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Abstract The intermetallic zinc compounds Laz;PdZn,
and La;PtyZn, were synthesized by induction melting of
the elements in sealed tantalum tubes. The structures were
refined from X-ray single-crystal diffractometer data:
Gd;CuyGey type, Immm, a = 1,440.7(5), b = 743.6(2),
¢ = 419.5(2) pm, wR, = 0.0511, 353 F> for LasPd,Zny;
and a = 1,439.9(2), b = 748.1(1), c = 415.66(6) pm,
wR, = 0.0558, 471 F> for LasPt,Zn, with 23 variables per
refinement. The palladium (platinum) and zinc atoms build
up a three-dimensional polyanionic [Pd4Zn,] (260-281 pm
Pd-Zn) and [PtyZn4] (260-279 pm Pt-Zn) network in
which the lanthanum atoms fill cavities of CN 14 (6 Pd/
Pt + 8 Zn for Lal) and CN 12 (6 Pd/Pt + 6 Zn for La2),
respectively. The copper position of the Gd;Cu,Gey type is
occupied by zinc and the two crystallographically inde-
pendent germanium sites by palladium (platinum), a new
coloring pattern for this structure type. Within the [Pd4Zn,]
and [Pt;Zn4] the Pd2 and Pt2 atoms form Pd2-Pd2
(291 pm) and Pt2-Pt2 (296 pm) dumbbells. The structures
of LazPd,Zn, and LaPt,Zn, are discussed with respect to
the prototype Gd;CuyGe, and the Zintl phase SrzLiySby.
Temperature-dependent magnetic susceptibility measure-
ments indicate diamagnetism for LasPt4;Zn, and Pauli
paramagnetism for Las;Pd4Zn,.
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Introduction

Ternary intermetallic compounds RE,T,X, (RE = rare-
earth element, T = transition metal, X = element of the
third, fourth, or fifth main group) have been intensively
studied over the last 40 years with respect to phase analy-
ses, crystal structures, and physical properties. For most
families of compounds, i.e., borides, aluminides, gallides,
etc., extensive review articles have been published in the
Handbook on the Physics and Chemistry of Rare Earths [1].

Recent investigations have shown that the X component
can be substituted by magnesium [2] or cadmium [3],
leading to either isotypic compounds or new intermetallics
with related structure types. So far more than 200
RE,T,Mg, [2] and RE,T,Cd; [3] compounds each have
been reported. In principle, compounds with zinc as X
component can form with equal valence electron concen-
tration. The RE-T-Zn systems, however, have only been
scarcely investigated. Most studies have been reported for
the equiatomic compounds RETZn [4-6, and refs. therein].
Similar to the magnesium and cadmium compounds, the
RETZn phases also crystallize with either the orthorhombic
TiNiSi- or hexagonal ZrNiAl-type structure.

For several of the La—T-Zn and Ce-T—-Zn systems with
T = Co, Ni, Cu, complete isothermal sections have been
studied [7-9, and refs. therein]. These phase analytical
studies revealed a variety of intermetallic compounds with
quite different structural features, e.g., cobalt-rich phases
with ordered variants of NaZn;s, -Th,Zn;;, or BaCd;,
[10], zinc-rich compounds with CeCrAly,- [11, 12] and
Ce,Al,Coys-type [13] structure, or the ordering variants
RE,T3Zn4 [14]. The outstanding compound within the
family of RE,T,Zn, intermetallics is the static mixed-
valent phase Ce,RuZny [15, 16], which exhibits two
crystallographically independent sites for trivalent and
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Table 1 Crystallographic data
and structure refinement for
La3Pd4Zr14 and La3Pt4Zn4,
Gd3CuyGe, type, space group
Immm, Z = 2

Empirical formula
Molar mass/g mol ™"
Lattice parameters/pm

(Guinier powder data)

Cell volume/nm?>

Crystal size/ym>
Calculated density/g cm™>
Max./min. transmission

Radiation

Linear absorption coeff./mm™"
F(000)

0 range/°®

h k I range

Total reflections

Independent reflections
Reflections with I > 2a(1)
Data/parameters

Goodness of fit

R indices [I > 20(])]

R indices (all data)

Extinction coefficient

Diff. Fourier residues/e” A~3

LasPd;Zny LasPtyZn,
1,103.81 1,458.57

a = 1,440.7(5) a = 1,439.92)
b = 743.6(2) b = 748.1(1)
c =419.5(2) ¢ = 415.66(6)
V = 0.4494 V =0.4477
20 x 30 x 50 25 x 40 x 50
8.16 10.82
0.289/0.243 0.608/0.306
Ag K, Mo K,

(/. = 56.086 pm)
16.9

(A =171.073 pm)
86.6

950 1,206
2-22 3-32
£19, £9, £5 +20, £11, +6
2,254 2,815

353 (Ri = 0.1980)
276 (Ryigma = 0.0870)
353/23

471 Ry = 0.0847)
389 (Ryigma = 0.0540)
471723

1.024 0.928

R, = 0.0357 R, = 0.0270
WR, = 0.0472 wR, = 0.0538
R, = 0.0525 R, = 0.0402
WR> = 0.0511 WR, = 0.0558
0.0024(3) 0.00175(13)
2.90 and —4.87 2.43 and —2.91

intermediate-valent cerium. Further interesting phases are
the 1.7 K antiferromagnet CePtZn [17, 18], the heavy-
fermion system YbPtZn [19], the 51 K ferromagnet
EuAuZn [20], and the magnetocaloric Laves phase
EuRh; »Zng g [21].

In the course of our systematic studies on the equiatomic
REPtZn series [6] we obtained a new compound LasPt,Zn,
with a Gd3;CuyGey-related [22] structure. The crystal
chemistry and properties of LasPt;Zn, and isotypic
Laz;Pd,Zn, are reported herein.

Results and discussion
Structure refinement

Analyses of the diffractometer data sets revealed body-
centered orthorhombic lattices and no further extinctions,
leading to space groups Immm, Imm?2, and 1222, of which
the centrosymmetric group was found to be correct during
structure refinement. The structure of the palladium com-
pound was determined first. The starting atomic positions
were obtained from direct methods with SHELXS-97 [23],
and the structure was refined using SHELXL-97 [24] (full-
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matrix least-squares on F?) with anisotropic atomic dis-
placement parameters for all sites. Adjustment of the
refined composition and the Wyckoff sequence with the
Pearson Crystal Data Base [25] readily revealed isotypism
with Gd;CuyGey [22]. In the following cycles both struc-
tures were refined with this setting. The occupancy
parameters were then refined in a separate series of least-
squares cycles. All sites were fully occupied within one
standard deviation, and in the final cycles the ideal values
were assumed again. The refinements converged to the
values listed in Table 1. The final difference-Fourier syn-
theses revealed no significant residues. The refined atomic
positions, anisotropic displacement parameters, and inter-
atomic distances are given in Tables 2 and 3.

Crystal chemistry

The intermetallic zinc compounds LasPd,Zn, and
LasPtyZn, crystallize with the orthorhombic Gd;Cu,Gey-
type [22] structure. So far, 70 compounds with this struc-
tural arrangement are listed in the Pearson data base [25].
Mainly RE;Cuy(Si,Ge,Sn), and RE;Ag,4(Ge,Sn), tetrelides
crystallize with this type. LasPd4Zn, and LasPtyZn, are the
first zinc compounds in this series.
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Table 2 Atomic coordinates and anisotropic displacement parameters (pmz) for LasPdsZn, and LasPt,Zn,

Atom Wyckoff site X y z Uy U,y Uss Ui» Ueq
LasPdsZny
Lal 2d 0 12 0 139(5) 119(7) 154(9) 0 137(3)
La2 4e 0.12896(5) 0 0 113(4) 179(5) 144(6) 0 145(3)
Pd1 4f 0.21539(7) 12 0 138(5) 291(9) 143(8) 0 191(4)
Pd2 4h 0 0.1954(2) 12 117(5) 133(7) 180(8) 0 143(3)
Zn 8n 0.32691(7) 0.1906(2) 0 172(5) 164(7) 200(9) -60(5) 179(4)
LasPtyZny
Lal 2d 0 172 0 119(7) 99(6) 113(6) 0 110(3)
La2 4e 0.12687(8) 0 0 103(5) 132(4) 93(4) 0 109(2)
Pt1l 4f 0.21694(5) 12 0 111(4) 169(3) 87(3) 0 122(2)
Pt2 4h 0 0.19768(8) 12 97(3) 104(3) 104(3) 0 102(2)
Zn 8n 0.32626(12) 0.19240(19) 0 135(8) 131(6) 141(6) -40(5) 136(3)

Ueq is defined as one-third of the trace of the orthogonalized Uj; tensor. Coefficients Uj; of the anisotropic displacement factor tensor of the atoms

are defined by: —27°[(ha*)*Uy; + ... + 2hka*b*Uy,). U3 = Usz = 0

Projections of the Gd;Cu,Ge,4 and LazPt4Zn, structures
along the short unit cell axis are presented in Fig. 1. Both
structures consist of three-dimensional [CuyGey] and
[Pt4Zn4] networks, however, with a different coloring [26],
i.e., zinc on the copper and platinum on the germanium
sites. This site exchange is in line with the course of the
electronegativities of the respective elements. In view of
the resulting different bonding situation, the two structures
should be called isopointal [27, 28] rather than isotypic.

In the following discussion, when we quote interatomic
distances, we refer to the LasPt,Zn, structure. Within the
[Pt4Zn,] network, each zinc atom has distorted tetrahedral
platinum coordination (Fig. 2) with Pt-Zn distances rang-
ing from 260 to 279 pm, slightly larger than the sum of the
covalent radii [29] of 254 pm. Similar range of Pt—Zn dis-
tances occurs for the distorted ZnPty,4 tetrahedra in CePtZn
(268-273 pm) [17] and EuPtZn (265-271 pm) [20]. The
ZnPty,, tetrahedra share common corners and edges, and the
two crystallographically independent lanthanum sites are
coordinated by the triangular faces of these tetrahedra.

The bonding of the lanthanum atoms proceeds via
shorter La—Pt contacts. The La—Pt distances range from
306 to 314 pm, only slightly longer than the sum of the
covalent radii [29] of 298 pm. This bonding pattern is in
line with the electronegativity differences between lan-
thanum and platinum. As is evident from the projection in
Fig. 1, the two crystallographically independent lanthanum
sites have markedly different coordinations. The Lal atoms
fill relatively large cavities, while those for La2 are
distinctly smaller. This is especially expressed by the
much longer Lal-Zn distances (356 pm) as compared with
La2-Zn (317 and 321 pm). Such an extreme situation also
occurs in the structure of Ybs;Pd,Ge, [30], leaving the
possibility of Yb" (larger)/Yb™ (smaller) ordering.

The strong tilts of the ZnPt,,, tetrahedra lead to shorter
Zn—Zn (288 pm) and Pt2-Pt2 (296 pm) distances within the
three-dimensional [Pt;Zn,4] network. The Zn—-Zn distance
compares well with the structure of hcp zinc (6 x 266 and
6 x 291 pm), while the Pt—Pt distance is longer than in fcc
platinum (277 pm) [31]. We can therefore assume only
weakly bonding Pt-Pt interactions. In view of the highly
electropositive character of lanthanum and zinc, one can
safely ascribe a platinide character to these dumbbells. This
is in line with the isopointal structures of the germanides and
stannides, where Ge, and Sn, dumbbells occur.

Finally we compare the LasPt;Zn4 structure with the
electron precise Zintl phases Sr3LisSby, BasLisSby [32],
and BasLisAss [33]. As an example, a projection of the
Sr3LiySb, structure is included in Fig. 1 (bottom). Anti-
mony as the most electronegative component occupies the
platinum positions of LasPt,Zn,, while the lithium and the
alkaline-earth metal atoms take the zinc and lanthanum
sites, respectively. Considering the dumbbell formation
(282 pm Sb1-Sbl, similar to the Sb—Sb intralayer distance
of 291 pm in the Sbg rings of elemental antimony [31]) one
obtains an electron partitioning scheme (3Sr> M)+ (4Li")*"
(2Sb*7)°7(Sby)*~ for, e.g., SrsLisSbs. Such a drastic
charge transfer is certainly not possible for Las;Pt,Zng,
where the 17 valence electrons per formula unit ‘LasZn,’
cannot be accommodated by the four platinum atoms.
Nevertheless, one can assume positively polarized lantha-
num and zinc and negatively polarized platinum.

Summing up, comparison of the structures of Gd;Cuy
Gey, LasPtyZn,, and Sr;LisSb, shows that the three com-
pounds show distinctly different site occupancies and thus
different bonding peculiarities and one should classify them as
isopointal rather than isotypic, although the three structures
have the same space group type and Wyckoff sequence.
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Table 3 Interatomic distances (pm) in the structures of La;PdsZn,
and LazPt,Zny

LasPd;Zny LasPt,Zn,

Lal 4 Pd2 308.7 Lal 4 P2 307.2
2 Pdl 310.3 2 Ptl 3124
8 Zn 355.3 8 Zn 355.7
4 La2 415.6 2 Lal 415.7
2 Lal 419.5 4 La2 416.3

La2 2 Pdl 307.1 La2 2 Pt1 306.2
4 Pd2 315.6 4 P2 313.7
4 Zn 317.8 4 Zn 317.3
2 Zn 318.4 2 Zn 321.2
1 La2 371.6 1 La2 365.4
2 Pdl 392.1 2 Ptl 395.9
2 Lal 415.6 2 La2 415.7
2 La2 419.5 2 Lal 416.3

Pdl 4 Zn 260.4 Pt 4 Zn 260.3
2 Zn 280.6 2 Zn 278.8
2 La2 307.1 2 La2 306.2
1 Lal 310.3 1 Lal 3124
2 La2 392.1 2 La2 395.9

Pd2 2 Zn 263.4 Pt2 2 Zn 263.3
1 Pd2 290.6 1 Pt2 295.8
2 Lal 308.7 2 Lal 307.1
4 La2 315.6 4 La2 313.7

Zn 2 Pdl 260.4 Zn 2 Ptl 260.3
1 Pd2 263.4 1 P2 263.3
1 Pdl 280.6 1 Ptl 278.8
1 Zn 283.4 1 Zn 287.9
2 Zn 317.7 2 Zn 314.4
2 La2 317.8 2 La2 317.3
1 La2 318.5 1 La2 321.2
2 Lal 355.3 2 Lal 355.7

All distances within the first coordination shells are listed. Standard
deviations are all <0.3 pm

Magnetic properties

The temperature dependence of the magnetic susceptibility
[x(T) data] of LasPt,Zn, measured in a field of 10 kOe is
shown in Fig. 3. In the temperature range of 50-300 K,
LasPt,Zn, displays diamagnetic behavior with a nearly
temperature-independent susceptibility of y = —3(2) x
107> emu mol~'. The increase in the susceptibility below
50 K (Curie tail) can be attributed to trace amounts of
paramagnetic impurities. The intrinsic diamagnetism of
LasPt,Zn, overcompensates the Pauli contribution of the
conduction electrons, leading to an overall negative sus-
ceptibility in the high-temperature regime.

Las;Pd,Zn, exhibits a nearly temperature-independent
extremely small susceptibility above 50 K with y = 4(3) x
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Fig. 1 Projections of the Gd;Cu,Ge4, LasPtyZng, and Sr;LisSby
structures along the short unit cell axis. The three-dimensional
[CusGey], [Pt4Gey], and [LisSby] networks are emphasized. Atom
designations and the crystallographically independent sites are
marked

10> emu mol ' measured at an externally applied field of
50 kOe. The high standard deviation accounts for the scat-
tering of the data points. The intrinsic diamagnetism and the
Pauli contribution almost compensate each other.

Experimental

Syntheses

Starting materials for the syntheses of the LasPdsZn, and
LasPt,Zn, samples were lanthanum ingots (Johnson Mat-

they), palladium and platinum powder (Degussa-Hiils), and
zinc granules (Merck), all with stated purities better than
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Fig. 2 The network of condensed ZnPt,, tetrahedra in the structure
of LasPt,Zn,

4.0-104
La3Pt4Zn4

3.0-104

2.0-10-4

O oG

1.0-104

Xlemu mol™

0.0

-1.0-104 L L
s 0 100 200 300
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Fig. 3 Temperature dependence of the magnetic susceptibility of
LasPtyZn, measured at 10 kOe

99.9%. In the first step, pieces of the lanthanum ingots were
arc-melted [34] under argon (ca. 700 mbar) to small but-
tons. The argon was purified before with molecular sieves,
silica gel, and titanium sponge (900 K). The elements were
then weighed in the ideal 3:4:4 atomic ratios and arc-welded
in small tantalum tubes. The tantalum ampoules were then
placed in a water-cooled sample chamber of an induction
furnace (Hiittinger Elektronik, Freiburg, Typ TIG 1.5/300)
[35]. The ampoules were rapidly heated to 1,370 K and kept
at that temperature for 5 min, followed by an annealing
sequence of 2 h at 1,070 K. The temperature was controlled
through a Sensor Therm Metis MS09 pyrometer with
accuracy of £30 K. The samples were then quenched by
switching off the power supply. Later the tantalum
ampoules were sealed in silica tubes (oxidation protection),
annealed at 1,070 K for 6 h, and slowly cooled down to
room temperature at a rate of 2 K/h. The brittle, silvery
samples could easily be separated from the tantalum tubes.
No reaction with the container material was evident. The
polycrystalline samples were stable in air over months.

Single crystals exhibited metallic luster while ground
powder was dark grey.

Scanning electron microscopy

Semiquantitative energy-dispersive X-ray (EDX) analyses
of the two single crystals investigated on the diffractome-
ters were carried out with a Zeiss EVO MA10 scanning
electron microscope with LaBg, Pd, Pt, and Zn as stan-
dards. The experimentally observed compositions were
close to the ideal one. No impurity elements have been
observed.

X-ray diffraction data

The LazPd,Zn, and La;Pt,Zn, samples were characterized
by Guinier patterns [image plate system, Fujifilm, BAS-
1800, Cu Ko radiation and a-quartz (a = 491.30,
¢ = 540.46 pm) as an internal standard]. The orthorhombic
lattice parameters were refined on the basis of the powder
data using a least-squares routine. Correct indexing was
ensured through a comparison with calculated [36] patterns
using the positional parameters obtained from the structure
refinements.

Single crystals were obtained from the annealed sample
by mechanical fragmentation. Selected crystals were glued
to quartz fibers using beeswax and were characterized by
Laue photographs on a Buerger camera (white molybde-
num radiation, image plate technique, Fujifilm, BAS-1800)
in order to check their suitability for intensity data col-
lection. A data set of an appropriate LazPd,Zn, crystal was
collected at room temperature by use of a four-circle dif-
fractometer (CAD4) with graphite-monochromatized Ag
K, radiation and a scintillation counter with pulse height
discrimination. The scans were taken in /26 mode, and an
empirical absorption correction was applied on the basis of
psi-scan data, accompanied by a spherical absorption cor-
rection. The LasPt4Zn, crystal was measured at room
temperature by use of a Stoe IPDS-II image plate system
(graphite-monochromatized Mo radiation; 2 = 71.073 pm)
in oscillation mode. A numerical absorption correction was
applied to the data. All relevant crystallographic data and
details of the data collections and evaluations are listed in
Table 1.

Details may be obtained from: Fachinformationszentrum
Karlsruhe, D-76344 Eggenstein-Leopoldshafen (Germany),
by quoting registry nos. CSD-423152 (La;Pd4Zn4) and
CSD-423153 (La3Pt4Zn4).

Magnetic measurements

For magnetic measurements 57.188 mg and 63.118 mg of
the polycrystalline La;Pt,Zn, and La;Pd,Zn, samples were
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packed in Kapton foil and attached to a sample holder rod.
The measurements were performed using the VSM option
of a quantum design physical property measurement sys-
tem (PPMS), in the temperature range of 3-300 K and with
magnetic flux densities up to 50 kOe.
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