
How can Complex Coacervation be used to fabricate 
nanoparticles & encapsulation? 
 
Complex coacervation is a phenomenon where solutions of 
oppositely charged polyelectrolytes upon mixing produce a 
biphasic liquid. One of the phases is dense and viscous while the 
other one is a thin liquid. The dense viscous phase is called as 
‘Complex coacervate’. This phase is formed by neutralization of 
charges between positive and negative  polyions. Polyelectrolytes 
in solution are ionized due to dissociation and are fully stretched 
out due to intramolecular repulsion among the like charges on the 
polyelectrolyte ion. This leads to higher viscosity at low 
concentration in comparison to solutions of nonionic polymers. 
Stoichiometric mixing of oppositely charged polyelectrolyte 
solutions results in formation of large nonionic moieties held 
together by electrostatic attraction.  These moieties are insoluble in 
water and hence separate out as a viscous phase. Mixing of 
solutions of gelatin and gum arabic provides a classical example of 
compex coacervate formation.  This phenomenon can be 
advantageously used for encapsulation technology and 
preparation of self assembled nanoparticles in the form of micelles. 
 

‘Complex Coacervation Core Janus Micelles (C3JM)’ 
 Stuart 1, in his comprehensive review paper, has described how 
variety of micelles with mixed composition can be formed using the 
phenomenon of complex coacervation. For this purpose, it is 
essential to control coagulation of the coacervate phase and 
preserve the separate identity of a neutralized pair of oppositely 
charged polyions. This can be achieved by selection of di-block 
polyelectrolytes with one nonionic hydrophilic block while the other 
block is ionic. As an example, the nonionic block can be of 
polyoxythylene type. Such a configuration of molecules upon 
coacervate formation immediately gets wrapped into a hydrophilic 
corona that stabilizes the polyion pair as a nanoparticle suspended 
in water. While the corona is hydrophilic, the core is a hydrophobic 
complex coacervate.  This particle resembles a micelle formed by 
surfactant molecules. Hence the name Complex Coacervate Core 
Micelle or C3M for short. Such C3M micelles are also called as 
Polyion Complex (PIC) micelle and Block Ionomer Complex (BIC) 
micelle. 
These micelles are supramolecular structures, typically of 10~30 
nm size, and can be looked upon as polymer nanoparticles that 
possess following properties: 



1. They behave like nanocapsules with hydrophobic core 
that can carry functional ingredients like pigments, drug 
molecules, flavors, fragrance, biocides, catalysts and 
the like. 

2. These micelles are in the state of dynamic equilibrium. 
They are sensitive to pH, temperature and ionic 
strength.  

3.  By modulating their environment, these can be used 
as targeted delivery vehicles for the active ingredients 
to the site of action. 

 
Voets et al 2 have described an innovation in C3M whereby one 
can obtain what are called Janus micelles. Their shape is shown in 
the Figure : Janus Micelles, which resembles two faced Greek God 
with the two faces looking in opposite directions. This is achieved 
by two different types of hydrophilic blocks in two diblock polymers 
that form a C3M micelle. These two hydrophilic chains being 
dissimilar, separate out from each other as two different semi-oval 
lobes of the corona. The core comprises a complex coacervate 
obtained by electrostatic attraction of polycation and polyanion  
ends of the di-block polymers. Hence these micelles are called as 
Complex Coacervate Core Janus Micelles or C3JM. 

 
 

 
 
 
             Figure: Janus Micelles (Source Ref: 1) 
 
The following Figure: C3JM Configuration shows typical 
composition of the core and two lobes of corona. Such C3JM 
micelles can be prepared by combining poly(acrylic acid)-block-
poly(acrylamide) ( PAA-PAAm) and poly(N,N-dimethylaminoethyl 
methacrylate)-block-poly(ethylene oxide) (PDMAEMA-PEO). C3JM 
offers a route to form spherical, wormlike micelles or vesicles. 
Their size, shape and structure is investigated by techniques such 



as Light scattering, Cryo-TEM, Potentiometry, SANS and electro-
optic Kerr effect measurements.C3JM form spontaneously and 
possess reversible supramolecular structure. Due to two faced 
corona, they possess a certain asymmetry.   
C3JM can be potentially used in drug delivery systems, food items 
and paints, such as antifouling paints. 
 
 
 
 
 

 
 
              Figure: C3JM Configuration (Source: Ref 2) 
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