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Abstract
This paper studied the influence of changing the lead iodide (PbI2), concentration in the PVAmatrix
through the structural, optical and electricmeasurements. Nanocomposite films have been defined by
X-ray diffraction and FT-IR spectrometer which reveal the interaction between PVA and PbI2. The
interplanar distance, particle size, and the average inter-crystalline separationwere calculated. The
optical properties of PbI2/PVA composites have been examined. PVAoptical band gapwas reduced
from5 to 3.49 in indirect transition and from5.48 to 4.88 indirect transition to cause an increase in
optical conductivity. Dielectric constant, 1e and dielectric loss, 2e and electrical conductivity,σ is
increasedwith increasing PbI2 concentrations. So, the electrical conductivityσ can be controlled by
the PbI2 doping percentage. PbI2/PVA showed laser power attenuation for bothHe-Ne and solid-
state green laser beams. The results indicate that the nanocomposites are highly recommended in
optoelectronic, radiation detection andmany other applications.

1. Introduction

Due to their use inmany optoelectronic applications, semiconductor nanoparticles/polymer composites have
drawn considerable attention in the latest years [1]. For example, a high concentration of TiO2 nanoparticles in
PVAmatrix has a broad variety of CUT-OFF laser filters [2]. In the production of blue emitters, CdSe based
polymer nanocomposites were used [3, 4]. The doped PVAmatrix by silver nanoparticles showed
improvements in their characteristics as elasticmodulus and transition temperature compared to PVA alone [5].

One of themany polymers recognized today is polyvinyl alcohol (PVA). It has drawn significant attention as
it is a water-soluble, biocompatible polymermaterial that is environmentally friendly [6–8]. Also, PVAhas an
excellent capacity forfilm-forming, excellent characteristics for adhesion and acceptingmetal nanoparticles
nicely to exhibitmagnetic characteristics.

Lead iodide, PbI2 characterize by interesting photoconductive properties andoptical applications. Because of the
large bandgap (2.3–2.55 eV) andhigh atomicnumber (Pb=82 and I=53), PbI2 could beused todetect x-ray and
γ-ray radiations at room temperaturewithhigh efficiency [9]. PbI2 has other properties like thermal stability and
lower vapor pressure.Manyphysical characteristics becomedependent on the size in a semiconductor nanoparticle.

In the present work, we have fabricated pure PVAfilm andPVApolymeric films dopedwith various
quantities of PbI2 nanoparticles using an ultrasonication homogenizer system [10] and casting techniques to
disperse nanoparticles in polymericmatrices. Doping PbI2 as nanocomposites in PVA can play an important
role inmodifying the PVA characteristics. Using x-ray diffraction, Fourier Transform Infrared Spectroscopy

RECEIVED

21 September 2019

REVISED

3October 2019

ACCEPTED FOR PUBLICATION

8October 2019

PUBLISHED

18October 2019

© 2019 IOPPublishing Ltd

https://doi.org/10.1088/2053-1591/ab4c24
https://orcid.org/0000-0001-9402-8140
https://orcid.org/0000-0001-9402-8140
https://orcid.org/0000-0002-9855-5033
https://orcid.org/0000-0002-9855-5033
mailto:mrftismail@yahoo.com
https://crossmark.crossref.org/dialog/?doi=10.1088/2053-1591/ab4c24&domain=pdf&date_stamp=2019-10-18
https://crossmark.crossref.org/dialog/?doi=10.1088/2053-1591/ab4c24&domain=pdf&date_stamp=2019-10-18


(FT-IR) and scanning electronmicroscope (SEM), the structural characteristics of PbI2/PVAnanocomposite
filmswere studied. The optical and electrical characteristics of PbI2/PVAnanocomposite films have been
examined. Also, the samples optical limiting has been examined usingHe–Ne laser at 532 and 632.8 nm.

2. Experimental work

For the current work, all chemicals are purchased fromAlfa Aesar and SigmaAldrich: lead acetate [Pb
(C2H3O2)2], sodium iodide (NaI), poly(vinyl alcohol) (PVA) andCetyl trimethyl ammoniumbromide (CTAB).

2.1. Synthesis of lead iodide nanoparticles (PbI2NPs)
For our PbI2 synthesis, we used 1M lead acetate (39.987 g) and 50ml of dual- distilledwater, 50mlCTAB in one
beaker step by step. Into another beaker, we dissolved 2M sodium iodide (37.795 g) in 50ml double distilled
water. At room temperature, both solutionswere dissolved evenly using a very stable 600 rpmmagnetic stirrer.
Wemixed them very gently in the beaker after receiving the transparent solution and continually stirred then
clear yellow solutionwas obtainedwhich is identified as lead iodide (PbI2). The hydrothermalmethod [11] has
been reported to prepare pure PbI2 solutions and nanostructures. The hydrothermal technique is regarded as the
preferredmethod for preparing the nanoparticle semiconductor withwell-controllingmorphologies at reduced
temperatures using a single-step process [12]. Lastly, the yellow solutions obtainedwashed attentively several
timeswith dual distilledwater and filtered and vacuum-dried for 24 h at 80 °C.

2.2. Samples preparation
A solution castingmethodwas developed to produce PbI2/PVA composite films. In 1 L of distilledwater, nearly
22.5 g of PVAwas dissolved for 24 hwith amagnetic stirrer at 60 °C. Then, for about 120 min, the PVA solution
acquiredwas cooled to room temperature to eliminate the bubbles. Separately, various content of PbI2
nanoparticles varying from0.14wt% to 14.8wt%wasmixedwith the above solution and the solutionwas
subjected to ultrasonic treatment for 5 min at 110watts. After that, the dispersed solutionwas stirred for 3 h. To
acquire the nanocomposite films, the solutionwas then transferred into a Petri dish and dried in the air
naturally. After that the samples were cut in suitable size for further investigations.

2.3. Characterizations of the nanocomposites
X-ray diffraction patterns are performed for PbI2/PVAfilms using the Shimadzu LabX-XRD-6000withCuKα

(λ=1.5406Å).
Fourier transformation Infrared Spectroscopy absorption spectrawere recorded using spectrometer

(FT-IR- Alpha II). For the studied samples, surfacemorphologywas performed by using a scanning electron
microscope (SEM), model (JSM- 6360) operated at 20 kV.

JASCOV-570 spectrometer was used to evaluate linear optical properties between 190 nmand 2500 nmat
room temperature (the transmittance T(λ) and absorbanceAbs(λ)).

A programmable automatic LCRmeter (Model FLUKEPM6306) formeasuring the dielectric properties.
The optical limiting effect for PbI2/PVA composite polymeric filmswas examined using two sources of

He–Ne laser beamofwavelength equals 632.8 nm and the solid-state laser diode beamofwavelnght equals 532
nm to get the normalized power of the nanocomposite films. The focal lens of the focal length of 10 cmwas set
on an optical bench on the front of the laser beam. Then, the sample holder was detached as the focal point of the
lens. The input/output powerwas estimated by utilizing an opticalmeasuring device connected to a
photodetector (Model: Newport 1916-R).

3. Results and discussion

3.1. Structural behaviors of PbI2-doped PVAnanocomposite films
3.1.1. XRDanalysis of PbI2 -doped PVAnanocomposite films
TheXRD techniquewas used to check the structural changes resulting from the addition of the PbI2
nanoparticles in the PVAmatrix. XRDpatterns over a 2θ range of 10° to 70° have been detected. The 2θ of
diffraction peaks of PbI2 occur at 22.45, 25.94, 34.18, 38.56, 39.73, 41.72, 45.31, 47.85, 52.41, 53.28, 56.53, 61.61,
63.71, 67.65 and 68.44 as shown infigure 1(a). These peaks correspond to reflections of crystal plane (100), (011),
(102), (003), (110), (111), (103), (200), (022), (113), (023), (114), (212) and (300), respectively. This reflects the
hexagonal PbI2 structure standard card (JCPDS:80-1000). Figure 1(b) shows theXRDpattern for PVApure and
PbI2/PVAnanocomposite films. For pure PVA, one relatively sharp peakwas observed at 2θ=19.11°which are
related to PVA’s semi-crystalline nature [13, 14]. Yahia et al report a similar result [2]. The behavior PbI2/PVA
nanocomposites were the same as the pure PVApolymer, showing the same peaks, but it can be observed that
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the addition of PbI2 causes a shift of the 2θ=19.36°with lower intensity and similar width between them. The
sharp peaks of PbI2 disappeared in PVA (figure 1(b)).When the PbI2 nanoparticles were doping in the PVA
matrix at a higher concentrations (14.81wt%), the 2θ values increased (i.e. 2θ=20.16°) showing less intensity
and the diffraction beak is broadening. Thismay be due to the electrons interaction [15] between PbI2 and
functional groups of the PVA causing disturbance of PVAhydrogen bonding [16]. This effect has been
previously observedwhile doping TiO2/PVA [2] and PbO2/PVA [17].

The particle sizePwas evaluated based on the regular broadening of XRDpeaks. This extension is a basic
property of XRDoutlined in Scherer’s well-established theory [18, 19] and presented in table 1 as in the equation:

P
K

cos
, 1

l
b q

= ( )

whereK is 0.9,λ is thewavelength (=0.154 nm), θ is the angle of deviation of the diffraction beamobtained from
2θ values corresponding to highest intensity peak inXRDpattern, andβ is FWHMof the peak. Figures 2(a)–(f)
showed thatβ can be obtained fromobserved FWHMofGaussianfit. Fromfigure 2 and table 1, the extended
diffraction peak is associated directly with the lower particle size [20]. Table 1 shows that for pure PVA the
average crystallite size is 3.45 nmand the average crystallite size value P reduces as dopant concentrations
increase. The interplanar distance dwas determined using Bragg’s law [21]:

d n2 sin , 2q l= ( )

where d value equals 4.64 Å, corresponding to (101) the plane of PVA’s structure showing the semi-crystalline
nature of thefilm andwellmatching the values reported [2]. The value of interplanar distance d also calculated
and given in table 1. Apparently, the interplanar distance decreases slightly indicating an interaction between
PVA and PbI2 nanoparticles. This can be understood by estimating the average inter-crystallite separation in the

Figure 1.XRDpatterns of (a)PbI2 nanoparticles, (b)PbI2/PVApolymeric nanocomposite films.
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Figure 2.Gaussian fit of the XRD sharp peak of PbI2/PVAnanocomposite filmswith various content of PbI2 nanoparticles.

Table 1. Lattice parameters, d,R andP for PbI2/PVAnanocomposite films.

Samples P, Particle size, (nm) d, spacing, Å R, Average intercrystalline spacing, (nm)

PVA 3.45 4.64 0.578

0.14%wt of PbI2/PVA 3.33 4.56 0.570

0.74%wt of PbI2/PVA 3.17 4.58 0.573

1.48%wt of PbI2/PVA 3.40 4.58 0.573

7.4%wt of PbI2/PVA 3.30 4.58 0.573

14.81%wt of PbI2/PVA 2.78 4.40 0.55
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amorphous regionR, that can be determined from the relation [22]:

R
5

8 sin
, 3

l
q

= ( )

Furthermore, table 1 tabulated the average inter-crystallite separation in the amorphous regionR. For pure PVA,
theR-value is 0.578, which decreases with the higher PbI2 concentration indicating interaction of Pb

+2 with the
hydroxyl (OH) groups and the carbonyl group (>C=O) of the PVApolymeric chain. This result obtained in
previousworkwithMnCl2/PVA [23].

3.1.2. Fourier transform infrared spectroscopy (FT-IR) of PbI2-doped PVAnanocomposite films
In the range of wavenumber between 400 cm−1 to 4000 cm−1, an analysis of the FT-IRwas carried out to
estimate the ability of PbI2 nanoparticles to interact with the polymeric PVAmatrix. Figure 3 indicates the FT-IR
spectra obtained for pure PVA and for each of its PbI2 nanocomposites. FT-IR shows the characteristic of
functional groups of PVApolymer [24]. Pure PVA exhibited strong broad peak in-band range 3503–3105 cm−1

Because of (O–H) stretch vibrations and another peak at 2951–2900 cm−1 given (CH2) asymmetric stretching.
The peak observed at 1738 cm−1 could be allocated to carbonyl (C=O) stretching bond, while 1040 cm−1

indicated (C–O) stretching presence. Aweak band at 849 cm−1 pointed to (C–C) stretching. At low
concentration of PbI2, small shifting in peaks can be observed. Increasing the PbI2 concentration causing the
shift of (O–H) stretching vibrations to range 3601–3050 cm−1 and shifting (CH2) asymmetric stretching to
2946–2854 cm−1. Also, the carbonyl stretching bond shifted to 1735 cm−1 while (C–O) stretching assigning to
1054 cm−1. These resultsmay support the chemical interaction between nanoparticles and polymermatrix.
New absorption bands at∼713 cm−1 [25]were appeared, which indicated the formation of a new chemical bond
in the PbI2/PVAnanocomposites. This result suggested that the structure of PVA altered by the interactions
with PbI2 as a result of some additional peaks and shifts in frequencies when comparedwith pure PVA.

3.1.3. Scanning electronmicroscope (SEM) of PbI2 doped PVAnanocomposite films:
SEMpresents themorphology and structure of nanomaterials. Figure 4 showed the SEM images for the PVA
including different weight percentages of PbI2. Fromfigure 4(a), it is evident a clear and smooth surface area of
pure PVAwhich demonstrates PVA transparency. Figures 4(b)–(d)displayed PbI2/PVAnanocomposite
samples with different wt% ratios of PbI2 in PVAmatrix. It was possible to see that, the PbI2 nanoparticles were
dispersed homogeneously in the PVAmatrix. As the PbI2 concentration increases, the size of PbI2 particles
increases, and agglomerating the PbI2 nanoparticles. This phenomenon shows that high concentrations of PbI2
can influence PbI2 agglomeration. The surface area is reduced as the particle size rises and the contact between
the particles rises this also increases the conductivity of PbI2/PVAnanocomposites.

3.2.Optical analysis of PbI2 dopedPVAnanocomposite films
Figure 5 presents the transmission spectra in thewavelength range (200–2500 nm) of pure PVA and its different
PbI2 concentrations in PVApolymermatrix. The transmittance increases in the range 200 to 375 nm, then

Figure 3. FTIR spectra of PbI2/PVApolymeric nanocomposite films.
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saturate in region from375 to 1500 nm. The transmittanceT(λ), values at 450 and 1200 nmare presented in
table 2. Themaximum transmittance value is for the pure PVA, this is in keepingwith the reality that PVAfilm is
visible light transparent.With an increase of PbI2 nanoparticles in PVAmatrix, the transmission reduces, to be
assigned to the formation newbonds between the polymermatrix andPbI2 nanoparticles. Also, this can describe
by the agglomeration of the PbI2 nanoparticles in the PVAmatrix at the higher concentration of PbI2. This result
obtained in previous workwith ZnI2/PVA [ 33], GO/PVA [26] andTiO2/PVA[2], see table 2.

The relation between the absorptionAbs(λ) spectra of pure PVA and the studied nanocomposite films of the
PbI2/PVAfilms in thewavelength range (200–2500 nm) is illustrated infigure 6. Pure PVAhas a reduced
absorption compared to the other nanocomposite films. PbI2 improves the absorption values by raising the
doping concentrations of PbI2 nanoparticles in PVAmatrix. The bands of absorption at approximately 280 and
330 nmcan be allocated to the resonating transition>C=Ostructures thatmay be referred to bothπ→π* and
n→π* [29]. Pure PVAfilms demonstrate the absorption spectrumwith thewell-defined edge of absorption
showing its semicrystalline nature. The PVA edge position is located at 250 nm.At higher concentrations of PbI2
(i.e 7.4wt% and 14.8wt%), this edge of absorption ismoved to longer wavelengths. Thismay be due to the lead
iodide additive presence in the PVApolymericmatrix.

Figure 4. SEMmicrograph of (a) pure PVA and PbI2/PVA/nanocomposites with (b) 0.14wt%, (c) 1.48wt%, (d) 14.8wt%of PbI2.
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3.2.1. Determination of the optical bandgap of PbI2/PVAnanocomposites films
Urbach’s relation describes the absorption coefficient closing to the absorption edge [30, 31] bandgapwhich
provides helpful data on the level of defects in the opticalmaterial scheme. TheUrbach’s energy (EU) can be
calculated using the relationship below [30]:

e , 4h E
0

Ua a= n ( )

whereα 0 is a constant. Figure 7 shows the variation between logα and hυ of pure PVA and PbI2/PVAfilms. The
variation inαwas low at low frequencies and increased at the greater frequencies. Thismay be due to the
interband transition at high photon energy [26]. TheEu values are computed from the slope’s reverse. Table 2
presents theUrbach’s energy values for pure PVA and nanocomposite films. It is evident from table 2 thatEU
values are raisingwith PbI2 nanoparticles in PVApolymericmatrix, thismay be attributed to the creation of
localized states due to PbI2 doping. Yahia et al reported this behavior beforewhile doping TiO2/PVA [2]
nanocomposites (see table 2).

An essential tool for determining bandgap is the optical absorption spectrumwhich can be explained the
electronic band structure of semiconductors. The optical band gap is the lowest energy transition between the
HOMOand LUMOstates. The optical bandgap energy (Eg) is the absorption resulting from transitions between
valence and conductive band states located closed to the respectivemobility edges. The following equation
predicted the optical band gap energy [32, 33]:

hv B hv E , 5g
ma = -( ) ( )

whereα is the absorption coefficient, hυ is the photon energy andB is a variable dependent on transition
probability which could be assumed to be constant within the range of the optical frequency,m is used to define
the electronic transitional form and is associatedwith state density distribution. Them requires 1/2 to transition
directly and 2 to transition indirect [32–34]. PVA can have both direct and indirect band gaps. In order to achieve
an indirect bandgap, (αhυ)½was plotted against photon energy (hυ) for pure PVA and the PbI2 nanocomposite
system as shown infigure 8, then extrapolate the linear part of the curve to (αhυ)½=0. The indirect bandgap
for pure PVA is 5.00 eV and that for the studied nanocomposite systemof the PbI2/PVAfilms is 4.91–3.49 eV.

Similarly, the plot of (αhυ)2 against hυhad been used for obtaining the direct bandgap energy for pure PVA
and the PbI2 polymeric nanocomposite system as shown infigure 9. The direct bandgap energy for pure PVA is
5.48 eV and 5.28–4.88 eV for PbI2/PVApolymeric nanocomposite films obtained from the linear curve
extrapolation to a point (αhυ)2=0. The calculated values for indirect and direct bandgap energy are presented
in table 2. The decrease by raising the doping concentration in the values of indirect and direct bandgap energy
may lead to the creation of localized states inEg owing to PbI2 doping. This behavior has been reported before in
ZnI2/PVA [27], GO/PVA [26] andTiO2/PVA [2, 28]nanocomposites (see table 2). Also, the indirect energy
band gap is smaller than the direct energy bandgap in all concentrations [26].

It is possible to calculate the extinction index, k associatedwith thewavelength,λ, and the absorption
coefficient,α using the following expression:

Figure 5.Transmission spectra of PbI2/PVApolymeric nanocomposite films.
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Table 2.TheTransmittance, EU, indirect and direct energy band gap, and n for PbI2/PVApolymeric nanocomposite films.

Eg indirect eV

Samples Tmax 450 nm Tmax 1200 nm EU Eg1 Eg2 Eg direct eV n

Pure PVA 87.05 89.48 0.51 5.00 — 5.48 1.21 Present work

0.14wt%of PbI2/PVA 84.09 88.42 0.57 4.91 — 5.28 1.32

0.74wt%of PbI2/PVA 74.26 81.27 0.65 4.88 — 5.38 1.35

1.48wt%of PbI2/PVA 70.61 75.16 0.36 4.80 — 5.19 1.38

7.4wt%of PbI2/PVA 6.37 50.47 1.44 4.06 1.5 5.01 1.46

14.81wt%of PbI2/PVA 1.80 25.00 1.91 3.49 1.44 4.88 1.42

ZnI2/PVA1.85wt%-37.03wt% 85–10 85–75 — 4.733–4.171 3.293–2.864 — — [27]
GO/PVA0.37wt%- 9.259wt% 87–25 90–40 — 4.55-0.95 — 5.92–5.4 — [26]
TiO2/PVA0.037wt%-37.037wt% ∼80–0 ∼80–4 0.31–15.9 — — 5.6–1.82 1.255–2.06 [2]
TiO2/PVA1.3wt%-6.6 wt% — — — — — 3.87–2.79 — [28]
PbO2/PVA0.05M- 0.2M — — — — — 6.32–4.33 1.15–1.42 [17]
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k 4 , 6al p= ( )

Figure 10 illustrates the variance of k versusλ for the PVA and the different PbI2/PVAnanocomposite films.
Fromfigure 10, it is noticed that as photon energy increases, the extinction coefficientfirst reduces and then
increases from300 nm to 1800 nm for all the samples.

The refractive index (n) is another basic physical parameter when developing newoptical devicematerial
assigning thematerial optical systems and electronic features. High refractive index opticalmaterials are
recommended in different fields [34, 35]. Figure 11 illustrates the change of nwithλ of light for pristine PVA
film and different nanocomposite films. For pure PVA, the refractive index sharply decreases with increasing the
wavelength till 300 nm then decreases slowly. The reflective index n is strongly associatedwith electronic ion
polarization and the localfields withinmaterials which rises with frequency [36] so, the n value also increases
with frequency and decreases withwavelength. Table 2 shows the refractive index for pristine PVA and various
nanocomposite films at 600 nmwavelength. The n values increase by increasing the doping concentration as
shown in table 2. Such a refractive index rise is comparable to that discovered in the nanocomposite systemwith
TiO2/PVAbyYahia et al [2] and PbO2 /PVAbyRebar TAbdulwahid et al [17]. This increasing in n valuemay be
due to the interaction of PbI2 nanoparticles with the PVAmatrices.

Figure 6.Absorbance spectrum for PbI2/PVApolymeric nanocomposite films.

Figure 7.Variation of logαwith hυ for PbI2/PVAnanocomposite films.
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The optical conductivity,σ is a useful tool for studying theelectronic states inmaterials. Optical conductivity
is linked to the refractive index n and the absorption coefficientα by the equation: ,nc

4
s = a

p
where c is the light

velocity [34, 37]. Figure 12 shows the optical conductivity of pure PVA and PVA/PbI2 nanocomposite films. It is
noted thatσ values increase with increasing frequency. Also, the conductivity values orderly increase with
increasing PbI2 content, which ismore sensible at a lower frequency. This increase in conductivitymeans that
the bandgap decreases because new levels are created in it. So, the optical conductivityσ can be controlled by the
PbI2 doping percentage.

3.3.Dielectric properties of PbI2/PVAnanocomposites films
Dielectricmeasurements in polymericmaterials are a powerful technique for obtaining information on
mechanisms of conduction and relaxation. The dielectric constant 1e and dielectric loss values 2e have been
computed based on the following equations:

C t

A
and tan , 71

0
2 1e

e
e e d= = ( )

It can be seen from figures 13 and 14, the change of ε1 and ε2with frequency respectively. The obtained values of

1e and 2e of pure PVA and different nanocomposites, PVA/PbI2 at 100Hz are tabulated in table 3. At lower

Figure 8.Plots of (αhυ)½ versus the photon energy (hυ) of PbI2/PVAnanocomposite films.

Figure 9.Variation of (αhυ)2 versus the photon energy (hυ) for PbI2/PVAnanocomposite films.
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frequency, the dielectric constant performs the highest value then reduces as frequency increases as shown in
figure 13. This can be linked to the tendency to be oriented towards the field applied at the low-frequency range
of dipoles in polymeric filmswhile at high-frequency dipoles have smaller tendency to be oriented according to
thefield variations due to polarization effects. Thus, the dielectric constant value reduces [38]. It is also clearly
observable from figure 13 that the dielectric constant increases for higher concentration of dopant PbI2
nanoparticles perform lowest value for pure PVA (see table 3).

From figure 14, dielectric loss decreases with increasing frequency. The greater value of low-frequency
dielectric lossmay be caused by themobile charges in the polymericmatrices. At low frequency, the values of 2e
increase with increasing PbI2 concentrations (see table 3), the dielectric loss increasemay be due to the dipole
charge increase.While, at high frequency, the change in dielectric loss with frequency and concentration is very
lowbecause the regular field inversion is so rapid in the direction of the electric field so there is no surplus ion
diffusion [39, 40]. This result could be described based on electrical conductivityσac, that is related to .2e To
investigate the effect of doping PbI2 nanoparticles on theAC electrical conductivityσAC of PVApolymeric films,
calculations were performed using the following equation:

Figure 10.The variation of the extinction coefficient versus thewavelength of PbI2/PVAnanocomposites.

Figure 11.Refractive index, n verses thewavelength (λ) for PbI2/PVAnanocomposite films.
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ftan 2 , 8AC 0 1 0 2s w e e d p e e= = ( )

whereω is the angular frequency f2 ,p=( ) f is the applied frequency, 0e is the permittivity of the free space,
tan 2 1d e e= / and 2e represents the dielectric loss. Figure 15 illustrates the variability ofσAC for pure PVA and
PbI2/PVAnanocomposite filmswith frequency. As the frequency rises,σac increases as shown in figure 15. Also,
AC electrical conductivity improves with increasing dopant concentration. In general, the frequency
dependency ofσAC(ω) follows the universal power law:

A , 9AC
Ss w= ( )

whereA and s are constants of thematerial. It is possible to calculate the exponent (s) from lnσAC plots against
lnω. Figure 16 represents the variation of the frequency exponent swith PbI2 content. Fromfigure 16, it can be
noticed that the s value decreases by increasing the PbI2 concentrationwhichmeans that the higher
concentration increase, AC electrical conductivity increases. This result supports the conduction by the
correlated barrier hopping (CBH)model. This result obtained in previous workwithGO/PVA [26].

Figure 12.Optical conductivity (σ) versus (hυ) for PbI2/PVAnanocomposite films.

Figure 13.Plots of ε1 versus logf for PbI2/PVAnanocomposite films.
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Figure 14.Plots of ε2 versus log f for PbI2/PVAnanocomposite films.

Table 3.The dielectric constant and dielectric
loss for PbI2/PVApolymeric
nanocomposite films.

Samples ε1 ε2

Pure PVA 16.93 23.48

0.14wt%of PbI2/PVA 18.12 23.49

0.74wt%of PbI2/PVA 21.27 27.31

1.48wt%of PbI2/PVA 22.36 30.60

7.4wt%of PbI2/PVA 25.42 36.17

14.81wt%of PbI2/PVA 30.15 44.65

Figure 15.AC electrical conductivityσACwith frequency forPbI2/PVAnanocomposite films.
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3.4. The optical limiting of PbI2/PVAnanocomposites films
Anoptical limitation is an effect that keeps the power, irradiance, energy, orfluence that an optical system
transmits below themaximumvalue, regardless of themagnitude of the input [41]. Itmust do thiswhile
maintaining high transmittance at low input powers. Studies of optical power limitation of PbI2/PVA
nanocompositeswere examinedusingHe -Ne laser at 632.8 nmand the solid-state laser diode beamat 532nm
[42, 43]. Figure 17 explains the variationof the optical output powerwithPbI2weight percent. The source’smain
power is 5×10−4W.With increasing concentrationof PbI2 the normalized power is decreasedwhich indicates
the goodoptical limiting behavior. It could benoticed that the normalized power decreasewith increasing laser
power intensity for all samples. Themost expanded applications of such an effect are the protectionof sensitive
optical sensors and components from laser damage and applications innonlinear optical devices.

4. Conclusion

PVA and PbI2/PVAnanocomposite filmswere developed by ultrasonication and solution castingmethods. The
sample’s structural information carried byXRD, FT-IR, and SEMwhich reveal that the structure of PVA altered

Figure 16.Plot of the frequency exponent swith PbI2 contents.

Figure 17.Optical limiting of PbI2/PVAnanocomposites films usingHe–Ne and laser diode sources of 632.2 nm532 nm,
respectively.
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by the interactions with PbI2 especially at 7.4 wt%and 14.8wt%when comparedwith pure PVA. The optical
studies investigate that the transmission reduces and the absorption edge shifts to longer wavelengths by
increasing the content of PbI2 nanoparticles in PVA (7.4wt% and 14.8wt%)which could be assigned to the
presence of lead iodide additive in the PVAmatrix and the production of some aggregates of PbI2 nanoparticles
within the polymericmatrix. Also, the addition of PbI2 into the PVAmatrix can increaseUrbach’s energy and
reduce the optical band gap energy, directly and indirectly give a better photoconductive response. So, this film’s
bandgap can play an essential role in optoelectronic devices.

The dielectric constant and dielectric loss reducewith increasing frequency. The dielectric constant increases
with increasing concentrationwhich is less sensitive for dielectric loss. AC electrical conductivity rises with
frequency and PbI2 dopant levels that promote the correlated barrier hopping (CBH)model for the conduction
mechanism.

Using theHe-Ne power laser beam∼376μWandλ= 632.8 nm and the solid-state laser diode beamof
power∼15.96mWandλ= 532 nm to study the attenuation capabilities of the studied nanocomposite films
shows that the normalized power decrease with increasing laser power intensity for all samples.

So, the PbI2/PVAnanocomposite dielectrics behave as good optical limiters. The results show that the
nanostructures prepared are widely applied in the field of optoelectronics, radiation detection, and several other
applications.
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