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S.I. 1. equilibrium structures

In the following section, the essential equilibrium structures used in the main manuscript are shown with the correspond-
ing fractional coordinates. For every atom, a second counterpart atom exists on the inverse position (e.g. for 0.1/0.1/0.1, a
second atom with the coordinates 0.9/0.9/0.9 exists). The supercell dimensions for most calculations were 7.66 x 7.66 x 32.62 Å.

LSC with SrO termination and no adsorbates:

1

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2023



Electronic and ionic effects of sulphur and other acidic adsorbates on the surface of an SOFC cathode material — 2/7

LSC with SrO termination and one SO2−
4 adsorbate:

LSC with SrO termination and two SO2−
4 adsorbates:
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LSC with SrO termination, one O2 adsorbate:

LSC with SrO termination, one O2 adsorbate and two SO2−
4 adsorbates:
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LSC with SrO termination and two CO2−
3 adsorbates:

LSC with SrO termination and two CrO2−
4 adsorbates:
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S.I. 2. Work function shift on PCO
In addition to LSC, the effect of sulphate adsorbates on the work function was also investigated for the structurally and
chemically different material Pr0.1Ce0.9O2−δ (PCO). The same fundamental effect was observed for LSC (a) and PCO (b),
namely an increase of the work function as a consequence of charge redistribution towards sulphate adsorbates on the surface.
However, for PCO, the magnitude of this effect is smaller than for LSC, also the amount of sulphate adsorbates is reduced. We
strongly suspect that this is due to the very basic nature of the LSC surface in comparison to the PCO surface.

S.I. 3. Structural analysis

The crystalline structure of an LSC thin film was investigated with X-ray diffraction with an Empyrean diffractometer
(Panalytical). A 120 nm LSC thin film was deposited on a YSZ single crystal with a GDC20 buffer layer by pulsed laser
deposition and the diffractogram is shown in the following figure. The diffractogram clearly shows that LSC grows well
oriented in the (001) orientation on a (001) oriented YSZ single crystal with a GDC buffer layer.
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S.I. 4. O2 dissociation

The dissociation of an O2 molecule in a surface vacancy on LSC-S0 was investigated computationally. Three positions of the
dissociated atom were examined: i) the first Sr bridge position between two surface Sr atoms, ii) the second Sr bridge position
in the second lattice direction, iii) the Sr top position on top of a neighbouring Sr atom. The dissociated oxygen atom was
constrained in x and y direction and structure relaxation was performed. The following figure shows the relaxed structures:

S.I. 5. Reaction energetics

While the convolution of effects on the oxygen exchange kinetics induced by acidic adsorbates severely complicates a
quantitative kinetic model for the oxygen exchange reaction rate, one may obtain further insight by approaching the problem
from an energetic point of view. As an example, we calculated the start and end stages of the total oxygen exchange reaction

O2(g)+2VO,bulk↔ 2Olatt (1)

as well as the energy of one reaction intermediate, LSC with an oxygen molecule adsorbed in a surface vacancy (see Fig.
??). Usually, when the oxygen exchange reaction is discussed experimentally, a rate equation is employed to correlate the
reaction rate with the concentrations of participating species [1–4]. For a mechanism in which the rate determining step of the
incorporation direction follows the here calculated reaction intermediate, this would read

~r =~k · [O2,surf]∏
i
·[i] (2)

with~k containing the kinetic barrier of the rate determining step as well as surface potential contributions and [i] denoting
additional species which might participate in the reaction step, such as oxygen vacancies or electronic charge carriers. As was
already indicated by the previous discussion, the molecular adsorbate on LSC-S0 is energetically much more favourable than on
LSC-S2. If one translates this into equilibrium conditions, the concentration of adsorbates will decrease correspondingly and
slow down the reaction rate considerably. While this discussion does not take into account the kinetic barriers of the reaction
steps (which are drawn schematically in the figure below and which are also altered substantially by SO2−

4 adsorbate formation),
the energetics of reaction intermediates before and after the rate determining step also affect the overall kinetics of the reaction
and may act as a further link between experimental studies in equilibrium conditions and computational investigations of the
oxygen exchange reaction. Regarding the here presented calculations, it is also noteworthy that, due to the small supercell and
the selective placement of oxygen vacancies, vacancy formation and adsorption energies differ from single vacancy calculations.
Hence, this examination is rather a conceptual approach than a quantitative investigation.
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The figure shows the total energy of LSC with two bulk vacancies and one O2 molecule, of LSC with one bulk vacancy and
an oxygen molecule adsorbed in a surface vacancy and of LSC with no oxygen vacancies. The structures below the energy
profile correspond to the three reaction steps. Barriers are only drawn schematically, qualitatively estimated from the previously
presented results.
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