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THE USE OF MODIFIED CARBON ELECTRODES

IN MULTI-ELEMENT STRIPPING ANALYSIS

Irina P. Viter, Anatoliy I. Kamenev, Elena V. Mishukova, Mikhail V. Popik

Moscow Lomonosov State University, Moscow, Russia,

 viter_ip@mail.ru
Simultaneous or selective stripping voltammetry determination of various elements in the same sample using solid electrodes is known to be complicated analytical problem.

It was shown that interactions available at the electrode surface during formation of multi-element concentrate and intermetallic compounds or solid solution can result in signal interference and often cause changes in potentials of the element anodic peaks. Even appearance of one or two additional anodic signals at voltammetric curves can result to appearance or the estimated value deviation.

Application of various supporting electrolytes (and also change of supporting electrolyte composition), high-performance selective scanning (e.g. differential pulse or square wave voltammetry), modifying carbon electrode surface in same causes give the possibility to realize the concept of milti-element stripping voltammetry analysis and to obtain quantitative results.

The investigation was carried out using voltammetric analyzer AVA-2 (Joint Stock Company «Bourevestnik», St. Petersburg, Russia), with L-154 interface board. Standard low volume electrochemical cell with three-electrode system (rotating disc carbosital indicator electrode 0.071 cm2, Pt-auxiliary electrode, Ag/AgCl reference electrode) was used. The necessary software was elaborated for solid electrodes. 

The origin software being elaborated for Windows 95/98/2000/ME/XP uses multi-flow algorithms and graphical interface. The basic program window is «voltammetric curve scanning/processing». To scan voltammetric curve «Control» menu is used. «Panel» item is intended for device control screen-loading (the parameters of standard voltammetric cycle step can be fixed, including modulating voltage type, number of cycles, scan direction etc.). This method of voltammetric experiment organization is used for individual elements determination and, for determination of Cd(II), Pb(II), Cu(II) or Cd(II), Pb(II), Cu(II), Sb(III), Bi(III) ions mixture (base electrolyte NH4Cl, pH 8-9 or 2-3)in industrial and water samples.

Also device 757 VA Computrace (Metrohm, Herisau, Switzerland) with corresponding software was used. Three-electrode cell consisted of indicator electrode «ultratrace», auxiliary graphite electrode, Ag/AgCl reference electrode. 

Standard voltammetric cycle consist of 4 steps: electrochemical processing and regeneration of electrode, micro-component concentrating at the solid electrode surface being formed under solution mixing, rest step and anodic voltammogram scanning in linear (non-modulated or modulated) mode. Quantative information (maintenance of the element under determination) is taken after curve mathematical processing 

Experimental parameters such as electrolyte concentration, deposition potential, deposition time, scan rate and others were optimized for maximum selectivity and sensitivity.

One of our main findings is that the high electrical conductivity and low morphological porosity of the carbosital substrate allows the fixing if highly stable thin mercury films (TMF). The TMF can either be pre-plated or plated in situ, but still the metrological characteristic of the mercury provides peak heights, peak widths and peak potentials having a relative standard deviations sr  in the range 0.015 – 0.04 (n=10, xav = (xn)/10, i=3, sr=xavi/si).

Determination limits of n·10-8 – n·10-9 M for Cu (II), Sb(III) and Bi (III) ions together with Pb(II) and Cd(II) using 60 s deposition time were achieved and the procedure of automatic stripping analysis applied to the determination of these metal ions in industrial water samples.
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