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Summary 
 

 

Molecular switches are among the most basic components of molecular devices. 

The switching of these molecules is based on their ability to exist in two states and 

reversibly interconvert between those states. In photochromic molecular switches the 

stimulus causing the switching process is light. The two states of the switch differ not only 

in the structure of the molecule, but also in many physical and chemical properties. The 

design and synthesis of molecular switches capable of modulation of properties at the 

molecular and supramolecular level is a highly desirable goal. 

Several new photochromic switches capable of modulation of chiroptical 

properties, complexation ability and reactivity were designed and synthesized. The 

synthesis and study of their photochromic properties with a focus on the interplay between 

the switching and additional functions, is described in the first part this thesis. The second 

part deals with a pH and light controlled nanovalve developed through the modification of a 

membrane protein channel. 

Chapter 2 describes modulation of chiroptical properties of phenanthrene-based 

diarylethenes photochromic switches (Scheme 1). The new switches were designed in such 

a way that the chirality is an inherent property of their backbone and no additional chiral 

substituents are required. Due to the steric bulk, the free rotation around the bond 

connecting the thiophene with the phenanthrene is sterically hindered and the individual 

atropisomers of these compounds were isolated by chiral HPLC. Although the existence of 

such isomers was observed also for other diarylethenes by NMR spectroscopy, this is the 

first case where such atropisomers were separated and their properties studied. Since there 

are two thiophene – phenanthrene bonds and the thiophene moieties are identical, three 

isomers exist. These are a pair of enantiomers with an antiparallel orientation of the 

thiophenes and a meso form with a parallel orientation and a plane of symmetry. The 

isomerization barrier was found to be high enough (109 -112 kJ/mol) to avoid 

isomerization during the switching process. The meso form is photochemically inactive as a 

result of the parallel orientation of the thiophene moieties, while both enantiomers are 

photochromic and undergo ring-closing reaction upon UV irradiation. The ring opening 

reaction can be induced by both visible light irradiation as well as heat, thus these 

compounds exhibit also thermochromic behaviour. The switching process induces changes 

in the chiroptical properties of the diarylethene molecules and can be easily monitored by 

CD spectroscopy. These new 9,10-dithienylphenanthrene photochromic switches are ideal 

candidates for nondestructive readout method based on the chirality, the only drawback 

being their themochromism which can lead to ring opening.  
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Scheme 1 Photochemical and thermal isomerization processes of dithienylphenanthrene 

photochromic switches. 

 
A system that combines photochemical switching with chemical reactivity is 

described in chapter 3. Both processes, the switching as well as the cycloaddition reaction, 

are reversible, resulting in three stable states of the switching system (Scheme 2). In the 

first state, the dithienylfuran molecule is not photoactive and it has to undergo a 

cycloaddition reaction to give the cycloadduct that is photochromic. This cycloaddition 

reaction is reversible and the retro-cycloaddition reaction can restore the dithienylfuran 

moiety. This is an example of the control of photoreactivity by a second chemical 

transformation (reaction gated switching). The cycloadduct obtained after the reaction of 

dithienylfuran with the dienophile shows behaviour typical for photochromic diarylethenes, 

resulting in the ring-closed isomer after UV irradiation and restoring the ring-open isomer 

after irradiation with visible light. However, until the system is in the state of ring-closed 

isomer no retro-cycloaddition can occur (switching gated reaction). This molecular design 

comprises a three stage coupled system in which both photoswitching and reversible 

cycloadditions are gated and mutually depend on each other. 
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Scheme 2 Three stage system combining photochromic switching with chemical reactivity. 
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In chapter 4 the photochromic, thermochromic and proton and metal binding 

properties of new pyridine containing diarylethene switches are described. These new 

switches show quite efficient photochromic reactions dependent on their substitution 

pattern. However all of them are thermochromic with the stability of the closed form 

ranging from seconds to hours at room temperature. It was found that some of these new 

dipyridylethene photochromic switches show effective gating of the photoreaction upon 

addition of acid or metal source (Scheme 3). When an 1:1 complex of the switch with a 

proton or Cu(I) ion is formed, both pyridine moieties bind a positively charged species 

cooperatively, resulting in a photochemically inactive parallel conformation of the switch 

and thus gating of  its photochromic reaction. Furthermore other properties of the switches, 

such as absorbance and rate of the thermochromic reaction, can be tuned by protonation and 

complexation. A surprising new finding is the dependence of the thermochromism on the 

polarity of the solvent used. The rate of the thermal ring-opening reaction decreases with 

increasing polarity of the solvent. 

N N

N N
H+

N N

N N

UV vis H+ or Cu+

parallelantiparallel

UV

X
(Cu+)

 
Scheme 3 Protonation and complexation gated switching of dipyridylcyclopentene. 

 
To extend the possible application of photochromic switches from the solution to 

the solid phase, switching of surface bound switches was studied in chapter 5. The 

diarylethene photochromic switch was functionalized with a tripodal base containing 

protected thiol moieties to ensure its stable and rigid anchoring to the gold surface (Scheme 

4a). The switching process was studied for the switch in solution as well as for the switch 

bound to nanoparticles (Scheme 4b) and semitransparent gold layer deposited on mica 

(Scheme 4c). 

Measurements in solution show that the new dithienylethene can be reversibly 

switched between its open and closed form several times, although it suffers from fatigue. 

Modified nanoparticles showed strong tendency to precipitate, thus making observation of 

full switching cycle impossible. After attaching the switch to a semitransparent gold layer 

deposited on mica a monolayer of surface bound molecules was obtained and studied by 

UV-vis spectroscopy. Alternate irradiation of this monolayer of switch molecules with UV 

and visible light results in a reversible change in the optical properties which can be 

attributed to the switching of the bound dithienylethene. 
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Scheme 4 Surface bound photochromic switch. 

 
Chapters 7 and 8 describe the modification of a membrane protein channel, 

Mechanosensitive channel of Large conductance (MscL), into pH and light sensitive 

nanovalve. In its native state, MscL responds to increased tension in a membrane by 

opening to create a pore 3 nm in diameter. The channel has two basic states, the open and 

the closed state, and thus can be seen as a biomolecular switch. 

 
Scheme 5 pH and light induced opening of the modified protein channel 
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 Through engineering of the channel to contain cysteines as binding sites for organic 

molecules and binding of specific molecules, its opening and closing stimuli were changed. 

In the chapter 7, molecules that can be protonated in a desired pH range were attached to 

the protein channel. In this way, opening of the channel was achieved by changing the pH 

of its environment (Scheme 5a). Tuning of the pH at which the attached molecule 

protonates enabled development of channel that is closed at the physiological pH but opens 

when the pH drops, a condition typical for many tumors. This modified channel can be 

used in the liposomal drug delivery as a pH sensitive release valve. 

In chapter 8, a photosensitive channel protein was constructed through modification 

of the MscL with the photoprotected actuator, which was further developed into a 

reversible light controlled system allowing the opening and closing of the channel using a 

spiropyran photochromic switch (Scheme 5b). 

 

 

 




