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Summary 

The interaction of light and matter is essential to our existence. Light that is absorbed 

triggers processes between molecular components that interact. In natural systems, like in 

photosynthesis, these components are organized by non-covalent bonds. A specific type 

of the non-covalent bond is the main theme of this thesis: the supramolecular bond 

provided by the cyclodextrins (cyclic glucose oligomers). This non-covalent bonding is 

used to construct various types of systems that can perform photo-induced functions: 

directional energy and electron transfer, photo-catalytic processes and photo-induced 

hydrogen evolution. In this thesis we have presented studies on the photoinduced 

processes in nano-scaled systems. These systems are constituted by associations of 

photoactive (chromophores) or electroactive molecules and components that associate in 

solution through self-assembly approaches. 

In chapter 2 we present an overview of all spectroscopic techniques and a description of 

all experimental set-ups, summarizing the methods employed. The synthesis of several 

compounds such as organometallic complexes, stabilizing molecules for nano-particles 

and synthesis of metal particles themselves is described. 

Chapter 3 deals with self assembled wires in aqueous solution. In a first part we show 

the studies on a linear system based on a ruthenium bis-terpyridyl complex appended 

with two different sizes of cyclodextrins (��-Ru-�) as central part of the assembly (triad). 

Guests for this bimodal metallocyclodextrin are an anthracene compound (AntNa) for the 

� cavity and a conveniently functionalized osmium bis-terpyridyl complex (Os-tpy-ada) 

for the bigger � cavity. The second part of this chapter shows studies on simpler 

assemblies (dyads). We show the possibility of electronic interactions between 

anthracene and ruthenium tris-bipyridyl analogues that have been substituted to act as 

host or guests. 

We report in chapter 4 the studies on a new family of complexes developed in 

collaboration with the Radboud University of Nijmegen. The novelty relies in the 

introduction of pytl (pyridine triazole) as third coordinating bidentate ligand. This new 

ligand reduces significantly the lifetime and luminescence quantum yield in the 
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ruthenium complexes. In the case of iridium cyclometalated complexes the luminescence 

quantum yield and lifetimes are greatly enhanced. When a �-cyclodextrin is directly 

attached to the pytl ligand this enhancement is even greater. Moreover, the separation of 

the diastereoisomers of the Ir(ppy)2(pytl-��CD) complex leads to the observation of 

marked different photophysical characteristics. This is due to an effect introduced by the 

chiral cyclodextrin. A more favorable interaction between the primary side of the 

cyclodextrin and one of the enantiomers of the iridium chromophoric unit (� or �) is 

responsible for this observed rim effect.  

We have been able to observe the triplet energy transfer from Ru(bpy)2(pytl-�CD) to an 

osmium guest complex that is conveniently functionalized to attach to metal surfaces via 

chemisorption thanks to a pyridine anchoring group. The energy transfer rate agrees well 

with previously published data for similar systems. 

In Chapter 5 we present the study of the interaction of guest molecules with noble metal 

nano-particles (Au/Pt) conveniently functionalized with per-thiolated cyclodextrins 

(TCD). As guests we used ruthenium complex (Ru-bph) and a viologen (ada-MV) that 

can bind to the cyclodextrin cavity through the biphenyl or adamantane tail respectively. 

In the experiments where the ruthenium guest with the biphenyl tail was used we did not 

observe a significant change in the Raman signatures between the compound alone and 

the compound in the presence of the platinum or gold TCD nano-particles. We observed 

dramatic changes in the Raman spectrum only in case of a guest with an adamantane as 

binding tail and with gold as a substrate. This is most probable due to the stronger 

cyclodextrin interaction of the adamantane compared to the biphenyl and the known 

qualities of gold as a substrate for SERS when compared to platinum.  

In chapter 6 we completely characterized the photophysical properties of a thioacetate 

functionalized tripodal molecules containing an osmium polypyridyl complex as 

chromophore, together with its parent and control compounds. The grafting of the 

tripodal complex onto platinum nano-particles has been accomplished. Photoinduced 

interactions between the two components indicate charge transfer from the osmium 

complex to the particle followed by surface detachment of the electron forming a long 

living solvated electron in solution. When attached to a platinum nano-particle, excitation 
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of the Os-trip complex leads to the formation of a solvated electron in solution. The 

signal corresponding to this solvated electron has a rise time of 40 to 60 ns, and the 

lifetime lies in the 10-20 microsecond range.  

Finally in chapter 7 we proved the activity of the platinum nano-particles stabilized with 

TCD with electrochemical methods. It is interesting that the metal surface is not 

passivated by the attachment of the stabilizer. On the other hand, we also observed that 

electrochemistry (cyclic voltammetry) is a promising technique to deposit this type of 

water soluble nanoparticles onto electrodes in a homogeneous fashion, giving highly 

active surfaces of monodispersed reactive sites.  

In the hydrogen evolution experiments, we can state that our platinum colloids in 

combination with metallocyclodextrins work best with methyl-viologen as electron relay. 

The substitution of the viologen with cyclodextrin binders leads to detrimental 

micellation and viologen radical cation stabilization effects. The cyclodextrin substituted 

Iridium complex is the most efficient photosensitizer for our purposes. Hydrogen 

evolution rates obtained with this system are (0.75 ml/hour; 32 �mol/hour), and an 

absolute lower limit of the turn-over number is 275, as 1 �mole of metal complex can 

generate 137 �moles H2 gas (~3.3 ml). The supramolecular organization works different 

from what we anticipated. 

 

 

 

 

 

 

 




