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Topicality of doctoral thesis: 

The topic of the thesis is well chosen: hematite is a model oxide and an important phase for solar 
water splitting, environmental remediation, Fischer–Tropsch and water–gas-shift catalysis etc. 
Learning more about the α-Fe2O3(0001) surface under reducing/oxidizing conditions is highly 
relevant to both its fundamental surface chemistry and its catalytic applications. 
 
This thesis investigates two aspects of the α-Fe2O3(0001) surface: 
(1) The effect of reduction and oxidation on the subsurface region, demonstrating that surface 
reduction reaches deep and modifies the near-surface bulk crystal structure into an Fe3O4(111)-
like layer with a sharp interface to the bulk. 
(2) The real-time oxidation kinetics of the magnetite-to-hematite (R→H) recovery by investigating 
the reduced α-Fe2O3(0001) surface (i.e., the Fe3O4(111)-like layer obtained in (1)) under well-
defined UHV conditions at constant temperature, O partial pressure, and O chemical potential. 
 
Meeting the goals set: 

The objectives are (1) structural and near-surface-bulk characterization as the foundation for the 
central contribution (2) a time-resolved kinetic study. Both are met. 
 
Moreover, a protocol for protecting UHV-prepared samples and lamella milling is delivered in 
order to pursue objective (1), resulting in the high-quality direct side-view evidence of a sharp 
Fe3O4(111)/α-Fe2O3(0001) interface while excluding γ-Fe2O3 by fine-edge EELS. Mn-driven ferrite 
inclusions in natural crystals and a strategy to circumvent them are documented; these are 
essential for the kinetics study of objective (2). 

 
Problem solving and dissertation results: 

The work shows experimental problem-solving in several situations: 
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(1) The progression of capping strategies (carbon → Ag + carbon → Ag + Pt) to protect the 
sample surface (prepared in UHV) during the transfer through air to the TEM, after diagnosing 
carbon diffusion into the near-surface region as a source of unwanted contamination. 

(2) The well-known Mn-segregation in natural hematite crystals motivates the switch to an 
impurity-free synthetic film grown by PLD for the oxidation kinetics study. 
 
The main result is the oxidation kinetics study of the Fe3O4(111)-like layer obtained after reducing 
the sample back to pure α-Fe2O3(0001). Running three series at constant pO2, constant T, and 
constant μO, respectively, and using the constant-μO series as a control that fixes the 
thermodynamic driving force while isolating the intrinsic temperature dependence is elegant. It 
convincingly explains the counter-intuitive finding that growth time increases as temperature rises 
at constant pressure due to insufficient O supply and decreasing μO. The conclusion that 
nucleation and lateral growth respond differently, and that growth is oxygen-supply-limited below 
~2×10-6 mbar, is well supported; the R→H oxidation kinetics cannot be understood from 
temperature or oxygen pressure alone but require the combined temperature/pressure/chemical-
potential framework. 
A minor flaw is statistical weight: each series rests on five points with no repeated runs, and the 
quoted uncertainties capture only single-curve fit scatter, not run-to-run reproducibility. The trends 
are very clear, though, so this does not undermine the conclusions. 

 
Importance for practice or development of the discipline: 

The work demonstrates interdisciplinary impact by combining classical UHV-based surface 
science techniques (XPS, LEEM, LEED) with bulk-sensitive methods (HRTEM, EELS etc.) to 
monitor the sample’s cross section with atomic resolution. By bridging these disciplines, it was 
possible to trace oxidation/reduction of the hematite surface and its progress deeper into the bulk. 
 
Formal adjustment of the thesis and language level: 

The English is clear, fluent, and of publishable standard. The structure is logical, figures are well 
integrated and clearly captioned, and external figures carry proper license and permission 
attributions. The bibliography is comprehensive. The formal presentation is of a high standard 
and supports the content well. 
 
Questions and comments: 

1. Practical recipe guidance for a reliable preparation of well-defined H-phase surfaces. Given 
the results, what concrete temperature/pressure recommendation would you give an 
experimenter who wants the fastest full oxidation? 

2. Maghemite intermediate: The thesis notes that maghemite (γ-Fe2O3) cannot be distinguished 
from magnetite (111) by LEED alone (both show a (2×2) pattern). After complete oxidation of 
the magnetite layer to hematite monitored by LEEM, the presence of the Fe3+ satellite in XPS 
cannot exclude maghemite but the lamella shows no such inclusions. During the real-time 
LEEM oxidation, can a transient maghemite-like stage be excluded? Would it be possible to 
discern it from magnetite in bright field LEEM or PEEM (assuming sufficiently large areas)? 

3. Could you comment on surface polarity, its origin and consequences according to Tasker’s 
classification? Based on that, is it possible to obtain a stoichiometric, stable α-Fe2O3(0001) 
surface and how would it be terminated? 

4. Comment: The oxidation series (const. pO2, const. T, and const. μO) share two data points 
(constant T and pO2: 670°C,1.8E-6 mbar; constant μO and pO2: 680°C, 1.8E-6 mbar). The 
values in the tables are identical suggesting that the data points were just measured once. 
Measuring them separately for each series would have been a nice proof of reproducibility. 

5. HRTEM alone cannot distinguish magnetite from maghemite (R-phase sample). 
Why not, and why can EELS tell them apart? 

6. Follow up question: Why does the EEL spectrum of the Fe-L edge consist of two edges, “L2” 
and “L3”? 
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Conclusion: 

This is a competent, coherent, and original doctoral thesis. The candidate demonstrates the 
combination of various UHV-based methods, has contributed to a peer-reviewed publication (a 
second is submitted), and delivers a genuine conceptual advance in real-time R→H oxidation 
kinetics of α-Fe2O3(0001).  

In Summary, the work presented in the thesis of Nishant Kumar is of high relevance for the 
field, the experimental results are of high quality, and the candidate's work advances our 
understanding of polar hematite surfaces and the deep impact of oxidizing/reducing conditions 
and their kinetics. 

In my opinion, the reviewed thesis fulfills all requirements posed on a thesis aimed for obtaining 
the PhD degree. This thesis is ready to be defended orally, in front of a respective committee. 

 

 

In Vienna, June 3rd, 2026      
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                        Dr. rer. nat. Margareta Wagner 


