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Abstract

An interpretation of Al"'SOM phases (Al"'S:Lf---V homologic class) by bonding
types (bindings) may be obtg;ned under the assumption that the 02sp electrons
take part in the ¢ correlation of the filled peripheral A(n-1)sp shells, while
the Ans electrons populate the b correlation,and the A(n-1)d electrons the e
correlation. Even A(n-2)d or f electrons seem to take part in the binding

(f correlation). Because of the small bonding contribution of the A{n-1)sp no-

S

ble gas shell the site number ratio in Al elements is Eg((%)=32. This large

c
value is decreased by the bonding of entering 0 atoms andmreaches a minimum

near the mole fraction N;=0.33. Bindings 1ike CBZ and CC3 or BB3 are possible

in AIOM phases. For AZOM phases CC2 and CB2 bindings prevail. In A30M phases a
unitedﬁng correlation ;ay be assumed which forms BBZ or once more CEZ bindings.
In A4O1 phases the union bvevcvf=g causes constitutional vacancies (lacunae)

The union means that bue electrons and cvf electrons together approximate a
common lattice as they are concentrated in different ranges around the atoms.

The proposed bindings interpret phenomena like cluster formation in Al suboxi-
des, peroxides with A2 elements, the MnFeO3(BIG.24) type in A3 oxides, the occur-
rence of suboxides in A40M, the tritypism of Zr02, the Magnéli phases in A50M,

etc.
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Yota : Abbreviations used in the plural correlations model

Efiik=CTY5tat cell, giglrfirst elementary translation of the crystal, etc.

AM=chemical element of homologic class n, A L. =set of homologic classes of Li..V
A3d=M-1ine of the periodic system, Add=N-line, A5d=0-1ine

b={cell of) valence electron spatial correlation, E::QVE

{bvc)=united correlation of the valence electrons and the core electrons

B=body centered cubic Bravais lattice

pleall

etc.,B16.24=type designation,see  &%,83Sch

c=correlation of the peripheral core electrons, <'=cvf, c=cubically stacked layer
C=cubic primitive Bravais lattice

CH=cubic primitive Tattice in hexagonal aspect

CC2=binding symbol, b is of the C-type,c is of the C-type, (£'¥E)11=2
d=atomic state with angular mementum 2

d =electron distance in the e correlation

D:deformation homeotypism

drw=drawing

e=correlation of the first peripheral d electrons,

f=correlation of the second peripheral d or f electrons

F=face centered cubic Bravais lattice, filling homeotypism

FH=F t—1 in hexagonal aspect

F,fin tetragonal aspect

g=united ground correlation =bvevcvf in As"'10 oxides

h=high temperature phase, htp=homeotype of, h=hexagonally stacked layer
H=hexagonal Bravais lattice, in a correlation QT =Eg(isometric property)
i=phase stabilized by impurity, first matrix index

I=homeotypism by inhomogeneous deformation:diwlacive homeotypism
k=second matrix index

k=shear plane direction

K=Kelvin

K'=commensurability matrix used in a foregoing equation



1=1low temperature phase

Y =shear length

L=lacuna homeotypism, lacuna=constitutional vacancy

ﬂszaohr‘s magneton

m=metastable phase

M=monoclinic Bravais lattice

M=undetermined mole number used to designate a chemical mixture

n= integral number, main quantum number

N=monoclinic one face centered Bravais lattice

N=electron number per a cell in the correlations b,e,c,f

ﬂé=ma1e fraction of the second component

O=orthorhombic primitive Bravais lattice, O=oxygen

p=high pressure phase, p=atomic state with angular momentum 1
P=orthorhombic body centered Bravais lattice

Q=one face centered orthorhombic Bravais lattice

r=room temperature phase

R=rhombohedral Bravais cell (generally assumed in hexagonal aspect)
s=atomic state with zero angular momentum

s=shear vector

S=orthorhombic all faces centered, S= shear homeotypism, S=site
SR2.25=Structure Reports vol.2 p.25

T=tetragonal primitive Bravais lattice

T=temperature

U=tetr. body cent. Bravais lattice, in a correlation having isometr.prop.
Z=triclinic Bravais lattice

'=Hund insertion in a correlation type

~Vzstrained or compressed cell type (direction of strain is the main axis)
v=union of correlations

(3)=1inear numerical notation of a matrix, semicolon separating matrix Tines

12,1 =modulus of the vector a;
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Introduction

It is an early problem of crystal chemistry to find for every phase a bonding
type (binding) providing a crystal structure systematics with an energetical
backgreund. Although the knowledge of bindings does not yield exact energy
values, it allows to recognize whether or not a structure is energetically
favourable, a binding is therefore a qualitative stability argument. The search
for a probable binding is a kind of structure determination since each binding
{(alw aconventional one) implies an electron pair density matrix (56Low) which
may be reduced to a pair density function for the purpose of a valence model
(64,835ch). The data for a binding determination are crystal structures, cry-
stal chemical rules, electron numbers, energetical requirements, etc. Because
of the wealth of crystal chemical data and rules, the binding determination is
not so widedetermined as it might seem at first sight, an application to the broad
structural knowledge readily rules out proposals and models being remote from
reality . However, an earlier binding proposal may violate rules which have been
found later. Such a binding proposal should be modified in the light of the new
understanding.

Although the oxides play an important role in the valence theory and although
they have been, because of technological interest, intensively studied physical-
1y (74Rag), the problem of their bindings needs further study. New rules for
the bindings have been found by using the concept of a two electron reduced den-
sity matrix in a vigorously simplified form (plural correlations model 86Sch2).
Therefore several conventional binding proposals should be revised drawing more
attention to the spatial correlation of the electrons. The following binding
analysis (865ch2) of oxides yields proposals for the electron correlations,
These should be considered by constructing diagrams of electron distance d over
mole fraction N (drawn below only for AIOM for brevity) examining to what ex-
tent the rules (86Sch?) are fulfilled. Con;u1ting earlier articles on the model
cited in 86Sch2, may be helpful to readers raising unanswered objections. As

always in systematic  chemistry, cross-comparisons improve the understanding
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of the interpretation. For the reading of this article a parallel use of 75Pie

may be convenient.

While earlier valence models paid attention mainly te electron charges and
bonds, the plural correlations model considers lattice-like spatial correlations
of electrons in the various energy bands. For two different correlations b and
c in a crystal two kinds of coexistence are conceivable. Either the less dense
correlation is inserted into the denser correlation so that the electrons of
both correlations are as far distant from one another as possible, or the cor-
relations are united to bvc and extend like shells around the atoms. Instead
of "united" or "inserted" ;155 the terms coliective or localized may be used.

It seems that the insertion is only chosen when ¢ is highly enough occupied and
it is the task of the binding analysis to find a probable model for a given
phase.

The new binding proposals generally do not supplant the earlier views, they
merely supply them, since also in a defective model truth may be contained. For
instance the Lewis spin compensation is contained in the present model because
only correlations are admitted which allow good spin neighbouring. Also the in-
fluences of atomic radii (72Pea) and of atomic charges (75Hop) are not neglec-
ted. The wording of the new model may be somewhat shifted to facilitate the ne-
cessary reflections, but the valuable contents of the earlier models will be
widely conserved. The bindings found are not final, they are open to improvement
just as they improve the earlier bindings. However, the missing definitiveness

of the proposals is no reason to disregard them, the study of new models is
indispensable.

Various abbreviations used below are explained in the Note above.

A10” phases

In the systems UOM.NaOM and KOM suboxides do not occur since for the stabiliza-

tion of these compounds d or f electrons are necessary providing an additional

bonding energy. Therefore the first phases in these mixtures are the Lewis
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phases permitting full compensation of the 0 atom electron spins, caused by
Hund's rule, by spins of the cations.

LiZO(Can, F4.2,5R3.283,drwb4Sch p.231) is a white coloured phase melting
above 2000K. It obeys Zintl's supply rule since the anion occupies the site set
of a noble gas. The difference of the valence electron distances in Li and 0
(83Sch) causes that the b correlation contains only Li2s electrons while the
02sp electrons perhaps together with the Lils2 electrons are in the c correla -
tion so that the binding may be proposed g(§=8,40):4.61R=Qc(2)=£c(4), where N=
8,40 are the numbers of electrons per crystal cell a, and EC' £ are the cubic
primitive cells of the b,c correlations. This proposal equals just the classi-
cal model when it is assumed that b and ¢ form a united corre1ation(E{Qc.In
this case every 0 is in fact surrounded by 8 bvc electrons although bvc is not
fully occupied. Since the LiZs1 electrons compensate the electron spins of the
0 atoms they are named valence electrons or unpaired electrons, however, they
are in the b correlation while the 02sp electrons are in the ¢ correlation. The
distance Eb(UZO) is essentially smaller than gh(Li) because of the additional
bonding introduced by the 0 atoms (Fig.l), The ;ow occupancy of the above bind-
ing may be the cause for the stability of a rhombohedral phase with =90.16%:

LﬁZO(R8.4,SR46.228),E(N:24,120)=H6,53;7.96ﬂ=§CH(2;6/3)=£6H(4;9/3)
allowing full occupation of bvc.

Li0(H4.4,5R21.233) is Tess stable than LiZD as judged from the melting tem-
perature 700K (75Pie). The spin compensation is here partly between the 0 atoms
so that ions Og' are formed (peroxide ions). These have their molecule axis pa-
rallel to a3 and form a site set of the Mg type with Li in octahedral and tri-
angular holes. The chemical formula is not written Li202, since other structu-
ral phenomena also caused by lower correlations are not described either by the
chemical formula (for instance the ferromagnetism). g(ﬂ=4,8+24)=H3.14,7.603=
bey(156/3)=cpy(259/3) allowing full occupation of bec. The underoccupation of b
is indicative for a united correlation. The binding explains also the remarkable

homeotypism of the cells of LiZO(R) and Li0. Furthermore the matrix element 9/3
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favours the Mg type packing of the 0, following the rules of 84Sch.

L102.1(O...,75P1e),g=5.91;4.94;4.BBR needs further analysis.

Na(W,SR1.33) may have the binding 3(5:2,16):4,29ﬂ=23(1)=gc(4) (74Sch). The
site number ratio ﬂé%é%)=32 is large as the Na2sp shell is a weakly bonding
noble gas shell and t;e single Na3s'electron cannot provide much more bonding
The ratio will be strqg]y lowered in the subsequent oxide byl the ratio de-
crease is stopped near the mole fraction Np=0.33 (Fig.1). Since the electron
distance gc is fairly independent on ﬂb (Fig.1), the site number decrease cau-
ses a decr;ase of volume per Na explaining by means of the virial theorem the
high reactivity between Na and water.

NaZO(Can,SR3.283) cannot be completely isodesmic with LiZU because of the
Na2sp electrons. It appears suggestive that the Na2sp electrons and the 02sp
electrons form a common ¢ correlation. The electron distanceéﬁust be intermedi-
ary between d(Na2sp) and d(02sp) (see83Sch) so that g(§:8,64+24):5.563;90(2):
53(4). This binding is homeotypic to that of LiZO, but the similarity to the
classical Lewis binding has decreasedsini the 0 atoms are essentially surround-
ed by 6 electrons. This heterodesmism to Lizo corresponds to the heterotypism
of the subsequent peroxides. The CB2 binding should be generally self-deformed
but the union between b and ¢ may suppress the phenomenon. The partial occupa-
tion of bve corresponds to the partial occupation of ¢ in Na. The bindings for
the remaining NaOM phases are more tentative but fit well to the gb,c(%) re-
Tation (Fig.1). - o

Na0.r(H6.6,5R21.234) is homeotypic to NiAs with Na in As sites and with the
commensurability g:gNiAS(VS;l). The Ni sites occupied by O undergo an I-homeo-
typism by the peroxide ion formation required by spin compensation between two
0 atoms. The binding may be 3(B;6,84)=H6.21;4,4TR:QUH(2;2/2)=£5H(/12;8/3). The
b correlation is somewhat underoccupied, perhaps b electrons are contributed
by ¢. The matrix element (5'13)33=8/3:3 favours the observed Mg type stacking
of Na, and the Cjy correlation allows good spin compensation. Two additional

phases Na0.h(SR26.348) and NaO.m(SR26.348) are not yet well enough known to
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allow binding analysis.

Naoz.r(I)223K,C4.8,SR17A380) is homeotypic to FeSz‘h with rotational disgrder
of C&. 5(ﬂ;4,80)=5.493=§c(f2.6;1.5)=£B(f13;3.6). The binding of a somewhat arti-
ficial CBYS type is compatible with bvc union, At 192¢T<223K NaOZ‘ll(FeSZ.h)
isodesmic to r has been found and at 43<T<192K Na02.12(02.4,Fe32.r,SR17.380)
with the tentative binding 3(512’40):4'26;5‘57;3‘443:96(1'5;2;1)ﬁ£§(3;4;2)' The
¢ correlation is strained by b and few electrons are excited to b. Presumably
the ¢ correlation has & better commensurability to the cell than in r.

Na03(U7.21,SR29.416,27.482) the sodium "ozonide" is coloured dark red and
might have the binding E(ﬂ=14’364)=11-55;7'SER:EC(3;2)?EC(9;6)~ Unfortunately
the atom sites appear to be not yet well-known. The Tow occupancy of ¢ may have
to do with the paramagnetic susceptibility (75Ebs) caused by uncompensated spins.

K{W,5R1.34), g(g=z,1sn~4)=5.3zﬂ=98(1)=5 4)

ol

Kzﬂ.r(Ca§,F1AZ,SR3.283) is a colourless phase isodesmic with NaZD, a(N=8,88)
=6.44R=b, (2)=c4(4).

KZO.hl(C48.24,75Pie) and KZO.hZ(R48.24,75Pie) may be caused by a temperature
dependent b contribution and should be discussed when they are better known.

KO(Q4.4,5R21.235) formed by thermal decompesiticn of K20, is homeotypic to
CaF2 with??eplacing Ca. Since the 0, molecules alternate in direction the struc-
ture becomes orthorhombic. E(E:B,112):6.74;7.00;6.48ﬁ596(2)=£§(4). Once more
the homeotypism of Kzo.r and KO is remarkable.

KDz.r(CaCZ,Ul.Z,SRIQ,351,drw 645chp222) is an ordered NaCl type structure of
K and 0,. The binding may be E(§;2,40)=4.03;6.7OR=EEU(1;2)=£$U(V8;6/2), it has

=S
KOZ.h(NaCI,SRIG.ZIB) 2=6.09R is homeodesmic to r.

the site number ratio N/%é%)=24 between 16 of CB2 and 27 of FF3 (see below).

K02.11(SR42.231) and KOZ.EZ(N2.4,SR42.231) shall not be discussed here since
the structures are not well enough known.

K03(U4.12,SR28.118) the "ozonide" is homeotypic to CsCl with 0 in C1 sites
and 3=a,.+1(2). The binding may be E(ﬂ=&208)=3-50;7-GSR=E'U(2;2/2):£EU(6;5/2)A

The FF3 binding has not a good spin compensation, the Tittle strain in a5
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direction provides a better spin compensation in the (001) plane. Remarkably
buc is fully occupied.

In RbO,, and CSD suboxides become stable (79Simon) since the numerous core

M
electrons of Rb and Cs provide additional metal-metal bonding as compared with
NaOy and KOy-

Rb(W,SR1.747) may have the binding <g(§:2,16,20)=5.7Oﬂf§B(1)=5&(4) where
c=cvf. The site number of the ¢' correlation is so large that the additional f
electrons (Rb3d} may easily take part in the C type correlation. The occupancy
of bvcvf=g is 0.6.

Rb 0.m{F38.6,5R44.182,78Dei,drw ibid.) is formed by quenching a melt

6.33
Rb~80 from room temperature to 123K and subsequent heating to 140K, It contains
Rb-icosahedra, and the binding may be 3(ﬂ;152,1360,1520)=23.15R=EC(/32;5.6)=
g}c(3/32;17)‘ The rare CC3 binding provides 4896 sites with 0.62 occupancy and
must be twinned in a. The Eé correlation of Rb is conserved while b is changed
to b, be yielding the Tower site number ratio N/?(Pg 27. The next suboxide becomes
stable since its HH3 binding is homeotypic to the CC3 binding of Rb6.330.m.

Rb 0.1(H24.4,SR42.231,79Sim,drw ibid.p.89) is formed peritectoidally from
Rb+Rb902 at 265K (795im). The structure displays a close packed Rb partial
structure with stacking sequence ABCBACBC=ccchccch, and commensurability ap, o
ngHC/3;8/3). The O are in octahedral interstices. The binding might be
a(N=24,216,240)=H8. 39;1— 30.47R=b, (2;7.3)=c"(6;22). The g correlation is
occupied with 0.61 just as in Rb, but the site number ratio ﬂé?i%) has dropped
from 32 in Rb to 27 as the O atoms contract the volume per Rb f;om 92.6 in Rb
to 77.423. The low occupation of ¢’ favours formation of clusters in the range
of which the occupancy of ¢' is higher. The decrease of gb will continue up to
the Lewis phase RbZO. If the number of ~7 EHlayers is com;ared with the number
of 8 Rb layers parallel to the basal plane then two sign changes of electrical
dipole vector in a5 direction, generated by the b correlation, occur. These two
changes correspond to the two h values in the stacking symbol ccchcech, so that

the rule of stacking (84Sch) is fulfilled. The Tittle deviation of the b layer
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number of 7.3 instead of 7 leads to stacking defects which are so remote from
one another that they escape the structural analysis. In RbGO several Rb re-
main without a contact to an 0 atom. This is no more so in the next phase. Un-
fortunately the spin compensation in the H correlation is not good. However,
if (9f¥5)33 has the exact value 7 then a better spin ordering becomes possible
as the electron distances near a; become longer than those near a;,a,.
Rby0,(M18.4,5R43.172,drw ibid,795im) forms peritectically at T=308K (79Sim),
has a close packed Rb partial structure of the ABABCBCAC type and is composed
of Rbgo2 clusters. The quasi hexagonal 21,3, plane contains 6Rb per cell and
there are 3 such layers per 23 axis. The binding is, as in Rb6‘330 and Rb60 of
the rare three-factaorial type g(ﬂéIS,168,180)=8.35,U,—2.93;14.02;11.313=§UH(
272"0‘7;2’2"0'7;0’0’3/2)=SéUH(6"6"2; 6,6,-2;0,0,9/2). There are 24 b sites
per a cell, so that 6 electrons must be excited. There are 648 c' sites per a
cell, so that c' has an occupancy of 0.54. A result of the low occupancy of g
is just as inﬁ%he cluster or molecule formation. Within the melecule the g
correlation is better occupied since high occupancy is energetically favour-
able. Possibly the matrix elements (2'15)33 and ((E')_lg)as are somewhat smaller
to provide a higher occupancy.
Rb,0.r(CaF ,,SR7.85)has _a_(ﬂ:8.88,80):6.763:%(2):5&8(/20;4.5). The g corre-
lation is nearly fully occupied and must be twinned. The high occupation of g
is the cause for the sharp increase of gb(ib) (Fig.1). Since ¢' electrons may
be excited to the b correlation the stability of h phases appears conceivable.
Rb20.hI(C48.24,75Pie) is not yet well-known structurally. The binding might
be tentatively a(r—=-— N-48,528,480)=12.448=b (4/13;3.6)=c" 5(V65;8), it could
be of the inserted type. The analysis of szo.hz(R48,24,75Pie) must be postponed.
Rb0.r(P2.2,SR21.236) is D-homeotypic to Can with 02 on Ca sites, all 02 be~
ing parallel contrary to KO. The binding might be §(§;4,56,40)=4.20;7.08;5.983=
EUH(l;V3;2/2):£fﬁH(3;3/3;6/2). The bvc' correlation has a good commensurability
to a.

Rb203(88.12,SR8.150,drw 64Sch.224) exhibits a Rb site being I-homeotypic to
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Bl with inserted 0,. a(N=16,272,160)=9.32R=by(2)=c’;(6). It might be that b is

inserted into c', but the cubic symmetry does not admit self deformation. Ano-
ther possibility would be lacunae in the Rb site set.

RbO,.r(CaC,,UL.2,5R7.84,drw 64Sch.222) may have the binding a(N=2,40,20)=
4.26;7.033=E§U(1;2)=£5§(V@;4). Eéﬁ is strained to yield a better (5')'?9 com-
mensurability. The g correlation is nealy full.

Cs7U(H21.3,SR42.232,drw 795im.91) contains on the one hand C51103 molecules
formed by three C32/3+2/2+20 octahedra having common faces, and on the other Cs
atoms which are not coordinated to 0 atoms. The structure is not compatible with
a closest packed Cs partial structure, the heterotypism to'RbOM must come from
the possible occupation of Csd4f orbitals or from atomic radiugj a(N=21,186,210)

=H16.24;9.153=§H(¢12;2)=E;H(3%12;6). The site number ratio has decreased from

/S(b
M),

Cs40(048.12,SR42.232,drw 765im) may be understood as a Mg type stacking in 3,

=32 in Cs to 27 in CSTO.

direction of Cqu3 having Cs atoms in octahedral holes as in the NiAs type.
g(§=48,456,480)=16.83;20.57;12‘403=§UH(4/2;/21;V7)=55H(11/2;f189;¢63) is a ten-
tative binding providing ﬂé?ﬁ&%:?ﬂ‘

C51103(M44.12,SR43.173) s;ould be analysed later.

Cs30(H6.2,SR20.260) has a Cs site I-homeotypic to Mg with g=§Mg(Vb;1) and
with 0 in octahedral interstices forming chains along ag- a(N=6,60,60)=H8.78;
7.52E;EUH(2;2/2)=35H(6;5). It is surprising that the channels along 33 being not
filled with atoms are partly filled with g sites. It must be assumed that many
g electrons are excited to the b correlation and require therefore a UHU3
binding.

CSZO(CdCIZ,RZ.l,SRZO.ZﬁO,drw SR1.742), the Lewis phase, has a Cs site of the
Cu type with 0 in octahedral interstices so that each second layer of intersti-
ces parallel to 2p,a,(Hcell) is filled. 3(E=6,66,60)=H4.26;18.99R=EEH(1;6/2)=
EEUH(3;15/2). b is filled and favours the observed Cs stacking. The close packed
Cs site set fits better to the strong metal-metal bonding than the Cl site set

of Rb in Rb20.
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CsO(Rb0,P2.2 ,SR21.236) is a D-homeotype of CaF2 with 02 in Ca site. a(N=4,
56,40):4.32;7.52;6.43R=EEH(1;/3;2/2)=£5E]H(3‘,3/3;6/2). The by, correlation has
in the 2153, plane the 3-commensurability to the ¢' correlation, leading to

/S(b)_ /S(b) i s .
!S(cﬁ =27. Between C520 and Cs0 the decrease of ES((T with increasing mole

fraction ﬂb goes over into an increase.

65203(Rb203,38.12,SRB.150) suggests that the Csbs electrons are inserted in-
to c', g(ﬂ=16.272,160)=9.883;§B(2)=£5B(6). Another assumption could be that
vacancies are in the Cs site set.

CSOe(CaCZ,Ul.Z,SRY.85,drw 645ch.222) is D-homeotypic to NaCl with 0, in CI

2
sites. g(ﬂ=2,40,20)=4.43;7.ZOQ:EEU(1;2/2)=E'E(VE;4). The site number ratio

/S(b)

reaches here the value ﬂS(tW =32. The consideration of the dependence of ﬁés b)

(ér)
on ﬂb shows that the value begins to increase when g is fully occupied. )
C503(U5.15?,SR31.257), 5=9.73;8.]6ﬂ, binding model cannot yet nredict structure.
The alkali oxides apparently contain a b band which is only occupied by
Alns1 electrons. The 02sp electrons accommodate in the ¢ band which is also
populated by the Al(n-l)sp electrons. Since the 0 atoms exhibit two uncompnsated
spins, the Lewis phases A%O become stable in which, using for instance a CB2
binding,all b electrons are used for spin compensation. In RbO, and CsOy, bet-
ween Al and A;O)suboxides are stabilized by the strong addition;l bonding pro-

1

vided by the A“3d and A14d electrons. Here the bonding afforded by the 0 atoms

causes for instance in a HH3 binding an occupation of c'=cvf greater than in

AI, the contraction being completed at ﬂ620.33, i.e. in the Lewis phases. The
existence of uniform electron spatial correlations in the Al suboxides des-
cribes well the metallic bonding assumed by 79Simon, while the clusters are an
expression for the Tow occupation of cvf caused by the weak bonding of Al(nli)sp.
For ﬂb)0.33 the spins of the 0 atoms can no longer be fully compensated by b
electrons so ithat peroxides and ozonides are formed in which spin compensation
occurs partly between 0 atoms, causing 02 and 03 ions in the crystal structures.

The stabilizing energy comes here from appropriate harmonies between a,b,c,f.

It appears that b and cvf mostly form a united correlation bucvf=g, the ground



- 258 -
correlation, exhibiting a unified lattice-like property of the bonding which is
presumably of influence without strongly modifying the partial correlations.
The decreased b concentration for higher ﬂb results in the formation of XX3
bindings (X=C,B,F,etc.) barely occurring in non-alkali oxides. Therefore the
AIOM phases with exception of Lewis phases are quite specific, i.e. their struc-

tures occur rarely in non-alkali mixtures.

539n phases
Bed?r(ZnO,HZ.2,5R20.251,drw SR1.78) obeys Lewis' rule of compensation of the
spins near 0 atoms by the spins near Be atoms. 3(3z4,12+4):H2.70;4.383;9CH({
0‘75;3.5/3)f5CH(¢3;7/3). The b correlation would be overoccupied. This suggests
that b is in reality united with c. When the ¢ layers parallel to 31232 are
smeared out in the 21525 plane then electro dipoles in a3 direction are formed
at the atoms which favour the Mg type stacking of the components (84Sch). At
elevated temperatures the 0 core electrons tend to enter bvc.

Be0.h(T4.4,5R30.304) has an 0 site set DI-homeotypic to Cu with Be in tetra-
hedral interstices, it is DI-homeotypic to BeO.r. E(E=8*24*8)=4‘75;2'74ﬁ=ﬁc(
fS;I.ZS):EC(/ZO;Z.S). b causes the DI-homeotypism of the 0 site set to Cu. The
CC2 binding allows also here a united buc correlation, but the occupation is
Tower than in r.

Mg(H2,SR1.40,23.176) displays a closest packing of atoms and is compatible
with the binding 3(ﬂ=4,16):H3.21;5.213=§CH(1;4/3)=EEH(2;9/3). While in Na the
site number ratio ﬂé?g%) vas 32 it is here 9 so that the gb contraction by oxy-
gen mole fraction 1nc;ease must be smaller than in AIOM ph;ses. The small de-
formation of SeH yields the matrix element (3_15)33=9/5>causing the Mg type
stacking sequence following the stacking rule (84Sch). With respect to the low
occupation of ¢ the binding will be of the united type. The compression of Cen
is presumably necessary to achieve a smooth decrease of ¢ sites per atom as

compared with Na. Since the presence of 0 decreasesthe ¢ site number per atom,ih

the next intermediate phase a CC2 binding is to be expected.
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MgO(NaC1,SR21.485) is a colourless Lewis phase and melts at 3070K. a(N=8,56)=
A'ZIR:EC(Z)=EC(4)‘ The CC2 binding was quﬁe rare in A10ﬂ because of the small
b contribution. The united binding g;gc(4) is a perfect description of the clas-
sical binding proposal assuming the octet of the anions completed by the valen-
ce electrons of the cation. However, in other phases obeying Lewis' rule there
is no octet completion because the CC2 binding is not probable. Only spin com-
pensation is present which does not need a C type correlation but is possible

in other correlations as well, In Na20 for instance a CB2 binding is assumed pro-
viding good spin compensation in the case of a united (E“E)Bcorre1ation. There-
fore spin compensation should be considered as the basis of Lewis' rule, not
octet completion.

MgOE(FeSZ.h,SR23.348,drw64Sch.347) was prepared by reaction MgO+85%H202.
a(N=8,80)=4.848=b, (¥/5;2.2)=c.(Y20;4.5). The united binding a=g.(¥2034.5) is
nearly fully occupied. The binding 3;26(2)=£C(4) would not give an argument for
the I-homeotypism of MgO2 to Can.

MgD4(R »75Pie), E=H11.44;12.583, discussion is postponed.

CaQ(NaC1,SR11.220) 31(§=8,56,32)=4.81379c(2):56(4;3).

Ca0,(CaC,,U1.2,5R20.262) E(§=4.40,16)=3.56;5.9SR=§E(/2;2)=5§(V§;4). The
strain of a is here not caused by self deformation since probably the correla-
tions are united, it is caused by the D2 dumb- bells.

Sr0(NaC1,SR1.73) 3(5;8,56,40)=5.163=2c(2)55§(4;3.2.5),

Sr0,(CaC,,5R20.452) E(ﬂ=4,40,20)=3.57;6.6ZR:EB(V2;2)=E§(¢8;4),

BaO(NaC1,5R19.487) 3=5.54ﬂ , isodesmic to Sr.0,

Ba0,(CaC,,5R18.367) a=3.81;6.84R , isodesmic to Sr0,, CB2.

In BeOM the CC2 binding is applied to phases with few electrons. In MgUM the
ccz bindi;ﬁ prevails and in heavier mixtures the CB2 binding replaces CC2 Ee—
cause of the participation of f electrons in the binding. Union of correlations

is possible.

3
A 0H phases
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ScO(MNaCl1,5R29.128) is a grey powder obtained by reduction of $c203 with Si, it
contains therefore presumably some Si impurity. Since the e correlation of the
Sc3d electrons enters here, the binding may be gjﬁ;4,8,56)=4.ﬂ53=bF(1)=gC(2k
gc(a). Here e could be united with ¢ while b remains independent. In this case
there is no reason for the formation of constitutional vacancies (lacunae).

Sc203(MnFeU3,816,24,SR1.262,26.350,drw645ch.231) is a white Lewis phase
melting at 2740K. The 0 are in a part of the tetrahedral interstices of a Sc(Fl)
site set. As compared with Mg0, the A atoms are therefore quasi hexahedrally
surrounded by 0 atoms, g(ﬂ=32+64,544+256):9.BSﬂ:gé(4)=£§(B;7). The filling of
Sc(F1) with more O than in ScO results in the change (Evf)c+(gvf)8:£é
ling of the lattice constant of ScO in Sc203 must be caused by the electrostatic

-, The doub-

moments introduced by the partial filling of the {luorine sites of CaF2 by 0
atoms.

Sc203.p(SmZOB,N6.9,75Pie) shall not be considered here.

"YO(NaC1)" is not stable as the Y3d10 electrons cannot be accommodated in
the a=c.(4) correlation of ScO.

¥,05.r(MnFe0y,5R1.263,30.309, the «s galled “C-form" of lanthanon resqui-

3>
oxides, see 75Pie p.69 ) is heridesmic .o 5c203: §jﬂ=96,544+320)=10.603=gb(4)=
55(8;7.5), there are 960 g sites for 960 electrons.
Y203.hl(Sm203,N6.9,75Pie,"B-form“ of Ln203) will not be discussed here.
Y203.h2(La203.hl,H2.3,75Pie,“A~form“,drw64Sch.229) is identical with the Mg,
sz type. 0 is in EHI while Y displays an Mg type site set. As compared with
Y203.r, the Y atoms remain in a close packing while the 0 atoms go from a parti-
ally occupied undistorted Cl site into a fully occupied strained C1 site.
é(ﬂ=6,34+20)=H3.6;5.83=géH(1;7.5/3)=£éH(2;15/3). The correlations may be united
buevcvf=gy, and are then fully occupied. The less good commensurability ((E“E)-l
3)33=7.5/3 causes transition into B16.24 at lower temperatures.
Y203.h3(Nd203.hz,H2.3,75Pie."H-form" of Ln203, see SR?45.220) has more sta-
tistically distributed atom sites, a=3.81;6.09R. For "X-form" see La,03h,.

32
La203.r(MnFeO3,BIG.24,SR7.101,”C—form“) g(LaZO .r,ﬂ=96,544,320)=11.36ﬂ=



- 261 -
eb(4)=c}(857.5).

La,04.h;(H2.3,5R1.744,17. 386,"A-form" ), g(!=6,34,20)=H3.94;6.1JR=
_BH(1;7.5/3)=(EVE BH(Z;IS/B). The evc correlation favours the Mg type stacking
of La (84sch).

La203 hZ(Nd 0 h ,SR30.309,"H-form"), has La and O statistically distributed
on incompletely occupied sites (65Miil). E=H4‘06;6.43ﬂ, the phase is isodesmic
to hl.

La203.h3(thpw,Bi.(1.5),3R45.220,"X—form" of Ln203), has statistically dis-
tributed 0 sites. g(ﬂ=6,34,20)=4,513:gb(2)=55(4)' An exclation might fill bre.
The binding may be understood as 3:90(4). The strong thermal dilatation favours
the CC2 binding against the BB2 binding of the above phases.

Peroxides with A3 elements would have the composition Ag(02)3:A303 and are
therefore t00 anion-rich . In the following mixtures too, peroxides and ozonides
are not to be expected. While in AZO CC2 was frequent, here BBZ is the main
bonding type. Since in AZOM as well as in A30 the united binding is found, the

type

B.Correlation provides for the same commensurab\11ty more electyron sites.

4
A 0” phases

Far the mixture T1'0M (recent assessment 87Mur) bindings were proposed (85Sch)
which will be somewhat modified here to fit better to the above assumptions. The
bindings )E(Ti-h)=§B(1)=§c(2)2FU)hﬁfn collective form gfgfuh/8;3‘4/2) the occu-
pancy Hg@:o.BB. The strain F is necessary to provide spin compensation. At lower
temperatures the occupancy will be higher:

Ti.r(Mg,SR1.53), 3=H2.95;4.683=§EH(2;6.5/3), or a(1;2)=gp,(2313/3), gg =0.92.
The following suboxides are F-homeotypes of Ti.r with 0 in octahedral holes. No-
te the increase of Igéngﬂ i

Tig0(H12.2,5R31.259), g(ﬂ=43+108)(/3;1)'1=H2.97;9.433:_%“(2;14/3),ﬂés=o.93.

Ti 0(H12.4,5R27.484), E(E=4s+1zo)(1/3;1)‘1=nz.97;9.533=EEH(2;15/3),g;toas.

Tizou'B(CdIZ,SR27.484), E(ﬂ=8+21)(1;2)=H2.96;9.703=3CH(2;16/3),jéf=0.91. Here

I is no longer strained so that the Ti site set might be transformed to the



Cu Wpe. However, because of the stoichiometry an intermediary phase becomes
stable.

TiZO(LhtpCoSn,HS.3,SR23>330,59N0w,drw6455h.310) is found below 1310K, and
the hexagonal Ti layers have no longer in 2 direction the support number 3, but
1. The binding might be 3(5:12,33)=H4.99;2.88R:gi'3H(J3;5/3)=ECH(;/12;5/3) or
E;ECH(/12;5/3), It suggests that the number of atoms per cell is higher than as-

sumed.

Ti0.h(LhtpNaC1,SR7.87) has an atomic occupation §f5

At
AELQBB. The problem of lacunae in Ti0,V0, and NbO has been

=0.85(39Ehr). a(N=13.6,
47'5)4'183:30(4)’59
discussed on the basis of atomic clusters (64Schd,31Sim) and of the band model
(84And,84Schw). These interpretations did not yield an electron count like that
above, appearing necessary for the understanding of the phenomenon. At Tower

temperatures L-ordering homeotypes of Ti0O.h have been found.

Ti0.r(N5.5,5R32.254,drw76Eyr) will be isodesmic to Ti0.h.

Ti,05(U4.5,75P e, 68Mat ), 3(5=3z,124)=e.59;4.173=5£(1/4o;4),§é3

=0.97. The fur-
ther decrease of Ti content changes the commensurability and sgoils the Cutype
0-site set.

TiZOB.r{AI203,R4.6,SR27.484,drw645ch‘198) is dark violet, melts at 2110K, and
has an O site set of the Mg type. E(ﬂ=48,204)=H5.15;13.643:36H(f12;21/3),ﬂg =
100. The phase is semi-conducting (SR43.175,77Ric) and 7 g layers paralle]?ﬁldh
per 2 0 layers favour (84Sch) the Mg type of the 0 site set. Near 410K a strong
increase of |a3 I /3 !all from 1.523 at 300K to 1.572 at 868K (74Rac) occurs,
increasing the g site number and allowing metallic electro conductivity.

Ti40;.r(N6.10,5R23.335,drwb45ch.275) is L-homeotypic to NaCl with 2221508
(ﬁé;l) and allows E(§;48,216):9.75;3.80;-0.26,0,9.443=QC(J80;3.6),ﬂé5:0492‘

Ti407.r(215.28,SR37.222) opens a series of shear homeogypes of
Ti0,r(see below), Ti 0, ,4¢nil0 (Magnéli phases, 56And,60And,77Mar,73Mar)
The shear is described by coordinates of the cell E&ioz.r' A shear plane k de-

vides the crystal into two halves. The shear vector s=[011] Y2 acts on the half

crystal on the positive side of k. It reproduces approximately the Osite set,
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and may condense the Ti site set. The shear length 1758?5]' should not lie in E:
and determines the distance of the second shear plané;from the firstﬁézfore the
crystal on the positive side of k(1)is sheared. It may be shown that (121)'[011?5

[GQQ]' leads to the chemical formula Tinozn_l. For n:»10 a shear plane k=(132)"

was found and 16%n 36 (71Bur). Ti,0

; has §59.1,02.3 so that N/*-0.89 in the

binding noled now for Ti0,.r.

T102.r(T2.4),ruti]e,SR20.263,drw64Sch.275) is a Lewis phase and LDI-homeoty-
pic to NaCl {see also 59Gra,61Bau,82Gon,B7Res). E(E=8.40)=4.59;2.963=3c({20;2>9),
E%C=O.83. The low occupation ratio provoke:fgompressive crystallographic shears
metitred above. Besides Ti0,.r two metastable phases occur.

Ti0 .ml(UZ.4,anatase,SR38,241,drw64Sch.275) is obtained by 900°C calcination
of hydrated T102, it 15 L-homeotypic to NaCl with a=a,..;(152). a(N=16,80)=3.79;
9. SIE-gC(JlB 9),9The resu1t that g is not filled corresponds to the finding
(74Rao) that P5 and S * stabilize m; - Perhaps T102(H20)M contains a stable U2.4
phase. -

T102 md(08.16.brookite,SR23.343) is S-homeotypic to FeSZ.h. a(N=32,160)=9.18;
5.46;5.143=§C(V26;9). Here also stabilizers may exist.

TiOz.p(PbOe.m,D4.8,SR32.255) contains an 0 site set of the Mg type, a=ay,
{0,2,-2;0,2,2;1,0,0) with Ti in octahedral holes. 5(ﬂ=16,80)=4.52;5.50;4.94R=
QCH(8/3;4;4/2), allowing the participation of Ti2sp electrons.

Zr30.h(H2.(U.7),5R17.252,24.202) is homeogeneously connected with Zr.r(65E11).
5(§=8,20+20)=H3.25;5.Igﬁ:ggH(2;13/3),§gL0.92. Low temperatures phases are:

ZrBDU‘S(HIS.5,SR33.119),E(ﬁ=72,174+I80)=5.63-15 59R=£§H (V12:38/3), NB“D 93.

Zr30(H36 12,75Pie), a(N=144,360+360)(1;0.5) i

~H5.63315. 60R=gg, ( 1/12 39) N’5 0.92.
Zry0, ,(H6.2,5R33.118), a(N=24,61,60)=H5.63;5. 198- g5 (12;13.3/3), N 0. 91

ir D(H50.24 75Pie) needs further elaboration.

Zr0.1i(NaCl, SR18 253} could not be prepared by heating Zr+ZrOZ. a(N=16,56,40)

/S@requ1res impurities for stabilization.

=4.60R=g,(4), ﬂg 0.88. The Tow N
ZrOz. 2(EaF2,5R27.480) is a Lew15 phase stable for 2560<T<2980K. a(N=16,80,40)

=5.268= e (2)=c, ( ). The well fitting binding causes the high thermal stability.
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Only the localized binding is possible.

Zr0,.h, (DhtpCaF,,SR27.480) is stable for 1360<T<2560K. a(N=8,40,20)=3.64;
5.273=g]'§(1/2;2)=9"§(1/8;4). Since g' needs no spin compensation,self deformation (875&)
must occur. Because ¢' is not fully occupied,Zr0,.r is formed. For r0,.hy

\ QSMur., ]
an electronic structure has been calculatedl.But since the exchange-correlation

was described by a one electron potential the self-deformation of a BBZ correla~
tion was not uncovered.

Zr0,.r(M4.8,baddeleyite,SR23,342,30.307,drw64Sch.278) forms thin plates.
3(16,80,40)=5.07;5.20;—0.82,0,5.313:%(3.75/2;2;2):£4é(3.75;4;4). e' is overoc-
cupied with 1 electron per a cell. The monoclinic deformation improves the com-

la. The two different O layers parallel to (100} correspond

mensurability (c')”
to the half integral property of the commensurability in[lOO] direction.

Zr0,.p(0 4.8,75Pie), a(N=16,120)=5.07;5.11;5.27)=gy(4;4.25). Probably the
pressure has transformed the localized binding into a collective one.

Hfg0p o(H18.3,72Hir), 3(g=72,162+252)=H5.55;15.30ﬂ:g§H(1/12;42/3),r_(é:o.%.

H‘FGOl_l(TiGO,H12.2,72HiY'), g=ng_r(1/3‘,2), homeodesmic to Hf600.9'

Han.h(Can,SRBD.%O), E(ﬂ=16,80+56)=5.303:5é(2)=Eé(4). The ¢' correlation is
strongly overoccupied by 8 electrons. Perhaps these are depressed into a lower
correlation. This phenomenon presents a serious problem.

HfOZ.hl(Zr‘DZ.hl,SR19.362), 3:5.14-,5.252{, homeodesmic to ZT‘OZ.hl.

HfO,.r(Zr0,.r,SR23.342), a=5.12;5.17;5.298,8=99. 18°, hdm ro,.r.
Hf0,.p(Zr0,.p,75Pie), g=5.01;5.06;5.223,hdm Ir0,.p.

While all TiOM phases yield collective bindings,in Zr‘O2 and Hf(]2 localized
bindings emerge Eecause of the numerous electrons in the f correlation below
the ¢ correlation.

ASOH phases
The_bindings proposed (86Sch) for VOM shall be somewhat modified to fit better to

the above assumptions.
V(W,5R26.257), 3(5:2,8,16)=3.02R=§B(i) =ec(2)=c;(2)(825ch). This binding is of

the localized type although the low occupation of ¢ suggests a collective bind-
ing 3=_g_};u()/8;3.5/2)._l€=0.93. The collective binding is homeotypic to that of

Ti.h, see above, and may repeat as ECr.h=3F.U(‘|/8;3.58/2) and )(ﬂzlﬁa,

3er.r(T28
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224)=2.88;40.33:_5"__~U(1/8;50/2) having an even integral value only at 14(5”",)3.
These relations suggest that in AFeeS suboxides at low temperatures fine neutron
diffraction details may be hidden.

VSO(T192.24,74Gun,76Ga]) is a F-homeotype of V with 0 in quasi octahedral
holes and gzgv(ﬂr;ﬁ). The binding may be 3(9{:960,1680)=12.39;17.96}3=3§U(41/8;6'

F /
3.67/2) with ﬁ§:0.94.

V1603(U32.6,SR39.210) is stable up to 1942K(71Ale) with a=a,{4;2). a(N-320,
584)=11.96;6‘603=5F.U(41/8;2*3.75/2),§§=0.94. Conspicuously 2]a3l/131|=1.1 i.e.
although EEU is strained a is also strained to provide a good spin compensation.

V704(N7.4,75Pie,71l:am,drw71£am) is stable below 1380K and _a_=3;{ (3,0,1;0,1,0;-
1,0,2)=9.52;2.95;7.778,8=90.67°. The binding may be ay(N=70,160,N=10,22.8)= .
2.97:3.56R=gp, (+/8:4).

VO{LhtpNaC1,5R18.258) has 0.84 of the sites occupied (655tr,830pp.78), a(N=
]6.8,47)=4.093=gc(4), the binding of Mg0. The number of lacunae in the range of
homogeneity is independent on ﬁo A pressure 50kbar reduces the number of lacu-
nae only by 10% (74Ra0).

VUI'U(U...,70And),3=26.08;8.303 needs further elaboration.

V13016(U26.32,70And) has an 0 site set of a full Cu type and 3=3VO(}/8;2).
1@:260,800):11.72;8.25ﬂ=gc(4i/8;4-2), the binding is somewhat overoccupied.

V,03.r(A1,05,R4.6,5R18.377,drw645ch.198) is isotypic to Ti,0;.r. a(N=60,204)=H445;

ankgp, (V12322/3) N =1.00. V,04 is a semiconductor for T<151K (74Rac).

V305(N6.10,5R23.337,42.235) is homeotypic to \/203.r. Discussion is postponed.

V4O7(ZB.14,SR38.241,39._209) is closely homeotypic to T1407 and opens the shear

homeotype series vno 452‘:8 (Magnéli phases, references see 865ch). Phases

2n-1°
with n=4,5,6,8 undergo metal-insulator transitions (73Kac).

VDZ.h(T"|02.r,T2.4,5R26,352,drw54Sch.275) may have the binding a(N=10,40)=

4.53;2.8732 (1/20;2.8 : I\(S=O.89 makes possible the above shear homeotypes.
% g

VUz.r(MOO M4.8,SR20.2E4,drw64Sch.277) is I-homeotypic to VOz.h with §=3h(1,0,

2’
0;0,1,0;-1,0,2). g(ﬂ=20,80)=4.53;4.52;-2.90,0,5.743=gé(2;2.5)=5c(4;5) as written

for the quasi tetragonal cell. Apparently, the g correlation of hhas precipitated
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the e'=bve correlation and the new correlationschoose a new commensurability.
The value Bg=l.0 corresponds to the insulator property of VDZ,r(74Rao,85Ede
The I-homeotypism to h is favoured by (5"13)33=5. The following three phases
shall onlyf%riefly noted, since they must be homeodesmic to V205 below.

Vg0, 5(N6.13,5R11.296537.223,drwSR11.297) is a double shear homeotype of Rely
(see below) to be described relative to i'Re03' The first shear is (001)'[0,1
-1]'72[002]" and the second (100)'[-1,0,-1]'/2[300]. A double shear system is
more favourable than a simple shear system since the shear planes repelling one
another bear a condensation of electron density.

V4Og(016.36,5R35.202,drw70H11 ,see also 77Gry) is homeotypic to V6013‘

V307(N18.42,SR40.177,drw ibid) is homeotypic to V40q-

V205(04.10,SR26.353,drw645ch‘27B,change the quality of the atoms in:iﬁﬁgﬂ is
a yellow orange Lewis phase melting at 949K. The structure follows from a REU3
structure by the 0 expelling shear system (100)'{-1,1,0]'/2[200]". The bind-
ing may be 3(ﬂ;20,92)=11.51;3.56;4.372=ﬂc(10;3;4). The number of 10 g layers
perpendicular to 2, causes with the 6 atomic layers the sequence of dipole vec-
tors ++-++- which may favour the shears. The following three component phases
are homeotypic .

V1.4M00.605(Nb205.mR,N2.5,5R32.273,drw70Mag.156) is D-homeotypic to VZOS'
_a_(_N_=21.2,92,34)=11.81,0,0.04;3.65;4.1?R=gc(11;1/13). The binding is slightly o-
veroccupied. The rotation of g indicated by ¥13 may cause the monoclinicity.

Vo MoOg(N3.8,5R31.145,dru70Mag. 157) displays E=ER903(5;1;1) and yields a(N=
32,144.20)=13.40;0,—0.02;3.63;4.lzﬂégc(la;f&3),ﬂ€=0.84, see also Nb,0,F below.

Nb{W,5R1.56) g(_l\l=10,16+20)=3.30ﬂ=_gé(1/8;2.9),ﬂg=0.99 The early suboxides are
F-homeotypic to Nb, the supercell being caused by—fhe distribution of O atoms

Nbo0(T128.21,67Ste), Ejﬂ/64=10,18,20)2(4)-1:3.38;3,23ﬂ:gé(18;3),§§=1.0.

Nb40(TB.2.675te),3(2;1)'1(5=10,19,20):3.33-,3.33&:35(;/8;3.25),gﬁ:afsm. )

NbZO(TIZ.G,GTSte) has a cell needing confirmation (75Pie). 3(2;1.5)_1(g6,22,

i

20):3.32;3,21&:@1/3;3.33),ygio.w. More compression of B would lead to the U

correlation not allowing spin compensation. Therefore a jump of the crystal axial



ratio leads to the next phase.

NbO(C3.3,SR8.123), E(§=15,42,30)=4.EIﬂzgl}'U(ﬂe;G/Z),Eés:O.Ql. The somewhat low
occupation suggests that s1ightly more than Nb303 are in the cell. This might
be related to a supercell 5'=5Nb0(3) reported by 67Ste. Other interpretations
for NbO have been advanced by 64Scha,81Sim,84And,84Schw.

Nb203(H4.6,75P1'e) needs confirmation.

Nb02.h(Ti02.r,SR1.158,drw645ch.275) is isotypic but probably not isodesmic
to VOz.h as is suggested by the fact that VOZ.r is heterotypic to NbOz.r. af
ﬂ:lo.40,20)14.84;3.013:&5(4;2.5),N§=0.87, the phase is a metallic conductor
(BOET1). B

Nb0,.r(U16.32,5R27.478,43.175,45.218) is I-homeotypic to Nb0,.h with a=a,
(¥8;2). The binding may be 3(5:150,540,320)=13.70;5.98&:9_;3(1/32;2.5):53(1/123;5).
The e' and the ¢' correlatin are fully occupied,therefore the binding must be
Tocalized. It must be said that the f correlation which is also localized is not
fully occupied. Since it does not much contribute to conductivity, NbOz.r is a
semiJconductor {B0E11). The subsequent phases are shear homeotypes of ReOaA

NbOZF(ReO3,C].3,SR20.223,drw645ch.278) is a Lewis phase with Nb octahedrally
coordinated by 0 and F. Q_(L\l_=5,27,10):3_903:&(;/13;3.6). The binding 3:38(3) was
not acceptable because of the monoclinic NbZOS‘mR(Nz‘S)’ see below. Since 9 is
not fully occupied there exists a tendency towards compressive shears (70Wad,
76Eyr). The shears are described in E‘REOT The shear vector s= [1,0,—1]'/2
expels atoms of the sites 0[00%,%00}‘ and condenses 0[0%0]',Re[000]‘. The vec-
tor is applied to the atoms on the positive side of the shear plane k=(001)"
and changes the condensed site set by the volume (s.k)"det a. The shear distance
_]_=[OOE)' measured before the second shear is made, determines the shear system,
the super cell a=a'(1,1,2n-1) and the composition anD

Syctessive 3n-T°
by two,shear planes has at its surface an increased g electron density. The

The slab determined

level of the slab is given by the 51(Nb) coordinate. Because of the repulsion
of the shear planes, structures with two orthogonal shear systems n', n are stable

which contain columns (Fig.2). Structures with three shear systems are not
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y (U16.40),  (b)xo,d414: Nb,0,.m (N16.40)

{a)w,4,4: Nb205.ﬂ1

(c) 1,4,4: Nb
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(U17.44),

(d) 233,833,5: Nb,Og.hy (M28.70)

squares=possible origins, full circle:A in 51,5_2,0

open circle A in 51,12,0.5,

cross A in tetrahedral O-coordination.
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formed because of the binding of NbO,F(C1.3). Te mltig:fte the high electron den-
sity at the column edge,a volume conserving shear component indicated by + in
the second shear system n' (Fig.2b) may decrease the energy. A stronger mecha-
nism is the introduction of empty channels parallel to the column edges (Fig.2c).
The number of columns per channel is described by the conjunction number p
(65Rot4) operating after n'n.

Nb205.mR(N2.5,66Gru,drw7ﬂwad) is a metastable Lewis phase named R by 66Gru
to distinguish several Nb505.m phases. The structure is generated by (001)'[1,0,
-1]'s2[ooz]" from Re0y and classified by pn'n==s2. a(N=20,92,40)=3.98;3.83;
-0.05,0,12.798=e}(¥3.25;6)=c(13;2) or a=g,(Y13;2). The interaction of the
shear with the binding will cause the N-symmetry.

Nb205.mP(U4‘10,65Pet) is obtained in form of E]ates by heating NbZDS‘mR
20h1025K. The cell 3P=3.90;25.43ﬂ=3R(1;1;2) may yield an improved electrostatic
multipole compensation as compared with a,.

Nb307F(Q3.8.SR29.270,drw ibid.) is a Lewis phase of the class pn'meeo3. a(N=
30,146,60)=3.83;3.93;20.67?=ﬂc(‘/l3;19).

"qu(]ng(mwﬁl)"conjectured by 70Wad appears less probable since for a larger
shear length the ionization of the shear plane increases and this is energeti-
cally unfavourable. Also the range of the correlation is finite and forbids

too long shear lengths (64Sch.100).

Nb205,mR(U16.40,5R35.209,dr‘w70wad) is S-homeotypic to ReO3 of the type
ponin =w4,4 (Fig.2a) the character M was used by 41Bra to indicate the occur-
rence of My at medium annealing temperatures (3h1200K,70Mer). From Fig.2a it is
seen that _qu(JZ;l):g'ReO (7;1), hence the binding may be a(N=160,736+320)
(*/2;1)r20.44;3.83ﬂ(1/2;I):E(':(y/lM.25;1.75)=£(':(1/697;3.5),£l_g=0‘99. The commensu-
rability element “/13=]/(9+4) yielding for my ]/(212+142)=]/837 has been tentati-
vely replaced by 1/(212+162)=}/697 to obtain a good occupation, simi'laﬂj asin R
instead of 3x3.6=10.8 the commensurability element 12 had to be chosen. The me-

tastability of L caused by the unfavourable column edges has the consequence

that My always exhibits a high defect density (70Mer).
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ﬁ;zﬂs.mN(Nﬂ.10,5R32.257,drw?0l-lad. 13,Fig.2b) is of the type E".‘."",‘. »4%4 where +
indicates an additive volume-conserving shear component. Instead of (010)'[0-11T
r2[040]" ,(100)'[-101]'/2[400]* as in m,, it is chosen (010)'[-2-11]'/2[040]",
(100)'[-101]'/2[400]*. The volume conserving shear component -2 dissects the
column edges of high electron density into two edges of lower electron density
(Fig.2). The phase My will be closely homeodesmic to my,.
TiNb207(N3‘6‘21,SR26.382,drw7OWad.ff18) is a Lewis phase of the type w33,
T'iZmeOZg(NIZ.29,SR26.382,drw70wad.:18) is of the type wi*3,
Nblzozg(N24.58,SR31.122) not obeying Lewis' rule is (66Nor) homeotypic to
Tiszloozg.
Ti Nby 0,9(Q24.58,5R26.382,drw70ad "~ 19,5R26.385) is of the type w0ty
where the volume conserving vector alternates and thus causes orthorhombic
symmetry.
Nb12029(024.58,SR28.123) is homeotypic to Tisz10029(024.58). The volume con-
serving shear is associated with the larger shear length since the highly char-
ged column edges which are nearer together must in first lTine be weakened. The

above given formulae forwen phases superpose (65 RotY in the case o3 S0 that

the composition is Nbs, 05 4,4 3 4=Nb;,0,q and the elementary cell 3=3'Re03
(6-1;8-1;1). The binding may be i(ﬂ=240;1080;480)=28.90;3.84;20.7ZR=56(13.5;
1.8;9.5):56(27;3.6;19),ﬁg5=0.97. As a rule,on n atom layers perpendicular to Kl
or a, there come 2n-1 g‘j1ayers.

A further reduction of the energy of the column edges in NbZOS'mM may be
achieved by introducing a quasi shear using the vector 5;[010]' on the positive
sides of a step surface which causes volume conservation at the part of the
surface parallel to (100)' and volume gain at the part of the surface parallel
to (010)'. The volume gain consists in empty tubes along gé into which 4 0
forming a tetrahedron must be filled in per 3& to complete the violated 0 octa-
hedra around each Nb and furthermore one A atom to compensate for the newly

introduced 0 atoms. The type may also be formed directly from «44 by rotating

each column around gé by a certain angle, and may be named 2'5"251’4'4' The
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composition of the p,nll type must be A (65Roth,Wadsley 2).

pn'n+ 10329'2‘9(@» ni+g
This type has been found on the Lewis-section Nb205(N03)M(65R0t3).

Nb14w3044(U17.44,5R30.340) is of the 1,4,4 type, some_of the W statistically
replace Nb of the parent phase 0,44, but all tetrahedrally surrounded atoms are
W atoms as the W need a lower coordination because of their higher e' electron
contribution. 3(ﬂ=176,800,364)=21.02;3.82ﬂ=gé(10;1.8)=E‘8(20;3.6). It might be
that the small W-content causes the B type of c'. A union g=e'vcvf is possible.
The range of mole fractions apart from the Lewis section appears to be unknown
so far. The following homeotypes may be mentioned.

NbgP0,;(U9.1.25,5R30.338,drw id.)p,n',n=1,3,3,

VNbgozs(Nb9P025,65Rot1),NbgAsozs(Nbg PO,;,65R0t1).

Nb, ,W033(N12.1.33,5R30.342,65R0t2)p N " ,n=1,3,4.

Nb16H5055(N20.1.55,5R30.342,65R0t2)£,3',ﬂ=l,4,5.

NblSNBOBQ(UZS.1.69.SR30.342,65R0t2)E,2',ﬂ=1,5,5.

Higher n'n values expected by 75Eyr are improbable because of the finite range
of the e' correlation.

Nb25062(TiNb24C%2(SR30.338),N25.62,5R31.285,drwSR30.34D) has the 2,4,3 type.
p increases the 0 content while n' decreases it.

Nb31077F(N31‘78,SR31_123,drw70Had:::23) has a 2,3,5 type and has following
the Roth-Wadsley formula the composition A2,3‘5+1B3l2,3,5_2(3+5)+4 where B re-
places 0 and F.

Nb205.hH(MZS.70,5R29.305.drwSR29.307) was named H by 41Bra as it is the high
temperature phase of Nb205. It has the type 2;3,4;3,5 i.e. it contains two dif-
ferent column types (Fig.2d). As compared with «,4,4 the shear density is es-
sentially increased (decreasing the 0 content) and the tetrahedral site den-
sity is increased (increasing the 0 content). The binding analysis should be
postponed, but two homeotypes may be mentioned.

Nb22054(M22.54,66Nor2,drw70ﬂad.f:21) has a 2;3,3;4,2 type.

Nb34048F2(see 70Wad) has a 233,5:6,2 type. It appears remarkable that the phase
of Nb205 stable at rcom temperature does no longer belong to the S-homeotypes of

ReOa.
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NbZOS.rB(NA.10,64Lav,72Pet) is prepared by transport reaction at 900K, and was
named B because of its blade-like ideomorphism. It has an Mg type site set for
0 with Nb in octahedral holes, and therefore an essentially higher density than
Nb 0 .h(66Sch). The binding analyis shall be postponed for rg and also for
Nb,05 . phy (017.42,5R41.217) .

/
Ta(W,SR1.57,15.129), g(ﬂ=1o,16,283=3.3oﬁ=38(3), ggs

=1.00. The participation
of the Tadf electrons results in a small electron distance £g=0.958. The first
suboxides are F-homeotypic to Ta with 0 in octahedral holes, and fit to a useful
relation of the atomic volume yAt to the mole fraction ﬂé [66 Sfe)-
Ta;,0(796.8,78Mi1), 3(4;3)'1(ﬂ=10,17,28)=3‘34;3.30&:&5(/9.3;3), ﬂgs=0.98.

Note, 9.3+16=149= 102+72 is a harmony of the basal plane.

/S&)

TagO(Nb0,T128.21,67Ste, 79Hor) , a(4)"}(N=10,18,28)=3.36;3. 26R=g, (V9.6 3)s Ny
=0.97. Note 9.6=(122+32)/16.

. S
Ta,0(04.1,5R18.254), a(2;151) 1(ﬂ=10,19,28)=3.59;3_27;3.20ﬂ=_g_8(3‘25;3;3),N'g=037.

WA

Ta, QB64.18,5R31.251), a(4) 71 (N=10,19.4,28)=3.35R=g, (V9. 6;3.13), N7=0.97. ~

Ta,0(88.4,5R30.312), a(2)"}(n=10,22,28)=3. 3R=g,/1033.13), /$.0.96.

=

)
, N -=1.00.
' =g

/s
.

vw!u

0 85(Lhtp Nall,SR18.257,75P1ie), a(N=20,52.4,56)=4. 443—3
Ta 01 6(040.64,SR38.243,248) needs further elaboration.
TaOZ.h(TiOZ.r,SR18.257), g;(ﬂ;10,40,28)=4.71;3.07ﬁ=gBh/18;27)

Ta0,.r(U16.32,5R32.262). 3(§=160,640,448)=13.32;6,23:3"3(1/32;2

=0.81.
4 (/12855).
Apparently e' is precipitated from g of the h phase.
Ta205.h(N6,15,pseudoU6.15,SR37.223) has the Ta partly 6-coordinated by 0 and
partly 7-coordinated in a pentagonal bipyramide, g(ﬁ=60,276+168)=3.81;35.97ﬂ=
gé(/2.5;13)=5é(f10;26), The gé correlation is assumed to be strongly strained
to obtain high occupation of the united correlations. I1f (c'la)33=25.5 the mo-
noclinic deformation could be accounted for.
TaZOS.r(OZZ.55,5R37.243,drw70R0t‘SR37.243) is a member of homeotypic struc-
tures found closely together on the Lewis section Tazos(wos)m(70Rot). These

structures have the cell 3;6.2;n3.4;3.53 and contain 6 coordinated Ta(octahedra)

and 7 coordinated Ta (pentagonal dipyramids) with main axis of the polyhedra
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parallel to aj. Each pentagon shares two edges with other pentagons. This per-
mits waves along 3 with amplitudes in a; direction. In the extremal points of
the waves the density of A atoms is increased. 5(§=110,506+308)=6.20;40.29;3.893
= §§(2‘5;16.5;1<5)=£h(5;33;3). Since the number of electrons is ﬁg=924 and the
number of c' sites NS(S.)=990 a united correlation appears possib?e‘ It remains

to be shown how the Taaﬂswﬂ%M phases are related to the binding of Tazﬂs.r.

Discussion

The investigation of the correlative distribution of electrons in inorganic
phases stands in ils beginning at present so that improvements certainly must
be envisaged. Nevertheless, the rules found so far by the plural correlations
model recommend themselves as a promising approach towards a systematic crystal
chemistry. The insights provided by this branch of chemistry suggest numerous
experimental problems the solution of which will promote our understanding of
stability.

At first sight some questions may arise which should be briefly considered.

How is a union of say b and c possible when the distances d, and d_ are quite
different? Considering as example Mg0{NaCl), it is clear th;t a Co?re]ation
g;gc(4) may exist which is fully occupied near the Mg atoms, but only partially
occupied near the 0. The insertion of one b electron into the lacunae of ¢ near
0 is easy but the second b electron must be shifted from its position prescribed
by g=§c(2). The deformation of the b correlation although costly provides the
remarkable gain by the formation of 9 Since the b electrons belong to a band
of their own it appears justified to consider the b correlation as a prover
part of the binding. However, from the simple binding of Mg0 it cannot be in-
ferred that all Lewis phases have a ¢, and a be correlation. Therefore the
rigid concept of octet completion should be replaced by the more flexible notion
of spin compensation. Since the 9 correlation may be occupied by + and - spins
following the NaCl type, in the binding of Mg0 full spin compensation is possi-

ble, as it is requested by Lewis' rule.
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In the present analysis the change from a united (collective) correlation
to an inserted (localized) correlation has been a helpful notion. As the exam-
ple of VDz.h+V02.r shows, this change may cause a so-called metal-insulator
transition (74Rae,83Pet,85Edw). Following 71Goo (see also 84Hon) the transfor-
mation h*r is a "cooperative atomic displacement" causing a "band + homopolar
pond" transition in the following way. In h there is a band of d orbitals hav-
ing the pr{zipal radial extension parallel to the unique crystallographic axis
This band,yielding metallic conductivity in h,splits in r into two bands so that
conductivity is stopped and the covalent bonds between two V are formed.

In the present interpretation the d electrons (bve) are at high temperatures
in a united correlation together with the c correlation of the V3sp+02sp elec-
trons. It is named g=bvevc, and is not fully occupied i.e. metallic conductive.
At the transformation temperature bve is precipitated from g. Both new corre-
lations seek new commensurabilities and both are completely filled so that me-
tallic conductivity is no longer possible. Furthermore the new commensurability

causes the I-homeotypism h 3 r.

It is not surprising that both models are related. To the bands correspond the
correlations, to the splitting corresponds the precipitation, to the covalent
bonds correspond the commensurabilities. However, the new model is founded
upon simpler and earlier concepts: The correlation is a kind of structure, the
precipitation is an old experience and the commensurability is an ex-
tension of the concept of harmony. Moreover, the simplicity of the new model
allows a more comprehensive and more coherent energetical interpretation of the
stability of all oxide phaseéfgg it is desired by the chemist.

ciear
Following the chemistry of actinides it is, that electrons below the peri-

pheral A(n-1)sp electrons, Tike the Cs4d10

electrons, should take part in the
binding. A valence model should provide a reason for the frequently
observed heterotypism of A3d and Ad4d compounds as for instance KOM and RbGM
phases. The participation of the low electrons is alse satisfacto:y since in the

low electron shells must be a considerable correlation which will influence
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the higher shells. The plural correlations model attempts to contribute to the
investigatiogfgxfidécshese relations. It may be conjectured that a systematic cry-
stal chemistry,without regard to the Tow electrons will not be successful.

The foregoing examples confirm that there is a demand for a further development
of the valence theory. The assumptions that an A atom may display diffe-
rent valence numbers depending on composition is merely a mapping of observed
compositions into the octet completion rule, the valence number is as-
sumedajto fulfil Lewis' rule, but it is not made clear why the various valence
numbers are stable. What is needed is an independent stability argument. Such
an argument has so far neither been advanced by thO:ter::igu! consideration of

othernise
atomic radii or charges nor by the,important analysis of the energy bands
nor by the calculation of the density functional. However, it is provided in
the present model by the rule of harmony of electron correlations with the

crystal structure.
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