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SYSTEMAT ISM OF BINARY INTERMETALLIC PHASES
By

P. I. Kripyakevich and E. E. Cherkashin

[iterature so far is lacking full systematism in very imvortant, from theoret-
ical and practical viewnoint, eroun of compounds - intermetallic ohases (IMF). The
need for such a systematism is felt oresently very acutely, if we take into consid-
eration the greater number of IMF (about 1800 binary vhases only) and the variety
of theie comnositions, types of structure and types of chemical bonds. The nurnose
of this revort is to offer a systematic review of all known binary intermetallic
nhases.

Ye include in IMF these intermediate phases (as well as suverstructural nhases,
formed in solid solutions) which possess metallic proverties (metallic luster and
electron conductivity), exoressed even if in a slight degree; in the table in the
insert is shown the prooagation of IMF in binary systems. IMF can be systematized
by various characteristics, for examole, by the method of formation in form of a
homogeneity area on the structural diagram, or by the physical and chemical pro-
perties; a systematism based on the most essential indication is given: On the tyne
of structure and on the type of chemical bond.

In order to systematize phases by the structural type, it is necessary to es-
tablish first of all the isotopy signs of the phases, i. e., the belonging of sev-
ernl phases to one tyve ¢f structure. 7These signs apnear to be (for cubiecal phases
with parameterless arrangement of atoms) identical proner systems of points (1)
(lattice comnlexes (2)) in one spatial group and a uniform method of distribution
of these noint systems between atoms of various elements. A4nd so,x67-&nd ' phases
of the Cu-Zn system¥ belong to various structural types: The first one, with sta-

tistical distribution of Cu and Zn atoms - to@ - W type; the second one, with

#

References to literature concerning individual phases, see in Binary IMF Indica-
tors, p. 82.
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verfectly ordered distribution of atoms, - to the CsCl tyve. The gamma phase !M--'1,
having a structure with atom arrangements, as in alpha-Mn and total ordcr 2t =
Mg17A112 composition, belongs to the alvha-Mn tyve, but tn a separate Hglq-éll‘
type. KBi,, 4pBe, 7 and Felles phases (the latter is homogeneous in a widc ror- <7
concentrztions) have identical tyve structure (type CuQMg), in snite o tiv i pe
ent quantitative composition, because the points combination in each onc o .. =,
noints occunied by atoms, break uo into two proper points systems (two 1-%' i~ m-
nlexes), one with multinlicity 8, occunied by K, Ag + Be atoms resncetiv.l: (- --
tistically) or Fe + Be (statistical’y), and the second ones witin multi-lici' -
occunied by atoms i (in first case) or Ec (in remainin~ cases). o tue oo e
FeBeg and AuBeg vhases with uniform arrangement of atoms in general ani uni’ 1 ~uan-

4

titetive comvosition, dc not annear to te isotonic: %4uBe,. belones ‘o the sroine)
}

structural tyne, to which are inherent three nroner roint systems with milti-?
4 ("), 4 (Ee) and 1A (Be). In a similar way, nonisctonic (at identical =t = ~r-
rangements) avnear o be ramma-vhases of SuZn, Su=Cd and Cu-He systens.

Yor cubicnl ohases, structures cf which are characterized by arran~-emon!
atoms with deprees of “reedom (as well a5 noncubical nhases) existe an 331186 20
simn »7 isotory: atoms with identicsl coordinates in both nhases shoild have v
identical coordination number ani one tyne of coordination schere, Th-
and P43n nhases should be counted into one tyne of strmcture (MnF), in 5w o
heteroreneous (bit close) values of aves ration (c/a) and narameters of at =i -
ran~ements. Fut if in a certain strictire, the chanee in these values leo i
chanres in the natiure of coordinaticn, then this is egnivalent to trancition

new structiral tyne: 7aPb_ nhases (cubieal, tyne 2UCn,) 3rPb, (tetraconally ¢ -

formed ‘ulu, stricture, c/a 7 1) and PA%u, (tetragonally delomed n™i, /- :>T‘

counted to various structural tymes.
C¢ preater imnortance for systematism, is the nroblem of affiliation of vari-

able comnosition nhases (as well as constant comnosition nhases with orderlec:
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distribution of atoms of various comnonerts) to definite structural tynes. If the
phase contains in its area of homoseneity a comnosition with fully ordered atoms
(or with maximum on composition -desree of orderliness curve), then it should be
counted to the tyme of structure corresovondine to this comnosition; for examnle,
gamma-nhase of Ni-Sb with comolete orderliness at 50 at. % Sb, has a structure of
the Nifs tyne. In the few enumerated instances, the nhase may contain two comnos-
itions with total orderliness, and then we count it to two structural tvmes simul-

taneously (NiTe-NiTe., tynes Nifs and Cde). fbout phases with nartial orderliness

59
in the entire rance of homorseneity was mentioned above (FeBeS); to these nhases be-
long also, e. g., phase of Fe=3b system with defeétibe structure of NizIn tyre.
Phases with totally unordered distribution of atoms belong ordinarily to the tyme
of structure, inherent of simple substances (Mg, Cu, alpha-4, beta~V.....nrovided
the corresponding structure of the simple substance is unknown, the phases will be
referred to an individual tyve (e, g. InzBi).

Tynes o° structures of intermetallic »hases, as well as phases most suitable
for systematization by their ratio to denser packines. e distinsuish the follow-

ing grouns of structures: 1) denser packinegs of atoms close in dimensions (tyves

Mg, Cu snd their cuverstructlures Ni.Sn and JuCuq, type TiN:{_ and a number of deform-
3 : 2

ed denser nackings); 2) denser nackings of atoms of various dimensions (tyves “n, g,
CuMe, Ni Mg, AuBes, ZnMg, “¢Fe,, CaZng, Zny Me,, NaanB); 3) dense packines (tynes
MoSiz, Cr312 and TiSi2) and derivatives of cubical volumetrically centered struc-
£sCl, NaTl, Cu

ture (types alpha-4, Zn8, Nizf\l1 and others); 4) structure of intro-

5
ducing atoms of one component irto denser vacking of atoms of the second (tynes
NaZl, Nils and many others) and 5) structures, non-bound with denser and dense
packings.

The second important distribution of structural types and phases is based on

a different manifestation of atom tendencies to combine into complexes. Tyves of

structures of binary phases can be divided into the following groups:1) homodesmic
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3, where any two adjoining atoms are bound firmmly in an identical degree, so that it

is impossible to form individual complexes (examples: AuCu,, CsCl, NaCl tymes); ?)

3’
heterodesmic (3) of the first order, where the atoms of the first component (oriin-

arily less metallic) are firmly bound between themselves into comolexes (nairs 3,

and FeS, modifications, chains - B - B - B in FeB, etc.), and 3) heterodesmic of the
second tyve - with atoms of both components, combined in individual complexes, where-
by the bond between comolexes is weaker, than the bond within them (lamellar stric-
ture MOSQ, molecular structure NiS - millerite and others). Heterodesmic strictures
can further, be systematized by the measure of comolexes (insular, one- two ani

three dimensional) and by their form among heterodesmic structures with variour

tyves of coordinations (most widely known form of coordination svhere: triansilar
trism and twisted cube).

The third method of systematizine IMF - is division by the tyme of denendcnre
ofquantitative nhase comnosition uoon the valence of the comnonents. Here can :.
seoarated the following IMF grouos: 1) ohase with valent ratios of the comnonents,
quantitative composition of which is determined by the velances of both comnonents
(certain nhases, nossessineg NaCl, 7n3, CaF2, NaBAs, as structural tynes and others);
2) nickel-Arsenide ohases (structural NijIn, NiAs, CdJ2 types and certain rhomticnl),
the arrangement of which on the structural diagram is due firt of all to the valecnee
of a less metallic component, whereby the dependence 1s not such a clear one in
vhasés with valent component ratio; 3) electron phases (electron bonds), the romi-
geneity range of which is determined by electron cnncentrations (series of ohases

of alpha-#, CsCl, pamms-brass, Mg, Ni_A1, types and others) and 4) phases with rom-

2
vosition, not denmendent on the valence of components.

For the purovose of classification, which could have enveloned a maximum num-
ber of IMF, it is necessary to combine all three discussed signs, i. e., ratio to

denser packines, premence of complexes and the effect of valences. As result we ob-

tain an IMF division into the following classes (pronosed classification 4iffers

FTD-TT-63-1018/1 L




from the one introduced by Ye. S. Makarov (4), first of all by the separation of

heterodesmic nhase classes and expansion of the class of Adense Dackings)*):
1. Phases with more dense atom vackings, atoms of close dimensions (rq/rxu*

1.00 - 1.10) without electron phases. Homodesmic; quantitative composition does
not depvend upon the valence of the components.

2. Phases with denser vackings of atoms of various dimensions (rR/rx 1.10

- 1.80). Transient from homodesmic to heterodesmic of the first magnitude (in a
majority of phases firm bonds between atoms of the nrevalent comoonent); the quan-
titative comvosition devends not uvon the valence of the comnonents, but unon the
ratio rR/rX: content of component with atoms of smaller dimensions (X~-comnonent)
is then greater, when rR/rX is ereater,(5).

3. Phases with dense vackings - w/o electron nhases (structural types indi-
cated above). Preferably homodesmic; quantitative composition does not demend unon
valence.

L. Electron phases. In a majority of instances, homodesmic. Tyne of struc-
ture and gquantitative composition due to electron concentration; content of less
metallic component in a series of vhases of snecific structural typ, decreases with
the rise in valence of this component. A majority of electron phases is made ur by
phases with -cubical volumetrically centered structure and its defective derivatives;
the depree of structural defectiveness rises with electron concentration, which
corresoonds aporoximately to a constant number of valent electrons (about three) in
a small cell (with dimensions as in ohases of CsCl type).

5. Introduction vhases. 1) Nickel-arsenide phases - atom introduction phases

(or ion introduction ohases) of transient metal in a hexagonal more dense packinge

Boundaries between IMF classes are not sharp; some phases can belong simultaneous-
ly to two classes.

3 3 1
R - components with atoms of larger dimensions.
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of atoms (ions) of nonmetallic or semi-metallic elements. In a series of nickel-
arsenide phases, where the number of the group is less the metalliz componsnt rises,
there is also an increase in the content of this component (homological series of
vhases with N;zln, NiAs and CdJ, structural types (6) and Co,31 and MnP types (7)),
Nickel-arsenide chases are preferably heterodesmic.

2) Other ohases of introduction into denser nackings. OFf svecial imnortance
here are the nhases of introduction of small atoms into hexagonal or cubic denser
packing of atoms of transient metals (e. g., phase CrN, C03N) and phases with valent
ratio of components (e. g., Mg,3n, Mg,Sb,).

A. Heterodesmic phases of first mqgnitude*, have different structural tyoes,
in a majority of instances not bound with denser oackings. Phase composition does
not denend on the valence of the comvonents.

7. Heterodesmic phases of second magniture*. Structural tynes, not bound
with denser packings; ratio of comnonents in a majority of phases valent.

In the non-enumerated classes remains only a slieht number of phases with
known types of structure, as well as phases with tyve of structure, detemined nar-t-
ially or unknown.

The table given below contains binary IMF, data about which have been rublished

nrior to July 195:**: Tables 1-7 contain mainly vhases with known tyme of structire
and corresnond to rhase division into classes; in Table VIII are given classer
(ohases) with known type of structure, which so far cannot be included in sreci i~
classes.  ilmost for all tynes of structures Tobles I - yIII ecarry: formile, syn-onv,
number of atoms in elementary cell (N) and spatinl groun. In Table IX sre listeA
phases with structure, not comnletely determined, in Table X - with unknown stru~-

ture.

Determination and examnles see above.
i Phases, characterized by structural types IMF, but having no metallic vronerties
(e, g., SnS,, 7n3, ZaC,) not included in the systematign.
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In the tables the following nhase designations are used (designation methods

are based in a symbtlism, introduced by Ye. 3. Makarov (8)):

AmBn - constant comnosition ohases;

a -AmBn - variable comnosition nhases with comnlete orderli-
ness at A B comnosition {Dalton phases (9));
a -AwEn - 4 B variable comnosition nhases with totesl or-
1

'nn?

derliness at &wEnl and Aman comnositions;

ABnl any T variable comnosition nhases w/o total orderli-
ness (Bertollite nheses (9)), as well as phases with known zone of homoreneity and
unknown tyve of structure (indices n, and n, vertain to boundary ohase comnositions);

AmBn .- phases with unknown homogeneity zone (structure
known or unknown);

"B, 4By, 4By 4, By (not AB_ . y1) ohase of unkrown
comnosition.

In nhase formulas in the first nlace, there is always the symbol of the com-
nonent (1), situsted in thz neriodic system of elements of D. I. Mendeleyev (of the
18 vertical series)”, to the left of the second comnonent (B), and if both comnon-
ents belons to one vertical series, then the comnonent, having greater ordinal num-
ber. In addition to desirnations by formulas, letter designations o6 nhases are
given - in cases where they are needed. Phase formulas, the affiliation of which
to the given tyne of structure is proved, are included in square narrntheses. Phase
formulas of one tyve of structure are arranged in tables in the order of the sascend-
int (risinz) number of series, in which the B comnonent is situnted.

The authors express thanks to Ye. I. Giadyshevskiy for evaluating the problems

touched uron in this revort.

#

In table of the 18 vertical series Be is included in the 12th row, Mg in a major-
ity of phases in the 12th, and in some (mg-Hg system) to second, H to 17th row.
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The authors plead to report to them any errors and inaccuracies in the tables
and in nhase indicator.
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Table 1.

Phases with Denser Packings of Atoms of Close Dimensions

1. Derivatives of Hexagonal Double Layer Denser Packing

1 .

Mg, rmc)c.. N=2, U;h: -““Fes,4—>o.7(‘)' L'Z"D—No (8') I'dZn,_, (1) HeZny o sy 0 (BN
HaZm, 4,45 oY) LiCdy gy o) Auy o g Cd(aa)  Ullgg o Aug, Hu(S):
Cuy 4 AL (IO LQTI S, Cuy i (x). Nighn (B); Cugy (AS®; Agg As(B) Phy 15 (5)

AuCd, pomOnl? N =4, D}, 3-CdMg®. 9-Aucd ()"

NisSn, l'em3.> N = 2. Dy, MuCuy ., WCoq; [MoNig); 0-Cd,Mg®®), 8-CdMgy®, 1.illg,:
Nigin (), 9-AeIn () (£ 187°) Moy, Ge™, Tigy Sn, Mny o Sn ()7, Fe,Sn (87
NigSn (8). Ti,P¥™; Ti,Sb(h.

Ag,Sh. phnw.. N =4 Ci,; [NbNij] [3-TuNig; (?-TiCus(B)]m, ('TiAu,_.bJG)
3-Ag,Sb ()19,

1) hexagonal; 2) rhombical; 3) hexagonal; L) rhombical

Structures with irregulsgr distribution of atoms were not fully investipated,
rhombic: TiCuy g_g 1 (ﬂ/) 1),

hexagonal, N = 18: FeBelo.1—>11.5(§' ),

2, Derivations of Cubical Triple Laver Denser Packing

Cu. Cub, N =4 0f: MnZn:"__,,’o(a), 1‘13,041,1(:‘1(1")- |
auu,Cub, ¥ =4, O} MuNi,;,. 3FeNiy, PdNiy. J-FePd, TiPly, CoPhyy
[RhCuy, | Bhy Lu d-PtCuy 9-AuCuy, PLAGy a-PLAg (v): TiZng . Pglixlr.

[Pt,, ,Cd}, d-AuyCd («") (400—550°); UAl,, 8-NijAl (a’), Mging_ (719, CaTly

Ni Si (B,) Niy, Ge, USny . Catny, CoSny, LaSng, PrSny, Pt,Sn, Calb,, Lalby,

CoPby, PrPby, NaPb, sy (B)™. Pdyy Ph. Plyy, Ib.
lntelra NV --4, D“;, o/a>1: A\‘\‘J_"'Tln ().
v-MntREra N =4, DLl c/ult: HEUdy () 5 Niy 1,Ga (8), Pdy: In(B).

SrPb,tetra N = 4 cfa>1: 8-Au,Cd (a) (1 < 400°%); SrPby, ..
(13)

rdCu tetra N m4 cfa 1 PdCugyy

TiALUOLetra N =16, Df: 9-Audn(z); TiAly,,, VAl NbAL,, Tahly,
TiGayyr 2163

ZrAlt0 Zatra ¥ = 18, DY TrAly .

U,Si,ZetraN =16, Dg: U, 4551

a-MaNi (8) (1 < 650°), FePd, ., 9-CoPli a-TiCu(8),

(ncennoxyOundeckan), ZrAg. a-MnAu (B)®; 9-NiZn (B,),

w;tef)”a. ;V = /h U:h:
: (19) .
Cd (8), PtCd,. . mugu,‘"); 3-TiAl, a-Mgin¥;

2 AuCu (t < 370°), RACo, 4,
3PdZo (3), PUZn 4o Pdyosnn
LiBi (a); NobBi. o
Autu thombienl ¥ =40: AuCu, 4 £(370—4007)2.
paCuthombical A = 16, D3g: 3-PLCu.

MoN;, LEET Al = 10 Cly: -MoNiy (B), WNiys-

FTD-TT-63-1018/1 9



3. Derative of hexagonal four layer denser nacking.

'riNi'HGng.N = 16, Dj,: TiNiy. o TiPdyg ., Z'rPLHx.

Other phases with denser packing of atoms of close dimensions - see Table /
(tyres Mgm ﬁ-Min).

1. Metastable vhase,
2. Algodonite.

3. In accordance with other data, in the zone of CdMg comvosition exis‘s =
nhase with irregular structure at high temoerature (7’ ) and orderly - at low temn-

erature ('f’).

L. The phase can be considered as an electron (deformed hexagonal denser

vacking Cof = 1.5).

5. By other data; in the zone of Cd:zMa composition evists two phases: /g
at hieh temnerature and/g' at low temnerature.

A. Accordine to other data, in the field of CdlMg, comnosition two phases evist:

gat hish temvperature and 8 ' at low temnerature.
7. Phases with nartially unordered distribution of atom.
8, Low temmerature modification.

9. tccordinc to other data, the phase has the comnosition of Ti,‘\‘l? and Mg
structure. '

10. At this comnosition, there exists a second phase modification, nrobably
with Aisordered distribution of atoms.

11. Hieh temmerature modification.

In: 12th -MgIn and MglIn, ohases are formed from primary solid Mg solution in
nj fUrthermorey, . ,is solid-s¥lution existec = tendency toward orderliness at 25-35

n
at. % in (cubicn} structure, inherent of Aqu.;) and 37-44 at. < In (rhombical strue-
ture, inherent of rhombical AuZu). 8

13. According to other data, PdZu .
5+ x

14. Ti'\l'5 and 7Zril, tyves of phases-heterodesmic of the first order (flat
grids of Al and Au atoms).

15. The phase forms a continuous series of solid solutions in Au.

16. Dy other data, cubical structure (N = 8, Tl‘),

FTD-TT-A3=1018/1 10
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Table II

Phases with Denser Packing of Atoms of Various Dimensions
ang.l;fﬂ‘ta.L?’N =06, D 9-ZnMg ().
W Fe, Phom,, M =13, Dl 0-MoFey (6) WFopsy (0 0-MoyCor (§). 0-Woch,

ZoMg, hewg,N = 12, DY KNay Ly, ,Cai ZrVyi.i ZiCryp, NBCr, 12V Thi,
Ti.\(n&x. ZrMnH_x. NbMn, | ,, ToMng, 4 Zrlie,‘,tx; TtiHx, NbFehx, Tnchh,
WFe . () ZrRug 4 2103, 40 MoFegy Zrirg . UNig, VBe,, . GrBe,,
MoBe, , WBe, | o MnBe, 4 ReBe,, ,» 9-FeBey, d-Zn Mg (n), 9-CaMg,, Sr.\lgh
BaMg,, LaMg,, CeMg,, Cu,Cd (B), CaCdyy -

CuMg, Cub., N =24, OF: TiCryy, ZrCry e NDCry 2P TaCryy e ZeMoy 1y 21V,
GdMn,y . UMny; CeFe,, GdFe,, ., UFe, ZrFe, ., CeCo,, 8-UCo,, TiCo,. .
ZrCoy,y NbCo, 4y TaCoy i LaNiy 8-CNiy PrNiy, CePlpyi 0-Nahu, (3
3-TiBe,, FeBe o159 (0P CuBe, 40 ,(8), AgBe, ), 0-CuMg (B);  Cadl,

l,, 3-CeAly, UAly: Au,Pb; AusBi, KBiy.

NiMg, OROON = 24, DYy ZrFey g TiCoyy, NbCog g™, TaCo, o™ NigMg.

aube, Cub, ¥ =24, T3 UNig i 0-UCug; PdBegy,, AuBegy .

CaZn,, hﬁ(‘,‘ﬂe'N=6, D}, [ThFey]; CeCoy, ThCopy,: CaNiy, . CeNig, LaNig, PrNig,
GdNig ., ThNig CaCuy, . CeCu,®, LaCu®); CaZng,, LaZngy., ThZn .

Zn, Mg,,cub., v = 39, T): 0-Zny, Mg, (9.

NaZn., Cub., N =112, O} CeBoyy; ., ThBeygyy, UBeyyyp, 6-ZrBoyg(n), Nany,,,

(CaZnyg <], (572015 ¢l [Bulnyg, o], KCApd RDCdyg g, C5Clyps

043

Kin,,

1. Hicgh temmerature modification.
2. Low temrerature modification,
2. Phases with nartially disordered distribution of =tonms.

4. Dnltonide phase wi*h singular voint at CuBe_ comnosition; structure »*
this comrosition was not investipated. ’

5. To phase 27—2n M, ( {9 ) was first attributed an incorrect structure

1
‘.
MgZn, (hexagonal, N = 96, D,).

)

Table III

Phases with Dense Packings of Atoms
1. Phases, Structures of which consist of layers of the tyme of the densest
pacrkin-

MoSi, tetra, N =6, DI7: Mglig, (n); MoSiy, WSiy, RoSiyy .

CrSi hesaq, ¥ = 9. DY CrSip (), VSigy,, NbSiyy . TaSig, ., NbGeryr TuGeyy,. -
TiSi,, Thomba, N = 24, DU: Tisi, ., TiGeyy,.

Mn As') vhomba, N = 16, DXl Mng, As.
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2. Derivetive of Cubical Face-centered Structure.

a-W, cub., N =2, Oy Cu]’es_”'nlic(ﬁ)m, M0y ooy a5l (B), PACd; 1oy 50 (B,
At gyg 0l (B)P: Mogy Si.

Cscl,Cub., NV =2, O} TiFoy,, Tifu,, TiOs, 4 TiCo,,, FeCo . TiNiy,,
G-MnNi (B = 8) (¢ > 650°)4), 3-FePL; PdCu,y,®, 9-LiAg, CeAg, LaAg, NiAu,y,;
CoBe,y,, o-NiBo(p), PdBo, SrMg, LaMg, CoMg, PrMg, TiZng,, d-CoZn (B),

3-NiZo (B), Pdy 5, 420 (B)®, PdZn, . . (8,)®, LaZa,,,, CeZnyy,, PrZn,,
d-LiHg, Mglig (%), LaCd, 4o CeCd y,, PrCd,,,, LaHg,, ., CeHg, , Pr”gltx,
NdHg,y.i NdAl, .. LiTl, [KTI), MgTl, 9-CaTl (y), SrT) g0 RuSip ., Lin](:'{:;’:).
veo™ Cuh V¥ =16, T% UCo.
naTi®),Cab,, N =16, O 3-LiZn (8"), 8-LiCd (y): o-LiAl(B), LiGay,, o-Liln®,
Naln, . 9-NaTl. ”

T 5b,Cub, & =54, 0%: TiSD, ().
Gl tetra, ¥ <o, DI o-CrAl(3).

:(10) ' 3. . g -
v,Si LCub, N =3, Op: V34xCo; Tigy, Pt; Tlm_xAu(”)' V:::rxb" CrySi(B). Moy,
Vy,eGeo Crag Ge.

Other nhases with structures, derivativatives of body centered cubic - see
Tables IV, V, (tyve BiF,) and VI (tyve Mg174112).

1. Cubical denser nacking with rassing of one fifth of the layers along the
ouaternary axis; structure, inherent to the Cu23b type.

2. At t >>880° the [)-phase forms one area with fJ'-phase (Table IV).

7, High temmerature modification.

Lo o

g Leecordine to other data, the cubical bod{ centered structure (nrobably ¢
the AuCu tvne, pseudocubical, as in RhCul N xnhase o

5. By other data, Pd,Cu5 + %
A. Phases with partially disordered atom distribution.

7. Tyre of heterodesmic structure of second orier (molecules).

8. Tyne of heterodesmic structure of first tyve (frame of B-atoms).
9, Phase forms a continuous series of solid solutions with Li.

10. Superstructure/Zflw; tyne of structure, intermediate between & -4 and Cu.

11. By other data, phase possesses a structure of the AuCu, tyve.
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Table IV.

Electron Phases

10 Cel = 1050-

W kg6, N=2, 0h: Culng gy a0 (B) ABLRG gy a0 (B) ABCA 13, ag (B):
C”J,n-—»z,gAl (B)y A8y 1pa.6AL (B), Cuygyg oG8 (B)r Cuy 5y oln (B), Ag3 553,010 (B):
Cug oy 480 (3).

aa®, 85, w =2, 0} CU, gporn 080 ()P, 0-AgMR (B),  9-AuMg (B), 9-Culn (K"
d-AuZn (8), 9-AuCd (B); 9-MnAl, 8-FeAl (B,), 3-CoAl (v), &-NiAL () @, PdAl, .
NiCa, 4, (B), 0-Niln @)W, Pdin, .

Bir,V, cul, N = 16, O}: Cu,y A1 (B)®).

BMn, telra,N =0, 0% Agy, . AL(B L [Cu S (Y)]

Mg hex,, V=2, D4 AgCd, oy (€), Agy g TR (B) Gy gp 268G, AR, 4p0C0 (B,
Agz,o_n'o(}u () Aga,4-»z,o]“ (r) (1> 187%), Aug o, oIn (B) Cu‘Hs'asi (8
Cug 34,7 Go (3), ABy 13,8 SO (B)) Aug (., SO (B); Ay, Sb -

o)

2, Cgl = 1.62.

u,Zn 7, cu.b, N=52 T3 8-CugZn, (v), 0-Ag 20, (y), AuZn
0-Ag,Cdy (v) 0-AgeHg, (v).

Lo-~30 0.

Cu, Ca, "7, 1y6., N =52, T CuCdy oy ¢ ()1,

Ca AL, ky6., N =52, Th J-CugAl, (¥) 8-CuGa, (8), 8-CugIn ((¥) ARy, 1opg ol P (6
d-Au,In, (8).

Cu“Sns“""’), Kky6.: Cuy Sn . (3).

CoyZo (W79, wy6.: MuZng o (D), FeZny oy (1) CoZby g, (1) Ihelnyy
NiZn, 3 s 7 (T) P20 oo (1), PleZig o0 CoCdy 40 RbyClyyp g Nigldyy
PACd, 3 pq ., (Y) PLCdy o (7).

3. Ce‘ = 1. 750
My, N@x., N2 Dl Ml gy (€ COZ0g grgq(e) ABLN g (B): AuZn, o
' ' xR (10)
AgCA; g.4.,3 (8); Aga.z—n.AM Q) AugAly o (‘u4.4->3-85b ()™

Rhomhrically deformed structure Mg: cu , ., Ge(e) Cu,Sn(cf) A8y oyg 550 (7).

L. Cel = 1.80.

NLALD. heX., N =5, Dz 0-NiyAly (3), PdAlyy, Nijoay (B). PL,Gay . Niyln, 8)
szlnaix, "%'"a—p: -

o

1. Derivatives of cubical body—centéred structure; they also include struc-
tural CaF, types (cubical body-cebtered structure with partially unoccuvoied posit-
ions of atoms; see Table V,b and Ru38n7 (Table VI).

2. See ramark(z) to table III.
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3. At low aluminum content the lattice is deformed tetragonally.

4+ High temnerature modification.

5. Metastable phase.

6. Probably, monoclinic deformed structure.

7. Atomic positions in structures of CuSCdg. CugAlA, Cuzy5n, and COSanl
type (structural tyves of ?ﬁ-brass) are generally identical, but differently distri-
buted between the atoms of components A and B. Other structural types with very same

atomic positions, see in table VIII. Defective structure, derived from the tyve of
‘70—brass, have phases of the Ru38n7 tyve (table VI), other defective and Aeformed

structure are listed in tables IX and X.

8. Partieslly disordered Adistribution of atoms over the entire phase homoreneity
zone,

9. Structures incomonletely investigated.
10. In addition to phase £°, in this phase exists phase €' with ordered atonm

distribution. Accordine to other data, instead of phases ¢ and ¢!, there exist
three suverstructural ohases: Cu 5 —3 A.le (45 ) hex., N = 12), Cuy5b, (£ )

/l
(hex., N = 15) and %uyqSb, (/7 ) (rhombic, N = 49).

11. By other data, superstructure to type Mg with N = 16.

Table V.

Introduction Phases

a. Nickel-arsenide ophases.

®.
. 2 A . f lll )
Nlaln“)' reie., N=t, Dé,\ Ni| 7a091,4400 1, a-Ni,ln (#), 90 C\L_.Tnh] ):C“x.u-n.u (Q)(i)'

H 1 (2) S
Ni,Si (8, o-Fe,Ge, 6-00,00(4), d-Ni,Ge, My ggop,50™" (¥ ) Fem.7 n{y

Coxmn sﬁ’ (’r)w' %ss“xixw' N.'LS‘-)I,%S“ (Y)w Pdn,n—n.us“m '

' ) (3) 3 5 (2)
Cu, 32_”'“5n (r), bd,l bz;rx(n)' M“j,.‘ﬁ-’l.ubb {c)'%, rej,gg_n,uabb ()%,

b Ni @
* €0, g3-e1,02°P U PPN L T ()

.

t Superstructures with unknown distribution of atoms, derivatives of the NisIn
ype:

Ni.zlnl Nip G (Y')y  Cuygy,oIn(8);  Cop oy 550 (Y)  Nij ooy asSa(Y)

Cuy,225n (7).
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Structures, inherent to NisIn type, not thoroughly investisated: MnSGe? (two
modifications), Mnl.85 > 660€-

i), T, NV =4, D3, IrSn, 4., PtSn, . AuSn, IrPb ., PLPb . . MnAs, NiAs,
CrSby, o (B), @-Nisb (y), PdSb, PSb, MnBi, . RhBi, PLBi, . 0-VS, &-CsS (a),
d-FeS, 0-CoS, Nisxj—x (B), 4-CrSe (a), a—FcSc(B)“)' d-CoSe, N'bcx;fx (B), VTcl-tx'
3-CrTe (a), MnTeljx. o-FeTe, pdTCm:- PtTe, .

Defective structure, not thoroughly investipated. derivative of type Niis:

Oroe1.u. - 1.50 ().

Moniclinically deformed defective structure, not thoroushly investigated, de-
rivatives of the type NiAs: Ni Sn 3 Y (N = 1L); Cral.22 l.AA(/é?)’ “riey 13

5 (B), extey 17 s 50 <ﬁ)

w® A, v =3, 3, 0TS, 0-2rS,, 3TSS, ReSyy, PlS,g. LrSe . Ploe,,.,
PdTeay oo PLTe g, '

Nids—Cdl;:  9-TiSe—TiSe, @-VSe—VSel’)  3.TiTe— TiTe,  8-CoTe—CoTe,,
d- \IT(‘— NIT('.

Co SI® ANOM., NV =12, D13 Co,Si (9), Ni,Si (K9,

Mart, Rhom., N =8, DI AuGa; NiSi (y), pdsi1), PiSi, 1rGe, NiGe, PdGe, PLGe,
PdSv; CrP 4 ij;tx MnP, FePyy,, CoP 14 CrAs, 4. FeAs(n), CoAs, RhSb.

;\uTl,(,”)- MDNO:,A == 6 C AUTe x(ls)

Nickel-arsenide phase are joined by ohases of the Mn.Si_ types (table V b ani
CraCs (table VI). Phases with antiiasomorphous structure fo 8dJ2, see Table V b.

1. To the type Ni,IN are figured in phases, containing no AB composition, to
the tyne Nids -~ containing this composition.

2. Defective Ni,Om structure (vart of Ni positions vacant).
2, High temnerature modification.
L. At low temperature superstructure (probably at 003002 composition).

5. High temperature modification in the zone 53-57 at. %, the Se structure is
monoclinically deformed.

6. Heterodesmic structural tyve of second order (lamellar structure).

7. In the region of 55.5 - 60.5 at. %, the Se structure is monoclinically de-
formed.

FTD-TT-63-1018/1 15
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\8. Deformed Ni2In structure, heterodesmic of first magnitude (chains of B-
atoms!.

9. Low temrerature modification.

%O. Deformed NiAs structure, heterodesmic of first magnitude (chains of B-
atoms).

11. By other data, phase homogeneo:s in zone Pd,51-PdS1 and has hexagonal struc-

ture, like Pd382.

12. De‘ormed structure of CdJ, type, heterodesmic (chains of B atoms and Sy
molecules). Atoms occupy positions“of deformed cubical simple packing. :

12. Kalevarite.

b. Other introduction phases into the hexagonal double layer denser
packing (PU) and other noncubical PU,

(see page 16a for formula)

Structure with ordered int(g?uction of boron atoms into the dense nackine of
: .t Ti B .
Tu atoms; hexag TllO,O >1.2

FeyN, eu.b.,/y= 5, 0] :3-NhyCW; 3-MgN (), 9-FeNby) (PU oF mMeTAL Prtoms)

UsSycub N = 7: U8y,

Ln,OJ,‘))QX.,N -5, D3 'I‘h,.'\'six. Mg,Sby(a), Mg,Biy(e) PV oF H, P’ls. FH:OYT)C))

Nacl, cub, v = 6,00 S¢Cy g THC, oo UG PuCyyy @-TiC, 3-ZAC HIC 4., 0-VC(o,
Nb, 35 €09, 5-TuC; SeN g, [LaN, ) [CoNyg] [PrNy (L NAN 4,0 GiNy

a)(PU atoms, occunyins %s vositions) b) metal atoms PU,

1. Metstable ophase.

2. In the zone of g€ -nhase homogeneity total crderliness was found also at
comnositions Fe,N, FeyoNg and Fe2N.

?, Positions of hydrogen atoms in the structure are unknown.
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ex,
NagAs, roic., N =8, Dj: Au'\]gs, Mg Hg p), No P, LijAs, NojAsi KjAs, Li sb(.,)
I\a;bb K,Sb, Na,Bi, K,Bi (ﬂ lOD :mnnumomux nosigxennA 'FQ

NI,N, .L?{‘:N=8 DS: Feyy ,Cl); a-FeN (¢,
car, PR v =3, D2 v, C B, Tayp,Cr 8-Mo,

CogN (y), NiyN (IT1Y aTokon um1~
9-W,G [Fopy .Cli [Cryy N@)],

[Vp.7obsoN (B): [Nby N], [0-Mn,N (8)) (ny v ol Sitthaa). e
FesN, [b- '-JT‘ "N o= 12; FesN(§) (LY a'ro“gn M(‘T nn

Co,N, TNSIT, N =6, DI: Co,y,C: CoN (@) (

*oms
ATOMOD Me'mmm).y

A

Mn, sx reeu’c’ Ny 16, (DR MBI, (6); TigSloye MugSipge, Fe,Si (nh TigGey

31)" ( )pa-rosxon ﬁlg, Si, 3. Sn).
LS, [ uu\;m, N =81, C}: TIS (1Y avoncy TI).

PO Rtoms
Zr,u®, rce?g Lryg 11 (Y), Tagy, M (8), Nigy, ll (ﬂ)’ *ur;rguon MeTaJi/a).

Cu 8 - o N_G D“h Cu,S (£ 52°) (ny e S).t
Rtoms :
Fe P, ‘1 \c ”N-=‘) D* Mn, Py Feyy (P Nigy P (1Y arg\uon MeTanua) . Y

Atoms
lb(,lz. Som., =12, D']yﬂ.- O-CORR BL'I'hSn (Y atomon P, Th).
i:%g' N =4 Cli [TaNy, ). GaNy TuN, folSo)ix; (Cril,y.]-

7S

L

CrpykTypa ¢ YODOPANOMEHHLIM RHE,. s i1HEM  ATOMOR GODA 1 IOTHCHIYH yRakim,

i 0),
aroson Tj; rexc.: Tio o ”311

Pt_)Sn )xze{c . N =10, DY Pt Sn, CPU AToMS ST\)

omn .,

Bi,Te,(*) &)MDO.U[,'.,N =5, DSy [AsSey ) [Bi,Se;) [9-Sb,Tes], 9-Bi,Te, (_% T

mon Se, Te).

FTD-TT-63-1018/1 16a

ms

e s s i
I s ke tettasion) e




L. Hirh temnerature modiification of chalcosine.

5. Wuest-ite.

. Structure not thoroughly investipated,

7. Introduction structure into hexagonal six-oly denser nacking.

8. Introduction structure into rhcmbical 9-ply denser nacking, heterodesmic
of second mepnitude (lamellar).

c. Introduction ohases into a cubical denser vnacking

Filline of Cctahedral Voids

'l'h.\'l_.tx. UNGNDN, 4 4 Pu]\'lix. TiNj g 21N 9-VN () ‘\b'\li—_x' CeN () WN 4,

14x’
[ReNg ygx I 1P gl [CePyg el (1P g NPy o Thy (PO, UP L Lads
Cc'\"nﬂ;x' l’r;\sli__x. Nd:\slix, SuAs, L"‘be:tx. (‘.cbbttx, P"beiz' Ndbeix'
LaBiy, CeBi, PrBijy. UBijy,: 0-Cod, Eusyy . Thy .y, S® PuS . PbS .
CeSe,yr EuSeiyn YbSeyp. PbSey. FuTeyp., YbTe,y. 9-GeTel®, sSnTe,
o-PhTe (B)

snsb, RNOM 2 & = 8: 9-SnSb(3).

SnsAs) *\:Sxm; N =8, DIf:SnS,, .

GeS ¥, nowm xm,'x\' =8, D‘y‘“: GeS .,

FeSi4:), ,(y‘a’., N =8, T%: AuBe (3)%; PdGayy . PtGayy .0 CrSi(e), MnSi (¢), Fesi (e),
CoSi (¢), CrGe,y . BhSn 4. .

Strmictures with unknown distribution of N stoms in the voids:
N (a”) (rerp.)7®), Mn N (8) (terp., N==3), Moy, o, osN{Y) (teTp.,

N =16), MOy 5y_g 5oN (B), MnyN, o ().

Feyyvios

Filling of tetrahedral voids

FD-TT-62-1C18/1 17
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Cub 2 , ’

7nS!9, Ky0., N =8, T3 [0-TiB]; All’“x, SRTLN. lnl’“x, M’\sx;tx- CaxAslTx,
InAS; g AISb, GaSb ., InSb Zusey . Cidsepo o CdTey, ., ' Hgse,, o,
ZnTe, .. HETe o0 GaySey!®, Ga T, InTell: 9-Tall (B), Zrll, |, (8).

15
. om
pbovn),-gf’ﬁm‘ N4, DY Inbi &B, FeSe, . (a)'® ([‘l)y’ %MofoBi. Se).
'S, TeTp., N =4, U‘:h: I‘lS]Jr (ny mé’mf’m
" PD p'toms

o0, 1cTp., N =40, DI}: Zn Pi?) Cd, Py, ZnA~,. Ca AT (1Y ‘atomon P, As).
Mn,0,, l\‘)ﬁ) S N =80, T’ Mg, As, ( ﬁg ﬁ'%“m As).
Cal,, By V=12, O3 PtAl, U, 8-AuAly, PiGay, ¥, AuGa,, Puing, U, Auln,;

CoSuy, NiSiy (X), PtSny, IrSny, Mg,Si, MgGe, Mg,Snl, Mg PO R P,

Iry. P [Crll2 ix] (lly aToMOB, 3aBuMamux noaokenun Ca). PU#.,u oce .
Mn U, __cm?aa-u N,—UN,. ca b ?z z
2 : SIALE 1eq
Zell, 13 ,t%trp N =6 CuAly,  (8)®; ThH,, . Zrll,. , (c). Po

Stractare with unknown 1istribution of U atoms over the voids: 7p,HQz?\
#111ine octahedral eni tetrahedral voids

Cub.
7. ..
CogS,. -\)u,m =6, Ot Copx,, mas‘} (FIJR/ QTtomss).

CogSe l\)b =05, Op: CogSy

CIaSb%Fp N=6, I/Zh: Cr,-,:txl\ﬂ, 0-Mn,As (B), Fe,As, 9-Mn,Sh(8), 0-Cu,Sb (v):

Cd Te“")\..bg' atoMon As, Sb, Te).

&Fg , o N =16, 0} 0-LaMg,, 9-CeMg,, PrMg,, Li jHg: 9-Fe,Al(B)); FeySi(8),
3 CuySh (3), Ln,hb(ﬁ), Li,Bi (ITY aromon, saunMamninx nojomenun Bi).

Puf&l:m WB;W

otrUCtU”CS with Tinally th established Jistribution of metal atoms over ‘i
voids: cub. ( 7)

Na—>1.67 , Al?.OO_;a’1.7L)e (a ), A g, T e ().

1. Phase homorencity voneda—Irb/ an “bl 22 = 1.8 T at a rise in temnern-
ture exnand and above 1ANCC fuse tosether,

. D"hace with defective struectures (nsrt of nonmetal atom nosition vacant).

‘t. low temnerature and low, Te content - s tyne sunmerstructure, at hireh

PR

Te content - deformed structure of NaZly tyne.

/,« Deformed !la”1 tyne structure.

5. Strictural tyne intermediate from homndesmic *to heterodesmic of secon”
order (moleculsr).

.. Low temnerature modification.
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7. Partinlly disordered distribution of N a*oms; tn tntal orderliness rarrcs-
nonds formla Feg ani N = 18.

8. Yetastable nhase.

9. 7inc Plende.

1C. Phase with defective structures (part of metal atom nosiwions vacant).
11. Structural tyne heterodesmiz of second order (lamellar structure).

12. To nhases 7n Poy 3 .75 Aand £A_8s, was nreviously erroneously a‘tributed o
strmicture of the tyre ﬁngp( cab. N=10 7% 9%).

12. Phases Pt512 o x8 ?th2 iy and PtIn? T can be considered as elee'ron

rhases with © = @,
h el

12, ‘tccordins to new data, Me.Sn and Mg?Pb reoresent introduction nhases n¢
additional Mg and Sn atoms (Pb) (in“ratio 2:1 into the stricture of CaF, tyme.

15. Deformed CnF2 type structure.
16. Superstructure to tyme d -4.

17. Digenite.

Table VI.

Heterodesmic Phases of First Magnitude

1. Phases with three-dimensional complexes (bodies) of E-comnonent a*oms

tetn, . g . N .
ThSi, detp., N =12, ny: Lasigy . CeSiy gy PrSigy,. NdSiyy . SmSiy,, ThSiyy,.
apx @) NpSiy, . PuSiy,, o
Rugsntl, Cwb & =40, 0 (NiGagy (0], Pd Gy, PGy (N Tngy, ()

lrSGo&x. lr35n7, RuSSnT

USi

Pilng Lol Plnlnux;

uB,, tetn v =20, D% CeB,,,. ThB, . UB, .

CaB,, Chy, ¥ =7, O} CaBy . STBy 0 BaBy, o, LaBgy,, CeByy,, PrBy, . NdBy .
GdByy e ErByype YbByyo YBoy o ThBgy,.

UB,, NeX. N = 52, 0%: UB,, ..

NiMg, DX, N =18, D§: NiMg,.

Nm%,T%aﬂﬁ,1V=16,03:MA%(Q.

Co,Al, X, iy =28, D}y 6-CopAl,.

CogAl . MOYO,, NV =22 C3): Co Al
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>, Phases with two-dimensional comnlexes (lattices) of B-comnonent atoms

AlL,, rexc., N e 1. ' N
5 3, Dyy: ThNi,  (uau Th,Nig), ThCu, (nau Th,Cu,); [PtZn

PtCd , U . | X . ' 2 J,
[MClygsl Ullgyyyi 6-TiBy, 2rBy.. VB,,,, 9-NUD, (c) 0-Tab, (c), CrB3, ),

Mo A
| at /\l/Bijwt‘ C“G“H»x' LaGuHx, C“G“‘n - (PrGun); USiz;,x (B).
CaSi,, pymcsodp., "N = 6, ng: CnSiz, CaGe ‘

' r. 2 x’

oyt FOET W w20, D3, Mo,B, ().

Ti B, &X' N =44, D: TiD : @
2% v Yent ThaByo oo WD, o Ly ) (00

. Phases wit 31 .
] h monodimensional comnlexes {chains, bands) of F-comnonent atoms

om.,
FeB, prubug., V=8, D,‘;‘: FeB, CoB, MuB(%); Usi ...
3 e ? lix
WB, 14D, N =16, D}): d-MoB (3), -WB (3).
om, :
CrB3, ,;u.\mn;. N =8, DiJ: CrB(X), MoBy . (3), WB, . NbB(v), TaB(y); CaSi.
ToBy plaion T, N = 14, DE: NbyB, (8), ToagB, (8), CryB, (1), ML, (n).
CrC,, po.\llﬁluq., N =20, DI} 9-Cr,C,.
CuMg,, pomduy., ¥ =48, D3\ CuMg,.

L. Phases with insular comnlexes (vairs, etc.) of atoms of one comnonent
(nreferab}y of F-~comnonent)

s ql4,8) eub' norh. ) S " C

FeSi®, wyo., N =12, Th PP, PdAsy o PLAs, o Psby, PiSb,,  AuSb,.
PUBI,, ;0 MiSy 0 FeSy, Rusyy o O88y4 0 CoSyppe RISy o0 NiSy g MOSC
Ru %,T;,

FeSW, powbat N =6, DI FePy, Feas,  [CoAsyy,) Nids, ", FeSb, (@),
Cg;bz, NiSb, (c), Crob,: FeS,, FeSeyy ., FuTeyyy, CoTeg s

Cus, rhec, N =12, 1:;‘;,‘: CUSHX.
e,

TiSe, e v - 16, D)5 0-TIS, TiSe.

0sSe,, o CoSeyyqn Niteyy, MnTe,y o RuTeg s OsTey 4 o

CuSe,; 4 4.

Cods,, Cy'v(\)#:( =132, T CoAsy, ..

n.C, p(_{tu;%-;‘np.: o =15, DS o9-BC

NaPb, 107p., .V = 6% D d-NaPb(y).

Cu(fzs’, Télrp., N =12, UUE LaC
VG, o

2o SR W -1, ALY

EETE

poe CCpigr PIC ., NGy, SmCyp,, 9-UC,

2 e
The,,, %ﬁu.\?.,’ N =iz C) wan Cy: ThCy, -
: s . :
U,si, }tc';’rl;c..'.\' =10, D: UgSiy, .
l'll'bl, 1etp., ¥ =10, 1)3,‘: I‘Ll’bf
Pdsn,, ,.v.“f..*f.’,‘ N =20, CY1: PdSn, . PiSn,, AuSn,.
CoGe,. povfimu , N =24, CJ7: 9-CoCe,, RhSn, ;. (8), PdSnyy..
T tetrn . N
Cudl, 7efp.," N =12, D}: Th,Cu, 9-Na,Au (v); Tiy, B, Ta,B (B), Mo,B(¥), W,B (v),
Mn,B(c), Fe,B, Co,B, NiB(5), Cul, (9)®, Agln, (¢); FeGe,y. MnSn, (3)
FeSn,. CoSn, RhSn,y (9, RhPbyy. PdPbyy.. AuPby; TiSbyy Vsb,, .

Mn BOD %’3«8&"3 N =40, D3 Mng, B(8).
4 n 3h 44
U Mn, soXp., NV =28, D UgMn, Ugle. U,Co, UgyxNi-

Ba,\l‘,E?.pr.", N =10, DY Canly, 9-5rAl (B), BaAlyy,, LaAl, CeAl,.

euy.
FTD-TT-63-1C18/1  '18,,AL", 10, NV =58, T4 9-Mgy ALy, (¥)-
_.lo_



Other heterodesmic ~hace- ~f fir_. rder, ..e in Table I (tymes TiAL, and Ur-

Alq), ITI (tyne NaTl) and V,a (types Co,Si and MaP),

2
Takine into consideration the coordination oronerties of structures, in the
interior of the heterodesmic phase class of first order, can be separated into two
grouns of structural tyvoes:
a) with coordination sphere about the A-atoms (in case of F‘e?B and analorous

ohases - B-atoms), having the form of a twisted cube: NiMg,, Niils, Co, Mg, Cubzs,

PtPb,, Pdon

x CoGe2, Cull,;

A’
blwith coordination sohere around B-atoms (in case of NeS2 tyoe phases - %=

atoms), havine the form of a trianpular orism: UBA’ A1B,, MojB7, TiBg, FeR, 4B,

CrE, TaQBA, Crgcp; here also belong structural tynes Ni,In, NiAs, Co,3i (table V,n),
MCS,, (table VII), FeBC,.Cr7C?, MoC (table VIII).

1. Defective derivative fmmlzﬂ-brqss tyvoe.

2. Phase with defective structure, fully taken up by atomic positions, would
corresnond to formula Mo2B5 and N = 21.

3. Phase with defective structure.

L. Pyrite.

5. Structure of tyne Fed, (pyrite), CaC2 and ZrC, can be considered as intro-

duction structures of nairs of atoms into a cubical denser vackine of metallic atoms.

6. Marcasite.
7. Rammel'sbergite.
8. Low temnerature modification.
9. According to certain data, the phase is homogeneous anproximately at #9
at,% of Al.
10. Righ temperature modification.
11. Phase with defective structure; to positions fully occupied by atoms would

correspond a formula Mn,B and N = /8.
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12. Structure Mry-4115 1s inherent to cubical body-centered (atomic nositione
as in d -Mn).
Table VIT.

Heterodesmic Phases of Second Crder

1. Phases with lamellar structures

MoS,, )3,?3( N =6, D} MoS gy WS,, MoSe, . Wee,, MoTe,, 4, WTe, .
H

Cuz'rc' rave , N =0, Dtl',h: Cuzjx'l‘c.

om. t
ZeSi, owoud, N =12, DY Lrsiy, 2iGeyy ..

2. Phases with tave structures

Bi,S,, Rhoxny - 2. by 3ThSepr UpSyrer NBSope ShiSgpns BiySypne
3. Phases with molecular structures
Nis, ;%I’I%JR:. N =0, €3, NiS;pp (0 NiSeyyy (1)
AuTe,, 5?&3@; N =24, Ci: AuTe,, (.
Other heterodesmic phases of second order are given in table III (type Ulo)

and V (types CAJ,, Ge5, 5nS, Fe3i, PbC, Bi Teq).

2

1. Millent.
7. Krennerite, defomed cubical straicht nackine of atoms as in kavalerite

(Table V,a) but with different atom distribution,

Table VIII.

Cther Phases with Known Structures

(see nape 22a for table)
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Table VIII.

Cu,ugu“),ex?)‘;?; N =152, T} 9-Cu,lig, (v).

Liwl’bs“), le\'y()., N =52, Ty Li, by (v).

Cu,,Siy K),'IG.. N =176, TS: -Cu (Sig (€), 0-Na  Pb,.

Thyl'y, wy0., N =28, T§ ThiP .. UP. ., INpP L 0-CeS. [PrS,, 0,

e () .

[.\dzbaix]m, [S0,S34 1 IDysSy, 1™, 16,540 |, Ac’Sthm. 3-PuS,,
g 2 2

1’;1;1253+x( ), Cenhcaix(’). “ v

23t x
S oo 5.
Cr,,Cor KyD. I/)’-=- 116, Oh. a-CrmCﬁ, Mn,,C

'Ihu.\lnmfj), ky0., N = 116, Op: ThMn,,.
Clly. wyG., N =3z Ul,, 9.
In,Bi®, rexc., N =3, Dy In,Bi (), TIBi
. Mex. .. .
CoSn, rcug(., N =6, DL Niln (), PLTI; FeSn (8), CosSn.
H

Pu Gy, siyu., N =40, 7%: Pu

64 x°

1,27—>..59 (s)

. ' 2 ThY (M
'lh',.bm, rc/;(c., N =19, Cm- “‘%,7.»-.—1.78 .
Cugs, rese., V= 2, D3y 9-Cugl, Cugy As®.

Agln, rexc., N =9, C‘.‘“: d-AgZn.
ol
MoC, rexc., N =2: 8-MoC(v)®, WC; MoN[,, (8).
(w C thm ) ’ \ 3 . 0
.G, pO.\luO.’:,"lp., N =180, Cg,: 9-Cr,C,, Mn7C3:tx.
Crgal 09, pl(I)MGo:mp.. N =206, C3: 9-CrAly (vy).
A\'iabz. pu.\x()([;,:);p_' Ne=3, 1);; ‘\'iaq'z:tr'
5113,\52,_310.\!603&[).. N =5: Sn As M),
no(13) TELP. o L aa .
st 'lLr}i'., N =16, C;: Pds, .
TWMa Y serp., N =26, DY Thin,.
g Rnpwm . ¥
ZuSb, povont.," N =16, D}: Znsb, 0-CdSb(y).
1]
R 12) \H
242Cr FegCUP, Cogy,Co Nigy  C.

U/\l", ;lu..:’,,l v:zU, D:,)':' l'Ale_x.

FeC, pmn‘le;u.. N =16, Dy Mn
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4tomic nositions, as in CUSan.
Part of metal atom nosition vacant.

Structure close to denser nackine of atoms of various dimensions.
Introduction of H atoms inm)}?-ﬂ structure.

“tomic rositions, as in AlF,, but their distribution is totally orderles:.

Low temnerature modification.

Phase with defective structure: fully occunied by atomic nositions, would

have coincided with formula Tn2S1 and N = 2C.

8.

C).

1C.

11.

have corresnonded *o for1la Sn/As1 and N

1?.
formed Fe

1-.

1)

Artificiel domeyjite.

Certain authors nepate the existence of hevaronal Mol nhase.

Jeformed structure of ’)chn8 tyre.

-

Phase with Aefertive structire: fully occunied by atomic rositicns wonl”

'70

<+ ~

In addition to rhombic »hase Fe.C (cementite) there is n metastable “e-

N

£ modification.

‘)+X

Pd atoms form thelg-bl structure.

Table IX.

Phases Wwith Structures, Not Completely Deternined

1. Cubical Synpony

Pt; Ti, Cul®.

i Fo) v — a1 . - e e )
Ti,FelV, v = 96: Figy eMn; Tiy g Fe; Tiyy Coi Tiy, Ni, Tjp4xPd, Tig 4
"ot

RuB: RuB, 4 o OsB, 4 .. “~ .

1)I’uauuc neugorunuuie  dasu: VMn (N = 58, 'l‘z)“’, VMn,ixm; Crapdz“”;
Pl gmer,sCU (OD) ™, PLCu, 54 o Ligag (V= 52), CaAg®, Prag; CoZngpo .y, 1, (3)
(N=20,0")®, CuZn, oo .o 00 (B} AuZn ,__ (y,) (N=32)4Y), AuZng , o oY)
PLCdy 5,40 (v )Y, AnCd, ., (), LiCdy 4500 (B): NaCd,,
CoCd, UHgy,, (VN =10), HNillgyy, (¥ =14), Calig, ZrB, 09 sr 4l
(N =116), FeAl, y ) 4 (€), Cuiy g,y g0l (), MngIn"™ Hig o o Ti(y), HigTl, .,
LaTl, CeTl, PrTl; MoC, . ., RuSiy, . Ca,Si, Cuy,_, o Go (8)8), TI P (y)02,
Cuyp A (N =64, Tg)™, Sby . . As ()3, Niy Sy o (3) (N =17);
TlaaaBii (1)1 ARyy .S (@) (W =6), AgypSe (@) (M =6): Pd, o 1OV ThiL, .

llxi

Various onisotonic nhases.
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2., Hexagonal Syngony

Mg.Gu, NV = 18: Mg, Ga, Mg, 4410 (By) Mg, Tl
1)1’1c«110puup0nuunnn AcdexTiaa OTPYKTYpPQ Y-daTymi: N = 550 4 88 MuZn g gy 8i)s

FeZng ;4,5 3))-
Pasunic meuwdornmumo  Qaam: TiBeo; . » (N = 578), C"Z“n;x (&= &), NiZn, ()

(N =170)7; Pd By, ., ThAlg, . (N=8), MnAlg, ., MgAL 1\, ¢ (B) (V== 104)008);
YCqix (N wmB), NiSI (v, Cu,opssSn(8) (Nwm26, D)0, HgSnyg .
Wi xP, Nij oy (A8 (B); BiSe, Ag  Te, . («) (N =57), Bi,Tey. ..

1) Deformed defective structure of ?0-brass; 2) various nonisotooic phases

3., Rhombohedral Syngony

4) Dedopymponuunan  nediexruan  wy6iucoran  0GLCMHOUCHTPHPODRNIAN  OTPYKTYpa:
Cua.(-ra.osi (), Cua,a-;a,oco (Y)WO)_

j)Paauuo ucudotunane quan:  Auy ., 0,Cd (aa)(ll),c.,“_’mM (7,) (w50, Cgu)(n)'
FoAly, , (€) (I = 18).

1) Deformed defective cubical body-centered structure; 2) various nonisotopic
phases.

L. Tetragonal Syngony
Fe P, N == 32, S3 Cryp 1 (Moy, P), MnyP, Foyi P, Nij, D
RuSi,, RuSigye, WuGoyy . O0sSlyy,, 0sGoyy,.
Ru,Siy: Ru Siy, ., 08,81y, .
P, PuaByye (mam PUBy, )i PLSIg . (mme Puy . Bi).
«a-qoanin: Nw=30, Di, Dyguar C4: CrMng, o o (8)%, VMn, i CrFe, g,y 05 (9),
MoFe, 4 (0)) VFo  ((8); V),0aC0, CrCog gy y;,ng (Y = 3)s Mo,Cogyr (3)i Vy gpepy 0aNi
MoBe,y: MoDBoyy, .\ [WBeyy .

1) Pasnuwe  mowdsorwmumo  doasi VNI (8), MnNi 4 (¥) (t < 850°)04) L
(N =080, D), MnPdy yypy g (n)y MOPA) g9 46 ()i Tiyypy 6CU (V) AuyCuyy
CaAgy, TiAug, MnAug . (nan MnAuy, )™ Aug, 0020 (o)) (N = 8), HgCd,, -
(¥ = 152); CuGa, g (¢) (N = 3)®); NaSi,,., (Nw12), MnSl,,, (& =248),
FoSlg ¢opg,y () (¥ w3, Dy) 3, Ing, Sn(B), InSnyy, (vh InggpqoPbi NLPy,
(V= 60), NijAs,  Cu 5y SD(B) (N = 14), Nij g saSD(B) (V= 14),
.‘dnBl&: (Y); CuL“i‘So (B) GoSon (N = 32).

1) Various nonisotopic vhases

. 5. Rhombic Syngony L
Mg,Ga,, N =28, Dgf: Mg,Ga,. Mg,ln,, ‘3, Mg, .
Cr,Si,: CrySigy, (8)) CryGey .
4) rasauo nessoTnnubie  (aam: VNIH,_x (8); Cr“xB(B), MnAl,, Fo.Al,'H,'o (8)
23 0 .
(W =400, D), TFogAly,  Cullygyy,op(n) (V= 32)3; NiSi;(8), Na,Sn,
(N == 38), SuaixSn (B") (N =8)", 1igSn ,., ZnAs,  (v) (N = 96), Ag, £Sb
(N=30, D3), NiASy; . (N =24, DY, MnDig,, (X); NiS, . (V=44),
Cug 0108 (1 <52°) (V== 288, C32)), Ag, . .S(B) (¥ =12); Ta

FTD-TT-62-1018/1 Nby gy H. -
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1) Various nonisotopic phases

6. Monoclinal Syngony

FcZn”‘"‘, N =128, C3: MnZn,,_ (%), FeZn ;15 (), CoZnyg o0 (%)
1) Pasume  neusorunnuie dasu: CrAlg, .. (8), F(‘t\l.‘,'a_‘z.ﬁm)(N==56). Cu, 1 51 6AL(Y))

(N =102, CHID, Cuy gypy 1 ALER) (Y = 200, Fejsu, (8) (V= 40), 1dbb
Nasb (V= 16), CdySby o (B) (V=207 Fengy W, Ag, | Te(B) (N =9).

lixe

1. Probably, Ti Fe,C tyne structure (derivative of W,Fe.” tyme) with vacant

& 37

oxyeen nositions.

m

?. By other data, phase composition: T tu ( € -vhase).

i'%'*x

2, Pyrrhotine, structure, allied to Niis tyme,

/. Atomic nositions of @ -Mn structure; atom distribution not established.

5. Body-cen*tered lattice.

6, Phase Torms a continuous solid solution with chromium.

7. Disnlacement structure in cubicsl 4denser nackine.

8. By other data, noncubical symmetry.

9, Atomic nositions ofjg-éhl structure, distribution of atnms not established.

10. GStructure, inherent to the Csfl tyve.

11. Structure allied to?f’-brass tyves.

12. By other data, superstructure to solid solution ¢ . Pb-basis - at Ti,Pb
compositions (type AuCu,) and T1,Pb.

13. Domeykite.

1/.. Body-centered lattice.

15. Defective cubic body-centered structure; by other data, ohase has compo-
sition corresvonding to formula Cu3.2._;>2.70e.

16. Introduction structure into cubical packing of Pd atoms.

17. Deformed defective'74-brass structures.

TD-TT-63-1018/1 25




f'

G
SR

18. By other data, structure cubical with N = 1172.

19. Deformed defective cubical body-centered structure.

20. By other data, the nhase has a comnosition, corresponding to formila

1. Deformed cubical body-centered packing.
22. By other data, two Q rmd/gmodifications.
23, Neformed suverstructure to cubical denser packing.

?2.,. Position of atoms as in CuQSb structure, distribution of

determined, most likely opartially disordered.

25. By other data, phase has a composition, corresponding to

Vﬁ?-} 3.1In ( /éz -phase).

2A, Structure allied to Ni?\l2 tyve.
27. Metastable phase.
23. Pair-rarmelsbergite.

29. Low temperature modification of chalcosine.

Table X.

Phases with Unknown Structure
INEOE Cs‘,\'ng.
11t Li]'an\u, xnl,*.!'.!’\“ (8", K!\U‘, RbAu, ‘:"1:1’\“10' CsAu
Y12: LiMg,_5(v), LiZn,_,(8), LiZn, (. (&), LiZn,, (v, isZn
Lizng_), (8), LigHg, Li iy, Lilg,. NaCd,

2,3=3,0

x*

atoms finally

formula

(v, Ll'/,na,
NaCd g, Na, i1y, NaHg,, I\'nallpz_

Natle, No:lg,, Nallg,, Nallg,, KCd,; . KHg, Klig,, Klig, KHg,, Klig,, Rb,llg,
Bble,. Rbligy, Rblig, Kb lg, . Rb,Hg,. Rbilg,, hblig,, Cs,Hg,, Cslig,, Cslig,.

Cstlg,, CsHg,,.
113 Lig. (AL LiyAlL LiAl
Na,Tl, NaTl,.

Li

ex

a: Gt LiTL LI, Tl LigTl, Li,T1, NaB, ., Na/Tl,

1/14: Liy | (Si, LIJSn, I,|7.\n,_', Lnﬁhnz, Ll,_ﬁn, Lisn, benz, L|4Pb, Li,i'u lel’bz,

NaGe
KSi

LiPb (B), Nasi,_ .. NaSi,,
Ni, seagPb (B, NaPL, Ksi

2672,3 1+x* sixr  KGe

0 NnQSn, Nn‘Sna, Nusn .\'n\’n,‘_

KGQ‘*X. Kznn, KsSn,

K>u,, Kon, .szprv KPby 4, KPbyy ., KPby ., RbSi ., RbSigy . RbGe . .
ibGey, . ,CsSi o, CsSig, .. CsGeyy .. CsGey .

1/15: LiBi (B), KAs, ., KSb, K Bi,, Cs Sb.

¢/11: CaAg,, CaAg,, Ca,Au, CaAuy, Cadug e o0 CaAu,, CaAuy, CaAu,, Sr Ay,

SrAg, SryAg,, SrAg,, Ba,Ag,. Ba,Ag,, BaAg,.

2/12: Ca,Zn, Caln, CnZn“x(?)' CaCd,, Calig,, Cqub. Canmfx, SngHx. Sn\iro,

SeruX. Srllglhx. BaMg, Fa BuMgo, Bullgm!x.
218 C,-Ala, C"‘]“xix' Calnstx, Cua’]’l4.
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2/44. CaGey ., Ca,Sn, Casn, Ca, (., (Pb (v), CaPb, SrSi SrSi
BaSipgy Basng, BaSng, Ba,, Pb, BaPb, BaPb,.

2/‘5. Ca, As. Ca U:z, (,nUns, br As,, SrBiJ, Ba;'\f‘,' B“aszix' BasBiH_x, BaBia.

3/8 Ce Fob. Th,Fe,, ThI° e, Th Fe

3/9: (.C‘JCO, CeCoy, CeCoy, Th7C03, ThCo. ThCoz_.a. Th,Co”

3/10: La,Ni, LaNi, Lm\'ia. LaNi,, CeaNi, CeNi, CeNis, CeNi‘. Pr;Ni, PrNi, PrNia,
PrNi, Th,Ni, (nau Th,Ni), ThNi, ThnNi” (man TbNiD). UNiux.

3/41: LaCu, LaCu,, LaCug, CeCu, CeCu,, CeCue. PrCu, PrCu,, PrCu,, PrCu,, LoAg,,
Laag,, CeAdg,, CeAg,, PrAg,, Prag,, La,Au, LaAu, LaAu,, LaAu,, CeaAu, CeAu,
CeAu,, CeAua, Pr,Au, PrAu, PrAu, PrAu, ThCua, ThCu‘. ThaAgs, ThAga,
ThaAus, 'I‘hAua.

3/12: I,n“.\lg, Lu.\lgn. CeMgD. Pra.\lg, Pr.\lgo. L.'\Zn‘h° (8), Laan'o_.“'s(c), Cc‘Zn,
Cc,“Zn, Ceznﬁ..9 (8), Ceznm.n__“.b (C), Ln”glﬂ' CC“g‘ix. Png\lb" ]\d”gltl"
Thin,.

3/13: La,Al,. LaAl, CesAly,  CeAl, PrjAl, Pral, PrAl,_,, Pral,, Pr,Ca, PrsGua,
PrGa, Lang. CezT], CeTla, Prz'l’l, PrTla. ThB,. ., UAIB.

34 Sq’(‘.ah, YSiy, LagSn, LaSng, CeSn, CesSny, PrSn, Pr,Sn,, La,Pb, LaPb,
Ce b, Pr,l'b, PrPb, U,Cyy. USny, {Usn,, UPb,y ., UPby,..

1

3/15: Ce,Bi, Ce, Bl CCBI,,, Th Ncix' UP&H, U “lw UB:

L Y/7. 300 S(‘H_‘_, Ceq,, 20 LnSe2+:, Ce Sc3 - Cet C | PrSenh, I\dge,ﬂ I\d ai—x'
Sm:‘chx Ilr2 €y xe Dy2 €34 Yb qeaﬂ, CeTe, ,, Th,,  Te, US US
Ug."ca*_x, USe, ;1 U,_Hx'l‘e.

410; Ti,Pdy . Tizpta,}_x.

41t Z:Cuy (), ZrAu,.

412: Ti,_aﬂ.oBc, TiBe_hx, Tchwix. ZrBe2 (), '/.ch‘I (3), ZrUcb:x (), Zrin,.

413: 7eB,_ o, HIB, .

A/ Tisi4 ., Zr Si, Zr Si, Zr Si,, ZrSi_, Zr Si., ZrSi, Zr Sn, Zr,Sn., ZrSn,

14x 2 '3 Vs ) 8773

415. Tigy P, TiPy. o, Tu\s“") ZrPHx, ZrPy. ., HIN, .

4415 TiLh‘os Tis, Tl\i_hm, Tis,, Zrg_ S, Zry . HQ, Zrs, 31,8 Z"zixT“-

s/ Y wM“

VB: .\bzﬂsix.

5/10: Tu,Niyy ..

5/12: Talle,.

5/13: .\'hgixb' (B) (500°), .\'bgi_xl& (B') (1200°), Nbs,o-x.oB(Sn)'

S/14: \'&ISi, T“ssisix' 'I‘abSi,_,_:b‘, Tnai_}.\‘i.

SrSna, SrSn‘,

1tx! it

3ix 1:x 3!x»

S Vyge P Vo op o P VPgee VP VASY NP, o 'NDPyy o NDAS o0 Tagy, N,
T"ij:x- TaP, .

5160 V3, ) g VSigxr Nbyyy >0 NDS, (i
6/7: W, Reyy .,

u/8: \\’Feaix.

69 Cr, 2esi, 2,C0(8), MOC“i;t:x(Y) [“'a;tx o]
L/10: ("ni-x“ (1o Cr&xPL), CrPlltx, MoNi, WN'xix-
u/12: Win

v/13: CryBy(e), CratxAl, C"Alx,w—>1,ea {v:), Cer,uaa,os (ta), CrAl{ o ss 00 (Y

Ta S, TaS

3.4—>1,0 1,0051,0" 10534 4.
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6H4:
6/135:

6/16:
7/8:
7/10:
7/11:
712
7/13:
7114:
7/15:
7/16:
8,0:
8/11:
8/12:
8/13:
8 14:
8/15:
9/12:
9/13:
9/14:

9/15:
9/16:
10/10:

10/11:
10/12:

10,/13:
10 14:

10/15:

10/16:
10/17:
11/12:

CrAl:l,Hi,’ (8). crA]d,Mv(‘)l CrAIS,I—M,I(n)l Mdﬂdix' wM‘I,MmWAlz,z-»u
WAL o yg g WAL (o0 WAL,

Cr,Si. Mo Si,. MoSiy 4. ofuGe,. W Si, WGe,,

Criuges Crop P Cryds,y o0 Crods,y o MoPyg . MoPoy .. MoAsyy o MoAg
sz,h_ WA;H,}. WA:,i_x_

Mo, i, Te, Mo Tey,,, W, . Te.

chFeaix (¢), RcFea:tx (r) Rchﬁ__x (3).

Mn‘li‘:PL. .\InPL‘ix. MnPLH__x,

M"aj-_x‘\“'

MnZng, oy 8, Mnligyy .

MnAl,, MnAIS‘“ (8), MnAl, 4G,

Mn,Gey, ReC,.

.\11131’2, .\inl’a, .\InaAshx, Hezz_x}’. ReP,ix. HoPux. RePaix. Rcm‘n.i-—n.s-
'FCQS&;, Re,y . 4 ReQS.,Ix_

Felr‘:tx,

FeyAu.

FCZI\7'3_>9'0(3)(5), RuBe,, OsBe,,

ﬂusz, Huzl]&x, RuB&x. OSBH.‘}' OSB&_’:. 0sB, ...
Fesiy(a”), RugSigg . f
I-'LP,.,.O»‘.O. ng';ilmz\s(l), Rugixf‘, Rumtx. RuPab. RuAsaiI. ‘Ospaix-
CogBey 4, ™ CoZng o gy (8)®), CoZng, o (8))®, RhBey,,, IrBe,, .,

CoAl,, Co,Al,, Rh,th- RhBiix. I(hB&_‘, “aBn-_tx- “Bux' IrB&x,

CoaSi. Coaﬂiz, CoGeO'M»,'M. Cozcea. I'(i.,'thi, Rhasiﬁx, RhSi‘ix, th‘n:i‘
(nan RhaSiS:x), Rhai’rSn. RhSn‘:h, Hh&x[’b, Iri,sixSi' Ira.\ii:tx. “S'u;.
Irasi&x, Imiazx-

CoPaix. Co,As,, Co,As, CojAs,, RI,P 4. RhP,*x. m‘Pa;tx'
Rhsb,, RhBv, RLBi,, RhBi, IrP, .. “AS').j;x‘ Ir,Bi, IrBi.

RhAs,y . Kb Sb,,
CoSyu e C0yyigy S (B), RhSyp RhjSipe. Rh,Syy. RhySegy,. BhTe,
Irz.\'a‘x. ]‘“;1;-'“'3593:::. IrSeaix. er(‘aix,

PINGy o PENG

Pricg,, (2).

NIB- o (r)® NiZng o Lo (D)™ PdyBe,  Pd e, Pd;Be, ., o
Py e g e Py Zn(E), PAZng o Ly g0 (@) PAZng 4y oo (v)) ) PACY, | (31
PACHy L () PuBey O PUan g PRy, Pl lig (B) Py tgly
PUE L (8),

Nigaopg gl (V) NiyB, (), NiB(Q) Nizna‘ Pda_‘thn, Pdahca. l’d,&xln(n.
Nisny pyx (9), Pdyy Si®, Pdyy  Ge, Pd Geyy o, Pd,Ge, Pd Sn, PUSi Si
Ptyp.Ge PLGegy.,.

l’d’ b,

2' ml,b—»l,o

NigPopx: Niel’bix, I\'iPztx, NiPyyo Ny oo As(B), NiBiy, Pdg, . o0 (8)
Pd,_, 3P (v), PUP,(8), PAP,, l’dsi-be (B)y Pdy {5 4Sb (), PdBij, PL, P, 't Sh.
N17S“x. Pd‘txs, Pd“xs, P(Rzrx, PdSeltx, PdSe&x, I’LSe&x‘

Pd, gl

Cuy 5351,27Cd (1), CuCdy (€), AgBey 4 (v), Ag‘“ga,o»a,o(Y)' Au,Be, Au,Be, Au e,

Aubc (a)®, AuBe,y., AuMg,, AugMg,, Au Cd (a;), AuCd

1,63->1.08 1,80 3,0 YD
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ANCdL;,_.m O NGl @) AU (8, AuCdy g () Au,llg (v), Au”g2 (8).

U[13: Cugy ALY e, Gy g AL, Cuy o ALY, Cuig gy 29 Ga(y), Cuy oG
(6), Cuygsey sy G (€), Cuy JIn(e), Cuyy du(n,), ABGay o oy o(8) Auy L, (AL
Aul “ﬂl.hi'\l' I\U'\llix‘ Au2.8—“2.5 G'l ('3)' t\llz_',_pg_ncn (Y)l Auz'eln (Y)'
'\“2.5—-:..'“1 (8), Auln.

WA Cuy oy g8 (8%, Cug 40,00 (Y) Cugy > (B)@, Ausny,

11/15: Culgy CugAs,, A-,:I',_,'ix, f\gl’stx. Auglqy ., AUAS 4.,

HN6: g Tepyy ()0 AvySegy o

12/12: Zn Mg, ZodMu, o gy () Mg g, (v), Mg,lg (3).

12/13: MgAYL 1 (0 MY Ly (5 MiGa, MGy,

12/14: Cdsng L (5).

12”153 .\Igu.\l;:(l",)' .\l;,':llhz(,’)), /,llu.\h,_,, le‘*lna, s, “ﬂu\.‘hztx-

13/14: lf‘.'ixhi_ linix.\i, ‘\lu_-k,\-Q ]

1316: Ga,5, Gan, GaySe, Gade, GaTe, Inyg, >, Ingy Se, InSeqy o, InSeyy . IngTe,
InTe, WTey, Ty ThSe, ThEey, Tly Te, TITe 4.

I415: SiAs, ids,, GeP, GeAs, GeAs,, Sl ‘\“al'a:f;x' SnPy, PbyPy ..

14/16: ~usc, sSnee,.

|5/|5J /\.\4_.‘}).

15/1G: >b,Se,. b

1. Numerals desirnate the numbers of vertical rows of the periodic system of
elements, in which nhase comnonents are situated.

2. Probably, heterodesmic structure of first order (zinc atom grids).

3. Several phases of unknown composition.

L. Metastable onhase.

5. Deformed defective structure of'?o-brass.

6. Probably, structure ofC(-$hltyne (atom distribution not established).

7. Structure, allied to 4 -brass type.

8. See remark (11) to table V,a.

9. Hieh tempmerature modification.

10. Structure, close to hezagonal denser packing.

11. Deformed & -Mn structure.
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Index of Double Intermetallic Phases

Systems, in which binary intermetallic phases are formed, are given in alrha-
betic order; phases in each system are given in the order of growins content of E-
component. Designations are the same as in tables. The Foman numerals in each for-
mula designate the number of the systematism table (i. e., class numpber), arabic num-
erals (in straiesht parentheses) - literature reference; the number of the basic ref-
erence is in first place. References to reports, contributing no substantial changes

(as well as to renmorts with incorrect data) are not given.
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Systematism of

Binary Intermetallic Phases

278:+x

Aps,]-)a,a Al
Ags.S—ba,n Al
ARy oy A

Ags_s.»\s (S)

BﬂaAgng’
Ba,Agy
B:\Ag4

AgBexJ {v)
Agle, , (8)

CaAy

CuA;:2
CaA e,
C.aAg4

AgCdy g 51y

AgCd, py\
3-.43‘('33

Ac—S

VI
Ag — Al
(8) 1v
(30 IV
(%) v

Ag —As
I

Ag — Ba
X
X
X

Ag —Bo

I

Ag—Ca

IX
X

IX
X

Ag - &

® Iv
(’C) v
&) X

AgCd g45; () 1V

FTD-TT-63-101%/1

(269]

[4, 8, 1474]
{8, 147a)
{8, 147n]

(8]

(8]
(8]
8]

(81)
(81}

(125, 460, 8]
(81
[125, 460, 8]
[eJ

M

m
Y
m

Ag—Ce
CeAg 11 (9, 168, 279]
CeAg, X [168]
CeAg, X [168]

Ag — Ga

AfyaaoGa (B) 1V (496, 4)
ABy g0 G0 (v) 1V [/». 1476.}

169, 406
AgGay gy s (8) X [4]
Ag—”g
AgHe (B IV (g)
9-Ag e, (y) 1V (8, 133)
Ag—1In

Ay angoln (B) IV [3, 1476

AByqsgoln (v) IV (377, 3]
d-Ag,la (') 1 [377)
Ay ln (e) 1V ' 377, 35, 3)
Agln, (9) VI (377, 35, 3]
l\g — Ln
LaAg 11 0, 2791
LaAg, < 8]
LaAga X 8]
Ag—1i
Ll"ﬁg I m
9-LiAg oL (51




\ee — Mg

0-AgMc (&) IV

AgMUy higg (¥) X

Ag—P
Axpzix X
AgP:‘tx X
/\g —Ir
Prav IX
PrAo, X
1eAg, X
Ag — Pt
3-)’L3;\g (v) !
PML’:!;:: !
Ag’_‘txs (a) X
Agztxs (S) X
Ag —Sh
Az, ,Sb (e) v
3-AL'3.\"b (e¢') |
Ag&be 1X
v
/\1,' — Se
Ag,ixcf} (a) "(
»
Ag — Sn
Agy ipqSn (B) IV
Aga.u—vz,q\.“ (e/) 1V
t\L' — Sr
SfJf\L' X
SrAc X
SrJ Vo, X
SrA;{ ¢
Ag —Te
A,y Te (x) V,
Ag”'l'e.,tx (x) IX
A812T07ix (B) X
Ag—Th
Thal\ﬂs X
ThAga X

FTD-TT-05-1018/]

[3is, 310

(81

(11)
(1]

(8]
(8]
(3]

(%, 148)
(8, 158]
(188

(4]
[128]

(8]
(277, 8,133, 431
(7]

(4]
(8]
(8, 133]

8]
(8]
(8]
8]

(4]
(129)
[10]
[10]

32

Aan”J_.‘u
3-Ag/n
d-Ag,Zn,
AgZn

2,173
/rAg

Al:\\']tr

Au‘t\l

AuJ,D—‘-.’l,qu

AuL. Al
2.6
Auh”_),_xAJ
A“s“lsix
AUA' ) ix
B-AuM,_

AlByy

BaAtl, , .

Al:li-xc

Canp .
Cal
C.n\l‘

Cca.-\l:
CeAl

d CeAl,
CeAl,

¢-CoAl
(7-(:()_,/\15
CoAl,
(204/\1lu
CozAl”

Cr Al

adx

g-Cr, Al

Craly go-s1.03

(y)

Ag—17r

|
Al — As
V, n
Al—Au

(8") 1
(8) 111
X

Al-—-C

/\'-—Cl\
I

Vi

Al —Ce

1]
V]
Al — Co
v
Vi
X
X
A4
Al— Cr

X
(B) HI
(vy) X

6]
[fn/l.'.‘,Gi
(6}
1)

(499, 236]

(8]

(207, 397)
[397]
2523)
[2933)
(133)
{3071

(81

3, 123

(31

(8]

(7, 8]
i8]
[37)

(168)
[168]

(168, 13]
[168, 37

|7, 8,14, 253a}
(8, 14])

17, 14]

(7, 14])

(14]

[15]
[16]
[19)



u-Cr Al {r,) Vil
Cral) gy ¥y) \
Craly gyggr () X
CrAl.'.G—-:l,] (5) X
Ch\l L N—1.7 (g) X
CrAl. et (r) X
CrAl, 5y (0) IN
Al—‘cu

Cuy o ahl (B) 1V

C”.:;pAl (Sl) 1V
Cusix/\l (8 X
C“:itx’\l (5"YX
Cu,_,“,’_*_x/\l (v 1
d- C“o‘“x (v) IV
Cu,l_.”\l (v,) IX
Cu_. LA ) IX
C“l.(}—'l.a"\l 8 X
C”J.n:—-x,m’\l (e) IN
Cuy gy 1M (%) N
Cllf\]“'%_)l'% {r) IX
CuAl, (9) VI
(,uAL,:hr (¥)V,
Al—Fe
a-1 \':l:‘\] \,ﬁx) V.o
d-1'cal () IN
FeAl i e ) 1X
lt‘:\l: x () X
Feal,, oy ) X
lt\l‘:u—'hn (a) lx
}‘.,1\17 lx
Al ~ La
1. Ay \l AN
I. u\l AN
LaAl, I
1;11\14 Vi
Al — L1
Liqg Al X
.3
LAY X
a-L.Al 8 il
[»Al X
Al —Mg
Mg AL, (V) VI
MgAt (1) X

M. \l,ot 8 x
Mg \11\.0—»1:,.; (5) X

FTD-TT--62-1018/1

(15, 350]

[8,1470]
[253r, 276a]
(428, 253e]
[428)

(128, 253e]
3,147
{429, 182, 1478
[182, 147n]
[1471)
[1471]

|7, 147n)

{7, 147u)

(8. 1478])
[203m¢]

[8. 133]
5, b}
(M)

iS5
RIEAY|
[17, 492}
|7, 492)

[165]
[168)
[ 168, 18]
[ 168, 37)

(215]
{508 14|
{508, 20]
0

(6, 24, 306]
B 2]
(8, 21]

504

[A_LHS, 6, 21, 201,

d-MnAl v 22, 251
MnAl, X {23, 281}
MiAl, o (3) X (281)
MnAl gy, IX [23, 24, 261}
MnAl, IX <3, 24)
MaAl, Gy X (23)
Al — Mo
MoAl, . X [367)
Al — Nb
AbAL l (25)
Al—Nd
NdAL 11 (8]
Al —Ni
d-N1,Al (a,) | [5, 148]
9-NiAl xa) v 5, 324, 326, 364,
413
3-NiAlg IV 5,32
NiAl (c) Vi [5)
Al—Pp
AP 4, vV, s (8]
Al —pd
- PdAl v [402]
Pd:..\lsv v [402]
Al—DPr
Pr, Al X [168]
PrAl X [168)
PraAl X [168]
PrA, X [168]
Al — Pt
Pt’\lz_tx V, u (26]
Al —5Sb
AlSb Von o [8, 133, 348)
Al — 5r
511 a51,0Al X 07
2-SrAl @® vi e
Al —Ta
FaAl,y I (23]
Al —Th
™Yo vy men
ST )

Al — Mn

Yoy



aTiAl
TiAly 4,

UAL
UAL,
VAl 4+
VAL,

VAlypx

WAL ;.0
WAL e
WAL 55
wmt,s——m

WAL‘,S—ri.‘J
WALy

ZrAlyy
AmySy4

A“A\lt-f

TH-TT=63-1018/1

Al—Ti

IR EYAY
1 (23]

Al—U
I j22,382)
1 (262, 382]
VI [443)
X (262, 382

Al=Y
I [28]

Al— W
0]
X (2]
X e
X pall
X {29}
X (20

Al —74r

[ |7.25)

Am—>S
VI [26%9)

As— Au

X [2766]
AS — 13
x|
As — Ca

X 1:))
As- 4

v, 8 53]
X (<]
As — Ce

V, B [0}
:\S'—CU

X 18]

X (3]

X (5]
Voa |3, 8)
Vi (130}
VI [1, 95a)
As—Cr
V,u [(80]
X 0]

34

CrAs

Vou [8]

144 )

Cradayg, X1
As — Cu

C“Six"“s Vl” [6, 1301

(HCKYCCrBOMItIIL A0NEULNT)

Cuyy As IX (6,180

(aoMcuikiT)

Cuyp AS I (6, 180)

(as1brofonuT)

Cu5.‘\s2 X (8]
AS — F(‘

l:t‘,‘/\a V, B[S 3]

}301,77_.1.37’\5 (O X 3]

IFeAs (1;) \" a {:;’ 81

I'eAs, Vi (8]
As—Ga ’

(;‘“\\‘II V.o [3)
AS —-,(;(

GeAs X [165] )

GeAs, X [160)]
As—In

InAS, Ly V. s [
As — Ir

IrAS; 4x A (8]
As 1N

KA V, 6 il]

Ky, X {51
As La

Laay,, Voono ol
AS L

As V, 6 Y4

L As O 84
AS \Ig

My, As, Y, s [
As — Mu

Mg A IO [4s3 23]

@A A (B B (b 23 459

MigAs, o {453]

MnAs

2;:74, 456,]

ST



MoAs, X 03

MoAs,y, X 8]
As— Na

Naal\s V, 6 [32]
As — Nb

NbAszjx X [8]
As—X\d

NdAs, . vV, 8 (5]
As — NI

NiyooadAs () IX  [496, 8]

NijAs, X [8, 301)

NiAs V. a (8, 133)

Nids,, Vi1

(p.'m.\xc.'n.cf)epruT)Y‘RMMELSbEPQSte.

Nids, | X (7

(nupa-pamienbcﬁepruT)Pm R-RAMM "
As— 1

As,_, b X [300]
As — Pd

PdAs,, . Yl 13}
As— pr

PrAs, 4x vV, s (¥
As — 11t

PtAs, 4x Vi (8]
As — Re

A .

Re 51,1-n.3 X (34]
As—IRh

R)\A:,_b X (8]
As— Rn

RU/\S‘“_‘ AN 8
As — Sb

Sbyy ,0A8  (8) IX (434, 7]
As — Se

AlJSea ix V, 6 [2]
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As—Mo

As— S
SiAs X
SiA:,! X

AS — Sn
SnLAL Vill
SnAs V,

As — Sr
Srzz‘\st X

As — Ti
TiAs, X

(36]
(3e]

(3]
0]

5]

(453

(HOCI(O«'H:KO Ja3 HCHINCCTHOIO COCTULA)

Several Phases oF ynkNec wN CoMp

As —'V
VAs X

X

(453

(necronnio $as ucuasectioro cocTana)

severn) Phases oF ONKNoWN COMP.

[33]
(8]

Gl
(3]

(81, 373)
(B1, 373)
8]
(81,

3]
(8!, 3s,
[

R

[g‘la ]

(478]

(8
el
£8y
(8,460}

WAs,t,r
WAs, 4, X
As — Zn
ZI‘I,ASz Y, 8
ZnAs, 4 (Y) 1X
Au—Be
Auallc X
Au,Be X
Au,DBe, X
AuBle («) )
AuBe () V,o
AUIieat‘ X
AuBe; i
Ay —B
AuBi I
Au—Ca
CnoAu X
Czn:Au:l X
CaAu, 0 X
CaAu, X
CaAu, X
CaAu, X

(el

e e —— e —

TN,



Au—Cd
3-Au Cd @) 1
FAiCl @) 1
Auggy,6Cd (2)
A“nn—-x.nst (@y) IN
9-AuC.] f v
3-AuCd () 1
AuCd, . (1) X
ud, oy (v') X
AuCd .., () X
AuCd, g, (&) X
AuCd,, ;. (¢) X
AuCdy sy &) X
Au — Ce
(k:.\u X
Cenu X
Ceiu, X
Ce.\u3 X
Au—GCs
Cs, Auyg X
Cs\u N
Au—Cu
AnJCuztr IX
d-A.Cu T
Au(luli_x T
d-AuCu, I
Au— Fe
F|'JI\U X
Au — Ga

A i u-—_',;,ol (B) x

""u;,n——g,zoa (’f) X

Al.(}.x vV, a

Au(}.t__ V.on
Au— lg

/\ud_xhg (5) I

Au i (v) X

Aully, (8) X
Au—1In

’Q’;m—»;,ul“ (5 v

A“‘.,cln (Y) X

3 \uvm’. \v
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(365, 41]
(365, 41]
(365, 41]
[41]
(]
(8]
i8]
(8]
(5]
(8]
(8]
(8]

(168]
[168)
(168)
(108)

[a2

A2

(2]
(t, 5. 320)
216, 253u)

[1, 8, 320,
a3 335

(8]

(170]
(170

(193, 170}
leu, 170]

(133, 258)
[258]
(258)

i
(35, 43]

36

Mg gqln (8) X {43

Auln X {43)

Auln, V. n 126, 43]
Au—K

KAu, X (42]
Au—lLa

LajAu X (8]

LaAu X 18]

LaAu, X [8)

LaAu, X (8]
Au— Li

Li; ggAu X (8]
Au— Mg

a-AuMg (B v (2, 8]

AuMg, X (8]

Au,lf X 18]

AuNiy. V, 6 [314, 8]
Au —Mn

MnsﬁAu X (137] )

3-MnAu (B) 1 (437, 253s, 433}

MnAu, (;:.‘. MnAug, ;)

a IX © [253s, 137, 433)

AiL— Na

0-Na,Au (y) \'] (44]

Na, AU () X (44]

6-NuAu2 (B) 11 {44]

Au— Ni

NiAu 4, i [z16]
Au—"P

Au,Pyyy X 8]
Au— b

Au,Pb I (40, 8)

Aubb, Vi [45, 8]
Au - Dr

PrAu A [16b]

PrAu X [165]

PrAu, X {168]

PrAu, X (10
Au— Rb

RbAu, X [«
Au —-Sb

AuSh, \Y




Au— Se B— Cr

Ao, o X (8] Cry BB (8) IX 1328, 0y
o Croly,  (c) X [S0M)
Au—5n () Vi R
Aus e aSu () 1V [5, 133) Crb, (1) Vi [4:8, 30y
Ausn V, a (8] Cr, (9) Vi [309]
Ausn X [8) ;
: B— I
Ausn, VI (29, 8] kr
Erl3. Vi [46]
Au—Te 63 x
B—F
AuTe, | V, a2 (3,502 ¢ '
(1eas ane put) Fe,B Vi 13}
AuTe, | VIl |4, 02] el Vi |3]
(K peunuepnr) B—Gd
Au—Th Gd“(p N \| [46]
'I‘)ISI\UG X [20:)] B — Hf
Thiu, X [205) , -
‘ HIB, ., X (135r)
Au—Ti B
—Ir
Ti,  Au 11 452, 148, i
i 185 I, | X 7 us)
’“f\“s-'rx (it ’Fi/\uz) 1”;1 A_ X (&3]
l [151, 469] IrB’i\ X [343)
TiAu, IX [449)
B— La
Au—Zn Vi 4]
Ayl (x| (287, 8] by &
d-Avln (w) | [267, 8] B— Mn
v-AvZn & 1V [8, 133, 321] Mgy : (8) Vi (3161
AuZny oy () IX 3] \ln u (3] Vi 3L
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