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ON THE BINDING IN AnBS‘ PHASES
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Summary

The systematic assignment of honding types (hindings) to two-component alloy
phases given previously for AB; phases is continued for Al, Ga, In, Tl as a
second component. The values of temperature and mole fraction dependent va-
lence electron contribution (b contribution) of the A" components as found in
earlier analyses have been confirmed. The rule of decrease of number Néu(N )
of peripheral core electron correlation places (c correlation places P") per
b correlation place (P'), w1th increasing mole fraction N2 holds in the pre-
sent alloy class. In Alo‘ B mixtures the Né"(ﬂ ) function dispiays a dis-
tinct plateau for the two- factor1al isotypic bindings XX2. This plateau is
characteristic for the brass-like mixtures. It appears that within the pla-
teau the closer packed binding is stable at the greater valence electron
concentration EéA. The A12 138& nmixtures cannot permlt XX2 as this binding
is limited to the valence electron concentration Nb 1.5 (generalized rule of
Hume-Rothery). The rule of Raynor that A" Atoms may absorb b electrons in Al
rich alloys has been confirmed. This absorption causes suppression of para-
magnetic susceptibility and decrease of distance ng,A]) (rule of W.H.Taylor).
For several phases as Fe3Ai.r or NiAl the assumption must be made that the
3sp electrons are in correlation with the 3d electrons (great count) while

in neighbourmq phases this is not the case (little count); it appears that
the transition temperature of this change is in some alloys nearly equal to
the Curie temperature. Also the great count may cause a smaller mean atomic
volume than the little count. Further energetic arguments emerge for Tacuna
homeotypism (L), filling homeotypism (F), deformation homectypism (D), dis-
placing homeotypism (I), shear homeotypism (S), and chain shear homeotypism(C).
An interpretation of new transformations found recently in FeA]M alloys is
proposed. The model also suggests possible high pressure structural trans-
formations. The binding analysis of the more complicated structures has been
postponed in order to finish a first approach for the whole Ant alloy class.
There is a good probability that future improvement of the analysis method
will permit extensron «f interpretations to the more complicated struc-
tures.
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Concordance of symbols used in binding analysis

Homologous classes (columns of the periodic system of elements): Al(a]ca1i metals),
AZ(Be,..)» A(Sc,..)s A, A%, .., at0,8Y(cu,. ), BZ(Zn,..), B(B,..), ... B8(nab.g.).

This notation is especially appropriate to describe subsets of mixtures or phases.
Phase designationty chemical formula with element symbols in the sequenc® of the
above homologous classes; within a homologous class the lighter element first.
Affixes separated by a point: p= high pressure phase, h= high temperature-, r=
room temperature- (mostly omitted), 1= low temperatures; i= impurity stabilized,

m= metastable phase. The stoichiometric index M (undetermined mole number) serves
to designate a whole mixture. Sometimes the moTe fraction designates composition,
Structural type is noted by formula of prototype i.e. of the first found repre-
sentative.The prototype itself is described (not exhaustively) by a letter for
the Bravais group (Amer.Soc.Test.Mater.Standard E167-77),the number of atoms of
the first component in the primitive cell, point, number ¢f atoms of sec.comp.
Bravais groups: C,B,F = cubic primitiv¢ ,body centered, face centered

T,U= tetragonal primitive, body centered

H,R= hexagenal primitive, rhombohedrally centered

0,P,Q,8= orthorhombic primitive, body centered, one face centered, all faces c.
M,N,Z= monoclinic primitive , face centered; triclinic.

Homeotypisms: R= replacement of atoms, L= formation of vacancies (lacunae),F=
fiTling of interstices, D= homogeneous deformation, I= inhomogenzous deformation,
S= shear of layers, C= shear of chains. The symbols may be placed with the af-
fix htp (homeotypical to) before a prototype formula.

Densities: =XX'= density matrix, X= configuration (spin and spatial coordinates)

Pé= diagonal of QKX' D?fx2= spatial correlation, p?¥= averaged spatial correl.,
AN s TAbA . o
D dg electron density, x= spatial coordinate.

Cells and commensurabilities:a=cell (matrix) of crystal, a= edge vector of a,

b= cell of valence electron correlation, c= cell of peripheral core el. corr.
§_19'=§= homeotypic commensurability, similarly g“lg;ﬁ', E'IE;K", gflgfgf'.

dy» d = distances of essential maxima in the 0% function,a=bK'=cK" is ti binding.
Isometric lattices (containing three linearly independent shortest vectors)

are written omitting the 1 for one atom in the cell,as C,B,F,R,U,H. A Tattice
aspect different from the conventional aspect may be indicated by the (pseudo)
symmetry of the aspect and noted behind th? Bravais group. Sometimes the lattices
are deformed (for instance by spin correlation) this is indicated by ~. Sometimes
at certain places Hund insertion of spin down electrons into a spin up lattice
occurs, this is indicated by a prime behind the isometric lattice symbol

; e
E%EElElEAEETESKE' Na"= number of atoms per cell,
E3

N Ngﬁ, Nééj Né? = number of b, ¢ electrons,atom places, b-places per a cell,
B g ; =

N7A = "number per atom, Néﬁ=number of ¢ places per b place

Matrix notation: a;p=(a;;,815-3;338515-+-)s 1 (mostly omitted) refers to an
orthonormal spatial coordinate system, P numbers the edge vectors and incidemially
designates the phase. An H before a numerical matrix or behind the last index

of a symbolic gatrix indicates that i refers to a hexanormal i coordinate system,
ana{ogous]y MB” for a monoclinknormal system. Following abbreviations are con-
ventent: (ayysBs0i..n)=(Ryy3n - Js 19338y 138gnd=layy 305505 (Bpidyyd=()3)s
Furthermore (2,1,0;-1,2,0;1)=(#5;1)R, where 5=det(2,1;-1,2) and R=rotation
matrix which is generally not noted.
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Alphabethital index of symbols used in binding analysis

A=class of homologous elements left to the Cu class in the periodic system; atom
a=elementary cell of crystal, gl=edge vector of el. cell; gipzmatrix element
B=class of homologous elements right to the Ni class; body cent.cub Bravais group
b=elementary cell of valence electron correlation; b-electrons=valence electrons
C=cubic primitive Bravais group; chain shear homeotypism

c=cell of peripheral core electrons; c-electrens=peripheral core electrons

D= density, Qxxédensity matrix;f*deformation homeotypism

QSC: spatial correlation; Qav: averaged spatial correlation; Qed: electron density
gb: distance of essential maxima in Dav,b; gc= the same for Qav’c

£= electrical dipol vector, E4= ts third component

F= cubic fact tentered Bravais group; filling homeotyism

H= hexagonal Bravais group; hexagonal aspect

h= high temperature phase

1= inhomogeneous deformation homeotypism
i= impurity stabilized phase; matrix index referring to orthondrmal coord.system
- commensurability matrix, K=a la', §f=g-lg, Kf=gjlg, {f'=g_1§
= running index for compoments
L= vacancy formation (lacuna) homeotypism
1= low temperature phase
M= monoclinic primitive Bravais group; undetermined mole number
m= metastable phase

component
é: mole fraction of the second

N= monoclinic face centered Bravais group; number; N
n= exponent indicating the homologous class; number index of electron

0= orthorhombic primitive Bravais group; orthorhombic aspect

P= atom place,P'= b-correlation place; P"= c-correlation place; index counting edge v.
P= orthorhombic body centered Bravais group

p= high pressure phase

0= orthorhombic one face centered Bravais group

R= rhombohedral Bravais group; replacement homectypism

r= room temperature phase

S= orthorhombic all faces centered Bravais group; layer shear homeotypism

T= tetragonal primitive Bravais group; tetragonal aspect

U= tetragonal body centered Bravais group

W= wolfram type

X= spin spatial configuration

x= local coordinate of an electron

Z= triclinic Bravais group
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Introduction

In the title tacitly the liberty has been taken to equate B"=A10+", where

A and B are homologous classes of chemical elements defined by the well known
IUPAC cnvention [1}and n may be taken as column number of the periodic system
of elements. The phases considered here may therefore be delimited by

A"£13BS (M= undetermined mole number). These phases have been reviewed thorough-
1y [2aff]. They shall be analysed here with respect to their bonding type
(binding) by means of the two-correlations model [3a...1]; the procedure of
the analysis and the format of the results is the same as in the previous in-
vestigation of the binding in AB; phases [3c], and for concepts like the
different homeotypisms this reference should be consulted. It will be under-
stood that the Structure ReportsA(SR) reference used in the tables is very
appropriate because of its brevity, but that the information given there can-
not be assumed to be completely free of mistakes, these may be avoided by
regressin {0 the original publications cited there. It is an old desideratum of
systematic crystallography and of systematic chemostatics ta develop a coherent
valence classification of the ABM phases. The two-correlations model is the
first to enter this problem. Starting points are electron counts. As the elec-
tron count is not quite certain in many of these compounds the rule of smooth-
ness of the ﬂéﬁ( N‘) function [3c] is very helpful (N "-number of c places per
b place, Ny=mole fraction of the second component). The unexpected result of
earlier analyses, that the majority of the phases display whole numbered com-
mensurability between b correlation and c correlation only in two directions
is confirmed in the present alloy class. It is apparently a fundamental pheno-
menon.

In advance it should be mentioned that a complete analysis in the first
attempt may not be attained, as the assignment of a binding becomes uncertain
in phases with Tarqe elementary cells. Therefore it is appropriate at first to
try an analysis of the simpler structures of the present alloy class. When
the results of this attempt appear promising, the discussion of the more com-
plicated structures may be added. Of course a completenes of the table of the
phases stabilized must be aspired in order to indicate where the analysis is
to be continued.

Sometimes it happens that isotypic phases are not assumed isodesmic. This
may be real when the phases are not homologous, but it may also be erroneous.
Since it is sometimes difficult to decide where the error may Tie, both propo-
sals are noted to have a first approach at least.
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1.3
A B” phases

The type BaA14(U1 4 drawing [3a] p.313, see[4]) of NaGa, (electron count
NaiSGa ) is a F-hometype of Cu3Au with the commensurability a= —Cu3Au(1 2),
ina (001) plane together with Ba are packed Al, dumbbells with foo1] di-
rection. Assuming E;EB(¢8;7.5) Teads to a HTB/2 binding. The misfit of the
number ﬂéc of b electrons per cell to the number ﬂé? of b places per cell
could be reduced by assuming that the Na]' electrons form a correlation of
their own.

Another simple phase is NaIn(NaT1,F2.2, drawing [3a] p.127) a R-homeotype
of Wwhich obeys Zintl's rule. A FB2 binding does not give enough < places,
therefore a FF2 binding may be assumed with ﬂéE:ZSB c places per cell. The
elements K,Rb,Cs do not form this type as their partial structure of the Si
type would require too greatavelume.

Other simple struttures have been reported for CSSI"S and CsIn4, but their
analysis must be deferred until the atomic positions are known. The more com-
plicated structures shall be postponed. It must be admitted that the A183 and
A Bg phases do not have the most convincing binding proposals as the great
size of the A i atoms causes a great number of ¢ places per atom and thus

makes the approximation of the two correlations less good.

ﬂf@ﬁ phases

With the electron count Mgz’BAlg’B comes for Mg17A112(Mn.r,829, drawing {3a]
p.155) a HTC2 or C'C2 binding and for MgAl,.m (HfGa,,drawing [3a] p.92),a RD-
homeotype of Cu, a BHTZ binding. This b1nd1ng has more ¢ places per b place,
Néﬁ =5.6 than the FB2 binding of In with Néu =4. This leads to conjecture that
the binding of Al is 374.OSA-_FU(¢4.5,2.7/2)-_B(3) which is a fore-runner of
the FB2 binding; the number of c places per atom, ﬂpﬁ:13.5, is greater than in
Ga and In,in agreement with the place number rule [3bl . Also the frequent

BaA14 structure which occurred already in NaGa, has for CaA14a fully occupied

EF correlation as part of a FU2 binding and ma; be easily understood in com-
parison with Al by decrease of b electron concentration. jee alw Mi Alo SR327).
SrA1(C32.32,drawing SR42.11) is an I-homeotype of NaCl with g;gNac1(2), the
FUHT2 binding opens a possibility to understand the I-homeotypism. SrA12
(KHgZ,drawing [3a] p.218) is an I-homeotype of B2A1 with 3;982A1(Q;4;0,1,1;2,0,0)
the UHUHY3 binding is given in the table for the hexagonal subcell.
Ba4A15 (H8.10,drawing SR41,4) and Ba7A113(H7.13) are homeotypic to MgZn,

(H4.8,drawing [3alp.161) which is composed of layers with v4 and ¥3 commen-
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TABLE 1: A1B3M

NaAlM (nic,phdH~)
KAIM (nic,phdHA)
RbATM (nic,phdHA)
Na5G6a8 phdHA ~cmp,Na22Ga39(ActCryst.B38.1101),Ng7Gal3(Z Natf 37b.119,127)
NaGad(BaAl4,5R34.140)4.223;11. 19A=bHT(2;6/2)=cB{y/8;7.5)N=26,96
K5Ga8  phdM,KGa3(U3,9,CRParis294.1982.1083)6.278;14.799A
K3Gal3(Q12.52,5R46.81)6.441;16.143;28.404A
Eggﬁzg phdM,RbGa3( »Z anallg Chem 480.1981.181)
a
RbGa7(N2.14 ,ACB37.1981.2060)M111.85911.432;6.603;10.259A
Cs56a8 phdM
CsGad
Na2In phdM
Naln(NaT1,5R3.19)7.31A=bF(2)=cF(4) N=32,144
Na5In8 cmp
K5In8 phdM cmp
KIn4(BaA14,5R34.140)4.835;12.71A=1dmNaGad
R65In8  phdM
RbInd(BaA14,5R34140)4.914;12.82A=1dmNaGad
Cs5InB(08.12,JLCM83.1982.143)6.805,6.965;16.40A phdM
CsInd(T2.8,ILCMB3.1982.143)7.089;6.693A
Na6T1(F88.14,5R38.146)24.154A=bU(6;7.3)=cB(18) phdHA N=520,3376
Na2T1(Q16.8,5R32.124)13.935;8.880;11.693A=bFU(5;2/1;4)=cB(10;6;8) N=80,416
NaT1(F2.2,5R3.19)7.487A=idmNaln cmp
NaT12
KT1  phdm
K4T15 cmp
K5T18
Rb4T15 phdM cmp
RbT12
RbT13
Cs5T17 phdM  cmp
Cs4T17
CsT13

TABLE 2: A2B3M

Mg17A112(Mn.r,SR3.358, Nawis7.1970.123)10.481A=bHT (5;5.7/2)=cC(10) N=140,464
Mgd4A156. m(Mn. rD,SR44.105)10.501;10. 185A=1dniMg17A112 phdHA
Mg23A130(R23.30,5R33.8)H12.825;21. 748A=bUH(6;11.5)=H(12;20) N=408,1272
Mg2A13({F116.176,5R30.5)28.239A=bU(11;13)=cB(22) N=3040,9312
MgA12.m(HFGaZ,SR44.105)4.132;26.602A=b8(¥/3.25;10)=cHT (¥13;23) N=64,192
CaA12(MgCu?,SR8.6)8.038A=bU(353.7)=cB(6) N=64,132 phdHA cmp
CaA14(BaAT4,SR8.6)4.362;11.09A=bF (vV2;3.5)=cU(/8;9) N=28,80
SreAI(C32.28,5R42.11)12. 753A=bFU (5;7)=cHT(10;11/2) N=160,512 (FornasiniMer1o1983)
SrA12(KHg2,SRa1.119)4.793;7.922; 7.937A=bUH (/4. 3;4/2) =cUK(M337/2)  N=32,96phdM
SrA14(BaA14,5R 7.203)4.46;11.07A=1dmBaA14  cmp

BadA15(H8.10,5R41.3)H6.C92;17. 782A=bFH(¥5.3;9/3)=cH(y/21;13) N=46,144 phdM
Ba7A113(H7.13,5R41.3)H6.099;17. 269A=bFH(Y/5. 3;8/3)=cH{y21513) N=53,160
BaA14(U1.4,5R21.3)4.566;11. 250A=bF (¥2;3.5)=cU(y8;9) N-28,80 cmp

#g56a? (P10.4,5R28. 23)13.708;7.017;6.020A=6FU(633;3.6/2)=cFUK' (2) N=64,240
Mg2Ga(H12.6,SR35.62)H7.794;6.893A=bUH(¥12;3.5/2)=cH(2/12;6) N=42,156

MgGa (U8. 8,5R28.23)10.53;5.53A=bli(4;5/2)=cB(8;4) N=80,288

MgGa? (06.16,5R34.84)6.802516.346;4. 111A=bB(2Y2;5/2;1.7)=cHT (4/2;10¢2;4/2)
MgGa2.m{Caln2,5R46.129)H4.343;6.982A=bFH(2;4/3)=cBH(2;16/3)N=16,56 N=64,224
Mq2Ga5{U4.10,5R34.84)8.63;7. 11A=bB{y'13;3)=cCk* {2) N=76,264
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Ca3Ga phdm

Ca5Gaz

Ca5Ga3(Cr5B3,5R44.108)7.954;15.084A=bB(7.3;5)=cB(¥2 9;10) N=76,280
gagg(g]I,71Ec)4‘382;11.535;4.196A=bC(2;5.3)=cU(J8;9) N=20,72

a2Ga
CaGa2(B2A1,5R9.37)H4.323;4.323A=bH(2;2)=cUH(/12;4/2) cmp N=8,28
CaGa4(htpBaAl4,JLCM63.105)4.34;25.90A=hdmBaAl4

Sr8Ga7 (Sr8Al7,FornasiniMer161983)12.484A=1dmSr8A17 phdM
SrGa2(B2A1,SR19.61)H4.344;4.732A=1dmCaGa2 cmp
SrGa4(BaA14,5R30.140)4.437;10.70A=idmBaA14
BalOGa{VAlZs , sRULIN20.81 A
3335a7(5r8A17,FornasiniMerl01983)12.990=idm5r8A]7
BaGa
BaGa2(B2A1,SR19.61)H4.432;5.064A=1dmCaGa2
BaGa4(BaA14,SR30.116)4.560;10.81A=1dmBaA14 cmp
Mg3 In(R12.4,5R28.23)H6.323531.060A=bUH(Y7;15/2)=cH(/28;256) N=108,408 phdM
Mg2.91Inl.1(Cu3Au,SR11.130)4.49A=bHT(2;2.3/2)=cC(4) N=9.1,34
Mg5In2(Mg5Ga2,SR28.23)14.23;7.3636.19A=bFU(633;3.6/2)=cHT(12;6;6/2) N=64,240
Mg2In(H6.3,5R28.23)H8. 2753, 42A=bFH(V12;1.75)=cH(v/48;2.8) N=11,78
MgIn(CuAu,SR6.180)3.25;4.39A+4.605439A=bF (¥2;1.35)=cC(4;3.8) N=10,36
MgIn2.5(Cu3Au,SR6.180)4.61A=bF (¥2;1.4)=cl(¥/8;3.5)
MgInS(Cu,ZM54.,1963.422)4.66A=bF (V2;1.4)=cB(v8;2.8)
Ca3In(Fe3Si,SR29.108)7.860A=bF (2)=cF(4) N=36,136 phdS cmp
Caln(CsC1,5R29.107)3.856A=bFU(y2.25;2.1/2)=cC(3) N=5,18 cmp
Caln2(HZ2.4,5R29.107)H4.895;7.750A=bFH{2;4/3)=cUH(¥12;6.5) N=16,56 cmp
Sr3In(Fe3Si,71Ec)8.360A=idmCa3In FF2 phdM cmp
Sr5In3(Cr583,5R44.117)8.738;16.442A=1dmCa5Ga3 BB2
Srin{0 ,71Ec)4.03;5.18;11.10A
Sr2ln3
SrIn2(Caln2,SR29.121)H5.000;8.021A=idmCaln2 cmp
Srzlns
SrIn3(Ni3Sn,JLCM1L.1966.249)H6.769;5.481A=bUH(V/8.3;2.7/2)=cH(5;4) N=22,76
Srin5(H  ,JLCM11.1966.249)H5,.937;4.827A
Bal3In phdM
Ba3In
Ba2In
Baln,Baln2(CeCu2,RendAccadNazL i48. ; .225;8.439;8.
Baln2(0 EJLCM11.1965.249)5.94;?.53;73.5%3&5 E%S’B 103308
Baln4(BaA14,JLCM11.1966.249)4.963;11.305A=1dmBaA14 cmp
Mg5T12(Mg5Ga2,SR35.63)14.285;7.328:6.137A=1dmMg5Ga2 = phdH
Mg2TL (Fe2P,SR35.62)H8.083;3.680A=bUH(/12;1.8/2)=cH(2¢12;2.8)
MgT1(CsC1,SR3.271)3.635A=idmCaln
Ca3T1(Fe3si,71Ec)7.85A=1dmCa3In,Ca5T12(  ,AnnChim Roma56.1966.1306)
CaT1(CsC1,SR3.271)3.855A=idmCaln phdH cmp
Ca3T14
CaT13(Cu3Au,SR3.639)4.803A=1dmMgIn2.5 N=11,38

Sr3T1(0 ,71Ec)23.72;8.07;5.77A
Sr5T13(Cr5B3,5R44.122)8.635;16.389A=1dmCa5Ga3
SrT1(C=C1,5R3.272)4.032A=idmCaln,Sr2T13(  ,AnnChim Roma56.1966.1306)
SrT12(Caln2,5R29.133)H5.074;8.217A=1dmCaln2
SrT13(T1.3,71Ec)4.882;4.843A
BaT1,Bal3T1,Ba2Tl 6see5r2T13g
BaT12(CalIn2,SR29.105)H5.220;8.437A=idmCaln2

BaT13

BaTl4
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surability to the basal mesh, while in Man2 the stacking sequence is y3,/4,-
Y374, in Ba,Al, it is V3433743, and in Ba Al 4 ¥3./4./3.5/43./44/3
the binding might be FHH2 in a ¥/21 commensurahility which is greater than the
+/& conmensurability of many NiAs type phases.

MgSGaZ(P10‘4,drawing [51) obeys the Lewis rule and the Zintl rule, and in
the Cu type partial struclure of Ga one Mg per Ga is in an octahedral interstice
and 1.5Mg per Ga are in tetrahedral interstices, a FF2 hinding appears possible.
MgZGa(HIZ,G,drawing SR35.63) a RDI-homeotype of W is also homeotypic to FezP
with §=§Fezp(l;2) and permits a UHHZ or FHUHZ binding.

MgGa(U8.8,drawing [5]) is a DIC-homeotype of NaCl with gngaC](Z;l), the
electrical dipole veclors generated by the UB2 binding are probably the cause of
the row shears as compared to NaCl. MgGaZ(OB.lﬁ,drawing SR34.85) is an I-homeo-
type of B,Al, one of four Ga is shifted into the Mg layer (gl&ga)by the BHTZ
binding. MgGaz.m (Calnz) another I-homeotype of BZAI with g;EBZA](l;Z) permits
a FBZ binding. Mg,Gag(U4.10,drawing SR34.87) permits a BC2 binding.

CaSGa3( CrcBy,drawing [3al] p.254) is a RDI-homeotype of W, in the quasi ho-
mologous Ca5Si3(Cr583) the binding was E;EC(JI3;6.9)=586/26;10), it is seen
that the ¢ correlation is closely homeotypic. Also CaGa(T1I) is isotypic to
CaSi.r but hefetodesmic.

MgaIn(R12.4) is a S-homeotype of Niasn_r or Cu3Au and a RS-homeotype of Mg
with g=gMg{2;6). The distance value gb(Mgsln)=2.4A leads to E?EUH(/7;15/2)
and this could be supplemented by QFEH(VZS;ZS)- The value K§3=26 might be
idealized to K§3=25.5 and this would lead by the method [3a] used for the
explanation of the shear law in Cu3Auan (m=small mele number) to an ex-
planation of the shears distinguishin? Mg3In from the NiBSn.r(HG.E) type. The
number of c places per b place is NPII =7.0 for UHHZ binding, therefore it is
gratifying that for Mg;_91"1.1(C“3A”) a HTC2 binding fits which has also

Néﬁ=7.0. Extrapolating the Néﬁ values towards Mg leads for this element to

the surprising binding 3=H3.21;5.21A=9H(Jl.?5;2.3)=EUH¢¥7;5), the absence
of a CC2 or homeotypic binding apparently has to do with the great atomic
volume of Mg. The simple structures CaBIn(Fe3Si), Caln(CsC1) and CaInZ(H2.4)
are all homeotypes of W and permit FF2, FUC2 and FHUHy3; Ca31n gives indi-
cation of b electron descent. Plotting the number of c places per atom it is
found ﬂ£ﬁ=16,13.5,13.0,12; this strong decrease is caused by the great
atomic volume of Ca, and this volume influence accounts for the change of
binding when the b electron concentration does not change as in (IaZn.\'| e.g..
This could not be understood before. -

The FU2 binding of CaT13(Cu3Au) is confirmed by the tetragonality of SrT13.
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3;3
A BU phases

The phase ScAl(CsC1) is apparently not isodesmic to Caln(CsCl}, its BFU2 bind-
ing yields §é§=5.7 b places per cell so that the b contribution of Sc is
nearly 3; for this reason YA1.h(CsC1) is not stahle at Tower temperatures as
the b electron contribution diminishes with decreasing temperature. Curiously
a FUC2 binding fits in ScAlz(MgCuz), however, using the hexagonal cell pro-
bably opens other possibilities. ScA13(Cu3Au) is homeotypic and homeodesmic

to In and this confirms a b electron contribution below 3.

The ditypism of YZA] is caused by the temperature dependent b contribution
of Y; as YZAI(NizSi) is compatible with a FF2 binding it must be assumed that
Y ontributes here no b electrons. Y3A12(Zr3A12) is homeotypic to U3512(T6.4)
with a= =335 2(1‘2) and permits CUy2. YA]3 .h has a Ban3(R3 9,5R29.30) structure
a stacking homeotype of Cu3Au Tike Mgaln, while YAl r(@] Sn) has a simple
two layer structure. The binding of h has a smaller Néu value (4.9) than the
binding of r (6.0).

While La3A1(Ni3Sn) belongs to the Cu family, in LaAl1{CeAl) there are only
ribbons of CsCl cells. The binding has not yet been found. Just as LaA]Z(MgCuz)
may be described as a structure in which La replaces two Al atoms [3a] ,
also LaAlq.h(BaA14) may be described similarly. La3A111(P3.11,drawing SR32.7)
is L-homeotypic to BaA]a with the commensurability §:5B6A14(1;3;1L

The high melting point of LaGaz(BzA1) is due to the good commensurability
of the b correlation to the small crystal cell.

AaBﬁ phases

In the mixture TiA]M two different phases of the same structure have been re-
ported, T13A1(Ni35n.r) and T12A1(N13Sn.r). Although two different bindings are
available, additional confirmation of the empirical facts appears desirable.
Also in TiAT(Cubu) the electron count Til*3a13:8 is probable and leads to a
UFUZ2 binding but in T1A12(HfGa2,drawing {3a] p.92) this count appears less
acceptable, the Lkman rule (see [3a] ) becomes valid. TiAl,opens a series of
S-homeotypes of Cu3Au which displays a remarkable increase of the axial ratio
of the Cu type subcell with increasing b congnlration: T1A12|a3\/6la1l=1.021,
T15A111 1.055, T19A123 1.089, T1A13 1.116. This D-homeotypism follows easily
from the binding. Curiously the binding appears to be the same in all four
phases and the electrodipole vectors generated by the ¢ correlation favour
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TABLE 3: A3B3M

SC2AT (N2In, SR41.412)M4 838;6 166 phdM

ScA1(CsCT,SR30.108)3.450A=bB(v2;1.4)=cF(2) cmp

ScAT2 (MgCu2,SR29. 100)7. 580A=bFU (13;5/2)=cC (525 7) N=64,200 cmp
(

)
ScA13(Cu3Au,SR29.100)4. 10A=bF (¥251.4)=cll(v8;3.5)
¥3A1(Cu3Au,SR32.16)4.818A=bC(2)=cC(4) N=6,38
Y281 .0(Er2Al,SR30.110)7.62;9.22;11.14A phdE
Y2A1.r(Ni2Si.SR32.16)6.642;5.084;3.469A=bF (2;1.5;2/2)=cFK' (2) N=20,112
¥3A12(Zr3A12,5R28.43)8.239;7. 548A=bC (¥13;3.3)=cU(¥2636) N=36,184 cmp

)
YA1.h(CsC1,5R32.16)3.75A=idmScAl
YAT.r(T11,SR31.16)3.884;11.522;4 . 385A=bC(1.7555;2)=cB(1. W2;7;2/2) N=12,76
=56,208 cmp
=cBH(3;50) N=90,306
2)=cUH(y27;4.4/2) N=20,68

YA12(MgCu2,5R28.43,24.35)7.860A=1dmScA12  N=56
YA13,h{BaPb3,SR32.15)H6.204;21.184A=bH(3;10)=c
YAT3.r(Ni3Sn.r,SR32.15)H6.276;4.582A=bH(3;2.
YA14(BaA14,5R26.238)
La3AT(Ni3Sn.r,SR30.106)H7.195;5.503A=bH(3;2.3)=clH(6;5/2) N12,82 phdM
LaA1{CeAl,SR30.106,30.105)5.809;7.734;9.531A N=24,152

LaA12 (MgCu2,5R23. 214 ,30. 105)8.153A=idmScA12  cmp
La3A17.h(B2A1,5R30. 105)He . 478; 4. 347A=bH(2;2)=cH(¥12;3.5)
LaAT3(Ni3Sn.r,30.105,41.9)H6.662;4.609A=idmYA13. 1

La3Alll.r(0  ,SR32.65)4.431;13.142;10.132A

5
B

LaA14.h(BaA14,SR9.1D,SR3D.105)4.48;10.42A=bF(¥?;3.3)=cU(V@;4) cmp
Sc5Ga3(Mn5513,5R29.53)H8.074;5.951A=bUH{(¥13;3/2}=cUHK' (2) N=38,138 phdM cmp
Sc5Gad

ScGa(T11,S5R45.121)4.022;10.205;3.835A=1dmYAl. v

ScGaZz cmp

ScGa3(Cu3Au,SR45.122)4.095A=bHT(2;2.3/2)=cB(¥8;2.8) N=9,41
¥5Ga3(Mn5573,5R29.53)H8.576;6.479A=1dmSc56Ga3  phdM
YGa(T1I,SR45.122)4.296;10.876;4.074A=idmYAT.r cmp
YGa2(B2A1,5R26.146)H4.198;4.095A=1dmLa3A17.h cmp
La3Ga{Cu3Au,5R45,121)5.66A=bC (¥'5;2.2)=cFU(¥2056/2) phdM
La5Ga3(CroB3, 71Ec)8.066;14.733A=bC(¥10;6)=cCK' (2) N=56,320
LaGa{T11,SR45.121)4.523;11.588;4.256A=1dmYA] .r
LaGa2(B2A1,5R26.146)H4.320;4.416A=idmLaA12.3.h cmp

LaGa6.h

LaGa6.r

Sc3In(Ni3Sn,SR27.245)H6.421;5.183A=1dmLa3Al  Sc2 In{NiZln, 9R39.45)
YIn{CsC1,71Ec)3.806A=1dmScAl
YIn3(Cu3Au,SR29.121})4.597A=ScA13
La3In(Cu3Au,71Ec}5.075A=1dmY3A]
LaIn(CsC1,71Ec)3.985=1dmScAl
LaIn3(Cu3Au,71Ec)4.732A=1dmScAl13

ScTIM

YT1(CsC1,71Ec)3.751A=1dmScAl
YT13(Cu3Au,71Ec)4.680A=1dmScAl3
La3T1(Cu3Au,71Ec)5.13A=1dmLa3Al phdM

La2Tl

La5T13(W5513, JLCM18.93)

LaT1(CsC1,SR8.51)3.922A=1dmScAl cmp
LaT13{Cu3Au,71Ec)4.806A=1dmScA13 cmp



Ti26a3(T4.6,5R27.204)6.284;4.010A=bU (V6.25;2)=CcFU(5;4.5/2) N=22,72
TiGa2 (HfGa2,U4.8,5R27.204)3.929;24.37A=bB(y2.5;10)=cC(/10;20) N=48,112
TiGa3(TiA13,5R9.83,27.204)3.789;8.734A=1dmTiA13 BC2
Zr2Ga(CuR12,5R27.205)6.712;5.443A=bHT (¥8;2.7/2)=cC(¥32;4.5) N=20,64 phdS
Zr5Ga3(Mn5Si3,5R22. 124)HS. 04;5. 71A=bH(Y12;2.5)=cUK(655/2) N=28,90 cmp
7r36a2(U35i2,5R27.205)7.349;3.692A=bB(¥/8;1.4)=cFU(¥32;4/2) N=18,58
Zr56a4.h(Ti5Gad,SR27.205)H8.350;5. 757A=idnZr5A14

ZrGa.h

ZrGa.r(MoB,U4.4,SR27.205)3.865;20.56A=bU (V2;9.5)=cFU(v8;21/2)

22Ga3 (Zr2A13,5R27.205)5.497;9.444;13.755A=1dmZr2A13
Zr3GaS(orth,SR27.205)7.111;8.848;9.084A
ZrGa2(02.4,5R27.205)12.89;3.994;4.123A=bB(v2.5,5)=cC (#10;10) N=24,128
ZrGa3(ZrA13,5R27.205)3.960;17.44A=bB (y2.5;7)=cC(y10;14)

Hf2Ga (CuA12,5R27.207)6.686;5.295A=1dmZr2Ga phdM

HF5Ga3 (Mn5S13,5R27.207)H7.970;5.686A=1dmZr56a3

HF5Ga4

HfGa

Hf2Ga3(Zr2A13,5R27.207)5.472;9.402;13.63A=1dmZr2A13

HfGa2 (U4.8,5R27.207)4.046;25.446A=bB(2.5;10)=cC(/10;20) N=48,192
HfGa3(TiA13,5R27.207)3.881;9.032A=bB(y2.5;3.7)=cC(y10;7.4)
T#In0.9(Ni35n,SR22.123)H5.89;4.76A=1dmTi3A1 UHH2 phdE
Ti31n2{CuAu,SR30.149)4.203;4.238A=bU(¥2;1.75)=cB(¥8;2.8) N=8 ,2§
Tiln.h{Cuhu,

Ti3In4(T6.8,5R30.14)9.98;2.98A=bHT (¥17;1.43/2)=cB(¥34;1.75) N=24,104

ZrBIn(CUSAu,SR27.379)4.46A:hU(V2;1.75):cB(J8;2.8) N=6,19
Zr21n(CuAu.SR30.149)4.419;4.460A=hu(#2;1.75)=cB(VB;2.8) N=6,23
Zrin.h(Cu ,SR30.149)4.418A
ZrIn3.h(TiA13,SR30.149)4,238;9.786A=h8(¥2.5;3.65):cC(/10;7.3)
ZrIn3.r(ZrA13,SR30.149)4.303;18.94A=bB({2.5;7)=cC({10;14)
Hf3In4(Ti31n4,SR30.14)10.23;3.053A=1dmTi3Ind

Hf In2(CuAu,SR30.144)4.36;4.51A
Ti3.2710.8(Cr351,71Ec)5.256A=bC(2)=cC(4)

IrTIM

HfT1M














































































