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Abstract Article Info.

This study investigates the photoluminescence properties of lead iodide

(Pbl:) nanoparticles embedded in a polyvinyl alcohol (PVA) matrix when Keywords:

illuminated by ultraviolet (UV) light. The Pbl. nanoparticles, dispersed uniformly Nanoparticles,

within the PVA polymer matrix, exhibit enhanced stability and efficient light Photoluminescence, Pbl,
emission due to the protective environment provided by PVA. Upon UV PVA, Optical Properties.
illumination, the Pbl: nanoparticles generate visible light, with emission

characteristics influenced by the nanoparticle size, concentration, and interaction Article history:

with the PVA matrix. The role of PVA as a stabilizing agent and its effect on the Received: Dec. 19, 2024
photophysical properties of Pbl: are analyzed, showing an improvement in quantum  Revised: Mar. 21, 2025
efficiency and photostability. This hybrid nanocomposite system demonstrates Accepted: Apr. 06, 2025
potential applications in UV-responsive optoelectronic devices, flexible light- Published:Jun. 01,2026
emitting materials, and photonic sensors. The study offers ideas about the integration

of semiconductor nanoparticles with polymer matrices for advanced light-generation

technologies. This study explores the interaction between UV light and

Pbl: nanoparticles, focusing on the photophysical processes that lead to light

generation.

1. Introduction

Light generation has been studied because light is one of the most important physical
phenomena that plays a major role in our daily lives and modern technological applications. When
lead halide devices are manufactured using nanotechnology, a noticeable increase in the intensity
of generated light is observed. Therefore, these materials have become essential in manufacturing
and technology [1-8]. Lead iodide (Pbl>) is a member of the lead halide family, and it is the best
in light generation among them, according to the National Renewable Energy Laboratory (NREL).
Its power conversion efficiency is in the order of 20.1 % [7, 9]. Therefore, it is important in many
applications like photovoltaic conversion, water splitting, light-emitting diodes (LEDs), and
tunable electrically pumped lasers [7,10]. In a previous study, the preparation, structural and
optical properties of Pbl, were investigated [11]. The structural properties of the samples were
investigated using X-ray diffraction (XRD) to identify the crystalline phase and lattice parameters,
as well as scanning electron microscopy (SEM) to examine the surface morphology and grain size.
The Pbl> thin film was tested using Fourier transform infrared spectroscopy (FTIR) and atomic
force microscopy (AFM). The optical properties were studied using UV-visible spectroscopy,
where absorption and transmittance were measured after depositing Pbl, on a glass substrate. The
evaluated energy gap was 2.3 eV. In this paper, the light generation from nano Pbl is studied in
order to utilize it for manufacturing optical devices.

2. Materials and Methods
2.1. Preparation of Pbl2: PVA Thin Film

Lead iodide nanoparticles (Pblo NPs) were prepared according to the procedure described
by Khalaph et al. [12]. Pbl, was synthesized by reacting aqueous lead nitrate (Pb(NO3)2) with
aqueous potassium iodide (KI) with a molar ratio of 1:3 at room temperature. A yellow precipitate
was formed, indicating the creation of Pbl,, as shown in Fig. 1A. The prepared material was
centrifuged at a speed of 4000 rpm for 20 minutes. The supernatant was discarded, and the
precipitant was dissolved in water and re-centrifuged to remove uninvolved materials. The process
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was repeated three times and the precipitate lead iodide was collected. The chemical equation for
the reaction is represented by Eq. (1):

2KI + Pb (NO3 ), — Pbl, | +2KNO, (1)

To prepare the Pbl: PVA thin films, the PVA polymer solution was first prepared by
dissolving 1 g of PVA (supplied by Sigma company) in 20 mL of distilled water. The Pbl.: PVA
thin films were then prepared by mixing 1 mL of the PVA polymer solution with 0.05 g of the
prepared lead iodide and deposited onto glass plates using the spin coating method at a speed of
1000 rpm for 30 seconds, as shown in Fig. 1C. Additionally, samples were prepared by pouring
the mixture into plastic molds and left to dry, as shown in Fig.1B; the prepared samples were then
oven-dried at 60°C. It has obtained pure lead iodide, and then the polymer was added to obtain a
film, as shown in Fig. 1. It was noticed that the samples emitted green color radiation when
irradiated with ultraviolet radiation, as shown in Fig. 2. This emission was studied and analyzed,
as it is considered the fundamental component in light generation.

Figure 2: Image of Pbl,: PVA under UV light effect.

2.2. Optical Properties
The optical properties of the prepared Pbl, nanoparticles were studied employing
Photoluminescence (PL) and UV-Vis spectroscopy [13,14].
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3. Results and Discussion
3.1. UV-Vis Absorption Spectrum
UV-Vis absorption spectroscopy is an effective method for studying the optical
characteristics of lead iodide Pbl>: PVA. Fig. 3 depicts the absorption spectrum of Pbl; NPs:PVA
as a function of wavelength in the range of 280-730 nm. Fig. 3 clearly shows that Pbl, NPs
exhibited very high absorbance in the UV region, which decreased exponentially with increasing
wavelength; this indicates that Pbl, NPs have a high optical response.
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Figure 3: UV-Vis absorption spectrum of Pbl; NPs: PV A thin film.

The energy band gap of Pblx: PVA blend was measured using the absorption method. It
was computed from the absorbance spectrum using the Tauc relation, according to Eq. (2), as
shown in Fig. 4.

ahv = B (hv — E,)’ (2)

It was found that the energy gap was 4.17 eV. Here, indirect electron transfer is forbidden,
as shown in Fig. 4. The energy gap measured by the absorption method was larger than that
measured by the emission method. Specifically, the energy gap was approximately 4.17 ¢V in the
absorption measurement, whereas it was around 2.8 eV in the emission spectrum. This difference
in energy is due to the fact that the transfer is indirect and forbidden, meaning it requires a higher
energy to transfer, while emission requires less energy to be emitted.
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Figure 4: Tauc plot to compute the energy gap of lead Iodide (Pbl>) thin film.
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PVA is naturally transparent and usually does not intensely absorb light in the visible
range. However, absorption may occur in the ultraviolet range due to the hydroxyl (OH) groups
in the polymer structure. When nanomaterials are added, the absorption properties may change
due to modifications in the electronic structure of the polymer, as shown in Fig. 5.
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Figure 5: UV-Vis absorption spectrum of PVA.

3.2. Photoluminescence Study (PL)

Photoluminescence spectroscopy provides information about the energy states between the
valence and the conduction bands, which are responsible for radiative transitions. This technique
was applied to the Pblo: PVA nanocrystal solution (Pbl, with a concentration of 2 mol/L) and the
wavelength excitation of 290 nm, as shown in Fig. 6.
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Figure 6: The PL spectrum of Pbl; NPs: PV A thin film.

After irradiating the material with a wavelength of 290 nm, a set of peaks was obtained,
as shown in Fig. 6. It was observed that the peaks at 340 and 360 nm are weak, while the peak at
480nm is broad. Usually, the value of the direct band gap is determined from the
photoluminescence peaks using the following Eq. (3):

1240
E(eV) = — 3)
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The energy band gap value calculated from the PL spectrum was approximately 2.8 eV
[15, 16]. Then the crystal size or size (diameter) is calculated from the energy gap using the Brus
equation, Eq. (4):

h? (1 1

E=Eg+ﬁ(m_g+mg) 4)
E is the NPs band gap of 2.8 eV obtained from the PL spectrum and absorption spectrum, Eg bulk
is the bulk band gap of 2.6 eV [10], m} is the excited electron effective mass of 0.12 mo, my, is
the excited hole effective mass of 0.8 my, e is the electron charge (1.6x 10'° Col), d is the size of
NPs, my is the free electron mass (9.1 x 102!) kg. By applying Eq. (4), the calculated NPs size
was approximately 15.4 nm.

As seen in Fig. 7, UV radiation with a wavelength of 300 nm was employed. The resultant
material's properties were studied by irradiating it with a wavelength of 290 nm, and a set of peaks
was used in the light-generating process. However, when the sample is irradiated with a 300 nm
wavelength, as shown in Fig. 7, the peak at 340 nm associated with the band-to-band transition
for Pbl does not appear. This absence is attributed to the very low probability of this transition
compared to other more prominent transitions, which are likely related to surface states induced
by the nano structuring effect of Pbl..
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Fig.7: The PL spectrum of Pbl,: PVA excited by UV light using (300 nm).

Fig. 8 displays the photoluminescence spectrum, which was examined using the CIE 1976
chromaticity diagram. The green light generation was calculated using the following equations
[17,18]:

, 4X (5)
Y X¥15v+32Z

- 9y ]
Y T X¥15Y +32 (6)

The symbols X, Y and Z represent the area under the curve for the three colors blue, red
and green, respectively, while the two symbols u' and v' represent the chromaticity coordinates.
Any color of light can be described using the chromaticity coordinates (u', v'). When they were
substituted into Eqgs. (5 and 6), the chromaticity of the (Pbl.: PVA) were (0.19, 0.59) and the
emitted light color was green. Also, the parameters u', v' can be used to calculate the correlated
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color temperature (CCT) using MacAdam's approximation algorithm with the following
equations:

CCT = —449n3 + 3525n2 — 6823.3n + 5520.33 )
x — 0332
"= 301858 (®)
B U’ 9
T ew —16v + 12 )
_ AV’ 10
Y S ow —16v + 12 (10)

This relation is used to measure the size of nanoparticles using the Brus Eqgs. (8-10) [20].
In this work, these results were used to measure the size of Pbl, nanoparticles, providing more
evidence for the results obtained from the absorption spectrum.

u'
Figure 8: The CIE 19 76 chromaticity diagram for PbI; \PVA.
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The appearance of peaks due to the transitions occurring between the energy levels of both
PVA and Pbl, was observed as listed in Table 1. As shown in Fig. 9, a transition occurs between
the LUMO and the valence band of Pbl,, emitting 360 and 340 nm wavelength radiation. At 340
nm, a very small peak appears, while at 360 nm, the peak is slightly larger. As for the other
transitions at the 410 and 440 nm, they occur due to transitions from the conduction band to the
valence band of Pbly, corresponding to the energy gap. Note that the intensity of these peaks is
somewhat weak compared to the other peaks at 540 and 578 nm, which result from the transition
between the surface state (S.S.) of Pbl; and the valence band. This surface state is significant and
occurs in all materials, with its effect being greater in nanomaterials. Therefore, it was noted that
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the probability of transition between the surface state and the valence band is very high, which
gives the wavelength 540 nm, corresponding to the green color.
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Figure 9: Energy diagram emission for Pbl;: PVA.
Table 1: The energy state of Pbl;\ PVA.
A (nm) E (eV) Transition
360 344
340 364 PVA, LUMO ==y Pbl,, V.B
410 3.024
440 581 Pbl,,C. B == Pbl,, V.B
540 2.3
578 7145 Pbl,,S.S ==y Pbl,, V.B
3.3. Hall Effect

The Hall effect is considered important for determining the type of semiconductor (N-type
or P-type), and knowing the concentration of the charge carriers (n) is useful in calculating the
Fermi wavelength. Table 2 shows the electrical properties of Pbl. with PVA. A higher
concentration of charge carriers or electrons leads to a higher efficiency of the produced light.
However, so far, there has been no direct or clear relationship between intrinsically undoped
semiconductors, whether n-type or p-type, and luminescence. From the Hall effect calculations, it
was noted that the value of n was equal to 8.61x10'°, from which the Fermi wavelength was
calculated, which represents the diameter of the Fermi sphere; the Fermi radius represents the
dividing line between the nanostructured system and the bulk system. A size smaller than the
Fermi wavelength is considered a nanostructure, meaning that the electrons are confined within
the crystal, and if the crystal size is larger than the Fermi wavelength, the electrons are free, i.e.,
a bulk system. In this case, a nanostructure and restriction were obtained, where this restriction
confines a group of electrons within the crystal, and this will generate a plasmonic resonance,
where the appearance of additional peaks at 340 and 480 nm was observed, as in Fig. 6. These
peaks in the fluorescence spectrum, distinct from the energy gap peaks, are due to the plasma
effect. This plasmonic resonance generates energy levels that can be used for light generation at
different wavelengths, with the most intense wavelength being located at 540 nm, as shown in
Fig. 7.

Table 2: The electrical properties of Pbl, with PVA.

n(cm)

Ru(cm>C?)

s (0.cm)’!

m(cm?V-'s!)

Type

8.61x10'°

7.25%10!

3.46x10!

2.51x10°

P
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4. Conclusions

In this work, quasi-monochromatic light was achieved by exploiting the surface states of
nanomaterials. Pbl> nanoparticles embedded in the PVA matrix exhibited strong UV absorption
with efficient green photoluminescence at 540 nm. Comparison of the energy gaps obtained from
absorption and PL spectra highlighted the role of indirect and surface-state transitions. At the same
time, the calculated nanoparticle size agreed with optical estimations, supporting the quantum
confinement effect. Hall effect analysis further confirmed the semiconducting nature of the system
and its relation to light emission efficiency, demonstrating the potential of PbL.:PVA
nanocomposites for future photonic and optoelectronic applications
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