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To whom it may concern, 

hereby I review the thesis entitled "Formation, Functionalization and Characterization of 2D 
Materials on Crystalline Support", written by Jesús Redondo (the applicant). I would like to offer 
my comments and questions for consideration by the committee and the applicant. 

The thesis shows an incredible amount of experimental results around two very complex topics. 
The first one is the graphene synthesis on SiC, for further functionalization with N and B atoms 
and a subsequent adsorption of organic molecules with a metallic center. The second part of the 
thesis is the analysis of different surfaces of iron oxide and the formation of the new generation 
of two-dimensional (2D) materials based on such compounds. Both systems can be considered 
as hot topic and the great experimental effort shown in the manuscript will help to future 
researchers in the development of new improvements in the 2D community. I perfectly know 
the group where Jesús Redondo has been working in the past years and the excellence of all the 
previous projects and publications. The high quality of their articles is related to the very 
impressive results as well as the rigor and good practice in the developing of their jobs. The 
manuscript reflects this characteristic effort and precision in the presentation of the findings. 
The results presented on chapters 2 and 3 bring some important contribution to the field. 

Moving into each particular chapter of the thesis, I would like to start mentioning that the 
introduction is a brief resume of the different families of 2D-materials. This initial point of the 
thesis motivates adequately the study of the synthesis of graphene on SiC and the new 
generation of 2D-iron oxides. The first chapter is devoted to give a very good explanation of all 
the experimental techniques used along the thesis: the Scanning Tunneling Microscopy (STM), 
Atomic Force Microscopy (AFM), Low-Energy Electron Diffraction (LEED) and Microscopy 
(LEEM), X-Ray Photoelectron Spectroscopy (XPS), X-Ray Absorption Spectroscopy (XAS), Pulsed 
Laser Deposition (PLD) and Raman Spectroscopy. Most of them under the requirement of the 
Ultra-High Vacuum (UHV). As I am a theoretician, this chapter was very useful. Thanks to it, I 
could refresh the concepts of these experimental techniques. The chapter was well written and 
very easy to follow. It is crucial for the understanding of all the results shown in the following 
part of the thesis. The large number of references would help to the reader if there is any 
interest in going deep in the methodologies. I really acknowledge the effort of the candidate 
writing this part. The great number of techniques reflects an important collaborative work. This 
is essential for having a bright future in Science.  All the techniques learnt and especially the 
experience at a synchrotron abroad definitely improve the career prospects of the applicant.   

Regarding the results, I would like to stress several important points. The author has performed 
a detailed explanation point-by-point of the formation of graphene on SiC, the following 



functionalization with N/B atoms and finally de adsorption of FePc on this system. The candidate 
has presented and correctly solved all the problems created during the buffer layer and 
subsequent graphene generation. I appreciate the analysis of the SiC durability in the procedure. 
It will be useful and very interesting for future researchers. In a similar way, I consider very 
interesting the part of the job devoted to the analysis of the iron oxides and the formation of 
2D-structures. The effort trying to obtain the same atomic arrangement in the surface should 
be highlighted. The combination of several experimental techniques to study the transition 
between the alternative structures (namely R, H and O) is really impressive. I must congratulate 
to Jesus and the whole team for the effort, perfectly summarized in the figure 3.13. After that, 
the catalytic analysis of the surface in presence of CO2 and CO+O2 molecules can have a really 
high impact in the community. The last study combined with theoretical calculations of the FeO2-
2D has a paramount importance. Finally, the supplementary information helps in the 
clarification of some details, supporting the main text.   

To conclude, as specifically requested, in light of all the arguments mentioned above, I'd like to 
explicitly state that the thesis is evidencing the ability of the candidate Jesés Redondo to 
perform creative work on his own, obtaining the PhD degree. 

 

I have some questions that I 'd like the applicant to address during his upcoming public defense 
talk:  

Q1) The first question is related to the molecular adsorption on functionalized graphene. It is 
strange for me that the molecules can adsorb over the whole graphene layer in the clean case 
as well as in the B-case, but they adsorb only on clusters on the N-graphene. It is said that there 
is no important change in the work function. Why don’t the molecules adsorb on the C-areas on 
the N-graphene? Is there any reason? Any idea about that?  

Q2) The second question should show the ability of the candidate to follow his own project. 
There are several open questions in this work: for example, the H-etching and the use of 
adhesive tape to remove the contaminants on the graphene/SiC system or a deeper study of the 
B-doped graphene with the FeCu adsorbed. Furthermore, some more work should be done in 
the study of the FeO2 layer. Does the candidate think that this can be the origin of a future fast 
work, project or a continuation thesis?   

Q3) Finally, during the PhD, the candidate had an intense collaboration with theoretical groups. 
It is important for a theoretician to understand the experimental job. In a similar way, for an 
experimentalist it is good to understand the theoretical concepts. Moreover, the last subsection 
shows an interesting work based on theoretical calculations. I would like to know if the 
candidate has assimilated the theoretical concepts associated with these simulations. Can the 
candidate say some words about the theoretical calculations involved in the thesis: DFT, STM 
simulations…?  
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