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Investigation of nanoimprinting conditions for nanoslit arrays

For the two-step replication process reported herein, the nanoimprinting conditions (pressure, P,
and temperature, T,) were optimized to achieve high replication fidelity and at the same time,
minimize deformation of the existing microchannels formed in the previous replication step. The
results of the optimization process are presented in Fig. S1. The deformation percentage in this
case was defined as the change in the microchannel cross-sectional area following

nanoimprinting with respect to the cross-sectional area before imprinting.
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Fig. S1. Deformations in microchannels hot embossed into thermoplastics (PMMA, COC and PC)
induced by the subsequent nanoimprinting of the nanoslit arrays. The deformation percentage is shown as
a function of the nanoimprinting pressure and temperature. Deformation was expressed as the change in
the microchannel cross-sectional area after imprinting to that before imprinting. Error bars represent the
standard deviations for at least three measurements on four different microchannels. The T4 of the native
thermoplastic materials, PMMA, COC and PC, are 105°C, 134°C and 150°C, respectively.

AFM profiles after chip assembly

Fig. S2 shows AFM profiles of the PMMA and COC nanoslits and the cover plates after chip
assembly after they were subjected to oxygen plasma treatment and low temperature thermal
fusion bonding (see Table 1 for conditions). The substrates subjected to oxygen plasma treatment
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and low temperature thermal fusion bonding showed ~6% (PMMA) and 9% (COC) reduction in
the depth of the nanoslits compared to the nanoslits not subjected to thermal processing (see Fig.
4). The cover plate surface profiles (see Fig. S2) showed some sagging of the polymer plate into
the nanoslit; the profiles showed features that were 12 (+2) nm tall for PMMA and 13 (+2) nm

tall for COC with a width matching that of the nanoslit (see Fig. S2).
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Fig. S2. AFM profiles measured for (a) PMMA and (b) COC nanoslits and their respective cover plates
after invoking the appropriate assembly protocol, which entailed thermal fusion bonding at 87°C for
PMMA and 115°C for COC. The solid-red traces are the profiles of the nanoslits and the dashed-blue
traces are profiles of the cover plates. In both cases, the cover plate was carefully peeled from the
substrate following the thermal fusion bonding process and then, subjected to AFM.

XPS surface analysis

Following oxygen plasma treatment of the polymeric material, the O1s/C1s ratio of PMMA and
COC surfaces increased as shown in Table S1. These results confirmed the introduction of

oxygen-containing functional groups onto the PMMA (Fig. S3a) and COC (Fig. S3b) surfaces as

discerned from the XPS data.’ In the accompanying figures (Fig. S3), the survey spectra of the

oxygen plasma treated surfaces were shifted both in the X and Y direction for clarity.
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Table S1. XPS O1s/C1s data for PMMA and COC.

Sample O1s/C1s
PMMA-Native 0.279
PMMA-O, plasma 0.357
COC-Native 0.0650
COC-O; plasma 0.182
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Fig. S3. XPS survey spectra of (a) PMMA and (b) COC, before (black trace) and after (red trace) oxygen
plasma treatment. XPS conditions consisted of an AlKa source and a hemispherical electron energy
analyzer.” The pressure in the analyzing chamber was <3 x 10”° Torr with an 80 eV pass energy and 150
W X-ray beam for recording the survey spectra.

Intermittent movement of dsDNA molecules in polymer nanoslits

Intermittent electrophoretic movements of dsDNA in COC nanoslits were monitored to
determine if these polymer nanoslits functioned similar to fused silica devices.® Fig. S4a presents
micrographs of the intermittent movement in COC nanoslits; frame #2 shows the DNA
beginning to pause inside the nanoslit and after frame #5, it finally moved into the microchannels

(see frame #6). Similar observations have been reported by Salieb-Beugelaar et al. for nanoslits
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fabricated in fused silica (20 nm deep, 3 um wide), which produced a field dependent mobility.
Fig. S4b shows complete cessation of movement of two A-DNA molecules inside COC nanoslits

taken from frames #1, #5, and #10.
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Fig. S4. Fluorescence images of A-DNA stained with YOYO-1® showing (a) intermittent movement and
(b) no movement occurring inside COC nanoslits while applying a field strength of 126 VV/cm. The frame
rate used was 20 frames per second. The A-DNA-YOYO-1® complexes (250 ng/mL) were seeded into a
running buffer consisting of 40 mM TAE, pH 8.30, and B-metercaptoethanol (4% v/v) to minimize
photobleaching artifacts.
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