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In this study, the carbon-matrix Ag wing with a hierarchical sub-micron antireflection quasi-
DOI: 20.1039/x0xx00000% photonic crystal structure (HSAS) was fabricated by a simple and promising method. This
www.rsc.org] method combines chemosynthesis with biomimetic techniques, without the requirement of
expensive equipment and energy intensive processes. Here, the Troides helena (Linnaeus)
(T.helena) forewing (T _FW) was chosen as the biomimetic template. The carbon-matrix Ag
butterfly wing (Ag@C T FW) achieves a drastically enhanced infrared absorption over a
broad spectral range, especially, over the near infrared region. Here we report methods to
enhance and modify the plasmonic resonances in such structures by strongly coupling
plasmonic resonances to HSAS. Using the finite difference time domain (FDTD) method, the
absorption spectra and the distribution of the energy density near the Ag NPs surface were
simulated. Based on the experiment and simulation results, these finding demonstrates that the
enhanced infrared absorption over a broad spectral range is due to the mechanism that the
plasmon and the coherent coupling between adjacent resonant systems integrate with the

HSAS.

As yet, many works integrate plasmonic components into
corresponding functional structure to create, enhance or tailor

Introduction

The resonant excitation of plasmons in metallic nanostructures
can provide large -electromagnetic enhancements on the
surfaces of metals."? Such field enhancement can be exploited
for wide-ranging applications in the sensing,”” enhancing
spectral signals,® probing catalytic reactions,’ photothermal
therapy,® ® ° surface enhanced raman scattering,'®'? surface
enhanced visible spectra absorption'*!” and surface enhanced
infrared (IR) absorption'®?!. However, compared with other
applications, the application of surface enhanced IR absorption
attracted fewer attentions due to the limitations in designing
and fabricating nanostructures with reproducible tunable
plasmon resonances across a broadband IR region.””* The
maximum electromagnetic enhancement in a plasmonic
nanostructure occurs for resonant excitations of the plasmons,
which are typically found in the visible light and ultraviolet
light regions. However, the plasmon resonances are tunability
because the plasmon resonances of metallic nanoparticles are
strongly dependent on structure and composition.?® And then,
the plasmon resonance is tuned over a wide spectral region,
particularly in the near infrared (NIR) region.?” *® Furthermore,
the plasmon resonances can also be tuned by modifying the
plasmonic interactions that include the plasmonic interactions
among the adjacent resonant systems” and the plasmonic
interactions between the plasmonic components and structure.?

This journal is © The Royal Society of Chemistry 2013

the properties of materials.?**> However, self-assembly of these
so-called plasmon resonance nanoparticles (NPs) into thin films
and bulk materials on a macro-scale, particulary with related
functional sub-micron structures, is difficult using conventional
technologies, such as spontaneous epitaxial nucleation,
chemosynthesis, growth of a second and third component onto
seed NPs and the convective assisted capillary force assembly
method.*% 333

In order to integrate plasmonic components into a 3D sub-
micron antireflection quasi-photonic crystal structure (HSAS)
to enhance and modify the plasmonic resonances in such
structures, in this paper, the carbon-matrix Ag wing
(Ag@C_T_FW) with HSAS was fabricated by a simple, cost-
effective and promising method. This method combines
chemosynthesis and biomimetic techniques using the 7. helena
(Linnaeus) forewing (T_FW) as the biomimetic template.
Because the black forewing of the 7. helena exhibits strong
absorption of visible light, through the coupling effect of
melanin/chitin composite and the HSAS of its scales.>” *® In
order to illustrate the mechanism that the plasmon and the
coherent coupling between adjacent resonant systems integrate
with the HSAS to enhance IR absorption over a broad spectral
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range, we systematically studied the optical absorption
properties and the distribution of the energy density of the Ag
nanospheres array, T FW, Ag wing (Ag T FW) and
Ag@C T _FW by experiment and the finite difference time
domain (FDTD) simulation analysis. Based on the experimental
and simulation analysis, these results demonstrated that the
Ag@C T FW and Ag T FW possessed enhancement
broadband light absorption, specifically in the IR regions. The
reason is that Ag@C T _FW and Ag T FW integrated plasmon
into HSAS. Consequently, the work successfully provides a
new route that couple plasmonic resonances to HSAS to
enhance broadband IR absorption and utilize the solar energy in
IR range at lower cost. And appear to be useful in applications
of plasmon for optoelectronics, photovoltaics, photothermal and
related technologies.

Experimental section and simulation

Materials

T. helena butterflies were obtained from Shanghai Natural
Wild-Insect Kingdom Co., Ltd. Absolute ethanol (EA, 97%)
was purchased from Changshu Yangyuan Chemical Co., Ltd.
Nitric acid (NA, 67%), ethylenediamine (ED, 99%), silver
nitrate (AgNOs), ammonium hydroxide (NH;3;*H,0O) and
potassium sodium tartrate were purchased from Sinopharm
Chemical Reagent Co., Ltd. All of these compounds are
analytically pure and were used as received without further
purification.

Characterization

Characterization using scanning electron microscope (SEM)
was performed on a 20-kV field emission SEM (FESEM)
instrument (Quanta 250, FEI, Hillsboro, OR, USA). X-ray
diffraction measurements were conducted using a Rigaku
D/max-2550 instrument equipped with a Cu-Ka radiation
source (Rigaku Corp., Tokyo, Japan). Transmission electron
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microscope (TEM), high resolution transmission electron
microscope (HRTEM) and selected area electron diffraction
(SAED) measurements were performed on a JEM-2100F
transmission electron microscope (JEOL, Peabody, MA, USA)
operated an acceleration voltage of 200 kV. The absorption
over the wavelength range of 300-2500 nm was measured using
a Lambda 750 UV-VIS-NIR spectrophotometer (PerkinElmer,
Waltham, MA, USA). The samples were mounted for UV-VIS-
NIR spectroscopy using the clip directly located behind the
integrating sphere without any substrates. The IR absorption
over the wavelength range of 2.5-15 um was measured by
Nicolet 6700 (Thermo Fisher Scientific) Fourier Transform
infrared spectroscopy (FTIR).

Fabrication of Ag@C_T_FW

The procedure of fabricating the Ag@C T _FW includes two
steps (Fig. 1). Firstly, to prepare the Ag butterfly wing (Ag
_T FW), T FW were first immersed in dilute 8 vol% nitric
acid for 2 h, and then washed in deionized water. The wings
were then immersed into ethanol solution of ethanediamine (25
vol%) for 6 h to obtained the aminated T_FW, and then washed
with ethanol and deionized water. In succession, the aminated
T FW was immersed into the electroless plating solutions and
followed by standard electroless deposition of Ag NPs onto the
T FW. The deposition was performed over a period of 15 min,
and then rinsed them with deionized water and drying in
vacuum drying oven at 25 °C in order to prevent these Ag
wings from being oxidized. The electroless plating solution is
composed of silver nitrate (1 g), ammonium hydroxide (2 mL),
potassium sodium tartrate (5 g) and deionized water (100
mL).'”> Compared with the previous work for versatile
fabrication of metallic butterfly wing,'> to eliminate the
interference from the plasmon resonant of Au NPs, we did not
form the Au nanoparticle (NP) seeds on the aminated bio-
surface to fabricate the Au-NP-functionalized butterfly wings.
All of immersions were placed in thermostatic waterbath at 25
°C. Secondly, carbonization of the Ag T FW using a vacuum
tube furnace heated to 450 °C at 3 °C-min"' was performed for 2
h under vacuum conditions to produce the final Ag@C T FW.

Avacuumsmtermf A /\

450 °C for2 h carbon Ag NPs
(3 °C /min) Ag@C_T_FW

Fig. 1. Schematic representation of the procedure of fabricating the Ag@C T_FW by electroless deposition and carbonization.

Finite Difference Time Domain Method

The detailed FDTD model of the Ag nanospheres array (Ag),
added the Ag nanospheres array to the surface of chitin sheet
(Ag_chitin), T FW and Ag T _FW are shown in Fig. 2. All
simulations are performed under normal incident light with the
plane wave light source with laid above the ridges at a distance
of 500 nm and the red arrow represents the incidence direction
of the light. The reflection (R) monitor is located at behind of
the light source at a distance of 500 nm. The transmission (T)
monitor is located 100 nm beneath the model. (Fig. 2(d)) The
absorption is deduced from A=1-T—R. The boundary condition
in y directions is periodic (periodic boundary condition, PBC),
and in x direction is absorbing (perfectly matched layer, PML).

2| J. Name., 2012, 00, 1-3

The span of z direction is zero. Here, in our simulation, the
complex permittivity index of the Ag and chitin are provided by
the material database of the Optiwave and the reported results,”®
respectively. In order to be consistent with the diameter of the
Ag NPs deposited on the surface of the HSAS of
Ag@C_T_FW as shown in Fig. 4(c) and (d), the diameter of
the Ag nanosphere is set as 20 nm. The dimensions of d1-d8
and 0 were offered in the Table 1, which are based on careful
observation and statistical analysis of several SEM and TEM
images of T_FW (Fig. 2(e)-(h)). The mesh size was chosen to
obtain a good tradeoff between the computer memory required
and the simulation time, while ensuring convergence of the
results. A convergence test was carefully performed.

This journal is © The Royal Society of Chemistry 2012
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Fig. 2. Models for FDTD simulation of (a) Ag nanospheres array (Ag), (b) added the Ag nanospheres array to the surface of chitin
(Ag_chitin), (¢) T_FW and (d) added the Ag nanospheres array to the surface of T FW (Ag_T_FW). (e) and (f) SEM images of

T _EM. (g) and (h) TEM images of T_EM.

Table 1. The dimensions of d1-d8 and 0

di(um) d2(um) d3(um) dd(um) d5(um) d6(pm) d7(um) d8(um) 6()
Value 0.460 0.900 3.270 0.200 0.200 1.010 0.530 2.870 13.0
Variance 0.003 0.016 0.046 0.001 0.001 0.004 0.003 0.002 --
. . AN
Results and discussion o
The depositing of Ag NPs onto the butterfly wing was - = ~ o I
examined by XRD measurements. As revealed by the XRD a g P ; g
results in Fig. 3, the diffraction peaks of Ag T FW and E ~
A A -

Ag@C T _FW with 20 values of 38°, 44°, 64°, 77° and 81° are
assigned to the (111), (200), (220), (311) and (222) planes of
cubic phase Ag, respectively (JCPDS card no. 04-0783, silver-
3C, syn). The well-defined peaks in the XRD pattern indicate
the formation of cubic phase Ag nanoparticles with high
crystallinity. In Fig. 3(b), a broad peak located near 26=20° is
corresponding to the amorphous carbon. These results confirm
the successful fabrication of Ag T FW and Ag@C T_FW.

(111)?
(

200)

This journal is © The Royal Society of Chemistry 2012
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Fig. 3. XRD results of (a) Ag_ T FW, (b) Ag@C T FW

20

The morphologies of the Ag butterfly wings and the carbon-
matrix Ag butterfly wings were characterized using FESEM
and TEM (Fig. 4). As showed in Fig. 4(a), the Ag nanoparticles
were deposited and agglomerated into thin metal film on the
ridges and ribs of the T_FW, when the electroless plating time
lasted for 15 min (Ag_T FW). Moreover, the parallel periodic

J. Name., 2012, 00, 1-3 | 3
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triangular roof-type ridges, nanoscale ribs and windows of the
T FW were well maintained. The triangular roof-type ridges
focus the light into the scale interior via multiple antireflections
and form the HSAS. That structure is facilitates the capture of
the light. Declining microribs run down the sides of the ridge
that induces the internal light-scattering which assists in
trapping light. Staggered windows are present between every
two ridges. The windows elongate the light path length and
enlarge the energy density distribution interspace, which
implies a potentially important linkage with light-harvesting
capacity. The ridges, microribs and windows construct the
HSAS. After carbonizing the Ag T _FW, the morphologies of
the Ag@C T _FW almost not change basically compared with
the Ag T FW, and the HSAS was maintained well with
effective light absorption performance. Further insight was
gained regarding the morphologies and microstructures of the
Ag@C T _FW and the results are shown in Fig. 4(c) and (d).
As shown in Fig. 4(c), Ag NPs deposited on the surface of the

bio-template and agglomerated into a thin film. The inset of Fig.

4(c) is the SAED image displays ring and dot patterns,
corresponding to the major and minor phases in the product
respectively. The clear rings match well with the XRD results,
and the relevant planes are indexed as (111), (200), (220) and
(311), respectively. The lattice fringes with interplanar distance
of dag11y=0.24 nm is exhibited in the HRTEM image (Fig.

4(d)).

= L

Fig. 4. FESEM images of (a) Ag_ T FW and
(c)-(d) TEM images of Ag@C T _FW. The inset of (c) is the
SAED image of Ag@C_T FW. The inset of (d) is the HRTEM
image of Ag@C_T FW.

To explain the mechanism of the enhanced IR absorption
over a broadband wavelength region, we compared the
absorption properties of the Ag@C T FW with Ag T FW,
C T FW (the carbonized T FW using the same carbonization
process as the Ag@C T FW), T FW and BlueTec eta plus_Cu
over the wavelength range of 300-2500 nm (Fig. 5(a)) and 2.5-
15pum (Fig. 5(b)). BlueTec eta plus Cu is a commercial
absorber that functions as a solar thermal collector. Capable of
absorbing extremely high levels of sunlight, BlueTec eta
plu_Cu effectively transforms solar energy into heat (BlueTec
GmbH & Co KG, Hese Germany). As shown in Fig. 5(a), the
T FW shows an excellent absorption over the visible light

4| J. Name., 2012, 00, 1-3

(b) Ag@C T FW.

Journal Name

region because of the coupling effect between the
melanin/chitin composite and the HSAS of T Fw.7” 3%
Compared with the absorption properties of the T FW, the
C T FW provided an enhancement in absorption in the IR
region, demonstrating that amorphous carbon provides better IR
absorption than the melanin/chitin composite of T FW. These
results also induce that the enhanced infrared absorption
property is not only decided by the super absorption structure,
but also dictated by the absorption properties of materials. As
shown in Fig. 5(a) and the inset of Fig. 5(a), the absorption
spectra of Ag@C_T FW and Ag T FW display the
characteristic peak at 312 nm and 318 nm, respectively,
resulted from the Ag NPs plasmon resonance.’* Over the
wavelength region of NIR (Fig. 5(a)) and mid infrared (MIR)
(Fig. 5(b)), the Ag T _FW exhibits a more intensive absorption,
compared with C_ T _FW and T FW. The reason is that, firstly,
the plasmon resonant of the Ag NPs resulted in an enhanced
absorption. Secondly, the coherent coupling between adjacent
resonant systems created an enhancement of light absorption
over a broadband IR region.”” ** Furthermore, the plasmon
resonant and the coherent coupling between adjacent resonant
systems integrate with the HSAS of T_FW which can create the
broadband light absorption enhancement with a more intensity.
Remarkably, the Ag@C T FW possesses a more effective
broadband light absorption, compared with Ag T FW, because
the carbon matrix is better for infrared absorption compared
with the melanin/chitin composite matrix. Consequently, the
Ag@C_T_FW coupled the plasmonic resonances to carbon-
matrix HSAS. By optimizing the coupling among the plasmon,
functional structure and the matrix materials, the samples can
possess a further enhanced broadband light absorption property.
Moreover, the intensive absorption enhancement was achieved
over the wavelength range of 2.5-15 pum (Fig. 5(b)). Compared
with the BlueTec eta plus Cu, the average absorbance
intensities of the Ag@C_T FW increased by 42.75% in the
wavelength range of 300-2500 nm, and was as much as 28.7
times greater in the wavelength range of 2.5-15 pm.

This journal is © The Royal Society of Chemistry 2012
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Fig. 5. Absorption spectra of Ag@C T FW, Ag T FW,
C_ T FW, T FW and BlueTec eta plus Cu, (a) over the
wavelength range of 300-2500 nm, (b) over the wavelength
range of 2.5-15 pm. The inset of Fig. 5(a) is the absorption
spectra of Ag@C T FW and Ag T _FW over the wavelength
range of 300-360 nm with a higher magnification.

3 4 5§

To further demonstrate that the plasmon resonant and the
coherent coupling between adjacent resonant systems create
and enhancement in absorption over a broadband IR region, the
FDTD simulation was used. From Fig. 6(a) and (al), we can
find that Ag nanospheres array when the Ag nanospheres
touched each other exhibits multiple absorbance maxima over
the wavelength range of 300-600 nm. While increasing the
separation distance of the Ag nanospheres, the multiple
absorbance maxima became weaker gradually and finally
disappeared. The absorption spectra exhibited only a single
peak when the separation distance increased to 40 nm which
effectively considered as single particles. The first peak, located
near the resonance peak of single particles, is attributed to the
quadrupole plasmon excitation in the coupled Ag nanosperes,
while the other peaks at longer wavelength are attributed to the
dipole plason resonance of the Ag nanospheres.*' The multiple
absorbance maxima is attributed the coupling effect of plasmon
response of the Ag nanospheres.’’ *" ** The oscillating
electrons in one Ag nanosphere feel the electric field due to the
oscillations in the adjacent Ag nanospheres, which can lead to a
collective plasmon oscillation of the aggregated system.*' As
shown in Fig. 6(a) and (a2), the linked Ag nanospheres array

This journal is © The Royal Society of Chemistry 2012
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exhibits a more enhanced broadband IR absorption
performance compared with the other Ag nanospheres array
when the Ag nanospheres are in different spacing. Moreover,
the absorptions are decreased with gradually increasing the
spacing d of the Ag nanospheres. When added the Ag
nanospheres array to the surface of chitin, the Ag chitin
possesses the similar enhancement absorption performance over
a broadband IR region and the absorption intensity is decreased
when increase the spacing d of the Ag nanospheres.
Consequently, the simulation results as shown in Fig. 6(a) and
(b) indicate that the coherent coupling between adjacent
resonant systems resulted in an enhanced IR absorption over a
broadband wavelength region.”? Furthermore, coherent
coupling between adjacent resonant systems is demonstrated by
the maps of the energy flux density amplitude. As shown in Fig.
6(c)-(f), the Ag nanospheres efficiently generated plasmons and
substantially enhanced the electromagnetic field in the adjacent
region between two nanospheres, providing hotspots especially
located in the interparticle region.

J. Name., 2012, 00, 1-3 | 5
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Fig. 6. FDTD simulation results for Ag nanospheres array (Ag) and added the Ag nanospheres array to the surface of chitin
(Ag_chitin). (a) The absorption spectra of the Ag with the different spacing d=0 nm (Ag), d=2 nm (Ag apart 2nm), d=4 nm (Ag
apart 4nm), d=8 nm (Ag apart 8nm), d=20 nm (Ag apart 20nm) and d=40 nm (Ag apart 40nm). (al) and (a2) is the absorption
spectra in the wavelength range of 300-600 nm and 700-2500 nm with a higher magnification, respectively. (b) The absorption
spectra of chitin (chitin sheet) and the Ag_chitin with the different spacing d=0 nm (Ag_chitin), d=2 nm (Ag_chitin apart 2nm),
d=4 nm (Ag_chitin apart 4nm), d=8 nm (Ag_chitin apart 8nm), d=20 nm (Ag_chitin apart 20nm) and d=40 nm (Ag_chitin apart
40nm). (c) and (d) Maps of the energy flux density amplitude of Ag, in which the incident light is 470 nm and 980 nm,
respectively; (e) and (f) Maps of the energy flux density amplitude of Ag_chitin, in which the incident light is 470 nm and 980 nm,

respectively.

To better demonstrate the plasmon resonant and the coherent
coupling between adjacent resonant systems integrated with the
HSAS of T FW which can create the broadband light
absorption enhancement with a more intensity over the IR
region, we used the FDTD to calculate the absorption properties
of the Ag chitin, Ag T FW and T_FW (Fig. 7). Compared
with the absorption spectra of T_FW, that of Ag T FW
exhibits an enhancement in absorption over a broadband IR
region. Moreover, the absorption intensity of Ag T FW
integrated from 300 nm to 2500 nm exhibits about 1.3 times
enhancement compared with absorption intensity of absorption
intensity of T_FW. These finding indicate that the plasmon
resonant add the coherent coupling between adjacent resonant
systems can enhance IR absorption over a broadband.
Following, by compared with the absorption spectra of
Ag chitin, that of Ag T FW exhibits a more intensive
absorption over the wavelength range over 300-2500 nm, which
demonstrates that the plasmon integrate with the HSAS can
achieve an enhanced broadband light absorption. The
absorption intensity of Ag T FW (with HSAS) integrated from
300 nm to 2500 nm exhibits about 4.05 times enhancement
compared with absorption intensity of absorption intensity of
Ag chitin (without HSAS). Furthermore, compared with the
optical absorption of HCP Au nanoshell** (without HSAS), the
Ag T FW possesses a more intensive optical absorption
capability. Consequently, the Ag T FW achieved that the

6 | J. Name., 2012, 00, 1-3

plasmon resonant and the coherent coupling between adjacent
resonant systems integrate with the HSAS, created the
broadband light absorption enhancement with a more intensity,
specially, over the IR region. And the simulation results that the
Ag T FW exhibited an enhancement broadband IR absorption
are in excellent agreement with those experimentally observed
as shown in Fig. 5(a) and Fig. 7. However, the observed
different in the absorption spectra in the visible light region can
be attributed to only a monolayer Ag nanospheres covered on
the surface of the HSAS for the FDTD simulation model which
generated a lower reflection resulted from monolayer Ag layer.
Indeed, for the experimental sample, the multilayer Ag
nanospheres covered on the surface of the HSAS of the T FW
which generated a higher reflection compared with the FDTD
simulation model.

This journal is © The Royal Society of Chemistry 2012
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Fig. 7. FDTD calculations for the absorption spectra of

Ag chitin, Ag T FWand T_FW.

The plasmon resonant and the coherent coupling between
adjacent resonant systems integrated with the HSAS is further
demonstrated by the maps of the energy flux density amplitude
of T FW and Ag T FW, as shown in Fig. 8. The intensive
energy density distributed on the region where is located in the
windows and between the two ridges. These finding
demonstrate that the triangular roof type ridges possess a
facilitating light capturing capacity because of the antireflection
performance of the triangular roof type structure. Interestingly,
the obvious hotspots situate on the surface of the Ag
nanospheres layer which resulted from the plasmon resonant
and the coherent coupling between adjacent resonant systems
(Fig. 8(c) and (d)). From the energy flux density distribution
maps of Ag T FW, we can come to the conclusion that the
Ag T FW and Ag@C_T FW achieved that the plasmon
resonant and the coherent coupling between adjacent resonant
systems integrate with the HSAS.

T

NI
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0.0001 0.0011 0.0021 0.0029

Fig. 8. (a) and (b) Maps of the energy flux density amplitude of
T FW, in which the incident light is 470 nm and 980 nm,
respectively; (c) and (d) Maps of the energy flux density
amplitude of Ag T _FW, in which the incident light is 470 nm
and 980 nm, respectively.

In order to optimise the enhancement of the broadband light
absorption, the parametric study is carried out taking into
account the size of Ag NPs which integrated with the HSAS of
T FW. By compared with the absorption spectra of Ag T FW
with different Ag NPs diameter (20nm, 40nm 60nm and 80nm),
we can find that the intensity of the light absorption is
decreased with increasing the diameter of the Ag NPs, except
for the wavelength range located near the 1600 nm. (Fig. 9(a)
and (b)) However, compared with the absorption spectra of
Ag T FW with the Ag NPs diameter equalled 20 nm, the
enhancement of the light absorption of Ag T FW with the Ag
NPs diameter equalled 10 nm is not significant, especially over
the wavelength range located near the 838 nm and 1600 nm. As
shown in Fig. 9(b), the absorption is more effective over the
purple rectangle region which demonstrated that the Ag_ T FW
with the Ag NPs diameter equalled from 12 to 15 nm possesses
more effective light absorption. Consequently, the Ag NPs with
suitable size integrated with the HSAS of T _FW can possess
more effective light absorption over a broadband range. These
simulation results offer a guidance for our further experiment to

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 7
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obtain a more effective light absorption material by controlling
the diameter of Ag NPs of the Ag T FW and Ag@C_T _FW
with a suitable size.

60
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Fig. 9. (a) FDTD calculations for the absorption spectra of
Ag T _FW with different Ag NPs diameter (10nm, 20nm, 40nm

60nm and 80nm), respectively. (b) The simulation of the
absorption spectra of Ag T FW versus Ag NPs diameter.

Conclusions

In this work, we combined chemosynthesis and biomimetic
techniques using the T FW as the biomimetic-template to
fabricate the Ag@C_T FW with a HSAS without the
requirement of expensive equipment and energy intensive
processes. The Ag@C T FW coupled the
resonances to carbon-based HSAS and achieved a drastically

plasmonic

enhanced infrared absorption over a broad spectral range,
specially, over the NIR region. However, the enhancement
absorption was also obtained in the MIR range. We find that the
IR absorption is closely related to the HSAS and the SPR of the
Ag nanoparticles. Using the FDTD method, the distribution of
the intensive energy density near the Ag NPs surface and the
absorption spectra were simulated. Based on the experiment
and simulation results, the improvement can be explained that,
firstly, the plasmon resonant of the Ag NPs resulted in an
enhanced absorption. Secondly, the coherent coupling between

8 | J. Name., 2012, 00, 1-3
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adjacent resonant systems created the broadband light
absorption enhancement. Furthermore, the plasmon resonant
and the coherent coupling between adjacent resonant systems
integrate with the HSAS of T FW which can create the
broadband light absorption enhancement with a more intensity.
Consequently, the Ag@C T _FW provides a new perspective
for coupling the plasmon and the coherent coupling between
adjacent resonant systems with HSAS. The work successfully
provides a new route to enhance broadband infrared absorption
and utilize the solar energy in infrared range at lower cost. And

appear to be wuseful in applications of plasmon for
optoelectronics, photovoltaics, photothermal and related
technologies.
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