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1. Introduction

The broad group of crystals containing in their structures octahedral BXg
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 ABX3
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, aternating 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 slabs containing n layers (n = 1, 2,
..., o) vertice-linked octahedra BX¢ (O), pyramids BXs (P) and/or square nets



BX4 (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 dlabs. O, O-O, O-0O-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 andthenP'—=P,P'—=Q-P,P"—=Q-Q-F, ... 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,
P-O-P,P-0-0-F.
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Fig. 1a. Types of provskite-like slabs
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Last row consists of square nets: Q, Q — Q, Q — Q — Q. Structures withn =
4 are unknown in row D. It should be mentioned that slab O — P" or P~ — O ex-
Ists in some structures,

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

We will use below the short notations of slabs (A1, 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 14/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. Crystalographical data for 208 possible PL-
compound are presented in Table 1. It is seen that only 36 crystals have
been synthesized up to now. It is 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 S TiOzn+1 [7], and
Lan1NinOzn+1 [8]. Ruddlesden-Popper’ s series was restricted in Table 1 by
the four layered A-slab [9, 10]. In Aurivillus's phases A Xo(A’ n1BrX3zn+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 intrergrowind with
A- and B-dlabs.

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 (VI1I-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) — hdlf of octahedron with in inereased basic.

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

of the basis.




CN =4 (IV) —anionic square
CN = 2 (I1) — 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

ABX; | RI\A1Y | 4/mmm AT BVIX,
AsBoX; | R1\NA2Y | 14/mmm AXIAX BVIL s
AsB3X1o | RINA3 Y | 4/mmm AXLAX BV
AsB4X13 R1\A4 [4/mmm AXLAX BV
A3B.Xs | R1\B2 v | 4/mmm AVLAVIIZEVL
ABsXs | R1\B3 Y 1 4/mmm APOAVIIZ VAL pIV-Ly

AsB.X10 | R1\B4 | 4/mmm A% V2 gV-1 BIVL o
AsB. X, | R1\B4 | 4/mmm AN AP AVINZ gVIEL BV-L y s
AsB.Xy; | R1\B4" | 4/mmm AXTAX aVII2RV-L e

AVIII—lZBVI—lBIIX4
AXIIAVIII—lzBVI—lzBIIX7
AX”2AV”I_lzBVI_lgB”X]_()
AX”3AV”I_lzBVI_l4B”X13
AVIIIAVIII—ZZBV—lzBIIXG
AVIII—leVIII—ZZBV—lZBIV—lBIIXS
AVII|_23AVI”_lzBV_lzBIV_lzB”X]_()
AXIIZAVIII—Z AV”I_lzBVI_lzBV_lzBIlez
AXIIAVIII—22AVIII—lzBV—l4BIIXll
AXZBVI—lBIV—lXS
AXIIAXZBVI—lzBIV—lXS
AXIIZAXZBVI—lgBIV—lel
AX”3szBVI_l4BIV_lX14
szAVIH_ZBV_lzBIV_lX7
AXZAVIII—ZZBV—lzBIV—lBIV—lxg
szAVI | I—23BV—lzBIV—lBIV—12X 1
AXII2AX2AVI”_ZBVI_lzBV_lzBIV_lX]_g
AXIIszAVI”_zzBV_l4BIV_lX12
AXZBVI—lBIV—lZXG
AXIIAXZBVI—lzBIV—lzxg
AxuzszBVI_lgBlv_llez
szAVI | I—ZBV—lzBIV—lzx8
szAVI | I—ZZBV—lzBIV—lgx 10
szAVI | I—23BV—lzBIV—l4X -

A2BoXs | Cul\AL v | P4/mmm
AsB3X7 | Cul\A2 v | P4/mmm
AsBsX10 Cul\A3 P4/mmm
AsBsX 13 Cul\A4 P4/mmm
AsB3Xs | Cul\B2 v | P4/mmm
AsBsXg | Cul\B3 P4/mmm
AsBsX 10 Cul\B4 P4/mmm
AsBsX 1o Cul\B4 P4/mmm
AsBsXq1 | Cul\B4”’ P4/mmm
A2BoXs | Cu2\Al v Pmmm
AsB3Xg | Cu2\A2 v Pmmm
AsBsX11 Cu2\A3 Pmmm
AsBsX 14 Cu2\A4 Pmmm
AsB3X7 | Cu2\B2 v/ Pmmm
AsBsXo | Cu2\B3 Pmmm
AsBsX11 Cu2\B4 Pmmm
AsBsX 13 Cu2\B4 Pmmm
AsBsX 1o Cu2\B4’’ Pmmm
AB3Xs | Culd\Al Ammm
AsBsXge | Culd\A2 Ammm
A4sBsX 1o Cu3\A3 Ammm
AsBsXg | Cud\B2v |  Ammm
AsBsX 10 Cu3\B3 Ammm
AsBgX 12 Cu3\B4 Ammm
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General Block/slab Space Coordination
formula group atoms

N

AsBeX14 | Cu3\B4 Ammm AXLAXAVIT2RVIL pV-L gV s

AsBeX13 | Culd\B4” Ammm AXTAX AVIZ Y-t pIVL
A:BXs | FI\A1v P4/mmm A AVIZRVI-Ly

AB.Xs | FI\A2 Vv P4/mmm AXIAX AVI2BVIL

AsB3X11 F1\A3 P4/mmm AXLAPAVIZBVIL

AeBaX14 F1\A4 P4/mmm AXIAX AVI2BVIL 5

AgBeX17 | FI\B G P4/mmm AXI A AVII2 AVI2RV-L s
AsBX7; | F1\B2 Vv P4/mmm APOAVII2AVIZEV-L x

AsB3Xg | FI\B3 Y | P4/mmm AAVIIZ AVIZEV-L gIVly

AsBsX11 | F1\B4 v P4/mmm APOAVIIZ AVI2RV-L BIV-L s

AeBsX13 | F1\B4 P4/mmm AXILAXAVIIZAVIZRVIL BV-L s

AgBaX12 F1\B4"’ P4/mmm AX”AlszVIII_ZZAVI'ZBV'14X12

A7BsX13 | FI\B5Y | P4/mmm AX AVIIZ AVI2BVL gV y

A7BsX 15 F1\B5 P4/mmm AX”2A|X2AV|||-22AVI—ZBVI—lzBV_lzBN_lX15

AgBeX15 | F1\B6 v/ P4/mmm APOAVIIZAVIZRV-L BIV-L 5

AgBeX17 | F1\BE P4/mmm AXILAX AVINZ AVI2RVIL gV-L gIV-L s

AgBsX16 F1\B6'’ P4/mmm AXTAX AVIIZ AVIZRV-L BIV-L s
A;BXs | F2Al1V | 4/mmm AP AV BVILy

AsBoXoe | FRA2V L4/mmm AXTAX AVIZ gVIL s

AgBsX12 | F2A3 Y | 4/mmm AXILAX AVIZ BVI-L s

A7BsX15 F2\A4 | 4/mmm AX”3AIX2AVI_228VI_14X15

AsBoXg | F2B2v' | 14/mmm AXAVIIZAVIZ gV-1 s

A¢B3X19 | F2B3 vV | 4/mmm AXAVIIZ AVI2 gV-L BIVAY

A7;BiX12 | F2B4 v | 14/mmm AXAVIIZ AVI2 gV-1 BIVL 5

A;BXwu | F2\B4 | 4/mmm AXLAX AVI2AVI2 gVIL VL %)
A;B.X13 | F2\B4” | 4/mmm AXTAX AVIZ AVI2 BV s
ABXs | FAALY | 14/mmm AXLBYIIX g

AsBoXe | FR\A2Y | 14/mmm AMLBYIL X,

'A\XII48VI—13>(12
AXHSBVI_14X15

A4sB3X 1o F3\A3 v [4/mmm
AsB4X 15 F3\A4 v [4/mmm

AsBoXsg F3\B2 | 4/mmm AXIAVIIZRV-L x
A4B3X10 F3\B3 | 4/mmm AXILAVIIZ gV-L pIV-dy
AsBaX12 F3\B4 [4/mmm AXILAVIIZ BV-L BIV-L s
AsBsX14 | F3\B4 [ 4/mmm AN AVI2RVIL BV-L X 4
AsBsX13 | F3\B4” [4/mmm AN AVIZ BVL 5 o

A'XZPbV'ZzBV"lB”XG
AX”Alxzpr_zzBVI_zzB”XQ
AXIIZAIXZPbV—ZZBVI—lgBIlez
AXII3AIX2PbV—ZZBVI—l4BIles
AIXZAVIII—ZPbV—ZZBV—lzBIIXS
AIXZAVIII—22PbV—ZZBV—lzBIV—lBIleo
AlszV”|_23vaszzB|V_lzB”X12
AXII2AIX2AVIII_ZPbV_zzBVI_lzBV_lzBIIX14

AB.Xs | PLAL Y P4/mmm
AsB3Xg P1\A2 P4/mmm
AgBaX12 P1\A3 P4/mmm
A7BsX 15 P1\A4 P4/mmm
AsBsXs | P1\B2 v [4/mmm
AgBaX10 P1\B3 P4/mmm
A7BsX 1o P1\B4 P4/mmm
A7BsX14 P1\B4' P4/mmm
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General Block/slab Space Coordination
formula group atoms

N

A;BsX13 | P1\B4” P4/mmm AXAX AVINZ ppyv=2 gV Bl 4

AsBoXs P2\A1 P4/mmm AXaVI-ippY-2gVi-igliy

AsB3Xs P2\A2 P4/mmm AXAX AV pRVRVIL Blly

AsBsX11 | P2\A3 P4/mmm AXLAXAVI-pRV-2gVIL Bl

AeBsXwu | P2\A4 P4/mmm AXLAXAVI-pRV-2gVIL Bl ,

AsB3X; | P2B2v | P4/mmm AXaVI2AVIl-1pRpv-2gV-L gliy

AsB.Xo P2\B3 P4/mmm A'XAV""ZZAV'”'1PbV'ZBV'lzB'V'lB”X9
ABsX11 P2\B4 P4/mmm AleV| I I—23AVI I |-1va-2Bv-1B|v-1zB| |x11
AGB5X13 P2\B4’ P4/mmm AXIIZAIXAVIII—lAVIII—ZF)bV—ZBVI—lzBV—lZBIle3
AeBsX1o | P2\B4” P4/mmm AXIAX V2 AVIT-IpRY-2RVL Bl

AsB2X7 P3\A1 Pmmm AXppVIlBVHBIV-Ly
AsB3X10 P3\A2 Pmmm AXIIAIXZPbV”ZBVI_lzBIV_lX]_O

AsBaX13 P3\A3 Pmmm AXLAX ppVILBVI-L pIV-Ly

A7BsX16 P3\A4 Pmmm AXI A pVIL BVIFL BIV-Ly

AsB3Xy | P3\B2 Vv Pmmm AX AVII2ppVil gV-1 gIv-Ly

AeBsX11 | P3\B3 Pmmm AX AV ppVil gV-1 gIv-AgIv-dy
A;BsX13 | P3\B4 Pmmm AXAVIIZ ppViL gV-L gIV-L BIV-Ly
A7BsX 15 P3\B4’ Pmmm AXI AP AVII2ppVIL BVIEL BV-L piV-Ly
A7BsX1s | P3\B4” Pmmm AXTAP AV ppVil gV-1 givdy
AsB2Xs | PAAL Pmmm AXAXPHXBVIBIVIx

A4B3Xq PAA2 Pmmm AXTAXAXpRVIBYILBIVLy o

AsBsX12 | PAA3 Pmmm AXLAXAXpVIBVIL BV Ix

AeBsX 15 PAA4 Pmmm AXTAXAVI-pVIBVIL BIV-Ly
A4B3Xg PA\B2 Pmmm AXAXAVIZpVIgY-L gIVy

AsBaX10 PA\B3 Pmmm AXAVIIZ AXppVIIBYV-L gIVARIV-y
AsBsX12 PA\B4 Pmmm AXAVIIZ AXppViIBV-L BV oy
AeBsX14 PAB4 Pmmm AXLAXAVIIZAXPVIIRVI-L gV-1 gIV-Ly
AeBsX1s | PAB4” Pmmm AXIAXAVIIZ AXppVIRV-L BIV-Ly

AIXZPbIXZBVI—lZXS
AXIIAIXZPbIXZBVI—lgxll
AXI|2AIX2PblszVI_14X14
AX”3AIX2PblszVI_15X17
AIXZAVIII—ZPbIXZBVI—lBV—lZXlO
A'XZAV""Zsz'XzBV"lBV'lzB'V'lX12
AlszVIII_23PblszV|_lBV_lzB|V_lzx14
AxuzAlxzpblszVI”_ZBVI_lgBV_lles
AX"A'Xsz'XzAV'”'ZZBV"lBV'14X15
AXIIAIXPbIXBVI—12X7
AxuzAlprleVI_lgxlo
AX”3AIXPbIXBVI_l4X13
AX”4AIXPbIXBVI_15X16
AXIIAIXPbIXAVIII—ZBVI—lBV—12X9
AXIIAIXPbIXAVIII—ZZBVI—lzBV—lBIV—lel

A4BoXg P5\A1 P4/mmm
AsBaX 11 P5\A2 P4/mmm
AgBaX14 P5\A3 P4/mmm
A7BsX17 P5\A4 P4/mmm
AsBaX 10 P5\B2 v/ P4/mmm
AgBaX 12 P5\B3 P4/mmm
A7BsX14 P5\B4 P4/mmm
A7BsX 16 P5\B4’ P4/mmm
A7BsX 15 P5\B4’ P4/mmm
AsBoX7 P6\A1 P4/mmm
A4B3X 10 P6\A2 P4/mmm
AsBaX13 P6\A3 P4/mmm
AgBsX 16 P6\A4 P4/mmm
A4B3Xq P6\B2 P4/mmm
AsBaX11 P6\B3 P4/mmm
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General Block/slab Space 7 Coordination
formula group atoms

AgBsX 13 P6\B4 P4/mmm | 2 |AXAXpp AV gViigV-l V-l x4
AgB:sX1s | PB\B4’ P4/mmm AN AXpX A V2RV gV-L x
AgB:sX14 | PB\B4” P4/mmm | 2 |AXLAXpp*AVI2 VBVl X,

N

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 BXg-octahedra. Four types of blocks can inter-
growth with these dlabs: V1- is the layer OJA, O - is vacancy, block Csl
Is 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 LagSr,CusO;, [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 Coordination
formula group Atoms
AsBXg | Cs1\C2 P4/mmm AXTAVIS BV X X
AsB3Xo | CSI\C3v | P4/mmm AXILAVIS, BYIIBY Iy X
AsBsX1, | Csl\C4 P4/mmm AR AV, BVIL BV % 11X’
AgBsX15 | Cs1\C5 P4/mmm AR AV BV BYL X 14X’
AgBsX13 | Cs1\C5 P4/mmm AXILAVIE AVINZ gVL gIVLY X
ABX; | Csl\D1 | P4/mmm AVI3,BV XX
AsBXs | Csl\D2 | P4/mmm AV AVIZBIVL X
AsB3X7; | Cs1\D3 | P4/mmm AV AV BV X X!
AsBX7; | GI\C2v | 14/mmm AXAVIZ BV X,
AsB3X10 | GI\C3v | [4/mmm AXILAVIFZ,BVIIBY-L %
AsB:X13 | GI\C4v | 14/mmm AR AV BVIL BV % 1
AeBsXis | GI\C5v | [4/mmm A AV, BVILBYL X 16
AgBsX1s | G1\CH |4/mmm AXLAVIZ, BV BVIY

N
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Generdl | glock/gan | SPace Coordination
formula group Atoms
ABX, | G1\D1v L 4/mmm AVITZ gIVIy
A3zB2Xe G1\D2 | 4/mmm AVI2.BIV-L s
AsB3Xg | G1\D3 v | 4/mmm AVI2,BIV-L
ABsXys | G2\ C5 P4/mmm AXILAVIIZ gVL pIV-Ly
A4B2Xq G2\C2 P4/mmm AXIAVIIZ BV-L s
AsBsX12 | G2C3v | P4/mmm AXIAVII2 gVIdRV-L s
AgBsX15 | G2\C4 P4/mmm AN AV VIl BgV-1 s
A7BsX1g G2\C5 P4/mmm AXILAVII2 gVI-L V-1 s
A3BXe G2\D1 P4/mmm AVII2 gIV-ay
A4BoX3g G2\D2 P4/mmm AVI2,BIV-L s
AsB3X 1o G2\D3 P4/mmm AVII2,BIV-L oy
ABoXs | VI\C2 v P4/mmm AXIAVII2RV-L 5
AsBsXs | VI\C3 v | P4/mmm AXILAVII2RVIGV-L s
AsBiX11 | VINCAV P4/mmm AN AVIIZEVIL BV s
AsBsX14 | VI\C5 vV P4/mmm AN AVIIZRVIL gVl s
AsBsX12 | VICH P4/mmm AXILAVII2 gV pIV-dy
ABX, | VI\D1v | P4/mmm AVII2BIV-Ly
ABoX4 V1\D2 P4/mmm AVII2BIV-L s
AsB3Xs | VI\D3 Vv P4/mmm AVI2. VL

N

P P PR PR RPRRRPRRRPRRRPRRERERNNDN

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 is 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 ABX4,
A,B,X7 and A3B3X 0. 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.

12



Table3
Praphases appearing due to intergrowth
of slabs hawing cationic vacancies on outer planes and proper blocks

General Block/slab Space Coordination
formula group atoms

ABX, | CS1\A*1v | P4/mmm AVITEVITy
AB.X7 | CS1\A*2 v | P4/mmm AXTAVIIGVIEL 5
AsBsX10 | CS1\A*3 v | P4/mmm AXIAVIIBVILy
ABiX1z | CS1\A*4v | PA/mmm AN AVIIBVIL
A2B2Xe Cs 1\B*2 P4/mmm AVII2AVIIBV-L x
A3B3Xs Cs 1\B*3 P4/mmm AVIIZ AVIBV-L BIV-dy
AsB4sX10 Cs 1\B*4 P4/mmm AVIIZ AVIIBV-L BIV-L s
AB.X1, | CsS1\B*4 P4/mmm AVIIZ AVIIBVIL BV-L s
AsBsX1 | Cs1\B*4” P4/mmm AVII2 AVIIBIV-L 5
ABXy | G1A*1 |4/mmm Less possible
AsB.X7 | G1A*2V | 4/mmm AXTANVZ BVIFL 5
AsB3X10 | G1A*3V | 4/mmm AXIAN2Z BV s
A5B4X13 G 1\A*4 14/mmm AXII3AIV—lZBVI-14x13
A3B2Xe G 1\B*2 L4/mmm AVIIZAINVZ BV-Ty
A483X8 G 1\B*3 14/mmm AVI | I—ZZAIV—ZZBV-lzBIV-lx8
AsBaX10 G 1\B*4 [4/mmm AVII2 aV2 gV-1 gIV-L y s
A5B4X12 G 1\B*4’ 14/mmm AXHZAVI | I—ZAIV—lzBVI-lzBV.lzx12
AsB.X1; | G'1\B*4” L4/mmm AXTAVIIZ AV V-1 s
A4BXs G'2\A*1 P4/mmm Less possible
AsBoXg G 2\A*2 P4/mmm AXIIAIV—248VI-12X8
AsB3X11 G'2\A*3 P4/mmm AXIAN2 BV
A7B4X14 G 2\A*4 P4/mmm AXII3AIV—248VI-14X14
AsBoX7 G 2\B*2 P4/mmm AVITAIV2 BV-L s
AeB3Xg G'2\B*3 P4/mmm AVILAIV2, gV-L piV-y
A7BsX11 G 2\B*4 P4/mmm AVILAIV2, BV BIV-Ly
ABsX13 | G2\B*4 P4/mmm AN AVINZAIV2RVIEL gV-L s o
ABsX12 | G'2\B*4” P4/mmm AXAVIN2 pAIV2 gV-1 gIV-L )

N

PP RPRRPRPRPRPRPRERPNMNNMNMNNNNNNRRRPRREPRERRERRERSR

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 aresult of appearing one cationic vacancy on a outher plane of
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O vacancy

Fig. 3. Perovskite-like slabs A*, B* and intermediate blocks
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the double A2 slab, or it can be considered as one half of B4-slab (see Fig.
1). 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.
Table4
Possible praphases containing two different types of blocks

General Block/dab/ Space 7 Coordination

Formula block group atoms

AeB3X10 Cs1\C1\ P3 Pmmm | 1 |A%AV!3,ppY1LBY LBV X X
AsB3X7 Cs1\C1\Cul |P4/mmm| 1 |AV"3,AVILBY-LBlIX X’
A4B3Xs Cs1\C1\Cu2 Pmmm | 1 |AY"3,A%,BYL,BV X X
AsBoXs CsI\C1\F1  |P4/mmm| 1 |AYAV3,AVI2BYL X X
AeB2Xo Cs1\C1\F2 14/mmm | 2 |AYAYIRAVIZ,BY L X X
A4BoXo Cs1\C1\F3 14/mmm | 2 |AMLAVIBBYL XX 7777
AeB3Xo CsI\C1\PL v |P4/mmm| 1 |AYAY3,PhY2,BY B! XX’
AsB3Xs Cs1\C1\P2 14/mmm | 2 |AZAVIE, AV pRY-2gVL Bl X
AsB3Xo Cs1\C1\P4  |P2/mmm| 2 |AZAV!3,A%ppVY!'BYL,B XX’
AeB3X11 Cs1\C1\P5  |P4/mmm| 1 |AYAY3,pp %, BYBY X 10X’
AsB3X 10 Cs1\C1\P6  |P4/mmm| 2 |AXAVI=3,AXppXBYIIBYL X X’
A4BoX7 Cs1\C1\R1 14/mmm | 2 |AYCAVEBY L XX

AeBsX 12X’ | CUl\A1+C1\Csl | P4/mmm| 1 | AXL,AVIL AV gVI-LBV-L Bl X
AeBsXw | Cul\A1+C1\G1 | 14/mmm| 2 |AX"L,AVILAVI2 gVI-LBV-LBlIX ,
A;BsX1s | Cul\A1+C1\G2 | P4/mmm| 1 |AX"L,AVI L AVI2 gVI-LBV-LBIIX 6
AsBsX1 | Cul\A1+C1\V1 |P4/mmm| 1 |AXLAVIL AVII2gVILBV-LBlIX,,
A4B3Xs Cul\C1\G1 | [4/mmm| 2 [AV"1,AVI2,BVL BlIX,

AsB3X 10 Cul\C1\G2 |P4/mmm| 1 [AV"1,AVI2,BVL BlIX .,
AeBsX13X' | CU2\A1+C1\Csl | Pmmm | 1 |AXL,A%AV!=3,BYI BYL BVAX X
AeBsX1s | Cu2\ A1+C1\G1 | Pmmm | 2 |AM",A%,AV2,BYI BYL BIVIX g
A:BsX17; | Cu2 A1+C1\G2 | Pmmm | 1 |AX"L,A%AV2BYIL BV BVX,,
AsBsX13 | Cu2\ A1+C1\WV1 | Pmmm | 1 |AXL,A%AVI2BYI BYL BIVAY o
AsB3Xo Cu2\C1\G1 Pmmm | 2 |A%AV!"2,BVL,BV X,
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General Block/dab/ Space 7 Coordination

Formula block group atoms

AsB3X11 Cu2\C1\G2 Pmmm | 1 |A%AV"2,BV LBV X,

AeB7Xw | Cud\B2Culv | Ammm | 2 |A%AV'AVII2,BV BVL BlIX,,
AeB7X15 | Cud\B2\Cu2v | Ammm | 2 |A%AV"ZBY LBV X s

A7BsX13X' | FLI\AL+C1\Csl | P4/mmm| 1 |AXLAY AV, AVI2RYVI2 BV x X
AB.X1s | FIAL+CI\GL | 14/mmm| 2 |AXLAX A2 AVI2RVIL BV
AgBsX17 | FIAL+CI\G2 |P4/mmm| 1 |AXLAX A2 AVI2RVIL BV o,
AeBsX1s | FIAL+C1\WV1 |P4/mmm| 1 |AXLAXAVI2AVI2BYIL BY-L X 4
AsB2Xo FI\CI\G1 v | 14/mmm | 2 A AV2,AV2RV L X o

AeBoX 11 FI\CI\G2 v |P4/mmm| 1 [AXAV2,AV2RV L X o,

AgBaX1X' | F2AL+CI1\Csl | 14/mmm| 2 |ALAY AV AVI2BVIL BV X X!
AgBiX1s | F2A1+C1\G1 | P4/nmm| 1 |AXLAY A2 AVI2,BVIL BV X 6
AoBsX1s | F2AAL+C1\G2 | 14/mmm| 2 |AMLAY A2 AVI2,BVIL BV X g
ABXw | F2AL+CL\WV1 | 14/mmm| 2 |AMLAXAVI2AVIZ gVIL BV %,
AeB2X 10 F2CI\G1 v | P4/nmm| 1 |AYAV2AVI2,BV L X

AgBsXwuX' | P1I\A1+C1\Csl |P4/mmm| 1 |AXLAXAVIS AV-2,gVIL BV BlIX, X
AgBsX1s | PLNAL+CI\G1 | 14/mmm| 2 |AXLAX A2 AV2,gVIL BV Bl 6
AoBsX1s | PNAL+C1\G2 |P4/mmm| 1 |AXLAX A2 AV2BVILBVLBlIX o
ABsXw | PLNAL+C1\WV1 |P4/mmm| 1 |AXLAXAVI2AV2 gVILBVLBlIX,
AeB3X10 PI\CI\G1 v | 14/mmm | 2 |AYAY2,ppY2,BY,B!X
A7BsX13X' | P2AL+C1\Csl | 14/mmm | 2 | AXLAXAVIHAVIIE AV gV gV-L Bliy X
A:BsX1s | P2A1+C1\G1 | P4mm | 1 |AXLAXAVIAVIIZ AV-2gVIL gV Bl
AgBsX17 | P2AL+CING2 | Pamm | 2 | AXLAXAVIHAVIIZAV2BYIL BV BIIX )
AeBsX1s | P2AL+CLVL | 14/mmm | 2 |AXLAXAVIHAVIIZAVIZBYIL BV BIIX
AsB3Xo P2ACI\G1v | Pamm | 1 |A%AY"ZPh"2BY X,

AeB3X11 P2\C1\G2 P4mm | 2 |AXAVI2,AVI-ppY2gV-L Bl
AgBsX15X' | P3\AL+C1\Csl | Pmmm | 1 |AX"AXAVSAVILBYILBYLBVIX X
AgBsX17 | PRAL+CIGL | P2mm | 2 | AXLATAYIZAYBYI BBV Xy
AeBsX1s | PIAL+CING2 | Pmmm | 1 |AXLAYAYIZAYBYI BBV X 4
A7BsX1s | PRAL+CLVL | Pmmm | 1 |AXLAYAYIZAVIBYIBYL BV X 5
AeB3X11 P3\C1\G1 P2mm | 2 |AYAVZ,ppYt BV LBV X
A7BsX X' | PAAL+C1\Csl | P2mm | 2 |AXLAXAXAVISAVIBYIL BY L BIVIX X
A7BsX1s | PAAL+CIGL | P2mm | 1 |AXLAXAYAVIZAVT BV BYLBIVIX 16
AgBsX1s | PAAL+CING2 | Pmm2 | 2 | AXLAXAYAVIIZAVIBYIL BBV X g
AeBsX1 | PAAL+CLVL | Pmm2 | 2 | AXLAXAYAVIZAYIZBYIL BV BV X,
AsB3X10 PAC1\G1 P2mm | 1 |AXAXAV!2,ppVIIBYLBVIX

AeB3X 12 PAC1\G2 Pmm2 | 2 |AXAXAV2,ppVIIBYLBVIX ),
AgBsX16X' | PS\AL+CI\Csl | PA/mmm| 1 | AXAXAYEBYHBY X 16X’
AgBsX1s | PHAL+CIGL | 14/mmm | 2 |AXLAYAYZAYBYBY X g
AeBsXz | PHAL+CING2 |P4/mmm| 1 |AXLAY AV ZBYIBY X
A7BsX1s | PSAL+CLVL |P4/mmm| 1 |AXLAXAVIZBYIBY X g

AeBxX1z | PS\CI\GLv | 14/mmm | 2 | APAY2Pp* BV BY X,
A7BsX1sX' | PE\AL+CI\Csl | 14/mmm | 2 | AMAPAYEBYIBY L X X’
A7BsX17 | POAL+CINGL | Pamm | 1 |AXAYAYIZBYIBY X 7
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General Block/dab/ Space Coordination
Formula block group atoms

N

AgBsX1e | PB\AL+C1\G2 | P4mm AXLAX AVIT2 BVIL BV X g
AeBsX1s | PB\A1+C1\WV1 | P4mm AN AXAVIIZAVI2BVIL BV-L x e
AsB3X11 P6\C1\G1 P4mm AXAX A2 pXBVIIRY-L x
AeB3X13 PE\C1\G2 P4mm AXAX A2 ppXBVIIBY-L x

AXIIZAIXZAVIII—3ZBVI—lZBV—lZXlZX,
AXIIzAlszVI”_zzBVI_lzBV_12X14
AXIIzAlszVI”_ngVI_lzBV_lles
AXII2AIX2AV”I_ZBVI_lzBV_llez
AIXAVIII—ZBV—1X4
AlszVIH_ngV_lleo

AeBaX12X" | RINAL+C1\Csl | 14/mmm
AeBsX14 | RNAL+C1\G1 v | P4/nmm
A7B4X16 RNAL+CI\G2 | 14/mmm
AsBsX1, | RNAL+C1\V1 v | 14/mmm

ABX4 RI\C1\V1v | P4/nmm
AsB2X10 RI\CI\G2 v | I4/mmm

NDNDNDNEDNNEDNDN

Much more possibilities exist in the second group where A- and B-
dlabs (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 R1I\A1\F1 is realized in the structure Sri4la 6 TINi,Og
(14/mmm, Z = 2) [14], where Tl-ion is located in F1-block and statistically
fills the center of the block. Another example is BasHgTI,Cu,Oq0+5
(14/mmm, Z = 2). Structure of the crystal has been considered as intergrow
of Hg-1201 and TI-2201 ones [15]. But it can be considered as F1\A1\F2
where Tl-positions in F2-block are partialy 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;,0g [19] and (Sro.87EUo.10)(Elo. 75Ce€0.25)2Po.sClo sCUOg [20]. An-
ion vacancies are often exist in F1-block, as it have been met in structures
BaCa;HgCu3012+5 and Ba,CasHgCusO1445 [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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Table5
Praphases containing A- and B-slabs and two types of intermediate blocks

General | Block/dlab/ Space Coordination
formula block group atoms

N

A7BoX11 | FNALR2Y | 14/mmm A%, AY2BY X 1

AdBuX17 | F1LA2\R2 14/mmm AXLAY,AV2BVIT X 1
A1BeXos | F1\A3\F2 |4/mmm AL A AV 2BV TX 5

AsBoXge | FINAL\RLY | 14/mmm A%,AY2BYI X

A7BuX1s | F1\A2\R1 |4/mmm AXLAX ARV X o5

AgBeX21 | F1\A3\R1L |4/mmm AL A AV2BYI X

AsBsXg | FI\NAL\Cul | P4/mmm A% AL AVI2BYIL Bl
A/BsXis | FI\NA2\Cul | P4/mmm AXLAX AL AVI2BYIL Bl
AgB7X21 | FI\A3\Cul | P4/mmm AL A AL AVI2BYIL Bl
AsBsX1o | FI\AL\Cu2 Pmmm A A AV2BYIL BV X
A7BsX1s | F1\A2\Cu2 Pmmm AXLAX A ARV BVX o6
AgB7X2 | F1\A3\Cu2 Pmmm AL A A ARV BIVAX o,
AsBiX11 | F1\A1\Cu3 Ammm A A AVBYIL BV X 1
A/BeX17 | F1\A2\Cu3 Ammm AXLA A ARV BV X
AgBgX2s | F1\A3\Cu3 Ammm AL A A AVI2BYIL BV X o
A/BsX11 | F1\ALPL P4/mmm A%,AY 2P 2BV 1,B X 1
AdBsZ17 | F1\A2\P1 P4/mmm AXLAY, AV 2PpY 2BV, BIX 1
A1B7X2s | F1\A3\P1 P4/mmm AL A% AV 2P 2BV B X 53
AeBsX1o | FLALP2 P4/mmm A AVIAVI2pRV-2BVIL Bl
AgBsX1s | F1\A2\P2 P4/mmm AXILAX AV AVI2pRV-2BVIL Bl
A1B7X2 | F1\A3\P2 P4/mmm AXIL A AVIAVI2pRV-2B VI Bl o,
A/BsX12 | F1\A1\P3 Pmmm A%, PYLAY2BVIL BV,
AgBsX1s | F1\A1\P3 Pmmm AXLAY P ML AV2BYI, BV X 4
A1B7Xo | F1\AL\P3 Pmmm AL AP ML AV2BYI BV X 5y
A/BsX13 | F1\A1\P5 P4/mmm A%, Po*,AY2BYI X o 5

AgBsX19 | F1\A2\P5 P4/mmm AXLAY PR ,AY2BY X 4
A1B7Xo5 | F1\A3\P5 P4/mmm AL AP AY2BYIL X o5
AgBsX1s | F1\B2\F2 14/mmm A A2, V2BV X s
A11BeX19 | F1\B3\F2 14/mmm A%, A2 A28V BV X 1o
A13BgXo3 | F1\BAF2 14/mmm A% A2 AV 2,8V BV X g
A/BsX13 | F1\B2AR1 | P4/mmm A A2 V2BV X 4

N DN DN N N DD DD DN DN DN DD DN DN DN DD DN DN DD DN DN DNDNDDNDNDNDDNDNDDDNDDDDDN
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General | Block/dab/ Space 7 Coordination
formula block group aoms
AgBeX17 | F1\B3\R1 | P4/mmm | 2 |A%AV"2,AY2BYL,BY2X
A1BgXo1 | F1\BARL | P4/mmm | 2 |AYAVZAVI2RY BV 2 X,
A7BsX1s | F1\B2\Cul | P4/mmm | 2 |[A%AVIHAVIZAVI2BYL BliY ),
AgB7X17 | FI\B2\Cul | P4/mmm | 2 |A%AVILAVIZ AVI2BYL BV BX,
A1BoXo1 | FI\B2\Cul | P4/mmm | 2 |AYAVILAVIIZAVI2gY-L BIVE Bl
A7BsX1 | F1\B2\Cu2 Pmmm | 2 |AGAYAYIZ,AV2RYE BV,
AgB7X1s | F1\B3\Cu2 Pmmm | 2 |AGA%AYI2,AV2RYE BV X g
A11BoX2 | F1\BA\Cu2 Pmmm | 2 |AGA%AYIZAY2RYE BV X ),
A/BeX1s | F1\B2\Cu3 Ammm | 2 |AAR AV, AV2RYE BV X g
AgBgX19 | F1\B3\Cu3 Ammm | 2 |ASA%AVIZ,AV2RYE BV X g
A11B10X23| F1\B4\Cu3 Ammm | 2 |AARAYIZAY2RY BV X 0
AgBsX1s | F1\B2\P1 P4/mmm | 2 |AAY2,AY2ppY 2,8V BIIX 5
A1B7X19 | F1\B3\P1 P4/mmm | 2 |A%,AY"Z,AY2pp 2BV LBV B! X 1o
A13BoXo3 | F1\B4\P1 P4/mmm | 2 |A%AYZAY2ph 2BV LBV B! X 23
AgBsX1s | F1\B2\P2 P4/mmm | 2 |A%AVIZ,AVIRAVI2pRY-2gYE Bl ),
AB7X1s| F1\B3P2 | P4mmm | 2 |ATAY"ZAYHAY2ppY 2RV BV BX
ABeX2 | FI\BAP2 | P4mmm | 2 |AYAYZAY AV 2ppY 2BV, BV B"X,,
AgBsX1s | F1\B2\P3 Pmmm | 2 |AYAY 2P LAY2RY L BV X 46
A1B7X2 | F1\B3\P3 Pmmm | 2 |AYAY"Z,ppYLAYI2RY BV X o)
A13BoXos | F1\BAP3 Pmmm | 2 |AYAY P LAYI2RY L BV X,
AgBsX17 | F1\B2\P5 P4/mmm | 2 |A%AY 2P *,AY2BYBY L X 1
A1B7X21 | F1\B3\P5 P4/mmm | 2 |A%AYZ,Pe*,AY2BYIIBY LBV, X
A13BoXos | F1\BAPS P4/mmm | 2 |AAYZPe*,AY2BYIBY BV, X o5
3. Conclusion

Preparing this publication the authors would like to propose to spe-
ciaits 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 defi-
ciency 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 crys-
tal chemical basis and it should be considered as afirst 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 ionic radii in order to minimize mithmatch of the intergrow-
Ing surface nets.

Authors hope that content of the paper will stimulate search of new
crystals and would be grateful to international community for any re-
marks, 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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