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superconductors 
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Abstract 

The layered structures of the known superconducting copper oxides can be described in terms of alternating 
slices having the rock salt and perovskite structure. Each slice is made up of a number of layers and each layer 
can be represented by specifying its chemical composition and its atomic configuration. This layer by layer 
representation of the crystal structures of oxide superconductors offers a convenient method for classifying and 
comparing to one another these important materials, and for predicting new compounds which may exhibit 
interesting electronic properties. 

I. Introduction 

Many important inorganic materials have crystal struc- 
tures in which the atoms are arranged in layers. Familiar 
examples are the face-centered cubic (f.c.c.) and close- 
packed hexagonal (c.p.h.) stackings of identical spheres 
[1]. More complex cases are the structures belonging 
to the homologous series Srn+lTinO3,,+l in which the 
layer sequences have been grouped into perovskite- 
type slabs interleaved with blocks containing Sr and O 
atoms and having the rock-salt configuration [2, 3]. 
Similar descriptions have also been used for materials 
of general formulas A2BX4 (of which K2NiF4 and 
La2CuO4 are examples) and mAO-nACuO3 (m and n 
are integers and A = B i ,  Ba, T1, etc.) [4-7]. 

In line with these ideas, the layered structures of 
the superconducting oxides, as those of compounds 
closely related to them, have been represented as 
alternating blocks with perovskite and rock-salt struc- 
tures, and a symbolism has been proposed that greatly 
facilitates the understanding of complex structures and 
the building of trial models to be used in powder 
diffraction refinements [8]. More recently, the same 
compounds have been described as symmetrical com- 
binations of (Ca, Sr) CuO2, CaTiO3, and VH structural 
sub-units. These bi-layered building blocks are joined 
together through common interfaces, thus generating 
the known structures or predicting new ones [9-11]. 

These two approaches are essentially a layer-by-layer 
representation of the crystal structures of the oxide 
superconductors. In the following sections we will outline 
the basic features of the method, and we will also 
include in our study layered compounds with atomic 

arrangements other than those of perovskite and rock- 
salt. 

2. Representation of layered structures 

Layered structures can be described, classified, and 
compared to one another if we specify the chemical 
composition, the atomic configuration, and the sequence 
of the layers along a specified crystallographic direction 
in the unit cell. The composition may be expressed by 
the chemical formula corresponding to the stoichiometry 
of each layer, e.g. A, A2, AX, AX2, etc. The arrangement 
of the atoms is indicated by the coordinates of each 
atom referred to the axes x and y defining the mesh 
under consideration. Thus, if we have a layer of com- 
position AX with atoms A at the origin of the mesh 
and atoms X at its center (i.e. shifted from the origin 
by the translation [ =  1-+ ~x ½~), we may represent this 
configuration with the symbol (AX)o c (the symbols 
(AX)co or (XA)o c then indicate that atoms A are at 
the center and atoms X at the origin). If the atoms 
A and X are located halfway along x and y respectively 
(i.e. shifted from the origin of ½2 and ½y), the symbol 
for the layer may be written (AX)~y (the symbol (AX)y x 
or (XA)~y will then indicate that A and X are halfway 
along y and x respectively). For the sake of simplicity, 
it is generally convenient to choose the direction along 
which the layer sequence is defined parallel to the 
principal axis of each crystal system. Again for simplicity, 
in the case of structures based on face-centered or 
end-centered lattices, we will use primitive cells obtained 
from the centered ones by means of transformations 
such as (½, ½, 0/½, -½, 0/0, 0, 1). 
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As an example, if we apply this symbolism to the 
structures of zincblende, fluorite, and perovskite shown 
in Fig. 1, we obtain the sequences: 

[(Zn)o(S)x(Zn)~(S)y](Zn)o zincblende 

[(Ca)o(Fm)~(Ca)~(Fm)~y] (Ca)o  fluorite 

[TiOE)o~(CaO)¢o] (TiO2)~ perovskite 

In these formulas the square brackets are used to 
indicate the layers that are contained in one unit cell 
of the structure. 

The coordination of the atoms can be easily derived 
from layer sequences like those written above. For 
example, the atom of zinc on the layer (Zn)o of zinc- 
blende is coordinated by two S atoms at x/2 in the 
layer below, and by two S atoms at y/2 in the layer 
above, thus forming a tetrahedral coordination. Simi- 
larly, the atom S of the layer (S)x has two neighbor 
atoms located on the net (Zn)o below and two located 
on the net (Zn)c above, also resulting in a tetrahedral 
environment. With the same type of arguments it is 
possible to show that the atoms Ca and F in the fluorite 
structure have eight-fold prismatic and four-fold te- 
trahedral coordination, and that the atoms Ca, Ti and 
0 of perovskite are twelve-, six-, and six-coordinated 
respectively. 
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Fig. 1. Schematic representation of the unit cells of zincblende, 
fluorite and perovskite (left side), and atomic configuration and 
sequences of the layers in which the structures have been de- 
composed (right side). Note that the layers of zincblende and 
fluorite are those of primitive unit cells obtained from the 
corresponding centered ones by means of the transformation 
(½, ½, 0/½, - ½, 0 / 0 ,  O, 1) .  

A second feature of the above sequences is that they 
display the symmetry, or pseudo-symmetry, of the struc- 
ture in the direction of the axis perpendicular to the 
layers. For example, it is evident that in the structure 
of zincblende there can be no mirror coincident with 
any of the layers, but that a symmetry axis 4 perpen- 
dicular to the layers may exist. On the other hand, in 
the case of fluorite and perovskite, mirrors coincident 
with (Ca)~ or (Ca)o and with (CaO)¢o and (TiO2)~ 
are certainly possible. 

Where the symbolism introduced previously is most 
useful, however, is in comparing structures to one 
another and in analyzing their geometrical relationship. 
Let us consider, for example, the layer sequences of 
zincblende, diamond, the high-temperature form of 
AgmHgI 4 (fl-form), and PdO: 

[(Zn)o(S)x(Zn)c(S)y](Zn)o 

(C)o 

[(O)o(Pd)x(O)o(Pd)y] (0)o 

zincblende 

diamond 

fl-Ag2HgI4 

PdO 

In the case of AgmHgI4, the symbol M indicates an 
average composition Ag0.sHg0.25Do.zs, where [] repre- 
sents a vacancy (i.e. the sites M are empty 25% of the 
time and are occupied by an atom Ag and by an atom 
Hg, 50% and 25% of the time respectively). We may 
note first that, geometrically, diamond has the same 
structure of zincblende, with carbon atoms replacing 
both zinc and sulfur. This comparison, however, does 
not reflect the fact that in zincblende, because of their 
relative size, the ions Zn 2+ and S 2- are tightly packed, 
while the diamond structure is not the result of close 
packing of the atoms but of the tetrahedral spacial 
distribution of the carbon bonds. As we have mentioned 
previously, the structure of fl-Ag2HgI4 is disordered, 
but also this compound is isostructural with ZnS. Finally, 
the sequence of PdO is obtained from that of zincblende 
by replacing layers of type (A)c with layers of type 
(A)o, so that the periodicity of the sequence is entirely 
determined by the distribution of the Pd atoms in the 
unit cell. As a second example let us consider the case 
of perovskite and A1F3: 

[(TiO2)o~(CaO)co] (Ti02)o,~ 

[(A1F2)o~(F)o](A1F2)ov 

Clearly, the difference between these two structures 
lies in the layers sandwiched between the two (BX2)o,y- 
type planes (i.e. (CaO)~o in perovskite and (F)o in A1F3). 
As a consequence of this configuration, the fluorine 
atoms of both the (A1Fm)o, ~, and (F)o layers are co- 
ordinated to two A1 atoms only, while in perovskite 
the oxygen atoms have two Ti and four Ca neighbors. 
The other structural features of the two compounds 
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are identical, including the symmetry and the periodicity 
along the vertical axis perpendicular to the layers. 

Layer sequences, being a representation of structures, 
can also be used to find how the coordination polyhedra 
around each atom are distributed in space and how 
they are joined together. This point may be illustrated 
by two simple cases. If A and X represent sites of 
cations and anions respectively, then sequences of zinc- 
blende- and PdO-type can be written as follows: 

(X)y[(A)o(X)x(A)c(X)y](A)o ZnS-type 
1 1 3 0 z / c =  - ~ 0 ~ ~ , 

(A)y[(X)o(A)x(X)o(A)y](X)o PdO-type 
z l c =  - ~ 0 ¼ ½ ~ 0 

Let us consider the slice of layers 

(X)y(A)o(X)~ or (A)y(X)o(A)x 
I 1 0 1 z l c  = - ¼ 0 ~ 4 

The sites (X)y and (X)x (or (A)y and (A)~) form two 
systems of tetrahedra, one with centers at 0,0,0 and 
the other with centers at 1 1 ~,~,0. Since there are no atoms 
at (A)c (or (X)c) for z = 0, but there are atoms at (A)o 
(or (X)o), the tetrahedra of the first set are filled and 
those of the second are empty. In both structures, 
therefore, the filled tetrahedra with centers 0,0,0 are 
corner sharing and form sheets parallel to the xy-plane. 
Similarly, the sites (X)x and (X)y (and (A)~ and (A)y) 
belonging to the slices 

(X)x(A)~(X)y and (A)x(X)o(A)y 
i _3 1 ½ ~_ z / c =  ~ 2 4 ~ 4 

form two systems of tetrahedra, one with centers at 
1 1 0,0,½ and the other at ½,~,~. Only the first set is filled 

in the PdO-type sequence, and only the second is filled 
in the ZnS-type sequence. As a consequence of this 
different arrangement of the atoms, in zincblende the 
filled tetrahedra with centers at z = 0  and z =  ½ are 
shifted one with respect to the other and share corners, 
while those in PdO are superposed and share edges 
in the z-direction. 

From the above discussion it seems possible to con- 
clude that the proposed description of layered structures 
may be useful (especially if used together with other 
geometrical approaches [12]) for understanding the 
atomic configuration of numerous compounds. 
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Fig. 2. Schematic representation of the unit cells of (a) rocksalt 
and (b) perovskite and their layer sequences. Also in the case 
of rocksalt the layers correspond to a unit cell obtained from 
the conventional face-centered cell by means of the axes trans- 
formation (½, ½, 0/½, - ½, 0/0, 0, 1). 

[(BX2)o~y, ~ ( A ' X )  . . . .  ](BX2)o~y, w perovskite 

[(AX)o~(AX)co](AX)oc rocksalt 

where A ,  A', B represent sites of cations and X sites 
of anions. Clearly, the layer (AX) has the same com- 
position and the same atomic arrangement in both 
sequences, and it may therefore act as an interface in 
the formation of compounds in which slabs with the 
rocksalt and perovskite structure alternate along the 
direction of the z-axis perpendicular to the layers. The 
formulas written above show that before and after a 
layer  (BX2)o,~, cry there can only be a layer (AX) . . . . . .  
while before and after a layer (AX) . . . . .  there can be 
a layer (BXz)w. =y or a layer (AX) . . . . .  . Rocksalt and 
perovskite slabs, therefore, can be combined in any 
way consistent with the scheme of Fig. 3. Examples of 
sequences generated in this fashion, are: 

[(AX)co(BX2)ov(AX)~o(AX)oc(BX2)~(AX)oc] (AX)~o 

(1) 

[(AX)co(BX2)~(AX)co(AX)oc] (AX)co (2) 

3. Compounds with the rocksalt-perovskite structure 

The structures of rocksalt and perovskite are sche- 
matically represented in Fig. 2. The layer sequences 
corresponding to these two structural types can be 
written as follows: 

[(AX)~o(BX2)o~y(AX)co(AX)oc(AX)o0(AX)o~ 

(BX2)~,:y(AX)oc(AX)co(AX)oc] (3) 

It is easy to recognize that (1) represents the structure 
of LaCuO4 [4], and (2) and (3) the structures of 
T1Ba2CuO5 [13] and Bi2Sr2CuO 6 o r  T12Ba2CuO 6 [14]. 
The sequences (1), (2), and (3) show that structures 
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• . .  ( B X 2 ) o x y  ~ ( A X ) c  o - -  ( B X 2 ) o x y  ~ ( A X ) c  o - -  ( B X 2 ) o x y  . . .  

T 1 T 1 T 

. . .  ( A X ) c 0  - -  ( A X ) 0  c - -  ( A X ) c  o ~ ( A X ) o c  ~ ( A X ) c o  . . .  

t 1 l ~ T - 

• .. (AX)oc ~ (BX2)c×y ~ (AX)o c ~ (BX2)cxy ~ (AX)o c ... 

Fig. 3. Possible layer sequences of compounds with the rock- 
salt-perovskite structure. The first and third row represent the 
structure of perovskite (with the origin shifted by ½, ½, 0), while 
the middle row correspond to the rocksalt configuration. 

with an even number of rocksalt layers (AX) are made 
of two identical halves related to one another by a 
shift of the origin of t = ½ (2+)~). In the case of the 
structure represented by (1), for example, the two blocks 
related in this way are (BX2)~(AX)~o(AX)o~ and 
(BX2)~y(AX)o~(AX)~o. This structural feature is not 
present when the number of layers (AX) is odd, as in 
the case of sequence (2), thus resulting in a shorter 
periodicity along the vertical z-axis. 

In all structures discussed so far, the perovskite blocks 
are made of just one layer, i.e. (BXz)~. =y. There are 
cases, however, in which the perovskite configuration 
is more complicated. Well-known examples of structures 
of this type are those belonging to the homologous 
series An + aBnO3n + 1 where A = Sr, B = Ti [2, 3] or A = La, 
B = Cu [5]. The sequences for the structures with n = 1 
and n = 2 

[(BO2)~(AO)¢o(AO)o~(BO2)~(AO)o~ 

(AO)~o](BO2)o~y 

and 

[(BOz)o~y(AO)co(BO2)oxy(AO)~o(AO)oc(BO2)~ 

(AO)o¢(BO2)~(AO)oc(AO)~o] 

show how the perovskite slabs increase from a monolayer 
(BOE)o~y,~ for n--1  to a three-layer sequence 
(BOz),a~y,c.~y(AO) . . . .  (BOE)o~.y,c.,~y for n =2  and even to 
five- and seven-layer blocks for n =3 and n = 4. Since 
in An+ xB, O3n+ 1 the rocksalt block is always a bilayer 
(AO) . . . .  (AO) . . . . .  a more explicit way of writing this 
formula is {AO}2{AO}n_ l{BO2}n. If we now allow vari- 
ations also in the number of NaCl-type layers, we obtain 
a more general homologous series of formula 
{ A O } m { m O } n _  l { B O 2 } n ,  i . e .  A n + m _  1 B n O 3 n  + m - - l ,  w h i c h  

also includes the member ABO3 (perovskite) for 
n = m  = 1. The sequence of alternating blocks of per- 
ovskite and rocksalt-type may be represented with the 
general formula 

(P)(R)(P)(R)  

where 

R =m{(AX)o¢. ¢o} (4) 

is a sequence of m layers (AX) . . . .  (m = 0, 1, 2 . . . .  ) 
and 

P = (BX2)o~, ~ ( n  - 1){A'X) . . . . .  (BX2)~, ~} (5) 

represents one layer (BX2)o~y, ~ followed by n -  1 bi- 
layers (A'X) . . . . .  (BX2)ory, cxy (n=  1, 2, 3, ...). In these 
formulas the symbol (A'X) indicates a true perovskite 
layer sandwiched between two (BX2). Finally, it is worth 
noting that the m layers of the rocksalt blocks may be 
identical t o  one another, as in the series 
Srn + m -- 1TinOsn + m - 1, or they may differ in composition, 
as in the case of the compounds T1Ba2CuO5 and 
T12Ba2CuO6. 

4. Compounds containing slabs of defective 
perovskite 

Many ceramic materials, some of which are well- 
known high-Tc superconductors, have blocks of layers 
that may be considered to have the structure of defective 
perovskite. For example, the tetragonal compound 
N C u O 2  (N=Cao .86Sro .14 )  [15], has the layer sequence: 

[(N)c(CuO2)owl(N)c 

This configuration may be derived from that of per- 
ovskite by eliminating all the atoms X from the layers 
(AX)co. As a consequence of this structural change, 
the atoms N have eight-fold prismatic coordination, 
rather than cuboctahedral as in perovskite, and the 
copper atoms have four-fold square-planar coordination, 
rather than octahedral. 

The layer sequence of BaYMzO5 (M = Fe0.sCuo.5) [16] 

[(MO2)~(Y)c(MO2)~(BaO)co](MO2)o~ 

shows a defective layer (Y)¢ similar to (N), present in 
NCuO2. This structure, however, is more complex than 
the previous one since the perovskite blocks 
(MO2)o~(Y)¢(MO2)~ are now separated by (BaO)¢o 
layers that may be considered as monolayers of type 
(R) or as part of slices of type (P). The coordination 
of the Y atoms is the same as that of the N atoms in 
NCuO2, but the M and Ba atoms are in five-fold 
pyramidal and in twelve-fold cuboctahedral coordination 
respectively. 

Finally, the well-known 1, 2, 3 superconductor [17] 
is made up by the sequence: 

[(CuO2)o,y(Y)c(CuOz)~y(BaO)~o(CuO~)oy 

(aaO)co](CuO2)o~y... 

in which two layers are defective, i.e. (Y)c and (CuO~)oy. 
The first of these is the same as (Y)~ and (N)~ en- 
countered in N C u O  2 and BaYM205, and the second 
is part of the sequence (BaO)¢o(CuO~)oy(BaO)co, similar 
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to the sequence (NO)co(CUO)oy(NO)¢o present in 
NCuO2 when this structure is viewed along one of the 
directions perpendicular to the four-fold axis. 

When defective layers of the type discussed above 
are taken into account, the generation of structures 
with rocksalt and defective and/or non-defective per- 
ovskite slabs can be accomplished by following the paths 
indicated by the scheme of Fig. 4. 

There are many compounds in which the slabs of 
perovskite are defective. The most important of these, 
from the point of view of superconductivity, belong to 
a class whose general formula is M~N~Ca,_~Cu~_ 
O2, +(r+,), where M and N are the cations in the rocksalt 
block 

(R) = (MO)... (NO)...  (MO) 

and Ca and Cu belong to the perovskite sequence 

(P) = (CuO2)w. w-(n - 1){(Ca) . . . . .  (CuOz)w, w} 

in which all layers of calcium are oxygen deficient. 
Compounds of this type form the homologous 
series BizSrzCa,, ~Cu, O2~ +4 (M=Sr,  N =  Bi), 
TlzBazCa,, - 1Cu, O2~ + 4 and T1BazCa, _ 1 C U n O 2 n  + 3 
(M=Ba,  N=T1), and (Tlo.sPbo.5)Sr2Ca,_lCu, Oz~+3 
(M=Sr,  N=Tlo.sPb0.5) [18]. 

In order to study the effect of the thickness of the 
perovskite and rocksalt slabs on the coordination of 
cations, let us write the sequences of the first three 
compounds of the homologous series T1- 
B a 2 C a ,  1 C U n O 2 n  + 3: 

[(BaO)oc(T10)co(BaO)oc(Cu'O2)~v](BaO)o¢ 

CA'c..... 
" " ( B X 2 ) o x y ~  f (BX2)oxy ~ f (BX2)oxy-.- 

I \ I \ 
(BX)ox (BX) ox (BX)ox (BX)o:, 
(BX)oy (BX) oy (BX)oy (BX) oy 

I \ I \ 
...(AX)c o m, (AX)oc B. (AX)co D, (AX)oc ~ (AX)co ... 

/ 
(BX)cx 
(BX)cy 

/ 
...(AX) oc 

• ..(A)o 

\ 
(BX)cx (BX)cx 
(BX)cy (BX)cy 

\ / 

--.... / f  
(A) 0 

/ \ 
(gX)cx 
(BX)cy 

\ 
(AX)oc ... 

(BX 2) c x /  

(A) o ... 

Fig. 4. Layer sequences of compounds with the rocksalt and 
defective and/or non-defective perovskite structure. As in the 
case of Fig. 3, structures can be generated by following the paths 
indicated by the arrows. 

[(BaO)oc(T10) o(BaO)o (Cu"O2) v(Ca)o 
(Cu"O2) .](BaO)o¢ 

[(BaO)oc(TIO)~o(BaO)oc(Cu"O2)~(Ca)o 

(Cu"O2)~(Ca)o(Cu"O2)w](BaO)oc 

By using the arguments illustrated in a previous section 
it is easy to determine from these formulas that the 
coordination of Cu' (n = 1) is octahedral, that of Cu" 
(n = 2, 3) five-fold pyramidal, and of Cu" (n = 3) four- 
fold square planar. In all cases, calcium is surrounded 
by an eight-fold prism of oxygen atoms belonging to 
the layers (CuOz)w below and above along the vertical 
axis. The T1 atoms, being on the central layer of the 
rocksalt block, have eight-fold octahedral coordination. 
The barium atoms, however, are located on a layer at 
the edge of the rocksalt and perovskite blocks, and are 
surrounded by nine oxygen atoms forming a sort of 
capped cuboctahedron, intermediate between the cu- 
boctahedron typical of the perovskite structure and the 
octahedron typical of the rocksalt structure. 

5. Compounds with crystallographic shear 

As we have shown in the previous section, the layer 
sequence of the 1, 2, 3 superconductor YBazCu307 o 
is: 

[(CuO)oy(BaO)~o(CuO2)ov(Y)c(CuO2)o~, 

(BaO)co](CuO)oy 

In this compound, the defective layer (CuO)oy is sand- 
wiched between two (BaO)co layers, thus generating 
the well-known chains of copper atoms in four- 
fold square-planar coordination propagating along 
the y-axis of the structure. It has been shown 
[19, 20] that, under certain conditions, the block 
(BaO)co(CuO)oy(BaO)co may be replaced by 
(BaO)co(CuO)oy(CuO)yo(BaO),~. In other words, the 
defective layer (CuO)oy is followed by a second layer 
of composition CuO, shifted with respect to the first 
by a translation ½y, so that reasonable atomic separations 
are still possible. The presence of this crystallographic 
shear has many important consequences. First, the 
resulting structures are made of two identical parts 
with origins related by the translation ½y. For example, 
the sequence of the compound YBa2Cu4Oa (1, 2, 4) 
shows clearly this feature: 

[ (CuO)oy(BaO)~o (CuOz)o~(Y)~(CuO2)o,:y 

(BaO)¢o(CuO)oy(CuO)yo(BaO)~(CuO2)y~o 

(Y)x(CuO2)yco(BaO),(CuO)yo] (CuO)oy 
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Second, the chains of four-fold coordinated copper 
atoms become double chains of  edge sharing squares 
with copper still in four-fold coordination. Finally, in 
this configuration each oxygen atom of the double chains 
is bonded to three copper atoms, rather than two as 
is the case in the 1, 2, 3 compound YBazfu3OT. 0. This 
feature probably explains why the oxygen stoichiometry 
of  the bilayer (CuO)or(CuO)yo is not variable. 

If, for the sake of  simplicity, we put: 

(S)co = (BaO)co(CuO/)o,:y(Y)~(CuO2)~(BaO)co 

(S)~y = (BaO)~y(CuOe)y~o(Y)x(CuOz)y~o(BaO)xr 

then the structure of  YBa2CU3OT.o is represented by 
the sequences: 

[( CuO)oy(S)co] (Ca O)oy or [( CuO )yo (S)xy] (CUO)y o 

and that of  the compound YBa2CuaO 8 by the sequence; 

[ ( CuO )oy( CuOyo( S )xy( f uO )yo( f uO )oy( Z )co ] ( f u  O )oy 
(1, 2, 4),:y (1, 2, 4)co 

The second compound with crystallographic shear dis- 
covered so far has formula Y2BanCu7014+8 and its 
structure has the layer sequence: 

[ (CuO)oy( fuO)yo(Z)xy( fuO~xy  
(1, 2, 4)xy (1, 2, 3)xy 

( CuO )yo( f u O  )oy( Z)co( CuOs)oy( S )co] (CuO)oy 
(1, 2, 4)¢o (1, 2, 4)co 

From this formula it is easy to see that the variable 
oxygen stoichiometry of  Y2Ba4fu7Oa4+8 is a result of  
the presence in the structure of  defective layers (CuOs) 
belonging to blocks with the configuration of the 1, 2, 
3 superconductor. 

On the basis of the sequences written for the two 
compounds with crystallographic shear characterized 
so far, we may conclude that these materials are made 
of building blocks YBaECU306+8 and YBa2Cu408 com- 
bined together in different ratios. We may therefore 
generalize this interpretation and say that the above 
compounds are members of  a homologous series of 
formula mYBa2Cu306 + 8" nYBazCu4Os. Obviously, 
YBa2Cu408 and YBa2Cu306+8 are obtained for m = 0, 
n = l  and r e = l ,  n = 0  respectively. The compound 
Y2Baafu7014 + 8 corresponds to m = 1, n = 1. Other com- 
pounds, yet to be discovered and with more complex 
structures, can be predicted. For example, a compound 
of formula YaBa6Cu11022 ÷ 8, with 0 < 6 < 1, would cor- 
respond to the composition m = 1, n = 2 and would have 

the structure: 

[(1, 2, 4)co(1, 2, 4)xy(1, 2, 3)xy](1, 2, 4)co 

with an expected c-parameter of  approximately 39/~. 
For m=2, n = l  we would have the compound 
Y3Ba6CuloO2o+8 (0 < ~ <  2) with sequence 

[(1, 2, 4)~o(1, 2, 3)~o(1, 2, 3)co(1, 2, 4)~y(1, 2, 3)xy 

(1, 2, 3)~y](1, 2, 4)~o 

a n d  a n  expected c-parameter of approximately 7 4 / ~ .  
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