustic waves (Sun et al., 2019). 

In general, quartz and polyvinyl fluoride can be used to 
make oscillators. Quartz is the most common material 
used for mass oscillators such as Crystal Microbalance. 
Quartz has heterogeneous crystals that lack a center of 
symmetry and mechanically deform when exposed to 
an electric field. As a result, the crystal is mechanically 
vibrated using an oscillating electric potential. Each 
crystal has a resonant vibrational frequency that can be 
adjusted under the influence of its environment; The 
typical frequency of this vibration is about 10 MHz; In 
practice, the vibration frequency of a piezoelectric crystal 
is proportional to the mass of the crystal and other things 
that cover the surface of the crystal. In addition to quartz 
crystals, other materials such as polyvinyl fluoride are also 
used as integrated arrays. A schematic of a mass sensor 
is shown in Figure 15.

4.1.3. Electrochemical sensors

The oldest and largest group of chemical sensors are 
electrochemical sensors; The response generated in these 
sensors is due to the interaction between chemistry and 
electricity. Today, many of these sensors are commercially 
available and available on the market, and many are 
in development. Electrochemical sensors are divided 
into three categories (Lin et al., 2020; Chen et al., 2014; 
Freeman et al., 2013):

Potentiometric sensors (cell voltage measurement), 
amphometer sensors (cell current measurement), 
conductivity sensors (conductivity measurement).

4.1.4. Chemical optical sensors

Figure 12. Sensor for uranium detection (Al Sarraf et al., 2022).

Figure 13. Schematic of a chemical sensor (Al Sarraf et al., 2022).

Figure 14. A dual layer heat sensor, ML, magnetic resonance layer, 
GL, and adhesive layer, CL (Al Sarraf et al., 2022).

Figure 15. An example of a SAW type mass sensor (Al Sarraf et al., 2022).
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Chemical optical sensors are among the youngest 
chemical sensors. There are several reasons to pay close 
attention to these sensors:
• The optical devices required for use in these sensors are 

already developed and can be easily used in chemical 
sensors. They have many applications for remote control 
of processes, which makes their use more secure. They 
can be made in small sizes and even placed on the tip 
of an optical fiber (Lin et al., 2020; Chen et al., 2014; 
Freeman et al., 2013).;

• Optical-chemical sensors, like electrochemical sensors, 
use extensive spectroscopy knowledge that can be 
easily converted to remote sensors. Optical sensors are 
used in a variety of ways such as measuring absorption, 
fluorescence and luminescence over a wide range of 
wavelengths;

• Chemical-optical sensors are divided into several 
categories based on their application, such as: 
Immunosensor, pH sensors, gas optical sensors, humidity 
sensors, ionic optical sensors, sensors used in petro 
chemistry, etc.

4.1.5. Materials used to make sensors

The materials used to make the sensors can be divided 
into two categories: classical and polymer (Lin et al., 2020; 
Chen et al., 2014; Freeman et al., 2013).

4.1.5.1. materials classical

The basis of solid state sensors is the electrical response 
to the chemical environment. For example, electrical 
properties change with the presence of a liquid or gas 
phase; These changes are used to identify chemical 
species (Lin et al., 2020; Chen et al., 2014; Freeman et al., 
2013). Although silicon chemical sensors such as the 
Field Effect Transistor (FET) have been developed, the 
cost and technology required to manufacture them, 
as well as problems such as reproducibility, stability, 
sensitivity, and selectivity, have limited their use. Metal 
oxide semiconductor sensors such as compact powders 
and SnO2 thin films also have a catalytic activation effect.

4.1.5.2. polymer

Polymeric materials have been widely used in sensor 
technology over the past decade. These materials have 
many advantages for use in the manufacture of sensors, 
including the following:
• Polymers can be deposited on a variety of substrates;
• Some chemical species can be chemically deposited on 

polymer substrates to reduce the amount of reactant 
leakage into the sample solution;

• Variety of polymers in terms of structural properties 
such as having side chains or being charged or neutral 
particles, etc., which create the appropriate physical 
and chemical properties for the sensor;

• The possibility of dissolution or even uniform dispersion 
of the chemical detector in the polymer tissue is 
provided;

• Mechanical stability of polymers allows long-term 
use of the sensor and its high stability; The polymer 

structure in some cases improves properties such as 
selectivity and sensitivity;

• Polymers are relatively inexpensive materials and their 
manufacturing techniques are simple and easy and 
do not require special conditions. In some cases, even 
under normal laboratory conditions, the polymerization 
required to make a sensor layer is performed (Lin et al., 
2020; Chen et al., 2014; Freeman et al., 2013).
Polymers and materials suitable for making sensors 

must have a number of special properties, which include 
(Lin et al., 2020; Chen et al., 2014; Freeman et al., 2013):
• Detector solubility in polymer tissue;
• Appropriate lifespan;
• Lack of crystallization or migration or reorientation of 

species;
• No effect of aging and depreciation;
• Resistance to chemicals such as acids, bases and 

oxidants;
• Transparency against light;
• Biocompatibility (non-toxic substances);
• No inherent color or luminescence (in use as a 

background).
A polymer fabric is used to make such sensors. 

A compound with optical properties is stabilized as a 
sensitizer inside the polymer substrate (mass sensor) or 
on its surface (surface sensor). Therefore, the polymer only 
acts as a retaining agent or a solid substrate. It should be 
noted that in these sensors, the polymer membrane used, 
in addition to holding the detector in a specific and fixed 
place, also has other functions. Membrane permeability 
properties can lead to the repulsion of other species or 
ions that are considered to be interfering. For example, 
hydrophobic membranes are used to repel non-volatile 
materials in sensors used to measure the concentration 
of gases in water (Lin et al., 2020; Chen et al., 2014; 
Freeman et al., 2013).

4. Manufacture of Nano-sensors for Water Treatment 
Applications

In recent years, environmental pollution caused by the 
entry of heavy metal ions and other toxic elements into 
the environment has become a major problem. Among 
environmental pollutants, water pollution is a much more 
serious threat to human health. Water security is threatened 
by the introduction of a wide range of chemical pollutants 
produced by various industries and agriculture, such as 
hydrocarbons, mineral gases, and especially toxic metals 
such as mercury, chromium, cadmium, arsenic, lead, etc. 
These toxic metals cause long-term damage to biological 
systems and can disrupt biological life, even at the cellular 
level. Uncontrolled discharge and monitoring of garbage, 
use of agricultural herbicides, pesticides, insecticides and 
effluent disposal all play a major role in these contaminants. 
It is not possible to use groundwater directly in many 
parts of the world due to its high salt concentration and 
hazardous contaminants. The source of these dangerous 
pollutants is the industrialization of different countries 
without proper and sufficient control over mineral 
wastes, which has caused unwanted effluents and debris 
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to enter the soil and water. Another important factor is 
the growing population of the world and climate change, 
which has complicated the problem of water pollution and 
has created many problems to eliminate this pollution. 
Therefore, in order to use unsuitable groundwater for 
drinking purposes, there is a need for treatment operations 
using new high-efficiency technologies (Lin et al., 2020; 
Chen et al., 2014; Freeman et al., 2013). Nanotechnology has 
all the features needed to be used in the water treatment 
process and is known as a promising option to solve many 
problems in the water treatment and purification process. 
Environmental applications of nanotechnology are divided 
into three general groups, including (1) the production of 
sustainable and environmentally friendly products such 
as wetting, (2) the treatment of toxic pollutants, and (3) 
the production of sensors and detectors that protect the 
environment. Nanomaterials are used as sensors to control 
water quality due to their high specific surface area for 
adsorption, high photocatalytic activity, antimicrobial 
properties for disinfection and other unique optical and 
electron properties (Xu et al., 2016). So far, several methods 
have been proposed for the detection of heavy metals in 
water, but none of them are fully capable of detecting heavy 
metal ions and microbial or organic pathogens. Therefore, 
there is an urgent need to develop new and advanced 
sensors to detect biochemical contaminants with very 
low concentrations in water. A sensor is a type of energy 
converter that has the ability to detect certain properties 
and changes related to its environment. The results of 
the changes detected by the sensors are displayed as 
a signal (electrical or optical). There are many types of 
sensors and they have a wide range of applications in 
various fields. In general, core-shell nanomaterials are 
a combination of different materials such as dielectrics, 
metals, semiconductors, and pigments. In core-shell 
nanomaterials, one material acts as a core and another 
as a shell. Depending on the application, core-shell 
nanomaterials can take many forms, such as Nano pores, 
nanowires, and nanosats. There is another type of core-
shell nanostructure in which the core of a very small metal 
nanoparticle with dimensions of 10-50 nm such as gold or 
silver, and the shell is made of silica. These nanostructures 
dramatically increase the chemical stability of colloids and 
improve the luminescence properties of some systems. 
Therefore, these nanostructures are used to identify metal 
ions in water. The method of synthesis of nanocomposites 
with silver-silica core-shell structure (SiO2 @ Ag Core-
shell Nanocomposites), gold-silica (SiO2 @ Au Core-shell 
Nanocomposites) and single-walled carbon nanotubes 
used in the water treatment process will be discussed.

4.1. Nanocomposite with core-shell structure of silver-silica

The synthesis of these nanocomposites consists of 
two steps. First the silica particles are synthesized by the 
Stober method and then the silver particles are coated 
on them. The advantage of this method is the presence of 
unidentified charges on the surface of silica particles and 
silver ions. Therefore, silver nanoparticles are adsorbed on 
the surface of silica particles by electrostatic attraction. 
Silver nitrate is reduced in the presence of silica particles 

using trisodium citrate. The particles produced after 
centrifugation are washed with water. The precipitated 
yellow color is then redistributed in water. The thickness of 
these nanostructures increases with the repetition of the 
second stage of the process. It is also possible to control 
the thickness of the coating by changing the reaction 
conditions such as the amount of silica particles added 
(Xu et al., 2016).

4.2. Nanocomposite with gold-silica core-shell structure

To prepare these particles, silica particles are first 
activated using 3-aminopropyl ether-ethoxysilane (APTES). 
APTES molecules contain OH at one end and NH2 at the 
other. Thus, these molecules have the ability to bind to 
silica and gold via oxygen and nitrogen atoms, respectively. 
The resulting solution is stirred vigorously for 4 hours at 
65 °C and then centrifuged. The resulting precipitate is 
washed off with water. In the next step, the solution of 
gold, sodium hydroxide and functionalized silica particles 
in water is stirred for 10 minutes at 75 °C and gold grains 
are formed in silica particles. Finally, the final solution 
is centrifuged, washed with water and redistributed in 
water (Lin et al., 2020).

4.3. Single-walled carbon nanotubes

Conventional solid state sensors used to detect NO2 and 
NH3 typically operate at temperatures above 400 °C, 
and polymers are not widely used due to their limited 
sensitivity. On the other hand, sensors made of single-
walled carbon nanotubes are highly sensitive and react 
quickly at room temperature. Also, these nanomaterials can 
be metallic or semiconductor depending on their radius and 
chirality. To produce Nano sensors based on single-walled 
carbon nanotubes, single-walled carbon nanotubes with 
a diameter of 4 nm are dispersed in various solvents such 
as acetone, chloroform and dimethylformamide. The best 
solvent for uniform distribution of single-walled carbon 
nanotubes is dimethylformamide. Before coating single-
walled carbon nanotubes on glass plates, a pre-treatment 
step on glass plates is performed by APTES to prevent the 
nanotubes from separating from the glass plates. During 
this pre-operation, the glass plates are washed with water 
and acetone and immersed in 2% APTES solution for 2 hours 
and finally dried at room temperature. Methods such as 
sol-gel are used to coat single-walled carbon nanotubes 
from the suspension containing these nanotubes on glass 
slides (Chen et al., 2014).

5. Identification of Heavy Metals in Water with Core-
shell Nanocomposite Structures and Nanoparticles 
(Nano Sensors)

The presence of some metal ions such as zinc (Zn+2) 
is essential for maintaining the normal function of cells; 
While heavy metal ions such as cadmium, mercury and 
lead have destructive effects on human health and cause 
various diseases such as cancer. In this section, Nano sensors 
synthesized from metal nanoparticles are used to detect 
these contaminants. How to completely and effectively 
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remove undesirable metals from the water system is a 
huge challenge. Toxic heavy metals in industrial effluents 
include iron, copper, nickel, mercury, cadmium, lead and 
chromium. Metal nanoparticles have very strong and 
desirable absorption properties in the ultraviolet-visible 
region of the electromagnetic spectrum. The reason for 
this is the cumulative electron interactions between 
metal atoms and electrons. In the case of gold and silver 
nanoparticles, surface Plasmon intensification is one of 
their most attractive properties, as it creates unique optical 
properties in the visible light spectrum. Plasmon is the 
cumulative oscillation of electrons in a metal conduction 
layer as high-energy electrons pass through. Recently, 
the tendency to use composite materials including metal 
nanoparticles and polymers as lattices has increased 
significantly. By adding metal nanoparticles to the polymer, 
new and unique properties are created and the range of 
properties is significantly expanded. Nanocomposites 
with a core-shell structure of gold-silica have a more 
advanced surface Plasmon resonance bond than gold 
nanoparticles; Therefore, it is more sensitive to detect 
very small amounts of heavy metals in drinking water. 
Nanocomposites with a gold-silica core-shell structure 
accumulate when heavy metal ions collide to detect the 
presence of these contaminants (Lin et al., 2020; Chen et al., 
2014; Freeman et al., 2013). TEM and SEM images of 
nanocomposites with gold-silica core-shell structure 
and aggregated core-shell particles with the addition of 
0.01 ppm of cadmium ions (Cd+2) are shown in Figure 16. 
Also, with the presence of these ions, changes occur in 
the location of the Plasmon adsorption bond due to the 
chemical adsorption of these ions on the surface of the 
nanocomposite containing gold. The changes in the surface 
Plasmon resonance peaks of Nano sensors with the entry 
of cadmium ions are shown in Figure 17. Similar results 
were obtained for cadmium ions when zinc and lead ions 
were present in water. In other words, with the presence 
of these ions, a partial transition in the bands towards 
longer wavelengths will occur. Suspensions containing 
gold nanoparticles show a strong red color due to the 
absorption of surface Plasmon. When there are zinc and 

lead ions, there is no change in their red color. Discoloration 
occurs only when electrons are transferred from adsorbed 
ions to metal particles. This phenomenon increases the 
density of free electrons in the metal conduction band 
and increases the plasma frequency of the metal. Raman 
spectroscopy and surface enhanced Raman spectroscopy 
are other tools for investigating changes in nanocomposites 
with a gold-silica core-shell structure when they interact 
with cadmium ions. With the presence of cadmium ions in 
the ppm range, the intensity of the gold peak in the Raman 
spectrum decreases. Also, sensors made of gold nanowires 
are capable of detecting mercury ions in water up to ppb.

6. Conclusion

1. In this paper, we reviewed chemical sensors based 
on organic molecules to identify toxins and neutral 
cations, anions, and molecules using colorimetric 

Figure 16. (a) TEM image of nanocomposites with gold-silica core-shell structure and (b) SEM image of aggregate core-shell particles 
with the addition of 0.01 ppm of cadmium ions (Cd+2) (Agrawal et al., 2018).

Figure 17. Changes in the surface plasmon resonance peaks of 
nanosensors with the entry of cadmium ions: (1) gold, (2) gold-
silica, (3) gold-silica +0.1 ppm cadmium ion, (4) gold-silica + 1 
ppm ion Cadmium, (5) gold-silica 2ppm + cadmium ion, (6) gold-
silica +5 ppm cadmium ion, (7) gold-silica +10 ppm cadmium ion 
(Agrawal et al., 2018).



Brazilian Journal of Biology, 2024, vol. 84, e26889312/15

Mahmoud, Z.H. et al.

and fluorescence systems. Nano silica as a solid 
phase is suitable for creating hybrid nanomaterials 
functionalized with organic molecules. Nano-silica-
based organic and mineral hybrids show high selectivity 
for the identification of anions, and natural compounds 
and toxic metal ions. Examples of the use of magnetic 
nanoparticles functionalized with organic species as 
chemical sensors with biological and environmental 
applications are also discussed below;

2. The main part of a chemical or biological sensor is its 
sensor element. The sensor element is in contact with a 
detector and is responsible for identifying and linking to 
the target analytic (target species) in a complex sample. 
The detector converts the chemical signals generated 
by the bonding of the sensor element to the analytic 
into a measurable output signal. In designing a sensor, 
scientists of different sciences such as biochemistry, 
biology, electronics, different branches of chemistry 
(organic, decomposition, physics and surface) and 
branches of physics (mechanics, light, thermodynamics) 
are involved. Chemical sensors, Nano sensors and 
biosensors are among the most popular branches 
of chemistry; This issue can be concluded from the 
volume of studies and also the variety of methods used 
in this field. This is especially due to the new demands 
and needs that have arisen in medical diagnostics, 
environmental degradation, food decomposition, and 
production monitoring of some products. For example, 
sensors can be used to detect illicit drugs, toxins, and 
chemical warfare agents;

3. Nano sensors are nanometer-sized sensors that are 
extremely sensitive and have selective performance 
capabilities. Nanomaterials are used as sensors to 
control water quality due to their properties such as high 
specific surface area for adsorption, high photocatalytic 
activity, antimicrobial properties for disinfection and 
other unique optical and electron properties. The most 
important feature of Nano sensors is their very high 
sensitivity and detection power. Various nanoparticles 
such as carbon nanotubes, gold nanoparticles, quantum 
dots, magnetic nanoparticles and nanocomposites with 
core-shell structure are used as Nano sensors. Among 
the most important applications of Nano sensors are 
determining the amount of nitrate and phosphate in 
water, determining the amount of dissolved oxygen 
in water, monitoring pH, determining the amount of 
heavy elements in water, measuring and detecting 
pesticides and insecticides, monitoring the amount 
of microbial contamination and so on. The optical 
properties of nanoparticle-based sensors are used to 
detect contaminants in water. Another application of 
Nano sensors is to monitor the distribution and quality 
of water. The reason for this is the loss of water from 
leaking pipes and pipes. Here, the method of synthesis 
of nanocomposites with core-shell structure of silver-
silica, gold-silica and single-walled carbon nanotubes 
used in the water treatment process was completely 
proposed. Metal nanoparticles such as gold and silver 
have very strong and desirable absorption properties 
in the ultraviolet-visible region of the electromagnetic 
spectrum, which is due to the cumulative electron 

interactions between metal atoms and electrons. 
Nanocomposites with a gold-silica core-shell structure 
have a more advanced surface Plasmon resonance bond 
than gold nanoparticles and are therefore more sensitive 
to detecting very small amounts of heavy metals in 
drinking water. Nanocomposites with a gold-silica 
core-shell structure accumulate when heavy metal ions 
collide to detect the presence of these contaminants.
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