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Summary 

 

Light-driven molecular motors are unique photoresponsive molecules which can 

undergo continuous 360o unidirectional rotation. However, most of the studies on 

molecular motors thus far have been conducted in solution and focused on their 

multi-stage switching behavior. On the other hand, existing reports on 

photoswitches have revealed that cooperative effects may arise via incorporation 

into host architectures, which differentiate the assembled systems from simple 

photoswitching molecules. So far, various functions have been achieved by these 

photoswitch-combined systems which are exemplified in Figure 1 and discussed in 

Chapter 1.     

 

Figure 1. Examples of photoswitches incorporated in host architectures and their applications. 

 

Aiming to obtain specific functions of motor-based systems, this thesis 

predominantly focuses on the functionalization of molecular motors into confined 

space, in aggregates and on particle surfaces. While studying the rotary behavior of 

motors, we also focus on the cooperative effects that these assembled systems 

generate. In addition, in these systems, we have made initial attempts to utilize the 

dynamic rotary motion of molecular motors to perform work.  
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Summary 

Chapter 1 describes the properties of the most commonly studied photoswitching 

molecules, namely, spiropyrans, diarylethenes, azobenzenes and overcrowded-

alkene-based molecular motors. While being incorporated into large architectures, 

such as micelle/vesicles, one-dimensional polymers/fibers, two-dimensional 

surfaces, three-dimensional liquid crystals and bulk crystals, the photoswitches 

may generate cooperativity with the host architectures and endow the combined 

systems with novel functions. These functions include cargo release, 

optomechanical movement, surface wetting/dewetting, catalysis in confined space 

and optoelectronics (Figure 1), which are highly promising in the advance of 

photoresponsive materials.    

Chapter 2 focuses on a bulky first-generation molecular motor which forms bowl-

shaped aggregates in a THF/water mixture (Figure 2). In this system, the 

aggregates could shrink or swell by adding water or THF, respectively. Via this 

shrinking/swelling process, the extent of the confinement inside the aggregates was 

tuned. While retaining its unidirectional rotary motion at a low extent of 

confinement at 60% water volume fraction (ƒw), the molecular motor ceased to 

rotate at a high extent of confinement at 90% ƒw due to the blocked thermal helix 

inversion. Nevertheless, at 90% ƒw, an unusual thermal backward cis-to-trans 

isomerization occurred, which was verified by NMR studies.   

 

 

Figure 2. Bowl-shaped aggregates from a bulky first-generation molecular motor. 

 

Following the study of the bowl-shaped aggregates, Chapter 3 aims to achieve 

continuous rotary motion in aggregates at a high extent of confinement by 

designing a bulky second-generation molecular motor. With smaller geometric 

rearrangement and a lower thermal barrier during rotation, the second-generation 

motor was able to undergo both photochemical and thermal isomerization even at 
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Summary 

100% ƒw. Combined with the swelling behavior of the aggregates by decreasing ƒw, 

the release rate of dye-loaded aggregates was studied on upon UV irradiation. The 

preliminary results showed that the release rate could be accelerated via the rotary 

behavior of motor.  

Chapter 4 and Chapter 5 describe a propulsive system of silica microparticles 

with ultrafast molecular motors grafted on the surface. Using light as the fuel, the 

particles could move towards the light source. The control experiments were 

conducted using the lower half of the motor and a relatively slower motor, showing 

the propulsion’s dependency on the half-lives of thermal helix inversion of motors. 

Furthermore, Au-silica Janus particles with the ultrafast motor attached on the 

silica side were also investigated, revealing a minor effect of the motor on these 

Janus particles. Chapter 4 demonstrates the successful synthesis and the 

fabrication of swimmers. Chapter 5 focuses on the observation of the propulsive 

behavior using the optical microscope and the tracking system Nanosight.  

In Chapter 6, we design a novel second-generation molecular motor featuring a 

crown ether in the lower part of motor. By complexation with different cations to 

the crown ether moiety, the PSS ratio of the photochemical isomerization and the 

half-life of the metastable isomer could be modulated.   

Overall, the results presented in this thesis show molecular motors incorporated 

into aggregates and on silica particle surfaces. In the confined space, molecular 

motors may exhibit different rotary behavior due to the confinement, as is in the 

case of the bulky first-generation motor. Furthermore, phenomena such as 

complexation of ions may also lead to a change of rotary behavior. The most 

important insight gained in our studies is that the dynamic rotary motion of motors 

can be utilized to perform work, e.g. acceleration of the cargo-release and 

induction of particle movement. Moreover, these novel functions arise from the 

cooperativity of the embedded molecular motors and their corresponding host 

architectures. With the discoveries in this thesis, I believe that they exhibit some 

inspiration for the fabrication of future photoresponsive systems with the goal to 

utilize the dynamic rotation of molecular motors. Finally, I hope future studies 

focus more on the motors in orderly arranged architectures, such as in metal-

organic frameworks (MOFs), to uncover novel functions and to find true impact 

applications of molecular motors.         

 




	Summary



