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Summary

Light is the major source of energy for our planet. It is utilized to support and evolve life to what it is 
now. Over billions of years, bacterial and plant systems arose that are incredibly efficient in absorbing, 
transporting and converting solar light energy to the preferred location in a usable form. The full process 
of absorbing, converting and transporting light-energy is referred to as photosynthesis. Photosynthesis 
in plants and bacteria is broadly studied, but not yet completely understood. The recent energy crisis, 
resulting from a reliance on fossil energy sources such as oil, leads to a need for a better grasp of the 
underlying biophysical mechanisms of solar energy conversion. Recent improvements in laser technol-
ogy opened new possibilities to study these mechanisms in depth. The power of the newly developed 
laser system incorporated here is, in comparison to former laser systems, high enough to generate three 
separately wavelength-tunable pulses at the same moment in time. Measurements done with such a 
three-pulse scheme are generally referred to as pump-dump-probe spectroscopy measurements. This 
three-pulse technique has three stages; it uses a pump-pulse to excite the photoactive molecule to its 
excited state, it then re-, or de-excites the excited molecule by the second ‘dump’ pulse, and finally, the 
dynamics happening in the molecule are probed by the third ‘probe’ pulse. The second pulse adds an ex-
tra dimension to the normal transient pump-probe spectroscopy data, with which the dynamics present 
in excited states can be unraveled. 
In order to be able to do these experiments, and as a major part of this thesis, the complete pump-dump-
probe setup, referred to as ‘the Monster’, including the necessary hardware and software have been de-
signed and constructed from scratch. 
The new information we can subtract from these measurements led us to start with the very basic and 
widely studied photosynthetic complexes in purple bacteria (Rhodobacter Sphaeroides); the bacterial 
reaction centre (BRC), light harvesting system 1 (LH1) and light harvesting system 2 (LH2). These three 
molecules form the basis for this thesis, however, to asses the usability of concepts derived from natural 
photosynthesis into human-made light-conversion systems and to bridge the gap between synthetic and 
natural systems, a ‘photosynthetic’ Ruthenium complex is studied in chapter 6. 
The bacterial reaction centre, which converts solar-energy into an electrochemical potential inside the 
bacteria, is the main subject of chapter 2 and 3. In chapter 2 we find by de-exciting the excited state with 
a red-shifted dump-pulse that the excited state is coupled to a so-called charge transfer (CT) state. This 
state is an intermediate between P*, the excited state of the special pair in BRC, and P+H-, the charge-
separated state resulting from the excited state. We observe that for about 500 femtosecond, a part of 
the molecules is in this intermediate CT state towards forming P+H-. Normally such a state would be 
covered by the normal decay dynamics of the excited state. 
Another interesting feature we observe in the bacterial reaction centre, described in chapter 5 is the 
quenching property of charge-separated states.  
If we excite the bacterial reaction centre with a pulse resonant to the accessory bacteriochlorophyll BA, 
just after exciting it resonantly with the special pair P, we find that P+/P- is able to quench the excited state 
B*, or in other words the first excitation can be influenced by the second, but not vice versa. This means 
as well that the accessory bacteriochlorophyll, BA, is truly involved in the charge-separation process. 
This remained somewhat of a question previously. 
Chapter 3 and 4 are about light-harvesting systems LH1 and LH2. These light harvesting systems are 
ring-type aggregates of chlorophyll molecules, evolved to effectively harvest solar light and transport it 
to the bacterial reaction centre. By using our pump-dump-probe scheme on these molecules we were 
able to describe the nature of the excited state of these systems in unprecedented detail. The excited 
states of the chlorophylls in such a ring-system are highly excitonically coupled. After excitation, a re-
equilibration of the excitonic states is normally observed. However, in a pump-probe measurement, 
these dynamics remain mostly hidden under the main excited state dynamics. Now, but utilizing our 
second ‘dump’ pulse, we can selectively remove parts of the excited state. The result is a much higher 
resolution of the re-equilibration dynamics versus the normal excited state dynamics. The theoretical 
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model describing this equilibration is highly verified by the results obtained in this study. 
The final chapter, which is the embodiment of my hope, is about a Ruthenium complex synthesized on 
principles from natural photosynthesis. The idea is that this complex should be able to harvest light and 
store it as energy. It uses a harvesting ‘core’, a bridge to transport the energy over a couple of valence 
bands, and a docking site where the photon energy can be allocated as chemical potential. By using two 
different excitation wavelengths we have been able to deduce the pathway the photon energy is most 
likely to take inside this complex. It is clear that a small amount of energy is actually stored by the Ruthe-
nium complex, but this amount is very small. We were able however to asses the reason why such little 
amount is stored. This could aide in construction of other more efficient complexes.
In conclusion, implementing this new pump-dump-probe technique has been a successful method to 
study such photo-active systems. Even in the most broadly studied photosynthetic molecules, new and 
useful information about the processes at hand is gathered. Especially for complex excited states and 
quenching properties, this technique has proven very powerful. 


