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Introduction:-

In this paper the optical characteristics of the core-shell nanoparticles
based on Au-Ag nanoshell core and materials silica shells are
presented. Theoretical results on the optical characteristics gold-silver,
as well as the measured properties of (Au-Ag)@SiO, are investigated
considered the surface plasmon resonance phenomenon associated with
the surfaces of metals. This study allows us to determine the influences
of the metal rate and silica thickness on the resonance plasmon surface.
The profile of the resonance bands of a gold nanoparticle in contact
with a silver metal is determined by the composition distribution of
each metal. Discussion on the influence of various parameters
(composition, thickness of shell...) on optical properties of nanoshell
nanoparticles. The numerical simulationshowed that the resonance
band is in visible region after silica coating on Au-Ag nanoparticles. A
semiclassical theory (Mie theory) is used to study the optical behaviour
of nanoshell nanoparticles. This theory is useful to improve resonance
frequency to size ratio study at different percentage of gold and silver.
However, the resonance frequency show an evolution toward weak
wavelength and also according (Au-Ag)@SiO, nanospheres, results for
these structure demonstrated potential applications in windows optical,
because of high absorption cross section occurring in the wide band of
visible spectrum.

Copy Right, 1JAR, 2018,. All rights reserved.

Nanoparticles have unique chemical and physical properties as compared to their solid bulk materials because of
their high surface area and electronic properties. Small particles exhibit complex optical and physical properties.
Their small sizes (<100 nm) cause strong confinement of the electrons, giving rise to fascinating effects not
observed in the bulk material. The most striking phenomenon encountered in metal nanoparticles is electromagnetic
resonances due to the collective oscillation of the conduction electrons. These so-called localized surface plasmon
resonances and depends on the local environment, shape, size and composition of the particle (Mulvaney et al.,

1996; Brzohohaty et al., 2015).
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Metal nanoparticles provide magnetic (Cherukuri et al., 2010) such as iron oxide nanoparticles (Fes;0,4), optical
(Chen et al., 2005) and electronic (Adams et al., 2003) properties which are different from the corresponding bulk
metal materials, leading therapeutic (Loo et al., 2004), photothermal (Wu et al., 2011) and electronic (Adams et al.,
2003) device applications, respectively. Recent research efforts have explored metal nanoparticles having complex
compositions with controllable sizes and morphologies (Sambou et al., 2016; Sambou et al., 2017).

Fig.1:-Schematic of the coherent oscillations of the surface conduction band electrons induced by the oscillating
electric field (Kelly et al., 2003)

Special attention has been given to metal nanoparticles for use as optical materials for example silver (Sambou et al.,
2016; Soulé et al., 2013) and particularly gold (Soulé et al., 2013; Feis et al., 2014). Gold (Au) and silver (Ag)
nanoparticles have a diversity of interesting properties between which they emphasize the electrical ones, optical,
catalytic and the applications in biomedicine like antibacterial and antiviral, same that depend on their morphology
and size

Noble metal nanoparticles (i.e. gold, silver and copper) have unique optical properties that arise due to the collective
oscillation of conduction band electrons along the particle upon excitation by an electromagnetic field, which is
known as the plasmon resonance. The interaction between light and electrons of the metal particle is illustrated in
Fig. 1.

These electrodynamics properties render nanomaterial as bright contrast agents for imaging and highly effective
tools for therapeutic applications. Noble metal particles, as gold nanostructures have been shown to be relatively
biologically compatible, showing low or negligible cellular toxicity (Pourbaix et al., 1984; Lewinski et al., 2008).

Gold [Xe]4f**5d*°6s" and silver [Kr]4d'°5s! nanoparticles are both excellent plasmonic materials, they each have a
fixed plasmon resonance for a given geometry. Gold nanosphere band is localized toward 516 nm (Feis et al., 2014)
and for silver nanosphere nanoparticle this band is observed at ~400 nm (Chen et al., 2005; Ashkarran et al., 2013).
Gold-silver alloys, on the other hand, hold great promise because their plasmonic resonance wavelength can be
tuned by changing the alloy composition. Compared with single particles, core/shell particles have many practical
applications, especially in the biomedical and electronic fields. In the biomedical field, core/shell nanoparticles are
mainly used for controlled drug delivery (Wu et al., 2010), for bioimaging (Daneshvar et al., 2008; Law et al.,
2009), for cell labeling, as biosensors (Nie et al., 2014; Qiu et al., 2010) applications. These particles are called
nanoshells particles, which constitute a special class of nano-composite materials. They consist of concentric
particles, in which particles of one material are coated with a thin layer of another material (Xia et al., 2000; Caruso
etal., 2001).

Gold and silver nanoparticles are used in different fields including drug delivery, sensing and detection. The wide
applicability is due to their extremely chemical and physical, high surface area, tunable optical, stability, properties
small size and non-cytotoxicity. Targeted gold nanoparticles delivery interacts with the cancerous cell. Silver
nanoparticles have proven worthy in inhibiting the microbial proliferation and microbial infection. In short, the wide
applicability of the silver and gold nanoparticles is due to the novel properties of the nanoparticle, which help with
applications excellent catalytic, good biocompatibility, large surface area and conductivity.

While much work has been done on spherical core-shell systems. Recently, we (Sambou et al., 2016) demonstrate
that nanoshell Au@SiO, nanoparticles shown a maxima peak at 530 nm using local refractive index as water
(n=1.33). (Zhang et al., 2013) have examined Au@Ag core-shell nanoparticles by calculating the absorption and
scattering efficiency, it is well known through that the plasmon resonance is very sensitive to change in thickness of
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the silver nanoparticle. The maximum resonance band shift to the weak wavelengths with increasing thickness of the
silver.

To determine the plasmon resonance, for nanoparticles with a spherical symmetry, Mie scattering theory provides a
rigorous solution that describes well the optical spectra of spheres nanoparticles of any size. Mie’s theory predicts
that below a certain size, less than one-tenth of the optical wavelength, the position and width of this band should
remain constant, independently of size (Horvath et al., 2009; Alvarez et al., 1997).

The paper is structured as follows. In section 2, we present theoretical aspect, as analytical expressions of
Reflectance, Transmittance and equation corresponding of the absorption cross section of nanoshell structure
allowing measuring the optical phase spectrum. In section 3, we report optical properties results of Au-Ag alloys and
(Au-Ag)@SiO, core-shell nanoshell nanospheres, respectively. Nanoshel particles are optimized with different
ratios of Au and Ag nanoparticles and these alloys are coated with various shell thickness of SiO, nanoparticle,
which demonstrates potential applications in visible region, as optical field’s photonic and plasmonic waveguides.
According to Mie theory, we calculate the optical phenomena, such as the Absorbance, Reflectance, Transmittance
and Absorption cross section.

Method and Materials:-
Reflectance (R) and transmittance (T) equation for single nanosphere particles can be written as (Heavens et al.,

1955):
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(ny, k1), (n,, ky) and (ns, k3) are the refractives indexes of the substrate, film and surrounding medium, respectively,
with n; and k; (i=1, 2, 3) represent real and imaginary part of refractive index for each material considered. The
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absorbance (A), is given by A =1— R —T. In equation (1) and (2), h is equal to 2r, where r is the radius of the
nanosphere particle distributed on the surface of the substrate (i.e. glass).

According to the Mie theory, the absorption cross section o, of nanoshells is given by (Erickson et al.):

:Zilm(a)

(o
b:
abs ﬂ/go

(6)
Where £,=8.85*10™2 F/m, is the permittivity of vacuum and a the polarizability defined by equation (7):
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With €, is the dielectric constant of surrounding medium (e=n?) where n is refraction index. The dielectric function
of the core is noted g;=¢,+ig; and the dielectric function of the shell is noted ey=¢+ig;. The complex dielectric
function and the complex index of refraction are defined as:
N & = n? —k?
& =& =(n+ik) =
g =2xnk
' ©)

The optical parameters n and k which designate the refraction index where n is the real part and k is imaginary part.

Results and Discussion:-

Transmittance, reflectance and absorption of gold and silver nanoparticles:-

Fig. 2 shows comparisons spectra of transmittance, reflectance and absorption for the gold (solid curve) and the
silver nanoparticles (dotted line curve) respectively as a function of wavelength. These spectra were obtained using
the nanoparticles considered to be spheres of radius equal at 30 nm and particles are deposit on the surface which is
the glass for the surrounding medium considered is air. The dielectric constants used for simulations were taken
from (Rioux et al., 2014) for gold and silver nanoparticles and for air theses constants provide of M. Green (Green et
al., 2008).

Optical spectra were taken in the photon wavelength range between 400 and 800 nm. Clearly, we observe except
reflectance, gold nanoparticles are presented the optical results better than silver nanoparticles. One rate of
reflectance superior at 95% is observed for sliver nanoparticle from visible to near infrared region whereas for gold
nanoparticle, we observe two regions: the first one for the wavelength values 400 nm <A< 480 nm, the rate
reflectance is about 29.68% and the second region, corresponds to high wavelength value (500 nm <A< 800nm),
reflectance rate increase strongly up to 97%. The optical absorption peak of gold nanoparticle has been found at
between 400 nm to 465 nm, the absorption is maxima. After a visible region, the curve falls of 65% about 2.13% in
the near infrared region (=650 to 800 nm).

In short, we can assert that in all band spectra (400 to 800 nm), gold nanoparticles are much absorbed than silver
nanoparticles and the last quote is reflected than the first. For most optical applications, high reflectance in the
spectrum band (of visible about near infrared range) is very important. In this work, Silver nanoparticles show high
reflection up to 97%. For transmittance characteristic, we can also see that the intensity of the peaks decrease with
the wavelength for silver nanoparticles whereas this figure show two characteristic for gold nanoparticles; strong at
500 nm (=11%) and become weak in near infrared.
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Fig. 2:-The optical properties of gold (solid curve) and silver (dotted line curve) film in air

Optical Absorption of Au-Ag alloy:-

As may be seen from the graph, the behaviour of the optical absorption for alloy formation is entirely different from
that for alloy composition. The same protocol is described in the previous paragraph. The size of Au-Ag alloys
nanoparticles plotted in Fig. 3 was estimated to be 30 nm and immersed in water.

1 00 % AU
—— O0 % Au-10%Ag

— G0 % AU-40%Ag
50%AuU-50%Ag
0.5 - 40%Au-60%Ag
10%AU-90%Ag
0-4 [ I 100°/°Ag
<C 0.3 |
0.2 |-
0.1 |- =
\ T _—
O r E—
-0.1 L 1 L L L L L |
400 450 500 550 600 650 700 750 800

Wavelength A (nm)
Fig. 3:-The optical absorption of gold-silver alloy

Theory stud were performed with different percentage of gold and silver nanoparticles. In this figure, we have
inserted the results of measurements for seven alloys structures as illustrated. For a given materials composition, the
absorption rate decrease. Then we observe two different parts.

In the first part, before 560 nm, we have illustrated in Fig. 3 that the increasing of Ag percentage in the alloy
composition, decrease the nanoparticles absorption in the visible region. However in the second region (>560 nm)
where the absorption is weak, we see two approachs: the first one for the gold percentage superior of silver
percentage, the absorption rate increase, and the second correspond to silver percentage is superior to gold
percentage, the optical absorption rate decrease.
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Optical absorption cross section of gold-silver alloy:-

Fig. 4 shows the optical absorption cross section of simple gold and silver nanoparticles and also presented the
optical absorption cross section of gold-silver alloys nanoparticles. These materials radius is 30 nm and study in
water (n=1.333). Optical properties were measured in the wavelengths region of 300-800 nm.

In Fig. 4, all absorption spectra band are located in the green spectral region, caused by the oscillations of the
nanoparticle electrons on surface. For gold nanoparticles (red curve), the spectrum exhibits a maximum of
absorbance at 517 nm with less intense peaks and silver nanoparticles are localized at 400 nm. According to the
work by (Frederix et al., 2003) and (Solomon et al., 2007), our results are in good agreement with the literature,
which has been confirmed our simulation model of studies of the optical response. The result indicates the much
weaker band of gold nanoparticle than silver nanoparticle band as illustrated in Fig. 4.

o <1 0%
s 1 00% AU
8 —— O0%AuU-10%Ag
— G0%AuU-40%Ag
7+ 50%Au-50%Ag
40%Au-60%Ag
6 | 10%AU-90%Ag
—— ] OO%AQ
—_
= L
«© 5
~
8
© 4|
(&}
3 -
2 —

300 350 400 450 500 550 600 650 700 750 800
Wavelength X\ (nm)
Fig. 4:-Spectral distribution of the absorption cross section based on ally composition

To investigate the effect of the rate of silver nanoparticles coated gold particles on the optical properties and the
plasmon resonance surface characteristics, the plasmon shift measured at different percent of gold and silver
particles. Firstly, we can clearly observe that with increasing silver percentage, the characteristic resonance plasmon
absorption peak is blue shift. The alloy absorption magnitude increase when the silver percentage growth in the
system Au-Ag. The resonance band of the Au-Ag nanoparticles is located at 517 nm, 505 nm, 465 nm, 450 nm, 440
nm, 410 nm and 400 nm respectively for 100%Au, 90%Au-10%Ag, 60%Au-40%Ag, 50%Au-50%Ag, 40%Au-
60%Ag, 10%AuU-90%Ag and 100%Ag .

In consequence, the gold / silver rate ratio tends to decrease during alloy formation leading to the blue shift observed
of the plasmon response. Moreover, such results are in accordance with the works of (Link et al. 1999) that showed
a strong blue shift of the optical properties (plasmon absorption) during the formation of alloy.

Characterizations of (gold-silver)/silica nanoshell:-

For silica coating, nanoshells with Au-Ag alloy was selected since these nanoshells absorb light in the visible
spectrum. Properties of shell materials (metal or semiconductor) having thickness in nanometer, become important
when they are coated on dielectric cores to achieve higher surface area. Sometimes they are referred as core shell or
core@shell particles also. Using Equation 6, we obtained Fig. 5 which shows the theoretical results of the effect on
the silica shell size absorption cross section spectrum deposited on Au-Ag alloys (radius, R; = 30 nm).

The thickness of silica layer plotted in Fig. 5 was estimated to be 0, 10, 20, 30, 40 and 50 nm. The alloys core whit

those nanoshells show optical absorption in the visible range of the electromagnetic spectrum. Numerical simulation
results show the evolution of peak position and full width at half maximum (FWHM) as a function of silica shell
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size. The Plasmon resonance of gold-silver/silica core/shell generated on performed nanoparticles undergoes toward
a red shift as the shell thickness increase.

Position of absorption band shows small variations toward the longer wavelength and increase in intensity with
silica shell size. A Visible spectrum of (Au-Ag)@SiO, show the absorption bands with maxima at 400-530 nm
corresponding to so-called plasmon resonance. Resonance activity of (Au-Ag)@SiO, depends on the size of the
silica shell. We consider figure 5.d, which shows the effect of varying the thickness of a shell of SiO, placed on
(Au-Ag) nanosphere of 30 nm radius. The plasmon resonance of a SiO, shell on an Au-Ag core becomes evident
toward red region when the SiO, is present at a sufficiently large thichness. In this case an interesting mixed system
results, with a tunable plasmon response available from the Au-Ag core and a switchable one from the SiO, shell as
show in Fig.5. Numerical simulation results which estimate maximum absorption of system are reported in table 1.

Table 1:-Maximum absorption of the (Au-Ag)@SiO, core@shell nanosphere immersed in water (n=1.333)

Au-Ag alloy 100%Au 90%Au- 60%AuU- 50%Au- 40%Au- 10%Au-
10%Ag 40%Ag 50%Ag 60%Ag 90%Ag
RPSpax(nm) 517 505 465 450 440 410
(Au-Ag)@ 100%AU@ | (90%Au- (60%Au- (50%Au- (40%Au- (10%AuU-
SiO, SiO, 10%Ag)@ 40%AQ) @ 50%Ag)@ 60%Ag)@ 90%AQ)@
SiO, SiO, SiO, SiO, SiO,
RPSpax(nm) 530 510 470 460 450 420
ARPSyax(nm) 13 5 5 10 10 10

This table, present a decreasing evolution of the resonance plasmon surface. The resonance band decrease toward
weak of wavelength with increasing both of thickness of the silica film and rate of silver nanoparticles, whereas, the
resonance band has a tendency of increasing in intensity. Optimization of the conditions of optical proprieties
revealed that the ratio between the alloy composition and thickness of silica is a key parameter that controls the
homogeneity of the materials.

In short, we can be noticed in the spectra that silver present in the system, resonance band is relatively weak.
Clearly, the resonance band increase with increasing silver percentage and the band plasmon of the (Au-Ag)@SiO,
nanospheres are blue shifted relative to resonance band of Ag nanoparticle that is one movement toward 400 nm.
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d=30 nm d=30 nm
d=40 nm d=40 nm
10000 ~ i
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7] ]
% 6000 %
N N
5000
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o . . . . . M M ok . . . . . n
300 350 400 450 500 550 600 650 700 750 800 30 350 400 450 500 550 600 650 700 750 800
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70




ISSN: 2320-5407 Int. J. Adv. Res. 6(10), 64-73

12000 18000
w— =00 nm =00 nm
— =10 NM 16000 - — =10 NM
10000 — =20 M — =20 NM
d=30 nm 14000 d=30 nm
d=40 nm d=40 nm
8000 - d=50 nm 12000 - d=50 nm
— ~~
3 3
p 10000 [
% 6000 73
8 2 sooof
N N
4000 6000
4000
2000
2000 [
0 . . . L . ) o . . . . . n =
300 350 400 450 500 550 600 650 700 750 800 300 350 400 450 500 550 600 650 700 750 800
Wavelength A (nm) Wavelength A (nm)
(b) (90%AU-10%Ag)@SiO, (e) (40%AU-60%Ag)@SiO,
4
14000 710
e =00 M \ o
— (=10 NM L | — =10 NM
12000 =20 i 6 — =20 NM
d=30 nm d=30 nm
d=40 nm d=40 nm
10000 ¢ d=50 nm 51 d=50 nm
— ~~
3 8000 - 34t
S &
7] @
% 6000 % 3
N N
4000 2+
2000 1
0 . . . L . ! o . . ) — . . . ,
300 350 400 450! 500 550 600 650 700 750 800 300 350 400!/ 450 500 550 600 650 700 750 800
Wavelength A (nm) Wavelength A\ (nm)
(c) (60%AU-40%Ag)@SiO, (f) (10%AU-909%Ag)@SiO,

Fig. 5:-Optical absorption cross section of (Au-Ag)/SiO, nanoshells in water (n=1.333)function of shell thickness

Concerning the optical properties of the (Au-Ag)@SiO,, the silica shell does not modify significantly the plasmon
response of Au-Ag alloy. Silica coated Au-Ag revealed only a slight bleu red shift (about >5 nm) of the Ay, in
comparison to the non-coated Au-Ag (see table 1). Plasmon resonances of silver and gold nanoparticles are localized
at 400 nm and at 517 nm, respectively. In the case of Au-Ag alloy nanoparticle, the surface resonance plasmon band
is moved towards silver nanoparticles characteristic. Finally, since the plasmon response of nanoshell is also
probably influenced by the formation of Au-Ag alloy.

Conclusion:-

In summary, in our study we were interested at the effects of the percent of gold and silver in film and at the
evolution of the plasmon resonance of the gold-silver alloy and (gold-silver)@silica thin film. Before that we have
measured gold and silver nanoparticles optical properties (i.e. absorbance, reflectance and transmittance). Our model
based on the Mie theory distribution allowed us to fit the resonances peaks. We showed that the optical absorption
of gold-silver alloy decreases when the silver rate increases. This study shows also that absorbance rate of silver
much negligible in comparison with the gold nanoparticle particularly in the visible range. The optical properties of
Au-Ag alloys nanoparticles are highly dependent on metal composition. Au-Ag alloys spectra have a high resonance
at blue spectrum (peaks near 400 nm), caused by the oscillations of the electrons on nanoparticle surface. Finally,
since the formation response of nanoshell is also probably influenced by the formation of Au-Ag alloy, however Au-
Ag coated with SiO,, plasmon resonance band involves a weak absorption towards higher wavelengths. In
conclusion, we keep that whatsoever the size and structure composition of the (Au-Ag)@SiO, nanoshell are
absorbed only in visible rang which makes them good candidates for optical windows.

71



ISSN: 2320-5407 Int. J. Adv. Res. 6(10), 64-73

References:-

1.

11.

12.

13.
14,

15.

16.

17.

18.

19.

20.
21.

22.
23.
24,
25.

26.

217.

Adams, D. M., Brus, L., Chidsey, C. E. D., Creager, S., Creutz, C., Kagan, C. R., Kamat, P. V., Lieberman, M.,
Lindsay, S., Marcus, R. A., Metzger, R. M., Michel-Beyerle, M. E., Miller, J. R., Newton, M. D., Rolison, D.
R., Sankey, O., Schanze, K. S., Yardley, J., Zhu, X. Y. (2003):Charge transfer on the nanoscale: current status.J.
Phys. Chem., B 107:6668-6697.

Alvarez, M. M., Khoury, J. T., Schaaff, T. G., Shafigullin, M. N., Vezmar, I. and Whetten, R. L. (1997):Optical
Absorption Spectra of Nanocrystal Gold Molecules.J. Phys. Chem., B 101:3706-3712.

Ashkarran, A. A. and Bayat, A. (2013): Surface plasmon resonance of metal nanostructures as a complementary
technique for microscopic size measurement. International Nano Letters, 3:1-10.

Brzobohaty, O., Siler, M., Trojek, J., Chvétal, L., Karasek, V., and Zemanek, P. (2015): Non-spherical gold
nanoparticles trapped in optical tweezers: shape matters.Optics Express,23:8179-8189.

Caruso, F. (2001): Nanoengineering of particle surfaces.Adv. Mater.,13:11-22.

Chen, J., Wiley, B., McLellan, J., Xiong, Y., Li, Z. Y.and Xia, Y. (2005):Optical properties of Pd-Ag and Pt-Ag
nanoboxes synthesized viagalvanic replacement reactions. Nano Lett., 5:2058-62.

Cherukuri, P., Glazer, E. S. and Curley, S. A. (2010): Targeted Hyperthermia Using Metal Nanoparticles. Adv
Drug Deliv Rev., 62:339-345.

Daneshvar, H., Nelms, J., Muhammad, O., Jackson, H., Tkach, J., Davros, W., Peterson, T., Vogelbaum, M. A.,
Bruchez, M. P., Toms, S. A. (2008): Nanomedicine 3:21.

Erickson, T. A.and Tunnell, J. W.Gold Nanoshells in Biomedical Applications.

. Feis, A., Gellini, C., Salvi, P. R., Becucci, M. (2014): Photoacoustic excitation profiles of gold nanoparticles.

Photoacoustics, 2:47-53.

Frederix, F., Friedt, J. M., Choi, K. H., Laureyn, W., Campitelli, A., Mondelaers, D., Maes, G., and Borghs, G.
(2003):Biosensing based on light absorption of nanoscaled gold and silver particles.Anal. Cheam., 75: 6894-
6900.

Green, M. (2008): Self-consistent optical parameters of intrinsic silicon at 300K including temperature
coefficients. Solar Energy Materials & Solar Cells, 92:1305-1310.

Heavens, O. S. (1955):Optical Properties of Thin Solid Films. London, Butterworths Scientific Publications.
Horvath, H. (2009): Gustav Mie and the scattering and absorption of light by particles: Historic developments
and basics. Journal of Quantitative Spectroscopy & Radiative Transfer, 110:787-799.

Kelly, K. L., Coronado, E., Zhao, L. L., Schatz, G. C. (2003): The Optical Properties of Metal Nanoparticles:
The Influence of Size, Shape, and Dielectric Environment.J. Phys. Chem., B 107:668.

Law, W. C., Yong, K. T., Roy, H. D., Ding, H., Hu, R., Zhao, W., Prasad, P. N. (2009): Aqueous-phase
synthesis of highly luminescent CdTe/ZnTe core/shell quantum dots optimized for targeted bioimaging.Small,
5:1302-1310.

Lewinski, N., Colvin, V. and Drezek, R. (2008):Experimental Validation and Simulation of Fourier and Non-
Fourier Heat Transfer Equation during Laser Nano-Phototherapy of Lung Cancer Cells: An in Vitro Assay.
Small, 4:26-49.

Link, S., Wang, Z. L. and El-Sayed, M. A, (1999): Alloy Formation of Gold-Silver Nanoparticles and the
Dependence of the Plasmon Absorption on Their Composition.J. Phys. Chem., B 103:3529-3533.

Loo, C., Lin, A, Hirsch, L., Lee, M. H., Barton, J., Halas, N., West, J., Drezek, R. (2004): Nanoshell-Enabled
Photonics-Based Imaging and Therapy of Cancer, Technology in Cancer. Research & Treatment, 3:33-40.
Mulvaney, P. (1996): Surface Plasmon Spectroscopy of Nanosized Metal Particles. Langmuir, 12:788-800.

Nie, L., Liu, F., Ma, P., Xiao, X. (2014): Applications of gold nanoparticles in optical biosensors. J. Biomed
Nanotechnol, 10: 2700-2721.

Pourbaix, M. (1984):Electrochemical corrosion of metallic biomaterials.Biomaterials, 5:122-34.

Qiu, J. D,, Cui, S. G., Liang, R. P. (2010):Hydrogen peroxide biosensor based on the direct electrochemistry of
myoglobin immobilized on ceria nanoparticles coated with multiwalled carbon nanotubes by a hydrothermal
synthetic method.Microchim. Acta., 171: 333-339.

Rioux. (2014): n, k 0.27 at 1.200 pm.

Sambou, A., Ngom, B. D., Gomis, L., Beye, A. C. (2016): Turnability of the Plasmonic Response of the Gold
Nanoparticles in Infrared Region.American Journal of Nanomaterials, 4: 63-69.

Sambou, A., Tall, P. D., Talla, KH., Sakho, O., Ngom, B. D., Beye, A. C. (2017): Control of the Surface
Plasmon Resonance of Two Configurations of Nanoparticles: Simple Gold Nanorod and Gold/Silica
Core/Shell.Nanoscience and Nanotechnology Research, 4:1-6.

Solomon, S. D., Bahadory, M., Jeyarajasingam, A. V., Rutkowsky, S. A., Boritz, C. (2007):Synthesis and Study
of Silver Nanoparticles.Journal of Chemical Education, 84:322.

72


http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/journal/PaperInformation.aspx?PaperID=52746
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/journal/PaperInformation.aspx?PaperID=52746
https://www.ncbi.nlm.nih.gov/pubmed/6375748

ISSN: 2320-5407 Int. J. Adv. Res. 6(10), 64-73

28.

29.

30.

31.

32.

Soulé, S., Allouche, J., Dupin, J. C., Martinez, H. (2013): Design of Ag—Au nanoshell core/mesoporous
oriented silica shell nanoparticles through a sol-gel surfactant templating method. Microporous and
Mesoporous Materials, 171:72-77.

Wu, C., Yu, C., Chu,M. (2011): A gold nanoshell with a silica inner shell synthesized using liposome templates
for doxorubicin loading and near-infrared photothermal therapy.International Journal of Nanomedicine, 6:807-
813.

Wu, W., Zhou, T., Berliner, A., Banerjee, P., Zhou, S. (2010):Smart Core—Shell Hybrid Nanogels with Ag
Nanoparticle Core for Cancer Cell Imaging and Gel Shell for pH-Regulated Drug Delivery.Chem. Mater.,
22:1966-1976.

Xia, Y., Gates, B., Yin, Y., and Lu, Y. (2000):Monodispersed Colloidal Spheres: Old Materials with New
Applications.Adv. Mater., 12:693-713.

Zhang, A. Q., Qian, D. J. and Chen, M. (2013):Simulated optical properties of noble metallic nanopolyhedra
with different shapes and structures.The European Physical Journal, D67:1-9.

73



