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Isomorphic substitution of samarium
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Using the X-ray phase analysis and IR spectroscopy, the isomorphic substitution of
samarium for strontium according to the Sr2*+OH-—Sm®'+ 02~ has been studied in a
synthetic hydroxyapatite corresponding to the system composition Srg ,Sm,(VO,);(OH),_ O,
(0<x<0.40). The solid solutions on the basis of strontium hydroxyapatites (synthesized at
800°C from solutions) have been established to be formed within limits 0<x<0.12. The
crystal structure of the solid solutions obtained has been refined by the Rietveld method.

Meromamu pentrenodasosoro anajgusa u UK-cnekrpockonuu nayueHo nsomopdHoe 3ame-
I[eHVe MOHOB CTPOHIAA MOHAMHU CAMAPIA B COOTBETCTBHU co cxemoii SrZ*+OH~—»Sm3*+ 02~
B CHHTETHYECKOM T'HAPOKCHAIATHTE, UTO OTBeuaeT cocraBy cucreMbl Sry  Sm,(VO,);(OH), O,
(0£x<0,40). YcraHOBJIEHO, UTO TBEDPJAbIE PACTBOPHI HAa OCHOBE THAPOKCHUAIIATUTA CTPOHIIUA,
cuHTe3upoBaHHBIe mpu Temneparype 800°C wus pacTBOpoB, o0OpasyioTcsi B ob6JacTu
x = 0+0,12. IIpoBegeHO YyTOYHEHNE KPUCTAIINYECKON CTPYKTYPHI MMOJYYEHHBIX TBEPIBIX
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pPacTBOpPOB METOJOM PI/ITBeJII)Ha.

Last years, much attention is paid to de-
velopment of new materials with pre-speci-
fied necessary physical and chemical charac-
teristics. The modification of existing com-
pounds with various impurities is of
paramount importance when designing
novel materials with controlled useful prop-
erties. The study of formation of solid solu-
tions with apatite structure and their crys-
tallografic peculiarities will allow to extend
the usage field of the apatite structure com-
pounds (phosphors, catalysts, different sen-
sors, etc. [1-3]), and also will be promote to
further development of isomorphic substitu-
tion theory. This work is aimed at investi-
gation of isomorphic substitutions of samar-
ium for strontium (Sr2*+OH-->Sm3*+ 027)
in strontium hydroxovanadate.

The title system was studied using sam-
ples with x =0; 0.02; 0.04; 0.06; 0.08;
0.10; 0.12; 0.14; 0.16; 0.20; 0.25; 0.30;
0.35; 0.40. The test samples were prepared
by solution thermolysis. The starting chemi-

Functional materials, 14, 3, 2007

cals used were Sr(NQOj3), (analytical purity
grade), Smy,0O; (SmO-l grade) and NH,VO;
(chemical purity grade). The solutions for
synthesis were prepared by dissolving
Sr(NO3), in water, Smy,O3 was dissolved in
minimal amount of nitric acid, and NH,VO;
was dissolved in water with hydrogen per-
oxide added. The dry residues after concen-
trating the solutions were ground in an
agate mortar and calcined at temperature
increasing from 600 to 800°C with intermit-
tent grindings.

The samples obtained were studied by
X-ray powder diffraction, IR-spectroscopy,
the ecrystal structure was refined by
Rietveld method. The powder X-ray diffrac-
tion experiments were carried out using a
DRON-2 diffractometer in the continuous
mode using CuKo radiation. The scanning
rate was 1-2 grad/min for phase analysis
and 0.25 grad/min for interplanar spacing
measurements. The unit cell parameters
were calculated using the least square tech-
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Fig. 1. Dependences of unit cell parameters a and ¢ and volume V in Srg , Sm,(VO,)5(OH),_, O, vs. composition.

nique. The crystal structure was refined
using the Rietveld method. The measure-
ments were carried out in the step scan
mode in the range of 15.00<20<140.00. The
step size was 0.05 grad 20, the exposure
time per point was 10 s. The FULLPROF.2k
program package, version 2.80 was used in
the calculations. The IR-spectra were re-
corded as KBr pellets in the wavenumber
range of 4000-400 cm~1 on a Perkin-Elmer
Spectrum BX spectrometer.

According to the XPA data, the
Srg_ SmM,(VO,)3(OH);_,O, system samples
calcined at 800°C are single-phase ones
within the range 0<x<0.12 having the
strontium hydroxovanadate structure. At
higher x, values, the phases with Sr3(VOy,),
and Sm,05 structure are formed along with
the apatite phase. The calcination of sam-
ples at a temperature exceeding 800°C does
not result in expansion of homogeneous re-
gion of the studied system, but favors the
decomposition of the apatite structure
phase into Sr3(VO,), and SrO [4].

The a and c¢ lattice parameters and the
apatite phase hexagonal unit cell volume de-
crease gradually in the homogeneous region
(Fig. 1). This dependence indicates that the
single-phase solid solutions are formed. This
fact is due to a larger ionic radius of Sr2*
(1.85 A) as compared to Sm3* (1.16 A) [5]. In
spite of the fact that the samarium ion is
substantially less than the strontium one, the
variations in the unit cell parameters are
small due to the small substitution limits.

The homogeneous region has been also
determined by the "disappearing phase”
method. The dependence of the strontium
orthovanadate line hkl 015 reflection inten-
sity on the solid solution composition was
plotted. This is illustrated in Fig. 2. The
obtained line cuts the abscissa axis at
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Fig. 2. Dependence of the strontium or-
thovanadate line hkl 015 reflection intensity
vs. composition.

040 X

x~0.12, which confirms the cell parameters
variations.

IR-spectra were measured for samples
with compositions lying within the homoge-
neous region. The hydroxyl group presence
in hydroxovanadate was determined from
the IR spectra corresponding to torsional
(560 ecm™!) and stretching (3567 cm™1)
modes of OH- groups [6, 7]. The spectra
have shown the absorption bands ascribed to
VO43‘ ion vibrations. This fact confirms the
phase analysis results showing formation of
a phase with apatite structure (Fig. 3). The
increasing x practically does not affect either
the intensity or the position of the VO,3~ ion
fundamental vibrations. However, the tor-
sional bands and stretching bands of the hy-
droxide ion change their intensities, which
corresponds to the suggested substitution
scheme SrZ*+OH-—>Sm3*+02-,

The refinement of the crystal structure
was carried out for the starting Srg(VO,);0H
and for a sample with x = 0.12. As the start-
ing model, the data from [8] for calcium
hydroxylapatite (the apatite structure type,
space group P63/m) were used. The refine-
ment was carried out for 966 lines to the
following reliability factors: Ry = 0.05;
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Fig. 8. IR spectra of the Sry ,Sm,(VO,);(OH),_,O, samples: x =0 (1); x = 0.12 (2).

Rpragg = 0.07; R, =0.07; Ryp=0.08 and
¥2 =1.89. This is typical values differenti-
ating in the last sign by 1-2 units for dif-
ferent samples. As it is obvious from the
Table, a considerable decrease of average
Sr(2)-OH(O) spacings from 2.620 to 2.593 A
and Sr(2)-Sr(2) from 4.381 to 4.339 A in
spite of small substitution limits (x = 0.12
corresponds to the 2.4 mol. % substitution
of samarium for strontium atoms). This is
due to the substitution of 0%~ for OH~ in
the structure channels and the induced in-
crease in the electrostatic interactions with
cations [9]. At the same time, a shortening of
Sr(1)-0O distances takes place. Basing on this
fact as well as on information of previous
researches [10, 11], it is possible to say that
the substitution of samarium for strontium
occur mainly at the Sr(1) position of nine-api-
cal cells.
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Table. Some interatomic distances in
Srs_,Sm,(VO,)5(OH),_,0,.

Composition x=0 x=0.12
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IsomopchHe 3aMilleHHA CTPOHILiIO
Ha camapii y crpykrypi Srg(VO,);0H

€.I1.'embvman, B.I.Mapuenxo, C.H./Io600a,
H.B.A6nouxoea, A.J.Ilnexos

MeTtogamu peurrenodasosoro anaaisy ra [4Y-crnekTpockorrii BuBueHo isomopdHe 3amiimes-
Hs iOHIB CTPOHIII Ha ioHEM camapiio srizmo 8i cxemoio Sr2*+OH-—Sm3*+ 02~ y cunrernunO-
My rigpokciamaruri, mo Bigmosimae ckaamy cucremm Srg_ Sm,(VO,);(OH), O, (0<x<0,40).
BcranoBieHo, mo TBepAi po3YMHU Ha OCHOBI TrifjpoKcianmaTuTy CTPOHIIiIO, AKi CUHTE30BaHO
npu temneparypi 800°C 3 posuunis, yTBOpioThca y Mexkax x = 0+0,12. IIpoBemeHo yTOU-
HEeHHA KPUCTAJIIUYHOI CTPYKTYPU OTPUMAHUX TBePAUX PO3UMHIB MeTonoM Pirmeiabzna.
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