melch no. 16 pp. 191-207 1984
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Summary

According te the structures formed, the AnAB 9

Al 2A8 g’ the Zintl mixtures; A3 -7 8 9
M 9,8, 5"

Ekmanian electron count; and AS’ Aﬂ , the brass-like mixtures with Ekma-

mixtures may be devided into

the pseudo-brass mixtures with non-

nian electron count. The Zintl mixtures either do not form intermediate pha-
ses or form phases which have close-packed structures mainly determined by
the considerable difference of the component radii. The pseudo brasses have

a large atomic volume and correspondingly weak core interaction characteriz-
ing the structures of the Cr351 family and the 3,4-coalescence structures.

For A" =5 the 3,4-coalescence structures (1nc1ud1ng the Friauf-Laves phases)
are replaced by homeotypes of Cu as the size of A" has decreased. However,

the non-Ekmanian electron count is conserved up to A7 and causes there var-
jous replacement- and stacking-homeotypes of Cu. For An>7 mainly structures
occur which are homeotypic to elements,as quasi homologous mixing takes place.

Analysis

Auﬁﬁ phases. The b electron expansion energy of both components is too weak
to cause intermediate phases. An exception is the mixture MgRuM. Here the
electron count MgZ’BRuSI’8 may be assumed, and the b electron concentration

in Mg3Ru2(Mn.h1) is then near 1.5 so that the favourable FF2 binding of Mn.h,
(82cSch) may be assumed. The CHT2 binding for Mg44Ru7(F88.]4) can only be
tentative as no use has been made of the distribution of the Ru atoms in the
crystal cell.

AaAﬁ phases. Starting from the electron count Sc”'“the FHFHY3 binding g, =
H3.31;5.27R=b _FH(VZ 3;3/3)=¢ “FH(47 5/3) may be assumed which yields the place
number ratio HPH;S .2. On the other side for Fe Lyl the binding a 8pa bB(l)/ ’
_U(z 2.5) with _P"-Q 8 appears probable or ke pl° EF =_B (V/8;2.8) with NP“
11.3. The place number ratio interval 5.2...9.8 is not very extended so that

3,8



= 192 =

ALABM

NaFeM(nic)see E KFeM(nic)see § RhFeM(nic)see HA CsFeM(nic)see HA
NaRuM KRuM RbBRuM CsRuM

NaOsM KOsM RhOsM CsOsM

A2ABM

MgFeM(nic,tm)phdM CaFeM(nic,tm)see S SrFeM(nic)see HA BaFeM(nic)seeHA

Mg44Ru7 (Mg44Rh7,SR39.82)20. 19A=bC{9)=cHT(18;21/2) N=704,3264 phdM
Mg3Ru2 (Mn.h1,5R39,117)6.929A=bF (2)=cF (4)

CaRuM SrRuM BaRuM

MgOsM({icpossible)see HA CaOsM SrQsM BaOsM
A3ABM

Sc3Fe phdM

ScFel.9(MgCu2,71Eck)7.09A=bC(3)=cC(6) N=24,192
ScFe2(MgNi27?,5R26.237)H4,972;16.278A N=24,128 cmp
ScFe2.1(MgZn2,71Eck)H4.9257.90A=bCH(Y2.2556/3)=cCH(3;12/3) N=12,96
YFe?(MgCu?2,SR24.35)7.357A=1dmScFel.9 phdS

YFe3(NbBe3,71 Eck)H5.133;24.60A=bH(2;10)=cH(4;20) N=27,288
Y6Fe23(ThéMn23,SR30.137)12.12A
YFe(CaCu5,SR24.109,doubted,71Eck)H4.87;4.06A
Y2Fel7(Th2Znl7,71Eck)H8.510;12.384A
Y2Fel7.1(Th2Nil7,71Eck)H8.464;8.312A

LaFeM{nic)} phdE

Scl1Rud(Sclllrd ,F22.8,5R46.132)13.367A=bHT (6;7/2)=cC(12) N=264,960 phdM
ScRu(CsC1,5R27.342)3.203A=hHT (¥2;1.6/2)=cHTK' (2) cmp
ScRuZ(MgZn2,S5R23.216)H5.119;8.542A=idmScFe2.1 CC2

Y3Ru phdM

YRu2{(MgZn2,5R23.216)H5.256;8.792A=idmScFe2.1 CC2 cmp
La3Ru(Fe3C,SR45.123)?A468;100032;6.555A phdM
La5Ru2(Mn5C2,5R45.123)M35.79716.790;6.672;7.422A cmp
LaRu2(MgCu2,SR23.215)7.702A=idmScFel.q CC2
Scl110s4(Scl1Ir4,SR46.89)13.344A=1dmSc11Rud4 HTC2
Sc0s2(MgZn2,5R23.216)H5.179;8. 484A=1dmScFe?.1

¥Y30s phdM

Y0s2(MgZn2,5R23.216)H5.307;8.786A=1dmScFe2.1 cmp
La0s2(MgCu2,SR23.215)7.736A=idmScFel.9 CC2

A4ABM

TiZFe.i(TiZNi,SR13.91)11.328A:hF(4)=cU(8;10) N=256,768
TiFe(CsC1,5R24.134)2.98A=bF (1)=cF(2) N=4,24 phdE
TiFe2(MgZn2,SR23.90H4.831;7.855A=bCH (2. 2536/3)=cCH(3;12/3)
Zr3Fe(Q6.3,JLCM81.293)8.819;3.329;10.952A phdS
ZrZFe.h(CuA12,5R38.6)6.385;5.596A=bFU{3;3.7/2)=cU(/18;4.5) N=32,96
ZrFe2(MgCu2,5R18.124)7.07A=bF (2}=cF(4) cmp
Zr(.8Fe2.2(MgNi2,5R8.57)H4.962;16.15A
Zr6Fe23(TheMn23,SR30.137)11.69A=bC(Y20;4.5)=cCK' (2) N=96,928
Hf2Fe(Ti2Ni,SR24.133)12.055A=1dmTi2Fe.i phdE
HfFe2.h{MgZn2,5R23.157)H4.912;8.001A=1dmTiFe2 CC2 cmp
HfFe2.r(MgCu2,SR18.123)7.025A=idmZrFe2 FF2
TiRu(CsC1,5R23.77)3.076A=idmTiFe FF2 phdM cmp
ZrRu(CsC1,5R23.77)3.25A=idmTiFe FF2 phdS
ZrRu2.h(MgZn2,5R9.49)H5.11;8.43A=idmTiFe2 CC2
HfRU{CsC1,5R23.77)3.225A=1dm Tife FF2 phdM

HfRu2 (Laves-phase)

Ti0s(CsC1,5R19.246)3.07A=1dmTiFe FFe phdM
Zr110s4(Sc111rd,SR46.131) =bB(y/32;5.6)=cF(8) N=352,960 phdM



- 193 -

the structural display is fairly uniform.

Unfortunately the structure of Sc3Fe appears to be unknown as yet, and
furthermore only the 3,4-coalescence phases ScFel_gaﬂgCuz) and ScFez_l(Manz)
are stable. They are compatible with a CC2 binding and it appears that the
MgZn, type is preferred by this binding, as it yields a simpler commensura-
bility than the MgCu2 type. YFeg(NbBe3) might have a HHZ2 binding, but this
makes dubious the CC2 binding of YFe2 as it violates the rule that the den-
sity of a XX2 binding (X=C,H,B,U,F) becomes closer with increasing b electron
concentration. This problem requires further consideration.

A4Aﬁ phases. Here the CsCl type is more frequent than in ABAﬁ as it permits
the favourable FF2 binding. However, in ZrFeM the CsC1 type 7s missing. The
FF2 binding stabilizes now the MgCu2 type; also the CCZ2 binding stabilizes
Zr6F923(Th6Mn23) instead of the Man2 type. It becomes apparent once more
that the binding in first line stabilizes a phase while the structure is
strongly influenced by the composition of the phase.

AsAﬁ phases. The phase VFe.h(CsC1) appears to have too many b electrons for
theFF2 binding, but there are various possibilities to reduce the number of
V5 electrons: absorption by Fe atoms, Hund insertion in V atoms, or presence
cf a b' correlation as in V metal. The strong decrease of the distance gb

in the transformation YFe.h#r following the bindings of TABLE ASAE is an in-
dication that at higher temperatures Hund insertion is excited siﬁilarly as
in Sn.r. The phase beFes(TizNi) contains less Nb than required by the ideal
structure, the cause for this must lie in the FUZ binding, which is to be
assumed as in TizNi. Unfortunately the lattice constants of NbFe.h(U.hl) are
not known so that the binding proposal FHHZ for Nb48Fe52(w6Fe7) becomes less
certain. The question may be raised why the FHHZ binding does not go to FF2
and stabilize the simpler CsCl structure of VFe.h. While ﬁéA(VFe.h)=16 it is
found EéA(Nb48F552):l3‘5 and this conforms to the place number rule, so that
the instability of "NbFe(CsC1)" is a consequence of a general rule. This also
answers the question why the WGFET type does not occur with V or Cr (see 64Sch
p.153).

When for V64 36(C5C1) the FF2 binding is chosen then because of decrease
of b electron concentration for VRu(CuAu) a HH2 binding becomes probable and
jugz this may generate the orthorhombic deformation of NbRu(DhtpCuAu) as is
easily seen. In NbOsy the Raub sequence of structures is found (see A AM)
but the binding of Nb. 053(Nn r) is somewhat different from that of MoRe3(Mu e
it is not yet clear whether one of the assumptions must be changed.
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Zr 0s{CsC1,5R23.77)3.263A=idmTife FF2
Zr0s2(MgZn2,SR9.49)H5.189;8.526A=1dmTiFe2 CC2 cmp
Hf0s(CsC1,SR23.76)3.239A=idmTiFe FF2
Hf0s2(MgZn2,SR23.216)H5.250:;8.492A=1dmTiFe2 C(C2

A5A8M

VFeM.h(W) phdHA

VFe.h(CsC1,SR21.145) 2.910A=bF(1)=cF(2)
VFe.r(U.hl,SRZQ,179)8.956;4.62?A=hHT(5;3/2)=cu(f50;4.5)

Nb9Fe phdE

Nb7Fe5(Ti2Ni,SR21.129)11.262A=0F (4)=cU(8;10) N=280,768
NbFe.h(U.h1,SR21.139)
Nb48Fe52(N6Fe7,SR32.139)H4.928;26.83A=bFH(/5.25318/3)=cH({?1;25) N=30,312
NbFeZ(ManZ,SR24.155)H4.811;7.857A:bCH(V2.25;6/3)=CCHK12} N=20,96 cmp
Ta6Fe7(W6Fe7,5R32.139)H4.919;27.00A=1dmNb6Fe? FF2 phdE
TaFe2{MgZn2,SR17.111)H4.816;7.868A=idmNbFe2 CC2Z cmp
V64Ru36(CsC1,5R28.49)2.997A=idmVFe.h FF2 phdM
VRu(CuAu.r,SR20,76)2.96;3.09A=bHT(¥2;1.6/2}CHT(V%;3.2/2)

Nb68Ru32 (CsC1,5R28.48)3.19A=idmVFe.h FF2 phdS
Nb57Ru43(Cufu,SR29.195)3.15;3.22A=1dmVRu  HH2

NbRu (DhtpRuAu,71Eck)4.35;4.23;3.39A=hdmVRu  cmp
NbRu3(Mg,SR29.195)H2.755;4.396A

Tab2Ru38(CsC1,5R26.254)3. 18A=idmVFe.h phdE
Tab8Ru42(Cuhu,SR26.254)3.11,3.27A=1dmVRu

TaRu(DhtpCufu,71Eck }4.35;4.12;3.39A=1dmNbRu

Ta3Ru5

V20s(CsC1,SR23.77)3.010A=idmVFe.h FF2 phdM
V0s.h(Cr3Si,71Eck)4.807A=bU(2;2.5)=cB(4) N=20,64

Nb30s (Cr3§i,5R19.243)5.121A=bF (2)=cB(4) N=30,64 phdM
Nb3052(U.hl,SR29.86)9.858;5.063A=bHT(¢25;3/2)=cU(V50;4.5) N=90,240
Nh2053(Mn.r,SR23.233)9‘778A=hHT{/20;S/Z)=cHT(J80;10/2) N=115,464
Ta~30s(U.h1,5R21.137)9.88;5.14A=idmNb30s2 N=112,240
Ta20s3(Mn.r,SR23.233)9.69A=1dmNb20s3

ABABM

TrFeM.h(W) phdE N=90,240
Crfe.h(U.h1,5R18.104)8.790;4.559A=bHT (¥6.2;1.5/2)=bHT (¥25;3/2)=cU(¥50;4.5)
MoFe.h(U.h1,5R15.44)9.218;4.813A=idnCrFe.h  phdM

Mo6Fe7 (W6Fe7,SR3324)HA ., 751325, 68A=<bH (¥7;~15)=cUH(y21;~30/2) N=108,312
Mo3Fe5.h

MoFe2 (MgZn2,dIronSteel Inst205.191)H4.745;7. 734A=bFH(/5. 254 5h=cFHK' (2) N=24,96
WFe.h(U.h1,doubtedSR23.232) phdHA

WeFe7 (R6.7,5R3.364)H4.76;25.90A=1dnMo6Fe7?

WFeZ (MgZn2 ,SR18.124)H4.745;7 . 722A=1dnMoFe2

Crd4Ru  phdS

Cr3Ru(Cr3$i,SR19.113)4.68A=bF (1)=bF (2)=cB(4) N=36,64 N=113,240
Cr5Ru3(U.h1,SR21.95)9.068;4.704A=bFU(Y6.2;8/2)=bFU(¥25;3.7/2)=cU(/5034.5)
Mo5Ru3(U.h1,5R24.188)9.557;4.935A=1dmCr5Ru3  phdE
W3Ru2(U.h1,5R21.169)9.554;4.972A=1dmCr5Ru3  phdE
Cr30s(Cr3Si,SR21.94)4.688A=idnCr3Ru FB2 phdS
Cr20s.h{U.h1,5R21.94)9.105;4.70A=idmCr5Ru3  FUUY2
Mo30s(Cr3S1,5R18.228)4.971A=1dmCr3Ru  phdS
Mo20s(U.h1,5R29.124)9.615;4.941A=1dmCr5Ru3

W30s (U.h1,5R26.223)9.659;5.001A=idnCr5Ru3
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51 phases. Similarly as in A AM the Cr Si family prevails. For Cr6 A O &

(Cr3S1) the FB2 binding used for Nb Os Cr S1) appears probable, although there
are ﬂég=36 b electrons in one a ce]l while the number of places is only 32.

It might be assumed that the 4 “surplus" electrons descend to the core of Ru,
{improbable with respect to the small number of Ru in the cell); or they could
make Hund insertion at the Cr atoms, (questionable in view of the strong per-
turbation of Cr by the Ru atoms); or they could enter a spatial correlation

of their own, for, what was valid for Cr(a (1 "F(E)) may be poss-
ible for Cr3Ru. The tendency to superconduct1v1ty mlght be caused by the very
free and distant b' electrons. The generally accepted validity of electronic
rules for the Crgsi and MgCu2 families (see 39Lav, 53Kuo, 60Das, 64Sho) is
here expressed by a numerical model, so that it appears possible to consider
the dependence of superconducting transformation temperature in connection
with the non-Ekmanian electron count. More completely the binding in Cr3Ru is
therefore FF2B4.

As the FF2 part of the binding is very favourable, it appears suggestive
that CrsRu3(U.h1) has a FF2U4 binding (see TABLE AGAS), in which the ¢y cor-
relation has replaced the < correlation of Cr3Ru, as the number of c elec-
trons as compared with the number of b electrons has increased by increase of
the mole fraction Nku. The homeotypism Cr3Si-U.h1 (see 64Sch p.150 and 152)
may easily be understocd when the chains of 14 coordinated atoms parallel to
the gaaxis of U.h; are considered. These chains intersect the basal plane (a;,
EZ) in a pointnet which has been named "secondary net" by 58Fra as it contains
essential 1y Tess atoms then the primary net. The secondary net is of the Schldf-
li-type 4 in Cr3S1, and of 4343 in U. h1 As is well known the net 43432
closer than the net 4 , and just such a shrinking homeotypism is to be expect-
ed from the volume rule (64Sch p.169) which asserts that the volume of a struc-
ture becomes greater in a homeotypism when the b electron concentration is in-
creased. As is well known (see 69Sho) the H6Fe7 type (see 64Sch p.157) belongs
to the secondary net 36 which is yet closer than 4343 and in fact the W sFer
type occurs in WFey for mole fractions N e(WBFEF) greater than ﬁFe(WFe.h(U.h Y=
A HUHY3 binding appears appropriate.

The application of a chain ghear to the secondary chains in NGFe7 reveals
that this structure represents a coalescence of hexagonal layers (parailel to
the basal plane) containing 4 atoms per (31,32) mesh,with layers containing 3
atoms. The Friauf-Laves structures too, are such layer coalescence structures
but contain some more vacancies in the layers with 4 atoms, and this once
more permits a closer packing, which is to be expected by decrease of b elec-
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A7ABM

MnFeM.h(Cu) phdS
MnFed.m(Mg,SR2.642)H2.54;4.08A
TcFe(U.h1,SR27.361)9.077;4.756A phdM
Re2Fe3(U.h1,SR20.75)9.08;4.72A phdHA
ReFe3.h(Mn.r,SR27.255)8.918A
MnRuM(nic,broad marg.ph.) phdHA
TcRuM(Mg) phdS

ReRuM(Mg) phdS

MnOsM

TcOsm(Mg) phdS

ReOsM(Mg) phdS

ABABM
FeRuM(nic,bmp)phdE  FeOsM(nic,bmp)phdM

RuQOsM(Mg)phdS
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tron concentration.

At this point it becomes clear that the Cry§i structure is not very close
packed. A chain shear in three directions, which does not alter the distance
in the chain permits to transform the Cr3Si structure into a replacement ho-
meotype of NaCl which is not a very close packed structure. It becomes appa-
rent that the close packing should be considered relative to the number of ¢
places per atom and it 15 found N/ (Cu)=11.3 and Né"(Cr Ru)=16. The above ar-
guments reveal that the A AM phases are compatible with the assumption that
the b electron concentration decreases with increasing ugp- It is not known
as yet whether all b electrons are contributed by the A atoms, but it is a
working approximation to assume it. The structures of Ma.r and U.hl underline
the limitation of the assumption as here the structure is built by one com-
ponent only.

The U.h1 structure has the homeotypic commensurability EU.h1:9Cr35i(2;1)
so that a b correlation g=9FU¢V32;4/2) might be expected. However, because of
the decrease of b electron concentration it is found 5=9HT(¥25;3/2), the good
commensurability in the a3 direction has been lost. The reason why the commen-
surability elements ¥26 and +/29 have not been used is perhaps connected with
the good conmensurability of by to ¢, having the favourable value a= _U(JEO
4.5). The b' correlation which m1ght be assumed because of superconductivity
has not much influence on the structure, it adapts to the b correlation.
A7"'8Aﬁ phases. The mixtures A7Aﬁ are on the brass side of the Ekman boundary
as the extended marginal phases and the completely miscible mixtures show.

The occurence of pseudo brass structures like U.h1 and Mn.r does not contra-
dict this as the phase Mn.r(B29) shows that both components (for instance in
RezFe3) may contribute to the b correlation, so that the typical non-Ekmanian
count is no more valid. In the homologous mixtures ASAM no pseudo-brass struct-
ure is found.

It appears remarkable that Ru(Mg) and Os(Mg) have the structure of Fe.p(Mg);
this is a special case of the place number rule.
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A1AGM
NaCoM(probabl.nic,seeE)KCoM(prob.nic,seeHA) RhCoM CsCoM
NaRhM KhhM RbRhM CsRhM
NalrM KIrM RbIrM CsIrM
A2AGM

MgCo2(Man2,SR26.219)H4.86;7.92A=bH(2;3.3)=CCH(/12;14/3) N=8,104 phdS
CaCo5(CaCu5,5R11.59) phdHA

SrCoM

BaCoM
M944Rh7(F88.14,SR37.109)20.148A4H14.2;34.9A=bH(6;15)=cCH(V108;60/3)N=704,3320
Mg5Rh2 (Co2A15,71Eck)HB.515;8.016A=bH(¥12;3.3)=cCH( 6;14/3) N=40,232
MgRh(CsC1,5R22.161)3.099A=bU(1;1.2)=cF(2)
CaRh2(MgCu2,SR22.75)7.525A=bB(2)=cF (4)
SrRh2(MgCu2,SR22.75)7.706A=1dmCaRh2

BaRh2(MgCu2,5R22.75)7.852A=1dmCaRh?2

Mg441r7(MgbRh,SR38.110)20.097A

Mg31r(Na3As,SR27.249)H4.549;8, 229A=bFH(¥3;4/3)=cCH(3;13/3) N=12,66
Calr2(MgCu2,SR22.75)7.545A=1dmCaRh2

Srir2(MgCu2,SR22.75)7.849A=1dmCaRh2

BalrM

A3ASM

Sc3€o(024.8,SR44.53)13.102;8.624;5.829A=hHT(6;4;3/2)=cU(/72;¢32;4.7)N=72,264
Sc2Co(CuA12,5R27.342)6.374;5.616A=bC(9;2.6)=cU(/18;4.5) N=24,100
ScCo(CsC1,SR27.342)3.145A=bF (1)=cF(2)

ScCo2(MgCu2,SR26.236)6.921A=hHT (Y8;3.2/2)=cF(4) N=24,208 phdM
Y3Co(Fe3C,71Eck)7.026;9.454;8.290A=bH0(3;4/1;1.5)=cUHO(V27;8/2;4.6)N=36,l32
Y8Co5(M32.20,5R42.69)M102.1177.058;7.286;24.077A
Y3C02(012.8,5R41.54)12.248;9.389;3.975A
Y¥4C03(Ho4Co3,H12.9,5R34.72)H11.53;4.04A=hCH(Y12;3/3)=cCHK" (2) N=36,177
Y2Co3

YCo2(MgCu2,SR24.36)7.216A=1dmScCo2 HTFU2
YCo3(NbBe3,R3.9,SR30.78)H5.013;24.371A=bBH(v/1.33;27/3)=cFH(4;24/3) N=27,315
Y2Co7(Gd2Co7 ,R4.14 ,SR30.124)H5.002;36.21A=bBH(¥'1.33;40/3)=cFH(4;36/3) N=36,474
YCo5(CaCu5,5R23.222)H4.948;3.975A=bCH(y1.78;2.6/3)=cFH(434/3) N=3,53  cmp,
Y2C017.h(Th2Ni17,H4.34,5R29.110)H8.36;8. 16A=bBH(¥'3;8/3)=cFH(¥48;8/3)N=12.338
Y2Col7.r(Th2Znl7,R2.17,71Eck)HB8.344;12.19A
La3Co(Fe3C,5R26.127)7.279;10.088;6.578A=1dm¥3Co HUH/3 phdM

Lal.2Co(C ,71Eck)5.98A

La2Co3(0 ,71Eck)10.34;4.886;7.811A
La2Co7.h(kr2Co7,R4,14,5R32.60)H5.11;36.69A=idnY2Co7 BHFHY12
LaZ2Co7.r(Ce2Ni7,H8.28,71Eck)H5.101;24.511A
LaCo5(CaCu5,5R26.239)H5.108;3.976A=idmYCo5 CHFH3
LaCol3(NaZn13,SR32.139)11.33A=hC(4)=cB(8) N=24,1000
ScRh(CsC1,SR22.186)3.206A=bU(¥1.25;1.4)=cU(y5;2.75)
ScRh3(Cu3Au,SR26.165)3.900A=bFU (¥225;2.1)=cB(3)
Y3Rh(Fe3C,Z.Metk.64.197)7.138;9.438;6.139A=1dmY3Co HUHY3
Y7Rh3(Th7Fe3,71Eck)H9.775;6.190A=bFH(4;3/3)=cH(8;5) N=42,166
Y5Rh3(Er5RH3,Z.Metk.64.197) o
Y3Rh2(U42.28,SR42.121)11.232;25.15A=bHT(¢20;12.5/2)=cHT(f80;23/2) N=252,1180
YRh(CsC1,SR30.165)3.409A=1dmScRh UU2

YRh2(MgCu2,SR23.215)7.488A=1dmScCo2 HTFU2
YRh3(CeNi3,Z.Metk.64.197)H5.230517.38A=bBH(v1.33;19/3)=cFH(4;16/3)N=18,210
YRh5.h(CaCu5,Z .Metk.64.197)H5.141;4.294A=1dmYCo5 CHFH3

La3Rh(0 ,TransAIME245.1561)15.01;10.505;13.34A phdM cmp
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Al A” phases. Information on these mixtures is poor but probably no intermedi-
ate phases are formed as one A electron does not offer much expansion energy
and from the Ag component b electron expansion cannot be expected either.

2 ﬁ phases. MgCo Man ) and Caha(MgCu ) are Friauf-Laves phases. As the
atomic volume of CaRh2 is greater than that of MgCo2 the place number ratio
ﬂéu is 16 for CaRh2 and only 12.5 for MgCo2 The binding of MgMRh7 is
dmff1cu1ty to be found as the cell is so large; a HCHY3 binding with N/"—lZ
might apply which has a good commensurability to the a cell in three direct-
ions. Curiously a quite homeotypic binding is valid for MgBRhZ(C02A15) and
this might point to a structural homeotypism

Agﬁg phases. The wealth of phases in this mixture class suggests a great

ﬂpp— interval in each mixture and therefore the non-Ekmanian electron count
Sc 3 Coﬁ 9
bution of Co; they must be considered as tentative as long as the magnetic

e.g. The binding interpretations depend on the b electron contri-

measurements are missing. For A" rich phases b electron descent into the a?
coreof 1 to 0.5 electrons per Ag atom may be assumed. If for ScCo(CsCl) the
FF2 binding is accepteg then for ScCc?(MgCuz) the binding HTFUZ with the
place number ratio ﬂéf =9.8 exlrapolates well to the CB2 binding of Co and to
the binding of Sc g;EFH(/Z.3;3/3)=5FH(V7;5/3). The bindings of Sc3Co(024.8)
and SCZCo(CuA1ﬂ fit well to these data. The gb(ﬂé) function may have for
mole fractions greater than ﬂé=0.66 an inflection to the horizotal; this sug-
gests that the decrease of b electron concentration with increasing ﬂé is
stopped by a positive b electron contribution of Co; clearly this suggestion
must be confirmed by gb values in other related mixtures.

One such mixture is YCoM. The phases between YCUZ(MgCuZ) and Co(Mg) are
hexagonal and are composed of partly studded close packed layers parallel to
the hexagonal basal plane. The layers may contain lacunae but the average
elementary mesh ap of the atom packingm thelayers may be proposed as hexagonal
and the commensurabilities of these meshes to the crystal basal mesh a_ are
g;lgc:2=V4 when no great atom is contained in the layer; and g;l§c=f3 when one
or two great atoms per crystal mesh are contained. The great atom may expel
from a neighbouring layer with commensurability 2 one atom to fit its great
volume intc the structure. Formerly (64Sch) it was believed that the fact.
that A3 replaces two A% is the decisive phenomenon, but the occurence of
phases with MgCu2 type and CaCu5 type in one and the same mixture (in YCoMeg.)
shows that two-atom replacement and three-atom replacement may be caused by
one and the same component. The fundamental phenomenon is therefore the
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La7Rh3(Th7Fe3,791an)

La5Rh3

La4Rh3(Th3P4,5R35.77)8.922A=hU (¥8;35)=cUK' (2) N=48,236

La5Rh4
LaRn(T11,5R30.150)3.986;11.144;4.245A=bR(0,94v2;3.5;/2)=cBK' (2) N=12,68
LaRh2 (MgCu2,5R23.215)7.647A=1dmScCo2
LaRh3.h(PuNi3,SR34.140)H5.326;26.46A=idmYC03
LaRh3.r(CeNi3,5R34.140)H5.305;17.59ATdmYRh3 BHFHY12
La2Rh7.h2(Gd2Co7 ,R4.14,5R34.140)H5.333;39.46A=1dmY2Co7 cmp
La2Rh7.h1(Ce2Ni7,SR34.140)H5,.296;526.13A
Scl1Tr4(F22.8,5R46.89)13.350A=hFU (Y32.8)=cHT (Y128513/2) N=264,992
Sclr(CsC1,5R27.342)3.206A=idmScRh  UU2
Sclr2(MgCu2,SR23.215)7.348A=idmScCo2 HTFU2
Y31Ir(Fe3C,SR45.123)7.237;9.297;6.400A=idmY3Co  HUH/3
YIr2(MgCu2,5R23.215)7.51A=idmScCo2 HTFU2

Lad4Ir phdM

La3Ir(Fe3C,5R45.123)7.453;10.103;6.650A=1dmY3Co HUHY3
LaZIr3(Th7Fe3,71Eck)H10.235;6.473A=idmY7Rh3 FHH2
La5Ir3(Nd51r3,T20.12,5R45.123)11.459;6.629A=bHT (#20;3)=cC(¥80;5) N=60,268
Lalr

Lalr2(MgCu2,5R23.215)7.688A=idmScCo2 HTFUZ cmp
LaIr3(PuNi3,791an)H5.370;26.34A=1dmYCo3 BHFHY12
La2Ir7(Ce2Ni7,791an)

Lalr5(CaCu5,791an)

La2Irl7

A4AIM

Ti2Co(Ti2Ni,SR19,125)11.30A=bF (4)=cU(8510) phdE
TiCo(CsC1,SR21.145)2.991A=bF(1)=cF(2) cmp
TiCo2(MgCu2,SR7.211)6.706A=bF (2)=cF (4)
TiCo2.1(MgNi2,SR23.129)H4,725;15.40A=bUH(2;752)=cFH(4;16/3)
TiC03.2(Cu3Au,SR23.129)3.603A=bF (1)=cB(v8:2.8)
2r3Co(Re3B,SR35.53)3.27;10.84;8.95A phdE

Zr3Co(Ni35n,S5R30.125)H5. 99654.660A=bFH(3;2.7/3)=cFH(/27;5/3) N=24,66
Zr2Co(CuA12,SR26.128)6.363:5.469A=bFU(3;3.6/2)=cC(6;5.2) N=32,100 cmp
ZrCo(CsC1,5R23.77)3.196A=idmTiCo FF2 cmp
ZrCo2(MgCu2,SR18.124)6.954A=1dmTiCo2 FF2 cmp
Zr6C0o23(TheMn23,5R30. 125)11.53A+H8. 15519, 97A=bBH(2;24/3) =cFH (v/48; 21 )N=96,1020
Zr2Coll

Hf2Co(Ti2Ni,SR24.133)12.104A=1dmTi2Co phdM
HfCo(CsC1,5R23.77)3.165A=idmTiCo FF2 cmp
HfCo2(MgCu?2,SR22.204)6.922A=1dmTiCo2 cmp
Hf6C023(Th6Mn23,SR34.139)11.48A=1dmZr6C023

T170Rh30(Zr2Cu,5R29.130)3.06;9.81A=bB(V2;4.5)=cC(¥8;3) N=17,50 phdM
Ti65RN35(C5C1,5R29.130)3. 11A=bB(¥2;1.4)=cHT(¥8;3.3/2) N=5.2,17 cmp
TiRh. r(Cufu,SR29.130)4.17;3.358A=bFU(2;2.3/2)=cHT(4;3.7/2) N=8,34
Ti45Rh65 (NbRu,SR29.130)4.15;4.1153. 40A=bHT (252;2/2) =cHT (454;4/2)

Ti43Rh57 (Cufu,SR29.130)4.11;3.36A=bC(2;1.7)=cCK' (2) N=7,34
Ti3Rh5(Rh5Ge3,5R34.124)5.36310.42;4.08A=b8(2;4;1.5)=cU(4;8;3.7) N=24,138

TiRh3(Cu3Au,SR23.257)3.822A=idmTiCo3 FUB2 N=4,35
Zr2Rh(CuA12,5R30.165)6494;5.606A=1dmZr2Co FUC2 phdM
ZrRh0.G(ZrIr,Z.Metk.55,1964.704) cmp
ZrRh1.1(CsC1,Z.Metk.55.1964.704,5R44.121)=1dmTiCo FF2

Zr45Rn55( ,Z.Metk.55.1964.704)

Zr3Rh5( ,»Z.Metk.55.1964.704,does not exist:TransAIME245.1207)
ZrRh3(Cu3Au,SR23.257)3,927A=1dnTiCo3 cmp
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(4,3)-coalescence, it is possible over a broad range of composition and the
content of A3 decides how many MgCu2 type layers and how many CaCu5 type layers

are formed.

In YCDB(NbBeyRS.g,Srawing 64Sch p.168) there is a double layer A3Ag followed
by a double layer A2A4 and these pairs of double layers are rhombohedrally
stacked. From the TABLES it may be concluded that sometimes a b contribution
comes from Co. It is clear that this assumption needs confirmation by magnetic
data. Furthermore it must be admitted that there is some contradiction of the
present interpretation with the interpretation of AnAéU phases. Only one of
them can be correct; further analyses must show which one holds better.

[t is somewhat surprising that the Naan3 type occurs in LaCnl3. The extra-
polation of gb(ﬂé) permits a by correlation which would require a contribution
of 0.4 b electrons per Co but needs confirmation by magnetic measurements;
the ¢p correlation c?mp1etes a CB2 binding which yields NéE;lﬁ and thus inter-
polates well the ﬂéﬁ values of the neighbouring phases.

The A3RhM phases fulfil the rule that the mixture with heavier A3 compo-
nent has more phases. The UU2 binding of ScRh is tentative, it had been pre-
ferred to the FF2 binding as it makes the gb(ﬂé) curve somewhat smoother ¥,Rh,
(U42.28) is homeotypic te w5513 and to La51F3(NdSIr3), the HHZ binding is homeo-
typic to FF2, which has not been assumed as it yields a somewhat great number
of b electrons per cell. In LaRhM the phase LaRh(T1I) is heterotypic to YRh
(CsC1). The values of E/e are 1373 and 13.8 in agreement with the place number
rule; the heterotypism may therefore be said to be caused by the place number
rule.

The heterotypism Scller(FZZ.8)—La31r(Fe3C) only weakly conform§ to the
place number rule: E{ has the values 13.9 and 13.8 respectively.

Bfﬂa phases. In TiCoM the CFLl binding of Ti.h transforms to the FU2 binding of
TizfdﬁizNi}, In TiCo{CsCl) the FF2 binding is attained which is repeated in

TiCoZ(MgCuz) and transforms to FBY8 in TiC03(Cu3Au). The sensible deviation of
the distance gc in TiCo (negative) and T1C03 (positive) may come from the 2-
factorial commensurability at least in a plane. The congruent melting of TiCo
{CsC1) fulfills the commensurability rule.

Starting from ZrCo(CsC1,FF2) it appears natural that ZrZCO(CuAlz) has a FUCZ
binding: the two-factoriality in the tetragonal basal plane is conserved from
ZrCo(FF2) but the stacking of the c correlation in the direction perpendicular
to the basal plane is less close as the b concentration has increased relative





















