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INTRODUCTION

SODIUM HYROXIDE

OVERVIEW
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Sodium hydroxide (NaOH) is a caustic metallic base. It is used in many industries, mostly as a strong chemical base in the manufacture of pulp and paper, textiles, drinking water, soaps and detergents and as a drain cleaner. 

Pure sodium hydroxide is a white solid available in pellets, flakes, granules. It is hygroscopic and readily absorbs water from the air, so it should be stored in an airtight container. It is very soluble in water with liberation of heat. It dissolves in ethanol and methanol. Molten sodium hydroxide is also a strong base, but the high temperature required limits applications. It is insoluble in ether and other non-polar solvents. A sodium hydroxide solution will leave a yellow stain on fabric and paper.

IUPAC NAME   



Sodium hydroxide

OTHER NAMES 



Caustic soda, Lye

MOLECULAR FORMULA 

NaOH

MOLAR MASS 



39.992509329 g mol−1

PROPERTIES
Appearance 




White opaque crystals 

Density 




2.13 g cm−3 

Melting point 




318 °C, 591 K, 604 °F

Boiling point 




1388 °C, 1661 K, 2530 °F

Solubility in water 



1110 g dm−3 (at 20 °C) 

Solubility in methanol 


238 g dm−3 

Solubility in ethanol



 <<139 g dm−3 

Vapor pressure 



<18 mmHg (at 20 °C) 

Acidity (pKa) 




13 

Refractive index (nD) 



1.412

PHYSICAL PROPERTIES

Sodium hydroxide is predominantly ionic, containing sodium cations and hydroxide anions. The hydroxide anion makes sodium hydroxide a strong base which reacts with acids to form water and the corresponding salts. ΔH°dissolution for aqueous dilution is −44.45 kJ / mol; from aqueous solutions at 12.3–61.8 °C, it crystallizes in monohydrate, with a melting point 65.1 °C and density of 1.829 g/cm3. The standard enthalpy change of formation (ΔH°form) is −734.95 kJ / mol.

USES
Sodium hydroxide is the principal strong base used in the chemical industry. It is most often handled as an aqueous solution, since solutions are cheaper and easier to handle. Sodium hydroxide, a strong base, is responsible for most of these applications. 

About 56 % of sodium hydroxide produced is used by the chemical industry, with 25 % of the same total used by the paper industry. Sodium hydroxide is also used for the manufacture of sodium salts and detergents, for pH regulation, and for organic synthesis. It is used in the Bayer process of aluminium production. 

pH REGULATION
Sodium hydroxide is used in all sorts of scenarios where it is desirable to increase the alkalinity of a mixture, or to neutralize acids. For example, sodium hydroxide is used as an additive in drilling mud to increase alkalinity in bentonite mud systems increases the mud viscosity, as well as to neutralise any acid gas (such as hydrogen sulfide and carbon dioxide) which may be encountered in the geological formation as drilling progresses.

In the same industry, poor quality crude oil can be treated with sodium hydroxide to remove sulfurous impurities in a process known as caustic washing. 

PAPER MAKING
Sodium hydroxide was also widely used in making paper. Along with sodium sulphide, NaOH is a key component of the white liquor solution used to separate lignin from cellulose fibers in the Kraft process. It also plays a key role in several later stages of the process of bleaching the brown pulp resulting from the pulping process. These stages include oxygen delignification, oxidative extraction, and simple extraction, all of which require a strong alkaline environment with a pH > 10.5 at the end of the stages.

TISSUE DIGESTION
Sodium hydroxide is used to digest tissues, such as in a process that was used with farm animals at one time. This process involves the placing of a carcass into a sealed chamber, which then puts the carcass in a mixture of sodium hydroxide and water, which breaks chemical bonds keeping the body intact. This eventually turns the body into a coffee-like liquid, and the only solid that remains are bone hulls, which could be crushed between one's fingertips. Sodium hydroxide is frequently used in the process of decomposing roadkill dumped in landfills by animal disposal contractors. Sodium hydroxide has also been used by criminals to dispose of their victims' bodies. 

DISSOLVING AMPHOTERIC METALS AND COMPOUNDS
Strong bases attack aluminium. Sodium hydroxide reacts with aluminium and water to release hydrogen gas. In this reaction, sodium hydroxide acts as an agent to make the solution alkaline, which aluminium can dissolve in. This reaction can be useful in etching, removing anodizing, or converting a polished surface to a satin-like finish, but without further passivation such as anodizing or alodining the surface may become degraded, either under normal use or in severe atmospheric conditions.

ESTERIFICATION AND TRANSESTERIFICATION REAGENT
Sodium hydroxide is traditionally used in soap making (cold process soap, saponification). It was made in the nineteenth century for a hard surface rather than liquid product because it was easier to store and transport.

For the manufacture of biodiesel, sodium hydroxide is used as a catalyst for the transesterification of methanol and triglycerides. This only works with anhydrous sodium hydroxide, because combined with water the fat would turn into soap, which would be tainted with methanol. It is used more often than potassium hydroxide because it is cheaper and a smaller quantity is needed.

CLEANING AGENT
Sodium hydroxide is frequently used as an industrial cleaning agent where it is often called "caustic". It is added to water, heated, and then used to clean the process equipment, storage tanks, etc. It can dissolve grease, oils, fats and protein based deposits. The sodium hydroxide solution can also be added surfactants to stabilize dissolved substances to prevent redeposition. A sodium hydroxide soak solution is used as a powerful degreaser on stainless and glass bakeware. It is also a common ingredient in oven cleaners.

A common use of sodium hydroxide is in the production of parts washer detergents. Parts washer detergents based on sodium hydroxide are some of the most aggressive parts washer cleaning chemicals. The sodium hydroxide based detergent include surfactants, rust inhibitors and defoamers. A parts washer heats water and the detergent in a closed cabinet and then sprays the heated sodium hydroxide and hot water at pressure against dirty parts for degreasing applications. Sodium hydroxide used in this manner replaced many solvent based systems in the early 1990s when trichloroethane was outlawed by the Montreal Protocol. Water and sodium hydroxide detergent based parts washers are considered to be an environmental improvement over the solvent based cleaning methods.

FOOD PREPARATION
Food uses of sodium hydroxide include washing or chemical peeling of fruits and vegetables, chocolate and cocoa processing, caramel coloring production, poultry scalding, soft drink processing, and thickening ice cream. Olives are often soaked in sodium hydroxide to soften them, while pretzels and German lye rolls are glazed with a sodium hydroxide solution before baking to make them crisp. Owing to the difficulty in obtaining food grade sodium hydroxide in small quantities for home use, sodium carbonate is often used in place of sodium hydroxide.
S-BENZYL ISOTHIOURONIUM CHLORIDE
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OVER VIEW

S-Benzyl isothiouronium chloride single crystals were grown at room temperature by slow evaporation solution growth technique. Single crystal X-ray diffraction study has been carried out to find the crystal system and unit cell parameters. Various functional groups present in the grown material have been identified using FTIR spectra. The transparency of crystal was tested using UV-visible spectra. The grown crystal exhibits second harmonic generation (SHG). 

X-ray diffraction study of the non linear optical (NLO) material S-benzyl isothiouronium chloride (SBTC) is reported for the first time. The single crystal of SBTC is orthorhombic. SBTC exhibits second-order NLO susceptibility, and this study shows that hydrogen bonding is, in part, responsible for this. The present work shows that C–H[image: image6.png]


Cl and N–H[image: image7.png]


Cl hydrogen bonds direct the nature of the three-dimensional lattice. Such intermolecular interactions help to extend the molecular charge transfer into the supramolecular realm, the charge transfer originating as a consequence of the high level of molecular planarity and strong donor-to-acceptor interactions. Density functional theory (DFT) calculation and atom-in-molecule (AIM) analysis has been carried out to study the nature of hydrogen involved in the SBTC complex.
IUPAC NAME   Benzyl carbamimidothioate hydrochloride
OTHER NAMES: 2-Benzyl-2-thiopseudourea hydrochloride, 2-Benzylisothiouronium chloride; S-Benzylisothiourea hydrochloride.
MOLECULAR FORMULA
 (C8H11N2SCl)
MOLAR MASS  


202.033147 g/mol

PROPERTIES 
Melting point



172-177 °C (metastable type of 146-148 ° C)
Water Solubility


250 g/L (15 ºC)

Sensitive



Hygroscopic
Molecular Weight


202.70434 [g/mol]
Nature 




White crystals
Soluble 



In water and alcohol
Insoluble 



In ether
PHYSCIAL PROPERTIES 

Crystals are obtained from alcohol or dil. HCl. Metastable form mp 146-148°. It can be converted to the higher melting form by dissolving in alcohol and seeding with crystals, mp 172-174°.
USE:   Reagent for cobalt and nickel; identification and separation of carboxylic, sulfinic, and sulfonic acid
POLYANILINE
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OVERVIEW

Polyaniline (PANI) is a conducting polymer of the semi-flexible rod polymer family. Since in early 1980s polyaniline captured the intense attention of the scientific community. This is due to the rediscovery of its high electrical conductivity. Amongst the family of conducting polymers and organic semiconductors, polyaniline is unique due to its ease of synthesis, environmental stability, and simple doping/dedoping chemistry. Although the synthetic methods to produce polyaniline are quite simple, its mechanism of polymerization and the exact nature of its oxidation chemistry are quite complex. Because of its rich chemistry, polyaniline is one of the most studied conducting polymers.

MOLECULAR FORMULA
[image: image9.jpg]10100y







PROPERTIES
Appearance:




Dark Green Powder

Conductivity (ohm-1cm-1)


Approx.5

Moisture content (wt %)


4-6

Pellet density (g/cm³)



1.15 - 1.35

Working temperature (°C)


100

Maximum processing temperature (°C)
225

Degradation point (°C)


350

Particle size (micron)



1-100

Solubility




Not soluble in common organic solvents

Melting point & Glass



No melting and glass transition 

transition point:



It degrades before melting – Infusible
PROPERTIES
Polyaniline exists as bulk films or as dispersions. Stable polyaniline dispersions are available in commercial scale. In these dispersions, polyaniline can even have metallic properties, which is why they are often called "organic metal" or "organic nanometal".

An important property of polyaniline is its electric conductivity, which makes it suitable for e.g. manufacture of electrically conducting yarns, antistatic coatings, electromagnetic shielding and flexible electrodes.

A likewise important property is its position in the electrochemical series being more noble than Copper and slightly less noble than Silver which is the basis for its broad use in printed circuit board manufacturing and in corrosion protection.
APPLICATIONS
Polyaniline and the other conducting polymers such as polythiophene and polypyrrole, have a great deal of potential for applications due to their light weight, conductivity, mechanical flexibility and chemical properties. Polyaniline is especially attractive among them because it is less expensive, and has an acid/base doping response as was described above in the oxidation states. This latter property allows polyaniline to be used in chemical vapor sensors. The multiple oxidation states and colors also make the material more attractive that other conducting polymers for applications such as supercapacitors and electrochromics.

Attractive fields for current and potential utilization of polyaniline is in antistatics, charge dissipation or electrostatic dispersive (ESD) coatings and blends, electromagnetic interference shielding (EMI), anti-corrosive coatings, transparent conductors, actuators, chemical vapor and solution based sensors, electrochromic coatings (for color change windows, mirrors etc.), toxic metal recovery, catalysis, fuel cells and active electronic components such as for non-volatile memory.

However, the major applications are in printed circuit board manufacturing (final finishes) and corrosion protection.

POLYVINYL CHLORIDE
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OVERVIEW

PVC was accidentally discovered at least twice in the 19th century, first in 1835 by Henri Victor Regnault and in 1872 by Eugen Baumann. On both occasions the polymer appeared as a white solid inside flasks of vinyl chloride that had been left exposed to sunlight. 

Polyvinyl chloride is a thermoplastic polymer. It is a vinyl polymer constructed of repeating vinyl groups (ethenyls) having one of the hydrogens replaced with a chlorine group. Polyvinyl chloride is the third most widely produced plastic, after polyethylene and polypropylene. PVC is widely used in construction because it is cheap, durable and easy to assemble. 

PVC can be made softer and more flexible by the addition of plasticizers, the most widely used being phthalates. In this form, it is used in clothing and upholstery, and to make flexible hoses and tubing, flooring, to roofing membranes, and electrical cable insulation. It is also commonly used in figurines and in inflatable products such as waterbeds, pool toys and inflatable structures.

IUPAC NAME



 Poly (chloroethanediyl)

OTHER NAMES
 


Polychloroethene (IUPAC)

MOLECULAR FORMULA

C2H3Cl 

MOLAR MASS:  



62.5g/mol
PROPERTIES:
Density 




1380 kg/m3 

Young's modulus (E) 



2900-3300 MPa 

Tensile strength (σt)

 

50-80 MPa

 Elongations break 



20-40%

 Notch test 




2-5 kJ/m² 

Glass temperature 



87 °C 

Melting point 




212 °C 

Vicat B1 




85 °C
 Heat Transfer Coefficient (λ) 

0.16 W/m.K 

Linear Expansion Coefficient (α) 

8 10-5 /K
Specific heat (c) 



0.9 kJ/(kg·K) 

Water absorption (ASTM) 


0.04-0.4 
POTENTIOMETRIC TITRATION
INTRODUCTION



Many acid-base titrations are difficult to accomplish using a visual indicator for one of several reasons. Perhaps the analyst is color blind to a particular indicator color change; there may not be a suitable color change available for a particular type of titration or the solutions themselves may be colored, opaque or turbid. It may be desired to automate a series of replicate determinations. In such situations, potentiometer titration, using a glass hydronium ion selective electrode, a suitable reference electrode and sensitive potentiometer (a pH meter) may be advantageous.   

THEORY


Any acid-base titration may conducted potentiometrically. Two electrodes, after calibration [to relate potential in millivolts (mV) to a pH value] are immersed in a solution of the analyte. One is an indicator electrode, selective for H3O+ and the other a stable reference electrode. The potential difference, which after calibration is pH, is measured after the successive addition of know increments of acids or base titrant.



When a potentiometric titration is being performed, interest is focused upon changes in the emf of an electrolytic cell as a titrant of a known concentration is added to a solution of unknown. The method can be applied to all titrimetric reactions provided that the concentrations of atleast one of the substances involved can followed by means of a suitable indicator electrode. The critical problem in a titration is to recognize the point at which the quantities of reacting species are present in equivalent amounts. The titration curve can be followed point by point, plotting as ordinant, successive values of the cell E.M.F (pH) verses the corresponding volume of titrant added.
THE REFERENCE ELECTRODE



Most commonly, the reference electrode is the silver/silver chloride electrode. The potential is based on the following equilibrium:

AgCl(s) + e-          Ag(s)+ Cl-(aq)

The half cell is:

Ag [(AgCl (sat), KCl (M)]

The practical version of this electrode is an silver wire dipping into a saturated solution of KCl, when fabricated this way its electrode potential is 0.199V (vs. Normal Hydrogen Electrode, NHE) at 25°C. The potential is a function of temperature and the concentration of KCl in solution. Such an electrode is comparatively rugged, reliable and inexpensive.

THE MECHANISM OF THE RESPONSE  



A change in hydronium ion concentration causes a change in composition of the glass membrane due to an ion exchange processes involving the solution and the membrane. A corresponding change in the membrane potential, proportional to pH, is what is measured. All other potentials are constant. In effect the membrane potential (variable) is measured against two fixed potentials, the external reference and the internal reference, both Ag/AgCl reference electrodes.



Potential difference is measured using a high impedance potentiometer. This high resistance dictates a very small current flow. Each glass electrode is different, due to the difficulty of reproducing the glass membrane; it is, therefore, necessary to standardize the meter and electrode against at least two solutions of accurately known pH. Such standard buffer solutions are available from many different manufacturers.   
ION-SELECTIVE ELECTRODES

An ion selective electrode (ISE), also known as a specific ion electrode (SIE), is a transduser (or sensor) that converts the activity of a specific ion dissolved in a solution into an electrical potential, which can be measured by a voltmeter or pH meter. The voltage is theoretically dependent on the logarithm of the ionic activity, according to the Nernst equation. The sensing part of the electrode is usually made as an ion-specific membrane, along with a reference electrode. Ion-selective electrodes are used in biochemical and biophysical research, where measurements of ionic concentration in a aqueous solution are required, usually on a real time basis.
HISTORY


Credit for the first glass sensing pH electrode is given to Cremer, who first described it in his 1906 paper (Mayerhoff and Opdeycke). In 1949, George Perley published an article on the relationship of glass composition to pH function (Frant). In the interim there were numerous papers dealing with various formulations of an several important contributions were made (Covington). The commercial development of ISE began when an engineer by the name of John Riseman thought he could develop a useful bloodgas and analyzer. He teamed up with Dr. James Ross, an electrochemist from MIT. Together they formed Orion Research (Frant). By the mid 1960s, the newly formed Orion Research Inc was producing Calcium electrodes for use in blood gas analyzers (Frant,1994). Since then numerous probes have been developed for the analysis of samples containing many different ions.
HOW DO THEY WORK?

Ion-selective electrodes (including the most common pH electrode) work on the basic principle of the galvanic cell (Mayerhoff and Opdeycke). By measuring the electric potential generated across a membrane by “selected” ions, and comparing it to a reference electrode, a net charge is determined. The strength of the charge is directly proportional to the concentration of the selected ion. The basic formula is given for the galvanic cell:

Ecell = Eise – Eref
Where the potential for the cell is equivalent to the potential of the ISE minus the potential of the reference electrode. 

TYPES OF ION SELECTIVE ELECTRODES

There are four main types of ion-selective membrane used in ion-selective electrodes: glass, solid state, liquid based and compound electrode. The following are the types of electrode:

a) Crystal-Membrane Electrodes 
b) Impregnated-PVC-Membrane Electrodes
c) Impregnated-PVC-Membrane Electrodes

d) Glass membrane Electrodes

e) Ion – exchange Resin Membrane Electrodes

f) Enzyme Electrodes

APPLICATIONS

Ion-selective electrodes are used in a wide variety of applications for determining the concentrations of various ions in aqueous solutions. The following is a list of some of the main areas in which ISEs have been used. 

· Pollution Monitoring: CN, F, S, Cl, NO3 etc., in effluents, and natural waters.

· Agriculture: NO3, Cl, NH4, K, Ca, I, CN in soils, plant material, fertilizers and feedstuffs.

· Food Processing: NO3, NO2 in meat preservatives.

· Salt content of meat, fish, dairy products, fruit juices, brewing solutions.

· F in drinking water and other drinks.

· Ca in dairy products and beer.

· K in fruit juices and wine making.

· Corrosive effect of NO3 in canned foods.

· Detergent Manufacture: Ca, Ba, F for studying effects on water quality.

· Paper Manufacture: S and Cl in pulping and recovery-cycle liquors.

· Explosives: F, Cl, NO3 in explosive materials and combustion products.

· Electroplating: F and Cl in etching baths; S in anodising baths.

· Biomedical Laboratories: Ca, K, Cl in body fluids (blood, plasma, serum, sweat).

· F in skeletal and dental studies.

· Education and Research: Wide range of applications.

ADVANTAGES

· When compared to many other analytical techniques, ISE are relatively inexpensive and simple to use and have an extremely wide range of applications and wide concentration range. 

· The most recent plastic-bodied all-solid-state or gel-filled models are very robust and durable and ideal for use in either field or laboratory environments. 

· Under the most favourable conditions, when measuring ions in relatively dilute aqueous solutions and where interfering ions are not a problem, they can be used very rapidly and easily (e.g. simply dipping in lakes or rivers, dangling from a bridge or dragging behind a boat).

· They are particularly useful in applications where only an order of magnitude concentration is required, or it is only necessary to know that a particular ion is below a certain concentration level.

· They are invaluable for the continuous monitoring of changes in concentration: e.g. in potentiometric titrations or monitoring the uptake of nutrients, or the consumption of reagents.

· They are particularly useful in biological/medical applications because they measure the activity of the ion directly, rather than the concentration.

· In applications where interfering ions, pH levels, or high concentrations are a problem, then many manufacturers can supply a library of specialised experimental methods and special reagents to overcome many of these difficulties.

· With careful use, frequent calibration, and an awareness of the limitations, they can achieve accuracy and precision levels of ± 2 or 3% for some ions and thus compare favourably with analytical techniques which require far more complex and expensive instrumentation.

· ISEs are one of the few techniques which can measure both positive and negative ions.

· They are unaffected by sample colour or turbidity.

· ISEs can be used in aqueous solutions over a wide temperature range. Crystal membranes can operate in the range 0°C to 80°C and plastic membranes from 0°C to 50°C.
REVIEW OF LITERATURE
REVIEW OF LITERATURE
· The high background K+ concentration in plant cells is a problem for intracellular measurements of Na+ using ion selective microelectrodes. The discrimination between Na+ and K+ of the microelectrode ionophore molecule limits the usefulness of this technique. A new Na+ selective microelectrode with an ionophore incorporating a tetramethoxyethyl ester derivative of p-t-butyl calix[4]arene has been developed. Microelectrodes made with this new sensor have superior selectivity for Na+ over K+ resulting in a lower limit of detection when compared with microelectrodes made using a commercially available ionophore (ETH227). Both types of microelectrodes were insensitive to changes in ionic strength and physiological ranges of pH, but only the calixarene based electrodes showed no protein interference. To test the suitability of the calixarene-based microelectrodes for measurements in plants, they were used to measure Na+ in epidermal cells in the zone 10–20 mm from the root apex of barley (Hordeum vulgare L.). Seedlings were grown in a nutrient solution containing 200 mM NaCl for 1–6 d. The range of intracellular Na+ activity (aNa) measured varied from ≤0.1 mM (limit of detection) to over 100 mM, and these values increased significantly with time. The membrane potential (Em) of these cells was variable, but the values became significantly more negative with time, although there was no significant correlation between Em and aNa. These intracellular measurements could not be separated into distinct populations that might be representative of subcellular compartments (David E. Carden et al., 2001).
· Sodium-selective PVC membrane electrodes based on newly synthesized bis(crown ether)s containing 12-crown-4 moities were prepared using o-nitrophenyloctylether as a plasticizer of the PVC membrane. The selectively coefficients for alkali metal ions kNaM, were sufficiently small, and markedly depend on the chain lenght and structure of bis (12-crown-4) s. These electrodes show excellent properties, and the electrode response was stable in a wide pH range (Toshiyuki Shono et al., 1981).
· A field-lab technique has been developed to aid in the geochemical exploration for feldspars involving the determination of the K/Na ratio of feldspar samples with recently improved ion-selective electrodes. Feldspar is dissolved in a mixture of m-benzene disulfonic acid and hydrofluoric acid. The solution is neutralized with tetramethylammonium hydroxide in the presence of CDTA. K and Na determinations are then made with ion-selective electrodes in the neutral solution. The precision and accuracy of the technique have been tested and closely approach that of the flame photometer (John H. Puffer et al., 1974).
· An automated analyzer for the measurement of potassium and sodium in whole blood has been developed and evaluated. The sensors used in this instrument are the sodium glass and potassium (valinomycin in polyvinyl chloride) membrane. The features of this system include automatic two-point calibration at fixed intervals or on command, automatic rinsing between measurements, digital display and printout of the emf data, and a sample volume requirement of 0.5 ml. In addition to the evaluation of the response of the system to aqueous and whole blood samples, a study was made of the correlation of data obtained on plasma samples with a flame photometer and the electrometric potassium/sodium analyzer. For both electrodes the correlation was very good (r = 0.998 for potassium and r = 0.991 for sodium. No anomalous effects were observed with blood samples from normal volunteers; however, no studies were performed with samples taken from patients which might show disease-induced changes in ion-binding properties or interferences from medications. From this study, it appears that the sodium and potassium electrodes are able to meet sensor requirements for a clinical blood-electrolyte instrument. Since an analyzer based on ion selective electrode technology can determine sodium and potassium in whole blood, such an automatic instrument could be used outside of the central clinical laboratory for stat analyses. While the feasibility of this type of instrument has been demonstrated, much more work is required to establish its performance characteristics for clinical analysis (Richard A. Durst et al., 1977).
· In recent years squarines received attention as fluorescent labels. Their very promising spectral properties such as long wavelength absorption and emission, high extinction coefficients and quantum yields could lead novel sensing technologies. In this work newly synthesized fluoroinophores named bis[4-N-(1-aza-4,7,10,13-tetraoxacyclopentadecyl)- 3,5-dihydroxyphenyl] squaraine, azacrown-1 and 2 bis[4-N-(1-aza-4,7,10,13,16-pentaoxacyclooctadecyl)-3,5-dihydroxyphenyl] squaraine, azacrown-2 have been used for sodium and potassium sensing in plasticized PVC matrix. The squaraine derivatives exhibited fluorescence emission based optical responses to sodium and potassium with a detection limit of 1x10-9 M. The sensor compositions exhibited wide response ranges between 10-9 and 10-5 M Na+ or K+, and, therefore, may be an alternative method to flame emission spectroscopy. The sensor is fully reversible within the dynamic range and the response time is 3 min under batch conditions. Cross sensitivity to pH is negligible in the Ph range of 6.2_/7.3. Throughout fiber optic based studies a relative signal change of 54-56% has been achieved. The azacrown dyes have the advantage that they can be excited with long wavelength light and, are, therefore, LED compatible. The cross sensitivity of azacrown-1 and to Ba2+, Ca2+ and NH4+ were also tested in separate solutions.                    (Kadriye Ertekin et al., 2002).
· Complex admittances in the 12.5-5000-Hz frequency range were acquired rapidly (80 ms) and at various times after step voltage clamps of squid giant axons. In a K+-conducting membrane (Na+ conduction blocked) at 12.5 °C, admittances were in a steady state 100 ms after steps, whereas in a Na+-conducting membrane (K+ conduction blocked) at 8 °C, admittances were time-invariant in the interval from 20 ms to 1 s after step changes. Admittances determined in the -65- to 0-mV voltage range were fitted by an admittance model to obtain conduction relaxation times for K+ and for Na+ as a function of voltage. Evaluation of macroscopic conduction in membranes via rapid admittance determinations provides a direct linear analysis that relates to linear theory and to Markovian models of single-channel conduction processes. (Harvey M. Fishman et al., 1994).
· The “dry sample addition” method of ion-selective potentiometry is described. This incremental or spiking method requires the addition of a known mass of solid sample directly to a standard solution containing the ion to be measured. Dissolution of the sample produces a change in electrode potential which is related to the sample composition. Dry sample addition has been applied to the analysis of foodstuffs containing up to 2.8% of salt. The chloride, sodium and potassium concentrations are determined by Philips solid-state and plastic ion-selective electrodes. Comparison of this method with titrimetry and atomic-absorption spectrometry gave satisfactory results. The advantages gained in cost, speed of analysis and reliability using ion-selective measurement are discussed (Chapman et al .,1982).
· A method has been developed for the determination of sodium in alumina using a selective ion electrode. The alumina sample is dissolved in ammonium hydrogen fluoride in platinum crucibles or sintered with boric acid using either platinum, nickel, or zirconium crucibles. Either dissolution technique completely extracts all available sodium. After dissolution, and in the presence of citrate to prevent aluminum hydroxide precipitation, the pH is adjusted to 8.7 with ammonium hydroxide, and the sodium concentration is determined by a sodium selective ion electrode (Thompson et al., 1975).
· New lipophilic triesters of calix [4] arene and calix [4] quinone are investigated as sodium ion-selective ionophores in poly (vinyl chloride) membrane electrodes. For an ion selective electrode based on calix [4] arene trimester I, the linear response is 1x10-3.5 to 1x10-1 M of Na+ concentrations. The selectivity coefficients for sodium ion over alkali metal and ammonium ions are determined. The detection limit (logaNa+ = -4.50) and the selectivity coefficient (logK Na+, K+ pot = -1.86) are obtained for polymeric membrane electrode containing calix [4] arene triester I (Yoon Duck Kim et al., 2000).
· We applied an automatic potentiometric electrolyte analyzer (STAT/ION) to the routine determination of Na+ and K+ in urine samples, and found a high correlation with results obtained by flame photometry. The electrodes were selective and no obvious interferences were encountered in the limited number of samples available in this study (Amir Pelleg et al., 1975).
· The advent of ion-selective electrodes made possible the potentiometry of sodium in serum and plasma. These methods were based on dilution of serum, as done in flame photometry, and the results were identical. Analysis of whole blood precludes dilution and so "direct" potentiometry was developed. Results by this technique are variable but tend to compensate for the spurious hyponatremias found by the "indirect" dilution methods due to displacement of volume by lipids and protein. However, there is no unambiguous theoretical basis on which to choose between the various direct ion-selective-electrode techniques and instruments. As an alternative, I propose use of current indirect methods, with numerical correction for the shift in normal sodium values in the presence of abnormal lipid and protein. A table was constructed for making such corrections. (Levy, 1981).
· The determination of sodium chloride content in salt brines is important for many reasons, including that of influencing the organoleptic properties of final products already prior to production. The method of determination by direct potentiometry is rapid, simple, requires no chemicals and has sufficient accuracy for use in producers' laboratories. The comparison of both methods of sodium chloride determination-direct potentiometry and direct titration without previous adjustment of samples--showed that titration gave higher sodium chloride levels (by 2.5 g per litre, i. e. 2.15%) than did ISE determination. For current laboratory examinations and for sodium chloride determination in meat plants, this difference is almost negligible. However, if sodium chloride is to be determined by the so called conclusive method, the measurement cannot be performed without previous mineralization of samples and without the use of buffer to damp down the effect of interfering ions (Steinhauser et al., 1983).
· The electrochemical response of sodium levothyroxine at carbon paste electrode in the presence of 0.1M HCl as supporting electrolyte was investigated by the cyclic voltammetry. It showed a well defined oxidation peak at 0.78V and a sensitive and indiscernible reduction peaks at 0.53V and 0.32V. The effect of concentration and scan rate of sodium levothyroxine was studied. The scan rate effect showed the electrode process is adsorption controlled. The effect of surfactants like Sodium Dodecyl Sulfate (SDS), Cetyltrimethylammonium Bromide (CTAB), and TritonX-100 (TX-100) were studied by mobilizing and immobilizing methods. The concentration effect of all the three surfactants were studied. Among these SDS was showed excellent enhancement in both oxidation peak and reduction peak currents (Chitravathi et al., 2008).
· Three interlaboratory round-robin studies (RR1, RR2, and RR3) were conducted to identify a serum-based reference material that would aid in the standardization of direct ion-selective electrode (ISE) measurements of sodium and potassium. Ultrafiltered frozen serum reference materials requiring no reconstitution reduced between- laboratory variability (the largest source of imprecision) more than did other reference materials. ISE values for RR3 were normalized by the use of two points at the extremes of the clinical range for sodium (i.e., 120 and 160 mmol/L), with values assigned by the flame atomic emission spectrometry (FAES) Reference Method. This FAES normalization of ISE raw values remarkably improved all sources of variability and unified the results from seven different direct ISE analyzers to the FAES Reference Method value. Subsequently, a three-tiered, fresh-frozen human serum reference material was produced to the specifications developed in RR1-RR3, was assigned certified values for sodium and potassium by Definitive Methods at the National Institute of Standards and Technology (NIST), and was made available in 1990 to the clinical laboratory community as a Standard Reference Material (SRM); it is now identified as SRM 956. Albeit retrospectively, we show how applying an FAES normalization step identical to that used in RR4/5 to the ISE data for SRM 956 after the NIST Definitive Method values were known, consistently moved the ISE results for RR3 closer to the true value for Na+ and K+ (Gunaratna et al., 1992).
· We have investigated the variations in the potentials of sodium- selective glass-membrane electrodes in various concentrations of albumin. These protein solutions serve as a simple model for measurements of electrolytes in whole blood, plasma, or serum with such an electrode. The results indicate that albumin-sodium binding and variations in liquid-junction potentials are of negligible importance. Mostly, the effect of albumin on the sodium glass-electrode potential is attributable to variations in the activity of sodium, determined by the water content of the solutions. We have calculated apparent fractional protein volumes in albumin solutions from measurements of sodium glass-electrode potential and find they compare well with the classical McLean-Hastings formulation. Our results indicate the need to correct experimentally determined potentiometric electrolyte concentrations for protein volumes (Mohan et al., 1978). 

· We evaluated the IL Monarch random-access centrifugal analyzer for measurement of Na+, K+, and Cl- by an indirect potentiometric method. For different concentrations of control material, the total precision (CV) ranged between 0.82% and 1.14% for the three electrolytes; linearity was acceptable within a range of 103 to 215 mmol/L for K+, Na+, 1.6-15.25 mmol/L for and 80-173 mmol/L for Cl-. Data correlated well with those by flame photometry for Na+ and K+, and with those by coulometry for Cl-. Both for various biological materials-sera, urines, dialysis fluids--and commercial control materials from various producers. Stability of the potentiometric signal was acceptable: daily variations were 0.2 mV for Na+, 0.05 mV for K+, and 0.03 mV for Cl-. Accordingly, we conclude that the system supplies reproducible and accurate results while being easy to use and requiring little maintenance. The use of indirect potentiometry offers results consistent with those obtained with traditional methods, and easily interpretable by clinical staff. However, better information about the actual ion activity in the tested sample for certain pathologies such as hyperlipemia and dysproteinemia could be obtained by methods involving direct potentiometry. (Guagnellini et al., 1988).
· We measured the emf of NaCl solutions (120-160 mmol/L) with a home- built cell in steady-state and with some commercial direct potentiometric analyzers about 20 s after the sample is introduced into the instrument. We compared the results with the theoretical sodium ion activity calculated according to different thermodynamic theories. The slope of the calibration graph was calculated with and without correction for the influence of NaCl concentration on the liquid junction potential of the calomel reference electrode. We conclude that different theories used to calculate the sodium ion activity in the concentration range investigated give almost the same results; furthermore, introduction of the liquid junction potential leads to a more Nernstian-like slope of the calibration graph. Measurement of identical NaCl solutions with various commercial analyzers showed different displayed concentrations, presumably because of differences in junction structure, measuring time, and concentration of calibration            (Bijster et al., 1984).
· We measured the emf of NaCl solutions (120-160 mmol/L), with and without the addition of KCl (5-20 mmol/L), CaCl2 (2-8 mmol/L), or MgCl2 (1-4 mmol/L). Measurements were made with a home-built cell in steady- state and with two commercial direct potentiometric analyzers about 20s after the sample was introduced. We calculated the sodium ion activity in the mixed NaCl-KCl solutions according to different thermodynamic theories and found almost the same results. We conclude that the influence on the emf of physiological concentrations of these cations was negligible when emf measurements were made in steady-state with the home-built cell. Of the three added cations, K+ caused the greatest increase in apparent sodium ion activity (up to about 4%) when EMF measurements were made with commercial analyzers, owing to low salt- bridge concentration and the short measuring time of about 20s           (Bijster et al.,1984).
· Circulating sodium concentration is commonly measured by both direct and indirect ion-sensitive electrode (ISE). We describe an unusual case with a high elevation of serum glucose (162 mmol/L) where direct ISE sodium measurement was 9 mmol/L higher than the indirect measurement in the absence of any cause for pseudohyponatraemia. In vitro experiments showed that very high glucose concentrations increased the sodium in direct, but not in indirect ISE measurement. This effect was insufficient to account for the entire difference between the measurements seen in the patient, indicating that other factors, for example pH and bicarbonate concentration, must also be involved. This effect may influence interpretation of sodium status in patients with gross hyperglycaemia (Asila Al-Musheifri et al., 2008).
· We present an improved Na+-selective liquid membrane electrode for measurement of Na+ concentrations in both undiluted serum and urine. The values for urinary Na+ obtained with the ion-selective electrode agree well with those obtained with the flame photometer. The correlation gives a standard residual deviation of +/- 2.7 mmol/L over the Na+ range of 25-280 mmol/L. In serum, this direct potentiometry yields Na+concentrations 5.4% (SD 1.1%) higher than those obtained by atomic spectrometry and a standard residual deviation of +/- 1.1 mmol/L. Correction of these values for the volumes of protein and lipid leads to potentiometric values 1.2% (SD 0.7%) lower than those by flame photometry (residual standard deviation: +/- 1.0 mmol/L). Other factors that possibly contribute to this discrepancy are discussed (Anker et al., 1983). 

· This is a kinetic assay for measuring serum Na+ concentration based on determination of Na+ dependent beta-galactosidase (EC 3.2.1.23) activity. The method, sufficiently sensitive to measure sub-millimolar concentrations of Na+ was modified by including a Na+-binding agent (cryptand) to provide a linear assay for serum Na+ concentrations between 110 and 160 mmol/L. The assay was developed with and evaluated in the Cobas Fara centrifugal analyzer (and has been used in other kinetic analyzers). Within-run and between-run CVs were less than 1%. The reaction rate for normal serum samples (0.20 delta A/min) is about 10-fold that of the reagent blank. Results correlated well with flame photometry. Interference from bilirubin, hemoglobin, lipemia, heparin, and other cations was negligible. The method offers a practical alternative to the use of ion-selective electrodes and flame photometry for measuring serum Na+ in high-throughput or "stat" biochemical analyzers (Berry et al., 1988).
· Analytical characteristics and sensing mechanism of sodium ion selective electrodes based on NaCl-Ga2S3-GeS2 glasses have been investigated. Chalcogenide glass electrodes containing 10mol. % NaCl in the membrane showed near –Nernstian response in the concentration range from 10-3 to 1M sodium nitrate solution. These sensors were superior to the conventional pNa oxide glass electrodes in selectivity in the presence of hydrogen ions and Na+ ion sensitivity in fluoride medium. Prolonged solution treatment for several days reduces, however, the detection limit of the sensors and the slope of the electrode response. Ionic processes at the membrane surface have been investigated using XPS technique and Na tracer measurements. It was shown that sodium ion-exchange governed Na+ ion response of Chalcogenide                       (Yu.G.Vlasov et al., 1989).
· Selectivity coefficients for a series of commercial sodium ion-selective electrodes were determined with respect to potassium, silver and ammonium ions by means of the mixed solution method. In general, the order of the selectivity performance of the electrodes was the same for all the interferences tested. Response times were determined by the injection method, and the results for different electrodes are compared. The effect of temperature on the electrode response time was also investigated (Michael F. Wilson et al., 1974).
· Some properties of a series of commercial sodium ion selective electrodes have been investigated and the results compared. In general the potential response of the electrodes was found to approach Nernstian with aging. An improved method for investigating the selectivity of ion selective electrodes with respect to hydrogen ions is based on the mixed solution method utilizing tris buffers. The selectivity of the sodium ion electrodes with respect to hydrogen ion was also found to depend on the ration of the primary to interfering ion activity. Some other improvements in technique are also reported                                     (Michael F.Wilson et al.,1974)
· A detailed investigation has been made of the accuracy of sodium-responsive glass electrodes for determining sodium (1-50μg/litre) in high purity waters (e.g., condensed steam and boiler feed-water) from power stations. The electrode potential can be made to follow the Nernst equation down to a sodium concentration of about 50μg/litre 1μg/litre by controlling the pH of the sample and by using a continuous flow of the sample past the electrode. Octadecylamine seriously affected the response of the electrodes, but other impurities likely to be present in power-station waters caused no significant effects. The standard deviation of analytical results varied from 0·4 to 1·2 µg per litre at concentrations of 2 and 26 µg of sodium per litre. Details of a recommended analytical procedure for discrete samples are given. (Webber et al., 1969).
· The synthesis of 1-methyl-1-vinyl-14-crown-5 (III) by the reaction of (H2C[image: image11.png]


CH) MeSi (OEt)2 with HO(CH2CH2O)4H in presence of catalytic amounts of NaOMe is described. PVC-based membranes of III as ionophore with potassium tetrakis(p-chlorophenyl)borate (KTpClPB) as anion excluder and dioctylphthalate (DOP), diphenylether (DPE), dibutylamine (DBA) and dibutylphthalate (DBP) as plasticizing solvent mediators were prepared and investigated as Na+-selective electrode. The response of the electrode was linear with a Nernstian slope of 55.0 mV/decade over an Na+ ion concentration range of 3.16 × 10−6 to 1.0 × 10−1 M and a detection limit of 2.81 × 10−6 M. The response time to achieve a 95% steady potential for Na+ concentrations ranging from 1.0 × 10−1 to 1.0 × 10−7 M was between 5 and 15 s, and the electrode is suitable for use within the pH range of 6.5–9.5. The selectivity relative to alkali, alkaline earth and transition heavy metal ions is good. The electrode could be used for at least 45 days without considerable alteration in its potential. The effect of non-ionic surfactants (Brij 58, Brij 78, Triton X-405 and Tween 20) on the potentiometric property of the sodium selective membrane was also studied. The electrode also shows better working concentration range and slope in comparison to the other Na+ selective electrodes reported in literature.                                          (Sudeshna Chandra et al., 2005)
· This work reports the results of a thermodynamic investigation of the ternary NaCl–MgCl2–H2O mixed electrolyte system. The potentiometric measurements were performed at 298 K, using a galvanic cell by combining a solvent polymeric sodium ion-selective membrane electrode (Na+ ISE), containing a mixture of N,N′-dibenzyl-N,N′-diphenyl-1,2-phenylene-dioxydiacetamide as ionophore, and an Ag/AgCl electrode. Different series of mixed salt solutions, each characterized by a fixed salt molal ratio r (r=mNaCl/mMgCl2=0.100, 0.199, 0.995, 4.990 and 10.364) but with similar ionic strengths, were used in this investigation. The modeling of the ternary electrolyte system was based on the Pitzer ion-interaction semi-empirical theory for mixed salts, over the ionic strength ranging from 0.05 to 4.3 mol/kg. Pitzer ion-interaction parameters for mixed salts including the effect of the higher-order electrostatic terms were determined for this system. Moreover, based on the potentiometric experimental data and the determined mixing parameters, the values of the mean activity coefficients, the osmotic coefficients, the excess Gibbs free energies and the water activities (aw) were reported for the whole series of the studied ternary mixed electrolyte systems. Finally, the impact of the magnitude of the potentiometric selectivity coefficient of this Na+ ISE on the quality of the potentiometric data revealed that Nernst equation could suitably be used for the evaluation of mean activity coefficients (with at least 3 decimal numbers), for the ionic strength beyond 0.25 mol/kg and for mixed electrolyte systems with molal salt ratio higher than r=mNaCl/mMgCl2≥5                         (Farzad Deyhimi et at., 2006).
· A sodium ion-selective PVC membrane electrode based on di (o-methoxy) stilbenzo-24-crown-8 is reported. The electrode gives a near-Nernstian response in the range 9×10−6–1×10−2 M sodium ion and can be used in the pH range 5–8.5. Selectivity coefficients are 1.8×10−1 (K+), 2.0×10−4 (Li+) 2.5×10−2 (NH+4) and about 10−4 for Mg2+, Ca2+ and Ba2+. (Xingyao Zhou et al., 1988).
· The objective of this work is the study and characterization of anodized indium tin oxide (anodized-ITO) as a sodium ion selective electrode and differential structures including a sodium-selective-membrane/anodized-ITO as sensor 1, an anodized-ITO membrane as the contrast sensor 2, and an ITO as the reference electrode. Anodized-ITO was fabricated by anodic oxidation at room temperature, a low cost and simple manufacture process that makes it easy to control the variation in film resistance. The anodized-ITO based on EGFET structure has good linear pH sensitivity, approximately 54.44 mV/pH from pH 2 to pH 12. The proposed sodium electrodes prepared by PVC-COOH, DOS embedding colloid, and complex Na-TFBD and ionophore B12C4, show good sensitivity at 52.48 mV/decade for 10−4 M to 1 M, and 29.96 mV/decade for 10−7 M to 10−4 M. The sodium sensitivity of the differential sodium-sensing device is 58.65 mV/decade between 10−4 M and 1 M, with a corresponding linearity of 0.998; and 19.17 mV/decade between 10−5 M and 10−4 M.( Jyh-Ling Lin et al., 2009).
· A polymer membrane system composed of 30 wt. % cellulose acetate (CA) and polyurethane (PU) has been developed for the fabrication of mass producible solid-state reference electrodes. The CA/PU membrane exhibits appropriate adhesion to common substrates (e.g., ceramic and silicon chips) of miniaturized electrochemical sensors, allows quick hydration of internal hydro gel layer (3 M KCl with a 6 wt.% water soluble polymer) deposited on micro-patterned electrodes resulting in fast preconditioning time ([image: image12.png]


100 s), and provides a stable reference potential for an extended period (use-lifetime: 25–90 min) by limiting the diffusion of internal electrolytes. The potentiometric responses of the CA/PU membrane-based solid-state reference electrodes drifted rapidly (40–90 mV/h) after their use-lifetime; the results suggest that the internal electrolyte slowly fills the micro-channels of the outer membrane while maintaining stable potential, and begins to diffuse away at an increased rate from the membrane/aqueous solution interface. The potentiometric responses of the polymer membrane-based ion-selective electrodes (for Na+,K+, Ca2+, Cl− and H+) formed on the same chip with the CA/PU membrane-coated Ag/AgCl reference electrode were examined both in aqueous and physiological samples; their analytical performance closely matched that of sensors measured against a conventional reference electrode. (Jeonghan Ha et al., 2005).
· A 2-furaldehyde-selective PVC-membrane electrode is designed based on the host−guest interaction between tetrabenzyl ether Calix [4] arene, as an ionophore, and a lipophilic hydrazone derivative generated in situ from reaction of 2-furaldehyde and Girard’s reagent T. At a pH of 9.2, the electrode exhibits a Nernstian response over the 2-furaldehyde concentration range of (5.0 × 10−5) − (1.0 × 10−1) M. The electrode has found to be chemically inert and of adequate stability with a response time of 15 s with a good reproducibility (±0.2 mV) and can be used for a long working lifetime. In order to improve the minimum detectable concentration of 2-furaldehyde, further studies have been performed using a coated graphite electrode and coated platinum and gold disks. Some analytical aspects of adsorptive square wave voltammetry have also been presented in order to elucidate the adduct formation between 2-furaldehyde and Girard’s reagent T. The interfering effects of some Na+, K+, NH4+, formaldehyde, 5-hydroxymethyl 2-furaldehyde (HMF), excess of Girard’s reagent T and organic solvents such as isopropyl alcohol and N,N-dimethylformamide on the sensor’s response have been studied. The viability of using the electrode for the trace determination of 2-furaldehyde in several Iranian oil refinery wastewater samples is also demonstrated. The results obtained from the developed method for real samples are compared with those from UV-spectrophotometric and high-performance liquid chromatographic experiments.                                         (Mojtaba Shamsipur et al., 2009).
· Potentiometric sensors are today sufficiently well understood and optimized to reach ultratrace level (subnanomolar) detection limits for numerous ions. In many cases of practical relevance, however, a high electrolyte background hampers the attainable detection limits. A particularly difficult sample matrix for potentiometric detection is seawater, where the high saline concentration forms a major interfering background and reduces the activity of most trace metals by complexation. This paper describes for the first time a hyphenated system for the online electrochemically modulated preconcentration and matrix elimination of trace metals, combined with a downstream potentiometric detection with solid contact polymeric membrane ion-selective microelectrodes. Following the preconcentration at the bismuth-coated electrode, the deposited metals are oxidized and released to a medium favorable to potentiometric detection, in this case calcium nitrate. Matrix interferences arising from the saline sample medium are thus circumvented. This concept is successfully evaluated with cadmium as a model trace element and offers potentiometric detection down to low parts per billion levels in samples containing 0.5 M NaCl background electrolyte.         (Karin Y. Chumbimuni- Torres et al., 2008).
· A novel type of self-plasticizing polyacrylate-based membrane was developed for all-solid-state ion-selective potentiometric electrodes. The membrane composition contains a conducting polymer (CP):  poly (3, 4-ethylenedioxythiophene) end capped with methacrylate groups, chemically grafted with the membrane during the photopolymerization step. This composition results in ion-selective membranes with the following advantages:  lower electrical resistance compared to the CP-free membrane, facile ion-to-electron transduction between the membrane and the electrode support, controlled low activity of analyte ions, and high concentration of interferent ions (incorporated with the CP) within the membrane, potentially resulting in improved analytical parameters. Ca2+- and K+-selective membranes were chosen as model systems to study the effect of pretreatment and CP content on the potentiometric sensor's characteristics. For Ca2+ sensors, reproducible and stable Nernstian characteristics were obtained within the range from 0.1 to 10-9 M CaCl2, without a time-consuming preconditioning step. For K+-selective sensors, the influence on Nernstian response range was observed for varying KCl concentrations in the conditioning solution, with the lowest detection limit found close to 10-8 M KCl. Mass spectrometry coupled with laser ablation studies of the membranes revealed that in this case the detection limit is not related to primary ion content in the membrane contacting a sample solution, but is affected by interfering ion concentration close to the membrane surface. (Anna Rzewuska et al.,2008).
· Conducting polymers, i.e., electroactive conjugated polymers, are useful both as ion-to-electron transducers and as sensing membranes in solid-state ion-selective electrodes. Recent achievements over the last few years have resulted in significant improvements of the analytical performance of solid-contact ion-selective electrodes (solid-contact ISEs) based on conducting polymers as ion-to-electron transducer combined with polymeric ion-selective membranes. A significant amount of research has also been devoted to solid-state ISEs based on conducting polymers as the sensing membrane. (Johan Bobcat, 2006).
· The electrically conducting polymers — polyaniline and originally synthesized poly(N-phenylglycine) — have been used as ion-electron transducers for new all-solid-state ion-selective membrane electrodes (ISEs) intended for the determination of dopamine. The properties of the new ISEs are evaluated, including the slope of the electrode characteristic, the linear range of the potential versus pC response, the effect of pH, and the response time. The results of chronopotentiometric measurements show that the new ISEs possess highly stable characteristics. The selectivity coefficients with respect to some foreign ions are determined. A method for potentiometric determination of dopamine using the new ISEs is developed. (Kholoshenko et al., 2006). 

· A nanotube sensor for Na+ is fabricated using electrodeposition of iron hexacyanoferrate polymer within the nanochannels of a nanoporous metal- coated membrane. The sensing signal is derived from the influence of Na+ on the cathodic peak potential of the volttametric response of the Prussian blue(PB) nanotubes immersed in a background solution containing K+, giving a 2K+:1e− Nernstian response, instead of the usual 1K+:1e− process in the absence of Na+. A competitive-inhibition reaction scheme is proposed which gives excellent agreement of theoretical values derived from equilibrium consideration, with experimental data obtained under reversible, slow scan rate conditions. A wide linear range over three orders of magnitude for Na sensing can be achieved by simple adjustment of background K+ levels. Specific and accurate detection of Na+ using the PB nanotubes sensor is demonstrated in a solution containing potential interfering ions: K+, Mg2+, Ca2+. (Jin Qiang Ang et al., 2009).
  AIM AND SCOPE

AIM AND SCOPE 


Several instrumental techniques such as spectro photometry, chemiluminescence, atomic absorption spectroscopy, polarography, mass spectrometry, gas chromatography etc., have been reported for the determination of individual compounds and metals in micro and submicrolevels. These sophisticated techniques require expensive equipments and skilled personal to obtain reliable results.
The aim of this study is to develop a new method for the preparation of sodium ion selective electrode. The use of an ion selective electrode in environmental analysis offers several advantages over the other methods of analysis. The cost of initial setup to make analysis is relatively low. Time consuming steps such as filtration, weighing and distillation are not required in most cases. ISE determinations are not subject to interference such as colour of the sample. Since electrodes are portable measurement can be made on a laboratory bench, the bank of a river or on the floor of a manufacturing plant. Ion Selective Electrodes offers a simple, rapid, precise and inexpensive potentiometric procedure. Considering analytical interest in the environmental analysis, ion selective electrodes offers a simple, rapid, precise and inexpensive potentiometric procedure. It is also a new novel and ecofriendly method for the determination of sodium ion in commercial baking powder and Ala. 
EXPERIMENTAL METHOD
EXPERIMENTAL METHOD

CHEMICALS REQUIRED


Sodium hydroxide, S-benzyl isothiouronium chloride, benzoic acid, magnesium sulphate, potassium iodide, magnesium chloride, potassium chloride, ammonium bromide, sodium bromide, sodium thiosulphate, urea, oxalic acid, copper sulphate, sodium chloride, aniline, hydroxide, ammonium persulphate, polyvinyl chloride, dioctyl phthalate, ethanol.

EXPERIMENTAL PROCESS

For the determination of sodium ion, three types of membrane electrodes are prepared and the experiments were carried out.
PREPARATION OF S-BENZYL ISOTHIOURONIUM CHLORIDE BASED MEMBRANE ELECTRODE


To 0.5g of benzoic acid (HI-PURE, FINE CHEM INDUSTRIES, CHENNAI), added 6ml of aqueous NaOH (FINAR REAGENTS, extra pure) of strength 0.9246N. Mixed the resulting solution with an equal volume of S-Benzyl Isothiouronium Chloride Reagent. (HIMEDIA Laboratories Pvt Ltd, Mumbai). A white precipitate was obtained. It was filtered and dried in air for 12 hours and powdered. About 0.2g of powdered precipitate was thoroughly mixed with Araldite (Huntsman Advanced Materials (INDIA) Pvt Ltd) and the paste was applied on Whatmann filter paper No: 42. This was spread uniformly over the filter paper to obtain 0.5mm thickness of the electro active materials with matrix. This was left in air to dry for 48 hours to get an electro active membrane. A circular piece of this membrane was cut and fixed with resin at one end of the hollow glass tube (diameter 0.5mm & length 12cm). This tube was filled with saturated solution of CuSO4 with 1M CuSO4 solution and reference copper metal wire was inserted (diameter 0.5mm and length 12cm) through other end of the glass tube. This complete assembly will work as an ion selective electrode of sodium ion determination (Electrode– I). This ion selective electrode was kept in 1M solution of sodium chloride for one week to attain equilibrium.
PREPARATION OF S-BENZYL ISOTHIOURONIUM CHLORIDE BASED MEMBRANE ELECTRODE USING POLYANILINE

PREPARATION OF POLYANILINE 

 About 4.6ml of aniline and 100ml of aqueous HCl (1M) is taken in 250ml beaker. 100ml of 0.1M ammonium persulphate (FISHER Scientific, Qualigens Fine Chemicals, Mumbai) solution is added to it. The beaker with solution kept on stirrer over a period of 11 hours. The reaction mixture is slowly poured into a beaker containing 50-100ml acetone with constant stirring. A dark green powder of polyaniline precipitates out. The precipitate is washed with ethanol, dried and powdered.

PREPARATION OF MEMBRANE ELECTRODE

About 0.1g of precipitate was thoroughly mixed with 0.1gm of polyaniline and Araldite (Huntsman Advanced Materials, India, Pvt. Ltd.). The paste obtained was on Whatmann filter paper No. 42. This was spread uniformly over the filter paper to obtain 0.5mm thickness of the electro active materials with matrix. This was left in air to dry for 24 hours to get an electro active membrane. A circular piece of this membrane was cut and fixed with resin at one end of the hollow glass tube (diameter 0.6cm and length 6cm). This tube was filled with saturated solution of CuSO4 and reference copper metal wire was inserted (diameter 0.5mm & length 12cm) through other end of the tube in such a way that it remains dipped in saturated solution of CuSO4 already filled in this glass tube. This complete assembly will work as ion selective electrode of sodium (Electrode – II). This ion selective electrode was kept in 1M solution of NaCl one week to attain equilibrium.

PREPARATION OF S-BENZYL ISOTHIOURONIUM CHLORIDE BASED MEMBRANE ELECTRODE USING PVC AND DOP


About 0.1g of dried precipitate was thoroughly mixed with 0.1g of Polyvinyl Chloride, for synthesis (KEMPHASOL, Bombay) and added some drops of Dioctyl Phthalate plasticizer, for synthesis (LOBAL CHEMIE, Laboratory Reagents & Fine Chemicals) and Araldite (Huntsman Advanced Materials, India, Pvt. Ltd.). The paste obtained was applied on Whatmann filter paper no. 42. This was spread uniformly over the filter paper to obtain 0.5mm thickness of the electro active materials with matrix. This was left in air to dry for 24 hours to get an electro active membrane. A circular piece of this membrane was cut and fixed with resin at one end of the hollow glass tube (diameter 0.6cm and length 6cm). This tube was filled with saturated solution of CuSO4 and reference copper metal wire was inserted (diameter 0.5mm & length 12cm) through other end of the tube in such a way that it remains dipped in saturated solution of CuSO4 already filled in this glass tube. This complete assembly will work as ion selective electrode sodium (Electrode – III). This ion selective electrode was kept in 1M solution of NaCl one week to attain equilibrium.


The entire electrode system for the measurement can be represented as

	Internal reference electrode -(Cu wire)

	Internal reference solution - CuSO4 solution

	Ion selective membrane

	Sample solution

	External reference electrode(Ag/AgCl electrode)



	


The ion selective electrode was connected to one terminal of a digital potentiometer (Equip- Tronics EQ-602). The other terminal connected to the Ag/AgCl reference electrode. The ISE was immersed in the sample solution of 1M NaCl and the reference electrode immersed in doubly distilled water. The solutions are connected using Potassium nitrate – agar salt bridge.

· Preparation of stock solution of sodium chloride was carried out by weighing it to its molecular weight (58.44g) for 1 litre.

· Preparation of stock solution of magnesium chloride was carried out by weighing it to its molecular weight (203.30g) for 1 litre.

· Preparation of stock solution of potassium chloride was carried out by weighing it to its molecular weight (75g) for 1 litre.

· Preparation of stock solution of ammonium bromide was carried out by weighing it to its molecular weight (97.9g) for 1 litre.

· Preparation of stock solution of magnesium sulphate was carried out by weighing it to its molecular weight (246.48g) for 1 litre.

· Preparation of stock solution of sodium bromide was carried out by weighing it to its molecular weight (102.90g) for 1 litre.

· Preparation of stock solution of potassium iodide was carried out by weighing it to its molecular weight (166g) for 1 litre.

· Preparation of stock solution of sodium thiosulphate was carried out by weighing it to its molecular weight (250g) for 1 litre.

· Preparation of stock solution of oxalic acid was carried out by weighing it to its molecular weight (126.1g) for 1 litre.

· Preparation of stock solution of urea was carried out by weighing it to its molecular weight (60.06g) for 1 litre.

The electrode was first conditioned in 1M solution of sodium chloride for one week till it attains stable equilibrium. After which it can used for the determination of the characteristic study of the electrode.

The following studies are conducted to ensure the efficiency of the electrode.

· The electrode potential of a series of standard solutions of sodium chloride solution had been measured to determine the electrode response.

· The electrode potential of standard sodium chloride solution in a series of varying concentration, solvent like ethanol had measured to determine the effect of solvent.

· The electrode potential of standard NaCl solution of varying pH had been measured.

· The interfering study of various cations and anions had been measured.

The water used in this study was doubly distilled water. The electrode has to be rinsed in the doubly distilled water after every measurement to prevent contamination by carry over on the electrode.
SCHEMATIC DIAGRAM OF ION SELECTIVE ELECTRODE
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Figure I

EXPERIMENTAL PROCESS
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Figure II
RESULTS AND DISCUSSION
RESULTS AND DISCUSSION

The three electrodes were first conditioned in 1M solution of NaCl for 3 days till it attains stable equilibrium which is then used for the determination of their characteristic study. The potential of the electrodes were studied by its E.M.F from the series of standard solutions of NaCl of concentration ranging from 1M to 1x10-4M for Electrode – I, 1M to 1x10-7M Electrode – II and 1M to 1x10-4M for Electrode - III. The following are the E.M.F values obtained for electrode I (Table.1), electrode II (Table.2) and electrode III (Table.3).
ELECTRODE RESPONSE – NaCl SOLUTION
	ELECTRODE I

	Concentration (in M)
	E.M.F (in Volts)

	1
	-0.029

	1x10-1
	-0.027

	1x10-2
	-0.017

	1x10-3
	-0.007

	1x10-4
	-0.003

	1x10-5
	-0.003


Table.1. 

ELECTRODE RESPONSE – NaCl SOLUTION

	ELECTRODE II

	Concentration (in M)
	E.M.F (in Volts)

	1
	-0.025

	1x10-1
	-0.024

	1x10-2
	-0.022

	1x10-3
	-0.016

	1x10-4
	-0.014

	1x10-5
	-0.011

	1x10-6
	-0.009

	1x10-7
	-0.006

	1x10-8
	-0.006


Table.2 

ELECTRODE RESPONSE – NaCl SOLUTION
	ELECTRODE III

	Concentration (in M)
	E.M.F (in Volts)

	1
	-0.018

	1x10-1
	-0.017

	1x10-2
	-0.016

	1x10-3
	-0.015

	1x10-4
	0.003

	1x10-5
	0.003


Table.3

Standard electrode potential (E˚) of electrodes were determined by extrapolation method. It was found to be -0.0335V (for electrode I), -0.0265V (for electrode II) and      -0.018V (for electrode III). The Nernstian slope values were found to be 25mV/decade for electrode I, 28mV/decade for electrode II and 27mV/decade for electrode III which is determined from series of NaCl solution. The response time of the electrodes was found by dipping in 1M solution of NaCl and suddenly the concentration were changed to 0.1M. The variation in potential was noted at every second till a constant potential was obtained at within 3minutes for Electrode – I, within 2minutes for Electrode – II and within 3minutes for Electrode – III.
EFFECT OF pH


The influence of pH on the potential response of the all the three electrodes were studied at 1M NaCl solution over a pH range of 4.01 – 9.2. The pH was adjusted by using buffer solution. The potential is independent of the pH in the range of 4.01 – 9.2 for electrode I, 7 – 9.2 for electrode II and 4.01 – 7 for electrode III of NaCl solution. Hence the corresponding pH values may be chosen as the working pH of the electrodes. 

EFFECT OF PARTIALLY NON-AQUEOUS MEDIUM ON THE WORKING ELECTRODE

The proposed sensors were investigated in partially non-aqueous medium i.e., ethanol for 25%, 50% and 75% with water. A standard solution containing 1M NaCl is added with series of 25%, 50% and 75% ethanol taken. It was found that the potential of the electrode I, II and III remains unaffected in the presence of a series of various percentage of ethanol (25%, 50% and 75%).

SELECTIVITY


The selectivity is an important characteristic of membrane sensors. It is measured in terms of potentiometric selectivity K. It measures the response of the sensor towards the primary ion in the presence of secondary ion present in the sample solution. The selectivity co-efficient has been determined by using Fixed Interference Method (FIM) based on the semi-empirical Nicolski – Eisenman equation. In the method, the concentration of primary ion of NaCl is varied where as the concentration of secondary interfering ion is kept constant in the test solution which is 1M concentration of interfering ion in the present case. The potentiometer selectivity co-efficient data of sensor for various interfering ions (cations and anions) are given in the tables (4) & (5).
INTERFERENCE BY ANIONS - ELECTRODE I, II AND III

	Anions

(interfering ions)
	
	
	

	So4-
	-0.030
	-0.024
	-0.018

	I-
	-0.029
	-0.025
	-0.019

	Cl-
	-0.029
	-0.024
	-0.018`

	Br-
	-0.030
	-0.024
	-0.019

	S2O32-
	-0.031
	-0.025
	-0.019

	NH2-CO-NH-
	-0.028
	-0.024
	-0.017

	C2O42-
	-0.028
	-0.025
	-0.018


Table (4)
INTERFERENCE BY CATIONS - ELECTRODE I, II AND III

	Cation

(interfering ions)
	
	
	

	Mg2+
	-0.030
	-0.024
	-0.018

	K+
	-0.029
	-0.025
	-0.019

	NH4+
	-0.030
	-0.024
	-0.019

	Na+
	-0.031
	-0.025
	-0.019

	H+
	-0.028
	-0.024
	-0.017


Table (5)  
ELECTRODE RESPONSE – SODIUM 

(ELECTRODE - I)

[image: image15.png]R
-4 -5 'z 7
-8

(o
LO? onc enbrdb(:OnCM) —




GRAPH – 1
Plot of E.M.F versus log concentration of sodium (M) 

ELECTRODE RESPONSE – SODIUM 

(ELECTRODE - II)

[image: image16.png]EMF (V) ——>

“0-027
~0-024
~0.02!
-0018
-0-015
-00(2

-0.009

"% -4 -5 -6 -7 -8 -q

Log Concentvration (M) ——




GRAPH – 2
Plot of E.M.F versus log concentration of sodium (M)

ELECTRODE RESPONSE – SODIUM 

(ELECTRODE – III)
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GRAPH – 3
Plot of E.M.F versus log concentration of sodium (M) 
ANALYTICAL APPLICATIONS


To assess the applicability of the sensor to real samples, an attempt was made to determine sodium ion in real samples like commercial baking powder and Ala. The recovery of sodium ion in sample analysis was formed to be quantitative with the maximum recovery of 90%.  
SUMMARY AND CONCLUSION

SUMMARY AND CONCLUSION
· New three simple electrodes, highly selective and specific for sodium were developed and electrochemically evaluated.

·  The electrodes namely Electrode - I, Electrode - II and Electrode - III of sodium exhibited a near Nerstian response in the concentration range of 1-1x10-4 M,         1-1x10-6 M and  1-1x10-3 M respectively

· The response time exhibited by the Electrode – I (within 3minutes), Electrode – II (within 2minutes) and Electrode – III (within 3minutes).

· The sensors revealed good selectivities for sodium over wide varieties of other ions.

· The electrodes namely Electrode – I, Electrode – II and Electrode – III of sodium ion exhibited a near Nerstian response over the pH ranges of 4.01 – 7, 7 – 9.2 and 4.01 – 9.2 respectively.

· The potential remain unchanged in the ethanol medium of various concentrations.

· The sensors were successfully applied to determine the sodium content in some commercial products such as Ala and baking powder.

· The Electrode – I was used over a period of 90 days, Electrode – II was used over a period of 90 days, Electrode – III was used over a period of 60 days with good reproducibility.

The sodium ion determination using this method is very simple. This method is simple, accurate and less expensive and also error involved is very less. These investigations proved that this study offers an easy simple and efficient method of determining sodium of various concentrations.  
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