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BMJINB TETEPOBAJIEHTHOI0 3AMILLEHHSA ATOMIB HA bY[10BY

CMONYK TUNY A__B 0

n- 3n+1
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Ha nincrasi ananisy 6ygosu cionyk ta ¢pas Tunis Sr, Ln B B"™ O, taSr, Ln B B™ O

2-X X 1-x x 4 3-x X 2-X x 7
(Ln =La, Pr, Nd, Sm, B" = In, Sc, B" = Ti, Sn) Bu3HaueHO 3aKOHOMipHOCTi BIUIMBY reTepoBa-
JICHTHOTO 3aMillleHHs aToMiB A- i B-nio3uiiit Ha 6yoBy 1apyBaToi CTPYKTYPU CIOYK TUILY
An+1BnO3n+1. Bcranosrneno, mo BxomkeHHA aromiB P3E Ta In B ofHO- i BOIIApOBY CTPYK-

v : coe .
Typy cnonyk Sr_ B O,  mpusBoguThb [0 36inbliIeHHs CTyneHA Aedopmarntii Mi>KOTOKOBIX
nomienpis AO9 1 OKTaegpiB BO6 Ta 3MEHILIEHHA BiJJICTaHi MDK CYMDKHMMU IIEPOBCHKITOIO-
Ri6HMMM O1oKaMM. AHasli3 Offlep)KaHNX JaHMX II0Ka3aB, [0 BeIMYVHM CTyIeHs nedopmarii
Mix610KOBUX HomieipiB AO, Ta JOBXMHU MiK6/TOKOBOTO 383Ky A — O € ofHUMM 3 OC-
HOBHUX (aKTOPiB, AKi BU3HA4aI0Th cTabimbHicTh cionyk Ty A B O, i3 pisHoTHITHMMUI
n+1""n = 3n+l

aroMaMmn B A- i B-mosuuisax mapyBaroi CTpyKTypH.

Knrouosi cnosa: cnonyku tuny A B O
n+1""n

isomopdism, reTepoBaieHTHe 3aMilljeHHS.

3n+1

HIapyBaTa IIepOBCHKITOIOAiOHA CTPYKTYPa,

BCTYII. OCHOBHUM €/IeMEHTOM HIapyBa-
TOI mepoBcbkiTonopi6uol crpykrypu (IIIIC)
cnonyk Tunty A_ B O, (A = Ca, Sr, Ba, Ln,
Na, K, B =Ti, Zr, Hf, Pb, Sn, Mn, Al, Ga, Cr, Fe,
Ni, Co, Sc, In) € gBOBUMIipHI HepoBCHKiTOMO-
1i6Hi 610Ky TOBIMHOW B n (n = 1 - 3) mapis,
3’eHaHNX BepmmHamu okTaenpis BO, [1, 2].
CycigHi nepoBcbkiTononi6Hi 610ku pospine-
Hi mwapom nonienpis AO, Ta CrionydeHi pasom
gepes 3B’a3Ku — O — A — O —. Takuii Tun 6ygo-
Bu IIIIC cionyk Tuny A B O, 3ymoBmoe
HAABHICTD Y HUX HM3KY IiHHMX (i3MKO-XiMid-
HUX BJIAaCTUBOCTEN, a caMe: MiKpOXBU/IbOBHX,
PE3UCTUBHUX, MarHiTHUX, JIOHOOOMIHHUX,
dboTOKATAIITUYHYX, TIOMIHECIIEHTHUX Ta iH-
mmx [1, 2].

OpHyM i3 HaMOiIBII MIMPOKO 3aCTOCOBYBA-
HMX IUIAXiB BIUIMBY Ha OYIOBY i, BiINOBifHO,
B/IACTMBOCTI OKCUJHMX CHONYK € i30MOpdHe
3aMill[eHHs aTOMiB y Pi3HMX IO3ULIAX IXHBOI
KPUCTa/Ii4HOI CTPyKTypu. Ha choromni Mox-
JIMBOCTI Ta YMOBM i30Ba/IEeHTHOTO 3aMillleHHA
aToMiB A- i B-mosuniint B IIIC cnonyk tumy
A BO, € [mocuTb [eTaibHO JOCTifKe-
HO [2]. Y3aranpHeHHs ofiep>KaHNX pe3y/IbTaTiB
TO3BONIIJIO ABTOPAM Ipanb [3, 4] BU3HAUNTH
OCHOBHI 3aKOHOMIpPHOCTi BIUIMBY i30BaJIeHT-
HOTO 3aMillleHHs aToMiB A- i B-moswmiinn Ha
oynosy IIIIC cnonyx Tuny A_ B O,

Y niteparypi € JaHi 00 MOXIMBOCTI Ta
YMOB IeTepOBa/IEHTHOTO 3aMillleHHS aTOMiB B
opHO- (n = 1) i gBOmapoOBuUX (N = 2) cOMTyKax
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n+17n " 3n+1

Sr BY O, ., 3a tumamm Sr, LnB" B" O,
[5-7] Ta Sr3_anXBIV2_XBHIXO7 (Ln = La, Pr, Nd,
Sm, B = Ti, Sn, B" = In, Sc) [8-11]. ITpore
3arajibHi 3aKOHOMIpHOCTI BIUIMBY IeTepOBa-
JICHTHOTO 3aMillleHHs Ha 0COOMMBOCTI Oy0oBU
HIIIC cnonyk Tuy A B O, . noci sanumra-
NMCSA HEBCTAaHOBJIEHVMI.

Meta po6oTy - BM3HAYEHHA 3aKOHOMIip-
HOCTell BIUIMBY IeTepOBaJIeHTHOTO 3aMillleH-
HA artoMiB A- i B-mosunint wa 6ymosy IIIIC
cnonyk uny A B O, .

EKCIIEPMIMEHT TA OBI'OBOPEHHA
PE3YJIPTATIB.

O6’ekTami aHa/Ti3y CTPYKTYPHMX IIapaMeT-
piB C/IyryBamy HpefCTaBHUKYU 4-X HalOinbin
IIOBHUX PAAiB iHAINBMICHMX cronmyk Ta ¢as
ckmamy Sr, Ln B, In O, taSr, Ln B", In O,
[5-11].

[TopiBHANBHMII aHa/Ii3 JaHMX NPO 3MiHM
B 6yposi IIIIC y pagax Sr, Ln BY In O, Ta
Srg_anXBIVz_XInXO7 (tabmmui 1, 2, pucyHkn 1,
2) BUABMB JIBa TUIIY B3AEMO3B A3KIB MiX CTY-
IIEHEM IeTePOBAJIEHTHOIO 3aMillleHHSA aTOMIiB
A- i B-nosuniit Ta ocobmuBocTAMU OyHOBU
ix IIIIC (crynensamu pedopmanii momienpis
AO,, BO, i mopxuHaMy Mi>k6/10KOBOTO 3B’513-

Ky A - O).

3n+1

Ha aromu P3E ta atomiB Ti a6o Sn Ha aTo-
mu In y IIIIC opHO- i ABOMIAPOBMX CIIONYK
Sr BV O, . mpusBomuth 10 36imblIeHHA
crynens gedopmanii (A) Mbk610KOBUX TOTI-
enpiB AO, Ta okraenpis BO, HesanexxHo Bif
tuny cynronii IIIIC BuxigHoro Tta rerepo-
BaJIEHTHO 3aMillleHMX 3paskiB (gus. Tabm. 1,
2, puc. 1, 2). Cnuip Bif3HaunTy, 1m0 OL[iHOYHI
eKCTPaIo/NbOBaHi BeJIMYNHY 3HaUeHb CTYIIeH:A
nedopmarii mix6nokosux nonieapis AO, s
HeicHyrounx crnonyk SrNdInO, Ta SrLn,In O,
(Ln = La - Sm) mepeBuImyoTh MakCUMaIbHi
Bi/[OMi 3HaueHHA i conyk tuny A B O
i3 IOIIC.

Bxomxennsa aromis P3E Ta In y HITIC ogHo-
i nomaposux cronyk Sr_ B O, = 3menmye
BifIcTaHb MiX CYMDKHUMU II€POBCBHKITOIIO-
mi6HrMM GOmokamy (JOBXMHY MDKOGIOKOBO-
ro 38’a3ky A - O) B IIIIIC rerepoBaneHTHO
3aMilieHux 3paskiB (tab6m. 1, 2, puc. 1). Crnig
BigsHauuTH, mo A crnomyk Sr,.LnBVInO,
(Ln =La - Sm), AKi € IpOZYKTOM MaKCUMajb-
HO MOX/IMBOTO CTYIIEHsI TeTepOBaJIeHTHO-
ro samimenns B cucremax Sr, Ln BY, In O,
[11], mowxuHa Mix610KOBOTO 3B 513Ky A — O
(BimcTanp MK O/10KaMM) € OIM3BKOIO O Mi-
HiMa/nbHO BimoMMX MOBXMH 3B s3KiB A — O

3n+1

30oKkpema, ofHOYacHa 3aMmiHa aromiB Sr cnomyk tuny A B O, .
Tab6m. 1
[esaxki kpucranorpadiyai xapaKTepuCTUKI OHOLIAPOBYUX CHOTYK Ta (a3 TUIY
Sr, Ln BY, B" O,(A BO, cn=1)isllIC Table 1.
Some crystallographic characteristics of single-slab compounds and phases of
Sr, Ln BV, B™ O, (A B O, cn=1)typewithSPS.
Ln |BY |B"| x Crotaz MixbnokoBa | yaq | ABO Tp. rp.
BiJICTaHb, HM 9 6
0 Sr,TiO, [1,2] 0,256(2) 5-10* 0,4-10* [4/mmm
La| Ti| In |05 Sr La Ti In O, [6] 0,242(1) 79-10* 9-10* P4 /mnm
1 SrLalnO, [12] 0,238(2) 192-10* 8-10* Pbca
18 ISSN 2708-129X. VKp. Xim. XypH., 2024
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Mix6m0Kk0Ba

Ln |BY | BY| x Ckmap BifICTaHD, HM AAQ, ABO, [Ip. rp.

0 Sr,TiO, [1,2] 0,256(2) 5-10* 0,4-10* I4/mmm
Pr | Ti|In |05 Sr, Pr  Ti In .O,[6] 0,231(1) 87-10* 14-10* P4 /mnm

1 SrPrInQO, [12] 0,232(2) 249-10* 16-10* Pbca

0 Sr,TiO, [1,2] 0,256(2) 5-10* 0,4-10* [4/mmm
Nd| Ti|In |05 Srl’SNdO)STiO,SInO’SO4 (6] 0,222(1) 99-10* 29-10* P4 /mnm

1 “SrNdInO,” [12] - - - -

0 Sr,Sn0, [1,2] 0,240(1) 48-10* | 0310% | Pcen
La|Sn | In | 0,5 Sr,La, Sn In O, [7] 0,233(2) 97-10* 810+ Pbca

1 SrLalnO, [12] 0,238(2) 192-10* 8-10* Pbca

0 Sr,SnO, [1,2] 0,240(1) 48-10* 0,3-10* Pcen
Pr | Sn | In |05 Sr Pr, Sn  In O, [7] 0,233(2) 115-10* 13-10* Pbca

1 SrPrin0, [12] 0,232(2) 249-10* | 16:10* Pbca

0 Sr,SnO, [1,2] 0,240(1) 48-10* 0,3-10* Pccn
Nd|Sn|1In{05| Sr ,Nd Sn In O,[7] 0,235(2) 143-10* | 21-10* Pbca

1 “SrNdInO,” [12] - - - -

Pospaxynok crynens pedopmanii (A) monienpie_MeO_y HIIIC crmonykx Ta a3 Tumy

A BO

n+l" n ~ 3n+l

penssa Bifctanbp Me — O, n — KoopAMHalliliHe YICIIO.

nposefeHo 3a Gpopmynomn: A = 1/nX[(R. - R)/R]* ne R - Bigcrani Me - O, R - ce-

Tabn. 2
HJesaxi kpucranorpadivyni XapaKTepuCTHKN FBOIMIAPOBIX CHOTYK Ta (a3 TUITY
Sr, Ln B, B" O (A B O, cn=2)sIIIC Table 2.
Some crystallographic characteristics of two-slab compounds and phases of
Sr, Ln B, B"™ O (A B O,  withn=2)typewith SPS.
Ln | BY|B"| x Cxmay ﬁ;’?f:gﬁ";; AAO, | ABO, | Tip.rp.
0 Sr.Ti, 0, [1,2] 0,253(2) 7 0,6 [4/mmm
La | Ti | In | Sr,LaTilnO, [8] 0,237(2) 199-10% | 10-10* | P4/mnm
2 “SrLa,In,0.” [8,10,11] - - - -
0 Sr,Ti,0, [1,2] 0,253(2) 7 0,6 I4/mmm
Pr|Ti|In| 1 Sr,PrTilnO, [8] 0,237(2) 201-10* | 13-10* | P4 /mnm
2 “SrPr,In,O,” [8,10,11] - - - -
https://ucj.org.ua 19
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Ln | BY | BT | x Cxap, ﬁ;fffﬁﬁo}?; AAQ, ABO, IIp. rp.
0 Sr,Ti,0, [1,2] 0,253(2) 7 0,6 I4/mmm
Nd|Ti|In| 1 Sr,NdTiInO, [8] 0,235(2) 232-10* | 15-10* | P4 /mnm
2 | “StNd,In,0.” [8,10,11] - - - -
0 Sr.Ti,O, [1,2] 0,253(2) 7 0,6 [4/mmm
Sm| Ti|In| 1 Sr,SmTilnO, (8] 0,226(2) 296 -10* | 24-10* | P4/mnm
2 “SrSmZInZO7” [8,10,11] - - - -
0 Sr,Sn, 0, [1,2] 0,2404(8) 54-10* 0,3-10* Cmcm
La|Sn|In| 1 Sr,LaSnInO, [10] 0,241(2) 184-10* 7-10* P4 /mnm
2 “SrLaZInZO7” [8,10,11] - - - -
0 Sr.Sn.0, [1,2] 0,2404(8) | 54-10% | 03-10% | Cmem
PriSn|In| 1 Sr,PrSnInO, [10] 0,225(2) 179-10* | 29:10* | P4/mnm
2 “SrPr,In 0. [8,10,11] - - - -
d, am
0,26
0,25 +
0,24 1
a10*)
200
1504 2
100-
50 -
0 LN SN S S S S S S S S S SN S SN S SN S S |
145 150 155 160 165 170 175 180 185 190 1,95

l_{Nx/ iBw
Puc. 1. 3anexxnocti goBXuHM MbKOIOKOBOI BifcTaHi (1) Ta crynens gedopmarii (A) MbKOIOKOBMX
nonienpis (Sr,La)O, (2) B kpucraniuniit crpykrypi Sr, La Ti, In O, (x=0, 0,5 ra 1) Bix criBBifHONIEHHA
BeJIMYMH CepeflHiX HOHHUX pajiiycis aTromiB B A- i B-mosunisx IITIC R /Rpy,
Fig. 1. Dependences of the interblock distance length (1) and the interblock polyhedra (St,La)O, de-
gree of deformation (A) (2) in the crystal structure of Sr, La Ti, In O, (x =0, 0.5 and 1) on the ratio of
the average ionic radii of the atoms in A- and B-positions of SPS R . /Rp,-

20 ISSN 2708-129X. VKp. Xim. XypH., 2024
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Puc. 2. 3anexHocti crynens pedopmarnii (A)
nonieapis (St,Ln)O, (1) i (Ti,In)O, (2) B kpucranmiy-
Hiit crpyktypi Sr,LnTilnO, (Sr, LnTi, In O, s
1) Bif CHiBBiHOIIEHHS BEMYMH CepPemHix
VIOHHUX pafiiyciB aToMiB B A- i B-nosuuisax IIIIC
RAIX/ RBVI

Fig. 2. Dependences of polyhedra (Sr,.Ln)O, (1)
and (Ti,In)O, (2) degree of deformation (A) in the
crystal structure of Sr,LnTiInO, (Sr, Ln Ti, In O,
with x = 1) on the ratio of the average ionic radii
of atoms in A- and B-positions of SPS R x/Rpy, -

X =

B ninomy 3pocranHsa cryneHs gedopma-
uii Mbk6moKoBMX Tonienpis AO, MPU3BOAUTD
10 30i/IbIIEHHS HAILIPY>KEHOCTi B MDKOIOKO-
somy npomapky IIIC Sr, Ln BY In O, Ta

v . .
Sr, In B, In O, a cKopoueHHs BijicTaHi
MDK JBOBVIMIPHVMMIU II€POBCHKITONORIOHMMU
6moxamu HabmKae 6ymoBY iXHBOI ABOBUMIp-
Hoi IITIC no 6ynoBu TepMOAMHAMIYHO 3HAY-
HO CTabiIbHIMNX TPUBUMIPHUX CTPYKTYP.
OpHoYacHa cyMapHa [iid IMX YMHHMKIB IIO-
crynoBo jecrabimisye IIIIC i obmexye 06-

s v
Macth ii icHyBaHHA B pajax Sr, Ln BY In O,
ta Sr, Ln B In O, (s0xkpema, TosCHIOE
-X X 2-x x 7
BigcyTthictb StNdInO, ta SrLnIn,O, (Ln =
La - Sm) i3 IIIIC). IligTBepmkeHHAM TaKOTro
. - -
MeXaHi3My II)\?’I/IHaLIll HIIIC Sr, Ln BY In O,
ta Sr, Ln BY In O, € mosBa ¢as i3 Tpusu-
MIpHMMM CTPYKTypaMM TUITy IE€POBCBKITY i
CaFe O, mpu nepeBuileHHi MeXi rereposa-

https://ucj.org.ua

JIEHTHOTrO 3aMmiljeHHs atoMis Sr ra BY B IIITIC
Sr BV O,  [5-8,10,11].

OpnHnM i3 HaMI6i/IbII BIVIMBOBYX CTPYKTYP-
HIX YMHHVKIB Ha BTaCTUBOCTi OKCU/IHMX CIIO-
NTyK € HBeOopMOBaHICTh IXHBOI KpPUCTaMiYHOI
CTPYKTYypu. Pesynbraty nmpoBefieHOro aHajisy
CBiflYaTh PO 3HAYHUII BIUIMB I€TEPOBAJICHT-
Horo 3amimteHHs aroMiB y HITIC cnonyk tuny
A_ B O,  Ha 6ynoBy HOBOYTBOpeHNUX (as,
30KpeMa IIpo CyTTeBe 30imbIeHHA gedopMo-
BaHOCTi MbK6/10KOBOTO 11apy nonienpis AO,.
Ile mae mifcTaByu 1A BUKOPUCTAHHA TaKOTO
TUITY 3aMIillleHHA I IIOMAJIbIIOrO ILiijlecps-
MOBAHOTO PETY/IIOBAHHA CTPYKTYPHO YyT/IN-

BUX BJIACTMBOCTE} MaTepialiB Ha OCHOBI CIIO-

nyk uny A | B O, s IIIIC.

Sg)) mKeTHOI TeMu «CTpPYKTypHi acneKTu
ontuMisanii GyHKIioOHaIbHUX BIACTH-

BOCTel CKTaJHOOKCUIHNX CIIOMYK /LA cydac-

HUX TIOMiHOQOPiB, iIOHHUX NMPOBITHUKIB Ta

MarHiTHMX MaTepialiB», Jep>KaBHUIL Pe€eCT-

pauiitanit Homep: 0122U001959.

Po60Ty BUKOHaHO B MeKax AepKOro-

THE IMPACT OF ATOMS HETEROVALENT

SUBSTITUTION ON THE STRUCTURE

OFA B0, . TYPE COMPOUNDS.

n+1-n- 3n+1

M.S. Slobodyanik, Y.A. Titov*

Taras Shevchenko National University of Kyiv,
64/13 Volodymyrska str., 01601 Kyiv, Ukraine
*e-mail: titovl1 952@ukr.net

The regularities of impact heterovalent sub-
stitutions of atoms A- and B-positions on the
slab perovskite-like structure of A B O

n+l" n ~ 3n+l

type compounds were determined based on
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the analysis of structure Sr, Ln B", B™ O, and
Sr3»){Ln}(BIVZ_)(BIII}(O7 (Ln = La, Pr, Nd, Sm,
B" = In, Sc, BV = Ti, Sn) types ompounds
and phases. It was established that the inclu-
sion of REE and indium atoms in the single-
and double-slab structures of compounds
Sr_ BY O, . leads to increase the degree of
1nterblock polyhedra AQ, and octahedra BO,
deformation and a decrease the distance be—
tween adjacent perovskite-like blocks. Increase
the degree of deformation of AO, interblock
polyhedra leads to increase in the tension in
the interblock slab of Sr, Ln B" In O, and
Sr, Ln B In O, slab perovskite-like struc-
ture and the reduction of the distance between
the two-dimensional perovskite-like blocks
brings the structure of their two-dimension-
al slab perovskite-like structure closer to the
structure of thermodynamically much more
stable three-dimensional structures. The si-
multaneous combined action of these factors
gradually destabilizes the slab perovskite-like
structure and limits the region of its existence
inthe Sr, Ln B 1In O,andSr, Ln B", In O,
series (in particular, it explains the absence of
SrNdInO, and SrLn,In O, (Ln = La - Sm) with
slab perovskite-like structure). The significant
influence of heterovalent substitution of atoms
in slab perovskite-like structure of A_ B O,
type compounds on the structure of newly
formed phases provides grounds for using this
type of substitution for further targeted regu-
lation of structure-sensitive properties of ma-
terials based on A_ B O,  type compounds

3n+1

with slab perovsklte hke structure.
Keywords: compounds of A B O,  type,

slab perovskite-like structure, isomorphism,
heterovalent substitution.
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