
The structure of a working catalyst ; from flat surfaces to nanoparticles
Roobol, S.B.

Citation
Roobol, S. B. (2014, December 2). The structure of a working catalyst ; from flat surfaces to
nanoparticles. Retrieved from https://hdl.handle.net/1887/29891
 
Version: Not Applicable (or Unknown)
License: Leiden University Non-exclusive license
Downloaded from: https://hdl.handle.net/1887/29891
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:3
https://hdl.handle.net/1887/29891


 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/29891 holds various files of this Leiden University 
dissertation 
 
Author: Roobol, Sander Bas 
Title: The structure of a working catalyst : from flat surfaces to nanoparticles 
Issue Date: 2014-12-02 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/29891




The structure of a working catalyst
From flat surfaces to nanoparticles





The structure of a working catalyst
From flat surfaces to nanoparticles

Proefschri�

ter verkrijging van
de graad van Doctor aan de Universiteit Leiden

op gezag van Rector Magni�cus prof. mr. C. J. J. M. Stolker
volgens besluit van het College voor Promoties
te verdedigen op dinsdag 2 december 2014

klokke 11.15 uur

door

Sander Bas Roobol
geboren te Zeist

in 1985



Promotor:
Prof. dr. J. W. M. Frenken
Universiteit Leiden

Overige leden van de promotiecommissie:
Prof. dr. E. R. Eliel
Universiteit Leiden

Dr. I. M. N. Groot
Universiteit Leiden

Dr. P. J. Kooyman
Technische Universiteit Del�

Prof. dr. E. Lundgren
Lund University, Lund, Zweden

Prof. dr. B. E. Nieuwenhuys
Universiteit Leiden

Prof. dr. ir. T. H. Oosterkamp
Universiteit Leiden

ISBN: 978-90-8593-204-8 Casimir PhD series, Del�-Leiden 2014-32

�e work presented in this thesis has been performed at the Huygens-Kamerlingh
Onnes Laboratory, Leiden Institute of Physics, Leiden University, �e Netherlands,
and has been �nancially supported by a Dutch SmartMix grant and the NIMIC
partner organizations through NIMIC, a public-private partnership.



In memory of my grandfather, dr. Kees Kruit.





About this thesis

Catalysis is the working horse of the chemical industry. In many cases, it is a poorly
understood process that takes place at the surfaces of nanoparticles under relatively
harsh conditions, such as high pressures and high temperatures.

�is thesis focuses on new approaches to acquire atomic-scale information
on catalytic processes on metal nanoparticles in high-pressure, high-temperature
conditions. �is thesis starts with a general introduction that motivates the need for
operando or in-situ observations and advocates the simultaneous use of a combina-
tion of atomic-scale measurement techniques. �e body of this thesis is organised
in two parts that can be read independently.
Part I takes a comprehensive approach to the development of novel instruments

andmethods for in-situ experiments onmodel catalysts underworking conditions. It
introduces the mechanical and electronic hardware of the ReactorAFM, the world’s
�rst high-pressure, high-temperature non-contact Atomic Force Microscope. In
addition, it describes two so�ware packages for the analysis of in-situmicroscopy
data, and for the analysis of surface X-ray di�raction data.
In part II we have applied our new instrument in combination with other,

recently developed in-situmeasurement techniques to study catalytic model systems
at atmospheric pressures and elevated temperatures. We �rst describe a study of the
interaction of gas mixtures of nitric oxide and hydrogen on the Pt(110) surface, using
surface X-ray di�raction. �is study serves as a stepping stone for the next chapter,
where we exposed a Pt nanoparticle model catalyst to mixtures of nitric oxide and
hydrogen in a high-pressure reaction cell in a transmission electron microscope.
Finally, we have investigated spontaneous reaction oscillations on Pd nanoparticles
during the catalytic oxidation of carbon monoxide. Using a combination of four in-
situ techniques, including our new ReactorAFM, we have established the periodic
formation and reduction of a thin oxide shell on the nanoparticles during the
oscillations.
As will be explained in the �rst chapter, the di�erences between the idealised

world of traditional surface science and the complex world of practical catalysis are
commonly categorised into the pressure gap and thematerials gap. �e approach
taken in this thesis to combine several in-situmeasurement techniques, is necessary
to bridge the pressure gap and at the same time take a signi�cant step across the
materials gap.
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