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Abstract

This contribution reports on the optical properties of bio-synthesised Eu,O3; nanoparticles bio-engineered for the first
time by a green and cost effective method using aqueous fruit extracts of Hyphaene thebaica as an effective chelating
and capping agent. The morphology, structural and optical properties of the samples annealed at 500° C were confirmed
by using high resolution transmission electron microscope (HR-TEM), X-Ray diffraction analysis (XRD), UV-vis spectrocopy
and PL spectrometer. The XRD results confirmed the characteristic body centered cubic (bcc) structure of Eu,0s;
nanoparticles with an average size of 20 nm. HR-TEM revealed square type morphology with an average size of ~ 6 nm.
Electron Dispersion Energy dispersive X-ray Spectroscopy (EDS) spectrum confirmed the elemental single phase nature of
pure Eu,0s. Furthuremore, the FTIR spectroscopy revealed the intrinsic characteristic peaks of Eu—O bond stretching
vibrations. UV-vis reflectance proved that Eu,0; absorbs in a wide range of the solar spectru from VUV-UV region with
bandgap of 5.1 eV. The luminescence properties of such cubic were characterized by an intense red emission centered at
614 nm. It was observed that the biosynthesized Eu,0O3; nanoparticles exhibit an efficient red-luminescence & hence a
potential material as red phosphor.

1. Introduction

Rare-earth oxides play a pivotal role in areas related to materials science in general and photonics associated
technologies especially [1]. The exceptional optical, catalytic, and magnetic properties of these compounds have attracted
researchers community’s attention for years. These compounds have a wide range of applications including phosphors
and up-conversion materials among others [2]. Such useful photonics applications originate and related to their 4f-
electrons inside 4f shell and are highly affected by the composition and structures of the RE compounds, particularly the
complexation state and crystal field of the matrix entrapping the RE ions.

Europium(III) oxide (Euz03), especially, is mainly used as a red or blue phosphor in television sets and fluorescent lamps,
as well as an activator for yttrium-based phosphors in flat screen devices. Likewise, it is the component by excellence in
the fluorescent glass industry. Europium oxide consists of 3 stable phases; Eu0, Eu203 or Euz04. They are all the allotropes
of europium oxide with different crystal structures and a variety of magnetic characteristics whereby ferromagnetic for
EuO, anti-ferromagnetic for EusO4+ and paramagnetic for Eu203 were reported [3]. Among them Eu:03 is a special
candidate material due to its elevated mechanical, chemical, thermal, optical and dielectric properties. Europium (III)
oxide (Euz03) also known as di-Europium trioxide or Europia [4] is a rare earth stable sesquioxide chemical of the Eu3+



ion with two common crystal structures which are monoclinic B-Type (mS30, space group = C2/m, No.12) and cubic C-
Type structure (cI80, space group = Ia-3, No.206) [6] where C-Type structure matches with manganese (III) oxide.
Europium oxidizes and reacts with air at 150-180 °C to form Eu20s3 [5- 8].

Various physical and chemical processes are reported for the synthesis Eu203 NPs like sol gel, precipitation, ball milling,
hydrothermal, thermal decomposition, pyrolysis, and hydrolysis [9-16]. Despite of being effective, these chemical and
physical methods have their own pros and cons. One of the main disadvantages associated with these methods is the less
degree of biocompatibility [17] in bio-photonics applications. Therefore, additional processing of nanoparticles are
required by coating them with polymers to increase their compatibility. Wet chemistry based processes usually include
the use of hazardous chemicals which can generate toxic waste streams [18]. Physical methods on the other hand are
expensive and energy intensive [19]. Green resources like plant extracts are becoming popular for the biosynthesis of
multifunctional nanoparticles [20-22]. Recently, natural extracts based synthesis of cerium oxide nanoparticles is
demonstrated in which plant extracts are used as a natural bio-reductant and chelating agent. Other biological resources
like algae, fungi, bacteria can also be used for biosynthesis [23], but their use is discouraged due to biosafety concerns and
sophisticated required infrastructure. Therefore, plants are preferred over other biological means as they provides a
relatively simpler and easy platform for biosynthesis of nanoparticles. The nanoparticles produced through green
synthesis are naturally capped by plant phytochemicals and therefore, reveals enhanced biocompatibility as compared to
physically or chemically synthesized ones [17]. Phytosynthesis of nanoparticles using plant extracts is considered more
efficient than using microbes [24]. Within this contribution, it is intended to validate the biosynthesis of highly
luminescent & biocompatible Eu203 nano-particles for biophotonics applications. In this study, the biosynthesis of Eu203
nanoparticles using plant extracts is investigated. The morphology, structural and optical properties of the prepared
samples are reported.

2. Experiments

2.1 Biosynthesis process of Euz03 using Hyphaene thebaica

Hyphaene thebaica L. Mart is locally known as “Doum” native to Upper Egypt and reported in Egyptian traditional
medicines [25]. Pytochemical studies indicated that the fruits contain bioactive compounds such as phenols, flavonoids,
alkaloids and vitamins [26]. The fruit part of Hyphaene thebaica was collected from Egypt and washed with distilled
water to remove any of the particulate matter or derbies, then kept in shade for drying. The dried material was then
powdered and used for extraction by introducing 5 g of powdered fruit material into distill water (200 mL) and heated
(at 80°C /1 hr) on magnetic stirrer hotplate. The resultant extract solution was cooled to room temperature and filtered
three times for the removal of the leftover plant material. The solution was then filtered using Whatman paper n°1,
leaving behind transparent aqueous extracts which were used further. The biosynthesis of the Eu203 NPs was carried out
using already established procedure [25]. Briefly 4 g of the precursor salt Ni(II) nitrate hexahydrate (Eu(NO3)s. 6H20) was
added to 100 mL filtered extracts and heated at 80°C/ 1 hrs with gentle stirring, followed by drying in standard oven at
100°C in petri plates. Dried material was scratched and placed in a ceramic boat for annealing in a glass tube furnace in
open air at 500°C for 2 hrs. The annealed Euz03 NPs material were further subjected to intensive physical
characterizations.

2.2 Characterizations

Different characterization techniques were used to elucidate the room temperature physical and chemical nature of the
nanoparticles. X-ray diffraction pattern (XRD) was obtained at 1.5406 A° Cu Ka irradiation line. The pattern was
compared with international diffraction database, and crystalline size was calculated using Scherrer approximation.
Fourier Transformed Infrared Spectroscopy (FTIR) was performed in spectral range of 400 cm-! to 4000 cm-! for finding
attached functional responsible for bioreduction and stabilization of nanoparticles. Ultraviolet absorption spectra (UV) of
Eu203 NPs were obtained. Morphology was studied using high Resolution Transmission Electron Microscopy (HR-TEM).
HR-TEM images were digitized using Image ] software for obtaining size distribution and d-spacing. Energy Dispersive
Spectroscopy (EDS) was carried out to determine the elemental composition and Selected Area Electron Diffraction
(SAED) pattern was also obtained.

3. Results and discussion
3.1. Structural analysis

To identity, structure, purity and crystallite size, Euz03 nanoparticles were characterized by X-ray diffraction
technique (XRD). Fig. 1 shows the XRD patterns of Euz203 nanoparticles at room temperature. It can be noted that the
diffraction peaks of all samples could be indexed to the Body-centered cubic phase with space group I 21 3 which are well
matched with the standard JCP2_34-0392. No impurity peaks were observed, indicating the high purity of the final
products. Further, the broadness of the XRD peaks specifies the formation of the Nano-sized products. The average
crystallite size (D) was estimated from the Debye-Scherer formula; (D)~ kA/p cos®g, where the constant k is the shape
factor ~ 0.89, 1 is the wavelength of X-ray radiation (A = 1.5405 A) and g is the full width at half maximum of the peak at



diffraction angle ®@s. The average crystallite size of Eu203 nanoparticles is found to be around (D) ~ 20 nm. In order to
refine the structural parameters, the XRD pattern of Eu203 nanoparticles was analyzed by the Rietveld structure
refinement method. The structural parameters for the samples were refined so that the calculated pattern fits the
observed spectrum very well as shown in Fig. 1 (a). The estimated values of lattices parameters (a), (b), {c) and cell
volume (Veen) are found to be (@) = (b) = (c) ~ 10.8401 A, (Veen) ~ 1 273.7943. (D) ~ 20.9 nm. The cell structure of Euz03

nanoparticles was identified by using the Visualization for Electronic and Structural Analysis (8VESTA) program [28], as
shown in in Fig. 1(b).
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Fig. 1: (a) Rietveld refinement profiles of Eu203 nanoparticles. The dots are the measured X-ray diffraction data, and the
solid line is the calculated profile. The difference curve (observed results minus calculated ones) is plotted at the bottom.

The tick marks below represent the positions of Bragg reflections. (b) Crystal structure of the Eu203 nanoparticles created
by VESTA program.

3.2 Morphological and Structural Characteristics
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Fig. 2: HR-TEM images (a,b,c) HR-TEM image at different magnifications and their particle size distribution; (d): SAED pattern

Fig 2 shows the various -TEM images of Eu203 NPs along with the SAED pattern. Different HR-TEM images at different
magnifications revealed spherical or quasi-spherical morphology of the particles (Fig a, b, c). These images were
processed using image ] software and the particle size was obtained that ranges between 2 nm to 12 nm. The average
edge length hLi was estimated by fitting the histogram data with a Gaussian distribution peak at ~ 6.1 nm with a standard
deviation of 0.21 nm.

The selected area electron diffraction (SAED) analyses were performed in order to investigate the crystallinity of the
nanoparticles, from such observations the Eu203 nanoparticles are polycrystalline with the body centered cubic crystal
structure as indicated in Fig 2 d.
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Fig. 3: EDS spectrum of Eu,03 NPs prepared using Hyphaene thebaica.

Fig. 3 reports a typical Energy Dispersive X-Ray Spectroscopy (EDS) spectrum collected with an Oxford instruments X-
Max solid state silicon drift detector operating at 20 keV of the annealed Eu203 NPs at 5000 C for 2 h. The obtained
spectrum confirmed the presence of Eu, O, C, Ca, Mn, P, Cl, S and K in the annealed powders. The Eu peaks are related to
the Eu203 nanoparticles, O can only be due to Eu203 nanoparticles and the C originates from the carbon coated grid. The
presence of other elements such as Ca, Mn, P, Cl, S and K originates from natural extract as observed in other
biosynthesized nano metal oxides. EDS also revealed that at high temperatures, the most abundant elements are Eu and O,
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Fig. 4: FT-IR absorption spectra of the Eu,03; NPs annealed at 500° C for 2h.

3.3 FTIR Vibrational properties

Fig. 4 shows the typical FTIR spectrum of the Euz203 powder in the spectral range of 400 to 4000 cm-1. The FT-IR peaks
show all the principal vibrational modes, which are in good agreement with the results reported [29,30]. The FTIR spectra
of biosynthesized Euz03 shows that the characteristic vibration modes are at 446 cm-1, 586 cm-1, 786 cm-1, 893 cm-1, 967
cm-1,1140 cm-1, 1207 cm-1,1480 cm-1, 1587 cm-1, 1741 cm-1, 2849 cm-1, 2922 cm-tand 3676 cm-1. The absorption peaks
at 446 cm-! and 586 cm-! are attributed to Eu bending showing the Euz203 NPs formation. The peaks at 786 cm-! and 893
cml are attributed to the O-H bending vibration, and the peaks at 1480 cm-land 1587 cm-! are ascribed to the
asymmetric N-O stretching and N-H bending respectively. Peaks at 1140 cm-! and 1207 cm-! correspond to the C-O
stretches. The peak at 1741 cm-! corresponds to the C = O. The characteristic stretching frequencies at 2849 cm-! and
2922 cm-! are assigned to C-H stretch band and the absorption broad peak at 3676 cm-1is assigned to OH stretching

vibrations of H20 molecules. Since (Eu) is a heavy metal, its absorbance corresponds to lower frequencies and atoms
coordinated to Eu also belong to lower frequencies of vibrations [31].
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Fig5: (a) Diffuse Reflectance Spectra of Eu,03; NPs, and (b) [F(R) hv]2 versus energy for direct band gap.



3.4 UV-Vis Analysis.

To determine the optical energy gap, Eu203 NPs we used diffuse reflectance spectroscopy (DRS). Fig. 5 (a) shows the UV-
VIS diffused reflectance spectra of Euz203 in the 200 - 800 nm wavelength range. The UV- VIS diffused reflectance show a
major absorption at 241 nm corresponding to band transition of Eu203 nanoparticles. The optical band gap energy was

determined from the reflectance spectrum using Kubelka-Munk formalism by converting the diffuse reflectance spectra
into an equivalent transformed function as given by the following equation [32]

(1-R)?

FR) = 2R

where F(R) is the Kubelka-Munk function and R is the diffused reflectance of the powder sample. The optical band gap
“Eg” was calculated using the following well known Tauc’s relation[32]

F(R)hv= A(hv— Eg)"

where A is a constant, hV is the energy of the phonons (E), Eg is the optical bandgap energy of the material and n =2 for a

direct allowed transition. [F(R) hv]n is plotted against photon energy hv and extrapolation of the straight-line portion of

the curve to the x-axis determines the bandgap Eg. Fig. 5 (b) shows the direct band gap ‘Eg’ determined by extrapolating
the straight portion of the plotted graph to the energy axis, and was found to be equal to 5.1 eV.
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Fig. 6: (a) Room temperature photoluminescence spectra of Eu203 NPs annealed at 5000 C with the excitation wavelength
of 254 nm, (b) The energy level diagram of the optical transitions of Eu3+ion and various emission transitions.

3.5 Photoluminescence Properties

Fig. 6 (a) shows the room temperature emission spectra of Eu203 NPs annealed at 500 © C. As can be seen, the Eu203
nanoparticles exhibit four emission peaks; an orange emission at 591 nm, and three red emissions at 614 nm, 650 nm and
694 nm. Within these emissions, the peak located at 614 nm is the dominant emission since its intensity is the highest. In
order to further investigate the obtained photoluminescence spectra, the energy-level diagram of the optical transitions
within Eu3+ions is presented in Fig. 6 (b). From this diagram, it obvious that the emission peak centered at 614 nm is
associated with the hypersensitive forced electric dipole transition 5Do —7F2. Furthermore, the appearance of this peak
confirms the cubic nature of the biosynthesized Eu203 nanoparticles [27, 33]. The other emission peaks observed located
at 591 nm, 650 nm and 694 nm can be attributed to the 5Do —7F1, 5Do —7F3, and 5Do —7F4 optical transitions, respectively.
It can be noticed also that as compared to the bulk emission spectra, the photoluminescence spectrum of the
biosynthesized Eu203 nanoparticles exhibits broader bands. Such behavior, which is due to quantum confinement effect

associated with the decrease of the particle size, confirms the nanometric aspect of the biosynthesized nanoparticles [27,
31, 34-35].



Conclusion

Green synthesis of nanoparticles provides an ideal platform for synthesizing metal nanoparticles in an economical, safe
and easy manner. Using same approach, an extensive study is undertaken to elucidate the physical properties of the
Hyphaene thebaica fruit aqueous extract synthesized Eu203 NPs. The fruit of Hyphaene thebaica is already known for its
nutritional and therapeutic importance. Pure and crystalline Euz03 NPs ~ 20 nm with spherical morphology. The
nanoparticles were in the range of 20 nm and different techniques like UV-Vis, EDS, FTIR and TEM confirmed the
synthesis of Euz03 NPs. The PL measurements proved that nano-scaled Eu203 material exhibit improved

fluorescence properties, as the major emission band was centred at about 614 nm due to its well-defined transition
within 4d and 4f electron shell which confirm its potential usage in phosphors and luminescence devices.

Considering this preliminary encouraging luminescence responses from such a biosynthesized nanoparticle, it is intended
to investigate the size effect [36-37] as well as to reproduce such studies on other rare earth oxides in their pure or doped
configuration as it was demonstrated previously in the bulk form [38-45].
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