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Pr3* (0.5-9 mol%) doped MgO nanoparticles were successfully synthesized via a solution combustion method using aloe vera gel as a
green fuel. The powder X-ray diffraction (PXRD) patterns confirmed the formation of a single-phase cubic structure for all compositions.
The morphological characteristics of the synthesized nanoparticles were investigated using microscopic techniques. The optical energy
band gap (Eqy), estimated from UV-visible absorption spectra, was found to vary from 5.06 to 5.59 eV with increasing Pr3* concentration.
Photoluminescence (PL) excitation spectra recorded in the 350-800 nm range revealed characteristic emissions and the corresponding
CIE chromaticity coordinates were located in the blue-green region. These results suggest that the developed phosphor materials are
promising candidates for use as blue-green components in white light-emitting devices. Furthermore, Pr3* (1 mol%) doped MgO
nanoparticles demonstrated excellent performance in visualizing latent fingerprints (LFPs) on glass surfaces, indicating their potential

application in forensic science.
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INTRODUCTION

Magnesium oxide (MgO) material in nanosize forms have
various applications in catalysis, toxic waste remediation,
refractory, translucent ceramics, paint, superconductors, absor-
bents, etc. [1-3]. The optical properties of MgO nanoparticles
depend mainly on the intrinsic stability, wide bandgap, crystal
lattice and defects [4]. It is important to know the size-depen-
dent properties of MgO nanoparticle due to various applica-
tions in the field of nanoscience and technology. Numerous
methods such as the wet chemical [5], sol-gel [6], microwave
synthesis [7], precipitation [8] and hydrothermal process [9]
have been used to synthesis MgO nanoparticles. However,
these methods usually require expensive equipment, high
temperature and multiple steps. On the contrary, combustion
synthesis seems attractive due to their low cost, rapid and
energy-efficient synthesis [10].

Generally, doping involves incorporation of foreign elem-
ents into a host material altering the optical and electrical prop-
erties of the MgO nanoparticle. Rare-earth (RE) doped MgO
nanoparticles has received great attention due to the optical
properties originating from the 4f transitions [11]. In the
lanthanide series, Pr¥* ions doped metal oxide attracted the
attention due to their red and green-blue emissions property
[12,13].

In recent years, white light emitting diodes (WLEDS) is
replacing incandescence bulb due to its low cost, high output,
environmental benignity and long lifetime [14]. The intense
and sharp emissions peak of praseodymium in its trivalent form
could support the display application [15,16]. According to
the literature, there are only a limited number of studies on
Pré*- doped magnesium oxide (MgO) nanoparticles [17]. For
this reason, we intend to study the luminescence properties
of Pr-dopant on the optical properties of MgO nanoparticles.
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Moreover, rare earth doped metallic oxide nanoparticles, with
their strong luminescence and high surface area due to their
unique morphology, present a promising material for latent
finger-print detection [18,19]. The intense photoluminescence
emission enables clear visualization of fingerprint ridges and
pores under UV illumination, improving the contrast between
the fingerprint residue and background surfaces [20]. The
nanoscale size and porous nature of doped materials facilitate
better adhesion to sweat pore secretions, allowing enhanced
detection of fine details such as sweat pores [20,21]. Thus, the
luminescent properties combined with the physical character-
istics of Pri*-doped MgO nanoparticles make them highly
suitable for dual applications in both optoelectronic displays
and sensitive forensic fingerprint imaging.

Herein, we have reported a green synthesis of Pr3* (0.5-9
mol%) doped MgO nanoparticles using aloe-vera gel as fuel.
The advantages of plant mediated fuels are low cost, less toxic,
eco-friendly, high homogeneity, high crystallinity and good
phase purity [22,23]. Furthermore, the synthesized doped
materials were explored for their practical application in the
visualization of latent fingerprints (LFPs) on glass surfaces,
demonstrating their potential in forensic investigations.

EXPERIMENTAL

The chemicals, magnesium nitrate, praseodymium nitrate
hexahydrate (Pr(NO3)s-6H20) as precursors, were procured
from Merck (USA). X-ray diffraction (XRD) patterns were
recorded using a Bruker D8 Advance diffractometer with
CuKo. radiation (A = 1.5406 A). The surface morphology of
the samples was examined using a field emission scanning
electron microscope (FESEM, Carl Zeiss Supra 55). UV-Vis
spectroscopy was carried out with an Agilent Technologies Cary
Eclipse spectrophotometer. Photoluminescence (PL) spectra
were recorded using a Perkin-Elmer Fluorescence Spectro-
photometer (FL5600) equipped with a double-grating mono-
chromator and a xenon lamp as the excitation source.

Synthesis of MgO:Pr® (0.5-9 mol%) nanoparticles:
Pr3* (0.5-9 mol%) doped MgO nanoparticles was successfully
prepared by combustion method using aloe vera gel as fuel.
The stoichiometric amount of Mg(NOs),, Pr(NOsz)s-6H,0
and aloe vera gel were dissolved in distilled water with cons-
tant stirring and then this reaction mixture was preheated in
muffle furnace at 500 £ 5 °C. The resultant product was formed
within 5 min and then annealed at 700 °C in the muffle fur-
nace for 2 h.

RESULTS AND DISCUSSION

PXRD studies: Crystal structure of MgO nanoparticles
with varied concentrations of Pr¥* (0.5-9 mol%) were chara-
cterized using PXRD and matched with standard JCPDS card
No. 87-0653 as shown in Fig. 1. PXRD pattern confirms the
cubic phase of MgO nanoparticles [24,25].

UV-Vis studies: The optical spectra of Pré* (0.5-9 mol%)
doped MgO composites in the range of 100-600 hm wave-
lengths is shown in Fig. 2a. The optical absorption of the five
samples show a strong absorption around 220-275 nm and
the absorption edge is shifted to lower wavelength upon Pr3*
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Fig. 1. PXRD patterns of Pr® (0.5-9 mol%) doped MgO nanoparticles
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doped MgO [26]. The values of band gap for (0.5-9 mol%)
Pr¥*-doped MgO nanoparticles calculated by the Tauc plots
(Fig. 2b) found to be in range 5.06 to 5.59eV [27].

Surface morphology: Fig. 3 displays the SEM micro-
graph of the MgO nanophosphor doped with 1 mol% Pr3* ions.
The image shows that the particles have an uneven and irreg-
ular morphology, consisting mainly of thin, plate-like forma-
tions with curled and slightly folded edges. This structural
appearance suggests that the inclusion of Pr3* ions during
syn-thesis may have influenced the particle growth, leading
to partial aggregation and surface distortion. Small pores and
voids can also be observed among the particles, indicating a
loosely packed structure. Such features are likely to increase
the effective surface area of the material and may play a signi-
ficant role in modifying its optical and luminescent behaviour.

Photoluminescence (PL) studies: As PL was a surface
phenomenon, then smoother surface gives better emission, as
related to the coarser one [28]. Excitation spectra of Pr3* (0.5-
9 mol%) doped MgO nanoparticles recorded at 468 nm emi-
ssion wavelength as shown in Fig. 4a. Fig. 4a shows that one
intense sharp peak at 376 nm [29]. The emission peaks of Pr3*
(0.5-9 mol%) doped MgO nanoparticles recorded at excita-
tion wavelength 376 nm as shown in Fig. 4b. From Fig. 4b,
it is observed that one cyan emission peak at 492 nm
(®(Po—1H,). The radiative depopulation of the 3P state gives
rise to emission bands in the red region of the spectrum,
including transitions from 3Po—°%F; at 663 nm, 3P;—3F, at
764 nm.

Fig. 4b also shows that the emission peak at 468 nm
exhibits a higher intensity compared to the other peaks, which
can be attributed to the strong population of the 3P; excited
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Fig. 2. (a) Absorption spectra of Pr3* (0.5-9 mol%) doped MgO samples, (b) the Tauc plots given band gaps
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Fig. 3. SEM image of Pr®* (1 mol%) doped MgO nanoparticles

state [30]. The optimal concentration of Pr®* ions in MgO nano-
particles was also investigated to determine its effect on lumi-
nescence behaviour. As observed in Fig. 4c, the photolumi-
nescence (PL) emission intensity initially increases with Pr3*
doping and reaches its maximum at 1 mol%. Beyond this
concentration, the emission intensity gradually decreases due
to concentration quenching, which occurs as a result of non-
radiative energy transfer among adjacent Pr3* ions [12]. Fig.
4d illustrates the energy-level diagram of Pr3* ions, demons-
trating the possible electronic transitions responsible for the
observed blue-green emission.

Colour parameters: Fig. 5 presents the Commission
Internationale de I’Eclairage (CIE) chromaticity diagram for
MgO nanoparticles doped with varying concentrations of
Pr3* ions (1-9 mol%). The emission coordinates for each
concentration were derived from the PL spectra, and the corr-
esponding CIE and correlated colour temperature (CCT) values
are summarized in Tables 1 and 2, respectively. As illustrated
in Fig. 5, the emission points are primarily located in the blue-
green region of the chromaticity diagram, confirming that the
dominant emission arises from electronic transitions within
the Pr3* ion energy levels, particularly from the 3P;—3Hs,
transition. The slight shift in chromaticity coordinates with
increasing dopant concentration suggests minor variations in

X y
0.5 mol% 0.28200 0.30463
1.0 mol% 0.27204 0.29619
3.0 mol% 0.27707 0.30859
5.0 mol% 0.28663 0.31209
7.0 mol% 0.24474 0.22955
9.0 mol% 0.26856 0.28640
TABLE-2

THE CCT COORDINATES OF
MgO:Pr3* (0.5-9 mol%) NANOPARTICLES

u' V' CCT
0.5 mol% 0.1852 0.4501 9061
1.0 mol% 0.1811 0.4435 10360
3.0 mol% 0.1802 0.4517 9333
5.0 mol% 0.1858 0.4551 8456
7.0 mol% 0.1859 0.3924 36934
9.0 mol% 0.1821 0.4369 11366

the local crystal field environment and energy transfer effici-
ency among Pr3* ions. These observations indicate that Pr*-
doped MgO nanophosphors can effectively emit in the blue-
green spectral region, making them suitable candidates for
display and optoelectronic applications.

Forensic application: In this study, latent fingerprints
(LFPs) from a healthy individual were deposited on glass sur-
faces. The micrographs (Fig. 6) demonstrate that the use of 1
mol% Pr3*-doped MgO nanoparticles enables clear visualiza-
tion of the fingerprint ridges, significantly enhancing the con-
trast compared to untreated fingerprints [31]. Importantly, the
nanoparticles allow the observation of all three levels of finger-
print as (i) the overall ridge patterns such as loops (Level 1),
(if) minutiae including dots, bifurcations and bridges (Level
I1); and (iii) individual sweat pores (Level I11). This enhanced
visualization can be attributed to the strong blue-green lumi-
nescence of the Pré*-doped MgO nanoparticles, which effect-
ively adhere to the fingerprint residues and emit under UV
illumination, revealing fine structural details that are critical
for high-accuracy forensic identification.
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Conclusion

In this work, Pr¥* (0.5-9 mol%) doped MgO nano-
particles were successfully synthesized and characterized for
the structural, optical and luminescent properties, as well as
forensic applications. PXRD confirmed the cubic structure of
MgO, while SEM revealed irregular, plate-like, porous morp-
hologies enhancing surface area and optical interactions. UV-
Vis and PL studies showed strong blue-green emission, with
maximum intensity at 1 mol% Pr®*, and a band gap range of
5.06-5.59 eV. CIE analysis confirmed blue-green emission
suitable for display and optoelectronic applications. For foren-
sic evaluation, 1 mol% Pr*-doped MgO nanoparticles enabled
clear visualization of all three levels of latent fingerprint detail
including ridge patterns, minutiae, and sweat pores under UV
illumination, due to strong luminescence and effective adhe-
sion to fingerprint residues. These results demonstrate that
Pr¥*-doped MgO nanoparticles are promising multifunctional
materials for both optoelectronic devices and high-resolution
latent fingerprint detection.
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