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Titre : Progress in deterministic biphasic microfluidics for bio applications 

Résumé : Microfluidics, and in particular droplet microfluidics, are currently undergoing an 

explosive development, thanks to the unique property of allowing the encapsulation and 

manipulation of extremely small volumes of fluid, from the nanoliter to picoliter range. A 

limitation of current droplet microfluidic methods, however, is that in most applications, each 

drop has to contain an internal “tag” reflecting its “identity”.  The aim of this project will be 

to pursue the development of a new generation of droplet called "plug microfluidics", in 

which each droplet is highly confined in a channel. As compared to the other droplet-based 

systems developed in the project this strategy will cover a different area of applications. In 

particular we showed it allows the preparation of well controlled "trains" of 

compartimentalized plugs, in which each confined droplet contains a different, 

deterministically programmed, mix between a sample and a reagent from independent 

libraries. As opposed to conventional droplet microfluidics, which typically works with 

millions of droplets and relies on Poisson distribution, this new format allows for fully 

deterministic programmation of content. In addition, we also combined with this « magnetic 

tweezers », allowing the implementation of highly parallelized and fully deterministic 

protocols in the nanoliter format.  It will thus bridge the gap between current Genetic 

diagnosis methods like PCR, which require the tedious development of multiplex techniques, 

and remain limited to a small number of criteria, and current high throughput droplet 

microfluidics tools that are not well adapted to diagnosis. In particular, it will allow an 

economic diagnosis strategy towards personalized medicine and targeted therapies of cancer, 

which request the evaluation of alterations in a rapidly increasing panel of genes.  

The project will have two aspects: in a first aspect, miniaturization will be pursued, in 

particular thanks to a combination of theoretical and numerical modeling, and experiments. 

The limits in terms of throughput and miniaturisation will be explored. In a second aspect (to 

be developed mostly in a continuing PhD), the technique will be validated towards clinical 

applications, in collaboration with Dr P. de Cremoux (Plateforme d’Oncologie Moléculaire) at 

Hospital St Louis.   

The project is interdisciplinary and translational: Students are not expected to have experience 

in all competences, and will learn during the project what is complementary to his/her own 

training. The project will be suitable for instance for students following courses in soft matter 

and complex fluids, nanoscience, microfluidics, microsystems, hydrodynamics, biophysics. In 

all cases, a motivation towards societal and medical applications will be strongly encouraged. 
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