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Possible new phases in layered perovskite-like crystals
(crystal-chemical prognosis)

Aleksandrov K.S. (aleks@iph.krasnoyarsk.su) and Beznosikov B.V.
Kirenskii Institute of Physics, Siberian Branch, Russian Academy of Sciences,
Akademgorodok, Krasnoyarsk, 660036, Russia.

E-mail: dir@iph.krasnoyarsk.su

1. Introduction

The broad group of crystals containing in their structures octahedral BXq
groups (B — small cation, X — anion) which linked by vertices and form three-
dimensional frames or two-dimensional slabs is widely studied in the modern
solid state physics.

Among octahedtal structures, of special importance are perovskites ABX;
and related structures , including layered perovskite-like structures built by two-
dimensional single, double, etc. layers of octahedra-sharing vertices. Perovskite-
like (PL) structures are often cation- or anion-deficient. In some instances, octa-
hedra degenerate into pyramids, plane square BX, networcs, and even X—B—X
dumbbells, alternating along one or two directions. Hereafter, A and B denote
cations and X denotes anions.

During the last few years, the authors tried to analyze the published struc-
tural data concerning perovskites, their deficient versions, PL-polytypes and
layered PL-structures. The main aims of the work have been an effort to find the
general scheme of architecture for the stoichiometric, anion- and cation-deficient
PL-crystals and to determine the interrelations between different types of PL-
structures. It was shown recently [1, 2] that the structures of the all known PL-
crystals can be considered as the systems of s/abs containing n layers (n = 1, 2,
..., o) vertice-linked octahedra BX, (O), pyramids BXs (P) and/or square nets
BX, (Q) intergrowing by their outer surfaces with blocks of different types when
the layered PL-structures are formed.

In Fig. 1 four rows of two-dimensional PL-slabs are shown. The row A
corresponds to octahedral slabs: O, O-O, O-O-0O, ...; perovskite frame is
formed when n = «. These slabs can be cation-deficient and the vacancies can
be disordered or ordered in different ways. Row B begins from single octahedral
layer O and then P"' =P, P"~=Q—-P",P"'— Q- Q—P7, ... Signs “+” and “— cor-
respond to vertice of tetrahedra “up” and “down” respectively. Row C contains
as the first member (n = 1) single layers of P* or P~ pyramids and then P~ — P”,
PP-O-P,P-0-0-P"
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Last row consists of square nets: Q, Q — Q, Q — Q — Q. Structures with n =
4 are unknown in row D. It should be mentioned that slab O — P" or P~ — O ex-
1sts in some structures.

Variants of intermediate blocks found in different PL-crystals are shown
in Fig. 2. We use here scheme proposed by Tokura and Arima [3].

We will use below the short notations of slabs (Al, A2, ..., B1, B2, ...)
and blocks from Figs. 1 and 2

The main aim of the paper is the prognosis of new possible PL-crystals. In
course of the study we have used the laws of the PL-structures construction [1,
4, 5] and the known structural data for PL-crystals. Simple compounds like
NaCl, CsCl, CaF,, BiF; are similar to the structures of many blocks. These struc-
tural data were used for selection of the block content in order to fit the unit cell
parameters between outer surfaces of slab and block. In some cases we were
obliged to make corrections in chemical composition of possible compounds.

It allowed to present not only all known PL-structures but hundreds of
new praphases, to determine their space groups, general chemical formulas [6].
New compounds can be distorted due to many different reasons, but the layered
PL-crystals in their praphases belong usually to two tetragonal space groups :
P4/mmm or I4/mmm.

In Tables below we have devided possible structures into four classes:

1. Praphases having no vacancies on the outer planes of slabs and blocks.

2. Praphases having the anionic vacancies on the outer planes of slabs

and blocks.
3. Praphases with cationic vacancies on the outer planes of slabs and
blocks.
4. Praphases having two different blocks in their structures.
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2. Results of prognosis

2.1. Praphases having no vacancies on the outer surfaces of slabs and
blocks.
These structure can be formed with A- and B-slabs and correspond-

ing blocks from Fig. 2. Crystallographical data for 208 possible PL-
compound are presented in Table 1. It 1s seen that only 36 crystals have
been synthesized up to now. It 1s useful to mention here that in the well
known Ruddlesden-Popper’s series the bulk crystals containing 1, 2 and 3
layered A-slabs have been grown up to now. But in thin layers studied by
electron microscope there were found the single crystal parts having up to
eight octahedral layers as for example in Sr, ;Ti,Os.+; [7], and
La, 1Ni1,03,11 [8]. Ruddlesden-Popper’s series was restricted in Table 1 by
the four layered A-slab [9, 10]. In Aurivillus’s phases A;X5(A’ 1BnXsn+1)
F3-block and A-slabs are intergrow and the crystals with n < 8 were found
[11]. The same number of the octahedral layers exist in series M-12(n—1)n
and M-22(n-1)n where F1- and F2-blocks intergrow with B,-slabs. The
known crystals of these and other series have been collected in [1].

In Table 1 are presented space groups, general and coordination
formulas of proposed praphases with one tipe of block mtrergrowind with
A- and B-slabs.

1. The known praphases are denoted by sign v'.

2. Coordination numbers (CN):

CN = 12 (XII) — cubooctahedron.

CN = 10 (X) — two opposite anions in the basal plane of cuboocta-

hedron are absent.

CN = 8 (VIII-1) — half of cubooctahedron, orthogonal to main axis.

CN = 9 (IX) — tetragonal prism added to previons halt of cuboocta-

hedron.

CN = 8 (VIII-2) — coordination close to cube.

CN =6 (VI-1) — octahedron.

CN = 6 (VI-2) — octahedron with inereased basic plane.

CN =5 (V-1) — half of octahedron or tetrahonal prism.

CN =5 (V-2) — half of octahedron with in inereased basic.

CN =7 (VII) = 5 + 2 — tetragonal prism plus two anions on the side

of the basis.



CN =4 (IV) — anionic square
CN = 2 (II) — dumb-bell.
Z —number of the formula units in unit cell.

Table 1
Possible layered PL-compounds due to intergrowth of A- and B-slabs
with corresponding blocks

General Block/slab Space Coordination
formula group atoms

N

ABXy | RNAL Y | T4/mmm A%BX,
AsBXy | RDNA2 Y | [4/mmm AMATBYX,
A4B3X10 R1\A3 v 1A/mmm AXHQAIXQBVI-13X10
A5B4X13 R1\A4 14/mmm AXH3AIX2BVI-14X13

AIX2 AVIH-ZB V-1 2X6

AIX2 AVHI-ZZB V-1 2B Iv-1 XS
AIXZAVIH-23BV- 1 2B Iv-1 2X1 0

AX112 AIX2 AVHI-ZZB VI-1 2B V-1 2X1 )
AXH AIX2 AVIH-ZB V-1 4X1 |

AVHI- 1 2B VI- IBHX4

AXH AVHI- 1 2B VI-1 2B HX7

AX112 AVHI- 1 2B VI-1 3BHX1 0

AXH3 AVHI- 1 2B VI-1 4B H>(1 3

AVIH AVHI-ZZB V-1 2B HX6

AVHI- 1 5 AVHI-ZZB V-1 2B IV- IBHX8
AVHI-Z3 AVHI- 1 2B V-1 2B Iv-1 2B H>(1 0
AX112 AVIH-Z AVHI- 1 2B VI-1 2B V-1 2B H>(1 )
AXH AVIH-ZQ AVHI- 1 2B V-1 4B H>(1 |
AXQB VI- lBIV- 1 XS

AXH AXQB VI-1 2B Iv-1 XS
AXHQAXQB VI-1 3BIV- 1 Xl |

AXH3 AXQB VI-1 4B Iv-1 Xl 4

AX2 AVIH-ZB V-1 2B Iv-1 X7

AX2 AVHI-ZZB V-1 2B IV- lBIV- 1 X9
AXZAVIH-23BV- 1 2BIV- lBIV- 1 2X1 |
AX112 AX2 AVIH-ZB VI-1 2B V-1 2B Iv-1 Xl 3
AXH AX2 AVHI-ZZB V-1 4B Iv-1 Xl )
AXQB VI- lBIV- 1 2X6

AXH AXQB VI-1 2B Iv-1 2X9
AXHZAXZBVI- 1 3BIV- 1 2X1 )

AX2 AVIIPZB V-1 2B V-1 2X8
AXZAVIH-ZZB V-1 2B Iv-1 3X1 0
AXZAVIH-23BV- 1 2B Iv-1 4X1 )

A3B2X6 R1\B2 v 14/mmm
AsB3Xs | R1\B3 v I4/mmm
A5B4X10 R1\B4 14/mmm
A5B4X12 R1\B4’ 14/mmm
A5B4X11 R1\B4”’ 14/mmm
A2B2X4 Cul\Al v Pa/mmm
A3B3X7 Cul\A2 v Pa/mmm
A4B4X10 Cul\A3 Pa/mmm
A5B5X13 Cul\A4 Pa/mmm
A3B3X6 Cul\B2 v Pa/mmm
A4B4Xs Cul\B3 Pa/mmm
A5B5X10 Cul\B4 Pa/mmm
A5B5X12 Cul\B4’ Pa/mmm
A5B5X11 Cul\B4”’ Pa/mmm
A2B2X5 Cu2\Al v Pmmm
A3B3X8 Cu2\A2 v Pmmm
A4B4X11 Cu2\A3 Pmmm
A5B5X14 Cu2\A4 Pmmm
A3B3X7 Cu2\B2 v Pmmm
A4B4Xo Cu2\B3 Pmmm
A5B5X11 Cu2\B4 Pmmm
A5B5X13 Cu2\B4’ Pmmm
A5B5X12 Cu2\B4”’ Pmmm
A2B3X6 Cu3\Al Ammm
A3B4X9 Cu3\A2 Ammm
A4B5X12 Cu3\A3 Ammm
A3B4X8 Cu3\B2 v Ammm
A4B5X10 Cu3\B3 Ammm
A5B6X12 Cu3\B4 Ammm
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General Block/slab Space Coordination
formula group atoms

N

AsBeXys | Cu3\B4 |  Ammm AMLASATBYLBY LB )X,y
AsBeXy3 | Cu3\B4” |  Ammm AMASAM2 BB )X s
AsBXs | FI\NALY | PA/mmm ATATBYX

AB:Xs | FINA2 Y | P4/mmm AMATAYB Y X

A5B3X11 F1\A3 Pa/mmm AXHQAIXQAVI-ZBVI-13X11

A5B4X14 F1\A4 Pa/mmm AXH3AIX2AVI-2BVI-14X14

A8B6X17 FI\B 6’ Pa/mmm AXHQAIXQAVIH-23AVI-ZBV-16X17
AB:X; | FI\B2Y | P4/mmm ATATABY X,

AsBsXo | FI\B3 Y | P4/mmm AAT2,AY2BY LB X
ABiXy | FI\B4 Y | P4/mmm APA2AY2BY LB X
ABiXy3 | FI\B4 | P4/mmm AMLAT AT AR BY X 5
A5B4X12 F1\B4>’ Pa/mmm AXHAIXQAVHI-ZQAVI-ZBV-14X12
A7B5X13 F1\B5 v Pa/mmm AIXQAVHI-24AVI-2BV-IQBIV-13X13
A7BsXs F1\B5’ Pad/mmm AX112 AIX2 AVHI-22 AVI-ZBVI-IZBV-IZBIV-IXIS
A8B6X15 F1\B6 v Pa/mmm AIXQAVIH-ZsAVI-ZBV-IQBIV-14X15
AsBeX17 | FI\B6® | P4/mmm AMLAT AT RAYBYH,BY LB, X
A8B6X16 F1\B6”’ P4/mmm AXHAIXQAVHI-24AVI-2BV-14BIV-12X16
ABXs | F2\AL Y | [4/mmm AABY X

A5B2X9 F2\A2 4 14/mmm AXIIAIXQAVI-ZQBVI-12X9

A5B3X12 F2\A3 4 14/mmm AXHQAIXQAVI-ZQBVI-13X12

A7B4X15 F2\A4 14/mmm AXH3AIX2AVI-22BVI-14X15

AsB)Xs | F2\B2 Y | [4/mmm APAT2 A2, B X

AeBsXyo | F2\B3 V' | [4/mmm APA2AY2,BY LB X
A7B4X12 F2\B4 4 14/mmm AIXQAVHI-23AVI-22BV-IQBIV-12X12
A7B4X14 F2\B4’ 14/mmm AXHQAIXQAVHI-ZAVI-ZQBVI-IQBV-12X14
A7B4X13 F2\B4”’ 14/mmm AXHAIXQAVIH-ZQAVI-ZQBV-14X13

ABXs | F3\A1 Y | T4/mmm ALBYEIX
AsBoXo | F3\A2 V' | I4/mmm AMLBYL X,
AB3Xi, | F3\A3 V' | [4/mmm A BYLX,
A5B4X15 F3\A4 v 14/mmm AXIlsBVI-14X15

AX112 AVIH-ZB V-1 2X8

AX112 AVHI-ZZB V-1 2B Iv-1 Xl 0
AXHZAVHI-23BV- 1 2B Iv-1 2X1 )

AXH4 AVIH-ZB VI-1 2B V-1 2X1 4

AXH3 AVHI-ZZB V-1 4X1 3

AIXZPbV-ZZB VI- lBHX6

AXH AIXZPbV-ZZB VI-22B HX9

AX112 AIXZPbV-ZZB VI-1 3BHX1 5

AXH3 AIXZPbV-ZZB VI-1 4B H>(1 s

AIX2 AVIH-ZPbV-ZZB V-1 2B HXS

AIX2 AVHI-ZZPbV-ZZB V-1 2B IV- IBHX1 0
AIX2 AVIII-23PbV2B V2B Iv-1 2B H>(1 )
AX112 AIX2 AVIH-ZPbV-ZZB VI-1 2B V-1 2B H>(1 4

A3B2X8 F3\B2 14/mmm
A4B3X10 F3\B3 14/mmm
A5B4X12 F3\B4 14/mmm
A5B4X14 F3\B4’ 14/mmm
A5B4X13 F3\B4>’ 14/mmm
AB>Xs | PINAL1 V P4/mmm
A5B3X9 P1\A2 Pa/mmm
A7B5X15 P1\A4 Pa/mmm
A5B3X8 P1\B2 v 14/mmm
A5B4X10 P1\B3 Pa/mmm
A7B5X12 P1\B4 Pa/mmm
A7B5X14 P1\B4’ Pa/mmm
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General Block/slab Space Coordination
formula group atoms

N

A7B 5X1 3 P1\B4”’ Pa/mmm AXHAIXQAVHI-ZQPbV-ZQB V-l 4B HX1 3

A3B, X P2\A1l P4/mmm AFAVTHppV-2gVHgly

AsB;Xs P2\A2 P4/mmm ASTAEA VI PR VBV Bl

AsB.Xy; | P2\A3 P4/mmm ATLARA VI pR V-2g VL gl

A¢BsXis | P2\A4 P4/mmm ANLARA VIR V-2g Vi gl

AB;X; | P2\B2 VY | P4/mmm AFAVIZAVIEIpRV-2g V-1 gy

AsB4Xo P2\B3 P4/mmm AFAVITZ AVIFIpV2g V-l gIV-Igly
ABsXi P2\B4 P4/mmm AX AVIH-Z3 AVHI-IPbV-ZBV-lBIV-IZBHXI1
A5B 5X1 3 P 2\B 4 > P 4 / mmm AX112 AIX AVHI- 1 AVHI-ZPbV-ZB VI-1 2B V-1 2B H>(1 3
A¢BsXi, | P2\B4” P4/mmm ASTAEA VI AVIFpRV2g V-l gl

AB X5 P3\A1l Pmmm AIXPbVHzBVI'lBW'IX7
AsB3Xjo | P3\A2 Pmmm ASIAIX ppVILgVEL giv-ly
AcB4Xi3 P3\A3 Pmmm A A ppVILVEL V-l
A7BsXis | P3\A4 Pmmm A A ppVILVEL pIv-ly
AsB;Xy | P3\B2 v Pmmm A AVIR2pp VI V-1 gIV-ye
AsB4X11 P3\B3 Pmmm AIX2 AVHI-ZZPbVHZBV-12Blv.1B1V_1X1 1
A7BsXi3 P3\B4 Pmmm A, A V2 ppVILgV-L pIV-l gIV-ly

XII AIX A VII-2p1 VII [ VI-1 [ V-1 [ IV-1

A 2A 2A Pb »B BB Xis
XII 4 IX 4 VIII-2 VII V-1 pIV-1

ATA AP BT B T Xy

A7B5X15 P3\B4’ Pmmm
A7B5X14 P3\B4”’ Pmmm

A3B2Xs P4\Al Pmmm AFAXpRBVHIBIVIx,
A4B3Xo P4\A2 Pmmm ANTATXAXpLVIgVEL BIv-ly
AsB4Xi P4\A3 Pmmm AN AXAXpRVIBVEL gIV-Iy
AsBsXis PA\A4 Pmmm AN AIXAVIFIpp VIR VEL gIV-ly
ABs;Xs | P4\B2 Pmmm ANAXA VIR 2pp VIgV-L gIV-lye,
AsB4Xjg P4\B3 Pmmm AXA V2 AXpRVIgV-L gIV-IgIV-Iye o
AsBsXis P4\B4 Pmmm AXAVII2 AXpVIBV-L BV 5

AX112 AIX AVIH-Z AXPbVHB VI-1 2B V-1 2B Iv-1 Xl 4
AXH AIX AVIH-ZQ AXPbVHB V-1 4B Iv-1 Xl 3
AIXQPbIXQB VI-1 2X8

AXH AIXQPbIXQB VI-1 3X1 |

AX112 AIXQPbIXQB VI-1 4X1 4

AXH3 AIXQPbIXQB VI-1 5X1 ;

AIX2 AVIH-ZPbIXZB VI- lBV- 1 2X1 0

AIX2 AVIH-ZZPbIXZB VI- lBV- 1 2B Iv-1 Xl )
AIX2 AVIH-23PbIX2B VI- lBV- 1 2B Iv-1 2X1 4
AX112 AIX2PbIX2 AVIH-ZB VI-1 3BV- 1 2X1 P
AXH AIX2PbIX2 AVHI-ZZB VI- lBV- 1 4X1 s

A5B5X14 P4\B4’ Pmmm
A5B5X13 P4\B4”’ Pmmm
A4By X5 P5\A1 Pa/mmm
A5B3X11 P5\A2 Pa/mmm
A7B5X17 P5\A4 Pa/mmm
A5B3X10 P5\B2 v Pa/mmm
A5B4X12 P5\B3 Pa/mmm
A7B5X14 P5\B4 Pa/mmm
A7B5X16 P5\B4’ Pa/mmm
A7B5X15 P5\B4”’ Pa/mmm

AzB, X7 P6\Al P4/mmm AXIAXpLXBVEL
AB3Xyo | P6\A2 P4/mmm AN AXpRIXBVEL Y
AsB4Xi3 | P6\A3 P4/mmm AN AP VEL ¢
AsB5Xis P6\A4 P4/mmm AN AXpRIXBVEL ¥

AXH AIXPbIX AVHI-ZB VI- lBV- 1 2X9
AXH AIXPbIX AVHI-ZZB VI-1 2B V- lBIV- 1 Xl |

A4B3Xo P6\B2 Pa/mmm
A5B4X11 P6\B3 Pa/mmm
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General Block/slab Space 7 Coordination

formula group atoms

A¢BsXi3 | P6\B4 Palmmm | 2 |AARPOFAYBYHBYLBY X 5
A¢BsXis | P6\B4 Palmmm | 2 | AMGARPOEATBYLBY L, X
A¢BsXi4 | P6\B4” Palmmm | 2 | AMLARPOEAVTZ,BYHBY, X,

2.2, Praphases with anionic vacancien on the outer surfaces of slabs and
blocks.
Anionic vacancies on outer surfaces exist in C- and D-slabs in the

places of apical anions in BX¢-octahedra. Four types of blocks can inter-
growth with these slabs: V1- is the layer LJA, O - is vacancy, block Csl
1s similar to CsCl-structure; G1 and G2-blocks are parts of the known
fluorite structure.

Crystallographic data for possible combinations of these slabs and
blocks are presented in Table 2. It is seen that the number of new possible
PL-compound is much less in respect to Table 1. The most probable to
obtain new compound similar to La;Sr,Cu3;O;, [11] but with two and four
layered B2 and B3 slabs and G2-blocks.

Table 2
Possible praphases of layered PL-crystals due to intergrowth
of C- and D-slabs and corresponding blocks

General Block/slab Space 7 Coordination

formula group Atoms

AsB)Xs | CsINC2 | P4/mmm | 1 |AMMA™,BYLXX
AB:Xo | CsINC3 V' | P4/mmm | 1 |AMLAT,BYHBYIX X
AsBiXp, | CsI\C4 | P4/mmm | 1 |ATSAT,BYHL,BYLX X
A¢BsX;s | CsI\C5 P4/mmm | 1 |AMA,BYLBYL XX
A¢BsXis | CsI\C5" | P4/mmm | 1 |ALAT2,AVH2 BV BYVIX X
ABX; | Csl\DI1 P4/mmm | 1 |AY™3,BVIX,X

AsB)Xs | CsI\D2 | P4/mmm | 1 |AM2,AV2BYL XX
AB3X; | Cs1\D3 P4d/mmm | 1 |AY3,AV2 BV L XX
AsBX; | GI\C2 V' | H/mmm | 2 |AMATEBYL X,
AB:Xyo | GIN\C3 Y | /mmm | 2 |ALAEBYHBY X,
AsBiXi3 | GI\C4 Y | IA/mmm | 2 |ASATEBYH,BY X s
ABsXis | GINC5 Y | IA/mmm | 2 |AMATEBYLBY L X6
ABsXis | GI\CS Ammm | 2 |AA2 BV BYIX,
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General Block/slab Space Coordination
formula group Atoms

ABX, | GI\D1 vV T4/ mmm A2 gIVIy
A3B,Xs GI1\D2 T4/mmm AVII2 gV ye
AB:Xg | GI\D3 V' | I4/mmm AVI2 gIV-L oy
ABsXis | G2\C5 | P4/mmm AN AVII2 gV-1 pIV-ly
A4B2Xo G2\C2 P4/mmm IRUNLERACE'S
AsB3Xy, | G2\C3 V' | P4/mmm AXIL AVIL2 pVLIRV-L 5
AsB4Xis G2\C4 P4/mmm AT AV BVEL gVl s
A7BsXs G2\C5 P4/mmm AN AVIR2 BVEL BV 5
AsBXs G2\D1 P4/mmm AVII2 gIVIy
ABXg | G2\D2 P4/mmm AVI2 BVl x
AsB3Xyo | G2\D3 PA/mmm AV VL o
AByXs | VINC2 V' | P4/mmm ANTAVII2BV-L 5
AsB3Xg | VIN\C3 V' | P4/mmm AN A VIR VEIgV-L
A4BsXy | VINC4 Y | P4/mmm ANLAVII2BVEL pVel s
AsBsXis | VINC5 V' | P4/mmm AN AVII2RVEL Vel g
AsBsXis VI\CS’ P4/mmm AN AVIE2 gV-1 pIVlye
ABX, VI\D1 v | P4/mmm AVII2BIVIy
AxB2 X, V1\D2 P4/mmm AV IV xe
AsB3Xs | VI\D3 V' | P4/mmm AVII2 IVl x

N

[ e e S e Y e S e S T T S Sy SIS NS I NS T NS )

2.3. Praphases having cationic vacancies on the outer surfaces of slabs
and blocks.
These praphases can be formed using modified slabs A* and B*

which contain cationic vacancies on the outer planes (Fig. 3). The slabs
can intergrow with blocks Cs’1 which 1s similar to CsCl-structure but
contain cation in the center of cube. Two other blocks G’1 and G’2 (hypo-
tetical) are fragments antifluorite structure.

In combinations Cs’1\A* three first members were known ABXj,
A;B, X5 and A;B;X;. Recently the fourth member of the series was found
[13]. Two substances with G 1\A* intergrowth are known, but some
other combinations can be found in future. Results of the prognosis are
presented in Table 3.
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Table 3
Praphases appearing due to intergrowth

of slabs hawing cationic vacancies on outer planes and proper blocks

General Block/slab Space 7 Coordination

formula group atoms

ABX, | CS1\A*1 Y | Pdmmm | 1 |A""BY'X,

ABX; | C1N\NA*2 v | Pa/mmm | 1 | AMATBYHL X,

AsBiXio | CS1\A*3 V' | Pammm | 1 |ATLABYS X,

ABXis | CS1NA*Y | Pammm | 1 |ASATBY, X5

ABXs | Cs'1\B*2 | Pa/mmm | 1 |A2AVIBYL X

AsB3Xg | Cs’1\B*3 Pa/mmm | 1 |ATHATBY LBV X,
ABXio | Cs1\B*4 | P4/mmm | 1 |A"HABYLBY X,
ABX | Cs'1\B*4” | Pammm | 1 |AV"HAVBYELBY X,
ABXu | C1\B*4” | Pammm | 1 |AHAYEBY X,

ABXy G’ 1\A*1 14/mmm 2 |Less possible

AsBX; | G1\A*2 Y | mmm | 2 | AMAYEHBYLX;

ABiXio | GINA* Y | Ammm | 2 | AMLAY B X
A5B4X13 G’ 1\A*4 14/mmm 2 AXH3AIV-12BVI-14X13

AsByXs | G'1\B*2 4mmm | 2 |A2AN2,BY X

AB3Xs | G'1\B*3 4mmm | 2 |AV"2,ANV2,BYLBY X,
AsB.Xio | G’1\B*4 4mmm | 2 | A 25ANM2,BVLBY L X
AsB.X1, | G 1\B*4’ 4mmm | 2 | AMLAT2ANLBYELBY X,
AsBXu | G1\B*4” | IA/mmm | 2 |AAVHANVLBY X
A4BXs G’ 2\A*1 Pa4/mmm 1 |Less possible

AsB:Xs | G2\A*2 Palmmm | 1 |AMANEBYLX

AB3Xi1 | G2\A*3 Palmmm | 1 |AMLAY2BSX
A7B4X14 G’ 2\A*4 Pa/mmm 1 AXH3AIV-24BVI-14X14

AsB,X; | G2\B*2 Palmmm | 1 |A"MAYEBYLX,

AB3Xo | G2\B*3 Palmmm | 1 |A",AY2,BY,B™V!X,
AsB.X11 | G2\B*4 Palmmm | 1 |A5AY2,BVLBY LX),
AB.Xi3 | G2\B*4’ Palmmm | 1 |AMLA2AN2BYEL BV X,
ABX | G2B*4” | P4mmm | 1 |AATHAY2BYL,BYL X,

2.4. Praphases containing two types blocks.

Many crystals containing two types of blocks have been found.

Two groups of such compounds can be described. In the first group ap-

pearance of new compounds are the most probable when slabs have dif-

ferent outher surfaces, C1 as example, Fig. 1. Another slab can be consid-

ered as a result of appearing one cationic vacancy on a outher plane of

14



O vacancy

Fig. 3. Perovskite-like slabs A*, B* and intermediate blocks

15



the double A2 slab, or it can be considered as one half of B4-slab (see Fig.
I). It will be marked below as (A1+C1). On the surface with a cationic
vacancy these two types of slabs can intergrow with V1, G1, G2 and Csl
blocks. The opposite surfaces of the slabs can intergrow with many types
of blocks: R1, Cul, F1, F2 ets. As it is shown in Table 4 more than hun-
dred combinations of compounds with these slabs and two blocks are pos-
sible but only 15 crystals have been syntesized up to now.
Table 4
Possible praphases containing two different types of blocks

General Block/slab/ Space Coordination
Formula block group atoms

N

AIXQ AVIH-3 2PbVHzB V-1 2B Iv-1 X9X’
AVIH-32 AVIH- 1 2B V-1 2B HXGX’
AVIH-32 AXQB V-1 2B Iv-1 X7X’

AB3Xjg CsI\CI1\ P3 Pmmm
ABs3X5 Cs1\CI1\Cul Pa/mmm
A4B3 X5 CsI\CI1\Cu2 Pmmm

AsB,Xs Cs1\C1\F1 PA/mmm AF AV AVEZBV-L %0
AsB,Xo Cs1\C1\F2 I4/mmm AR AV AVE2Z BV-L X0
A4B,Xo Cs1\C1\F3 I4/mmm AL AV BY-L X X2 9999
AsB3Xo Cs1\C1\P1 v | P4/mmm AR AV ppV-2 BYV-LBIX X
AsB;Xs Cs1\C1\P2 I4/mmm ARAVIES AVIIp V2Vl gl o
AsB;Xo Cs1\C1\P4 | P2/mmm ARAVIES, AXppVIBY-L Bl X
AsB3 X Cs1\C1\P5 PA/mmm AR AV pplX BVHBY-L X 0 X0
AsB3X0 Cs1\C1\P6 | P4/mmm AIAVIES AXpRIXBVEIRV-L w %
A4B. X7 Cs1\C1\R1 I4/mmm A AV BYV-Lx X0

AX112 AVHI- 1 5 AVIH-3 2B VI-1 2B V-1 2B H>(1 2X’
AX112 AV1112 AVHI-ZZB VI-1 2B V-1 2B H>(1 4
AX112 AVHI- 1 5 AVIH-23BVI- 1 2B V-1 2B H>(1 P
AX112 AVHI- 1 5 AVIH-ZB VI-1 2B V-1 2B H>(1 )
AVHI- 1 5 AVHI-ZZB V-1 2B HXS

AVHI- 1 5 AVIH-23BV- 1 2B H>(1 0

AX112 AX2 AVIH-3 2B VI-1 2B V-1 2B Iv-1 Xl 3X’
AX112 AX2 AVHI-ZZB VI-1 2B V-1 2B Iv-1 Xl s
AX112 AX2 AVIH-23BVI- 1 2B V-1 2B IV>(1 ;
AX112 AX2 AVIH-ZB VI-1 2B V-1 2B Iv-1 Xl 3
AX2 AVHI-ZZB V-1 2B Iv-1 X9

AgBsX12 X | Cul\A1+CI1\Cs1 | P4/mmm
A5B5X14 Cul\A1+C1\G1 14/mmm
A7B5X16 Cul\A1+C1\G2 | P4/mmm
A5B5X12 Cul\A1+C1\V1 | P4/mmm
A4B3 X5 Cul\C1\G1 14/mmm
A5B3X10 Cul\Cl\G2 P4/mmm

AgBsX13X* | Cu2\A1+C1\Csl | Pmmm
A5B5X15 Cu2\A1+C1\G1 Pmmm
A7B5X17 Cu2\A1+C1\G2 Pmmm
A5B5X13 Cu2\A1+C1\V1 Pmmm
A4B3Xo Cu2\C1\G1 Pmmm

N = = N = = N = o= N = NN = NN = NN =
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General Block/slab/ Space 7 Coordination

Formula block group atoms

AsB3X; Cu2\C1\G2 Pmmm | 1 |ASAY™5BYL,BY X,

AB-Xis | Cu3\B2\Cul v | Ammm | 2 | ASAMAY2BY,BY,B"X,,
A¢B;Xis | Cu3\B2\Cu2 v | Ammm | 2 |ANAM™HBYLBY 15X s

ABX3X | FINAI+CINCsl | P4/mmm | 1 | AMLARAT, AV2BYI2, BV X 5X0
ABXis | FINAIFCI\G] | I4/mmm | 2 | ALARATTAV2BYH BV X
AsBiX17 | FINAI+CI\G2 | P4/mmm| 1 | ALARAT ARV BYL X,
ABiXi3 | FINAICI\V1 | P4/mmm| 1 | ALARAT2A V2BV BY-L X,
AsB,Xo FI\CI\G1 v | I4/mmm | 2 | ASAHABY X,

AsB2X11 FI\CI\G2 v |P4/mmm | 1 |ATA2HABY X,

AsBiX1uX | F2\A1+C1\Csl | I4/mmm | 2 | AMLAAT, A2 BYELBY L XX
A8B4X16 F2\A1+C1\G1 P4/nmm 1 AXHQAIXQAVIH-ZQAVI-ZQBVI-IQBV-12X16
A9B4X18 F2\A1+C1\G2 14/mmm | 2 AXHQAIXQAVIH-23AVI-ZQBVI-IQBV-12X18
ABXi | F2AI+CI\V1 | I4/mmm | 2 | ALARAT2A V2, BV BYL X,
AsB2X10 F2\CI\G1 v | P4/nmm | 1 |ASAM A 4BY X

AsBsX1uX’ | PNAI+CI\Csl | P4/mmm | 1 | AMLARAT,AVEBYELBY LB, X
AsBsXis | PINAI+CING1 | I4/mmm | 2 | AHARAT AV 2,BY L BY LB X 6
AoBsXis | PINAI+CING2 | P4/mmm| 1 | ALARAT2AV2BY BY-LBIX ¢
A/BsXiy | PINAI+CI\V1 | P4/mmm | 1 | AMLASAT2AY2,BYH BY-LBYX 4
AsB3X10 PI\CI\G1 v | I4/mmm | 2 | AA"24,PbY%,BY",B "X,
A7BsX;3X | P2\A1+CI\Csl | [4/mmm | 2 | AMLATA™ AV A2 BV BV B X X
A7BsXis | P2AI+CING1 | P4mm | 1 |AMLARATHAVIEZ A2V gV B
AsBsXi7 | P2AAI+CING2 | Pdmm | 2 |ATHARATHAYIZAYZR YL B BIX,
ABsXi3 | P2QAI+CI\VL | I4/mmm | 2 | ATHANAMTH AV AYE2RYHL BV BIX 5
AsB3Xo P2\CI\G1 v | Pdmm | 1 |A"AY%,PbY?BY X0

A¢B3X11 P2\C1\G2 Pamm | 2 | AFAYH AV ppV2BYLBYX
A8B5X15X’ P3\A1+C 1\CS1 Pmmm 1 AXHZAIXZAVIH-SZAVHZBVI-1ZBV-lzBIVJXlSX:
AsBsXi7 | P3\AI+CI\G1 | P2mm | 2 |ATHATA A BY,BY,B X,
AsBsXio | P3AI+CING2 | Pmmm | 1 |ATHASA™ AN BBV, BY X,
AsBsXis | PRAIHCI\VL | Pmmm | 1 |ATHASAT2AMBY,BY LB X s
A¢B3X1i P3\C1\G1 P2mm | 2 | ASA 3PV LBY LBV X,
A7B5X14X’ P4\A1+C 1\CS1 szm 2 AXHZAXAIXAVIH-SZAVHBVI-1ZBV-lzBIV-lxMX:
AsBsXis | PAAIHCI\GL | P2mm | 1 |ATHATARAM2 A BYHLBY B X
AsBsXis | PAAI+CING2 | Pmm2 | 2 |ATHATARAT2AYTBYHL BB !X
ABsXiy | PAAI+CI\VL | Pmm2 | 2 |ATHATARATI2AY2BYH BV, BIVIX,
AsB3Xo P4\C1\G1 P2mm | 1 |AFATA2,ppY"BY,BY X
A¢B3X1, P4\C1\G2 Pmm2 | 2 |ASARAY 2 pp VBV L,BTV X,
AsBsXi¢X* | PS\AI+CI\Csl | P4/mmm | 1 | AMHANAM,BYBY X 6X0
AngXlg PS\A1+C1\G1 ]4/mmm 2 AXHQAIXQAVIH-ZQAVQBVI3BV2X18
AsBsXpy | PS\AI+CING2 | P4/mmm | 1 | ATHAS, A 2B BY )X,
AsBsXis | PS\AI+CI\VL | P4/mmm | 1 | ATHANAM?BY 5B )X g

AB3iXiz | PS\CI\G1 V' | [4/mmm | 2 | A™AY2,P6™,BYBY )X,
AsBsXisX | PO\AI+CI\Csl | [4/mmm | 2 | AM5AAM,BYLBY XX
AsBsXi7 | PO\AI+CI\GL | Pdmm | 1 |ATHAMAY 2B BY X,

17




General Block/slab/ Space 7 Coordination

Formula block group atoms

AsBsXo PO\AL+CING2 | Pdmm | 2 | ANLA A2 BVLBY-L X g
AsBsXs PO\AL+CIN\V1 | Pdmm | 2 | AMGARAVIZAVE2GVEL VL y
AsBs3X|; P6\C1\G1 Pamm | 1 | AAMARAVIZ ppXBVHBY-Lx |
AsB3X3 P6\C1\G2 Pamm | 2 | AABARAVI2 ppIXgVHIgY-Lx .
AsB.X12X | RINAL+CI\Csl | I4/mmm | 2 AXHzAIXZAVvIHSzBVvI'IZBVV'12X12X’
AgBiXiy |RDNAIHCINGT V' | P4/nmm | 1 | ATHLARAT2,BYLBY X,
A-BXis | RINAIFCING2 | A/mmm | 2 | ALAAVEZ.BVEL gV x o
AsB.X;, | RDNAIFCI\VI V' | I4/mmm | 2 | ALAKAVIZBVEL BY-L % )
A,BX, RI\CI\V1 Y | P4/mmm | 2 | ABAVI2BY-1X,

AsB,X 0 RIN\CING2 V' | I4/mmm | 2 | AZAV2.BYL X,

Much more possibilities exist in the second group where A- and B-
slabs (Fig. 1) are intergrow with two types of blocks R1, F1, Cul, F2 ets.
But experimental data are extremally pure. Few examples are known up to
now. Combination RINA1\F1 is realized in the structure Srj4la; ¢TINi,Oy
(IA/mmm, Z = 2) [14], where Tl-ion 1s located in F1-block and statistically
fills the center of the block. Another example i1s BasHgTl,Cu,O10+5
(IA/mmm, Z = 2). Structure of the crystal has been considered as intergrow
of Hg-1201 and T1-2201 ones [15]. But it can be considered as FI\A1\F2
where Tl-positions in F2-block are partially filled. Combinations
Cu3\B2\Cul [16, 17] and Cu3\B2\Cu2 [18] are also known. In both eases
these structures belong to Ammm space group with Z =2.

Total number possible combinations with A- and B-slabs and two
blocks is estimated by value more than four thousands. That is why we
have restricted ourselfs by the most probable praphases. F1-block was se-
lected for the purpose. It is similar to one unit cell of NaCl type and con-
tains two cations as well as F2-block and admits to partial disordering of
anions in the basal plane, as it have been found in structures of
Sr4PbFe, 09 [19] and (St s7Eu0.19)(Eug75Ce025)2Pbo sCug sCuy,Og [20]. An-
1on vacancies are often exist in F1-block, as it have been met in structures
BaCa;HgCu301545 and Ba,CasHgCusO 1445 [21].

In Table 5 are enumerated possible praphases with A- and B-slabs
and F1-block. The number of layers in slabs was restricted by three and
four ones in A- and B-slabs respectively and hypothetical blocks were ex-
cluded.
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Praphases containing A- and B-slabs and two types of intermediate blocks

Table 5

General | Block/slab/ Space 7 Coordination

formula block group atoms

AB.Xy | FNAINR2Y | I4/mmm | 2 | A™AY%BY X,

AoByX17 | F1\A2\F2 IA/mmm | 2 | AMASABYY X,
A11BsX | F1\A3\F2 Ia/mmm | 2 | AMANA B (X,
AsByXo | FNAIRLY | T4/mmm | 2 | ABAYBYX,

A7BsXis | F1\A2\RI IA/mmm | 2 | AMLASABY X s
AoBeXy1 | F1\A3\RI IA/mmm | 2 | AMANABY X,

AsB3Xo | FINAI\Cul | P4/mmm | 2 | AAVLAVBYLBIX,
ABsXys | FI\A2\Cul | P4/mmm | 2 | AHASATLAV2BYH BIX
AoB7Xa1 | FI\A3\Cul | P4/mmm | 2 | AASATLAVBYH BIX,,
AsB;Xjo | FI\AI\Cu2 Pmmm 2 | ASASABYHLBY X
A7BsXis | F1\A2\Cu2 Pmmm 2 [ AMLASA AR BV
A9B7Xz | F1\A3\Cu2 Pmmm 2 [ AMASAN AR BYIX,
AsB,X11 | FI\AI\Cu3 Ammm 2 | ASANAEBY BV X
A7B¢X17 | F1\A2\Cu3 Ammm 2 | AMLASANABYH BV X,
AoBgXy: | F1\A3\Cu3 Ammm 2 | AMASAABYH BV X
AsB3;X11 | F1\A1\PI Pa/mmm | 2 | ASA?PbY 3BV BYX
A9BsZi7 | F1\A2\P1 Pa/mmm | 2 | ANHAN AP 2B BYX
A11B7X» | FI\A3\PI Pa/mmm | 2 | A AT AYPb 2B Y B X3
AB3Xy | FIAINP2 | Pa/mmm | 2 | ASA™ APV 2BV BYX
AsBsXis | FINA2\P2 | Pa/mmm | 2 | AHARAVTAV2Pp2BYH BIX ¢
AoB7Xo, | FINA3\P2 | Pd/mmm | 2 | ANATSAT AP V2BV (BIX )
A7B3;X1, | FI\AI\P3 Pmmm 2 |A%PLLAYBYLBYIX ),
AoBsXis | F1\AI1\P3 Pmmm 2 | AMLARPLLAYBY BTV X
A1B7Xa | FINAI\P3 Pmmm 2 | A AP LAY BV BTV X,
A7B3X13 | F1\A1\PS Pa/mmm | 2 | ANPb AP BV X
AoBsX19 | F1\A2\P5 Pa/mmm | 2 | ANLAR POAYEBY X
A11B7Xps | FI\A3\P5 Pa/mmm | 2 | A AT PHTAPB Y X5
A9ByXis | FI\B2\F2 I4/mmm | 2 | ANAT A BY X s
A11BeX19 | F1\B3\F2 Ia/mmm | 2 | ANAT A BY LBV LX)
A3BsXp3 | F1\B4\F2 Ia/mmm | 2 | ANAT A BY LBV X3
A7B;X13 | F1\B2\R1 Pa/mmm | 2 | ANATHAYBY X,
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General | Block/slab/ Space 7 Coordination

formula block group atoms

A9BeX17 | F1\B3\R1 Pa/mmm | 2 | ASAEAVBY BV, X,
A11BsXy | FI\B4\R1 Pa/mmm | 2 | ANATEAYBY BTV, X,
ABsXy3 | FI\B2\Cul | P4/mmm | 2 |ASAVT A2 AV2BY BIX 5
AoB;Xy7 | FI\B2\Cul | P4/mmm | 2 |ASAT LAV AV2BY BV BIX ),
A11BoXo: | FI\B2\Cul | Pd/mmm | 2 | ATATLAVT2 AV2RY BV BIX
A;BsX14 | F1\B2\Cu2 Pmmm | 2 | ASATAT2AVERY BV,
AoB-Xis | F1\B3\Cu2 Pmmm | 2 | ASASAT2AVPBY BV X
A11BoX2 | F1\B4\Cu2 Pmmm | 2 | ASASAT2ABY BV X,
A7B¢Xis | F1\B2\Cu3 Ammm 2 [ ASAAV2AVRY BV X
A9BgX19 | F1\B3\Cu3 Ammm 2 [ ASARAT2AVBY BV X
A11B10X23| F1\B4\Cu3 Ammm 2 | ASAAEZAVBY ! BV X
AoBsXis | F1\B2\P1 Pa/mmm | 2 | ASATHAYPLY2,B Y BTX 5
A11B-X19 | FI1\B3\P1 Pa/mmm | 2 | ANA™2AYPLY2,BY BV, B X o
A13BoXy; | F1\B4\P1 Pa/mmm | 2 | ASAT AP 2B Y BV B X
AsBsXi4 | F1\B2\P2 Pa/mmm | 2 | ATGAVTH AV A V2P V2R Y BIY ),
ABsX15 | F1\B3\P2 Pa/mmm | 2 |ATSATTLAYAYEPL BB LB X
A;BoXp | F1\B4\P2 P4/mmm | 2 | ATSATTEAYTH ARG BY BT, B,
A9BsXis | F1\B2\P3 Pmmm 2 [ ANAV2,pp LA YBY L BTV X
A11B7X | F1\B3\P3 Pmmm 2 [ ANAY2, P AR Y BTV X,
AsBoXy | F1\B4\P3 Pmmm 2 | ANAT2 P AR Y BTV X,
A9BsXi7 | F1\B2\P5 Pa/mmm | 2 | ASATEPHN,AVBYIBY X
A11B7Xy | F1\B3\P5 Pa/mmm | 2 | ATAT2PHN,AVBYHBY L BTV, X,
A13BoXys | F1\B4\P5 Pa/mmm | 2 | ASAT 2 PHN,A V2B BY L, BTV X

3. Conclusion

Preparing this publication the authors would like to propose to spe-
cialits a rather rich possibilities for future search of many new layered
perovskite-like crystals which can exibit interesting physical properties
such as ferro- and antiferromagnetism, ferro- and antiferroelectricity, su-
perconductivity and others.

Praphases of new layered compounds in Tables 1-5 belong to two
tetragonal space groups: P4/mmm and [4/mmm. Real crystals can have
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distorted structures depending on thermodynamical conditions and
deficiency of anions or cations.

Assortiment of proposed praphases can be widely enriched, but it
has to be taken into anount that our prognosis has been made on the
crystal chemical basis and it should be considered as a first
approximation.

In order to constuct theoretically a new structure it is nessesary to
provide both electroneutrality of its composition and proper values of
charges and 1onic radii in order to minimize mithmatch of the
intergrowing surface nets.

Authors hope that content of the paper will stimulate search of new
crystals and would be grateful to international community for any
remarks, criticism and information about results of the search. We are
ready to sent our prepints (in Russian) if somebody will be interested in
pictures of proposed structures and other details .

The work was purtially supported by INTAS 99-10177 and RFBR
00-15-96790 grants.
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