Electrode Work Function and Absolute Potential
Scalein Solid State Electrochemistry
D. Tsiplakides and C.G. Vayenas
University of Patras
Department of Chemicd Engneaing, Patras, GR-26500 Greece

The concept of “absolute” dectrode potentialsis
discussed. The so-cdled “absolute” dedrode potential is
defined as the dedrode potential not referred to another
eledrode system but to a given reference dedronic
energy taken as zero (1). A thermodynamicdly legiti-
mate choice of the ze&o energy level commonly used in
aqueous eledrochemistry isthe she scde where one
chooses as the reference state of eledrons (and assigns the
zero valueto it) the state of an eledron at the Fermi level
of ametal eledrode in equilibrium with an agueous
solution of pH=0 and p,,=1 atm at 25°C. But in redity

one would like to choose the zero level for the dedronic
energy in such away that the energy scae of
eledrochemicd systems can be diredly compared with
that of solid/gas or solid/vacuum interfaces.

A two Kelvin probe arangement was used to
measure for the first time in situ the work functions, @, of
the gas exposed surfaces of porous Pt, Auand Ag
working and reference dedrodes, exposed to O,-He, H,-
Heand O,-H, mixtures, and depaosited on 8%Y ,05-
stabili zed-ZrO, (Y SZ) in athree-eledrode solid
eledrolyte cdl.

It was found (2, 3) that at temperatures above
600K the potential difference, Uyr, between the working
(W) and reference (R) eledrode refleds the differencein
the adual, spill over and adsorption-modified, work
functions, @y, and @y of the two eledrodes (Figure 1):

elyr = Ow-Dr [1]

This equation, typicdly valid over 0.8 -1V wide
Uwr ranges, was found to hold for any combination of the
Pt, Au and Ag eledrodes. It is consistent with the
previously reported equation (4, 5):

eAUWR = A(DW [2]

aso confirmed here. Thisisdueto the aesation viaion
pillover of an eff ective dectrochemica double layer onthe
gas exposed dedrode surfacesin solid eectrolyte céls, which
issmilar to the double layer of emersed e ectrodesin aqueous
eectrochemistry (3, 5, 6).

Equation [1] all ows the definition of a natural
absolute dedrode potential Uo,(abs) in solid state

eledrochemistry from:
Uo,(abs) = @/e [3]

where @ isthe work function of the gas exposed eledrode
surfaceof the metal (any metal) eledrodein contad with
the Y SZ solid eledrolyte. It expresses the energy of
“solvation” of an eledron from vacuum to the Fermi level
of the solid eledrolyte. The value U%,(abs)=5.14(+0.05)
V was determined as the standard Uo,(abs) value for Y SZ

at po,=Lbar and T=673K.
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Figure 1. Dependence of @y py-Prag ON potential Uwr
for the system Pt(W)-Ag(R). Open symbals: Open-circuit
operation. Filled symbals. Closed circuit operation T=
673K.
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