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Preface e 

Inn principle, the most fundamental laws in chemistry are known since 1926, 
whenn Schrödinger postulated his wave equation. This basic law of quantum 
mechanicss is capable of describing all inter- and intramolecular interactions 
withh great accuracy. Except for metals, relativistic corrections are mostly 
negligiblee and therefore the relativistic Dirac equation (1928) is of less im-
portance.. One could therefore argue that chemistry is not a science in itself. 
Itt just follows the laws of quantum mechanics and is therefore nothing but 
appliedd physics. However, as a cook does not stop when he has gathered all 
hiss ingredients, science does not stop when its basic laws are known. The 
'cookingg part' can still be a hell of a job. Up to now, theoretical chemists and 
physicistss are by no means capable to replace the job of the experimentalists. 
Iff  industries try to invent a new catalyst for a certain chemical process, they 
usuallyy do not rely on theoretical calculations. Much more efficient are the 
methodss of an experimentalist: a bit of intuition and a lot of trial and error. 
Thee reason for this is that theoretical calculations take enormous amounts 
off  time when systems are complex. Mathematical analytical solutions of the 
Schrödingerr equation only exist for the most simple systems, like the hy-
drogenn atom. If the total number of particles is more then two, one has to 
relyy on approximate numerical calculations. Of course, computers are an 
enormouslyy powerful tool, but the number of atoms and electrons in most 
chemicall  systems is so large that even calculations on powerful supercom-
puterss can take years. 

Still,, if a theoretical calculation can be performed, it can give much more 
insightt on how the chemical process evolves and why a certain type of 
moleculee is a good catalyst and another is not. This makes it worth study-
ingg these systems on a theoretical basis. However, the computational costs 
stronglyy limit the system size and simulation time. Gas-phase reactions con-
tainingg only a small number of atoms are therefore usually the subject of 
thesee studies. Most chemical reactions in nature, in industry, or in labora-
toryy experiments do not occur in the gas-phase, but occur in the presence 
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off  a solvent like water. An accurate description of liquid water requires 
att least about 20 water molecules. In the last years an enormous progress 
hass been made in the possibilities for theoretical calculations. This is partly 
duee to the increase in computer power, but more important were the cre-
ativee inventions of smart algorithms. Density Functional Theory and the 
Car-Parrinelloo method have, by use of minor approximations, decreased the 
computationall  costs by orders of magnitude. In combination with statistical 
methodss to simulate rare events, the understanding of molecular behavior 
off  more and more complex chemical reactions is in our reach. 

II  started my PhD four years ago and the final result is this doctoral the-
sis.. The main question was to investigate the solvent effect on chemical 
reactions,, in particular chemical reactions with alcohols in water. One of 
thee conclusions of this research is that solvent dynamics is indeed very im-
portant.. Molecular fluctuations in liquid water, yielding special structures 
betweenn water molecules, can have an enhanced polarizing effect on so-
lutee molecules. This effect can facilitate or even initiate a chemical event. 
Thiss thesis also contains a related but different subject. During the research, 
whilee studying methods for rare events, I got a new idea to improve upon 
thee Transition Path Sampling method. In cooperation with Daniele Moroni 
andd Peter Bolhuis we turned this idea into a completely new method for 
thee calculation of rate constants. This new method, that we named Transi-
tionn Interface Sampling, has become an important additional subject of this 
thesis. . 

Off  course, this work could never have come to a successful end without 
thee help and support of many people during the last four years, for which I 
amm very grateful. Therefore, I would like to thank a number of people: First 
off  all, my supervisor Evert Jan Meijer for sharing his detailed knowledge 
andd broad experience on the art of Ab Initio molecular dynamics. Secondly, 
myy promotor Berend Smit for having given me the opportunity for this PhD 
andd for his stimulating support. Jan Willem Handgraaf, my most direct col-
leaguee in this field, for our fruitful collaboration during the last four years. 
Peterr Bolhuis and Daniele Moroni for developing Transition Interface Sam-
plingg to a promising method. All the members of the manuscript commis-
sionn for carefully and critically reading this manuscript. Daniele Moroni 
andd Sofia Calero for being my paranimfs. For correcting parts of this thesis I 
wouldd like to thank David Dubbeldam, my father Herman van Erp, and my 
motherr Elize Schade. For solving many of my computer problems I owe a lot 
too Thijs Vlugt, Gooitzen Zwanenburg and Jochem Wichers Hoeth. I thank 
Arentt Pelster for his help on the digital part of the cover. Moreover, for so-
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ciall  support I am grateful to a countless number  of people among which are: 
alll  my colleagues and friends of the ITS department, all my friends of Am-
sterdamm and Nijmegen and of all other  places in the world, the Weesperflat 
people,, all the people from the Crea oil painting classes, especially Caro-
linee of course, family (in particular  my aunt Marianne and uncle Jacques for 
theirr  hospitality in Bloemendaal the first  half year  of my PhD), my brother 
Pepijnn and his wife Kitty , coming over  for  my defense from Tanzania, and 
finallyfinally  my parents; thanks for  everything. 




