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The intermetallic zinc compounds CaAuZn, SrPdZn, SrPtZn, SrAuZn, BaPd; s7Zn3 43, and
BaAuj 41Zn3 59 were synthesized from the elements in sealed niobium ampoules in an induc-
tion furnace. The equiatomic compounds crystallize with the orthorhombic TiNiSi-type structure,
space group Pnma. Single-crystal X-ray data exhibited small degrees of Au/Zn mixing within
the three-dimensional [AuZn] networks and resulted in the compositions CaAuj gpZnggg and
SrAu, g3Zng 97 for two investigated single crystals. BaPd; 57Zn3 43 and BaAu, 41Zn3 59 adopt par-
tially ordered versions of the LT-StZn5 type, space group Pnma. Both structures were refined on the
basis of X-ray single-crystal diffractometer data: a = 1331.13(6), b =531.45(3), ¢ = 682.20(4) pm,
wR =0.0245, 1138 F? values, 39 variables for BaPd; 57Zn3 43 and a = 1344.35(2), b =537.47(2),
¢=691.22(4) pm, wR = 0.0441, 931 F?2 values, 37 refined variables for BaAuj 4;Zn3 59. The transi-
tion metal and zinc atoms form a complex three-dimensional network of (7', Zn), tetrahedra which
are condensed via common corners and 7/Zn-T/Zn bonds. Large cavities within these networks are

filled by the barium atoms which have coordination number 19, i. e. Ba@(7T, Zn);7Ba;.
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Introduction

In the structural chemistry of intermetallic com-
pounds magnesium plays an interesting role in that
it does not behave like the heavier alkaline earth ele-
ments; a situation similar to beryllium. In ternary sys-
tems RE-T-Mg and AE-T-Mg (RE =rare earth ele-
ment; AE = alkaline earth element) one observes in-
corporation of the magnesium atoms into the two- or
three-dimensional [TXng]5‘ polyanionic networks,
emphasizing the covalent nature of magnesium within
these compounds [1, 2]. Especially the alkaline earth
compounds show clear segregation of magnesium from
the heavier congeners. Recent examples are the com-
pounds SrPdMg, [3] with a lonsdaleite-related magne-
sium substructure, CaPdMg with a three-dimensional
[PdMg]‘S‘ polyanionic network [4] and CasAgg.o4sMg
with isolated Mgy tetrahedra [5]. Cadmium shows
very similar crystal chemical behavior, and meanwhile
many isotypic compounds have been reported [6].

Keeping the remarkable magnesium and cadmium
substructures especially in the calcium, strontium and

barium compounds in mind, we started further investi-
gations with zinc. So far only few examples are known,
i. e. the solid solution BaAu,Zn;3_, with NaZn;3 su-
perstructure variants [7], CaNipZn3 with an ordered
CaCus structure, CaAgZn with the KHg,-type struc-
ture [8], and the TiNiSi-type CaPdy g5Zn; 15, comple-
mented by the complex structures of CazNirxZn3e and
CagPtsZns [9], CaAuyZn, with zinc chains [10], and
Srp AugZn3z with Znj triangles [11].

In continuation of the phase-analytical work we
have now obtained the new zinc compounds CaAuZn,
SrPdZn, SrPtZn, and SrAuZn with TiNiSi type, as well
as BaPd; 57Zn3 43 and BaAuj 41Zn3 59 with ordered
LT-SrZns type. The synthesis and crystal chemical data
of these phases are reported herein.

Experimental

Synthesis

Starting materials for the preparation of the AETZn
(AE=Ca, Sr; T =Pd, Pt, Au) and BaZ,_,Zn3,, samples
were calcium rods (Alfa Aesar, 99.5%), strontium rods
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(Johnson Matthey, > 99.9 %), barium rods (Alfa Aesar, >
99 %), snips of a palladium plate (Allgussa AG, 99.9 %), plat-
inum sponge (Degussa-Hiils, > 99.9 %), gold ingots (Her-
aeus, > 99.9 %), and zinc granules (Merck, > 99.9 %). Suit-
able pieces of the alkaline earth metals were cleaned from
surface impurities under dry paraffin oil, washed with cyclo-
hexane and kept in Schlenk tubes under argon prior to the
reactions. The AETZn compounds were prepared by weigh-
ing the elements in the ideal equiatomic ratios and arc-
welding them [12] in niobium ampoules with reduced ar-
gon pressure (purified over titanium sponge (900 K), silica
gel and molecular sieves) of ca. 700 mbar. The sealed tubes
were then placed inside evacuated silica ampoules and re-
acted in resistance furnaces. They were heated to 1300 K
within two hours, kept at that temperature for another two
hours and then slowly cooled to 950 K within ten hours,
followed by 96 h of annealing. The resulting cast samples
exhibit silvery luster while ground powders appear light
grey.

Single crystals of BaAuj41Zn3 59 and BaPd; 57Zn3 .43
were first obtained when searching for equiatomic bar-
ium analogs of SrAuZn and SrPdZn. Subsequently bulk
samples with starting compositions Ba: 1.6Pd:3.4Zn and
Ba:1.4Au:3.6Zn were weighted in the ideal stoichiomet-
ric ratios and arc-welded in niobium ampoules (vide supra).
They were then placed in a water-cooled sample chamber
of an induction furnace [13] (Typ TIG 2.5/300, Hiittinger
Elektronik, Freiburg, Germany) and slowly heated to 1400 K
under flowing argon. After ten minutes the temperature was
slowly reduced to 800 K within 30 minutes, and the samples
were annealed for 4 h. The polycrystalline samples exhibit
silvery luster, and ground powders are medium grey. No re-
action with the container material was observed for any of the
synthesized compounds, but they show slow decomposition
in air over months.

EDX data

The single crystals selected for intensity data collection
on the diffractometers and the bulk samples were analyzed
using a Zeiss EVO® MA10 scanning electron microscope
with CaF,, BaF,, SrF;, Pd, Pt, Au, and Zn as standards
for the semiquantitative EDX analysis. No impurity elements
heavier than Na (detection limit of the instrument) were ob-
served. Especially no contaminations with the container ma-
terial niobium were evident. The irregular surface of the sam-
ples (conchoidal fracture) hampered quantitative analyses.

X-Ray diffraction

Guinier powder patterns (Fujifilm image plate system,
BAS-1800) were recorded for all polycrystalline sam-
ples using CuKo; radiation and o-quartz (a=491.30,
¢=540.46 pm) as an internal standard. The orthorhombic
lattice parameters (Table 1) were obtained from least-squares
refinements. Correct indexing of the patterns was ensured
by intensity calculations [14]. The powder lattice parame-
ters showed reasonable agreement with the single crystal data
(Tables 1 and 2). The deviations observed for the barium
compounds are a consequence of the homogeneity range.

Irregularly shaped crystals were obtained by mechan-
ical fragmentation of the ingots. They were glued to
quartz fibers using beeswax, immersed in superglue for
hydrolysis/oxidation protection and investigated by Laue
photographs on a Buerger camera (white molybdenum ra-
diation, Fujifilm image plate technique, BAS-1800) in or-
der to check their quality for intensity data collection. The
CaAuy (pZngog crystal was measured at room tempera-
ture by use of a Stoe StadiVari (Mo microfocus source,
Pilatus 100 K Detector) while the intensity data sets for
SrAuy 03Zng 97, BaPd; 57Zn3 43 and BaAuj 41Zn3 59 were
obtained with a Stoe IPDS-II image plate system (graphite-
monochromatized Mo radiation; A =71.073 pm, oscillation

Compound a (pm) b (pm) ¢ (pm) V (nm3) Reference Tabl.e .l . Orthorhombic lattice parameters
YbPdZn 699.7(1)  423.2(1) 794.2(1) 0.2352 126] (Guinier powder data) of the TiNiSi-
CaPdggsZny s 717.289)  439.49(5)  774.30(9) 0.2441 9] type compounds R7Zn and the LT-
EuPdZn 7323(2)  4485(2) 787.7(2) 0.2587 [15] StZns-type  compounds BaPd; gZn3 .,
StPdZn 7463(3)  453.7(2) 787.6(4) 0.2666 this work and BaAuj 4Zn3 6.

YbPZn 684.2(1)  405.7(1) 810.3(1) 0.2249 [26]

EuPtZn 727.83)  443.7(1) 781.7(3) 0.2524 [15]

StPtZn 7407(3)  448.9(4) 781.8(5) 0.2599 this work

YbAuZn 713.5(1)  445.6(1) 789.8(1) 02511 [26]

CaAuZn 72392)  448.9(1) 784.9(2) 0.2549 this work

EuAuZn T4T4(2)  465.8(2) 789.1(4) 02747 [15]

SrAuZn 767.6(3)  468.2(3) 801.9(4) 0.2882 this work

BaPd;gZns,  1325.5(6)  529.3(3) 676.7(3) 0.4793 this work

BaAujsZmg  1347.1(4)  541.4(2) 689.2(2) 0.5026 this work
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Empirical formula
Molar mass, g mol~!

CaAuj 02Zng.08
304.5

Unit cell dimensions (single crystal data)

SrAuy 03Zng 97
353.3

a, pm 724.39(4) 765.51(7)

b, pm 449.15(2) 465.92(4)

¢, pm 784.98(5) 799.90(9)

v, nm? 0.2554 0.2853
Calculated density, gcm™> 7.92 8.22

Crystal size, pm? 40x40x 60 50 x50 x 70
Diffractometer Stoe StadiVari  Stoe IPDS-II
Transm. ratio (max/min) 0.346/0.164 0.438/0.121
Absorption coefficient, mm™ 70.1 79.0

F(000), e 524 594

6 range, deg 3-35 3-35

Range in hkl +11, £7, £12 £12, +£7, £12
Total no. reflections 11 150 7181
Independent reflections /Ry 614/0.0605 687/0.1059
Reflections with I > 30 (I)/Rs 491/0.0230 580/0.0201
Data/parameters 614/21 687/21
Goodness-of-fit on F2 1.08 2.03

R/wR forI >30(I) 0.0192/0.0424  0.0356,/0.0732
R/wR for all data 0.0250/0.0431  0.0456/0.0749
Extinction coefficient 452(15) 2700(200)
Largest diff. peak /hole, e ~3 1.27/-1.43 4.55/-3.53

BaPd; 57Zn3 43
528.7

1331.13(6)
531.45(3)
682.20(4)
0.4826

7.27
9x25x%x55
Stoe IPDS-II
0.589/0.236
30.3

925

3-35

+21, +8, £10
20852
1138/0.0720
671/0.0373
1138/39

0.52
0.0113/0.0200
0.0385/0.0245
1380(50)
0.96/-1.01

BaAuj 41Zn;3 59
649.9

1344.35(2)
537.47(2)
691.22(4)
0.4994

8.64

7 x 45 x 65
Stoe IPDS-II
0.204/0.044
65.8

1099

3-32

+19, +7, £10
17053
931/0.0740
879/0.0051
931/37

1.67
0.0197/0.0432
0.0229/0.0441
3040(120)
1.70/-1.99

Table2. Crystal data
and structure refine-
ment for CaAuj g
Zny 98, SrAuy 03Zng 97,
BaPd, 57Zn3 43, and
BaAuj 41Zn3 59, space
groups Pnma, Z=4,
MoK (71.073 pm).

mode). Spherical (Stoe StadiVari) and numerical (Stoe IPDS-
II) absorption corrections were applied to all data sets. De-
tails of the data collections and the structure refinements are
listed in Table 2.

Structure refinements

Analyses of the data sets for CaAu; g2Zng9g, SrAuj o3
ZIl()_97, Ban1'57ZIl3.43, and BaAu1‘4IZn3.59 revealed prim—

itive orthorhombic lattices, and the systematic extinctions
were in accordance with the space group Pnma. Isotypism of
CaAuj (pZngog and SrAuj g3Zngg7 with EuAuZn (TiNiSi
type) was already evident from the Guinier powder patterns.
The atomic parameters of EuAuZn [15] were taken as
starting values, and the two structures were refined on F 2
with anisotropic displacement parameters for all atoms
using the JANA2006 [16] routine. Since TiNiSi-type
CaPdy gsZn; 15 [9] and related equiatomic magnesium and

Atom Site X y Z Ueq Table 3. Atomi(f posi-
CaAuy g2Z1p o5 tions e}nd eqplvalent
Ca 4¢ 0.0088(2) 1/4 0.6954(2) 206(3) isotropic  displace-
Au 4c 0.28722(4) 1/4 0.39983(4) 211(1) ment parameters of
0.98(1)Zn + 0.02(1)Au 4c 0.67020(13) 1/4 0.42364(10) 223(3) CaAuy 2Zngog and
SrAul.o3Zn0.97 SI.’A.l,l]:()3ZIl0‘97 Wlth
Sr 4¢ 0.00455(14) 1/4 0.70026(13) 138(3) TiNiSi-type structure
0.96(1)Aul + 0.04(1)Zn1 4c 0.29691(6) 1/4 0.40815(6) 153(1) as well as BaPd; s
0.93(1)Zn2 + 0.07(1)Au2 4c 0.68010(18) 1/4 0.41978(16) 176(4) Zn3 43 and BaAuj 4
BaPd; 57Zn;3 43 Zn3s9 with LT-Sr
Ba 4c 0.41446(2) 1/4 0.86551(3) 175(1) Zns-type  structure,
0.95(1)Zn1 +0.05(1)Pd1 4c 0.21184(4) 1/4 0.17046(5) 153(2) space groups Pnma,
0.79(1)Pd2 + 0.21(1)Zn2 4c 0.21521(3) 1/4 0.55615(4) 158(1) Z=4.

0.92(1)Zn3 + 0.08(1)Pd3 8d 0.35532(2) —0.00024(5) 0.35399(4) 135(1)

0.58(1)Pd4 + 0.42(1)Zn4 4c 0.02041(3) 1/4 0.08195(5) 155(1)

BaAuy 41Zn; 59

Ba 4c 0.41543(3) 1/4 0.86459(5) 169(1)

Znl 4¢ 0.21149(5) 1/4 0.17092(11) 161(2)

0.88(1)Au2 +0.12(1)Zn2 4c 0.21209(2) 1/4 0.55750(3) 150(1)

Zn3 84 0.35506(3) 0.00017(8) 0.35572(7) 138(1)

0.53(1)Au4 +0.47(1)Zn4 4c 0.01931(2) 1/4 0.09158(5) 161(1)
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cadmium compounds [2, 6, 17, 18] revealed small degrees of
T-Zn, T-Mg, and T-Cd mixing, the gold and zinc occupancy
parameters of both crystals were refined in separate series of
least-squares cycles. These refinements revealed only a small
degree of gold on the zinc site of CaAu; g2Zng 9g, wWhile both
sites showed mixed occupancy in SrAuj g3Zngog7. In the
final cycles these occupancies were refined as least-squares
variables.

The initial atomic parameters for the two barium com-
pounds were deduced using the charge-flipping algorithm of
SUPERFLIP [19], and again the structures were refined on F 2
with anisotropic displacement parameters with JANA2006.
The structure solution revealed the Pearson symbol oP24
with the Wyckoff sequence dc*. Inspection of the Pearson
data base [20] revealed isotypism with the low-temperature
(LT) modification of SrZns [21, 22]. The setting of LT-
SrZns [22] was then used for the subsequent cycles, and
the respective Pd/Zn and Au/Zn mixed occupancies were
refined as least-squares variables, leading to the composi-
tions listed in Table 2. The final difference Fourier syn-
thesis revealed no significant residual peaks. The final po-
sitional parameters and interatomic distances are listed in
Tables 3-5.

Further details of the crystal structure investigations
may be obtained from Fachinformationszentrum Karlsruhe,
76344 Eggenstein-Leopoldshafen, Germany (fax: -+49-
7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http:/
www.fiz-karlsruhe.de/request_for_deposited_data.html) on
quoting the deposition numbers CSD-427365 (CaAu, ;-

Table 4. Interatomic distances (pm, calculated with the pow-
der lattice parameters) in the structure of CaAuy 2Zng 3.
Standard deviations are all equal to or smaller than 0.2 pm.
All distances within the first coordination spheres are listed.
Note the small degree of Zn/Au mixing (Table 3).

Ca: 1 Au 307.4 Au: 2 Zn 265.7
2 Au 313.1 1 Zn 267.7
2 Zn 315.2 1 Zn 278.1
2 Au 3194 1 Ca 307.4
1 Zn 321.1 2 Ca 313.1
1 Zn 325.1 2 Ca 3194
2 Zn 336.5 1 Ca 356.0
1 Au 356.0 Zn: 2  Au 265.7
2 Ca 372.2 1  Au 267.7
2 Ca 380.4 1 Au 278.1

2 Ca 315.2
1 Ca 321.1
1 Ca 325.1
2 Ca 336.5

Zngog), CSD-427366 (SrAu; ¢3Zngg7), CSD-427367 (Ba-
Pd1A57Zn3,43), and CSD-427368 (BaAu1.412n3A59).

Discussion

Phase-analytical work in the AE-T-Zn systems re-
vealed the new intermetallic compounds CaAuZn,
SrPdZn, SrPtZn, SrAuZn, BaPd; 57Zn3 43, and Ba-
Auj.41Zn3 59. All compounds show small homogene-

Ba: 2 Au4/Znd 3399 Zn3: 1 Aud4/Znd 2610 Table 5. Interatomic distances (pm) in the
1 Aud4/Znd 3449 1 Au2/Zn2  262.1 structure of BaAuj 41Znj s9. Standard de-
2 Znl 3453 1 Znl 267.6 viations are all equal to or smaller than
2 Au2/Zn2 3455 1 Zn3 268.6 0.1 pm. All distances within the first co-
1 Au2/Zn2  346.1 1 Zn3 268.9 ordination spheres are listed.
1 Znl 346.4 1 Au4/Znd 2705
2  Zn3 369.4 1 Znl 271.2
2  Zn3 374.0 1 Au2/Zn2 2728
2  Zn3 385.1 1 Ba 369.4
2  Zn3 387.7 1 Ba 374.0
2 Ba 398.7 1 Ba 385.1
Znl: 1 Au4/Znd 264.1 1 Ba 387.7
1 Au2/Zn2 2672 Au4/Znd: 2 Zn3 261.0
2 Zn3 267.6 1 Znl 264.1
2  Zn3 271.2 2 Zn3 270.5
2 Au2/Zn2 2982 2 Au4/Zn4  301.6
2 Ba 345.3 2 Ba 339.9
1 Ba 346.4 1 Ba 3449
Au2/Zn2: 2 Zn3 262.1
1  Znl 267.2
2  Zn3 272.8
2 Znl 298.2
2 Ba 345.5
1 Ba 346.1
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BaAupZng

Fig. 1. (color online). The crystal structures of CaAuZn (Ti-
NiSi type, Pnma) and BaAu,Znsz (LT-StZns type, Pnma).
Alkaline earth, gold and zinc atoms are drawn as red, blue
and black open circles, respectively. The three-dimensional
[AuZn] polyanionic network of CaAuZn is emphasized, and
relevant interatomic distances are given. For BaAu;Znj3 (the
two mixed occupied sites were drawn as pure gold sites) the
network of condensed (Au, Zn), tetrahedra is drawn along
with one Ba@AugZn||Ba;y polyhedron.

ity ranges due to transition metal-zinc mixing. The
structures are derived from binary alkaline earth-zinc
compounds through ordered occupancies on different
Wyckoff sites.

Similar to CaPdggsZn; 15 [8], also CaAuZn, Sr-
PdZn, SrPtZn and SrAuZn derive from KHg;-type
CaZn, [23] and SrZn; [24]. Exemplarily we dis-
cuss the CaAuZn structure herein. The difference in
size between gold and zinc (the covalent radii [25]
are 134 and 125 pm, respectively) lead to a dis-
tinct distortion of the zinc substructure. This leads
to a decentering of the body-centered lattice of the
KHg, type (space group Imma), and CaAuj 0pZng og
and SrAuj g3Zngg7 adopt the TiNiSi-type structure,

space group Pnma (klassengleiche subgroup of Imma)
(Fig. 1).

The lattice parameters of the alkaline earth-based
compounds are listed in Table 1 along with the iso-
typic intermetallics based on europium [15] and ytter-
bium [26]. In their [Xe]4 f7 and [Xel4f 14 configura-
tion Eu>* and Yb’>" have radii comparable to those
of Sr** and Ca?". From Table | it is evident that
the cell volumes increase from the ytterbium to the
strontium compounds. The by far smallest cell vol-
ume in this series occurs for YbPtZn [26]. This is
caused by the presence of the smaller trivalent yt-
terbium atoms which was evident from the paramag-
netic behavior along with magnetic ordering below
1.35 K. The TiNiSi-type structure shows large flexi-
bility for the zinc compounds reported herein. While
one observes an almost monotonic increase of the a
and b parameters in the series of palladium, platinum
and gold compounds in going from the ytterbium to
the strontium member, the ¢ parameter shows a mini-
mum for the calcium compounds. In this way the struc-
ture is adjusted to the individual bond strength just
by variation of the lattice parameters. The positional
parameters show no pronounced variations (Table 3
and [15]).

The near-neighbor coordinations are shown in
Fig. 2, viewed approximately along the b axis. These
drawings nicely show the relationship with the aristo-
type AlB;. The gold and zinc atoms build up corru-
gated layers of ordered Au3Zn3 hexagons with Au—
Zn distances ranging from 265 to 277 pm, slightly
longer than the sum of the covalent radii of 259 pm
for Au+Zn [25]. The different degrees of pucker-
ing result in different Au-Zn-Au angles within the
AuyZn, rhombs. The latter ones are formed as a re-
sult of the inter-layer Au—Zn bonding. These Au-—
Zn distances of 274—294 pm are significantly longer
than the intra-layer Au—Zn distances. Within the
AuyZn; rthombs, the gold atoms as the most elec-
tronegative components show maximal separation.
This is a general trend in TiNiSi-related structures [27,
28].

A view of the CaAuZn structure approximately
along the b axis is presented in Fig. 1. Due to the
strong puckering of the honeycomb network, the
gold and zinc atoms both show strongly distorted
tetrahedral AuZny 4, respectively ZnAuy ), coordina-
tion. The calcium atoms bind to the [AuZn] net-
work via the gold atoms. The three closest gold
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CaAuZn
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95.6°

SrAuZn
94.6°

Fig. 2. (color online). Coordination of the ytterbium, calcium, europium, and strontium atoms in YbAuZn, CaAuZn, EuAuZn,
and SrAuZn. Gold and zinc atoms are drawn as blue and black open circles, respectively. Relevant interatomic distances and
the Au—Zn—Au angles within the Au;Zn, rthombs are given. For YbAuZn we used the positional parameters of CaAuZn.

neighbors are at Ca—Au distances in the range of
307 to 313 pm, similar to the structures of CazAuszln
(300-315pm) [29], CaAusCd; (306 pm) [30] and
CaAusZn;y (295 pm) [10]. Keeping the course of the
electronegativities in mind, one can ascribe auride
character to both CaAuZn and SrAuZn. Nevertheless
we keep the element sequence in the formula for better
comparison with the isotypic compounds. For further
crystal chemical details on TiNiSi-type intermetallics
we refer to a review article [31].

The ternary compounds BaPd;s;Zn343 and Ba
Auj 41Zn3 59 are also derived from a binary structure
type. They can be considered as ordering variants of
the LT-SrZns type [21, 22]. While all four zinc sites
show mixed occupancy in the palladium compound,
only two sites exhibit Au/Zn mixing in BaAu, 41Zn3 59
(Table 3). Fully ordered variants have recently been ob-
served for the gallides RbAu3Ga; and CsAuzGa; [32].
As an example for the zinc compounds we discuss the
BaAuj 417Znj s9 structure herein. Binary BaZnjs crystal-
lizes with its own structure type (space group Cmcm)
and shows no dimorphism. Addition of palladium or
gold leads to a switch in structure type towards LT-
StZns. The only ternary ordered variant for the BaZns
type is KAuszGa, [33]. The crystal-chemical relation-
ship between the BaZns and LT-SrZns structures is dis-
cussed in detail in [21, 22].

A view of the BaAuj41Znj3 59 structure approxi-
mately along the b axis is presented in Fig. 1 (the two
mixed-occupied sites were drawn as pure gold sites).
Similar to the CaAuZn structure discussed above, we
observe the shortest interatomic distances between

the gold and zinc atoms. The Au—Zn distances range
from 261 to 298 pm, a slightly broader range than ob-
served for CaAuZn. Again, the gold and zinc atoms
build up a three-dimensional network which is com-
posed of (Au/Zn), tetrahedra which are condensed via
two common corners, and further via Au-Zn bonds.
This network leaves large cavities which are filled by
the barium atoms with a coordination of Ba@(Au,
Zn)|7Bay. The triangular faces of this coordination
polyhedron derive from the (Au/Zn)s tetrahedra. The
shortest Ba—Ba distance between two adjacent barium
atoms is 399 pm (an edge of each Ba@(Au, Zn);7Ba;
polyhedron), somewhat shorter than the Ba-Ba dis-
tance of 435 pm for the eight nearest neighbors in bcc
barium [34]. However, in view of the strongly differ-
ing Pauling electronegativities (0.89 for Ba, 2.54 for
Au, 1.65 for Zn), one can assume a highly ionic char-
acter (and thus smaller size) of barium, and the inter-
actions may not be considered as bonding. A similar
situation occurs in many ternary lithium-based inter-
metallics [35, 36].

Besides substantial Au—Zn bonding one also ob-
serves a small range of Zn—Zn distances (268 -
271 pm) within the [Au; 41Zn3 59] network. These Zn—
Zn distances compare well with the shorter ones in hcp
zinc (6 x 266 and 6 x 291 pm) [34]. Furthermore the
Aud/Zn4-Au4/Zn4 distance of 302 pm is indicative
of weak Au—Au bonding in those domains were only
gold atoms occupy this position.

In summary, the new compounds reported herein
mean a significant extension of the family of alka-
line earth-transition metal-zinc intermetallics. Includ-
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ing the few examples mentioned in the introduction,
one can expect many more phases in the respective
ternary systems, also including the other not yet tested
electron-rich transition metals. More detailed phase-
analytical studies are in progress.
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