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Ceria (CeO2) is a technologically interesting material and is found in numerous applications
[1]. In many of these, the high interest originates from ceria's remarkable redox properties
which result in a rich and variable oxygen chemistry. There is an ongoing discussions in the
literature concerning the tendency for oxygen vacancies to form stable clusters at the
ceria(111) surface and whether high-resolution STM images of this surface published in the
literature [e.g. in Ref 2] actually show clustering of oxygen vacancies, as was claimed. Thus,
in  a  PRB  publication  in  2014  [3],  we  challenged  this  assignment  and,  based  on  static  DFT
calculations, we showed that oxygen vacancies do not cluster, and that other defects known to
be abundant at the ceria surface, such as F‒ and surface hydroxide groups (OH‒), produce very
similar STM signatures to oxygen vacancies. In a new study [4], we have introduced
temperature and entropy effects in our exploration of the clustering tendency of F‒ and OH‒

defects. Here, using Monte-Carlo simulations and pair potentials derived from DFT, we
discuss  the  role  of  entropy  on  the  shape  and  size  of  defect  clusters,  and  find  that  (i) it is
necessary to take entropy effects into account for this systems, and (ii) by doing this, good
agreement  with  the  experimental  STM  images  is  achieved  ‒ but  only  when  the  defects  are
assumed to be Fluorine.

Figure 1. Three snapshots taken from the MC simulations of ceria slabs at different temperatures, 300 K, 600 K
and 900 K. Top-views of the CeO2(111) surface are shown. Flourine impurities (F‒ ions; filled black circles)
replace some of the oxygen ions (filled white circles).
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