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Localized surface plasmon resonance
(LSPR) sensors have been studied in-
tensively as one of the promising

nanobiosensors for medical diagnosis, moni-
toring of diseases, and the detection of
environmental pollutants because of their
high sensitivity, label-free detection, low
sample volumes, low-cost instruments,
and real-time detection.1-3 In general, the
biosensing based on LSPR utilizes a strong
extinction band in the vis-NIR range. The
extinction originates from the collective
oscillation of the conduction electrons in
the metal nanoparticle (NP), induced by the
incident photons or electrons with the spe-
cific resonant energy. The peak wavelength,
extinction magnitude of LSPR spectra, and
decay length of the LSP field are highly
dependent upon the size, shape, interparti-
cle spacing, and composition of noblemetal
nanostructures.4-6 Understanding how NP
structures affect these LSPR properties, opti-
mizing nanostructure design, and improving
their sensitivity/detection limit are important
issues of current LSPR biosensor research.7 In
this paper, we focus on the easy fabrication of
metallic nanostructures and the enhance-
ment of the LSPR sensitivity to an extremely
low limit of detection (LOD).
The desirable nanofabrication technique

for substrate-bound nanostructures would
have some of the conspicuous features,
including low-cost fabrication, large-area
patterning, reproducibility, and tunability
of their optical properties. For this reason,
unconventional approaches to nanofabrica-
tion such as soft nanoimprint lithography,8,9

nanosphere lithography (NSL),10,11 collo-
idal lithography,12 nanoimprint lithography
(NIL),13 and solution-phase synthesis14,15

appear to be far preferable to conventional
approaches, like e-beam lithography and

focused ion beam lithography. Soft nanoim-
print lithography has been used to devel-
ope a class of quasi-3D plasmonic crystal
that consists of multilaryered, regular arrays
of subwavelength metal nanostructures.
Their quasi-3D nanostructures were fabri-
cated by depositing Au on the imprinted
surface of a polymer, resulting with the
plasmonic response being represented in
a combination of LSPR response and Bloch
wave resonances.8,9 NSL is one of the most
widely used techniques because it can pro-
duce large-scale biosensor arrays with a
simple fabrication process. This technique
utilizes a hexagonally close-packed nano-
sphere mask that permits direct metal
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ABSTRACT We describe the fabrication of elliptical Au nanodisk arrays as a localized surface

plasmon resonance (LSPR) sensing substrate for clinical immunoassay via thermal nanoimprint

lithography (NIL) and enhancement in the sensitivity of the detection of the prostate-specific antigen

(PSA) using the precipitation of 5-bromo-4-chloro-3-indolyl phosphate p-toluidine/nitro blue

tetrazolium (BCIP/NBT), catalyzed by alkaline phosphatase. Au nanodisks were fabricated on glass

through an unconventional tilted evaporation, which could preserve the thickness of imprinted

resists and create an undercut beneficial to the subsequent lift-off process without any damage to

pattern dimension and the glass while removing the residual polymers. To investigate the optically

anisotropic property of the LSPR sensors, a probe light with linear polarization parallel to and

perpendicular to the long axis of the elliptical nanodisk array was utilized, and their sensitivity to the

bulk refractive index (RI) was measured as 327 and 167 nm/RIU, respectively. To our knowledge, this

is the first application of enzyme-substrate reaction to sandwich immunoassay-based LSPR

biosensors that previously suffered from a low sensitivity due to the short penetration depth of the

plasmon field, especially when large-sized antibodies were used as bioreceptors. As a result, a large

change in local refractive index because of the precipitation on the Au nanodisks amplified the

wavelength shift of the LSPR peak in the vis-NIR spectrum, resulting in femtomolar detection

limits, which was∼105-fold lower than the label-free detection without the enzyme precipitation.

This method can be extended easily to the other clinical diagnostics with a high sensitivity.

KEYWORDS: nanodisk arrays • nanoimprint lithography • localized surface plasmon
resonance • prostate-specific antigen • enzymatic precipitation
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deposition onto a substrate through the interstitial
regions of themask. The formation of the close-packed
nanoshere arrays is the most critical step in NSL to
producewell-ordered and uniformnanostructures.10,11

Of course, it should be noted that inherent limitations
of NSL include the defective formation of nanosphere
arrays and its limited pattern design.12,13 Recently, NIL
was proposed as an alternative technique that can not
only overcome the limitations of NSL but also produce
marketable LSPR sensors.13 It is well-known that NIL is a
stamp-based, low-cost, and high-throughput litho-
graphic method that can generate largely nanopat-
terned areas with sub-10 nm resolution.16 Despite its
great potential, however, practical applications of NIL
as a nanofabricationmethod for the LSPR sensors have
been rarely reported so far. This is probably attributed
to two constraints on NIL: (a) fabrication of a large-area
stamp with high feature density,17 and (b) develop-
ment of a highly efficient process for a successful
pattern transfer.18

In general, the LSPR sensitivity to the bulk RI is much
lower because of the shorter decay length of the
plasmon field than in SPR, the so-called propagating
surface plasmon resonance (PSPR), which is generated
in semi-infinitely continuous metal films.19 Further-
more, the sensitivity of LSPR immunosensors is re-
duced considerably during the activation steps of the
sensor surfaces such as functionalization of the metal
surfaces, immobilization of capture probes, and reduc-
tion of nonspecific binding on the chip surface. For
example, triangular Ag nanoparticles with no adsor-
bate overlayer (191 nm RIU-1) and surfaces modified
with a monolayer of CH3(CH2)15SH (150 nm RIU-1)
exhibited different sensitivity to the bulk RI.10 When
large molecules as receptors were immobilized onto
Au nanoisland chips, the sensitivity in detecting mo-
lecular binding events was observed to be noticeably
low.20-22 Van Duyne's group has demonstrated alter-
native strategies for improving the LSPR sensitivity/
detection limit based on the sandwich assay
format.10,11 This approach increases the additionally
effective change in RI near the metal nanostructures
via macromolecules11 or plasmonic resonance coupl-
ing.10 In addition, it has been reported previously that
enzyme-catalyzed precipitation leads to a large change
in RI at the flat surface of metal films in SPR.23,24

In this study, we demonstrate a new approach to an
ultrasensitive LSPR immunosensor, in which enzyme-
catalyzed precipitation on long-range ordered nano-
structures is introduced as an enhancing method after
the binding between PSA (∼36 kDa) and its alkaline
phosphatase (ALP)-tagged detection antibody. Since
the plasmon field near 3-D metal nanostructures in
LSPR is concentrated mainly within the range of a few
tens of nanometers from the metal surfaces, the dense
adsorption of the precipitate with a high dielectric
constant in close proximity to the metal surfaces is

expected to be more effective in inducing large
changes in the detection signal than in SPR. Further-
more, from the viewpoint of application, enzyme-
antibody conjugates have an advantage over NP-anti-
body conjugates which have still several limiting fac-
tors, such as nonspecific adsorption or binding, size
variation, aggregation, and lack of stability.3 Elliptical
Au nanodisk arrays with a large area are fabricated
onto a glass substrate by thermal nanoimprint litho-
graphy (NIL) with a laser interference lithography-
assisted stamp. As an efficient postprocess of NIL, such
as removing the residual polymer layer and creating an
undercut of the patterned polymer, a tilted evapora-
tion method is employed on imprinted resin patterns
at the scale of a wafer. Finally, the optically anisotropic
properties are analyzed in a PDMS fluidic systemwith a
transmission LSPR device for the application to an
LSPR-based nanobiosensor.

RESULTS AND DISCUSSION

Fabrication of elliptical Au nanodisk arrays on a glass
substrate is schematically illustrated in Figure 1. In this
study, the nanodisk array pattern on a Si stamp was
transferred onto a glass wafer by thermal NIL and
subsequent processes (tilted evaporation, O2 plasma
etching, metal deposition, lift-off) with high fidelity. A
wafer-scaled stamp was fabricated by using laser
interference lithography (LIL). It is well-known that
LIL is a maskless technology that allows uniform and
periodic submicrometer patterns over very large areas.
A Si stamp was obtained at low cost, by LIL patterning
and subsequent Si dry etching with short processing
time (Figure 2A). In general, anisotropic reactive ion
etching (RIE) and bilayer lift-off are utilized to remove a
residual polymer layer in the process of transferring
imprinted nanopatterns to metal nanostructures on a
substrate in NIL.16,18,25 It should be noted that the
imprinting and/or the etching process is likely to cause
slightly beveled sidewalls or round edges of the im-
printed polymer, resulting in lift-off failure. However, in
this study, metal masks created by tilted evaporation
could protect perfectly the edges of the resin from
being etched and produced an undercut in the side-
walls of the imprinted structures during O2 plasma
etching. As a result, we were able to easily transfer the
pattern of the stamp to the metal nanodisk arrays on
the glass wafer. Figure 2B shows that the size (long-axis
and short-axis lengths; ll and ls) and pitch of the
prepared elliptical Au nanodisk arrays on a glass sub-
strate are defined by the dimensions of the stamp. The
average ll, ls, and pitch of the Au nanodisk arrays were
162, 105, and 340 nm, respectively. The coefficient of
variation (CV) for the sizewas less than5%, indicating that
the elliptical Au nanodisk arrays were fabricated with
good uniformity. This result shows that our implementa-
tion including NIL is an effective way to fabricate nano-
structures with a long-range order in a wafer scale.
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The elliptical Au nanodisks show two extinction
peaks due to their geometric anisotropy. Figure 3A
shows the extinction spectrum of the Au nanodisk
array on the glass wafer observed by using unpolarized
light in air. This indicates that the nanodisk arrays
exhibited two peaks in the visible and near-IR ranges.
To provide a qualitative description of the experimen-
tal results, the theoretical analysis was performed using
the discrete dipole approximation (DDA) method26

(see the calculation details in the Supporting

Information). As the result of the calculation, it was
found that the former corresponds to the resonant
response to the short axis of the elliptical nanodisks
(s-peak, Figure 3B) and the latter to its long axis (l-peak,
Figure 3C). In addition, the peak positions of the
extinction maximum varied from 630 to 830 nm on
both the theoretical analysis and the experimental
results, depending on the polarization directions (see
Figures S1 and S2 in the Supporting Information).
To analyze the sensing characteristics of elliptical Au

nanodisk arrays on glass as an LSPR sensor, we exam-
ined briefly their sensitivity to the bulk RI. The sensitiv-
ities for both s-peak and l-peak were experimentally
determined by the slope of a linear fit on the plot of
LSPR peak wavelength in response to the bulk RI using
aqueous solutions containing 0-60% glycerol, result-
ing in 167 and 327 nm RIU-1, respectively (Figure 3D).
It is known that PSA is an important serummarker for

the diagnosis of prostate cancer and should be de-
tected at physiological (<4 ng mL-1) and clinical (4-
10 ngmL-1) levels.27 Themodification ofMUA (10mM)
on the bare Au nanodisk arrays and subsequent im-
mobilization of capture antibodies (0.1 mg mL-1

monoclonal anti-PSA) induced total 19.1 and 28 nm
average shifts in the s-peak and l-peak wavelength of
the LSPR band, respectively. However, when the peak
shifts of the LSPRbandwereobservedduring thebinding
eventof PSAontoanti-PSA, a slight shift (Δλmax=2nm) in
the l-peakwas detected only at a concentration of 2.8 nM
PSA. No significant peak shifts (Δλmax < 1 nm) were
detected at PSA concentrations lower than 10 ng mL-1

(280 pM) for both the s-peak and l-peak when the
baseline for LOD was defined as three times the instru-
mental noise. In addition, even the subsequent binding
event of the detection antibody-enzyme conjugate
could not cause a significant change in the LSPR signal.

Figure 2. SEM images of (A) the array pattern of the elliptical
Si nanopillars on an LIL stamp, and (B) the array pattern of
elliptical Au nanodisks fabricated on a glass wafer.

Figure 1. Fabrication of Au nanodisk arrays using nanoimprint lithography (NIL). (a) Imprinting the elliptical Au nanodisk
arrays. (b) Depositing the mask layer of Cr by tilted evaporation to create an undercut. (c) Removing the residual layer by O2

plasma etching. (d) Evaporating 1 nm Ti/20 nm Au film. (e) Lifting off the imprint resin.
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To fully understand these phenomena, it is worth
examining the fundamental characteristics of the LSP
field in metal 3-D nanostructures. The amplitude of the
LSP field is double-exponentially attenuated in the
direction normal to the metal surface, so that the
penetration depth of the LSP field in metal 3-D nano-
structures is approximately 25 nm.28 More specifically,
the LSP field is distributed mainly in the short-range
regions (∼5-6 nm) from the metal surface.10 It was
experimentally confirmed by a layer-by-layer deposi-
tion of polyelectrolyte that the Au nanorods are most
sensitive within the first 10 nm of the surface.14 For this
reason, the analyte molecules adsorbed on the surface
of Au nanodisks that had been functionalized with
large antibodies (∼15 nm) and linkers (∼2 nm) are
hardly detectable, even though they are still in the
sensing depth of the LSP field. Therefore, the larger the
size of immobilized antibodies, the lower the sensitiv-
ity of label-free detection of target molecules.
As shown in Figure 4, no significant shifts in both s-peak

and l-peakwavelength of the LSPR bandwere observed at
PSA concentrations lower than280pM, until the enzymatic
precipitationwas introduced. Evenat a concentrationof 2.8
nM PSA, label-free detection of PSA was found to be
difficult (see Figure S3 in the Supporting Information).
On the other hand, the precipitation reaction led to

dramatically large shifts over a wide range of PSA concen-
trations, so that even the binding of 10 pg mL-1 (280 fM)
PSA in0.1%BSA/PBSwas found tobedetectable as 4.7 and
5.5 nm in the s-peak and l-peak shifts, respectively (see
Table S1 in the Supporting Information).
Figure 5A displays a SEM image of the nanodisk

arrays after binding of 2.8 nMPSA and the precipitation
reaction finally performed. It was observed that the
precipitates were located just around the nanodisks,
providing additional information that the capture anti-
body was immobilized efficiently only on the Au
nanodisks, via the self-assembled monolayers of MUA
on the metal surfaces. Furthermore, the nonspecific
binding on the glass surface of PSA and enzyme-anti-
body conjugates appeared to be practically negligible.
A compositional analysis using energy-dispersive X-ray
(EDX) spectroscopy also shows that the precipitates on
the Au nanodisks were the products due to the en-
zymatical reaction of the BCIP/NBT substrate (see
Figure S4 in the Supporting Information). To further
investigate themorphological change of the nanodisks
and obtain quantitative data of the precipitates, we
performed 3-D topographical measurements by using
atomic force microscopy (AFM) (see Figures S5 and S6
in the Supporting Information). We could see the
difference in the size and shape of the nanodisks

Figure 3. (A) Experimental extinction spectrumof as-prepared elliptical Au nanodisk arrays, including s-peak and l-peak. The
theoretical results of an elliptical Au nanodisk analyzed by DDA, exhibiting (B) s-peaks and (C) l-peaks (φ: the poarization
direction of the incident light against the long axis of the Au nanodisk). (D) Sensitivity to the bulk RI for s-peak/l-peak of the
prepared elliptical Au nanodisk arrays, measured in the transmission mode.
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between the samples before and after the precipitation
reaction (2.8 nM PSA) in Figure 5B; this could be

observed even with the binding of 280 pM PSA (see
Figure S7 in the Supporting Information). The nano-
disks covered with the precipitates had bumpy sur-
faces with different heights, ranging from 34.1 to 52.2
nm (2.8 nM PSA) and from 28.5 to 39.7 nm (280 pM
PSA), respectively. The large difference in total height
on the same nanodisk can be attributed to the inho-
mogeneous precipitation over the metal surface, re-
sulting from the random distribution and orientation of
biomolecules. The average heights of the nanodisks
increased by 11.4 nm (2.8 nM PSA) and 2.1 nm (280 pM
PSA) after the precipitation reaction, resulting in 37.1 and
18.0 nm red shifts in the s-peak wavelength of the LSPR
band, as well as 48.1 and 29.1 nm in the l-peak, respec-
tively. Compared to biomolecules such as PSA and the
antibody-enzyme conjugate, even a small amount of
precipitate located within the LSP field could cause the
relatively large red shifts in both of the peaks. This results
from the fact that the precipitate, including bromine and
chlorine, has a high dielectric constant and is densely
adsorbed in close proximity to the metal surfaces. There-
fore, this precipitation approach could be a simple and
effective way to improve the sensitivity of LSPR sensors.
Moreover, since the catalytic efficiency of enzyme-

substrate reaction is high, the reaction time can be
reduced to a fewminutes. We measured the change in
the LSPR peak wavelength in real time during the
enzyme-catalyzed reaction (5 μL min-1

flow rate for

Figure 5. (A) SEM image and (B) AFM image of elliptical Au
nanodisk arrays after the precipitation reaction with the
binding of 2.8 nMPSA. The inset shows anAFM image of the
nanodisk array just before the precipitation reaction.

Figure 4. LSPR spectra according to each binding step after the binding of (A) 280 pM, (B) 28 pM, (C) 2.8 pM, and (D) 280 fM
PSA in 0.1% BSA/PBS.
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40 min) and subsequent PBS washing (100 μL min-1

flow rate for 30 min) after the binding of 2.8 nM PSA
(Figure 6A). The change in the peak position reached
approximately 90% of the maximum value within 10
min after the injection of the substrate solution. In
addition, most of the weak binding of the precipitate
induced by nonspecific reaction was removed within
5min. The BCIP/NBT solution left in the PDMS chamber
was flushed out at the same time. The inset in Figure 6A
shows the experimental result on any possible effect of
self-precipitation or adsorption of the substrate solu-
tion. When the precipitation reaction and subsequent
PBS washing were carried out without the PSA and

antibody-enzyme conjugates, the peak position of
LSPR band returned to the initial position after PBS
washing for 3 min.
Finally, a negative control experiment was per-

formed to determine LOD, defined as the lowest
concentration from which the sensor response was
distinguished statistically (Figure 6B). The LOD in the
experiments for label-free detection of LSPR sensors is
generally determined, based on three times the stan-
dard deviation of the instrumental noise as a base-
line.10 However, this baseline may not be acceptable in
the sandwich assay format because even a little non-
specific binding of the detection antibody conjugates
can be highly amplified by the enzymatic reactions.
Indeed, a small amount of nonspecific binding was
observed in our control experiments performed with-
out PSA when the baseline for LOD was defined as the
average shift plus standard deviation.14 These values
were 3.37 and 4.5 nm for the s-peak and l-peak,
respectively. On the basis of this actual control experi-
ment, the LOD was determined to be∼0.012 ng mL-1

(333 fM) and ∼0.003 ng mL-1 (83 fM), which means
that LOD was enhanced ∼105 times by enzymatic
signal amplification over that obtained with the la-
bel-free experiment. This is a better result than the
previous results, which have the detection limit of
1.0 ng mL-1 in diluted serum samples29 and 0.15 ng
mL-1 in 3% BSA in PBS samples30 using commercial
SPR sensors, with colloidal gold enhanced sandwich
assays. Moreover, we expect that LOD can be improved
much more via strategies for the more efficient reduc-
tion of nonspecific binding on metal surfaces.

CONCLUSIONS

We have demonstrated the fabrication of elliptical Au
nanodisk arrays via thermal NIL for an LSPR sensor. Long-
range ordered nanodisk arrays can be fabricated repro-
ducibly using low-cost lithographicmethods (LIL and NIL)
that could allow high-throughput fabrication of LSPR
biosensor chips. The Au elliptical nanoarrays fabricated
on glass have an l-peak response that is more sensitive to
the bulk RI than that of the s-peak in the LSPR spectra. For
application to clinical PSAdiagnostics, thepeak shift of the
LSPR band has been amplified by the enzyme-catalyzed
BCIP/NBT precipitation, resulting in a remarkable en-
hancement of the detection limit that is far under the
diagnostic level of 4-10 ng mL-1 PSA. The enzyme-
catalyzed precipitation method in the LSPR sensor could
beextended todetect analyteswith lowmolecularweight
and other clinical biomarkers at low concentrations in
actual clinical samples.

EXPERIMENTAL SECTION
Materials. Bovine serum albumin (BSA), N-hydroxysuccini-

mide (NHS), 11-mercaptoundecanoic acid (MUA), ethanolamine,

straptavidin-alkaline phosphatase (ALP), 5-bromo-4-chloro-3-in-
dolyl phosphate p-toluidine (BCIP), and nitro blue tetrazo-
lium (NBT) were purchased from Sigma-Aldrich (St. Louis, MO).

Figure 6. (A) Peak positions of the LSPR band as a function of
time during an enzyme-catalyzed precipitation reaction
(5 μL min-1

flow rate, 40 min) and subsequent PBS washing
(100 μL min-1

flow rate, 30 min) with the binding of 2.8 nM
PSA. The inset shows the reaction of the substrate solution and
PBSwashingwithout both the binding of PSA and the reaction
of enzyme-antibody conjugates. (B) Calibration curve for the
precipitation reaction on the Au nanodisk surface. All experi-
ments were repeated three times. The error bars represent the
standard deviation of LSPR peak shifts according to each
concentration; the red dash and blue dot lines represent the
sum of the average shift and the standard deviation of the
l-peak and s-peak shifts of the LSPR band in a negative control
experiment, without PSA binding, respectively.
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Recombinant human prostate-specific antigen (PSA), monoclonal
capture antibodies, and biotinylated polyclonal detection anti-
bodies were purchased from R&D systems (Minneapolis, MN).
Sodalime glass wafers were obtained from Buysemi (Suwon,
Gyeonggido, Korea), and 1-ethyl-3-(3-dimethylaminopropyl)-car-
bodiimide (EDC) was purchased from ThermoFisher Scientific
(Waltham, MA). Glycerol (SigmaUltra,g99%) was purchased from
Sigma-Aldrich, Inc.

Fabrication of Elliptical Au Nanodisk Arrays. Au nanodisk arrays on
a glasswaferwere fabricated by the serial processes of NIL, tilted
evaporation, O2 plasma etching, metal deposition, and lift-off.
First, a Si stamp with nanoscale features was prepared by laser
interference lithography (LIL), and then the surface of the Si
stamp was modified with hydrophobic chemicals for easy
release of the stamp from the resin after imprinting. The stamp
with nanopillar array patterns was pressed on a thermally
curable resin using a thermal NIL machine, as shown in Figure 1.
The resin (mr_I8030E, Micro Resist Technology GmbH,
Germany) was diluted with its thinner at a ratio of 3:2 and
spin-coated on a glass wafer at 3000 rpm for 30 s, representing
the resin thickness of 170 nm. The imprinting was performed
under the pressure of 50 bar at 180 �C for 10 min (see Figure S8
in the Supporting Information) and maintained until the
temperature decreased below 50 �C (Figure 1a). To protect a
top layer of the patterned resin from O2 plasma etching, a 2 nm
layer of chromium was deposited at a tilted angle of about 70�
four times in different directions in an e-beam evaporator
(Figure 1b). The residual layer was removed by O2 plasma
etching (Plasma Finish, Wertheim, Germany) at an O2 flow rate
of 300 mLmin-1 and 300 W power for 6 min (Figure 1c). Finally,
a Ti/Au layer (1 nm/20 nm) was deposited by e-beam evapora-
tion (Figure 1d), and lift-off was achieved with ultrasonic agita-
tion in acetone (Figure 1e).

Modification of the Nanodisk Surface and Biochemical Binding.
Figure 7 shows the surface modification of the nanodisks and
the binding procedure for the detection of PSA. (a) The pre-
pared Au nanodisk array chips were treated in a “piranha
solution” (H2SO4/H2O2 = 3:1) to clean the surface of the nano-
disks, followed by rinsing with deionized (DI) water, and dried
under a stream of nitrogen. The cleaned nanodisk chips were
immersed in an ethanol solution containing 10 mM MUA for
12 h. Subsequently, the terminal carboxylate groups of MUA
surfaces were activated in a solution of 0.1 M EDC and 0.025 M
NHS in DI water for 15 min. (b) To immobilize the capture
antibodies on the activated MUA surface, the chips were
incubated in phosphate-buffered saline (PBS, pH 7.4) containing
0.1 mgmL-1 of anti-PSA antibodies for 1 h. Nonspecific binding
was prevented by using 1.0 M ethanolamine/HCl (pH 8.5) for
15 min and then 10 mg mL-1 of BSA in PBS for 1 h. (c) The
antigen-antibody reaction was carried out for 1 h in PBS
containing 1 mg mL-1 BSA and varying concentrations (100,
10, 1, 0.1, 0.01 ng mL-1) of recombinant PSA. (d) The sandwich
assay was performed for 30 min in a solution of 1 μg mL-1

biotinylated anti-PSA and 1 μg mL-1 streptavidin-alkaline
phosphatase in 1 mg mL-1 BSA/PBS. (e) The enzyme-catalyzed
precipitation reaction was triggered by the addition of 0.1 M
BCIP and 1mgmL-1 NBT in 0.1M Tris-HNO3 at pH 9.8 for 30min.
(f) Finally, the reduction of the BCIP/NBT substrate yielded
insoluble precipitates on the nanodisk surfaces and increased
the change in the LSPR signal.

Transmission LSPR Spectroscopy through a PDMS Fluidic Channel. The
LSPR spectrum of Au nanodisk arrays was collected by using a
white light source (KL 1500, Carl Zeiss) and a fiber-optic spectrom-
eter (HR4000, OceanOptics) through a polydimethylsiloxane
(PDMS) fluidic channel in the transmission mode. The PDMS
chamber whose dimension was 2 mm � 2 mm � 1 mm (width
� length � height) and was molded on a poly(methyl methac-
rylate) (PMMA) master. A 1:11mixture of a curing agent and PDMS
monomers (Dow Corning, Michigan, USA) was poured on the
mold and baked in an oven for 4 h after degassing. The LSPR
spectra were measured after every process for the biochemical
binding and the subsequent washing. Sample solutions were
delivered by using a syringe pump in the suction mode. The flow
rate was 5 and 100 μL min-1 for molecular binding and washing,
respectively. The peak wavelength of the LSPR band was deter-
mined by applying a fifth order polynomial fit.
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