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This communication describes a process utilizing soft lithogra- A
phy, replica molding, and hot and cold embossing in the transfer
of DNA texture into poly(ethylene terephthalate) (PET). The
imprinting of biological structures may have useful properties in
clinical platforms and microfluidics:® Replica molding has been
principally developed by the groups at IBMnd Harvard, 7 with

an imprinted height of<1 nn? being reported. Rogers and co-
workers recently imprinted a single-walled carbon nanofube.
Detailed analysis of the imprinted template showed partial replica-
tion at the single nanometer scale. Hammond et al. have also
fabricated nanostructures in polyurethane using polyelectrolytes to
enhance the adhesion of the carrying substrate in the absence of
poly(dimethylsiloxane) (PDMS) using soft lithograptyDoubled-
stranded DNA has a diameter of 2.4 nm, yet heights measured using
scanning probe techniques in ambient conditions are always lower,
with even noncontact modes such as transverse dynamic force
microscopy yielding values no greater than 1.6 m.

In this work, we replica-molded DNA immobilized on amino-
silanized Si@/Si surface in PDMS and polyurethane (PU) and then
embossed the biological imprint into PET. The procedure started
with a PDMS mold composed of a 10n layer ofh-PDMS spin
coated on a 1-mm pre-set S-PDMS support. The composite
elastomer was precured at 22 for 16 h against a silicon oxide
plate and then placed upon a DNA template submerged in an
evaporating water bath at 3T for 12 h. After evaporation, the
mold was postcured for an additional 12 h at the stated temperature.
Complete filling of the template was achieved by lateral diffusion
of th? prepolymer and qonformal Cor.]taCt atthe final SIag.eS of the Figure 2. (A) Immobilization of A DNA on a SiQ/APS-coated substrate
molding cycle. The maximum resolution of-B nn? was achieved Height rénge 0.881.83 nm. (B) Negative imprint ih-PDMS (0.61-1.51 :

at the very end of the curing process. The PDMS mold was washednmy. () Aged PU (156C) positive imprint (0.5-1.42 nm). Larger scanned
images are available in the Supporting Information. Scale han2

- - 2me

for 12 h in a solution of 0.1% sodium dodecyl sulfate isopropyl
alcohol and further dried for 24 h at 4C in a vacuum oven before
use.

Figure 1 shows the procedures used in the transfer of the PDMS
imprint, polyurethane replica, and PET copy. In short, all@rop
of commercially available UV curable polyurethane (Norland 81)
was placed on the hard PDMS set upon a glass support. A quartz
plate was pressed on the PU for 15 min at 0.1 mPaGl0The
viscosity of the PU prepolymer is significantly lower at the stated
temperature, improving the filling characteristics of the prepolymer
to the mold. The PU was then exposed to a UV source for 1 min
through the quartz plate. The PDMS replica was carefully removed

Figure 1. Schematic representation of the fabrication procedure. (i) frpm the glass support usmg a teCh”'_q_”e .repo_rted prev@&sly.
Immobilization of A DNA on APS-coated Si@ (i) Replica molding of Figure 2A shows the negative and positive imprints.dNA in
DNA in precasth-PDMS. (iii) Setting of the PDMS composite on a glass PDMS and PU. The stability of the imprint was tested at 65, 120,
support. (iv) Dispensing of PU prepolymer on the PDMS replica, pressing, gnd 150°C for a total of 12 h.

and UV curing through a quartz plate. (v) Removal of the PDMS, leaving
a PU copy on a quartz substrate. (vi) Hot embossing of the PU replica into Every 4 h, the mqld was _COO|Ed to 2€ and exposed to a UV
PET. The dimensions of the plates were 1 mnl cm x 1 cm (1 x W x source for an additional minute before being heated to the next

. temperature in an effort to prematurely age the polymer.
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polyurethane replica of a silicon surface was embossed again into
) another PET blank with the second stage of the cycle performed at
temperature and pressure of 82, 200 Pa for 5 min, well below

the glass transition of the polymer. The resulting blank produced
g an RA value of 0.17 nm with a peak valley ratio{V) of 2.1 nm.
- The properties of PET are such that embossing of small structures
such as DNA can be achieved at room temperature using pressures
<1 mPa. This is demonstrated in Figure 3B in which the vertical
impression of trapped calf thymus (CT) DNA texture is shown.
e The surface stability of the polyurethane at temperats&s0

°C and the pressures utilized in this embossing process significantly

el b extend the lifetime of the mold compared to conventional hot-
| i N X o embossing processes, realizing a replica vola260 for PET from
Figure 3. (A) Negative imprint ofA DNA in PET (0.3-1.30 nm). (8) @ Polyurethane mold. _ o _
Negative imprint of CT DNA embossed at 0.2 mPa for 10 min at@2n This work has indicated the potential of replicating a variety of
PET (a low-density print was used). Scale barrg. DNA lengths and configurations into a polyurethane mold and the

subsequent embossing of these structures into PET.
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at the single nanometer scale, due in part to the dissociation of Supporting Information Available: AFM images of immobilized

physical cross-links between the polyurethane chains at the surfacqrnprinteol templates of DNAR-PDMS, PU, and PET. An additional
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