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Abstract: We studied the optical properties of coated iron and its oxide (s) nanoparticles as core and silver/gold as shell
materials because of their fascinating properties in tissue engineering, cancer therapy, and information storage. The maximum
absorption peaks for Fe, FeO, Fe,0; and Fe;04 are found at 421 nm, 1500 nm. 1169 nm and 1100 nm with Ag coating, and 530
nm, 1507 nm, 1115 nm and 1200 nm with Au coating. Furthermore, the larger absorption efficiency has been found at 16 nm
Ag/Au shell thickness of all considered core-shell nanostructures and especially absorption efficiency gradually increases for
entire considered Au shell thickness. The largest LSPR is found for Fe,O;-core with Ag and Au-shell. It is found that the
absorption LSPR spectra which are almost fixed for coated iron and varied for coated iron oxides, shows the tunability in the
visible and NIR region respectively with increasing shell thickness. The LSPR peaks in visible and NIR region of

electromagnetic spectrum opens the door to photonic-magnetic nanodevices, and therapeutic applications.
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1. Introduction

Nanotechnology and nanoscience is a field of present
research which deals with design, synthesis and study the
materials, structures, particle on the scale of nanometers. The
particles which have two or more dimensions in size range 1-
100 nm are defined as nanoparticles. Nanoparticles (NPs)
have unique properties as compared to its bulk counter
because of their high surface to volume ratio. These NPs
have a wide range of application in different zones such as
optics, material sciences, biomedical, and mechanics [1, 2].
Nanoparticles can be used in pharmaceuticals purpose and
drug delivery.

Gold and silver NPs have been used in different pharmacy
applications, biosensor materials, superconducting materials,
composite fibers and electronic components due to unique
properties such as high disparity, inert nature, non-
cytotoxicity, and biocompatibility. Further, it can also be
used in medicine, drug delivery and biological images [3, 4].
Gold NPs are widely used in nanotechnology and biomedical
field because of their high electron conductivity and proven

the safest and less toxic agents for drug delivery [5]. On the
other hand, Silver NPs have distinctive properties, such as
good conductivity, chemical stability, catalytic activity, and
antimicrobial activity. These NPs are synthesized by many
routes (physical and chemical methods) [6, 7].

Whereas magnetic NPs are used in data storage, permanent
magnets, catalyst, drug targeting, therapy including cell
sorting, hyperthermia and magnetic resonance imaging
(MRI) [8, 9] due to unique properties such as to generate the
magnetic field, provide the magnetic control over surface
plasmon and high flux density. Currently, MNPs are also
used in essential bioapplications and detection of various
biological entities such as a cell, protein, nucleic acids,
enzyme, and virus. MNPs get oxidised easily in the air due to
the environmental situation. To this end, magnetic NPs have
more need to explore in depth. Several allotropes of iron
oxides viz. FeO, o/y/p/e-Fe,0s, Fe,0, and Fe;O4 have been
investigated [10] among which Fe,O; and Fe;O4 are
promising candidates due to biocompatibility. Also, a-Fe,O;
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is most stable iron oxides with n-type semiconducting
properties and has been extensively used in bioapplications
including sensors catalyst due to its low cost and high
resistance to corrosion [11]. Now, the iron oxides NPs
became the strong candidates and open the new door in
biomedical application [12].

The latest trend in the research is to build the
metamaterials by combining other materials with the leading
materials which increase their functionalities and opens a
new application on a broad scale. On this basis, magnetic
NPs can be combined with the noble metal NPs and
fabricated the new functionalize nanostructures with
abundant properties known as magnetoplasmonics. For the
plasmonic study, optical properties are determined by
conduction electrons of non-magnetic noble metal such as
Au, Ag and Cu and also exhibit small magneto-optical (MO)
effect. Furthermore, plasma oscillations in magnetic
materials exhibit stronger damping than the non-magnetic
materials. To overcome this excess damping, a common
strategy is to make hybrid structures consisting of noble
metals and magnetic materials [13, 14]. Therefore, MNPs
can’t be used alone for the magnetoplasmonics system, but
they can be embedded with the noble metals NPs in the form
of core-shell or multi-layered structure to increase the MO
effects.

On reviewing the literature, it has been found that the
selection of magnetic nanoparticles with loss of dispersibility
and oxidation is a major challenge in biomedical. In this
regard, we have studied the optical properties of core-shell of
magneto-plasmonic. Xu et al. [15] studied the plasmonic
(absorption) properties of Fe;O4/Au and Fe;O04/Au/Ag
nanoparticles. Thus, we have studied the optical properties of
iron (Fe) and its oxides (FeO/Fe,03/Fe;0,) by calculating the
absorption efficiencies. Further, the goal of this research is to
see the effect of Ag/Au shell thickness on the considered
magnetic NPs and also explore the optical tunability of core-
shell nanostructures in biomedical and therapeutic
applications.

2. Computational Details

Optical properties of core-shell spherical NPs are
calculated by extended Mie theory implemented in computer
[16] program available as Mielab. Mie theory is one of the
fundamental theories used in predicting optical properties of
spherical particles. Recently, Jain et al. [17] have predicted
the optical properties of homogeneous gold nanospheres and
silica-nanoshell on the basis of Mie theory. In Mie theory
optical efficiencies of core-shell nanoparticles obtained from
below equations:
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where m is the ratio of refractive index of the sphere » to that
of the surrounding medium #,,, x is the size parameter given
as 2nn,R/\, ¢, and ¢, are the Riccati-Bessel functions, and
the prime represents first differentiation with respect to the
argument in parentheses. Numerical calculations of the Mie
series are performed at discrete points in the wavelength
range from 200 to 1200 nm.

Input parameters are the thickness of each layer, real (n)
and imaginary (k) parts of the complex refractive index
corresponding to energy in electron volt (eV) and the last
parameter is the refractive index of the surrounding medium.
Values of dielectric constant for Ag/Au, iron and its oxides,
as a function of wavelength, were taken from John and
Christy, and M. R. Querry [18-20]. The refractive index of
the surrounding medium was considered 1.330+0i (water) at
all wavelengths. The size (thickness) of the core-shell
nanospheres, defined by the total radius (Ryy) for a
considered structure, is the sum of the radii of the magnetic
core (Reye) and the noble metal shell (Ry,ey). Mie theory takes
less time, is cost effective and gives the same results as
compared to other methods. However, there are other
methods for complex geometries such as discrete dipole
approximation (DDA) and finite difference time domain
(FDTD) [21] which are frequency and time domain
numerical method.

3. Results and Discussion

We simulated the optical properties for the considered
nanospheres of iron, its oxides as core and coated with Ag
and Au as shell materials. Here, we considered the 20 nm
size of the iron and its oxides in order to uphold their
superparamagnetic properties as required in the biomedical
field. The shell thickness of Ag and Au are varied as 1 nm, 2
nm, 4 nm, 8§ nm and 16 nm represented in figure 1 with
representations of A, B, C, D, and E respectively. The
considered core materials are represented as: 1(Fe), 2(FeO),
3(Fe,0;) and 4(Fe;04). Absorption spectra of Fe core with
varying shell thickness of Ag and Au are as shown in figure
1(a, b). As shell thickness increases, the LSPR shifts towards
the higher wavelength and maximum peaks are found at
wavelengths 421 nm and 530 nm of 16 nm shell thickness of
Ag and Au respectively. With the increasing shell thickness,
absorption LSPR is found in the visible region of the
electromagnetic (EM) spectrum. Thus, the obtaining spectra
have no LSPR peak tunability along EM spectrum.



American Journal of Optics and Photonics 2017; 5(6): 67-72 69

—E
i ®
—C
——B

T T T T
300 400 500 600 700 SO0 900 1000 1100 1200
Wavelength(nm)

x T T ¥ T T T T T Ly v e |
300 400 500 600 700 80O 800 1000 1100 1200
Wavelength(nm)

Figure 1. Simulated absorption spectra of core-Fe with various shell- Ag/Au
thickness.
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Figure 2. Simulated LSPR peaks of core-shell with 8 nm Ag/Au shell
thickness.

Figure 2(a, b) shows the LSPR peaks of FeO, Fe,0; and
Fe;0, for 8 nm Ag/Au shell thickness. A decent in
absorption peak of core-Fe,O; is found for as compared to
another considered core materials (FeO and Fe;O4). In
addition, Au coating shows broad spectra and higher
absorption efficiency on Ag coating. Figure 3(a, b) shows the
LSPR shifting of iron and its oxides with varying the shell
thickness from 1 nm to 16 nm. On increasing the shell
thickness for iron oxides, there are decreasing in the LSPR
absorption peaks. Hence, LSPR peaks shifts from NIR to the
visible region of EM spectrum. The maximum LSPR is found
at 1500, 1169 and 1100 with 1 nm of Ag shell and also, the
maximum peaks are 1507, 1115, 1200 for Au of 1 nm shell
thickness. Therefore, the nanostructures represent the
increasing order of LSPR as Fe < FeO < Fe;0,4 < Fe,O; over
the entire range of wavelength.
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Figure 3. LSPR shifting of Fe, FeO, Fe;O; and Fe;O4as a function of shell
thickness. (a) silver shell and (b) gold shell.

Figure 4(a, b) shows the absorption efficiencies as a
function of shell thickness for considered core-shell
nanospheres. The absorption efficiency is continuous
increases from 1nm to 8 nm of Ag shell thickness and further
efficiency decreases for 16 nm shell thickness for the core of
Fe and Fe;0, As the Ag shell thickness increases, the
absorption efficiency of FeO and Fe,O; continuously
increases as shown in figure 4(a) with blue and red lines.
Figure 4(b) also shows the absorption efficiencies of Au shell
thickness. With increasing in Au shell thickness, there is a
sharp increase in efficiency from 1 nm to 8 nm shell of Au
for Fe,O; and Fe;O4 cores and further, there is a small
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increase in absorption efficiency. Continuous increments in
absorption efficiency have been seen for Fe and FeO cores.
Furthermore, at 16 nm shell thickness, the absorption
efficiency is decreasing for Fe and Fe;O,4 cores on Ag coating
but no decrease in absorption efficiency have been seen in
Au coating. Hence, absorption efficiency increases of Au
shell thickness.
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Figure 4. Absorption efficiency as a function of shell thickness.

In addition, we calculated the FWHM as a function of
shell thickness of spherical shape core-shell nanostructures.
Since FWHM is particularly required for plasmonic solar
cells and bio-sensing applications. The effect of thickness on
optical properties is shown in figure 5 and larger value of
FWHM is found for oxides. On both Ag and Au coating, the
FWHM is found to be larger of 1 nm shell thickness for
oxides and is smaller for iron cores as shown in figure 5(a,
b). As the shell thickness increases, the value of FWHM
increases for iron cores and decreases for its oxides. Large
FWHM is found for Fe,O3 as compared to other considered
oxides. This FWHM is contributed by the imaginary part of
the dielectric function.
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Figure 5. Evolution of FWHM of LSPR as a function of shell thickness.

Further, we calculated the relative contribution of
absorption in the extinction is defined as the ratio of

absorption to the extinction efficiency at each LSPR and

given by n = 85| . Figure 6 shows the thickness
ext

Q
dependent absorption yield for different considered core-shell

nanostructures. In comparison to other considered cores of
iron and its oxides, Fe@Ag and FeO@Au shows the large
absorption yield as shown in figure 6(a, b). Absorption yield
is decreases from 4nm to 16 nm shell thickness of Fe and
Fe,O; cores and increases from 2 nm to 16 nm shell
thickness of Fe;0, core with Ag shell of both. For FeO@Ag
core-shell, absorption is large at 2 nm thickness and
decreases up to 8 nm shell thickness and then further
increases for 16 nm shell thickness as clearly shown in figure
6(a). On the other hand, in figure 6(b) of Au coating, there is
no decent trend of absorption yield with respect to shell
thickness. Hence, absorption yield is continuously increases
of Fe;04@Ag and decreases of Fe;O4@Au with 2 to 16 nm
shell thickness respectively.
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Figure 6. Absorption yield (Quy/Qex) as a function of shell thickness.

The resulting spectra are found in visible and NIR region
of EM spectrum. Therefore, larger LSPR and increasing
order of absorption efficiency with a shell thickness of Fe,O3
as compared to other considered core-shell nanostructures
makes the good candidate for potential application in cancer
therapy and field of biomedical.

4. Conclusions

It is concluded that by changing the shell thickness, the
optical properties of the core-shell nanostructure can be
tuned over the EM spectrum. With the increase in shell
thickness, the absorption LSPR peaks are shifted towards
lower wavelength for iron cores and are shifted to lower
wavelength for iron-oxides cores. The largest LSPR is
found for Fe,O;-core with Ag and Au-shell. The resulting
spectra of iron and its oxides have been found in the
visible region and NIR region respectively. Furthermore,
the larger absorption efficiency has been found at 16 nm

Ag/Au shell thickness of all considered core-shell
nanostructures and especially absorption efficiency
gradually increases for entire considered Au shell

thickness. In addition, a large value of FWHM may be
useful for plasmonics solar cell and minimum value useful
in bio-sensing applications. Therefore, depending upon the

absorption efficiencies, absorption yield, and LSPR
wavelength, the Fe,O;@Ag/Ag core-shell nanostructures
may be useful in the plasmonic based application on the
desired range on EM spectrum.
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