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mechanoluminescence is stimulated by an external mechanical force applied to it.
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EuD,TEA has easily been prepared only by standard crystallisation using
dibenzoylmethane, europium nitrate hexahydrate, and triethylamine. This research
mainly focused on the solvent for the synthesis of EUD4TEA crystals. The solvents used

Keywords: were ethanol and acetone. Acetone has the main credit for producing much higher-quality
Photoluminescence; EuD4TEA crystals in certain aspects. Acetone-based end products are larger and have
Mechanoluminescece; EUD4TEA higher light emission under excitation.

1. Introduction

Luminescence is defined as the emission of cold light caused by any form of excitation source for
certain materials and is in contrast to the light emitted from incandescent bodies, such as the burning
of coal or wood [1]. Luminescence is one of the primary research methods and characterisation
techniques in studies of semiconductor materials [2,3]. Besides providing information about
crystalline quality, it also identifies and quantifies defects and impurities in semiconductors [4]. The
excitation sources can be either stress that is applied to crystals, subatomic motions, electrical
energy, or chemical reactions.

Photoluminescence, an optical radiation system that emits as a result of being excited by light
irradiation [5], has attracted a lot of attention for many years [4]. PL can play a role in tackling defects
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in semiconductors because of their high photoluminescence quantum yield (PLQY), narrow and
tuneable PL covering a broad visible spectral range (400-700 nm), and high stability towards moisture
and heat, among others [4,5].

Mechanoluminescence (ML) is the phenomenon of mechanical-induced luminescence in which
the materials absorb the energy from the actions, and the energy is re-emitted in the form of visible
light [8]. ML can be categorized as Plastico-Mechanoluminescence (PML), Elastico-
Mechanoluminescence (EML) [9,10] and Fracto-Mechanoluminescence (FML) [11,12] in a narrower
sense. Elastic deformation induces luminescence without damage to samples, which is termed EML
[9], where FML and PML are the luminescence induced by the fracture of solids and plastic
deformation respectively [5-7]. So, ML materials can be used to detect mechanical strain or stress
and are extensively employed for the potential applications of stress sensing of structural
components and active crack monitoring due to their properties of converting mechanical energy
into visible light [5-7,15].

According to Chandra, B.P., the PL and ML phenomenon is present in between about one-fourth
and one-third of all organic solids and in half of all inorganic solids [16], which comprise both
crystalline and non-crystalline materials [11,13]. Among the PL and ML solids, there are six types of
solids, consisting of composite [4,11-12], crystalline, amorphous, tribo-mechanoluminophors,
ceramic, and polymeric [8]. ML has been reported to be induced by either deformation plastically or
elastically and fracture of the solid materials, whereas PL is induced by excitation irradiation. Nearly
half of all inorganic and organic solids [6,13] have been discovered to exhibit ML phenomena during
solid material fracture, whereas only a few solids exhibit ML phenomena during plastic and elastic
deformation [9].

There were a number of mechanoluminescent solid-state compounds with high
photoluminescent quantum yields. According to the findings of Bourhill et al., research, there are a
large number of organic and inorganic substances [19]. It was discovered that among all of these
compounds, the following materials have nearly optimal solid-state photoluminescent quantum
yields: Europium tetrakis (dibenzoylmethide) triethylammonium (EuD4TEA), Europium tris (2-
thenoyltrifluoroacetone) solid-state compound — phenanthroline, Tris (1,3-di-terl-butyl-B-
propanedione) terbium-p-dimethylaminopyridine and Mn: ZnS with the quantum yields reported to
be 0.75, 0.85, 0.71, and 1.00, respectively [19]. Among all solid-state compounds reported for
photoluminescence in earlier studies, the highest. Except for Mn:ZnS, the reported compounds with
better quantum yield were made of inorganic components [9,12].

Hurt et al., discovered EuD4TEA [20], commonly known as Europium tetrakis, for the first time.
From the study [21], EuD4TEA is an organic material that reported the ML phenomenon that can be
detected during daylight [22]. Hurt et al., synthesised europium tetrakis dibenzoylmethide
triethylammonium (EuD4TEA) in 1966. The ML spectrum obtained in Hurt et al.'s study on EUD4TEA is
red-orange. EuD4TstimEA with the optical properties of triboluminescence (TL) [12] was visible in
daylight under room conditions. EUD4TEA's red-orange ML spectrum originates from the properties
of Eu(lll) fluorescence, which developed from the transition of °Do/’F2 (613 nm) with a decay duration
of 0.5 ms [21].

In this paper, solvents are one of the factors that enhance the production of EuD4TEA. The
synthesis of EuD4TEA needs organic solvents due to the organic materials used to synthesise
EuDATEA. Ethanol and acetone are the solvents that are used for synthesis of EuD4TEA.
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2. Methodology
2.1 Synthesis of Europium Dibenzoylmethide Triethylamine

The mechanoluminescent powder, EuD4TEA, is used to induce the FML through rubbing motion
on the composites. Firstly, 80 ml of the HmbG chemicals brand ethanol was heated to 70 °C followed
by 0.8 mmol of 1,3-diphenyl-1,3-propanedione which is also known as dibenzoylmethane (DBM) from
Merck added to the hot solution mixture and dissolved for the synthesis of EUDATEA. 0.3 mmol of
europium nitrate hexahydrate from PubChem was added to the mixture after the solution was
completely dissolved. N, N-diethylethanamine or triethylamine (TEA) R&M chemicals were added,
and the solution was maintained at 70 °C for 20 minutes. The solution is then tightly capped and
placed in a thermos overnight. For optimal crystal formation, regulating slow cooling in the thermos
was important. The solution vessel was then taken out for solution removal after the cooling process.
Europium dibenzoylmethide triethylammonium, EuD4TEA compound crystals were extracted by
filtration after excluding the leftover solution. Sample 1 was obtained.

Sample 2 was prepared using the same process and material. The only difference was that the
solvent was changed into 30 ml of acetone. The solvent temperature was heated to 60 °C, which is
the boiling point of acetone. Both of these experiments were run using carbonyl-containing solvents.
Later, surface morphology on EuD4TEA samples was examined by Jeol FESEM and EDS. And lastly,
record the colour intensity of mechanoluminescence and photoluminescence properties by using
OES spectroscopy with the assistance of a self-made device.

3. Results

The results were focused on the EuD4TEA crystal synthesised by using dibenzoylmethane,
europium nitrate hexahydrate, and lastly, triethylamine. The only difference is the usage of solvents,
which were ethanol (C;HsOH) and acetone ((CH3),CO). The samples were divided into two categories:
samples crystallised in ethanol and samples crystallised in acetone.

Figure 1 shows the 2D structure of the solvent’s ethanol and acetone. The chemical formulae for
ethanol are C;HsOH and (CH3),CO for acetone, respectively. By comparing both of the solvents, the
oxygen atom in ethanol was bonded with one hydrogen atom (-OH), while acetone possessed a
double bond with the carbon atom (=0). The stability of a chemical bond depends on the energy
required to break the bond and the energy released when the bond forms. In the context of double
bonding, which comprises double covalent bonds, two atoms share two pairs of electrons. When two
atoms share two pairs of electrons, a double bond is produced. A double line (=) between the atoms
represents them [23]. A double bond's atoms generally have accessible orbitals to accept the extra
electrons necessary for the bond. A double bond's stability is not fundamentally lower than that of a
single bond. In reality, double bonds are stronger than single bonds in general because they entail
greater electron sharing and are shorter in length, resulting in larger attractive forces between the
nuclei and the shared electrons. However, in terms of reactivity, double bonds have the potential to
be more reactive than single bonds. Because there are numerous electrons in the shared orbital, the
bond is more vulnerable to assault by other atoms or molecules, resulting in chemical reactions. In
some chemical conditions, this reactivity might make the double bond less stable [24].
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Fig. 1. 2D structure for ethanol and acetone

3.1 Actual View on EuD4TEA Crystals Before Filter

EuD4TEA crystals were formed using the crystallisation method at low dropping rate
temperatures. Figure 2 shows the photo taken before filtration from a conical flask. Sample (a) was
synthesised using the base chemicals and ethanol. While sample (b) was composed using acetone as
the base solvent. The samples were collected from the precursor after slow crystallisation for 24
hours. Based on Figure 2, crystals from sample (a) were flaky, whereas crystals from sample (b) were
solid. From the size of the naked eye, the size of crystals has a big difference. The crystals produced
by using ethanol were a lot smaller and flaky, around mm in size. Acetone product end crystals were
a lot bigger than the average size, which can reach several cm in size. It can be said that acetone could
have the ability to gather the crystal into a stronger form. The double bond from acetone might be
the main reason that it gathered more EuD4TEA crystals compared to ethanol.

(a) (b)
Fig. 2. Actual sample photo capture by camera before filtration with preparation in the solvent of (a)
ethanol and (b) acetone

3.2 Surface Morphology on EuD4TEA Crystals
EuDA4TEA crystals were successfully formed by using ethanol and acetone as crystallisation

solvents. Surface morphology on EuD4TEA crystals was taken on sample (a) and sample (b) in FESEM,
respectively. Figure 3 shows the FESEM images on sample (a) and sample (b). As mentioned earlier,
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sample (a) was synthesised using ethanol as solvent, whereas sample (b) was synthesised using
acetone as solvent. Crystal size differences can be seen by comparing the four images below. Sample
(b) was a lot larger compared to sample (a). This is also one of the proofs that showed acetone was
capable of attracting more EuD4TEA compared to ethanol.

— 100pm MiNT-SRC 11/1/
5.0kV SEI LM WD 6.0mm 10

— 100pm MiNT-SRC 3/1/2023
5.0kv SEI L WD 16.0mm 00:57

— 100pm MiNT-SRC
5.0kv SEI LM WD 6.0mm 1

— 100pm MiNT-SRC 3/1/2023
5.0kV SEI LM WD 16.0mm 11:07:05

(b)
Fig. 3. Surface morphology image taken from FESEM with the samples crystallised in solvent (a) ethanol
and (b) acetone and different locations on samples with the magnification of 100 um

3.3 EDS Results on EuD4TEA Crystals

Energy Dispersive Spectroscopy (EDS) is a technique used to analyse the elemental composition
of materials. It works by detecting characteristic X-rays emitted by elements in the material being
analysed. Table 1 shows the weight percentage and atomic percentage for EuD4TEA synthesised by
using ethanol and acetone obtained by EDS. As mentioned before, sample (a) was synthesised in
ethanol, and sample (b) was synthesised in acetone. As indicated in the table below, the weight
percentage from sample (b) is much higher than sample (a), which is almost three times higher than
sample (a). The hypothesis that the solvent acetone manages to gather Eu atoms was much more
verified.
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Table 1
Weight percentage and atomic percentage for EuD,TEA
synthesised by using ethanol and acetone obtained by EDS

Solvent Ethanol (a) Acetone (b)

Element Weight % Atomic% Weight% Atomic %
Carbon (C) 76.36 82.79 67.69 77.39
Oxygen (0) 20.85 16.97 25.65 22.01
Europium (Eu) 2.79 0.24 6.66 0.60
Totals 100 100 100 100

3.4 Colour Emission from EuD4TEA Crystals
3.4.1 Colour emission when UV light applied on EuD4TEA crystals

Figure 4 shows the graph obtained from Ocean OES, a spectrometer that is used for recording the
colour of EuD4TEA crystals with the support of a self-made device, in the condition of ultraviolet (UV)
light radiation. The wavelength shown on the graph, from 450 nm to 700 nm, was the wavelength of
the visible light spectrum. The data obtained showed that a high peak was expressed at 610 nm in
wavelength. The wavelength of 610 nm in the visible light spectrum is between orange and red.
Therefore, this concludes that the light emission from the EuD4TEA is orange-red. From the graph
again, the light intensity peaks from EuD4TEA crystals emission were 6699 and 9082 from the crystals
using the solvents ethanol and acetone. The light emission given out by the crystals synthesised by
using acetone was much higher than the one synthesised by using ethanol. The main reason for the
peak presentation difference was that the percentage Eu atom attraction in the sample synthesised
by using acetone was much higher than in ethanol-based solvent crystallisation of EuD4TEA crystals.

—— Acetone
10000 —— Ethanol
8000 908p
0
% 6000
) 66
>
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o=
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£
2000

610
450 500 550 600 650 700
Wavelength (nm)

Fig. 4. Wavelength vs Intensity graph for crystal synthesised in
ethanol and acetone when external excitation light irradiated on
the samples
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3.4.2 Colour emission when force applied on EuD4TEA crystals

Figure 5 shows the graph obtained from Ocean OES, a spectrometer that is used for recording the
colour of EUD4TEA crystals with the support of a self-made device, in the condition of grinding the
crystals for performing mechanoluminescence light emission. The visible light spectrum's wavelength
ranged from 450 nm to 700 nm, as seen on the graph. The results demonstrated that a strong peak
was expressed at 610 nm in wavelength. Between the orange and red colours of the visible light
spectrum is the wavelength 610 nm. Therefore, this leads to the conclusion that the light emitted by
the EuD4TEA is orange-red in hue. Relative to the graph, the light intensity peaks from the emission
from EuD4TEA crystals using ethanol and acetone were 965 and 1080, respectively. The acetone-
produced crystals had significantly higher light emissions than the ethanol-produced crystals. The
percentage of Eu atom attraction in the sample synthesised using acetone was significantly larger
than that of ethanol-based solvent crystallisation EuD4TEA crystals, which was the primary cause of
the peaks' differing presentations.
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Fig. 5. Wavelength vs Intensity graph for crystal synthesised in
ethanol and acetone when the external force applied to the
samples

4. Conclusions

As an overall outcome, crystals obtained by using ethanol and acetone as solvents have a high
difference from synthesised EuD4TEA crystals. In comparison, acetone produced EuD4TEA in multiple
aspects, which was much higher as compared to the crystals synthesised by using ethanol as a
solvent. In visual and FESEM images, EuD4TEA formed in acetone, the size was much bigger and more
focused. From EDS statistics, Eu atom concentration was higher in acetone solvent synthesis. Light
emission from the crystals by either photoexcitation or force excitation was also much higher
compared to the ethanol solvent product. These concluded that EuD4TEA synthesised by using
acetone has a higher ability in comparison with EUD4TEA synthesised by using ethanol as a solvent in
several aspects.
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