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    Since Clark's first invention of biosensors in 1956, various enhancements have been made, and new detection methods have been proposed for their future development. The term “biosensor” refers to any analytical instrument that detects an analyte using a bioreceptor and a transducer in addition to a physicochemical detector. They exhibit a high degree of selectivity due to the interactions between the bioreceptors' structure and the analyte (biorecognition). Due to their unique interaction, biosensor signals cannot be tampered with by other substances. Numerous biorecognition molecules, including aptamers and antibodies as well as enzymes and nucleic acids, have been employed in the creation of biosensors because of new technology in electronics and microprocessors. Because of these changes, biosensors can now be put on a smaller surface.




    Electrochemistry is a common technique of signal transduction in biosensors. It includes electrochemiluminescence, potentiometry, impedance spectroscopy, amperometry, conductometry and voltammetry. Recent advancements in nanotechnology and nanoscience have enabled biosensor researchers to conduct ground-breaking research into novel biomaterials and materials with superior physical, biocompatible, mechanical and electrical properties, paving the way for manufacturing of even more efficient electrodes. Innovative electrochemical biosensors are finding new applications as a consequence of this study. Nanostructured biomaterials are one of the most versatile forms of biomaterials since they may be utilized to produce electrodes with micrometer-sized surface areas. For instance, carbon nanotubes and quantum dots, which are used in biosensors, display hitherto unseen properties. As a result, biosensors have become a strong and interesting field thanks to the development of small electrodes that can detect even the smallest amounts of analytes in living systems.




    As a result of these advancements, this book will present an overview of electrochemical biosensors, covering the many types and surface modification methods that are now available. The subjects explored in this book will pique the curiosity of a wide variety of readers. This category of nanomaterial-based systems includes carbon nanomaterials and biosensor signal monitoring devices. Electrochemical biosensors based on microbial cells, nucleic acids, aptamers, and enzymes, as well as receptor-based biosensors for metabolite detection and physiological process research, highlight how electrochemistry may be utilized for metabolite detection and physiological process research. If you are a student or a scientist, this book will help you. It includes contributions from well-known experts in the field of electrochemical transduction for biosensors.
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      Abstract




      The book starts with the definition of biosensors and their classifications upon transduction, which is divided into five systems: Electrochemical, Optical, Thermal, Mass-bass, and Energy and bioreceptor components, which are divided into six types, including Enzymes, antibodies, Nucleic Acids, Aptamers, Cells, and Microbial.Afterward, it continues with electrochemical biosensor fundamental descriptions and then introduces all the electrochemical types like Voltammetric, Potentiometric, and Impedimetric. Finally, Chapter 1 concludes with a short discussion of the electrochemical biosensor market. This talk will focus on biological sectors, food production, and environmental protection and will finish with a look at the newly revealed numbers.
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      INTRODUCTION




      Nowadays, the significance of monitoring and controlling various factors is growing, whether in the food business, clinical diagnosis, hygiene, environmental protection, drug development, or forensics. As a result, it is critical to have dependable analytical equipment accessible to conduct rapid and accurate tests. Using a correctly constructed biosensor is one approach to circumvent many drawbacks of traditional techniques [1]. A biosensor is a device that combines a biological sensing element with a transducer [2]. A biosensor is a chemical sensor that uses a broad and scientific description of the recognition characteristics of biological components in the sensitive layer [3].




      According to the International Union of Pure and Applied Chemistry (IUPAC), a biosensor is a device that detects chemical compounds through specific biochemical processes mediated by whole cells, organelles, tissues, immunosystems, or single enzymes (McNaught and Wilkinson 1997) [1]. Apart from these meanings, the word “biosensor” has a variety of implications depending on the user's area of expertise:




      ● For instance, a biologist defines a biosensor as “a device that converts biological factors such as chemical concentrations, movement, or electric potentials into electrical signals.”




      ● To the scientist, a more appropriate description would be “a device that detects chemical substances through particular biochemical processes mediated by individual entire cells, organelles, tissues, immunosystems, or enzymes.”




      ● A physicist could characterize a biosensor as follows: “a device that sends data, records, and detects a physiological change or process” [4].




      Nonetheless, we must understand what Biosensors are in order to apply these concepts. As a result, the majority of sensors are composed of three primary components (Fig. 1) [2, 5]:




      1) To begin, there must be a component that recognizes the analyte of interest selectively. Typically, this is accomplished via a binding event between the target and the detection component (like Bioreceptors) [5].




      2) Second, to convert the biological binding event into a measurable indication, a transducing element is needed. This may result in the formation of electrochemically detectable species such as protons or H2O2 and a change in conductivity, mass, or optical properties such as refractive index (Like transducers) [5].




      3) Thirdly, some mechanisms for measuring and detecting physical change must exist, for example, sensing a current of optical, mass, or electricity alteration and translating it to helpful information (like microprocessors) [5].
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Fig. (1))


      A biosensor's schematic layout.



      

        



        Basic Principle of Biosensor




        A Bioreceptor is any biological or biomimetic substance, such as antibodies, enzymes, nucleic acids, viruses, bacteria, or tissues. A bioreceptor will bind precisely to a target analyte and trigger the generation of a voltage signal by a transducer [6]. The nose is one of the natural biosensors; the olfactory nerves serve as a bioreceptor, the nerve cell acts as a transducer, and the brain acts as a microprocessor (Fig. 2) [2]. A transducer converts an observable change (chemical or physical) into a measurable signal, most often an electrical signal with significance proportional to the concentration of a specific chemical or set of chemicals [2].




        
[image: ]


Fig. (2))


        Simple Biosensor in the human body is noise.



        On the other hand, biosensors are classified in various ways, discussed in more depth in the following sections. However, the two most common types are (a) affinity-based and (b) catalytic biosensors [7].




        Clark developed the first “biosensor” in 1956, and Clark and Lyons (enzyme electrodes) demonstrated it in 1962 by sandwiching soluble GOx (glucose oxidase) between the gas-permeable membrane and an outer dialysis layer of a voltammetric oxygen (O2) electrode. The oxidation of glucose, mediated by glucose oxidase (GOD), is a chemical process.
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        At the electrode:




        

          

            	O2+2e− + 2H+ = H2O2


          


        




        Between the anode and cathode, which are platinum and silver, respectively, A -0.7 V voltage is applied, sufficient to deplete the oxygen. The current flowing through the cell is determined, which is relative to the direction of the oxygen concentration [2, 4].




        Later that year, in 1967, Updike and Hicks added another Oxygen electrode to compensate for O2 fluctuations in the model. It was quickly recognized that enzyme electrodes could be produced by connecting relevant enzymes to a suitable electrode network for various additional therapeutically critical analytes [4].




        Another early biosensor was used to detect the presence of urea. Guilbault and Montalvo invented this biosensor (1969). The ammonia concentration is determined using an ammonium ion-elective electrode whose comparable voltage is evaluated near zero current. This voltage is proportionate to the ammonia concentration's logarithm and is directly related to the urea concentration [2].
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        By halting living microorganisms on an NH3 gas-sensing electrode plane, Rechnitz created a bioselective electrode for arginine in 1977. This word was then abbreviated to “biosensor” and has endured a common abbreviation for each analytical instrument that amalgamates a biological identification system via a physicochemical transducer [4].




        Throughout the late 1980s and early 1990s, efforts were made to promote the direct electrical connection between the electrode plane and the redox heart of GOx and the creation of minimally invasive subcutaneously implanted devices. During the 1980s, intense efforts concentrated on creating “second-generation” glucose biosensors based on mediators [4].




        Third-generation biosensors will incorporate the biological element directly into the electrical device, for example, by embedding an enzyme inside a conducting polymer or semiconductor material (Foulds & Lowe 1985) [21].




        McNeil & Bannister invented the first electrochemical Biosensor in 1986. One novel method, which may result in a simple voltammetric test strip, is electrochemically detecting a standard enzyme label, alkaline phosphatase [8].




        One of the important aspects of biosensors is that regulating their physicochemical characteristics is a common barrier in developing all next-generation biosensors due to their interface's inadequate stability and repeatability [3].


      




      

        Classification of Biosensors Based on Transducers




        According to the preceding section, a transducer is an analytical instrument that generates an output amount proportional to the input quantity [1]. Biosensors might be classified based on their bio transducers or the biological specificity mechanism [9]. As a result, this section will concentrate on bio transducers. Different biosensor categories will be discussed and shown, including thermal, energy, optical, mass-based, and electrochemical biosensors [9].




        

          Electrochemical Biosensors




          The fundamental concept behind this type of biosensors is that chemical interactions among the aim analyte generate the immobilized biomolecule or use electrons or ions, thus changing the solution's observable electrical characteristics, such as current or potential [1]. Electrochemical transduction biosensors use the biocatalytic response or a solution-based reporter's redox activity of an electroactive label linked to a probing instrument or an objective [7]. Several benefits include the fact that electrochemical biosensors are volume-independent (Even samples with minimal volumes can be quantified.) [9], affordable, portable, vulnerable, and compatible with current microfabrication methods [10].




          Typically, the sensor substrate includes both working and reference electrodes, whereas electrochemical biosensors rely on enzyme catalytic processes [9].




          Additionally, there are many monitoring methods available for electrochemically detecting a signal: the act of accumulating quantifiable charges potential (potentiometry) or density, measuring impedance (impedimetry), and altering the conductivity of measuring current changes (amperometry), or the average among unlike electrodes (conductometry). As a result, depending on their electrochemical sensing methods, they can be classified as potentiometric, impedimetric, conductometric, field-effect transistor, or voltammetric biosensors. The mobility and small electrochemical biosensors allow them to be utilized as a point-of-care apparatus by the patient at a medical clinic or a home [9].


        




        

          Optical Biosensors




          The output transducer signal is light [1]. Initially, the optical Biosensor was designed to monitor dissolved oxygen, carbon dioxide, and pH [11]. Examples include light scattering spectroscopy, surface plasmon resonance, internal reflection, luminescence, fluorescence, and absorption of optical transducers. For instance, a surface plasmon resonance (SPR) sensor was developed using gold nanoparticles as the platform to detect the presence of casein on the surfaces [12].




          The benefits of optical biosensors are their fast detection speed, sensitivity, robustness, and capacity to detect numerous analytes [10]. Optical transduction occurs when the optical characteristics of the transducer surface change as a consequence of a biorecognition event. These changes include refraction, reflection, scattering, transmittance, emission, and absorption. Labeled or label-free biosensors can track these optical changes with or without a label (fluorophore or chromophore) attached to a target or probe [7].




          Optical biosensors of all kinds are covered, include fluorescence effects, Raman Spectroscopy, FT-IR spectroscopy, and SPR. Because electrical and mechanical biosensors have some limitations, optical biosensors are being explored to detect various biological components for diagnostic and analytical applications [7].


        




        

          Mass-Base Biosensors




          Mass-based biosensing uses a mass variation to identify analytes determined by a change in different kinds of sensors. Surface acoustic waves, a QCM (quartz crystal microbalance), or a piezoelectric sensor are the three primary kinds utilized in mass-based biosensing applications [9]. Mass-sensitive biosensors provide some benefits, including operating and monitoring in real-time in liquid, vacuum, and air conditions [10].


        




        

          Thermal Biosensors




          Thermal transducer biosensors are a unique analytical instrument used to measure the amount of heat produced during a biological process. In this formula, molar enthalpy is equal to the concentration/amount of the target analyte, and the total amount of heat produced or absorbed is proportional to the molar enthalpy and the target analyte concentration/amount. The thermal Biosensor is a compact calorimetric apparatus fitted with a high-sensitivity thermistor capable of detecting temperature changes between 0.0001 and 0.05°C. Additionally, it can detect concentrations of the desired analyte concentration as low as 10-5 molarity. By first measuring H (Enthalpy), the reaction's enthalpy at various temperatures, and thus collecting the basic thermodynamic data, G (Gibbs free energy) and S (Entropy) can be computed for a process. Thermal Biosensors are classified as Thermometric Sensors, Terahertz Effect Sensors, and Thermal Radiation Sensors [9].




          Historically, thermometric biosensors have been primarily used to monitor clinical and industrial processes [10].


        




        

          



          Energy Biosensors




          The cellular mechanism is also often stated to store energy in the shapes of molecules [9].




          Energy Biosensors are classified into two categories: Fluorescence Resonance Energy, Adenosine Triphosphate. Application of energy biosensors: Food molecules are formed when water and carbon dioxide are oxidized in the mitochondria, one of the most important organelles in the cell. In glucose metabolism, the adenosine triphosphate (ATP) ratio to adenosine diphosphate (ADP) is a key component influencing the cellular energy metabolism structure, which finds changes in free energy required for ATP hydrolysis and driving force generation. So, a biosensor can detect ATP's disturbance in live cells via metabolic activity, specifically by measuring ATP and metabolic activity's common effect, ATP. An important part of detecting material energy is fluorescence sensors [9].


        


      




      

        Classification of Biosensors Based on Bioreceptor




        Bioreceptors, or biological recognition components, are required for highly specialized biosensor technologies. The primary difference between a biosensor and a standard sensor is its biological or bioreceptor recognition element. The bioreceptor is the sensor's method of recognition for the analyte of interest. A bioreceptor is a molecular species that identifies other molecules through a biological process. The sensor-surface adherence is their responsibility [13]. There are six types: enzymes, antibodies, nucleic acids, aptamers, microbes, and cells.




        

          



          Enzyme




          Leyland Clark developed one of the first biosensors by coating an oxygen electrode with a film containing a dialysis membrane and glucose oxidase. This might be used to determine blood glucose levels; the enzyme transformed glucose to hydrogen peroxide and gluconolactone while also using oxygen. The decrease in dissolved oxygen might be detected at the electrode, and with proper calibration, blood glucose levels can be estimated [5].




          In biosensor applications, enzymes have been the most often employed bioreceptor molecules. Because of their unique ability to catalytic and bind action, enzymes are often employed as bioreceptors. A catalytic process amplifies the detection in biocatalytic recognition systems [13].




          All enzymes, except for a tiny subset of catalytic ribonucleic acid molecules, are proteins [13]. They are amino acid-based proteins joined together through peptide bonds to create lengthy chains folded into spherical shapes. A biorecognition layer, including enzymes, metabolizes an analyte identified via the production of end products.Otherwise, an analyte competes with the enzyme in the biorecognition layer for the enzyme's substrate, reducing the production of enzymatic products that ultimately correspond with the analyte concentration [7].




          The bioreceptors' mechanisms of action can include the following: (1) The process of turning the analyte into a detectable sensor product; (2) the measurement of an analyte that can block or activate an enzyme; or (3) the assessment of how the analyte modifies the enzyme's properties when it interacts with the analyte [13].




          Enzymes are used in biosensors because they are naturally occurring proteins that catalyze a change in a particular substrate molecule to a product without being eaten in the process [13]. Enzymes are often utilized in the creation of biosensors as biomaterials. These biosensors are based on enzymes Table 1 [1].




          

            Table 1 The categories of enzymes and their functions are utilized by biosensors to identify their competent substrates as analytes.




            

              

                

                  	Enzyme class



                  	Function

                


              



              

                

                  	Oxidoreductases



                  	Reactions of oxidation/reduction

                




                

                  	Transferases



                  	Transfer of chemical groups between molecules

                




                

                  	Hydrolases



                  	Cleavage by hydrolysis

                




                

                  	Lyases



                  	Other than oxidation or hydrolysis, cleavage of C—N, C—O, and C—C bonds

                




                

                  	Isomerases



                  	Rearrangement on an intramolecular level

                




                

                  	Ligases



                  	The fusion of two molecules

                


              

            




          




          Enzymatic sensors are classified into substrate and inhibitor sensors based on their functionalities. Biosensors for substrates are used to determine the particular substrates of enzymatic processes. Inhibitor sensors are used to detect the presence of substances that interfere with an enzyme's function [12].




          Enzymes are ideal candidates for biosensors due to their high selectivity; for example, glucose oxidase will only interact with glucose and will not interact with other sugars. Due to their high catalytic activity, enzymes exhibit fast substrate turnover, which is essential because they may become saturated or generate insufficient active species to identify. Nevertheless, they have certain drawbacks: an enzyme specific to the object of interest does not exist. Additionally, enzymes could be costly and difficult to extract in adequate amounts and might be unstable, quickly denaturing, and rendered ineffective. Some species may also poison them. Furthermore, detecting enzyme turnover can be difficult [5].


        




        

          Antibody




          In the 1950s, an antibody-based biosensor was unexpectedly linked to recognition, paving the door for the possibility of immuno-conclusion. From that moment forward, strenuous efforts have been undertaken to develop an immunosensor made of antigen/immunizer as a clinical diagnostic bioreceptor device [14]. A counteracting agent is an immunoglobin (Ig) produced in the 'Y' configuration, which consists of two substantial chains (H), as well as two light chains (L). On the other hand, specific human antibodies form dimeric or pentameric complexes through disulfide bonds and an extra protein termed the joining or J-chain. Each chain has a constant and a variable component. The variable portion is unique to the antigen associated with the corresponding antigen, which is unique [14]. They exhibit remarkable selectivity in their binding to particular species (antigens) through a combination of hydrogen bonds and other noncovalent interactions. The binding occurs inside the protein molecule's cleft (Fig. 3) [5, 13].
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Fig. (3))


          A schematic representation of an antibody’s Y-shape structure.



          Thus, an immunosensor constructed from antigen as a bioreceptor takes advantage of the immune response's ability to associate with a contrasting antigen that is deeply specific, durable, and adaptive. A component of an immune response's selectivity for its antigen's coupling side is its amino acids [14]. Immunosensors use either an antibody or an antigen as a biorecognition layer to leverage the antigen-antibody interaction [7]. The majority of immunosensors are constructed using the solid-phase immunoassay principle, in which antigens and antibodies are immobilized on a stable substrate. As a result, contact between antigen and antibody occurs at the solid-liquid interface [10].




          Protective proteins, such as immunoglobulins, are produced via an organism's immune system in reaction to the infiltration of foreign biological substances (antigens), which serve as the biochemical receptors in this circumstance [12].




          After the antibody is produced, Adsorption may occur on a transducer to create a biosensor, as an example of it is given in Fig. (4) [5].
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Fig. (4))


          An immunosensor based on antibodies is shown schematically.



          Immunosensors operate in three styles: (a) sandwich mode, which includes the use of an antigen with two epitopes that binds both an immobilized antibody and a secondary antibody that has been tagged; (b) competitive mode, which includes a competition for binding between a labeled and an unlabeled antigen to the immobilized antibody's limited binding sites; and (c) straight mode, which entails the interaction of an unlabeled antigen with an unlabeled antibody [7].




          An antigen-specific antibody binds to its specific antigen in a highly specific manner. This particular feature of antibodies is critical for their application in immunosensors because the antibody binding site can only accommodate the specific analyte of interest, the antigen [1]. Thus, immunosensors are utilized to identify the players in immunochemical interactions, particularly antibodies, antigens, and quantifying proteins [12, 13].




          One significant advantage of antibodies is that they can be “grown” in laboratory animals by inoculating them with the desired antigen; the animal's innate defense mechanism is to produce antibodies to the antigen. One disadvantage is that when antibodies create a compound with their antigens, no easily quantifiable byproducts are found. These include redox-active species and electrons [5].


        




        

          Aptamers




          Aptamers are synthetic peptides or oligonucleotides that are intended to affix certain nucleic acids. They are often generated by SELEX (SELEX is the acronym for Systematic Evolution of Ligands by Exponential Enrichment, which is the method of choosing an aptamer), a predominantly random pool of genes, or a sequences library [15]. Aptamers, which are in vitro synthesized oligonucleotides via ligands, have evolved methodically via exponential growth (SELEX), act as a biomimetic biorecognition layer capable of detecting a wide variety of analytes, including organic dyes, nucleic acids, metal, drugs, ions cofactors, antibiotics, and amino acids [7].




          Aptamers are a class of DNA/RNA -like oligonucleotides that attach to various objectives, counting cells, peptides, medicines, and proteins. When they bind their intended recipients, the aptamer undergoes conformational changes; for instance, it can wrap around molecules. These structural modifications are often visible, aptamers are excellent candidates for sensing applications [5].




          Aptamers are categorized as follows (Fig. 5) [13, 15]:
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Fig. (5))


          Classification of aptamers.



          • Nucleic acid aptamer




          • Peptide aptamers




          That nucleic acids can be into three classifications:




          • DNA




          • RNA




          • XNA




          

            Nucleic Acids




            Nucleic acids are macromolecules accountable for transferring all living organisms' genetic information from generation to generation. They are made up of a base (pirimidic or purine), a sugar (deoxyribose or ribose), and phosphate [15]. These biosensors rely on hybridization between a nucleic acid probe sequence (bioreceptor) mounted on the surface and its matching target sequence [7].




            The specific affinity binding process that occurs between two single-stranded DNA (ssDNA or RNA) chains to produce double-stranded DNA (dsDNA) is used in nucleic acid-based biosensors, which recognize biological entities via the use of nucleic acids (Fig. 6) [13, 15].




            DNA, which serves as a template for protein synthesis and can be seen as a molecular data storage device, is present in all living cells. RNA has many functions in alive organisms, serving as a messenger between the ribosomes and DNA that build proteins and as a gene expression manager. RNA and DNA are polymeric species with a sugar-phosphate backbone, and the thymine, guanine, cytosine, and nucleic acids adenine as side chains in DNA [5]. Biosensors based on nucleic acids (NA) include a NA as the biological recognition element (natural and biomimetic forms of oligo- and polynucleotides) [1].




            DNA sensors typically consist of one oligonucleotide chain attached to an appropriate transducer, such as a QCM (quartz crystal microbalance), SPR (surface plasmon resonance) chip, or electrode exposed to a solution containing the desired oligonucleotide strand. The surface-bound oligonucleotide is chosen to complement the target oligonucleotide and the bound, and during the recognition event, sequence-specific hybridization occurs in solution strands [5].
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Fig. (6))


            Schematic representation of three essential nucleotide structural elements, DNA, RNA, and nucleotides.



            Biosensors based on peptide nucleic acid, RNA, or DNA benefit from the formidable base-pair attraction between mutually beneficial portions of nucleotide strands that are aligned [1]. Electrochemical DNA biosensors that translate the identification of base pairs to a quantifiable electrical signal are promising possibilities for fast and low-cost genetic disease diagnostics and the detection of harmful biological organisms. Their clinical utility and adaptability with microfabrication technology make them attractive candidates [1].




            DNA and RNA are both chains made up of conventional oligonucleotides [15].




            Due to their cheap cost, specificity, and excellent stability, DNA-aptamer-based biosensors have been created as an alternative to antibodies. It can attach to particular bacteria, viruses, proteins, hormones, analytes, and even tiny molecules and ions with high specificity and affinity. Van der Waals forces and Hydrogen bonds are the primary kinds of bonds utilized in this binding [10].




            XNA: Similar to nucleic acids, but modifications to the phosphate phosphodiester, pentose sugar, or nucleobase skeletons [15].


          




          

            Peptides




            Peptides are naturally occurring or synthesized polymers of amino acids that are constructed similarly to proteins. When binding to targets, many proteins exhibit high selectivity and specificity, so peptides with the proper amino acid sequence should exhibit the same properties. These recognition receptors may be generated with a specific sequence, or affinity to a certain target can be determined using a library of peptides [5].




            Peptides have many benefits over proteins; they have a higher degree of conformational and chemical stability and are considerably less prone to denaturation. Additionally, they can be produced utilizing well-established solid-phase synthesis methods and readily replaced with labeling groups without impairing their action. However, one problem is that immobilizing them on a solid surface may result in structural changes that render them inactive [5].




            Finally, Aptamers have several benefits over many other recognition elements, including antibodies and enzymes. They can be produced in vitro without the need for animal hosts and with a high degree of selectivity and specificity for virtually any object, from tiny molecules to entire cells, proteins, and peptides. Apta sensors will be more robust and adaptable to the circumstances encountered during sample acquisition. It is commercially manufactured in its pure state and often outperforms other biological compounds in terms of stability. One disadvantage is that, since aptamers form counterparts, no readily observable product, such as a redox-active species, is produced [5, 13].


          


        




        

          Cells




          The bioreceptor layer comprises live cells that detect useful details about biologically active analytes, both extra- and intracellular microenvironments changes, and extrinsic stimuli, such as medicines and receptor ligands, on cells (chemical stimulus), and potential for induced stimuli (electric stimulus). Numerous non-invasive methods can be used to monitor microenvironmental changes caused by such stimuli, including the concentration of ions or extracellular chemicals, the action potential, and the impedance change caused by cellular metabolism (Fig. 7) [1, 7].




          Cell-based sensors are a type of Biosensor that utilizes living cells as the biospecific sensing component. They depend on live cells' ability to detect extra- and intracellular microenvironment variables and physiological factors and to produce a reaction through the collaboration of jolt and cell [14].
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Fig. (7))


          Scheme of the cell-based Biosensor.



          A microbial whole-cell strain of genetically modified Biosensors uses either prokaryotic or eukaryotic cells to rapidly and cost-effectively report chemical composition, toxicity, carcinogenicity, and mutagenicity [10]. Another significant benefit of utilizing this type of bioreceptors is the possibility of low detection limits due to signal amplification [1].


        




        

          Microbial




          A microbial biosensor is an analytical instrument that immobilizes microorganisms on a transducer to detect specific analytes. Fungus and bacteria may be employed as biosensors to discover particular chemicals or the “state” of the surrounding environment in general [13].




          Microorganisms are used as biological components in biosensors that are metabolically active, often accompanied by carbon dioxide or oxygen consumption, and monitored electrochemically [13].


        


      




      

        Electrochemical Biosensors




        Electrochemical biosensors make use of the intrinsic charges of probes mounted on a transducer's surface. The sensing platform may then be immersed in a solution containing charged molecules, such as Ferro/ferricyanide ([Fe(CN)6]3-/4-)and a phosphate buffer (PB). This allows for studying the electrical characteristics and interactions of various biological probe chemicals on the surface. Electrochemical analysis for the expansion of biosensors is usually performed using a three-electrode cell configuration Refer to Figs. (8 and 9), consisting of CE (a counter electrode), RE (a reference electrode), and WE (a working electrode), or a pseudo-reference electrode paired with the WE in a two-electrode configuration [16, 17].
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Fig. (8))


        Schematic of a three-electrode electrochemical cell.
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Fig. (9))


        The working electrode of a conventional three-electrode cell is gold-base, whereas the reference electrode can be made of SCE, Ag/AgCl, or Hg/HgSO4.



        

          Fundamentals and Terminology




          Electricity is generally recognized as the most lucrative and widely used type of energy transmission in the modern era. It is mostly generated by power generators by transferring energy via different flammable substances and chemicals. This method of energy generation has two significant disadvantages: (I) thermodynamic rules require that thermal engines (e.g., automobiles) have an efficiency considerably less than 100%, and (II) burning processes generate gaseous pollutants that contaminate the barley and surrounding ambiance. The conversion of energy through electrochemistry is according to the straight transmission of electrical energy with an excellent yield of about 90% when a chemical reaction occurs spontaneously in a galvanic/ electrochemical cell, such as hydrogen's “cold combustion” in a fuel cell [18].




          Alessandro Volta discovered electrochemical processes for the first time in 1793 when he showed that electricity could be generated by electrically connecting two different metals with wet paper in between. This was the world's first basic battery (Fig. 10) [19].
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Fig. (10))


          Model and schematic of the first fundamental battery.



          A few years later, the Volta battery was used to break down water into hydrogen and oxygen using electricity. This chemical landmark revealed that hydrogen and oxygen atoms had positive and negative electrical charges that act as bonding forces. In the year 1812, Berzelius, a Swedish physicist, suggested that each atom is electrified, hydrogen and metals are positive, whereas nonmetals are negative. While two electrodes immersed in a solution are supplied with electricity, it supplies energy for the attraction forces to be broken up and ions to form. The term ion is derived from the Greek meaning “traveler.” Although the Lewis theory of bonding eventually supplanted Berzelius's notion of shared electrons, it marks a critical step forward in our knowledge of chemical conjunction [19].




          Humphrey Davey demonstrated continued use of newly found electrochemical principles to draw fresh thoughts, which sodium hydroxide melt could be electrolyzed to create elemental sodium. Michael Faraday, the former assistant to Davey, created important advances to our knowledge of electrochemical establishing procedures by connecting the electrical charge's magnitude passing via a solution and how much material reacted or was created. These are referred to as Faraday's Laws of Electrolysis [19].




          This new “perception” of the world prompted James Clerk Maxwell to postulate the possibility of an “electrical molecule,” the electron's initial concept. However, the idea was not recognized until the late nineteenth century [19].




          Sir William Grove is credited with inventing the first fuel cell in 1837 by immersing in sulfuric acid, and platinum electrodes. At the time, he noticed occurrences like the current density and three-phase boundary, which remain enigmatic and important to our knowledge of electrochemistry. Additionally, Grove accurately recognized the overpotential or loss in electrochemical cells by realizing that additional solitary fuel cells needed to be linked in a heap to provide the voltage required for water electrolysis [19].




          The nineteenth-century history of electrochemistry would be incomplete without including these forerunners: Johann Ritter (1776–1810), inventor of the first dry cell battery in 1802 and discoverer of the connection between chemical and galvanism reactivity; John Frederic Daniell (1790–1845), who invented the first commercially successful telegraph power supply using electrodes of copper and zinc in a solution of copper sulfate; and Edmund Becquerel (1820–1891), who created the first Amorphous silicon solar cell [19].




          Walther Nernst (1864–1941) was honored for his electromotive force theory in voltaic cells, Frederick Cottrell (1877–1948) for his contributions to the field of In electrochemical systems, diffusion effects exist, and Jaroslav Heyrovsk (1890–1967) for developing the mercury electrode and the polarogram [19].




          Numerous notable scientists impacted the area of electrochemistry throughout the second half of the twentieth century, including Allen Bard (the University of Texas at Austin), John Bockris (Texas A&M), Ernest Yeager (Case Western University), and Rudolph Marcus (Caltech) [19].




          Finally, The Nobel Prize in Chemistry was awarded to John B. Goodenough, M. Stanley Whittingham and Akira Yoshino for inventing lithium-ion batteries [19].




          Electrochemistry is a science that exists at the interface of electricity and chemistry. It is concerned with the events and a method that happens due to chemical reactions generating electricity or electrical current induces chemical reactions. Electrochemical systems and methods are ubiquitous in contemporary science and technology, as well as in daily life. Electrochemistry is a fundamental area of science that encompasses everything from fuel cells and batteries to corrosion prevention, chlorine generation, and metal recovery. Electrochemistry is the science that examines processes in which ions pass across the contact between a solid (a metal electrode) and fluid or electrolyte on a microscopic level. These reactions are essentially thermodynamically and kinetically regulated by the potential dissimilarity between the solution and the electrode [19].




          The essential divisions in electrochemistry are 1. equilibrium electrochemistry and 2. dynamic electrochemistry or electrochemical kinetics. The first case is concerned with ionic equilibria and electrochemical cell thermodynamics; on the other hand, the latter incorporates a temporal dimension into the study of electrochemical processes. The focus of this study is on the fundamental principles of electrochemistry and the thermodynamics of electrochemical cells. Notably, very little education research has addressed issues like mass transfer or the kinetics of electrode operations so far [20].




          

            Cell




            An electrochemical cell is formed when two electrically conducting electrodes are submerged or come into touch with an electrolyte (Fig. 11). The electrodes are electrical conductors, or semiconductors, in the sense that they conduct electrons. Due to the electrons' inability to carry charge in salts or solutions must be transmitted beyond electrodes through charged molecules or atoms called ions. Ions in the electrolyte interact with the electrode surfaces in heterogeneous ways, leading to electron transport to and in the conducting electrodes. Additionally, On electrodes, neutral atoms or molecules may react to create ions or to be converted into ions as a result of electron loss or gain [19].
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Fig. (11))


            Lithium ionization illustration in water.



            Fig. (12) depicts an electrochemical cell. Two electrodes are shown submerged in the solution, while negative and positive ions conduct charge in the electrolyte. The electrons flow via the external circuit; they make their way into the electrode responsible for the reduction and exit the electrode responsible for oxidation. Three operating modes are denoted by the external circuit symbols (which cannot be utilized concurrently): the voltage symbol denotes an electrolytic cell that affects the solution and produces chemicals, a galvanic cell that produces power and is as shown by the resistance of an electroanalytical cell that measures current and voltage [19].




            Transfer of charge happens at the contact between the solid electrode and the fluid electrolyte, which is one of the distinctive features of electrochemical processes. Due to the complexity of this process and the interaction of chemical and electrical effects, electrochemistry is a fascinating interdisciplinary field of study. Among other things, it is required for electrolysis, batteries, solar cells, fuel cells, and corrosion [19].
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Fig. (12))


            Schematic of an electrochemical cell.

          




          

            



            The Anode and Cathode




            At the cathode, electrons from the external circuit enter the circuit and react to the reaction. The cathode experiences a reduction. In this experiment, oxygen gas is reduced in a fuel cell, and chlorine gas is consumed [19].
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            Electrons leaving the electrode are known as the anode. Electrons are the result of oxidation, which occurs on the anode. Chlorine gas is often produced in an anode reaction, whereas hydrogen oxidation may occur in a fuel cell:
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            The most basic memory method is that the two words begin with the vowel, o/a, in the oxidation-anode connection. In contrast, Both begin with a consonant, r/c, in the reduction-cathode connection [19].


          




          

            Electrolyte




            Ions, which are charged particles, are responsible for the electrolyte's ionically conductive properties. This may be a liquid, or it may be a solid, a molten material, or a polymer [19].




            Electrolyte solutions are usually watery (i.e., acidic, basic, or salty) solutions of acids, bases, or salts. This complex dissociates into ions due to the process termed solvation. One good example is:
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            When carbon dioxide or sulfur dioxide combines with water, hydronium (H3O+), carbonate, and sulfate ions from a solution comprising hydronium, carbonate, and sulfate ions—dissolving a salt without melting it in water yields the electrolyte. A salt melts and dissociates into ions at a particular temperature, which is its melting point. The salt Na2CO3 liquifies at 650 degrees Celsius and is utilized in molten carbonate fuel cells.
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            It may also be a solid electrolyte. Ceramic structures constructed with ions capable of flowing inside the structure due to concentration gradients and electrical fields are called electronic, ionic structures. ZrO2 is a good example of a solid electrolyte since it is utilized in solid oxide fuel cells to manufacture oxygen sensors. At 800°C, zirconium oxide may conduct oxygen ions [19].




            If the polymer's structure is changed to allow the flow of ions, it may also be considered an electrolyte. Polymer electrolyte membranes (also known as Fuel cells using a polymer electrolyte membrane or PEM fuel cells) are examples of polymer electrolytes. Teflon or Polytetrafluoroethylene (PTFE) is reformed with branching HSO3- groups in the fundamental polymer structure in order to enable the polymer electrolyte to conduct protons, commonly known as hydrogen ions (H+) [19].




            Electrolyte ionic conductivity is typically represented as S/cm per degree centigrade. As stated above, strong ionic conductivity is important in electrochemical apparatuses, for example, electrolysis cells, fuel cells, and batteries. This allows processes to occur quicker and at lower voltage drops, resulting in increased power. In order to avoid a short or a leakage current, electrolytes must have a very low electronic conductivity [19].




            They may also be organic-based liquid electrochemical systems. It must be assumed that the solvent does not consist of water to draw this conclusion. The electrolyte is created by dissolving specific salts in an organic solvent to achieve ionic conductivity. Electrochemical cells are often employed with organic solvents. These include tetrahydrofuran, diethyl ether, acetonitrile, formamide, glycol, ethanol, methanol, etc. Inorganic electrolytes and salts used as examples include NaCl, LiBF4, and HClO4 [19].


          




          

            Electrodes




            Various conducting electrodes may be distinguished into two distinct groups, depending on the substance from which they are formed. Carbon (graphite, diamond, graphene, etc.), metal oxides (MoO2, MnO2, CoO2, etc.), liquid metals (Hg, amalgam), Solid metals (Pt, Au, Ag, etc.), and semiconductors have all been utilized as electrodes: semiconductors (ITO(indium-tin-oxide), Si, etc.), metal oxides (MoO2, MnO2, CoO2, etc.), liquid metals (Hg, amalgam), and solid metals (Pt, Au, Ag, etc.) [19].




            The electrode geometries are many and may include anything from a disc to a tube to a wiry mesh to a liquid to a microscopic to an ultra-micro electrode [19].




            Micro or ultra-micro electrodes are used in voltammetry (i.e., analytical applications). Measurements in weakly conducting fluids are possible with these electrodes since shallow currents are involved. These electrodes also have a low voltage drop and a little change in the electrode-solution interface [19].




            RDEs (Rotating disc electrodes) are electrodes that utilize a moving circular disk to obtain concentrations and mass transport effects in electrochemical systems. By encapsulating a metal wire in a cylindrical polymer body (e.g., Teflon), the spinning disk electrode is created. Special hydrodynamic conditions are generated in the water column by spinning the polymer cylinder electrode, allowing us to examine the flow of substance and ions starting with the bulk solution and ending with the electrode. The rotating disk-ring electrode is used to study electrode processes and associated intermediate species. Fig. (13) depict disk and disk-ring electrodes [19].
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Fig. (13))


            Some preliminary schematic representations of disk and disk-ring electrodes. Single electrodes are shown, but no equipment for the rotator is included.



            Another way to classify electrodes is according to their role in an electrochemical cell. The most basic electrochemical cell has only two electrodes, referred to as a two-electrode system (or embellishment). Typically, this arrangement is utilized in electrochemical industry processes and galvanic cells, such as fuel cells, batteries, and electrolysis. Typically, these cells' electrodes are referred to as cathode and anode or negative and positive [19].




            When utilizing a potentiostat/galvanostat, a two-electrode arrangement allows for the most detailed study of the main response; the electrodes are the counter and working electrodes. The reaction occurring on the counter electrode serves a purpose just to complete the electrochemical cell in these cells [19].




            The essential characteristics of electrode processes and in electroanalytical chemistry, a frequently utilized arrangement or configuration includes more electrodes than the standard two-electrode system. In electroanalytical studies and electrochemical characterization, the difficulty is determining the electrode's useful potential for both electrodes. Assume that the electrode's potential of interest (i.e., the working electrode) is monitored about the counter electrode. It may not be correct in this instance since the counter electrode potential is not constant and can vary throughout the experiment or reaction. That is to say, although the voltage of a cell may be accurately measured, the individual potential values (on a defined scale) cannot [19].




            As a result, a third electrode is added, which has a constant potential and is not vary by the response, i.e., the current does not flow via it, however in the middle of the counter and working electrodes. Individual potentials are recorded as the electrochemical reaction among the counter, and working electrodes occur (using a potentiostat or a voltmeter). When the working electrode's potential is altered or regulated intentionally, such as when using a potentiostat, its potential is precisely managed by monitoring its potential against adjusting accordingly and the reference electrode [19].




            Reference or sense electrodes are the terms used to refer to these extra electrodes. Thus, electrochemical systems may consist of two, three, four, or five electrodes. Additionally to a cathode and anode, a reference electrode is used to accurately calculate and regulate the potential of one or both of the electrodes under consideration, i.e., cathode and anode. When multiple reference electrodes are utilized, the extra electrodes are referred to as sensitivity electrodes, and their purpose is to precisely compute the potentials of the counter and working electrodes . Additionally, the sensitivity electrodes are located near the counter and working electrodes; they “sense” to reduce possible distortion caused by unequal electrolyte concentrations and shifting electrical fields. Fig. (14) schematically depicts a five-electrode cell arrangement [19].
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Fig. (14))


            Electrochemical cell with five electrodes.



            One of the key technical aspects of next-generation bio/chemical microsystems is the use of electrochemical principles. Ionic solutions and electrodes are at the heart of electrochemistry. It looks a long way from the world of biology, where you are certain to find flesh and blood and bone. However, because of this, Galvani's research lab in Bologna, Italy, in 1791 was among the first to combine bioelectrochemistry with electrochemistry. Electrochemistry emerged historically out of electrochemistry [21].











OEBPS/Images/9789815123944-C1-F5.jpg
Nucleic
Acid

Peptide

DNA&

0z0;





OEBPS/Images/9789815123944-C1-F10.jpg





OEBPS/Images/9789815123944-C1-Eqd.jpg
2CT — ChL+2e”
2H, > AH +4¢”





OEBPS/Images/9789815123944-C1-F14.jpg
Potentiostat / Galvantostat






OEBPS/Images/9789815123944-C1-F4.jpg
Analytesin solution

Intraction of
antigen: wllh =

Signal
vonduceer Sl
i
Compute
Transducer






OEBPS/Images/9789815123944-C1-F6.jpg





OEBPS/Images/9789815123944-C1-F13.jpg
Disk electrode  Disk-ring electrode






OEBPS/Images/9789815123944-C1-Eqe.jpg
+ 7
NHCZ(:) . Na(aq) £ CZ(M)





OEBPS/Images/9789815123944-C1-F3.jpg
Light Chain

Disulphid Bridges Heavy Chain
(s-5)





OEBPS/Images/9789815123944-C1-F7.jpg





OEBPS/Images/9789815123944-C1-Eqb.jpg
CO(NH,),+ H O 5CO,+2NH





OEBPS/Images/9789815123944-C1-F12.jpg





OEBPS/Images/9789815123944-C1-Eqf.jpg
Na,CO, - 2Na* + COF?





OEBPS/Images/9789815123944-C1-F8.jpg





OEBPS/Images/9789815123944-C1-Eqa.jpg
G+ O+ H,O———Gluconic acid + H,G,





OEBPS/Images/9789815123944-C1-F2.jpg
Nose  Nerve Cells Brain

/_\/





OEBPS/Images/bentham_logo.jpg





OEBPS/Images/Cover.jpg
ELECTROCHEMICAL
BIOSENSORS IN PRACTICE
MATERIAL AND METHODS
|

Seyed Morteza Naghib
Seyed Mahdi Katebi

Sadegh Ghorbanzade

» Benihunﬁboks






OEBPS/Images/9789815123944-C1-Eqc.jpg
O, +4e” +4H" > 2H,0
CL+2¢ —2C





OEBPS/Images/9789815123944-C1-F1.jpg
Biclogical
detection
alement

Signal
processor

Analyte
(Substrate)

Transducer






OEBPS/Images/9789815123944-C1-F11.jpg





OEBPS/Images/9789815123944-C1-F9.jpg
Electrode connections

Holes for degassing
or reagent addition
“Teflon Cap

Glass soution reservoir
Electrolyte solution
Working electrode

Reference electrode

counter electrode





