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Abstract
In this work, the electronic, optical and dielectric properties of pure CdO, mixed  SnO2/
CdO and PVP coated  SnO2/CdO nanocomposites were calculated using the finite element 
method (FEM) and density functional theory. In this approach, the three studied nano-
structures are modeled by the following geometric shapes: cubic-CdO, orthorhombic core/
shell-SnO2/CdO and nanorod  SnO2/CdO/PVP. The electronic structure shows that CdO 
and  SnO2/CdO have semiconductor character. The complex dielectric function, absorp-
tion spectra, refractive index, and reflectivity are discussed based on the electronic struc-
ture calculations. The obtained results using FEM confirm that the complex permittivity, 
absorption cross section, reflectivity and complex optical conductivity of CdO nanoparticle 
depend on their concentration in the surrounding medium and on the nature of the lat-
ter. The optical parameters spectra of CdO,  SnO2/CdO and CdO/SnO2/PVP have the same 
evolution in the VU–Vis–NIR band. The effect of PVP coating on the optical properties of 
CdO/SnO2/PVP nanocomposites is also studied.

Keywords Electronic properties · Optical properties · Nanocomposite · CdO–SnO2–PVP · 
Finite element method

1 Introduction

Metal oxide nanostructures have immense attention of researcher in nanotechnology, 
because of their tremendous physical and chemical properties at nanoscale, which are very 
useful in various applications such as optoelectronics, sensor, catalyst, solar energy conver-
sion, hydrogen generation and pollutant degradation (Fujishima and Honda 1972; Chen 
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et al. 2010; Subrahmanyam et al. 2014; Rakibuddin and Ananthakrishnan 2016; Lan et al. 
2015). Consequently, numerous papers have been published over the last decade which 
includes the fundamental physical and chemical concepts, the technological optimization, 
the design and analysis of electronic devices. in particular Transparent conducting oxide 
(TCO) materials possess unique combination of low resistivity and high optical transpar-
ency within the visible region of the electromagnetic spectrum. Cadmium oxide (CdO) is 
one of the promising representatives and the first to be used among of these TCOs in solar 
cells since a long time (Jin et al. 2007). CdO semiconductor has intense interest due to their 
pure sodium chloride like crystal structure, high carrier mobilities 

(
142 cm2∕Vs

)
 , high 

electrical conductivities 
(
103 Ω−1 cm−1

)
 and a broad linear refractive index (Makori et al. 

2014; Zhao et al. 2002; Karthik et al. 2018a, b), this makes CdO apply in various appli-
cations. Cadmium oxide is II-VI n-type semiconductor with a direct bandgap of 2.5 eV 
(Karthik et al. 2018a; Reddy et al. 2018). The band gap of CdO semiconductor nanomate-
rial is relatively small, which may show the way to the lower optical transparency in short 
wavelength region. Similarly, Tin oxide  (SnO2) based nanostructures have been one of the 
important oxide nanostructures owing to their important fascinating properties and various 
potential applications. It is a n-type with direct band gap 3.6 eV semiconductor material 
which possesses high electrical conductivity, extraordinary thermal and chemical stability, 
and high transparency (Anitha et al. 2016). Due to their key properties,  SnO2 has been used 
in various potential applications such as, catalytic applications, solar cells, semiconducting 
gas sensors, liquid crystal displays and protective coatings (Manjula et al. 2017).  SnO2 has 
been considered as an efficient photocatalyst due to its non-toxic nature, long-term stability 
and cost-effectiveness (Melghit et al. 2005). Improvement of dielectric materials for appli-
cations in communication systems such as substrates, cellular phone, etc. has been rapidly 
progressing in the past few years (Wolfram and Gobel 1981). Changes in dielectric and 
optical properties have been associated to changes in size, shape, and particle environment 
(Veena Gopalan et al. 2008; Shenoy et al. 2004). The tailored dielectric and optical proper-
ties were used as capacitors, electronic memories, and optical filters (Subramanian et al. 
2000; Ramirez et al. 2000; Jha et al. 2004). The high dielectric permittivity and the low 
loss factors over a wide frequency range are always of a great interest (Prasad et al. 2011). 
The dielectric properties of materials are mainly due to contributions from electronic, 
ionic, dipolar and space charge polarizations. Dipolar or orientation polarization arises 
from molecules having a permanent electric dipole moment that can change its orientation 
when an electric field is applied. Space charge polarization arises from molecules having a 
permanent electric dipole moment that can change its orientation when an electric field is 
applied. It is established that coupling of different semiconductor metal oxides in the same 
nanocomposite structure can reduce the electron–hole pair combination under irradiation 
and consequently, higher photocatalytic activity is achieved. The mixed metal oxide nano-
composite materials with having two different energy-level systems can play an important 
role in increasing charge separation. Now-a-days,  SnO2 has been exploited as promising 
photocatalytic material for environmental cleanup (Zhuang et  al. 2014). However, the 
CdO or CdO-based semiconductor heterostructure is to be investigated as photocatalyst, 
since they have the potential for the visible light photocatalytic application (Kumar et al. 
2014; Navarro et al. 2008; Saravanan et al. 2015). Hence, it is anticipated that the combina-
tion of CdO and  SnO2 will exhibit new interesting properties and will also be expected to 
enhance the absorption of visible light. Thus, both CdO and  SnO2 have interesting prop-
erties and potential ability in numerous applications and, hence, by coupling them it is 
possible to exchange their peculiar properties and the CdO–SnO2 nanocomposite might 
possess enhanced physical properties which can make it of technological importance. Also, 
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the recent research result shows that the coating agent like polyvinylpyrrolidone (PVP) was 
used in the fabrication of nanocomposite to make easy dispersion of composites. The coat-
ing agent takes part in an essential function to control the particle size and also to reduce 
the particle agglomeration in nanoparticles, which makes its extension of usage to various 
technological applications (Al-Hada et al. 2016; Ahmada et al. 2017). Among the multiple 
surfactants such as polyvinyl alcohol and polyaniline, the PVP can act as an excellent sur-
face stabilizer in nanoparticles and better reducing agent due to its amphiphilic nature.

Accurate knowledge of optical properties such as complex dielectric function 
� = �1 + i�2 and refractive index ñ = n + i𝜅 over a wide photon energy range is impor-
tant due to their significant influence on all relevant optical applications (Law et al. 2008). 
For TCO applications in photovoltaic (PV) devices, as an example, the extinction coeffi-
cient � is needed to determine the amount of light passing through the TCO layers down to 
the absorber layer, and the refractive index n is a design parameter for minimizing surface 
reflection by generating destructive interference. On the other hand, the � is directly related 
to the electronic energy band structure of material and may be completely different at vari-
ous structural phases, even for the same atom component materials. In previous studies 
(Freeouf 1973; Altwein et al. 1968; Koffyberg 1976; Mazumder et al. 2020) the � spectra 
for CdO and  SnO2 have been calculated from Kramers–Kronig (KK) transformation of the 
reflectivity data. Spectroscopic ellipsometry (SE) has been utilized as research approach 
with high accuracy to determine both real and imaginary parts of � simultaneously without 
need of the KK transformation. In addition, SE also possesses several advantages over con-
ventional reflectivity techniques in terms of accuracy of the data (Aspnes 1985).

The success of nanocomposites comes from the possibility of obtaining diverse proper-
ties depending on the characteristics of their different constituents. The effective character-
istic of nanocomposite material depends not only on the physical properties of its constitu-
ents, but is also determined by the geometry of such a heterogeneous system. Such as the 
shape of inclusions, their distribution in the matrix, their orientation according to external 
constraints, and their volume fraction (concentration). For this, the effective characteristic 
of nanocomposite material is very complex function, and difficult to describe. To design 
new material, an analysis of their behavior is required. The possibility of processing such a 
heterostructure using effective parameters, as well as the influence of inhomogeneities on 
the behavior of the electric field, is essential in desired applications. The effective permit-
tivity describing the relationships between the microscopic and macroscopic properties of 
composites, has been described by many analytical and theorical methods, called effective 
medium theory (EMT) these are the famous formulas of Claussius Mossotti (CM), Max-
well–Garnett (MG) and Rayleigh (Maxwell–Garnett 1850;1904; Clausius 1879). However, 
work on EMT is still ongoing, as evidenced by the abundance of bibliography devoted 
to this topic. The reason for this evolution is that the EMT can only predict the electri-
cal properties of certain particular composite media. The main problems which still arise 
concern the high inclusions concentrations, inclusions geometry and their distribution. 
Due to the considerable progress made in modelling and electromagnetic calculations, the 
efforts and attempts using numerical methods to calculate the effective dielectric permit-
tivity of composites, allowed to get values closer than those given by the analytical EMT. 
The modeling of composite materials allows their analyzes in a universal way and a sav-
ing of time and cost, which is of immense importance for scientific research and industry. 
Numerical techniques are designed to solve the relevant field equation in the computational 
domain, subject to the boundary constraints imposed by the geometry. Without making 
a priori assumption about which the field interactions are most significant, the numerical 
techniques analyze the entire geometry provided as input. Finite element method (FEM) 
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(Reddy 1993; Zienkiewicz and Taylor 1989) that is a powerful numerical tool has been 
widely used for modeling the electromagnetic wave interaction with complex materials. In 
the present work, density functional theory (DFT) calculation used to calculate the elec-
tronic and optical properties of CdO and  SnO2/CdO. After that, the FEM was applied to 
obtain the optical constants of three TCO nanostructures such as CdO, core/shell  SnO2/
CdO and  SnO2/CdO/PVP nanoparticles, the effect of several morphological parameters 
on the absorption spectrum and optical constants in the ultraviolet–visible–near infrared 
(UV–Vis–NIR) band are calculated and compared.

The remaining presentation proceeds as follows: We describe, in Sect.  2, the used 
numerical methodology and computational aspects, in this section we also summarize the 
calculations formulas of the optical properties like effective permittivity, absorption cross-
section, optical complex conductivity and reflectivity for the TCO nanoparticles. Discus-
sion of results is the aim of Sect. 3. Finally, some concluding remarks are drawn in the last 
section.

2  Computational methods

2.1  First principle calculations

In this work we will use the first principle calculations based on DFT approach and car-
ried out in the Wien2k software (Bickelhaupt and Baerends 2000; Blaha et  al. 2001). 
The calculation of electronic, dielectric and optical properties using DFT calculation, 
requires determining certain parameters and approximations in input (Kadim et  al. 
2020, 2021a, b, c; Essalah et  al. 2020) such as; The lattice parameters of CdO com-
pound are a = b = c = 3.383 (Å) and α = β = γ = 90° with the space group Fm3m and of 
 CdSnO3 are a = 5.554(Å), b = 5.678(Å), c = 8.036 (Å) and α = β = γ = 90° with the space 
group Pnma such as given in Fig. 1. The exchange and correlation energy corrections 

Fig. 1  Structure of CdO (right structure) and  CdSnO3 (left structure) compounds with the red sphere is that 
of the oxygen atom
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included by a generalized gradient approximation (PBE-GGA) and (TB-mBJ); the sepa-
ration energy between the valence and core states is -9.0 Ry. 1000 k points are used in 
the full Brillouin zone. The valence wave functions inside the muffin-tin spheres are 
developed in terms of spherical harmonics up to  lmax = 10. The RMT

min
kmax = 7.0, while the 

charge density was Fourier expanded  Gmax = 12.

2.2  Finite element method

The linear response of a material to an electromagnetic wave is described by dielectric 
function, which regulates exclusively the proliferation behavior of the radiation within 
the material. The optical properties of any material can be obtained mainly from dielec-
tric function, as a function of frequency, �(�) = ��(�) + i���(�) where ��(�) and ���(�) 
are real and imaginary components of the dielectric function. These last are associated 
with the inter-band transitions for semiconductor materials, whereas the intra-band tran-
sitions are considered only for metallic materials.

Over the past decades, computer simulation has proved itself to be a valuable tool, offer-
ing insights into the relationship between the dielectric properties of multiphase compos-
ites and their microstructure, an issue of central importance in condensed-matter research 
due to the wide variety of heterostructures which exist in practice. The optical response 
of transparent conductive oxide (TCO) nanoparticle is quantified by its complex dielectric 
constant. The latter is a function of frequency of the electromagnetic wave with which it 
interacts. Indeed, the interaction of an electromagnetic wave with a pulse, ω, with a TCO 
nanoparticle will lead to a polarization of the medium. This polarization will then gener-
ate a change in the complex refractive index, ñ(𝜔) = n(𝜔) + i𝜅(𝜔) , which is related to the 
dielectric constant by the relation: ñ2(𝜔) = 𝜀(𝜔) . In the nanometric scale, the electronic 
properties appear when their size is smaller than the mean free path of electrons. From a 
classical point of view, this corresponds to the fact that the electron surface collisions are 
not negligible compared to other interaction processes (electron–electron, electron–pho-
non) and must be taken into account in the rate of the optical collision of electrons.

To investigate in some detail the dielectric properties of heterostructures such as 
CdO,  SnO2/CdO and PVP coated  SnO2/CdO nanoparticles in the quasistatic limit, a 
method suitable for determining the effective permittivity is needed. Especially in the 
case where the inclusions are randomly dispersed in the matrix, FEM is used for the 
determination of the effective permittivity, a detailed description of the method can be 
found in literature (Sareni et al. 1996; Myroshnychenko and Brosseau 2005a,b). The aim 
of this work is to determine the dielectric and optical parameters of multiphase nanopar-
ticles CdO,  SnO2/CdO and PVP Coated  SnO2/CdO which are immersed in dielectric 
matrix. For this we consider a parallel plate capacitor, with conducting plates of area S 
and separation distance L which is filled with the composite medium to be studied. The 
macroscopically inhomogeneous medium consists of different types of materials each of 
them is characterized by their dielectric permittivity noted � that is a relative quantity 
compared to the free space permittivity �0 = 8.85310−12 F m−1 . A constant potential dif-
ference (V2 − V1) is kept between the capacitor plates. Assuming that L is small enough 
so that fringing effects can be ignored, then the effective permittivity �eff  of the compos-
ite can be determined from the energy stored in the capacitor. Solving the problem at 
hand means finding the local potential distribution inside the unit cell volume by solv-
ing the first principle of electrostatics, namely the Laplace’s Eq. (1):
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where ε
(
r⃗
)
 and V

(
r⃗
)
 are the local relative permittivity and the potential distribution inside 

the material domain respectively. The implementation of the FEM consists in dividing the 
three-dimensional domain into tetrahedral finite elements and interpolating the potential 
V and its normal derivative �V

�n
 on each finite element similarly to the BIE method (Sareni 

et al. 1996; Jebbor and Bri 2012) with the corresponding nodal values.
Having computed the potential and its normal derivative on each tetrahedron of the compu-

tational mesh, the electrostatic energy Wk
e
 , and losses, Pk

e
 could be expressed for each tetrahe-

dral element as:

where εk = �
�

k
+ i�

��

k
 and Vk represent the permittivity and the volume of the kth tetrahedron 

element, respectively. Thus, the total energy We and losses Pe in the entire composite can be 
written by summation over the nk elements. Then, from the capacitor electrostatic energy 
expression, we deduce the effective (complex) permittivity �eff (ω) = ε

�

eff
(ω) + iε

��

eff
(ω) . We 

find that the real part ε�

eff
 , and imaginary one ε��

eff
 , parallel to the applied electric field, are 

given by the relationships (4) and (5):

From the evolution of the complex dielectric function depending on the wavelength � (or 
frequency � ) of the incident field, The other optical effectives constants such as the refrac-
tive index n(�) , extinction coefficient �(�) , optical reflectivity R(�) , absorption cross-sections 
σabs(�) and the complex optical conductivity �(�) can be computed through the following 
relations (Shen 1992; Liu et al. 2014, 2010):

(1)∇⃗
(
ε0ε

(
r⃗
)
∇⃗V

(
r⃗
))

= 0,

(2)Wk
e
=

ε0

2 ∭Vk

ε
�

k
(x, y, z)

[(
�V

�x

)2

+

(
�V

�y

)2

+
(
�V

�z

)2
]
dVk,

(3)Pk
e
=

ε0

2 ∭Vk

ωε
��

k
(x, y, z)

[(
�V

�x

)2

+

(
�V

�y

)2

+
(
�V

�z

)2
]
dVk.

(4)ε
�

eff
(ω) = We

2L

S
(
V2 − V1

)2

(5)ε
��

eff
(ω) = Pe

2L

Sω
(
V2 − V1

)2

(6)neff (�) =

⎡
⎢⎢⎢⎣

�
ε
�

eff
(ω)2 + ε

��

eff
(ω)2 + ε

�

eff
(ω)

2

⎤
⎥⎥⎥⎦

1∕2

(7)�eff (�) =

⎡
⎢⎢⎢⎣

�
ε
�

eff
(ω)2 + ε

��

eff
(ω)2 − ε

�

eff
(ω)

2

⎤
⎥⎥⎥⎦

1∕2
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Here, Vp stands for the common volume of nanoparticles, f is their volume fraction, 
k is the wave-vector amplitude of the electromagnetic wave.

3  Results and discussion

3.1  Optical properties using finite element method

In this work we determined the optical properties using the FEM of three nanopar-
ticles: the first is a monophasic nanoparticle of cadmium oxide CdO, the second is 
a biphasic core/shell nanoparticle  (SnO2/CdO) consisting of the tin oxide  SnO2-core 
and a cadmium oxide CdO-shell, the third is a triphasic nanoparticle  (SnO2/CdO/PVP) 
consisting of  SnO2-core and a CdO-shell both are coated by a second polymeric-shell 
of polyvinylpyrrolidone PVP. These three nanostructures are periodically distributed 
in a dielectric matrix characterized by its dielectric permittivity �m . Two important 
approaches that intervene in implementation of FEM: the first is the quasistatic approx-
imation, for which the inclusions have small sizes compared to incident electromag-
netic wavelength, that’s the reason to can consider uniform electric field in the particle. 
The second is the volume fraction of inclusion relative to the surrounding medium that 
must be very small to can neglect the interparticle coupling effect.

In a recent work Senthil et  al. (2020) showed that the incorporation of  SnO2 and 
PVP with CdO produces momentous changes in the shape, size and properties. These 
authors shows that there is a reduction in particle size when  SnO2 and PVP incorpo-
rated with CdO and confirms that the nanocomposite contains both a cubical struc-
ture of CdO and an orthorhombic structure of  SnO2 and the changes in morphology 
as nanorod in  SnO2/CdO/PVP due to heterogeneous nucleation effect. In this work 
we have chosen to model the studied nanoparticles by following geometric shapes: 
cubic for CdO nanoparticles, orthorhombic core/shell for  SnO2/CdO and nanorod for 
 SnO2/CdO/PVP. The optical properties of these nanocomposites are studied in the 
UV–Vis–NIR wavelength band from 190 to 1240 nm. To reach our simulation, the 
different phases of each considered nanocomposite is characterized by their dielectric 
permittivity which depends on the frequency of the incident electromagnetic wave, the 
numerical data of the dielectric constant are taken from the following references: (Choi 
et al. 2010) for CdO, (Mazumder et al. 2020) for  SnO2 and (König et al. 2014) for PVP.

(8)R(�) =

������

√
�eff (ω) − 1

√
�eff (ω) + 1

������

2

(9)σabs =
Vp

f

k

neff(�)
ε
��

eff
(ω)

(10)�(�) = �1(�) + i�2(�) = −i
�

4�

[
ε
��

eff
(ω) − 1

]
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3.1.1  CdO nanoparticles

Considers a cubic-shaped CdO nanoparticle with edges a = 20 nm included in a dielectric 
medium with a volume fraction f = 0.1 defined by relation f = Vp

Vcel

 , Vp is the volume of the 
particle and Vcel is that of the simulation cell, the dielectric permittivity of the different 
constituent denoted by: �CdO for the CdO nanoparticle and �m for the medium. Figure 2a–h 
shows the calculated effectives values of the complex dielectric function, absorption cross 
section, optical reflectivity and complex conductivity for different values of the surround-
ing medium permittivity �m . Figure  2a and b shows the variation of real and imaginary 
parts of dielectric constant with the wavelength, respectively. As seen in Fig. 2a, the varia-
tion of the real part of dielectric constant is slightly variable around an average value in the 
UV–Vis–NIR band. As shown in Fig. 2c this average value increases linearly with the sur-
rounding medium permittivity �m according to the function ��

eff
= 0.4 + 0.92�m , this sug-

gests that the real part of the CdO nanoparticle can be both reduced and increased with the 
surrounding medium. As seen in Fig. 2b, the imaginary part �′′

eff
 of dielectric constant takes 

a peak in the UV region at � = 210 nm , then it decreases with increasing wavelength up to 
� = 530 nm so as to plan at a very low value, these curves also shows that the imaginary 
part �′′

eff
 increases with increases �m in the (190–530 nm) range and beyond this value �′′

eff
 is 

the same whatever the value of �m.
The absorption cross section �abs(�) is an important parameter for optical property 

analysis, it indicates a measure in the intensity of electromagnetic radiation as it passes 
through any material. �abs(�) is related to the absorption coefficient �(�) and the quantity 
of absorbent particles N per unit of volume by the relation �(�) = N�abs(�) . As light pen-
etrates through any material its intensity gets decreased, the absorption coefficient gives the 
measure of how much distance a beam of definite energy can penetrate into the material 
before it being absorbed. The spectral distribution of the absorption cross section is shown 
in Fig. 2d, the absorbance is high at the hard ultraviolet region and takes a maximum at 
� = 210 nm , the steepest increase of absorption spectra defines the optical bandgap. It was 
observed from Fig. 2d, the absorption cross section decreases with wavelength increases 
who becomes negligible above the � = 530 nm . Low absorption of the CdO nanoparti-
cles in the visible-IR region makes them suitable for optical fiber and electron transport 
layer applications. The absorption spectra also show that the �abs(�) increases when the 
permittivity of the surrounding medium increases from �m = 1 to �m = 6 and keeps the 
same trend when �m is greater to �m = 6 . The optical conductivity is one of the parameters 
used to study the optical response of the samples, it is defined as �(�) = �1(�) + i�2(�) 
where �1(�) is the real part of conductivity and �2(�) is the imaginary part of conductiv-
ity. If a photon with energy greater than the band gap, gets absorbed in a crystal, bound 
electron–hole pair is generated. These pairs are free to move in the crystal, movement of 
these bound pair electrons cause the presence of optical conductivity. Optical conductivity 
is used for designing of optical detectors. Due to electronic charge neutrality, these do not 
contribute to the electrical conductivity (Dash et al. 2004). Electrical conductivity is neg-
ligible for insulators or semiconductors but optical conductivity is always finite after the 
optical bandgap. The variations of real part of the optical conductivity with wavelength of 
CdO nanostructures is shown in Fig. 2e. From the figure �1(�) follows a similar trend as the 
absorption cross section and imaginary part of permittivity. The variations of imaginary 
part of optical conductivity with wavelength of CdO nanostructures is shown in Fig. 2f. 
From the figure �2(�) takes a minimum value in the UV region, then it gradually increases 
until it takes a limit value close to zero in the Vis–NIR band. The two Fig. 2e and f show 
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(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Fig. 2  The spectra of dielectric function (a) real part, (b) imaginary part of CdO nanoparticle for different 
values of εm . The chosen parameters are: a = 20 nm and f = 0.1 nm . (c) The average value of the real part 
of ε�

eff
 for CdO nanoparticle with the surrounding medium permittivity εm . (d) The Absorption spectra of 

CdO nanoparticle for different values of εm . The chosen parameters are: a = 20 nm and f = 0.1 . The real 
(e) and imaginary (f) parts of the optical conductivity for CdO nanoparticle for different values of εm . The 
chosen parameters are: a = 20 nm and f = 0.1 nm . g The reflectivity spectra of CdO nanoparticle for differ-
ent values of εm . The chosen parameters are: a = 20 nm and f = 0.1 . (h) The average value of reflectivity for 
CdO nanoparticle with the surrounding medium permittivity εm
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that the real part �1(�) and the absolute value of ||�2(�)|| increase when the permittivity of 
the surrounding medium increases in all UV–Vis–NIR band. To have further insight into 
the optical properties of the materials, reflectivity is an important quantity that signifies 
the amount of light reflected from the material. In Fig. 2g, we have plotted the variation 
of the reflectivity of CdO nanoparticle with wavelength for different values of surround-
ing medium permittivity �m . All plots presented in Fig. 2g show low variation of reflec-
tivity around an average value Rm in the UV–Vis–NIR band, this average value increases 
when �m increases. As shown in Fig. 2h the estimated average value Rm can be determined 
by following relation Rm

(
�m

)
= R0 + Ae��m such as, R0 = 0.46 , A = −0.5 and � = −0.091 . 

Which allows to adjust the reflectivity of the CdO nanostructure by modification of sur-
rounding environment. The optical properties of CdO nanoparticles don’t just depend on 
the nature of surrounding environment in which they are immersed, but also on their con-
centration. Figure 3a–f show the variations of different optical parameters with wavelength 
for different values of volume fraction f  of CdO nanoparticles. For these curves we have 
fixed the following parameters: size of cubic CdO nanoparticle a = 20 nm and permittivity 
of medium �m = 1 (air). Figure 3a shows that for low values of volume fraction the real part 
�
′

eff
 varies slightly throughout the UV–Vis–NIR band, then for high volume fraction the 

real part increases and its spectrum takes a peak around � = 460 nm , for � ≥ 700 nm the 
real permittivity remains constant whatever the volume fraction. Figure 3b shows the vari-
ation of the imaginary part �′′

eff
 for different values of the volume fraction f  , these curves 

show that the spectrum of �′′

eff
 takes a peak in the UV region in the vicinity of � = 210 nm , 

then it decreases with a shoulder for � = 460 nm and remains constant starting from the 
� = 530 nm . We also see, when the volume fraction f  increases �′′

eff
 increases and the peak 

becomes more dominant while all curves tighten on the same starting from � = 530 nm . 
Figure 3c shows that the evolution of the real part of optical conductivity �1(�) with the 
wavelength is the same as that of �′′

eff
 , and when the volume fraction increases �1(�) also 

increases. Figure  3d shows the variation of imaginary part of optical conductivity �2(�) 
with the wavelength, the obtained spectrum shows that �2(�) takes a minimum value in 
the UV band at � = 210 nm , then gradually increases in the visible band and remains 
constant in the NIR region. We also notice that when the volume fraction f  increases the 
minimum value of �2(�) becomes more dominant and their absolute value increases. Fig-
ure 3e shows the plotted reflectivity R(�) of the CdO nanostructure immersed in a dielec-
tric matrix which is air here for different values of the volume fraction f  . The obtained 
spectra show that R(�) takes two small peaks, the first in the UV at � = 210 nm and the 
second in the visible at � = 460 nm and slightly varies throughout the UV–Vis–NIR band. 
The obtained results show the low values of reflectivity in the studied band which varies 
between R(�) = 1% and R(�) = 6% when the fraction increases from f = 0.1 to f = 0.5 
which allows to use these nanocomposites in desired applications.

3.1.2  SnO2/CdO nanoparticles

Let’s interest now to study the optical properties of core/shell nanostructures formed by 
 SnO2-core and CdO-shell, it is well known that the nanoparticles shape changes from cube 
to orthorhombic when combining the  SnO2 with CdO (Sareni et al. 1996). To model these 
nanoparticles, we consider an orthorhombic  SnO2/CdO nanoparticle a ≠ b ≠ c , 
( a = 12 nm , b = 18 nm , c = 24 nm ) included in a dielectric medium of permittivity �m = 1 
(air) with the volume fraction f = 0.1 . We denote this nanocomposite by 
x − SnO2∕(1 − x) − CdO with x representing the mass composition of the nanoparticle 
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which is defined by x =
mSnO2

mSnO2
+mCdO

 with mCdO and mSnO2
 are respectively the mass quantity 

of CdO and  SnO2. Figure 4a–f show the calculated optical parameters in the UV–Vis–NIR 
band with wavelength for different values of the mass composition of CdO and  SnO2. Fig-
ure 4a shown spectrum of the real part of dielectric permittivity �′

eff
 for different value of 

the mass fraction x , in the same figure the spectrum of the single CdO nanoparticle is also 
represented. These results show that �′

eff
 takes a maximum in the visible band at 

� = 460 nm and when the mass fraction of  SnO2 increases �′

eff
 decreases throughout the 

UV–Vis–NIR band. Figure 4b shows that the imaginary part of permittivity �′′

eff
 has same 

evolution as that of a single CdO nanoparticle in the UV–Vis–NIR band. These curves 
show that in the 190–530 nm range when the mass fraction of  SnO2 increases �′′

eff
 decreases 

(a)

(b)

(c)

(d)

(e)

Fig. 3  The spectra of dielectric function (a) real part, (b) imaginary part of CdO nanoparticle for different 
values of volume fraction. The chosen parameters are: a = 20 nm and εm = 1 . The real (c) and imaginary 
(d) parts of the optical conductivity of CdO nanoparticle upon wavelengths for different values of f . The 
chosen parameters are: a = 20 nm and εm = 1 . (e) The reflectivity spectra of CdO nanoparticle for different 
values of f . The chosen parameters are: a = 20 nm and εm = 1
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and for � ≥ 530 nm all the curves fall on that of a single CdO nanoparticle. Figure  4c 
shows the variation of absorption cross section of x − SnO2∕(1 − x) − CdO and single CdO 
nanoparticles with wavelength, as seen in the 190–530 nm range the absorption cross sec-
tion �abs decreases when the mass fraction of  SnO2 increases, then in the rest of the 
Vis–NIR region �abs does not change in the presence of  SnO2, these results are in good 
agreement with that presented in Sirohi et al. (2018). Figure 4d–e show the variation of the 

(a)

(b)

(c)

(d)

(e)

(f)

Fig. 4  The spectra of dielectric function (a) real part, (b) imaginary part of x-SnO2/(1 − x)-CdO nanoparti-
cle for different values of  SnO2 mass fraction x . c The Absorption spectra of x-SnO2/(1 − x)-CdO nanopar-
ticle for different values of  SnO2 mass fraction x . The real (d) and imaginary (e) parts of the optical con-
ductivity of x-SnO2/(1 − x)-CdO nanoparticle for different values of  SnO2 mass fraction x . f The reflectivity 
spectra of x-SnO2/(1 − x)-CdO nanoparticle for different values of  SnO2 mass fraction x
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optical complex conductivity for different composition in CdO and  SnO2, we see that the 
real part �1(�) takes a peak in the UV region at � = 210 nm then decreases up to 
� = 530 nm and becomes zero in the rest of the Vis–NIR band. In the 190–530 nm rang, 
when the  SnO2 mass fraction increases �1(�) decreases, and for � ≥ 530 nm �1(�) becomes 
zero whatever the  SnO2 and CdO composition. On the other hand, Fig. 4e shows that the 
imaginary part �2(�) increases in the entire UV–Vis–NIR band when the mass fraction of 
 SnO2 increases, this figure also shows that �2(�) takes a minimum in the UV region before 
increasing in the rest of the Vis–NIR band. The reflectivity of the x-SnO2/(1 − x)-CdO 
nanoparticle is shown in Fig. 4f, the plotted spectrum of R(�) show the presence of a reflec-
tion peak in the visible at � = 460 nm , then the reflectivity decreases near the IR region. It 
is also seen that the reflectivity decreases when the mass fraction of  SnO2 increases. Due to 
the spatial anisotropy of their orthorhombic structure, the optical behavior of 
x − SnO2∕(1 − x) − CdO nanoparticle depends on their orientation relative to the incidence 
direction of the electromagnetic wave. To study the spatial orientation effect of these nano-
structures we consider the angle � between the largest axis direction of the particle and that 
of the electric field. When � = 0◦ the applied electric field is parallel to longitudinal direc-
tion of particle, when � = 90◦ the electric field is transverse to the particle direction and for 
0◦ < 𝛼 < 90◦ the particle is inclined compared to the electric field. Figure 5a–f shown the 
variation of optical parameters with the wavelength for different values of � which varies 
between 0◦ and 90◦ . Figure  5a and f show that the real part of permittivity �′

eff
 and the 

reflectivity R(�) have the same evolution in the UV–Vis–NIR band, these two quantities 
take a peak in the visible at � = 460 nm and decreased in the entire band where the angle � 
increases from 0◦ to 90◦ . Figure 5b–d show that the imaginary part of the permittivity �′′

eff
 , 

absorption cross section �abs and the real part of the conductivity �1(�) have the same evo-
lution in the entire UV–Vis–NIR band. These three quantities take a peak in the UV region 
at � = 210 nm , decrease between � = 210 nm and � = 530 nm and take a shoulder at 
� = 460 nm , these figures also show that �′′

eff
 , �abs and �1(�) decrease when the angle � var-

ies from 0◦ to 90◦ . Figure 5e shows that the imaginary part of optical conductivity �2(�) 
increases when � increases from 0◦ to 90◦ and tends to be constant in the NIR region.

3.1.3  SnO2/CdO/PVP nanoparticles

The third nanostructure that we have studied in this work is a three phasic core/shell 
nanoparticle, the core is consists by the combination of two oxides  SnO2 and CdO and 
the shell is the polyvinylpyrrolidone (PVP). In their work Sareni et  al. (1996) have 
shown that the addition of PVP as a coating agent to the  SnO2/CdO nanostructure 
change the morphology from orthorhombic to rod. In this work, we model this nano-
structure by an orthorhombic core-SnO2/shell-CdO particle coated with a second shell 
of PVP with nanorod shape. The core composition is chosen as follows: 0.2-SnO2/0.8-
CdO such that 0.2 and 0.8 are the mass fractions of  SnO2and CdO respectively, the size 
of the  SnO2 internal core is (a = 12 nm, b = 18 nm, c = 24 nm) . We use the notation 
(1 − y) −

(
SnO2∕CdO

)
∕y − PVP with y is the mass fraction of PVP which is given by 

the relation y = mPVP

mP

 , mPVP and mP are respectively the mass of PVP and particle. Fig-
ure 6a–f show the variation of the optical parameters: �′

eff
 , �′′

eff
,�abs , �1(�) , �2(�) and R(�) 

with the wavelength for different values of the outer shell mass fraction (PVP). For 
these figures, the nanoparticle size changes depending on the PVP mass fraction, the 
volume fraction is f = 0.1 and the surrounding dielectric medium �m = 1 . In these fig-
ures we also represent the optical parameters corresponding to monophasic CdO and 



 A. Akouibaa et al.

1 3

681 Page 14 of 20

biphasic  SnO2/CdO nanoparticles. These figures show that the spectra of the optical 
constants �′

eff
 , �′′

eff
 , �abs , �1(�) , �2(�) and R(�) have the same evolution as those of the 

CdO and  SnO2/CdO nanostructures in the entire UV–Vis–NIR band with the following 
changes: A considerable decrease in the constants �′

eff
 , �′′

eff
 , �1(�) and R(�) when intro-

duced the PVP in the  SnO2/CdO structure, this decrease continues by increasing the 

(a)

(b)

(c)

(d)

(e)

(f)

Fig. 5  The spectra of dielectric function (a) real part, (b) imaginary part for x-SnO2/(1 − x)-CdO nanopar-
ticle for different values of the angle α . c The Absorption spectra of x-SnO2/(1 − x)-CdO nanoparticle for 
different values of the angle α . The real (d) and imaginary (e) parts of the optical conductivity of x-SnO2/
(1 − x)-CdO nanoparticle for different values of the angle α . f The reflectivity spectra of x-SnO2/(1 − x)-
CdO nanoparticle for different values of the angle α
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PVP mass fraction. The absorption cross section �abs decreases in the 190–530 nm rang 
when  SnO2 is added to CdO and comes back to increase by adding the PVP this increase 
continues as the PVP mass fraction increases. The imaginary part of the optical conduc-
tivity �2(�) increases slightly when switching from CdO to  SnO2/CdO and increases 
strongly when adding the PVP.

(a) (d)

(b) (e)

(c) (f)

Fig. 6  The spectra of dielectric function (a) real part, (b) imaginary part of (y − 1)-(SnO2/CdO)/y-PVP 
nanoparticle for different values of PVP mass fraction y . c The Absorption spectra of (y − 1)-(SnO2/CdO)/y-
PVP nanoparticle for different values of VP mass fraction y . The real (d) and imaginary (e) parts of the 
optical conductivity of (y − 1)-(SnO2/CdO)/y-PVP nanoparticle for different values of PVP mass fraction y . 
f The reflectivity spectra of (y − 1)-(SnO2/CdO)/y-PVP nanoparticle for different values of PVP mass frac-
tion y
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3.2  Electronic and optical properties using DFT calculation

The ab-initio approach in real space of electronic structure calculations based on the finite 
element method, is an approach brings a new quality to the resolution of Kohn Sham’s 
equations, to the calculation of electronic states, of total energy, Hellmann–Feynman forces 
and material properties, especially for non-crystalline and non-periodic structures (Vackář 
et al. 2012).

The peaks that appear in optical properties are usually due to the electronic transition. 
In order to study these peaks, the electronic properties must be calculated and analyzed. 
The calculated (PDOS and TDOS) densities of states for CdO and  CdSnO3 are displayed 
in Fig. 7 within the energy interval from − 7 to 6 eV. In two compounds CdO and  CdSnO3; 
there is a large electron contribution of O-p and Cd-d near fermi EF energy and in the 
region [− 7  eV, − 5  eV]. This indicates that the hybridization occurs between O-2p and 
Cd-d (Bououdina et al. 2015). Underline that the gap value closest to Fermi level  EF is due 
mainly of Cd-d and O-p. The gap values of CdO and  CdSnO3 are 2.75 eV and 3.33 eV 
respectively. These values are reasonable compared to the experimental value 2.75  eV, 
2.36  eV and 3.07  eV (Thomas and Abraham 2015; Tripathi et  al. 2016; Natu and Wu 
2010).

The calculated ε′(ω) spectra is plotted in Fig.  8a. The negative value of ε1(ω) is in 
the range of beyond 100 nm for CdO and  CdSnO3. This show that in this range most of 
the electromagnetic wave reflected from the medium and the materials reveal metallic 

Fig. 7  Total and PDOS (b–d) of CdO and  CdSnO3 compounds calculated using GGA + TB-mBJ approxi-
mation

(a) (b)

Fig. 8  Variation of Real ε’ (ω) (a) and imaginary ε’’ (ω) parts (b) of dielectric function for CdO and 
 CdSnO3 compounds calculated using GGA + TB-mBJ approximation
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behavior. The imaginary part ε″(ω) of complex dielectric function is illustrated in Fig. 8b 
for CdO and  CdSnO3. The maximum peak appears near 150.66 nm and 171.50 nm for CdO 
and  CdSnO3 respectively. The absorption edge region is extended from 100 to 805 nm for 
CdO and from 100 to 400 nm for  CdSnO3. The width of this region depends on the size of 
the valence and conduction band region. This high peak originates due to the transition of 
electrons from d-state of Cr and p-state of O in valence band.

The absorption spectrum for CdO and  CdSnO3 are presented in Fig. 9a. In CdO absorp-
tion starts at smaller energy compared to the  CdSnO3. This due to the band gap value 
of CdO compound. Figure  9b display the reflectivity of CdO and  CdSnO3. Its starts at 
0.053%. The peaks appear in absorption and reflectivity spectrum is due to the transition of 
electrons from d-state of Cr and p-state of O in valence band.

4  Conclusion

In summary, the electronic, optical and dielectric properties of CdO,  SnO2/CdO and  SnO2/
CdO/PVP nanocomposites were calculated and studied using the numerical finite element 
and DFT method. The ground states of the compounds have semiconductor character. The 
peak appear in optical properties is due to the transition of electrons from d-state of Cr 
and p-state of O in valence band. The high peaks are observed in the small band gap and 
the peaks height decrease as the band gap increased. In addition, the absorption spectrum 
increase beyond the gap energy become high in the ultraviolet region. The first structure 
that we studied in this work is the cubic cadmium oxide CdO nanoparticle, the obtained 
results show that the optical constants of these nanoparticles depend on their volume frac-
tion and nature of surrounding medium. The spectrum of these parameters takes a peak in 
the UV, gradually decreases in the visible and cancels out beyond � = 530 nm . The spectra 
of real part of the permittivity and reflectivity are also similar, these two quantities take 
a maximum value in the visible and vary slightly in the rest of UV–Vis–NIR band. The 
spectrum of the imaginary part of conductivity shows that the latter takes negative val-
ues throughout the UV–Vis–NIR band and takes a peak down in UV region. The optical 
properties of x-SnO2/(1 − x)-CdO core/shell nanoparticle is calculated in the UV–Vis–NIR 
band. The study of the effect of the mass fraction in  SnO2 shows that when x increases, the 
real and imaginary parts of permittivity, absorption, reflectivity and the real part of con-
ductivity decrease, and the imaginary part of conductivity increases. The optical properties 
of  SnO2/CdO/PVP nanorods constituted by 0.1 − SnO2∕0.9 − CdO core coated with a PVP 
shell were studied. The produced calculations show that the optical constants spectra of 

(a) (b)

Fig. 9  Variation of absorption (a) and reflectivity (b) for CdO and  CdSnO3 compounds calculated using 
GGA + TB-mBJ approximation
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 SnO2/CdO/PVP nanoparticles have the same evolutions as those of CdO and  SnO2/CdO/
PVP nanoparticles. On the basis of suitable semiconductor and good optical properties this 
material is potential candidates for the photovoltaic applications.
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