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1. Atomic sites — Superstructure description

Table 1
Symmetry relations between basic and modulated structures
F43m cF16 — maximal non-isomorphic subgroup d=3 index 27— F43m  cF464
Fd3m cF16 — maximal non-isomorphic subgroup d =33 index 27— Fd3m  cF464
B (& origin shift —(4, 3, %) with origin choice 1) B
P43m  cPl6 — maximal non-isomorphic subgrouglé§ssengleich & = 2a index2 — F43m  cF128
F43m  cF128— maximal isomorphic subgroup (loss of centering) - index4 P43m  cP128
P43m  cPl28 — maximal non-isomorphic subgrouklgssengleich &’ =23 index2 — F43m cF1024
PmBm cPl6 — maximal non-isomorphic subgrouglg§ssengleich & = 2a index2 — Fm3m cF128
Fm3m cF128— maximal isomorphic subgroup (loss of centering) - index4 Pn3m  cP128
Pn3m  cP128 — maximal non-isomorphic subgrouklgssengleich &’ =2& index2 — Fd3m cF1024
PmBm cPl6 — maximal non-isomorphic subgrouklgssengleich & = 23 index2 — Fm3m cF128
Fm3m cF128 — maximal isomorphic subgroup (loss of centering) - index4 PnBm  cP128
PmBm  cPl28 — maximal non-isomorphic subgrouglg§ssengleich &’ =2& index2 — Fm3m cF1024
PmB8m cPl6 — maximal non-isomorphic subgrouglé§ssengleich & = 2a index2 — Fm3m cF128
Fm3m cF128— maximal isomorphic subgroup (loss of centering) - index4 PnBm  cP128
PmBm  cPLl28 — maximal non-isomorphic subgrouklgssengleich &’ =23 index2 — Fm3c cF1024
Pm3 cP16 — maximal non-isomorphic subgrougléssengleich & = 23 index2 — Fm3 cF128
Fm3 cF128 — maximal isomorphic subgroup (loss of centering) - index4 Pn3. cP128
Pn3 cP128 — maximal non-isomorphic subgrougldssengleich &’ =2& index2 — Fd3 cF1024

The basic structures of all cubic compounds discussed swrk correspond to aF16-NaTl structure Ed§m, ab) or to

derivatives of it, which exhibit lower symmetry.

The average structure of tled-464-structures ifF43m preserve the space group symmetry the basic structureicsritar

Wyckoff positions, each one resulting from six Wyckoff pasis of the original structure:
e site 1 - 40, 0 O¢ 4a, 16e3, 166, 24f2, 48h1, 48h6;

o site2—41 1 1< 4d, 16e2, 1685, 2491, 4804, 46h5;
e site 3 4);,;,2 < 4b, 16el, 16e8, 241, 4en3, 4&n8;

o sited—4l 3,3, 3 < 4c, 1604, 1627, 2492, 462, 4&nT.

The average structure of tle&464-structures ifFd3m also exhibit the same symmetry as the original structurks.Vilyckoff

positions of the basic structure and the correspondingion&s original unit cell are the followinlg
e site 1 -&0,0,0 <« 8b, 32e1, 322, 9692, 9633;

e site 2 —

&;,;,§¢8a 9691, 9€y4.
The average structure ofF1124- Cu;GQCd431 (F43m) has space group symmeWSm The atomic sites of the basic structure

are:10,0,0; 103, 3,2;3c0,3,3;3d 3,0,0; de x X, X (X = 3); de x X, X (X = 3).

The average structuresaf (1192— 40) -Cdsg 7Nagz 3z andcF(1192—23)-Al 53 6MQae4 (F d3m) has space group symmet?yer
The atomic sites of the basic structure a@010,0; 1b 2, £, 1, 3c0, 3, 3; 3d 3,0,0; 8y X X, X (x = 1). The symmetry and sites are

292021 ’ 20 21

the same for thé4 x 4 x 4)-fold superstructures in space grolps3m andFm3c

The average structure of tlié x 4 x 4)-fold superstructure in space groErj3 has space group symmet?yrB The atomic sites

of the basic structure areaD,0,0; 1b 1,3, 2:3c0, 3, 2;3d 1,0,0; 8y x X, x (x = 2).

212021 12020

1 The classification of sites 98 and 94 is slightly ambiguous, since they have similar distanodsoth, sites 1 and 2 of the basic structure.
2 The coordinates of the Wyckoff positions are the same asdnesgrougPni3m (see above), but their site symmetry is lower.




2. Symmetry relations

Table 2
Details on the structure types betwed®-W and the investigated complex intermetallic structuzace groups in parentheses belong to the
same lattice complex / exhibit the same Wyckoff coordinates

Structure type  Pearson symbol  Space group  Wyckoff sequeriRepresented structures Comments
w cl2 Im3m a I8m — cl2, (Pn3m — cP2)
CsClI cP2 PrmBm ab Pn8m — cP2, (P43m — cP2)
FeisGes' cP16 Pm3m abcdg PrBm — cP16, Pm3 — cP16)
CuHg@Ti cF16 F43m abcd F43m — cF16
NaTl cF16 Fd3m ab FBm — cF16 _
IrsSa cF120 Fm3m abdef Fm3m — cF128, Fm3 — cF128) + sitec
TieCorAl 17 cF120 F43m abéfg F43m — cF128 + sitexd
Tl;Shy cl54 Im3m aefh I3m — cl54
Al4Cus cP52 P43m éfgi? P43m — cP54 + sitesab
CusZng cl52 143m (Egk)* (Pn3m — cP52) + sitea
T Fe5Co and FgCoy exhibit the same Wyckoff sequence with different occupetidue to a differing composition.
 These sites refer to space grdepdm. The Wyckoff sequence in space gradd@mis c2eg
Table 3 _ Table 4 _
Wyckoff sites in space groupmn3m of the Barnighausen tree|2, c116, Wyckoff sites in space groupnBm of the Barnighausen treeP2, cP16,
cl432. cP128.
Site  Site symmetry X y z  Generating site Site  Site symmetry X y z Generating site
Im3m, (229),cl2,ax ax a—a Pm3m, (221),cP2,a x a x a—ab B
2a _ nmBm 0 0 0 la nBm 0 0 0 22 (Im3m, cl2)
Im3m, (229),cl16, 2a x 2a x 2a—abc _ 1b _m3m 12 12 1/2 2 (Im3m, cl2)
2a nBm 0 0 0 I1a(Pm3m,cP2) Pm3m, (221),cP16, 2a x 2a x 2a—abcdg _
6b 4/mmm 0 1/2 1/2 B (Pm3m, cP2) la m3m 0 0 0 22 (Im3m, cl16)
8c _.3m 1/4 14 14 b(PmBm,cP2) 1b nBm 1/2 12 12 2 (Im3m, cl16)
Im3m, (229),cl432, G x 6a x 6a— abcé f2gh?ijk? 3c 4/mmm 0 12 1/2 & (Im3m, cl16)
2a m3m 0 0 0 2a(Im3m, cl16) 3d 4/mmm 1/2 0 0 & (Im3m, cl16)
6b 4/mmm 0 12 1/2 & (Im3m, cl16) 89 _.3m 14 14 1/4 & (Im3m, c116)
8c .3m 14 14 1/4 &(Im3m,cll6) P3m, (221),cP128, 4 x 4a x 4a—abcde f Ghijm?
12e 4m.m 1/3 0 0 & (Im3m, cll16) la nmEm 0 0 0 Za (Fm3m, cF128)
12e 4m.m 1/6 0 0 & (Im3m, cl16) 1b m3m 12 12 12 b (Fm3m, cF128)
16f .3m 1/3 1/3 1/3 2 (Im3m, cl16) 3c 4/mmm 0 12 12 4 (Fm3m, cF128)
16f .3m 1/12 112 1/12 8(Im3m, cl16) 3d 4/mmm 1/2 0 0 5 (Fm3m, cF128)
24g mne.. 1/6 0 1/2 & (Im3m, cl16) 6e 4m.m 1/4 0 0 24 (Fm3m, cF128)
24h mm2 1/3 0 0 2 (Im3m,cl16) 6f 4m.m 14 1/2 1/2 24 (Fm3m, cF128)
24h mm2 0 1/6 1/6 ® (Im3m, cl16) 8g .3m 1/4 14 1/4 & (Fm3m, cF128)
48 .2 1/4 1/12 5/12 8(Im3m, cl16) 8g .3m 1/8 1/8 1/8 32 (Fm3m,cF128)
48] m.. 0 1/6 1/3 & (Im3m, cl16) 8g .3m 3/8 3/8 3/8 3% (Fm3m,cF128)
48k ..m /4 14 1/12  8(Im3m,cll6) 12h mng.. 14 1/2 0 24 (Fm3m,cF128)
48k ..m 1/6 1/6 1/3 & (Im3m, cl16) 12 m.m2 0 14 1/4 24 (Fm3m,cF128)
48k ..m 1712 1/12 1/4 8 (Im3m, cl16) 12j m.m2 1/2 14 1/4 24 (Fm3m, cF128)
48k ..m 5/12 5/12 1/12 8(Im3m, cl16) 24m .m 5/8 5/8 1/8 32 (Fm3m, cF128)
24m ..m 7/8 7/8 3/8 32 (Fm3m, cF128)




Table 5

Table 7

Wyckoff sites in space grOLBZ:%m of the Barnighausen treeP2, cP16, Wyckoff sites in space groUBrr§ of the Barnighausen treef16.
Site symmetry X

cP128.
Site

la
1b

la
1b
3c
3d
4de
de

Generating site

1a (PnBm, cP2)
b (PmBm, cP2)
1a (Pm3Bm, cP16)
b (PmBm, cP16)
2 (PnBm, cP16)
3 (PmBm, cP16)
& (PnBm, cP16)
& (PnBm, cP16)

la
1b
3c
3d
4e
4e
4e
4e
4e
4e
6f
69
12h
12
12
12
12
12
12

la (PmBm, cP128)
b (PrBm, cP128)
2 (PmBm, cP128)
31 (PmBm, cP128)
& (PmBm, cP128)
§ (PmBm, cP128)
& (PmBm, cP128)
& (PmBm, cP128)
& (PmBm, cP128)
& (PmBm, cP128)
@& (PmBm, cP128)
& (Pm3m, cP128)
14 (PmBm, cP128)
12 (PrBm, cP128)
12 (PmBm, cP128)
24n (PBm, cP128)
24n (PBm, cP128)
24n (PBm, cP128)

Site symmetry X y z

P43m, (215),cP2,ax ax a—ab

43m 0 0 ©

_ 43m 12 12 12

P43m, (215),cP16, 2 x 2a x 2a—abcdé

43m 0 0 0

43m 2 1/2 12

42.m 0 2 1/2

42.m 1/2 0 0

.3m 1/4 1/4 14

_.3m 34 3/4 34
P43m, (215),cP128, 4 x 4a x 4a—abcdé fghi®

43m 0 0 0

43m 12 12 12

42.m 0 12 1/2

42.m 1/2 0 0

.3m 1/4 1/4 1/4

.3m 34 34 34

.3m 1/8 1/8 1/8

.3m 3/8 3/8 3/8

.3m 5/8 5/8 5/8

.3m 7/8 7/18 7/8

2.mm 1/4 0 0

2.mm /4 12 12

2. 4 12 0

..m 1/4  1/4 0

..m 1/4 1/4 1/2

..m 5/8 5/8 1/8

..m 7/8 7/8 3/8

.m 1/8 1/8 5/8

..m 38 3/8 7/8

24n (Pnm3m, cP128)

Table 6 _
Wyckoff sites in space groupn3m of the Barnighausen treefP2, cP16,
cP128.
Site  Site symmetry X y z Generating site
Pn3m, (224),cP2,ax ax a—a B
2a _43m 0 0 0 2a (Im3m, cl2)
Pn3m, (224),cP16, 2a x 2a x 2a—abcd _
2a 43m 0 0 0 22 (Im3m, cl16)
4b .3m 14 1/4 1/4 & (Im3m, cl16)
4c .3m 3/4 3/4 3/4 & (Im3m, cl16)
6d _42m 0 12 1/2 & (Im3m, cl16)
Pn3m, (224),cP128, 4 x 4a x 4a—abcdé fgk®
2a 43m 0 0 0 & (Fm3m, cF128)
4b .3m 14 1/4 1/4 4 (Fm3m, cF128)
4c .3m 3/4 3/4 3/4 4 (Fm3m, cF128)
6d 42.m 0 12 1/2 & (Fm3m, cF128)
8e .3m 3/8 3/8 3/8 32 (Fm3m,cF128)
8e .3m 5/8 5/8 5/8 32 (Fm3m,cF128)
12f 222 1/4 0 1/2 24 (Fm3m,cF128)
12g 2.mm 1/4 0 0 24 (Fm3m, cF128)
24k ..m 1/4 1/4 1/2 24 (Fm3m, cF128)
24k ..m 7/8 7/8 3/8 32 (Fm3m, cF128)
24k ..m 1/8 1/8 5/8 3% (Fm3m, cF128)

Site

la
1b
3c
3d
8i

Table 8

PnB, (200),cP16, 2a x 2a x 2a—abcdi

nB.
mB.

mmm.

mmm.

3.

0
1/2
0
1/2
1/4

y

0
1/2
1/2

0
1/4

z

0
1/2
1/2

0
1/4

Generating site
la (PmBm, cP16)
b (Pm3m, cP16)
& (PnBm, cP16)
31 (Pm3m, cP16)
& (PnBm, cP16)

Wyckoff sites in space grouansT of the Barnighausen treeP128.

Site  Site symmetry  x y z Generating site
Pn3, (201),cP128, 4 x 4a x 4a—abcdéfgh®
2a 23 0 0 0 & (Fm3, cF128)
4b 3 1/4 1/4 1/4 4 (Fm3,cF128)
4c 3. 3/4 3/4 3/4 P (Fm3,cF128)
6d 222. 0 12 1/2 & (Fm3, cF128)
8e 3. 3/8 3/8 3/8 32 (Fm3,cF128)
8e 3. 5/8 5/8 5/8 32 (Fm3,cF128)
12f 2. 1/4 0 0 24 (Fm3,cF128)
129 2. 1/4 172 0 241 (Fm3,cF128)
24h 2. 12 1/4 1/4 24 (Fm3,cF128)
24h 2. 3/8 7/8 7/8 32 (Fm3,cF128)
24h 2. 5/8 1/8 1/8 32 (Fm3,cF128)
Table 9 _
Wyckoff sites in space groupm3m of the Barnighausen treefF128,
cF1024.
Site  Site symm. X y z Generating site
Fm3m, (225),cF128, 4 x 4a x 4a—abcdef
4a n3m 0 0 0 1a (Pm3Bm, cP16)
4b m3m 1/2 1/2 1/2 B (PmBm, cP16)
8c 43m 1/4 1/4 1/4 b (PmBm, cP16)
24d mmm 0 1/4 1/4 2 (PnBm, cP16)
24e 4m.m 1/4 0 0 3 (PmBm, cP16)
32f .3m 1/8 1/8 1/8 & (PmBm, cP16)
32f .3m 3/8 3/8 3/8 & (PmBm, cP16)
Fm3m, (225),cF1024, & x 8a x 8a—abcdé f®hi?jk®
4a n3m 0 0 0 la (PmBm, cP128)
4b m3m 1/2 1/2 1/2 B (PnBm, cP128)
8c 43m 1/4 1/4 1/4 b (PnBm, cP128)
24 mmm 0 1/4 1/4 2 (PnBm, cP128)
24e 4m.m 1/4 0 0 3l (PnBm, cP128)
24e 4m.m 1/8 0 0 & (PmBm, cP128)
24e 4m.m 3/8 0 0 @ (PmBm, cP128)
32f .3m 1/8 1/8 1/8 g (PnmBm, cP128)
32f .3m 3/8 3/8 3/8 8 (PnmBm, cP128)
32f .3m 1/16 1/16  1/16 g (Pm3m, cP128)
32f .3m 3/16  3/16  3/16 g (Pm3m, cP128)
32f .3m 9/16  9/16  9/16 g (Pm3m, cP128)
32f .3m 11/16 11/16 11/16 @(Pm3m, cP128)
48n mm2 0 1/8 1/8  12(PmBm, cP128)
48 m.m2 1/2 1/8 1/8  1R(PnmBm, cP128)
48 m.m2 1/8 1/4 1/4 6 (PnBm, cP128)
96j m.. 0 1/8 1/4 12 (PnBm, cP128)
96k ..m 1/4 1/8 1/8 13 (PmBm, cP128)
96k ..m 5/16  5/16  1/16 2@ (PnBm, cP128)
96k ..m 7/16  7/16  3/16 2@ (PnBm, cP128)
96k ..m 13/16 13/16  9/16 2% (PmBm, cP128)
96k ..m 15/16 15/16 11/16 24 (PmBm, cP128)

3



Table 10 _ Table 12 _
Wyckoff sites in space groupm3c of the Barnighausen treefF1024.  Wyckoff sites in space group43m of the Barnighausen treeF-1024.

Site  Site symmetry X y z Generating site  Site ~ Site symm. X y z Generating site
Fm3c, (226),cF1024, & x 8a x 8a—abcdefghi?j? F43m, (216),cF1024, & x 8a x 8a—abcdé?f3g3h'?i
8a 432 14 1/4 1/4  b(Pm8m,cP128) 4a 43m 0 0 0 1a(P43m, cF128)
8b nB. 0 0 0  1a(PmBm,cP128) 4b 43m 1/2 1/2 1/2 & (P43m, cP128)
24c 4m.2 1/4 0 0 3 (PnmBm,cP128) 4c 43m 1/4 1/4 1/4 b (P43m, cP128)
24d 4/m.. 0 U4 1/4 % (PmBm,cP128) 4d 43m 3/4 3/4 3/4 b (P43m,cP128)
48 mn2.. 1/8 0 0  &(PmBm,cP128) 16e .3m 1/8 1/8 1/8  4(P43m, cP128)
48f 4. 18 12 1/2 & (PmBm,cP128)  16e .3m 3/8 3/8 3/8  4(P43m, cP128)
64g 3. 1/8 1/8 1/8  §(PmBm,cP128)  16e .3m 5/8 5/8 5/8 4 (P43m, cP128)
64g 3. 116 1/16 1/16  §(PmBm,cP128)  16e .3m 7/8 7/8 7/18  4(P43m, cP128)
64g 3. 3/16 3/16 3/16  §(PmBm,cP128)  16e .3m 116 1/16 1/16  &(P43m, cP128)
96h .2 14 18 1/8 12 (PmBm,cP128)  16e .3m 3/16  3/16  3/16  &(P43m, cP128)
96i m.. 0 1/8 1/4 1h(PmBm,cP128)  16e .3m 5/16  5/16  5/16  &(P43m, cP128)
96i m.. 0 1/8 1/8 12(PmBm,cP128)  16e .3m 7/16  7/16  7/16  &(P43m, cP128)
192j 1 5/16 5/16 1/16 2@ (PmBm,cP128)  16e .3m 9/16  9/16  9/16  d&(P43m, cP128)
192j 1 7/16 7/16 3/16 2@ (PmBm,cP128)  16e .3m 11/16 11/16 11/16  &(P43m, cP128)
16e .3m 13/16 13/16 13/16  @(P43m, cP128)
16e .3m 15/16 15/16 15/16  @(P43m, cP128)
24f 2.mm 1/4 0 0 31 (P43m, cP128)
24f 2.mm 1/8 0 0 6 (P43m, cP128)
24f 2.mm 5/8 0 0 6 (P43m, cP128)
24g 2.mm 0 1/4 1/4 2 (P43m, cP128)
24g 2.mm 1/8 1/4 14 ¢ (P43m, cP128)
Table1l _ o 24g 2.mm 5/8 1/4 1/4 & (P43m, cP128)
Wyckoff sites in space groug43m of the Barnighausen treeF16, 4gq m 1/8 1/8 0 12(P43m, cP128)
CF128,cF432. 48n .m 5/8  5/8  1/2 12(P43m, cP128)
Site  Site symmetry X y z  Generating site  4gn .m 1/8 1/8 1/4  12(P43m, cP128)
F43m, (216),cF16, 2a x 2a x 2a—abcd _ 48h .m 5/8 5/8 3/4  12(P43m, cP128)
4a 43m 0 0 0 &(Fd3m,cF16)  4gn .m 5/16  5/16  1/16  1R2(P43m, cP128)
4b 43m 172 172 172 &(Fd3m,cF16)  4gn .m 7/16  7/16  3/16  1R2(P43m, cP128)
4c 43m 1/4 1/4 174 &(Fd3m cF16)  4gn .m 116 1/16  5/16  12(P43m, cP128)
4 _ 43m 3/4 3/4 3/4 & (Fd3m cF16)  4gn .m 3/16 3/16  7/16 1R2(P43m, cP128)
F43m, (216),cF128, 4 x 4a x 4a—abcdéfg 48h .m 13/16 13/16  9/16  1AP43m, cP128)
4a 43m 0 0 0 1a(P43m cPl6)  48n .m 15/16 15/16 11/16  1I4P43m, cP128)
4b 43m 1/2 1/2 12 B(P43m cP16)  4gh .m 9/16  9/16 13/16  1iAP43m, cP128)
4c 43m 1/4 1/4 14 b(P43m cP16)  4&h .m 11/16 11/16 15/16  1ZP43m, cP128)
4d 43m 3/4 3/4 3/4 b (P43m, cP16) 96i 1 1/8 1/4 0 12 (P43m, cP128)
16e .3m 1/8 1/8 1/8 4 (P43m, cP16)
16e .3m 3/8 3/8 3/8  4(P43m, cP16)
16e .3m 5/8 5/8 5/8 4 (P43m, cP16)
16e .3m 718 7/8 7/18 4 (P43m, cP16)
24f 2.mm 1/4 0 0 3 (P43m, cP16)
249 2.mm 0 1/4 1/4 % (P43m, cP16)
F43m, (216),cF432, @& x 6a x 6a—abcd&f?g’h?
4a 43m 0 0 0 4 (F43m, cF16)
4b 43m 1/2 1/2 1/2 & (F43m, cF16)
4c 43m 1/4 1/4 1/4 4 (F43m cF16) Table13 _
ad 43m 3/4 3/4 3/4 4 (F43m,cF16) Wyckoff sites in space groupd3m of the Barnighausen treeF16,
16e .3m 1/3 1/3 1/3 4 (F43m cF16) CF432.
16e .3m 2/3 2/3 2/3 4 (F43m, cF16) Site  Site symmetry X y z Generating site
16e .3m 1/6 1/6 1/6 4 (F43m, cF16) Fd3m, (227),cF16, 2a x 2a x 2a—ab _
16e .3m 5/6 5/6 5/6 & (F43m, cF16) 8a 43m 0 0 0  2a(Pr3m,cP2)
16e .3m 112 1/12  1/12 4 (F43m,cF16) 8b _43m 12 12 1/2  2(Pmm,cP2)
16e .3m 5/12 5/12 5/12 d(F43m, cF16) Fd3m, (227),cF432, G x 6a x 6a—abé' f2g®
16e .3m 7112 7/12  7/12  &(F43m, cF16) 8a 43m 0 0 0 & (Fd3m, cF16)
16e .3m 11/12  11/12 11/12 @&(F43m, cF16) 8b 43m 1/2 12 1/2 & (Fd3m, cF16)
24f 2.mm 1/3 0 0 4 (F43mcF16) 32 .3m 1/3 13 1/3 & (Fd3m, cF16)
24f 2.mm 1/6 0 0 4 (F43mcF16) 32 .3m 112 1/12 1/12 B(Fd3m, cF16)
24g 2.mm 1/12 1/4 1/4 4 (F43m,cF16) 32 .3m 5/12 5/12 5/12 B(Fd3m, cF16)
24g 2.mm 7112 1/4 1/4 4(F43m,cF16) 32 .3m 7112 7/12 7/12 &(Fd3m, cF16)
48h ..m 1/3 1/3 0 4 (F43m, cF16) 48f 2.mm 1/3 0 0 & (Fd3m,cF16)
48h ..m 1/6 1/6 1/2 % (F43m, cF16) 48f 2.mm 5/6 0 0 & (Fd3m,cF16)
48h .m 5/12  5/12 1/4 4(F43m,cF16) 969 .2 7112 7/12  1/4 8&(Fd3m, cF16)
48h .m 112 112 3/4 4 (F43m,cF16) 969 .2 112 1/12  3/4 B(Fd3m, cF16)
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Table 14 _ Table 17
Wyckoff sites in space groupd3m of the Barnighausen treefF1024.  Wyckoff sites in the additional space groups of the inset lie t

Site  Site symm. X y z Generating site  Barnighausen treém3m — cI54, PnmBm — cP54, P43m — cP54, Pn3m
Fd3m, (227),cF1024, & x 8a x 8a—abcdé f3g°h —-cP54. o
sa 43m 0 0 0 x (Pn§m, cP128) Site  Site symmetry X y z Generating site
sb 43m 1/2 1/2 1/2 2 (Pr3m, cP128) Im3m, (229),cl54, 3a x 3a x 3a—aefh _
16¢ 3m 1/8 18 18 & (Pr3m, cP128) 2a mB3m o 0 0 2 (Im3m, cl2)
16d 3m 5/8  5/8  5/8 & (Prdm, cP128) 12e 4mm 3 0 0 & (Im3m, cl2)
3% 3m 3/8 3/8 3/8 4 (Pr3m, cP128) 16f .3m 1/3 13 1/3 2 (Im3m, cl2)
32 3m 3/16 3/16 3/16  8(Pn3m cP128) 240 _mm2 0 13 173 2 (Im3m, cl2)
3% 3m 5/16 5/16 5/16  8(Pn3m, cP128) PmBm, (221),cP54, 3 x 3a x 3a—abefdij _
32 3m 11/16 11/16 11/16  &(Prdm, cP128) la mBm 0 0 0 la (PrBm, cP2)
3% 3m 13/16 13/16 13/16  &(Pn3m, cP128) 1b m3m 12 12 12  b(PmBm,cP2)
48f 2.mm 1/4 0 0 @l (Pn3m, cP128) 6e 4m.m 1130 0  H;(PmBm cP2)
48f 2.mm 1/8 0 0 12 (Pr3m, cP128) 6f 4mm 176 12 12  b(PmBm, cP2)
48f 2.mm 5/8 0 0 12y (Pn3m, cP128) 8g -3m 13 13 13  B(PmBm,cP2)
96g .m 1/8  1/8  1/4 2% (Pn3m, cP128) 8g -3m 16 16 16  b(PmBm, cP2)
96g .m 5/8 5/8 3/4 2 (Pr3m, cP128) 12 m.m2 0 13 13  h(PmBm,cP2)
96g .m 7/16  7/16  3/16 2K (Pr3m, cP128) 12)  mm2 12 16 1/6  b(PmBm, cP2)
969 .m 1/16  1/16  5/16 24 (Pn3m, cP128) P43m, (215),cP54, 3 x 3a x 3a—abé' fgi” _
969 .m 15/16 15/16 11/16  24(Pr3m, cP128) la 43m 0 0 0 Ia(PmBm, cP54)
969 .m 9/16  9/16 13/16  24(Pn3m, cP128) 1b 43m Y2 12 12 Db(PnBm, cP54)
96h .2 1/8 0 1/4 12 (Pn3m, cP128) de .3m Y3 13 13  §(PnmBm,cP54)
4e 3m 2/3 2/3 2/3 g (PmBm,cP54)
de .3m 1/6 1/6 1/6 @ (Pm3m,cP54)
de .3m 5/6 5/6 5/6 & (PnBm,cP54)
6f 2.mm 1/3 0 0 @ (PmBm, cP54)
Table 15 69 2.mm 1;6 1;2 1/2 62 EPrrB_m, cP54;
e = A 12 .m 13 1/3 0 12(PnBm,cP54
Wypkoff S|.tes in space groupm3 of the Barnlghauserj tre§F128. 15 Cm 16 16 12 13 (PnBm cP54)
Site  Site symmetry X y z Generating site Pr3m, (224),cP54, 2 x 3a x 3a—adgk -
Fm3, (202),cF128, 4 x 4a x 4a—abcdef oa 23m o o o 2 (Prdm, cP2)
4a nmB. 0 0 0 1a(PnB,cPl6) o
b B, 12 12 1/2 (P cP16) oe 3m 1 18 13 2(P@mcr)
8¢ 23 14 14 14 b(Pm3 cP16) 15 gom s A A 2 EE@Q' gng
24d 2im.. 0 14 14 2(PnB,cPl6) oak T U3 13 0 2 (Pn§m' cP2)
24e mn2.. 14 0 0 3I(PnB,cP16) = '
gg; g :1,);2 yg yg ggg”n% gﬁig; _The Wyckoff sites of the two largest structures in space grou

F43m, also shown in the Barnighausen tree k488 and
cF21 296, are not given. They may be derived usingltier-
national Tables for Crystallography - Volume Al: Symmetry
Relations Between Space Gro{id.s Hans Wondratschek and

Table 16 _ Ulrich Miller, 2006).

Wyckoff sites in space groupd3 of the Barnighausen treef-1024.

Site  Site symm. X y z Generating site

Fd3, (203),cF1024, 4 x 4a x 4a—abcdéf3g’ _

8a 23 0 0 0 22 (Pn3, cP128)
8b 23 1/2 1/2 1/2 2 (Pn3, cP128)
16c 3 1/8 1/8 1/8 4 (Pn3, cP128)
16d 3 5/8 5/8 5/8 4 (Pn3, cP128)
32 3 3/8 3/8 3/8 4 (Pn3, cP128)
32 3 3/16  3/16  3/16 8(Pn3, cP128)
32 3 5/16  5/16  5/16 8(Pn3, cP128)
32 3 11/16 11/16 11/16  &(Pn3,cP128)
32 3 13/16 13/16 13/16  &(Pn3,cP128)
48f 2. 1/4 0 0 &l (Pn3,cP128)
48f 2. 1/8 0 0 1Z (Pn3,cP128)
48f 2. 5/8 0 0 1Z (Pn3,cP128)
96g 1 1/8 1/4 0 13 (Pn3,cP128)
96g 1 1/4 1/8 1/8 24 (Pn3,cP128)
96g 1 3/4 5/8 5/8 24 (Pn3,cP128)
96g 1 3/16 7/16  7/16 32(Pn3,cP128)
96g 1 5/16 1/16 1/16  32(Pn3, cP128)
96g 1 11/16 15/16 15/16 32(Pn3,cP128)
96g 1 13/16 9/16  9/16 32(Pn3,cP128)




3. Atomic sites — Coordinates

The sites belonging to the different clusters in cubic carjtermetallic structures in space grde#3mare given in Table 18.
The ones of the hypothetic subtype V are given in Table 19.
Table 18 _
Main cluster found in the structure of cubic complex intetatlees of space group43m. Given are the sites belonging to a certain cluster (shell),
the number of atoms, and the polyhedron built ug) by them. dhevfing shells correspond to special clusters: 1st stistlyvariant — (14 atoms)
rhombic dodecahedron, 1st shell, 2nd variafiks8 / Friauf polyhedron, 2nd shell FK}$ / Frank-Kasper polyhedron with 76 faces and 40
vertices, 3rd shell, 6th varianEs2 / fullerene polyhedron with 40 faces and 76 vertices. Theygas |..1V in which the respective clusters occur
are indicated in columnST.

Nr. of Sites around cluster center
atoms | (0,00 (3:33) (333 (333)
Cluster center
1] 4a ST 4c ST 4b ST 4ad ST
First cluster shell
14 | 16e4/5, 24f1 I..IV 16el/6, 241 ..M 16e2/7, 242 I 16e3/8, 2492 1,1l
16 | - - 16el, 485 v 16€2, 486 I..IV  16€3, 4&7 ", v
Second cluster shell
40 | 16el, 4&n1/2/4 ..IV 162, 48h1/2/3 I..IV 1623, 4612/3/4 ..IV 164, 4&h1/3/4 ..V
Third cluster shell
58 | 16e6/8, 24f2/g2, 4&h3 | 16e5/7, 24f1/g2, 4ehd | 16e6/8, 24f1/g1, 4eh1 |, 16€5/7, 24f2/g1, 4&h2 |
64 | 16e6/8, 2492, 4&h3/6 1]
70 1665, 24f1/g2, 48hd/6 I
54 16e5, 2491, 4en2/6 1,11
60 | 16€e6, 4&h3/6/7 1] 16e5, 4&12/5/6 \Y
76 1665, 24f1, 4&h4/6/7 ", Iv
70 1666, 24f1/g1, 4&n1/7 LIV
72 | 48h3/5/6/7 v
66 24f1, 4&1/5/7 \Y
Table 19

Main cluster found in the hypothetical structure of subtypef cubic complex intermetallics in space groEpT3m. The clusters which do not
occur in the above-discussed other subtypes are hightidhytéold letters. Given are the sites belonging to a certaster (shell), the number of
atoms, and the polyhedron built up by them.

Cluster Polyhedron Nr.o Sites around cluster center

shell atoms| (00,0 (3.3.3) (2.39) (3:53)
Center - 1| 4a 4c 4b 4d

1st FK38 16 | 16e4 48h8 16¢el, 465 1622, 486 16e3, 4&h7

2nd FK4S 40 | 16el, 48h1,2,4 16e2,46h1,2,3 16e3,4602,3,4 164, 4601, 3.4
3rd 72| 48n3,5,6,7 48h4,6,7,8 48h15,7,8 48h25,6,8

Table 20
Development of the third cluster shells throughout theyguas | - -V (ST) with number of vertices and different facégr{angular,q quadrangular,

p pentagonalh hexagon) for the sites of highest symmetey-4-d (000,321, 221 and222 respectively).

No. of vertices No. of different faces
ST 4a 4 4b 4d 4a 4c 4b 4ad
| 58 58 58 58 t4 12 1zhlz t4 12 1£h12 t4 17 1£h12 t4 17 1£h12
I 64 70 58 54 t4224ﬁ12 pglhlg t4glz Sthlz t8212 224
Ml 60 76 70 54 t8p36 p12h28 p24h16 t8q12p24
IV 72 76 66 60 t4 p24h16 p12h28 t4 p36h4 t8 p36

vV 72 72 72 72 t4 p24h16 t4 p24h16 t4 p24h16 t4 p24h16

The sites of the clusters in structures in space gﬂ%)dﬁn are listed in Table 21. The sites of the one-shell clustegsl irs the
modular explanation of theF464-structures in space grokpl3m are given in Table 22.
Table 21

Clusters found in the structure of cubic complex internliesabf space grouﬁdim. Given are the sites belonging to a certain cluster (stah),
number of atoms, and the polyhedron built up by them.

Cluster Polyhedron Capped polyhedron Atoms
shell Shape Atoms  Sites Shape Add. atoms  Additional sites

Center - 1 & 1
1st tt 12 12x 96g2 FK2g +4  +4x 32l 16
2nd Fse 28 4x 322, 24x 9691 FK&: +16  +4x 321, 12x 9693 40
3rd For 84 24x 96g2, 24 x 9693, 36 x 96g4

Center - 0 1d 0
1st icosahedron 12 & 9693, 6 x 9694

2nd dodecahedron 20 28b,6x 322, 12x 9691
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Table 22 _
Atomic sites of one-shell clusters used in the modular exgilan of cubic complex intermetallics of space grdug3m. Given are the sites
belonging to the cluster around a specified cluster ceftemaimber of atoms, and the polyhedron built up by them.

Center Polyhedron Atoms Sites
8a truncated tetrahedron 12 329692
Friauf polyhedron 16 + 4 32l
32e2 truncated tetrahedron 12 x39602, 3 x 9693, 6 x 96g4
Friauf polyhedron 16 + X 96g1,1x8b
9691 truncated tetrahedron 12 x232el, 4 x 9692, 4 x 9693, 2 x 96g4
Friauf polyhedron 16 + %9601, 1x 321
1ed icosahedron 12 6 9693, 6 x 9604
8b truncated tetrahedron 12 9694
Friauf polyhedron 16 + 4 32e2

The sites of both structure types can be directly relatedhto another as shown in Table 23. The site symmetry is preserve
except for 32/16e sites, which have symmetr@m in space grou;FdSm and.3min F43m Not listed are the 2fland 24 sites,
which contribute to rhombic dodecahedra arodfah sites, which do not occur in tHed3m structures. Correspondingly, only half
of the 1@ sites are related to the 82ites of space grodFJdBm. Of sites 9¢3 and 9@4, only half of the positions could be related
to sites inF43m structures: 485 is part of site 962, as 486 relates directly to 9§4. When we investigate the relationship between
the structures it becomes clear that the inner clusterssheliich have the shape of Friauf polyhedra, should conités 463
and 1@4 instead of 165 and 1@8. They can be regarded as being oriented conversely anddirgly, not sites 487 and 488
are occupied but their counterparts, corresponding todidlie positions described by sitesgdand 9@4 in space group d3m.
Therein, one half of the polyhedra have an opposite oriemtatith respect to the other half, whereas in B#3m structures, all
sub-units are oriented similarly.

Table 23
Relations of the atomic sites in cubic complex intermetalbf space groupédSm andF43m.
Fd3m F43m

Site  Site symmetry  Site _ Site symmetry
8a 43m 4a, 4c 43m
8b 43m 4b, 4d 43m
321 .3m 16el, 1665 .3m
322 .3m 16e2, 168 .3m
96g1 .m 48n1, 482 .m
96g2 ..m 48h3, 484 .m
9693 ..m 48h5 & .. .m
96g4 .m 48h6 & .. m




4. Atomic sites — Occupations

Table 24

Site occupations of all discussed complex intermetalliecstires in space group43m. A + denotes that a site is occupied, a - that it is empty.
Sites labelled with different letters are occupied thedielhg modifications: m - mixed occupation, d - deficient oaign, s - split site. The
InsasPhe3Cere3 Structure is subject to two specific features: thell§ite (marked with a 2) is replaced by two sites those average corresponds
to the 1&1 position. The 48B3 site is not occupied but instead a (split) sité. 96

4 16e 24f 249 48h
Structure a b ¢ d 1 2 3 4 5 6 7 8 1 2|1 2 1 2 3 4 5 6 7
Subtype K10 structures)
theoretical + + + + 4+ o+ o+ 4+ O+ o+ o+ o+ 4+ o+ |+ o+ o+ o+ o+ o+ - - -
Lisa3IN265A00.2 + m + m + + + + m + + m + + |m + + + m m - - -
Lig1oPbigo + - - - + + + 4+ 4+ + + + + + |+ + + + + o+ - - -
Lig1LoSMngo + - - - + + o+ o+ 4+ o+ o+ o+ 4+ o+ |+ o+ o+ o+ o+ o+ - - -
Lis1oGerao d - - - + 4+ + + s 4+ + + + 4+ |+ + + + + + - - -
ZngooPdissAle - - - - + 4+ s 4+ M + 4+ M+ 4+ ]+ m + + + m - - -
Zng27Pt73 - - - - ms + + m + ds + + m d| m d + d + + - - -
Zng16Ptiga - - - - s + + m + ds + + m + | m + + d + + - - -
Zn7g7PdhieoAls3 - - - - 4+ + ds + m + + d + 4+ |+ m + + + m - - -
Zn770P3o - - - - md+ + + + md+ + m m@m - + + + + - - -
ZngooPtoo - - - - + 4+ m 4+ d + + + 4+ 4+ |+ + ms + + + - - -
Zn7g5Pdi40Al 75 - - - - 4+ 4+ 4+ 4+ M + + - 4+ 4+ |+ + 4+ + + m - - -
Cur39Smp32Nizg - - - - + 4+ + + + 4+ d 4+ 4+ + |+ + d + + + - - -
CurgsSrpia - - - - + + + + + + d + 4+ o+ |+ + + + o+ o+ - - -
Curo8Seo2 - - - 4+ + + 4+ 4+ + + mMmm + |+ + + + + m - - -
Subtype 1/11(3 structures)
theoretical + + + + + + + + + d + + dJ|+ + + + + + - d -
Zngg1lrioe - d - - m + + + + + d ¥+ dlm + + + + + - d_ -
ZnNgoslrgs - d d - m + + + + ds d - + d|m + + + s + - d -
Zno11lrsg d d - m + + + + ds d - + d|/m + + + + + - d -
Subtype 11(12 structures)
theoretical + + + + + + + + + + - + o+ - + + + + + + - + -
Nage3Tl137 - - - - + 4+ + + o+ o+ - - d - + O+ o+ o+ o+ o+ - + -
S630837 - - - - + o+ o+ o+ o+ o+ - - + - + o+ o+ o+ o+ o+ - + -
Mgs73Rui27 - - - - + 4+ + m + m - -+ - + O+ o+ o+ o+ o+ - + -
MgsssRhiz7 - - - - + + 4+ o+ o+ 4+ - -+ - + o+ O+ o+ o+ o+ - + -
Mgs7olriz21 T S o S S S S
Mgsgs.oPdia1 - d - -+ . m + o+ o+ - - -+ o+ A+ -+ -
Mggs3lriz7 - - - - + + + + + + - - + - + + 4+ + + + - + -
Zngs53Mo4 7 d + m - + + + + d d - - + - |d + + + + + - + -
Algs3Clig1Crigs - d - -+ 4+ + m m + - -+ - + m + 4+ + m - d -
ZngssFes7Nis7 -+ d - + 4+ m + + mds- - + - |'m + + + + + - + -
Zn7gsFes - - - - m + + m m + - -+ - + O+ o+ o+ o+ o+ - + -
INs45Ptha3Ce163 -+ -2 4+ + o+ + 4+ -+ o+ - |+ + 4+ 4+ 968+ - s -
Zng7sCes7MQiss - + - + + + + + + - + + - + + + + 96 + - + -
Subtype 1lI(3 structures)
theoretical + + + + + + 4+ o+ o+ o+ - -+ -+ -+ o+ o+ o+ -4+
M0s36Gdi64 + 4+ + + + + + + + d - -+ - d - + m + + - + o+
Cds0.4SMmigs + + + o+ o+ o+ o+ o+ o+ o+ - - + - + - + o+ o+ 4+ - + o+
AlszsTags s -+ + + + + + + + s - - + - |s - + s s sm - s +
Mgs24Y00Ces6 + m m 4+ + + 4+ m + d - - + - |/d - + m + + - + +
NawgoBapsslizoo - + - + + + + + + + - - + - |+ - 4+ 2 4+ + - + 4+
Subtype IM1 structure)
theoretical e S O S
Nayg.1Srpe3lN2ae + + o+ + + + - - -+ - + + + + m +
Subtype M0 structures)
theoretical + 4+ + o+ o+ o+ o+ o+ - - - - - - - - + O+ o+ o+ o+ o+ o+
and site 488
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Table 25 _
Site occupations of all discussed complex intermetalfiscstires in space grodp43m. The atomic sorts, occupying the respective sites, aregive
In the case of mixed occupations, the first letters of allfiet elements are given (alternatively the second lettecase of ambiguities).

4 16e 24f 24g 48h
Structure a b ¢ d 1 2 3 4 5 6 7 8 1 2|1 2 1 2 3 4 5 6 7
Subtype K10 structures)
theoretical + + + + + + + + + + + + + + + + + + + + - - -
Lissa3lN26sAgo2 Li /AL AL Ag In L L L/AL L /L In L |ALL L L 1IyL WL - - -
Lig10Pbigo Li - - - Pb Li Li Pb Li Li Li L Li Pb|L Pb Li Li L L - - -
Lig1.0SMnioo Li - - - Sn Li Li Sn Li L L L L Sn|L Sn L L L L - - -
Lig10Ger90 Li - - - Ge Li Li Ge Li Li L Li L Ge|lli Ge Li Li Li L - - -
ZngooPdiasAl g - - - - Pd Pd zZn Pd Z/A Zn Zn A/ZZn Zn| Zn P/Z Zn Zn Zn ZIA - - -
Zngo7Pti73 - - - - ZIP Pt Pt ZIP Zn Zn Zn ZnP/Z Zn| ZIP Zn Zn Zn Zn Zn - - -
Zng1ePliga - - - - Zn Pt Pt Z/P Zn Zn Zn Zn P/Z Zn| ZIP Zn Zn Zn Zn Zn - - -
Zn7g7PdieoAls 3 - - - - Pd Pd Zn Pd ZIAZn Zn Al Zn Zn| Zn P/Z Zn Zn Zn ZI/A - - -
Zn77.0Phso - - - - ZIP Pt Pt Pt Zn ZIP Zn ZnP/Z ZIBRP/IZ - Zn Zn Zn Zn - - -
ZngooPtoo - - - - Pt Pt ZIP Zn Zn Zn Zn Zn Pt Zn| Zn Pt Zn Zn Zn Zn - - -
Zn7gsPdis0Al 75 - - - - Zn Pd Al Pd ZIAZn Zn - Zn Zn| Zn Pd Zn Zn Zn Z/A - - -
Cur39Smnp32Nizg - - - - Cu Sn Cu Cu Cu Cu Cu CuCu Cu Sn Cu Cu Cu Cu Sn - - -
Cuzg6Srpia - - - - Cu Sn Cu Cu Cu Cu Cu CuCu Cu Sn Cu Cu Cu Cu Sn - - -
CurgsSrpo2 - - - - Cu Sn Cu Cu Cu Cu Cu C/IEL/S Cu Sn Cu Cu Cu Cu C/s - - -
Subtype I/11(3 structures)
theoretical + + + + + + + + + + d +  + d + + + + + + - d -
Zngoalrioe - Zn - - Zl Zn Ir Ir Zn Zn Zn - Zn Zn| ZNl Zn Zn Zn Zn Zn - Zn -
Zngoslras - Zn Ir - ZIl Zn Ir Ir Zn Zn Zn - Zn Zn| ZIl Zn Zn Zn Zn Zn - Zn -
Zno11lrsg - Zn Ir - Zl Zn Ir Ir Zn Zn Zn - Zn Zn| ZNl Zn Zn Zn Zn Zn - Zn -
Subtype 1I(12 structures)
theoretical + + + + + + 4+ o+ o+ o+ -+ o+ -+ o+ o+ o+ o+ o+ -+ -
Nags3Tl137 - - - - Na Na TI TI Na Na - - Na - TI Na Na Na Na Na - Na -
S&630s137 - - - - Sc Sc Os Os Sc Sc - - Sc - Os Sc Sc Sc Sc Sc - Sc -
Mgs73Rui27 - - - - Mg Mg Ru RMMg MR- - Mg - |Ru Mg Mg Mg Mg Mg - Mg -
MgsssRhiz7 - - - - Mg Mg Rh Rh Mg Mg - - Mg - | Rh Mg Mg Mg Mg Mg - Mg -
Mgs7olriz1 - Mg - - Ir Mg Ir Ir Mg - - - Mg - Mg Mg Mg Mg Mg Mg - Mg -
MgssoPdis1 - Mg - - Pd M/PPd Pd Mg - - - Mg - Mg Mg Mg Mg Mg Mg - Mg -
Mgseslriaz - - - - Mg Mg Ir Ir Mg Mg - - Mg - |Ir Mg Mg Mg Mg Mg - Mg -
ZnNgs3M04.7 Zn Zn M/Z - Zn Zn Mo Zn Zn Zn - - Zn - Zn Zn Zn Zn Zn Zn - Zn -
Ales3Cus1Cries - Cu - - Cr Al Cr rlu Alu Al - - Al - Cr Alu Al Al Al Alu - Cu -
ZngssFes7Nig7 - Zn FIN - Zn Zn F/N Zn Zn F/N - - Zn - FIN Zn Zn Zn Zn Zn - Zn -
ZngaFes - - - - Flz Zn Fe F/Z FIZ Fe - - Zn - Fe Zn Zn Zn Zn Zn - Zn -
IN545P o 3Ce163 - In - - P+l Ce Ce Pd In Pd - In Ce - Ce In In In Pd In - In -
Zng75Ce167M0158 - Mg Zn - Zn Ce Ce Zn 2Zn Zn - ZnCe - | Ce Mg Mg Zn Zn Zn - zn -
Subtype 1lI(3 structures)
theoretical + + o+ o+ + o+ o+ o+ 4+ o+ - - + - + - + o+ o+ o+ - + o+
Mgs36G 064 Mg Gd Gd Mg Mg Mg Gd Gd Mg Mg - - Mg - Mg - Mg G/MMg Mg - Mg Mg
Cdgo4Smige Cd Sm Sm CdCd Cd Sm Sm Cd Cd - - Cd - Cd - Cd Sm Cd Cd - Cd Cd
AlesssTassa - Ta Ta Ta Al Ta Ta Ta Al Al - - Al - Al - Ta Al Ta AT - Al Al
Mgs24Y 9.0Ces6 Mg C/Y C/Y Mg Mg Mg Y CI/IY Mg Mg - - Mg - Mg - Mg CYMMg Mg - Mg Mg
Nayg 2BapgsLizzo - Ba - Ba Li Ba Ba Ba Na Li - - Na - Li - Ba N+LBa Na - Na Na
Subtype IM1 structure)
theoretical + o+ o+ o+ o+ o+ o+ o+ 4+ - - - + - - - + + 4+ o+ o+ o+ o+
Naug1Srveslnzae Na Na Na Na Na Na Na Na Sn - - - In - - - Na Na Na Sn Sn IS In
Table 26

Site occupations of all discussed complex intermetalligcstires in space grOLlE)d§m. A + denotes that a site is occupied, a - that it is empty.
Sites labelled with different letters are occupied thediwlhg modifications: m - mixed occupation, d - deficient oatigm. Also given are —in
the right half of the table - the atomic sorts, occupying thepective sites. The additional site found irsZsCass sNisz 4 — 16d — is fully occupied

by Ni.

8 32e 96g 8 32 96g

Structure a b 1 2 1 2 3 4 a b 1 2 1 2 3 4
IN707K29:3 + + + + + + + o+ In K In K K In In In
GasooNapgzlnzo7 + 4+ 4+ + + + + 4+ Ga Na Ga Na Na In Ga Ga
GayggNago4Ccho7 + d m + + m + + Na Na| CdGa Na Na CdGa Ga Ga
Gas3oNaz10Ags.0 + + m + + m + + Na Na|Ag/Ga Na Na Ag/Ga Ga Ga
Gasz4Liz10Cugslngg + + + + + + + m Li Li In Li Li Ga Ga Gal/Cu
Gay75Mg312Clb1 3 d + d + + + + + Mg Mg Ga Mg Mg Ga Cu Ga
Zns10CassNiz4 -+ + 4+ + + o+ o+ - Ca Ca Ca Ca Zn Zn Zn




5. Coordination shells around low-symmetry sites in AlszsTaze4

Figure1

Number of atoms

40

30

20

10

30

20

10

o

w
o

N
o

=
o

o

w
o

20

10

0

30

20

10

0

30

20

10

o

16el
1l | “ |‘ I i ‘ h
16e2
Lol |||||||||..||||.I.III.‘I.MHI.‘IIII.”WII
16e3
‘ Iml’II |”WIJAL“MAh“uﬂJLH
16e4

T ..mll,..ll..l|||‘l|

I nn.'nmlh.

16e5

m

16e6

||..|\|“||

Distance (A)

10 20 30 40 50 60 70 80 9.0 100 11.0 120

Number of atoms

40

30

20

10

30

20

10

20

10

20

10

20

10

20

10

20

10

20

10

0
10 20 3.0 4

24f1
2491
48h1
oo bl Ll |....||||||||‘.||..III| ‘ ” i
48h2
T llll‘l I.IMI‘ .1”.“‘..1.”“ |.||1|“|I|'m|””|
48h3
Lo bt ol Hln’.i.mlhlni
48h4
L ||.|u|.|‘||. .I.|||.|H||.II“|.|| ||‘..H“|II‘.|.“ “'I“ “
48h6
D i bl “.ILIHIIILL.IImhml |M|I‘IIII| “
48h7
wde Ml bl III..l|||I.Ih'l‘llI“l..“”‘.““||h|l”|l“”
.0 50 60 70

80 9.0 10.0 11.0 12.0
Distance (A)

Frequency of interatomic distances of atoms in the envimrtrof the lower-symmetry atomic sites insAdTags 4.

10



6. (110) layers
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Figure 2
(110) layers of the two giant-unit-cell Al-Cu-Ta compounds (wjth= 7 andp = 11), as well as their arrangement.




7. First-principles calculations

Table 27

Details on the performeab initio calculations for structures of space grdeg3m. Given are the number of calculated electrons per agsatqm)
and the number of atoms in the calculated unit cell (atorag/tboth values given for each atomic sort in the order ot@ainin the unit cell, as
well as the idealization steps applied to partly disordeteatctures. The structures ySrps2Nizg and ZnrssFes 7Nis 7 had to be calculated in the
variants CuissSrps2 and ZnsssFei34, as well as ZpssNiiz4, respectively, because the Ni sites had not been specifisttrture determination.

Structure e/atom atoms/u.c. Applied idealization steps

Subtype 14 structures)

LisaslnzesAgo.2 3,13, 11 59,38,11 M 0.8Li, 0.2Ag— 1Li, 4d: 0.82Ag, 0.18 Li— 1 Ag; 1655: 0.57 Li, 0.43 Ag— 1 Li;
16e8: 0.77 In, 0.23 Li— 1 In; 24g1: 0.54 Ag, 0.46 Li— 1 Ag; 48h3: 0.54 In, 0.46 Li— 1 In;
48h4: 0.751n,0.25Li— 1 In

Lig10Pbigo 3,14 85, 20 -
Lig1oSMao 3,14 85, 20 -
LigroGego 3,14 85, 20 4 0.75— 1 Li; 16e5: 0.75/0.25— 1 Li

ZngooPdiasAl 4 12,16, 3 82,18,4 13: 0.83/0.19 Zn— 1 Zn; 165: 0.94 Zn, 0.05 A~ 1 Zn; 168: 0.78 Al, 0.22 Zn— 1 Al;
24g2: 0.52 Pd, 0.48 Zr~ 1 Pd; 484: 0.88 Zn, 0.12 A~ 1 Zn
Zngz27Pt73 12,10 86, 18 161: 0.24/0.39 Zn, 0.34 Rt> 1 Zn; 16e4: 0.61 Zn, 0.39 P+~ 1 Zn; 166: 0.5/0.27— 1 Zn;
24f1:0.51 Pt, 0.49 Zn— 1 Pt; 24f2: 0.71— 1 Zn; 2491: 0.53 Zn, 0.47 P+> 1 Zn;
24g2: 0.69— 1 Zn; 4&h2: 0.91— 1 Zn
Zng16Ptiga 12,10 90, 14 1€1: 0.70/0.31— 1 Zn; 16e4: 0.86/0.14— 1 Zn; 166: 0.68/0.17— 1 Zn;
24f1:0.85 Pt, 0.15 Zn- 1 Pt; 241: 0.86 Pt, 0.14 Zn~ 1 Pt; 482: 0.90— 1 Zn
Znzg7PdisoAlss 12,16, 3 82,18,4 13: 0.51/0.21— 1 Zn; 165: 0.78 Zn, 0.22 A~ 1 Zn; 168: 0.74— 1 Al;
24g2: 0.71 Pd, 0.29 Zr~ 1 Pd; 484: 0.87 Zn, 0.13 A~ 1 Zn

Zn770Pbao 12,10 70, 24 1€1: 0.5Zn, 0.5 Pt~ 1 Zn; 16e6: 0.92 Zn, 0.18 P+~ 1 Zn; 24f1: 0.67 Pt, 0.33 Zn— 1 Pt;
24f2:0.92 Zn, 0.18 Pt> 1 Zn; 241: 0.67 Pt, 0.33 Zn~ 1 Pt

Zngo.0Ptoo 12,10 84, 20 1€3: 0.88 Zn, 0.12 Pt 1 Zn; 165: 0.62— 1 Zn; 4&1: 0.87/0.12— 1 Zn

Zn7ssPdis0Al 75 12,16, 3 82,14,4 15: 0.81 Zn, 0.19 A~ 1 Zn; 4&h4: 0.77 Zn, 0.23 A~ 1 Zn

Cur39SIps 1 11,4 82, 22 167: 0.75— 1 Cu; 481: 0.75— 1 Cu (Ni sites unspecified)

CurgeSrpis 11,4 82, 22 167: 0.75— 1 Cu

CurgsSro2 11,4 82,22 168: 0.83 Cu, 0.17 Sh~ 1 Cu; 24f1: 0.81 Cu, 0.19 Sp~ 1 Cu;

48h4: 0.86 Sn, 0.14 Cuw> 1 Sn

Subtype I/11(3 structures)

Zngo1lrioe 12,9 93,8 #:0.51— 17Zn; 161: 0.82 Zn, 0.18 I~ 1 Zn; 167: 0.64— 1 Zn; 24f2: 0.62— 1 Zn;
24g1: 0.62 Zn, 0.38 Ir— 1 Zn; 4&6: 0.33 Zn— 0
Zngoslroes 12,9 95,8 #:0.63— 12Zn; 4c: 0.25 Ir— 0; 16e1: 0.91 Zn, 0.09 Ir— 1 Zn; 16:6: 0.62/0.25— 1 Zn;

16e7: 0.45 Zn— 0; 24f2: 0.36 Zn— 0; 2491: 0.84 Zn, 0.16 I~ 1 Zn;
48n3: 0.62/0.40— 1 Zn; 4&6: 0.57— 1 Zn

Zng11lrag 12,9 95,8 $:0.70— 1 Zn; 4c: 0.41 Ir— 0; 16e1: 0.98 Zn, 0.02 Ir— 1 Zn; 166: 0.60/0.30— 1 Zn;
16e7: 0.42 Zn— 0; 24f2: 0.29 Zn— 0; 2491: 0.90 Zn, 0.10 Ik~ 1 Zn; 4&6: 0.62— 1 Zn

Subtype 1I(14 structures)

Nags3Tl137 9,13 88, 14 241:0.94— 1 Na

S&630s137 11,14 88, 14 -

Mgs73Ru27 8,14 88, 14 164: 0.75 Ru, 0.25 Mg— 1 Ru; 1&6: 0.67 Mg, 0.33 Ru— 1 Mg

Mgss 3Rz 7 8,15 88, 14 -

Mgs7olriz21 8,9 87,12 -

MgssoPtha1 8,16 87,12 #: 0.97— 1 Mg; 16e2: 0.51 Mg, 0.49 Pd- 1 Mg

Mdgse3lrizz 8,9 88, 14 -

Zng53MO04.7 12,12 100, 5 4. 0.65— 1 Mo; 4c: 0.57 Mo, 0.43 Zn— 1 Mo; 16e5: 0.35— 1 Zn; 166: 0.44— 1 Zn;

24g1: 0.70— 1 Zn
Algs3Cug1Criss 3,12, 17 72,18,12 18 0.28 Cu— 0; 16e4: 0.74 Cr, 0.26 Cu—~ 1 Cr; 165: 0.79 Al, 0.21 Cu— 1 Al;
24g2: 0.58 Al, 0.42 Cu— 1 Al; 48h4: 0.85 Al, 0.15 Cu— 1 Al; 48h6: 0.5— 1 Cu

ZngssFeiza 12,14 89, 15 d: 0.68 Fe/Ni— 1 Fe; 1&3: 1 Fe/Ni— 1 Fe; 1&6: 0.53 Fe/Ni, 0.25 Fe/Ni> 1 Fe;
24g1: 1 Fe/Ni— 1 Fe

ZngssNi1za 12,16 89, 15 d: 0.68 Fe/Ni— 1 Ni; 16e3: 1 Fe/Ni— 1 Ni; 16e6: 0.53 Fe/Ni, 0.25 Fe/Ni= 1 Ni;
24g1: 1 Fe/Ni— 1 Ni

ZngaFens 14,12 76, 26 1él: 1 Fe/Zn— 1 Fe; 1&4: 1 Fe/Zn— 1 Fe; 1&5: 1 Fe/Zn— 1 Fe

INs45P o 3CE163 13,16, 12 67,36,20 483:0.66/0.34— 1 Pd; 486: 0.68/0.32— 1 In
Zne7sCes7Mg1ss 12,12, 8 81,20,19 -
Subtype (5 structures)

Mgs36G 064 8,9 90, 22 166: 0.70— 1 Mg; 2492: 0.86— 1 Mg; 4&12: 0.68 Gd, 0.32 Mg— 1 Gd
C(i;o,45m195 12, 11 90, 22 -
AlezeTages 3,11 72,39 166: 0.33/0.33/0.33- 1 Al; 24g1: 0.5/0.5— 1 Al; 48h2: 0.79/0.21— 1 Al;

48n3: 0.82/0.18— 1 Ta; 4814: 0.71/0.14/0.14- 1 Al; 48h6: 0.88 Al, 0.12 Ta— 1 Al
Mgs24Y90Ces6 8,11,12 90,4,18 [#0.62Ce, 0.38 Y= 1Ce; £:0.62 Ce, 0.38 Y— 1 Ce; 1&4: 0.62 Ce, 0.38 Y- 1 Ce;
16e6: 0.7— 1 Mg; 2491: 0.86— 1 Mg; 48h2: 0.48 Ce, 0.30 Y, 0.23 Mg~ 1 Ce

NaygoBapgslizzo 7,10, 3 58,38,26 -
Subtype IM1 structure)
Nayg1Srveslnzas 1,4,3 56, 30, 28 4%:0.831In,0.17Sn->11n
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Table 28

Details on the performedb initio calculations for structures of space grdimgm. The data are given as described for Table 27.

Structure e/atom atoms/u.c.  Applied idealization steps

IN707K 293 13,9 82,34 -

GasooNapa3lnzo7 13,7,13 58, 34, 24 -

GagoNago4Ctho7 13,7,12 48,36,32 180.49— 1 Na; 321: 0.85 Cd, 0.15 Ga~ 1 Cd; 9®2: 0.71 Cd, 0.29 Ga» 1 Cd
GaszoNasL0AGs.0 13,7,11 48, 36, 32 3. 0.67 Ga, 0.33 Ag—~ 1 Ag; 962: 0.82 Ga, 0.18 Ag— 1 Ag
GaaalizioCugslnes 13,3,17,- 72,36,8,0 @8:0.58Ga, 0.42Cu- 1Ga

Gay75MQ312Clers 13, 8, 17 56,36,24 @0.56— 1 Mg; 321: 0.70— 1 Ga

Znsl_ocags_sNi3_4 12, 8,16 72,42, 4 -
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8. Electron localization function — (110) layers

64 |n25.5Agg.2 a A

Subtype |

Na, .Sn,.In

49.1 263 24.6

MgBS.QPd

14.1

Figure 3 —
(110) layers of the ELFs of cubic complex intermetallics in #43m space group — structures with valugisF > 0.5.
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Zn Pt

80.0° 20.0

Figure 4 _
(110) layers of the ELFs of cubic complex intermetallics in f¥38m space group — structures only with vali€s=< 0.5. Due to structural ambi-

guities as reported, the @Srps2Niz 9 was simulated as GgsSrps2 and is also inscribed in this way. Similarly, the structuf@igesFes 7Nis7
was simulated in the variants &aFeiz4 and ZrgssNiiaa.
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Gay, L, Cug AGs

53.47731.0

Figure 5 _
(110) layers of the ELFs of cubic complex intermetallics in #hd3m space group. The structures are labeled with their reseectiemical
formulas.
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9. Bader charge analysis

Table 29 _

Bader charges of cubic complex intermetalli¢3164 in space group43m, (3 x 3 x 3)-fold superstructures of a common basic structure. Given
are for all calculated structures the Bader charges, espdeBy the electron difference with respect to neutral atdarsthe different atomic
sorts. The structures @sSrps2Niz g and ZnssFes7Nis7 had to be calculated in the variants &5z 2 and ZnsssFe134, as well as ZgssNiiz 4,
respectively.

Only atomic basins With bond basins
Majority atoms Minority atoms Altered atoms Bond basins
Composition Element Electrons Element Electrons | Element Electrons NocElectrons Shape
Space groupF43m— Subtype |
LisaslnzesAgo2 Li —-0.9.-08 In  +0.8..4+1.6 | no bond basins
Ag +10.+13
Lig10Pbigo Li -0.8..-07 Pb +31.+37 Li ~ —0.8 4x+0.1 (triangle)
Lig10Sngo Li -0.8..-0.6 Sn  +3.1.+37 Li ~ —0.8 4x+0.2 (triangle)
Lig10Gewg0 Li -0.8..-05 Ge +3.1.+36 Li ~ —0.8 4x+0.3 (triangle)
ZngogPdiasAl 46 Zn -0.2.-0.0 Pd +0.6..+1.1 | no bond basins
Al ~-12
Zng27Pt73 Zn -03.-01 Pt +1.0.+1.1 | no bond basins
Zng16Pliga Zn -03.-01 Pt +1.0.+1.1 | no bond basins
Zn7g7PdisoAls 3 Zn -0.2.-0.0 Pd +40.6..+1.1 | no bond basins
Al ~—-12
Zn770Pt3o Zn -04..-0.3 Pt +0.9.41.1 | no bond basins
ZngooPhoo Zn -0.3..-0.2 Pt +1.0..+1.1 | no bond basins
Zn7gsPdiacAl7s Zn -0.2.-0.0 Pd +40.6..+1.2 | no bond basins
Al ~ —13
Cur6sSrpa2 Cu +0.0..40.1 Sn —0.3..—0.2 | no bond basins
Curg6Srp1a Cu +0.0..+0.1 Sn  —0.3..—-0.2 | no bond basins
ClrogSrpo2 Cu +0.0..40.1 Sn —0.3..—-0.2 | no significant bond basins
Space group B3m — Subtype I/l
Zngaalriog Zn -04.401 Ir ~+1.2 no bond basins
Zngoslros Zn -0.3.+01 Ir ~+1.2 no bond basins
Zno11lrgo _ Zn —-0.3..4+0.1 Ir ~+12 no bond basins
Space groupF43m— Subtype I
Nags3Tliz7 Na -0.6.—-0.0 Tl +2.4..+2.8 | no bond basins
Sa630S137 Sc -11.4+04 Os +34..435 Sc —-11.-05 41x+40.3.40.4 (covalent bond)
Mgs73Ru27 Mg -13.-03 Ru +55..4+6.7 - - 6x+0.9 (p)
MgsesRhiz7 Mg -13.-03 Rh +54.4+6.5 Rh -1.3.-05 6x+1.1 (p)
Mgs7olri21 Mg -1.4..+0.8 Ir +5.4.+6.8 - - 6x+0.4 (h)
MgssoPdia1 Mg —13.+07 Pd +4.6..459 — - 6x+0.5 (h)
Mgseslris7 Mg -14.-02 Ir +5.7..+6.8 Ir —-14.-05 6x+1.3 (p)
ZnNgs3Mo04.7 Zn -0.8..+0.2 Mo —0.1..40.2 | no bond basins
Algs3Clhg1Criss Al -0.7..-0.3 Cr/Cu +0.6..4+2.3 | no bond basins
ZngeeFe1ss Zn —-0.1..+01 Fe +0.1..+0.3 | no bond basins
ZngesNiiza Zn -0.2.+01 Ni  +0.1..+0.4 | no bond basins
ZngsFe1s Zn -01..4+0.0 Fe +0.1..4+0.3 | no bond basins
Space group B3m — Subtype II
INs45Pho3Ce63 In —-0.2.+0.3 Pd +0.8.+1.0 | no bond basins
Ce -14.-13
Zne75Ce167M01s8 Zn +0.2..+0.8 Ce -13..—-1.1 | no bond basins
_ Mg ~-14
Space groupF43m— Subtype Il
Mgs36Gthes Mg -0.4..40.5 Gd -06..-0.3 - - 17x+0.2..4+0.5 (covalent bond)
Cds04Smige Cd +0.1..40.5 Sm -1.3..—-1.2 | no bond basins
AlszsTags 4 Al —-0.4..40.1 Ta —0.3.+0.6 Al —-04.-00 15x+0.2 (covalent bond)
Mgs24Y90Ces6 Mg —0.6..+0.6 Y ~ —0.9 - - 31x+0.1..+0.8 (diverse)
Ce -04.-02
Naug2BapssLlizzo Na -0.1.+04 Ba -0.3.+0.1 Li ~ —0.8 65x+0.0..+4.0 (diverse)
_ Li -0.8..+38
Space groupF43m— Subtype IV
Nasg1Srpe3lnzae Na -0.8..-0.7 In  +0.4..4+0.6 | no bond basins
Sn  +0.9..4+1.1
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Table 30

Bader charges of cubic complex intermetalli€s164 in space grou5d§m, (3 x 3 x 3)-fold superstructures of a common basic structure. Given
are for all calculated structures the Bader charges, ex@ddsy the electron difference with respect to neutral atéonshe different atomic sorts.

Only atomic basins With bond basins
Majority atoms Minority atoms Altered atoms Bond basins

Composition Element  Electrons Element  Electrons Element Electrons NoElectrons Shape
Space groupFd3m
IN707K 293 In  +0.0..4+0.3 K ~ —0.7 no bond basins
GasooNapgslnzgz Ga +0.0..+0.3 Na ~ —0.8 no bond basins

In ~ +0.4
GaygoNago4Ctho7 Ga =~+03 Na ~ —0.8 no bond basins

Cd ~ +0.4
GaszoNag10ATs.0 Ga +03.4+04 Na ~ —0.8 no bond basins

Ag +04..+0.5
Gas34Li310CUs6IN6.9 Ga +03.404 Li ~ —-09 no bond basins

Cu ~ +0.6
Ga75MQ312Clh1 3 Ga +05..40.6 Mg ~ —15 no bond basins

Cu ~ +0.1
Zne10Cass6Niza Zn +05.410 Ca ~-12 no bond basins

Ni ~ +0.4
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10. Density of states
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