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       INTRODUCTION
Copper

    The chemical element copper (Cu) is the twenty ninth most abundant element by weight in earth’s crust. Copper is a pliable, malleable metal, having a bright reddish metallic luster and is an excellent conductor of both electricity and heat. Copper occurs naturally in a wide range of mineral deposits. Today copper is mainly obtained from ores including Cuprite (CuO2), Tenorite (CuO), Malachite (CuO3.Cu(OH)2),Chalcolite (Cu2S), Covellite (CuS) and Bornite(Cu6FeS4). Today’s copper is mainly mined in the United States, Australia, Canada, Chile, Cyprus, Peru, Russia, Zaire and Zambia. Combustion of fossil fuels contributes the largest amount of copper to the environment.


Copper is one of the transition element that actually uses electrons from one of the inner orbital in chemical reactions. It has more than one oxidation state. Copper typically forms a bluish green solution.  
Atomic Structure of Copper:
· Atomic Radius: 1.57A° 

· Atomic Volume: 7.1cm3/mol 

· Covalent Radius: 1.17 A°

· Crystal Structure: Cubic face centered 

· Electron Configuration: 1s2 2s2p6 3s2p6d10 4s1
· Electrons per Energy Level: 2,8,18,1 

Shell Model
[image: image1.png]



· Ionic Radius: 0.73 A°  

· Filling Orbital: 3d10 

· Number of Electrons (with no charge): 29 

· Number of Neutrons (most common/stable nuclide): 35 

· Number of Protons: 29 

· Oxidation States: 2,1 

· Valence Electrons: 3d10 4s1 

    Chemical Properties of Copper:
· Electrochemical Equivalent:1.1855g/amp-hr 

· Electron Work Function: 4.65eV 

· Electronegativity: 1.9 (Pauling); 1.75 (Allrod Rochow) 

· Heat of Fusion: 13.05kJ/mol 

· Incompatibilities: Oxidizers, alkalis, sodium azide, acetylene

· Ionization Potential: 

· First: 7.726 

· Second: 20.292 

· Third: 36.83

· Valence Electron Potential (eV): 34 

    Physical Properties of Copper:
· Atomic Mass Average: 63.546 

· Boiling Point: 2840°K 2567°C 4653°F 

· Conductivity: 
· Electrical:0.596106/cm[image: image2.png]



· Thermal: 4.01 W/cmK

· Density: 8.96g/cc @ 300°K 

· Description: Reddish orange transition metal. 
· Elastic Modulus: 

· Bulk: 137.8/GPa 

· Rigidity: 48.3/GPa 

· Youngs: 129.8/GPa

· Enthalpy of Atomization: 338.9 kJ/mole @ 25°C 

· Enthalpy of Fusion: 13.01 kJ/mole 

· Enthalpy of Vaporization: 304.6 kJ/mole 

· Flammablity Class: Non-combustible solid (except as dust) 

· Freezing Point: 1357.75°K 1084.6°C 1984.3°F
· Hardness Scale 

· Brinell: 874 MN m-2 

· Mohs: 3 

· Vickers: 369 MN m-2
· Heat of Vaporization: 300.3kJ/mol 

· Melting Point: 1357.75°K 1084.6°C 1984.3°F
· Molar Volume: 7.11 cm3/mole 

· Optical Reflectivity: 90% 

· Physical State (at 20°C & 1atm): Solid 

· Specific Heat: 0.38J/gK 

· Vapor Pressure = 0.0505Pa@1084.6°C 

· Routes of Exposure: Inhalation; Ingestion; Skin and/or eye contact

· Target Organs: Eyes, skin, respiratory system, liver, kidneys (increase(d) risk with Wilson's disease)

· Levels In Humans:
Note: this data represents naturally occuring levels of elements in the typical human, it DOES NOT represent recommended daily allowances. 

· Blood/mg dm-3: 1.01 

· Bone/p.p.m: 1-26 

· Liver/p.p.m: 30 

· Muscle/p.p.m: 10 

· Daily Dietary Intake: 0.50-6 mg 

· Total Mass In Avg. 70kg human: 72 mg

Abundance of Copper:
· Earth's Crust/p.p.m.: 50

· Seawater/p.p.m.:

· Atlantic Suface: 0.00008

· Atlantic Deep: 0.00012

· Pacific Surface: 0.00008

· Pacific Deep: 0.00028

· Atmosphere/p.p.m.: N/A

· Sun (Relative to H=1E12): 1.15

Sources of Copper: 

            Pure copper occurs rarely in nature. Usually copper found in such minerals as azurite, malachite and bornite and in sulfides as in chalcopyrite (CuFeS2), coveline (CuS), chalcosine (Cu2S) or oxides like cuprite (Cu2O). Copper is obtained by smelting, leaching and by electrolysis. Annual world production is around 6,540,000 tons. Primary mining areas are in USA, Zaire, Zambia, Canada, Chile, Cyprus, Russia and Australia.

Uses of Copper:
Computers: 

	             Copper is vital for computers to work. Copper is used in building the integrated circuits, chips, and the printed circuit boards of the computer alone. Copper is becoming more and more popular to use in the layers of the build-up of a chip. IBM announced a plan to use copper in its computer chip rather than aluminum. Doing so would make the computer to be cheaper and would allow it to make faster calculations.

 
Electricity: 

        Copper is often used as a conductor of electricity. Almost all electrical devices rely on copper wiring because copper is inexpensive and highly conductive. The conductivity of copper is second only to silver. The reason why copper is a good conductor is because there are a lot of free electrons that can carry the flowing current efficiently. These free electrons do not remain permanently associated with the copper atoms; instead they form an electron ‘cloud’ around the outside of the atom and are free to move through the solid quickly.  

Currency: 

         Copper is often used in currency. From 1909 to 1982, the American penny was 95% copper. The other 5% was either zinc or bronze depending on the year. The only exception was 1943. That year the penny had zinc-plated steel in it. Unfortunately, the steel was magnetic and kept getting stuck in vending machines. Also, the zinc corroded easily and was therefore often mistaken for a dime. In the early 1980’s copper increased in value. So in 1982, the United States switched the penny’s core to zinc and coated it with copper.  

Health: 

         Two radioactive isotopes of copper, copper-64 and copper-67, are used in medicine. The first, copper-64, is used to study brain function and to detect Wilson’s disease. Wilson’s disease occurs when a person cannot eliminate copper from his or her body. Copper-67 treats cancer. When the isotope is injected into the body it goes to cells that are cancerous and gives off radiation that can kill the cancerous cells.   

Health effects of copper: 

Routes of exposition:


   Copper can be found in many kinds of food, in drinking water and in air. Because of that we absorb eminent quantities of copper each day by eating, drinking and breathing. The absorption of copper is necessary, because copper is a trace element that is essential for human health. Although humans can handle proportionally large concentrations of copper, too much copper can still cause eminent health problems.

    Copper concentrations in air are usually quite low, so that exposure to copper through breathing is negligible. But people that live near smelters that process copper ore into metal do experience this kind of exposure. 

    People that live in houses that still have copper plumbing are exposed to higher levels of copper than most people, because copper is released into their drinking water through corrosion of pipes. 

    Occupational exposure to copper often occurs. In the work place environment copper contagion can lead to a flu-like condition known as metal fever. This condition will pass after two days and is caused by over sensitivity. 

Effects of copper:
Long-term exposure to copper can cause irritation of the nose, mouth and eyes and it causes headaches, stomachaches, dizziness, vomiting and diarrhea. Intentionally high uptakes of copper may cause liver and kidney damage and even death. Whether copper is carcinogenic has not been determined yet.

Industrial exposure to copper fumes, dusts, or mists may result in metal fume fever with atrophic changes in nasal mucous membranes. Chronic copper poisoning results in Wilson’s disease, characterized by a hepatic cirrhosis, brain damage, demyelination, renal disease, and copper deposition in the cornea.

Drinking water standard for Cu:
World Health Organization (WHO): 2 mg/L

European Union Standard: 2 mg/L

Copper in the Environment:


Copper is an essential micronutrient required in the growth of both plants and animals. In humans, it helps in the production of blood haemoglobin. In plants, copper is especially important in seed production, disease resistance and regulation of water.

    Copper in the soil:

       Copper is relatively abundant in the earth's crust. The amount of copper present in soil is dependent on the parent rock type, distance from natural ore bodies and/or manmade air emission sources. Most soils have copper in them. MOE soil survey results show that background concentrations of copper in Ontario soils commonly average less than 25 parts per million (ppm), but can contain copper levels as high as 85 ppm.

  Nano particles:

                A nanoparticle is an amorphous or semicrystalline zero dimensional (0D) nano structure with at least one dimension between 10 and 100nm and relatively large (≥ 15%) size dispersion. A nanocluster is an amorphous/semicrystalline nanostructure with at least one dimension being between 1-10nm and a narrow size distribution. This distinction is an extension of the term "cluster" which is used in inorganic/organometallic chemistry to indicate small molecular cages of fixed sizes. A nanopowder is an agglomeration of noncrystalline nanostructural subunits with at least one dimention less than 100nm. A nanocrystal is any nanomaterial with at least one dimension ≤ 100nm and that is singlecrystalline. Any particle which exhibits regions of crystllinity should be termed nanoparticle or nanocluster based on dimensions. Nanoparticle research is currently an area of intense scientific research, due to a wide variety of potential applications in biomedical, optical, and electronic fields.

    Nanoparticles are of great scientific interest as they are effectively a bridge between bulk materials and atomic or molecular structures. A bulk material should have constant physical properties regardless of its size, but at the nano-scale this is often not the case. Size-dependent properties are observed such as quantum confinement in semiconductor particles, surface plasmon resonance in some metal particles and superparamagnetism in magnetic materials.

                The properties of materials change as their size approaches the nanoscale and as the percentage of atoms at the surface of a material becomes significant. For bulk materials larger than one micrometre the percentage of atoms at the surface is minuscule relative to the total number of atoms of the material. The interesting and sometimes unexpected properties of nanoparticles are partly due to the aspects of the surface of the material dominating the properties in lieu of the bulk properties.
         Nanoparticles exhibit a number of special properties relative to bulk material. For example, the bending of bulk copper (wire, ribbon, etc.) occurs with movement of copper atoms/clusters at about the 50 nm scale. Copper nanoparticles smaller than 50 nm are considered super hard materials that do not exhibit the same malleability and ductility as bulk copper. The change in properties is not always desirable.

          Nanoparticles have a very high surface area to volume ratio. This provides a tremendous driving force for diffusion, especially at elevated temperatures.

Ion selective electrodes (ISE):
Ion selective electrodes (ISE) have been widely used for more than 30 years in a wide range of applications for determining the concentration of certain ions in aqueous solution. Ion selective electrodes are well known analytical tools, often used for the direct determination of a large variety of ionic species just as well as for endpoint indication in titration. Ion selective electrodes are membrane electrodes that respond selectively to a particular ion in presence of others.
           

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

An ion selective potential is a transducer (sensor), which measures the potential of a specific ion in solution. The potential is measured against a stable reference electrode of constant potential. The potential difference between the two electrodes will depend upon the activity of the specific ion, therefore allowing the end user to make an analytical measurement of that specific ion. By measuring the electrical potential generated across a membrane by selected ions and comparing it to a reference electrode, the net charge is determined. The strength of this charge is directly proportional to the concentration of the selected ion.
          

Ion selective electrodes are used in biochemical and biophysical research, where measurements of ionic concentration in an aqueous solution are required usually on a real time basis.
          

It is one of the most successful indicator electrodes in potentiometry, which is elective, reproducible and has a useful lifetime.
Potentiometry:
           

Potentiometry is an analytical technique much used since 1966.potentiometry can be described as the measurement of a potential in an electro chemical cell.
Potentiometry finds widespread use by chemists.
· For direct and selective measurement of analyte concentration.
· For establishing endpoint in various titrations.
· For the determination of several types of equilibrium constant.
           

It is the only electrochemical technique that directly measures a thermodynamic equilibrium potential and in which essentially no net current flows.
          

A direct potentiometric measurement provides a rapid and convenient method for determining the activity of various cations and anions. The technique requires only a comparison of the potential developed in a cell containing the indicator electrode in the analyte solution, with its potential when immersed in one or more standard solution of known analyte concentration.
The most important consideration in using potentiometric techniques is the type of indicator electrodes to be used. Depending on the application, a variety of electrodes are available, each with inherent advantages and disadvantages.
The use of potentiometry increased with the development of several new types of ion selective electrodes.that is, electrodes that responds more or less selectively to various ions.
The potentiometer is rather elementary, yet it is one of the most precise and useful measuring devices. It is fundamental to almost all circuitory and is the basis of one of the most widely used instrumental methods in potentiometric titrations.
The basis of potentimetric titrations is the Nerns’t equation, 
Ecell  = E 0cell  + (RT/nf) x ln Q;
This relates the potential of an electrolytic cell to the concentration of the species present in the system.
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 equivalence points of many reactions but also provide information about concentrations of one or more of the reactants during the titrations.

              REVIEW OF LITERATURE

Electrolytic generation of ions is proposed for the preparation of standard solutions for the calibration of iodide and silver ion-selective electrodes in the concentration range 10-4–10-7 M. The responses of these electrodes and also the copper (II) ion-selective electrode were examined in various electrolyte solutions. The current efficiencies of the electrolytic generation of the iodide ions into the various solutions were measured coulometrically. The advantages of this newly proposed calibration techniques were discussed (Bailey et al, 1973).

A new way of preparing homogeneous chalcogenide electrodes is discussed with the example of copper-selective electrodes. The copper selenide sensor, a few μm thick, is electrolytically plated on a conducting Pt basis, conveniently shaped and sized as an electrode. The guiding principles to membrane preparations are laid down as well as some practical details. The electrode performances sensitivity, response reproducibility, selectivity, dynamic characteristics and storage stability have been examined for months. With such electrodes a steady and reproducible response is reached almost immediately and linear Nernstian calibration down to 10−6 mol L−1 copper (II). The advantages and disadvantages of this new approach are commented on (Neshkova et al, 1979).


The thermodynamic quantities relative to the protonation and the complexation of 

2, 2', 2''-terpyridine with copper (II) ion have been determined at 25°C and I=0.1 mol dm–3 (NaNo3). The ∆G° data was obtained by potentiometric measurements; a copper selective electrode was employed for the study of the complexation equilibria. The ∆H° values have been determined by direct calorimetry. The hydrolytic species, existing at pH>6 and their relative ∆G° and ∆H° values have also been obtained. From the thermodynamic data the importance of enthalpy and entropy terms in stabilizing the complexes was assessed. Moreover some considerations on the chelating effect have been reported (Rosario et al, 1979).
In technical zinc electrolyte of high ionic strength (10.4 M) a copper sensitrode (type Cu2Se/Ag2Se) is able to measure direct-potentiometrically the copper content within a working range from 200 to 0.5 mg/L. The reproducibility of the potential readings is influenced by the quality of the electrode surface of the copper sensitrode and by the composition of the reference cell. Zinc forms a surface layer on the sensor interfering with the emf-response. This effect may be avoided by a vibrating brush cleaning the electrode surface instantaneously. A special salt bridge developed for measuring in concentrated zinc solution diminished the liquid-junction potentials essentially. The determination of copper is not affected by cadmium (100–400 mg/L), manganese (1–4 mg/L), fluoride, chloride and arsenite. Iron (III) (Geibler et al, 1984).
Low levels of mercury(II) are determined by passing their aqueous solutions at pH 1–3 through a column containing silver-dithiooxamide or copper diethyl dithio carbamate loaded polyurethane foam, followed by monitoring the silver (I) and copper (II) ions released in the effluent with the solid state silver and copper ion selective electrodes, respectively. The rate of the exchange reactions is fast (<3 min) and the efficiency of displacing silver (I) and copper (II) ions is high (>98%). The calibration plots show slopes of 59 and 29 mV/concentration decade of mercury on using the silver and copper sensors, respectively. Determination of         20 ng/ml to 200μ/ml of mercury (II) in aqueous solutions shows an average recovery of 98.4% and a mean standard deviation of 2%. Many cations and anions do not interfere. Some organomercury compounds are similarly determined after a prior decomposition in an oxygen-filled flask. Results with an average recovery of 98.4% (mean standard deviation 1.9%) are obtained with 10 structurally different mercury compounds (saad et al, 1985).

The Cu in the saturation extract of dried Davis sewage sludge was mainly in a complexed form. A Cu2+ specific ion electrode was used to determine the extent of complexation. The adsorption coefficient for the complexed Cu on Yolo silt loam was 4 while for Cu added as CuSO4 it was 90 l kg–1 at relevant Cu concentrations in solution. Paper electrophoresis was used to define the Cu complexes according to their mobility in an electric field. Six fractions of positive, negative and neutral charge were isolated. The portion of Cu in the sludge, which was water-soluble, increased significantly upon drying. The large percentage of complexed Cu and its relatively low adsorption on soil suggested that sewage sludge may, under certain conditions, be a source of Cu contamination of plant systems and, in extreme cases, of ground water (Mingelgrin et al, 1986).

A method was presented for the use of a cupric ion selective electrode to determine the free copper activity in 0.01 M CaCl2 soil solution extracts. Ionic strength variations and the presence of aluminum caused no significant interferences. The method was applied to 18 soils with wide-ranging copper levels. The pCu2+ varied between 6.33 and 12.20. Acidic soils have a very high cupric ion activity even though they are not considered to be contaminated with copper. Soils considered contaminated with respect to total copper also have free pCu2+ activities below 10, which is close to the toxicity threshold determined in aquatic ecotoxicological studies. All mineral soils have free copper activities close to or below the values expected from pH-dependent soil equilibration studies has been reported (Sauve et al, 1995).


Single-piece, conducting polymer-based, potentiometric sensors with enhanced cationic sensitivity were obtained by doping a polypyrrole with metal-complexing, multivalent anions. Sulphosalycilic acid, Tiron, Eriochrome black T and Kalces have been used as doping ions. Predominant sensitivity for copper was observed for the first two dopants, whereas for the two remaining ones, induced response for magnesium and calcium was found, respectively. Interestingly, in all sensors studied the metal-binding properties of the specific ligands known from polar solvents were retained. Hence, the specific reagents can be deliberately utilized for the construction of conducting polymer-based ion-selective sensors has been reported (Jan et al, 1996).


Copper trace analysis in natural waters rich in chloride ions and organic matter was performed by means of a copper-selective electrode (Cu-ISE), inductively coupled plasma-atomic emission spectrometry (ICP-AES), anodic stripping voltammetry (ASV), batch potentiometric stripping analysis (PSA) and oscillating flow injection stripping potentiometry (OFISP). The results obtained by the first two analytical methods showed that copper was present mainly in the form of various complexes with inorganic (mainly chloride) ions and organic ligands. The organic constituents impeded the application of ASV in the quantitative determination of labile copper concentration in the water samples mainly due to adsorption of organic matter on to the working electrode. Consistent analytical data concerning the labile fraction of copper were obtained by both batch PSA and OFISP in hydrochloric acid medium when standard addition or direct calibration were used. However, discrepancies between the batch PSA results obtained by the two calibration methods mentioned above in nitric acid medium were observed. Unlike batch PSA, OFISP appears to be versatile with respect to the sample matrix in both standard addition and direct calibration approaches. On the basis of this and the other well-known advantages of OFISP it was concluded that this analytical technique is suitable for fast and inexpensive trace heavy metal analysis in natural waters with unknown matrices (Christopher et al, 1996).


Synthesis of well-dispersed copper nanoparticles was achieved by reduction of aqueous copper chloride solution using NaBH4in the nonionic water-in-oil (W/O) microemulsions formed by Triton X-100, n-hexanol, cyclohexane, and water. It has been shown that instead of copper oxide produced in aqueous solution, metallic copper particles are formed in W/O microemulsions because of the high local copper concentration in water pools of the microemulsions, indicating the advantage offered by W/O microemulsions over aqueous phases. The absorption spectrum of the colloidal copper particles obtained in microemulsions does not exhibit the plasmon peak characteristic of the Cu surface. It is conceivable that the lack of the plasmon absorption band is attributed to the formation of a CuCl monolayer on the copper particles (Limin et al, 1997).

Nano scale particles of metallic copper clusters have been prepared by two methods, namely the thermal reduction and sonochemical reduction of copper (II) hydrazine carboxylate Cu (N2H3COO) 2.2H2O complex in an aqueous medium. Both reduction processes take place under an argon atmosphere over a period of 2-3 h. The FTIR powder X-ray diffraction, and UV-visible studies support the reduction products of Cu2+ ions as metallic copper nanocrystallites. The powder X-ray analysis of the thermally derived products show the formation of pure metallic copper, while the sonochemical method yields a mixture of metallic copper and copper oxide (Cu2O). The formation of Cu2O along with the copper nanoparticles in the sonochemical process can be attributed to the partial oxidation of copper by in situ generated H2O2 under the sonochemical conditions. However, the presence of a mixture of an argon/hydrogen (95:5) atmosphere yields pure copper metallic nanoparticle, which could be due to the scavenging action of the hydrogen towards the OH. radicals that are produced in solution during ultrasonic irradiation. The synthesized copper nanoparticles exhibit a distinct absorption peak in the region of 550-650 nm. The transmission electron microscopy studies of the thermally derived copper show the presence of irregularly shaped particles (200-250nm) having sharp edges and facets. On the other hand, the sonochemically derived copper powder show the presence of porous aggregates (50-70nm) that contain an irregular network of small nanoparticles. The copper nanoparticles are catalytically active towards an “Ullmann reaction”- that is, the condensation of aryl halides to an extent of 80-90% conversion. The time course of catalysis was studied for condensation of iodobenzene at 200◦C for a period of 1-5 h. The catalytic ability of copper nanoparticales produced by the thermal and sonochemical methods was compared with that of commercial copper powders (Arul et al, 1998).


Capped Copper nanoclusterswere successfully synthesized by gamma radiolysis method by optimizing various conditions like metal ion concentration, polymer or surfactant concentration and pH. The increasing amount of capping agent was responsible for decrease in size as small as 17 nm of the metal clusters. The radiolytic method provides copper nanoparticles in fully reduced and highly pure state compared to other synthetic routes. Formation of copper nanoclusters (FCC) was confirmed by X-ray diffraction technique. UV-Vis spectrophotometry was employed to examine changes in plasmon resonance absorption peaks of copper metal. The purity of copper particles was further confirmed by electron spin resonance studies. Transmission electron microscopy results revealed the particle size distribution from 17 to 80 nm. Electron diffraction pattern confirms FCC copper phase. The role of various parameters in the formation of stable copper clusters is discussed (Joshi et al, 1998).


Carbon paste ion-selective electrodes based on complexes of copper with the macrocyclic3,4,10,11-tetraphenyl-1,2,5,8,9,12,13-octaaza-cyclotetra-deca-7,14-dithizone-2,4,9,11-tetraene, L1, and benzilbisthiosemicarbazone, L2, were constructed for copper determination. The calibration graphs were linear for a wide concentration range (1×10−5–1×10−2 mol L−1). The limits of detection for Cu–L1 (1:1) and (1:2) complexes were pCu=5.2 and 4.8, whereas for Cu–L2 (1:1) and (1:2) complexes were pCu=5.6 and 4.8, respectively. Selectivity coefficients were tabulated. The response times for these electrodes were fast and stable potentials were obtained within 2–18 s for concentrations higher than 10−4 mol L−1. The electrodes were applied to potentiometric titrations of humic acids with copper (II) and show promise for the determination of complexation characteristic of these compounds (Jesus et al, 1999). 


The preparation of an ion selective electrode by chemical treatment of copper wire and its application for the measurements of copper (II) and iodide ions is described. The proposed reaction mechanism at the sensing surface, which explains the response of the electrode to Cu2+ and iodide ions, was discussed. The prepared electrode was suitable for direct potentiometric measurements of iodide and copper (II) in batch experiments down to concentrations of 1 2 10-5 mol L-1. A tubular electrode, prepared in the same way, may be used as a potentiometric sensor in a flow-injection analysis for Cu (II) and/or iodide determinations (Dobcnik et al, 1999).    
            A PVC membrane electrode for copper (II) ions based on a recently synthesized naphthol-derivative Schiff's base as membrane carrier was prepared. The sensor exhibits a Nernstian response for Cu2+ ions over a wide concentration range (5.0 2 10-6-5.0 2 10-2 mol/L) with a detection limit of 3.1 2 10-6 mol/L (0.2 wg/ml). It has a very short response time of about 5 s and can be used for 3 months without any divergence in potential. The proposed electrode revealed good selectivities over a wide variety of other cations including alkali, alkaline earth, transition and heavy metal ions and could be used in a pH range of 4.0-7.0. It was successfully applied to the direct determination and potentiometric titration of copper ion. (Alizadeh et al, 1999).

Colloidal copper particles (20-100 nm) are formed in the γ-irradiation of aqueous solutions of K[Cu(CN)2], which also contain methanol or 2-propanol as OH scavenger. The radiation chemical yield is of the order of 0.1 Cu atoms formed per 100 eV absorbed radiation energy and decreases with increasing concentration of excess KCN. A reduction mechanism is proposed, in which the hydrated electron reacts with [Cu (CN)] 2-, whereas organic radicals attack a copper-I species, possibly colloidal Cu2O, present in low concentration by partial hydrolysis of [Cu (CN)] 2-. Free copper atoms do not appear as intermediates in this mechanism. The optical absorption spectrum of Cu particles of different size is also reported; it contains the plasmon band in the 560-580 nm regions and a UV band at 222 nm and becomes flatter with increasing particle size. The copper particles have almost spherical shape when formed at high irradiation dose rates but exhibit very pronounced polyhedra and rod like contributions at low-dose rates. (Arnim et al, 2000).


A copper (II) ion selective electrode based on copper (II) salicylaniline Schiff's base complex in styrene-co-acrylonitrile copolymer (SAN) has been developed. The SAN-based membrane electrode containing copper (II)–Schiff's base complex, dioctylphthalate as plasticizer and sodium tetraphenylborate as an anion excluder exhibited a linear response with a Nerstian slope of 30 mV decade−1 within the concentration range of 10−6–10−2 mol dm−3 of Cu2+ ions. The prepared electrode has an average response time of 15 s to achieve 95% steady potential for Cu2+ concentration ranging from 10−4 to 10−2 mol dm−3. The electrode has shown a detection limit of 10−7 mol dm−3 of Cu2+ ion with an average lifetime of 6 months. The selectivity of electrode for Cu2+ ion has been found to be better in comparison to other various interfering ions. The electrode is suitable for use within the pH range of 2.0–7.0 at 1.0×10−3moldm−3 of Cu2+ ion. The prepared electrode can be used successfully as an indicator electrode for the potentiometric titration of the Cu2+ ion using EDTA (Gupta et al, 2000).
Nanosized Cu, modified by an organic compound containing S and P was synthesized using a surface modification method. The size and structure of the Cu nanoparticles were characterized by means of a transmission electron microscope (TEM) and electron diffraction (ED). Their tribological behavior was evaluated on a four-ball machine. The results showed that Cu nanoparticles as an oil additive have better friction reduction and antiwear properties than ZDDP, especially at high-applied load. Meanwhile, they can also strikingly improve the load carrying capacity of the base oil. The rubbed surface was investigated by electron probe microanalysis (EPMA) and X-ray photoelectron spectroscopy (XPS). It was found that the boundary film on the worn surface consisted of a Cu nanoparticle deposited film and a tribochemical reaction film containing S and P. A synergistic effect between the deposited film and tribochemical reaction film contributes to the good tribological properties of oil (Jingfang et al, 2000).


          A new and simple method has been reported which can be applied to control simultaneously the shape and size of the copper nanoprticles, without using any capping agent or template. By this method, cube-shaped copper nanoparticle in the size range approximately 75-250nm were formed from smaller spherical copper particle. At the first stage, 5-6nm spherical copper particles were prepared from aqueous copper sulphate solution by borohydride reduction. In the second stage, these small particles were mixed with appropriate amount of copper and sodium ascorbate, which resulted in the production of large size cubic copper particles. In the latter step, the new grown large particle acted as seed and grew larger due to the reduction of copper ions by ascorbate ion on their surfaces. Thus cubic copper nanoparticles of varied size regime were produced by acorbate ion by varying the ratio of copper seed particle to copper ion concentrations in solution. (Nikhil et al, 2000).


A sonochemical approach to the preparation of elongated copper nanoparticles coated with a Zwitterionic surfactant, cetyltrimethylammonium p-toluene sulfonate (CTAPTS) was reported. A shape transition of the copper nanoparticles was found to occur due to the presence of an organized medium, consisting of a cylindrical, interconnected network of threadlike micelles. Transmission electron micrographs (TEM) show the presence of elongated copper nanoparticles coated with the surfactant. UV-visible spectroscopic studies point to the elongation of the copper nanoparticles and to the adsorption of the CTAPTS on the surface of the copper nanoparticles, which was corroborated by IR and NMR spectral studies. A monolayer coating of the surfactant is formed on the surface of the elongated copper nanoparticles. This was confirmed by comparing the weight loss obtained in thermogravimetric analysis with that obtained theoretically (Salkar et al, 2000).

Five novel 1, 3-alternate calix [4] azacrown ethers having 2-picolyl, 3-picolyl, and benzyl unit on the nitrogen atom were synthesized and used as ionophores for transition metal-selective polymeric membrane electrodes. The electrode based on 2-picolyl armed 1, 3-alternate calix [4] azacrown ether exhibited Nernstian response toward copper (II) ion over a concentration range (10−4.5 M–10−2.5 M). The detection limit was determined as 10−5 M in pH 7 and the selectivity coefficients for possible interfering cations were evaluated. Anions in the sample solution strongly affected the electrode response (Su et al, 2001).


Nanometer-sized silver and copper metal particles can be synthesized by chemical reduction of Ag+ and Cu2+ ions dissolved in the water core of water in supercritical fluid carbon dioxide micro emulsion. Sodium cyanoborohydride and N, N, N’, N’-tetramethyl-p-phenylenediamine are effective reducing agents for synthesizing these metal nanoparticles in the microemulsion. Formation of the metal nanoparticles was monitored spectroscopic ally using a high-pressure fiber-optic reactor equipped with a CCD array UV-vis spectrometer. Silver and copper nanoparticles synthesized in the microemulsion showed characteristic surface plasmon resonance absorption bands centered at 400 and 557 nm, respectively. Diffusion and distribution of the oxidized form of the reducing agent between the micellar core and supercritical CO2 appeared to be the rate-determining step for the formation of the silver nanoparticles in this system (Hiroyuki et al, 2001).


A highly selective and sensitive PVC-membrane electrode for Cu (II) ion was developed by using a new thiophene-derivative Schiff's base. The electrode exhibits a Nernstian slope of 29.3±0.7 mV per decade at 25 °C over a very wide concentration range (1.0×10-1-6.0×10-8 M) with a detection limit of 2.0×10-8 M (1.28 ng/mL). The ion selectivity of this electrode for Cu2+ was greater than 3.0×103 times over various metal ions. It was successfully applied to the determination of trace amounts of copper in Iranian black tea, and as indicator electrode, in potentiometric titration of copper ion (Tahereh et al, 2001).


A coated wire copper ion selective electrode based on 5, 6, 14, 15-dibenzo-1, 4-dioxa-8, 12-diazacyclopentadeca-5, 14-diene as a neutral carrier in a polyvinyl chloride matrix was developed. Concentrations of Cu in synthetic samples, bath samples, Cupro-Nickel alloy and ore were determined. The electrode has a wide linear response to the activity of Cu (II) in the range of 1×10-1 to 1×10-6 M and the influence of pH on the membrane prepared is small (Aparna et al, 2002).

Copper nanoparticles have been prepared by the reduction of copper (II) sulfate in aerated water using sodium borohydride at room temperature and stabilized by inorganic anion. Mechanistic steps for the stabilization provided by iodide anion was studied using pulse radiolysis technique. Various inorganic anions have been used to stabilize Cu nanoparticles and compared for their stabilization efficiency. The synthesized nanoparticles exhibit a distinct absorption maximum in the region 560–565 nm. The average size as estimated from tem micrographs has been found to be in the range 8–10 nm (Kapoor et al, 2002).
New polymeric membrane (PME) and coated graphite (CGE) copper (II)-selective electrodes based on 1-hydroxy-2- (prop-2′-enyl)-4-(prop-2′-enyloxy)-9, 10-anthraquinone were prepared. The electrodes reveal linear emf-pCu2+ responses over wide concentration ranges (1.0 × 10-5 - 1.0 × 10-1 M with a slope of 27.3 mV decade-1 for PME  and 8.0 × 10-8 - 5.0 × 10-2 M with a slope of 29.1 mV decade-1 for CGE) and very low limits of detection (8.0 × 10-6 M for PME and 5.0 × 10-8 M for CGE). The potentiometric response is independent of the pH of the test solution in the pH range 3.0 - 6.0. The proposed electrodes possess very good selectivities over a wide variety of other cations, including alkali, alkaline earth, transition and heavy metal ions, the selectivity coefficients for the CGE being much improved over those for the PME. The electrodes were used as indicator electrodes in the potentiometric titration of Cu2+ and in the recovery of copper ions from wastewater (Mojtaba et al, 2002).


A one-year greenhouse experiment was conducted to study the transfer of copper from contaminated agricultural soils to edible and nonedible structures of lettuce, tomato, and onion plants. Study soils were selected from two basins of central Chile (Santiago and Cachapoal) to represent two similar total soil copper gradients with different pH values. Results showed that free ionic Cu and Cu in saturation extracts were very low in comparison to total Cu contents of study soils (<0.002% and <0.04%, respectively). The concentrations of free ionic copper and of copper in saturation extracts were correlated to total Cu levels and to soil pH. Mean copper concentrations were higher in lettuce than in tomato and onion plants and in vegetables grown on acidic soils of the Cachapoal basin. However, copper levels in edible tissues of tomato and lettuce plants were similar to copper levels described for plants grown on unpolluted soils except for onion bulbs, which had higher values. This indicates that copper translocation to edible, above-ground structures seemed to be well regulated, as their concentrations were fairly constant. The study shows that Cu concentration in study vegetables depends on various factors, including plant species and tissue; site-specific soil factors, such as pH, organic matter, dissolved organic carbon, and conductivity; and several Cu pools, such as total, extractable, and free ionic Cu. Thus, our results support the intensity/capacity concept in that Cu concentration in plants or plant tissues depends not only on the availability of free copper ions in soil solution but also on other soil copper pools that supply the element to the soil solution (Rosanna et al, August 2002).


Finely dispersed sandwich composite nanoparticles of Cu–Ni–Cu were prepared by a novel method combining template synthesis and an ultrasonic treatment method. The composite nanoparticles have uniform cylinder shape with tunable diameter and length. Transmission electron microscopy (TEM) and electron diffraction (ED) were employed to characterize the nanoparticles. This method can be used to fabricate shape- and size-controlled composite nanoparticles in a wide range of metals and other materials. The so-prepared particles may be suitable candidates as nanoscale blocks for assembling nanodevices (Yu et al, 2002).


The development of an optical sensing scheme for the determination of copper (II) in drinking or waste water. It is based on static quenching of the fluorescence of Lucifer Yellow immobilised on anion exchanger particles, embedded in a hydrogel. The sensing membrane allows the determination of copper (II) in the 0.01 µM (0.63 µg l–1) to 100 µM (6300 µg l–1) concentration range with an outstanding high selectivity. The change in fluorescence on exposure to a significant concentration of 31 µM (2000 µg l–1) is –60%. The response time is concentration dependent and varies from 100 to 3 min. Selectivity was investigated by the separate solution method; mercury (II) was found to be the only interferent. The effect of pH was evaluated in the range 4.0–6.8. The application of the sensing membrane as a single shot test was demonstrated using microtitre plates for copper (II) determination in tap water samples (Torsten et al, 2002).


Copper and silver nanocrytalline chalcogenides, Cu2-xSe, Cu2Te, Ag2Se, Ag2Te, have been successfully synthesized in a mixture of ethylenediamine and hydrazine hydrate as a solvent at room temperature. Products showed different morphologies, such as nanotubes, nanorods and nanoparticles. The results indicated that the coordination and chelation abilities of ethylenediamine play an important role in the formation of one-dimensional nanocrystalline binary chalcogenides, and hydrazine hydrate is crucial to the electron transfer in the room temperature reactions. These transition-metal nanocrystalline chalcogenides as prepared were analyzed by X-ray powder diffraction, transmission electron microscopy, and X-ray photo electron spectroscopy. The UV-vis absorption properties of these nanocrystals were also measured (Yang et al, 2002).


Potentiometric carbon paste electrodes for copper (II) based on dithiosalicylic and thiosalicylic acids are described. The sensor based on dithiosalicylic acid (DTS) exhibits a linear response with a nearly Nernstian slope of 27.7 mV per decade, whereas the electrode based on thiosalicylic acid (TS) shows a super-Nernstian slope. The limits of detection for the DTS sensor and the TS sensor are 10-7.9and 10-6.3 M for copper (II) activity, respectively. Selectivity coefficients are tabulated, and the influence of the pH on the response of these ISEs was studied. The DTS electrode is successfully used for potentiometric titration of humic acids with copper in order to get more information about complexing properties of these acids (Ma et al, 2003).


polypyrazolylmethanes, represented by the general formula H4−nC (pz)n (pz: 1-pyrazolyl), form a six-membered MN4C chelate ring of a shallow boat configuration, acting as tridentate or bidentate ligands. Novel ion-selective membrane electrodes based on polypyrazolylmethanes were developed and report the first results of their use here. HC(pz)3 (1), HC(3,5-Me2pz)3(2), HCc(3-Phpz)3 (3), HC(3-iprpz)3 (4), HOCH2C(pz)3 (5), and C(pz)4 (6) were prepared as described in the literature and incorporated as an ionophore in PVC membrane. The selectivity of the electrodes changed with the substituents of polypyrazolylmethanes. The electrodes of 3, 4 and 6 were selective for Cu2+ at pH 5.5. The electrode of 5 was selective for Pb2+ and Cu2+ at pH 5.5. Since the selectivity coefficient log KCu, Mpot of electrode 4 was less than −6.4 for the divalent cations, it was most selective for Cu2+ among Cu2+ selective electrodes ever reported. The detection limit and dynamic range for Cu2+ were 2×10−6 and 10−6 to 5×10−3 M, respectively. The electrode 4 showed rapid response time (~10 s) and reproducible results for more than 4 months, and successfully applied to potentiometric titration of Cu2+ with EDTA (Shinichi et al, 2003).


One-dimensional and well-ordered CuO nanofiber arrays have been synthesized by a processing of self-catalytic growth. Using polycarbonate (PC) membrane as a template, copper nuclei sites Cu(II) were uniformly deposited on copper substrate via a high voltage input (electric field: 15 V/cm) in a copper sulphate solution. According to the pore diameter of PVC membranes, two different sizes of copper nuclei could be well-controlled in ranges of 50 to 60 and 100 to 150 nm. With heat treatment in oxygen atmosphere, the electrodeposited copper nuclei were transformed into CuO nanofiber arrays. X-ray diffraction, scanning electron microscopy, and transmission electron microscopy analyses showed that the nanocrystalline CuO nanofibers with a mean length of 8 µm had an average order of 107–108/cm2 in density, and their average diameters were accorded with the size of  Cu nuclei (Chien et al, 2003).


Regularly coiled carbon nanofibers with a novel “V”-type symmetric growth mode were synthesized by the decomposition of acetylene with nanocopper catalysts. These were obtained from an aqueous copper sulfate solution by borohydride reduction and from the decomposition of copper tartrate, butyrate, oxalate, and lactate precursors, whereas copper nanoparticles prepared by the hydrogen-arc plasma only revealed ribbon-like fibers under identical reaction conditions. The morphology of the catalyst particles before and after fiber growth has been investigated and the effect of the synthesis method on the morphology and growth of the fibers was discussed (Yong et al, 2004).


Pure metallic Cu nanoparticles at a high concentration (up to 0.2 M) have been synthesized by the reduction of cupric chloride with hydrazine in the aqueous CTAB solution. The input of extra inert gases was not necessary. The use of ammonia solution for the adjustment of solution pH up to 10 and the use of hydrazine as a reducing agent in a capped reaction bottle are crucial for the synthesis of pure Cu nanoparticles. The reaction solution finally became wine-reddish and its UV/Vis absorption spectrum exhibited an absorption band at 574 nm, revealing the formation of metallic Cu nanoparticles. By the analysis of electron diffraction pattern, EDS, XRD, and XPS, the resultant particles were confirmed to be pure Cu with a face-centered cubic (fcc) structure. From the TEM analysis, it was found that the mean diameter of Cu nanoparticles first decreased and then approached a constant with the increase of hydrazine concentration. In addition, the CTAB concentration had not significant influence on the size of Cu nanoparticles. Also, TG analysis indicated that there were two weight-loss steps for the CTAB-capped Cu nanoparticles. It was suggested that a bilayer structure of CTAB was formed on the surface of Cu nanoparticles to prevent from the particle agglomeration. The synthesis method reported in this work might be helpful for the large-scale production of Cu nanoparticles (Szu et al, 2004).

A rapid method for preparation of copper metal nanoparticles by reducing CuSO4·5H2O with NaH2PO2·H2O in ethylene glycol under microwave irradiation. The influences of the reaction parameters, such as the concentrations of reducing agent and protective polymer time of microwave irradiation, on the size and agglomeration of copper nanoparticles were investigated by X-ray powder diffraction and transmission electron microscope. Well-dispersed copper nanoparticles with diameter of about 10 nm were obtained. The use of microwave irradiation accelerated the reaction rate and benefited the dispersion and the particle size distribution of the nanoparticles (Hai et al, 2004).

Tetraethyl thiuram disulfide was chosen as a chemical modifier in a carbon paste electrode for the potentiometric determination of copper (II) and mercury (II) ions. The electrode has wide linear response ranges and rapid response times. The pH influence on the potentiometric response is studied. Selectivity coefficients towards different cationic species are tabulated. The limits of detection are 10−7.4 M and 10−7.6 M for copper (II) and mercury (II) activity, respectively. The electrode is employed in analyses of real samples and in potentiometric titrations. It is successfully used for potentiometric titration of humic acids in order to obtain information about the complexing properties of these acids (Jesus et al, 2004). 


The characterization of a novel copper sensitive polymeric membrane and the electrochemical response of electrolyte membrane insulator semiconductor structures were determined. The membrane has shown a Nernstian response towards Cu (II) ions in electrodes has been reported (Marques et al, 2004).


Highly uniform Cu2O nanocubes can be prepared by using a simple solution approach. Copper (II) salts in water are reduced with ascorbic acid in air in the presence of polyethylene glycol (PEG) and sodium hydroxide. The average edge length of the cubes can be controlled from 25 to 200 nm by changing the order of addition of reagents, and the PEG concentration. (Linfeng et al, 2004).


Copper nanoparticles have been synthesized by the flow-levitation method and coated with carbon-and-hydrogen films through the hollow-cathode glow discharge. The uncoated and coated Cu nanoparticles have been analysed by transmission electron microscopy, x-ray diffraction, and infrared absorption. Their size, dispersion, and coating thickness have been examined (Li et al 2004).


Determination of chemical speciation of trace metals may help us to better understand the bioavailability and toxicity to living organisms in terrestrial and aquatic environments. This paper reports the speciation data of cadmium (Cd), copper (Cu), and lead (Pb) in soil solutions sampled from areas around metal smelters. Acolumn ion exchange technique (IET) using a cation exchange resin was applied to determine the concentrations of Cd2+, Cu2+, and Pb2+. It was shown that the ph and the amount of calcium (Ca) in solutions affected the distribution of metal ions to the resin. In the synthetic solutions involving Cl-, SO42- , and citrate, the metal-ligand complexes did not affect the measurement of free metal ions by the IET. In soil solutions, the concentrations of free ions were affected by solution pH, varying within 10-9-10-7 M for Cd, 10-9-10-6 M for Cu, and 10-9-10-7 M for Pb. The IET results were comparable to those measured by Cu-ion selective electrode (ISE) and anodic stripping voltammetry (ASV). These findings suggest that the IET can be applied to soil solutions for metal speciation measurements (Ying et al, 2005).
Nano-copper used as lubrication oil additive has good tribological property and active self-repairing effect for friction pairs. The reduction in liquid phase for preparing nano-additive is one of the most common methods. Nano-copper was prepared by reduction in liquid phase. The different project and routine practice for preparing nano-copper were researched. The dispersion problem of nano-copper was investigated by surface treatment and high dispersion. The particles dimension, the dispersion stability and the purity of nano-copper were characterized by tem and XRD. The conclusion indicates that the methods of the preparation and dispersion can obtain 20 nm copper additives with good dispersion property in lubrication oil (Wang et al, 2005).
Thermal behaviour of mechanochemically synthesized nanocrystalline CuS particles by high-energy milling in an industrial mill has been studied. Structure properties were characterized by X-ray powder diffraction that reveals the formation of copper sulphide CuS as well as of copper sulphate CuSO4·5H2O. Thermal properties of the as-prepared products were studied by the differential scanning calorimetry together with X-ray inspection for detection by pass products formed. The decomposition of the as-prepared sample has been studied too. Thermal stability of the anhydrous CuSO4 formed by the thermal decomposition is lower than the thermal stability of non-milled samples. The final product of the thermal decomposition is metallic copper instead of Cu2O, which is stable up to 1100 °C. Differential scanning calorimetry (DSC) analysis proved that the percentage of chalcantite in the covellite mechanochemically synthesized by high-energy milling is 48–51% (Godocikova et al, 2006).
Cu2+ selective PVC membrane electrode based on new Schiff base 
 2, 2'-[1, 9 nonanediyl bis (nitriloethylidyne)]-bis- (1-naphthol) as a selective carrier was constructed. The electrode exhibited a linear potential response within the activity range of 1.0×10-6 - 5.0×10-3 mol L-1 with a Nernstian slope of 29 ±1 mV decade-1 of Cu2+ activity and a limit of detection 8.0×10-7 mol L-1. The response time of the electrode was fast, 10 s, and stable potentials were obtained within the pH range of 3.5-6.5. The potentiometric selectivity coefficients were evaluated using two solution methods and revealed no important interferences except for Ag+ ion. The proposed electrode was applied as an indicator electrode to potentiometric titration of Cu+2 ions and determination of Cu2+ content in real samples such as black tea leaves and multivitamin capsule (Susan et al, 2006).

Selective evolution of copper nanorods is reported under surfactantless condition by well-known reducing sugar glucose. The reaction was carried out in alkaline medium as an obligatory step under nitrogen atmosphere. We found a particular concentration of glucose that surprisingly assisted the generation of stable copper nanorods from alkaline copper sulfate solution. Above or below the critical concentration of glucose only spheres were obtained. Slight change in the experimental conditions induced distinct modifications on the shape and size of the nanorods. In this synthesis, the glucose performed multiple tasks. It not only reduces the Cu (II) ions but also responsible for the stabilization of the evolved copper particles in their nano regime. Finally, the nanorods were characterized by UV-vis, tem, and XRD and exploited as a selective catalyst for phenol oxidative coupling reaction for a model compound, 2-naphthol (Sudipa et al, 2006).


Dimethylglycoxime (DMG) functionalized copper nanoparticles (DMG-CuNPs) were prepared by a microwave heating method and characterized by TEM, FTIR, and XRD. The as-prepared nanoparticles were used to construct a new glucose sensor. Experimental results showed that DMG could be used to encapsulate the copper nanoparticles to control their growth during the preparation process and could chelate copper ions which were produced during the positive scan in the electrochemical experiments. The sensor showed good selectivity and sensitivity. A wide linearity range and a low detection limit have been assessed for it. A linear response to glucose in the concentration range between 1.0 × 10−6 M and 5.0 × 10−3 M and a detection limit of 5.0 × 10−7 M were observed. Most important of all, the common drawback of copper electrode fouling was overcome in this sensor (Qin et al, 2006).


Nanotechnology has become one of the most exciting frontier fields in analytical chemistry. The huge interest in nanomaterials, for example in chemical sensors and catalysis, is driven by their many desirable properties.the integration of metal nanoparticles into thin film of permselective membrane is particularly important for various applications, for example in biological sensing and in electrocatalysis. Different techniques to design permselective membrane-coated chemically modified electrodes with incorporated redox molecules for electro catalytic, electro chromic and sensor applications have been established. Nanostructured platinum and copper (represented Mnano, M = Pt and Cu) modified GC/Nafion electrodes were prepared GC/Nf/Mnano) and characterized by using AFM, XPS, XRD and electrochemical techniques. The nanostructured Mnano modified electrodes were utilized for efficient electrocatalytic selective oxidation of neurotransmitter molecules in the presence of interfering species such as ascorbic acid (AA) and uric acid (UA). It has been also shown that the modified electrodes could be used as sensors for the detection of submicromolar concentrations of biomolecules with practical applications to real samples such as blood plasma and dopamine hydrochloride injection solution. The GC/Cunano electrode has been used for catalytic reduction of oxygen (Ramasamy et al, 2006).

A total “green” chemical method in aqueous solution for synthesizing stable narrowly distributed copper nanoparticles with average diameter less than 5 nm in the presence of polyvinylpyrrolidone (PVP) as a stabilizer and without any inert gas protection. In this synthesis route, ascorbic acid, natural vitamin C (VC), an excellent oxygen scavenger, acts as both reducing agent and antioxidant, to reduce the metallic ion precursor, and to effectively prevent the common oxidation process of the newborn pure copper nanoclusters were reported (Chunwei et al, 2006).
Ion-exchange in surface-initiated polyelectrolyte brushes provides a versatile route to the formation of catalytically active surfaces for electroless deposition of Cu. The advantage of this procedure is the covalent anchoring of the catalyst support layer, eliminating delamination of the metal film, even when deposited onto PDMS substrates. Furthermore, by tuning the concentration of PdCl(4)(2)(-) ions in the brushes, the rate of deposition and hence the thickness of the overall film can be controlled easily (Azzaroni et al, 2006).
The determination of free copper concentrations in natural matrices is critical for the evaluation of copper toxicity. The ISE is one of the few analytical means for determining the direct speciation of free metal species. We have refined the method for low salinity and low ionic strength solutions for application with soil water extracts or fresh waters. Moreover, we have detailed and standardised a method for using a Cu-ISE with an autotitrator. The standardisation shows a good response and allows significant time saving (under 2 h for the calibration). The results obtained using the ISE are compared with those predicted in the presence of different organic ligands or even the lower free Cu2+ activities resulting from the formation of Cu hydroxyl species. The method was validated for the determination of Cu speciation at environmentally relevant free Cu2+ activity that is ranging between 10-14 to10-4 M. The chemical equilibrium calculations were made using the MINEQL+ software and the results agree well for pH values between 3 and 10. In terms of precision, the standard deviations of the measured values never exceed 0.1 units, and in terms of accuracy, the measured values were very close to the nominal values, within a range of 0.1. Outside the optimal pH range, the electrode yields higher activity than expected (Julien et al, 2007).
Selective recognition of metal ions utilizing metal ion-imprinted polymers (MIPPs) received much importance in diverse fields owing to their high selectivity for the target metal ions. A copper ion imprinted polymer was synthesized without an additional complexing ligand or complex with a broad aim to avoid the conventional extra metal ion complexing ligand during the synthesis of MIPP were studied. The complete removal of the copper metal ion from the MIPP was confirmed by AAS and SEM–EDX. SEM image of the MIPP exhibited nano-patterns and it was also found to be entirely different from that of non-imprinted polymer and polymer with copper metal ions. Bet surface area analysis revealed more surface area (47.96 m2/g) for the Cu (II) - MIPP than non-imprinted control polymer (41.43 m2/g). TGA result of polymer with copper metal ion indicated more char yield (18.41%) when compared to non-imprinted control polymer (8.3%) and Cu(II) - MIPP (less than 1%). FTIR study confirmed the complexation between Cu (II) - MIPP and Cu (II) metal ion through carbonyl oxygen of acryl amide. The Cu (II) - MIPP exhibited an imprinting efficiency of 2.0 and it was showing 8% interference from a mixture of Zn, Ni and Co ions. A potentiometric ion selective electrode devised with Cu (II) - MIPP showed more potential response for Cu (II) ion than that was fabricated from non-imprinted polymer (Anuradha et al, 2007).

A simple method has been developed to synthesize Cu/Pd nanoparticles in aqueous solution in ambient condition with the addition of complexing agent, trisodium citrate. UV-vis spectra confirmed the complexing behavior of trisodium citrate and metal ions. The particles synthesized with trisodium citrate were well dispersed with particle size ranging between 3-4 nm while the particles without trisodium citrate were larger and aggregated, as demonstrated by transmission electron microscopy (TEM). X-ray diffraction patterns (XRD) indicated the formation of bimetallic nanoparticles without impurities in the complexing agent-supplemented system. In contrast, large amounts of PdO and Cu (OH) (2) were precipitated along with the formation of particles in the complexing agent-free system. X-ray photoelectron spectroscopy (XPS) revealed small amounts of oxidized Pd on the surface of particles and the existence of zerovalent Cu and oxidized Cu in particles with trisodium citrate. With a simpler process for electroless copper deposition, the Cu/Pd nanoparticle activator with less Pd metal used exhibited comparable catalytic activity to conventional Pd/Sn colloidal activator. In summary, application of Cu/Pd nanoparticles synthesized with the complexing agent as an activator suggested a novel, simpler and inexpensive process in PCB industry. (sh lo et al, 2007).
The inexpensive combination of cryogenically milled cu3ge powders sonochemically processed in a standard ultrasonic cleaner has led to the prototype of a heretofore undescribed class of material. This prototype is a nanostructured composite composed of 4.5 nm diameter Cu nanocrystals embedded in a three-dimensional (3D) amorphous CuGeO3 polyhedron web matrix. The diameters of the wires comprising the matrix are typically 5–15 nm. Complete structural and compositional characterization is reported to provide additional insight and firm designation on the observation of this previously undescribed class of material. The large surface to volume ratio of these nanoweb composites may offer unique advantages based on altered optical or electronic and magnetic properties. For example, quantum confinement of the Cu dots in the amorphous 3D nanowebs is possible. Nanostructures in general have altered properties compared to those of bulk materials and the same is expected in nanostructured composites (Kris et al, 2008). 
AIM AND SCOPE
        Several instrumental techniques such as spectrophotometry, chemiluminescence, atomic absorption spectroscopy, polarography, mass spectrometry, gas chromatography etc have been reported for the determination of individual metals in micro and sub micro gram levels. These sophisticated techniques require expensive equipments and skilled personal to obtain reliable results.
          

The aim of this study is to develop a new novel method for the preparation of copper ion selective electrode. The use of ion selective electrode in environmental analysis offers several advantages over other methods of analysis. The cost of initial set up to make analysis is relatively low. Time-consuming steps such as filteration 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. Copper is a trace element, which is toxic if present in higher amount. Considering the analytical interest in the environmental analysis, an ion selective electrode offers a simple, rapid, precise and inexpensive potentiometric procedure. It is also a new novel and ecofriendly method for the direct determination of copper ion in black pepper.
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EXPERIMENTAL METHOD

 Chemicals required:
 Copper sulphate, Zinc sulphate, Sodiumborohydride, Ethylenediaminetetraacetic acid (EDTA) Magnesium sulphate, Manganese sulphate, Potassium bromide, Ammonium chloride, Sodium nitrite, Ethanol.
Experimental process:

Preparation of copper sulphate nano particles:

          40ml of 0.05M CuSO4 (LR grade, QUALIGENS fine chemicals) solutions and 20ml of 0.05M EDTA (LR grade, QUALIGENS fine chemicals) was taken in a 100ml conical flask and left for two minutes. Then added 20ml of 0.5M NaBH4 (LR grade SRL PVT.LTD), black-brown precipitate was formed. This mixture was stirred by using magnetic stirrer for 24hours. There was a change in colour from black-brown to pale blue. The precipitate was washed with doubly distilled water and air dried. The size of the particle was analyzed using XRD (X-ray diffraction method) and found to be 0.4nm. (The spectrum is attached)
The prepared copper sulphate nano particle was powdered. About 0.2 g of the powdered copper sulphate nano particle was thoroughly mixed with Araldite matrix (epoxy adhesive) (Huntsman advanced materials, India, Pvt LTD.) and the paste was applied on a Whatmann filter paper No.42.The paste was spread uniformly over the filter paper  to obtained 0.9 mm thickness of the electroactive membrane. A circular piece of this membrane was cut and fixed with resin at one end of a hollow glass tube of diameter 2 cm and length 10cm. The tube was filled with saturated solution of CuSO4 and reference copper metal wire of diameter 0.5 mm and length 12 cm was inserted through other end of the tube in such a way that it remained dipped in the saturated solution of CuSO4 . The fresh surface of copper wire was obtained by polishing the electrode using a clean emery paper until a smooth and shiny appearance was obtained. This complete assembly will work as an ion selective electrode of Cu (II) ion. This ion selective electrode was kept in 1 M solution of Cu (II) for one week.
The entire electrode system for the measurement can be represented as,
                Internal                 Internal                     Ion- Selective         Sample             External
               Reference             Reference                   Membrane             Solution            Reference
               Electrode               Solution                                                                             Electrode   
              (Cu wire)           (Saturated CuSO4                                                                                                              (SCE)                                                            
                                       solution)
Experimental Process: 
                           The ion-selective electrode is connected to one terminal of a digital potentiometer (Equiptronics MCDEL EQ 602) .The other terminal is connected to the reference electrode (saturated calomel electrode). The ISE is immersed in the sample solution (CuSO4 solution) and the reference SCE is immersed in saturated potassium chloride solution. The solutions are connected using potassium nitrate-agar salt bridge.
            Preparation of stock solution of Copper sulphate was carried out by weighing Copper sulphate to its molecular weight (249.68g) for 1 Litre.  

Preparation of stock solution of Zinc sulphate was carried out by weighing Zinc sulphate to its molecular weight (287.54g) for 1 Litre.

Preparation of stock solution of Magnesium sulphate was carried out by weighing Magnesium sulphate to its molecular weight (246.47g) for 1 Litre.


Preparation of stock solution of Manganese sulphate was carried out by weighing Manganese sulphate to its molecular weight (169.02g) for 1 Litre.


Preparation of stock solution of Sodium nitrite was carried out by weighing Sodium nitrite to its molecular weight (69.00g) for 1 Litre. 

Preparation of stock solution of Potassium bromide was carried out by weighing Potassium bromide to its molecular weight (119.00g) for 1 Litre.


Preparation of stock solution of Ammonium chloride was carried out by weighing Ammonium chloride to its molecular weight (53.50g) for 1 Litre.


Preparation of stock solution of EDTA was carried out by weighing EDTA to its molecular weight (372.24g) for 1 Litre.

Preparation of stock solution of Sodium borohydride was carried out by weighing Sodium borohydride to its molecular weight (37.83g) for 1 Litre. 

 The electrode was first conditioned in 1M solution of Cu (II) ion till it attained stable equilibrium. After which it can be 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 Cu (II) had been measured to determine the electrode response.

The electrode potential of standard Cu (II) solution in a series of varying concentration of ethanol had been measured to determine the effect of solvent.

The electrode potential of standard Cu (II) solution of varying pH had been measured.

The interfering effect of various cations and anions had been measured.

The water used in this study was doubly distilled water. All the reagents used were of analytical grade. The electrode has to be rinsed in the doubly distilled water after every measurement to prevent contamination by carry over on the electrode.

RESULTS AND DISCUSSION
Electrode Response:
The electrode potential for a series of standard solution of Cu2+ ion was measured. The electrode gave a linear response to Cu2+ ion concentration in the range of 1.0 M to 1x 10-6M.                           
                                           TABLE – I
ELECTRODE RESPONSE

         Concentration of 
             CuSO4   (M)
         E.M.F 
    (Milli Volts)
                    1M

          163

                1x10-1 M

          172

                1x10-2 M

         180

                1x10-3 M

         188

                1x10-4 M

         197

                1x10-5 M

         205

                1x10-6 M

         213

                1x10-7 M
         213
          Standard electrode potential of this electrode (Eo) determined by extrapolation method was found to be 2.22mV. The slope value was found to be 28mv/decade.This value shows that the electrode behaves according to Nernst equation. To find the response time, the electrode was first dipped in 1M solution of Cu (II) and suddenly the concentration of the solution was changed to 0.1 M. the variation in potential was noted till a constant potential was obtained at about 5 minutes and remains constant. The electrode was used over a period of one month with good reproducibility.
Effect of pH on Electrode Response
The effect of pH on the response of electrode was studied in this work. The electrode potential of standard Cu (II) solution of varying pH had been measured.
It was found that the electrode worked well with in the pH range of 1.0-4.0.
Effect of Medium on Electrode Response:
The effect of medium on the response of electrode was studied in this work. The electrode potential of standard Cu (II) solution in a series of varying concentration of 25% and 50% ethanol had been measured to determine the effect of solvent.
 It was found that the potential remained unaffected in the presence of a series of 25% and 50% of ethanol.
Interference by Cations:

The cationic ion interferences due to other ions were studied by the determination of selectivity coefficient by mixed solution method. 10 ml of 1 M CuSO4 solution was mixed with 10 ml of the interfering cationic solution. The electrode potential was recorded in mixed solution having a fixed ion of interferent ion (1M). The selectivity coefficient for cations determined is tabulated as follows. 
TABLE - II

INTERFERENCE BY CATIONS

    Cation (interfering ion)
  Electrode kpot 
                 Mg 2+
              161
                 Mn2+
              170 
                 Zn2+
              170 
                 Na+
              169  
                 K+
              161
                 NH4+
              170  
The selectivity coefficient values reveal that the electrode responds to Cu2+ions selectively over a large number of cations.
Interference by Anions:

The degree of interference of different anions on the response of the electrode for Cu2+ion was studied. The electrodes potential were recorded in mixed solution method. 10 ml of 1 M CuSO4solution was mixed with 10 ml of the interfering anionic solution the electrode potential of the mixed solution method  having a fixed concentration of the interferent ion (1M) were recorded. The selectivity coefficient for anions determined is tabulated as follows.
TABLE – III
INTERFERENCE BY ANIONS

  Anion (interfering ion)
     Electrode kpot 
                  SO4 2-
                170

                  NO2- 
                169

                  Br-
                161 

                  Cl-
                170 

From the interference study of cations and anions it is clear that this ion selective electrode is selective in the presence of cations like Mg2+, Mn2+, Zn2+, Na+, K+ ,NH4+ and anions like SO4 2-, NO2-,  Br-, Cl-.
[image: image3.jpg]SCHEMATIC DIAGRAM OF
COPPER ION SELECTIVE ELECTRODE

Figure 2





[image: image4.png]EXPERIMENTAL PROCESS

Figure 3




[image: image5.jpg]Elctiode Response





Plot of  Cell EMF (Milli Volts) Versus log of  Cu2+
                                                                     Figure 4
                [image: image6.jpg]EMF(Milli Volts)

Potentiometric Titration Curve

754

701

65 1

60 1

55 1

50 1

45 1
02 46 810121416

volume of EDTA(mI)





Plot of  Cell EMF (Milli Volts) Versus Volume of EDTA (ml) Solution
                                                               Figure 5
[image: image7.emf]Potentiometric Titration Curve

(End Point Determination) 

0

20

40

60

80

100

120

0 2 4 6 8 10 12

Mean Volume of EDTA(ml)

∆

E/

∆

V (Milli Volts/ml)

Series1


Plot of Cell  (E/(V (Milli Volts) Versus Mean Volume of EDTA (ml) Solution
                                                            Figure 6
ANALYTICAL APPLICATIONS
Potentiometric Titration:
Potentiometric titration was performed by using the proposed electrode as an indicator electrode for the titration of 1 M Cu2+ against 1 M EDTA. The curve shows a sharp inflexion point at the titrant volume corresponding to the formation of 1:1 complex of copper ions with EDTA.
Black Pepper:
                  To assess the applicability of the sensors to real samples an attempt was made to determine copper ion in real samples like Black pepper. The recovery of copper ion in sample analysis was formed to be quantitative with the maximum recovery of 99%. 
SUMMARY AND CONCLUSION

· A new simple electrode, highly selective and specific for copper ion was developed and electrochemically evaluated.
· The electrode exhibited a near Nernstian response in the concentration range of (1 M to 1x10-6 M) of Cu2+ 
· The electrode exhibited a response time of   5 minutes for copper.
· The sensor revealed good selectivities for Cu2+ over wide varieties of other ions.
· The electrode exhibited a near Nernstian response for Cu2+ over the pH range 1.0 to 4.0
· The potential remained unchanged in the ethanol medium of various concentrations.
· It was applied as an indicator electrode for the endpoint determination in the potentiometric titration of Cu2+ with EDTA
· The sensor was applied successfully applied to determine the copper content in black pepper.
· The electrode was used over a period of one month with good reproducibility.
The copper ion estimation using this method is very simple. Since this method is done by potentiometry, it is simple, accurate and cost effective. The error involved in this estimation is very less.
These investigations proved that this study offers an easy, simple and efficient method of determining copper ion of various concentrations.
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