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Certainly no subject or field is making more progress

on so many fronts at the present moment than biology,

and if we were to name the most powerful assumption

of all, which leads one on and on in an attempt to un-

derstand life, it is that all things are made of atoms,

and that everything that living things do can be under-

stood in terms of the jigglings and wigglings of atoms.

R. P. Feynman [Fey63]





Abstract

A confocal spectrometer for low temperatures with sufficient efficiency to detect single-

molecule fluorescence was built in the course of this work. It was used to investigate

spectral properties, heterogeneities and dynamics of the low-energy antenna chlorophylls

in individual Photosystem I (PS I) complexes from three different cyanobacteria: Thermo-

synechococcus elongatus (T. elongatus), Synechocystis sp. PCC 6803 and Synechococcus

sp. PCC 7002. A fluorescence polarization analysis on single PS I monomers from T. elon-

gatus reveals three pigment pools contributing to the red-shifted emission. In addition,

the angle between the transition dipole moments of emitters from C708 and C719 were

determined to be near 90◦. In the spectral regions of the red-most states of all three spe-

cies intense zero-phonon lines (ZPLs) were observed showing marked spectral diffusion.

A clear effect due to the substitution of hydrogen for deuterium in the solvent was disco-

vered, visible as significant reduction of spectral fluctuations. This suggests that proton

displacement is one of the main processes responsible for fine-tuning of site energies in

PS I. The occurrence of spectral jumps of ZPLs above 10 cm−1 in absence of external exci-

tation was proved to be highly unlikely at 1.4 K. Consequently, at cryogenic temperatures

proton tunneling in the vicinity of the red pools is very unlikely without excitation. Even

for far red-shifted states of the PS I from all of the three above-mentioned species small

Huang-Rhys factors were found, implying only a weak coupling of the electronic transition

to the bath of vibrational modes. This finding indicates that no distinct electron-phonon

coupling is necessary for the strong redshift of these states.
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2.2.1 Einführung . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

2.2.2 Grundlagen für die optische Molekülspektroskopie . . . . . . . . 35
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3.1.5 Ansprüche an das Objektiv . . . . . . . . . . . . . . . . . . . . . 56

vii



Inhaltsverzeichnis

3.1.6 Badkryostat und Pumpensystem . . . . . . . . . . . . . . . . . . 58

3.1.7 Die Lochblende . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

3.1.8 Optisches Filtersystem . . . . . . . . . . . . . . . . . . . . . . . . 62

3.1.9 Lawinenphotodiode und Spektrometer mit CCD-Kamera . . . . . 62

3.1.10 Detektionseffizienz . . . . . . . . . . . . . . . . . . . . . . . . . . 65
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