ESKISEHIR TECHNICAL UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY
A- APPLIED SCIENCES AND ENGINEERING

2021, 22(2), pp. 168-174, DOI: 10.18038/estubtda.822663

RESEARCH ARTICLE

THE LUMINESCENCE AND THERMOLUMINESCENCE STUDIES OF Nd** DOPED
Sr2SiOy

Tuncay YESILKAYNAK ** "' | Ruken Esra DEMIRDOGEN 2 |
Vural Emir KAFADAR 2 "' Fatih Mehmet EMEN *

! Department of Chemistry Technology, Afsin Vocational School, Kahramanmaras Siitcii Imam University, TR46500,
Kahramanmaras, Turkey
2 Department of Chemistry, Faculty of Science, Cankiri Karatekin University, TR-18100, Cankiri, Turkey
3 Gaziantep University, Department of Engineering Physics, Gaziantep, Turkey
4 Department of Chemistry, Faculty of Arts and Science, Burdur Mehmet Akif Ersoy University, TR-15100, Burdur, Turkey

ABSTRACT

Sr2Si04:%3Nd%* was synthesized and its structural characterization was made via XRD technique. The results indicated that
Sr2Si04:%3Nd** had Pmma (62) space group (PDF: 00-039-1256) in the orthorhombic crystal system. Luminescence and
thermoluminescence (TL) properties of Sr2SiO4:%3Nd?® was investigated in detail. Computerized glow curve deconvolution
methods was used for to determine the kinetic properties of Sr2SiO4:%3Nd*. The TL results showed that Sr2SiOs:Nd3*
consisted of seven TL glow peaks.
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1. INTRODUCTION

Inorganic luminescent materials or the phosphors, which have been known for more than a hundred
years but gained much importance since they are necessary for lighting and display systems as they
recently started to be used as light-emitting diodes [1]. Phosphors doped with Nd** ions, which constitute
an important class of inorganic luminescent materials, is based on aluminates and alkaline earth silicates-
the most important rare-earth minerals and source of rare-earth elements [1,2]. However,
thermoluminescent properties of Sr,SiO4:Nd** still await to be elucidated. The favorable properties of
thermoluminescence (TL) dosimeters (i.e., high sensitivity, small sizes, capability of making point dose
measurements, variety of forms, cost-effectiveness) render them useful in various radiation fields such
as personel and environmental monitoring, as various dosimeters (retrospective, medical, space and
high-dose dosimetry) [3]. Different forms of barium silicate obtained by different methods is much used
by researchers as host material in thermoluminescence studies. Yamaga et al. studied barium silicate
(Ba;SiOs) and (BasSiOs) doped by Eu?*. Ba,SiOs radiated with UV light and the broadband
luminescence of (Ba2SiO4) and (Ba3SiO5) produced peak wavelengths of 510 and 590 nm,
respectively. Yamaga et al reported that upon UV excitation electrons and holes were produced in the
crystal via thermal hopping and tunneling moved back to Eu?* sites where Eu?* recombined radiatively
[4]. In 2010, Yao et al., who studied the photoluminescence properties of Ba.ZnSi»O7:Eu?*,Re** (Re =
Dy, Nd) prepared via the combustion-assisted synthesis (CAS) technique, reported that the single band
centered at 503 nm in the emission spectrum corresponding to the 4f®5d* —4f transition of Eu?* is
obtained when Dy** and Nd** ions were doped into Ba,ZnSi,O7:Eu phosphors giving blue-green
afterglow with emission wavelength at {em =503 nm [5].
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The bluish-green long-lasting phosphorescent phosphor obtained from N contained Ba,SiO4:Eu?* by
Wang et al in 2010 was used for X-ray and cathode-ray tubes. This study reported that increasing the
content of SisNs the phosphorescence grew super-linearly and some new TL peaks appeared at
temperatures as low as 335, 355, 365, and 400 K which were attributed to the newly formed traps
occurring due to N substitution for O [6]. Only in 2011 Sakamoto et al. achieved growing single crystal
of Ba,SiO4s:Eu?* via a new synthesis method in which SiO -included in the gas phase- and Ba-Sc-Al—-
Eu-O -in the solid phase- were hybridized to give Ba,SiOs:Eu?* single crystal. Interfacial crystal growth
was achieved when the SiO gas was reacted with the surface of Ba—Sc—Al-Eu—O substrate in a reductive
atmosphere. The size of the single crystals was reported to be ~500 pm and they emited green light at
~500 nm when excited at 300-450 nm [7]. In 2013, Huayna et al. reported Ba;SiO4:M (M=Eu®", Eu?*,
Sr2*) which had red, green, and blue photoluminescence [8].

In this study, Sr.SiO4:Nd** was synthesized by hydrothermal method and indexed. its XRD pattern as
orthorhombic crystal system with Pmmm space group (PDF:00-039-1256). The TL glow curves of
Sr,Si04:Nd**, which was obtained upon irradiating with 12 Gy beta-ray irradiation. The glow peaks of
the curves, which had main glow peak at ~175 °C and a shoulder at ~300 °C, can be observed due to the
defects. The CGCD method was used to evaluate the trap parameters especially the activation energy
(Ea) and the order of the kinetics (b).

2. MATERIAL METHOD

Strotium nitrate, neodmium (III) oxide, citric acid and ethanol with purity >99.9% and polyethylene
glycol 10 000 (100%) were purchased from Merck and were used as received without further
purification. 3% Nd**-doped strotium silicate was obtained by Hydrothermal Method. Sr(NOs). solution
obtained by dissolving 2x10~* moles of the reagent in 15 mL deionized water and 1x1073 moles of
Si02.xH0 in deoinized water or TEOS at a molar ratio at twice the molar ratio of polyethylene glycol
dissolved in 15 mL ethanol and 0.2 g citric acid dissolved in 10 mL deionized water were obtained
separately. Solution of neodmium (l1l)nitrate hydrate was obtained by dissolving it in 5 mL deionized
water. Upon mixing the solutions of the metal salts with citric acid solution Sr(NOs). solution was added
under stirring with a magnetic stirrer at 25°C for 10 minutes. The pH of the homogeneous solution was
adjusted to 12 with 5 mol/L NaOH via a pH meter and was placed in a Teflon reactor and was left to
stand for 1 hour before being placed in the hydrothermal reactor and the reaction was carried out at 120
°C under high pressure for 12-18 hours. After completing the reaction the oven was slowly cooled to
room temperature (RT). The precipitate thus obtained was separated by centrifugation and was dried at
60 °C for 12 hours. Sr,SiO4:Nd** was calcinet at 1300 °C for 3 hours.

Structural characterization of Sr,SiO4:Nd*" was made by XRD in the diffraction angle range 20°< 20 <
70° using a 0.021° step with 20 kV at 40 mA, CuKa (1.54 A) incident radiation. The morphology of the
phosphor was determined by a LEO440 Computer Controlled Digital Scanning Electron Microscope.
The photoluminescence (PL) spectra were obtained via a Varian Cary Eclipse Fluorescence
spectrophotometer at room temperature and excitation and emission slits were arranged as 20 and 10,
respectively. Sr,SiO4:Nd** was irradiated at room temperature by a beta source from a calibrated emitter
90Sr-90Y. Sr—90 obtained from daughter products (90Sr - 8.73 x 10—14 J together with 90Y B-3.63 X
10—13 J) emits high energy beta particles (0.04 Gy/s). Harshaw QS 3500 TLD reader system -a manual
type reader computer interfaced to hand operator- was used to read out the irradiated sample. The TLD
reader system and program ran on WinREMS.

3. RESULT and DISCUSSION

The XRD powder pattern of Sr,Si04:%3Nd? is given in Figure 1. The XRD peaks match with the
structure of Sr,SiO, (PDF: 00-039-1256). The crystal structure of Sr2SiO4:%3Nd** is determined to be
orthorhombic crystal system with Pmma (62) space group. The unit cell parameters were a = 7.0790 A,
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b=5.672 A,c=7.443 A; o= =17 =90°. No significant change was observed in the crystal structure
of Sr,Si0, when doped with 3% Nd**. In the eightfold coordination, the ionic radius of Nd** (1.109 A)
and Sr?* (1.26 A) were close to each other. However, the ionic radius of Si#* in the fourfold coordination
is 0.26 A. This is too small to host Nd**. Therefore, not the Sr** ions but the Si?* are replaced with Nd®*.
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Figure 1. The XRD pattern of Sr2SiOs:%Nd%*

In Figure 2 can be seen the surface morphology of Sr,SiO4:Nd** as investigated by SEM analysis. The
average grain size of thus obtained Sr,SiO4:Nd** was observed to be in the range of 230-650 nm in the
SEM micrographs with 10000x magnification.

Figure 2. The SEM micrograph of Sr2SiO4:%Nd3*

In Figure 3 is given the excitation and emission spectra of Sr,SiO4:Nd*". The intense band observed at
295 nm in the excitation spectrum indicates overlapping of the electronic 0> —Nd*" transitions in the
activator ion with the charge transfer (CT) transitions due to the O —Si** transitions in the host crystal.
Moreover, the weak excitation bands observed in the excitation spectrum in the range 295-400 nm
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correspond to electron transitions of Nd**ions from ®His;, — “M17,2 (295 nm) [9], *H1s2—*1112 (352 nm)
[10], ®His2—*Misp2 (360 nm) [10] and ®His,—5P72(465 nm) [10,11]. In the emission spectrum due to
Horp—*Gus2 [12,13] and *lo.—*Gsy2, 2Gyy2 transitions of Nd**ions intense emission bands were observed
at 476 nm and 585 nm, respectively [12,13]. Moreover, due to “Fo, — °H; (j = 11/2, 9/2) transitions of
Nd** ions low-intensity emission bands observed in the range from 665 to 760 nm [10].
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Figure 3. Excitation and emission spectra of Sr2SiO4:%Nd%*

The different TL glow curves obtained at different dosing periods of Sr.SiO4:Nd*are given in Figure 4
which explicitly show gradual shift of the peak temperature to the higher temperature side with the
increasing dose level. The peaks were observed to reach maximum intensity in the temperature range
from 100 to 250°C at different dose levels. For Nd*3-doped Sr,SiO4, the CGCD method was used for to
evaluate the trapping parameter of the main dosimeter peak of and for to determine the Kinetic
parameters (i.e., the number of glow peaks, activation energies (Ea), and Kinetic order (b)) of the
dosimetric peaks. Computerised glow curve deconvolutation results for Sr,SiO4:%3Nd** are given
Figure 5. In this study, different number of glow peaks were tried. It was observed that the glow curve
structures of Sr,SiO.:Nd*® were well described by a linear combination of at least seven glow peaks
since only then a reasonably good fit was obtained. In Table 1 are given the results of Ea, s, and b
obtained via the CGCD methods [14].
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Figure 4. The thermolumiescence curves of Sr2SiO4:Nd®*
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Figure 5. Computerised glow curve deconvolutation results for Sr2SiO4:%3Nd** measured after 72 Gy irradiation by beta ray
at room temperature (8 = 1 °C.s’!) (FOM: 0,7)

With the approximation for b=1.1 the below given general order kinetic analytical equation was used.

b/ (E T—nw T? (E T—EQ ~b
= . b-1 - _ . — . — P — b—1
I(T)=1I,"b exp kT T [((b-1)-(1-4) 2 exp W T + Zn]
where;
2kT 2kT,,
A:T' Am:T, Zm=1+(b—1)Am

Table 1. The trapping parameters of Nd®* doped Sr2SiOa

T max (OC) E (eV) b
P1 109 0.62 1.00
P2 142 0.87 1.62
P3 178 0.98 1.60
P4 215 0.83 1.30
P5 264 1.17 2.00
P6 316 1.32 1.96
P7 384 0.93 2.00

4. CONCLUSION

This study, which targeted at preparing Sr,SiOs:Nd*™ via hydrothermal synthesis method and at
elucidating the thermoluminescence (TL) properties and kinetic parameters (the order of Kinetics (b),
activation energy (Ea), and the frequency factor (s)) of Sr.SiO4:%3Nd*® after 90Sr-90Y B irradiation.
The Computerized Glow Curve Deconvolution (CGCD) method was used to do the quantitative analysis
of the kinetic parameters. When the TL glow curves of Sr2SiO4:Nd*® obtained in different dosing
periods were examined, it was determined that it reached the maximum density in the temperature range
of 100 to 250 °C. According to computerised glow curve deconvolutation results, it was seen that there
are seven glow peaks in the radiation curve calculated for Sr2SiO4:Nd*3.
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