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Abstract: We outline the synthesis of rare earth hybrid organic p-diketonate Eu(TTA);TPPO complex [Eu: Europium, TTA:
Thenoyltrifluoroacetone, TPPO: Triphenylphosphine oxide] pigment to formulate luminous paints. Epoxy and urea-formaldehyde resins were
synthesized by catalytic homo polymerization and solution polymerization technique, respectively. The fluorescent pigment was synthesized at
ambient temperature by solution technique, maintaining the stoichiometric ratio at pH 7. Nextly, fluorescent paint was developed on glass
substrate with epoxy (E) and urea-formaldehyde (UF) resins and toluene as solvent with thickness 0.1 mm, respectively. Photoluminescence
spectra and photometric assessment of the complex were carried out to probe its photophysical parameters. The excitation spectra of the
synthesized complex depict a wide-ranging excitation peak at 466 nm with a wide shoulder at 538 nm, while emission spectra disclosed an
intense peak, recorded at 617 nm which portrays color in the reddish-orange region of the visible spectrum. The paint compositions were
checked for tack-free, hard dry, adhesion, water, salt, alkali, and acid spray test to study their resistance against distinct surroundings. The
painted panels also portrayed reddish-orange emission at a unique wavelength of 617 nm. Amid all the paint compositions, the intensity of
the painted panel with UF as a binder was found to be maximum, followed by the painted panel with epoxy as the binder. Photometric
evaluation revealed reddish-orange emission from pure pigment as well as painted panels, which are portrayed in the visible spectrum. This
proposes a way to develop fluorescent paints that find applications in several areas such as flexible displays, glow-in-dark road paints, OLED
devices, automotive rare lighting, fluorescent sensors, aircraft cabin and floor lighting, architectural and interior decorations, and many more.
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1. Introduction

Luminous paints are defined as the paints that reveal the property
of luminescence. Luminescence could be either in the form of
fluorescence or phosphorescence; accordingly, they are classified as
fluorescent and phosphorescent paints, respectively [1]. Fluorescent
paints glow when they are exposed to short-wave UV radiation, and
the color of emission depends on the energy gap of the pigment
used [2]. On the other hand, there are certain paints which emit light
for an extended period of time even if the external light source is
ceased, maybe for a few seconds, minutes, or even hours, known as
phosphorescent paints [3]. Here we propose a brief study on eco-
friendly fluorescent paints that sight subtle beneath normal light and
flash beneath UV light. Prior state of art reports diverse research
activities involving the synthesis of novel Eu** complexes for light-
emitting devices (LEDs) due to their unique features like sharp
emission peak in 612-617 nm range [4]. Particularly, among all the
rare earth ions, p-diketones (1,3-diketones) are the most favored and
thoroughly studied rare earth coordination complexes [5-7].
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Multifractionated applications of the proposed fluorescent phosphor
include flexible displays, glow-in-dark road paints, OLED devices,
automotive rare lighting, fluorescent sensors, aircraft cabin and floor
lighting, architectural and interior decorations, and many more.
Hence, we report europium-activated f-diketonate complex [8] and
formulation of luminous paints with toluene as solvent.

2. Literature Review

Different studies related to the synthesis and characterization of
Eu’t, TTA, and TPPO complex have been carried out. One such
complex, Eu(TTA);(TPPO),  exhibited ligand-stipulated red
emission with good thermal stability [9]. Energy transfer efficiency
from ligands (TTA and TPPO) to the central metal ion (Eu**)
decides the luminescent properties of the rare earth-based emitting
materials [10]. Eu’* doped CaSrSb,O, phosphor was successfully
synthesized by high-temperature solid-state method [11]. It portrayed
color-tunable properties when the dopant concentration and
temperature were altered. A similar complex, SmgsEugs(TTA)3
dpphen, disclosed that the rare earth complex was thermally stable at
273.76°C (melting point=507.66°C) with tunable emission from
614 nm to 443 nm, when excited at 385 nm [12]. The spectroscopic

© The Author(s) 2024. Published by BON VIEW PUBLISHING PTE. LTD. This is an open access article under the CC BY License (https://creativecommons.org/

licenses/by/4.0/).

202


https://orcid.org/0000-0001-8737-3261
mailto:nthejo.kalyani@litu.edu.in
mailto:nthejo.kalyani@litu.edu.in
https://doi.org/10.47852/bonviewJOPR42022509
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Journal of Optics and Photonics Research Vol. 1

Iss. 4 2024

properties of Eu(TTA); bipy revealed that complex possessed
maximum optical density at neutral pH (pH=7) [13]. In case of
lowering or increasing the pH (either 6 or 8), the intensity and
optical density of the complex were adversely affected. This study
helped in exploring the pH-sensitive nature of rare earth complexes.
A p-diketonate europium complex that exhibits excellent
photophysical properties for application of white LEDs was reported
in similar lines [14].

3. Reagents and Solvents

Rajhans et al. [15] reveals that resins like epoxy (C,;H,5C105)
and urea-formaldehyde (UF) (CsH;,NgO,) have indeed good
potential as binders and toluene as a solvent to formulate
fluorescent paint and hence chosen in the present work.

3.1. Synthesis of pigment

The pigment, Eu(TTA);TPPO, was synthesized through solution
technique at ambient temperature according to the classical method
[16], by following the steps illustrated in Figure 1, and the light
emission of complex beneath (a) normal daylight and (b) ultraviolet
radiation is shown in Figure 2.

3.2. Chemical structure

In the current study, europium — the central metal atom with a
+3 oxidation state forms 8 coordinate bonds (6 with TTA and 2 with
TPPO). TTA and TPPO. Subsequently, 3 molecules of TTA and 1
molecule of TPPO are complexed with Eu’* ion to yield
Eu(TTA);TPPO hybrid organic complex as shown in Figure 3.

Though Eu(TTA); is a red light-emitting phosphor, it is
non-volatile in nature. The reason is its high polarity due to an
unsaturated coordination number. One way to decrease the
polarity is by introducing the second ligand, and hence, TPPO
was chosen as the ancillary ligand [17-19] in this study.

Nevertheless, the foregoing research of this composition discloses
that its use as a red light-emitting phosphor in LEDs/ OLEDs is
delineated and no work is claimed on the formation of luminous
paints with Eu(TTA);TPPO as a pigment and hence this study.

3.3. Preparation of substrate

For further analysis, the fluorescent paints were coated over
glass slides (substrate for paints). To ensure the painted panels
were free from contamination, the slides were cleaned 3—4 times
thoroughly with acetone.

3.4. Different compositions of paints

Practically, paint is composed of mainly three constituents,
specifically pigment, binder/ resin, and solvent in suitable
stoichiometry. Accordingly, two compositions of paint were
formulated using epoxy (E) and UF resins as binder and toluene
as solvent. When pure binder (epoxy/UF) was coated onto the
glass slide and exposed to UV radiation, interestingly, both the
resins were found to be inert to UV radiation. On the other hand,
substrate with pigment-binder combination emitted reddish-orange
color in the visible region of EM spectrum as depicted in
Figure 4. This proves that binder has no absorption for UV
radiation and the emission under UV is solely due to the pigment.

In the current study, the pigment to binder ratio was taken in the
order of 1:9 by wt% with suitable amount of solvent added dropwise
to adjust the consistency of paint formulation. The viscosity of
solvent was 0.53 mPa.s at room temperature (30°C). When binder
was added to the pigment, it has been observed that the pigment
easily dispersed uniformly within the binder; however, such
viscous gel cannot be employed for paint application directly, and
hence to bring down the viscosity to a value which is suitable for
coating purpose, solvent was added appropriately. The formulated
paint was casted onto the glass slide manually by ensuring
uniform thickness over the coated area.

Figure 1
Synthesis technique of Eu(TTA);TPPO pigment
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Figure 2
Pigment beneath normal daylight and
ultraviolet radiation (280-320 nm)
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Figure 3
Chemical structure of Eu(TTA);TPPO molecule

Figure 4
Eu(TTA);TPPO painted panels (UF and E) under normal light
and ultraviolet light

Painted panels under normal light Painted panels under UV light

Thickness of the epoxy and UF-based painted panels was
determined with the help of wedge shape thin film experiment and
was found to be 0.112 and 0.110 cm, respectively. Our previous
reports reveal that the pigment, when solvated in toluene for
1073M, peaked at 258 to 259 nm and 356 to 358 nm that can be
allocated to m—n* and n—n* optical transitions, and the energy
band gap was found to be 3.13 eV [20] and hence not reported here.
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4. Results and Discussion

PL spectra of Eu(TTA); TPPO complex and the paint formulations
were interpreted on Hamamatsu F-4500 spectrofluorometer. The
program, 1931 Commission Internationale de [I’Elcairage (CIE)
Radiant Imaging color calculator software, was used to calibrate the
chromaticity coordinates (x, y). Further, the paint formulations were
assessed for the tack-free, hard dry, adhesion, and water and
chemical resistance test.

4.1. Pigment characterization

At first, the synthesized pigment was featured for PL spectra to
delve into its excitation and emission wavelengths.

4.1.1. Photoluminescence (PL) spectra of pigment

PL spectroscopy deals with the emission of photons when light
of a particular wavelength is incident on light-emitting phosphor
(pigment in the case of luminous paint). This is a tool to check
the excitation and emission wavelength of the phosphor under
investigation. It also helps to probe the suitability of the phosphor
for optoelectronic or photocatalytic applications. In the current
study, excitation spectra of the pigment under investigation
revealed two peaks, registered at 466 and 538 nm with greater
separation as depicted in Figure 5(a). Emission spectra of the

Figure 5
(a) Excitation spectra of Eu(TTA);TPPO pigment.
(b) Emission spectra of Eu(TTA);TPPO pigment
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Figure 6
Illustration: Antenna effect in Eu(TTA);TPPO
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pigment revealed intense emission peak due to their electrons in the
4f shell, one registered at 617 nm, allocated to D, — ’F, transition
and a shoulder at 595 nm due to ’Dy, — ’F; transition (Figure 5(b))
[21], which portrayed color in the red region of the visible spectrum.
The energy gap connecting the triplet state of ligands and the
emissive state of Eu’* is responsible for the sensitization of Eu*
ion by chromophore ligands.

The transformation of an excitation energy from ligand TTA to
the Eu’* ion in the excited state resulted in the emission from
Eu(TTA);TPPO. Here both the ligands (TTA and TPPO) take part
in the energy transfer mechanism. The incident energy is captured
by the ligands and then transmitted to the central metal ion, i.e., Eu
ion. The synthesized Eu complex possessed a synergistic effect in
which the ligand could entrap ultraviolet radiation and transfer
energy from Eu (III), causing antenna effect as shown in Figure 6.
Compared to the magnetic dipole of Dy—’F, transition, the
intensity of the electric dipole of °Dy—’F, transition is much
stronger; thus, very low symmetric sites are occupied by Eu** ions
in these systems [22]. As a result, the intermediate surroundings
around Eu** ions get highly reactive (due to hyper-sensitive
SDy—F, transition). Figure 7 shows the schematic representation of
the mechanism involved in shifting of energy between triplet states
of the ligand and the Eu* ion in the process of PL [23].

4.2. PL spectra of paint formulations

PL spectra of both the paint formulations have been evaluated to
study their excitation and emission spectra. The outcomes are
indexed in Table 1. This reveals that the complex exhibits its true
nature with emission peaking at 617 nm irrespective of the binder
employed. However, variation in intensity was observed due to
variation in the refractive indices of the pigment and the binders.
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Figure 7
Ilustration: Energy transfer mechanism in Eu(TTA); TPPO
from ligand to central and metal ion
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4.2.1. PL spectra of epoxy-based Eu(TTA);TPPO paint
formulation

Luminous paint was formulated with the synthesized
phosphor as pigment, epoxy as binder (with 1:9 ratio,
respectively), and toluene as solvent. The so-formed paint was
coated on a glass slide manually to obtain painted panels of
uniform thickness to yield uniform intensity throughout the
coated area. When subjected to PL spectroscopy, its excitation
spectrum revealed two peaks, registered at 308 and 391 nm as
portrayed in Figure 8(a). Emission spectra of the paint
formulations revealed an emission peak at 617 nm and a
shoulder at 595 nm, attributed to D, — ’F, and °D, — 'F,
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Table 1
An extensive comparison between photophysical properties of pure pigment and paint formulations is under investigation

Sr. No. Photophysical properties Eu(TTA);TPPO pigment Eu(TTA);TPPO (E) Eu(TTA);TPPO (UF)
1. hee (nm) 538 391 466

2. 466 308 392

3. Intensity (a.u) 381.652 57.449 1.433

4. 417.404 40.559 75.414

5. Aemi (NM) 617 617 617

6. 595 595 595

7. Intensity (a.u) 374.095 52.194 70.542

8. 37.544 —-0.556 2.398

* Aexc = Excitation wavelength
Aemi = Emission wavelength

Figure 8
(a) Excitation spectra of epoxy-based paint panel.
(b) Emission spectra of epoxy-based paint panel
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transition, respectively, when excited at 391 nm (Figure 8(b)) [24,
25]. A noteworthy point here is its unique lasing wavelengths as
that of the pure pigment. However, the decrease in the emission
intensity is loud and vivid.

Epoxy possesses an aromatic group [26] and is prone to
photochemical reactions and hence degradation in its intensity.
However, the panels even then emit intense light that is
reasonably sufficient for paint applications.
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Figure 9
(a) Excitation spectra of UF-based paint panel.
(b) Excitation spectra of UF-based paint panel
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4.2.2. PL spectra of UF-based Eu(TTA);TPPO paint
formulation

Luminous paint formulated using Eu(TTA);TPPO as pigment,
UF as binder (with 1:9 ratio, respectively), and toluene as solvent was
manually coated on a glass slide; it revealed excitation spectrum at
392 and 466 nm as portrayed in Figure 9(a). Emission spectra of the
painted panel again revealed an emission peak at 617 nm and a
shoulder at 595 nm when excited at 392 nm (Figure 9(b)).
Interestingly, the intensity of the painted panel was found to be
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Table 2
Photometric parameters of Eu(TTA);TPPO pure pigment and painted panels

Sr. No. Photometric parameters Eu(TTA);TPPO pigment Eu(TTA);TPPO E Eu(TTA);TPPO UF
1. Adom (nm) 610 586 616
2. X 0.9072 0.9072 0.9072
3. Y 0.4170 0.4170 0.4170
4, Z 0.0002 0.0002 0.0002
5. X 0.6646 0.5503 0.6820
6. y 0.3352 0.4486 0.3178
7. u’ 0.4669 0.3023 0.5006
8. \ 0.5299 0.5544 0.5248
9. u 0.4669 0.3023 0.5006
10. v 0.3533 0.3696 0.3499
11. AE 0.1766 0.1848 0.1749
12. CCT (K) 3268 2052 4496

* Adom = Dominant wavelength

more than that of the epoxy-based painted panel, but less than the
intensity of pure pigment. This may be due to its poor absorption
ability relative to the absorption of epoxy resin.

4.3. Photometric evaluation of the pigment and the
paint panels

Photophysical properties such as Color Correlated Temperature
(CCT), CIE chromaticity coordinates, tristimulus values, and
dominant wavelength of the Eu complex and the paint formulations
were investigated by CIE software. Normally, the color stimulus for
any visible color is denoted with regard to chromaticity coordinates
as (x, y) in 2D. In the case of three-dimensional, the same are
specified with regard to tristimulus values (X, Y, Z). The
chromaticity defines the shade and impregnation, and not the color
lightness. Nevertheless, a color’s lightness (dark or light) and shade
(red, blue, green etc.,) are defined by Tristimulus values X, Y, and
Z. In a chromaticity coordinate system, the distance of a color point
from the black body curve is denoted by D, (difference in u v
values). CCT is termed as the perfect temperature at which a black
body radiator should be handled to obtain chromaticity same as that
of the light source. These properties were investigated through
classical methods and online software [27] and are indexed in
Table 2, and the CIE diagram is portrayed in Figure 10. Point (a)
depicts chromaticity coordinates of Eu(TTA);TPPO pure pigment,
point (b) depicts chromaticity coordinates of epoxy-based painted
panel, and point (c) depicts chromaticity coordinates of UF-based
painted panel, respectively.

4.4. Testing of paint panels

The paint formulations were subjected to the following tests to
check different properties that define the longevity and congruity of
the paints, and the outcomes are tabulated in respect of pass or fail in
Table 3.

4.4.1. Drying test

A paint film transforms into a dry film (from a wet state) due to
the volatility of solvent and reaction between its various components.
During this transformation, various changes are observed in its
chemical structure. To analyze the changes in the configurational
properties of paints, the drying test is performed in two stages [28]:

1) Tack-free test: A 0.5 g weight is placed (for 5 s) over a piece of
paper (with the paper placed above the painted panel). Further,

Figure 10

CIE diagram of Eu(TTA);TPPO pure pigment and painted

panels

0.9

3| MacAdam ellipses

0.0 0.1 0.2 0.3 04

Table 3

0.5 0.6

0.7

Outcomes of testing of paint samples

0.8

Physical appearance and  Eu(TTA);TPPO  Eu(TTA);TPPO

tests (E) (UF)
Finish Smooth Smooth
Color Colorless Colorless
Tack-free test Pass Pass
Hard dry test Pass Pass
Adhesion test Fail Pass
Water resistance test Pass Pass

Salt spray test Pass Pass
Alkali spray test Pass Pass
Acid spray test Pass Pass
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the weight is taken off, and the panel is turned down. Falling of
paper proves the coating to be tack-free and is considered to be
passed in this test.

2) Hard dry test: Utmost force is applied over the painted panel by
gripping it in between the forefinger and the thumb. The coating
is rubbed with cloth in case of visibility of fingerprint, proving the
paint as hard dry.

4.4.2. Adhesion test

Adherence (sticking nature) of the coating with the substrate is
checked during investigation. This is done by applying an adhesion
tape over the painted panel and pulled off swiftly with steady speed.
Failure of paint (in this test) is proven if traces of paint are found
sticking to the tape (after removing it).

4.4.3. Water resistance test

In a beaker filled with water, the suitably dried painted panels
are thoroughly immersed for 24 h. Later, the panels are taken out
from the beaker and cleansed under gushing tap water.
Occurrence of blisters, loss in adherence, luster, etc., proves the
coatings to have poor resistance toward water.

4.4.4. Chemical resistance test

Salt, alkali, and acid spray tests are carried out to examine the
withstanding property of paint compositions against different
commercial chemicals.

1) Salt spray test: In a beaker filled with 5% NaCl solution, dried
painted panels are immersed for 24 h. Occurrence of blisters,
loss in adherence or luster, etc., proves the coatings to have
poor resistance toward salts.

2) Alkali spray test: In a beaker filled with 5% NaOH solution, dried
painted panels are immersed for 15 min and cleansed with water.
Occurrence of blisters, loss in adherence or luster, etc., proves the
coatings to have poor resistance toward alkalis.

3) Acid spray test: In a beaker filled with 5% HCOOH solution,
dried painted panels are immersed for 15 min and cleansed
with water. Occurrence of blisters, loss in adherence or luster,
etc., proves the coatings to have poor resistance toward acids.

To determine the durability and compatibility of the paints, drying test
(hard dry and tack-free), adhesion test, water resistance test, and
chemical (salt, alkali, and acid) spray test were probed under
adverse surrounding conditions. The outcomes of these tests are
tabulated in Table 3. These outcomes unveiled that the UF-based
paint formulation passed in all the tests and the epoxy-based paint
formulation too passed in all the tests except the adhesion test. The
reason for this evaluated that the epoxy-based Eu(TTA);TPPO
paint was highly sticky in nature which resulted in paint marks
over the adhesion tape.

5. Conclusion

We outline the synthesis of Eu(TTA);TPPO pigment with aim to
formulate fluorescent paints on glass substrates. Epoxy resin and UF
resin were chosen as binders, and toluene as solvent. PL spectra
were explored to examine the photophysical and photometric
parameters of the pigment (Eu(TTA);TPPO) and the paint
formulations. The excitation spectra of the complex portrayed a wide
excitation peak at 466 nm with a wide shoulder at 538 nm, while
emission spectra disclosed an intense peak, registered at 617 nm. It
portrayed CIE coordinates as (0.6646,0.3352) which portrayed
reddish-orange color of the visible spectrum. The painted panels also
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revealed reddish-orange emission at a distinct wavelength of 617 nm
with CIE coordinates as (0.5503,0.4486) for epoxy-based paint and
(0.6820,0.3178) for UF-based paint. Further, the painted panels were
examined for drying, adhesion, water resistance, and chemical spray
test. The outcome of these tests disclosed that the paints were
durable and compatible under various environments. Among both
the paint compositions, the intensity of UF-based paint was
found to be maximum, followed by epoxy-based paint. The
photometric evaluation revealed that both paints emitted reddish-
orange color in the visible spectrum. These results manifest that
the Eu(TTA);TPPO complex confirms its fluorescent behavior
irrespective of amalgamating with different binders extending a
way to standardize the emission wavelength. This offers a way
to come up with fluorescent paints that find multifaceted
applications in several areas such as in flexible displays,
glow-in-dark road paints, OLED devices, automotive rare
lighting, fluorescent sensors, aircraft cabin and floor lighting,
architectural and interior decorations, and many more.

Ethical Statement

This study does not contain any studies with human or animal
subjects performed by any of the authors.

Conflicts of Interest

The authors declare that they have no conflicts of interest to this
work.

Data Availability Statement

Data are available on request from the corresponding author
upon reasonable request.

Author Contribution Statement

Vyankatesh Rajhans: Formal analysis, Investigation, Data
curation, Writing — original draft, Visualization. N. Thejo
Kalyani: Conceptualization, Methodology, Validation, Resources,
Writing — review & editing, Supervision, Project administration.
Akhilesh Ugale: Software, Writing — review & editing. S. J.
Dhoble: Supervision, Project administration.

References

[1] Kalyani, N. T., Jain, A., & Dhoble, S. J. (2022). Persistent
phosphors for luminous paints: A review. Luminescence,
37(4), 524-542. https://doi.org/10.1002/bi0.4203

[2] Liu, S., Wang, J., Tang, F., Wang, N., Li, L., Yao, C,, &
Li, L. (2020). Aqueous systems with tunable fluorescence
including white-light emission for anti-counterfeiting fluorescent
inks and hydrogels. ACS Applied Materials & Interfaces,
12(49), 55269-55277. https://doi.org/10.1021/acsami.Oc16815

[3] Xu,J., & Tanabe, S. (2019). Persistent luminescence instead of
phosphorescence: History, mechanism, and perspective.
Journal of Luminescence, 205, 581-620. https://doi.org/10.
1016/j.jlumin.2018.09.047

[4] Nagar, A., Srivastava, A., Sengupta, A., Sk, M. A., Goyal, P.,
Verma, P. K., & Mohapatra, P. K. (2024). Experimental and
theoretical insight into the ionic liquid-mediated complexation
of trivalent lanthanides with B-diketone and its fluorinated
analogue. Inorganic Chemistry, 63(5), 2533-2552. https://
doi.org/10.1021/acs.inorgchem.3c03731


https://doi.org/10.1002/bio.4203
https://doi.org/10.1021/acsami.0c16815
https://doi.org/10.1016/j.jlumin.2018.09.047
https://doi.org/10.1016/j.jlumin.2018.09.047
https://doi.org/10.1021/acs.inorgchem.3c03731
https://doi.org/10.1021/acs.inorgchem.3c03731

Journal of Optics and Photonics Research Vol. 1

Iss. 4

2024

[51 Chen, W. T. (2021). Synthesis and characterization of a novel

—
N
—

[10

[11

[12

[13

[14

[16

—

—_

—

—

]

—

]

]

—_

—_

—

Europium(Ill) complex with a one-dimensional chain-like
structure. Journal of Solid State Chemistry, 294, 121818.
https://doi.org/10.1016/j.jssc.2020.121818

Xu, Y., Wang, Q., Cai, X., Li, C., Jiang, S., & Wang, Y. (2023).
Frontier molecular orbital engineering: Constructing highly
efficient narrowband organic electroluminescent materials.
Angewandte Chemie, 135(52), €202312451. https://doi.org/
10.1002/ange.202312451

Gupta, L., Singh, S., Bhagwan, S., & Singh, D. (2021). Rare
earth (RE) doped phosphors and their emerging applications:
A review. Ceramics International, 47(14), 19282-19303.
https://doi.org/10.1016/j.ceramint.2021.03.308

Nehra, K., Dalal, A., Hooda, A., Bhagwan, S., Saini, R. K.,
Mari, B., ..., & Singh, D. (2022). Lanthanides p-diketonate
complexes as energy-efficient emissive materials: A review.
Journal of Molecular Structure, 1249, 131531. https:/doi.
org/10.1016/j.molstruc.2021.131531

Zhang, X., Zhang, W., Yu, H., Dong, X., & Xia, L. (2020).
Preparation of cumulate litchi shell-like structure porous
Eu(TTA);(TPPO),/SnO, material with stronger red emission.
Journal of Luminescence, 228, 117648. https://doi.org/10.
1016/j.jlumin.2020.117648

Ktonkowski, A. M., Lis, S., Pietraszkiewicz, M., Hnatejko, Z.,
Czarnobaj, K., & Elbanowski, M. (2003). Luminescence
properties of materials with Eu(Ill) complexes: Role of
ligand, coligand, anion, and matrix. Chemistry of Materials,
15(3), 656—663. https://doi.org/10.1021/cm0202557

Hua, Y., Zhou, K., Wang, X., & Qiu, X. (2022). Investigations
on photoluminescence properties of rare-earth ion single-doped
CaSrSb,0 phosphors. Inorganic Chemistry Communications,
137, 109197. https://doi.org/10.1016/j.inoche.2022.109197
Kumar, A., & Singh, G. (2023). Recent advances and future
perspectives of photoluminescent liquid crystals and their
nanocomposites for emissive displays and other tunable
photonic devices. Journal of Molecular Liquids, 386,
122607. https://doi.org/10.1016/j.molliq.2023.122607
Al-Busaidi, . J., [Imi, R., Zhang, D., Dutra, J. D. L., Oliveira,
W.F., Al Rasbi, N. K., ..., & Khan, M. S. (2022). Synthesis
and photophysical properties of ternary p-diketonate
europium(IlI) complexes incorporating bipyridine and its
derivatives. Dyes and Pigments, 197, 109879. https://doi.org/
10.1016/j.dyepig.2021.109879

Bala, M., Kumar, S., Devi, R., Taxak, V. B., Boora, P., & Khatkar,
S. P. (2018). Synthesis and photoluminescence properties of
europium(Ill) complexes sensitized with p-diketonato and N,
N-donors ancillary ligands. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 196, 67-75. https://
doi.org/10.1016/j.522.2018.02.013

Rajhans, V., Kalyani, N. T., Raikundliya, R., & Dhoble, S. J.
(2023). Wavelength  tuning from Cadmium based
8-HQ luminous paints formulated with contrasting resins.
Optik, 272, 170211. https://doi.org/10.1016/j.ijle0.2022.170211
Lara-Cero0n, J. A., Vidyasagar, C. C., Muiioz-Flores, B. M., &
Pérez, V. M. J. (2021). Recent advances in microwave assisted
syntheses of organometallic and coordination compounds. In B.
Kharisov & O. Kharissova (Eds.), Handbook of greener
synthesis of nanomaterials and compounds (pp. 543-584).
Elsevier. https://doi.org/10.1016/B978-0-12-821938-6.00016-5
Dinga, D. K., Kasprzycka, E., Assunc¢do, I. P., Winterstein, F.,
Alizade, A., Caliskanyiirek, V., ..., & Lezhnina, M. (2023).
High brightness red emitting polymer beads for

[18

—_

[19

—

[20]

[21

—

[22]

[23]

[24]

[23]

[26]

[27

—_

[28]

immunoassays: Comparison between trifluoroacetylacetonates
of Europium. Frontiers in Chemistry, 11, 1179247. https://
doi.org/10.3389/fchem.2023.1179247

Xiang, H., Wang, R., Chen, J,, Li, F., & Zeng, H. (2021).
Research progress of full electroluminescent white light-
emitting diodes based on a single emissive layer. Light:
Science & Applications, 10(1), 206. https://doi.org/10.1038/
s41377-021-00640-4

Dalal, A., Nehra, K., Hooda, A., Singh, D., Kumar, P., Kumar,
S., ..., & Rathi, B. (2023). Luminous lanthanide diketonates:
Review on synthesis and optoelectronic characterizations.
Inorganica Chimica Acta, 550, 121406. https://doi.org/
10.1016/j.ica.2023.121406

Tian, J., & Zhuang, W. (2021). Thermal stability of
nitride phosphors for light-emitting diodes. [norganic
Chemistry Frontiers, 8(22), 4933-4954. https://doi.org/
10.1039/D1QI00993 A

Singh, K., Pradhan, P., Priya, S., Mund, S., & Vaidyanathan, S.
(2023). Recent progress in trivalent europium (Eu**) based
inorganic phosphors for solid-state lighting: An overview.
Dalton Transactions, 52(37), 13027-13057. https://doi.org/
10.1039/D3DT00303E

Kammerlander, K. K. K., Kohler, L., Huittinen, N., Bok, F.,
Steudtner, R., Oschatz, C., ..., & Brunner, E. (2021).
Sorption of europium on diatom biosilica as model of a
“green” sorbent for f-elements. Applied Geochemistry, 126,
104823. https://doi.org/10.1016/j.apgeochem.2020.104823
Hasegawa, Y., & Kitagawa, Y. (2021). Lanthanide-based
materials for electroluminescence. In A. de Bettencourt-Dias
(Ed.), Modern applications of lanthanide Iluminescence
(pp. 195-215). Springer. https://doi.org/10.1007/4243_2020_14
Gafturi, P., Stolyarova, E., Llerena, D., Appert, E., Consonni, M.,
Robin, S., & Consonni, V. (2021). Potential substitutes for critical
materials in white LEDs: Technological challenges and market
opportunities. Renewable and Sustainable Energy Reviews,
143, 110869. https://doi.org/10.1016/j.rser.2021.110869

IImi, R., Li, X., Al Rasbi, N. K., Zhou, L., Wong, W. Y., Raithby, P.
R, & Khan, M. S. (2023). Two new red-emitting terary
europium(Il) complexes with high photoluminescence quantum
yields and exceptional performance in OLED devices. Dalton
Transactions, 52(36), 12885-12891. https://doi.org/10.1039/
D3DT02147E

Quelennec, B., Duan, Z., Delannoy, R., Gay, N., Briffaut, M.,
Tognetti, V., ..., & Richaud, E. (2023). Effect of physical and
chemical ageing on barrier properties of epoxy coating.
Construction and Building Materials, 409, 133908. https://
doi.org/10.1016/j.conbuildmat.2023.133908

Debsharma, M., Pramanik, T., Daka, C., & Mukherjee, R.
(2022). Recent advances in the electrical and optical properties
of Algq; and Alqgs derivatives based OLEDS. Journal of
Physics: Conference Series, 2267(1), 012159. https://doi.org/
10.1088/1742-6596/2267/1/012159

Bi, Y., Pei, ], Chen, Z., Zhang, L., Li, R., & Hu, D. (2021).
Preparation and characterization of luminescent road-marking
paint. International Journal of Pavement Research and
Technology, 14(2), 252-258. https://doi.org/10.1007/s42947-
020-0229-3

How to Cite: Rajhans, V., Kalyani, N. T., Ugale, A., & Dhoble, S. J. (2024).
Exploring the Feasibility of Eu(TTA);TPPO as Pigment for Fluorescent Paint.
Journal of Optics and Photonics Research, 1(4), 202-209. https://doi.org/
10.47852/bonviewJOPR42022509

209


https://doi.org/10.1016/j.jssc.2020.121818
https://doi.org/10.1002/ange.202312451
https://doi.org/10.1002/ange.202312451
https://doi.org/10.1016/j.ceramint.2021.03.308
https://doi.org/10.1016/j.molstruc.2021.131531
https://doi.org/10.1016/j.molstruc.2021.131531
https://doi.org/10.1016/j.jlumin.2020.117648
https://doi.org/10.1016/j.jlumin.2020.117648
https://doi.org/10.1021/cm0202557
https://doi.org/10.1016/j.inoche.2022.109197
https://doi.org/10.1016/j.molliq.2023.122607
https://doi.org/10.1016/j.dyepig.2021.109879
https://doi.org/10.1016/j.dyepig.2021.109879
https://doi.org/10.1016/j.saa.2018.02.013
https://doi.org/10.1016/j.saa.2018.02.013
https://doi.org/10.1016/j.ijleo.2022.170211
https://doi.org/10.1016/B978-0-12-821938-6.00016-5
https://doi.org/10.3389/fchem.2023.1179247
https://doi.org/10.3389/fchem.2023.1179247
https://doi.org/10.1038/s41377-021-00640-4
https://doi.org/10.1038/s41377-021-00640-4
https://doi.org/10.1016/j.ica.2023.121406
https://doi.org/10.1016/j.ica.2023.121406
https://doi.org/10.1039/D1QI00993A
https://doi.org/10.1039/D1QI00993A
https://doi.org/10.1039/D3DT00303E
https://doi.org/10.1039/D3DT00303E
https://doi.org/10.1016/j.apgeochem.2020.104823
https://doi.org/10.1007/4243_2020_14
https://doi.org/10.1016/j.rser.2021.110869
https://doi.org/10.1039/D3DT02147E
https://doi.org/10.1039/D3DT02147E
https://doi.org/10.1016/j.conbuildmat.2023.133908
https://doi.org/10.1016/j.conbuildmat.2023.133908
https://doi.org/10.1088/1742-6596/2267/1/012159
https://doi.org/10.1088/1742-6596/2267/1/012159
https://doi.org/10.1007/s42947-020-0229-3
https://doi.org/10.1007/s42947-020-0229-3
https://doi.org/10.47852/bonviewJOPR42022509
https://doi.org/10.47852/bonviewJOPR42022509

	Exploring the Feasibility of Eu(TTA)3TPPO as Pigment for Fluorescent Paint
	1. Introduction
	2. Literature Review
	3. Reagents and Solvents
	3.1. Synthesis of pigment
	3.2. Chemical structure
	3.3. Preparation of substrate
	3.4. Different compositions of paints

	4. Results and Discussion
	4.1. Pigment characterization
	4.1.1. Photoluminescence (PL) spectra of pigment

	4.2. PL spectra of paint formulations
	4.2.1. PL spectra of epoxy-based Eu(TTA)3TPPO paint formulation
	4.2.2. PL spectra of UF-based Eu(TTA)3TPPO paint formulation

	4.3. Photometric evaluation of the pigment and the paint panels
	4.4. Testing of paint panels
	4.4.1. Drying test
	4.4.2. Adhesion test
	4.4.3. Water resistance test
	4.4.4. Chemical resistance test


	5. Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


