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Abstract

The present study, deals with the investigation of new synthesized Urea-CdCl, complex [(NH,CONH,)CdCl,] properties at room temperature.
X-ray diffraction (XRD), infrared (IR), UV visible (UV-vis), photoluminescence (PL) measurements are carried out to characterize structural and
optical properties. The toxicity of this complex was tested as well.

The obtained results confirmed the formula (NH,CONH,)CdCl, for the formed complex, in full agreement with the literature data.

XRD indicates that this compound crystallizes at room temperature in the triclinic system with space group. The average crystallite size
estimated from Debye Scherrer model was found to be about 61 nm. IR spectrum confirmed the presence of the organic chains of the
Urea-CdCl, complex. Furthermore, it proved that the cohesion between the organic and inorganic groups is insured by the Cd-O bonds.

Besides, the optical properties were examined by UV-vis and PL spectrocopies. The UV-vis absorption measurements showed that the
optical absorbance is higher in the Ultraviolet (A < 300 nm) domain. The optical band gap (Eg) is deduced to be 4.02 eV. Optical parameters
were estimated from the absorption data. Moreover, the toxicity of the Urea-CdCl, Complex was tested against normal kidney cell line
(HEK293) and two cancers cell lines (MDA and T47D). The obtained results showed that Urea-CdCl, improved the toxicity against the
breast cancer line T47D.
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Introduction

In today's world the arrangement of two organic and
inorganic phases is refined by the formation of a new material
called hybrid material. The notion of organic / inorganic hybrid
materials has the possibility of being able to combine, within
the same compound, the initial properties of the organic
constituents (solubility and flexibility) and inorganic properties
(ferroelectricity, ferroelasticity, frequency doubling, electronic
and optical properties, magnetic). The combination of the
respective properties allows to consider very varied applications,
described later, in several fields: industrial [1,2], environmental
[3], medical [4,5], agricultural [6] biological and biochemical
[7,8] and therapeutic [9,10].

Hybrid materials are the subject of much research, both
fundamental and applied [11-16]. These works deal in general
with the study of the change of the properties of the hybrids
notably mechanics [17] thermal [18-21] electrical [22] and
magnetic [23] compared to those of the pure organic polymers.

These hybrid compounds constitute, in fact, a very
important crystalline class which has gained a great interest
during these last decades. Indeed, the interesting optical and
electrical properties exhibited by materials with the potential
for simple and inexpensive synthesis techniques give them great
interest in the fabrication of optoelectronic devices such as light
emitting diode, field effect transistors and photovoltaic cells.

Metal-urea complexes are known as chemically stable
compounds. Urea complexes with metal ions are used as fertilizer
[24,25]. Some metal-urea complexes have a pharmaceutical
application, for example the Latin-urea complex, which is used as
anti-tumor [25,26].

The metal-urea complexes are water-soluble powders of
different colors depending on the used metal salt.

Urea (NH,CONH,) is one of the organic nonlinear
optical (NLO) materials which have been first adopted for NLO
devices [27]. It is synthesized in the liver by the combination of
two molecules of ammonia (NH,) with a molecule of CO, in the
urea cycle.

In thiswork, our aim is to synthesize a new hybrid material
with good structural and optical properties for photovoltaic cell
applications. As well as studying the influence of this new metal
cation on physicochemical and optical properties. The toxicity of
the new Urea-CdCl, complex was tested as well.

Experimental

Synthesis of materials

Urea, CdCl, and distilled water solvent were obtained

from Aldrich Company. All chemicals used in this study were of
analytical grade and they were used without further purification.

The studied compound was synthesized by slow
evaporation at room temperature of aqueous solution. This
method is based on chemical reactions between raw materials
(NH,CONH, and CdCl2 of high purity), at ambient conditions,
according to the following equation: (NH,CONH,) + CdCl,
(NH,CONH,)CdCl,

The synthesis is carried out at room temperature as
follows: In a first beaker powder of urea is dissolved in distilled
water, the solution is stirred with a magnetic stirrer for 5 minutes,
a solution aqueous cadmium chloride (CdCl)) is then added to
the solution of the urea with a few drops of HCI keeping stirring
until complete dissolution. The final solution is then allowed to
evaporate at ambient conditions. Since the day of preparation,
the solution is constantly monitored until the first crystals are
obtained.

Characterization methods

X-ray powder diffraction was obtained using Bruker
D8Advance X-Ray diffractometer with monochromated CoKal
radiation (\=1.789 A). Micro-structural parameters such as the
crystallite size, the strain, the dislocation density, are computed.

Then infrared spectra of the samples were recorded in
the spectral range 4000 — 400 cm-1 using a Nicolet 5ZDX Fourier
transforms spectrometer.

Optical absorptiona measurements were done at room
temperature using a UV-vis—-NIR spectrophotometer (Optizen
POP) in the wavelength range of 200 — 950 nm.

In order to know the luminescent behavior of the
Urea-CdCl, crystal, a PL spectrum was recorded using a JOBIN
YVON HR320 spectrometer under ambient conditions, with an
excitation wavelength of 375 nm.

Toxicity test
Cell Culture

Two cancer cell lines belonging to Human Breast Adeno
carcinoma were used throughout this study: T47D (estrogen
receptor positive) and MDA-MB-231 (estrogen receptor negative),
in addition to the non-tumor cell line of human embryonic kidney
cells (HEK 293).

HEK293 and MDA-MB-231 cell lines were grown in
DMEM while T47D cells were maintained in RPMI supplemented
with 10% foetal bovine serum, 50 IU/ml penicillin, 50 mg/ml
streptomycin at 37 °C in a humidified 5% CO, atmosphere.
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Measurement of Cell Viability

Cells were plated in 96-well plates at a density of 80.000
cells /ml, permitted to adhere for 24h, before the treatment by
increasing concentrations of each compound added to culture
medium. After 48h the media were removed and MTT solution
(5mg/ml) was added to each well containing 100 ul fresh medium.

After 4h of incubation, the medium was removed and
replaced by 100 ul of SDS 10% in order to dissolve the formazan
precipitate. The absorbance was measured in an ELISA reader
(Thermo Varioskan) at 570 nm. The cell viability ratio was
calculated by the following formula: Cell viability ratio (%) = (OD

/OD ) x100%.

treated control

Cytotoxicity was expressed as the concentration of each
compound inhibiting cell growth by 50% (IC50 value).

Results and discussion
Microstructural properties

To check the crystallinity and crystal phases of the
prepared powders, the XRD pattern has been performed and the
results are shown in Figure 1.

We found that this compound is the cadmium chloride
carbamide of chemical formula (NH,CONH,)CdCI, (Urea-
CdCl,) according to the map (ICSD # 039960) [28]. It belongs to
triclinic system with the space group pi. No other peaks related
to impurities are observed, which proves the absence of any

secondary impurity.

From XRD pattern, the lattice parameters a, b, ¢, a, p
and y as well as the volume (V) of the unit cell for triclinic system
is calculated by using Eq.(1) and Eq.(2).The obtained values were
given in Table 1.

In order to investigate preferential orientation of
crystallite in Urea-CdCl, compound, the texture coefficient
TC(hkl) was evaluated for prominent diffraction peaks using the
Eq. (3) [29].The values of TC(hkI) are plotted in Figure 2.

As shown in figure 2, the crystallites have a preferential

orientation according to (024) direction.

The stacking fault is a planar imperfection that arises
from the stacking of one atomic plane out of sequence with
another while the lattice on either side of the fault is perfect.
The presence of a stacking fault gives rise to a shift in the peak
positions observed relative to the ideal (ICSD # 039960) of Urea-
CdCl,. From XRD patterns, the peak shift A(20) for the oriented
(hkl) planes was measured.
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Figure 2: Evolution of texture coefficient (TC) for the prominent diffraction peaks

The stacking fault probability y was calculated using Eq.
(4) [30]. The obtained values were added in Table 2.

Table 2: The stacking fault probability values.

Table 1: Lattice parameters and unit cell volume of Urea-CdCl, nanocrystals
- - - - 269
a(A) | b(A) c(A) a(®) B y(®) | V(A3) | Z hk?t Stacking fault probability y
3.77(8) | 8.12(5) | 10.05(1) | 74.80(0) | 81.77(0) | 81.87(0) | 292.87 | 2 (Measured) | (ICSD # 039960)
10 .68 10.64 001 0.09(8)
= 13.12 13.18 010 0.13(5)
14.73 14.77 011 0.08(2)
Cadmium Chloride Urea 2143 21.39 002 0.05(3)
= 25.90 26.05 021 0.16(2)
=
g 27.89 27.90 100 0.00(5)
£ = g
= gz & < 30.96 31.09 -101 0.11(8)
= =S = = =
=3 ~_~ == -~ E— -
&= g 2523 ] 45.26 4531 024 0.03(1)
| = ke el g s G:'»‘ i f-::
AN J-M_J W_,L N PR ST T I T T The average crystallite size of the prepared compounds
i i i i 5 A 5 s is estimated from the measured width of their XRD patterns by
20 (°) . 5
using Debye - Scherrer’s formula: Eq (5) [31].
Figure 1: XRD pattern of the Urea-CdCl, powder
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The dislocation density 6 of Urea-CdCl, powder was
calculated from Eq. (6) [32].

The values of the average crystallite size and strain were
estimated to be about 61 nm and 2.67. 10~ nm, respectively.

FTIR analysis

The bands observed around 3476, 3443 cm™ in the
infrared spectrum are attributed to the asymmetric elongation
vibration NH, while the bands observed around 3376, 3347,
3272, 3222, 3125 are attributed to the symmetrical elongation
vibration NH.

The NH, deformation and CO elongation modes are
present at the 1667 and 1634 cm™ bands [33-36].

The bands observed around 1615 and 1143 cm™ are
attributed to a NH, deformation vibration.

The peaks which appear around 1588 and 1478 cm
are attributed by stretching C = O and C-N respectively. We also
note the presence of a symmetrical elongation vibration C-N at
the level of the band 1019 cm™. The band at 760 cm™ is attributed
to a vibration of symmetrical deformation of O-C-O group and a
deformation out of the plane (torsion) of ONCN group.

The bands observed around 671 and 610 cm is
attributed to a vibration of elongation C-O in the plan. We also
note the presence of vibration modes of N-C-N deformation and
NH, torsion around 534 and 494 cm™.
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Figure 3: FTIR spectrum of Urea-CdCl, sample

The band observed around 449 cm™ is attributed to a
mode vibration of Cd-O. Finally, according to the reference [36],
we can confirm the presence of the organic chain of our hybrid
compound Urea-CdCl, and the cohesion between the organic
chain and the inorganic part is ensured by the Cd-O bond (see
Figure 4).

® O
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® cd

Figure 4: Structure of Urea-CdCl, [28]

Optical properties

The optical properties of the synthesized Urea-CdCl,
complex were studied by UV-vis spectroscopy. The absorption,
reflection and transmittance spectra of Urea-CdCl, compound
against wavelength are shown in Figure 5.
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Figure 5: Absorption, transmission and reflection spectra of Urea-CdCl, complex

The spectra that the Urea-CdCl, complex exhibit high
absorption in UV - range, and good transparency in the visible
wavelength range.

There are two regions: a first region, that of strong
transparency (A > 375 nm). We show that the transmission is
around 80 %.

This gives transparency in the visible and near infrared,
properties recommended for applications as transparent electrodes.

A second region, that of high absorbance, corresponds
to the fundamental absorption (A < 375 nm) in the sample. The
absorbance exhibits a decrease in the near IR region (around 820
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nm). This shows that this compound can be used as optical filters
in the ultraviolet. This absorption is due to the electronic band-to-
band transition (from the valence band to the conduction band).

The absorption and extinction coefficients: The
absorption coefficient o was calculated using Eq. (7) [37].
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Figure 6: Variation of absorption coeflicient (a) and extinction coeflicient
(k) of the sample as a function of wavelength

Variation of absorption coefficient (a) and extinction
coefficient (k) of the sample as a function of wavelength as show
in figure 6.

From Figure 6, (a) tends to decrease as the wavelength
increases and is strongly dependent on the wavelength in the
UV, but it remains substantially constant in the visible and near
infrared range (400 - 750 nm). This behavior was observed
for many compounds and can occur for many reasons, such as
internal electric fields within the crystal, deformation of lattice due
to strain caused by imperfection and inelastic scattering of charge
carriers by phonons [38].

Around 820 nm, (a) increases to reach a maximum
around 930 nm, then decreases again.

The extinction coefficient (k) follows the same evolution as
(a0). The small values of (k) in the (400 — 700) nm range explain the
transparency of the compound.

A weak dispersion and it remains substantially constant
in the visible region. The evolution of the refractive index of
optical materials is very important for many applications such as
optical glass.

Optical band-gap

The optical band gap E_of synthesized complexis computed
according to the Eq. (8) [39]. The usual method for determining E,
involves plotting (ahu)% VS. ]photon energy (hv). Figures 7 and 8
show the variation of (ahu); vs. hv for Urea-CdCl, nanoparticles
with n values of 1/2 and 2 respectively.
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Figure 7: Plot of (ozhu)2 vs. photon energy for the Urea-CdCl, sample
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Figure 8: Plot of (ahv)? vs. photon energy for the Urea-Cd sample

The values of direct and indirect band gap for the Urea-
CdCl, sample are 4.02 eV and 3.96 eV respectively. These high
values demonstrate non-conductive properties of this complex.
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Figure 9: In(a) versus energy (hv)
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The Urbach energy characterizes local defects which
create localized states in the band gap. In fact the presence of
defects in the compound often reveals the formation of band
tailing in the band gap, the interactions with phonons and the
presence of a tail absorption profile which follows the empirical
Urbach laws (Eqgs.9 and 10) [40,41] as seen in Figure 9.

The width of located states (band tail energy or Urbach
energy E ) is estimated from the slope of In(a) versus energy
(hv) (Figure 9). The estimated E_ value is equal to 189 meV. The
found value of E_ is low compared to that in the case of hybrid
perovskites [13,14].

Refractive index

Firstly, the refractive index n of the sample is calculated
from the gap energy by using the Eq. (12) [42]. The simplification
of Eq. (12) leads to Eq. (13). The value of the refractive index n is
found to be 2.17.

The dispersive behavior of the refractive index n(\) was
deduced from absorption data using the Eq. (14).

Figure 10 shows the evolution of the refractive index
of the Urea-CdCl, complex. The refractive index of the sample
decreases in the UV range and it remains substantially constant
in the visible region (400 - 800 nm). Moreover, n increases in
near infrared (NIR) region (around 820 nm). Thus, Urea-CdCl,
compound blocks a selective NIR wavelength.

In UV range n reaches a high value, which makes this
compound suitable for UV - blocker devices.

Refractive index (n)

“
w

14
T RAREEEESL) RRREE- oo IRERREREEL T IREREEES R T

300 400 500 600 700 800 900
A (nm)

Figure 10: Plot of the refractive index vs. wavelength

We have also calculated some other optical constants
based on Wemple- DiDomenico (WD) single oscillator model
using Eq (15) [43,44]. This model uses a single-oscillator
description of the frequency dependent dielectric constant to

define dispersion energy parameters E and E . E is the energy of
the effective dispersion oscillator and E is the dispersion energy,
is a measure of the average strength of the inter-band optical
transitions.

The dispersion plays an important role in the research
for optical materials because it is a significant factor in optical
communication and in designing devices for spectral dispersion.

The relation between the refractive index n and the
single oscillator strength below the band gap is given by Eq. (16)
[45].

The WD model is used to fit the experimental data of
Figure 11. This model uses a single-oscillator description of the
frequency dependent dielectric constant to define dispersion
energy parameters E and Ed. E is the energy of the effective
dispersion oscillator and E is the dispersion energy, is a measure of
the average strength of the interband optical transitions. E and E,

can be determined from the intercept,(%) and the slope (- iE ).
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Table 3: Calculated values of parameters E, E;, A, S and n_

E/(eV) | EjeV)

parameters Ay (um) | S, (pm?) n

4.07 6.72 0.30 17.71 1.62

Urea-CdCl,

Under the same model, the refractive index can also
be analyzed to determine the high wavelength refractive index
n_, the average oscillator wavelength A and the oscillator length
strength S . These values can be obtained by using the Eq. (16),
Eq. (17) and Eq. (18) respectively. By fitting the plots of (n*~1)"
Vs % (Figure 12), we can deduce the values of \ and S . E, E , |
and S are gathered in Table 3.

Optical dielectric constant

The complex dielectric constant given by Eq. (19)
characterizes the optical properties of the solid material. The real
part of the dielectric constant shows how much it wills lowdown
the speed of light in the material, whereas the imaginary part
shows how much a dielectric material absorbs energy from an
electric field due to the dipole motion. The real and imaginary
parts of dielectric constant for the two samples are also
determined by the following relations ( Eq.19) [46].

45

40

354

304

25 o

For the sample, in infrared domain, it is found that €
is a linear function of the square of the wavelength (Figure 13),
while ¢, is linear with A>(Figure 14).

These results can be used in order to determine the optical
constants: &_, 0 and T which, respectively, represent the dielectric
constant at high frequencies, the plasma pulse and relaxation time.
These parameters can be determined from the equations Eq. 20
[47,48].

We can also calculate the values of the optical
conductivity given by Eq.21 [49,50]. The calculated values of
these constants are gathered in Table 4.

Table 4: Calculated values of ¢ , w , and other constants

N/m*

15 -1 -8 ~
parameters e | wp (10 rads?) | T(10%) (109 em) o(S.cm-1)
Ur(—:a-CdCl2 5.71 5.03 1.21 4.00 12400

Photoluminescence

PL study is a powerful tool to investigate the optical
properties of Urea metal complex. The recorded spectrum is
shown in Fig. 15. This analysis will give important information
about the absorption and emission of light.

The PL spectrum of the Urea-CdCl, complex shows a
broad emission band located at around 480 nm (2.588 ¢V), which

is consistent with absorption measurement. This emission band

w wd 4 is spread over the visible domain. In order to further attribution
= . of the origin of these large white emissions, we proceeded to a
\ decomposition of the broad PL band.
10
EEEm
54 ..II.I...IIIIIII.III..II 740 1
= experimental
0 deconvolution
T L T L T L T L T L T ¥ T 4 T
10x10°  12x10° 14x10° 1.6x10° 1.8x10° 2.0x10° 2.2x10° 2.4x10° -
A.z(nmz)
&
. . )
Figure 13: & vs A £ 7004
=
= | E’
1.2x10 - 3
- = 680 -
1.1x10" 4
[
1.0x10°
. 660
9.0x10° - ]
DJN n
. - T T T T T T T TrTTeETTT T T
8.0x10™" | - 450 500 550 600 650 700
2ox10* / A (nm)
am Figure 15: Photoluminescence spectrum of Urea-CdCl, sample
6.0x10° | "
" The peak around 480 nm was observed by Kanika
50x10°1 m ™ . .
* ——S Thukral, et al. [51] in (C;HNO,)CdCL+H,0O compound. This
s5x0°  eoxt0® 650" 7ox10" 75100 soxao compound has the same inorganic part (CdCL) as the present
A’ (nm’) Urea-CdCl, complex, which proves that this emission is
Figure 14: &, vs related to this common part. The width of this peak is linked
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to a wide distribution of defects in the band gap, in accordance
with the high band gap energy deduced from absorbance data.
Furthermore, PL emission around 606 nm was related to the
presence of Urea group [52]. While, the main blue emission peak
at 482 nm is generally attributed to the radiative recombination
of a photogenerated hole with an electron occupying the oxygen
vacancy. This peak is attributed to the excitonic transitions which
are size-dependent and excitation wavelength independent of
the certain wavelength range [53]. The green emission peak at
560 nm might have originated from the electronic transitions
of ionized oxygen vacancies from the deep level donor to the
valence band [54].

Toxicity test

We have studied the toxicity of the Urea-CdCl, Complex
towards a normal kidney cell line (HEK293) and two cancer
cell lines (MDA and T47D). Cells were treated with different
concentrations ranging from 0.3 to 100 uM of the compounds
during 48 h. Cell viability was evaluated by MTT assay as detailed
in materials and methods.

We therefore determined the

concentration of 50% of cells) in micromolar.

IC50 (inhibitory

The obtained results showed that the viability of the
used cell lines was reduced in a dose and compound-dependent
manner with specific IC50 values (Table 5).

As expected, CdCl, is toxic to normal cells but cancer
cells are more resistant. Although urea is not toxic but, when
complexed with CdCl, it accentuates the toxicity towards
normal cells (HEK293). Urea-CdCl, improved the toxicity
against the breast cancer line T47. These finding could use the
incorporation of CdCL, in organic compounds in order to create
a tumour- specific toxicity. In fact a selective cytoxicity against
cancer cell lines was obtained with chromium present in some
arene tricarbonylchromium compounds vs the high toxicity of
chromium in K,Cr,0, [55].

Table 5: The viability of the used cell lines with specific IC50 values.

CdCl,, H,0 Urea Urea-CdCl, complex
HEK293 2.54 > 100 2.01
MDA 78.19 > 100 61.6
T47D 36.73 77.83 72.92
Conclusion

Urea-CdCl, nanoparticles have been synthesized
by evaporation method at room temperature. The prepared
compound was characterized by XRD, FTIR, U.V-Vis and PL
spectroscopy.

This compound is crystallized in the triclinic system
with space group. The lattice parameters a, b and ¢ are 3.77 A,
8.12 A and 10.05A respectively.

The IR study show the presence of the organic chain
of our hybrid compound Urea-CdCl, and the cohesion between
the organic chain and the inorganic part is ensured by the Cd-O
bond.

The measured optical band gap for Urea-CdCl, is 4.02
eV is in good agreement with literature.

The dispersion of the sample was studied using the
Wemple-DiDomenico method. The oscillator energy EO and the
dispersion energy E, was deduced: 4.07 and 6.72 eV respectively.

The spectra that the Urea-CdCl, sample exhibit high
absorption in UV- range, and good transparency in the visible
wavelength range. This shows that this compound can be used as
optical filters in the ultraviolet.

From the PL study, one can see suggests that the
material is a good candidate for blue light emission and has less
defects.

The toxicity test technical results are showing that
the viability of the used cell lines was reduced in a dose and
compound-dependent manner with specific IC50 values. As
expected, CdCl, is toxic to normal cells but causing less mortality
on cancer cells. Even when complexed with urea (not toxic),
CdCl, preserves its toxicity which accentuates against normal
cells (HEK293). Meanwhile, Urea-CdCl, improved the toxicity
against the breast cancer line T47D. These finding could use the
incorporation of CdCl, in organic compounds in order to create
a tumour- specific toxicity.
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Appendix
o The interplanar spacing dhkl is calculated by the Bragg

equation: 2d,;; sin(0) = ni (1)

Where 0 is the Bragg’s angle, A is the X-ray wavelength
(A = 1.78901A), dhkl is the inter-planar spacing and n is the
order of diffraction.

o For triclinic system the volume V of the unit cell was

determined by using:

V:abc\/lfcosz(xfcoszchoszy+2cosowos[’)cosy (2)

o The texture coefficient TC (hk¢) was calculated by:
1

1 1 N 1
) (hkt)
TC(W) =7 Wzll— 3)
O(hkt) = Lo(nke)
o The stacking fault probability y was calculated using:
2
y = 2 A(26) ()
453 tan0

where 0 is the position of hk{ planes and A(20) is the
peak shift for the oriented /k/ planes was measured.

« Forin-depth study of the synthesized compounds, more
detailed analysis is established using: Debye - Scherrer method:

D- Kt (5)
By cos 0

Here A represents the wavelength of X-ray radiation, B,
the full width at half maximum (FWHM) of the diffraction peak,

0 the Bragg’s angle and k is the shape factor equal to 0.9.

The dislocation density & was calculated from the

following equation: & = # (6)

o a is the absorbance coefficient: & =2.303 g (7)

Where A measured absorbance, here d stands for the
path length of the wave in cm was set equal to the cuvette length
of 1 cm.

o Optical band gap energy can be calculated by using

Where hv is the incident photon energy, E is the
optical band gap energy, n is a parameter associated with the
type of electron transition, B is a constant reflecting the degree
of disorder in the solid structure. The value of n depends on
the nature of transition. Depending on whether the transition
is direct allowed, direct forbidden, indirect allowed or indirect
forbidden, n takes the value 1/2, 3/2, 2 or 3 respectively.

h
The empirical Urbach law: ‘n(a) = {n(e,) + EV )
da
d(hv)

E, =a( )" (10)

Where a is a constant.

The extinction coefficient given by the following equation:
al

k= 11
4 (i)
2
-1 E
The refractive index: I’lz_ =1-,]—=% (12)
n +2 20
n = EN 2
i (13)
20
n:(1+R)+ 4R2-k2 (14)
(1-R) \} (1-R)
Where R is the reflectance and k the extinction
coeflicient.

The evolution of reactive index with the wavelength can
be also described by the method of Wemple - Didomenico given
by the following equations:

n-1= £,

"4 (15)
E; - E’

Where E; and E are single oscillator constants. E is
the energy of the effective dispersion oscillator; E, is the so-
called dispersion energy which measure the average strength of
interband optical transitions.

n020 -1 _ 1_(&)2
n? -1 A

Where n_, is the long wavelength refractive index and

(16)

the Tauc model: (arhv)= B(hv - E, )n (8)
A, is the average oscillator wavelength.
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n2 =1+ 8,4, (17)
Where S is the oscillator length strength.
2
2 1= SOZ‘O
(18)

2
S
A
The real and imaginary parts of dielectric constant were
determined by the relations:

eV =n(h) - ik(A) = g () - igs(L)
g M) =n*(h) - K>
g,(A) = 2n(M)k (L)

(19)

The real and imaginary parts of dielectric constant can
be given by the following equations:

2

EoWp o2
€ ~8 = 33k
e
. (20)
€W
&, = 2nk ~ — 1; 2’
&n'c’t
2 41Ne?
w,” = -
€,

Where ¢, , w, and 7 represent the dielectric constant at
high frequencies, the pulse plasma and the relaxation time, N/m*

is the free carrier concentration of effective mass ratio.

Optical conductivity o, can be obtained by:
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