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Chapter 1 

GENERAL INTRODUCTION 

1.1 Motivation 

Motility is the ability to move autonomously and with purpose. It is an essential feature 

of living organisms, as the ability to navigate surroundings and respond to 

environmental cues keeps an organism alive1. For propagating bacteria, swimming 

cells, and amoeba, motility occurs at the microscopic scale2. At this scale, swimming 

in water becomes particularly challenging-as difficult a task as it would be for humans 

to swim in a pool of honey3. This is because viscosity plays a prominent role at the 

micrometer scale, and the effect of inertia becomes negligible. As inertia cannot be 

used to the advantage of microorganisms and cells, their strategy is to create 

movements that cannot be reversed in time4. In principle, any micrometer-sized object 

can propel itself forward with such asymmetric and time irreversible movements. In 

nature, bacteria, amoeba, and cells create such movements by employing complex 

protein machineries such as flagella, cilia, and actin-based membrane protrusions5. 

Inspired by mechanisms seen in nature to maintain movement asymmetry, researchers 

have developed artificial systems where objects harvest chemical energy from their 

surroundings to set themselves in motion autonomously6,7,8,9,10,11,12,13,14. However, 

developing motile systems that can function as an ensemble requires coupling 

chemical processes that occur at the molecular level with physical processes that occur 

at the microscopic level. By doing so, systems of motile compartments can be 

chemically pre-programmed with the capability to respond and adapt to 

environmental cues such as chemicals and light and ultimately execute collective 

functionalities.  

 

This thesis aims to address the challenge of uncovering the fundamental mechanisms 

by which energy is transduced into autonomous motility and functional motion.  This 

is demonstrated by developing motile systems where chemical reactions are coupled 
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to microscopic droplet systems that can display complex motile functionalities. The 

droplet systems operate through the amplification of molecular operations occurring 

at the nanoscale to motility at the macroscale.    

 

1.2 Thesis outline 

Chapter 2 reviews previous progress in imparting motility to microscopic droplets in 

lipid systems. After laying out the relevance of droplet motility in the origin of 

movement before the emergence of biogenic lipids, and in the origin of functional 

movement in complex systems, in the first part of the chapter, we discuss chemotactic 

motility and how droplets can adapt their movement to illumination conditions in lipid 

systems. We also discuss how chemical reactions can be coupled with motility to 

generate complex motile behavior.    

Chapter 3 shows the mutualism between chemistry and droplet 

motion: a lipid-producing chemical reaction can set droplets in 

motion, and in return, the motion of the droplets accelerates the 

chemical reaction. The chemical reaction produces lipids that 

aggregate to form micelles at higher concentrations, which initiate 

Marangoni flows, and oil droplets dispersed in water start moving autonomously. The 

chemotactic motility of oil droplets increases the production of lipids in the system as 

it brings additional interfaces closer to the reactants forming lipids in the system. 

Overall, a chemo-motile coupling is established. 

Chapter 4 aims to identify the parameters that contribute to the 

motile fitness of oil droplets in lipid systems.  We also show that in a 

multi-component system, with two droplet populations or distinct 

precursors for lipid-producing chemical reactions, the droplet 

population that shows better motile behaviour depends on the 

chemical composition of the oil and lipid molecule that initiates Marangoni flows. 

Chapter 5 shows that the work produced by molecular 

photoswitches can mediate both run-and-halt and photokinetic 

motion in motile oil droplets. We found that the geometry of the 

lipid switches determines the geometry of micelles at the 

supramolecular level, which in turn affects droplet movement at the 

ensemble level as it is the photo-active micelles that fuel droplet motion. We conclude 
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that droplet motility can be linked to molecular behavior rationally, which is a 

prerequisite for designing functional motile systems.   

In Chapter 6, we investigate how liquid crystallinity impacts the 

motile behavior of oil droplets in lipid systems. In order to control 

the liquid crystallinity of the droplets, we introduce an azobenzene 

switch in the oil droplets. We show that the speed and trajectory of 

motile droplets depend on the molecular organization in the droplet 

as well as the chemical composition of the lipid in the water phase.  

Motility on primeval earth must have involved simple mechanisms, such as the 

mechanism I have focused on in this thesis, based on fluctuations of interfacial tension 

in emulsions. Later, organisms have developed other strategies to swim in aqueous 

solutions, typically by the morphogenetic appearance of cilia or flagella15.  

In Chapter 7, we investigate fundamental physicochemical 

mechanisms by which appendages can be formed from liquid crystal 

droplets. We show that in this system, fluctuations in interfacial 

tension are a driving force at the origin of movement. Finally, we 

present the reversible light-triggered morphogenesis of chiral 

dendrons whose structure depends on the chirality of the liquid crystal droplet.  
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