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Abstract

In this study, the scattering properties of three different gold nano-particles have
been studied. The proposed nano-particles are spherical, conical and cylindrical.
The simulation results indicate that as the parameter of these nano-particles are
changed so different LSPR peaks and shifts achieved in the scattering spectra. So
this shows that the resonance modes are strongly reliant on the parameters of the
proposed nano-particles. Moreover we have compared the scattering spectra of all
the three nano-particles on the basis of their volume. The spherical nano-particle
got wide spectral width, shift and high amplitude in the scattering spectra due to
which it can be used for biomedical applications.
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Introduction

Numerous studies have been made on the extraordinary and matchless properties of nano size
gold particles. The very hasty and tremendous development has been adopted to chemically
synthesis and modeling has been done on computational basis on various gold made
nanostructures having multiple ranges like nanorods [1, 2] and nanostars [1, 3, 4] ,core shell
nano shell [5, 6] and nano egg [7]. When the conduction electrons collectively oscillates on the
surface of metallic nanoparticle is called surface Plasmon. When the external field is applied on
these shining localized surface plasmons and the phase at which the frequency of the applied
incident field and these localized surface plasmon become match so resonance phenomenon
occurs and this is called localized surface plasmon resonance ,the frequency at which resonance
take place is called resonance frequency[8-10]. These LSPR are strongly dependent on the nano
particles size , shape and their local environment [9, 11]. Which can be used for various
applications like surface enhanced Raman spectroscopy [12] , bio imaging [8] , and photo
voltaics [13].

In this article, we observed the scattering properties of the three different gold made nano-
particles i.e. spherical, conical and cylindrical. We found that the proposed nanoparticles are
highly sensitive to the parameters of the nano-particles because different resonant modes are
achieved and enhanced. Moreover we have done comparison of the proposed nano-particles on
the basis of their volume while taking the volume of aspherical nanoparticle as a reference. So
we found that the sphere nanoparticle exhibits large and enhanced resonant mode in the
scattering spectra which can used for bio-sensing and bio-imagining applications.

Nanoparticle Geometry and their Numerical Methodology

Figure 1 shows the geometry of the proposed nano-particles. The spherical nanoparticle has only
one parameter called radius ‘r’, while the cylindrical and conical nano-particles have two
parameters i.e. radius ‘r’ and height ‘h’. The polarization is considered to be along x-axis and
propagation is along z-axis. The software we used for simulations is COMSOL multi-physics,
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the technique which we used in our simulation is finite element method (FEM) for calculating
nano-particles spectra.

Hy

Figure 1 Spherical, Conical and Cylindrical nanostructures with polarization along X-axis

Figure 2 shows the 3 dimensional space we defined for the simulations are consist of the
proposed nano-particles resonators , far field sphere enclosing the resonators and the perfect
match layer (PML) enfolded all the spheres and nano-particles [14] . The PML provided an
absorbing media for all the outgoing waves which can be not be reflected back. Furthermore we
are interested to calculate far field scattering spectra on the far field sphere using the following
equation
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Where Rsshows the radius of the far field sphere, Es.is the far field computed Stratton-Chu
formulation. E;jns shows the amplitude of the incident electric field and r defines the radius of the
nanoparticle. We used the Johnson and Christy data model for the dielectric constant of gold

[14].
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Figure 2. Perfect Match Layer with far field sphere and nanoparticle
Results and Discussion

Figure 3 (a) shows the scattering spectra of spherical nanoparticle having parameter radius. We
computed the scattering spectra for the polarization is along x-axis. These results are achieved by
tuning the radius of the spherical nanoparticle at initially r=30nm. It shows that by gradually
increasing the radius of the spherical nanoparticle, the amplitude and the spectral width of the
plasmon mode increases but there is no shift occur in the spectrum because the incident field
have same effect on the all directions of the sphere. All theses peaks represents LSPR modes and
that is dipole mode because the fundamental mode exhibit by the plasmonic nanoparticle is
dipolar mode[15]. The higher order modes can be excited by the symmetry breaking of the
nanoparticle[11, 16]. But in these all cases the higher order modes are dark, so by changing the
radius of the spherical nanoparticle LSPR modes can easily be tuned. Figure 3(b) shows the
scattering spectra for conical nanoparticle which is obtained by changing the radius of the
nanoparticle. As the radius increases a red shift occur of the LSPR modes are observed in the
scattering spectra. Whose spectral width and amplitude also increases. Figure 3(c) shows the
scattering spectra for cylindrical nanoparticle. These results are obtained by changing the radius
of cylindrical nanoparticle. By increasing the value of r, red shifts of the resonance mode are
appeared in the scattering spectra, whose spectral width and amplitude also increases
accordingly.
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Figure 3.Scattering spectra of proposed nanoparticle for different value of radius (a) for spherical
nanoparticle (b) for conical nanoparticle (c) for cylindrical nanoparticle

We next alter the height of the proposed nano-particles and study its effect on the scattering
spectra. Figure 4a shows the scattering cross sections for the same polarization as like previous
case in the x-direction. Which is achieved by the changing the height of the conical nanoparticle.
By changing the height, a very small blue shift of the LSPR modes is appeared in the scattering
cross section. Whose spectral width and amplitude of the resonate modes remain almost same.
Figure 4b shows the scattering spectra by varying the height of the cylindrical nanoparticle. By
changing height increases the LSPR modes can be tuned in the spectrum. As the height increases
a small blue shift observed in the resonate mode of scattering spectra .the spectral width and
amplitude of the LSPR modes are also almost same.
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Figure 4a. Scattering Spectra of the proposed nano-particles for different values of height (a)
Conical nanoparticle (b) Cylindrical nanoparticle

Finally we have achieved the result shown in figure 5 by the comparison of the three proposed
nano-particles. We calculated the volume of the sphere taking the sphere as a reference by using

the formula for the volume of sphere V = 4/3 nr3. That value of radius r has chosen which is
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having the highest amplitude in the scattering spectra. Then next using this known volume of
spherical nanoparticle, we find the volume for the conical nanoparticle using the conical volume
formulalV = 77/3 r?h and finally we find the volume of cylindrical nanoparticle using the
spherical known volume by using the volume formula for the cylinder V = mr2h. The result
obtained from simulation showed that the spherical nanoparticle exhibits large amplitude and
wide spectral width and shift in the scattering spectra.
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Figure 5. Scattering Spectra of the spherical, conical and cylindrical nanoparticle on the basis of
their volume comparison.

Conclusion

We theoretically investigated the scattering properties of the spherical, conical and cylindrical
nano-particles while considering the polarization along x-axis, it was observed that the LSPR
modes can easily be tuned by changing the parameter of the nano-particles. The spherical
nanoparticle exhibits large LSPR shifts and have large spectral width and amplitude. therefore, it
can be used for biomedical applications.

References
[1] Y. Hu, R. C. Fleming, and R. A. Drezek, "Optical properties of gold-silica-gold multilayer
nanoshells,” Optics express, vol. 16, pp. 19579-19591, 2008.

[2] A. Gulati, H. Liao, and J. H. Hafner, "Monitoring gold nanorod synthesis by localized
surface plasmon resonance,"” The Journal of Physical Chemistry B, vol. 110, pp. 22323-
22327, 2006.

[3] C. L. Nehl, H. Liao, and J. H. Hafner, "Optical properties of star-shaped gold nano-particles,"
Nano letters, vol. 6, pp. 683-688, 2006.

[4] F. Hao, C. L. Nehl, J. H. Hafner, and P. Nordlander, "Plasmon resonances of a gold
nanostar,” Nano letters, vol. 7, pp. 729-732, 2007.

[5] R. D. Averitt, S. L. Westcott, and N. J. Halas, "Linear optical properties of gold nanoshells,"
JOSA B, vol. 16, pp. 1824-1832, 1999.

[6] L. R. Hirsch, A. M. Gobin, A. R. Lowery, F. Tam, R. A. Drezek, N. J. Halas, et al., "Metal
nanoshells,” Annals of biomedical engineering, vol. 34, pp. 15-22, 2006.

27



[7] H. Cang, T. Sun, Z.-Y. Li, J. Chen, B. J. Wiley, Y. Xia, et al., "Gold nanocages as contrast
agents for spectroscopic optical coherence tomography,” Optics letters, vol. 30, pp. 3048-
3050, 2005.

[8] A. D. Khan and G. Miano, "Plasmonic Fano resonances in single-layer gold conical
nanoshells,” Plasmonics, vol. 8, pp. 1429-1437, 2013.

[9] A. D. Khan and G. Miano, "Investigation of plasmonic resonances in mismatched gold
nanocone dimers," Plasmonics, vol. 9, pp. 35-45, 2014.

[10] A.D.Khan, S. D. Khan, R. Khan, N. Ahmad, A. Ali, A. Khalil, et al., "Generation of
multiple Fano resonances in plasmonic split nanoring dimer,” Plasmonics, vol. 9, pp. 1091-
1102, 2014.

[11] A.D.Khan, S. D. Khan, R. U. Khan, and N. Ahmad, "Excitation of multiple Fano-like
resonances induced by higher order plasmon modes in three-layered bimetallic nanoshell
dimer,"” Plasmonics, vol. 9, pp. 461-475, 2014.

[12] J.Ye, F. Wen, H. Sobhani, J. B. Lassiter, P. V. Dorpe, P. Nordlander, et al., "Plasmonic
nanoclusters: near field properties of the Fano resonance interrogated with SERS," Nano
letters, vol. 12, pp. 1660-1667, 2012.

[13] A.D. Khanand M. Amin, "Tunable Salisbury Screen Absorber Using Square Lattice of
Plasmonic Nanodisk," Plasmonics, pp. 1-6, 2016.

[14] M. W. Knight and N. J. Halas, "Nanoshells to nanoeggs to nanocups: optical properties of
reduced symmetry core—shell nano-particles beyond the quasistatic limit,” New Journal of
Physics, vol. 10, p. 105006, 2008.

[15] A.D. Khanand G. Miano, "Higher order tunable Fano resonances in multilayer
nanocones," Plasmonics, vol. 8, pp. 1023-1034, 2013.

[16] A.D. Khan, M. Amin, A. Ali, S. D. Khan, and R. Khan, "Multiple higher-order Fano
resonances in plasmonic hollow cylindrical nanodimer,” Applied Physics A, vol. 120, pp.
641-649, 2015.

28



