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DETERMINATION OF OPTICAL
PARAMETERS OF FILMS OF PVA/TiO./SiC
AND PVA /MgO/SiC NANOCOMPOSITES
FOR OPTOELECTRONICS

AND UV-DETECTORS

The optical properties of polyvinyl alcohol (PVA )-titanium ozide (TiOz)-silicon carbide (SiC)
and (PVA)-magnesium ozide (MgO)-(SiC) nanocomposites are calculated, by using the Gaus-
sian 09 and Gaussian view 5.0.8 programs on the basis of the density functional theory at
B3LYP level with 6-31 G basis set. The results indicate that the absorbance, absorption co-
efficient, extinction coefficient, refractive index, imaginary and real dielectric constants, and
optical conductivity of (PVA-TiO2-SiC) and (PVA-MgO-SiC) increase with the concentra-
tion of SiC manoparticles. Both nanocomposites have high absorbance in the UV region and
have indirect energy gaps 1 eV < Eq < 2.2 eV. This makes them useful for various applica-
tions in optoelectronics, photovoltaics, lasers, solar cells, sensors, photocatalytic devices, light
filters, UV detectors, etc. with low cost, easy fabrication, and adaptability as compared with

other devices.
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1. Introduction

Nanotechnology plays a very important role in mod-
ern researches in the treatments of infection, cancer,
allergy, diabetes, and inflammation. In green chem-
istry, it is used to minimize the use of products haz-
ardous to the environment [1]. It has applications in
technology and science to manipulate the matter on
the atomic and molecular scales and gives the apti-
tude to build micro- and macromaterials and prod-
ucts with atomic accuracy [2]. Nanotechnology is not
novel to polymer science, but nanoscale dimensions
were not specifically mentioned as nanotechnology till
lately [3]. In a polymer nanocomposite, its polymer
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contains an armored nanoscale matrix (nanoparti-
cle) like nanoparticles, nanotubes, etc. Physical prop-
erties of nanocomposites depend largely on the in-
teraction between polymer molecules and nanofillers
[4]. The polymer nanocomposites greatly rely on the
aggregation, size distribution, geometry, and surface
chemistry of organic and inorganic nanoparticles in
addition to the matrix-nanoparticle bonds [5]. Emer-
ging nanocomposites could be a solution to regulate
the properties of separate nanomaterials suitably. In
the field of semiconductor materials, nanocompos-
ites consisting of two or more materials are widely
used to change their electronic and optical prop-
erties [6]. Transition metal oxides are well identi-
fied for their large variety of chemical and physi-
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cal properties. Numerous of these materials undergo
phase transitions, which stimulate structural, mag-
netic, and electronic behavior [7]. Introducing metal
oxides like SnO,, ZnO, TiOs and others semicon-
ductors into organic matrices offers higher physical
and chemical stabilities [8]. Poly (vinyl alcohol) is a
non-toxic biocompatible synthetic polymer with high
dielectric strength, good transparency, and intense
charge transfer at the electrode-nanocomposite in-
terface [9]. It has the carbon chain backbone with
hydroxyl groups (-OH) linked with methane car-
bons. These (-OH) groups can be a source of hydro-
gen bonds and participate in the formation of inor-
ganic nanoparticles inside the PVA material [10]. One
of the most desirable materials widely used in appli-
cations owing its optical and electronic properties is
titanium dioxide (TiOz) [11]. The FTIR spectra of
wholly films showed the presence of Ti-O—C bonds
showing a good compatibility of the polymer matrix
and TiOs nanoparticles [12]. Nanoparticles with a
metal oxide like MgO, ZnO, and CaO were inspected
as inorganic antibacterial agents. MgO is an example
of important inorganic material having a wide band
gap (7.8 eV) and was used in various applications in-
cluding, catalysts supports, heat resistant adsorbents,
and so on. In medicine, MgO is used to cure heart
diseases and to facilitate bone regeneration. Recent-
ly, MgO nanoparticles have shown a promising ap-
plication in the treatment of tumors. Nanomaterials
promise a great development of applications in the
aerospace sector due to its low density, high strength,
and heat resistance [13, 14]. In what follows, we will
use ones of the famous programs in computational
chemistry such as the Gaussian 09 and Gaussian view
5.0.8. It is worth to mention that the first distributed
Gaussian package was labeled Gaussian 70 [15].

2. Theoretical Part

The optical properties of a nanomaterial are based
on parameters such as the shape, surface characteris-
tics, feature size, and other variables including the
doping and interaction with the surrounding envi-
ronment or other nanostructures [15]. Polymers with
nanoparticles including oxides of metals are studied,
in particular, as materials for optical applications
such as planar waveguide devices and microoptical el-
ements. The growth of of used polymer nanocompos-
ite structures is caused by their advantages in produc-
tion and processing, good connection with strength-
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ening elements, resistant to the environmental cor-
rosion, light weight, and ductile mechanical perfor-
mance [16, 17]. The optical properties of polymers
found wide applications in electronic and optical de-
vices such as solar cells, fuel cells, medical technolog-
ical, and solid state batteries, etc. [18]. Their optical
linear absorption coefficient is described by the well-
known Beer-Lambert relation

A
a=2303, (1)

where A is defined as log (Iy/I7), Iy and It are the
intensities of the incident and transmitted beams, re-
spectively, and ¢ is the sample thickness [19]. The
optical properties of solid thin materials are charac-
terized by the complex dielectric function (real and
imaginary), extinction coefficient (k), refractive index
(n), and the incidence reflectivity [20]

R=(n-1)*+k/(n+1)*+ &, 2)
so that [21]
n=(1+Ry*)/(1 - Ry?). (3)

The indirect and direct allowed optical transitions
can be evaluated by an appropriate straight line in the
strong absorption spectral region by the Tauc relation

ahv = Bo(hv — EQPY)", (4)

where E, and hv are the optical band gap and photon
energy, respectively. It could be within values 2, 3,
1/2, or 3/2 for transitions chosen as indirect allowed,
indirect prohibited, direct allowed, and direct pro-
hibited, respectively [22]. The calculation of values of
the optical energy band gap comprises the scheming
of (ahv) V" with hv [23].

The extinction coefficient (k) is determined
through [24]
K = a)/4n. (5)

The real (e,) and imaginary (g;) parts of the die-
lectric constant are given by the following relations
[21]:

g =n? — K2, (6)
g; = 2nk. (7)
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Fig. 1. Variation of the absorbance for (PVA-TiO2-SiC)
nanocomposites with the wavelength

The optical conductivity (oopt) is the electric con-
ductivity causing the movement of charge carriers ow-
ing to the intermittent electric field of incident elec-
tromagnetic waves [25]:

Oopt = anc/4m. (8)

3. Results and Discussion

Figures 1 and 2 show the dependences of the ab-
sorbance for (PVA-TiO2-SiC) and (PVA-MgO-SiC)
nanocomposites on the wavelength of the incident
light which are calculated, by using the theoretical
programs. The figures show the increase of the ab-
sorption by the samples of nanocomposites in the UV
region with the concentration of SiC nanoparticles,
which is due to the excitations of donor level elec-
trons to the conduction band at these energies. The
absorption increases also with the concentrations of
additives, which is related to increase of the number
of charge carriers [26-34].

Figures 3 and 4 show that the theoretical variation
of the transmittance for (PVA-TiO2—SiC) and (PVA-
MgO-SiC) nanocomposites with the wavelength of
the incident light. As shown in figures, the transmit-
tance decreases with the increase of the concentra-
tions of SiC nanoparticles due to the agglomeration of
nanoparticles with increasing concentration and the
increase of the number of charge carriers 35, 36].

The absorption coefficient of nanocomposites is
calculated, by using relation (1). Figures 5 and 6
show the theoretical variation of the absorption co-
efficient for (PVA-TiO2-SiC) and (PVA-MgO-SiC)
nanocomposites as a function of the photon energy
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Fig. 2. Variation of the absorbance for (PVA-MgO-SiC)
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Fig. 3. Variation of the transmittance for (PVA-TiO2-SiC)
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Fig. 4. Variation of the transmittance for (PVA-MgO-SiC)
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Fig. 5. Variation of the absorption coefficient (a) for (PVA-
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1.2E+02
1.0E+02
8.0E+01 » &

6.0E+01

a(cm)?
R\
H
b 3 4
: »
3
3

4.0E+01 2
2.0E+01
0.0E+00 +——+—F——F—+—+ - \

1 2
Egn(eV)
Fig. 6. Variation of the absorption coefficient (o) for (PVA-
MgO-SiC) nanocomposites with the photon energy
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Fig. 9. Variation of (ahv)!/3 for (PVA-TiO2-SiC) nanocom-
posite with the photon energy

of the incident light. As shown in the figures, the
absorption coefficient of two samples for nanocom-
posites is high at high energies. This means that the
electron transition from the valence band to the con-
duction band has high probability, if the energy of
the incident photon is greater than the energy band
gap. When the values of the absorption coefficient of
material are high (o > 10* cm™!), the direct transi-
tion of the electron is expected. While, when the val-
ues of the absorption coefficient of material are low
(o < 10* cm™1), the indirect transition of the electron
is possible. The absorption coefficient of nanocompos-
ites increases with the concentration of nanoparticles;
this is attributed to increasing the number of charge
carriers [37-47].

The energy band gap of nanocomposites is deter-
mined experimentally by using relation (4). The the-
oretical energy gaps for allowed indirect transitions
of (PVA-TiO5-SiC) and (PVA-MgO-SiC) nanocom-
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Fig. 11. Variation of the extinction coefficient for (PVA-

TiO2—SiC) nanocomposite with the wavelength

posites are shown in Figs. 7 and 8. The theoretical en-
ergy gaps for forbidden indirect transitions of (PVA—
Ti0,—-SiC) and (PVA-MgO-SiC) nanocomposites are
shown in Figs. 9 and 10). As is shown in the figures,
the energy gaps for allowed and forbidden indirect
transitions of nanocomposites are decreased with the
increase of the concentration of SiC nanoparticles,
this behavior is due to the creation of levels in the
energy gap; the transition of an electron in this case
is executed in two stages that involve the transition
from the valence band to a local level in the energy
gap and then to the conduction band as a result of in-
creasing the concentration of SiC nanoparticles; the
electronic conduction depends on the concentration
of nanoparticles [48, 49].

The extinction coefficient is calculated, by using re-
lation (5). Figures 11 and 12 show the variation of the
calculated extinction coefficient for (PVA-TiO5-SiC)
and (PVA-MgO-SiC) nanocomposites as a function
of the wavelength. The figures show that the extinc-
tion coefficient of nanocomposites increases with the
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Fig. 12. Variation of the extinction coefficient for (PVA—
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Fig. 13. Variation of the refractive index for (PVA-TiO2—
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Fig. 14. Variation of the refractive index for (PVA-MgO-SiC)
nanocomposite with the wavelength

concentration of SiC nanoparticles, this is due to the
increase in the optical absorption and the dispersion
of photons in the nanocomposites [50].
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Fig. 15. Variation of the real part of the dielectric constant
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Fig. 16. Variation of the real part of the dielectric constant
for (PVA-MgO-SiC) nanocomposite with the wavelength
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Fig. 17. Variation of the imaginary part of the dielectric con-
stant for (PVA-TiO2-SiC) nanocomposite with the wavelength

The calculated refractive indices of (PVA-TiOo—
SiC) and (PVA-MgO-SiC) nanocomposites as func-
tions of the wavelength are shown in Figs. 13 and
14. As shown in the figures, the refractive index of
nanocomposites increases with the concentration of
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Fig. 20. Variation of the optical conductivity for (PVA-MgO-
SiC) nanocomposite with the wavelength

SiC nanoparticles; it decreases with the increase of
the wavelength. This behavior is attributed to the in-
crease of the density of nanocomposites.
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The real and imaginary parts of the dielectric con-
stant are calculated, by using relations (6) and (7)
respectively. Figures 15 and 16 show the theoreti-
cal variation of the real dielectric constant with the
wavelength for (PVA-TiO2-SiC) and (PVA-MgO-
SiC) nanocomposites. A loss peak attributed to the
interfacial polarization can be seen. These relaxation
peaks move toward the lower side, as the concentra-
tion of SiC in the composites increases.

The effect of SiC nanoparticles on the theoretical
imaginary part of the dielectric constant is shown
in Figs. 17 and 18 for (PVA-TiO»—SiC) and (PVA-
MgO-SiC) nanocomposites. The figures show that
the imaginary parts of the dielectric constants of
(PVA-TiO2) and (PVA-MgO) nanocomposites in-
crease with the concentration of SiC nanoparticles,
this behavior is attributed to the increase of the elec-
tric polarization due to the contribution of the con-
centration of nanoparticles in the sample [51, 52].

Figures 19 and 20 show the calculated variation
of the optical conductivity with the wavelength for
(PVA-TiO2-SiC) and (PVA-MgO-SiC) nanocom-
posites. The optical conductivity of nanocomposites
increases with the concentration of SiC nanoparticles,
this behavior is related to the creation of localized lev-
els in the energy gap; the increase of the concentration
of SiC nanoparticles increases the density of localized
states in the band structure. Hence, the increase of
the absorption coefficient consequently increases the
optical conductivity [53-58] of (PVA-TiO,-SiC) and
(PVA-MgO-SiC) nanocomposites.

4. Conclusions

The results showed that the (PVA-TiO2-SiC) and
(PVA-MgO-SiC) nanocomposites have higher ab-
sorbance in the UV region. The absorbance, absorp-
tion coefficient, extinction coefficient, refractive in-
dex, imaginary and real dielectric constants, and op-
tical conductivity of (PVA-TiO3) and (PVA-MgO)
nanocomposites increase with the concentration of
SiC nanoparticles. The (PVA-TiO2-SiC) and (PVA-
MgO-SiC) nanocomposites have indirect energy gaps
1eV < E; < 2.2 eV, which makes them useful for
various applications in optoelectronics, photovoltaics,
lasers, solar cells, sensors, photocatalytic devices,
light filters, UV detectors, etc. with low cost, easy
fabrication, and flexibility as compared with other
devices.
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BUSHAYEHHA OIITUTYHUX

ITAPAMETPIB IIJIIBOK PVA/TiO2/SiC

I PVA/MgO/SiC HAHOKOMIIO3UTIB

JJ151 OIITOEJIEKTPOHIKN I YO-AETEKTOPIB

Pezmowme

PospaxoBano onTuyni BJIACTUBOCTI HAHOKOMIIO3UTIB IIOJIIBi-
uinouii crupr (PVA)-okuc turany (TiO2)-kapbin KpemHiro
(SiC) ta (PVA)-okuc marnio (MgO)—(SiC) 3 BukopucTanusM
nporpaMm Gaussian 09 i Gaussian view 5.0.8 Ha ocHOBI Teo-
pil dysxnmionasa migpHOCTi Ha piBHi B3LYP 3 6asucom 6—
31 G. PesynbraTu moKasyioTb, IO CIEKTPAJIbHA MOTJIUHAb-
Ha 3J]aTHICTb, KOedIIIEHTH MOTVIMHAHHS 1 €eKCTHHIT, TOKA3HIK
3aJIOMJICHHH, Y{BHA 1 JOificHA JieJIeKTpUYHI cTaji Ta ONTUYHA
nposignicte (PVA-TiO2-SiC) i (PVA-MgO-SiC) spocraiorsb
31 36ibIIeHHSIM KOHIleHTparil HanodacTuHOK SiC. O6uasa Ha-
HOKOMIIO3UTA IIPOSIBJISIOTH BUCOKY CIEKTDAJIBHY HMOTVIMHAJJIBHY
31aTHicTh B yubrpadionerosiit (Y®) obracti i MaloTh Henpsi-
Mi erepreruyHi miimman 1 eB < Ey < 2,2 eB. 1li BracTusocri,
JlelIeBU3HA, IPOCTOTA BUTOTOBJIEHHS I BUKOPUCTAHHs pOOJIATH
1X KOPUCHHMU [JIs1 32CTOCYBaHb B OIITOEJIEKTPOHII, poToKaTa-
J1i31, Jiazepax, (POTOEJIEKTPUIHUX 1 COHAIHUX HaTapesix, CEHCO-
pax, dixprpax ceitia, Y®-gerekropax i T.II.
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