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Abstract
Mesoporous P2O5 doped magnesium silicate (MS-P) thin films were prepared using the activated sol–gel method and calci-
nated at different temperatures (200, 300, and 400 °C). The effect of both P2O5 content, and the calcinating temperature on
the thin films structure, morphology, FTIR, and UV–Vis optical properties, was examined. The structural results demonstrate
that the changing of the P2O5 content ratio and the temperature of preparation have significant effects on crystallization and
the internal structure. All films were found to have a relative value of transmittance that reaches or exceeds about 90% in
the visible range. The optical band gap shows a blue shift with increasing of the P2O5 content as well as with calcinating
temperature increase. The refractive index is nearly constant and uniform in the overall visible zone for all samples. The
optical conductivity shows nearly relative values and similar behaviors in all P2O5 contents at all calcinating temperatures,
where it is constant at low energies and increases at higher incident photon energies.
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1 Introduction

Due to their exact interesting photoluminescence, optical,
biomedical and electrical properties in combination with
their non-toxicity, non-hygroscopic nature, and lower cost,
optical materials containing P2O5 have been well regarded
as low-temperature glasses of the scientific and technological
fields [1–3].Because of their interest in laser, optoelectronics,
and fiber optics applications, developments in the physical
properties of the silicate network have been studied widely
[4, 5]. It is well-known that the phosphate glasses exhib-
ited unique properties such as low optical basicity, softening
temperature, high thermal expansion coefficients, low refrac-
tive index, high electrical conductivity, low glass transition,
and High transparency range (185 nm–3 μm) have produced
various optical applications including fast ion-conducting
materials, solid-state electrolytes, high-performance lasers,
biocompatible engineering materials [6, 7]. Moreover, the
problems connected with Phosphate glasses may limit their
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application in future industrial and electronic devices. Other-
wise, the chemical durability and structure of the phosphate
system could be developed by doping or adding another glass
former and variousmodifiers similar to Al2O3, SiO2, Co2O3,
ZnO, MgO, and rare earth ions [8–10].

The optical silicate/phosphate glasses are of particular
interest as hosts for rare earth ions where it merges the
favorable optical properties of silicate glasses and the higher
chemical and thermal stability of the phosphate glass. Also,
the combinations of silicate polyhedral with P2O5 anions
lead to improvements of their chemical stability, sensitivity
to loading higher active ions, large exciting binding energy,
and greater transparency in the UV regions [11–13].

The replacement of some Si–O by P–O in magnesium
silicate matrix improves the solubility, chemical durability,
calcination temperature, and resistance to attack by (–OH),
owing to the advantageous properties produced from the
introduction of P2O5 in the tetrahedral silicate network
[14–16]. In the silicate system, MgO and P2O5 modifiers
are deliberated to be occupying the positions enclosed by the
(NBO) non-bridging oxygen belonging to SiO4-tetrahedra
network and phosphate, which strengthening and opening
the silicate network [17].

Topical progress in the formation of nano silicate films
established on the forward sol–gel preparation has signif-
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Fig. 1 Schematic diagram of
preparation steps,
characterization techniques, and
obtained results

icantly supported the progress of highly transparent nano
silicate films. Silicate particles with altered particle mor-
phologies and sizes have been formed using the sol–gel
practice through controlling different parameters like the
alkoxide concentration, ratio of alkoxide/solvent, the quan-
tity of water, pH, solvent type, and thermal treatment [5, 18].

This study aims to tailor the physical properties of meso-
porous magnesium silicate/phosphate films prepared using
sol–gel/spinning coating as an attractive high transparent
film to detailed demands in the optical application domain
involves an understanding of their structural strategies.

Because of its polyprotic property, phosphoric acid is
used as a precipitating agent, which can control the hydroly-
sis reaction and particle formation. Additionally, this acid
is commonly used in the food, medicine, and dentistry
industries. A systematic study of parameters affects the for-
mation of silica particles has been carried out. The physical
and chemical properties of silica have been investigated to
determine its possibility as a low-cost biomaterial filler for
applications in dental restoration.

2 Experimental

2.1 Materials and Preparation

The chemicals that used in this study were magne-
sium nitrate (Mg(NO3)2·6H2O, Aldrich), tetraethylorthosil-
icate (Si(OC2H5)4, TEOS, Fluka), triethyl phosphate
(CH3CH2O)3PO, TEP, Aldrich), absolute ethanol (EtOH,
commercial-grade), and hydrochloric acid (HCl, commercial
grade).

The formed (0, 3, 8, and 13 wt%) P2O5/magnesium sil-
icate (MS-P) thin films were produced through four steps
preparation process as schematically presented in Fig. 1.

Thefirst stepwas the preparationof two solutions. Thefirst
one was a solution of magnesium nitrate Mg(NO3)2·6H2O
in a mixture of 9 ml of tetraethylorthosilicate (Si(OC2H5)4,
14ml of absolute ethanol (EtOH), 12ml deionizedwater, and
2 ml of HCl. The second one was a solution of magnesium
acetate (Mg(NO3)2·6H2O in 5 ml H2O with a drop of HCl.
The two pre-prepared solutions were then mixed under vig-
orous stirring for 2 h at 40 °C. The second step was adding a
different concentration (0, 3, 8, and 13 wt%) of a P2O5/(TEP
and EtOH mixture) to the mixture resulting from step one.
Where the P2O5 loaded within the sol of magnesium silicate
matrix was provided by the same method. A P2O5 solution
was prepared using TEP/EtOH under magnetic stirring for
15 min before introduced to the MS sol then stirred for 1 h
and becomes ready for depositing as wet MS-P thin films. In
which the TEP/EtOH precursors could facilely undergo cat-
alyzed the hydrolysis and condensation reactions within MS
sol in the formation of a sol of MS-P metal oxide particles at
the nanoscale.

This method is comparable to the procedures that have
been working via other authors [19, 20]. Now, we reach the
third stepwhere the prepared sols are ready to be deposited on
precleaned glass substrates using the spin-coating technique
at 1000 rpm for 30 s. the resulted thin films are then dried
at 70 °C for 10 min before thermally calcinated at 200 °C,
300 °C, and 400 °C, which was the fourth and the last step
of the preparation process.
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(a)

(b)

(c)

Fig. 2 XRD spectra forMS dopedwith (0, 3, 8, and 13) P2O5 calcinated
at a 200 °C, b 300 °C and c 400 °C

2.2 Characterization

In the characterization process, the prepared thin films were
subjected to structural,morphological, andoptical analysis as
schematically presented in Fig. 1. The employed approaches
are described in the following lines.

X-ray diffraction (Bruker: D8-X-ray Diffractometer, Ger-
many fortified by CuKα (λ � 1.54 nm)) was employed in
the range 2θ (10°–80°) at 40 mV and 30 mA to explore
the structural properties of the prepared films. The presence
of miscellaneous phases has been recognized by comparing
the experimental data by the JCPDS data files in Pcpdfwin-
software. The crystal size of MS-P films is extracted from
the XRD results through the use of Scherrer’s formula [21]:

D � 0.94
λ

β cos θ
(1)

where D gives the crystal size, λ is the wavelength of X-ray
(0.179 nm), θ is the half diffraction angle of the peak, and β

the true half peak width.
The surface morphology of the films was observed

and photographed by scanning electron microscopy (SEM)
(Joel—JSM:6480 LV, Japan).

The particle nano-size of film samples was checked by
the transmission electron microscope (TEM) (JEM-2100,
Jeol, Japan). The prepared films were etched in a solution
of (HF/H2O) and then takes into the carbon grid to be tested
by TEM. The prepared films were etched in a solution of
(HF/H2O) and then takes into the carbon grid to be tested by
TEM.

The Fourier transform infrared spectra (FTIRs) for each
film were recorded between 400 to 4000 cm−1 for 32 scans
by a Thermo Nicolet-380 spectrometer, with a resolution of
0.5 cm−1.

The optical spectra were recorded by an optical spec-
trophotometer (Jasco, V-570) spectrophotometer in the range
0.2–2.5 μm.

3 Results and Discussions

3.1 Structural Analysis

The X-ray diffraction spectra for (0–13 mol%) P2O5-
magneso-silicate transparent films using advanced sol–gel
process and calcinated at 200, 300, and 400 °C are shown in
Fig. 2.

The appeared broadband among 2θ � 17°–28° in all
XRD pattern is due to the identified amorphous order of
the magnesium silica matrix [22]. The amorphous nature
of the prepared films has been analyzed from its evaluated
XRD-presented inFig. 2a.Thedecrease in crystallinity corre-
lated with the increase in the disheveled range ordered in the
three-dimensionalmagnesium silicate networks. The appear-
ance of some weak peaks which indicates that P2O5 was
incorporated into the MS matrix as a definitive product. A
higher crystalline pattern with an obvious crystalline phase
was exposed to the mesoporous films calcinated at 300 °C,
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Fig. 3 SEM images of MS
doped with P2O5 nanoparticles
a 0, b 3, c 13 mol%, and d EDX
of MS-3P calcinated at 400 °C
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Fig. 4 TEM image of MS doped with P2O5 nanoparticles a 0 and b 13 mol% calcinated at 400 °C and their corresponding particle distributions in
c and d, respectively,
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Fig. 5 FTIR spectra forMS dopedwith (0, 3, 8, and 13) P2O5 calcinated
at 200 °C and 400 °C

Fig. 2b. The obvious board and weak peaks correspond to the
orthorhombic magnesium silicate crystalline phase (JCPDS:
80-1764) and cubic silica-phosphate (JCPDS: 22-1274). The
characteristic diffraction peaks of magnesium silicate doped
with P2O5 were grown and it appears to be the only demon-
strated phase by XRD. For P2O5, no single phase has any
perceptibleXRDpeaks, further; the illustrative peak at nearly
21.86° regularly becomes more intense and sharper as the
film’s calcination temperature increases at 400 °C, Fig. 2c.
Confirming that magnesium silicate–phosphate matrix were
consists of alternately assemble Si–O (silicon–oxygen tetra-
hedral), Si–O–P sites, andMg–O (magnesium–oxygen) sites
with higher chains [17]. The obtained result is in agree-
ment with that described by the literature [20]. The deduced
crystal-size for the MS and MS-P calcinated at 400 °C are
14 nm and 18 nm, respectively.

3.2 Morphological Analysis

Figure 3 showsSEM-images of themagnesiumsilicate doped
with (0, 3, 13 mol%) P2O5 mesoporous films calcinated at
400 °C.

SEManalysis revealed the existence of a higher crystalline
degree for P2O5-MS nanoparticles which is in line with the
obtained from the XRD-result. The SEM-images expose a
smooth morphology with low accumulation. Figure 3b, c
showed that the morphologies of P2O5-magnesium silicate
nanoparticles were more spherical particles and more widely
distributed as the P2O5 content increased, which promote
the growth in the formed films. At higher P2O5 content, the
hard cross-linkage film is formed in the magnesium silicate
matrix, leading to hard agglomerated nanoparticles during
the thermal calcinated.

TEM images of magnesium silicate mesoporous transpar-
ent films modified with the introduction of P2O5 (0 and 13
wt%) and calcinated at 400 °C are shown in Fig. 4.

Without P2O5, the MS nanoparticle film was irregular
in shape, and some spherical nanoparticles (Fig. 4a). With
introducing (13 mol%) of P2O5, a spherical shape with some
dispersed nanoparticles is detected as in Fig. 4b. This might
be due to the higher cross-linkage of P2O5 in the MS matrix
that accelerates the interpenetration through the silicate-
based precursor. Figure 4c, d for the particle’s distribution
of MS and MS-13 mol% P shows the generated changes in
the formed samples. The average particle sizes for the MS
and MS-P film samples were 13 nm and 19 nm, respectively.
Figure 2d confirms the surface composition of the MS-3P
film given by the EDX-analysis.

3.3 FTIR Study

TheFTIRabsorption spectra of themagnesiumsilicate doped
with (0, 3, 13 mol%) P2O5 mesoporous films calcined at
200 °C and 400 °C are presented in Fig. 5.

The main characteristic position peaks of magnesium sili-
cate in comparison with the doped P2O5 films are obvious in
IR spectra. The characteristic frequencies of the bands in the
main region (400–1100 cm−1) for magnesium silicate-based
and doped depend on the lattice vibrations including tetra-
hedral SiO2 and SiO2–P2O5 metal ions. The strong bands
for MS and MS-P were observed at 1077, 967, 809, and
442 cm−1 in the main region for the FTIR spectrum of un-
doped MS film in comparison with the doped P2O5 films
all bands nearly shifted to higher wavenumber. Herein the
introduction of P2O5 in MS matrix promoting the formation
of chemical bonds (–Si–O–S, Si–O–P, Mg–O–Si–O–OH,
–Si–OH) and non-bridging oxygen (Si–O–NBO) groups that
construct more clustering particles during the sol aging pro-
cess and film densification [23].
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(a) (b)

(c)

Fig. 6 The optical transmittance and reflectance spectra of the prepared thin films calcinated at different temperatures in the range 200–2500 nm
wavelengths

Thedopednanoporousfilms appear changing in the band’s
intensities and brooding at 1077, 809, and 442 cm−1 assigned
to the internal arrangement in Si–O–Si and Si–O–Mg bands
with introducing P–Ovibrationmodes of PO4 [24]. This is an
important step of the silicate sol–gel process since the con-
centration of (Si–O–NBO) groups regulator the rate of silica
dissolution by forming silanol-groups at the MS film surface
[3, 5]. This reveals that the sol–gelMS-network is chemically
sensitive to the changes in their compositions may because
P2O5 is completely cross-linkage in the silicate network [25].

The change of absorption band at 1077, 442 and the
shoulder 1211 cm−1 for MS and MS-P with increasing the
calcination temperature is confirmed good formation poly-
crystalline films. The shoulder at 1211 cm−1 shows the
existence of asymmetric stretching of Si–O–Si, Si–O–Mg,
and (PO3)2-groups in magnesium silicate matrix [26].

The bands at 1077, 971, 805, and 442 cm−1 character-
ized the asymmetric stretching, symmetric, and the bending
vibrations of Si–O–Si, Si–O–Mg, and P–O–P, in magnesium
silicate network [27–29]. The effect of increasing calcination

temperature on the tetrahedral metal–oxygen bonds in the
prepared nanoporous films can be interpreted via the elimina-
tion of (–OH) group and the formation of additional covalent
bonding of metal ions; hence, the sharpness of the absorp-
tion bands for the films calcined at 400 °C was larger than
the films at 200 °C. The three absorption bands, two ones at
3463 and 3742 cm−1, which was ascribed to the stretching of
hydroxyl groups (–OH s:) and third at ~1651 cm−1, which is
attributed to physisorbed (bending of H2O), and these bands
shifted to lower wavenumber with higher calcination tem-
perature as presented in the Fig. 5 [30].

3.4 UV–Vis Optical Analysis

When light passes through a semiconductor layer material,
a portion is reflected, a portion is transmitted, and the oth-
ers are absorbed. Photons absorption motives the passage
of the electrons from the valence to the conduction band.
The optical band gap is looked as the least energy required
for an electron excitation from the lower to higher energy
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(a)
(b)

(c)

Fig. 7 The absorption coefficient of the prepared thin films calcinated at different temperatures in the range 200–2500 nm wavelengths

band [31–33]. Intrinsic absorption happens when the photon
energy lies in the range of the material energy band-gap. The
possibility of absorption is identified by its absorption coef-
ficient (α) which is estimated by utilizing Beer–Lambert’s
formulation [34–37],

α � 2.303A/d (2)

where A and d represent the absorbance and the film thick-
ness.

The incident photon energy absorption lead to direct
or indirect optical transitions which are calculated through
Tauc’s method [38, 39],

α � A

hν

(
hν − Eg

)n (3)

where hν, A, Eg, and n representing the wave energy, the
absorption edge width parameter, the optical band gap, and
a constant, respectively. n � ½ for allowed direct type, and
n � 2 for allowed indirect type [40]. The values of the direct

band-gap energy were estimated by plotting (αhν)2 versus
hν and by linear extrapolation of (αhν)2 on hν axis.

In the presentwork, the transmittance and absorption spec-
tra of P doped MgSiO3 (0, 3, 8, and 13 wt%) thin films
calcinated at different temperatures (200, 300, and 400 °C)
are recordedby a JascoV-570 spectrophotometer in thewave-
length range 0.2–2.0 μm.

The optical transmittance and reflectance spectra of the
prepared thin films between 200–2500 nm wavelengths are
shown in Fig. 6 (a, b, and c for the preparation temperature
200, 300, and 400 °C, respectively). All films have a relative
value of transmittance that reaches or exceeds about 90% in
the visible range. It was noted that the surface scattering and
the grain boundary scattering are the main factors impacting
the film transmittance.

The absorption coefficient α in Eq. (2) is composed of two
components (α � αα + αs), where αα is the material absorp-
tion coefficient, and αs is the scattering coefficient that is
dependent upon surface roughness. The absorption coeffi-
cient of a sample could be virtually zero, but the scattering
coefficient is comparatively considerable. For homogeneous
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(a)
(b)

(c) (d)

Fig. 8 The estimation of direct Eg from the relation between hv and (αhν)2 for thin films calcinated at different temperatures (200, 300, and 400 °C)

and isotropic medium, the absorbance, A, can be acquired
instantly via the obtained transmittance, (T � I/I0), by:

A � log

(
1

T

)
(4)

For rough materials, reflection, and transmission are sig-
nificantly affected by the surface roughness degree [41].
Consequently, each of diffusely reflected and transmitted
light exist at this point [41].

To comprehend the way the optical benefits were influ-
enced by the surface roughness,Kanyathare et al. [41] studied
the impact of roughness on the optical benefits of some poly-
mer sheets. They observed that the sample with the smallest
surface roughness offers the greatest transmittance while
the samples with the largest surface roughness provide the
smallest transmittance. Certainly, raising the degree of sur-

face roughness accelerates the light scattering that lowers the
transmittance [41].

In this situation, it will be easy to compute the surface
roughness the measured transmittance by employing the
Gaussian roughness distribution function offered by Niska-
nen et al. [42],

T � T0 exp−
(
2πRoptnλ−1 cos θ

)2
(5)

where T0 is the transmittance of smooth surface, Ropt is the
optical roughness, θ is an angle between a light ray and the
optical axis of the specimen. The model of Niskanen [42]
matches best for conditions that the average roughness is
smaller than the probe light wavelength.

The surface of the prepared films is relatively smooth with
a regular grain boundary (as obtained by SEM and TEM
images) resulting in weak scattering and therefore inducing
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(a) (b)

(c)

Fig. 9 The refractive index n of the prepared thin films with different P2O5 concentrations and at different calcination temperatures

a good transmittance within the visible part of the spectra
[43]. The reflectance of all prepared films at all preparation
temperatures is in the range of 5% or less and did not show
any change with wavelength increase.

From the UV–visible absorption spectra, Fig. 7, it can be
seen that existing of an absorption peak at about 273 nm for
all films calcinated at different temperatures. This absorption
peak has resulted from the charge carrier’s excitation and
transition from valance band to conduction band [21, 32].

The optical band gapEg was estimated using the Tauc pro-
cedure mentioned in Eq. (3). The investigated films showed
a direct gap transition where its values were predicted by just
an extrapolate of the straight section of the resulted curve to
(αhν)2 � 0 [14, 44] as shown in Fig. 8.

It could be viewed that the optical band gap exhibits a blue
shift with increasing the P2O5 content and with preparation
temperature increase.

The replacement of some Si–O by P–O in magnesium
silicate matrix improves the solubility, chemical durability,
calcination temperature, and resistance to attack by (–OH),

owing to the advantageous properties produced from the
introduction of P2O5 in the tetrahedral silicate network
[14–16]. In the silicate system, MgO and P2O5 modifiers
are deliberated to be occupying the positions enclosed by
the (NBO) non-bridging oxygen belonging to the SiO4-
tetrahedra network and phosphate, which strengthening and
opening the silicate network [17], that lead to a better crys-
tallinity and the decreasing defects of the thin films (as
observed by XRD and SEM) which influenced the band-gap
energy [45, 46].

The refractive index is a reflection of the optical quality of
the investigated thin films. At the same time, it also reflects
the degree of the crystalline quality of the thin films. From the
spectral transmittance and the reflectance (R), the refractive
index (n) is computed using [47–49].

n � 1 + R

1 − R
+

√
4R

(1 − R)2
− k2 (5)
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(a)

(b)

(c)

Fig. 10 The dependence of εr and εi values of the fabricated films on photon wavelength at different calcination temperatures

Figure 9 shows the refractive index n of the prepared thin
films with different P2O5 concentrations and calcinated at
different temperatures. It is observed that the refractive index
of the thin film is nearly the same (average n � 1.4) and is
uniform in the overall visible zone.

The dielectric constant is a fundamental intrinsic mate-
rial property composed of real and imaginary products. The
real part is associated with the property of reducing the
light velocity through the material. The dielectric compo-
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Table 1 The values of the direct bandgap Eg and the Urbach’s energy
Eu

Preparation temp.
(°C)

P2O5 content (wt%) Eu (eV) Eg (eV)

200 0 0.1731 4.022

3 0.2375 3.997

8 0.2329 3.982

13 0.1922 3.971

300 0 0.2238 4.010

3 0.3959 3.948

8 0.4993 3.914

13 0.2738 3.886

400 0 0.3514 3.982

3 0.2217 3.886

8 0.3018 3.856

13 0.2562 3.839

nents (real (εr) and imaginary (εi)) are determined using the
relations [48].

εr � n2 − k2 (6)

εi � 2nk (7)

The dependence of εr and εi values of the fabricated films
on photon wavelength at different calcination temperatures
are shown in Fig. 10a–c, respectively. It can be observed that
the behavior of the real product of dielectric is similar to that
of the refractive index while the imaginary product depends
on the extinction coefficient.

For α <104 cm−1, Urbach tail takes place where α is
exponentially associated with the incident light energy (hν)
by the next empirical formulation [4]:

α(hν) � α0e
hν/Eu (8)

where α0 represents an initial absorption coefficient which
is a constant. Eu stands for the localized state’s width in
the gap region that shows the amorphous material degree of
disorder. From the relation among the natural logarithm of
calculated absorption coefficient (ln α) and the incident pho-

(a) (b)

(c)

Fig. 11 The optical conductivity of P2O5 doped MgSiO3 (0, 3, 8, and 13 wt%) thin films calcinated at different temperatures (200, 300, and 400 °C)
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ton energy (hν) for themanufactured films (not included), the
slope resulted from straight lines from these relations gives
the value of Eu, and the initial absorption coefficient (α0) is
obtained from the linear relation interception. The extracted
values of Eu are strongly dependent on the Sn content as
well as on the preparation temperature drawn in Table 1. The
dependence of Eu on the P2O5 content has resulted from an
increase of structural defects as the P2O5 content increases
[50]. These structural defects generate a large number of
localized states close to the band edges and so leads to an
increase of Urbach energy.

In the case of free charges existence, an electric field E
is generated through a material due to the propagation of
the electromagnetic waves in the x-direction. This field is
reported by Maxwell formula

d2E

dx2
� μ

c2
4πσ

dE

dt
+

με

c2
d2E

dt2
(9)

whereμ, ε,σ , c are permeability, dielectric constant, conduc-
tivity, and velocity of light, respectively. Hence, the optical
conductivity (σ optical) could be computed with the aid of the
absorption coefficient, α, as follows [51]:

σoptical � αnc

4π
(10)

The optical conductivity of P doped MgSiO3 (0, 3, 8, and
13 wt%) thin films calcinated at different temperatures (200,
300, and 400 °C) are plotted in Fig. 11.

It was seen that the optical conductivity tacks nearly
relative values and similar behaviors in all samples at all
temperatures of preparation where it is constant at low ener-
gies and increases at higher incident photon energies. This
behavior is mainly a result of the increase of both incident
photon energy and absorption coefficient which lead to an
increase of charge carriers excitation [51].

4 Conclusions

Mesoporous magnesium silicate transparent thin films were
prepared by utilizing a sol–gel/spin-coating procedure at
lower thermal calcinated 200–400 °C. By governing sol–gel
reactions and changing the P2O5 contents, homogeneous and
high surface area morphology were gotten. It was estab-
lished from the XRD results that the crystallinity of the films
changed from completely amorphous to a crystalline phase
with increasing the calcination temperature.Additionally, the
Introducing of P2O5 leads to a growth of the magnesium
silicate internal structure and hinders the amorphous phase.
The SEM and TEM confirm the good morphology and the
particle-size for the prepared mesoporous films. The particle
sizes of 13 nm to 19 nm were observed. Relative values of

transmittance in the visible region were observed for all sam-
ples as a result of surface homogeneity. The FTIR indicated
themolecular interaction for the formation of the nanoporous
films between themagnesium silicate and phosphorus via the
silanol and phosphanol groups through the intermolecular
hydrogen bonding during the sol–gel results in the successful
formation of nanoporous films. The optical band gap shows
a blue shift with increasing of the P2O5 content and with
the calcination temperature increase. The refractive index is
nearly constant and uniform in the overall visible zone for
all samples. The behavior of the real product of dielectric
is similar to that of the refractive index while the imaginary
product depends on the extinction coefficient. The optical
conductivity shows a constant behavior at low energies and
then shows an increase at higher incident photon energies as
a result of an increase of charge carriers’ excitation.
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