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Abstract: Electromagnetic radiation on the suspension of silver-water nanoparticles was simulated using Maxwell equations and 
the phenomenological equation of extinction crosssection and application of appropriate boundary conditions for nanoparticles with 
spherical geometry. The outputs of this simulation (extinction coefficient in different conditions) were compared with previous 
experimental results. The similarity between the simulation outputs and the experimental results indicates the high degree of 
reliability of the simulation method to predict the results of situations in which there is no experimental data. 

Keywords: Electromagnetic radiation, Ag nanoparticles, Extinction coefficient 

1. Introduction 

From an optical point of view, the scattering and absorption of electromagnetic waves by nanostructures gave rise to theories 
such as Rayleigh theory, Rayleigh Gans theory, and Lorentz Mie theory. When a liquid heats up quickly, a semi-stable state is 
created to boil it to a temperature much higher than the normal boiling point temperature. The evaporation reaction, then, may cause 
an explosive and rapid state. When a pulsed laser heats metal nanoparticles in a suspension, solid and liquid bubbles are created on 
the joint surface, which results in sudden boiling. In this case, high heat is measured at a temperature of about 92% of the lattice 
temperature [1]. It is shown that a thin layer of vapor is formed in the vicinity of the nanoparticles and has a great effect on heating 
the particle surface in less than 100 ps. Laboratory examination of excessive heat and sudden boiling is performed and recorded at 
a microscopic resolution [2]. Time separation optical recorded experiments show that the energy absorbed by very short laser pulses 
is transmitted by electrons in the metal. The optical properties of metal nanoparticles can be adjusted by controlling their size and 
shape. In fact, Metal nanoparticles support the resonance of surface plasmons. They are highly dependent on geometry and the 
environment. Figure 1 shows the interaction of a laser beam with a nanoparticle and the creation of nanobubbles with shock waves. 

 
Fig.1. Schematic diagram of laser beam interaction with nanoparticles in a liquid environment. 
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2. Theory 

The dielectric function is a complex function that expresses the response of matter to the electromagnetic field applied to it. 
The dielectric function describes the macroscopic properties of a solid. The dielectric function has two in-band shares that are used 
for metals. This function is shown as follows. 

ε(ω) = 𝜀𝜀1(𝜔𝜔)+𝑖𝑖𝜀𝜀2(𝜔𝜔) (1) 

 In generalized Lorentz-Mai theory, by solving Maxwell equations, the answers are divided into two modes, transverse magnetic 
(TM) and transverse electric (TE). In this study, the relationships obtained from this theory are specifically used for spherical 
nanoparticles and spherical Gaussian waves. After completely solving the Maxwell equations under conditions with the properties 
of a spherical particle and applying suitable boundary conditions, complex quantities called the classical Mie dispersion coefficients 
are obtained as follows [3]. 

an =
𝑀𝑀𝛹𝛹𝑛𝑛(𝑀𝑀𝑀𝑀)𝛹𝛹𝑛𝑛′(𝑀𝑀) −𝛹𝛹𝑛𝑛(𝑀𝑀)𝛹𝛹𝑛𝑛′(𝑀𝑀𝑀𝑀)
𝑀𝑀𝛹𝛹𝑛𝑛(𝑀𝑀𝑀𝑀)𝜉𝜉𝑛𝑛′ (𝑀𝑀) − 𝜉𝜉𝑛𝑛(𝑀𝑀)𝛹𝛹𝑛𝑛′(𝑀𝑀𝑀𝑀)  

𝑏𝑏n =
𝛹𝛹𝑛𝑛(𝑀𝑀𝑀𝑀)𝛹𝛹𝑛𝑛′(𝑀𝑀) −𝑀𝑀𝛹𝛹𝑛𝑛(𝑀𝑀)𝛹𝛹𝑛𝑛′(𝑀𝑀𝑀𝑀)
𝛹𝛹𝑛𝑛(𝑀𝑀𝑀𝑀)𝜉𝜉𝑛𝑛′ (𝑀𝑀) − M𝜉𝜉𝑛𝑛(𝑀𝑀)𝛹𝛹𝑛𝑛′(𝑀𝑀𝑀𝑀)  

(2) 

In these equations, M determines the ratio of the refractive index of the particle to the refractive index of the environment. 
However, in the mentioned relations, the refractive index of the  particle due to the metal structure of these particles, the complex 
number, and the refractive index of the surrounding environment is assumed to be real. Also, the x parameter, which is known as 
the size parameter, is defined as follows [4]. 

𝑀𝑀 =
2𝜋𝜋𝜋𝜋𝑛𝑛𝑚𝑚
𝜆𝜆

 (3) 

ξnand  Ψnare called Ricati-Bessel relations and the prime sign indicates the derivative relative to the corresponding identifier, 
𝑛𝑛𝑚𝑚is the refractive index and a is the radius of the spherical nanoparticles. By using complex scattering coefficients, the quantities 
that determine the amount of energy loss are expressed. These quantities, known as the absorption and extinction scattering cross 
sections, are shown as follows. 

𝐾𝐾sca =
λ2

π
� �

(2𝑛𝑛 + 1)(𝑛𝑛 + |𝑚𝑚|)!
𝑛𝑛(𝑛𝑛 + 1)(𝑛𝑛 − |𝑚𝑚|)!

+𝑛𝑛

𝑚𝑚=−𝑛𝑛

∞

𝑛𝑛=1

{|𝜋𝜋𝑛𝑛|2|𝑔𝑔𝑛𝑛𝑚𝑚 ,𝑇𝑇𝑀𝑀|2 + |𝑏𝑏𝑛𝑛|2|𝑔𝑔𝑛𝑛𝑚𝑚,𝑇𝑇𝑇𝑇|2} (4) 

𝐾𝐾ext =
λ2

π
� �

(2𝑛𝑛 + 1)(𝑛𝑛 + |𝑚𝑚|)!
𝑛𝑛(𝑛𝑛 + 1)(𝑛𝑛 − |𝑚𝑚|)!

+𝑛𝑛

𝑚𝑚=−𝑛𝑛

∞

𝑛𝑛=1

𝑅𝑅𝑅𝑅{|𝜋𝜋𝑛𝑛|2|𝑔𝑔𝑛𝑛𝑚𝑚,𝑇𝑇𝑀𝑀|2 + |𝑏𝑏𝑛𝑛|2|𝑔𝑔𝑛𝑛𝑚𝑚,𝑇𝑇𝑇𝑇|2} (5) 

Kabs = Kext − Ksca (6) 

Equations (4) to (6) represent the cross-sections of dispersion, extinction, and adsorption in spherical nanoparticles, 
respectively. These cross-sections are specifically expressed for spherical nanoparticles exposed to a spherical Gaussian beam. 
These cross-sections are of great importance in optical studies of metallic or even non-metallic nanoparticles because of their greater 
capabilities than the cross-sections of the classical Lorentz-Mie theory. 

3. Results and Discussion 

Due to the importance of the dielectric function of a substance that is affected by laser pulses, the nanoparticle-dielectric 
function diagrams of the relational excitation wavelength for its real and imaginary parts are shown as follows. The real and 
imaginary properties of this function are plotted in terms of wavelengths (Figs. 2 and 3), which agree well with the experimental 
diagrams [5]. 

 

( ) 97.11037.2 27 −×−= − λε r ( ) 97.11037.2 27 −×−= − λε r  

    
(7) 

75.33500 −= λεm
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Both the real and imaginary parts of the dielectric function of nanoparticles decrease relatively smoothly with increasing 
wavelength. This suggests that adsorption and scattering by silver nanoparticles occur at greater near-red wavelengths. 

𝜎𝜎𝑒𝑒𝑒𝑒𝑒𝑒 =
9𝑉𝑉𝜀𝜀𝑚𝑚

3
2𝜔𝜔𝜀𝜀2(𝜔𝜔)

𝑐𝑐(𝜔𝜔1(𝜔𝜔) + 2 𝜀𝜀𝑚𝑚)2 + 𝜀𝜀2 (𝜔𝜔) (8) 

In this relation, V is the total volume of nanoparticles, Ɛ1 and Ɛ2 are the real and imaginary parts of the dielectric function of 
the environment containing nanoparticles, Ɛm is the imaginary part of the dielectric function of nanoparticles, ω is the frequency of 
incident radiation and c is the speed of light in free space.  

 
Fig. 2. Real part of the dielectric function of silver nanoparticles (continuous curves are the result of simulation and discrete data are 
experimental results). 

 
Fig. 3. Imaginary part of the dielectric function of silver nanoparticles (continuous curves are the result of simulation and discrete data 
are experimental results). 

As shown in Fig. 4, at a constant wavelength of 400 nm, we observe a marked upward trend in the extinction cross-sectional 
area as the radius of the nanoparticles increases. Figure 5 shows the growth of the extinction crosssection with increasing wavelength 
to a wavelength of about 700 nm. As the wavelength increases, this crosssection takes a decreasing trend. As the radius of these 
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nanoparticles increases, we encounter an increase in the number of conducting electrons, which in turn reduces the penetration of 
the electric field into each of the nanoparticles. The consequence is that the electric field in these nanoparticles has only a surface 
penetration that causes surface effects. This, in turn, leads to heterogeneity in the distribution of the inner conducting electrons of 
nanoparticles. The heterogeneous distribution of free electrons within nanoparticles leads to the creation of bipolar, quadrupole, and 
octopus plasmonic peaks in the dispersion, adsorption, and extinction of nanoparticles [6]. 

 
Fig. 4. Results of simulation of blackout cross section (Kext) for different radii of silver nanoparticles at 400 nm incident wavelength. 

 
Fig. 5. Extinction cross-section simulation results (Kext) for different incident wavelengths for a radius of 40 nm silver nanoparticles. 

4. Conclusion 

By using the solutions of Maxwell equations and applying suitable boundary conditions for metal nanoparticles under 
electromagnetic radiation, one of the important optical responses of the nanoparticles (extinction coefficient) was calculated, and 
the results obtained by simulation for silver nanoparticles were compared with available experimental results. This comparison 
showed that the modeling outputs performed coincided with the experimental results. 
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