mefieh no. 23 Pp. 245-279 1988

On the bindings in two-component oxides

I Al“‘SDM phases

K. Schubert
Max-Planck-Institut fiur Metallforschung, Institut fiir Werkstoffwissenschaften,
Seestrasse 75, 7000 Stuttgart 1. F.R. Germany

Bonding types (bindings) / Oxides, two companent / Spatial correlation

(Received: January 1988)

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





































































