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In this chapter, the findings presented in this thesis are further evaluated and 
suggestions are provided on how research on these topics may be continued. 
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8.1 Functionalization of dithienylethenes 
Photochromic molecular switches continue to receive attention as they can be 
used to control molecular systems by means of external stimuli.1 The use of 
photochromic switches in such applications will often require them to have 
certain functionalities, such as linkers for attachment to surfaces or 

biomolecules. Unfortunately, experimentation with several structures and 
functionalities has demonstrated that photochromic switches are delicate 
systems whose properties can change significantly upon changes in substitution 

pattern or chemical environment.2,3  
 
In the work described in this thesis, this ‘delicateness’ was also observed. In 

chapter 3, the photochemical behavior of a phenyl-substituted asymmetric 

dithienylperhydrocyclopentene (3.1) was investigated and compared to that of a 

perfluorinated analogue (Figure 8.1). Dithienylethene 3.1 displayed a 
significantly lower quantum yield for ring closing owing to an unfavorable 
population distribution over the four possible open form conformers. 

Furthermore, the functionalization of both systems with a thioacetate group, 
described in chapter 4, was found to result in a change in photochemical 

behavior as well. Specifically, the functionalization of 3.1 (providing 

dithienylethene 4.3) caused the ring closing and ring opening quantum yields to 
change from 0.20 and 0.25, respectively, to 0.16 and 0.43, which represents a 

decrease of its photochromic performance. On the other hand, for the 

perfluorinated analogue, this functionalization (providing dithienylethene 4.2) 
caused the ring closing and ring opening quantum yields to change from 0.37 
and 0.23, respectively, to 0.65 and 0.07; an increase of its photochromic 

performance. An unexpected change in photochromic behavior was also 
observed in chapter 5, where the functionalization of a dithienylethene with a 

tripodal structure resulted in a system (dithienylethene 5.1) that displays 
noticeable switching fatigue in solution. 
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Figure 8.1 Quantum yields for the ring closing and ring opening processes for 

dithienylethene 3.1, the perfluoro analogue of 3.1, and the two functionalized 

dithienylethenes 4.2 and 4.3. 

The above implies that, when modifying a photochromic molecular switch for 
use in a particular application, one should carefully consider how both the 

functionalization and the chemical environment in the application will affect 
the behavior of the switch. To some extent, this is often already done; for 
example, use has been made of heteroatom4 or transition metal5 spacers when 

linking molecular switches in an attempt to limit undesired chemical 
interactions. However, currently limited knowledge on (photo)chemical reaction 
mechanisms and how these are affected by changes in functionality makes it 

difficult to predict the resulting behavior. This significantly complicates the 
design of photoresponsive systems. Gaining more insight into photochemical 
reaction mechanisms is thus one of the main challenges this research area faces. 

 

8.2 Immobilization of dithienylethenes 
As with functionalization, the immobilization of photochromic systems can lead 
to changes in photochemical behavior. In chapter 4, a study of self-assembled 
monolayers of three thiol functionalized dithienylethenes on a gold surface was 

presented. These dithienylethenes are 4.2 and 4.3 (Figure 8.1) and the symmetric 
analogue of 4.3, i.e. dithienylethene 4.1. Found was that 4.1 displayed reversible 

photoinduced switching while 4.2 and 4.3 only displayed photoinduced ring 

opening. The reason for the ring closing of 4.2 and 4.3 being inhibited on gold 
is not known, but it is presumed that the photoexcited compound is quenched 
by the gold surface. Adsorption was furthermore found to affect the ring 

opening rates for 4.2 and 4.3 at low temperature. Specifically, these systems did 
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not display ring opening at 100 K and 200 K when adsorbed on gold whereas 
ring opening in solution at 120 K was rapid. 
 

Interaction between the photochromic system and the surface can likely be 
reduced by incorporating a linker that increases the distance between the two as 
well as reduces through-bond interactions. An example of such a system was 

presented in chapter 5 as dithienylethene 5.1. Through use of a rigid tripodal 
structure, the dithienylethene unit was separated from the surface by ~7 Å with a 
well-defined orientation. A silicon atom was hereby incorporated in order to 
reduce through-bond interactions. Studies into the behavior of this system 

revealed that it could be switched photochemically as well as electrochemically, 
both in solution and after self-assembly on gold. A minor difference in behavior 

between these two phases was observed though: in solution, 5.1 displayed a 
noticeable degree of switching fatigue upon repeated switching, but this was no 

longer observed after self-assembly. This suggests that despite the attempted 
separation of surface and photoswitch, some interaction between the two 
remains. 
 

For future investigations into this topic, it may be attempted to further reduce 
interactions by employing a linker that increases the distance between surface 
and the photoswitch further. Alternatively, the tripod linker can be modified to 

incorporate fewer aromatic moieties in an attempt to further reduce through-
bond interactions. A drawback of such an approach is however that the 
substitution of aromatic moieties with aliphatic ones can lead to more structural 

flexibility6 and thus a less well-defined orientation of the photoswitch. This may 
be remedied by the use of rigid aliphatic structures such as adamantane, which 
has used in related tripodal structures.7,8 It is acknowledged that the 

modification of the linker in these ways poses a significant synthetic challenge. 
 

8.3 Photochromic dopants for liquid crystalline phases 
In the past years, the use of photochromic molecular switches in liquid crystals 
(LCs) has been a topic of continuing interest as it allows for the creation of 

phototunable LC phases. There have been examples of cholesteric LC phases 
that are formed from photoswitchable mesogens.9 However, a more cost 
effective approach is to employ chiral photoswitchable molecules as dopants 

that are capable of inducing chirality in a non-chiral LC phase. In chapter 6, an 
example of such a dopant was presented, i.e. dithienylethene 6.1. 6.1 was found 

to be able to induce cholesteric phases in E7 and 5CB matrices, hereby 
displaying the highest helical twisting power observed for a dithienylethene 
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dopant so far (–50 μm–1 in E7). Furthermore, it was observed that the pitch could 

be controlled photochemically, whereby irradiation with UV light effected the 

lengthening of the pitch (to –35 μm–1 in E7) while irradiation with visible light 

effected the pitch to shorten to its original value. 
 
Since the publication of these findings, a series of binaphthyl substituted 

dithienylethene dopants that display significantly higher helical twisting powers 

(up to –188 μm–1 in 5CB)10d was reported by Li and co-workers.10 Another 

noteworthy report is by Akagi and co-workers, who also designed a series of 
binaphthyl substituted dithienylethene dopants, some of which effected a 
reverse of the chirality of the LC phase upon irradiation.11 These findings show 

that, like azobenzenes, dithienylethenes can be potent dopants depending on 
the choice of substituents. 
 

8.4 Calculating thermal E−Z isomerization energy barriers 
Earlier, it was stated that the functionalization and application of photochemical 

switches is currently complicated by the limited knowledge of their switching 
mechanisms. As such, methods that gain insight into these mechanisms are 
valuable as they allow for a better prediction of the behavior of a photochromic 

system. Such a method has been presented in chapter 7; a quantum 
computational method for calculating the energy barrier of the thermal E−Z 

isomerization of overcrowded alkenes and second-generation molecular motors. 

The energy barriers calculated were close to those observed experimentally. The 
method was subsequently used to predict the direction of the thermal relaxation 
step (back-isomerization or thermal helix inversion) for various second-

generation molecular motors. For some of these systems, back-isomerization was 
the dominant process, causing the ability of these systems to rotate to be 
partially or fully impaired. 
 

Unfortunately, from a theoretical standpoint, the presented method suffers from 
a few deficiencies. Most importantly, the description of the π system is 
incomplete and the potential influence of hetero atoms is not considered, both 

in order to keep the computational cost affordable. The accuracy of the method 
is therefore attributed to a favorable cancellation of errors. Conversely, care 
should be taken when applying the method to systems very different from those 

it was tested on, such as xylene-derived motors or first-generation motors. For 
calculations on such systems, it is recommended to explore a different 
computational approach. Two approaches that are likely to be much more 

robust are density matrix renormalization group (DMRG) CASSCF/CASPT212 and 
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spin-restricted ensemble-referenced Kohn–Sham (REKS).13 The first approach 
allows for near-exact CASSCF calculations with active spaces much larger than 
possible with conventional CASSCF. The second approach is a DFT method 

capable of treating static correlation. Unfortunately, the implementation of 
these theories in QC software is, as of yet, very rare. 
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