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Summary

The analysis of probable spatial correlations of electrons provides bonding
types for many, especially meta11ic,A"B; phases (M=undetermined mole num-
ber)swhich were not classified with respect to bonding type before, i.e.
which could not be interpreted by the earlier valence models. The structural
systematics of the A“B; phases (n=homologous class number of element) reveals
that here not only two correlations determine stability and structure of
intermediate phases but even three. The A4"’10 atoms contribute only
one or less than one valence electron into the b correlation and the re-
maining d electrons form an extra spatial correlation e which distinctly
influences stability and structure of the compounds (plural-correlations
model). This specific electron count is a reason for the remarkably high
number of compounds in Aa"'loB; mixtures and also for the challenging com-
plexity of their crystal structures. Furthermore the frequently noted uni-
formity of structures for variing n finds an easy explanation by the assump-
tion that not all d electrons of the A" atoms take part in the valence
electron correlation. It is found that the intermediate phases of A“ag
alloys may be collected into different classes according to their site num-
ber ratics. The main classes are the brass-1ike phases, the NiAs-like phases
and the Si-1ike phases. Various structural phenomena are explained by the
plural correlations model in a simple manner and numerous new experimental
and theoretical problems arise from the analysis of the types of spatial
correlation of electrons. The indications for a lattice-like binding are
now quite numerous, a search for more direct consequences of spatial corre-

lation of electrons appears rewarding.



- 220 -

Introduction

The crystal chemistry of A"B; mixtures has been reviewed for instance by

62 Run, 64 Sch, 65 Aro, 68 Hul, 69 Lun, 72 War, 74 Cor, 77vSc, 78 Fra,

80 Cor, 81 Hul. The present review intends to contribute to the valence
problem of these mixtures by as$igning a bonding type (binding) to many
crystalline phases. Reference to a phase is made by a Structure Reports
citation (SR) and by citation of a source for the phase diagram (phd).

From the SR reference the workers are readily found who own the merit of
having solved the structure. The binding is analysed by means of the plural
correlations model, a valence model for metallic phases (f2aSch, this refe-
rence should be known in order to avoid misunderstandings, also the abbre-
viations and brief notatjons used below are collected and explained there)
The spatial correlations of electrons are formed by rearrangement of the
electron pair density in the peripheral parts of the atoms durinytheprocess
of compound formation. Since this rearrangement is the only which happens
during compound formation, spatial correlation is a reliable fundament of
any valence model. It is clear that a first analysis Tike the present one
can neither be complete nor free from mistakes, but it may be a first step
on the way to analyse the electron spatial correlations in the stable com-
pounds. Generally the proposals for the bindings in a mixture should be con-
sidered as a whole. It is helpful to plot for a considered mixture four
simple functions of the mole fraction Eé of the second component: the elec-
tron distances d in b, e,and in ¢ correlation, and the site number ratio
Eéﬁl of the number of sites per cell in the c correlation (S") and in the b
correlation (S').

When a series of wrong proposals has been assumed then probably the
proper electron count has been missed. It is generally a difficulty of
inference that a model parameter 1ike the electron count finds its justifi-
cation only by a considerable number of proposals, or ultimately by the
whole interpretation. An example of an electron count which is presumably

not the most favourable one is Nio’lOAsa’lo. The d electrons of Ni are assumed
te be in correlation with the d electrons of As although they are quite dif-
ferent in their behaviour. Franzen (1978) has stipulated an influencial d
band in AB, alloys and therefore the electron count should perhaps be ni0-10.8
Asa’o’ln, 7.e. besides the b correlation of the valence electrons there is an
extra e correlation occupied only by d electrons of Ni and below both a <
correlation is the quasi composition independent background of b and e.
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Algﬁ phases. The investigation of this class of phases is still in progress.
Conforming to the present understanding of the AlBa phases (65Aro,77vSch) the
electron count should be chosen for instance as Na1’8Pa’8 where the first
number in the exponent of an element is the b electron contribution (valence
electrons) and the second number is the c electron contribution (peripheral
ire electrons).

The phases with smallest 8% content in AlBﬁ mixtures are AéBi and they
obey the octet rule of Lewis. The structures of these Lewis phases (normal
valence compoundy are mainly L1351Gé35itype, F3.1,replacement homeotype of W,
isotypes: Liasb.r,Cs3Sb,KaBi.h,Rb3Bi,Cs3Bi) and Na3As(H6.2,RLS-homeotype of
W, R=replacement, L=Tacuna, S=shear; isotypes: Na3P,K3P,Rb3As,htpCs3As,Na3Sb,
K3Sb,Rb33b,NaSBi,K Bi.r). The phase KsBi.h(Fe3Si) for instance obeys the sup-
ply rule of Zintl (as Bi forms a partial structure of Cu type of the frozen
noble gases), it is R-homeotypic to W, has a valence electron concentration ﬂ£§2
and permits the correlation nggF(l) which may be completed by ngEB(/B,Z.B)
for reasons of electron distances. The phase NaaAs( H6.2) only approximately
obeys the supply rule of Zintl as the As form a partial structure of the Mg
type.The correlation E;EUH(2;4/2) is homeotypic to QF of KsBi.h and the rea-
son for the heterotypism K3Bi‘h-Na3As must Tie therefore in the c correlation
which cannot retain the commensurability found in the element Na because of
the strong volume decrease caused by the relatively small b electron dis-
tance of BS. If the < correlation of Na conserves its type and choses only
a new commensurability then UHCHV3 js possible (see Table AlB5M) which might
give a reason for the S-homeotypism Na—Na3As by the commensurability rule
(77Sch). It appears remarkable that K3Bi.h(F?3Si) and K3Bi.r(Na3As) have
approximately the same site number ratio ﬂg§=11, and also a simibrnumber of
¢ sites per atom NJM(K,Bi.h)=23, NE(NajAs)=22.5.

In the equi-atomic region mainly the phases NaSb(LiAs,M8.8,drawing 64Sch
p.242,isotypes:NaSb,KSb) and NaP(08.8,drawing SR45.103,isotypes:KP,NaAs,KAs ,
RbAs,RbSb,CsSb) are found. The LiAs type is in its projection on (010) homeo-
typic to NaCl but it does not fulfill the Lewis completion rule; the Zintl
supply rule is obeyed as the As atoms form spiral chains in 2, direction.
Instead of EF as in NaCl a EC correlation is found which may be completed to
a CUY2 correlation (seeNaSh). The 4y, value is somewhat small in the d(N)
plot, this corresponds to the distance rule which permits a smaller distance
in a correlation with small coordination number. The structure of NaP is
homeotypic to LiAs, the cell contains in both cases two B5 spirals and the
central lines of the spirals are ordered according to the Schlafii type §:44
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in NaSb and §=36 in NaP. The CUY2 binding of NaSh has 320 ¢ sites per cell
while the HTCZ hinding of NaP has 330; for the two phases NaSb and NaP this
relation does fulfill the site number rule (81Sch), but for the heterotypism
KSb(LiAs) - RbSb(NaP) it does not; perhaps here the greater volume differ-
ence between the components favours the greater site number. The site number
ratios of NaSb and NaP are 6.9 and 7.0, and this fact accounts for the sta-
bility of phases lying between A;BS and AIB5 using Ehe favourable site
number ratio 8. With respect to the catenation of B atoms it may be noted
that for instance NiAs does not show catenation, the phenomenon depends
therefore not alone on the B5 component, the A" component too contributes

to it. Since the Al component strongly increases the gh distance of 35 there
is a d-stress around these atoms which may be released by catenation.

A simple phase at greater mole fractions Eé is KEiz( MgCuZ,F2.4, iso-
types RbBiz,CsBiz). The binding analysis yields a twinned FB2 binding which
is in the same commensurability to the structure as in In and this fits well
to the valence electron concentration ﬂéA=3.7 of this phase.

In Na3P7 the P7 form clusters which have in Na3P7.h(F3.7) statistical o-
rientation so that the structure is of the FeBSi type with P7 at the Si
sites. In NasP,.r the clusters are ordered. The binding interpretation of
these structures must be postponed, perhaps Hund insertion comes into play
here.

AZBy, phases. Mg,P, (Mn,0,, B24.16,drawing64Schp.231) is a L-homeotype of
KaBT.h(Feasi) and Mg251(CaF2) (L=lacuna) with commensurability EfEMngi(E)
There are 16 lacunae on Mg places of MgZSi in the cell and the space group
Ia3 permits a point set which allows a closer distance of some of them than
the Bl set originally assumed (SR2.40). The phase obeys Lewis' rule, the
structure follows Zintl's rule and the homeotypism MgZSi—Mg3P2 fulfills
Bradley's rule that for increasing valence electron concentration lacunae
may form in a structure (80Sch). The b_ correlation is well-known (50Sch)
but the <F correlation was only found with the help of the site number rule
(82aSch). The binding does not request the commensurability 5&;2519Mg3P2:(2)
but the closer distance of two lacunae may be energetically favourable. The
introduction of lacunae inb a structure while the b electron concentration
increases is a means to conserve a favourable commensurability Q_lg, it 15
furthermore a mechanism for fulfilment of the volume rule (64Sch p.169) that
increase of b concentration increases the atomic volume. The vacancies enter
into the partial structure of the b electron poor component as this compo-
nent is easier to be removed. The interference of L-homeotypism with increase
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TABLE 1: AlBSM

Na3P(Na3As,H6.2,SR5.60)H4.99;8.81A=hUH(2;4/2)=CCH(¥12;15/3) N=16,64
NaP(08.8,5R45.102)6.038;5.643;10.142A=bHT (3;5;3.2/2)=cC(6;10;5.5) N=48,128
Na3P7.h(F3.7;83Met.p.766)10.105A
Na3P7.r{024.56,83Met.p.766)13.740;10.391;13.446A N=304,640
Na3P1l.h{tetr,83Met.p.766)10.21;7.31A
Na3P11.r(012.44,SR39.92)10.410;12.466;9.828A=bC(V32;7):cB(8;10) N=232,448
NaP7(LiP7,81Hul)

NaP15(N  ,81Hul)

K3P{Na3As,SR26.53)H5.691;10.05A=1dmNa3P UHCHY'3

K5P4 ( ,77vSch)

KP(NaP,SR45.102)6.500;6.016;11.288A=idmNaP HTC2
K2P3(Rb4P6,77vSch)

K3P7.h(Na3P7.h,83Met)10.603A

K3P7.r( ,83Met)

K3P11.r(0  ,83Met)10.315;13.940;10.450A

KP10.3{( ,77vSch)
Kp15(Z4.60,71Eck)7116.7°97.5%90.0%23.74;9.69:7.21A
Rb2P3(S4.6,htpB2A1,AngCh86.1974.379)9.641;14.629;9.009A
Rb3P7.r(Na3P7.h,83Met)10818A

Rb3P11.r(F3.11,83Met)11.592A

RbP7 (CsP7,77vSch)

RbP10.3(  ,77vSch)

RbP11(M  ,77vSch)

RbP15(KP15,77vSch)

Cs2P3(Rb2P3,77vSch)

Cs3P7.r(Na3P7.h,83Met)11,167A

Cs3P11(F3.11,83Met)11.95A

CsP7(  ,77vSch)

CsP11(RbP11,77vSch)

CsP15(  ,77vSch)
NaBAS(HG.Z,SRS.SQ)HS.10;8.99A=bUH(2;4/2)=cCH(/12;15/3)seeHA N=16,68
NaAs (NaP,77vSch)

Na3As7(  ,77vSch)

NaAs5

K3As (Na3As,SR5.7)H5.79;10.24A=idmNa3AS phdE cmp

KbAs4

KAs(NaP,77vSch) cmp

KAs2.h cmp

KAsZ2.r

Rb3As (Na3As,SR26.54)H6.05;10.73A=1dmNa3As

RbAs (NaP,77vSch)

Rb3As7.h(Na3P7.h,83Met)11.36A

Rb3As7.r( ,83Met)

Cs3As (htpNa3As,SR26.54)

CsAs?

Cs?As3(Rb2P3)

Na3Sh(Na3As,SR5.7)H5.37;9.52A=1dmNa3As UHCHY'3 phdHA
NaSb(LiAs,SR23.29)6.03;6.34;-3.15,0,12.48A=bC({8;3;2/8)=CU(4;5;8)
K3Sb(Na3As,SR5.7)H6.04;10. 71A=idmNa3As phdE  cmp

K5Sb4

KSb(LiAs,SR26.44)M115.107.18;6.97;13.40A=idmNaSb Cuy2 cmp
KSh2

Rb3Sb(Na3As ,SR26.54)H6.28;11.18A=idmNa3As phdE cmp
Rb5Sb2. h

Rb5SbZ. r
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of the b electron concentration causes that the number of electrons per b
electron rich component remains constant. This is the octet completion rule
of Lewis, and this ruleis therefore alse a consequence of the present valence
model. The structural rule leading to the octet completion has been named
the rule of anion packings (645ch): the anion is in a closest packing and
the cations are inserted into this packing to an extent that the valence
rule is fulfilled.

MgP4(CdP4,M2.8,drawingSR42.108) does not follow Lewis' rule, but the
structure follows Zintl's rule as 3-bonding and 2-bonding P atoms are pre-
sent in equal number. The 3 and 2, axes form a quasi tetragonal mesh which
fits to gF just as in M93P2‘ The correlation EFEF(2;3) would give to many
b p1aces,therefore, following the occupation rule the b be correlation must
be strained: a= (2 5. 5/2) Assuming the ¢ correlation a: ~B(4 6) would give
the site numher ratio Né% =4.4, while a= cu(4 7) would give Né"—s 1. The
first may be preferred because of gc For simplicity here and in Table A2B5M
the binding has been written as for an orthorhombic a, the closerconsider-
ation shows that the binding excellently fits to the M2.8 cell. The (001)
{0,1/2,0] shear of the Mg sites follows the rule for shearing to be derived
from the model for the shear homeotypes of Cu3Au (64Sch p992), also the mono-
clinic deformation of the cell may be favoured by the binding. For compari-
son to polyanion partial structures of other phases see SR42.109.

CaP(Na0,H6.6,isotypesSrP,CaAs,SrAs,EuAs) can be described as a compressed
Mg type of Ca with octahedrally inserted P associating to pairs; the commen-
surability to NiAs is g;gNiAs(VS;l), and Zintl's rule is fulfilled. Since
Ca3P2(T) appears to be heterodesmic to Mg3P2 it might be that a FF2 binding
stabilizes CaP, the commensurability may be chosen as to require (K]f/IZ),
or not reguire (Kll:V13), Hund insertion in EF; from the point of view of
electron distances the binding with Hund insertion appears somewhat more
probable. In CaP3(22.6) there are infinite puckered (010) layers of P con-
taining (in accordance with Zint1's rule) one three-bonding and two two-
bonding atoms (73Dah}. The phase is perhaps homeodesmic with MgP4.

Ba4P2 7(59253,Lhtp anti—Th3P4,drawin96450h p-326) follows Lewis' rule. The
Ba atoms form an inhomogeneous deformation homeotype of W with g;aw(Z),
into which the P are inserted. A twinned FF2 binding is possible and there-
fore a phase "BaP" has not been found. BaP3(N2.6) follows Zintl's rule as for
one three-bonding P two two-bonding P occur. The phase is a R-homeotype of
P.m (black phosphorus), in which all atoms are three-bonding, the commensura-
bility is g;gp.m(l;z;-l,o,l) where gp_m(10.5;3.3;4.4)ﬂ. The HTBVZ binding
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Rb5Sb4

RbSb{NaP,SR45.13)7.315;7.197;12.815A=1dm NaP cmp

RbSb2

Rb3Sb7.h

Rb3Sb7.r

Cs3Sb(htpNaTl,5R26.54)9.18A=1dmK3Bi.h phdE cmp
Cs5Sb2.h

Cs5Sb2.r

Cs2Sb

Cs3Sb2

Cs5Sbd

CsSb(NaP,SR45.13)7.576;7.345;13.273A=1dmNaP cmp

CsSh2

Cs25b7 cmp

Na3Bi(Na3As,SR5.7)H5.46;9.67A=idmNa3As phdHA cmp

NaBi {CuAu,SR2.237)3.47;4.81A=bFU(Y2;3/2)=cC(¥/8;4) N=6,18
K3Bi.h(Fe3Si,SR28.44)8.805A=bF (2)=cB(¥32:5.7) phdE cmp
K3Bi.r(Na3As,SR5.7)H6.19;10.95A=1dmNa3As

K3Bi2

KIBi7?

KBi2(MaCu2,SR2.271)9.520A=bFU (4;5.5/2)=cB(¥32;5.5) N=88,224 cmp
Rb3Bi (Fe3Si,5R26.54)8.98A=1dmK3Bi.h phdE cmp

Rb3Bi2

Rb5Bi4

RbBi2(MgCu2,SR26.54)9.60A=1dmKBi2 cmp
Cs3Bi(Fe35i,5R26.54)9.31A=1dmK3Bi.h phdE cmp

Cs3Bi2

Cs5Bi4

CsBi2 (MgCu2,SR26.54)9.76A=1dmKBi2 FB2 cmp

TABLE 2: AZ2BS5M

Mg3P2(Mn203,B24.16,5R3.353)12.03A=bF (4)=cF(8) N=256,692

MgP4 (CdP4,M2.8,5R41.92)5.131,0,1.148;5.090;7.387A=bF (2;5.5/2)=cB(4;6) N=44,80
Ca3P2(T,65E11)

CaP(Na0,SR39.21)H7.632;5.731A=bF "H(¥12;3.2/3)=cFHK(2) N=42,96

Ca3pP5

CaP3(Z2.6,5R39,42)769.96°79.49°74.78%5.590;5.618;5.665A

CaP5

Sr3p2

SrP(Na0,SR39.21)H8.040;6.031A=idmCaP FF2

Sr3P4(Sr3As4, )

SrP2{BaAs2) 5
SrP3(N4.12,5R45.33)M103.45°11.432;7.387;8.561A
SrP14(M6.28,5R38.136)M123%11.642;12.759;6.352A
Ba3P2(Ce253,5R35.28)9.775A=bFU(4;5.5)=cFUK"' (2) N=86,213

BaP2(BaAs2, ) N=68,128
BaP3(N2.6,SR37.22)10.77357.6643~4.507,0,4.765A=bHT(6.5/2;4;2.5)=cB(8;Y32;/12)
Ba3P14(Sr3P14;SR45.33)M123.38911.994;12.985;6.515A

BaP10(~T1P5,

Mg3As2(Mn203,5R3.353)12. 355A=1dmMg3P2 FF2
MgAs4(T4.16,5R43.21)5.385;15,798A=bF (2;5.5)=cU(4;14) N=88,192
Ca2As(La25b,U4.2,5R40.16)4.63;15.56A=bHT(2;8/2)=cFU(4;13/2) N=36,104
Ca5As3(Mn5S13,5R44,106)H8.43;6.75A=bUH (¥1353.4/2)=cUH(Y5257/2)N=50,128
CaAs(Na0,SR39,21)H7.858;5.921A=idmCaP FF2
Ca?As3(M16.24,5R42,26)M131.63°11.985;5.806;18.314A
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in Table A2B5M is written for simplicity for the orthorhombic cell which is
formed by dropping the vector component 9&3=—4'507§‘ As is easily verified
the HTBfZ binding is a forerunner of the frequent FB2 binding.

SrP§N4‘12) may be understood as a shear homeotype of BaP3.

MgAsa(Ta.16,drawingSR43.22) is homeotypic to MgP4(M2.8) the Mg are octa-
hedrally surrounded by As, but the stacking of the units is somewhat differ-
ent. The binding comes as FU2 which affords more ¢ places,as As contributes
more ¢ electrons than P.

CazAs(Lazsb,Ud.2,drawin9643chp.320) is homeotypic to CuZSb with a=ap osp
(1;2), the structure was first described for TiZBi with a different space
group (58Aue). The phase does not follow Lewis' rule, and Zintl's rule is
poorely obeyed. If for CaAs(NaQ) the F'F2 binding is accepted then for CaZAs
a HTFUZ binding comes, a forerunner of FF2.From the electron count Hund in-
sertion of 1 b electron at As has to be inferred, for the closely neighbour-
ing Ca5As3(Mn5513,drawingﬁ4$chp.306) a LF-homeotype of NiAs, a UU2 binding
appears probable, another forerunner of FF2; also for this binding a Hund
insertion with ﬂéAS=4 is necessary.

MngM has the only compound M935b2 which has a melting temperature lying
600K above the melting temperatures of the components. The phase Mgasbz.h
is isotypic to Mg3A52(Mn203) but Mgasbz.r(La203,H3.2,drawingG4Schp.229) has
a Mg type site set for Sb. The binding is of the FF2 type but at decreasing
temperature Hund insertion sets in, generating an average electric dipole
vector of a3 direction at every Sb; this factor favours the H3.2 type and
confirms the Hundzinsertion. The La203 type does not appear for small 35.
Furthermore for Ang a radius ratio rule holds (78Bru), a great B> favours
t he Y53b3(020.12) type against the Mn55i3 type.

The phase diagram CaSbM shows a congruent melting point for C6115b10
(Hoy,6e,,U22.20) a cell with 84 atoms. A UU2 binding might be possible, but
since for such great cells the binding analysis is not yet certain, the full
discussion should be postponed.

CaSbZ(M2.4) is a RDI-homeotype of Cu, the influence of the Hund insertion
causes the formation of Sb chains (76Del). Since the Hund insertion strongly
deforms the b correlation the analysis becomes somewhat less certain, but it
appears acceptable that the binding is of the F'F2 type, i.e. a FF? binding
with Hund insertion (prime). Since Hund insertion (or Tone pair) causes van
der Waals distances the condensation of the Sb sites to chains becomes con-
ceivable. If the valence electron concentration is calculated after subtract-
ing the inserted electrons the value ﬂéA=3.3 is found which confirms the ho-
meotypism of CaSb2 to In. -
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CaAs3(CaP3)

Sr2As(La2Sh,SR42.23)4.83;16.13A=1dmCa2As
Sr5As3(Mn5S13,5R44.106)H8.94;7.35A=1dmCabAs3
SrAs(Na0,SR39.21)H8.269;6.201A=1dmCaP

Sr3Asd (Eu4As3,S5R43.23)14.84;17.89;5.97A

Sr2As3(Ca2As3,
SrAs3(EuA53,SR43.1OO)ZA120.4°92,40105.005.950;5.?23;6.526A
Ba2As(La2Sb,SR42.23)5.13;17.36A=1dmCa2As
Ba5As3(Mn5Si13,5R42.23)H9.49;7.90A=1dmCabAs2

BadAs4 (Sr3As4,81Hul)

BaAs2(M, )

Ba3As14(Sr3P14,

Mg35b2.h(Mn203,71Ec)=1dmMg3P2 phdHA cmp
Mg3Sb2.r(La203,SR3.48,40.12)}H4.568;7.229A=bF 'H({2:4/3)=cFHK' (2) N=16,44
Ca2Sh(La2Sb,SR40.8)4.67;16.28A=idmCaZAs phdM
€a55b3.h(Mn5513,5R44.108)H9.824;7.057A=1dmCabAs3
Ca5Sb3.r{Y05,5b3.r,SR40.8)12.502;9.512;8.284A
CallSb10(Ho11Gel0,5R42.13111.940;517.400A=bU (¥18;7.5)=cUK" (2) N=288,752
CaSh2(M2.4,5R42.12)4.746,0,-2.549;4.177;8.719A=bFU (2;2;5/2)=cFUK"' (2)
Sr2Sb(La25b,SR39.7)5.002;17.405A=1dmCa2As phdM
Sr55b3(Mn5S13,5R39.7)H9.496;7.422A=1dmCa5As3
Sr115b10(Ho11Gel10,81Hul) cmp
Sr25b3(Eu25b3,SR49.19)M90.206.69;12.97;15.29A N=152,368
SrSb2 (CaSb2,SR42.21)M101.6894.887;4.280;9.177A

Srsb3

Ba2Sb(La2Sb,SR43.3)5.22;18.46A
Ba5Sb3(Mn5513,5R43.3)9.97;7.73A

Bal1Sb10(Hol1Gel0)
BaSb3(EuAS3,SR44.10}M112.66010.807;8.519;6.4?1A

Mg3BiZ2.h phdHA
Mg3Bi2.r(La203,5R3.356)H4.68;7.40A=1dmMg3SB2.r
Ca2Bi(La2Sb,SR40.8)4.72;16.54A=idmCa2As phdS

CabBi3.h

Ca5Bi3.r(Yb55b3,5R40.36)12.722;9.666:8.432A cmp
CallBil0(HollGel0O,SR42.13)12.220;17.790A=1dmCallSb2
CaBi3

Sr2Bi{La25b,SR43.3)5.01;17.68A=idmCa2As phdE
Sr6Bi3(Yh55k3,5R44.108)13.370;10.233;8.890A
Sr5Bi3{Mn5S13,5R43.3)H9.63;7.63A=1dmCa5As3
$r11Bi10(Hol1Geld, )
SrBi3(Cu3Au,SR26.62)5.04A=bB(2}=cFU(4;5.6/2)

Ba2Bi(La2Sh,S5R40.30)5.263;18.700A=1dmCa2As
Ba5Bi3(Mn5Si3,5R44.108)H10.1057.78A
BallBil0(Hol1Gel0)
BaBi3(SrPb3,5R26.62)5.188;5.157A=1dmSrBi3

cmp
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SrBi3(Cu3Au) is hometypic to SerZ(Casz) and permits a BFUZ binding. Since
this binding must be twinned it is gratifying that BaBiS(Ser3) has been
found.
A3Bﬁ phases. Beginning with ScP(NaC1,itpYP,LaP) the electron count Sc3'8P5’8
used in inorganic chemistry remains probable. The phase obeys Lewis' and
Zintl's rules and the binding may be of the FF2 type, in analogy with Mg3P2
(Mn203,FF2). in relation with ScP a curious property should be woted. There
is with respect to the b contribution of Sc Hund insertion at P possible but
the structure is of a kind to give room for a b correlation without Hund in-
sertion. Therefore, when Hund insertion occurs, then in the b correlation
Frenkel detects are formed. This property is not general, but when it is
present it may be said that the structure has the Frenkel property in the b
correlation. The phases A3P have the Frenkel property. It should be mentioned
that gc=0.953 falls far below the value to be respected from interpolation
of the marginal values. This has a destabilizing influence and causes that in
A4P the NaCl type comes only with ZrPD.g.h.

The polyphosphides LaPZ,LaPs,LaP7 occur similarly as the AlPM polyphosphides,
their binding analysis shall be postponed here. -

Also in A3A5M several interesting structures must be postponed.

ScZSb(CUZSb,_drawing 645ch p.320) is RS-homeotypic to Cu with the commen-
surability a=a, (1;1.5). If a CC2 binding is assumed then the electron count
should be SCZTE >7Sb 0,10 so that energetically in between b and c there
enters an e correlation g;gF(1;3.7/2). Because of the very good commensurabi-
lity of e to ¢ the e correlation might be added to the ¢ correlation, but it
appears that the e correlation has a meaning of its own. Sc55b3(vb55b3.h,
020.12,see SR37.8) is homeotypic to Rh5653 and penn?ts a HHZ binding with the
count Scé’lOSbg’lo. These assumptions lead to a yéﬁ =8 plateau with the se-
quence CC2, HHZ, FF2 for increasing b electron concentration, the correla-
tions become as a rule closer packed with increasing b electron concentration.
In order to analyse the binding in YSbM it is helpful to start from YSb(NaCl,
FF2) which has a congruent melting point in agreement with the commensurabi-
lity rule. However, in LaSbM the melting maximum lies at La4Sb3(Th3P4,Bﬁ.8)
which fortunately also permits a FF2 binding. The number of c sites per
atom is ﬂgﬁ=30.9 in La4Sb3 and E£§=32 in LaSb(NaCl), the increase of b elec-
tron concentration for the heterotypism La4Sb3vLaSb causes an increase of the
ﬂgﬁ value and therewith a destabilizing decrease of the d_ distance. In YSby,
the phase Y45b3(Th3P4) is a high temperature phase, probably the Frenkel
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TABLE 3: A3BSM

ScP(NaC1,SR28.48)5.312A=bF (2)=cF (4)

YP(NaC1,SR28.48)5.662A=1dmScP

YP5(NdP5,

LaP(NaC1,SR40.111}6.025A=1dmScP
LaPZ(LaAsZ.h,SR41.84)M90.15°8.883;13.942;8.825A

LaP5(M4.20 ,SR42.105)M1g5.2509.?68;9.679;5.576A
LaP7(M4.28,5R41.85)M33.2477.923;11.656;6.98%A

Sc2.3As{U  ,SR44.106)14.374:8.026A

Sc3As2 (HF3P2,012.8,5R44.106)10.375;3,806310.375A
ScAs(NaC1,SR44.106)5.487A=1dmScP FF2

YAs{NaC1,5R29.101)5.805A=1dmScP FF2

LaAs{NaC1,SR5.44)6.14A=1dmScP FF2 g
LaAs?.h(LaAsZ,NB.16,SR35.117)M135.18 12.89;14.45;9.14A
LaAs2.r(NdAs2,M4.8,5R35.117)M106.6074.212;6.935;10.647A
Sc25b(Cu2Sb,SR44,121)4.205,7.790A=bC(2;3.7)=cCK"' (2) N=22,52 N=100,280
Sc55b3(Yb55b3.h,020.12,5R44.121)11.079:8.713;7.627A=bHT(5;4;4/2)=cHTK" (2)
ScSb(NaCl1,5R24.43)5.859A=1dmScP
Y3Sb(Ti3P,T24.8,JLCM21.415)12.361;6.180A=bC(V26;2.5)=CCK'(2) N=112,272 phdM
Y55b3(Mn5Si3,ibid)H8.911;6.296A=bH(4;3)=cH(8;6) N=60,140
Y4Sb3.h(Th3P4,ibid)9.139A=bF (3)=cF(6) N=108,248
YSb(NaC1,5R24.43)6.163A=1dmScP FF2 cmp

¥YSb2 (ZrSi2,5R31.20)4.536516.63;4.271A=bFU(2;11/2)=cHT (4;18/2) N= 52,112
La2Sb(U4.2,5R35.12)4.626;18.06A=bHT(2;9/2)=cHT(4;1.8/2) N=44,104 phdHA
La5Sb3(Mnb5Si3,

La4Sb3(Th3P4,SR46.13)9.649A=1dmY4Sh3.h N=108,248 cmp
LaSb(NaC1,SR5.44)6.48A=1dmScP

LaSb2(Q4.8 ,SR32.19)6.314;6.175;18.56A=bFU(¥8;12/2)=cC(¥32;17) N=104,224
ScBi(NaC1,SR27.88)5.954A=1dmScP
Y5Bi3(020.12,5R42.50)8.179;9.401;11.957A=1dmSc55b3 phdM
YBi(NaC1,S5R27.92)6.233A=1dmScP cmp
La2Bi(La2Sb,SR43.102)4.674;18.390A=1dmLa2SB phdM
La5B13(Mn5S13,5R43,102)H9.614;6.694A=1dmY5SB3
La4Bi3(Th3P4,S5R43.102)9.759A=1dmY4Sb3.h cmp
LaBi(NaC1,SR5.45)6.578A=1dmScP
LaBi2(04.8,JLCM52.259)4.737;17.51;4.564A=1dmYSh2

TABLE 4: A4B5M

Ti3P(T24.8,5R32.111)9.959;4.987A=hC (Y2632.5}-cCK' {2) N=64,328 phdM
Ti2P(H18.9,5R32. 111)H11.531;3.458A=0H(631.8)=cHK' (2) N=63,216
Ti5P3(Mn5513,5R32.111)H7.223;5.094A=bUH(4;3.2/2)=cUHK' (2) N=40,128 cmp
Ti3P2(T?,5R33.129,30.161)7.483;10. 4958
Ti4P3(Th3P4,5R33.10,30.161)7.425A=bF (3)=cF (6) N=124,224
TiP(H4.4,5R18.262)H3.499;11.65A=bH(?;7)=cUH(¥12;14/2) N=36,64
TiP2(PbC12,5R32.111)6.181;3.34638. 259A=bU(3;2/1;4)=cFU(635;8) N=56,96
7r3P(Ti3P,SR31.53)10.799;5. 355A=1dmT13P

7r~2P(0 ,71Eck)16.715;27.572;3.674A
ZrP0.9.h(NaC1,SR18.262)5. 27A=bF (2) =cF (4)

ZrP(TiP,SR18.262)H3684;12. 550A=1dmTiP

rP2 (PbC12,5R33.128)6.494;3.513;8. 744A=idnTiP2
HF3P(Ti3P,71Eck)10.89;5. 34A=idnT13P
Hf2P(Ta2P,5R33.92)15.031;12.258;3. 574A
HF3P2(012.8,5R33.92)10.138;3.578;9.881A

HFP(TiP,SR27.233)H3.650;12. 38A=idnTiP














































































