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- Microscopic engine powered by critical demixing 

During the last few decades much effort has gone into the miniaturization of machines down to the 

microscopic scale with robotic solutions indispensable in modern industrial processes and play a central role 

in many biological systems. There has been a quest in understanding the mechanism behind molecular 

motors and several approaches have been proposed to realize artificial engines capable of converting energy 

into mechanical work. These current micron-sized engines depend on the transfer of angular momentum of 

light, are driven by external magnetic fields, due to chemical reactions or by the energy flow between two 

thermal reservoirs. Here we propose a new type of engine that is powered by the local, reversible demixing 

of a critical binary liquid. In particular, we show that an absorbing, optically trapped particle performs 

revolutions around the optical beam because of the emergence of diffusiophoresis and thereby produces 

work. This engine is adjustable by the optical power supplied, the temperature of the environment and the 

criticality of the system. 

- Clustering of Janus colloids induced by hydrodynamic flux 

Self-organisation is one of the most important strategies used by many biological systems for the 

development of functional and complex patterned structures, like bacteria growth colonies. Biological 

systems inspired self-organisation off 

er opportunities to simplify processes, developing next generation materials and devices for molecular 

electronics, photonics and nanotechnology. The ability of organization, composed of many individual 

components are mainly driven by their mutual interactions, and highly mediated by the features of the 

environment. Our experiments demonstrate a system of Janus particles (half gold coated silica particles) 

experiencing unusual clustering in the presence of a smooth Gaussian optical potential, and immediate 

expulsion undergoing Brownian motion when optical potential switched off 

. The key ingredient of underlying mechanism is the existence of a hydrodynamic flow induced by 

temperature gradient generated by the light absorption of the confined Janus particles, validated by numerical 

simulations by our simple model. Our proposed model is further validated for non-Janus (silica) particles and 

for mixed Janus and non-Janus particles and well matched with experiments. The possibility of inducing 

nascent clustering of Janus particles in the complex environment due to optical potential may have 

applications in the field of drug delivery, cargo transport, bioremediation and bio-patterning. 

 


