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Double emulsions (DE) are complex fluid systems, 
with a core droplet (e.g. aqueous) surrounded 

by a liquid shell (e.g. of oil) and suspended in an 
external phase (e.g. aqueous). The thinner the shell 
is, the higher stability is shown by the DE. They found 
use in various fields of life sciences, from production 
of polymerosomes to screening rare cells via flow-
cytometry. Microfluidic production of emulsions is 
thoroughly investigated, both single and complex 
emulsions. Double emulsions, however, are mainly 
produced by active methods, i.e. by shearing off a 
core droplet (creating feed, single emulsion) and 
shearing off the feed emulsion into double emulsion. 
Passive methods, such as step emulsification, offer 
higher level of monodispersity of produced emulsions 
as well as greater ease of use and parallelization 
than active methods. Systematic investigation of 
the influence of feed emulsion parameters in the 
passive microfluidic system has never been carried 
out. We present a microfluidic system that allows 
production of monodisperse double emulsion 
(water in oil in water) with use of sequential step 

emulsification chips. We investigate the mechanism 
of double emulsion formation on the step, taking into 
consideration chip geometry and fluids parameters. 
We find that the crucial parameters in controlling the 
monodispersity, size, and shell thickness of the DE are 
the channels geometry, size of the cores in the feed 
emulsion and viscosities of used fluids.
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Figure 1: Thin-shelled water in oil in water double 
emulsions produced using step emulsification.


