










dispersedphase that could bemicelles of surfactants (micellar nucleation), preexisting
polymer, or mineral particles (heterogeneous nucleation).

Radical-initiated polymerizations are themore popular initiating systems; however,
in the last decade, new processes have been explored based on different mechanisms
than those of radical initiation, for example metathesis, or ionic polymerizations in
aqueous media. It should also be emphasized on the recent introduction of controlled-
radical polymerization methods, which appear highly suitable, especially for the
design of latex particles with controlled surface and internal morphology (69).

Emulsion polymerization is the more developed heterogeneous polymerization
process owing to the huge progresses accumulated at both the academic and industrial
levels in the last 60years. It has beenwidelyusedwithnumerousmonomers (of various
polarity) to produce latex particles applied in a continuously increasing range of
domains (70). The versatility and flexibility of the process prove to be suitable for the
synthesis of high-tech latex particles in the submicronic size range (down to 20 nm), to
be used in biotechnology (calibration standards, diagnostic tests, solid-phase supports
for biomolecules, medical imaging, synthetic vectors for drugs, biochips, etc.).

Briefly, conventional emulsion polymerization consists in dispersing a nonmisci-
ble monomer in aqueous phase (mostly by using an emulsifier), then to initiate
polymerization by a radical initiator leading to polymer particles of colloidal size
much more smaller than the initial droplets. The various mechanisms involved in
the formation and growth steps of the latex particles have been largely investigated,
and the reader could report onmany books and reviews devoted to the subject (24,40).
Polymerization can be performed in the absence of surfactants, providing highly
monodisperse particles but preferentially in a size range largely above 200 nm.

It has been well recognized that polymerization of two (or more) monomers, as
named copolymerization, allows to produce polymer materials with physical and
chemical propertiesmore finely defined thanwith homopolymers. This is particularly
the case of copolymer latexes in which surface and colloidal properties can be really
tuned by taking advantage of the differences, in terms of reactivity and physicochem-
ical properties (polarity, hydrophilicity, presence of ionic charges, etc.) of the two
monomers involved in the polymerization process. In that purpose, considerable
amount of work has been investigated to the kinetics and mechanisms of emulsion
copolymerization in order to predict many features related to these copolymers,
especially the control of the copolymer compositionwithin the particle. In the frameof
this review, it is worthwhile to focus on the potentialities of the copolymerization
process to produce latex particles in which the internal morphology can be controlled
(the so-called structured latexes) or those in which the interfacial functionality is
tailored (functionalized latexes). It is obvious that both properties can be considered in
a same latex particle.

In the case of functionalized latexes, as already mentioned in the previous section,
numerous functionalities can be installed to particles. Emulsion polymerization
techniques, especially those starting with a preformed batch of particles, the so-
called shot-growth (i.e., inducing the polymerization of a functional monomer on
batch particles at high conversion) and seed protocols (i.e., starting with a preformed
population of particles), are particularly well adapted to carefully control the
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incorporation of reactive groups (50). The following chemical groups can be listed
containing either charges (sulfate, sulfonates, carboxylates, quaternary ammonium
salts, phosphates, etc.) or not (carboxylic, aldehyde, chloromethyl, hydroxyl, amino,
thiol, epoxide, acetal, activated ester, etc.) and more complex macromolecular
structures (metal chelates, polyethylene oxide, polymethylmethacrylate, etc.). All
these later chemical functions or macromolecules are quite useful:

. to control the particle size and monodispersity of the final latexes and especially
in the case of charged monomers to allow the synthesis of stable nanoparticles
(below 100 nm)

. to impart efficient steric stability (macromolecule)

. to induce subsequent reaction with biomolecules

. to incorporate a dye label, a specific ligand (oligosaccharide, lipid, peptide,
nucleic acid, antibody, protein)

. to modify the surface of microsystems: two-dimensional assemblies of latex on
silica wafers, microplates, biochemical devices, microfluidic channels.

Latex particles prepared with a hydrophilic layer (hairy particles) were found
useful colloidal supports offering friendly environment when put in contact with
biomolecules. Many routes can be explored to produce such particles based on
different strategies: layer-by-layermethod (LbL) (71); incorporation of a hydrophilic
layer either covalently (surface polymerization of reactive surfactants (72)) or more
simply by physical adsorption of amphiphilic block or graft copolymers (73).
Coverage of latex particles by polyethylene oxide (PEO) proves to be quite suitable
for biotechnological applications due to the immunogenicity, nontoxicity, and stealth
effect of the PEO (74). The use of controlled radical polymerization methods (such as
reversible addition�fragmentation transfer (RAFT), nitroxide-mediated polymeriza-
tion (NMP), or atom-mediated transfer radical polymerization (ATRP)) are currently
performed to tailor hairy particles with well-controlled polymer brushes.

Miniemulsion Polymerization In this process, the main difference with the
emulsion process is that the monomer phase is more finely divided owing to the
use of a mixture of a surfactant with a hydrophobic solvent (hexadecane, cetylic acid)
together with a strong energy of agitation. In that case, the formed submicrometer-
sized monomer droplets (which are prevented to coalesce by Otswald ripening) can
compete with existing micelles to capture aqueous-phase radicals. Final polymer
particles have almost the same size than the initial monomer droplets and exhibit a
long-term stabilization. In that process, the key points are the formation of the small
droplets and the influence of the various parameters (nature of the emulsifier
technique, amount of emulsifier, effect of the hydrophobic molecule, and nature of
the initiator), which need to be taken into account, have been thoroughly investigated
(75).

Polymerization can be radically initiated using either an organic or awater-soluble
initiator. Controlled radical polymerization techniques have been successfully
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