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Abstract

It is shown that platinum can be determined by anodic stripping voltammetry at the peak of selective electrooxidation of copper
from intermetallic phase with platinum of Cu;Pt composition. The composition of intermetallic copper-platinum phase formed on
the electrode during pre-electrolysis was calculated on the amount of potential displacement (AE) of copper electrooxidation.
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1. Introduction

It is known that deposits of platinum do not oxidize from the surface of a graphite electrode. When platinum is
determined by stripping voltammetric methods'?, normally co-precipitations of other metals such as lead, mercury,
etc. are used. It is expected that the presence of other metals on the electrode surface forms one or more intermetallic
compounds with these metals. Previously we have shown that the determination of platinum, if precipitating it
together with indium, is possible®*. In this paper we show the possibility to use copper as a metal activator. Copper
with platinum in a solid phase forms a series of intermetallic compounds”.

The goal of this paper is to study the process of electrooxidation of Cu-Pt electrolytic deposit and calculate the
composition of the Cu-Pt binary alloy.
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2. Experimental part

Voltammetric measurements were carried out with the analyzer TA-4 (“Tom’analit”, Tomsk). A conventional
three-electrode system with special quartz beakers of =20 ml as voltammetric vessels was used. A polyethylene-
impregnated graphite electrode produced according to® was used as a process electrode. Saturated silver/silver
chloride electrodes were used as reference and supporting electrodes. Platinum (IV) and copper (II) were
precipitated from the solutions containing chlorides of these metals at the potential of —0.8 V. The graphite electrode
was electrochemically cleaned by keeping it at 1.05 V for 60 s.

3. Results and discussion

Copper (II) was precipitated on the graphite electrode surface from the solution containing 1 mol L™ of
hydrochloric acid at the potential of —0.8 V. The anodic peak of copper was observed at —0.27 V. When platinum
and copper are electrochemically precipitated together, only one peak is observed. Its potentials and currents depend
on the concentrations of both platinum (IV) and copper (II) in the solution. Figurel shows the voltammograms of

copper oxidation from copper-platinum alloys.
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Fig.1. Voltammograms of electrochemical oxidation of copper-platinum alloys.
Experiment conditions: 1 mol L™ of hydrochloric solution, deposition time z. = 100 s, scan rate » = 80 mVs™:
(1) anodic stripping voltammogram of a pure hydrochloric solution (1 mol L),
(2) anodic stripping voltammogram after first addition of platinum (i.e. 1 mgl" Cu(II), 0.02 mgl" Pt(IV)),
(3) after second addition of platinum (0.04 mgl™).

Figure 2 shows the dependence of the voltage of electrochemical oxidation of copper-platinum alloy on the
concentrations of platinum (IV) in the solution.
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Fig.2. Dependence of the anodic peak current of copper on the concentration of platinum (IV) in the solution.
Experiment conditions: background — IM HCl, 7. =80 s, Ccyan =1 mgl'1

The resulting linear concentration range is used for determination of platinum ions in the solutions by stripping
voltammetry.

When the Cu (II) and Pt (IV) contents of the solution vary, the individual peak currents of individual
intermetallic compounds vary as well, but the peak potential remains constant. This is a strong indication of the
invariant composition of these intermetallic compounds (constancy of composition).

It can be expected that the electrochemical oxidation of copper from different Pt-Cu phases (intermetallic
compounds) will occur at anodic peaks at different potentials. According to literature data’, copper and platinum
form the following intermetallic phases: Cu;Pt, CuPt;, CuPt;, CuPt.

It has been shown earlier’ that the peak potential shift for electrochemical oxidation of less noble components of
intermetallic phases can be described by a general equation, which can be written in special case of Cu-Pt as
follows:
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where Egu2+ Cu " anodic peak potential of pure copper (=0.27 V);

mix

Cu®* /Cu(Pt) anodic peak potential of copper oxidation from Cu-Pt alloys;

& i - integral mixing heat of the compounds forming intermetallic phases;
Xcu - mole fraction of Cu.

The mixing heats of alloy formation can be approximately calculated from the energies of formation of covalent
bonds between metals using Pauling's correlation equation’:
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where 4, £z_g - energies of formation of metallic bonds between A and B atoms, respectively;
¥a, ¥z - electronegativities of the alloy components.

The energy of the formation of metallic bonds and the electronegativity values of elements are taken from the
published data’. The mixing heat of copper and platinum calculated from these data is 191.4 kJmol™ . To calculate the
energy of mixing the partial energies of formation of metallic bonds € ¢,.c, = 200.9 kImol”, € pp= 164 kimol™
and the electronegativities of metals were used.

With the help of equations (1) and (2) the peak potentials of copper oxidation from the different intermetallic
phases can be calculated and these data can be compared with the experimentally obtained data: Table 1 shows the
comparison.

Table 1. Comparison of the calculated and experimentally determined values of peak potentials of selective electro-oxidation of copper
from IMC containing platinum

Potential of an Composition of IMC

anodic  peak  of Cu:Py, CuPt, CuPt, CuPt
copper X=0.75 X=0.125 X=0.25 X=0.5
Eeae, V -0.21 0.516 031 -0.01

Eex, V -0.22 No No No

Peak potential of copper oxidation is —0.22 V (fig.1), indicating that the composition of intermetallic phase is
CusPt. This peak is used for determination of platinum ions in the solutions by stripping voltammetry.

4. Conclusion

The results presented here show that it is possible to determine Pt (IV) in solutions by recording the anodic stripping
voltammograms of copper oxidation when Cu;Pt alloy phase is precipitated from the appropriate solutions.
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