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Abstract

Because of their 4f electrons, europium metal ions have incredibly crisp emission bands. As the overlaying 5s? and 5p€ orbitals
effectively protect 4f orbitals from the effects of external pressures. Complex forms of europium metal ions, such Eu(TTA)sPhen,
have garnered a lot of concentration for of their high fluorescence emission efficiency, which is caused by the ligands' high absorption
coefficient. The Europium complex Eu(TTA)sPhen doped PS-PMMA polymer mix, Eu (TTA)sPhen/PS, and Eu (TTA)sPhen/PMMA
have been synthesized and reported here. The SEM picture, XRD and PL characterizations, and CIE chromaticity were used to
characterize the synthesized nanofibers made using the electrospinning technology. The f-f electron transition of Eu®* ions and the
antenna effect of ligands provide this Europium B-diketon complex exceptional optical and luminous characteristics. Due to the
extreme hypersensitive behaviour of the 5Do—"F> transition, the photoluminescence emission spectrum of nanofibers exhibits very
high intense red emission. Because Eu3+ ions separate in the polymer chain of molecules, there will be more contact between the
polymer and Europium complexes, which explains why polymers, polystyrene (PS), and polymethyl methacrylate (PMMA) have
good optical properties. This was made possible by the polymer nanofibers' even distribution of Eu®*. This is because the presence
of polymer may cause the site symmetry of the Eu®* ion to decrease, and the surrounding polymer media may distort it. This study
demonstrates the possible use of electrospinning in a variety of polymer optoelectronic devices and emphasises its promising uses in
the creation of protective textiles. Because electrospun nanofibers are strong, flexible, and have exceptional photoluminescence
qualities, they are used in the newest technology for smart textiles to create smart fabrics for a variety of applications. These textiles
provide as protection against a wide range of environmental threats.
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Introduction applications due to their poor mechanical strength, poor
thermal stability, low processing ability, and poor resistance
Due to their distinctive luminescence characteristics, to air moisture.
including extremely crisp emission bands, a long lifespan,
and the possibility for high internal quantum competence,

photoactive rare-earth Eu complexes in particular,

Europium complexes are typically added to organic or
inorganic hybrid matrices, sol—gel silica [6], or organically

europium [-diketones are of both technical and essential
interest [1]. These Eu B-diketon complexes have remarkable
optical and luminous properties due to the f—f electron
transition of Eu®* ions and the antenna effect of ligands,
which opens up important possibilities [2-4]. However, the
pure Eu complexes have limited practical applications and
only show promise for comprehensive photophysical
applications due to their poor comprehensive photophysical

modified silicates and polymers, to create powders, fibres,
thin solid films, etc., as a suitable way to get around these
drawbacks. Eu complex-doped polymers have garnered a
lot of attention due to their mechanical flexibility and ability
to retain the complexes' luminescent characteristics while
being processed from solution. It has been a steady increase
in interest in polymer materials. There are now several ways
to produce thin polymer films. Technically and financially,
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polymeric materials constitute the most significant class of
organic materials [7].

The polymers added RE complexes are mechanically
flexible and have enhanced photoluminescence and thermal
stability [8-9]. Rare earth complexes added to polymeric
systems are anticipated to be used in functional devices such
tiny lasers, waveguide amplifiers, and polymer fibre lasers,
which are a significant component of the rapidly expanding
area of photonics [10-12].

Electrospinning is a reasonably simple and efficient
approach for creating fibres with a variety of compositions,
long lengths, and uniform diameters when compared to
other production methods [13]. With this method, a polymer
solution droplet's surface is charged with a high voltage,
which causes a liquid jet to be ejected via a spinneret [14].
The jet is then repeatedly stretched to create continuous,
ultrafine fibres as a result of bending instability. Fibres
made with this technique can have widths ranging from a
few nanometres to several micrometres [15]. Nanofibers
produced by the electrospinning process have several
notable characteristics, such as pore sizes in the nano range,
a very high surface area to volume ratio, unique physical
characteristics, and the ability to be functionalised and
modified chemically and physically [16-17].

Method

The optimum technique for creating
Eu(TTA)sPhen/Polymer nanofibers is electrospinning.
Electrospinning is a somewhat simple and efficient
approach for creating fibers with a variety of compositions,
long lengths, and uniform diameters when compared to
other fabrication methods. Fibers made with this technique
can have sizes ranging from a few nanometers to several
micrometers.

The solution approach was employed to create the europium
complex Eu(TTA)sPhen used in this investigation [1].
Figure 1 below illustrates the chemical mechanism via
which Eu(TTA)sPhen is created.
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Figure 1: Chemical process of formation of Eu(TTA)sPhen

Synthesis method of Eu(TTA)sPhen/PMMA
Composite Solutions

Following the creation of the Eu(TTA)sPhen complex,
several polymers, including PS (mol. wt = 350,000) and
PMMA (mol. wt = 350,000), used to create
Eu(TTA)sPhen/Polymer composite solutions. A standard

procedure for making Eu(TTA)sPhen/PS involved
dissolving 2g of PS in 10ml of THF (tetrahydrofuran)
solvent and stirring it magnetically for 12 hours until it was
homogenous. The aforesaid uniform PS polymeric solution
was then magnetically agitated for 12 hours until uniform,
after which 20% of Eu(TTA)sPhen complex powder was
added. For synthesis of Eu(TTA)sPhen/PMMA and
Eu(TTA)sPhen/PMMA-PS polymer blend, same procedure
was carried out again.

Discussion

SEM Image of Prepared Electrospun Nanofibers
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Figure 2: SEM image with histogram of PS nanofibers.
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Figure 3: SEM image with histogram of Eu(TTA)sPhen/PS
nanofibers.

Figures 2 and 3 display the SEM image with histogram of
pure Polystyrene and Eu(TTA)sPhen/PS composite
electrospun nanofibers, separately. Because bending
instability brought on by the spinning jet and stationary
collector, it exhibits morphologically nanofibrous
characteristics, with a uniform diameter and variable
orientation alignment. It is clear from comparing the fibre
morphologies of pure Polystyrene and Eu(TTA)sPhen/PS
that the composite nanofibers have lower average diameters
(about 688 nm) than pure Polystyrene. This might be the
result of the electrospinning solution's improved
conductivity brought on by the addition of Eu(TTA)sPhen.
Based on the Polystyrene nanofibers histogram analysis, the
average fibre diameter was determined to be between 1200
and 1200 nm. However, for Eu(TTA)sPhen/PS, it was 688
nm, demonstrating that the morphology of the
electrospinning fibres may be effectively improved by
adding the europium complex to the polymer matrix.
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Figure 4: SEM image with histogram of PMMA nanofibers.
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Figure 5: SEM image with histogram of Eu(TTA)sPhen/PMMA
nanofibers.

Figures 4 and 5 display the morphologies of uniform
nanofibers of PMMA and Eu(TTA)sPhen/PMMA that were
generated with diameter ranging from 500 to 2000 nm. Due
to the bending instability brought on by the spinning jet, all
of the nanofibers have the same diameter, are aligned, and
are orientated randomly. The typical diameter of the fibres
was determined to be 1942.22 nm for pure PMMA and
274.12 nm for Eu(TTA)sPhen/PMMA based on the analysis
of the nanofiber histogram. The composite nanofibers
average diameters are clearly smaller than those of the pure
PMMA. This demonstrates the same cause of the
electrospinning solution's improved conductivity brought
on by the addition of PMMA to Eu(TTA)sPhen.
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Figure 6: SEM image with histogram of Eu(TTA)sPhen/PS-
PMMA nanofibers.

The morphologies of the electrospun Eu(TTA)sPhen/PS-
PMMA composite nanofibers are displayed in Figure 6,
which indicates that the bending instability linked to the
spinning jet caused the nanofibers to align in a random
orientation and have a uniform diameter. The nanofibers
were discovered to be arbitrarily orientated on the collector
because of the fixed collector and the twisting variability
carried on by the electrospinning jet [16]. Based on the
analysis of nanofiber historiography, the average fiber
diameter was determined to be between 2438.21 nm.

XRD of Eu(TTA)sPhen/PS Polymer Composite
Nanofibers

Figure 7 displays the XRD result of pure PS, Eu(TTA)sPhen
complex, and Eu(TTA)sPhen/PS composite. The range of
XRD result points is 26 = 10 to 60 degrees. The diffraction
peak for pure PS nanofibers in the X-ray diffraction was at
about 15.21 with plane (300), indicating that the sample was
primarily amorphous. Another peak, representing the
monoclinic structure of the PS unit cell, appears at 16.80
with plane (220) and 18.250 with plane (211).
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Figure 7: XRD pattern of Eu(TTA)sPhen/PS.

The XRD result of the Eu(TTA)sPhen complex showed
well-resolved peaks at 20.26, 21.64, 21.66, 27.80. These
peaks confirmed the crystalline behaviour of
Eu(TTA)sPhen. These strongest diffractive peaks make it
abundantly evident that the Eu(TTA)sPhen combination is
a particular type of crystal [29]. Eu(TTA)sPhen/PS X-ray
diffraction almost displays a large peak of europium,
indicating the presence of chemical interaction between the
polymer PS and the Europium complex. PS matrices have
been found to dominate the crystallinity of Eu(TTA)sPhen
upon the addition of polymers. It is apparent, sharp peaks of
the Eu(TTA)sPhen/PS have disappeared.

XRD of Eu(TTA)sPhen/PMMA Fibres

Figure 8 displays the XRD result of pure PMMA,
Eu(TTA)sPhen, and Eu(TTA)sPhen/PMMA composite.
PMMA nanofibers XRD patterns display three distinctive
peaks at 20 = 29.5°, 42.5°, and 52.5°, which correspond to
planes (111), (220), and (311). The non-crystalline
character of pure PMMA is confirmed by the absence of any
strong diffraction peaks. However, when a polymer is added
to  Eu(TTA)sPhen/PMMA, the  crystallinity  of
Eu(TTA)3phen is dominated by Polymer matrices. It is
apparent that the distinct diffraction peaks of the
Eu(TTA)sPhen/PMMA pure complex have vanished. When
mixing with PMMA, certain additional features appear; the
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peak locations differ somewhat from pure complex. This
suggests that the matrix PMMA has an impact on the
complex's crystal structure, possibly as a result of the
coordination with PMMA distorting the local environment
of Eu®* [31].
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Figure 8: XRD pattern of Eu(TTA)sPhen/PMMA.

Figure 9 displays the Eu(TTA)sPhen/PS-PMMA
composite's XRD result. It shows that the tiny matching
peaks of europium have been found in the range of 20 = 15°
to 58°. This finding suggests that in polymer blend matrices
presence of Eu(TTA)sPhen [34].
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Figure 9: XRD pattern of Eu(TTA)sPhen/PS-PMMA composite.
Photoluminescence in Eu(TTA)sPhen

Figure 10 shows the excitation spectra of the pure
Eu(TTA)sphen compound at 354 nm. The ligands 1 — ©*
electron transport results in a broad excitation band that
extends from 255 to 455 nm [27-31]. Every excitation band
shows blue shift and splits into two components, with peaks
at roughly 271 and 346 nm, respectively.

The site symmetry of the Eu®* ion may be reduced and
deformed by the surrounding polymer media in the
composite nanofibers. The "Fo—°D; and ‘F1—°D;
excitation lines are visible in the excitation spectrum of pure
Eu(TTA)sPhen, but they disappear in the composite fibres.

This suggested that the f—f inner-shell transitions in the
composite fibres would be quenched by the nonradiative
energy transfer from the higher excited states to specific
unknown defect levels, which took the place of the
nonradiative relaxation from higher excited states to the °Dy
level [28].
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Figure 10: The excitation spectra of the Eu(TTA)sPhen complex.
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Figure 11: The emission spectra of the Eu(TTA)sPhen complex.

Figure 11 displays the Eu(TTA)sPhen complexes emission
spectra. Under stimulation at 354 nm, the emission spectra
of Eu(TTA)sPhen were measured between 550 and 655 nm
[27-32]. The four emission peaks, at 579, 592, 612, 642,
and 654 nm, are caused by the f—f transitions of Eu®*. In that
order, their designations are 5Do—"Fo, *Do—'F1, *Do—"F2,
5Do—7F3, and °Do—'F4. The Eu®* ion is found in a single
chemical environment when there is just one *Do— “Fy line.
The Eu®* ion is in a single site without a centre of inversion,
as evidenced by the *Do—"F transitions far higher intensity
than the other transitions. The SDo—'F; transition is a
magnetic dipole transition among them.

The various excitation spectra of Eu(TTA)sPhen/Polymers
composites triggered at 354 nm are displayed in Figure 12.
A wide excitation band spanning from 250 to 450 nm is
produced by the ligands' m — n* electron transfer in the case
of the pure Eu(TTA)sPhen complex [33].

Journal of Condensed Matter. 2025. Vol. 03. No. 01

74



Research Article

Dandekar M et al: Photoluminescence Properties of Eu(TTA)3Phen/PS-PMMA Polymer Blend

On the other hand, the excitation bands of
Eu(TTA)sPhen/Polymer composites exhibit blue shift and
split in half, peaking at approximately 270 and 345 nm,
respectively. This is because the presence of polymer may
cause the site symmetry of the Eu®* ion to be reduced and
the surrounding polymer media to distort it.
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Figure 12: Excitation Spectra of Eu(TTA)sPhen/Polymer
composites nanofibers.
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Figure 13: Emission Spectra of Eu(TTA)sPhen/PS-PMMA
composite nanofibers.
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Figure 14: Emission Spectra of Eu(TTA)sPhen/Polymers
composite nanofibers.

Figure 13  and Figure 14  displays the
Eu(TTA)sPhen/Polymers composites emission spectra,
which were obtained under excitation at 354 nm and ranged

Eu(TTA}3Phen

63 04 O3
CIEX

Figure 15: CIE chromaticity color coordinates for (a)
Eu(TTA)sPhen (b) Eu(TTA)sPhen/PVDF.

from 550 to 655 nm. Four emission peaks are identified as
being associated with the 5Do—'Fo, 5Do—F1, °Do—'F>, and
5Do—"Fs3, respectively, and are centered at 579, 592, 612,
and 652 nm. The usual red emission of the Eu®* ion,
attributed to the transitions between the multiplet ("Fo_s) and
the first excited state (°Do), made up the room-temperature
fluorescence spectra of the composite nanofibers.

The presence of the Eu(TTA)sPhen complex in polymers
frequently results in a higher luminous intensity than the
pure complex because the complex is equally distributed
along the macromolecular chains of the polymers. Because
Eu(TTA)sPhen/Polymers fibers are electro spun nanofibers,
their luminescent complex is distributed similarly to that of
the macromolecular chain of polymers, and their luminous
intensity is higher than that of bulk material [25].

Therefore, the results indicated above imply that the
presence of polymers like PS and PMMA frequently
increases the fluorescence intensity of the S°Do—'F;
sensitivity transition of Eu* ions. When integrated into the
microcavities of the polymer matrix, the europium
complexes exhibit more disordered local surroundings due
to the impact of the surrounding polymer [26]. The emission
intensity increases as if the ions were excited at nearly the
same wavelength when Eu®* ions are implanted in a
different polymer matrix.

CIE Chromaticity Coordinates

Using PL emission data, the CIE coordinates of the
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Eu(TTA)sPhen complex, Eu(TTA)sPhen/Polymers, and
polymer blends were obtained using the Commission
Internationale de I'Eclairage (CIE), Colour calculator
software, shown in figure 15. The permissible CIE values
for the red emission of the Eu(TTA)3sPhen complex are x =
0.61 and y = 0.32 coordinates (Figure 13), which are close
to the coordinates for pure red emission set by the National
Television System Committee (NTSC) [14-16].

The CIE coordinates of the Eu(TTA)sPhen complex moved
from their original location and showed good colour
saturation upon the addition of a polymer. The calculated
CIE coordinates are x = 0.61, y=0.33 for Eu(TTA)3Phen/PS,
x =0.54, y = 0.29 for Eu(TTA)sPhen/PMMA, and x = 0.6,
y = 0.31 for Eu(TTA)sPhen/Polymer-Polymer mix. The
calculated CIE shows good colour saturation. As the
europium complex doped polymers matrix was seen, the
emission intensity increased and the CIE colour coordinates
moved towards pure or saturated red emission. The
complex's integrated polymer matrix emitted saturated red
light, and its CIE colour coordinates were red.

Conclusion and Future Prospective

The synthesis, characterisation, and photoluminescence
characteristics of Eu(TTA)sPhen, Eu(TTA)sPhen/Polymer
composites, and Eu(TTA)sPhen/Polymer-Polymer blends
electrospun nanofibers made by electrospinning process are
the main topics of the current study. Photoactive lanthanide
complexes such as europium with B-diketones are highly
interesting due to their high emission peaks in the visible
and near-infrared region under UV stimulation. However,
the rare-earth ions can enhance this by forming complexes
with organic ligands.

The ligand Eu(TTA)sPhen may absorb far more light than
the Eu®* ions because the chromophores of the organic
ligand have very strong absorption bands. These ligands can
act as an antenna and fill the emitting excited levels by
absorbing the excitation light and transferring the excitation
energy to the higher energy levels of the Eu®" ion. The
fashion industry is becoming more interested in safety
clothing as a result of the development of luminous textile
materials. In addition to being beneficial in a variety of
textile applications, the ability to generate light without heat
without the need for an external power source is also
appealing. In order to create clothing that can catch and emit
light so that it is always visible, even in the dark, for a
specified amount of time, the invention pertains to a
photoluminescent fabric and a method of creating one.
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