
Reviewer report on the doctoral thesis „Formation, Functionalization, and Characterization of 2D 

Materials on Crystalline Supports“ by Jesús Redondo 

 

Since the experimental isolation of graphene in 2004, two-dimensional (2D) materials represent a 

strongly growing field of research in physics, chemistry and materials science. For many applications, 

the 2D materials must be anchored on suitable supports, thus, development of experimental 

methods for synthesis and characterization of supported 2D materials represents one of the central 

efforts in the field. 

In the presented Thesis, upon a short introduction of surface science experimental methods (Section 

1) Mr. Jesús Redondo is investigating the power of these methods in synthesis and characterization 

of traditional – graphene on SiC(0001) (Section 2) – and newly proposed - FeO2 on Fe2O3(0001) 

(Section 3) – 2D systems supported on single crystalline substrates. Mr. Redondo is developing and 

describing procedures yielding millimeter-sized single-phase samples of graphene and FeO2 on the 

respective substrates (Sections 2.1 – 2.3, 3.2.1-3.2.5). Having mastered the preparation of single-

phase samples, Mr. Redondo is further presenting results for a large spectrum of subsequent 

experiments in molecular electronics and catalysis on the single-phase samples.  

For single-phase graphene on SiC, possibilities to introduce B and N doping are illustrated (Section 

2.4.1). For B and N dopants, electronic charge localized on the dopants was determined (Section 

2.4.2) and interaction of Co-phtalocyanine molecules (CoPc) with B and N dopants was studied with  

CO functionalized tips in noncontact AFM (Sections 2.4.3, 2.4.4). 

2D material FeO2 was proposed as a model explaining the properties of an H-surface phase of 

Fe2O3(0001) based on a thorough investigation by STM, LEED and DFT (Sections 3.3, 3.4) 

accompanied by experiments revisiting in a considerable detail the phase diagram of Fe2O3(0001) 

surface under oxidizing and reducing conditions (Sections 3.2.5 – 3.2.7). 

The Thesis is written in sound English and in a concise and informative style. Given the broad 

spectrum of described experiments and accompanying discussion topics, the text is locally somewhat 

condensed, but, overall, clear.   

The topics addressed in the thesis of Mr. Redondo are highly actual, the methods and approaches 

innovative. All of the presented findings can be regarded as new and original – this is reflected by a 

number of publications where the results presented in the Thesis appear. Mr. Redondo is the first 

author of publications devoted to preparation and characterization single-phase graphene on 

SiC(0001) and 2D FeO2 on Fe2O3(0001), respectively, and coauthor of further publications devoted 

to subsequent experiments on these systems. Publication on the interaction of CoPc with N dopants 

in graphene describing the spin polarization of CoPc on N dopants has appeared in a high impact 

journal Nature Communications. Results obtained by Mr. Redondo clearly advance the methodology 

and knowledge base in the research field of 2D materials and, as indicated in the conclusions of the 

Thesis, may contribute to the applications of 2D materials, too, e.g. when exfoliation of the studied 

systems proves possible. 

Mr. Redondo is presenting a carefully bulit-up study well documenting his capability of independent, 

creative and productive scientific work. Therefore I recommend that Mr. Jesús Redondo be awarded 

the title Ph.D. 

 



I would like to ask the author several questions regarding the implications of the presented research. 

1) On page 54, you mention the possibility to prepare quasi-freestanding graphene in your apparatus 

in the atmospheric pressure of hydrogen. Did you perform these experiments, and eventually, what 

were the results? 

2) On page 73, you report the impossibility to obtain the O-termination on synthetically prepared 

Fe2O3, in contrast to natural Fe2O3, and ascribe this phenomenon to the absence of contaminants in 

the synthetic Fe2O3. What was the morphology of the synthetic Fe2O3 samples prepared by PVD? 

Pronounced morphology changes compared to natural samples may induce the described effect, too.   

3) On page 85, you mention the LEIS measurements to detect excess O atoms on the H-terminated 

Fe2O3 surface. Can you exclude Fe atom shadowing in the experiment? Can you exclude the 

presence of surface OH?  

4) On page 85, you introduce a model of H-terminated Fe2O3 surface based on a proposed 2D 

structure of FeO2. For such structure, formally, Fe4+ charge state is expected. In reality, rather, Fe3+ 

accompanied with corresponding charge redistribution, will be observed. What are the DFT 

predictions, and eventually, experimental evidence, for the charge redistribution?  

Minor questions are addressing the clarity of the presentation. 

5) On page 36, you determine the local thickness of graphene based on LEEM electron reflectivity 

curves. Can you briefly introduce this technique? 

6) On page 59, you discuss the phase transitions of the Fe2O3 surface in terms of oxygen chemical 

potential. How does the chemical potential translate to practical information on temperature and 

pressure?  
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