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Summary 
 

Photoinduced processes are crucial in nature, generating energy for life. One of 

scientists’ efforts is to mimic the natural photosynthetic systems to attain advanced 

materials which can convert efficiently solar energy to chemical or electrical energy. 

By organizing donors and acceptors in (supra)molecular systems using either covalent 

bonds, non-covalent bonds or as thin solid films, one expects to get such architectures 

which behave very similar to natural systems. 

Chapter 1 contains a brief description of design principles to organize photo- and 

electro-active chromophores, in which the organization methods control the mediation 

pathways for e.g. energy or electron transfer.  

The combination of fullerene and perylene derivatives could generate potential 

candidates for n-type acceptor materials for efficient organic solar cells. In these 

systems, the perylene moiety acts as an antenna which absorbs sunlight, and transfers 

its energy to fullerene units. Chapter 2 presents the electrochemical and photophysical 

properties of four novel C60– PDI dyads, which were designed based on this concept. 

The bay-substitution (tetrachloro, or tetra-tert-butylphenoxy, corresponding to orange 

or red PDI, respectively) at the PDI core and the linkage length (C2 or C5) between 

PDI and C60 were very important parameters. The first reduction potential of the 

systems with chloro-substituents is due to the formation of the anion radical of the PDI 

moiety (C60-PDI-.) whereas that of the systems with the phenoxy-substituent is due to 

the formation of the fullerene radical anion (C60
-.-PDI). Studies of photophysical 

properties revealed a highly efficient singlet-singlet energy transfer from PDI to C60, 

which followed the Förster mechanism. The final triplet excited state located on PDI 

detected by nanosecond transient absorption spectroscopy indicated a backward 

triplet-triplet energy transfer from C60 to PDI. It was observed that in the red-PDI 

containing dyads, in a large part of the population of excited state molecules, the 

fullerene triplet did not transfer its energy. This contrasts to the orange-PDI containing 
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systems. Various energy transfer rates obtained from femtosecond transient absorption 

spectroscopy correlated to two limiting conformers in each C60 – PDI dyad, folded and 

fully extended. The strong quenching of PDI units (upto 99.8%) and the PDI triplet 

quantum yields (52 to 75%) were estimated for all four systems. 

Whereas Chapter 2 is a description of photoinduced energy transfer processes between 

PDI and C60 when PDI absorbs light, Chapter 3 and Chapter 4 present studies on 

photoinduced electron transfer from pyrene (Py) to PDI in solution where the two 

moieties were covalently linked by a spacer (chapter 3) or in the solid state, where 

molecules of the two compounds were organized on quartz surface as a thin film 

(chapter 4). 

The system studied in Chapter 3 contains a calix[4]arene bearing a pyrene derivative 

and a perylene bisimide (Py-c-PDI). The investigation of the photophysical properties 

of this system indicated that its excited state dynamics are characterized by charge 

transfer interactions in all solvents (with polarities ranging from non polar 

cyclohexane to highly polar acetonitrile). Femtosecond transient absorption 

spectroscopy showed clear evidence for radical ion pair formation. That was indicated 

by the band at 450 nm assigned to Py radical cation together with the band at 980 nm 

which was of PDI radical anion.  

Due to the flexibility of the calix[4]arene, which acts as a linkage, it could be assumed 

that two conformations exist. One was the -stacked form, in which the pyrene 

derivative and perylene bisimide were close to each other, whereas in the other form 

the two moieties were far apart. These two conformers could be observed in solvents 

such as THF (or to a minor extent in PhCN), in which the π-stacked conformation 

showing fast optical charge transfer (within the 0.1 ps laser pulse excitation) and the 

extended conformation showing a slower photoinduced electron transfer (11 ps). The 

excitation of pyrene (350 nm) in THF resulted in a fast competitive charge separation 

process. This process was observed for the extended conformation, in which Py acted 

as an electron acceptor and the calix[4]arene scaffold then played a role of the electron 

donor. These interpretations resulted from the application of the global and target 
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analysis tools to the transient absorption spectroscopic data. By using suitable models 

in target analysis, “real” spectra of individual species correlated to their lifetimes were 

successfully obtained. In other solvents, only the stacked conformer was detected. 

Molecular modeling and calculations of the driving force and rate constants using 

classical Marcus theory are in accordance with the presence of a π-stacked 

conformation with a small center to center distance and an extended form with a larger 

distance and less driving force. In non-polar solvents no driving force for electron 

transfer is present for the extended conformation.  

These results suggest that thanks to the semi-flexibility of the calix[4]arene scaffold, 

the electron transfer process in this system can be properly mediated by changing 

solvents, due to specific solute-solvent interactions competing with π π interactions. 

Chapter 4 presents an original study on photoinduced charge separation in spin-coated 

thin films of pyrene (Py) and Perylene Red (PDI) mixture by means of steady state 

UV-Vis and emission, and transient absorption spectroscopy. The interaction between 

Py and PDI was observed with a red shift in the absorption maximum and a quenching 

of the PDI emission up to 80 %. In PDI(Py)4, where PDI and Py units are covalently 

linked, the red shift was more apparent and the PDI absorption at 420 – 500 nm band 

was enhanced. A strong emission quenching (> 95 % compared to the PDI film at low 

concentration) was detected. Femtosecond transient absorption spectroscopy of PDI-

Py and PDI thin films revealed a charge separation process occurring in the system. It 

was indicated by the Py+ band at 500 nm and the PDI band at 750 – 800 nm when 

the systems were excited at either 550 nm (PDI excitation ) or 345 nm (Py excitation). 

Global analysis of the fs-TA data indicated a complex photophysical behavior with 

various (kinetically different) charge separated states.  

Chapter 5 is a description of another class of photoinduced processes occurring in a 

covalently linked catechol – quinone system (HQ). Upon excitation, a proton coupled 

electron transfer reaction (PCET) occurred from the catechol to the quinone units. This 

resulted in the generation of a bis-semiquinone (bi-radical) species which has a 
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characteristic band in the 750 – 800 nm region and a long lifetime ( 300 ns) observed 

by nanosecond transient absorption spectroscopy. A longer lifetime (18 μs) could be 

assigned to a conformer which has one H-bond. This correlates with the molecular 

modeling on the conformational distribution of HQ, which revealed two major groups 

of conformations, doubly H-bonded conformers and singly H-bonded conformers.  

The control experiments on 3,5-di-tert-butyl o-benzoquinone (Quin) with different 

donors indicated that the occurrence of the electron transfer is strongly dependent on 

the electron donating nature of the solvent. Particularly, the electron transfer product is 

spectrally distinct from the PCET product.  

One of the questions arising during studies of electron transfer in highly organized and 

functionalized systems is how to visualize the electronic coupling through the bridge 

in long range electron transfer. Chapter 6 is about molecular orbital calculations (AM1 

semi-empirical method) of four quinoline-derived foldamers with increasing 

oligomeric length; dimer O2P, tetramer O4P, pentamer O5P and nonamer O9P 

functionalized with on one end an oligo(p-phenylene vinylene) (OPV) and on the other 

end a perylene bisimide (PDI) chromophore.  These calculations rationalize the fast 

photoinduced charge separation, by revealing that the bridging foldamer mediates the 

charge transfer from donor to acceptor via the superexchange mechanism.  


