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Technical Paper

Microcapsules With Liquid Cores And Polymer Shells Made By Solvent
Evaporation

Microcapsules having liquid cores and polymer shells were prepared by a simple physical
process. The morphology of the resulting particles depends upon materials, and can be
controlled to yield spherical core-shell type microcapsules. The thickness of the shell is
readily varied from 1% to 10% of the microcapsule radius.

A three-component solution containing a polymer, a good solvent for the polymer
(dichloromethane, DCM) and poor solvent (hexadecane) was emulsified into an aqueous
phase containing an appropriate emulsifier to yield droplets of ~10um mean diameter. By
controlled evaporation of the DCM, the polymer-solvating power of the solvent mixture
within the droplets is reduced until eventually the polymer phase-separates and forms a
complete shell around each droplet. A typical phase diagram for the 3-component droplet
phase is shown in figure 1. The region 100%

where the ternary mixture is a single phase Hexadecane

is denoted | and is in the dichloromethane
rich corner of the diagram. The line
separating this region from the region
where the polymer is in a separate phase
(denoted Il in the figure) is called the
bimodal line and was determined
experimentally by observation of the
turbidity of various mixtures (clear = one
phase, cloudy = two phases). The initial
po_Iymer solution used to make the present 0% Y o o o0
microcapsules was formulated to have the P(MMA) CH,Cl,
composition indicated by the dot in the

one-phase region. By removing DCM from the droplets of an emulsion made with oil of this
composition, the oil droplet composition moves toward one that is on the bimodal line, at
which point the polymer in solution begins to separate as a phase rich in solvent and so quite
fluid and mobile. This mobile fluid appears in the droplets as smaller droplets which move to
the droplet surface to form capsules as illustrated in figure 2 [ref]).
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morphology, one particle was fractured under liquid nitrogen to reveal the internal structure
as shown in figure 3b.
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This core-shell morphology is not guaranteed for all materials, and
careful selection of the emulsifier used at the emulsification step is

critical. If the emulsifier is not chosen correctly, the morphology Eﬁ.
shown in figure 4 is more likely to result, where the phase separated
polymer has left the droplet and aggregated to form a localized lobe of 9

material on the droplet surface.

— The thickness of the shell wall depends on the

0.9 - concentration of polymer in the initial solution,

0.8 and the functional form of the dependence is

C oe shown in figure 5. The ratio of wall thickness to
5 05- capsule radius has been plotted as a function of
€ 0] the volume fraction of polymer in the
02 - microcapsule (which is set by the initial oil-phase
s composition). The dashed line shows that to make
2 2 v o =z v e ~ = o o | amicrocapsule with a wall thickness that is 10%

P of the microcapsule radius, it is necessary to have

the polymer:hexadencane ratio at 30:70 in the
initial oil phase. By varying this ratio, microcapsules with a range of shell thicknesses were
prepared and scanning electron microscope images of the various products are shown in
figure 6.
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Microcapsules with walls less than about 10% of the particle radius tend to be too fragile to
maintain their form on the severe drying required for sample preparation, and the electron
micrographs show partially collapsed particles, or in the case for very thin walls, no
microcapsules are visible at all. The microcapsules with the thickest walls shown here were
very robust, and intentionally fractured under liquid nitrogen to demonstrate the wall
thickness to be ~10% of the microcapsule radius.

These microcapsules were prepared with poly(methylmethacrylate) shells, though a variety
of polymers can be used. Microcapsules that demonstrated pH-controlled release of a
compound dissolved in the liquid core were made with poly(4-vinylpyridine) shells, and
show the same morphology as the P(MMA) microcapsules (as shown in the figure below).
. w  The pH-responsive nature of poly(4-vinylpyridine) presents
an opportunity to develop site-specific drug-release
formulations based on these microcapsules. In initial studies,
~ a first-order diffusion model fit the release data well, and a
two-fold change in release rate was observed when the pH
was adjusted from 5.5 (above the pHy for the vinylpyridine
repeat unit) to 3 (below the pHy, for the vinylpyridine repeat
EN-LElemST T CITE  (nit). The kinetic data are shown in the figure below:
It is also possible to use pharmacologically-accepted polymers such as biodegradable PLGA
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for the shell. In this case oily materials could be encapsulated and handled as dry powders
that revert to oily materials in vivo. Alternatively, the slow dissolution of the shell could be
used to control the release of an oil-soluble drug molecule dissolved in the microcapsule
core.

Particle Sciences, Inc.

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,
UVI/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.
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