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Using the luminescence spectroscopy, the stability of Eu2* ions in SrBPOg has been
shown to exceed significantly that in SrAl,B,0,. The luminescence spectrum of Eu?* in
SrBPOg and SrAl,B,O; consists of a broad band with a maximum at 890 and 490 nm,
respectively. In contrast to SrBPOjg, the stabilization of Eu2* ions in SrAl,B,0; requires an
annealing in reducing medium. It is supposed that this is caused by the difference in the
effectiveness of the excess charge compensating processes for Eu3* which can be quantified
by the formal volume per oxygen atom (V) in the compound structure.

MeTogaMy JTIOMMHECIIEHTHON CIHeKTPOCKOINY IOKA3aHO, UTO yCTOMYMBOCTH HOHOB Eu?t B
SrBPOg cymecrsenno Brrmie, uem B SrAl,B,0,. Cnexrp JIioMuHECIEHITH Eu?* B SrBPOg u
SrAl,B,0, npexcrasiser coboit mupokyio mosocy ¢ makcumymom mpu 390 u 490 M, coor-
BercTBeHHO. B ornmume ot SrBPOg mna crabuiamsanmuy moHOB Eu?* B SrAl,B,0, Tpebyerca
OT)KUT B BOCCTAHOBUTEJIbHOU cpefe. IIpeamosaraercs, 4To 3TO OOYCJIOBIEHO Pas3InyUdeM B
a()(PEeKTUBHOCTH MPOIECCOB KOMIeHCAIMM usGbITouHoro sapaza Eud, kpurepuem KoTOpOit
MOXKeT CIYMKUTh BelWduuHa (opmanbHoro o6wéma (V)), IpUxofAmeroca Ha OJUH ATOM KIC-
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JIopoga B CTPYKTyp€ COeIUHEHUA.

The effect of crystal structure on stabili-
zation of elements in a particular electronic
configuration (oxidation state) is among the
most important issues in the physical chem-
istry of imperfect crystals. It is supposed
[1-3] that it is just the element coordina-
tion polyhedron nature that plays a key role
defining the stability of its oxidation state,
i.e. the stability of an oxidation state de-
pends primarily on the inherent features of
metal-ligand bonds. A review of chemical
and physical experimental techniques used
to determine the oxidation state of transi-
tion metals has been given in [4]. In the
case of lanthanide compounds, the most in-
formative method is luminescence spectros-
copy, since the appropriate calculation ap-
proaches and analysis procedures are well
developed. One drawback to luminescence
spectroscopy is that, in contrast to chemical
methods, it allows only qualitative evalu-
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ation of the concentration ratio of lantha-
nides being in different oxidation states,
for example, Ln2*/Ln3*,

Recently, some of us have found that the
stability of Ln2* ions (Ln = Eu, Yb) increases
significantly in the sequence Srz(BOj),,
SryB,0g < SrB,0,, SrBgO1g, SryBs0gX
(X=Cl, Br) < SrB,O; [5]. It was shown that
the stability of Ln2* in strontium borates
depends on the borate anions surrounding it
and on the effectiveness of the Ln3* excess
charge compensation, which can be quanti-
fied by the formal volume per oxygen atom
(Vp), in the borate structure. V5 can be de-
termined as

Vo=V/Zn, (1)

where V is the unit cell volume of the com-
pound; Z, the number of formula units per
unit cell; and n, the number of oxygen
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atoms per formula unit of the compound. If
the structural data are unknown, the values
of V5 can be determined from the densities
of compounds or solid solutions.

Within the strontium borate family, the
value of V increases from 14.33 A3 for
SI’B407 to ~25 1&3 for Sr28205, SI'3(BO3)2
[6]. It is supposed that the relatively large
VO value for Sr28205, Sr3(BO3)2 promotes
the formation and diffusion of the intersti-
tial oxygen atoms and therefore reduces the
stability of Ln2* ions in these compounds.
The purpose of this work was to study the
possibility to use V to predict the stability
of Ln?* ions in more complex strontium
compounds.

Strontium borophosphate SrBPOg (Vi =
17.92 A3) and a cubic modification (¢) of
strontium aluminoborate SrAl,B,O,; (Vg =
25.87 A3) were used as the investigation ob-
jects. Since Vi for SrAl,B,O; is close to
those for Sr25205 and Sr3(BO3)2, the stabil-
ity of Ln2* ions in SrAl,B,05 (c) is expected
to be low. The smaller value of V, for
SrBPOjy evidences a higher atomic packing
density in this compound. It allows one to
expect that the Ln2* stability in SrBPOj is
relatively high.

It is widely accepted that the crystal
structure of MBPOg is similar to that of
mineral stillwellite CeBO(SiO,) described in
detail in [6]. In the crystal structure of
CeBO(SiO,), each BO, group is connected
with two SiO, groups and has two common
edges with a cerium polyhedron. The Ce3*
ions are surrounded by nine oxygen ions
which belong to the borosilicate radical. It
is important to note that in the stillwellite
structure, the anions of different nature
(Si0, and BO,) are connected with each
other by oxygen bridges. This is a most
prominent structural feature of stillwellite
(and SrBPQOg, too), because in compounds
with mixed oxide anions the anion groups
of various nature are usually isolated. It is
also known that the luminescence spectrum
of Eu?* ions in SrBPOg consists of a rela-
tively broad band with a maximum at A,,,, =
390 nm, which is due to the 47f65d — 4f7
transition [7, 8].

It is known that strontium aluminobo-
rate SrAl,B,0; crystallizes in two modifica-
tions, namely, a hexagonal (h) phase and a
cubic (¢) one [9,10]. The structure of hex-
agonal modification consists of
[AIZO(BO3)2]2‘ layers made up of corner-
sharing Al,O; and BOj; groups. The Sr
atoms, located between these layers, are
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surrounded by six oxygen atoms at a dis-
tance of 2.547 A and six ones at a distance
of 3.292 A [10]. The emission spectrum of
Eu?* ions in SrAl,B,0, (h) solid solutions
prepared in a H, flow consists of a broad
band with a maximum at 2,,, =415 nm,
which is due to the 4f85d — 4f7 transition
[10]. To our knowledge, the data on the
crystal structure and luminescent properties
of SrAl;B,0; (c) are absent in literature.

Eu-doped SrBPOg has been prepared by
solid-state reaction. The starting materials
were special purity grade H3;BO5;, SrCOs,
EU(NO3)3mH20 and (NH4)2HPO4 (chemical
purity grade). The blended reactants were
heated at 400°C for 1 h and then at 900°C
for 9 h in air. To prepare SrAl,B,0; (c) ac-
tivated with Eu, stoichiometric amounts of
special purity grade Sr(NOjz),, H3BOs,
Al(NO3)3-9H,0 and Eu,Oj3 were dissolved in
HNO3; (chemical purity grade) followed by
evaporation to dryness. After thorough
grinding and homogenization, the mixture
was heat-treated at 650°C for 40 min. After
cooling to room temperature and homogeni-
zation, the mixture was fired again at 900—
920°C for 10 h. In both cases, the amount
of Eu-containing reagent in the starting
mixture corresponded to a 0.01 mole frac-
tion of Eu in the final product.

The synthesized samples were checked by
X-ray diffraction (XRD) using a DRON-0.5
diffractometer operated with Ni-filtered Cu
K, radiation. The XRD patterns of the sam-
ples agreed with JCPDS data: No0.18-1270
(SrBPOg), No0.47-0182 (SrAl,B,0; (c)). No
impurity phases were detected within the
present experimental sensitivity. The lumi-
nescence emission and excitation spectra
were recorded for A > 240 nm using a SDL-1
spectrometer equipped with a DKSSh 150
xenon arc lamp. The diffuse reflectance
spectra were recorded using a Perkin-Elmer
LAMBDA 9 spectrometer. All the measure-
ments were carried out at room temperature.
The luminescence spectrum of the
Srq_«Eu,BPOg (x = 0.01) solid solution upon
excitation at A,,, = 272 nm is presented in
Fig. 1. The choice of A . is caused by the
fact that both Eu2* and Eu3* ions show an
efficient luminescence upon excitation in
this region. It is seen that in the spectrum,
a relatively broad band with a maximum at
Mnax = 890 nm predominates, which is due
to the Eu?* 4f85d — 4f7 transition [8]. Be-
sides, there is a group of bands in the 580—
700 nm range. It is evident that these fea-
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Fig. 1. Luminescence spectrum of Sr,_,Eu,BPOg
(x = 0.01) solid solution upon excitation at
Xpre = 272 nm.

tures are due to the 4f — 4f transitions of
Eu3* ions. The most intense bands at 588
and 594 nm correspond to the 5D0 - 7F1
transition. The excitation spectrum of this
luminescence consists of a broad band at
200-290 nm, which is caused by a charge
transfer transition from oxygen 2p orbitals
to 4f8 orbitals of Eu3* ions. The Eu* lumi-
nescence (A,,, = 890 nm) excitation spec-
trum consists of a broad band extending
from 240 nm to 370 nm. Its maximum is at
Amax = 305 nm. This spectrum corresponds
to that reported in [8]. Thus, as can be seen
from Fig. 1, the Sr,_Eu,BPO; (x =0.01)
solid solution prepared in air contains both
Eu?* and Eu3* ions.

Fig. 2 illustrates the effect of additional
annealing in a reducing atmosphere (CO) at
900°C for 38 h on the luminescence spectrum
of Sr,_,Eu,Al,B,0; (x = 0.01) solid solution.
The luminescence spectrum of the as pre-
pared sample (curve I) contains several
groups of bands in the 580-700 nm range,
corresponding to the D, — 7F; transitions
of Eud*. The excitation spectrum of this lu-
minescence (see Fig. 3, curve 1) consists of
a broad, intense band with a maximum at
Amax~248 nm and a number of lower inten-
sity bands at 363, 382, 394, 414, and
465 nm. It is obvious that the dominating
band is due to a charge transfer transition
from oxygen 2p orbitals to 4f% orbitals of
Eu3* ions, whereas the bands in the 360—
470 nm region are caused by the "F, — 3D,
5Gq.¢> °Lg, 5Dg, 5D, transitions. Note that
no change of the spectrum is observed when
varying A,,.. In other words, no evidence of
Eu2* luminescence in the as-prepared sample
is found.

As is seen from Fig. 2, additional anneal-
ing in a reducing atmosphere results in a
relatively broad band in the range 450—
560 nm with a maximum at A, ~ 490 nm
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Fig. 2. Effect of additional annealing in a
reducing atmosphere of CO at 900°C for 3 h
on the luminescence spectrum of
Sr,_Eu,Al,B,0; (x=0.01) solid solution at
Aoxe = 272 nm. (1), as-prepared sample; (2),
"reduced” sample.
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Fig. 8. Excitation spectra of Sr,_Eu,Al,B,0,

(x=0.01) for the luminescence at 2, =
614 nm (1) and 482 nm (2).

in the luminescence spectrum, while the
relative intensity of the bands at 580-—
700 nm reduces. The excitation spectrum
for the A,,, =490 nm luminescence (see
Fig. 3, curve 2) consists of two broad bands
with maxima at 260 and 8355 nm. Since un-
doped SrAl,B,0; (c) has no absorption bands
in this region, the bands at 260 and 355 nm
should be attributed to the 4f7 — 4f65d
transitions of Eu2* ions. Such a spectrum is
typical for Eu2* ions in many crystals and
glasses and it can be considered as a result
of transitions from the 4f7(887/2) ground
state to the e, and ¢,, crystal field compo-
nents of the 4f%5d configuration of Eu?*
ions. Thus, it follows from Fig. 2 that addi-
tional annealing of the as-prepared
Sry_yEu,Al,B,O (x = 0.01) in a reducing at-
mosphere results in the reduction of some
amount of Eu3*.

It is to note also that the maximum of
the Eu?* 4f55d — 4f7 luminescence (A,,,,) in
SrAl,B,O; (¢) is shifted towards longer
wavelengths as compared to that of hexago-
nal SrAl,B,O; modification (for which A, =
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415 nm [10]) and lies between the A, . val-
ues for SI’B407 (367 nm), SrzB509CI
(420 nm) and Sry(BOj3), (580 nm),

SroMg(BO3), (590 nm) [11]. It is known that
the spectral position of A,,,. depends
mainly on the ionicity of the metal-ligand
bond and splitting of the Eu?* 4/65d-con-
figuration due to crystal field [11]. In view
of lack of the detailed structural data for
SrAlLB,057 (c) it is impossible to determine now
the factors causing the A,,,. shift to longer
wavelengths when passing from hexagonal
modification of SrAl,B,O; to cubic one.

From the results presented, one can con-
clude that, in contrast to SrBPOg, the stabi-
lization of Eu2* ions in SrAl,B,0; (c) re-
quires a reducing atmosphere, i.e. the sta-
bility of Eu2* ions in SrAl,B,0 (c) is lower
than in SrBPOg. This can be explained by
the difference in the effectiveness of the
charge compensating mechanism for Eu3*,
which can be quantified by the formal vol-
ume per oxygen atom (V) in the compound

structure. The luminescence spectrum of
Eu?* jons in SrAl,B,O; (c) consists of a
broad band with a maximum at 490 nm,
which is due to the 4/%5d — 47 transition.
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Kristallo-

JIrominecueHnTHI BiIacTuBOCTi Ta criiikicTs ioniB Eu2*
Yy SrBPO5 i SrA|28207

I1.B.Ilip, B.Il.[loyenxo, H.Il. €pprowuna, 3./].Knimenxo

MeTozaMu JTIOMiHECIeHTHOI CIIEKTPOCKOIII [oKasaHo, Imo criifikicTs iomis EuZ* y SrBPOy
icrorro Buma, mixk y SrAl,B,0,. CmexTp mrominecmennii iomis Eu?t y SrBPO;g i SrAl,B,0,
ABJIAE CO00I0 IIUPOKY cMYyTy 3 MakcumMymoM BigmoBiguo mpu 390 i 490 mm. Ha Bigminy Big
SrBPOg, mna crabinmisanii ionis Eu2t y SrAl,B,0, norpiben Bigman y BizHOBIIOIOUOMY cepe-
mosuiri. [Tpunyckaerbes, 110 e 00yMOBJIEHO BigMiHHOCTSMU y e(DEKTUBHOCTI IPOIleCciB KOM-
neHcanii HamIMIIKOBOrO 3apsagy EuSt, kpurepiem sKOI MOMe CIHYKHTH BeIwYuHA (POPMAJD-
Horo o6’emy (V)), Ha OAMH ATOM KHCHIO y CTPYKTYPi CIIONYKH.
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