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Abstract Keywords 
The magneto-optical properties of magnetic nanocom-
posites have been studied in the study of spectral de-
pendences of the transverse Kerr effect (TKE). Experi-
mental preparation of nanocomposites formed from 
CoFeZr and Al2O3 alloys at different component con-
centrations by ion-beam sputtering is discussed. Discuss 
various methods of the theoretical study of nanocompo-
sites depending on the concentration of ferromagnetic 
components. The spectral dependences of TKE at low 
concentrations of the metal component are investigated. 
Spectral dependences of the Kerr transverse effect are 
simulated in the framework of the TKE are compared 
taking into account the size effect at different values of 
the nanocomposite granule size. There is a good qualita-
tive and quantitative agreement between experimental 
and theoretical spectral dependences of TKE. In addi-
tion, in this paper, we note both practical and funda-
mental importance of the results. The possibilities of 
using such nanocomposite materials are discussed 
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Introduction. Currently, studies of the optical and magneto-optical properties of 
nanocomposites are very relevant [1–5]. Under the nanocomposite in the general 
sense refers to a multicomponent solid material, in which at least one of the 
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components in one, two or three dimensions have dimensions not exceeding  
100 nm. Another possible definition of a nanocomposite can be a structure that 
consists of a set of repeating component layers (phases), the distance between 
which is measured in tens of nanometer. Such structures can significantly 
enhance such effects as tunnel magnetoresistance, the transverse Kerr effect 
(TKE), magneto-optical activity, anomalous optical absorption, anomalous Hall 
effect, etc. These effects are of both fundamental and practical interest in a wide 
range of applications. For example, it is possible to create anodes from silicon 
nanospheres and carbon nanoparticles for lithium batteries. Anodes made from a 
silicon-carbon nanocomposite are much more closely attached to the lithium 
electrolyte, which leads to a decrease in the time of charging or discharging the 
device. It is possible to produce conductive paper from cellulose nanocomposites, 
which is very promising for creating a flexible battery. It is also possible to use 
nanocomposites to obtain thermoelectric materials that demonstrate the 
combination of high electrical conductivity with low thermal conductivity [6−7]. 

Another promising area of research is the creation of graphene-based 
nanocomposite materials. These structures can be used in the production of 
components of aircraft, which must remain both light and resistant to physical 
effects. And this is not all possible areas of application of nanocomposites. Thus, 
the work is relevant and is associated with a promising area of research. 

The purpose of the research is to solve an actual problem: modeling the 
magneto-optical properties of nanocomposites in the visible and near-IR ranges. 

Experimental data. The studied samples were obtained by the method of 
ion-beam sputtering [8]. This is a process of deposition of materials in a 
vacuum, in which the flow of deposited particles is obtained by bombarding the 
surface of the original sprayed material with accelerated ions on a substrate 
heated to a certain temperature. The ion source is either an independent glow 
discharge or non-self-sustained discharge plasma. Beam extrusion and ion 
acceleration to the required energy occurs in a special ion-optical system. Thus 
films of heterogeneous systems based on ferromagnetic alloy were obtained 
Co45Fe45Zr10 and alumina on cellulose substrates. The growth of bulk 
composites (Co45Fe45Zr10)X(Al2O3)100−X was carried out in an argon 
atmosphere. There X is the volume concentration of the magnetic component. 
Electron microscopic structural studies of the films obtained showed that the 
composite (Co45Fe45Zr10)X(Al2O3)100−X  in the plane of the substrate is a metal 
granule randomly distributed in the dielectric matrix [8]. 

The magneto-optical properties were studied in equatorial geometry; in this 
case, the magnetization vector is perpendicular to the plane of incidence of light 
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and parallel to the sample surface. The transverse Kerr effect consists of 
changing the intensity of the reflected p-polarized light when the sample is 
magnetized. The effect appears only for the p-component and is zero for light 
polarized perpendicular to the plane of incidence (s-component). Directly in the 
experiment, the relative change in the intensity of the reflected p-polarized light 
from samples placed in an alternating magnetic field was measured [5]: 

 ρ (H) = [I(H) − I(−H)]/(2I(0)),  (1) 

where I(H) is the intensity of reflected radiation in the presence of a magnetic 
field; I(0) is the intensity of reflected radiation without a magnetic field. 

A schematic diagram of an experimental setup for recording TKE spectra is 
shown in Fig. 1.  

Fig. 1. Schematic diagram of the 
installation for measuring the spectral 
dependences of the TKE of the studied 

nanocomposites (Co45Fe45Zr10)X(Al2O3)100−X: 
B  is external magnetic field; 1 the broadband 
source of electromagnetic radiation; 2 mini 
spectrometer; 3 studying nanocomposite;  

4 glass substrate; 5 PC 
 

As a result of the experiment, spectral TKE dependences (ρω(E)) of the 
studied nanostructured samples with different concentrations of the magnetic 
component were obtained X (Fig. 2). 

Fig. 2. TKE spectral dependences for nanocomposites (Co45Fe45Zr10)X(Al2O3)100−X   
at a concentration of X = 18.5 (1), 23.4 (2), 52.4 (3) and 62.1 % (4) 
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Analyzing the dependencies shown in Fig. 1, it can be argued that 
percolation finally takes place in the system in the region of more than 50 % of 
the magnetic component. It is at such concentrations of the metal component 
that ferromagnetic nanocomposites can be asserted, and at low concentrations, 
it is more correct to speak of superparamagnetism. We model the TKE spectra 
of these nanostructures within the Maxwell — Garnett approximation, which 
works well in the low concentration range [7]. 

Simulation of the spectra of the transverse Kerr effect. To calculate the TKE 
of nanocomposites, it is convenient to use the theory of an effective medium. 
Currently, there are several methods for describing an effective nanocomposite 
medium. These methods are applied depending on the concentration of the metal 
component. For small values of X, Maxwell — Garnett method [9] is used, with 
medium concentrations, Bruggemann method [10], and in a wide range of 
concentration values, taking into account the probabilistic approach, the 
symmetrical Maxwell — Garnett method [11]. It should be noted that the listed 
methods do not work in the field of percolation transition. The structures 
considered in the work have the indicated transition in electrical properties at  
X = 0.43 (43 %) [8], but in reality, it is finally carried out along the entire set of 
properties to a 50 % concentration of the magnetic component. 

For the study of the magneto-optical properties of the selected sample with a 
small value X = 0.185 (18.5 %). While TKE is calculated by the formula [12−13]: 

 1 2 2 2
2 sin 2( ) .A B
A B

  (1) 

Here   2
2 12 cos 1 ;eff effA    B 2 2 2 12 1cos 1 1;effeff eff     

1 2 ;eff effi  1 2 effi  are diagonal and off-diagonal components of 
the dielectric constant of a nanocomposite, which are calculated in the framework 
of the effective medium theory;  is light angle. 

The TKE spectral dependence was constructed (Fig. 3) of the 
nanocomposite under study, for which Maxwell — Garnett effective medium 
method was used. The suspension of spherical particles is considered CoFeZr 
with 1 in Al2O3 medium with dielectric constant 0 particles. In the framework 
of Maxwell — Garnett approximation and taking into account the smallness of 
the particles, the condition of the effective medium makes it possible to write the 
equation for the dielectric constant: 

 1 0 1 0
0

1 0 1 0

2 2 ( ) .
2 ( )

MG X
X

  (2) 
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Similarly, the off-diagonal compo-
nents of the nanocomposite dielectric 
constant tensor are calculated [9]. 

The calculated TKE spectral 
dependence differs significantly from 
the experimental one, especially in the 
near-IR spectral range, where the 
contribution of intraband transitions is 
still large. To reduce the differences in 
this range, the first step must take into 
account the contribution of the 
semiclassical size effect [14–16]. This 
effect is due to the geometric constraint 
on the effective electron mean free path, 
i.e., scattering on the surfaces of the 
granules, as well as the possible size distribution of magnetic particles [16]. 

In the framework of the effective medium theory, the task is reduced to 
finding the effective dielectric constant tensor mod. For ferromagnetic 
structures, the dielectric constant is defined as diagonal xx, so and non-diagonal 
εxy components of the permittivity tensor mod of the medium. Taking into 
account the size effect in the expressions for xx =  and xy = −iγ calculating the 
components of the dielectric constant tensor reduces to determining the 
electron men free time in a nanocomposite granule (τpart) and the corresponding 
time in a massive sample (τbulk) due to collisions with the surface of the granules:  

 
0

1 1 ,F

part bulk

v
r

  (3) 

where vF is Fermi velocity; r0 is nanocomposite particle size. Drude — Lorentz 
law describes the frequency dependence of intraband conductivity. Given the 
size effect, the dielectric constant is determined by the expression 

 
2 2

,
( ) ( )

p pMGmod
bulk parti i

  (4) 

where p is plasma frequency;  is light frequency. Similarly, using Drude — 
Lorentz law, the off-diagonal xy =  components of the dielectric constant 
tensor are calculated: 

 
22

0 2 2

4 /4 /
.

( / ) ( / )

grbulk xyxy partbulk
mod

bulk parti i
  (5) 

 
Fig. 3. The calculated TKE spectral 

dependences at a concentration  
X = 0.185 (18.5 %) (1) in comparison  
with the experimental spectrum (2) 
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Here 2 24 / ; 4 / ,grbulkxy s bulk xy s gr grbulkM R M R  Ms is saturation 
magnetization, Rgr is coefficient of anomalous Hall effect (AHA), bulk is 
resistivity of a massive sample, ρgr is resistivity of a granule, ρgr = bulk(1 + l/r0). 
Particle size affects both AHA and resistivity. The effect of the size effect on the 
coefficient of AHA granules can be written as [17]: 

 
0 0

0.2 1 ,gr bulk s
l lR R R
r r

  (6) 

where Rs is coefficient AHA of the material of the surface of the granules. 
According to formulas (1)−(6), the 

spectral dependence of the TKE of the 
nanocomposite under study was calcu-
lated taking into account the size effect for 
different values of the granule size of the 
nanocomposite under study (1, 1.2 and  
2 nm). The results are presented in Fig. 4. 
There is a good agreement between 
experimental and theoretical TKE curves. 
The discrepancies are due to the need to 
take into account the form factor (a 
measure of the ellipticity of nanocom-
posite granules), as well as the possible 
distribution of particle sizes [16–18]. In 
this case, based on Fig. 4, the optimal 
value of the granule size r0 is 1.2 nm. 

Further, for a given value r0 = 1.2 nm, 
the Maxwell — Garnett method was used 

to calculate TKE at X = 25 and 30 %, since this method works well for these 
concentrations. The spectral dependences of the transverse Kerr effect in 
comparison with the spectrum at X = 18.5 % are shown in Fig. 5. With an increase 
in the concentration of the metal component of the nanocomposites under study, 
an increase in energy efficiency is observed, which agrees well with the 
experimental data (see Fig. 2). Here the limits of applicability of the method are 
reached; high concentrations can only be described using Bruggemann method 
and the symmetrized Maxwell — Garnett method. 

It should be noted that the Maxwell — Garnett effective medium method 
describes well the magneto-optical properties of nanocomposites at low 
concentrations of the metal component. It should also be noted that the 

Fig. 4. The calculated spectral 
dependences of the TKE of a nano-

composite at a concentration  
of X = 18.5 % taking into account the 

size effect values of granule sizes  
r0 = 1 (1), 1.2 (2) and 2 nm (3), 

experimental data (4) 
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qualitative and quantitative agreement between the obtained experimental and 
model TKE spectra at concentrations X is below the percolation threshold. 

The types of spectra of TKE nano-composites are studied with changing 
particle size. In this case, the limiting concentration value was chosen for  
Maxwell — Garnett approximation X = 30 % for different values of particle size  
r0 = 4, 6 and 10 nm (Fig. 6). With an increase in the particle size value, the TKE 
spectral dependencies tend to the form of TKE dependences without taking  
into account the size effect (see Fig. 3). This result agrees well with formulas (4) 
and (5). Thus, the obtained data clearly demonstrate the limiting cases of using 
Maxwell — Garnett effective medium method for calculating the magneto-optical 
properties of nanocomposites using the TKE example. For further studies of 
nanocomposites with a high concentration of the X metal component, it is 
necessary to use other effective medium methods [9–11]. 

Conclusion. The magnetic and optical TKE of the magnetic nanocomposite 
(Co45Fe45Zr10)X(Al2O3)100–X was simulated using Maxwell — Garnett effective 
medium method taking into account the size effect. When comparing the 
experimental and theoretical calculated spectral TKE dependences for  
the concentration of 18.5 % of the metal component, the optimal average size of 
the granule was found, this is 1.2 nm. It is shown that it is the change in the size 
of the granules, and not the concentration of the metal component that makes 
the main contribution to the TKE spectra in the near-IR spectral range. The 
analysis performed allows us to predict the optical and magneto-optical 
properties of nanoscale films, which is important for the selection of materials 

Fig. 5. The spectral dependences of the TKE 
of a nanocomposite taking into account the 
size effect (r0 = 1.2 nm) at a concentration  

X = 18.5 (1), 25 (2) and 30 % (3) 

Fig. 6. The spectral dependences of the 
TKE of the nanocomposite taking into 

account the size effect (X = 30 %)  
at values r0 = 10 (1), 6 (2) and 4 nm (3) 
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with desired properties. The results of this work are of great interest for the 
further study of the optical properties of nanostructures and the search for 
promising materials with specified properties. Thus, the results obtained are of 
both fundamental and practical interest [19–20]. 

Translated by K. Zykova 
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