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Summary

The chemo-geometrical analysis of the bonding type (binding) in the abave de-
limited phases shows that the electron count is of prime importance for the
energetical interpretation of the phases. It is found that the A" atoms fre-
quently contribute in Bq-poor phases ahout one electron to the valence elec-
tron correlation; in B -rich phases the contribution may disappear (extended
Ekman rule). The valence contribution of B4 is invariably four electrons. This
electron count yields by the two-correlations model a valence classification
with energetic background of many of the delimited compounds the structures
of which have been determined in the last 50 years nearly exhaustively.
Numerous new crystal chemical rules emerge which make the stability and
structural observations in these alloys energetically very transparent. The
energy of formation of these alloys stems mainly from the fact that the va-
lence electron of the A" atom is pressed back by the valence electrons of the
Ba atoms into the A" core. A phase is formed when the valence and core electron
correlations are in a good commensurability with the crystal. More electrons
than in any previous valence theory appear decisive for chemical affinity
because of the participation of the peripheral core electrons in the binding.
This might be one of the reasons for the surprising fact that the two-corre-
lations model remained hidden so long. Another valence model for these phases
has not been advanced previously but such a model is in any case a prere-
quisite for a phenomenolegical assessment of the energy of alloy phases.
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Introduction

The A"Bﬁ phases (An,B":homoﬁogous classes of chemical elements according to
IUPAC 1, M=undetermined mole number)and the B"B; phases have been thoroughly
reviewed in many helpful works'?a-jf. The phases shall be analysed in the
following with respect to their electron spatial correlation by means of the
two-correlations model | 3a-d]. Carbides are not included here as they have been
analysed previously ;4b1. The format of the results collected in the tables has
been explained earlier [4a—e}. The analysis of the type of spatial correlation
of the valence electrons (b correlation) and of the pheripheral core electrons
(c correlation), together named a binding, gives a better energetic understand-
ing of the stability of these phases | 3|. After having exhaused the stability
arguments from electron demsity, crystal chemistry now enters the search for sta-
bility arguments from electron correlation. Just as the atomic radii and atomic
charges have been found by the earlier authors using an analysis of structural
and chemical knowledge, the correlation types will be found by the trial and
error method, using the rules found in previous analyses [3,41 as a criterium
for the probability of the assumptions.

In order to have a short description of crystal chemical relations, abbre-
viated symbols for the kind of a homeotypism are used: R=replacement of an atom
by another, L=vacancy formation (lacuna), F=filling of interstices, D=homogene-
ous deformation, I=inhomogeneous deformation, S=shear of layers, C=shear of
chains.

The present analysis in first line tries to find out from the structural
data, which types of spatial electron correlations are probable. The problem
why no other correlations are stable may be treated later. The probability of the
bindings can only be appreciated by considering the whole classification in
relation to the whole class of phases. A useful means of analysis found in the
present investigation is the smoothness of the function Néﬁi(ﬂé), where Néﬁl=
number of placesin the ¢ correlation per number of places in the b correlation,
Hé= mole fraction of the second component of the phase.

Several authors have complained that the binding analysis be difficult to re-
greduce. This is a frequent property of inductive reasoning: Inference has to be
made from many experimental facts, this leads to a model which has to be examined
by additional facts. A simple example for this procedure is a structure deter-
mination before the advent of direct methods. The inductive process is the find-
ing of the model. It is more or less rapid and depends on the presence of nu-
merous, sometimes little informations like (in our case) structural facts, rules
for bindings, numerical values of lattice lengths, values of commensurability
elements etc. Just as structure determination has been learned by many workers,
also binding analysis can easily be learned if the papers describing it have

been studied carefully.
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Analysis

AIBﬁ phases. A surprising phenomenon in the mixture NaSiM is the occurrence
of "polysilicides" i.e. of phases which have more anions than the Lewis

octet completion rule [5](“norma1 valence") requests. The phase Na45123(C8.46)
contains a Cr3Si type partial structure of Na atoms and these atoms are, cor-
responding to their great radius, highly coordinated by Si atoms. The high

Si content of the phase suggests that the valence electrons of Si are in a
certain correlation with the core electrons of Na, so that the electron count
[3] becomes Na3’851g34 and a CC'3 correlation appears possible (see TABLE 1);
the prime on C indicates partial filling of the cubic primitive C type: The
¢ correlation is of the B type in the neighbourhood of the Na atoms, and of
the C type near the Si. This is a typical case of Hund insertion[B] and it
may be verified that the c correlation fits well to the Si sites. In this
case b and ¢ correlations are fully occupied. The distance in the c corre-
lation, d_ is somewhat decreased relative to the value expected by the d
(Eéi) diagram | 3], conforming to the rule of distances[3]. When the mole
fraction "éi increases then more Si enter the cell and this is compatible
with a HH'4 binding in NaSilT(?(l..3).34), which must be twinned in the a
cell. Unfortunately the true Na content appears to be controversial. It may
be mentioned that the present alloy phase interpretation sheds new light

also on isotypic gas hydrates (SR37.134).

NaSi(N8.8,drawing SR29.60) has a quasi hexagonal 32&33 mesh being parallel
to four Na Tayers stacked in a direction. Between the layers there are Si4
tetrahedra ("polyanions") which are stabilized as the valence electrons of Si
form Si-Si bonds since their correlation probably only weakly extends into
the Na cores. The fact that 3 electron holes per Si are free for $i-Si bonds
is sometimes attributed to the Zintl supply rule [6a,b] or to the Mooser-
Pearson rule [Fa,b} (valence electrons or valence holes not used in cation-
anion bonding are localized in cation-cation bonds or in anion-anion bonds).
To be sure both rules are not genuine valence rules, as they presume the
stability of some composition and give a statement on the structure. On the
other hand a binding proposal for NaSi is to be understood as a valence argu-
ment. It may be seen that the increase of b electron concentration as com-
pared with that in Na45123 is expressed hy the transition from the gc to the
closer packed by correlation. The commensurability of the b correlation to
the cell a is good and Eflg is fully whole numbered.

KSi(KGe,C32.32,drawing [3a]p.228) contains Si tetrahedra like NaSi, but
these tetrahedra are here on the atom positions of a Cr3Si structure. The
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TABLE 1: Binding in AlBé phases

Formula, type, reference, cellmatriz , binding, N= number of b,c electrons
per cell, phd= phase diagram, HA= Hansen Anderko, E= Elliott, S= Shunk, M=
Moffatt (see references), cmp= congruent melting point, idm= isodesmic.

Na4Si(4ng Chem 85(1973)742)
NaSi(N8.8,5R29.58)10.66;6.55;-5.91,0,11.18A=bBHO(8/3;1;1)=cCHO(12/3;3;3) N=16,128
NaSi2(Th.8,2M38.1947.76)4.98;16.73A needs confirmation N=4,48
Na4S123(C8.46,5R30.96,37.133)10.19A=bC(2)=cC' (6) N=8,216
Na2sil7(F(1..3).34,5R30.96)14.62A=bHT(2;2.2/2)=cHT(8;%  N=8,576
KSi{KGe,SR26.84)12.62A=bF (2)=cC(8) N=32,256
K4S123(NadSi23,5R32,117,34.122)10.30A=1dm Na4Si23
KSi6(cubic?,S5R26.157)13.4A

RbSi(KGe,SR26.84)13.04A=1dm KSi

RbSi6(cubic?,SR26.157)13.4A

RbSi8(AngChem85.742)

CsSi(KGe,SR26.84)13. 50A=1dm KSi

CsSi8(AngChem85.742)

NaGe(M163;16,5R29.57}11.42;6.70;-6.15,0,10.69A
NadGe23(NadSi23,78502.570 )=idm NadSi23 CC'3

Na3 Gel7(Na$il7,355C 2.570)

Ke(C32.32,5R26.84)12, 78A=bF (2 kelfiN=32,256
K4Ge23(NadSi23,5R34.122)10.71A=idm Na4si23

RbGe(KGe,SR26.84513.19A:idm KGe

Rb4Ge23(Nad4Si23,J85C2570)=1dm NadSi23

CsGe(KGe,SRZB.84%13.67A=idm KGe

£s4Ge?3(Nadsi23,J856 2 570)=idm Na4Si23

Nal55n4 (Cul5Si4,S5R44.99)13.14A=id m Nal5Pb4 CC'2 phdH

Na 3.7Sn(030.8,5R41.107)9.82;5.57;22.79A

NaisSn4 (CalSSid,5RYH.99)13.44A . N=36,208
Na95n4(L19Ge4,Q18.8,5R44.99)5.42;9.39;29.62A=bFH({3;12/3)= cUH(3;24/2) cmp
NadsSn3.h

NaSn.h

NaSn.r(NaPb,SR44.99)10.46;17.39A= idm NaPb <mp

NaSn2

NaSn3

NaSn4(complex powder diagr.ACB25.1206)

NaySnz3

K25n

KSn(NaPb,SR29.83)11.42;18.57A= idm NaPb phdH

KSn2 cmp

KSnéd.h

KSnd.r

K4Sn23(NadSi23,5R34.122)12.03A= idm Na4Si23
RbSn({NaPb,SR29.130)11.71;19.09A= idm NaPb
CsSn(NaPb.SR29.111112.19:19.87A= idm NaPb

Nal5Pb4 (Cul5Si4,B30.8,5R4.138,21.146)13.32A=hC(4}=cC' (8) phdH N=60,304
Nal3Pb5(H26.10,AC10.1957.775)H5.51;40.39A=bCH(¥1.33;20/3)=cCH(¥5.3;42/3)  N=26,144
Na5Pb2(R5.2,AC10.1957.775)H5.54;23.15A  N=15,84
Na9Pb4.h(H18.8,AC10.1957.775)H5.47;30,41A additional superstructure
Na9Pb4, r(AC10.1957.775)

NaPb(U16.16,5R17.204 }10.580;17.746A=bC(v834.3)=cFU(+v32,13/2) N=32,256
NaPb3(Cu3Au,SR2.735)4.884A=bC(1)=cB(2)=eC(4) N=1,12

K2Pb phdE
KPb(NaPb,SR29.122)11.50;18.76A=1dm MaPbCFU2 cmp

K2Pb3 {Russ.d.inorg.Chem. 4 1959.328)

KZbZ(ManZ,HA. R20.140)H6.66;10.76A=bCH(154/3)=cF'H(3;6/3)

K4Pb9

KPb4 (B ,SR20.140)12.31A

RbPb(NaPb,SR29.128)11.84;19.42A=idm NaPb
CsPb(NaPb,SR29.111)12.26;19.99A= idm NaPb
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KSi structure is I-homeotypic to NaCl with the commensurability a=aMNaC1(2}.
A well fitting FC4 binding is found. The BC3 binding of NaSi had N{,..-IS 546
places per b place while in the FC4 binding there are Né..-lﬁ Therefore FC4
is preferred to BC3 as the radius of K is greater than the radius of Na. An
alternative tempting interpretation aysi _F(Z) cel(d)= 4_-(8) would yield
3asizz e (2)=cp(4)=ep(8).

NaGe (M16.16,drawing SR29.60) is homeotypic to NaSi, perhaps some influence
of the Ge-d electrons is effective. Na158n4{Cu Sn,) is isodesmic to NalSPb4

15774
discussed below. Na95n4(LiQGeq,Q18.8) has a quasi hexagonal mesh al&a

FHﬁHv‘3 binding might be possible. However, any binding proposal getsbgonﬁ-
dence from the proposals for neighboured phases, as these are not yet known
the above proposal is at present only tentative.

NalSPb4(Cu155i4,BBO.8, drawing [3a] p.226) has a Bl partial structure of Pb
so that the Pb cannot extend bonds to neighboured Pb, rather they show corre-
lations with the peripheral core electrons of Na, so that the Na atom is com-
pressed and a CC'2 binding comes. The Pb atoms compress the Na atoms by the
forces of correlation to the Na core electrons. The partial occupation of the
b correlation should cause increase of metallic conductivity. Around the com-
position Nast2 three phases have been found, but their structures need more
refinement. They have perhaps to do with a CC2 binding in which < suffers
some contraction in the trigonal axis. NaPb(Ul5.16,drawing [3a] p.227) contains
double layers parallel to 5_1&32 containing 8 atoms so that they may be idea-
lized to _angl(Z;tl), similarly as for KGe the homeotypism to C1 with a =gc1':,
(4) could be noted; the closer packing of NaPb as compared to KGe fulfills
the rule that heavier B" elements favour closer packed structures (as for
instance in the heterotypism Sn-Pb). The strong deviation from this idea-
lized structure comes from the binding between the Bq atoms. ForNaPb a CFU2
binding is found which describes a compression of the ¢ correlation against
the b correlation as compared with the CC'2 binding of Nalspba. It is quite
satisfactory that Nan3 yields a CB2C4 binding, as Pb(Cu type) probably has
a BHH/7 binding [22].

In Ksz(Manz,Htl 8,drawing [3a]p 161) a CHF'H3 binding is found which con-
veys the ratio of places per cell N!{,E—IZ 5 being smaller than in NaPb (Cu Au)
Né..-lG It should be reminded here that structural arguments derived fr'om
electron density, like atomic radius ratio arguments are takenfor granted.
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Aqu hases. As the b electron distances in Mg are comparable to those in Si

o 2,8..4,8
51

F2.1) obeys the rules of Lewis and Zintl and yields the FB2 binding which is

[3b], in MgSiy the electron count Mg™’ is to be expected. Mg,Si(CaF,,
also responsible for the great Si structure family [2h,3a]. If in silicon
four Si per cell are replaced by eight Mg then the M9251 structure results.
This is an example of an extension of the Grimm-Simmerfeld rule (see [3a]p.
31,181,[2hl); since it is also expressed by the binding, the rule is inte-
grated into the two-correlations model. The relation gc{M9281)>gC(Mg) might
be caused by b electron pressure. However, the binding_§M925i=gFT?)=gt/32;
5.6), which is to be assumed twinned, gives a better EP" value, and should
therefore be taken into consideration.

It 4s not a _priori clear which electron count is va;1d for CaS1M, but
s1nce the A S1M phases are mostly heterotypic to the A S1 phases, the count

814 8 like as in Mgz’851é -8 appears probable. Ca S1(Ni251,drawing {Sa]

p. 322) 15 RDI-homeotypic to Cu, the heterotypism to MgESi fulfills the rule
that heavier compounds prefer closer packing. The gy correlation is well
fitting and a CUY2 binding might apply. This binding is remotely homeotypic
to the FB2 binding of Si, it should therefore not surprise that homeotypic
bindings are stable also in other CaSiM phases. Although the b electron con-
centration increases, the ¢ concentration is conserved in Ca5513(tr553. draw-
ing [3a]p.254), a RL-homeotype of W and a CBY2 binding is found. The Bl sub-
structure is more loosely packed than in Ca,5i because of increase of b con-
centration (rule of volume [3a]p.169). CaSi.r(T11,drawing [3alp.263) a shear
homeotype of CaS(NaCl) is even more loosely packed, and FU2 bound; the shear
contained in the cell as compared to CaS is generated by the FU2 binding as
may be shown using the method applied in [3a] to the’ shear homeotypes of
Cu3Au. Also the strong deformation in the quasi tetragonal basal plane is
explained by the commensurability rule. Further increase of Si concentration
does once more allow the b correlation,if a smaller b electron contribution
of Ca is assumed, in Ca$i,(R1.2), a S-homeotype of BEAI: Pressure stabilizes
the ThS'i2 type yielding a FB2 binding with smaller Néﬁ . It appears remark-
able that the two-correlations model gives easily concepts to discuss the
bonding in a mixture for which no stability argument was known before. The
one or other binding proposal may be erroneous, but the model opens a first
understanding for a class of substances which was since without any expla-
nation.

For Sr4S17, a L-homeotype of Th512(52.4,drawing [3ﬂ p.313), the vacancies
occur in accordance with the occupation rule [3], the application of pressure
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TABLE 2: Binding in .f’\inlffl phases

Mg2Si(CaF2,5R8.70)6.351A=bF (2)=cB(4) N=32,96 phd H cmp
Mg2Si.p{H,5R29.123)H7.20;8.12A

ta7si phd H
Ca231‘(N1‘251’,SR19.84)7.667;4.799;9.002A=bC(2.51/2;2’2;3\/2)=CU(5;4/1;6) N=32,96
(a55i3(CroB3,5R40.46)7.64514.62A=hC(/13;6.9)=cB(¥26;10) N=88,256

CaSi.h
CaSi.r(T]I,SR13.48)4.59;10.795;3.91A:bFU(1/4.5;7/2;1.8)=cU(3;7;3/1)N=24,64 cmp
Ca3sia{High-T.5ci 4+.1972.192,205)

CaSi2(R1.2,3R33.51)H3.82;15. 98A=bFH(y359/3)=cH( 3;12.5) N30,72
CaSiB.p(ThSiZ,SRBZ.139)!1.283;13.542A=bFU(2;9/2)=CB(1§8;9) N=40,96

Srisi pirdS
SreSi(Ni2Si,5R42.124}4.110;5.150;9.540A=1dm Ca2Si N=32,96
Sr5513(Cr583,71Ec}8.05;15,688A=1dm Cab55i3
SrSi(T11,5R27.348)4.83;11.33;4.04A=1dm CaSi.r N:24,64 cmp
5rSi(P10.10,5R40.77)12.98,4.89;18.03A=bF (431.5;5.5)=cU(8;3;13.5/1)N-120,320
$r4Si7(htpThSi2,5R32.122)4.41;13.93A=1dm CaSi2.pN=36,88
$r$i2(C4.8,5R31.63,28.145)6.536A=bFU(3;4.25)=cB(Y18;4.25) cmp N=40,96
5r$i2.p(ThSi2,9843.42)4438,13.83A
Ba2Si(Ni2S1,5R42.42,44.3)8.430;5.400;9.880A=1dm Ca251 phd S
Ba5Si3(htpCr5B3,SR31.25)8.436516.5 35A=1dm CabSi3
BaSi(T11,71Ec)5.028;11.929;4.131A=1idm CaSi.r
Ba3Si4(T12.16,ZNaturf24b.1969.457)8.52;11.84A=bFU(+13;7)=cB(/26,;7)N=88,224
BaSi2(B2A1,SR23.44)H4.39;4.83A=bFH(252.7/3)=cBH{2;11/3) cmpN=10,24
BaSi2(08.16,5R28.11)8.92;6.80511,58AN=80,129
BaSi2.p(EuGe2, SR3.23) HAORT;5330A

Mg2Ge(CaF2,SR3.20,13.112}6.390A=1dm Mg25i phdH cmp

Mg2Ge.p{H ,SR29.118)H7.20:8.24A
(a33Ge(F8.(0.5),5R28.14),Ca7Ge(F7.1,5R28.14) do not exist:phdM
Ca26e(Ni2Si,SR19.84)7.734;4.834;9.069A=1dm Ca2Si cmp
abGe3(Cr583,5R40.46)7.74;14,66A=1dm CabSi3
CaGe(T11,5R19.82)4.575;10.845;4001A=1dm CaSi.r

(aGel (CaSi2,SRY.37)H3.957;30.776A=hdm CaSi2

SrlGe{ ,JLCM20.130) phdM

SrdGe3(SrSi,SrR40.77)13.38;4.84;18.52A=1dm SrSi
SrGe(T11,5R32.139)4.86;11,40;4.1%A=idm CaSi.r cmp

Sr3Ged (Ta3B4,ZNaturf29B.464)

SrGe2{BaSi2,5R33.152)8.74;6.65;11.24A=1dm BaSi2
SrGe?.pl(EuGe2,SR45.78)H4.10455 1654

SrGe2.p2(SrSi2, Ang(hem 001978.562)

Ba2Ge(Ni251,5R39.21)8,28;5.48;10,04A=idm Ca2Si phdM

BabGe3(Cr&B3,Hul. )

BaGe(T1I,JLCM13.603)5.058;11.98;4.300A=1dm CaSi.r cmp

Ba3ced (Ba3Sid, Diss. 3. Evers)

BaGe2(BaSi2,5R33.152)9.0556.83;11.65A=1dm BaSi2
BaGe2p(ThSi2,5R43.26)4.755;14.T3A

Mg2Sn(CaF2,SR1.150,3.20,13.112}6.759A=1dm Mg251 phd H

Mg2Sn.p(H  ,SR29.123)H13.09;13.44A

Ca3Sn(AngewChem,85.742) phd H

azSn(Ni2Si,SR26.87)9.562;7.975;5.044A=1dm Ca2Si cmp
£a315n20(Pu31Pt20,U62.40,5R43.42)12.542;40.00A=hC (v'32;18)=cB(8;26) N=568,1792
CaSn(T11,5R19.82)4.821511.52;4.349A=idm CaSi.r
CaSn3(Cu3Au,SR3.638,15.25)4.742A=bF (3/2)=cB(3} cmp

Sr2Sn.n  phd JLCM77.29

Sr2Sn.r(Ni2Si,5R44.3  }8.402:5.378510.078A=idm Ca2Si cmp

Sr55n3(Cr5B2 ,5R44.32)8.54;16.06A=1dm Ca55i3  cmp
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SrSn(T11,71Ec)5.064;12.04;4.494A=1dm CaSi.r cmp

Srsn3(R - ,JLCM77.29)H12.00532.94A cmp

SrSn5(N  ,71Ec)M104.3°12.17;4.06;5.16A cmp
Ba2Sn(Ni2Si.SR44.3)8.648;5.691;18.588A=idm Ca2Si phd H
Ba5Sn3(Cr5B3,5R44.32)9.02;16, 78A=1dm Ca55i3
BaSn(T11,71Ec)5.316;12.55;4.657A=1dm CaSi.r

BaSn3

BaSn5

Mg2Pb(CaF2,SR1.150,3.20)6.85A=idm Mg2Si
Ca2Pb(Ni251,5R24.84)9.647;8.072;5.100A=idm Ca2Si.r N=32,104
Ca5Pb3(htpMn5513,5R42,136)H9.355;7. 004A=bH (4;3)=cUH(/48;6) N=44,140
CaPb(CuAu,SR42.136)5.118;4.491A=bFU (Y5 ;2.75)=cU(y'10;3.4) N=12,36
CaPb3{Cu3Au,SR3.174)4.901A=bFU (/5:3.2/2)=cB(¥10;3.2) cmp
Sr2Pb(Ni25i,5R44.3)8.445;5.378;10.078A=1dm Ca2Si
Sr5Pb3(Cr5B3,SR44.120)8.67;15.94A=idm Ca5Si3N-88.280 JSr5Pbi{qd§Si4, JLCN 8154, 155)
SrPb(T1I,ILCM13,1967.6095.018;12.23;4.648A=1dm CaSi.r N24,72
SrPb3(T1.3,5R3.639)4.965;5.035A=bU (/3. 25;2.25)=cFU (/3% 5.2) 14,38
Ba2P b(Ni251,SR43.102)10.61;5.71;8.64A=1dm Ca2Si
Ba5Pb3(Cr583,5R29.29)9.038;16.843A=1dm Sr5Pb3
BaPb(T1I,5R29.29)5.29;12.60;4.78A=idm CaSi.r

Ba3Pb5.h

BaPb3(R3.9,5R29.30)H7.287;25.77A=bUH(3;12/2)=cBH(3;52/3) 126,342
(Ba3Pb5. r(Pu3Pd5,ILCM52.1977.211)11.148;9.049; 1. 368A

pushes b electrons of SrSi,.p into the ¢ correlation so that the vacancies
may be filled.

Ca3lSn20(Pu31Pt20,see SR43.92) 1is a stacking homeotype of N5513(U10.6,
drawing [3a}p.305) with 7 layers; the Cg correlation is not commensurable
with the subcell and fosteres therefore the supercell. CaSn3(Cu3Au) as cam-
pared with C3512 obeys the rule that heavier compounds tend to closer pack-
ing. The tetragonal strain in the direction of minimum elastic modulus of
Ser3 corresponds to the rule of Laves (increase of 5gaﬁ/l§1twith increas-
ing b electron concentration) and permits a better reproduction of the num-
ber Eéc of b electrons per cell. CaPb(CuAu) has a smaller axial ratio and a
smaller b electron concentration than SrPby. A bindingpes in In [3] is not
stable here as the great Sr atom requests a greater NP" s

Structures which belong in some sense to the above close packings are
Mgan.m(Cu3Au,ActaMet18.1970.991) E;EHT(2;2.3/2)=CHTK'(2) and also Mgszl'l
.h(NiZSi?,SR3O.152)4.45;7.50;8.82A:1dmca251.
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1,10 14 8

3§ﬁ Ehases Using the tentative electron count Sc S , yields for Sc5
S13TMn a UU2 binding, which may be compared with the BB2 binding found
for brass 11ke phases [4f1 The factorial property of the binding accounts
3dJ for the fact that isotypes of Mn5513 frequently have a congruent melt-
ing point. Increase of b electron concentration leads over to the FU2 and
BC2 binding, in ScSi{T1I) ¢ must be twinned, therefore the last commensura-
bility element has been left undetermined.

Y5314(&n5 q,020 16,5eeSR32.87) is a S-homeotype of Ca5513(Cr 3) with
few more Si atoms in the cell; it must therefore be assumed that these pha-
ses are homeodesmic and that perhaps electron counts differing in the A
components Ca and Y cause the homeodesmism. The displacive homeotypism bet-
ween al&aZ(Y Si4) and al&a3(YSi) is caused by the increase of the b electron
concentration. Very comspicious are the structures of YS11 4: At temperatures
above 450°C the electron count is y3 8511 i and a FB2 binding stabilizes the
structure with randomly distributed vacancies (as compared with ThSiz). At
temperatures below 450°C it is reported that the Si distribution remains ran-
dom, but presumably the electron count changes, i.e. several b electrons of
Y enter the ¢ corre]ation and cause the D-homeotypism of Y511.4.r as com-
pared with YS1

For the count La come in La Si (Cr BB) the electron numbers per
cell N;C =88,276 being compat1b1e w1th a CUV? binding. In La,Si,(U5Si,) which
is homeotypic to La 513 the binding is conserved.

ScGe, (ZrSi,,drawing [3a]p.92) is homeotypic to Cu, not to B,A1 Tike Sc,Sig

2 9514 8

etc., as the radius ratio is nearer to 1. The UHT2 binding is homeotypic to
FB2. LadGe3(Th3P4,Bs.8,draw1ng [3a]p.326) is homeotypic to Na155n4(£u15514)
and also permits a CC2 binding. Another two-factorial isotypic binding, the
BB2 binding, comes in La55n3.r{w5513,drawing [3&]9.305) which is remotely
homeotypic to a NaCl structure by g;gNac1(2;1), while La55n3.h(Mn5513) is RL-
homeotypic to a W structure. Just as NaCl is less close packed than W, the
BB2 binding is less close packed than the UU2 binding.
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TABLE 3: A3B4M

S¢¥$i3(Mn55i3,H10.6,5R27.341)H7.861;5.812A=hUH(¥1253/2)=cUHK' (2) N=34,148
ScSi(T11,5R30.167)3.988;9.882;3.659A=bFU(2;7/2;1.8)=cU(/8;7;x) N=24,40
Sc3S15(LhtpB2A1,SR28.49)H3.6633.87A=bBH(v1.3;6/3)=cCH(2/1.3;6/3) N=75,24
¥5513(Mn55i3, (SR24.147)H8.403;6.303A=1dmSc5513

Y5Si4(Sm5Ge4 ,020.16,71Ec)7.39;14.52;7.64A=bFU (y10;8.8/2)=cHT (y40;14%) N=84,328
YSi(T11,5R23.146)4.251;10.52633.826A=1dmScSi
YSi1.4h(ThSi2,5R23.220)4.04;1342A=bFU(2;9.5/2)=cB(/8;9.5) N=35,77
YSil.4r(GdSi2.r,SR23.220)4.04;3.95;13.33A=hdm h
¥Y35i5.h(LhtpB2A1,5R32.140)H3.83;4. 14A=1dmSc3Si5

La55i3.h(H ,71Ec)H9.75;7.06A
La55i3.r(Cr583,5R30.150)7,95;14.04A=bC(¢13;6.4)=cU(/26;11) N=88,276
La3$12(U3Si2,T64,5R30.150)7.87;4.50A=bC(V1352)=cU(v26;3.5) N=22,92
La5514(Zr5514,71E¢)8.04;15.43A=bHT (¥13;8)=cU(/26;12) N=84,328
LaSi(FeB,SR30.151 = )8.404;4.010;6.059A=bFU(3.5;2.3/2;2.5)=cC(7;3.3;5) N=20,72
La$i2.h(ThSi2,5R30.151)4.332;13.86A=bFU(2;9/2)=cU(/8;11) N=36,104
LaSi2.r(GdSi2.r,5R30.151)4.272;4.184;14.02A=hdm h
Sc5Ge3(Mn5Si3,5R27.341)H7.939;5.883A=1dmS¢5513
ScGe(T11,71Ec)4.007;10.0653. 762A=1dmScSi

ScGe? (ZrSi2,5R29.119)3.88;14.87;3.79A=bU(2.557)=cHT (¥10;14/2) N=36,120
Y563 (Mn5513,5R24.147)H8.471;6.350A=1dmSc5Si3  phdM

Y5Ge4 (Sm5Ged,71Ec)7.63514.68;7.68A=1dmY5514
Y11Gel0(Hol1Gel0, JLCM 26.1972.53

YGe (T11,SR30.144)4.262510.694 ;3. 941A=1dmScSi
Y2Ge3(B2A1,5R29.119)H3.93;4.13A=1dmSc3515

YGel.7

YGe2.h(ThSi2.r,5R29.119)4.060;13.683A<hdm¥Sil.4.h

YGe3.5

La3Ge  phdM

La5Ge3(Mn5513,5R27.341)H8.958;6.795A=1dmSc5513
LadGe3(Th3P4,71Ec)9.356A=bC(4)=cC(8)

La5Ged (Sm5Si4,71Ec)8.06;15.47;8.17=1dmY5Si4

LaGe(FeB,SR30.143)8.4 7 4;4.118;6.097A=idnLaSi
La3Ge5.h(ThSi2,5R29.118)4.33;14.23A=idmYSil.4.h
La3GeS5.r(GdSi2,5R29.118)4.41;4.30;14.19A=hdm h
Sc55n3(Mn5Si3,SR30. 167)H8. 408;6.081A=1dmSc5513
¥55n3(Mn55i3,71Ec)H8.878;6.516A=1dmSc55i3  phdM

Y5Snd (Sm5Ged , ILCM 15,1963 1)

Y11Sn10(Ho11Ge10, IL(M{5.1968.4

YSn2(ZrSi2,71Ec)4.394;16.340;4. 305A=1dnScGe2

YSn3

La55n3.h(Mn5Si3,71Ec)H.9.435;6.961A=1dmSc55i3  phdHA
La5Sn3.r(W55i3,5R45.92)12.749;6.343A=bB(Y17;2)=cBK' (2) N=68,320

La2sn3

LaSn3(Cu3Cu,SR3.646)4.782A=bF (3/2)=cU(3;3.6)
Sc5Pb3(Mn5S13,SR30.161)H8.467;6.158A<bFH(¥12;3/3)=cFHK" (2) N=34,160
Y5Pb3(Mn5Si3,SR30.162)H8.971;6.614A=1dmSc55i3 phdM

Y5Pb4 (Sm5Ge4 , Monh Chem 4011971 1999

YPb2( , ibid)

YPb3(Cu3Au,SR29.129)4.814A=idmLasSn3

La5Pb3(Mn5513,5R30. 150)H9.528;6.993A=1dmSc5513  phdM

La5Pbé (Sm5Ged , MonhChem 104.1074. %99

LallPbl0.h(Hol1Gel0, ibid.)

La3Pb4.h

La3Pb4.r )

LaPb2(MoSi2? ibicl)

LaPb3(Cu3Cu,SR3.646)4.903A=idmLasn3
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electrons per atom. Therefore with increasing b electron concentration be-
cause of increasing Si content the Ti contribution decreases, and it may

also occur that for TiSi, the b electron contribution of Ti disappears
(generalized Ekman rule, see [Ja]) and the peripheral nobel gas shell of Ti
falls perhaps out of correlation. The THH/3 binding of TAB.4 is written for
the hexagonal cell. This binding has been discussed earlier [9].

In ZrSiM three phases display different commensurabilites of the FF2 bind-
ing. ZrSi consists of two phases, the h(T1I) phase affords more c places than
the r(FeB) phase. While the F\4GeM phases are mostly isotypic to A4S1'M phases,
in A4SnM several new structures are found. In equilibrium with T1'3Sn'(Ni3Sn)
having a congruent melting point (HUH2 binding) is a NiAs homeotype T1'25n-
(Nizln) with a FF2 binding preparing the FHUHZ binding of Ti53n3(Mn S

553

TiSSnS.h(le.lo,drawing Metk56.483) is a RL-homeotype of NiZIn with Sn on
Ni places, a FHHZ binding finds an improved commensurability in the ag di-

The Cr'3$1' type of Zr. ,Sn and Zr_Pb

rection as compared with T155n3(Mn551 3.2 5

3)'
will be considered below.

















































































