
To whom it may concern, 

 

I accept the honor to critically review the thesis "Influence of Si surface passivation on growth 

and ordering of nanostructures" written by Mgr. Peter Matvija, the PhD. applicant. Therefore 

I would like to offer my comments and questions for consideration by the committee and the 

applicant. 

 

The thesis gives a generally good impression and all the parts fit well within the scope of the title. 

The topic is at the peak of interest, the choices of the measurement and analysis methods are 

appropriate. Every major part of the thesis brings some important contribution to the field. 

 

The introduction and the methods sections are well-written and concise, the language is simple 

and clear. The experimental techniques are explained to sufficient extent. The references are 

abundant and leave no doubt about the efforts made to find the relevant sources of information. 

The applicant decided to present his results in form of scientific papers, inserted into the thesis 

along with brief comments. Since most of the papers are already published in journals with peer 

review, it ensures certain level of quality and professional editing. It also demonstrates the ability 

of the applicant to work in a large team of both young and seasoned researchers.  

 

The results reveal some highly interesting properties of passivated silicon surfaces, that can have 

direct consequences for the applications in spintronics based technology. Exactly such kind of 

precise understanding is the advantage that research can offer to technology. In particular, it is 

the influence of growth conditions on the morphology of Tl/Si thin films and controlling the level of 

Tl desorption and a further functionalization with several metals at the sub-nanometer scale. In 

addition, the studies of molecular adsorbates on the passivated surface at room-temperature are 

an excellent examples of using the less reactive functionalized surface for real space observation 

of molecular dynamic process by using STM. The thesis supplies sufficient evidence that the 

applicant is able to come up with new ideas and conduct an independent scientific research of 

high value. In conclusion I would like to recommend the thesis as Ph.D. after successful 

defence. 

 

As I was explicitly asked to, I provide some critical remarks. Since the scientific approach and 

logic seems valid in most cases, the criticism is rather about technicalities and the questions are 

mostly driven by interest. In particular, the composition of the thesis is inhomogeneous and the 

two columns format makes it difficult to follow the discussion. Second, the fault of mismatch 

between paper and chapter number blurs the global coherence. Third, there are several minor 

issues with the content; a question is added whenever I felt it deserves an explanation. 

 

 

1) Formatting 

 

Including the article printouts are very dense, and therefore difficult to read. Moreover, the use of 

different formats regarding the editorial requirement blurs the uniformity of the manuscript and, in 

some parts, a lack of more information for the reader is evident.   



 

 

2) DOI: 10.1021/acs.jpcc.6b00486 

 

This article is both theoretical and experimental characterization of the deposition of 

acetophenone molecules on a Si(111)-7x7 surface at different temperatures. The authors claim 

to discriminate between two stable configurations at elevated temperature with the help of first 

principle calculations and dI/dV STM measurements. The complexity of the structures finally 

resolved makes it difficult to follow the discussion. This is not an error, nevertheless the use of 

more clear models can helps the reader. 

 

Q1: I found no values for the measured heights in the STM profiles. Can you comment on that or 

include it?. 

 

Q2: Acetophenone molecules sublimates in ultra-high vacuum conditions at room-temperature. 

Its gas-like behavior provides the possibility to characterize the purity by means of a tipycal 

quadrupole mass analyzer. This would help to understand the origin of the less stable objects in 

STM images. Did you try this characterization?. If not, how can you know the molecule is still 

intact when leaving the crucible?. Can be the objects related with molecular fractions?. 

 

Q3: Clearly this is quite mysterious. Regarding the figures S2 and S3 of the supplemental 

material. It seems that after annealing at 150C more objects are resolved in the image S3 than at 

room-temperature (image S2). Both images correspond with the same exposure?, if yes, why 

more bright objects appears?. It is expected a reduction of the molecular coverage with the 

increased temperature due to the thermal desorption. 

 

3) Chapter 4. 

In this chapter, the applicant introduces the phenomena of the surface diffusion. Using the 

example of the Si(111)-7x7, where an in-equivalence of atoms in the unit cell is clear, confuse the 

posterior calculation in the showed study. A more atomistic explanation of the phenomena will be 

appreciated.    

 

4) doi:10.1016/j.susc.2011.12.016 

The main result of this study is the characterization of the dynamic process in the (1x1) to 

(root3xroot3) phase transition for the Tl/Si system. Moreover, it leads an equal bonding of the Tl 

atoms for both reconstructions. The study is written clearly and brings a sound message. However 

a lack of theoretical support mask the relevance of the result, although the calculated quantities 

fit well the experiments. 

 

Q4: The Tl-Si bonding is defined as a ionic bond with a charge transfer from the Tl atoms to the 

Si dangling bonds. Once the Tl atom desorbs or diffuses what it happen with the transferred 

charge?. The study shows that after Tl desorption, the Si dangling bonds are passivated with Si 

atoms. Before desorption the Tl atom recover its neutral charge condition?. 

 



Q5: Regarding the inset in the figure 2a I cannot understand which sort of defect is showed. If I 

assume that only the bright center of every circle is an atomic defect, vacant, I calculated an initial 

coverage of 0.99 instead of the used 0.97. Focus on the fit plotted in figure 3, it is obvious than 

even a coverage of 1 reproduce the fit. Is then the calculated 0.97 coverage an approximation 

using several atomic resolution images?.  

 

 

5) doi:10.1016/j.apsusc.2015.01.067 

 

The 2D and metallic character of the Tl-Si(1x1) surface provides an exceptional test bed for further 

functionalization by single atom implantation. Following the previous work, the authors use the Tl-

Si(1x1) to investigate the adsorption of Mn, In and Sn on this substrate. The systematic growth 

process and the direct comparison of STM images allow to characterize the topology and 

stoichiometries of the low dimensional systems. While Mn and In adsorb onto the Tl-Si(1x1) top-

most layer with different coupling, Sn incorporates to Tl layer. The reduction of the surface 

diffusion of adsorbates in Tl-Si(1x1) is corroborated in the three cases mentioned above. This 

study demonstrate the low reactive nature of the surface.  

 

Q6: In general, when using the nucleation theory the calculation of the critical size of the nucleous 

is crucial although, in the presented study a simple estimation has matched the experimental 

observation. However, obtaining the critical size is an easy and enjoyable experiment from the 

educational point of view. Did the applicant measure the critical size?. If it is not the case I would 

like to show some comments on the reproducibility of the coverage. 

  

Q7: When In is deposited on the surface a moiré pattern low corrugated appears into the formed 

islands. This patter is representative of a very low electronic coupling. Did the applicant measure 

dI/dV spectra on top of these islands?. Did he obtain images at more bias voltages?. 

 

Q8: Inside the In island, two Tl small island growth. Regarding the model, this Tl island are on top 

of the Si layer but, when changing the bias voltage a clear contrast inversion is observed in these 

islands while the contrast in the surrounding Tl layer remains the same. It is possible these Tl 

islands are relocated on top of In?. How can the applicant explain the contrast inversion?. 

 

Q9: When Sn is deposited, a mixture of Tl and Sn atoms are observed in certain regions. 

However, the initial Tl coverage was almost 1. The addition of Sn atoms to the Tl layer must then 

desorb some Tl atoms. How can explain the incorporation of Sn atoms into a saturated Tl layer?. 

 

 

6) DOI: 10.1021/acs.jpclett.7b01965 

 

This molecular scale study show the capability of STM to observe molecular dynamic at room-

temperature in the real space. Especially remarkable is the high quality of the showed data and 

their excellent match with the proposed model. I consider this a very challenging experiment that, 

by means a simple model, allow to measure qualitatively weak intermolecular interactions. The 



paper is a substantial piece of work, demonstrating the great potential of the method in surface 

chemistry. 

 

 

Q10: In the rotating molecule, it is supposed the molecule adsorbs through interacting the Fe 

atom. However, in others cases, clearly the molecule adsorbs through a peripheral F atom. Can 

the applicant explain the very different adsorption of the molecule in these two cases and the 

suggested nature of the defect?. 

 

Q11: Why there are no molecules adsorbed at the step-edges?.  

 

 

7) DOI: 10.1038/s41598-017-07277-7 

 

In this study, the electric field generated at the bottom of a metallic tip is used to stimulate a phase 

transition in a 2D molecular assembly. The careful control of the tip voltage shape permits to 

change the molecular conformation in few nanometers area. The experimental study is completed 

with first principles theoretical calculations. The controlled manipulation is a result of the interplay 

between the tip electric field and the molecular dipole. Additionally, kinetic Monte Carlo 

calculations confirms the phase transition mediated completely by the tip interaction. 

 

 

Q12: In the paper it is mentioned that different tip stimulate phase transition at different voltages. 

I wonder if it is related with a different work function or different apex radius. Can the applicant 

comment this more in detail and also the influence of the tip in the affected molecular area?. 

 

Q13: In images with molecular defects, like vacancies, after the phase transition the defects 

appears at the same site?. 
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