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Summary 
In this work we have synthesized two new solvatochromic fluorophores that can be used 

as single molecule nanoenvironmental probes. The compounds contain an electron 

deficient perylene imide chromophore coupled to a cyclic amine electron donor. In 5PI 

this is a five-membered pyrrolidine ring, in 6PI it is a six-membered piperidine. The 

photophysical behavior of these compounds turned out to be quite unexpected, which led 

to in-depth studies in solution, described in Chapters 2 and 3. The studies at the single 

molecule level also brought some surprises that are the subject of Chapters 4 and 5.  

The introductory Chapter 1 provides some of the background of molecular 

photophysical processes, molecular probes, solvent effects and single molecule 

techniques. 

Chapter 2 describes the solvatochromic behavior of 5PI and 6PI in a series of solvents. 

The paradoxical solvatochromic behavior of 5PI, in which the Stokes shift is almost 

independent of the polarity of the solvent, is explained by solvent-enhanced donor-

acceptor mixing, which reduces the HOMO-LUMO gap. In principle similar behavior 

should be possible for other compounds if they have a strong donor and acceptor and a 

strong coupling between the two combined with a large ground state dipole moment and 

a large polarizability. The naphthalimide analogue of 5PI (5NI) does not show this 

behavior, nor does 6PI. These two compounds show the typical behavior of push-pull 

conjugated systems, with a modest solvatochromic shift in absorption and a larger shift in 

fluorescence. 6PI, on the other hand, shows a large decrease in the width of the emission 

spectrum with increasing solvent polarity, an unusual property that it has in common 

with 5PI. We attributed this band narrowing to a decrease in the geometrical difference 

between the excited state and the ground state with increasing solvent polarity. The 

fluorescence of 5PI in THF is not quenched by water, as is often the case for charge 

transfer compounds. In fact, the fluorescence quantum yield slightly increases upon 
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addition of water. Addition of acid to a solution of 5PI in toluene leads to protonation of 

the amino group, which causes a drastic change of the absorption band. The 

accompanying emission band shows two maxima, corresponding to the protonated and 

the free 5PI. This indicates that rapid deprotonation can occur in the excited state. 

In Chapter 3 the solvatochromic behavior of 5PI is studied in more detail by varying 

the solvent polarity by changing the temperature. In this way the effects of specific 

solvent-solute interactions are largely eliminated. Decreasing the temperature leads to an 

increase of the polarity of the solvent. The absorption and emission spectra of 5PI both 

shift to longer wavelenght as a result of this increase in polarity. When cooling the 

solvent down below the Tg an abrupt blue shift occurs. This implies that solvent 

reorganization, which is strongly hampered by freezing of the solvent, still plays a role in 

stabilizing the excited state. This, then, means that the excited state is more polar than 

the ground state. At the lowest temperatures in liquid MTHF the difference in dipole 

moment between the excited state and ground state is not very large, however, the 

observed blue shift when the solvent is frozen is only moderate. In the literature some 

push-pull dyes with similar behavior have been described (e.g. merocyanines), but in 

none of them do the molecular geometric and electronic structure respond as strongly to 

solvent polarity as in 5PI. 

Chapter 4 describes the suitability of 5PI and 6PI for single molecule experiments and 

compares their use as single molecule probes with that of several other known dyes. Both 

probes can compete with the best commercially available single molecule probes with a 

detected number of photons of ∼ 600,000 per molecule and a survival time of well over a 

minute. Their stability is only surpassed by perylene- and terrylene bisimides and 

quantum dots. Fluorescence spectra of 6PI labeled phospholipid vesicles show that the 

probe is located near the polar headgroups. Fluorescence correlation experiments yield a 

diffusion constant of the vesicles that is similar to the one calculated with the Stokes-

Einstein equation. The fluorescence lifetime of the commercially available dye Perylene 

Red was studied at the single molecule level in polymer films. According to the 
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interpretation in the literature no flat conformations of the perylene core were present as 

not a single molecule with a fluorescence lifetime of < 4 ns was observed.  

In Chapter 5 the spectral characteristics of single molecules of 5PI and 6PI in several 

thin polymer films were studied. Remarkably, three distinctly different emitter types 

were found. Type 1 emitters resemble the approximately Gaussian shaped emission found 

at the ensemble level, type 2 emitters show a highly structured emission with three 

distinct emission maxima and type 3 emitters are blue-shifted and probably have an 

emission maximum around 530 nm. This spectrum is unfortunately cut off, on the short 

wavelength side, by the dichroic mirror used. The blue-shifted spectra of type 2 and type 

3 emitters do not fall within the band envelope of the ensemble spectrum. Thus, they are 

not observed in bulk samples. On the other hand, they represent a significant part of the 

single molecule population. The suggestion in the literature for 9-amino-PI that type 2 

emitters might be due to a rotation around the C-N bond is considered unlikely as 

molecular computations show the energies of these conformations to be so high above the 

global minimum that a significant population is unlikely to be present. Type 3 emitters 

are ascribed to a photoproduct after carefully monitoring the fluorescence evolution of 

several spin coated films, and taking into account results of photochemical experiments 

described in Chapter 6. The question then remains why not all single molecules are 

converted into a species with a spectrum similar to this. Furthermore, spectral jumps 

were observed in which a type 1 appeared from a type 3. Moreover, most single molecules 

show one-step photobleaching rather than being converted to type 3. A different 

explanation for finding so many type 2 and 3 emitters at the single molecule level and not 

at the ensemble level could be that they are induced by interface effects. The polymer 

films in single molecule studies are much thinner than the drop cast films used to 

measure the ensemble spectra. If the interface areas can be saturated this would also 

explain why spin coated films with higher probe concentration also do not show the same 

distribution among the types as found at the single molecule level. Analysis of the 

emission maxima of type 1 emitters showed that the rigidity of the polymer matrix limits 
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the solvatochromic response of the dye to such an extent that they are only slightly 

different in chemically different polymers. Although preliminary in nature, the 

protonation experiments on single molecules of 5PI showed that it is possible to follow 

protonation and deprotonation at the single molecule level. 

Chapter 6 describes an investigation into the solvatochromic properties of a phenoxy 

substituted amino perylenimide (5PI-b) that has been used as a stopper unit in a rotaxane. 

Comparison of the absorption and emission maxima with those of 5PI showed that the 

solvatochromic sensitivity is reduced by addition of the electron donating phenoxy 

substituents. The photostability of 5PI-b is significantly reduced in comparison to that of 

5PI. Analysis of the photoproduct solution of 5PI showed that a photoproduct might be 

the type 3 emitters observed at the single molecule level. The observed solvatochromic 

behavior of 5PI-b makes it a nice candidate to be used in a rotaxane that uses hydrogen 

bonding between the ring and the thread.  

In Chapter 7 the fast photophysics and the influence of the solvent on the nature of 

the excited state of two new triazole push-pull systems, designed for two photon 

excitation, were studied with nanosecond fluorescence and femtosecond transient 

absorption spectroscopy. The triazole linkers play an important role as electron 

withdrawing units stabilizing charge separation. Directly after excitation a locally excited 

state is formed. If the solvent is sufficiently polar this decays into a charge-separated state 

on the picosecond timescale. 

 


