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We have used nanofabricaion methods to crede
fine-scde fluid channels and opticd devices with spatial
confinement in a variety of material systems. With these
systems we have explored new approaches for
biochemicd separation and analysis. Functional fluid
systems have been embossd, etched and creaed by use
of saaificial layer techniques.*® With these gproaches
we @n fabricae structures with controlled dmensions
down to the tens of nanometer range. Applicaions of
such systems range from cepillary eledrophoretic
separations to manipulation and analysis of individual
moleaulesin molecular-scde channels and constrictions.

By controlling the time and spatial dependence of
eledric fields one @an drive, sort and separate molecules
by a variety of physicd mecianisms. Asymmetric
barriers to driven moleaular motion have been used for
continuous rting of molecules by differential diffusion
rate.” We have aeaed nanoconstrictionsin fluid channels
that ad as entropic barriers to eledrophoreticdly driven
moleaular motion and used the size dependence of these
entropic dfeds to separate DNA fragments by size®™°
Time varying eledric fields can be used in conjunction
with spatially generated entropic barriers to create high-
spead moleaular sorting systems exploiting the aility of
nanostructures to apply controll ed femtoNewton forces on
moleaular ensembles.** With these nanosystems we @n
control the gplicaion of small forces on molecules and
ohbserve the response in motion through confined
geometries. These gproaches give us acces to the
medhanicd properties of molealles that may enable
molecular separation approaches based on the mechanical
properties of large moleculesin away that was previousy
inaccesible in engineged devices. The aility to
integrate these with lab-onra-chip systems and
microfluidic systems may be exploited for improved
device performance

Nanostructures have also been wsed to enhance
opticd effeds for moleaular analysis. We have explored
devices for opticd confinement in 1 to 3 dmensions.
Channels with thickness smaller than opticd wavelengths
in one dimension can be used, for example, to crede an
refradive index-based sensor using photon tunneling.®
Fluid channels have been creged with physicd
confinement in 2 dimensions with opticd excitation
confined to volumes lessthan afemtoliter. These devices
have been used for DNA fragment sizing by single
moleaule spedroscopy and used for fluorescence
correlation spedroscopy with improved signal-to-noise
ratios.®*? Related fabrication approaches have been used
to creae regions of confined opticd excitation in 3
dimensions using metallic nanoconstrictions.  These
devices enable pradicd studies of biochemicd processes
at the single molecule level

Nanofabricated systems alow us to crede
devices to experimentally access the mechanicd and
opticd properties of individua molecules. The
understanding derived from these measurements is
motivating a new set of molecular analyticd approaces

based on single molecule analysis and properties inherent
in nanoscde systems.
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