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This paper reports the facile and high-throughput fabrication method of anisotropic Au nanoparticles with a highly sensitive local
surface plasmon resonance (LPR) using cylindrical nanofibers as substrates. The substrates consisting of nanofibers were prepared
by the electrospinning of poly(vinylidene fluoride) (PVDF). The Au nanoparticles were deposited on the surface of electrospun
nanofibers by vacuum evaporation. Scanning electron microscopy revealed the formation of a curved Au island structure on the
surface of cylindrical nanofibers. Polarized UV-visible extinction spectroscopy showed anisotropy in their LPR arising from the
high surface curvature of the nanofiber. The LPR of the Au nanoparticles on the thinnest nanofiber with a diameter of ∼100 nm
showed maximum refractive index (RI) sensitivity over 500 nm/RI unit (RIU). The close correlation between the fiber diameter
dependence of the RI sensitivity and polarization dependence of the LPR suggests that anisotropic Au nanoparticles improve RI
sensitivity.

1. Introduction

In this decade, local surface plasmons (LPRs) in Au and
Ag nanoparticles, which have been used in stained-glass in
medieval European churches, have received a great deal of
attention from researchers in optics, biochemistry, biogenet-
ics, and medical science, due to their fascinating optical
characteristics. One is their ability to enhance the light field
intensity. The light field resonant with LPR is dramatically
enhanced around the surface of the nanoparticle, which
ultimately allows us to obtain an optical signal from single
molecules. This enhancement effect is fairly effective in
Raman scattering [1–5], fluorescence [6, 7], and nonlinear
optical phenomena [8]. Another feature is the sensing abil-
ity of a very small amount of a dielectric substance. The
resonance wavelength of the LPR sensitively varies with the
dielectric condition in the surroundings of a nanoparticle. It
has been applied to the transducer of a label-free biosensor
that detects the affinity between biomaterials such as a virus,
specific chemicals, DNAs, and proteins without fluorescent
labeling [9–17].These LPR characteristics can be utilizedwith

a single nanoparticle [18, 19]; then the nanoparticle with the
LPR was often expected to be an in vivo nanosensor or an in
vivo nanosensitizer detecting biochemical materials in living
cells or animals [20, 21].

Recently, the focus on the LPR in anisotropic nanopar-
ticles of Au and Ag has increased because of significant
improvements in the LPR characteristics, representing a high
sensitivity to refractive index (RI) variations. For example, the
RI sensitivity of the LPR in an Au nanorod has been reported
to be 150∼200 nm/refractive index unit (RIU), while the
sensitivity of a true spherical isotropic Au nanoparticle is 20∼
50 nm/RIU [22–24]. To prepare anisotropic nanoparticles,
both chemical and physical methods have been exploited.
For the main chemical one, small Au nanospheres coated
with an amphiphilic surface agent have been reduced in
HAuCl

4
or NaAuCl

4
solution, resulting in wide variety of

anisotropic nanoparticles, such as nanorods, nanobipyra-
mids, and nanostars [25]. For the physical ones, lithographic
techniques using a focused ion beam or electron beam have
been conducted for nanowires, nanodisks [26], and closely
adjacent nanopillars [27]. Physical template methods with
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Figure 1: Schematic illustration of the fabrication of anisotropic Au nanoparticles using cylindrical nanofiber substrate.

polymer or silica nanospheres have also been employed for
cap-shaped Au nanoparticles [28], nanotriangles [29, 30],
and nanocrescents [31]. In addition to them, an Au island
film structure formed by direct evaporation in a vacuum
on a transparent substrate, glass slide, or indium tin oxide
(ITO) glass shows a modest high sensitivity (∼200 nm RIU)
[32]. However, these methods described above have some of
disadvantages, low reproducibility and low throughput, the
difficulty in locating the nanoparticles to the desired position
with desired orientation for the chemical reduction method,
high-cost for instruments for the lithographic techniques,
andunavailability of the anisotropic nanoparticleswith a high
aspect ratio for highly sensitive LPR, for the physical template
methods and the direct evaporation of Au or Ag.

In the present study, we used cylindrical surface of
a nanofiber as a template substrate for the deposition of
anisotropic nanoparticles. As illustrated in Figure 1, a cylin-
drical nanofiber has two kinds of surface curvatures. One is
a high surface curvature in the cross-sectional plane (cross-
section including 𝑥-axis and 𝑧-axis in Figure 1) and the
other is an ideally zero surface curvature along the fiber
axis (𝑦-axis) (cross-section including 𝑦-axis). There is an
extremely large contrast between the two surface curvatures.
Wepostulated thatwhen theAunanoparticles were deposited
on the surface of the nanofiber, the contrast in the surface
curvature is reflected in the shape of the Au nanoparti-
cles and induces anisotropy, resulting in an enhanced RI
sensitivity. In particular, the size of the Au nanoparticle is
comparable to the fiber diameter as depicted in the right
panel of Figure 1; thus their curving will be enhanced with
a decrease in the fiber diameter (i.e., with an increase in
the surface curvature). To prepare a cylindrical nanofiber,
electrospinning has been adopted, since electrospinning is
a simple and versatile method for producing thin fibers.
Major advantages of electrospinning are (i) applicability for
various materials such as synthetic and natural polymers,
inorganic molecules, and composites and (ii) ability to
produce thin fibers with well-controlled diameters in the
micrometer and nanometer ranges [33–36].The combination
of the two simple processes, electrospinning and successive
vacuum evaporation, will provide a high-throughput in the
production of the anisotropic Au nanoparticles with a highly
sensitive LPR on nanofibers, in other words, the hierarchy-
structured LPR sensing nanofiber.

We first prepared nanofibers of poly(vinylidene fluoride)
(PVDF) on an ITO glass slide by electrospinning [37] as a
supporting substrate. Second, anisotropic Au nanoparticles
were vacuum-deposited onto the surface of the nanofibers.
The aims of the present study are (i) to present a novel
fabrication method of the anisotropic Au nanoparticles by
electrospinning and successive vacuum deposition and (ii)
to investigate the effect of the high surface curvature of
nanofibers on the shape of the Au nanoparticles and the RI
sensitivity of their LPR characteristics.

2. Materials and Methods

2.1. Materials. poly(vinylidene fluoride) (PVDF), 𝑀
𝑤

=
275,000, was purchased from Sigma Aldrich. N, N-Dimeth-
ylacetamide (DMAc), pyridine, and glycerin were purchased
fromWako Chemical. All reagents were used without further
purification.

2.2. Preparation of PVDF Nanofiber Substrate by Electro-
spinning. Three kinds of PVDF nanofibers as the substrates
were prepared on an ITO glass slide by electrospinning,
in which the mean diameters were controlled to about
500 nm, 200 nm, and 100 nm. PVDF was dissolved in DMAc
at 25wt%, 20wt%, and 17wt%, respectively. Pyridine was
added to the spinning solutions as an organic electrolyte at
a concentration of 5 wt% and 1wt% (to solvent) to the 20wt%
and the 17 wt% PVDF solutions, respectively, for preparation
of thinner fibers [38]. The electrospinning conditions for the
nanofibers with the mean diameters 𝜙 of ∼500 nm, ∼200 nm,
and ∼100 nm were as follows. For the electrospun nanofiber
substrate of 𝜙 ∼ 500 nm, the applied voltage between the
nozzle and the collector 𝑉 was 10 kV, the distance between
the nozzle and the collector was 𝐷 = 12 cm, and the flow
rate was, FR = 5 𝜇L/min. For the nanofiber substrate of
𝜙 ∼ 200 nm, 𝑉 = 20 kV, 𝐷 = 12 cm, and FR = 1 𝜇L/min,
and for the nanofiber of 𝜙 ∼ 100 nm, 𝑉 = 60 kV, 𝐷 = 14 cm,
and FR = 1 𝜇L/min. The residual solvent in the nanofibers
was removed by vacuum evacuation for 3 h. To prepare the
spin-coated PVDF film, as a reference, several tens of 𝜇L of a
PVDF/DMAc solution was dropped onto an ITO glass slide.
The ITO glass slide was rotated for three minutes at 200 rpm
to prepare the PVDF spin-coated film.
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2.3. Formation of Au Nanoparticles by Vacuum-Evaporation.
Au nanoparticles (i.e., isolated Au island structures) were
directly vacuum-deposited on the prepared nanofiber sub-
strates and the spin-coated film in a vacuum below 5.0
× 10−4 Pa. The deposition rate was 0.10 nm/s. The deposi-
tion was continued until the quartz microbalance showed
4.0 nm.

2.4. SEM Observations. The morphologies of the PVDF
nanofibers were observed using scanning electron micro-
scope (SEM: SM-200, Topcon). The accelerating voltage was
10 kV and the working distance was fixed at 10mm. To avoid
charging, the surface of nanofibers was sputter-coated with
Au.Themorphology of theAunanoparticles on the nanofiber
substrate was observed by a backscattering electron image
(BEI) using a field-emission SEM (FE-SEM: S-4500, Hitachi).
As the light source, Nd-YAG laser was used. The accelerating
voltage was 15 kV and the working distance was 15mm. The
BEI image samples were prepared on a small Si wafer and
coated with carbon.

2.5. UV-Visible Extinction Spectroscopy. The UV-visible ex-
tinction spectra of the prepared samples weremeasured using
optical fibers connected to a monochromator (USB4000:
Ocean Optics), with a white light from a halogen light (LS-
1LL: Ocean optics). A beam of white light was incident to
the sample surface through a beam collimator placed at the
end of the optical fiber. The spot diameter of the incident
beamwas adjusted to about 1mmon the surface of the sample
by an iris when the beam angle of incidence 𝜃 was 0∘. For
the reference of measurement, the parts of the nanofiber
substrates without Au nanoparticles were used.The polarized
extinction spectra of the samples were measured with a Glan
prism located before the sample. The electric field of the
incident light was controlled to be p- or s-polarization with
respect to the sample surface. The angle of incidence was
changed using a rotational stage to 𝜃 = 0∘, 30∘, 50∘, and 70∘.
For evaluating the RI sensitivity of the LPR, the sample was
immersed into various RI liquids (𝑛 = 1.3330∼1.4050) in a
cuvette, and its extinction spectra were measured at 𝜃 = 0∘.
Each liquid was prepared by mixing water and glycerin to the
appropriate ratio. The RI of the liquid was determined with
a refractometer. The RI sensitivity of the LPR was evaluated
in terms of the RIU from the RI dependence of the LPR
extinction peak wavelength.

3. Results and Discussion

3.1. Morphologies of Anisotropic Au Nanoparticles Deposited
on Nanofibers. The morphologies of the three kinds of pre-
pared electrospunnanofiberswere first observed by SEM.The
bead-free, smooth, and cylindrical fiberswere obtained.Their
mean fiber diameters were 𝜙= 489± 106 nm, 211± 43 nm, and
114± 32 nm.TheAunanoparticle samples, vacuum-deposited
on these nanofibers, were called AuNF500, AuNF200, and
AuNF100, in the order of mean fiber diameter, respectively.
The Au nanoparticle prepared on the spin-coated PVDF film
was called AuSPF.

The overhead views of the prepared Au nanoparticles
were observed by BEI observation using FE-SEM. Figures
2(a), 2(b), 2(c), and 2(d) show the BEIs of AuNF500,
AuNF200, AuNF100, and AuSPF, respectively. In all the
prepared samples, the Au nanoparticles form island-type
structures [33–35]. In Figure 2(c), there are 3–5 Au nanopar-
ticles on the width of the nanofiber of ∼100 nm in diameter.
This image clearly showed that the prepared Au nanopar-
ticles were curved along with the cylindrical surface of the
nanofiber.On the∼200 nmand∼500 nmdiameter nanofibers
(Figures 2(a) and 2(b)), there are 8–10 and over 20 Au
nanoparticles on their widths, respectively. In the samples,
the surfaces of the nanofiber without any Au nanoparticles
formed by masking of the Au vapor beam with the neighbor-
ing nanofibers. The formation of these parts supported that
the Au vapor beam did not go behind the nanofibers, and the
Au nanoparticles were deposited only on the front surfaces
of the nanofibers. Though it is difficult to quantitatively
characterize island structures like this, the overhead views of
the Au nanoparticles were characterized in terms of themean
length of the major axis and the aspect ratio of the island
structure with elliptical fitting. The obtained values are listed
in Table 1. The size and the aspect ratio of Au nanoparticle
increased with the decrease in the mean fiber diameter. This
implies the contribution from the high-surface curvatures to
the shape of Au nanoparticles while this analysis includes
errors due to the principle of BEI and image distortion by the
defocusing of curved surface, even though measuring the Au
nanoparticles around the center of nanofiber.

3.2. LPR of Anisotropic Au Nanoparticles Deposited on Na-
nofibers. The LPR extinction spectra of all the prepared
samples showed broad extinctions centered at 𝜆 = 530–
650 nm that are typical characteristics of the LPR in the
Au island structure [32, 39], which agreed with the results
of the SEM observations described above. Figure 3 shows
the p- and s-polarized LPR extinction spectra of AuNF100
and AuSPF. The differences in the peak wavelength of the
LPR extinctions, 𝜆LPR, and their widths would be due to a
decreased Au thickness in the AuNF100 compared with those
in the AuSPF.

The angle dependency of 𝜆LPR found in Figure 3(a)
indicates the anisotropy of Au nanoparticles between the
height and the mean size of the overhead view. Note that
theAuNF100 sample (whereAunanoparticles were deposited
on nanofibers) was characterized by polarized extinction
spectroscopy the same as with the AuSPF sample (where
Au nanoparticles were deposited on the flat substrate), since
the Au nanoparticles deposited only on the front surface of
nanofibers as found in our SEM observation. In Figure 3(a),
the peak wavelength of the LPR extinction in the p-polarized
spectra, 𝜆LPR(p), was modestly blue-shifted with the increase
in 𝜃 while the peak wavelength in the s-polarized spectra,
𝜆LPR(s), only slightly varied with 𝜃 (Figure 3(b)). At the
grazing angle of 𝜃 = 70∘, the difference between 𝜆LPR(p)
and 𝜆LPR(s), Δ𝜆LPR = 𝜆LPR(s) − 𝜆LPR(p), was 33 nm. These
behaviors of 𝜆LPR(p) and 𝜆LPR(s) clearly indicate that there
are two modes in the LPR of the Au nanoparticles due to
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Figure 2: Backscattering electron images of the prepared Au nanoparticles. (a) AuNF500, (b) AuNF200, (c) AuNF100, and (d) AuSPF.

Table 1: The results from SEM image analysis.

Sample
Mean diameter of

substrate
nanofibers/nm

Mean length of major
axis of

nanoparticles/nm

Mean aspect ratio of
nanoparticles/nm

AuSPF 18.8 ± 5.7 1.71 ± 0.50
AuNF500 489 ± 106 20.9 ± 8.1 1.81 ± 0.54
AuNF200 211 ± 43 20.4 ± 6.6 1.86 ± 0.58
AuNF100 114 ± 32 22.1 ± 8.5 1.91 ± 0.68

anisotropy, such as the mode along with major axis and that
along with minor axis in the Au spheroid [39, 40], since,
from the Mie’s theory, the values of 𝜆LPR and Δ𝜆LPR in this
geometry mainly depend on the aspect ratio between the
height and the mean lateral size of the Au nanoparticles.
According to the theoretical calculations by Warmack and
Humphrey [39], Δ𝜆LPR = 33 nm with a dielectric substrate
roughly corresponds to the aspect ratio of 2.0∼2.2 for the
shape of the Au nanoparticles. On the contrary, for AuSPF,
a small variation was found, Δ𝜆LPR = 7.8 nm (Figures
3(c) and 3(d)), corresponding to the aspect ratio of around
0.8–1.0. This difference in the polarization dependence of
𝜆LPR between AuNF100 and AuSPF indicates the different
shape, aspect ratio between height and lateral size, of the Au
nanoparticles. Taking into account the information from the
overhead viewby the SEMobservationwhich shows relatively
small variation in lateral shape and the difference in the aspect

ratio, the Au nanoparticles in AuNF100 would be thinner
than those in the AuSPF and slightly elongated.

The magnitude of Δ𝜆LPR could be a guideline for the
anisotropy of the Au nanoparticles between the mean lateral
size and height. In Table 2, the Δ𝜆LPR values obtained from
the polarized spectra of all the prepared samples are listed. It
can be seen that Δ𝜆LPR increased with a decrease in the mean
diameter of the nanofibers from Δ𝜆LPR = 8.0 nm to 33 nm.
The similar values of Δ𝜆LPR for AuNF500 (Δ𝜆LPR = 8.0 nm)
and AuSPF (Δ𝜆LPR = 7.8 nm) indicate small aspect ratio in
them. For AuNF200 and AuNF100, Δ𝜆LPR was over 20 nm
and greater than the others, which indicates larger anisotropy
between lateral size and height of Au nanoparticles than
that in others. This finding may arise from thinning of the
Au nanoparticles as described above. The fiber diameter
dependence of the shape of the Au nanoparticles is well
consistentwith our expectation; that is, the cylindrical surface
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Figure 3: Polarized UV-visible extinction spectra of AuNF100 and AuSPF measured with variation in the angle of incidence between 𝜃 = 0∘
and 70∘; (a) p-polarized and (b) s-polarized spectra of AuNF100; (c) p-polarized and (d) s-polarized spectra of AuSPF. The vertical axis is
extinction (absolute). Inset in (a) is a high magnification of the spectra around a peak resonance wavelength.

Table 2: RI sensitivity and Δ𝜆LPR of prepared samples.

Sample Δ𝜆LPR at 𝜃 = 70∘/nm RI
sensitivity/nmRIU−1

AuSPF 7.8 227
AuNF500 8.0 262
AuNF200 22 446
AuNF100 33 526
Au nanospheres∗ — 20.3
∗20 nm diameter Au nanospheres deposited on a BK7 glass substrate.

of the thin nanofiber induces a curving and elongation of the
Au nanoparticles at the nanofiber surface.

The polarization dependence of the LPR extinction inten-
sity at 𝜆LPR supports the difference in the LPR characteristics
of the Au nanoparticles in AuNF100, AuSPF, and the refer-
ence of the isotropic 20 nmdiameterAunanospheres (Tanaka
Kikinzoku Kogyo K. K., Japan) chemically immobilized on
a BK7 glass slide. Figure 4 summarizes the 𝜃 dependences
of the LPR extinction intensity obtained from AuNF100,
AuSPF, and the isotropic Au nanospheres. For the isotropic
Au nanospheres, the extinction intensities in the p- and s-
polarized spectra showed almost the same incident angle
dependence (see green solid circles and open squares in
Figure 4). This is attributed to the isotropic shape of the Au
nanosphere since the LPR extinction intensity related to the
shape and the size of the Au nanoparticles. The increases in
both extinction intensities are attributed to the increase in the
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Figure 4: Incident angle dependences of LPR extinction intensity
observed in AuNF100 (broken lines), AuSPF (solid lines), and
20 nm diameter Au nanospheres chemically immobilized on a BK7
glass substrate (dotted lines). For each sample, solid circle (e) and
square (◻) show the LPR extinctions in p-polarized and s-polarized
extinction spectra, respectively. The lines are guides for the eye.

irradiated area on the sample surface. ForAuSPF, in a series of
p-polarized spectra, the extinction intensity decreased with
the increase in 𝜃, while those in the s-polarized spectra
increased (see blue solid circles and open squares). This
polarization dependence of the extinction intensity agrees
with that for the unannealed or annealed Au island structure
on a dielectric substrate. Gupta et al. ascribed this polariza-
tion dependence to both the contribution from the shape of
Au nanoparticles, which is truncated nanospheres or oblate,
and the effect of the dielectric substrate to LPR [39–41].
For AuNF100, both the p- and s-polarized LPR extinctions
increased with 𝜃, in which the s-polarized ones show a higher
intensity than the p-polarized one at any angle (see red solid
circles and open squares). The behavior of the extinction
intensity in AuNF100 deviated from both the nanospheres
and AuSPF indicates the different LPR characteristics, which
may be because of not only the difference in the height
but also the curved shape of the Au island structure in the
AuNF100 and the effect of the dielectric nanofiber substrate.

LPRs in these Au nanoparticles prepared on a nanofiber
showed considerably high RI sensitivities. In Figure 5(a), the
transmittance extinction spectra of the AuNF100 immersed
in RI liquids (𝑛 = 1.3330∼1.4050) are shown.With an increase
in the RI of the surroundings, the 𝜆LPR value is mostly red-
shifted and the RI sensitivity was found to be 526 nm/RIU.
This sensitivity is higher than those of most anisotropic Au
nanoparticles reported in the past, such as Au nanorods

(252 nm/RIU) [22–24] and Au nanotriangles (125 nm/RIU)
[29]. It is comparable to the RI sensitivity of Au nanobipyra-
mids (544 nm/RIU) [25] prepared by the reduction of Au
nanospheres with a surface agent.

The RI sensitivities obtained from the prepared samples
were enhanced with the reduction in the fiber diameter.
Figure 5(b) plots the magnitude of the red-shift of 𝜆LPR
with variation of the RI in surroundings, 𝑛, for all the
prepared samples. Both AuNF100 and AuNF200 had high RI
sensitivities over 400 nm/RIU. On the other hand, AuNF500
and AuSPF showed 256 nm/RIU and 227 nm/RIU values,
respectively, which are comparable to the sensitivity reported
for annealed Au island films on ITO glass (217 nm/RIU at
maximum) [32].This behavior of the RI sensitivity depending
on the mean fiber diameters is similar to that of Δ𝜆LPR
as summarized in Table 2, which suggests an interrelation
between the improvement of the RI sensitivity and the aspect
ratio of the Au nanoparticles. Both RI sensitivities and Δ𝜆LPR
showed higher values in AuNF200 and AuNF100 compared
with others. It appears to be that there is a certain criterion
for high RI sensitivity between AuNF200 and AuNF500.
Based on this finding, we concluded that improvement of
the RI sensitivity was mainly due to variation of the shape of
Au nanoparticle with large contrast in the surface curvature
of the nanofibers though the effect from the substrate, the
dielectric nanofiber in this case, also might contribute to the
LPR characteristics as already reported by theoretical studies
[39–42].

To quantitatively understand the origin of this great
improvement of the RI sensitivity, three-dimensional obser-
vations of the prepared Au nanoparticles by transmission
electron microscopy and theoretical calculation of the LPR
extinction for the obtained shape on the nanofibers will
be required. The relationship between the shape of the Au
nanoparticle and the RI sensitivity will be more comprehen-
sive when the prepared Au nanoparticles annealed at over
200∘C that will change their shape to truncated spheroids
on the nanofibers if the nanofiber morphologies were kept
during annealing. In addition, we found that the nanofiber
thinner than 50 nm incidentally formed in AuNF200 and
AuNF100 with one or two Au nanoparticles on their width
as shown in the Supporting Information, available online at
http://dx.doi.org/10.1155/2015/829273 (Figure S1). We believe
that if we could prepare the substrate consisting of ultrathin
nanofibers whose diameters were nearly equal to the size
of the Au nanoparticles like these fibers, the LPRs in them
may provide a dramatic improvement in the RI sensitivity or
interesting new aspects of the LPR.

The prepared Au nanoparticles showed no variation in
the LPR extinction during the extinction measurement in
a RI liquid and did not peel off from the nanofiber surface
(the Au nanoparticles evaporated on glass substrate without
adhesion by Cr or Ti easily peel off in various solvents,
including water). This is also an advantage of our anisotropic
Au nanoparticles with exception of high RI sensitivity. The
hierarchically structured LPR sensing fibers provide the good
handling characteristics and flexibility to be processed in
diverse forms (e.g., LPR sensing fabrics) for practical use.
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Figure 5: (a) Extinction spectra of the AuNF100 in various RI liquids. (b)Themagnitude of red-shifting of LSP extinction of prepared samples
with respect to refractive index of surroundings. The slope of the plot corresponds to the RI sensitivity.

4. Conclusion

This paper reported the facile and high-throughput fabrica-
tion method of anisotropic curved Au nanoparticles with a
highly sensitive LPR using the cylindrical surface of electro-
spun nanofibers. SEM observations and polarized extinction
spectroscopy revealed the formation of the curved Au islands
on the nanofibers. The fiber diameter dependence of the
anisotropy and the RI sensitivity of their LPRs demonstrated
an enhancement in the RI sensitivity due to anisotropy of
the Au nanoparticles based on the large contrast in the
surface curvature of the nanofibers. The Au nanoparticle-
decorated nanofiber showed a RI sensitivity of 526 nm/RIU
at maximum for ∼100 nm thick nanofibers (𝜙 = 114 nm),
which is higher thanwhatmost LPRmaterials reported in the
past. The anisotropic Au nanoparticle-decorated nanofiber
or nanofibrous fabrics fabricated by the high-throughput
process provide a promising platform with high-sensitivity
for the label-free sensing of biomaterials. In addition, it also
provides a promising option for surface enhanced Raman
scattering spectroscopy. The study on sensing practical bio-
materials and enhancement of Raman scattering using our
materials will be reported in the future.
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