
Referee report on the doctoral thesis “Experimental control of Ce
3+

 concentration in ceria 

based model catalysts” by Mgr. Vitalii Stetsovych. 

 

The submitted doctoral thesis reports on the methods of the experimental control over Ce
3+

 

concentration in ceria based catalysts. The author defines three methods for the alteration of 

cerium oxide stoichiometry, in particular, by means of i) interfacial reaction between metallic Ce 

and CeO2(111) films, ii) doping by second metal, and iii) metal-oxide interaction. Among the 

most important findings, the author demonstrated the growth of well-defined structures of cerium 

oxide with different stoichiometry. Additionally, the author demonstrated the growth of cerium 

oxide with (100) surface orientation upon doping with tungsten ions. The practical importance of 

these findings is an easy identification of the corresponding structures by low energy electron 

diffraction (LEED). 

 

The thesis starts with detailed overview of the use of cerium oxide in catalysis including fuel cell 

applications. This is followed by very good argumentation for the use of model systems in 

investigation of structure-reactivity relationship in heterogeneous catalysis.  

The results are organized into four sections preceded with a description of the experimental 

techniques, the experimental setup, and the details of samples preparation. 

In the Section 3.1, the author describes preparation of ordered reduced cerium oxide films by 

means of Ce deposition on CeO2(111) films. In the Section 3.2, preparation of inverse model 

systems is discussed. The findings described in this Section provided a basis for more detailed 

investigation of the influence of the metallic substrate on the structure of cerium oxide films via 

doping discussed in Section 3.3 and via the charge transfer from the substrate to supported 

cerium oxide discussed in Section 3.4. Finally, the results are summarized providing important 

information on the experimental control over the concentration of Ce
3+

 and the number of 

oxygen vacancies in cerium based model catalysts. 

 

The author has demonstrated ability to conduct a high quality experimental work and report his 

results in clear communication. The part of the reported results has been published in recognized 

journals.  

Thereby, I recommend Mgr. Vitalii Stetsovych to be awarded the title PhD.  

 

To the content of the Thesis I have following questions sorted in the order of their importance 

below. 

 

More important: 

1) Section 3.1. It would be informative to show a diagram of the observed surface structures, 

√7 × √7 𝑅19.1°, 3×3, and 4×4, as a function of the deposited amount of metallic Ce. 

2) Section 3.1, Figure 15c. The 3×3 structure is shown to contain three oxygen vacancies that do 

not form a symmetrical pattern like in the case of the structures in Figures 3b and 3d. Is it 

possible that 3×3 structure contains rather four oxygen vacancies that can be distributed 

symmetrically within the cell? In this respect, the occurrence of 3×3 and 4×4 at the same 

time on one film (Figure 16c) rather points to similar stoichiometries of two structures. 

Specifically, the stoichiometry of 3×3 phase with four oxygen vacancies is CeO1.56 which is 

close to the stoichiometry of 4×4 phase, i.e. CeO1.5. The author should demonstrate the fitted 



Ce3d spectra from which the stoichiometry of 3×3 structure was calculated and estimate the 

fitting error of the corresponding fitting procedure. 

3) Section 3.1, Figure 16c. What could be the reason for coexistence of two different structures, 

3×3 and 4×4, in one film? 

4) Section 3.2, page 38. The author obtained atomically resolved STM images of √7 ×

√7 𝑅19.1° and 3×3 structures (Figure 21) and suggested the possibility of more precise 

determination of oxygen vacancies in these structures. The author should comment on the 

extent to which these results corroborate earlier suggested schematic representations of the 

corresponding structures in Figure 15. 

5) Section 3.4. Is it possible that “diluted phase” of cerium oxide is a mixed oxide Ce-Cu-O? 

6) Section 3.4. What is the contribution of the charge transfer due to the difference in the work 

functions of Cu(111) and CeO2. And why the charge transfer from Cu is suppressed after the 

oxidation at 750 K? 

 

Less important notes and corrections: 

1) Page 8-9. Short sections 1.5 and 1.6 appear redundant. They overlap with Section 1.3 

with respect to the redox-properties of CeO2.  

2) Page 13. „... tunneling from the unoccupied, or tunneling into the occupied states ...“ 

should be „... tunneling from the occupied, or tunneling into the unoccupied states ...“ 

3) Page 14. “adsorbing electromagnetic radiation ..” should be “absorbing electromagnetic 

radiation…”  

4) Page 14. High information depth of XPS is mentioned. But it is wrong to identify the 

method as bulk sensitive technique. Information depth depends on the kinetic energy of 

the measured photoelectrons and on the emission angle of photoelectrons. 

5) Page 16. “intensity of electrons” should be “current of electrons” 

6) Page 19. Chapter 2.5 “Data processing” could be combined with description of 

experimental methods in Sections 2.1-2.3. 

7) Page 21. Error in the description of the used samples. W(100) is mentioned once instead 

of W(110) used in the current work. 

8) Page 28. The results obtained on cerium oxide films grown on Rh(111) are shown in 

Figure 14. The substrate is not described in the experimental section. 

9) Pages 45 and 47. Wrong reference to Figure 23c. The correct reference should be to 

Figure 36. 

10) Pages 48. Wrong reference to Figure 23a. The correct reference should be to Figure 26a. 

11) Page 54. Blue component in Figure 33c (left) labeled as a contribution from Ce
4+

 is not 

assigned correctly. 

12) Page 55. Wrong reference to Figure 32a. The correct reference should be to Figure 33a. 

13) Page 56. Figure 37 is discussed before Figures 35 and 36. 

14) Page 57. It is not clear what the author meant by “diluted CeOx phase that contains less 

Ce”. Does it mean that this phase contains excessive oxygen? 

15) Page 58. Wrong reference to Figure 33. The correct reference should be to Figure 26b. 

 

Erlangen, 17.08. 2015     

 

       Mgr. Yaroslava Lykhach, PhD. 


