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Abbreviations 

2DES Two-dimensional electronic spectroscopy 

AP All-parallel 

BChl Bacteriochlorophyll 

BPheo Bacteriopheophytin 

bRC Bacterial reaction centre 

bRCcfx bRC from green bacterium Chloroflexus aurantiacus 

bRCsph bRC from purple bacterium Rhodobacter sphaeroides 

Chl Chlorophyll 

CP Cross-peak 

CT Charge-transfer 

DAS Decay associated spectrum 

DC Double-crossed 

EET Excitation energy transfer 

ESA Excited state absorption 

ET Electron transfer 

FT Fourier transform 

GSB Ground state bleaching 

MA Magic angle 

NOPA Non-collinear optical parametric amplifier 

OM Oscillation map 

PE Photon echo 

PSU Photosynthetic unit 

RE Re-excitation 

SE Stimulated emission 

TA  Transient absorption 

TFWM Transient four-wave mixing 
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Bacteria under the scope of this work 

The two main photosynthetic bacteria of this work are the purple bacterium 
Rhodobacter sphaeroides strain R-26 and the green bacterium Chloroflexus 
aurantiacus strain J-10-fl. Even though the two bacteria are only distantly related 
and contain somewhat different PSUs, they both possess type II reaction centres 
with potentially identical structures and achieve close to unity quantum yields for 
charge separation.10,11  

The purple bacterium Rhodobacter sphaeroides 
The purple non-sulphur photosynthetic bacteria Rhodobacter sphaeroides (Fig. 2, 
left) are capable of growing in aerobic and anaerobic conditions, various 
temperatures, salinities up to 32 % and pH ranges between 3 to 11.8 In addition, this 
bacteria also produce multiple bio-active substances, such as vitamin B12, 
coenzyme Q10 (ubiquinone), porphyrins and amino acids, which are helpful growth 
material for various plants, aquatic organisms and microorganisms.29 These 
qualities and the relatively simple structure of its photosynthetic apparatus17 have 
made the purple bacteria Rhodobacter sphaeroides one of the most thoroughly 
investigated species with remarkable versatility and metabolic significance. 

 
Figure 2. Purple and green photosynthetic bacteria 
An illustrative figure of sizes and shapes of the purple bacterium Rhodobacter sphaeroides (left) and 
the green bacterium Chloroflexus aurantiacus (right). The size of monomeric units from both bacteria 
are several micrometres long,16,30 yet the green bacteria tend to form long filaments with indefinite 
lengths.31 

The PSU in purple bacteria Rhodobacter sphaeroides is likely the simplest 
photosynthetic apparatus found in nature.17 It consists of only three types of 
pigment-protein complexes, all housed within the vesicles of the intracytoplasmic 
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In addition, there is still an ongoing debate about the positions of higher excitonic 
transitions of the special pair in bRCsph and bRCcfx, confounded by many different 
studies and findings.54,61,85 The weak dipole moment of the higher excitonic 
transition and the extremely fast relaxation between the two excitonic states made 
it challenging to determine the exact position of the higher state. We reassessed this 
topic in Paper II for bRCsph and Paper IV for bRCcfx and defined the positions of the 
higher energy excitonic states of the special pairs in both bRCs.  

Lastly, the two time components for charge separation in bRCcfx and their ratio 
reported in the literature differ significantly; see references 57,77,86. There is also no 
common conclusion as to why the dynamics at low temperatures become non-
exponential in the first place.77 To clarify this, we performed a 2DES study on the 
quinone-reduced bRCcfx at 78 K, presented in Paper IV. The femtosecond time 
resolution allowed us to separate the two time components and propose an 
explanation for the dual origin of charge separation.  
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