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Abstract. The SsNbsZrO1s niobatozirconate has been synthesized from tedb3D15 four-layer
perovskite and the SrZe(erovskite all = 1670 K by ceramic technique. Crystal structuréhe
SrsNbsZrO1gs compound has been studied by the X-ray powderagdtibn method. It was shown
that crystal structure of the éBl4ZrO1s (a = 0.5687(1) nm¢ = 4.146(1) nmR-3mspace group)
belongs to the BAlbsTiO1s-type with five-layer perovskite-like structure. dterystal structure
features of the SNbsBYO15 compoundsBY = Ti, Sn, Zr) has been analyzed. The correlation
between composition and crystal structure featfmeall SkNbsB"Y O15 compounds, which leads to

destruction slab perovskite-like structure has lregpaled.

Introduction Nb, Ta, Ti, Zr, Mg, Zn;n = 5). Besides, the
Recent studies in the field filed oftemperature coefficient of the resonant
microwave technology have an increased foctliequency changes from -39 to +183 ppm/°C
on the compounds of théA.Bn10sn and with the composition of these compounds.
AnBnOzn+1 families(A = Ba, Sr, Ca, Ln, NdB= Moreover, a study of the dielectric
Ti, Nb, Ta, Sn, Zr, W, Re, Al, Ga, Cr, Fe, Mggcharacteristics of th&sNbsBVO15 (BY = Ti,
n =3 — 7) with a slab perovskite-like structureZr) compounds AnBn-103n five-layer family
(SPS) due to their excellent dielectric propertiegpresentatives) has shown that substitution of
(such as high quality factors and high dielectrititanium for zirconium leads to a significant
constants) [1-12]. In particular, as it is shown irmprovement ofmicrowave properties [11]. At
[6-11], the dielectric constan&) range is from high values [(40) of the dielectric constant for
26 to 48 while the quality factorQxf) is both compounds, the quality fact@xf) for the
decreasing from 5600 to 51000 Ghz for th8rNbsZrO:s is more than three times greater

AsBsOs1sgfive-layer ceramicsA = Ba, Sr, LaB= than the corresponding value for the
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SNbsTiO18 (21000 Ghz and 6700 Ghz,SrNbsZrO1s compound synthesized is similar to
respectively). At the same time the temperatutbose of theAnBn.103n ones ( = 6) studied
coefficient of the resonance frequenay) for earlier, namely: SNbsTiO15 (R3mspace group)
SNbaZrOss (-8 ppm/°C) is much closer to zero[13], BalLasTisO1s (R-3) [17], SENbsSnOis and
than that for SINbsTiO1s (26 ppm/°C) [11]. BasNbsaTiO1s (R-3m) [14, 18]. So, taking into
Such a high value of the quality factor providegccount the data available foABn-10sn

a narrow bandwidth, which ensures the selecti@@mpounds the pattern of theslSbsZrO1s was
of the frequency range desired whilevalue indexing well within the rhombohedral unit cell

close to zero is important to minimize thdFigurel).

temperature fluctuations of resonant frequenc
[10]. The structural feature of th&Bn-1Ozn slab
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perovskite-like compounds is another importar AU - A A
factor along with the chemical composition the =~ ' R o

. . Figure 1. X-Ray pattern of the §KbsZrO:s compound,
has an effect on their properties [10]. However,g yp e P
) ] CuK, radiation.
it's worth to mention that among a number of

s

The test for the generation of the second
strontium-containing five-layer compounds of ) . ,
optical harmonic of the laser radiation signal by
the SgNbsBYOi1stype BV = Ti, Sn, Zr), the _
the SeNbsZrO:g polycrystalline sample has
crystal structures have been determined only for o ] ]
_ ~~ shown that the relative intensity of the signal
SreNbsTiO18 and SgNbsSnOig [13, 14]. This _
_ _ for compound mentioned as well as the
complicates the conception of nature of the _ _ _
, _ centrosymmetical BaasTisO1g is less than 0.01
electrophysical properties of the4sBsO1s _ )
, I of the noncentrosymmetrical ¢8ib4TiO1s.
family.
. Such negligible value of thé signal clearl
The aim of present study was to g19 o SIg y

: certifies that the slab perovskite structure of the
determine the crystal structure of the P

SrsNbsZrO18 perovskite-like compound and tosrﬁNb42r018 compound  belongs  to  the

. . centrosymmetrical space group.
find out the composition/crystal structure y P group

i . B n the result of diffraction pattern
correlation for the whole family of the ased on the result of diffraction patte

SrsNbsBYOns slab perovskite-like compoundsmdexmg and the nonlinear optical data we have

. refined two trial centrosymmetrical models for
(BY = Ti, Sn, zr). y

the SgNbsZrOss structure R-3m andR-3 space
groups) using atom coordinates of the
BaeNbsTiO1s [18] and BalLasTisO1s [17]

ecompounds as initial ones. Unfortunately, it is

Results and discussion
The X-ray powder diffraction study

reveals that the diffraction pattern of th
impossible to distinguish the atomic scattering
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factors for Zr and Nb atoms so we cannot defirgistances calculated using dalable 1 are
correctly their arrangement in the crystapresented imable 2. It should be noted that the
structure using the X-ray powder diffractiorcomposition of the $NbsZrO:s obtained form
methods. That is why, the refinement of théhe structural refinement calculation
SreNbsZrOsg structure has been made by takingorresponds to an experimentally given one
into account a statistical distribution of Zr/Nbwithin the measurement error.

atoms over positions in the ¢8ibsaZrO1s Table 2. Selected interatomic distance and degree of
structure which are filled with these a_tomgistortion (\) of MeO, polyhedra in the crystal structure

(block's center (B), block's boundary (@ and ' >*>2rO

Atom — atom an@? d, nm Atom - atom and\ d, nm
intermediate position ) (Table 1). FOEES) 02720) 53 =0 02905
Table 1. Crystal data for SNbsZrO15 compound. —-60(1) 0.285(3) ASr(3)012 26110*
Sit -30(3) 0.276(2) (Nb,Zr)(1) —30(2) 0.1Bj(
Atom . X y z S - Quer 02795 30 023202)
Sr(1) & 0 0 0.1379(2) ASr(1)012 4010* | (Nb,Zr)(1) — Que. | 0.2065
Sr(2) & 0 0 0.3177(2) Sr(2) - 30(® 0.244(2) | A(Nb,Zr)(1)Qs | 152[10*
Sr(3) & 0 0 0.4116(3) —-60(2) 0.288(2)) (Nb,Zr)(2) —30(3) 0.183(1)
(0.8Nb +0.2Zr) (1) | 6 0 0 0.0480(2) -30(3) 0.330(2) —30(1) 196(2)
(0.8Nb +0.2Zr) (2)| 6 0 0 0.2250(2) Sr(2) — Quer. 0.2875 | (Nb,Zr)(2) — Qe. | 0.1895
(0.8Nb+0.2Zr) 3)| B 0 0 0.5 ASF(2)01, 112010% |  A(NNb,ZR(2)Qs 12110*
o(1) 16 | 0.519(3)| 0.481(3) 0.140(2) Sr(3) — 30(2) 0.275(2)) (Nb,Zr)(3)—60(1) 0.214(2)
0(2) 16 | 0.507(2)| 0.493(3) 0.307(2) - 60(3) 0.286(2) (Nb,Zn(3) =@ | 0.214
O(3) 1t | 0.493(3)| 0.507(3) 0.419(2) —30(1) 0.315(3)  A(Nb,Z(3)Gs 0
Space group R-3m ) The degrees of distortion of théeO, polyhedra were
Lattice parameters, c,nm a=0.5687(1)r = 4.146(1) — .
independent reflections 53 calculated as\ = 1hY[(R — R)/R]? (whereR is the
Total isotropic factoB, ni? 2.59(3)(102 Me — O distance,R is theMe — O average distance, is
Reliability factorR 0.055 the coordination number fdde) [19].

As a results of structure paramete? Interblock distance (O(2) atom located in the hbigy
refinement two identical values of the reliabilityperovskite-like block).
factor R = 0.055) have been obtained for both Taking into account the data obtained on
centrosymmetric modelsR{3m and R-3 space the atomic arrangement and interatomic
groups). In such cases, the preference is usudlfytances Tables 1, 2) it was shown that the
given to the high ordered form. Therefore, thBvo-dimensional  perovskite-like  blocks,
R-3m space group has been selected for ti§@nsisting of five vertex-sharing (Nb,ZO
SrsNbsZrO1s compound with SPS. octahedra are the basic structural units of the

The final results of the crystal structure>eNPsZrOus crystal structureRigure 2). There
refinement for the S$NbsZrOis compound iIs no a direct connection between those
(including details on atomic distribution) are?€rovskite-like blocks; they are connected just

listed in Table 1.The selected interatomicthrough the Sr(2) —O(2) bond.
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diffraction, study of the probable distribution of

these atoms within perovskite-like blocks of the

SreNbsZrO18 compound was carried out by the

. nalysis of the effective valen nds’ sum
Figure 2. Crystal structure of the §84bsZrO,s compound analysis o @ effective valence bonds’ sums

as an arrangement of the (Nb,Zg)Octahedra and Sr for the Zr/Nb atoms in the (NRZrx)Os
atoms (black circles). polyhedra. The value of the (N{Zry) — O

The SO:2 cuboctahedron is aeffective valence bond)has been calculated as
coordination polyhedron for all strontium atom$20]:
in the SgNbsZrO:1s compound. The Sr(1)@

cuboctahedra placed in the center of the )

where Roet IS a reference value of the
perovskite-like block have the lowest distortion ) _

' monovalent bond lengthR is a experimental

ratio among those polyhedra. On the contrary, i

value of the (NbxZry) — O bond lengthB is a
the Sr(2)Q2 cuboctahedra located on the ) )

T reference value of the dispersion bond length,

perovskite-like block boundary possess the = |

which is equal to 0.037 nm.

Bty ()

s=exp( =

highest distortion ratioT{able 2). Nine oxygen
In turn, theRoer value has been calculated as:

Roer = (1= x)Ry(Nb) + xRy(Z1) (2),
namely, six O(2) and three O(3) belong to the - 0 o(Z7)

where Ro(Nb) and Ro(Zr) are the reference
same block of Sr(2) atoms, the rest of oxygen

values of the monovalent bond length for Nb

atoms of the external Sr(2)9 polyhedron,

atoms belongs to the adjacent bloEkg(re 3).
and Zr atoms, respectively;is the occupation

density degree for zirconium atom.
The total value of the effective valence

bonds Gota) was found as a sum of all

(Nb1-xZrx) — O effective valence bonds, namely:
Figure 3. Interblock boundary construction for theS:orar = &5 72, Where,n is the number of all
SreNbsZrOss. bondsof this type.

As mentioned above, the approach of the  Apalysis of theSo calculated values for
Zr/Nb atoms’ statistical distribution has beenNb,..Zrs)(1) bonds (6 position located on the
used for structural calculations of the positiongjock boundary) and for (NRZr«)(3) bonds (8
in the center (8 and boundary @ of the position located in the center of the block) has
perovskite-like blocks as well as for cf6 shown that the best agreement of their values
intermediate positionT(able 1). So, taking into with the average valence of metals in the
account the impossibility of determining thqNb,.,Zr)Os octahedra takes place at a

arrangement of the Zr/Nb atoms by X-rayreferable arrangement of the niobium atoms on
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the block’s boundary and zirconium atoms imatoms on the crystal-chemical characteristics of
the center of the block{gure 4). compounds of the §4bsBO1s (B = Ti, Sn, Zr)
Valence family. So, as it is seen froririgure 5, the

20 increasing of the ionic radius d@ atoms is

27 accompanied by the decreasing of the distances

4,0+ 2

] between adjacent perovskite-like blocks.
3,5 N
| aaa s a s —aa—a—4a—43 A10° d,um
3,04 15049 1 - 0,256
T = T T T T T M T T T 140 ’
0,0 0,2 0,4 0,6 0,8 10 X

- 0,254
Figure 4. The concentration dependences of the average %07

120

0,252

valences of the metal atoms in the {\Nfr,)Os octahedra [ 0250
1104 ’

(curve 2) and the total calculated values of tHective
1004 - 0,248

valences’ bondsSia)) of metal atoms in the (NhZrx)Os o0 0246

2

octahedra located on the block boundary (positia), ( 80 [ 0244
3 ,
curve 1) and in the center of the block (positi@b)( 0‘[;7‘} 0076 | 0078 0080 0062 o 0,0:86
curve 3).Ry = 0.1911 nm for Nb -© bond,R, = 0.1928 T Rey™ o zr
nm for Zr —O bond,B = 0.037 nm [20]. Figure 5. The dependences of the interblock Sr — O

So, results obtained confirm the previougistancesc() (curvel), degrees of distortiod)( of the
(Nb,B)Gs (curve 2) and Sr@ (curve3) external block

5+ . . .. polyhedra versus crystalline ionic rad{d9] of B atom in
Nb°* cations in the octahedron positions of the

the SeNbsBO1g (B = Ti, Sn, Zr) compounds with SPS.
H 1l v
five-layer  blocks —of the A'eNbsB"Ous This certifies that SNbsBOis SPS is
compounds A" = Sr,Ba, BY = Ti, Sn). In our

approaching to the highly stablperovskite
opinion, the charge balance condition on th&ructure Meanwhile

data [14] on primary ordering of thé*" and

increasing iB atom

block boundaries and the features of thl%nic radius is attended with significant

i I \ H
electronic structure of th&"sNbsBYO1g family increasing in the deformation degree of the

compounds are the most probable reasons f(Nb,B)Oe and SrQ. external slab polyhedra,

- - 4+ - -
the preferred localization of thg™ cations in -\ i1 1eads to increase of tension in between

the blocks in the SPS of SHsBO:s

compounds. So, the structural features of the

the center of the blocks as well as of the"Nb
cations on the boundary of blocks.

Data obtained here on the CryStaérerleOlg compounds reveal the decrease of

structure of the $NbaZrOis compound along stability of these compounds with increasing of

with our previous results on the ¢NbsSnOis B atom’s size. On our opinion, this fact

crystal structure [14] and data on the CrysJ["E‘Jlemonstrates the impossibility of existence of

structure of the $NbaTiO1s [13], made it w0 gnpBOLG compounds with the atoms of

possible to identify the influence of the sizeBof B-type larger than a zirconium atom in size.
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Conclusions Experimental part

The crystal structure of the éBH4ZrO1s The polycrystalline sample of the
perovskite-like  compound, which is aSrNbsZrO:1s compound has been synthesized by
representative of theAiBn103, five-layer the SgENbsOis + SrZrQy reaction using the solid
perovskite-like family has been studied for thetate method. An equimolar mixture of the
first time. The X-ray powder diffraction dataSisNbsO15  pre-synthesized  perovskite-slab
have revealed that crystal structure of thisompound and the SrZg(Qperovskite has been
compound belongs to the &4TiO1s-type. pressedR = 31 Pa) into a tablet and exposed

We have considered the correlationo the progressive heat treatment (1%7@3 +
between compositions and crystal structur8) h, 1670K 2 h). Each sample treated has been
features for all SNbsB"YO1s (BY = Ti, Sn, Zr) grinded and repressed after every stage of heat
five-layer compounds, which leads tareatment.
destruction SPS. The X-ray powder diffraction data were

Moreover, the correlation betweencollected withh a DRON-3  automatic
features of the slab perovskite-like structuregiffractometer (CKa radiation). The diffraction
both for the SNbaZrOis compound studied patterns were obtained in a discrete mode under
here and the 8NbsTiO1s previously studied the following scanning parameters: observation
and dielectric properties of the ¢8bsB"O18 range B = (10 - 90j, step scan of 0.03
(BY = Ti, Zr) compounds has been establishegonting time per step at 5 s. The peak positions
In particular, taking into account the similarity;q integral intensities of the observed
of the four and five valence cations’ distributionefiections were determined using full profile

in the SPS of $NbBYOw (BY = Ti, Zr) analysis. After removal of the a2

compounds, we can assume that a highghmnonents the diffraction profiles were fitted
deformation degree both of the Sr(2)0

external block polyhedra and the (Nb,Z§)O

with the Lorentz function. The peak positions

and integral intensities were calculated with the

external block octahedra is the main structurglCCuraCy not less than(0.001 — 0.005)° and

factor affecting in more than three tlmesi(S—lO) %, respectively.

increasing of quality factor for the é8104ZrO1s The original  software  package

compound. Besides, the temperature coefficien .
P P efaborated for the automated DRON equipments

of resonant frequency for the eSibiZrOss s and including both full complex of the Rietveld

approaching to zero. . .
PP g refinement procedure and special banks (for the
X-ray diffraction data and crystal structures of

intermetallic and inorganic compounds) was
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used [15] in order to determine phasel6].
compositions of the samples and to carry out
indexing of the single-phase patterns by the It0[7]-
method. Tests of the suggested structural
models and structural parameter refinementgs).
(including refinement of the atom contents)
were carried out from powder diffraction data
using the software complex of Ref. [15]. Bl

For the S¢NbaZrO:1g polycrystalline

sample prepared, the test to determine its centiao.

/ noncentro symmetry was carried out by the

procedure described in [16]: Nd: YAG laser (11

()\oo =

measurement of the» second optical harmonic

1.064 um and A2w = 0.532 pm),

signal. Two A.Bn-103n compounds with SPS [13].

have been used as the etalons, namely:

SNbsTiO18 with R3m noncentrosymmetric
space group [13] and BRaeuTisO18 with R-3

centrosymmetric space gro{4v].
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