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Abstract

Voltammetric reduction of strong polyprotic acids in solutions with excess and without supporting electrolyte was studied both
theoretically and experimentally. A theoretical model based on the transport (diffusion and migration) equations and the electroneutrality
principle was used to compute voltammograms by finite difference simulation under both steady state and transient conditions. Simulated
voltammograms are compared with experimental reduction curves obtained at platinum microelectrodes without and with excess
electrolyte for two strong polyprotic acids, sulfuric (H,SO,) and tungstosilicic (H,W,,8i0,,) acids. Perchloric acid (HCIO,) was used as
the reference for comparison. The experimental results agree well with the calculated voltammetric curves both without and with excess
supporting electrolyte. The dependence of voltammetric response on the concentration of acids is also discussed. © 1997 Elsevier Science

S.A.
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1. Introduction

Reduction of hydrogen ion from solutions of strong and
weak acids at platinum microelectrodes under steady state
conditions results in a well defined transport-controlled
wave [1-4]. The height of the wave is proportional to the
concentration of hydrogen ion over a wide range of acid
concentration, which makes this type of experiment useful
for analytical monitoring of hydrogen ion concentration in
a variety of systems. The concentration of hydrogen ion
has been monitored near a large electrode during the
oxidation of polyaniline films [5]. The steady state reduc-
tion of hydrogen ion has also been used for determination
of acid concentration in buffered solutions [1], and for
determination of acidity of fluid lubricants based on phos-
phate esters [6]. The plateau current of hydrogen ion
reduction also depends on the rate of transport of hydrogen
ion to the electrode. This feature has been used to study
the transport of hydrogen ion in such complicated systems
as colloids [7] and polyelectrolyte solutions {8—10], includ-
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ing solutions of very low ionic strength, without added
supporting electrolyte.

The transport of hydrogen ion in solutions without
supporting electrolyte involves a significant contribution
from electrical migration as predicted by theory [11-15].
For acids of the type H,A, the ratio of the steady state
currents obtained without and with excess supporting elec-
trolyte depends on the charge of the anion and is predicted
to be (1 + 1/n), where n is the number of dissociated
hydrogen ions [14]. This prediction has been confirmed by
experimental results for steady state reduction of such
acids as HCIO,, H,SO, and H,W,,Si0,, [1,6,16]. Also,
the dependence of the limiting steady state current on the
concentration of supporting electrolyte has been studied.
The theoretical solution given by Oldham for the case of
all monovalent ions present in the solution [14] has been
extended for the other charges of anion associated with
hydrogen ion and ions of supporting electrolyte [16]. The
theoretical predictions have been confirmed by experi-
ments performed for reduction of hydrogen ion in sulfuric
acid and for reduction of metal cations in solutions of
various metals salts [16].

The dependence of currents on the applied potential
without supporting electrolyte has been analyzed theoreti-
cally by Oldham [14] and by Palys et al. [17]. Steady state
voltammograms have been constructed, and wave parame-






