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Abstract

In the present work, we investigate the structural, microstructural, vibrational, photocatalytic and luminescence properties of the
system SmPO4 thermally treated at 900 °C. Polycrystalline sample was elaborated using a coprecipitation method. The sample
was then characterized using different techniques such as X-ray diffraction, Scanning electron microscopy, Infrared
spectroscopy, Raman spectroscopy and photoluminescence analysis under UV excitation. X-ray diffraction profile analysis
showed that the pure monoclinic phase P2i/n was observed. The scanning electron microscopy experiments showed a
homogeneous distribution of morphologies and indicated that SmPO4 was in nano-sized particle. Attributions of Raman and
FTIR vibrational modes were proposed. For the photocatalytic activity, UV-visible spectrophotometer has been used to analyze
the evolution of photodegradation of rhodamine B (RhB). The photocatalytic degradation of rhodamine B in the presence of
SmPO4 photocatalyst has been studied for the first time. Photoluminescence (PL) properties of SmPO4 nanoparticle under UV
excitation has been reported and investigated.

Keywords: Samarium phosphate SmPOy; co-precipitation method; spectroscopy methods; Luminescence properties;
photocatalytic activity.

1. Introduction

In the general framework of environmental protection and energy savings, recent developments of new materials
for photocatalysis or photoluminescence applications have emerged in various industrial fields such as radiation
sensors, light emitting diodes (LED), artificial lights, X-ray medical radiography, display devices, lasers and
luminescent markers for biomedicine [1-9]. In this context, various systems have been developed in recent years
including vanadates [10-12], oxides [13-15], hydroxides [16,17], tungstates [18-20], molybdates [21] and
phosphates [22-28]. Recent studies on solid solutions of tungstate and molybdate materials [21,29] showed that the
photoluminescence under UV and X-ray excitations depended on substitution level, thermal treatments and crystal
growth or morphologies. All emitted signals were linked to modifications of charge transfers in WO4 or MoOs
groups due to substitution.

In the present study, we deal with samarium phosphate SmPO,4, well-known for specific photoluminescent
properties in presence or not of doping elements, for example by Eu** [30], Tb** [31], Gd3* [32]. It should be noted
that this material was involved in other applications, as a catalyst [33], ion cathode material [34], in magnetic
resonance and bio-optical imaging [32].

Concerning the structure [35], samarium phosphate crystallizes in the monoclinic system conforming to space
group P2i/ n (No. 14, Z = 4). The lattice parameters of the compound are as follows: a = 6.669(1), b = 6.868(2), ¢ =
6.351(1) A and B = 103.92(2).

© 2020 published by Elsevier. This manuscript is made available under the CC BY NC user license
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For the preparation of this phase, several routes were already used such as hydrothermal reaction [30], sol gel
synthesis [36], solid-state process [37] and sometimes the co-precipitation method [38,39]. However, little work has
been reported on photoluminescence and photocatalytic properties of samarium phosphate to our knowledge. In this
letter, we present the research work on these properties of SmPO,4 nano system obtained by co-precipitation method.

2. Experimental section

2.1. Preparation of powders

The synthesis of samarium phosphate was carried out by the coprecipitation method in an aqueous medium.

Solution A: 2 g of Sm(NO3);3.6H,O (Sigma-Aldrich > 99.0%) were dissolved in 50 ml of distillated water. The
mixture was stirred for 30 minutes at room temperature.

Solution B: 0.5176 g of ammonium hydrogen phosphate (NHs)H,PO4 (Pro Labo > 98.0%) were dissolved in 50
ml of distillated water. The mixture was stirred for 30 minutes at room temperature.

Then, solution B was added dropwise to the solution A, with stirring for 30 min, the pH was maintained to the
value 9.5 by the addition of ammonium hydroxide (NH4OH) to confirm the total formation of the precipitate. The
set was maintained under agitation at ambient temperature, for a duration of maturation ty, = 30 min.

The obtained precipitate was filtered under vacuum and washed several times by the distilled water and the pure
ethanol to eliminate the NH4* and NOs™ ions, then the obtained filtrate was dried in the oven for a night at 70 °C and
calcined at 900 °C for three hours.

2.2 Characterization techniques

The identification of the crystalline phase of powder was carried out using X-ray diffraction (XRD). The XRD
pattern of the polycrystalline sample was recorded at room temperature using an Empyrean Panalytical
diffractometer operating at 45 kV/35 mA, using the CuK(a;1—0) radiation (A = 1.5406 and 1.5444 A) of copper
source with Ni filter, and working in continuous mode with a step size of 0.013°.

The identification of the phase was firstly obtained from the classical Powder Diffraction File database, then, cell
parameters were refined making use of the Param software. Scanning electron microscopy (SEM) analysis was used
to observe the morphology and the local composition of the crystalline phase. The device used was a Supra 40 VP
Column Gemini Zeiss operated at 20 KeV, coupled with an Energy Dispersive X-rays Spectroscopy (EDXS) type
analyzer, allowing the determination of the local elemental compositions of our material.

Fourier transformed infrared spectroscopy (FTIR) analysis was used to characterize the vibration modes and
complete the identification of the simple. The FTIR-ATR characterizations were carried out using a Shimadzu
spectrometer equipped with a Jasco ATR PRO ONE module. The sample was scanned in transmission mode in the
450-4000 cm™! wavenumber range, with a step of 4 cm™!. Raman spectroscopy was used to correlate the vibrational
characteristics with the structural analysis from X-ray diffraction. The Raman spectrum was registered at room
temperature using spectrometer Horiba Jobin-Yvon HR800 LabRam system, with wavenumbers of Raman shifts
ranging between 50 and 1500 cm'. The 633 nm line of an Ar-ion laser was used as the excitation source; the
photonic power applied to the samples was limited to 5 uW with an acquisition time of 30 s.

2.3. Photocatalysis procedure

The photocatalytic activity of the photocatalyst was evaluated by the photocatalytic degradation of rhodamine B,
in an aqueous medium. Each powder (mass of 100 mg) was suspended in 100 mL of pollutant solution (5 mg/L).
Before irradiation, the solution was stirred for one hour inside the reactor to get the adsorption-desorption
equilibrium between the support and dye. During irradiation, 3 mL solution was collected at time intervals of one
hour. UV visible JENWAY-6705 spectrophotometer was used to determine the concentration of rhodamine B as a
function of irradiation time. . The degradation percentage was calculated using the expression:

I(t) = 100*Co-C/Co Eq. 1

Where Cy and C; are the initial concentrations and concentrations at time t of irradiation, respectively.



2.4. Photoluminescence experiments

The device used to perform photoluminescence (PL) tests under UV excitation was a Horiba Jobin-Yvon HR800
LabRam spectrometer equipped with an argon ionized laser as a source of excitement with a wavelength of 364 nm
(3.4 eV) and a power fixed at 5 uW. The entrance slit, positioned behind the filter, is a diaphragm with a diameter
variable between 50 to 500 mm. The exposed polycrystalline sample is obtained by compression on a glass slide.
The irradiated zone was limited to 1 mm in diameter for all samples. The spherical mirror, characterized by an 800
mm focal length, allows revealing the scattered radiation from the input to the dispersive grating to obtain a spectra
slot. The measurements were recorded in the spectral range between 500 and 750 nm with an acquisition time of 5
seconds.

3. Results and discussions
3.1. X-ray diffraction: structural study

Figure 1 shows the obtained pattern of samarium phosphate SmPO4 and in the 260 angle range 10 to 80 deg. In
this figure, the X-ray diffraction pattern is characteristic of the stabilization of the expected phase as the calcination
was at 900 °C. The XRD result exhibited that the as-synthesized SmPO, nanoparticle is of single phase with a
monoclinic structure.

The crystal cell parameters of the samarium phosphate phase was refined and the results are presented in Table 1.
These parameters are in quite good agreement with the literature data.

The nanocrystalline size of the sample of the monoclinic phase can be roughly estimated from the Scherrer
equation, D=0,941)\/Bcos(0), where D is the average grain size, A is the X-ray wavelength (0.15405 nm), 0 and f are
the diffraction angle and full-width at half-maximum (FWHM) of an observed peak. The strongest peak (-112) at
31.72° of the monoclinic phase were used to calculate the average crystallite size (D). The estimated average
crystallite size are 39.3 nm for SmPO4 sample.

Fig. 1. XRD pattern of samarium phosphate SmPO, calcined at 900 °C.

Table 1. Refined cell parameters and cell volumes of samarium phosphate crystal lattice.

3.2. Scanning electron microscopy: morphological study

The morphology of the SmPO,4 sample obtained from SEM is shown in Figure 2 abcd. In Fig. 2a, small crystallite
sizes ranging between 60 to 120 nm are observed. In Fig. 2b, ¢ and d, inhomogeneous distribution is seen.

The EDX local microanalysis presented in Figure 3e was performed to determine the composition of sample.
EDX microanalysis reports the analysis for each sample: the Sm/P ratio is found to range between 0.99 and 1.2.

Fig. 2. SEM images and EDX spectrum of samarium phosphate SmPOj treated at 900 °C.
3.3. Fourier transformed infrared analysis

The FTIR spectrum of SmPQOy calcined at 900 °C is show in figure 3. The FTIR bands of sample is attributed
according to the bibliography [30]. The spectrum show the apparition of the bands corresponding to the different
vibrations of the POs* phosphate groups in the frequency range 500-650 cm™ and 950-1150 cm™ (Fig. 3b). In detail,
the peaks centered at 952, 985, 1045, and 1149 cm™!, which are related to the P-O stretching vibrations (v3 and v;) of
PO,7. There are various IR bands below 670 cm™ that correspond to antisymmetric and symmetric bending modes
of P-O-P and O-P-O, which are difficult to be distinguished, but there are two weak intensity peaks of 622 and 540
cm’!, which are well known v; stretching and vs bending O-P-O vibrations of the PO43 phosphate group,
respectively. The two peaks observed at 1654 cm™ and 3446 cm™ are assigned to the deformation and elongation
vibrations of OH, respectively (Fig. 3a) [40]. Which is attributed to O-H stretching vibrations of adsorbed surface
water molecules.

Fig. 3. FTIR spectrum of SmPO, nanoparticle between (a) 400-4000 and (b) 400-1400 cm™.



3.4. Raman spectroscopy study

Figure 4 reports the Raman spectrum corresponding to the SmPO4 nanoparticle. From the literature data [41], the
three bands observed at 1084, 1050 and 980 cm™ in the spectrum of the as-prepared sample correspond to the
antisymmetric and symmetric stretching vibrations of P-O band. the Raman bands observed between 400-720 cm’!,
more precisely at 405, 467, 548, 628 and 719 cm’!, can be assigned to bending modes of PO4 units, from which 628
and 548 cm! vibrations are the antisymmetric ones while 467 and 405 cm™! vibrations are the symmetric ones. These
results confirm the observations of the IR study. The two bands observed at 78 and 204 cm! are generally attributed
to vibrations involving the movement of cations and tetrahedron units.

Fig. 4. Raman spectrum of SmPO, sample.
4. Photocatalysis study

In this environmental application, we study the photocatalytic degradation of rhodamine B, by following the
evolution, over time, of the characteristic absorption band of this pollutant, whose maximum is located at the
wavelength Amax = 554 nm. In other words, the photodegradation was characterized by the variation with the time t
of the intensity of the RhB absorption band. This variation is reported by the ratio C/Co, C; being proportional to the
RhB concentration at time t and Cyp being the initial concentration of this pollutant, after one hour of the absorption-
desorption process in the solution.

In the absence of catalyst and under UV irradiation, photodegradation did not exceed 41% of the initial amount of
Rhodamine B for 8 hours. This is due to the direct photolysis process (Figure 5a).

Figure 5b shows the reduction of the maximum absorption band of this pollutant as a function of UV irradiation
time. Figure 5c shows the kinetics of photocatalytic degradation in the presence of photocatalyst. After 8 hours of
UV irradiation, the degradation efficiency I(t) determined from eq. 1 is found to be 96%.

The plots of In(Co/C;) versus t are shown in Fig. 5d. In the case of a first order kinetics rate law (Langmuir—
Hinshelwood model),[42] the ratio Ci/Cy can be expressed as follows:

Ln (C/Cp) = - kops t Eq.2

Where the kinetics constant kops (depending on RhB concentration and temperature of solution) characterize the
photocatalytic efficiency. As shown in Fig. 5d, the Langmuir-Hinshelwood kinetic equation fits quite well with the
experimental data and with a constant kops of the order of 0.3865 h! (correlation coefficient R* > 0.97), indicating
the applicability of the Langmuir-Hinshelwood kinetic model.

Fig. 5. (a) stability of the rhodamine B under UV light, (b) UV—-vis absorption with time irradiation of a solution containing 100 mg SmPO, and a
Sppm of RhB, (c) Photodegradation of RhB in SmP suspension under UV-visible light (initial concentration of RhB, 5 mg/L). (d) pseudo-first-
order kinetics of the photocatalyst.

5. Photoluminescence study

The photoluminescence spectrum of samarium phosphate nanoparticle, obtained under UV excitation (Aex =363.8
nm) are shown in Figure 6. The emission spectra were processed using Labspec program. Most studies in the
literature of this system confirm that the emission bands observed from SmPO; are ascribed to the transitions from
4Gsp excited state to °Hyn (J% 5, 7, 9 and 11) ground states of Sm**. The characteristic Sm** emissions in the SmPOj4
nanopowder consist of four main orange-red emission bands [43].

The detailed analysis of the emission bands and variations of PL intensities reveal that:

The strongest emission peak at 596 nm originates from the typical *Gs; -°Hyj transition of Sm**, the other
emission peaks at 559 nm, 642 nm and 701 nm are attributed to the transitions *Gs;-Hsp, *Gsp-°Hop and *Gsp-SHiin
transitions of Sm3*, respectively [44,45]. In short, the intensity of transitions f-f indicates that, for this material,
excitation at 363.8 nm generates a high emission of 597 nm, making it a promising luminophores emitting orange-
reddish colors for white LED applications. It is worth to mention that the photoluminescent results are in a good
correlation with those of photocatalysis, indeed, the best photocatalyst has shown low photoluminescence response
as a reason of the non-recombination of the electron-hole pairs.

Fig. 6. Experimental emission bands of the SmPOy polycrystalline phase.



6. Conclusion

In conclusion, the samarium phosphate nanostructure was prepared by co-precipitation process. The XRD pattern of
the material exhibited a monoclinic-crystal structure with a space group P2;/n. The SEM analysis shows a
nanocrystalline sizes with dimensions between 60 to 120 nm. The degradation associated with the SmPOjy catalyst
towards the RhB pollutant as a model dye is average with a photocatalytic efficiency of the order of 96.6% after 8
hours of irradiation under UV-visible. For the photoluminescence test, the SmPO4 shows strong orange-red
luminescence. More precisely, the strongest emission intensity was observed for the *Gsp, — SH7p (596 nm)
transition of the Sm* ions with the 363.8 nm excitation. Finally, this work will motivate new developments in both
orthophosphate materials, photoluminescence and photocatalytic methodology under UV-Visible light irradiation.
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Fig. 1. XRD pattern of samarium phosphate SmPOj calcined at 900 °C.
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Fig. 2. SEM images and EDX spectrum of samarium phosphate SmPO, treated at 900 °C.
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Fig. 4. Raman spectrum of SmPO, sample.
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Fig. 5. (a) stability of the rhodamine B under UV light, (b) UV-vis absorption with time irradiation of a solution containing 100 mg SmPO, and a
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pseudo-first-order kinetics of the photocatalyst.
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Fig. 6. Experimental emission bands of the SmPO4 polycrystalline phase.



Table 1. Refined cell parameters and cell volumes of samarium phosphate crystal lattice.

Chemical formula SmPO,4
a(A) 6.6750+0.0016
b (A) 6.8831+0.0015
c(A) 6.3601+0.0017
B (°) 103.85+0.02
Volume (A3) 283.72+0.20

5.74

Density U (g.cm™)






