
NEW VOICES IN CHEMISTRY

T
he long history of photo-

polymerization technology dates
back to the time of the ancient
Egyptians, who used sunlight-
induced cross-linking during the

preparation of linens used for mummifica-
tion. Today, scientists and engineers have
dramatically advanced photoinitiated poly-
mer fabrication processes, and these
advances are enabling the development of
numerous high-technology fields.For exam-
ple, nearly every integrated circuit, news-
paper, and optical fiber is manufactured in
a process that uses photopolymerization
and/or photolithographic technology.

As a material processing method, pho-
topolymerization affords many advan-
tages, including very high reaction rates
at room temperature, spatial and tempo-
ral control of the initiation process, low
energy input, and chemical versatility.
These advantages have led to its promi-
nence as one of the most rapidly expand-
ing methods of material production, and
one area with particularly high potential
is the fabrication of biomaterials.

Thanks to the pioneering efforts of lead-
ers in the polymeric biomaterials commu-
nity—for example, Robert S. Langer,
Nicholas A. Peppas, Buddy D. Ratner, Jef-
frey A. Hubbell, David A. Tirrell, and
Matthew V. Tirrell—the application of bio-
materials in medicine has advanced from a
trial-and-error selection of off-the-shelf
materials originally designed for nonbio-
logical applications to the rational design of
biomaterials to achieve desired and tai-
lorable properties that include degradation,
transport, and cellular interactions. From
this perspective, one area that holds great
future potential is the merging of pho-
topolymerization technology with bioma-
terial synthesis and processing. Pho-
topolymerization enables the in situ
formation of polymeric biomaterials under
physiological conditions. One common
example of an in situ photopolymerized
biomaterial is a ceramic-filled dimethacry-
late resin that is photopolymerized with
blue light in caries to produce tooth-col-
ored dental restorations.

One of the main challenges to broader
applications of the in situ formation of
photopolymerized biomaterials is the
development of nontoxic monomers and
macromers that can be photopolymerized
to form degradable polymers. Currently,
new directions in photo-cross-linkable
and photodegradable biomaterials are
appearing in the literature, but much more
research is needed in this area.

The ability to form polymers under
physiological conditions also allows the
photoencapsulation of cells and thera-
peutic agents for applications such as tis-
sue engineering and drug delivery.

Because many photoinitiated polymer-
izations proceed via a radical chain mech-
anism, the identification of cytocompat-
ible initiating conditions is important, as
are strategies for protecting cells or pro-
teins from damage caused by the radicals
present during polymerization. As one
successful example, chondrocytes have
been photoencapsulated in degradable
hydrogels to facilitate the formation of
cartilaginous tissue. Important new direc-
tions to be explored in this area involve
exploiting the spatial control of the pho-
topolymerization process to create cell
scaffolds or drug-delivery devices with
complex macro- and microscopic archi-
tectures, encapsulating patterns, and
imprinting of desirable chemistries to
control cell behavior and/or modify the
kinetics of drug release.

Just as photopatterning played a piv-
otal role in the silicon chip technology
that revolutionized computing, the mar-
riage of nano- and microphotofabrication
technologies with biomaterials and
biosystems will help lead a biomedical
revolution over the next century. The past
decade has seen tremendous advances in
lab-on-a-chip diagnostic and sensing
devices, drug delivery and targeting, gene
therapy, textured surfaces for tissue regen-
eration, growth and repair, and nanoma-
chines with molecular motors. Integral
to continued success and advancement
will be the development of new photo-
biopolymers, photopatterning techniques
with higher resolution, and the ability to
selectively modify substrate surfaces with
a diverse array of biological molecules. 

Clearly, biomaterials are destined to
play a pivotal role in such burgeoning fields
as tissue engineering, micro- and
nanoscale diagnostic devices, and gene
therapy. As a result, the next century will
see many dramatic changes—possibly,
even, the elimination of many devastat-
ing realities of human disease, illness, and
suffering that exist today.
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