
 
 
 
 
 
 
Microencapsulated Non-aqueous Dispersions 
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Droplets of oil containing finely dispersed nanoparticles can be encapsulated in natural polymers by 
leveraging three interesting physical chemical properties of certain polyelectrolytes. Firstly aqueous 
solutions of gelatin form gels on cooling below ~40°C. Second, gelatin molecules are amphoteric, i.e. 
negatively charged about pH > ~5 and positively charged at pH < ~4. And lastly, under certain conditions, 
two oppositely charged polymers dissolved in water can associate by charge neutralization to form fluid 

droplets of a polymer-rich phase called a 
coacervate. Gelatin and acacia gum mixed in 
dilute solution at pH > ~5 forms a clear single-
phase solution. If the pH is lowered below ~4, the 
gelatin molecules become positively charged, and 
associate with the negatively charged acacia gum 
molecules to form droplets of the separate 
coacervate phase containing the hydrated c
The phase diagram in figure 1 shows the 
concentration boundary lines within which the 
coacervate phase forms from the oppositely 
charged polymers for four different batches of 
gelatin (showing the variability in the behavior of 
different natural materials). The coacervate phase 
appears for compositions within the boundary 
lines, while for compositions outside the boundary 
lines the mixture gelatin / acacia / water remains a 
single phase. It is of interest to note that the 
coacervate phase only forms from very dilute 
solutions (<4% w/w) of each polymer, typical of 
coacervating mixtures. 
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The liquid coacervate droplets are a few microns in diameter and are clearly visible in an optical 
microscope. The coacervate droplets are surface active and can engulf particles or droplets of another 
material that is co-dispersed in the water phase. This is shown clearly in figure 2 where droplets of an oil-
based ink formulation comprising a blue dye and white nanoparticles have been engulfed by enough 
coacervate material that a “green” microcapsule has been formed – both core and shell at this point are 
liquid. Careful formulation of the oil-based ink, and 
controlled emulsification into the initial solution of 
gelatin and acacia gum at pH > 5, ensured that the 
nanoparticles remained well-dispersed within the oil 
droplets, that the nanoparticles remained there during 
the process and did not migrate into the water phase, 
and prevented water from becoming entrained inside 
the oil droplets. In this example the core droplet 
(~200 µm) is much larger than the coacervate 
droplets that have coated it; droplets several 
millimeters in diameter can be coated with c
to form very large microcapsules. Otherwise d
of core material can be as small as a few microns or 
less. 

200 µm oacervate 
roplets 

The green microcapsules are made more robust for handling and use by hardening the shell. This leverages 
the gelling properties of gelatin; the dispersion of the oil droplets and depostition of coacervate was carried 
out at 40°C. The batch was then cooled to 5°C to gel the walls, and a chemical hardener was added to 
chemically crosslink the gel.  
This type of microcapsule could be used for a variety of purposes – if the nanoparticles dispersed in the oil-
phase are paramagnetic, then administered capsules can be traced or concentrated in the body by magnetic 
means. This could have application in medical imaging or site-specific delivery of a drug. Alternatively, the 
microcapsules could be used to mask the flavor of unpleasant oily medicines (such as cod-liver oil).  
 
 
 
 
 
 
 

 
 
Particle Sciences Inc. is a contract research organization (CRO) providing formulation, analytical services and manufacturing to 
biotech and pharmaceutical companies. Particle Sciences can assist you in all technical phases of development, from initial project 
conception to production. Our strength as a CRO lies in proving and integrated full service solution offering formulation, 
characterization, production, analytical and bioanalytical services – all within a single facility.  This integrated approach adds value by 
accelerating the product development cycle. We cater to those clients with special needs in formulation and method development 
where we can leverage our experience and hard assets to provide high value added services.  
 
Particle Sciences is located in Bethlehem, Pennsylvania. Our analytical staff has extensive experience in method development and 
validation with particular expertise in topical and mucosal products. Our physical characterization cGMP laboratories include HPLC, 
UV/IR, X-Ray, Particle Size, Zeta Potential, Turbidity, Viscometry, Rheology, Contact Angle, Surface Energy, and ICH compliant 
stability programs. Our formulations group has pioneered nanoparticle  - drug encapsulation systems, resulting in many 
commercialized products.  
 


