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The Sm’" doped Sr;B,04 phosphors were synthesized using a solution combustion synthesis method fol-
lowed by heating of the precursor combustion ash at 1000°C in air. The synthesized phosphors were charac-
terized by powder XRD. The photoluminescence properties of Sm’* doped Sr;B;0¢ were investigated at room
temperature. The photoluminescence spectra at room temperature show the f—f transitions typical for Sm>".
The emission spectrum of Sr3B,04:Sm’" exhibited four sharp emission peaks corresponding to 'G5, —Hs)
(563-572 nm), *Gs,—"Hy» (598—614 nm), *Gs;y—Hoy» (647-666 nm), and *Gs,—°H, /> (705714 nm) tran-
sitions of Sm®". The relation between the charge transfer band of Sm®" ion and the host composition was dis-
cussed.
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Obpaszywl momunopopa Sr;B,0g, necuposanno2o uonamu Sm*, NOLYYEHbL MEMOOOM CUHME3Ad 8 NPo-
yecce coiCuanusl pacmeopa ¢ NOCIeOVIOWUM HA2PeBOM 301bH020 ocmamka 8 6030yxe npu 1000°C. Xapax-
MePUCMUKU CUHMESUPOBAHHBIX NOPOUKOOOPA3HBIX 00pA3Y08 TIOMUHOPOPA onpedenerbl Memodom Oudpax-
YUOHHO20 penmzenosckozo ananusa. Pomomomunecyenmuvie céoticmea SriB,0s:Sm’ uccnedosanv npu
KOMHAMHOU memnepamype, 8 CneKmpax (pomonoMuHecyeHyuy Habmodaomcs munudnole Ols uoHos Sm’
Ff-nepexoowr. Cnexmp ucnyckanus Sr3B,05:Sm’ codeparcum wemvipe peskux smuccuonnvlx nuka, coomeem-
CMBYIoWux nepexooam 4G5/2—>6H5/2 (563572 nmy), 4G5/2—>6H7/2 (598—614 nm), 4G5/2—>6H9/2 (647—666 um) u
4G5/2—>6H 1172 (705=714 um) uona Sm’" Obcysicoaemcest c6s13b MedcOy NOAOCOU REPEHOCA 3apsioa Sm>" u co-
cmasom arMuHogopa.

Knrueswie cnosa: oomonomunecyenyus, uow Sm3+, cunme3s 6 npoyecce 2openusi, Sr3B;0s.

Introduction. Inorganic luminescent materials containing rare earth ions have been widely investigated
for many years. The results of the investigations on luminescence characteristics of these phosphors have
found wide commercial applications in the fields of LED, laser, and telecommunication [1]. Samarium ion
(Sm™) has a 4f° electronic configuration, and it has various possible transitions between 4f levels.
Sm”" doped inorganic materials are attractive as reddish-orange luminescent materials for display systems
and applications [2]. The emission spectrum of Sm’®" ion consists of four relatively intense bands in the visi-
ble spectral region that correspond to the 4G5/2—>6H5/2 (yellow), 4G5/2—>6H7/2 (orange), 4G5/2—>6H9/2 (red),
and 4G5/2—>6H 112 (red) transitions. Therefore, the Sm>" ions have been incorporated into host lattices in order
to obtain reddish orange luminescent materials [3—7]. Inorganic borates have excellent transparency in the
UV region due to the large difference between electronegativity of boron and oxygen atoms. In recent years,

" This study was presented as a poster presentation at the 20th International Conference on Solid Compounds of
Transition Elements on 11-15 April 2016 in Zaragoza, Spain.
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much attention has been paid to the synthesis and characterization of borates due to their interesting physical
and chemical properties. So, they have been widely used in laser frequency-converting technology and
nonlinear optical crystals [8—10]. Tristrontium bisborate, Sr;B,0g, is an example of an alkaline-earth metal
borate compound. It is characterized by having an association of BOs triangle and SrO¢ octahedra [11].
Its crystal structure was first reported by Richter and Miiller [12]. Recently, the photoluminescence proper-
ties of Ce3+, Eu2+, Dy3 " and Tb* doped Sr;B,0¢ have been studied in detail [13—16], but the photolumines-
cence properties of Sm®” doped Sr;B,0 material have not been reported up to now.

The purpose of this present study is to research the luminescence characteristics of SrsB,Og:Sm’”.
So, Sm®" doped Sr3B,0s phosphor was prepared by a combustion method and characterized by X-Ray pow-
der diffraction analysis. Finally, the luminescence characteristics of the prepared phosphors were examined
using a spectrofluorometer.

Experimental. Sr;B,0¢:Sm’" phosphor was synthesized using a solution combustion synthesis method
followed by heating the precursor combustion ash at 1000 °C in air. Sr(NOs), (Sigma-Aldrich 299%), H;BO;
(Merck 299.8%), Sm(NO;); (Alfa Aesar 299.99%), and CO(NH;), (Fluka >99.5%) were used as starting
materials. The stoichiometric amounts of starting materials were mixed in a minimum amount of distilled
water and placed in a porcelain container. The precursor solutions were introduced into a muffle furnace and
maintained at 500°C for 15 min. Then the precursor powders were removed from the furnace and milled to
obtain a precursor powder of Sr;_,Sm,B,O4 (x =0, 0.04, and 0.06). Finally, the well-mixed precursor pow-
ders were thoroughly mixed and then heated at 1000°C for 12 h in air.

The XRD analysis of the synthesized materials was performed on an X-ray Rigaku Ultima IV instru-
ment equipped with a Cuk,, (30 kV, 15 mA, L = 1.54051 A) radiation source at room temperature. Scanning
was generally performed between 10 and 90° 20. The measurement was made with 0.05° steps and 0.002°/s
scan rate. The photoluminescence spectra were measured at room temperature with a Thermo Scientific
Lumina fluorescence spectrometer equipped with a 150 W xenon lamp.

Results and discussion. X-Ray powder diffraction analysis. Sr;B,0¢ was reported to have the trigonal
crystal structure with space group R3c(167); the lattice parameters values are a=b=9.046 A, and
c=12.566 A [11]. Figure 1 shows the XRD pattern of Sr,.0sSmg 04B,0s prepared by the solution combustion
method. The positions and relative intensities of all diffraction peaks are in agreement with JCPDS Card
No: 31-1343. The secondary phase was not observed due to impurities. Doping of Sm®" ions does not signi-
ficantly influence the crystal structure of the synthesized phosphors. The two possible sites available for in-
corporating Sm’" in Sr3B,0g lattice are either the B** (0.11 A for CN = 4) site or the Sr** (1.18 A for CN = 6)
site. When Sm>" ions (0.958 A for CN = 6) were doped in Sr;B,0, it was believed that the activator ions
would replace Sr*" in the host due to their ionic radius. So, it would be expected that Sm*" would replace Sr**
in the Sr;B,0¢ lattice. As a consequence, the substitution of trivalent Sm®" ions in Sr;B,0¢ needs charge
compensation mechanisms, which can be described as 3Sr* «2Sm’" + vacancy.
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Fig. 1. XRD pattern of Sr;9sSmy 4B,Og prepared by the solution combustion method.
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Photoluminescence properties of Sr;B 5045:Sm’". Figure 2a shows the excitation spectrum of the
Sr3,Sm,B,0¢ (x =0, 0.04, and 0.06) phosphor. The excitation spectrum was recorded in the wavelength
range of 200—500 nm measured by monitoring at 647 nm emission. As seen in Fig. 2a, the excitation spec-
trum of Sm®" is composed of a broad band from 200 to 250 nm and 4f—4f transitions between 300—500 nm.
The broad band at 225 nm is due to the charge transfer band (CTB) of Sm**—0”". The relation between the
charge transfer band of Sm®" ion and the host compositions is known. Many studies [17, 18] indicate that the
energy of CTB of Sm**~0” depends on the site occupied by Sm*" (activator ion) and the covalency of the
Sm’*—0”" bond. Recently, the }z)hotoluminescence properties of Ca;B,06:Sm’" have been reported by
V. Kumar [19]. The CTB of Sm 0% in Ca3;B,0¢ was observed at 200 nm. When considering the bond
structure of Sm*" —0*—M*" (M=Ca, Sr), the degree of covalency of the Sm’—~O* bond is weaker in
Ca3B,04 than in Sr;B,0q. This is because Ca’" atoms attract electrons of O most strongly due to the fact
that it has a larger electronegativity and a smaller radius than Sr** atoms. Therefore, electrons could more
easily transfer from O’ orbitals to the Sm>" ion in Sr;B,0¢ than the other one [20]. Thus, the CTB of Sm*
in both Ca;B,04 and Sr;B,0g, are observed at 200 and 225 nm, respectively. Based on the observations, it
can be explained that the CTB of Sm>" in both Ca;B,04 and Sr3;B,0g shifts to longer wavelength depending
on the degree of covalency of the Sm**— O* bond in M3B,0g (M:Ca > Sr) and the ionic radius of the M*"
(M:Ca < Sr). The other excitation peaks at 343, 360, 374, 400, 414, 466, and 474 nm have been assigned to
the transition from 6H5/2 to 4H9/2, 4D3/2, 6P7/2, ‘F. 712, 6P5/2, M 1372, and 4111/2 of Sm3+, respectively [21, 22]. Also,
any peak in the excitation spectrum of pure Sr;B,04 was not observed.

Figure 2b shows the emission spectrum of the Sr; ,Sm,B,0¢ (x =0, 0.04, and 0.06) phosphor. The emis-
sion spectrum was recorded in the wavelength range of 500—750 nm measured by monitoring at 400 nm ex-
citation. It is composed of four bands corresponding to the transitions from the 4G5/2 to the 6H5/2 (563-572 nm),
6H7/2 (598614 nm), 6H9/2 (647-666 nm), and 6H11/2 (705—714 nm) [21-24]. The strongest one is located at
647 nm due to the 4G5/2 to 6H9/2 transition of Sm>". Although Sr3B206:Sm3 * shows four emission bands in-
cluding 563-572, 598-614, 647-666, and 705—-714 nm under excitation with 400 nm, no peak in the emis-
sion spectrum of pure Sr;B,0¢ under excitation with 400 nm was observed. Based on the above observations,
it can be stated that pure Sr;B,0Og¢ has no photoluminescence properties under excitation with 400 nm.
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Fig. 2. The excitation at Ay, = 647 nm (a) and emission at Aexc= 400 nm (b)
spectra of Sr;_,Sm,B,0¢ (x =0, 0.04, and 0.06).

Conclusion. The Sm®*" doped Sr;B,04 phosphors were prepared by the solution combustion method.
The synthesized phosphors were characterized by using powder XRD. The photoluminescence properties of
all phosphors were investigated at room temperature. The emission spectrum of Sr;B,O¢:Sm’* exhibited four
sharp emission peaks corresponding to the 4G5/2—>6H5/2 (563-572 nm), 4G5/2—>6H7/2 (598-614 nm),
4G5/2—>6H9/2 (647-666 nm), and 4G5/2—>6H11/2 (705714 nm) transitions of Sm*". Finally, the relation be-
tween the charge transfer band of Sm®" ion and the host composition was discussed in detail. As a result, it
can be explained that the CTB of Sm®" in both Ca;B,0¢ and Sr3B,0 shifts to longer wavelength depending
on the degree of covalency of the Sm*—O” bond in M3B,0s (M:Ca > Sr) and the ionic radius of M*"
(M:Ca < Sr). Consequently, the synthesized phosphor could be considered an ideal optical material for the
reddish orange emitting phosphor.
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