:
S
gJl.S

)
3|
B 3
.
=
.

4

&

W’b The Netherlands

&
Pygait

A comparative study of platinum nanodeposits on HOPG
(0001), MnO(100) and MnOx/MnO(100) surfaces by STM

and AFM after heat treatment in UHV, 02 , CO and H2
Tsybukh, R.

Citation

Tsybukh, R. (2010, September 22). A comparative study of platinum
nanodeposits on HOPG (0001), MnO(100) and MnOx/MnO(100) surfaces by
STM and AFM after heat treatment in UHV, O2 , CO and H2. Retrieved from
https://hdl.handle.net/1887/15973

Version: Corrected Publisher’s Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/15973

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/15973

A comparative study of platinum nanodeposits on
HOPG (0001), MnO(100) and MnO/MnO(100)
surfaces by STM and AFM after heat treatment
i UHV, Oz, CO and He

PROEFSCHRIFT

ter verkrijging van
de graad van Doctor aan de Universiteit Leiden,
op gezag van Rector Magnificus Prof. Mr. P. F. van der Heijden,
volgens besluit van het College voor Promoties

te verdedigen op woensdag 22 september 2010

te klokke 16:15 uur

door

Roman Tsybukh

geboren te L'viv

in 1975



Promotiecommissie

Promotor: Prof. dr. B. E. Nieuwenhuys
Co-promotor:  Dr. ]. Verhoeven (FOM Institute for Atomic and Molecular Physics)

Overige leden:  Prof. dr. F. Netzer (Universitit Graz, Osterreich)
Dr. J. W. Bakker
Prof. dr. J. Brouwer
Prof. dr. M. T. M. Koper
Prof. dr. A. W. Kleyn (FOM Institute for Plasma Physics Rijnhuizen)
Prof. dr. J. W. M. Frenken

A comparative study of platinum nanodeposits on HOPG (0001), MnO(100) and
MnOvMnO(100) surtaces by STM and AFM after heat treatment in UHV, Oz, CO and
Hz/R. Tsybukh

Thesis Universiteit Leiden. - With ref. -With summary in Dutch.

2010

ISBN 978-966-345-207-4

The work described in this thesis was performed at Leiden University, P. O. Box 9502,
2300 RA Leiden and at the FOM Institute for Atomic and Molecular Physics (AMOLF),
Kruislaan 407, 1098 S] Amsterdam. The work is part of the research of the Stichting
voor Fundamenteel Onderzoek der Materie (FOM) and has been made possible by

financial support from the Nederlandse Organisatie voor Wetenschappelijk Onderzoek
(NWO).



To my parents






Contents

Chapter 1 General introduction

1.1
1.2
1.3

1.4
15

Catalysis

Why model catalysts ?

Motivation of the study

1.3.1 Platinum in catalysis

1.3.2 Manganese oxides containing catalytic systems
1.3.3 Platinum/manganese oxides catalytic systems
This thesis

References

Chapter 2 Experimental UHV set-up and techniques

2.1
2.2
23
24
25
2.6
2.7
2.8
29

2.10

Experimental UHV set-up

Scanning tunneling microscopy

Atomic force microscopy

STM/AFM imaging conditions used in the study
X-ray photoelectron spectroscopy

X-ray diffraction

Low energy electron diffraction

Rutherford backscattering spectrometry
Samples and their preparation procedures
2.9.1 Temperature treatment of the samples
2.9.2 Platinum deposition on the samples
References

18

18
20
23
25
26
28
29
30
30
30
31
32



Chapter 3 Growth modes, sintering mechanisms and shape of

3.1
3.2

3.3
3.4
3.5

equilibrium small particles

Growth modes

Small particle growth and sintering mechanisms

3.2.1 Ostwald ripening

3.2.2 Smoluchowski ripening

Morphology of small metal particles and “magic number” clusters
Equilibrium crystal shape. Wulff construction

References

Chapter 4 Platinum deposition on HOPG

4.1
4.2

4.3

4.4
45
4.6

Lattice structure of HOPG

Literature review

4.2.1 Platinum deposition on HOPG

4.2.2 Interaction of Oz, CO and H2 with Pt clusters
Pt/HOPG model system: experimental results of annealing in
UHYV and in atmospheres of Oz, CO and H:

4.3.1 Pton HOPG surface. Annealing in vacuum
4.3.2 Annealing in oxygen

4.3.3 Annealing in carbon monoxide

4.3.4 Annealing in hydrogen

Discussion

Conclusions

References

Chapter 5 Manganese oxide surfaces starting from a MnO(100)

5.1

5.2

521
522
523

53

single-crystal surface

Introduction and literature review: manganese oxides and their
surfaces

Results

Thermal annealing treatment of the MnO(100) surface in UHV
Annealing of the MnO(100) surface at a low pressure of oxygen
High temperature annealing of the MnO(100) surface in a rapid
thermal annealing furnace under argon and oxygen

XRD, XPS and RBS analysis of the samples

5.3.1 XRD analysis of the samples

5.3.2 XPS analysis of the samples

Vi

33

33
34
34
36
37
42
45

48

48
49
49
51

54
55
64
67
69
74
83
84

91

91
95
95
104

105
108
108
112



5.3.3 RBS analysis of the samples 115

5.4  Discussion 118
5.5  Conclusion 128
5.6  References 130
Chapter 6 Platinum deposition on the MnO(100) surface 136

6.1  Platinum deposition on an as-received MnO(100) single-crystal 136
6.2  Deposition of Pt on the MnO(100) surface previously modified

by annealing in UHV, hydrogen and oxygen 139
6.3  Discussion 147
6.4  Conclusions 150
6.5 References 150

Chapter 7 Summary and recommendations for further research
of the model catalytic systems described in this thesis 152

7.1  References 155
Summary 158
Samenvatting 161
Summary [in Ukrainian] 164
Acknowledgments 168
Curriculum Vitae 170

vii



