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Effective medium methods [1] are widely used to describe the optical properties of nanocomposite 

structures [2-6]. A nanodispersed structure can be considered as a new homogeneous medium with an effective 

permittivity  휀𝑒𝑓 , which has the same optical properties as the given nanodispersed structure. Since the size of 

nanoparticles and the distance between them is less than the wavelength of light in the medium, it is sufficient 

to restrict ourselves to the electrostatic approximation to calculate the effective permittivity 휀𝑒𝑓 of such a 

medium.  

This article considers a multicomponent nanodispersed structure consisting of randomly oriented 

ellipsoidal nanoparticles in a matrix with a permittivity 휀𝑚.  

If the particles have the same ellipsoidal shape and are oriented in the one direction, and the external 

field 𝐸 is directed along the direction of one of the main axes of the ellipsoids 𝑖 = 𝑎, 𝑏, 𝑐, then the particles 

will have the same polarization [2], and the particle polarization coefficient is determined by the formula: 

𝛼𝑖 =
1

4𝜋

휀 − 휀𝑚

휀𝑚 + 𝑓𝑖(휀 − 휀𝑚)
.                                                                    (1) 

Where, 𝑓𝑖 is the shape factor of the ellipsoid in the direction of one of its principal axes. The formula for 

calculating the effective permittivity of the medium is written as follows 
휀𝑒𝑓 − 휀𝑚

휀𝑚 + 𝑓𝑖(휀𝑒𝑓 − 휀𝑚)
= ∑ 𝑞𝑖 ∙

휀𝑖 − 휀𝑚

휀𝑚 + 𝑓𝑖(휀𝑖 − 휀𝑚)
                                                     (2) 

Formula (2) is a generalized formula for the Maxwell-Garnett effective medium model for a multicomponent 

nanodispersed medium with anisotropic (ellipsoidal) particles. 𝑓𝑖 depends on the ratio of the principal axes of 

the ellipsoid and is calculated by the integral [4] 

𝑓𝑖 =
𝑎𝑏𝑐

2
∫

𝑑𝑠

(𝑠 + 𝑖2)((𝑠 + 𝑎2)(𝑠 + 𝑏2)(𝑠 + 𝑐2))
1/2

∞

0

                                                 (3) 

 The depolarization factors 𝑓𝑎, 𝑓𝑏 and 𝑓𝑐 satisfy the condition: 𝑓𝑎 + 𝑓𝑏 + 𝑓𝑐 = 1. Also, if 𝑎 < 𝑏 < 𝑐, then 

𝑓𝑎 > 𝑓𝑏 > 𝑓𝑐. 

In the case of a spheroid, 𝑏 = 𝑐 ≠ 𝑎 and therefore 𝑓𝑏 = 𝑓𝑐 ≠ 𝑓𝑎 . 

If the nanocomposite medium is an ensemble of nanoparticles with dielectric permittivity ε, in the matrix 

of permittivity 휀𝑚, then in formula (2) 휀𝑖 = 휀, 𝑞𝑖 = 𝑞,  therefore, with simple transformations, we obtain the 

following formula for calculating the effective permittivity:  

휀𝑒𝑓 = 휀𝑚 (1 +
𝑞(휀 − 휀𝑚)

휀𝑚 + 𝑓𝑖(1 − 𝑞)(휀 − 휀𝑚)
)                                                           (4) 

In the case of randomly oriented ellipsoidal particles, we use the average value of the ellipsoidal 

polarization in the direction of the principal axes. 

�̅� =
1

3
∑ 𝛼𝑖 =

1

12𝜋
∑

휀 − 휀𝑚

휀𝑚 + 𝑓𝑖(휀 − 휀𝑚)
                                                                (5) 

It can be shown that the determination of the average value of the polarization of an ellipsoid is reduced 

to the introduction of the effective form factor 𝑓𝑒𝑓. In this case, the value of 𝑓𝑒𝑓 must be placed in the interval 

[0;1] and the relation must be satisfied: 

𝛼�̅� =
1

4𝜋

휀 − 휀𝑚

휀𝑚 + 𝑓𝑒𝑓(휀 − 휀𝑚)
=

1

12𝜋
∑

휀 − 휀𝑚

휀𝑚 + 𝑓𝑖(휀 − 휀𝑚)
                                             (6) 

In the case of a spheroidal shape of the particles, from eq. (6) is determined: 
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𝑓𝑒𝑓 =
1

𝜉 − 1
∙ (

3 ∙ (1 + (𝜉 − 1)𝑓𝑎)(1 + (𝜉 − 1)𝑓𝑏)

3 + (𝜉 − 1)(2𝑓𝑎 + 𝑓𝑏)
− 1)                                            (7) 

The effective form factor is determined by the relative permittivity of the particle and the medium around 

the particle 𝜉 = 𝜺/𝜺𝒎 and depends on the ratio of the principal axes of the spheroid 𝝑 =
𝒂

𝒃
. 

 
Fig.1. Dependencies of the 𝒇𝒆𝒇 on the 𝝃 with different 𝝑 

Fig.1  shows the dependences of the 𝑓𝑒𝑓 on the 𝜉 with different 𝜗: 𝑎 > 𝑏,   𝑎 = 𝑏  and   𝑎 < 𝑏. It can be 

seen that the value of the effective depolarization factor is always in the range 0-1. This makes it possible to 

prove that an ensemble of anisotropic nanoparticles can be replaced by an ensemble of nanoparticles with a 

depolarization coefficient 𝑓𝑒𝑓 uniformly oriented with respect to the external electric field. 

Taking into account the effective depolarization factor, formula (4) is written in the following form: 

휀𝑒𝑓 = 휀𝑚 (1 +
𝑞(휀 − 휀𝑚)

휀𝑚 + 𝑓𝑒𝑓(1 − 𝑞)(휀 − 휀𝑚)
)                                                       (8) 

From formula (8) for given values of the parameters 𝑞, 휀 and 휀𝑚, when 𝑓𝑒𝑓 =0, we obtain 

휀𝑒𝑓 = 𝑞휀 + (1 − 𝑞)휀𝑚,                                                                    (9) 

and when 𝑓𝑒𝑓 = 1 we get 

1

휀𝑒𝑓
=

𝑞

휀
+  

1 − 𝑞

휀𝑚
                                                                        (10) 

For any configuration of nanocomposite structures, formulas (9) and (10) determine the minimum and 

maximum values of the effective dielectric permittivity. 

References 

[1] Maxwell Garnett, J.C. Colours in metal glasses and in metallic films. Phil. Trans. R. Soc. Lond. A 203 (1904) 

385–420. 

[2] Petrov Yu.I. Physics of small particles, M., Nauka, 1982, p.360 (in Russian) 

[3] Kalandadze L., Nakashidze O. Influence of the size, shape and concentration of magnetic particles on the optical 

properties of nano-dispersive structures, Journal of Magnetism and Magnetic Materials, V. 500, (2020) 

https://doi.org/10.1016/j.jmmm.2019.166355 

[4] Yunos N.,Khairi T., Khairuddin A.,Shafie S.,Ahmad T., Lionheart W. The depolarization factors for ellipsoids 

and some of their properties. MJFAS, Malaysian Journal of Fundamental and Applied Sciences Vol. 15, No. 6 

(2019) 784-789. 

[5] Kalandadze L., Nakashidze O., Gomidze N., Jabnidze I. Influence of the size, shape and concentration of 

magnetic particles on the optical properties of nano nickel films, J. Nanotechnology Perceptions, V,17 No.3 

(2021) 197-203  http://nano-ntp.com/index.php/nano/issue/view/48  

[6] Fan D., Tan R., Wei B., Chen P., Zhou J. Broadband microwave absorption performance and theoretical dielectric 

properties model of hollow porous carbon spheres/expanded polypropylene composite foams, Polymer, Vo. 234, 

(2021); https://doi.org/10.1016/j.polymer.2021.124262  

 

https://doi.org/10.1016/j.jmmm.2019.166355
https://oa.mg/author/nurhazirah-mohamad-yunos-A2784393670
https://oa.mg/author/taufiq-khairi-ahmad-khairuddin-A2282546098
https://oa.mg/author/sharidan-shafie-A2112627477
https://oa.mg/author/tahir-ahmad-A2214129358
https://oa.mg/author/william-r-b-lionheart-A721353470
http://nano-ntp.com/index.php/nano/issue/view/48
https://doi.org/10.1016/j.polymer.2021.124262

