Encyclopedia of novel composite electrode for probe of cyanotoxic agents, biohazards, food safety issues including sustainability and environmental challenges
Abstracts
Since the last many years there has been tremendous development in field of electrochemical sensing the present review documents the recent advances in field of electrochemical sensing by using various electro analytical techniques i.e., colometric, square wave, and differential potentiometric and imperometric methods of analysis. The present content comprises of various potential applications of novel electrochemical immunosensors for probe of cyanotoxic agents, biological specimen, environmental and toxic heavy metals i.e. Cd, Pb, Hg and CN-2 compounds. This study focuses on various analytical aspects of novel electrochemical immunosensors for potential electro analytical application i.e. better selectivity, sensitivity, limit of detection and limit of quantification. Prime feature of novel nanomaterial based electrochemical immuonosensors is larger electro analytically active surface area which provide better interaction between analyte and electrode surface resulting in better limit of detection and quantification.
1 Introduction
Detection of chemical warfare agents has been of key importance since the existance of human being, various kind of novel toxic compounds has been used for various biological warfare purpose e.g. CN-2 and Cl-2 compounds has been used in world war 2, detection of such biological warfare agents has been of key concern because of latest advances in field of science and technology [1]. With passage of time there has been various concerns across the world i.e. environmental challenges, climate issues, biological detections, detection of pathogenic probe, aflatoxin.fungal agents and toxic bacterial species such key challenges across the world are being coped with potential electroanalytical methods of analysis i.e. potentiometric titrations, redox titrations, colometric, voltametric, impedance spectroscopic method of analysis and bare glassy carbon electrode method of analysis [2].Recent advances in field of electrochemical sensing enable the reasrcher to develop novel,portable,efficient,sensitive and robust electro analytical devices for on-site monitoring of biological specimen [3].Electrochemical immunosensors are electro analytical analytical devices which are being used for in-situ elemental transduction such devices are being used for biohazards, ecological specimen, effective medical implants, metal processing and environmental analysis [4] .Electrochemical immunosensors are known to have advantageous reproducible data, linear responses, better limit of detection, electrochemical biosensors are constructed by using various kind of novel aminotransferases, oxidases and oxido- reductases ,use of stable, portable and efficient electrochemical bio sensing devices are known to be very useful for efficient chemical characterization of various novel nano-materials, carbon- based materials and graphene sheats,numerous pioneering studies have been carried out for

making use of metal organic framework in field of electrochemical sensing [5] .This present manuscript comprises of earlier used efficient novel nano-material based metal organic framework because of larger electroanalyticaly active surface area for better interaction between analyte and electrode surfac [6]. Fabricated glassy carbon electrode are known for micro-scale detection of fluids such as glassy carbon electrode material which are being prepared and characterized by using modern microscopic devices ranging from scanning electron microscopy, transmission electron microscopy and scanning electrochemical microscopic techniques [7] .
Electrochemical impedance spectroscopic methods of analysis are of increasing interest because of better characterization, phase construction, and quantitative determination, electrochemical impedance spectra provide well-suited data for physical and chemical analysis of analyte material, heated metal-oxide based electrochemical sensors are exclusively developed for semiconductor based electrochemical applications [8] .
1.1 The Need for Electrochemical Immunosensors?
Electrochemical sensors are well-known for several distinctive advantageous application ranging from linear response, sensitivity, selectivity, portability and cheaper instrumental applications [9]. For particular molecular recognition, signal transduction and molecular analysis electrochemical methods of analysis are widely investigated for electrochemical application such electronic devices are accomplished with micro fabricated electrode material [10]. Novel paper based electrochemical sensing; bio sensing devices are well known for quantative application as compared to the screen-paper based electronic devices which provide rapid analysis of multiple analyte molecules [11]. Potential electrochemical sensors find their enormous application towards health, medicine, food analysis, agriculture and environmental mioniotiouriazation such analytical devices have been investigated earlier for petrochemical applications, detection of environmental pollutants [12] . Numerous electrochemical sensors have been developed earlier i.e.electrocactive optical sensors, metal-oxide based sensors, Cu-Ti based electrode material and potentiometric devices such electronic devices are efficient for on-site environmental miniaturization [13]. Novel paper based analytical devices provide rapid analysis for quantitative electrochemical detection of toxic agents, various kinds of electrochemical sensors have been developed by electrochemical science division i.e. ion selective electrodes, metal-oxide sensors, optical sensors, piezoelectric sensors, liquid electrolyte and paper based injeck printed electronic devices such analytical devices find wide range of application in field of electronics,bioanalytical application and environmental analysis [14].Transition metal based electro-catalysts have been prepared by using Ti,Ru,Au,Ag,and Se such metal oxide based sensors are known for their efficient electrochemical detection,Ir and rare earth metal-oxide electrochemical sensors have been prepared and characterized by using novel adsorption strategies and XPS spectroscopic methods of analysis.
1.2 Classification of Electrochemical Methods of Analysis

Numerous electrochemical immunosensors have been investigated earlier for different surface morphology; adsorption, electrochemical interaction, deposition and quantitative analysis in field of electrochemistry.Nano-strructure material have been investigated earlier for diverse electroanalytical application in field of electrochemical analysis.
1.2.1 Organophosphorous Biosensors
Oraganophosphourous biosensors are derived from organophosphorous hydrolyase enzyme with specific substrate activity that hydrolyses the organophosphate species to produce electrical signal that is proportional to the substrate species OPH sensors are preferred approach for bio analytical application because of specific biocatlytic activity [15] . Such analytical devices cleaves the specific bonds P-O, P-S, P-F, P-CN affiliated with neurotoxin at specific pH ranges which is detected by electrochemical and optical sensors [16].Organophosphorous derived single and multi-walled carbon-nanotubes have been investigated earlier for amperometric determination of toxic agents bare glassy carbon electrodes modified electrochemical immunosensors are known to have better bio analytical performance with enhanced selectivity, specificity, surface area, stability and enhanced electrical conductivity towards specific substrate.CNT modified bare GCE electrodes have been investigated widely for trace determination of pathogenic probe and cyanotoxic species [17].OPH biosensors are fabricated by
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Figure 1 Electrocatalyst plots for OPH enzyme inhibition studies
Nano-composites for sensitive biomarker application in field of bio analytical chemistry.
1.2.2 Enzymatic Biosensors

Enzymatic biosensors such as glucose oxidase,acetylcholinestrase,oxido-reductase and phosphate hydrolases based electrochemical immunosensors have been investigated earlier for diverse bio analytical application such electronic devices have prepared by using bare GCE electrode materials modified with Nano-composites to enhanced their catalytic activity for bio analytical purpose such electrochemical immunosensors are used for efficient electroanlytical application for trace analysis of micro-nutrients [18]. Enzymatic glucose based electrochemical immunosensors are designed for diverse bio analytical application for continuous miniaturization of blood glucose level such electro analytical devices have been investigated earlier by Clark and Lyons for catalytic oxidation of blood glucose in presence of oxygen .Amperometric enzymatic blood glucose sensors are constructed for anodic production of hydrogen peroxide such kind of electrochemical sensors are superior for electrochemical detection of blood glucose level [19] .
1.2.3 Non-Enzymatic Biosensors
Non-enzymatic sensors are promising electro analytical devices for electro analytical determination of blood glucose level for ultra-trace analysis of blood constituents [20].Non- enzymatic electro catalysts are designed by various transition metal oxide based composites such as Ni(OH)2, (Ru(OH)2, Pt,Pb and other metal alloys [21].Nanoporous and mesoporous are promising materials for non-enzymatic electrochemical immunosensors,nanoscopic mesoporous materials are known to have higher surface to volume ratio for electro analytical application in field of micro-electronics and semi-conductors designed [22].
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Figure 1.2 Schematic illustration of hydroxyl-metal active adsorption of M (OH) 2
1.2.4 Molecularly Imprinted Biosensors
Molecularly imprinted electronic devices offer promising application in field of electro analytical chemistry for molecularly imprinted polymer based biomarker as an efficient electrochemical immunosensors [23]. Molecularly imprinted ionic-liquids are fabricated by graphene based nano composites for efficient molecular recognition of polymeric substrates [24].MIPs are constructed by using polymeric gel substrates for electropolymeriazation of electro-active substrates MIPs have been investigated earlier for excellent bio analytical application, electrical properties, gel- based bare GCE for electrode position [25] .

1.2.5 Nanomaterial based Biosensors
Electrochemically active electro catalysts are efficient bio analytical tool for electrodeposition
i.e. iridium, Ir, ruthenium, Ru based electro catalysts have been widely investigated for nano- composites based metal oxide electro catalysts for micro-electronic application [26] .Octahedral NPs electro catalysts have been investigated earlier by using Ru+4, Co+3, transition metal series such electro catalysts are studied exclusively by using advanced XPS-SECM, FE-SEM and near- edge absorption strategies [27]. Low cost transition metals based electrochemical imunosensors are effective tool for enzyme linked immunoassays, such electro analytical devices are fabricated by bare GCE, glassy carbon electrode materials [28]. Novel nano-composites based electrochemical immunosenors are derived from transition metals series such metal composites are fabricated and characterized by nanoscopic analysis [29] .Ultra-high performances, low cost nano-comopsites, quantum dots are effective bioanlytical tools for bio catalytic applications such electro analytical devices are constructed and characterized by using various methods of synthesis and characterizations such as chemical vapour deposition method, gas phase method, gel permeation methods, electrophoretic methods and advanced bio analytical methods of synthesis for electro analytical applications [30] .N
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Figure 1.3 Metal coordinated complexes for nano composites electrocatalyst
1.3 Electrochemical Imaging
Modern electrochemical imaging methods enable the electrochemical recording of dopamine mapping involving release from single cell to brain slices for electrochemical recording on-chip electrode fibers are used [31] . Such methods comprises of amperometric sensors, biological

transducers, biosensors and electrochemical devices [32].
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Figure 1.4 Complexing agents for electrochemical imaging, electropolymeriaztion

Electrochemical imaging is preferred method of analysis over spectroscopic, chromatographic and luminescence spectroscopic methods of analysis such method of analysis are superior because of their ease to use, reproducibility and reliability [33].SPEs screen printed electro analytical devices are of increasing interest for environmental application Water quality monitoring electrochemical sensors are being investigated widely for analysis of inorganic, organic consituents,pollutantanats,biohazards,for evaluation of alkalinity,acidity,chloride prsesnce,dissolved oxygen and total carbon contents such electro analytical determinations are of key significance for on-site environmental monitoriaztion and for evaluation of biological contents [34].
1.4 Scanning Electrochemical Nanoscopic Analysis Methods
Scanning electrochemical methods of analysis include potential electro analytical techniques hyphenated with spectroscopic methods of analysis such classical techniques includes LSPR,localized surface plasmon responce,SWV,square wave potentiometry,DPV,differntial potentiometry,IPV,propagating surface plasmon response and DRS dynamic light scattering analysis methods, optical fluorescence microscopic analysis methods and epiflouresence micro- scopic methods of analysis [35]. EIS electrical impedance spectroscopic methods of analysis are promising analytical tools for measuring electrical signal response vs frequencies involving alternating voltages such devices are used to determine electric and dielectric properties of batteries and electrode sensing materials .EIS electrical impedance spectroscopic methods of analysis are based on three electrode system involving working electrode either sample material electrode, reference electrode and working electrode of platinum or graphite material such analytical methods translates chemical signal to interpretable electronic data being utilized for reasrch application in field of semiconductors ,microelectronics and electrode sensing system [36]. Differential pulse voltammertric methods measure redox properties of electrode material by

using plots of electrical current vs potential change. In DPV potential difference is provided for shorter period of time involving changes from initial to final potential [37].
1.4.1 Scanning Electrochemical Probe Microscopes
Scanning electrochemical microscopes were introduced earlier in 1989 as an instrument to study high resolution surface phenomena’s, SECM has been investigated widely for studying reactive surfaces phenomenas for quantitative determination of reaction rates, potential application of SECM for studying reaction kinetics, surface phenomena, corrosion studies ,enzyme kinetics, liquid interfaces have been reported so far [38].SCEM probe microscopes are design of various components biopotentiostate,digital function generator, data acquisition circuit, sample cell and holder. In addition to SECM imaging various other modes of operation are available for studying surface phenomenas such as probe scanning approach, surface patterned conditioning and probe approach curves, traditional electrochemical impedance spectroscopic methods of analysis
includes CV,LSV,CC,CCV,DPV,SWV,NPV,ACV,DPA,DDPA,TPA,SSF,STEP,IMP,IMPT and
CP such electro analytical methods are based upon moving of electrode tip near the conductive electrode surfaces [37]. Ultra-fabricated micro-electrode are derived from crabon or metal encapsulated with glassy or polymeric sheath substance,SECM probe microscopes are used for studying for imaging ,thin film characterization, such analytical techniques have investigated widely for imaging and positioning very often have been investigated for studying homogenous reaction studies and homogenous electron transfer applications [39].
1.4.2 Electrochemiluminiscence Microscopic Methods of Analysis
Electrochemiluminiscence methods are based upon electrochemical conversions involving electron transfer reaction at electrode surface to establish an emitting excited and photon state such electro analytical tools are designed for high resolution photon detection at lower potential such methods are designed for high resolution sensors system ECL methods are designed for high resolution probe of toxin and fungal substances electrochemiluminiscence methods are designed for photon detection involving fluorescence and photo-induced light emission reaction at electrode surface ECL are preferred methods of analysis involving light scaterring,reduced background signal and lower signal to noise ratio ,Luminol and Ru(bpy)3 are commonly used reagents for electrochemiluminiscence methods current research studies reveals that nano- composites,quantum dots , composites materials, metal encapsulated nano-particles have been widely investigated as promising electrochemiluminiscenece reagents such ECL reagents are generated through Ru(bpy)3 in electrolyte solution background free electrochemiluminiscence detection provide higher resolutions for lower detection limits ECL methods are mediated through electron excited states involving correactant such as TPA tripropyl amine and multidentate coordination complexes ,thienyltriazoles have been investigated widely for blue- light emitting ranges such blue light are promising wavelength ranges for wider detection
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limits super radiant organic dyes are widely investigated for multi-analyate electrochemiluminiscence detections, quantum dots are widely investigate nano crystalline materials for electrochemiluminiscence reactions [40].
1.5 Electropolymeriazation
Electrpolymeriaztion methods were introduced earlier for electrochemical preparation of Co (II), Ni (II) and Al (III) metal coordinated electrocatalyst for novel electrochemical synthesis of nanoparticles for energy storage devices and electrocatalyst application .Such electrochemical preparation methods are derived from cathodic reduction of metal salts for electro-precipitation reaction [41].
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Electrode surface deposition are of prime importance for preparation of novel glassy carbon fabricated electrode material for energy storage application such electrocatalyst are highly expensive for novel water oxidation and electrocatalyst application for electro polymer design and electro deposition reaction at cathode surface [42].
1.5.1 Designing Electropolymer

For electropolymer design thin films are used at electrode surface to optimize the electro deposition reaction near electrode surface thin films provide homogenous electro deposition at electrode surface cathodic reduction are involved primarily for electro deposition to provide thin electrocatalyst polymer film ,highly carried out electro deposition are of Ni,Al,Pt and other transition metals series such electrocatalytic reaction are of prime significance for electrocatalyst preparation for electro catalytic deposition reaction promising electrode materials are of transition metal series such as Pt,Au,Ag,Gd,Nd,Ni,Tn and higher elements [43].
1.6 Bio Analytical Tools
Bio analytical tools are of key significance for characterization of novel electro catalyst such methods of analysis includes spectroscopic, colorimetric, electro deposition, fabrication and electrochemical conversions, various biological parameters are evaluated and studied for probe of novel analyate species these electrochemical parameters include estimation of biological oxygen demands, biochemical oxygen demands, chemical oxygen demands and determination of TOC total content of carbon numerous other investigated biological parameters include evaluation of absorbance and electronic absorption of novel target analyate molecules to be investigated for biological applications [44]. Biochemical characterization are of key significance for probe of novel toxic substances i.e. cyanotoxic agents, aflatoxin, myotoxin and various other pathogenic microbe such electro analytical methods of analysis includes determination of total content of carbon and biological oxygen demands these electrochemical estimations are of high significance for biological analysis and potential applications for sustainable environmental applications [45].
1.6.1 Electrocatalyast Characterization
Potential electro catalysts are characterized by using various electrochemical spectroscopic methods of analysis such electro analytical techniques comprises of Luminescence, Fluorescence, Chemiluminiscence, electronic excitations, TGA thermogrivemetric analysis ,DSC differential scanning colorimetric methods of analysis and novel electro kinetics modeling these electro analytical methods are of key significance for characterization of bare GCE and glassy carbon electrodes materials such electro analytical tools are of high demands for bio analytical characterizations and determination of chemical and electronic parameters to be assessed for potential electrocatalyst application [46]. Electrochemical depositions are efficient tool electrocatalyst characterization and fabrication of novel glassy carbon electrode materials these electro depositions are of key significance for electro synthesis of novel quantum dots, Nano- composites and bio analytical materials such as PAES paper based analytical devices and inject printed electronic devices theses electro analytical tools are of high significance for characterization of potential electrodeposited species at modified electrode surfaces [47].
1.6.2 Methods for Electrocatalyst Fabrication

Texture properties of electro catalyst are studied by promising fabrication tool such as cathodic reduction anodic fabrication for electro polymer synthesis at electrode surface such electro deposition are promising electro analytical approaches for catalyst fabrication and characterization by using potential electro analytical techniques [48]. Novel recently adopted approaches for catalyst fabrication and characterization includes catalytic studies, reaction parameters, kinetic modeling and electro deposition at electrode surface [49].Numerous metal coated electrodes are investigated for promising electro analytical application in field of electro analytical chemistry such metal coated electrodes are bare GCE ,glassy carbon electrodes
,Ag/Ag,Ag/Au and calomel electrodes numerous other kinds of electrodes have been
investigated for promising electrocatalyst fabrication and characterization [50]. Promising electro analytical tools investigated for electrocatalyst fabrication and characterizations are metal coated thin film synthesis and characterization, valency state, nature of metal cation and redox potential affects the electrodepositon of target analyte molecule to be investigated for electro catalyst application [51].
1.6.2.1 Fused Deposition Modeling
Fused deposition modeling are widely investigated methods for electro catalyst preparation, 3D printing and for preparation of novel thermoplastic material such electro catalyst preparation tools have been studied for preparation of novel polymeric materials, novel thermoplastic materials that have been prepared by using FDM includes polyacrilyic acid acrylonitrile butadiene styrene ,carbon composites films have been prepared by using novel fused deposition modeling approaches most promising tool of fused deposition modeling is 3D pens such materials have been used mainly for preparation of thermoplastic substances [52].3D electrode materials are derived from noble metal and carbon allotropes such electro catalysts are recently used for expansion of portable inject printed electronic devices ,such elect catalysts are mainly prepared by using transition metal series salts such as iridium,ruthenium,gold,silver and cooper
,carbon electrode materials are of growing interest for preparation of thermoplastic electrocatalyst for electro analytical application [53].
1.6.2.2 Selective Laser Melting
Selective laser melting are another promising tool for preparation of 3D printing materials such electro deposition methods are used for preparation of solid materials from metal precipitates with particle size ranging from (50-100 um) by using selective laser melting tool thin film layer is formed at electrode surface selective laser melting preparation methods are mainly used for preparation of metal alloys of nickel, chromium, bronze, steel and platinum ,most promising feature of selective laser melting methods for preparation of novel electro catalyst is their higher resolution such methods are used for preparation of modified electrodes up to higher resolution of 100 (um).[54]
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Figure 1.6 Photopolymerization induced complexes for electrocatalyst design
1.6.2.3 Sterolithography
Photoinduced stereolothography was introduced first by Hideo&Kidema for investigation of novel 3D printing technique for electrocatalyst preparation involving uv-light exposure for photo polymerization reaction, sources used for stereolithography application are uv-light,including laser, digital mirror and light projection mirror[55] ,laser writing makes the use of laser pen to move across the liquid surface to grow polymer into longer polymeric chain, laser mirror project uv-light at liquid interface ,sterolithographic methods provide higher resolution up to (25-100um),electrocatalyst polymer film with thickness up to 0.05-0.15mm can be constructed easily by using sterolithographic projection isotopic materials have been investigated widely for sterolithographic preparation such materials makes sterolithgraphic tools as an promising electro analytical techniques for preparation conductive and electro catalyst substance for elctropolymerization process and electro deposition [56]
1.6.3 Electrophoretic Deposition
Electrophoretic depositions are usually carried out involving oxidative polymerization for preparation of novel electro active substance for electro catalyst application, highly conductive polymeric substances are constructed by using electrophoretic deposition methods. [57]
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Figure 1.7 Wilkinson electrocatlytic cycle for electrophoretic deposition

1.6.4 Metal/Metal Oxide Electrodes
Sufficient amount of energy can be harvested by using metal oxide based renewable energy resources ,metal oxide based electrochemical devices have been investigated widely for energy storage and electrochemical sensing applications[58],ESSDs electrochemical storage devices comprises of rechargeable batteries ,supercapistaors and fuel cells which are potential alternate for energy resources[59] ,novel metal oxide based electrodes have been designed earlier for electrochemical sensing application such electrochemical devices are designed by using metal oxide based nanoparticle synthesis and electrochemical deposition.[60]Novel metal oxide based electrochemical devices comprises of EDLCs,electric double layer capistaors,PCs,pseudo capacitors, SSCs symmetric super capacitors ,ASSCs asymmetric super capaictors,HSCs hybrid super capacitors NSSCs nanostructured super capictors[61].Metal oxide based electro depositions are mainly carried out by using perovskite cell and MOFs metal oxide framework, Nickel oxide NiO,ruthenium oxide RuO2 cobalt oxide and manganese oxide MnO2 are primarily used oxide material for metal oxide based super capacitors graphene fabricated metal oxide electrode are synthesized by using rGO@Co3/CoO such composites are known for excellent energy storage applications, [58]electrochemical properties of Zn/Co/Mo and Zn/Co/Mo/rGO have been studied earlier by using different electrolyte solutions carbon materials ,MOFs and conducting polymer are mixed with pervoskite material for preparation of metal oxide based electrode materials monometallic and bimetallic oxide materials are observed to have lower electrical performances as compared with nanosmposites based metal oxide electrode material because of enhanced surface are and explored morphological structures.[62]
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Figure 1.8 Ruthenium Metal catalyzed elctrocatlyst cycle for production of HCOOH
1.6.5 Graphene Electrodes
Graphene incorporated materials are promising for electrochemical deposition because of their sensitivity and reactivity, reaction comprises of electron transfer reaction between electrode and half-cell materials such devices are fabricated by using metal oxide and sulfides ,fabrication provide higher electrochemical sensitivity[63] graphene based nanostructured devices are promising materials for clinical,diagonastic and biomedical applications graphene based electrochemical sensors are mainly designed for electrochemical deposition such electrochemical depositions are mainly derived from novel electrochemical approaches[64] such as potentiometriy,amperometry,voltammetry and conductometry graphene modified electrode materials are well known for excellent electrochemical sensing ability graphene fabricated electrodes are promising material electrochemical immunosensing applications [65]

1.6.6 Ion Selective Electrodes
[bookmark: Such electro analytical devices are desi]Such electro analytical devices are designed by using glass membrane and solid state membrane materials ISEs are widely used as reference electrode, widely investigated for electro analysis and redox titrations ISEs mainly comprises of Br_,I-,Cl-,CN-,F- and sulfide detection.[66]HO
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Figure 1.9 Ion-pair complex for mation for membrane ion selective eletrode
ISEs are combined with pH electrode for electro analysis such devices are designed for electro analysis and potentiometric application, ISEs comprises of both indicator and reference electrode reference electrode potential is kept constant and potential at indicator electrode indicate amount of analyte in sample[67] ISEs are designed by adding reference solution within membrane side ion selective electrode comprises of ionophore as neutral molecule carrier ISEs are constructed by using crown ether and valinomycin as ionophore for electro analytical application [68],selectivity of ion selective electrode mainly derives from ionophore material to be used ISEs involve electrochemical reaction at electrode interface instead of reaction in bulk solution.Potentiometrty is promising electroanalyticl technique for elctroanalysis ISEs are selective toward particular ionic species microelectrodes are ISEs which are insensitive towards oxygen [69]
1.7 Composites Electrodes
Ag2VO2PO4 is promising electrode for conductive polymeric substances detection composites electrode materials are characterized by using EDXRD energy dispersive x-ray diffraction and EXAFs x-ray fluorescence, graphene modified electrode are promising material for energy

storage application ,electrochemical features of such modified electrode materials are investigated by using voltammetric and electrochemical impedance spectroscopic analysis[70]
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Figure 1.10 Schiff bases for composites electrode materials

1.8.1 Mesoporous/Glassy Carbon Electrolyte Sensor
Mesoporours electrolyte sensors are characterized by using novel surface tempolating strategies using silicates as surfactant materials glassy carbon electrolyte sensors are multifunctional electrochemical sensing devices[71] such electro analytical devices have investigated widely for biological detection and mesoporous glassy carbon electrode materials are characterized by using x-rd and SEM images mesoporous glassy electrolyte sensors are of increasing interest for biosensors applications[72] mesoporous electrolyte sensors provide higher surface area with larger tunable properties the present encomprises of potential application of glassy carbon electrolyte sensors for electrochemical detection mesoporous electrolyte sensors are of increasing interest for environmental monitoring ,biological detections and quality control process[73]. Such electro analytical devices are known to have better sensitivity, selectivity and specificity.MTFs mesoporous thin materials are of increasing interest because of uniform pore size distribution[73] meso porous glassy electrolyte sensors are of increasing interest because of

their nano architectures building attributes inorganic materials are functionalized with multi structure biomolecule matrix MTFs are widely investigated for optical and drug delivery applications infield of electrochemical detection nanostructured electrodes materials are of increasing interest [74].
1.8.2 Liquid Electrolyte Sensors
Liquid electrolyte sensors are promising material for electrochemical detection because of higher conductivity and electrochemical stability these are promising electro analytical parameters for designing super capacitors, fuel cells and energy storage devices[75].
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Figure 1.11 Ion pair complex formation for liquid electrolyte sensors

Liquid electrolyte sensors are promising low cost electrolyte sensors for estimation of dissolved oxygen content such sensors comprises of sensing and counting electrode both of electrodes are connected by electrolyte one of electrolyte is ion conducting and other is liquid electrolyte electrical characteristics is produced in response to electrical current which changes with concentration of gas at electrode surface, solid electrolyte are fluorinated for enhanced electrochemical detection [76].

1.8.3 Semiconductor-Oxide Sensor
Semi-conductor oxide sensors are primarily designed from zinc oxide material because of wider band gap and larger surface to volume ratio , biocompatibility and high electron mobility metal oxide semi-conductors are known to have excellent crystal properties and better thermal stability [77].ZnO is most promising material for semi-conductor oxide sensors because of wider band gap and suitable optoelectronic properties morphological characterization of ZnO nanostructures are carried out by using SEM,TEM and xrd pattern such nano structured materials are synthesized by using novel strategies such as vapour transport synthesis and catalyst synthesis strategies ,semiconductor oxide sensors are promising 1-D semiconductors materials[78].semiconductor oxide sensors are primarily derived from nanotechnology strategies
,doping is most advanced preparation method for semi-conductors oxide sensors synthesis and characterization ,numerous semiconductors oxide sensors have designed from SnO2, In2O3,ZnO,WO3 and TiO2, nanowires are fabricated by using N-type semiconductor [79].
1.8.4 Solid/Optical Electrolyte Sensors
Optical sensors are electrochemical sensor for continuous estimation of dissolved oxygen content and saturated oxygen content ,optical electrolyte sensors are used for trace analysis earlier known optical sensor are FDO@700IQ [80]. ,optical sensor are designed by using fluorescent dyes and shorter wavelength sources which results in emission of longer wavelength radiation which are recorded as signal for estimation of dissolved oxygen content solid electrolyte sensors are of increasing interest for electro analysis which are fabricated by using semi-conductor oxide materials[81] fabrication is carried out by using refractory metal oxide as sensing material ,solid electrolyte sensors have been investigated widely for pollutant detection stabilized zirconia based solid optical electrolyte sensors are primarily known for tace analysis YSZ,Beta –alumina and NASICON3,4 are used for detection of several gaseous pollutant [82],CO2,CO,NO2,SOx,H2,Cl2,NH3 are mainly detected by using optical sensor solid optical electrolyte sensors are constructed using sensor gas with oxide material or non-oxide material hydrogen gas is used with Zirconia, BaCeO3,CaZrO3 and NASICON these oxide materials are used with CaH2 as non-oxide material [83].Sodium and Strontium are used with Beta-alumina and NASICON as oxide material while LaF3,SrF2 as non-oxide materials ,similarly Lithium and magnesium are used Li3.6Si0.6P0.4O4 and Beta –alumina as oxide material while MgF2 as non- oxide material optical electrolyte sensors are highly calibrated electro analytical devices[84].
Lithium ion based electrolyte sensors have been widely investigated for electrochemical cycling
,graphite anode based optical sensors are LiNi0.8Mn0.1Co0.1O multifunctional electrolyte sensors are ion selective field effect [85],electrochemical immunosenors ,colorimetric electrolyte sensors provide highly calibrated analysis of micro fluids optical electrolyte sensors are known as solid state electrolyte sensors such electro analytical devices are characterized by using SEM and TEM images analysis [86] ,fabrication tool are known to provide high resolution

characterization of electrode materials wearable glass printed electrolyte sensors are classified as optical electrolyte sensors for clinical diagnostic applications such electro analytical devices have been investigated widely for biomedical applications [87].
1.9 Electrocatalytic Oxidation
Electro catalytic oxidation are known for electro analysis because of application of electrode current with OH- for electro deposition, electro catalytic oxidation derives from hydroxyl oxidation involving higher ozone concentration electro catalytic oxidation of small organic molecule [88], over noble metal are of increasing potential in field of electrochemistry such electro catalytic oxidation are widely being investigated as alternate for renewable energy resources ,water treatment and temperature induced climate changes are being addressed by electro catalytic oxidation [88] advanced electrochemical oxidation are of increasing potential for electrochemical oxidation and photoelectron catalytic oxidation, the present review also explore the potential application of electro catalytic oxidation and photoelectron catalytic oxidation for sustainable water treatment [89] and environmental application ,electro catalytic oxidation are carried out by using glassy carbon electrode as reference electrode material because of wider response limit for detection of phenolic groups electro catalytic oxidation involve increase in peak current with peak potential [90].
1.10 Electrocatalyst for Sustainable Hydrogen Per-oxide Production
Hydrogen fuel cell are of increasing interest because of raising concern over climate change and green hose gases production and carbon capturing process such irreversible consequences are being addressed by using hydrogen fuel cell[91] as alternate energy renewable resources for safer and sustainable environment ,electric vehicle are of increasing interest because of sustainable hydrogen fuel production in hydrogen fuel cell electric current is produced as results of reaction between hydrogen and water oxidation[92] ,hydrogen fuel is promising biofuel for manufacturing carbon free steel and industrial application, water based electro catalyst are potential energy resources for safer and sustainable environment.[93].
Water based electro catalyst are potential energy renewable resources for cleaner and safer production of hydrogen fuel ,potential water splitting electro catalyst in acidic solution are IrO2 and RuO2 for oxygen evolution reaction and Pt for hydrogen evolution reaction potential [94]. water based electro catalyst are derived from hydrogen and oxygen evolution reaction ,tandem water electro catalysis and hybrid water electro catalysis are thermodynamically coupled for favorable MOF metal organic framework[95].Electrocatalysis for sustainable energy production is environmental friendly approach for safer and sustainable environment larger scale production of hydrogen per-oxide is carried out by using catalytic oxidation process[96] ,electrocata;ytic H2O2 reduction are potential cost effective approach for safer and sustainable environment, ORR oxygen reduction reaction are of increasing interest for biofuel based green economy [97].

1.11 Electrocatalyst for Sustainable Bio-fuel
Carbon based nanofabricated electro catalyst are promising for sustainable energy resources such nanofabricated electro catalyst are designed by fuel cell supported with catalyst over alumina or matrix based material [98] catalytic activity of carbon supported electro catalyst is higher than Pt or metal series fabricated electro catalyst electrocatal;yst for sustainable biofuel are drive from hydrogen evolution and oxygen evolution reaction platinum group metal such as Ru,Ir,Au and Ag were used earlier for sustainable biofuel production[99] ,fuel cell, batteries and electrolyzer are efficient energy storage devices for sustainable production of green energy hydrogen evolution reaction are of key interest for sustainable energy supply and lasting energy demands such catalytic reaction are designed for petroleum and higher energy based catalysis water splitting reaction are intended for sustainable production of hydrogen fuel for energy storage applications Pt,Ru,Ir and metal oxide based electro catalyst are safer alternate for sustainable energy supply [100].
Electrochemical reduction are value added for sustainable energy production for safer environment for such catalytic reduction numerous catalyst are designed ranging from MOFs metal organic framework, bimetallic and metal free catalyst synthesis of above electro catalyst have been reported by using hydrothermal,vapour deposition and solvothermal method of synthesis [101].
1.12 Electrocatalyst for Energy Storage Devices
Alkaline anion exchanges membrane fabricated with polymer electrolytes are of increasing interest because of their potential application towards electrochemical conversion for energy storage devices composites materials[102] are explored broadly for their enhanced performance for energy storage purposes ORR oxygen reduction reaction and OER oxygen evolution reaction [103]are of key significance because of their energy conversion and energy storage application, multidimensional fullerene and 1-D carbon nano tube ,graphene sheet have been investigated for efficient energy storage[104], metal free electro catalysis and oxygen evolution reaction fuel cell convert chemical energy into electrical energy involving oxidation of ethanol, methanol formic acid and hydrogen[105]. Molecular electro catalyst are of increasing demand for sustainable energy resources such electro catalysis are carried out using electro catalytic reduction of molecular H2 and carbon dioxide,Co3O4@Co/NCNT nitrogen doped multiwall carbon nanotube[106] are efficient energy storage devices ,porous carbon and MOFs metal organic framework derived energy storage devices are excellent energy utilizer for sustainable energy production TiO2- doped Nano crystal are are excellent matrix assisted 3-D dimensional energy storage devices for sustaibel energy production and storage of molecular hydrogen water splitting derived electro catalyst are potential alternate for sustainable energy demands[107]

1.13 Transition-Metal Catalyzed Electrocatalysis
Transition metal catalyzed electro catalysts are of increasing demand for sustainable conversion of chemical energy into electrical energy such conversion comprise of cathodic reduction and anodic oxidation metal catalyzed electrocatalytic reaction re mediate C-N and C-O bond [108]cleavage potential metal catalyzed electrocatlytic reaction are mediated through organometallic electro catalyst stereo, regio and coordination sphere based electrocatlyst are more selective and specific electro catalyst for metal catalyzed electro catalysis[109] ,transition metal catalyzed electro catalysis is being illustrated at Shanghai graduate institute for organometallic mediated electroacatlysis[110] such electro catalysis are being investigated by state key laboratory for organometallic chemistry Kolbe electro catalysis ,Tafel rearrangement,Shono oxidation, Simon fluorination and Baizer adiponitrile synthesis are of increasing interest for metal catalyzed electro catalysis such electrochemical conversions are investigated using ro[111] tating disc electrode and rotating ring disc electrode coupled with steady state polymerization [112]
Highly robust, selective and efficient metal catalyzed electrocatayst are designed from transition metal series such electro catalysis are derived from IrO and Pt over water splitting elctrocatlyst manganese derived electro catalyst are investigated widely for artificial water splitting electro catalysis, Iron Oxide electro catalyst are efficient for water splitting electro catalysis [113].
1.14 Electroctalyst & Nano science
Nanofabricated electrocatlyst are designed and characterized using SEM, FE-SEM, XPS,Raman scattering, STEM and LSPR ,DLSCs and electrochemiluminisences method of analysis [114] nanofabricated electro catalyst are efficient energy storage materials nanaocatalyst are derived from organometallic transition catalysis for activated metal catalyzed energy harvestation [115] ,Nanoscale electro catalyst are known for higher surface area, active sites, better conductivity, desired electronic transition and low charge coordination sphere all of these feature are mandatory for catalyst mediated electro catalysis[116]. Imaging provide greater insight of relationship between nanoscience and electrocaytalysis such ultra-high resolution imaging analysis comprises of SEM,TEM-FE- SEM,XPS,Flouresence,Electrochemiluminiscence and LSPR localized surface plasmon response analysis, mixed nanocrystal comprised of Co3O4 and graphene oxide are observe to have higher electro catalytic performance [117].

1.15 Paper based Electro-Analytical Devices PAES
Paper based microfluidic electrochemical devices are widely known for photolithographic applications PAES are designed for trace detection of analytes and constituents analysis such low cost electroanalytrical devices [118] are fabricated by chromatographic papers and cellulose polyester blend
,electrochemistry is promising in field of microfluidic analysis such elctroanalytivcal analysis are derived from lab-on chip[119] ,PAES are portable,simple,low cost and sensitive electro analytical devices are continuous monitiourization of toxic pollutants ,wax dipping, pen blotting, wax printing[120] , plasma treatment and photolithography are biomedical applications of PAES for microfluidic analysis ,microfluidic electrochemical devices can be fabricated by using 2D and 3D form whereas 2D fabrication comprises of wax printing, inkjet printing, photolithography and inkjet printing 3D fabricaticated microfluidic dev9ices are more sensitive than 2D fabricated microfluidic electrochemical devices[119].
Conclusion
The present review paper encompasses of potential application of electrochemical immunosensors for environmental analysis such electro analytical devices are designed for environmental monitiourization and determination of trace constituents for environmental probe ,for such microanalysis electro analytical devices are of increasing interest because of portability and cost effectiveness
,there has been tremendous development in field of electrochemical sensing for clinical diagnostic applications, biomarker enzyme and lab-on chip devices are designed from PAESs,microfluidic elctroanalytical devices are known for lithographic analysis and plasma treatment ,electrochemistry is of increasing interests in field of medical diagnosis.
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