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A theoretical study shows the effect of the Gallium antimonide (GaSb) shell
on several visual properties of the Iron (I11) oxide (ferric oxide) Fe,O; core as a
nanowire using the Mie-Lorentz Scattering theory. The thickness of GaSb shell

was fixed at around 20 nm with Fe,O; core diameter of 20 nm. The study indicated
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that the nanowires of the Iron (111) oxide core have transmittance approximately
95% in the visible spectrum. Absorbance and low absorption coefficient in the
Infrared (IR) are observed. Electronic transitions of the allowed direct type by the

coaxial nanowire and reducing in the energy gap after adding the shell around the
Fe,Os to energy gap about 1.7 eV are also seen.

Introduction:

Nanowires are defined as nanostructure with a
diameter approaching the nanometer [1]. The study of
semiconductor has rapidly developed over the past few
years where various types of nanowires have been used
in modern scientific applications. In recent decades,
advanced applications of nanowires have emerged as a
result of their exceptional properties such as the low

interaction and endurance [2].

Nano materials are a major research topic in
nanotechnology because of their unique physical
properties and potential applications in devices such as
photovoltaic sensors [3-6]. To study the optical
applications of nanowires, the optical properties of

Fe,0s-GaSh (core-shell) are calculated.
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The diameter of Fe,O3 core and the thickness of
GaSb shell are fixed at around 20 nm. In this work, a
structure based on nanowires is assumed to combine the
advantages of Fe,O; and GaSb in order to improve the
performance of the model. Optical properties play a key
role in the study of the synthesis of semiconductor
materials [7]. The optical properties that studied in this
paper are optical absorbance spectrum, optical
transmittance spectrum, absorption coefficient, and

optical energy gap.

Computational part:

In this study, the optical properties of coaxial
nanowire are studied using Mie Scattering Theory using
online simulation program which allows to evaluate
unlimited circular cylinders of basic shapes [8]. This
configuration permits of the calculation of the absorption
efficiency of single layers. The "Optical Properties of
Single Coaxial Nanowires" online simulation program is
used to calculate the un-polarized light absorption of

nanowires. The coaxial nanowires are evaluated as
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infinite long cylinders along the Z axis illuminated by an
electromagnetic wave with the vector of the incident
wave vector (k) and incident angle equal to zero. The
incident light is committed into two types of
polarizations; Case I, the magnetic field is vertical to the
nanowire axis direction, and Case Il the electric field is
perpendicular to the nanowire axis as shown in Figure
1[8] as well as figure 2 shows a diagram of the Fe203-

GasSb coaxial nanowire [9].
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Figure 1: The Schematics of Fe203-GaSh coaxial
nanowire with the direction of TM and TE propagation.
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Figure 2: Diagram of the Fe203-GaSb coaxial
nanowire
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The efficiency of absorption Q,;is the ratio of the
cross-section of the absorption to the geometric cross-

section of a single wire:

1)

Qavs = abs/Cgeom

Where CgpsandCyeomare the cross sections of

absorption and the cross sections of geometry

respectively.

Cabs = Cext — Cscat (2)

Where C,,:isthe extinction cross section, and

CscqtiS the scattering cross section.

In the case of un-polarized light similar to
sunlight, we can represent the cross-section of the

absorption Cy as following:

= (ChE +C3D/2

— (Cscar

abs

+ Cocar)/2 (3)

The absorption efficiency of individual layers can
also be calculated. The total absorption and scattering
efficiencies can be determined from the coefficients as
follows [8]:

B = mizal|a® + [ @

Q% = e (ZAZ o Re(b)} (5)
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Absorption efficiencies for non-polarized light can

be calculated by:
_1{H) un
Qaps = E{Qabs - Qabs}

Where QU)

abs

)

and QYD indicate the absorption

abs
efficiencies of individual layers.
Results and discussion:
Optical absorbance spectrum:
Absorbance spectrum is an important factor to
determine many optical properties of Nano-materials.
Figure (3) shows the change of absorbance with the
change of wavelength within spectrum range between
300-1000 nm for the iron oxide core before and after it
was wrapped with Gallium antimonide as nanowire at
room temperature. Figure 3 revealed three absorbance
edges (a, b and c) that refers to three optical band gaps
will appear. The appearance of these three absorption
zones indicates the occurrence of effective electronic
transitions within this range of spectrum [10]. It is clear
as shown in the figure that absorption is significantly
reduced by increasing the wavelength within the visible
spectrum to the basic absorption threshold (the boundary
between the high absorption area and the low absorption
area at 565 nm of the visible spectrum. This result is

consistent with the results of reference [11].

This is followed by a regular decrease and relative
stability within the infrared spectrum. The physical
explanation of this situation is that the energy needed to
transfer the electrons from the valence band to the
conduction band is limited and less than the optical
energy gap. Therefore, the absorbance values are low
within this range of the electromagnetic spectrum under
study. The absorbance values are increased in case of

coaxial nanowire compared with the iron oxide core
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individually, which may be due to increased attenuation
of the photovoltaic light by increasing the number of
atoms exposed to the radiation and thus increasing the

absorbance values in general.
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Figure 3: Absorbance as a function of the wavelength

Optical transmittance spectrum:

The spectrum of optical transmittance is directly
related to the thickness and crystalline composition of the
material as well as the surface distribution of their atoms.
Figure (4) shows the transmittance spectrum as a
function of the wavelength for Fe203 core within
diameter of 20 nm before and after covering with the
shell of 20 nm of GaSh (Coaxial NWSs). The studied
model shows a low transmittance range within the low
wavelength area (300-450 nm) followed by a rapid and
quick increase of spectrum within the visible spectrum as
a result of electronic transitions in the energy bands
within the optical absorption region [12], and relative
stability to reach the highest value (98.8) %) After the
wavelength (760 nm), a result similar to that reached by

the researcher Abdulhussein K. Elttayef[13] which may
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be attributed to a significant decrease of the influence of

scattering [14].
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Figure 4: Optical transmittance as a function of the
wavelength

In general, a significant decrease in transmittance
values when GaSb is present as a shell with Fe302 core,
which may have increased the roughness of the surface
of the nanowire and thus increasing of scattering due to
increasing thickness of nanowires when the shell is
present with the core. The spectral behavior is similar
within the confined area between (380 and 620) nm
when the core is rotated with GaSb followed by
gradually increasing the transmittance values to make a
peak at 750nm and gradually decreasing to 32% at the
end of the spectral range under study. This variation in
transmittance values is due to the difference in the
absorption of nanowires of the electromagnetic spectrum

within the specified wavelengths.

Absorption coefficient:
Optical absorption coefficient is one of the
important parameters that explains some of the properties

of semiconductor materials in addition to studying the
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behavior of electronic transitions between the energy
bands, as it represents the ratio of photons that may be
absorbed by matter to the distance unit and deeply

depends on the energy of incident photons.

Changing absorption coefficient (a) as a function
of the wavelength of nanowires of iron oxide is shown in
figure (5) by drawing the relationship between the values
of the absorption coefficient and the wavelength under

study using the following relationship[15]:

A
@=2303 i (10)

Where A is the absorbance and t thickness of the

nanowire.

Figure 5 shows a slow decrease in the values of
the absorption coefficient towards the high wavelengths
and that they have values close to 104 cm-1 indicating
that the optical energy gap is from direct type, ie the
value of (n) in equation (11) will be equal to (1/2). The
results show that the highest value of the absorption
coefficient is within the visible spectrum and then the
values of (o) gradually decreased to the lowest values
within the infrared region. The relative stability of o
values within the confined spectrum area between 700-
1000 nm is due to the relative stability of the
transmittance values within that region, which is also due
to the fact that the electronic transitions within that
region are very low and then begin to be increased when

reaching the optical absorption edge .

Returning to Fig. 4, the edge of the optical
absorption towards the red wavelengths when the core of
the iron oxide is folded up, because there is an absorption
thresholds within the specified spectrum regions. In
general, the values of the absorption coefficient after the

core is folded up by the shell, the nanowire has higher
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values for the absorption coefficient when compared to
those of the core before adding GaSb shell. This may be
because the presence of the shell has created donor levels
near the conduction bands that will absorb the energy of
photons with low values and thus increase the absorption

coefficient values [16].
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Figure 5: Absorption coefficient as a function of the
wavelength

Optical energy gap:
The optical energy gap is calculated based on the
Tauc formula given as [17]:

_ B(hv—Ey)"

* hv

e (1)

Wherearepresents the absorption coefficient
andBis a constant depends on the material type and hvis
the incident photon energy whileE;represents the optical

energy gap and n is a constant whose value depends on
the nature of the electronic transmission between the two
energy bands [18].
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The values of the optical energy gap are calculated

by drawing the relationship between (ahv)%as a function
of the incident photon energy (hv) and by drawing the
tangent of the straight part of the curve and its
intersection with the hv axis, ie ahv = 0, Evaluate the
optical energy gap of the material, as shown in Figure
(6). Some reports indicate that the iron oxide compound
have an optical energy gap of the allowed direct type
[13] [19] while the researcher [20] indicates that Fe203
possessed an indirect type of optical energy gap, while
the researcher [21] shows that Fe203 has both types. As
shown in Fig. 6, the Fe,O5 core has a direct-type optical
energy gap equal to 2.3eV, a result very similar to that of
the researcher [15].
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Figure 6: (ahv)® as a function of photon energy

In general, when increasing the thickness of the
nanowire by adding the GaSb shell, the value of the
optical energy gap decreased. Three amounts for energy
gap (1.2, 1.45 and 1.7) eV revealed from figure 6 returns
to the sample Fe,O3-GaSh core-shell. This may be due to
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the increase in the spot levels in the optical band gap area
and hence decreased. There are several mechanisms that
have been used to explain the change (increase or
decrease) in the optical energy gap values, due to the
change in quantum volume, changes in the height of the
voltage barrier caused by the change in crystalline
dimensions, differences in the added impurities that
result in stress or tensile stresses of the crystalline
surface and also improves or deforms the crystalline
structure[22].

Conclusions:

The optical properties of the basic Fe,0s-GaSh
nanowire are studied using Mie scattering theory. It is
shown in the Fe,03-GaShb structure led to increase the
values of both the optical absorption spectra and
absorption coefficient. This gives the possibility of using
such samples in the processes of absorbent coatings,
which are used in the coating of high-rise windows to
absorb sunlight in low-temperature areas, in addition to
use as effective surfaces in the manufacture of solar cells
within this range of electromagnetic spectrum. Increasing
the thickness of the nanowire caused by the adding of the
GasSb shell leads to a decrease in the value of the energy
gap and obtain three edge of optical absorption, illustrate
the importance of these samples in the field of use as
electronic gates in the field of light-emitting diodes.
Through the study of the optical properties discussed in
the Fe,Os;-GaSbnanowires, it can play a key role in the

manufacturing of optical electronic devices.
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