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x is the number of oxygen vacancies in the supercell, Elatt(x) is the lattice energy at the 
defect concentration x, and E(VO

2•) and E(YZr') are the energies for creating one isolated 
respective defect in perfect ZrO2, taken from [3]. The resulting energy difference, taken 
as Eassoc, is plotted as a function of the yttrium content in Fig. 1. 
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Fig. 1: Calculated association energy Eassoc (left) and experimental activation enthal-
pies ΔH (right; circles: conductivity, ΔHσT; squares: self-diffusion, ΔHO; [4]) in YSZ. 

In this plot, also experimental results on tracer diffusion and low-temperature conduc-
tivity are included [4]. The shape of the concentration-dependency of the association en-
ergy Eassoc and ΔHσT are very similar: Both are increasing with increasing yttria content. 
Even more, the absolute values of the increase are comparable; they are about 0.6 eV 
(calculated) or 0.4 eV (experimental). Subtracting the calculated Eassoc from ΔHσT leads to 
a constant enthalpy of 0.8 eV. Other investigations on the oxygen transport in YSZ gave 
values between 0.3 and 0.7 eV for the pure transport [5]. Our value is slightly higher, 
confirming that the migration is most relevant for oxygen transport. Association enthal-
pies are increasing with yttria content, since non-associated oxygen vacancies, which are 
close to Zr4+, do not find appropriate surroundings and have to react with Y3+. 

4. Conclusion 
It is possible to calculate the vacancy association enthalpy in highly defective solids 

using perfect lattice methods. For YSZ, association enthalpies up to 0.6 eV were recei-
ved, leading to an enthalpy of about 0.8 eV for the migration of an oxygen vacancy. 
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