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Introduction

calcium:


The chemical element calcium (Ca) is the 5th element and the third most abundant metal in the earth’s crust, but does not occur naturally in the free state. It has valence 2. The Calcium compounds account for 3.64% of the earth’s crust. The metal is trimorphic, harder than Sodium, but softer than aluminium. As well as beryllium and aluminium and unlike the alkaline metals. It does not cause skin burns. It is less chemically reactive than alkaline metals and than the other alkaline earth metals. The distribution of calcium is very wide. It is found in almost every terrestrial areas in the world. This element is essential for the life of plants and animals, which are present in the animal’s skeleton in tooth, in the eggs shell, in the coral and in many soils.


Seawater contains 0.15% of calcium chloride. Calcium ions in water forms deposit in pipes and boilers and when the water is hard, that is, when it contains too much calcium or magnesium.


In contact with air, calcium develops an oxide and nitride coating, which protects it from further corrosion. It burns in the air at a high temperature to produce nitride.


The commercially produced metal reacts easily with water and acids and it produces hydrogen, which contains remarkable amounts of ammonia and hydro carbides as impurities 1


Metallic calcium has a minor use in alloys, but CaCO3 and compounds manufactured from if, especially the oxide CaO (quick lime) and hydroxide. Ca(OH)2 (slaked lime) are used on a scale exceeding nearly all other elements. Lime mortar was used by the Romans. 

The major present day applications are in the manufacture of concrete, in metallurgical process such as iron and steel making and in the treatment of water and soils to remove acidity.


Calcium is present in every plant, as it is essential for its growth. It is contained in the soft tissue, in fluids within the tissue and in the structure of every animal’s skeleton. The vertebrate’s bones contain in the form of calcium fluoride, calcium carbonate and calcium phosphate.2

Chemicals properties of calcium:


Atomic Number

:
20


Atomic Mass


:
40.08mol-1

Electro negativity according

 to Pauling


:
1.0

Mass Volume


:
1.6 gcm-3 at 20oC 

Melting point


:
840oC

Boiling point


:
1484oC

Vanderwaals radius 

:
0.197nm

Ionic radius


:
0.099nm

Isotopes


:
10

Electronic Configuration
:
[Ar]4s2
Energy of first Ionization
:
589.6 KJmol-1

Energy of second Ionization
:
1145 KJmol-1
Standard Ionization
 
:
-2.87 V

Discovered


:
Sir Humphrey Davy in 1808 3
Uses of calcium:

· It is used for removing traces of water from alcohol so as to get absolute alcohol. In this respect it is superior to sodium because unlike sodium it has no reaction with alcohol.

· The metal is used in aluminium alloys for bearings as a helper in the bismuth removal from lead, as well as in controlling graphite carbon in melted iron.

· It is also used as a deoxidizer in the manufacture of many steels.

· It is used as reducing agent in the preparation of metals as chromium, thorium, zirconium and uranium and as separating material for gaseous mixtures of nitrogen and argon.

· Its alloys with lead are used as a cable covering.

· Its alloys with aluminium are used in costing and forging.

· Calcium hydroxide finds use in the manufacture of bleaching powder and caustic soda. It also finds use for the preparation of soda lime (CaOH + caustic soda) a good adsorbent for a number of gases and a decarboxylating agent.

· Calcium carbonate finds use in the manufacture of cement. It is also used for building purposes in the laboratory for the preparation of CO2, in toothpaste, medicines for indigestion agent.

· Calcium chloride (an hydrous) finds use as a dehydrating agent.

· Calcium sulphate (gypsum) finds use in the manufacture of plaster of Paris, ammonia (at Sindri) and for making soil fertile effected by sea water due to flood 4
Health effects of calcium:

The use of more than 2 to 5 grams of calcium per day without a medical necessity can lead to the development of kidney stones and sclerosis of kidneys and blood vessels.

A lack of calcium is one of the main causes of osteoporosis. Osteoporosis is a disease in which the bones become extremely porous, are subject to fracture and heat slowly, occurring especially in women following menopause and often leading to curvature of the spine from vertebral collapse.

The main calcium sources are the dairy products, but also nuts, some vegetables like spinach and cauliflower, beans, lentils etc.

Calcium phosphide is very toxic to aquatic organisms.5

Ion selective electrode (ISE):


Ion selective electrode are well known analytical tools, often used for the direct determination of a large variety of ionic species just as well as for end point indication in titrations.6

An Ion selective electrode contains a membrane that is sensitive to one particular ion in the solution. The membrane can be made of glass, an ionic crystal or a liquid.7


The glass electrode that responds to variations in the hydrogen activity is just one member of growing list of practical electrode devices known as ion selective membrane electrode.8

Various types of membrane electrode have been developed in which the membrane potential is elective towards a given ion or ions, just as the potential of the glass membrane of a conventional glass electrode is elective towards hydrogen ions. These electrodes are important in the measurement of ions especially in small concentration. Generally they are not poisoned by the presence of proteins, as some other electrodes and so they are ideally suited to the measurement in biological media. This is especially true for the glass membrane ISE 9


Ideal indicator electrode is elective, reproducible and has a useful lifetime. The most successful indicator electrode in potentiometry is the ISE. It is different to the metallic electrodes, because it has a selective electrode incorporated into it. This is usually the membrane itself or a component of the membrane, must have a charge carrier.


The term specific and selective should not be confused. The membrane potential of most ISE is affected by more than one type of ion. The selectivity of the electrode depends from other ions present in solution. When developing a new analytical technique or constructing a new electrode selectivity co efficient for all possible inteferents should be determined. 10


Basically, ISE’s make use of the factor that causes so much trouble with metal indicator electrodes namely the liquid junction potential.


An ISE responds to the activity of an ion. An electrode may be ion selective but not necessarily ion specific. As with pH glass electrodes, ion selective electrodes can be fouled by protein forming a surface film 11

Potentiometric titration:


Potentiometry can be simply described as the measurement of a potential in an electrochemical cell it is the only electrochemical technique that directly measures a thermodynamic equilibrium potential and in which essentially no net current flows.12

The most important consideration in using potentiometric techniques is the type of indicator electrode to be used. Depending on the application, a variety of electrodes are available, each with inherent advantages and disadvantages.


The potentiometer is rather elementary, yet it is one of the most precise and useful measuring devices. It is fundamental to almost all circuitry and is the basis for one of the most widely used instrumental methods potentiometric titrations. As its name implies a potentiometer is meter for measuring potentials. 

The basis of potentiometric titrations is the Nernst equation,

Ecell = Eocell + (RT/nF) x lnQ

Which relates the potential of an electrolytic cell to the concentrations of the species present in the system.13

It is possible to detect end point of a titration by measuring the electrode potential of a suitable electrode which is known as indicator electrode.


Potentiometric titrations have become popular as they not only establish the equivalence points of many reactions but also provide information about concentrations of one or more of the reactants during the titrations. Various advantages of potentiometric titrations are as under.


Potentiometric acid-base titrations posses a number of distinct advantages over the ordinary methods involving indicators. These are

1. In the first place, indicators cannot be used when solutions have a strong colour of their own, where as potentiometric titrations do not suffer with this limitation.

2. Indicators for any acid-base titration must be chosen in such  a way that pH at which a colour change appears in indicator corresponds to the pH of the solution at the equivalence point. So we need some information about the strength of the acid some information about the strengths of the acid and base involved. This is not required in case of potentiometric titrations.

3. One of the great advantages of the potentiometric titrations is that several components can be titrated in the same solution without the possibility of indicators interfering with each other e.g. I - & Br -  may be titrated together.14
REVIEW OF LITERATURE

120mg of powdered polyvinyl chloride, 10mg of plasticizer, 10mg of dibenzo-18-crown-6 were mixed thoroughly and dissolved in about 5ml of Tetrahydrofuran. The mixture was put in a glass ring of 30mm diameter.  The solvent was allowed to evaporate slowly at room temperature.  The resulting membrane was attached to a glass tube (4mm,i.d.) with an epoxy resin adhesive (Araldite) was used as a binder.  The membrane was conditioned for 72h in a 0.1M solution of Ca2+  ions.15
Modified electrodes were prepared by mixing 63mg graphite powder and 17mg of powdered ionophore (1,4-diaza-2,3;8,9-dibenzo-7,10-dioxacyclododecane-5,12,dione) in an agate martar.  Then 36mg  of acetophenone were added and the mixture was mixed until a uniform paste was obtained.  The paste was packed into electrode assemblies made of 1mL polypropylene insulin syringes.  Electrical contact was made by means of a copper wire passed through the syringe piston.  The fresh surfaces were obtained by polishing the electrode on a clean paper until they showed a smooth and shiny appearance after every measurement.16
Ion selective membrane composition: 1% ionophore ETH 1001, 65% plasticizer, 33% polyvinyl chloride, 1% ionic additive potassium tetrakis[3,5-bis (trifluoromethyl) phenyl]borate.  After dissolution in 2mL of tetrahydrofuran the mixture of components was poured into  a 28mm diameter glass ring placed on a glass plate and left for free evaporation of the solvent.  The membrane was prepared by solvent casting with tetrahydrofuran.  The ion selective membrane was mounted between two solutions: inner filling solution and sample solution in a specially designed cell.17  

The chemical composition of ion selective membranes (silicon rubber 3140, calcium ionophore, N,N,N’,N’-tetracyclohexyl-3-oxapentanediamide, potassiumtetrakis (p-chlorophenyl)borate, bis(2-ethylhexyl)adipate,clay) were dissolved into tetrahydrofuran solution.  The ion selective membrane materials were then coated on to the working electrode.  The ion selective membranes of electrodes were coated by thick film printing using a shadow mask, and the membranes of electrode were coated by spin-coating techniques.  Silicone rubber based membranes were dried in atmosphere at ambient temperature for 5 days.  The photo resist based membranes were dried in atmosphere for 30 minutes and then cured in an oven at 60º c for 20 minutes.18
A glassy carbon (GC) disk electrode with an area of 0.07cm2   was used as the electrode substrate.  It was polished with 0.3µm Al2O3  powder, rinsed and ultrasonicated for 15 minutes in de-ionized water and then finally rinsed with tetrahydrofuran prior to electrode fabrication.  The electrode membrane was prepared by applying the membrane solution, containing polyaniline and the other membrane components, on the top of an upside down standing GC electrode.  All membrane components were dissolved in tetrahydrofuran.  The dry weight was 2.5mg and thickness of the electrode was approximately 100µm.  The following electrode membrane composition were studied : 40-100%(m/m) polyaniline, 0-40%(m/m) ETH 1001 and 0-40%(m/m) potassium tetrakis (4-chlorophenyl) borate.  The electrodes were conditioned over night in 0.1M CaCl2  prior to use.19
The composition of calcium selective membrane used was as follows (m/m): 32.5%polyvinyl chloride, 0.7% potassium tetrakis (4-chlophenyl)borate, 65.8% 2-nitrphenyloctylether, 1.0%calcium ionophore ETH 1001, 200mg of membrane components was dissolved in 2mL of tetrahydrofuran. The ordinary glassy carbon electrodes (diameter 3mm) were equipped with a screwed cup with the opening located on the top of the working electrode surface, the diameter of the opening was 4.5mm.  The cup was added after the polymerization and modification of the conducting polymer film. Before polymerization, the monomer solution was deaerated with argon flow for 15 minutes, and the deaeration was continued during polymerization.  The tetrahydrofuran solution of the polyvinyl chloride based ion selective membrane was pipetted to the opening of protective cup screwed on the substrate electrode coated with conducting polymer film while it was placed in an upside-down position.  After overnight evaporation of the membrane solvent, it was conditioned.20
Membranes were prepared by dissolving the electro active material (100µL) and about 350mg of ethylene-vinyl-acetate co-polymer in 4mL of an appropriate solvent (chloroform) at about 60ºc in a water bath.  To the solution is added 1mL of both dioctylphthalate and the nitrobenzene as plasticizer and the mixture was exposed to ultrasound to insure good dispersion of electro active material in the matrix.  A micropipette tip was used as the electrode body.  The end of the tip was dipped in the polymer mixture for a few seconds and then it was left in air for 3h.  The electrode was activated before use by soaking it overnight in a 0.1M solution of calcium chloride and it was stored in the same solution when not in use.21
Polyvinylchloride based calcium selective membranes were prepared by incorporating ETH 129 or ETH 1001 in to the plasticized PVC matrices: their compositions (33wt% PVC,65.4wt%  nitrophenyl octyl ether or bis-(2-ethylhexyl)sebacate,1wt% ionophore, and 0.6wt% potassiumtetrakis (p-chlorophenyl) borate) have been optimized.  Various 3140 vulcanizing type silicone rubber-based membranes were prepared by dissolving 198mg of silicone rubber, 2mg of calcium selective neutral carrier (ETH129 or ETH1001), and varying amounts of plasticizer (0-90µL of bis (2-ethylhexyl) adipate or bis(2-ethylhexyl) sebacate) and lipophilic additives (0-0.54mg of potassium tetrakis(p-chlorophenyl)borate, 0.7mg of tetradodecyl ammonium tetrakis(p-chlorophenyl)borate) in 0.4mL of tetrahydrofuran.  All membrane cocktails were either cast in glass rings placed on Teflon plates for conventional ion selective electrodes or directly deposited on planar type silver electrodes.  PVC membrane cocktails were dried for at least 24h, while those based on 3140 vulcanizing type silicone rubbers were dried for 2-4 days at room temperature.22
ISE membranes were prepared by dissolving sodiumtetrakis [3,5-bis (trifluoromethyl) phenyl]borate (5 mmol/kg), ionophore (20mmol/kg), PVC, plasticizer to give a total cocktail mass of 140mg in 1.5mL of THF.  Cocktails were poured into glass rings (2.2cm i.d.) affixed onto glass microscope slides.  The solvent was evaporated overnight to give a transparent membrane.  The plasticizer free methylmethacrylate-decylmethacrylate membrane was soaked in water for 1h and carefully peeled from the glass slide with a scalpel.  The parent membranes were then conditioned for at least 12h in 0.01M MgCl2   or 0.001M KCl.  Disks 6mm in diameter were cut from the parent membranes and mounted into Philips electrode bodies and the membranes were glued onto PVC tubing.23  

A glassy carbon disk electrode (0.07cm2 ) with a polytetrafluoroethylene body was used as the electrode substrate.  It was polished with 0.3µm Al2O3 powder and rinsed with demonized water prior to the electrode fabrication.  The electrode membrane was prepared by applying 100µL of ES solution of polyaniline  in 10µL portions, containing all membrane components, on the top of an upside-down standing GC electrode.  All membrane components were dissolved in dichloromethane which was dissolved in THF.  The thickness of the polyaniline membranes, Measured with scanning electron microscope, was approximately 30µm.  Electrodes were conditioned overnight in 0.1M CaCl2 prior to use.24
0.03636g of Ca salt of the diester acid, were mixed with 0.3636g of solvent mediator (di-n-octylphenylphosphonate) in a small beaker.  7mL of THF were added followed by 0.17g of PVC by sprinkling.  The whole mixture was stirred intermittantly until all the solids were dissolved.  The solution was poured into a glass ring (i.d 29mm and height 32mm) resting on a clean and dry glass plate.  A pad of filter paper, a metal plate, and some weights were placed on top of the glass ring and it was left for two days for the solvent to evaporate.  After the glass ring with the adhering membrane was removed from the glass plate, the dry membrane was prized away from the inside edge of the ring and this formed the master membrane.  A disk of diameter 6mm was cut from the master membrane and fixed to the flat end of a piece of PVC tubing (i.d. 4mm,o.d. 6mm,length 10mm) using a solution of PVC in THF so that the surface of the membrane resin on the PVC tubing was that which w as in contact with the glass plate during casting.  The disk was the equilibrated for 3or 4h with 0.1M CaCl2 solution. 25 

PVC membranes were prepared by a standard procedure using the following composition: ligand(10mg), potassiumtetrakis(p-chlorophenyl)borate(1mg), 

nitrophenyloctylether (1g), PVC(500mg).  The membrane components were dissolved in THF and the resulting solution poured into a glass mould.  Upon evaporation (overnight), transparent PVC membranes about 0.2mm thick were obtained from which electrode were cut using cork borer.  The membranes were clipped into the tip of an electrode body which was then filled with 0.1MCaCl2 as internal reference electrode.26
For the preparation of the membranes for calcium ISEs, the following chemicals were used: 1 mass% calcium ionophore (ETH 1001,33mass% PVC, 66 mass% 2-nitrophenyloctylether and potassium tetrakis 4-chlorophenyl borate in a mole ratio of 0.5 relative to the ligand THF was used for dissolving the membrane components; it was dried over CaH2 and freshly distilled before use.  The membranes were cast and used to cut disks to fit the Philips electrode IS-561 body.  Both before and after measurements the glass electrode was calibrated with 0.05mol/dm3  potassium hydrogen phthalate and the calcium ISE with a series of CaCl2  solutions.27
The composition of calcium selective membrane was as follows (m/m): 32.1% PVC, 0.6% potassium tetrakis[3,5-bis(trifluromethyl)-phenyl]borate, 66.0% bis(2-ethylhexyl)sebacate, and 1.3% ETH 1001; 200mg of membrane components mixture was dissolved in 2mL of THF to give the membrane cocktail.  An average amount of 25 µL was cast on to glassy carbon coated with the polymer film, which resulted in a membrane thickness of 130 µm, as measured by using a micrometer caliper.  The GC working electrodes (diameter 3mm) were equipped with a screwed cup with the opening (diameter 3.5mm) located on the top of the carbon surface.  The cup was added to conducting polymer film after electrochemical polymerization just before casting of the ion selective membrane cocktail.  Before the electrochemical polymerization of pyrole, the working electrodes were polished with sand paper (Grid 1000) and rinsed with water.  Just before membrane casting, the electrodes were rinsed with water and THF.  The calcium selective membrane cocktail was pipetted into the cup opening on the GC electrode coated with polymer film, when the electrode was placed in an upside-down position.  After overnight evaporation of THF, the obtained all-solid-state calcium selective electrode were conditioned for at least two days before potentiometric measurements.28 

For cost reasons the silver based conductor was replaced by a mixture (1:1.2 w/w) of graphite powder and a non-conductive epoxy resin (1g of Araldite M with 0.4g of hardner HR, ciba-Geigy).  At the extreme of the electrode body, consisting of a Perspex tube (external 12mm, internal 10mm, length 15cm), a septum of the same material, that divides it into four equal parts, was applied.  The conductor support, consisting of a mixture of epoxy resin and graphite, and four shielded cables, were placed in this compartment.  The support was left to harden overnight in a oven at 50-60°c.  Then 2mm deep cavity was cut out and placed the membrane.  The membrane used in the construction of ISEs and the electrode body with summing operational amplifiers consisted of 3.6% sensor (Calcium bis-di-[4-(1,1,3,3-tetramethyl butyl)phenyl]phosphate), 65.4% of mediator solvent (di-n-octyl phenyl phosphonate) and 31% of PVC dissolved in tetrahydrofuran.29
Aim and scope


Several instrumental techniques such as spectrophotometry, chemiluminescence, atomic absorption spectrometry, different pulse polarography, mass spectrometry, gas chromatography, have been reported for the determination of individual metals at micro and sub- microgram levels. These sophisticated techniques require expensive equipment and skilled personal to obtain reliable results. Considering the analytical interest in the environmental analysis is a simple rapid precise and in expensive potentiometric procedure is an ideal estimation technique. It is also proposed a new novel and eco-friendly method for the determination of calcium ion using ion selective electrode for the direct determination of calcium ions in soil, water and in food products. 

The usefulness of ion-selective electrodes (ISE) is widely recognized today and their properties and characteristics make them very attractive analytical tool.

Experimental method

chemicals required:


Barium Chloride, Calcium Chloride, Cadmium Chloride, Hydrochloric Acid, Lead Chloride, Magnesium Chloride, Manganese Chloride Methanol, Nickel Chloride, Oxalic Acid, Potassium Hydroxide, Potassium Iodide, Strontium Chloride, Sodium Bromide, Sodium Nitrate, Zinc Chloride.

Preparation of membrane calcium ION-SELECTIVE electrode:

10 ml of calcium chloride solution (1N) (LR grade, Hi-PURE fine chem.) was mixed with 10ml of oxalic acid solution (1N) in ammoniacal medium (LR grade, Hi-PURE fine chem.). A white precipitate was formed. 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 0.9mm thickness of the electro active material 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 2cm & length 10cm). The tube was filled with saturated solution of CaCl2 and reference copper metal wire was inserted (diameter 0.5mm and length 8cm) through other end of the tube in such a way that it remains dipped in saturated solution of CaCl2 already filled in this glass tube. The fresh surface of copper wire was obtained by polishing the electrode on a clean paper until they showed a smooth and shiny appearance after every measurement. This complete assembly will work as an ion selective electrode of Ca (II) ion. This ion selective electrode was kept in 1N solution of Ca (II) for one week.

The entire electrode system for the measurement can be represented as 

	Internal Reference Electrode        (Cu wire)
	Internal Reference Solution (Saturated Calcium chloride solution)
	Ion selective membrane
	Sample Solution
	External Reference (S.C.E)




A digital potentiometer (Equiptronics MCDEL EQ 602) saturated calomel electrode as reference was used for the measurement of electrode potential. All measurement was carried out at room temperature (32 ( 2 o C). Doubly distilled water was used in all the experiments.
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Figure 1 : Schematic Diagram of Calcium Ion Selective Electrode

experimental process:


A digital potentiometer (Equiptromics MCDEL EQ 602), which is used to measure the emf, is connected to precipitate based membrane calcium ion selective electrode and saturated calomel electrode using potassium nitrate-agar salt bridge. All measurement was carried out at room temperature (32 ( 2 0 C). Doubly distilled water was used in all the experiment. For the present study the various concentrated calcium chloride solution is taken in a 100ml beaker, the prepared precipitate based calcium ion selective electrode is dipped in the solution and the emf is directly measured.


Preparation of stock solution of calcium chloride was carried out by weighing calcium carbonate to its equivalent weight (50.45g) for 1 litre and 1:1 HCl is added till effervescence ceases and make up with distilled water for 1 litre.

Preparation of stock solution of strontium chloride was carried out by weighing strontium chloride to its equivalent weight (79.26g) for 1 litre.


Preparation of stock solution of nickel chloride was carried out by weighing nickel cloride to its equivalent weight (64.81g) for 1 litre.


Preparation of stock solution of magnesium chloride was carried out by weighing magnesium chloride to its equivalent weight (47.61g) for 1 litre.


Preparation of stock solution of cadmium chloride was carried out by weighing cadmium chloride to its equivalent weight (91.65g) for 1 litre. 


Preparation of stock solution of zinc chloride was carried out by weighing zinc chloride to its equivalent weight (68.14g) for 1 litre.


Preparation of stock solution of barium chloride was carried out by weighing barium chloride to its equivalent weight (104.12g) for 1 litre. 


Preparation of stock solution of lead chloride was carried out by weighing lead chloride to its equivalent weight (139.045g) for 1 litre. 


Preparation of stock solution of copper chloride was carried out by weighing copper chloride to its equivalent weight (99g) for 1 litre. 


Preparation of stock solution of manganese chloride was carried out by weighing manganese chloride to its equivalent weight (62.92g) for 1 litre. 


Preparation of stock solution of potassium iodide was carried out by weighing potassium iodide to its equivalent weight (166.01g) for 1 litre.

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


Preparation of stock solution of sodium nitrite was carried out by weighing sodium nitrite to its equivalent weight (84.99g) for 1 litre.


Preparation of stock solution of magnesium fluoride was carried out by weighing magnesium fluoride to its equivalent weight (31.55g) for 1 litre.


Preparation of stock solution of oxalic acid was carried out by weighing oxalic acid to its equivalent weight (63g) for 1 litre.

EXPERIMENTAL PROCESS

[image: image3.png]



Figure : 2

Results and discussion

Electrode response:


The electrode was first conditioned in 1N solution of Ca (II) ion till it attained stable equilibrium after which it was used for the determination of characteristics study of the electrode. The electrode potential for a series of standard solution of Ca (II) ions was measured. The electrode gave a linear response to Ca (II) ion concentration in the range of 1.0 x10-1 to 1.0 x10-6 N. 

ELECTRODE RESPONSE

TABLE – 1

	Concentration of CaCl2(N)
	EMF Value(volts)

	
1 
	
0.007

	
1.0 x 10-1
	
0.006

	
1.0 x 10-2
	
0.005

	
1.0 x10-3
	
0.004

	
1.0 x 10-4
	
0.003

	
1.0 x 10-5
	
0.002

	
1.0 x 10-6
	
0.001


ELECTRODE RESPONSE
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Figure 3 : plot of cell e.m.f (volts) versus log Ca2+ in respect of precipitate based membrane ion selective electrode in aqueous medium at 32±20C

RESPONSE TIME:

To find the response time, the electrode was first dipped in 1N of Ca (II) ion solution and suddenly the concentration of solution was changed to 0.1 N the variation in potential was noted at every five seconds till a constant potential was obtained at seven seconds and remains constant.

Effect of pH:


To study the effect of pH, a standard solution containing 1N Ca (II) ion were prepared in which a series of buffer solution 3 to 6 was added. It was found that the potential remained unchanged with in the pH range of 3.0 to 6.0, which is found to be the working pH range for the electrode, was represented in graph (Figure - 4).

EFFECT OF MEDIUM:

To study the effect of medium, a standard solution containing 1N Ca (II) ion in a series of 25%, 50% and 75% methanol was added. It was found that the potential remained unaffected in this methanol medium and was represented in graph                  (Figure - 5).

EFFECT  OF pH
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Figure 4 : plot of cell e.m.f (volts) versus log Ca2+   (pH range  of Buffer 3 to 5)

EFFECT OF Medium
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Figure 5 : plot of cell e.m.f (volts) versus log Ca2+ in 25%, 50%, 75% methanol medium

Interference by CATions:


 The cationic ion interferences due to other ions were studied by the determination of selectivity coefficient by mixed solution method. The electrode potential were recorded in mixed solution method. The electrode potential were recorded in mixed solution having a fixed concentration of interferent ion (1N). The selectivity coefficient for cations determined are tabulated as follows

	Cation (interfering ion)
	Electrode  Kpotca2+ N

	Sr
	0.006

	Ni
	0.006

	Mg
	0.006

	Cd
	0.008

	Zn
	0.009

	Ba
	0.009

	Pb
	0.007

	Cu
	0.008

	Mn
	0.006


INTERFERENCE BY ANIONS:

The anionic ion interferences due to other ions were studied by the determination of selectivity coefficient by mixed solution method. The electrode potential were recorded in mixed solution method. The electrode potential were recorded in mixed solution having a fixed concentration of interferent ion (1N). The selectivity coefficient for anions determined are tabulated as follows

	Anion (interfering ion)
	Electrode Kpot ca2+ N

	I -
	0.006

	Br -
	0.008

	NO3 -
	0.007

	F -
	0.006



From the interference study of cations and anions, we conclude that this Ion Selective electrode is selective in the presence of cations like Sr, Ni, Mg, Cd, Zn, Ba, Pb, Bi, Cu, Mn, Sn, Sb and anions like I -, Br -, NO3 -, F -.

POTENTIOMETRIC TITRATION: 


Potentiometric titration were performed by using the proposed electrode as an indicator electrode for the titration of 1x10-2N  Ca2+ ions against 1x10-2N EDTA.  The curve shows a sharp inflexion point at the titrant volume corresponding to formation of 1:1 complex of calcium ions with EDTA and was represented in the graph (Figure 6& 7).

PONTENTIOMETRIC titration curve
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Figure 6 : plot of cell e.m.f (volts) versus Volume of EDTA solution.

PONTENTIOMETRIC titration CURVE

(End Point Determination)
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Figure 7 : plot of cell    V (volts/ml)  versus Mean volume of EDTA (ml) 

ANALYTICAL APPLICATION:


To investigate the applicability of this electrode, the calcium content of samples was determined by simple immersion of the electrode. 

Milk Analysis: 

When the liquid milk (aavin) contains Ca and Mg ions, the proposed method is applied to determined Ca ions present in that milk. 10 ml of liquid milk is taken in a 100ml beaker and the prepared electrode is immersed in the liquid milk and is connected to the saturated calomel electrode.  The EMF value is measured and the concentration of the calcium ion present in the milk is determined from the graph. The calcium ion present in the milk is determined by visual method procedure. On comparison of this value only error of 3% is found.

Soil Analysis:


The soil sample were collected in the area of Avinashilingam Deemed University, Coimbatore by usual procedure collecting samples from the depth of about 4 inches in plastic buckets to avoid contamination30. Its calcium content is determined by visual method procedure and by the proposed Calcium Ion Selective electrode method as already explained. From the graph the concentration of Ca ions in soil sample is determined. On comparison of this value error of only about 3% is found.

Water Analysis:  


To investigate the applicability of Calcium Ion Selective electrode it is also tested using water. The sample tap water collected in Avinashilingam Deemed University in Clean polythene bottles without any air bubbles. The presence of Calcium ion was determined by visual method procedure and by proposed Calcium Ion Selective electrode method as already mentioned. From the graph the concentration of calcium ion is determined and error is found to be only about 3%.

Pharmaceutical Product Analysis:


For Pharmaceutical product estimation of calcium is done by Calcium Sandoz for women (Banglore Pharmaceutical & Research laboratory pvt. Ltd) and determined their calcium content by usual method procedure and also by the proposed Calcium Ion selective electrode method as already explained. The error was found to be about 3% error. 

The presence of Mg, even with the concentration equal to that of Ca in the investigated samples, did not affect the measurement. 

analytical application
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Figure 8 : plot of cell e.m.f (volts) versus log Ca2+ in respect of precipitate based membrane ion selective electrode. 

SUMMARY AND CONCLUSION


The Calcium metal ion estimation using this electrode is very simple and can be applied to a number of analytical applications, which contain Calcium metal ion.

Since this method is done by Potentiometry, it is simple, accurate and cost effective process. The error involved in this estimation is very less.

These investigations prove that the Ion Selective electrode used in the study offer an easy, simple and efficient method of determining very small concentration of some metal ions of biologically important.
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