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Summary
The stability of the oxides of B!**-8(=all::

energetically by spatial correlations of electrons when it is assumed that
the valence electrons of the shell nsp of the B compenent form a lattice-like
distributed correlation (b} of their own, with cell b , while the (n-1)d,
(n-1)sp,and (n-2)d or f electrons of the B component together with the 0252p
electrons form a lattice-like core-tied torrelation (g), with cell g,being in
harmonic commensurability with b and with the crystal cell a. This interpre-
tation amounts to a coherent crystal chemical systematics of the Bl"‘BOM

'18) elements may be interpreted

phases. The Lewis rule of octet completion.is effective although most Bnsp
electrons and the 02sp electrons are not in the same band. The electron spins
not compensated in the 0 atoms enjoy compensation by Bnsp spins. However, the
influences described by Lewis' rule are only a part of the bonding, the other
parts being provided by the harmonies between the crystal cell a, the cell b,
and the cell g. Therefore, phases having ne integral oxidation number may be-
come stable. Numerous stability phenomena and structural phenomena in Bl”'SOM
phases not understood so far find an energetic explanation and criteria for
stability and structures are sharpened. The present systematics suggestsmany
new experiments.
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Introduction

Several new crystal chemical rules for inorganic phases could be formulated
using the concepts of the plural correlations model (86Sch), a model contri-
buting to the problem of dependence of stability on electron numbers (02
Lew,26Hum). These new rules allowed an analysis of the bonding types (bind-
ings) in the Ai"'IOOM phases {(87Sch, a list of abbreviations used in the
present study may be found there). The bindings a#ford arguments for the
stability of compounds and for their structures. The mentioned interpretation
of the A1 100 hases suggests to seek also an interpretation of B1 8OM
phases reviewed | b ;;Sam 74Raw,75Pie,82Tro,85Yi1 and others. A first problem
to be solved in a binding analysis is the electron count, i.e. the finding
of the numbers of electrons belonging to the various correlations. Electron
shells having the same band energy frequently have a.common correlation. In
cases lacking a calculated bandstructure the electron count must be sought
by trial and error; a count yielding good bindings is more probable than a
count yielding no bindings. It was a remarkaple result of the Al"'IOOM
binding analysis that here the 02sp electrons were not in correlation with
the 3d electrons of an A3d element, but with the 3sp electrons. Following
the plural correlations model, in an inorganic phase there must exist on the
one hand a valence electon correlation which contributes a part to the bonding,
and on the other hand a wre eefron  correlation which must be in harmonic com-
mensurability to the structure and to the valewg efdvon correlation. Striking1$
fairly many electrons were found to take part in the cire gleton correlation,
and this result will be corroborated in the present analysis. The inference
of a binding analysis (86Sch) presupposes the knowledge of all incident
crystal chemical rules.

Conventionally, the binding in an oxide is described by an oxidation state
of the cation which indicates the number of electron pair bonds and the num-
ber of lone electron pairs at thecation. Certainly such a description may be
understood as an electron spatial correlation proposal as each bond implies
a spatial correlation of two electrons and as the localization of a lone pair
is also a kind of spatial correlation. However, unfortunately all parts of
this conventional spatial correlation proposal are independently correlated
and this is far from reality. Actually all bonds and lone pairs are ingredi-
ents of an embracing common correlation implying all interactions between
bonds and between lone pairs. This common correlation must be lattice-like
as it exists in a crystal.

Another shortcoming of the conventional approach to the valence theory of
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oxides lies in the electron count. The Lewis rule of octet completion (23Lew)

suggests that essentially the valence electrons of the cations and anions are
responsible for the bonding. This cannot be the case as there are strong

F—————— indications for a participation of energetically lower electron
shells in the bonding, for instance the site number rule (83Sch). Further con-
firmations for an extended eletiron count are contained the binding proposals
below.

Most chemists are very faithful to the conventional valence theory. This
should be understood as an indication for the importance of a valence model
for the every day work of the chemist. The high  amount of information in
chemistry can become transparent only when the chemist has at hand a guide to
the numerous stability rules and structural rules i.e. a systematics with
which any fact may be compared. The knowledge of an efficient systematics
gives the insight necessary for finding interesting experimental problems.
The following binding analysis attempts to contribute to the systematics of
the Bl"‘BOM phases. It should not be expected that the present coherent bind-
ing analysis of the BOM phases can interpret all observed phases. The more
complicated structures yield only less certain binding proposals and their
consideration should therefore be postponed in the present analysis. Also it
is clear that the binding proposals found below can be only a first approxi-
mation. In phases with Hund insertion (lone pairs) for instance the site of
the insertion cannot yet be specified with certainty. Nevertheless, the fol-
Towing binding analysis uncovers numerous new interrelations making the sta-
bility problem more transparent.

I?.IOL1 ptﬁses

Cuzﬁ.hv(t4.2,cuprite,SR1.153,draw1ng ibid.) is a read coloured semiconductor
having a higher melting temperature than Cu, decomposing with decreasing temperalwe a
650K(58Han) and exhibiting a Cu partial structure of the Cu type. Contrary to
Ni0.h(NaCl type) the 0 atoms are in tetrahedral interstices of the metal par-
tial structure as the decreased Cu3sp radius and the increased Cuds radius
favour this. The mole fraction ﬂé=0.33 of the phase is caused by Lewis' rule
(23Lew) requesting the electron spins of the b band (Cuds) to com-
pensate the spins at 0 caused by Hund's rule (spin pairing, short range or-
dering of spins). The binding derived by the earlier described methods (86
Sch) may be i(Cu20.3=4,40,44,32)=4.27R=§B({2;1.4):38(4). The electron num-
bers N are noted for b(Cuds),e(Cu3d),c(Cu3sp+02sp), and f(Cu2sp). The binding
asumes 0.4 electrons per Cu excited from the e correlation to the b correla-
tion because of the small energy distance of the b and e bands in Cu. The
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excitation depresses the site number ratio Eé?(%) {86Sch). The spin compen-

sation of Lewis' rule,remarkably, is not spoiled by the excitation, as this
generates together a +spin and a -spin. While in NiO.h the Ni3d electrons
formed a correlation of their own, here the Cu3d electrons con-
tribute together with the Cu3sp electrons and O2sp electrons to the ground
correlation g. The somewhat sudden transition of the 3d electrons from the
separated property in Ni0 to the united property in Cuy0 is presumably
caused by the influence of Cuds electrons pressing the g electrons more to-
gether. It finds a conspicuous expression in the high gap of miscibility between
Cu and &h&There is no compulsory indication that the b electrons go over to
the anions, spin compensation appears possible also with a fairly uniformly
distributed b gas. Although the Cu partial structure of CuZO is the same as
that of Cu there is a considerable difference in gflg_commensurabi11ty. In
Cu apparently there is an independent eg correlation (875¢hl), while in Cuaﬁ
e,c and possibly f are united to form a g correlation. A further insight in-
to the change of correlations is provided by some metastable suboxides of Cu.

Cuqo.m(OB.2,84Guahdrawing ibid) is formed by annealing electrolytically
thinned Cu sheet 2 min at 770K under 2.2 Pa air. It contains a Cu-partial
structure of the Cu type with the commensurability 3=§CU(V2;1). The two 0
per cell are in tetrahedral interstices, and the structure may be described
by 0pCup2,i.e. 0 is ina compressed F cell, and Cu is in a F cell which must
be multiplied by 2 in the directions of thevbasal plane to be equal to Dgihwe
The structure is orthorhombic although the FF2 structure might be described
in Pdm2. This suggests that the observed orthorhombic symmetry must be cau-
sed by the binding a(Cu,0.m,N-8,80,76,64)=5.945.6634.02R-bg (Y (29/8)3¥/(29/8);
3.8/1/8)ng5(1/29;1/29;3.8). This binding is the binding of Cu,0 slightly rota-
ted around 235 until it falls into a new harmony (83Sch) neighbouring that
of Cu,0. The g binding is strained in say g; direction since a b point Ties
in a quasi octahedron of g.with small distance in g, direction. As g is twin-
ned in g'(g;gﬁ(5,?2,0;f2.5,0;0,0,3.8), a strain of a in a4 direction is the
observable result. The striking orthorhombic deformation of Cu40.m is there-
fore a consequence of the binding.

Cu80.m(Q8.1,84ﬁual,drawing ibid.) is obtained when electrolytically thin-
ned Cu films are oxidized severgl days at room temperature in air. The Cu part-
ial structure is once more of the Cu type with 0 in tetrahedral interstices
so that the commensurability is §=3Cu(1’_1’0%1’1’0;0’0’2) and 0 has a Q lat-
tice site centered on 2. Also Cu80.m might be tetragonal if the symmetry of
the Cu partial structure were decisive, but it is orthorhombic with space
group Bmm2. Since the dependence of the atomic volume on the mole fraction
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of 0 suggests the composition Cu1 0 the binding analysis uses tentatively
this composition: a(Cu;,0.m,N=20,200,172,160)=5.4736.02;9. 34R=bx(1/5.254) =g,
(V25 VZG ;8) with the same reason for the orthorhombic deformat1on as 1nCu40.

Cu540.m(Q64.1,SSGua,drw ibid.) was obtained similarly as}————4~15u80 and
was found to have the commensurability 3=E€u(2,-2,0;2,2,0;0,05) and 0 in a
Q site centered on a,. The binding may be 3(Cu540.m,g=}28,1280,1036,1024):
9.74;10.58;16.20R= by VZO 8/2) (10;16). It allows the orthorhombic deform-
ation of the Cu part1a1 structure, but a participation of Cu2sp electrons
appearsqueﬁﬁﬂnable. In the Cu phase the evc correlation of Cu640 seems to be
decomposed so that e forms an independent correlation.

Cu807(U8.7,SR44.187.7BDat,dww SR44.187) is known as a mineral. The Cu par-
tial structure is D-homeotypic to Cu with the commensurability a=aCu f2'2
and the 0 are approximately in tetrahedral interstices so that CuBO7 is IL#
homeotypic to PtS. The binding may be (Cu807,N 16,160,212,128)=5.82;9. 8of=
bu(f3 2;3.6) =38(V29'9 The b correlation accepts 04 d electrons per Cu as
in Cuy0.h. The commensurability a= aPtS(Z) is caused mainly by the rotated g
correlation. The I-homeotypism to PtS is presumably influenced by b. The as-
sumption of interaction of cu™ dons (78Dat,780'Ke) is confirmed. A self-
deformation of the binding is absent perhaps as gflg is not very good in all
directions.

CuD(NZ.Z,tenorite,SR3.11,35.207,35Tun,70ﬁ5b,drw 645ch.196) forms black
crystals D-homeotypic to PtS (64Sch) and the homeodesmism to CuSO7 suggests
the binding, written for the cell corresponding to the matrix diagonal, a(Cu0,
N=4,40,56,32)=4.68,0,-0.85;3.42;5. 068=b (1 53l 7)158(4 5;3;5). The commen-
surability g 19=B}1s favourable and resutts in a self-straining of the bind-
ing in a, direction. The commensurability element (5f13)33=5 introduces elec-
tro dipoles at the atoms which may cause the monoclinic deformation.

AgZO(CuZO SR1.222) is blue black and isodesmic to Cu20 with (ASQO N=4,
40,44,40)=4. 748- b VE 1.4) ﬁgB . At elevated pressures was found A920 p(Cd
IZ,SRZB 344) y1e1d1ng the bwnd1ng a(Ag,0.p,N=2,20, 22,20)=H3.07;4. 948- bv
2'2/3)=58H(2;15'5/3)' Apparently the pressure improves the occupancy of g.
The stacking of Ag layers parallel to the basal plane follows the rules of
84Sch.

AgO(Cu0,SR24.327) is black, but the cell differs somewhat from a(Cu0):
a(Ag0,N =4,40,56 40) 5.49,0,-1.7633.47;5.58R= b*(l 6,1;1.7)= (4 7;3;5). The
commensurability g b is conserved as compared with Cu0, but the a cell re-
quires a slightly different 5 a

Au203(S4.6,SR43.220) is prepared by hydro-thermal synthesis (76Sch) 35d
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275%C 0.3kbar. It has an Au partial structure remotely homeotypic to the Pt
partial structure of Pt0. Also the oxygen coordination to Au is quadratic.
The binding might be tentatively a(Au2 3,N 15,160,272,272)=12.83;10.52;3.84R
'%(4'3'3’1)‘-98 12;10;3). The binding proposal is formed only on electron
distance analogy with AgZO, and can ll:herefore be not more than a first trial.

Under the bindings occurring in B 0M are BBY8 (in CuZO) with the site num-
ber ratio No(2)=22.6, UB3 (in Cugd,) with Né (T)_zz 0 and BB3 (in Cud) with
/S(%)-ﬂ The best harmony in BB3 causes Cul) to be the most stable interme-
d1ate phase in CuO

2
B 0_” phases

In0.r(H2.2,SR1.78) obeys Lewis' rule and has a Zn partial structure of the Mg
type with 0 in tetrahedral interstices, while in ZnO.p(NaC1,SR27.475) the 0
are in octahedral interstices presumably as the pressure makes mainly the Zn
atoms smaller. From the binding in NiO.h (87Sch) may be inferred a{Zn0.p,N=8,
40,56,32)=4. 288-b (2)—_33(4) Contrary to Cuzo there are no d electrons ex-
cited as there are more b electrons present. The 0Zsp electrons are assumed in
¢ so that g is fully occupied. A self~deformation of the binding is not

found because of binding twinning in a. At normal pressure,in Zn0.r a higher
site number of g is aspired. This is possible by admitting instead of 12 9eH
chains parallel to aj now 13 chains (83Sch): g(ZnO.r,N=4,20,28,16)=H3.25;5.21
R=ECH(;/1.1;4/3)=9_BHW’4,3;16/3). The commensurability element (g_la)33=5 favours
the Mg type stacking of Zn following the rules of §4Sch. ZnO.r is a Lewis
phase, the Znds~ electrons may compensate the spin of the
0252p4 electrons although these electrons are not in the same correlation.

ZnOZ.i(FeSZ.h,SR23.348) is stabilized by HZD and may have a (B2 binding in
a somewhat different commensurability g(ZnOZ.1‘,N=8,40,80,32)=4.873=§6(1/5;2)=
%(/20;4). It has been reported (59Van) that the impurity is HZO’ this would
stronger fill the g correlation.

CdO(NaC1,SR1.120) will be isodesmic to ZnOy a(Cd0,N=8,40,56,40) =4.6958=
EC(Z)=38(4). The slight overfilling of theg trrelation must  cause some stoi-
chiometric defect. In fact O lacunae have been found (74Rao,71Str). Additiocnal
g sites may also be formed by a deformation of g in conjunction with g twining.

CdOz.i(FeSZ.h,SRZI.237,23.348) is not an exact peroxide. The content in
H20 is less than in Zn02.i because of the participation of the Cd3d electrons
which might take part in the g correlation.

Hg0(04.4,5R20.267,drw SR20.267) follows Lewis' rule and is I-homeotypic to

Cd0 with the commensurability a=a (;/2;1;1/1/2). The binding will be a(HgO,N=

—Cdo
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8,40,56,55):5.61;5.52:3.52R=ge(a/z;z,+ﬂ/g)=gﬁ(41/2;4.8;2;/2). From the full oc-
cupation of the binding of ZnO.p follows that the binding of this phase is
not possible for HgO because of the participation of the Hgﬂfl4 electrons in
g. The heterotypism of the binding of Hg0 to that of Cd0 lies in the commen-
surability element (g~ 1a)22—4 8 which introduces an I-homeotypism 1nto HgO.
The correlation displays self-deformation because of the harmony g b (2).
Hg0.m(HgS,H3.3,5R22.303,drw.645ch.206) is formed from an aqueous solution
and transforms at 200°C irreversibly to Hg0(04.4). The binding may be a(Hg
0.m,N=6,30,42,42)=H3.58;8.68R=b,, (1:6/3)=gy, (12;10/2). The gy, correlation
gives more sites than a By correlation with corresponding commensurability.
The so called peroxides have not exactly been proven te be two-component
phases, their preparation method (SR23.348) suggests OH content. They are
HgOz.il(R3.6,SR23.348) and Hg0,.1,(04.8,5R23.349). The following bindings are
probable E(Hgoz.il,E=18,90,180,126)=H6.70;8.213=§CH(2;6/3):EBH(4;24/3), the
little overoccupation of g may be compensated by 0 lacunae, and E(Hgoz‘iZ’
N=8,40,80,56)=6.08;6.01;4. 80ﬁ= (2. 5'2)=gB(5'4) with .88 occupancy of g.

/ In BZDM phases the CBZ b1nd1ng predominates with the site number ratio
5(b)

=16.
5(9)

B30” phases
B 0(H24 4,75Pie) allows the binding a(B 0,N=96,56)=H5.40;12. 34R=b (le 8)=c
CH(}/IZ 20/3). B,0.hp(H36.18,75Pie) is compatxb]e with a(B,0.hp, g 216,108)=
H7.9859.09R=by, (V27;8/2)=c., /27315/3).

3(H6 9,5R33.258,drwSR33.259) is the Lewis phase of BU It is colour-
less and contains 803/2 triangles. It yields the binding aTB2 3,N 72,30)=H
4.34;8.34R= b (2;18/3)=c H(4 9/3). The ¢ correlation does not provide spin
cumpensat1on 50 that a p modification is probable. B,05.p(Q4.635R33.259,drw
SR33.261) contains 301/2+3/3 tetrahedra, the binding may be a(B203 p,N=96,
40)=4.6137.8034. 13R-bA{(3.335;3) =y cy(3-3;5:3).

Al 0 (R4 6,corundum,SR1.240, 25Pau,drw645ch.198),a colourless high melting
Lewis phase, is homeotypic and homeodesmic to MgO(NaCl) but with an 0 partial
structure of the Mg type. The binding may be 3(A1203,N 36,204):H4.76;12,99ﬂ=
ECHU/3;12/3)=EH(V12;9). H' is a filled H correlation, occupied to.95 and the
commensurability element 9 favours following 84Sch an Mg type stacking of the
0-layers. Unfortunately H' is not an isometric type but it may be understood
as a substitute of a strained <o correlation.

AIZO3 m(hthe304,3,SR3.338,35H§g,drw64$ch.344)iS formed by annealing AI(OH)3
at 1200K; it has an 0 partial structure of the Cu type and is homeotypic and
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isodesmic to Mg0 | E(Al21‘3032.m,ﬂ:64,363)=7.913agc(4)=gc(8), and the occu-
pancy of c is only .71 , which may cause the metastability. Here also Naz!!\IZ2
034(H2‘22.34,SR2.41) should be mentioned which was erroneously named p—A]zos.
Numerous additional impurity homeotypes of A'IZO3 are KncMVHQEeTSPTe}

Ga 0 r(A1203,SR1 242,32.257) is compatible with the binding E(Ga203-r'ﬂ:
36, 120 204 ,96)=H4.98;13.43R= bCH(1/3 12/3)= BHh/lZ 45/3). Following this bind-
ing proposal Ga203 r is homeodesmic to A]ZOB‘ The discussion of 63203.h(N4.6,
SR24.319) will be postponed here.

In203.r(MnFe03,516.24,SR24.331,31.120,drw648ch.231) is a yellow Lewis phase
and is LI-hemeotypic to CaF with the commensurability a_ACaFZ(Z) The bind-
ing may be (In203,N =96, 320 544,320)=10. 12R= EFU (4:6/2)= JlZS 111), QE does
not contain spin compensation but 9c provides a good spmn compensation. The
site number ratio E;Sé%) approximates the favourable value 16. The loose pack-
ing of g suggests the stability of a high pressure phase.

3-P(A1,05,5R32.260) has the binding a(In 03.p,ﬁ=36,120,204,120)=H5.49;
14, Slﬁ VB 11.2/3) gBH w125 348/3) which favours the 0 Tayer stacking of the
Mg type (84Sch) and needs a little absorption of b electrons by 0. The p phase
has a higher g-density than the r phase, but its g-occupancy curiously is
sTightly lower.

T]20(R4.2,SR37.220,75P19},a sub-oxide becomes stable as the many core elec-
trons of T1 provide additional bonding energy. The binding may be 3(T120,ﬁ=
36,120,132, 168)=H3.52;37.45R=b, (/2. 3;16) =g, (+/7369/3).

T1403(M8.6,75P1e) shall be d1scussed later.

TIZUH(MnFe03,5R17.374,33.262) 3:10.54? is isotypic-isodesmic to In,04.r.

T1203.p(A1203,SR34.239) a=H5.75;14.85 is isotypic-isodesmic to In203.p.

In B DM phases once more the CB2 binding is prominent.

540” phases

In the series of Lewis phases LiZO,BeO 82 3,602 the valence electron concen-
tration increases and therefore (645ch.169) the atomic volume increases and
the boiling temperature decreases. The phases of COM and NOM and OFM have
molecular structures, the bindings are governed by molecular correlations
packed together forming only a weak lattice-like correlation.

0.1 (HZ 2 SR3.245) is a Mg type packing of CO molecules, a(C0.1,,N=20,8)
=H4.136. BR bCH /3 7/3). When the b layers parallel to 2y,3, are smeéred out

in the al,a2 direction then electrodipoles are generated which favour the
Mg type stacking.
C0.12(C4.4,SR2.13) is a Cu type packing of CO maolecules, g(COA12,§;40,16):
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5.66R=gc(4)‘ Perhaps the c electrons are contained in the b correlation.

CDZ.I(FeSZ.h,SRI.150,226,46.228) displays linear 0CO molecules. g(COZ.l,
g:sa,za)=5.szﬁ=gc(4)=EF(4).

The molecular structures are in B40M limited to B2sp elements because of
the higher core electron concentration of the B3sp,B4sp and BS5sp elements cau-
sing a more compact structure.

3102.h2(1743...1978K,cristoha1ite,F2.4,SR1.169,39.338,25Nyc,73Pea,drw645ch.
200) may be prepared by annealing quartz glass at 1830K.It has a Si partial
structure of the Si type with 0 near two Si. The Toose packing of the struc-
ture is an intermediary example between a close packed structure and a mole-
cular structure. The binding may be 3(5102.h2,ﬂ=32,160)=7.133=EF(2):EF(4)
yielding the occupancies 100 and 62. Because of this looseness closer packed
three component homeotypes become stable Tike KA102(5R3.43D),RbA]OE,CsAm2
(SR29.318). Although the S type is not favourable because of missing spin
compensation it may be accepted here with respect to the high equilibrium
temperature. In a filled cell octant a'=a(1/2) there are 32 c-sites and 36
c-electrons, therefore ¢ sites in an empty neighbouring a' are partly occu-
pied and forbid Si0, to enter there. The correlation b is well compatible
with the Si partial structure and the 0 sites appear to be chosen for good
spin compensation. It is conceivable that such a loosely packed phase may
transform into metastable structures by annealing below 500K, for instance
5102.hzm(T4.8,5R3.25,drw64$ch.200) is I-homeotypic to 51'02.h2 and will be
homeodesmic to SiOE.hZ: 3(8102.hzm,§;16,80)=4.97;6.92A=9C(J8;4)§EFU(4;8/ZL

SiOz.h1(1140...1743K,H4.S,tridymite,SRl.203,drwSR1.171) is S-homeotypic
to h2 and may have the binding g(SiOz.hl,ﬂ=16,80)=H5.03;8.223=EFH(2;4/3)=£ﬁH
4;9/2). Here U has a better spin ordering than EF and favours the changed
stacking. The binding analysis of $i0,.h m(N24.48,5R24.462) should be post-
poned here.

5102.r2(848...1143K,H3.6,SR1.166) 3=H5.04;5.463 will be isodesmic with
5102.rl(H3.6,quartz,SR3.21,30.420,35Ne1,drw64Sch,200). Both structures con-
tain 5104/2 tetrahedra like h, and h;. But the Si partial structure is no
longer S-homeotypic to Si, rather Si is in 24 direction supported invariab-
ly by two Si. The binding may be g(SiOZ.rl,E=12,60)=H4‘91;5.4OR=QEH(2;3/2)=
gﬁH(4;6/2). The commensurabilities in the EPRLPY plane are as in h2 and h!
but in a3 direction the stacking of the electron layers has changed to im-
prove the spin compensation. There has not been attained much improvement of
correlation occupancy so that p- and i- heterotypism is possible.

5102.pl(N8,16,8R23.340,59231,drwSR23.34O) is pseudo hexagonal and contains
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51'04/2 tetrahedra forming rings in the 31,3, plane. The binding may be des-
cribed in the pseudohexagonal cell g(SiOZ.pl,E=54,224)=H7.17;12.3BR=EEH(3;7/
2)=5H(6;10). The occupancy of b is 100 while the occupation of ¢ is.62.
SiOZ.pZ(Ti"OZ.r,T2.'3,SR27.675,625t'3,drw645ch.275) is built with 51‘06/3 oc-
tahedra, 3(51‘02.pz,ﬂ=8,40)=4.18;2.GTR=EFU(2;1.8)=gc(4;2.6). 0.8 b elec-
trons per cell descend to the ¢ correlation, therefore b is full and the
occupancy of ¢ is.98.

51'02."|1(TIZ.24,SR23.338,595hr,drw$R23.339) is formed in water at 720K and
lkbar. It contains 5104/2 spirals along a,. The binding may be 2(Si0,.1,,N=
48,240)=7.46;8.61R=EB(1/B;3.2)=EB(1/32;65). The occupancy of ¢ would be ,58.

SiOZ.1'2(51'52,PZ.4,SR18.351,drw645ch.207) was formed in presence of Si and
1kpar 0, at 1650K. It is built with Si0, ., tetrahedra. The binding may be
3(31'02.12,ﬂ=16,80)=4.72;8.36;5.lﬁﬂ=gu(2;4;2)=gc(4;7;4).

GeOo_.L?,(FZ.(O..E.G),SR2.262,18.158,32601) needs confirmation since in-
sertion of 0 into Ge (Sitype) appears not very probable, as the ¢ correlation
of Ge (E=§F(2)=g_8(4)) is already filled to 0.62.

GeOz.r(TiOZ.r,SRZU.ZGS,SSBau) is isotypic to S'E(Jz.p2 and yields _g_(GeOZ‘r‘,
_I‘!=8,20,4O,16)=4.40;2.86ﬂ=§FU(2;1.8)=_gB(4;2.6). Few b electrons are absorbed by
0 although the g correlation appears to be highly filled. A band calculation
of Ge02(87$va) showed that the Ge3spd and the 02p electrons have approximately
the same energy while the 02s electrons have a lower and the Geds electrons
a higher energy. Therefore the present trial results are compatible with the
band calculations, as electrons with the same energy interact strongly i.e.
display a common spatial correlation.

GeOz.h(SiOZ.r,SR2.262,282ac) is formed at T>1320K and yields E(Geﬂz.h.ﬂ=
12,30,60)=H4.99;5.65ﬂ=gﬁH(2;3/2)=ga‘l4;6/2). The occupation of b s
100 but g has also an occupancy of 0.94. This suggests that the Ge2sp electrons
cannot be essential in the binding of GeOz.h.

Sn0(Pb0,T2.2,SR11.238,41Moo,drwb4Sch.201) is a blue black suboxide and
shows a Sn partial structure of a compressed F1 type with O in tetrahedral in-
terstices forming layers parallel 1,3, It yields a(Sn0,N=8,20,28,20)=3.80;
4.83ﬁ:98(1/2.5;2):g8(1/10;4). This binding should be compared with a(ZnS.r,F1.1,
N=32,40,64)=bc(2)=cg(4) being not possible for Sn0 because of b and g. The
commensurability element Y10 favours the layered structure as it does not
yield easy twinning of the binding relative to a in all directions. The Sn552
electrons form a sc called lone pair being within the b correlation (41Mco).
It may be that the arrangement of the lone pairs in a layer paraliel to a3,
also favours the T2.2 type, but this lone pair arrangement does not annocunce
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that Sn0.p is possible, while the partial occupation of g in Sn0 immediately
suggests the existence of Sn0.p. As compared with GeDe(Tiﬂz.r) the Sn3d10
electrons favour a closer packing of the Sn.

Sn0.p{17kbar,02.2,5R34.239) displays a Sn partial structure of the Cu
type. The O are not in layers as in Sn0O.r but approximately in octahedral in-
terstices. The binding conforms to the rule of site numbers a(Sn0.p,N=8,20,
28,20)=3.83;3.61;4.30R=b bp(1631.5;1.75)=g,(3.2;3;3.5). The g correlation is
now fully occupied at the expense of integral commensurability elements.

These should generate a weak superstructure. The binding analysis of the
red Sn0.m(08.8,5R26.360,drw76Hul) a=5.10;5.72,11.128 and of Sn304(Z,SR32,509)
shall be postponed.

Sn0 (T'iO2 r,SR20.263) is a colourless Lewis phase being closely homeodes-
mic to Ged,.r, a(SnOz,N 8,20,40,20)=4.74;3.198- b 2,2/2):38(4;2:3. The
Sn3d e]ectrons make the 9 correlation necessary

Pb0.h(04.4,5R26.360,61Lec,drwSR26.361) is yellow and has a Pb partial
structure of the Cu type with O near the centres of octahedral interstices. It
yields the binding a(Pb0.h,N=16,40,56,56)=5.49;4.78;5.89R=bg (1/52)=g5(v2034).
The BB2 binding shows self-deformation (87Sch).

Pb0.r{T2 ZSRl 89,26.360,24Dic) is red and isotypic-isodesmic to Sn0 with
a(Pb0.r,N=8, 20,28, 28)=3.98;5.02R=by (/2.5:2) =g, (/1034). Curiously, this bind-
ing does not display self—deformat1nn, perhaps at the lower temperature some
b electreons descend into the g correlation so that b has in fact a Tess good
commensurability. For instance a kind of domain structure developes which de-
stroys self-deformation.

Pb 04(T12 16,minium,SR11.240,43Bys,drw64Sch.201,5R11.241) is red and home-
otypic to PbO (T10 .r). The binding may be a(sz 4,E:48,120,192,168):8.82;6.57
R- b (3.5;2.5)= gB(7 5). An advantage against Pb0 may be the commensurability
w1thout roots. A Tow temperature phase Pb304.1(012.16,SR41.212,?56av,drwSR4l.
213) may be caused by the self-deformation (87Sch) of the BBZ binding. a(Pb
0,.1,N=48,120,192,168)=9.12;8.47;6. 578= by (3.5:3.5;2. 5)-38(7 7;5). The short
Bgz deformation is intermediary between cub!C BB2 and long 882. The phases
Pb01_41m1_54(08.11,5R11.243),Pb203(M8.12,SR40.300) and Pb01_55.“1_66(M48.78,
SR11.244) are homectypic to CaFZ and their discussionshall be postponed here.

PbOQ(TiOE.r,SR2.222‘27.477) is brown and splits easily 0, it allows a(PbO
N=8,20,40,28)=4.96;3. 38ﬂ=bFU(1/4 25;2)=gg ( (/17;28) similar to Sn0,. The phase
PbO2 p(CaF2,75P19 68Syo)permits the twinned binding a(PbO2 p,N=16,40,80,56)=
5.358= be,(@/533.2/2)- gB(;/zo 4.5) so that g is occupied to.92.

Suboxides prefer BB2 while F (B2 predominates for the Lewis phases in B On-

3
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+~— For SiOM the missing core electrons proﬂde a lower c occupancy.

BSO” phases
NZO(COZ,SR26.344) shows 1inear NON molecules. The octets of N are completed
and the phase is isodesmic to COZ: E(NZO,§;64EZ ):5.67R=gc(4)=EF(4).

NZOZ(M4,4,SR15.172,17.370) considerationAﬂostponed.

N203(U32.48,SR17.371) may have the tentative binding Q(N203,3;896,320):
16.40;8.86&:%\(10;5):53(20;10).

NOZ(BG.12,5R12.146,drw 645ch.202) is built of N204 molecules. E(Noz,ﬂf
204,72):7.77ﬁ=9£(J34;6)=EC({68;8) is a tentative possibility.

N205(H4,10,SR13.230,drw 645ch.203), a very hygroscopic phase, is built of
NO3 and NO3 molecules. The binding may be E(NZUS,E=BO,28)=H5.45;6‘663=£H(4;
5)=cyy(4312/3).

P205.r(54.10,SR8.143,drw 64Sch.203) is built of P01+3/2 tetrahedra similar
as $10,. The binding might be E(PZOS.r,ﬂ=80,368)=16.30;8.14;5.263=_b_c(8;4;2.5)
=£C(16;8;5). The c correlation is occupied to.57.

Numerous other P-oxides shall not be considered here.

A5203.r(5b203.r,F8.12,5R2.315,drw SR1.245,240) contains an As partial struc-
ture of the Cu type with 0 near the tetrahedral interstices, it is homeotypic
to In293 with the commensurability E’£In203(1)‘ The binding may be 3(A5203.r,
ﬁ=160,320,544,256):11.07R=Ec(f32;5.5)=3C(V128;11), it must be twinned. The
homeotypism ln203(MnFe03)*Sb203‘r comes from the homeodesmism EF'EC‘ The Tone
pair of As is not explicitely described in the binding proposal, but the CC2
binding is certainly an important stability argument.

A5203.h([>383K,M8.12,SR15.193) has a greater density than r and the bind-
ing may have a smaller site number E(A5203.h,ﬁ=40,80,136,64)=5.25,0,—0.30;
12.87;4.538 =95(2;5;2):g§(4;10;4). The occupancy of g i5.88 while it was in
r only.80. The monoclinic deformation is not accounted for.

A502(08.16,SR46.229) contains AsO6 and AsO, coordinations. The binding may
be a(As0,,N=40,80,160,64)=8.60;7.2755.24R=b (3232. 5/2;27)=g.(6/2;5/235.3).
Once more the CC2 binding occurs.

Aszos.h(TB.20,SR45.216,79Jan) contains infinite As-ribbons in 23 direction,
the two As near the axis of the ribbon are in ASOG/Z while the two As far from
the axis are in AsOa 2 It yields the binding E(ASZOS.h,§=4O,80,184,64)=8.57;
4.64ﬁ=gc(f18;2.3)=3C(/72;4.6). Surprisingly the commensurabilities in a5 di-
rection are not integral, this is an example for the rule that for stability a
harmony in two directions is already sufficient. The b correlation is practi-
cally fully occupied, but 9 is practically fully occupied too. This appears
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hard to accept for the channels around the 42 axes. However, there are seve-
ral possibilities to remove the difficulty. For instance it might be assumed
that the f electrons, or the 025 electrons do not take part in the g corre-
lation and this may be partly occupied. Such a problem may be attacked when
more such bindings are known.

Aszos.r(OB‘ZO,SR44.183,78Jan,drw SR44.184) becomes stable below 578K and
is D-homeotypic to h. The deformation will be caused by Hund insertion or
prdering of spins. How important such phenomena are may be assessed from the
cell deformation a=8.65;8.45;4.63R.

Sb203.r(FS.12,senarmontite,SR9.165,drw SR1.245,2.40) is isotypic-isodes-
mic to Aszos.r. E(Sb203.r.ﬂ=160.320,544,320)=11.153=Ec(/32;5.5)5gcﬁ/128;11),
the spins of 0 are compensated with the spins of the Sb5p~ electrons, while
the Sst2 spins are to be assumed to compensate themselves.

SbZUS.h(E>846K,08.12,va1entinite,SR14.34,40.175,385ue,drw 64Sch.204) has
a higher density than r. The Sb partial structure of r undergoes a DIS-ho-
meotypism. The binding may be gjsbzﬂs.h,ﬂ;40,80,136,BO)=4.92;12.46;5.425=
93(2;5;2)=g§(4;10;4). It may be assumed that the higher temperature favours
a more uniformly distributed correlation. The closer packed B type causes the
increase of density, the BB2 binding allows self-deformation to §§2 and the
commensirability element (2-13)22=5 favours the shearing (see 64Sch).

SbOZ(OG.IG,SRG.114,41.214;43.1?4,drw SR41.214) has the Sb no more in a
close packing and contains Sb04/2+2/3 and Sb04/3 coordination, it is hetero-
typic to ASUZ. The binding may be gj5b02,§340,80,160,80)=5.44;4.81;11.76ﬁ=
E§(2;2;5)=3§(4;4;10)’ the phase is therefore heterotypic -isodesmic to
Sb203.h. It appears remarkable that b and g are with 1.00 occupied.

Sb6013(F6,13,SR38.241,drw SR2.59) hasa Shpartial structure of the Cu type
with lacunae and the O in tetrahedral holes also displaying lacunae. The pha-
se is therefore L-homeotypic to Sb203.r or to pyrochlor CaZTEZO (F4.4.14,
SR2.60). The binding will be _a_(sbﬁols,ﬂ:lzo,240,504,240)=10.3o§=gc(5)=gc(10).
The tight fit of the binding explains why both components cannot show full
occupation of their sites.

Sb205(N4.10,5R45.217,79adan,drw 79Jan) was prepared from Sb0, in presence
of HZO by an anneal 36h,873K,2kbar02. It is isotypic to Nb205.r(64Lav,drw
72Pet.64) and contains an 0 partial structure of the Mg type with Sb in octa-
hedral holes. For the binding analysis the cell gr=12.65,0;1.30;4.78;5.27ﬂ
is transfoomed into a'=a(1,0,0;0,1,0;2,0,1) containing hexagonal 0 layers in
the 3‘1,3'2 plane. Then the binding may be 3'(Sb205,§=40,80,184,80)=14.55,0,
2.95;4.78;4.563=QCH(5;2/2;4/3)=QEH(10;4/2;9/3). If 9o were not compressed
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i.e. 3‘=_g-CH(10;4/2;8/3), the numberyof g sites would be 320 while 344 elec-
trons are offered. The compression CH is fairly easy and probably ECH is
also compressed to preserve the favourable harmony. The commensurability
(3__13)33=9/3 is favourable for the Mg type stacking in the 0 partial struct-
ure. The strong monoclinic form expressed by 3513=2.95R will have to do with
the Sb distr 1 bution.

BiO{R1.1,SR30.446) was obtained by oxidation of Bi films on NaCl. Also
BiQOS(TS.IO,SRﬂ‘ZZl) and Bi304(U6.8,75P1‘e) have been found in films and
their consideration shall be postponed.

Bi203.h(rl.(1.5),3,3R44.342,78Har) is formed at 1002K from Bi,0,.r and
melts at 1097K. It contains statistically distributed 0-lacunae, the 0 sites
of the ionic conductor being distant from the centres ¢f the tetrahedral
interstices (78Har). h is therefore homeotypic to szog.r. It is also homeo-
desmic: 3(81’203.h,ﬂ=20,40,68,56):5.67&=§é({8;3):35()/32;6). The binding must
be twinned, its probability is confirmed by the transformation into the next
phase. The occupancy of g is.85.

81'203.m(T8.12,B,SR44.342,72Aur,drw 78Har) forms at 923K from h and trans-
forms to r at 920 to 773K. It is IL-homeotypic to CaF2 and permits the binding
g(B1'203.m,ﬁ=40,80,136,112)=7.74;5,733=2C(4;3)=_gc(8;6). The number of g sites
is occupied once more to,85, this will be a reason for the metastability. The
I-homeotypism is caused by (9_—15)33=3 introducing electro dipoles at the
atoms, forcing the atoms out of their ideal position,

E drv TsHar

B1203.r(M8.12,00,SR8.124,35.210,44.342,4151’?}) consists of yellow needles
and transforms at 1002K to 81203.h. The Bi and 0 form layers along 32,_8_3 s
alternating in a direction. 3(81’203.r,ﬂ=40,80,136,112)=5.38;8.17;-2.29,0,
7.51ﬂl_b_c(2.7;4;4)=5c(5.5;8;8)_. As compared with Bi2-03.m the integral commen-
surability in 33("1) has geen given up to attain a higher occupancy .93 of g.
The position of the Bi6s™ lone pair was suggested by 70Mal (see also 78Har)
from the atom sites. [t appears probable that 8 b electrons per a cell are
in Hund insertion and thus deform EC'
Bi13020.m(BlS.ZO,EBiZUS,SRM.342,78Har,drw ) is stabilized easily by im-
purities. The structure was first analysed for GeBimOZO(SR?:Z.292,67Abr) and
for E8125040,2n3138060(5R41.229,7SCra). The binding may be 3(Bi13020,ﬁ=130,260,
448,364):10.2?R=Qc(1/26;5.1)=3€(vr104;10.2). The g correlation is a little over-
occupied, this might explain the little O deficiency (78Har) and the easy
stabilisation by third elements. If it is assumed that the 02&;:2 electrons do
13010 ,N=130,260,368,
364)=t3c(5)=gc(10) as the c¢ correlation frequently accepts few b electrons.

not take part in g then the binding might even be a(Bi
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With respect to the electron count ﬁ(GeBi12020)=128,260,448,336 giving 1044
electrons in the g correlation the non appearance of the 02s” electrons is
necessary for the simple binding. On the other hand the non appearance of the
0252 electrons would not spoil the previous binding proposals as the g corre-
lation frequently shows partial accupation.

A two component oxide with B15+ is not known, but an example of such a
three component oxide is KBi0,(SR11.445,487em). It is isotypic to KSb04(Cl2.
12.36,5R11.443,40Spi,drw SR11.444) containing Sb06 octahedra united to 04/25b
025b04/2 molecules sharing corners. The binding may be g(KSb03,ﬂ=12,60,120,
408,120):9.60ﬁ:EFU(2;3/2):b5c(4):33(8). The Kds electrons form b and the
SbSsp electrons form b'. g is occupied only to .63.

In BSOM phases CC2 and BB2 bindings are predominant.

6
B 0L1 phases

502(Q2.4,8R16.223,drw ibid,64Sch.205) has the melting temperature T=198K and

is a quasi cubic Cu type packing of S0, molecules. It yields the binding a(

502’ﬂ=24’80)=6-07;5-94;5-143:95(3)=EC(5)- While b is occupied with .89, for ¢
comes only an occupancy of 37. It must be concluded that the b electrons in-

fluence the packing of the molecules.

803(012.36,SR8.148,41Nes,drw SR8.148,645ch.205) melts at 290K. It is con-
ventionally called $ as 503.1'1,0& and 503.52?6 have a lower vapour pressure
(73Bai). Three SD2+ 1 tetrahedra form molecules packed in B manner with com-
mensurability E=Ei§( 2;|/2;l). The binding may be g(soa,gﬂz,312):10.7;12.3;5.3
R=EC(5;6;2.5)=EC(10;12;5). It exhibits a nearly fully occupied b correlation
and a ¢ correlation with .52 occupancy. It must be concluded that the low ¢
occupancy causes the molecular character permitting a higher c occupency in
the molecule.

In 5G4 and SOa.iZ(M4.12,SR18.367) S0, tetrahedra form chains. The binding
analysis will be postponed.

SeOZ(TB.16,SR5.4,46,3TCU1,drw 64Sch.206) is colourless and very loosely
built. A Se atom is coordinated with 0, and 01. The binding may be E(Seoz,
E=48,80,160,64)=8.37;5.06ﬂ=£c(1/20;2.7)=gc(1/80;5.4). It is seen that b is
occupied to only.89. Probably (_§‘§)33=2.5 and 8 or 16 electrons per cell are
in Hund insertion and deform PC

SeZUS(MS.ZO.SR%.ZSO) may be considered later.

Se03(T8.24,8R30.306,65M1’j,drw SR30.307) contains S(e(}2+2/2 coordinations
adding up to two rings per cell. The binding comes as E(Seﬂ3,ﬂ=48,80,208,64)=
9.64;5.28ﬂ=_t3c(5;2.75)=_g_c(10;5.5). A good fit of the b correlation to the ring
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molecule may be observed. Also the vapour contains (Se03)4 rings (SR30.307),
it may be conjectured therefore that in the molecule a similar spatial cor-
relation is present. Since 6 electrons per Se cannot have the same spin it
is concluded that there must exist a more complicated spin-spatial corre-
lation.It is not the ambition of this study to make proposals for it.
TeOZ(T4.8,x,SR26.362,33.263,61aLec,drw ibid,68Lin) is colourless and I-
homeotypic to TiOz.r. The binding may be E(Teoz.d,ﬂ:8+16,40,80,ﬂ0)=4.81;

zggﬁxbc(/5;3.5):§B(f20;7). The b correlation is of the C type with Hund
insertion ('). The g correlation is occupied with.57, this corresponds to
the site number rule. The fact that B and C are in good commensurability
suggests the expectation that at low temperature or high pressure a phase
with self-deformation becomes stable. This has indeed been found.

TeOz.pl,>9kbar(04.8,SR42.234,75wor) is D-homeotypic to Te[l2 and closely
homeodesmic: E(Teoz.p,ﬂ=24,40,80,40)=4.61;4.86;7.53R=EO(J5;3.5)=gB(V2O;7),

B is contracted in 2, direction.

TeDz.pz,BO‘..BOkbar(OZ.ﬁ,GBKab) is homeotypic to Py and may have the
binding E(Teoz.p2,ﬂ=12,20,40,20)=4.22;4.84;3.67R:E§(2;2;1.75);g§(4;4;3.SL

TeOz(OB.16,te11urite.SR32.261,67Bey,drw 67Bey) displays all Te in one
site set with a coordination TeDa/e. The binding may be E(TEDZ,DS.IE,E=4B,
80,160,80)=5.46;5.61;12.04R=§B('§/5;5):QB(‘/20;10). When (9'13)334.3 then b
would be fully occupied and the binding would exhibit a slight strain.

Te409(R8.18,5R41.215.75Lin) contains TeO6 and Te0, coordination. E(Te409,
ﬂ=144,240,516,240)=H9.32;14.49R=EBH(J7;20/3)=gBH(V?B;40/3).

T8205(M4.10,5R39.207,73Lin) consideration shall be postponed.

TeO3(VF3,R2.6,SR33.262,SSDum) permits the binding 5(T903,ﬂ=36,60,156,60)=
H4.90;13.OZR:ECH(V%;12&=QCHﬁ/12;24/3). The higher dilution of Te favours the
transition from the BB2 binding to CC2.

PoDZ(CaFZ,SR18.366) was obtained by heating Po+O2 at T=550K for some hours.
The binding may be a{Po0,,N=24,40,80,56)=5.698=b..(V8;2.8)=g,(#32;5.6) and g
is occupied to 98.

PoOZ(T...,SR18.269,366) decomposes in few days. The binding may be g(PoOz,
T ,ﬂz?)=5.45;8.36ﬁ=p_8(1/5;3.5)=58('/20;7). This binding suggests that the cell
is only a subcell,

BTU phases
2 Phases
C1207(N4.l4,8751m) melts at K and is built of C1207 molecules. The X, para-
meters of CI are approximately +1/10,+4/10. Since PZOS.r and 503(3) permit a
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CC2 binding, this may be expected for C1207. 1t is found 3(01207,ﬂ=56,148)=
13.69;4.62;8.74390;111.81;90°=EC(6,0;4;0,2.5,0;4,0,2)=§C(12,0,-8;0,5,0;8,0,4).
The b cell is strongly deformed. This may have to do with spin odering.
1205(M8.20,5R35.208,70591,drw 73Bat )} melts at 553K and is hygroscopic.
Q;Olﬂlmolecu1es are linked by I-0 bonds so that layers parallel 2,3, are
formed. The binding written for the diagonal cell may be a(IZOS’N 56,80,148,
80)=11.04,0,-2.40;5.06;7. 778=b (4 5323 3)—33(9 4;6). Two b electrons per cell
descend to g The occupancy of g is 0.71. The commensurability element (g'lg)

=3 generates electro dipoles favouring the monoclinic symmetry. e

B80” phases

XeO3(04 12,5R28. 130) is obtained by hydrolysis of XeF4 and evaporation. XeO3
molecules are in a Bl packing with a=ay¥ 1(l 2;1). The binding may be _(XeOa,
N=32,40,104,40)=6.16;8.12,5. 23R- bC(3 4;2.5) _SC (658;5). Probably 1/2 b elec-
tron per molecule descends to the g correlation. The g correlation is occu-
pied to.77, this should be compared with.95 in TeD3 and .64 in SeOa.

Discussion

Frequently some difficulty is found in the assumption of a lattice-1ike cor-
relation of electrons (86Bus). I is maintained that electron density measurements
and quantum theory would show that at normal electron densities there is no
lattice-1ike correlation of the valence electrons. However, it is well-known
that electron density is not an indicator of spatial correlation (80Sch) and
that electron spatial correlaticn plays a decisive role in atoms and mole-
cules (02Lew,27Hei,76Hur,84Ful). The above critique does not come true there-
fore and it remains admissible aqgeﬁaiagable to study indications for the
occurrence of spatial correlations in crystals. Meanwhile these indications
have beceme numerous and therefore invite to further investigate which crys-
tal chemical rules may be connected with electron spatial correlation. This
trial and error method may be supported by band calculations, but since there
are not enough calculations available the trial method is at present the prevail-
ing method of analysis.

Some doubt on the present approach may come from the high numbers of elec-
trons involved in the g correlation as they might not reproduce the experimen-
tally known electron densities. This doubt follows from the misunderstanding
that the lattice-like correlations are sharp electron lattices (86Bus). They
have not this property, rather they are more or less slight modifications of
a pair density derived from an ideal density matrix without correlation. A



hot plasma has & very small correlation,the cooler it becomes the more corre-
lation it will exhibit. When for instance a f electron is relatively seldom
far from its atom core it nevertheless may be in a correlation to the more
peripheral electrons. At any case the assumption of the participation of f
electrons in the g correlation is an energetical argument for the frequently
observed heterotypism of heavy phases with lighter homologues. It must be
considered as a crystal chemical rule requiring further investigation.

A question sometimes raised is, for what we need crystal chemical syste-
matics when the quantitative energy calculation is rather advanced. On the
one hand the small energy differences governing phase stability are not yet
mastered by the calculations. On the other hand the theory of mixtures e.g.
requires a crystal chemical systematics to complete the system of phase ener-
gies needed for the calculation of phase diagrams. Furthermore the so called
"feeling" of the chemist consists mainly in the knowledge of some systema-
tics, it run$ along the rules of valence models.

The above systematics is not far from the presently accepted valence
theory. The assumption of a distrihuled b correlation and a core tied g corre-
lation corresponds to the earlier model that the b electrons go over to the
0 atoms to form negatively charged anions. Nevertheless, the early model im-
plicitely suggests that the b electrons and the 02sp electrons might form a
common band, the valence band. This appears not to be the case. The b elec-
trons and the 02sp electrons have so different an energy that they must be-
lTong to different lattice-like correlations. The b electrons form an inde-
pendent distributed correlation and the 02sp electrons belong to the core ted
g correlation which is also sustained by the core electrons of the B atoms,
and this assumption results in numerous surprising and plausible stability
arguments.

The above discussed phases invariably show that the collective b corre-
lation seeks harmony with a and g,and at such mole fractions ﬁb where it
finds harmony a phase becomes stable. An example of a harmonic binding is CC2
i.e. b is of the C-type and g is of the ( type and the cell 9¢ must be multi-
plied with 2 to be equal to EC' Another example is BB2, displaying the con-
spicuous phenomenon of self-deformation.

The assumption of charged anions in oxides should therefore be used with
caution, it mixes in the view of the present model electrons of different
bands {or correlations) into one concept and becomes by this internal diffi-
culty problematical. This may be a reason why a discussion of the oxides
going beyond Lewis' rule did not become satisfactory in the past. Instead of
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charged anions the various correlations and their harmonies deserve an in-
creased attention, and indeed provide a helpful insight into various problems:

Why are suboxides of Cu metastable at oxygen mole fractions H6<0.33?

By decreasing ﬂb from the value 0.33 the occupancy of g is decreased so that
the g correlations seeks changed commensurabilities lying between the commen-
surability in Cu and that in Cu20. In fact there exist geometrically such
intermediary harmonic correlations, and these determine mole fractions for
suboxides.

Why has HgO(04.4) not a NaCl type of structure like Cd0? The heterotypism
CdO(NaCl)-Hg0(04.4) may be understood as a confirmation for the assumption
of the participation of Hg4f electrons in the binding.

Why is A1203.m(hthe304) a homeotype of Mqg0 only a metastable phase? The
accupancy of ¢ is only.71 while in A1203 it is.95. The low occupancy of the ¢
correlation is energetically expensive.

Why has SiO2 essentially three stable phases hz,hl,and rl? The binding of
hZ,FFZ, may have a good spin compensation from b to c following Lewis' rule
but the spin compensation within ¢ and within b is not good. The transition
F*EH is an improvement of the internal spin cumpensation. It occurs first in
¢ as there are more c electrons than b electrons. This change causes the
transition hi‘hl' Although the b electrons have to compensate the spins at 0
there is alsoa possibility to improve the spin compensation within b.This
is grossly described by the thange EFfEﬁH and causes the transition hi*rl

Why is Bi203.m formed when Bi203.h is cooled and only after heating 81203.m
goes over into Bi203.r? A1l three phases contain the CC2 binding. In h it is
a Tittle compressed, in m it is relaxed and in r it prebably contains loca-
Tized Hund insertion i.e. Tocalized lone pairs.

Why is the so called synthetic TeOZ(T4.8) not isotypic with MoOZ? Already
the axial ratio of TeO2 shows that there must be a different binding in Mo0
and Te02(T4.8). Following the lewis rule alone, there should be in both com-
pounds one lone pair, but according to the present model the number of elec-

2

trons in Hund insertion is more variable and must be inferred from the cry-
stal structure.

Why is 1205 a molecular structure? The Lewis phase has a high b electron
concentration. In the chemical neighbourhood of 1205 the CC2 and BB2 bindings
are especially probable. Since the g correlation is not highly occupied there
are ranges in the crystal without g electrons and ranges with fully occupied
g correlation. The latter are the molecules and the first describe the inter-
stices between the molecules.
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The present analysis uncovers various crystal chemical rules which may be
expressed in terms of the plural correlations model. Some of the rules are
formulated in 86Sch, however, not all rules have been formulated explicitely
for brevity. A careful reading of the analysis and various cross comparisons
will result in finding additional rules being useful in the further binding
analysis by increasing the determination of the analysis.

The inference of the bindings is only a preliminary result of the proposed
valence model. The numerous assumptions on the influence of the bindings on
the structure have to be confirmed by energy calculations. When for instance
an I-homeotypism is said to be caused by the binding, then actual energy
calculations have to proove that in fact the [-homeotypic structure has a
Tower energy than the more symmetric structure. Such calculations cannot
start from the electron density in the well-known Madelung manner since the
electro fields are caused by the correlations. All integrations have to in-
volve in fact the six dimensional space of the spatial correlations. The pro-
blem of such energy calculations for correlation proposals is established by the
binding analysis. The circumstance that in the present approximation the ki-
netic energy is disregarded is a feature common with the electrostatic theory
of Born and Madelung which was of high utility in crystal chemistry. The more
quantitative aspectsof:horrelations model may be approached after it has
been made probable that the correlations really exist. This can be done by
finding conspicuous examples of coincidence of observation with expectation,
i.e. by an extension of the interpretations over large classes of intermedi-
ate phases. This is a contribution of crystal chemical systematics to the
solution of the stability problem.

Another unsolved problem of the present approach is the unsettled consider-
ation of spin. The proposed correlations mostly permit a general spin compen-
sation but do not afford spin structures of more specific nature like the
lone pairs. This is connected with the simplification that the spatial corre-
lation is composed of lattices. Future improvements of the model have to re-
place this simplification by modified assumptions.
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