
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Fluorescent probe molecules with individual detection capability

Zoon, P.D.

Publication date
2009
Document Version
Final published version

Link to publication

Citation for published version (APA):
Zoon, P. D. (2009). Fluorescent probe molecules with individual detection capability. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/fluorescent-probe-molecules-with-individual-detection-capability(03cfebe8-2943-4dee-8d6e-e3f093f5b95e).html


6 
6. Effects of bay substituents on the 
molecular photophysics of 5PI  
 
 
 

abstract 
The effects of phenoxy substituents on the bay positions on the molecular photophysics of donor 

substituted peryleneimides are studied by comparison of 5PI and the bay substituted compound 5PI-b. The 

photophysics of 5PI-b at first seem very similar to those of 5PI, but a closer look reveals that the subtle 

change of adding the phenoxy substituents has a substantial impact on the solvatochromic behavior. The 

Stokes shift is still relatively independent of solvent polarity. The plot of the Stokes shift vs. solvent 

polarity, however, shows a small positive slope, whereas for 5PI the slope was slightly negative. Irradiation 

experiments with a xenon lamp show that the photostability of 5PI-b is approximately half of that for 5PI. 

Fluorescence analysis of the photobleached solution of 5PI, gives us an indication that the type 3 emitters 

found at the single molecule level might be a photoproduct. 

 



 



Effects of bay substituents on the molecular photophysics of 5PI 

6.1. Introduction 

The solvatochromic amino substituted perylene imides, discussed in the preceding 

chapters, have been considered for several applications. In one of them the 5PI 

chromophore was incorporated in a rotaxane (1, Scheme 1).[1] Rotaxanes are molecules 

that consist of mechanically interlocked ring(s) and thread(s).[2, 3] The ring cannot slip off 

the thread because two bulky groups (stoppers) are attached to its ends. The ring is 

generally template synthesized around the thread by interactions such as hydrogen 

bonding[4-7] or π-stacking.[8-11] In order to make sure that 5PI is a good stopper, the bay 

positions were substituted with tert-butyl phenoxy groups (Scheme 2). 

This type of chromophore has been extensively used in donor-bridge-acceptor systems 

by the Wasielewski group,[12-14] but in their works the solvatochromic properties were not 

explored. 

The purpose of this chapter is to investigate whether the introduction of the bay 

substituents has an effect on the photophysical properties of the chromophore. 

 

 
 

 
Scheme 1 Structure of a [2]-rotaxane with a 5PI-b based stopper/station on one side and a naphthalimide 
stopper/station on the other side.[1] 
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Scheme 2 Molecular structure of the modified amino-substituted perylene imide (5PI-b)  
 

 
Figure 1 Absorption  and emission spectra of 5PI-b  in cyclohexane (CH), 2-methyltetrahydrofuran (MTHF) 
and acetonitrile (ACN). 
 
 

6.2. Photophysics of Bay Substituted 5PI (5PI-b)  

To our surprise the addition of the phenoxy substituents has a much larger impact on the 

photophysical behavior than expected. As for 5PI,[15, 16] we found a shift in both 

absorption and emission for 5PI-b as function of the solvent polarity. The absorption 

maximum shifts from 553 nm in cyclohexane to 637 nm in methanol and the emission 

shifts from 643 nm in cyclohexane to 766 nm in methanol. The emission band is 

narrowing with increasing solvent polarity. The structure in the emission in low polarity 

solvents is much less pronounced for 5PI-b than for 5PI (Figure 1). Both the absorption 

and emission maxima are shifted to the red in comparison with 5PI, which is to be 
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expected as the overall conjugation of the system is increased by adding the phenoxy 

substituents. They make the molecule easier to oxidize by 0.12 V in THF compared with 

5PI (see Chapter 2). In Table 1 the absorption and emission maxima of 5PI-b are listed 

together with the Stokes shift and the molar absorption coefficient for a series of solvents 

with increasing solvent polarity. 

 

Table 1 Spectral properties of 5PI-b in a series of solvents with increasing polarity. 

Solvent Δf a Absmax 

(103 cm-1) 
Fluomax 

(103 cm-1) 
Stokes shift 
(103 cm-1) 

ε 
(L mol-1 cm-1) 

Cyclohexane 0 18.1 15.5 2.6  
Cyclooctane 0 18.1 15.4 2.7  
Methylcyclohexane 0.011 18.3 15.5 2.8  
Toluene 0.026 17.2 14.5 2.7 25,000 
Diisopropyl ether 0.290 17.8 14.6 3.2 25,000 
Chloroform 0.291 16.8 13.9 2.9 29,000 
Diethyl Ether 0.325 17.9 14.6 3.3  
Ethyl Acetate 0.399 17.3 13.9 3.4 30,000 
Tetrahydrofuran 0.419 17.1 13.9 3.2 30,000 
Dichloromethane 0.434 16.3 13.7 2.6 25,000 
Acetone 0.569 16.6 13.5 3.1 23,000 
Ethanol 0.577 15.8 13.2 2.6  
Methanol 0.617 16.2 13.0 3.2  
Acetonitrile 0.611 16.0 13.2 2.8  
a)  Δf= f(ε)-f(n2), with f(ε) = 2(ε-1)/(2ε+1) and f(n2) =2(n2-1)/(2n2+1).  
 

 

 

 
Figure 2 A) Full bandwidth at half maximum (emission) of 5PI, 6PI and 5PI-b plotted as function of the 
emission maximum. To guide the eye, the data are fitted with 3rd order polynomials. B) Stokes shift of 5PI, 
6PI, 5NI and 5PI-b as function of the solvent polarity. The values in brackets are the slopes of the 
corresponding fits.  
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Figure 3 Absorption and emission maxima of 5PI plotted as function of the absorption (A) and emission 
maxima (B) of 5PI-b. 
 
As is the case for 5PI, 5PI-b shows a decrease in emission bandwidth with increasing 

solvent polarity. This (as for 5PI) indicates that the excited state and the ground state 

resemble each other more when the polarity of the solvent increases. The bandwidths of 

5PI, 5PI-b and 6PI are plotted versus their respective emission maxima in Figure 2A. 

Going from alkanes to acetonitrile the bandwidth decreases from about 2400 cm-1 to 1600 

cm-1 for 5PI-b, which is much less than the decrease observed for 5PI or 6PI. 

So far 5PI-b still has quite similar behavior to 5PI, but a remarkable difference can be 

seen when the Stokes shift is plotted versus the polarity (expressed as Δf = f(n2)-f(ε)). 

Whereas 5PI clearly has a negative slope, for 5PI-b the slope is positive as is shown in 

Figure 2B. 5NI and 6PI both have a slope of nearly 2000 cm-1. 5PI has a slope of -410 cm-1. 

5PI-b has a small slope, but it is still positive at 410 cm-1.Thus with respect to the Stokes 

shift, the behavior of 5PI-b is in between that of 5PI and 6PI.  

To investigate the difference in behavior between 5PI and 5PI-b in more detail, the 

absorption and emission maxima of 5PI are plotted versus 5PI-b (Figure 3). Clearly there 

is a linear relationship between the maxima of both compounds in different solvents. In 

absorption the slope of the fit is greater than 1.This means that the absorption maximum 

of 5PI shifts more than that of 5PI-b. The y-axis cutoff of the fit is negative, which 

indicates that the extrapolated excitation energy in vacuo is lower for 5PI-b. In 

fluorescence the situation is a reversed: the slope of the fit is smaller than 1. This means 

that 5PI-b is more sensitive in emission than 5PI. The y-axis cutoff is positive, which 

means that 5PI-b shifts more to the red than 5PI (in emission). 
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To summarize, 5PI-b is shifting less in absorption and more in emission than 5PI and this 

is what causes the Stokes shift to have a small but positive dependency on the polarity of 

the solvent. The addition of the electron donating phenoxy substituents makes the 

perylene core less electron accepting. This results in weaker donor-acceptor interaction in 

5PI-b compared to 5PI. In Chapter 3, the behavior of 5PI was compared with that of 

other push-pull systems. Some compounds were identified with anomalously small 

solvent dependable Stokes shifts, but none was as extreme as 5PI. We discussed there that 

there have to be strong donor and acceptor units in the molecule as well as a strong 

interaction between the two to observe the unusual solvatochromic behavior of 5PI. The 

small increase in electron density of the perylene core effectively weakens the interaction 

between the donor and the acceptor to such an extent that the observed solvatochromic 

behavior is more that of a normal solvatochromic dye. 

 

6.2.1. Photostability 5PI-b 

When observing a solution of the rotaxane (compound 1), it was noticed that the color 

changed from blue to orange over a period of several days. A sample of 5PI, however, did 

not show a color change after even a period of months. This led to the idea that the 

addition of the phenoxy moieties at the bay position could have a significant influence on 

the photo-stability of the dye. The ultimate goal is to see the shuttling of a macrocycle at 

the single molecule level. If the addition of the phenoxy substituents lowers the 

photostability of this chromophore as much as this observation suggests, this might 

become a big problem. 

To study the photostability of 5PI-b and 5PI, we irradiated them with a xenon lamp. 

Wavelengths shorter than 300 nm were cut off by using a long-pass filter. Every 15 

minutes absorption spectra were taken to study the degradation of both compounds. By 

looking at the spectra in Figure 4 we observe that 5PI-b indeed degradates faster than 5PI. 

In the lower graph in Figure 4 the absorption maxima of both 5PI and 5PI-b are plotted as 

function of the irradiation time.  
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Figure 4 Photo-bleaching of 5PI-b (A) and 5PI (B) in toluene. Intervals between the recorded spectra are 15 
min. C) the absorption at the maximum of 5PI-b (▪, λmax = 580 nm) and 5PI (●, λmax = 577 nm) as function of 
the irradiation time. 
 

 
Figure 5 Emission spectra of an irradiated solution of 5PI excited at different wavelengths. 
 
After 3 hours of irradiating the initial absorption band of 5PI-b has completely 

disappeared. For 5PI after 4½ hours of irradiation approximately 38 % of the initial 

absorbance is still present. It seems that the photodestruction of 5PI-b is approximately 
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twice as fast as that of 5PI. Adding the phenoxy groups to the peryleneimide core reduces 

the photostability quite a lot. The shape of the photobleaching curve (λmax vs. Time, 

Figure 4C) is rather different for both compounds. This may indicate that the 

photodegradation process is not the same for both compounds.  

In Figure 5 emission spectra of an irradiated solution of 5PI, excited at different 

wavelengths, are shown. Excitation at shorter wavelengths clearly shows an additional 

short wavelenght component. Whereas it might seem that the relative intensity of the 

second maximum of the “blue band” increases with increasing excitation wavelength, the 

ratio between the first maximum at 549 nm and the second at 592 nm is in fact constant 

at 1.20. This species might offer an explanation for the type 3 emitter found at the single 

molecule level as this is very blue shifted, with respect to the original band at 685 nm, but 

lacks the distinct triple band emission of type 2 emittters. Excitation at the single 

molecule level was performed at 520 nm (Chapter 5), which will preferentially excite this 

photoproduct over the 5PI, which might explain the relatively high contribution to the 

single molecule population.  

In Figure 6 the emission spectrum of the photobleached 5PI solution (solid line) is 

shown together with the emission spectrum of protonated 5PI (dashed line), both excited 

at 490 nm, and a single molecule type 3 spectrum (dotted line, excited at 520 nm). The 

single molecule spectrum is cut on the blue side by the 540 nm dichroic mirror, but 

probably corresponds with that of the photoproduct. The photoproduct spectrum is 

similar to that of protonated 5PI, indicating that the electron donating property of the 

amino group is removed.  
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Figure 6 Comparison of different 5PI emission spectra excited at 490 nm. The fluorescence spectrum of a 
photobleached solution of 5PI in toluene (solid line) shows a maximum at 549 nm, which is attributed to 
the main photoproduct. Some residual 5PI is still in the solution and gives rise to the band at 680 nm. The 
emission spectrum of a solution of protonated 5PI (dashed line) shows resemblance with that of the 
photoproduct. The emission spectrum of a single molecule type 3 emitters (dotted line) is cut short by the 
540 dichroic longpass and an excitation wavelength of 520 nm, but probably correspond with that of the 
photoproduct. 
 

6.3. Conclusion 

5PI-b is shifting less in absorption and a little more in emission than 5PI. The smaller 

shift in absorption is what causes the Stokes shift to have a small but positive dependency 

on the polarity of the solvent. Addition of electron donating phenoxy groups changes the 

solvatochromic sensitivity.  

Some care has to be taken with the excitation power though as our experiments show 

that the photostability of 5PI-b is significantly decreased by the addition of the phenoxy 

substituents to the bay positions.  

The analysis of the photobleached solution offers a possible explanation for the type 3 

emitters found at the single molecule level (Chapter 5). Unfortunately, the irradiation 

experiments were all carried out under normal atmosphere and we can therefore draw no 

conclusion on whether oxidation is the main source of the photodestructive process. 

Further analysis should in the near future yield the absorption and emission spectra of the 

different individual components in the irradiated solutions and confirm if we can link the 

photobleaching product to the type 3 and maybe type 2 single molecule emitters. It 

remains unclear why type 1 emitters do not all bleach/decay into a species with a 
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spectrum like this. Some of them, in fact, have a very long single molecule survival time. 

Moreover in the single molecule experiments type 1 emitters usually show one-step 

photobleaching, not conversion to another type of emitter. 

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. The position of 

the macrocycle can be directly read out either by monitoring the absorption or emission 

maximum. Hydrogen bonding to the carboximide groups will decrease the electron 

density and thus cause a shift in the absorption and emission maxima.[1] 
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6.5. Experimental Details 

6.5.1. Steady-State Absorption and Fluorescence 

The steady state absorption and fluorescence measurements were performed as described 

in Chapter 2. 

 

6.5.2. Photostability Experiments 

Two quartz cuvets (1 cm) with an approximate absorption of 1.0 in toluene (spectroscopic 

grade) were placed in front of a 100 W Xenon lamp at a distance of approximately 25 cm. 

A 300 nm longpass filter was put directly in front of the lamp to block the UV-part of the 

spectrum. Every 15 minutes the absorption was measured. 
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The excitation/emission matrix was taken from 1.95 10-5 M solution 5PI that was 

irradiated for 166 hours with a HQ590/55 excitation filter that blocks all wavelengths 

shorter than 560 nm. The solutions were not degassed. 
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