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Thermostimulated luminescence (TSL) of X-ray irradiated SrB,O; single crystals and
glasses has been studied for the first time and compared with polycrystalline samples. The
TSL of SrB,O; single crystals is due to radiative recombination of charge carriers trapped
on the intrinsic defects of the crystal lattice. The X-ray luminescence of SrB,O, single
crystals peaked at A ~ 830 to 840 nm is ascribed to the self-trapped exciton emission. In SrB,O,
glasses, the TSL seems to be connected with decomposition of F-like centers and O~ ones.

Brepsrie usyuena TepMocTHMyJaupoBanHas jgwoMunecnennua (TCJI) MOHOKpHCTANIOBE 1
crexos SrB,O;, 061yueHHEIX PEHTTeHOBCKUMY KBAHTAMMU, B CPABHEHHM C IIOJMKPUCTANIAMY.
TCJI morokpucramios SrB,0,; obycrosneHa maayuaTelnbHON pexoMOMHAIMel HOcuTeJel 3a-
pPana, 3aXBavyeHHBIX HA COOCTBEHHBIX me()eKTax KPHUCTAJINYECKON pelleTKH. PeHTreHOJIIOMU-
HecreHNuA MoHOKpucranmnos SrB,O; ¢ maxeumymom mpu A ~ 830 + 840 HM mpunucsIBaeTcs
CBEUEHHUIO aBTOJOKAaNM30BaHHEIX dKcuToHOB. TCJI crexon SrB,O,, Bepoarso, cBAsaHa ¢ pac-

nagom F-mmogobubix u O IIEHTPOB.

The strontium tetraborate SrB,O; (SBO)
crystals are well-known nonlinear optics ma-
terials [1, 2]. Recently, the SBO crystal lu-
minophors have been shown to be of prom-
ise for individual monitoring of ionizing ra-
diation wusing thermoluminescence. The
polycrystalline samples show an intrinsic
thermostimulated luminescence (TSL) that
is comparable with that of TLD-700
("LiIF:Mg,Ti) [8, 4] increasing by several or-
ders due to introduction of rare-earth acti-
vators, such as Eu or Dy [4-6].

The thermoluminescence properties of a
material are known to vary considerably de-
pending on the material defectness extent.
For example, for Li,B,O; single crystals, ap-
preciable distinctions in the shape and in-
tensity of TSL curves have been observed
depending on the growth conditions and the
purity grade of initial materials [7]. The
study of such regularities can be used to
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develop and optimize the procedures for es-
timation of a material structure perfection
[8]. At the same time, literature data on the
effect of SBO defectness extent on its ther-
moluminescence properties are rather scarce
today. In this connection, the work [5] is
worth to mention where the optical proper-
ties of polycrystalline strontium tetraborate
storage phosphors have been tested as func-
tions of the manufacturing conditions.
There are no similar data for undoped SBO
single crystals. This work is aimed at com-
parative consideration of radiation-sensitive
properties of SBO single crystals, polyerys-
tals, and glasses.

The SBO single crystals were grown as
described in [9]. The 3 mm thick tablets of
10 mm in diameter were produced by com-
pacting the synthesized SBO powders under
108 Pa loading. The synthesis was per-
formed by solid phase technique at 700 to
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900 K in air. Strontium carbonate (special
purity grade) and boric acid (analytical pu-
rity grade) were used as starting compo-
nents. The phase composition of final prod-
uct was checked by X-ray phase analysis
(XPA). For compacting, a weighed powder
sample was mixed with aqueous polyvinyl
alcohol solution (3 %) and triturated thor-
oughly. The SBO glasses were prepared by
melting the pre-synthesized SrB,O7 in a plati-
num crucible. The melt was heated up to
1100°C, hold at that temperature until the
complete homogenization and removal any
gas bubbles, and then poured onto a platinum
plate and cooled together with the furnace.

The spectral and luminescence properties
of SBO samples were studied using an SDL-2
automated setup (LOMO, Russia) under ex-
citation with a xenon lamp (for photolumi-
nescence) or a REIS-I X-ray tube (U = 30 kV,
I =50 pA, Cu anticathode, E = 30 keV) for
X-ray luminescence. The optical absorp-
tion spectra were measured using a Spe-
cord M40 UV-VIS double-beam spectro-
photometer. The TSL curves were recorded
using experimental setup provided with a
FEU-79 PMT. The samples were heated
using a RPM-2 heat controller at a rate of
5 K/min. The samples were irradiated with
X-rays at room temperature using a RUP-
150/300-10-1 X-ray unit (Cu anode, U =
160 kV, I = 9 mA).

The SBO single crystals belong to ortho-
rhombic system (P2; nm space group) ar}’d
have the lattice parametres a= 4.4255(7) A,
b=10.709(2) A, and ¢ = 4.2341(9) A, Z =2
[9]. The crystal structure of the compound
consists of six-member cyclic (B309)9‘ an-
ionic groups, each comprising three (BO4)3‘
tetrahedrons. All boron atoms are coordi-
nated by four oxygen ones. The oxygen
atoms occupy four independent positions.
The voids of the 3D boron-oxygen skeleton
positioned along the a and b axes are filled
with strontium atoms having the coordina-
tion number 9 [2]. The SBO single crystals
are transparent within the wavelength
range of 130 to 3200 nm [1]. In the glasses,
the intrinsic absorption maximum is in UV
region (A = 260 nm).

Fig. 1 presents the X-ray luminescence
spectra of SBO crystals. The luminescence spec-
trum forms a broad band peaked at A = 330 to
340 nm with about 1.69 eV half-width. The
330—340 luminescence band is excited in
the interband transition region and it can
be ascribed either to the radiative recombi-
nation of the self-trapped excitons, or to
emission of excitons localized on insignifi-
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Fig. 1. X-ray luminescence spectrum of SBO
single crystals.

cant lattice distortions, similar to that in
Li,B4O;, LiB3Og and other oxide crystals
[10, 11]. This supposition is confirmed by
the large Stokes shift, the large emission
peak half-width and the absence of excita-
tion bands in the crystal transparency re-
gion. In [5], the photoluminescence of un-
doped SBO powders was observed to be dif-
ferent in the spectral composition from the
X-ray one presented in Fig. 1. That pho-
toluminescence is due most likely to the
presence of uncontrollable impurities.

The irradiation with X-rays or ©69Co
quanta at doses up to 103 Gy does not re-
sult in any induced optical absorption of the
SBO single crystals. The glasses irradiated
at 9-10%3 R dose took the induced optical ab-
sorption in a wide spectral range. In Fig. 2,
shown is the differential absorption spec-
trum of unirradiated and irradiated SBO
glass. The differential curve is approxi-
mated well by three Gaussians peaked at 308,
367, and 510 nm (dashed lines in Fig. 2).
This evidences the generation of at least
three color center types in the SBO glasses
due to X-ray irradiation. Consideration of
literature data allowed us to ascribe the
308 nm band to the absorption of the F*
color centers [12, 13]. The induced optical ab-
sorption in the long-wavelength spectral re-
gion may be associated with F centers [14]
(the band at A = 367 nm was ascribed to O~
centers absorption). The induced optical ab-
sorption in a close spectral region was found
in glasses [14] and single crystals of LiB3Oj
(. =360 nm) [15] and LigGd(BO3)5:Eu*
(A~ 365 nm) [16]. At the same time, the
borate glasses are known to contain high-
temperature boron-oxygen color centers
being a hole trapped at the oxygen bridge
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Fig. 2. Differential absorption spectrum of
unirradiated and irradiated (X-quanta,
9000 R dose) SBO glass. The dashed lines
show the expansion into Gaussians. Inset: ab-
sorption spectra of the glass prior to (1) and
after (2) irradiation.

connecting the tri- and tetra-coordinated
boron atoms [17]. Depending on the oxygen
atom local symmetry, the hole component
either is localized at the oxygen atom, as in
LiB;Og single crystals, or belongs to the bo-
rate group as a whole, as in MgB,O; crys-
tals [18]. Thus, we suppose that the induced
optical absorption of the SBO glasses may
be due to the formation of F-like electron
color centers and O~ hole ones. The glass
annealed for 1 h at 600 K is completely de-
colored. A further investigation is necessary
to correlate the induced optical absorption
bands of the SBO glasses with specific color
centers and TSL peaks.

The TSL of SBO samples irradiated with
equal X-ray doses is shown in Fig. 3. The TSL
curves of single crystals (Fig. 8, curve 1) con-
tain two peaks at T; = 867 K and T, = 427 K.
The peak activation energy values as deter-
mined by Cheng method [19] are E; = 0.85 eV
(first order kinetics) and E, = 1.22 eV (sec-
ond order kinetics), respectively. For poly-
crystals, the TSL curve shape is the same
but its intensity increases due to a higher
defectness extent of the material. An addi-
tional high-temperature TSL peak at 624 K
appears. The TSL peaks are obviously of the
same nature in both single crystals and
polycrystals. The additional 624 K TSL
peak found before [4] in the latter may be
associated with uncontrollable impurities in
the polycrystals that are not detectable by
XPA method, similar to the case of Li;B,0;
crystals [7]. The defects at the crystalline
phase boundaries may form deep trapping

Functional materials, 12, 4, 2005

l1sL, @.u.
1.0 Y
s3
[ 3
08 ]
]
- L
06} ° %
o
i 3.
o [ ]
04} % e
$hoo 3
B of 2 ?
oA 3 2
0.2} R B b2 & Q?)
0] Dot &
L 04 R, A0 & @
.. _‘" ’lli,, "((t('« “ﬂ'v'.:'. "‘("
0.0 LS o e v s pis s p A ()
300 400 500 600 T, K

Fig. 3. TSL curves of SBO samples irradiated
with X-quanta (9000 R dose): single crystal
(1), polycrystal (2), glass (3).

levels, from where the carriers are released
at high temperatures [20]. We failed to es-
timate the activation energy of TSL peaks
for SBO polycrystals, in part because the
peaks are overlapping. For glasses, the TSL
curves are different in shape (Fig. 3, curve 3)
and are a superposition of peaks distributed
quasi-continuously in the 325 to 575 K tem-
perature range. Three groups of peaks with
maxima at 405, 430, and 490 K can be dis-
tinguished conditionally. The TSL intensity
in the glasses is the highest as compared to
single crystals and polycrystals, thus evi-
dencing the presence of a large number of
carrier traps, and is due to the wide variety
of structure motifs realized in the glasses.
Thus, in the single crystal - polyecrys-
tal — glass sequence, the TSL intensity of
SBO rises with increasing defectness extent
of the material.

The fact that the SBO TSL is excited
with X-quanta allows to state that it is asso-
ciated with the intrinsic defects of the crystal
lattice. The X-quanta energy (E = 30 keV) is
insufficient to create any stable radiation-
induced defects according to collision
mechanism, while no sub-threshold defect
formation is observed in the oxides because
the Frenkel couple formation energy is high
as compared to AHC [21]. Thus, the X-ray
luminescence of SBO single crystals peaked
at 330 to 340 nm can be ascribed to emis-
sive relaxation of self-localized excitons.
The TSL intensity increase in the single
crystal — polycrystal — glass sequence re-
sults from the increasing defectness extent.
The SBO single crystal TSL consists of two
peaks at Ty = 867 K and T, = 427 K with ac-
tivation energy E; = 0.85 eV and E5 = 1.22 eV
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and is due to the intrinsic defects of the
crystal structure. The induced optical ab-
sorption of SBO glasses is like to be caused
by formation of F-like electron color centers
and O~ hole ones. Accordingly, the TSL of
SBO glasses is due to emissive recombina-
tion of carriers released at decomposition of
F, F*, and O — centers.
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TepMOCTHMYJbOBaAHA JIIOMiHECHEHIIisd
MOHOKpPHCTaJiB Ta cTexkoa SrB,0-

M.D./ly6o6ux, T.I.Ropwurosea, 10.C.Oceneduur,
C.B.Ilapxomenxo, A.Jl.IIpoceipnin, M.B.Céimanvro,
O.B.Toamawos, P.I1.16éeyvruil

Bmepitie BuBueHo TepMocTUMyaboBaHy JiominecreHiiito (TCJI) moHoKpucramiB i crekoua
SrB,0,, ompomiHeHNX peHTreHiBCLKMMHN KBaHTaMM, Y HOPiBHAHHI 3 momikpucramamu. TCJI
monokpucranis SrB,0, symosiena BHUIPOMIHIOBATBHOIO Delakcamiero Hoclip sapamy, saxom-
JeHHX Ha BJacHUX gederTax Kpucraaiudaoi rparku. PeHTreHosroMiHecIeHIiss MOHOKPIIC-
ranis SrB,O; 5 makcumymom mpu A ~ 330 + 840 HM mpummMcyeThCA CBITIHHIO aBTOJNOKANTi30-
BaEux excuronis. TCJI ckna SrB,O,, Biporizmo, mos’ssama 3 posmagom F-mopi6rux Ta O

LeHTPiB.
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