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Summary y 

Initially ,, dendrimer chemistry mainly focussed on the synthesis and characterization of new 

dendriticc molecules. Nowadays the interest has changed to the development of functional 

dendriticc materials, among them numerous photoactive dendrimers. Over the past few years, the 

complexityy of photoactive dendritic materials has increased enormously. Multifunctionality is 

introduced,, either by the implementation of units, that respond not only to light, but also to other 

externall  factors, such as pH, or by the introduction of different units among which photoinduced 

processes,, such as electron and energy transfer, occur. From these functional dendrimers novel 

materialss may arise. Furthermore, they provide model systems on a molecular scale suitable to 

mimicc processes, such as energy and electron transfer, that take place in the highly complex 

systemss in nature. Currently, the field of self-assembled functional supramolecular structures is 

rapidlyy expanding, also in the field of dendrimer chemistry. The work described in this Thesis is a 

contributionn the field of multifunctional photoactive dendrimers. 

Chapterr 1 gives an overview of a variety of photophysical processes that are currently of great 

interestt in dendrimer chemistry, in particular photoisomerization. energy transfer and electron 

transferr processes. 

Chapterr 2 deals with a dendritic system to which the pH indicator methyl orange, which 

respondss to two different external stimuli (pH and light) has been covalently linked to the 

periphery,, as depicted in Figure 1. 

yelloww j \ = / yellow pink 

Figuree 1. Methyl orange-functionalized poly(propyleneamine) dendrimers as photoactive and pH 

responsiveresponsive molecules. 

Bothh the photophysical properties and the pH responsiveness of five generations (G1-G5) of 

methyll  orange-functionalized poly(propyleneamine) dendrimers CMO-dendrimers") are 
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described.. The photophysical properties, including the photoisomerization behavior, were found 

too be similar for all generations: only the molar extinction coefficients of G4 and G5 show a 

significantt deviation, most likely due to ground state interactions between the MO-units along the 

peripheryy of the dendrimer. Both the EIZ and the ZIE isomerization rates are extremely high 

comparedd to azobenzene due to the fact, that the "push-pull" system formed by the NMe2 group 

(electronn donor) and the S02 group (electron acceptor) of the methyl orange moiety lowers the 

energyy barrier for the isomerization process. The protonation behavior of the MO-units of the 

higherr generations of the MO-dendrimers deviates significantly from methyl orange itself. The 

protonationn of the MO-units is strongly influenced by the positive charges formed by the 

protonationn of the dendrimer amines in the core. As a result, the color change from yellow to pink 

iss not so rapid and clear as for methyl orange itself. Once the MO-units are protonated, emission 

iss observed at 77 K upon excitation at 490 nm. 

Chapterr 3 describes the synthesis of an electron donor - electron acceptor dyad, in which the 

donorr ([Re(Br)(CO)3(bpy)]( and the acceptor (methyl viologen) are assembled via hydrogen 

bonds.. The binding motif consists of the "Hamilton" receptor and a barbiturate as complementary 

unitss (Figure 2). 

Figuree 2. Ultrafast photoinduced electron transfer in a via hydrogen bonds assembled electron donor -

electronelectron acceptor dyad. 

Duee to the low solubility of the hydrogen-bonded assembly and in particular of the rhenium 

complexx in chlorinated solvents, the characterization of the host-guest complex using NMR 

spectroscopyy was performed in acetonitrile-d3. The host-guest complex is formed with a 

reasonablyy high binding constant in such a polar solvent (Kass = 4.3 x 102 M"1). The "Hamilton" 

receptorr self-aggregates above 0.5 mM concentration, however, the formed structure dissociates 

uponn addition of a barbiturate guest. 

Inn dichloromethane an ultrafast photoinduced electron transfer process was observed within the 

dyadd (kfe, = 1 x 1()'2 s~' (lower limit) ; kbel , = 3.4 x 10l( ) s"1 (higher limit) ; kb e t2 = 4 x 107 s"1 

(lowerr limit) ) (Figure 2) and a high binding constant could be determined (Kass > 2 x 10~ M" ). 

Thee kinetics of the electron transfer within the self-assembled dyad are similar to the electron 

transferr kinetics observed for the covalently linked system, [Re(MQ+)(CO)3(dmb)]-+. The overall 

conformationn of the assembly, which may be such that the electron donor and acceptor are in 
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closee proximity of each other, is of great importance for the electronic coupling between the donor 

andd the acceptor. Furthermore, a through-solvent electron transfer mechanism may promote an 

efficientt electron transfer within such an assembly. The electron donor-acceptor system presented 

inn this Chapter is one of the few examples of hydrogen-bonded assemblies, for which the electron 

transferr kinetics resemble those of the covalently linked system. 

Chapterr 4 describes the application of "Hamilton" receptor-functionalized dendrimers as 

multivalentt hosts for barbiturates. The emission of the "Hamilton" receptor was successfully used 

too probe the binding of this class of guest molecules and can be regarded as a sensor for 

barbiturates.. The binding of an "innocent" (/. e. non-chromophoric) guest, such as Barbital, to the 

dendrimerss causes an enhancement of the weak emission of the "Hamilton" receptor. In addition, 

aa generation dependency was observed: the enhancement was found to be the most pronounced in 

casee of GO and the least in case of G4. This dendritic effect is attributed to steric crowding and 

aggregationn of the receptor sites along the periphery of the dendrimers, which both introduce 

rigidityy to the chromophoric system, causing an increase in the emission quantum yield. 

|| n = 1,4, 8, 16,32] 

Figuree 3. Photoinduced energy transfer from the "Hamilton" receptors at the periphery of the 

HR-dendrimersHR-dendrimers to the [Re(Br)(CO)j(bpy)]-barbiturate guest. 

AA photoinduced energy transfer process is observed between the "Hamilton" receptors at the 

peripheryy and [Re(Br)(CO)3(barbi-bpy)] bound to those receptors (Figure 3). The rate of the 

energyy transfer process was calculated to be 3.6 x 10 s . The presence of the basic amine core 

inn case of the HR-dendrimers proved to be crucial for this photoinduced process, since energy 

transferr in G0-[Re(Br)(CO)3(barbi-bpy)] could only be performed in the presence of a strong 

base.. The deprotonation of the barbituric acid moiety increases the electronic coupling between 

thee receptor and the barbiturate such that the energy transfer can compete with the short lifetime 

off  400 ps of the excited state of the HR-dendrimers. 

Forr the first time, the emission of the "Hamilton" receptor itself has been used as a probe for the 

detectionn of barbiturates. Non-chromophoric barbiturates are detected by the increase in receptor 

emission,, while for chromophoric barbiturates, photoinduced energy transfer between receptor 

andd guest can be used to probe the host-guest binding. 
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Inn Chapter 5 a different class of guest molecules is introduced to the HR-dendrimers. which 

cann bind to the second binding site, in this Thesis referred to as the "'Meijer" receptor, which is 

locatedd between the branches. This site was previously explored by Meijer et al. and is shown to 

bindd guest molecules with a urea-carboxylic acid binding motif (urea guests). The difference in 

bindingg motif between those guest molecules and the barbiturate guest molecules is such, that 

theyy do not significantly compete for each others binding site (Figure 4). 

Figuree 4. Selective binding of guest molecules to a dendritic template (HR-dendrimers) to create a 

well-definedwell-defined assembly in which directed photoinduced electron transfer can occur. 

Thee formation of the supramolecular assembly was studied in detail with NMR spectroscopy. In 

HH NMR a broadening of the proton signals corresponding to the guest molecules was observed. 

Att the same time, changes in chemical shifts of the proton signals corresponding to the binding 

pocketss of the dendrimer indicated the formation of the host-guest complex. In addition, NOE 

interactionss were observed between the urea guest and the aliphatic region of the HR-dendrimers. 

Byy introducing fluorinated guest molecules, the host-guest complex formation could be studied in 

moree detail employing F NMR. 19F NMR showed a broadening and a shift of the F signals of 

thee guest molecules upon binding to the dendritic template. F DOSY measurements revealed 

thatt both the diffusion coefficients of the urea guest and of the barbiturate guest are significantly 

lowerr in the presence of the HR-dendrimer. This confirmed the formation of the host-guest 

complexx consisting of the barbiturate guest, the urea guest and the HR-dendrimer. By introducing 
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guestt molecules, that are functionalized with electron donor and electron acceptor moieties, the 

HR-dendrimerss can be employed as template molecules for the creation of supramolecular 

assembliess in which photoinduced electron transfer processes can occur (Figure 4). Both a methyl 

viologenn urea guest (MV) and an anthraquinone urea guest (AQ) were synthesized as electron 

acceptorss in combination with [Re(Br)(CO)^(barbi-bpy)] as an electron donor. MV was insoluble 

inn chlorinated solvents, even in the presence of the HR-dendrimers, and was therefore an 

unsuitablee guest for further investigations. AQ was successfully hosted by the HR-dendrimers. 

Uponn addition of AQ to the HR-dendrimers. an increase in its solubility is observed in chlorinated 

solvents.. However, no significant electron transfer is observed from [Re(Br)(CO)3<barbi-bpy)] to 

AQQ within the supramolecular assembly upon excitation of the rhenium complex with light. 

Thiss is the first example of a dendrimer in which two different classes of guest molecules can be 

boundd selectively via hydrogen bonds. A photoactive supramolecular assembly can be 

constructedd using the HR-dendrimers as a template molecule. However, in order to perform 

photoinducedd electron transfer processes within such an assembly, the driving force for the 

photoinducedd electron transfer has to be sufficient. Currently, other suitable quencher molecules 

functionalizedd with a "Meijer" binding motif, that can be used for photoinduced electron transfer 

reactionss with [Re(Br)(CO)3<barbi-bpy)], are under investigation. Furthermore, based on this 

study,, new dendritic systems in which multiple different receptor sites are implemented can be 

developed,, creating novel well-organized supramolecular assemblies in which photoinduced 

electronn transfer processes can occur. 
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