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Withh the start of supramolecular chemistry, the use of the non-covalent bond was 

introducedd as a concept to make controlled structures in solution and on surfaces. 

Today,, the ultimate goal is not only to achieve well-organized structures but also to 

sustainn functionality within these supramolecular systems. The work described in this 

Thesiss is a contribution to the field of non-covalently assembled chromophoric 

systemss bearing the imide functionality that can perform photoinduced processes 

uponn light excitation. 

Inn Chapter 1. a short survey of some intriguing systems that contain imide groups 

iss given. Besides giving examples of covalently attached donor-(spacer)-acceptor 

systems,, the interest in this Chapter is focused on the non-covalently assembled 

systemss that contain the imide functionality. 

Chapterr 2 summarizes the key experimental research methods applied in the 

researchh described in this Thesis and provides a description of the corresponding 

experimentall  set-ups. 

Chapterr 3 reports the synthesis and the detailed photophysical investigation of 

twoo indolyl maleimide compounds. 4-bromo-3-(l 'H-indol-3'-yl)-maleimide (IM-Br) 

andd 4-methyl-3-(rH-indoI-3'-yl)-maleimide (IM-Me). The photophysical properties 

inn solution were studied in detail by using steady state and time-resolved absorption 

andd emission spectroscopy. The donor and acceptor capability of the indole and the 

imidee units, respectively, suggests that their colour is due to the presence of a charge-

transferr (CT) absorption band. The Kamlet-Taft approach was used to investigate 

theirr solvatochromic behaviour and the results indicated the presence of CT character 

off  their excited states. Nano- and femtosecond transient absorption spectroscopy was 

usedd for the identification and investigation of the CT state. Computational studies 

thatt were performed on IM-Br and IM-Me indicate that HOMO-1 to LUMO 

excitationn mainly has charge transfer character, while HOMO-LUMO excitation is 

moree n-K in nature. Furthermore, the effect of complexation with Zn (II)-I,4,7.10-

tetraazacyclododecanee (Zn (Il)-cyclen) on the photophysical properties of these two 

compoundss was discussed. An enhancement of the fluorescence intensity upon self-
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assemblyy (up to 80-90 fold) and high association constants were observed, which 

illustratee the potential use of these compounds as luminescent sensors. 

Inn Chapter 4, the synthesis and the detailed photophysical investigation of 

symmetricallyy substituted indolyl maleimide compounds are presented. In part A the 

attentionn is focused on the photophysics of these intensely coloured natural products, 

areyriarubinn A and arcyriaflavin A. The steady state and time-resolved 

spectroscopicc studies as well as a comparison with the asymmetrical systems 

describedd in Chapter 3, indicate that these two strongly emissive compounds, 

containingg two indoles and one maleimide unit, behave more like conjugated aromatic 

systemss than like electron donor-acceptor compounds. Furthermore, the experimental 

dataa was supported by molecular orbital calculations, which indicated that there are 

noo electronic transitions in which a large electron density is transferred from one 

indolee unit to the maleimide part. The calculated orbitals showed a strong 

derealizationn of the electron density over the whole molecule. 

Inn the application area of molecular devices, immobilization of the molecular 

componentss on a solid support to achieve a well-organized arrangement and improve 

thee interaction between the components, is an important goal. In Chapter 4 part B, 

thee synthesis and immobilization of a carboxylate group functionalized 

bisindolylmaleimidee derivative, 3,4-Bis[l-(carbo\ymethyl)-3-indolyl]-lH-pyrrole-

2,5-dionee (BIM-COOH), on a semiconductor TiO;> surface is reported. The aim is to 

investigatee the ability of BIM-COOH to sensitize a semiconductor surface, and to 

functionn as a model compound for the development of photocatalysts immobilized on 

surfaces.. Using steady state and time-resolved techniques, the occurrence of electron 

injectionn was proven. The absorption and emission spectra of the TiO^-bound 

sensitizerr BIM-COOH were very different from those measured in fluid acetonitrile 

solution,, allowing the direct monitoring of the adsorption of BIM-COOH onto TiO:. 

Thee quenching of the emission of the sensitizer by the TiO: surface was almost 

complete,, reflecting the high degree of association, fast charge injection and good 

electronicc coupling between the sensitizer and the semiconductor. Comparison of 

nanosecondd transient absorption spectra of BIM-COOH in solution and bound to 

semiconductorr surface gave clear evidence for fast charge injection and a slow 

recombinationn reaction, which occurs on the microsecond time scale. These results 
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openn up new pathways for the development of immobilized photocatalytic systems for 

oxidativee conversions. In future projects, versatile photocatalyst can be build up by 

utilizingg the binding site of the indolyl-maleimide systems for complex formation 

withh metallo-macrocycles. 

Startingg with Chapter 5, the interest is focused on the highly emissive, photostable 

andd rather popular compounds, perylene bisimide dyes, as building blocks for 

photoactivee systems. In Chapter 5, the detailed photophysical properties of a system 

consistingg of a bay functionalized perylene bisimide, having four appended pyrene 

andd two coordinating pyridine units, and its model system are described. Analysis of 

thee data, obtained from time-resolved emission and femtosecond transient absorption 

spectroscopy,, showed the presence of a high yield and fast photoinduced energy 

transferr (kai = 6.2 x 10*  s') followed by efficient electron transfer (kd - 6.6 x I0y s~f) 

fromm the pyrene units to the perylene bisimide moiety. The energy donor-acceptor 

distance,, R = 8.6 A, was calculated from the experimental energy transfer rate using 

Försterr theory. Temperature dependent time-resolved emission spectroscopy indicated 

thee presence of different conformations because of two different electron transfer 

barrierss (0.08 and 0.42 eV). These barrier values were corroborated by a theoretical 

analysiss of the energetics of the process by using Marcus theory, indicating average 

donor-- acceptor distances of 4.5 A (at room temperature) to 11 A (at low 

temperature).. This highly functionalized chromophore was proven to be a good 

candidatee for further applications. 

Metall  ion-coordinated molecular squares with photoactive functional groups are 

promisingg supramolecular compounds as models for the study of biological charge 

transportt systems. Using the perylene bisimide dyes as functional building blocks 

openss a new avenue in the construction of such molecular squares. In this Thesis, 

Chapterr 6 deals with the photophysical properties of two Pt(ll) ion directed, self-

assembledd molecular squares. They are constructed by using four perylene bisimide 

chromophores,, which are bay functionalized either with sixteen pyrene or sixteen f-Bu 

phenoxyy groups. The metal ion was used to assemble the pyridine units that are 

attachedd to the imide nitrogens of the perylene bisimide moieties. The molecular 

squaree containing sixteen pyrene groups performs very efficient energy transfer from 

thee pyrene units to the perylene bisimide moieties. Besides energy transfer, an even 
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fasterr electron transfer (ket = 1.5 x 10" up to 50 x 10" s"1) was observed and 

comparedd to the process in the separate ligand, which is studied in Chapter 5. 

Furthermore,, global analysis of the femtosecond transient absorption data of the 

squaree showed that there is also a direct electron transfer (43 x 10n s') from an upper 

excitedd state of the pyrene (S:-state) to the perylene moiety, for ca. 10% of the charge 

transferr yield. This was not observed for the pyrene-perylene ligand. The energy 

donor-acceptorr distance. R = 11.3 A, was calculated from the experimental energy 

transferr rate using Förster theory. Analysis of the data of temperature dependent time-

resolvedd emission spectroscopy indicated one electron transfer barrier of 0.098 eV. 

Thee extremely fast electron transfer processes indicates that we might consider the 

molecularr squares as monodisperse nano-aggregates. 

IXX X 


