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O
ne-dimensional metallic nanoma-
terials with tunable size and
shape attract increasing interests

in both fundamental studies and practical
applications due to their unique electrical,
optical, mechanical, and chemical
properties.1�5 A variety of methods has
been developed for preparing silver nano-
rods (NRs) and silver nanowires (NWs), such
as deposition in nanoporous alumina mem-
branes,6 wet chemical synthesis with surfac-
tant,7 microwave-assisted assembly,8�10 and
template-based synthesis from DNA11 or
carbon nanotubes.12 The application of one-
dimensional silver NRs and NWs can range
from catalytic property,13 photonic materi-
als, and plasmonic waveguide,14 to active
substrates for surface-enhanced Raman
scattering (SERS).15 Constructing nanoparti-
cle/nanowire hybrids and manipulating
their optical properties are intriguing for
their localized surface plasmon resonance
(LSPR).16�20 For example, Uji-I and co-
workers decorated silver NWs with dense
silver nanoparticles (NPs) by self-assembly
process and observed well-separated and
fairly regular hot-spots of LSPRs.19 Mirkin
and co-workers synthesized a gold nano-
disk array by using on-wire lithography,
where the precisely controlled disk thick-
ness and interparticle gap are critical in
forming SERS hot-spots.21,22 However, a fun-
damental challenge remains in the facile
fabrication of hybrid silver nanostructures
with predetermined and spatially controlled
LSPR hot-spots. Such nanoscale hybrids
will have great potentials in ultrahigh sensi-
tive chemical and biological detections.

Meanwhile, mechanical behavior of
nanomaterials have attracted more atten-
tions because of their importance in devel-
oping new generations of nanowire-based

devices.23�28 Size dependence of nanome-
chanical behaviors of silver NWs has been
observed and discussed.29,30 Aston et al.
studied nanomechanical bending behavior
and elastic modulus of silver NWs by using
digital pulsed force mode atomic force mi-
croscopy (AFM) and calculated the elastic
modulus for as-prepared silver NWs based
on classical modeling.31 An anisotropic me-
chanical response of nanocomposite multi-
layer films encapsulated silver NWs were re-
ported recently.32 The buckling phenomena
of silver nanowires were utilized to evalu-
ate the Young’s modulus of silver NWs. Such
matrix-induced buckling phenomena can
be applied as a fast approach in measuring
the elastic modulus of nanowires with a
good precision. To the best of our knowl-
edge, there are limited accounts on the
study of plastic deformation of one-
dimensional silver nanowires.

Here we report intriguing and unex-
pected results on detailed characteriza-
tions on formations, structures, and optical
properties of nanoscale buckles that were
formed on compressed silver nanowires. By
applying compressive-stress to highly ori-
ented silver nanowires that are immobilized
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ABSTRACT An intriguing formation of nanoscale buckles is discovered when an array of aligned silver

nanowires was deposited onto prestrained polydimethylsiloxane substrates. The spacing distance between the

resulting silver nanoparticles corresponds to the buckling wavelength of the silver nanowires. The buckled

nanowires exhibit unique optical properties, such as interruption of scattered polarized photons and emission of

photons from subwavelength structure, as well as surface-enhanced Raman scattering at the vicinity of the formed

nanobuckles. In this way, they have great potentials for nano-opto devices, catalysts for chemical reactions, and

functional materials for chemical detections.

KEYWORDS: silver nanowires · nanoscale buckles · nanophotonics · emission from
subwavelength structure · surface-enhanced Raman scattering (SERS)
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on a polydimethylsiloxane (PDMS) substrate, we ob-

served the formation of nanobuckles on initially

“smooth” silver nanowires. The nanoscale buckles were

stable in ambient conditions and their morphologies

and structures were characterized with AFM and scan-

ning electron microscopy (SEM). We have used the term

nanobuckle because the spacing distance between

these structures corresponds to its buckling wave-

length. A mechanism based on the buckling theory of

a one-dimensional rod is proposed in this manuscript to

explain the formation of these nanobuckles on silver

NWs. Such nanobuckles can have significant impact on

the 1D propagation of surface plasmon, a collective

electron resonance in silver NWs. Furthermore, we stud-

ied scattering photons from these nanobuckles by

guiding a laser beam onto neighboring nanobuckle or

wire end. Confocal SERS measurements of the buckled

silver nanowires were conducted and the results re-

vealed that enhancement of Raman signals can be

modulated by the presence of silver nanobuckles.

RESULTS AND DISCUSSION
Our method provides a simple, unique, and novel

approach in synthesizing nanobuckles on silver nano-

wires. As shown in Figure 1, silver nanowires were ini-

tially deposited from methanol suspension onto a me-

chanically prestrained (i.e., over 10% strain) PDMS sub-

strate. Upon releasing the prestrain, the PDMS substrate

returns to its original shape, during which nanoscale

buckles were unexpectedly formed owing to the shear

stress on the silver nanowires because of the strong ad-

hesion between silver NWs and PDMS substrate (Fig-

ure 1b,c). Such phenomenon is quite similar to the mo-

lecular buckling of individual single-walled carbon

nanotubes (CNTs) on elastomeric substrate that was re-

ported recently.33 While in their study, the authors ob-

tained a wavy morphology of the buckled carbon nano-

tubes due to buckling instability, we only observed
some nanoscale particles, named here as nanobuckles,
appearing along the silver nanowires, and there are no
wavy features observed for the silver nanowires. Figure
1d shows a typical AFM image of a nanobuckle that is
formed along a silver nanowire. The different mechani-
cal response for CNTs and silver nanowires may be asso-
ciated with the differences in their elastic modulus and
structures, including the shapes and diameters.

Although a full understanding on the mechanism
on the formation of nanoscale buckles is still in
progress, the nanobuckles usually formed within three
days after the prestrained PDMS onto which silver NWs
reside was released and can be observed on most of
the silver NWs. Figure 1e shows a typical SEM micro-
graph of these nanobuckles, from which we can clearly
find that most silver NWs can have more than one
nanobuckle. The inset one in Figure 1e presented a
higher resolution side view SEM image of a nanoscale
buckle by tilting the SEM sample at an angle of 30°. It is
clearly demonstrated that the silver nanobuckle has a
size below 100 nm and an irregular shape, which is
quite different as compared to silver nanoparticles
grown from normal wet chemistry methods.19 Further
understanding of the irregular silver nanoparticles
might result to some unique applications, such as ca-
talysis for chemical reactions.

Optical micrographs of the silver NWs with
nanobuckles were recorded by a three-megapixel CCD
camera that is attached to an Aramis confocal micro-
scope. A white light beam from an EFP-5H lamp was
used to illuminate the sample and normal bright field
mode was applied in obtaining the optical micrographs.
These optical micrographs were used as a guide map
for the AFM imaging. As shown in Figure 2a, the silver
nanowires give higher intensity with respect to the un-
derlying substrate (PDMS) owing to their high reflectiv-
ity and strong photon scattering. It is interesting that
the nanobuckles along the silver NWs appeared “dark”
in the optical image, which provides a clear sense re-
garding the location and distribution of the silver
nanobuckles. The detail study on the optical proper-
ties of nanobuckles will be discussed below. Neverthe-
less, a large-area view of the sample with optical micros-
copy can make it more efficient in further AFM studies
by providing micrometer scale mapping on the
nanobuckles on silver nanowire.

There is a certain correlation between the spacing
of the nanobuckles on the silver nanowire and the di-
ameter of the silver NW, as revealed by the AFM inves-
tigations. Figure 2b shows a representative AFM image
of silver nanobuckles. Similar to the results of SEM ob-
servation, nanobuckles were formed along the silver
nanowires and, quite often, there are several nanobuck-
les on one individual nanowire. Furthermore, we found
that the distances between the nanobuckles on the
same silver NW are quite close, which can be explained

Figure 1. Schematics and images of silver nanobuckles: (a�c)
compression-induced silver nanobuckles formation by deposit-
ing silver nanowires onto a prestrained PDMS substrate; (d) AFM
image of silver nanobuckle formed on a silver nanowire (image
size: 5 � 5 �m2); (e) SEM micrograph of silver nanobuckles along
the silver nanowires. (Inset) A higher magnification (25000�),
side-view (tilt angle, 30°) SEM micrograph of a silver nanobuckle.
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with a Newtonian analytical mechanics model that

uses linear elasticity theory.34 We approximate the sil-

ver NW as a solid rod with a radius R and Young’s modu-

lus EAg. The PDMS substrate is modeled as a semi-

infinite solid with Young’s modulus ES and Poisson’s

ratio �S. The plane-strain modulus of PDMS is noted as

ĒS � ES/(1 � vS
2). According to the buckling theory,33 k,

wavevector, where k � 2�/�, � is the distance between

the nanobuckles, can be approximated as

where I � �R4/4 is the moment of inertia of the silver

nanowires. According to eq 1, a linear relationship be-

tween the nanobuckle distance and the radius of the sil-

ver nanowires is expected. By using AFM, we have mea-

sured the distances between the nanobuckles along

the individual silver nanowire and the diameters of sil-

ver nanowires at 45 different locations. The results

shown in Figure 2d clearly demonstrate the trend that

a larger distance of nanobuckles appears from thicker

silver nanowires. With the average radius being 39.0 �

6.8 nm and average distance being 4.3 � 1.1 �m be-

tween neighboring nanobuckles, the elastic moduli of

silver nanowires were calculated to be about 91.3 GPa.

A solid line was also drawn on Figure 2d based on the

calculation with eq 1. The Young’s modulus measured

with the current method is similar to those measured

for silver NWs by nanoindentation (83�93 GPa)29 and

AFM bending tests (80�96.4 GPa),31 while being a little
bit lower than those determined by nanowire buckling
of direct force displacement measurements (100�120
GPa)35 and matrix-assisted buckling of silver NW/poly-
mer composites (118 GPa).32

By closely investigating with higher magnification
AFM, we found that the size of silver nanobuckles was
quite inconsistent on some of the silver NWs. As shown
in Figure 2c, a small silver nanobuckle (indicated by
the arrow) appears in the middle of normal size
nanobuckles. Although it is not totally understood, we
tentatively believe that these small nanobuckles might
be related to the second-order buckling process of the
silver nanowires.

We studied the kinetics of the silver nanobuckles
by monitoring the same silver nanowires for over 20
days with polarized optical reflection microscope. As
shown in Figure 3, series of optical micrographs of the
stressed silver nanowires demonstrated significant
changes when the silver nanobuckles were initialized
and grown. With the graph taken 2 h after the sample
preparation, the reflection (scattering) intensities of the
silver nanowires are normal at all three locations that
are marked with arrows (see Figure 3). The aligned sil-
ver nanowires demonstrated polarization dependent
reflectivity. Similar results were observed by Shen and
co-workers in their experiments of confocal white light

reflection imaging of silver nanowires.36 On the second
day, we observed that a dark dot appears at the yellow
arrow position on the graph with a (0,0) configuration,
where we set white light source at a 0 degree and used
a polarization filter at 0 degree before the camera. The
0-degree polarization is parallel to the vertical direction
in the micrographs. As we discussed before, the dark
dot along the silver nanowire indicates the existence of
the nanobuckle at that position. However, such a dark
dot cannot be observed in the micrograph obtained
with a (90, 90) configuration. Similar polarization de-
pendent phenomena were also observed by Halas and
co-workers when they studied nanoparticle-mediated
coupling of light into a silver nanowire, which origi-
nated from the confined plasmon propagating in one-
dimensional silver nanowires.17 On the other hand, ex-
citation of longitudinal and transversal plasmon
resonances in silver nanowires wrapped with gold
nanoparticles was demonstrated to be critical in polar-
ization dependence of Raman scattering from such
nanoparticle�nanowire nanostructures.37

The polarization dependence on scattering at the
nanobuckles is changing during the growth of the
nanobuckles. In the (90, 90) configuration, the dark dot
does show up at the yellow arrow position on the mi-
crograph acquired at 96 h. Moreover, the size of the
dark dot appears larger in the image (96 h) with (0,0)
configuration than the one in the previous image (30
h). The larger dark dot is due to the larger size of
nanobuckle, which is still growing during the 96 h.
With these results, we conclude that the small

Figure 2. A graph of distance between silver nanobuckles with re-
spect to silver nanowires diameter. (a) Optical reflection micrograph
of silver nanobuckles along silver nanowires. Scale bar is 20 �m. (b)
AFM image of nanobuckle on silver nanowire. Scale bar is 5 �m. (c) A
higher resolution AFM image of silver nanobuckles. Scale bar is 1 �m.
(d) The dependence of distance between silver nanobuckles with the
diameter of silver nanowires.
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nanobuckles are polarization-sensitive during their ini-

tial growth and such polarization sensitivity decreases

with increasing nanobuckles size. For the silver

nanobuckle shown with the red arrow, similar phenom-

ena were observed. Its optical response can be ob-

served in (0,0) micrographs started at 96 h, but there is

no optical effect in micrograph (90,90) at 96 h. However,

it appears as a brighter spot at 144 h, while finally con-

verted to the usual dark dot at 511 h. Similar results

were observed with the nanobuckle shown with the

green mark, which first appears in (90,90) micrographs

and then shows up in (0,0) images. The polarization

measurements with (0,90) and (90,0) configurations

were also conducted on the silver nanobuckles. As

shown in the Supporting Information, the intensity is

quite low due to the configuration of cross-polarization.

It is worth noting that in both cases of (0,90) and (90,0)

configurations, the intensities of the nanobuckles are

higher than the other parts of the silver nanowires. On

the basis of the above observations, the dependence of

the polarization during the nanobuckle growth could

be related to their crystallinity or anisotropy.

The silver nanobuckles demonstrated interesting

optical properties, such as photoplasmon conversion

and emission from subwavelength structures. With the

recent advances in plasmonic materials, integration of

optics with nanomaterial has shown a great potential in

future nano-opto devices.38 Silver nanowires with well-

developed crystal structures can be applied as surface

plasmon resonators with a propagation length over 10

�m.39,40 It was reported that the launch of propagating

plasmon and subsequent emission of photons occur

Figure 3. Optical reflection micrographs of the same silver nanowires captured at the different times. The images in the top
row are captured at (0,0) configuration in polarization. The bottom row images are captured with a (90,90) configuration. Im-
ages are 25 � 25 �m2.

Figure 4. Propagating and scattering of plasmon with the nanobuckles on a silver nanowire: (a) SEM; (b) AFM, Z scale, 250
nm; (c) optical image of the same silver nanowire; (d) reflection graph of the silver nanowire when a green light is focused
onto one nanobuckle; a green emission can be observed from its neighboring nanobuckle; (e) a clear image showing the scat-
tered photon from the nanobuckle when the white-light source is turned off; (f) an intensity profile of emitting light from
the nanobuckle. (Inset) A zoom-in micrograph of the emitting location. The scale bars in all images are 1 �m.
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only at its ends and other discontinui-
ties of the silver nanowires. Our silver
nanobuckles can be acting as disconti-
nuities and have an ability to emit
photons.

Nanobuckles on the silver nano-
wire, as shown in Figure 4, were stud-
ied with various microscopic methods
to explore their optical properties. As
measured from the AFM image, the
heights of silver nanobuckles are 152,
160, and 245 nm for locations I, II, and
III, respectively (Figure 4b). It is clear
that the sizes of the silver nanobuckles
are much larger than the diameter of
the nanowires. With the correct polar-
ization of the incident light (shown as
double-direction arrow in Figure 4c), the vertically ori-
ented silver nanowires can be clearly observed in the
optical reflection image. The brighter silver nanowires
with respect to their underlying PDMS substrate are due
to the stronger scattering of incident photons from sil-
ver nanowires than that of PDMS. The weak or dark
spots along silver nanowires in the optical images are
strongly correlated to the nanobuckles observed in SEM
and AFM images of the same specimen. This is a direct
proof that the silver nanobuckles can affect the photon
scattering of the silver nanowires.

Furthermore, an emission of the photons can be ob-
served from the silver nanobuckles when a plasmon is
propagated along the silver nanowires. Figure 4d shows
that when a green laser (532 nm) is focused to a
diffraction-limit spot in one nanobuckle (location I), an
emission of green light from its neighboring
nanobuckle (location II) is observed. By turning off the
white light, we can present a clearer image of the pho-
ton emission (Figure 4e). It is worth noting that the
nanobuckle (location III) on another silver NW does not
emit photons even though its distance to nanobuckle I
(laser focus position) is shorter than that of nanobuckle
II. These results confirm that light scattering from the fo-
cus position (nanobuckle I) would not result in the scat-
tering at location II. As discussed by Sanders and co-
worker, plasmon can be launched by illuminating at
one end of a silver nanowire or a sharp discontinuity
along the nanowire surface, where the momentum of
the incoming photon can be matched to that of the
propagating plasmon.41,42 The silver nanobuckles in our
experiments can break the cylindrical symmetry of sil-
ver nanowires, which makes it possible to convert light
into propagating axial plasmon modes. Therefore, we
can conclude that the green light emitted from the
nanobuckle at location II is a result of plasmon propaga-
tion incident upon a sharp discontinuity (the
nanobuckle on the silver nanowire).

The profile analysis of the emitting spot reveals a
perfect Gaussian fit for its intensity profile with a fwhm

of 343 nm (Figure 4f). Considering the optical para-

meter of the objective (NA 0.75), we can deduce that

the small spot in the optical image is due to the diffrac-

tion limit of the 532 nm light that is emitted from the sil-

ver nanobuckle. It is obvious that the light source is

much smaller than the wavelength of the emitted green

light. As the results, the presence of nanobuckles along

a silver nanowire can function as a subwavelength op-

tical source in application such as optical waveguides.

As shown in the inset of Figure 4f, the light emitted

from silver nanobuckle has a perfect isotropic

distribution.

The localized SERS was observed along the silver

nanowires, as demonstrated for R6G Raman spectra col-

lected with the confocal Raman microscopy. We per-

formed confocal Raman mapping on five independent

buckled silver nanowires. SERS enhancements were ob-

served from all these buckled silver nanowires. Figure

5a shows a typical intensity map of Raman peak at 1650

cm�1 from the R6G molecules. It is obvious that SERS

can be enhanced along the buckled silver nanowire.

The dark area along the silver nanowire in the optical

image of the same individual silver nanowire (Figure 5b)

clearly indicates the presence of nanobuckles. Further-

more, we can correlate the regions of improved Raman

enhancement with the presence of nanobuckles (see

arrow in Figure 5a and spectrum in Figure 5c). It is also

worth noting that high SERS activities are not always

observed at all these silver nanobuckles, which can be

related to the size of nanobuckles and the hot-spots

that were created consequently. Experiments with SERS

tests, AFM characterizations, and polarization measure-

ments can further clarify the origin of the SERS en-

hancement. Such experiments are currently in progress

and their detailed analysis will be published in near fu-

ture. Our experimental results indicate that the pres-

ence of nanobuckles can improve the localized SERS en-

hancement. The effect on SERS enhancement could be

due to the change of surface plasmon resonance in the

vicinities of the nanobuckles.

Figure 5. SERS of R6G adsorbed on the nanobuckles along silver nanowires: (a) confocal
Raman mapping based on intensity of the R6G Raman peak at 1650 cm�1, (b) optical im-
age of the same silver nanowires with buckles. (c) Raman spectrum of R6G corresponding
to the location indicated by an arrow mark in the Raman mapping.
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It is a novel approach in fabricating nanoparticles
on silver nanowires by using shear force to compress sil-
ver nanowires and further growing nanobuckles along
the nanowires. In general, a variety of methods has
been reported in the synthesis of nanoparticle/nano-
wire hybrids, such as using catalyst during the nano-
wire growth,43 surface modification of nanorods,44 in
situ growth of nanoparticles on nanowires,45,46 and self-
assembly of nanoparticles along nanowires.17,19 To the
best of our knowledge, this is the first time that we
demonstrated the possibility of growing nanoparticles
alone buckled nanowires by using the compression
stress. Unlike other approaches, the nanobuckles gener-
ated with this compression stress method have irregu-
lar shapes rather than smooth spherical particles, which
could have interesting surface functionalities and
unique applications in chemical catalysis and SERS-
based chemical detections with anisotropic nanostruc-
tures.47 For example, SERS enhancement at the junc-
tions of silver nanowires was recently reported.48

Further studies on the surface properties of the
nanobuckles are in progress and the results will be re-
ported elsewhere.

The detailed studies on mechanical buckling of sil-
ver nanowires discussed here provide useful informa-
tion regarding the nanomechanical behavior of one-
dimensional nanostructures. We clearly observed the
growth of silver nanobuckles on particular nanowires
with their optical properties for over 500 h. Further-
more, the slow process of the nanobuckle growth al-
lows a detailed mechanism study, which is important
in evaluating the mechanical stability of nanoscale ma-
terials and can be applied to the studies of the mechan-
ical properties of other nanomaterials.

Our approach yields nanobuckles on silver nano-

wires with unique nanoscale structures that allow the

coupling of light into the 1D plasmonic waveguides.

Controlling the interaction of light and nanoscale opti-

cal material is critical for developing optical intercon-

nects for on-chip integration.49 It is a big challenge to

couple light into, and out of, plasmon waveguide effi-

ciently while compensating the momentum difference

between photons and plasmons.50 Recently, hybridiza-

tion of adjacent nanostructures was reported and it was

found that hybridized nanostructures could yield new

plasmonic states.51 Our experimental results indicated

that the silver nanobuckles produced by means of me-

chanical compression could be utilized in the optical

coupling process. Scattering lights with the diameter

around 343 nm were obtained from the silver nano-

buckles. Such subwavelength optical sources are

due to the silver nanobuckles that can interfere with

the propagation of the surface plasmon. With addi-

tional optimization, the nanobuckles on silver nano-

wire could have great potentials in nano-waveguide

application, catalyst for chemical reactions, and

nanostructured SERS templates. Uji-i and co-workers

recently reported interesting research on the re-

mote excitation of SERS on assembled nanowire/

nanoparticle aggregate systems and obtained SERS

spectra with much less background.52 In our sce-

nario, by using mechanical stimulation, we are able

to manipulate the formation of the silver nanobuck-

les so that the nanoparticle/nanowire system could

be precisely controlled. Consequently, such a com-

plex nanostructure system might have great poten-

tials in high-resolution SERS imaging devices.

EXPERIMENTAL DETAILS
Silver NWs were synthesized and purified according to a well-

known procedure by using AgNO3 precursor and poly(vinylpyr-
rolidone) (PVP) as a capping agent (Mn � 1.3 � 106 Da) as re-
ported before.53,54 PDMS elastomers were prepared by casting
prepolymer Sylgard 185 and its kit with a ratio of 10:1 in a glass
Petri dish. After a careful degassing for 30 min and curing at 70 °C
for 2 h, the PDMS substrate is formed and ready for further
sample preparation. The nanobuckles on silver NWs are formed
by depositing the silver nanowires onto a prestrained PDMS sub-
strate (Figure 1a�c). Methanol suspension of silver NWs were
cast onto the surface of prestretched PDMS substrate and dried
by using a N2 gas flow. It is worth noting that the direction of dry-
ing is critical as to align the silver nanowires parallel to the direc-
tion in which the PDMS substrate is prestretched. The samples
were allowed to dry overnight before the prestrained PDMS sub-
strate was released. Because of the compressive-stress that is
parallel to the direction of the silver NWs, nanoscale buckles
were formed along the NWs within 3 days. We also observed
the formation of nanobuckles even when the silver nanowires
are not perfectly parallel to the prestretched direction of PDMS
substrate (see an example in Figure 2a). However, according to
the buckling theory, we would assume that the presence of
these nanobuckles might need higher compression forces due
to their nonparallel orientations.

The morphology and optical properties of silver nanobuck-
les were studied by optical microscope (polarized microscope
and confocal microscope), AFM, and SEM. Optical microscopic in-
vestigation was conducted on an Aramis confocal microscope
(Horiba Jobin Yvon, Edison, NJ) and an Ar ion laser (532 nm) was
applied in the plasmonic propagation experiments. The optical
micrographs were obtained by using 50� objective (NA � 0.75)
and recorded with a three-megapixel CCD camera. Morphology
and size of the silver nanobuckles were measured on a Nano-R2

atomic force microscope (Pacific Nanotechnology Inc. Santa
Clara, CA) with a tapping mode under ambient condition. Field-
emission SEM (FE-SEM) micrographs of the silver nanobuckles
were obtained on a scanning electron microscope, Jeol 6500,
equipped with thermally assisted field emission gun. Before the
FE-SEM imaging, a thin layer of Pt film was deposited on the
sample so that the charging effect (cause by the nonconductive
PDMS) can be significantly eliminated. A low accelerating volt-
age (5 kV) was used during the SEM imaging.

A R6G solution with concentration of 10�6 mol/L was used
to evaluate the SERS of the nanobuckles on silver nanowires.
The SERS experiments were conducted on either the Aramis mi-
croscope or an Alpha300R WiTec confocal Raman microscope
(514 nm).55 In the experiments with Aramis instrument, laser line
(532 nm, 	0.2 mW) was focused onto the sample with the spot
size at a submicroregion. The sample was roster scanned, and
the intensities of Raman peak at 1650 cm�1 were utilized to form
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Raman maps. Integration time was 1 s. We further compared
the Raman maps with normal optical images, and the correla-
tion between the SERS enhancement and the structures of buck-
led silver nanowires were explored.
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