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In the field of electrochemistry, X-Ray Absorption
Spectroscopy (XAS) has been used extensively in the
study of electrode materials and their surfdces.
However, in many electrochemical systems, the m®ce
of electron transfer at an electrode is simplydteat of a
complex sequence of chemical processes that occur i
solution. Many of these involve transient intermages.

XAS would be a valuable tool for elucidating theusture

of electrogenerated intermediates since it yields
information such as interatomic distances, oxidasitates
and co-ordination numbers. However, its applicatio
electrochemical processes has been very limitedate
due to challenges which must be overcome in order t
study such systems. The concentration of interatesliis
only significant in the immediate vicinity of thairface
and hence, high spatial resolution is requiredaddition,
temporal resolution defined both by the reactiae &nd

by diffusion into bulk solution.

The study of transient species resulting from redox
reactions at electrodes necessitates use of asiedusray
beam and fast measurements. These requirementsare
by the use of energy dispersive XAS in which syotion
radiation is focussed via a bent dispersive mormuolator
crystal onto the sample (i.e. solution above theking
electrode.) The intensity of the radiation is mzad by a
position sensitive detector whereby a complete rgiiem
spectrum is measured simultaneously. The developme
of parallel detection methods (XSTRIP detector, CER
now make it possible to monitor reactions with mei
resolution > 1Qs. By designing an electrochemical cell
suited to the geometrical demands of a transmission
experiment (Figure 1), it has been possible to eothese
techniques for the first time.

We describe two studies utilising XAS in time-resu
processes.

Known quantities of Cu were electroplated onto a Pt
electrode and then desorbed into solution by apgly
step change of potential. Diffusion of Cuons away
from the electrode has been measured as a funofion
time and distance from the electrode surface;¢halts of
which have been modelled by Fick’s Second Law (Fgu
2). Whilst the diffusion constants of simple ioirs
aqueous solution are already well known, the tepmi
could already find use in the study of redox preessand
charge transport of ions in complex membranes susch
those found in batteries or fuel cells.

Traditionally, electrochemical methods are applied
probe the rate and mechanism of reactions in swoluti
Cyclic voltammetry (CV) is one of the most popular
techniques for studying electrochemical behavand in

particular, provides kinetic and oxidation state
information, but structural changes associated with
changes in oxidation state cannot be determined.

Simultaneous XAS and CV data will be presented that
show how time-resolved XAS offers the potential for
direct structural interpretation of complex electremical
behaviour.
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Figure 1: Schematic of the XAS cell
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Figure 2: A plot of the edge step as a functiotim& and
distance of the x-ray beam above the electrodeaseuf
(Points = data, line = model.)
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