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N ew  ternary stannide Y bPdSn2 was synthesized  
from  the elem ents in a sealed tantalum  tube in a 
high-frequency furnace. Y bPdSn2 was charac
terized through X-ray pow der and single crystal 
data: Cmcm, a = 442.4(2), b = 1108.6(3), c -  
738.4(2) pm, wR2 = 0.0450, 317 F1 values, and 16 
variable parameters. Y bPdSn2 crystallizes with  
the M gC uA l2 type structure, a ternary ordered  
variant o f the R e3B type. The tin sublattice o f  
Y bPdSn2 corresponds to a distorted lonsdaleite- 
like arrangem ent with Sn-Sn distances varying  
from 303 to 336 pm.

Introduction

The crystal chem istry and chem ical bonding o f  
the alkaline earth m etal indides Ca71n2 (T  -  N i, 
Cu, Rh, Pd, Ir, Pt, A u) [1 -4 ] , Sr7Tn2, and B a7In 2 
(T  = Rh, Pd, Ir, Pt) [5, 6] has intensively been  
studied in recent years. These indides crystallize 
with the M gC uA l2 structure [7], a ternary ordered  
version o f R e3B [8 ], however, this is only a g eo 
metrical picture. A  description o f the A E T ln 2 
(A E  = Ca, Sr, Ba) com pounds as transition m etal 
filled variants of the Zintl phases C aln2, Srln2, and 
B aln 2 [9 -1 1 ] is m ore appropriate. The transition 
m etals tend to fill their d-bands and hence they  
partially oxidize the indium  networks to m eet their 
electronic requirements. A lthough a binary stan
nide CaSn2 is not known, and a Sn sublattice 
would adopt a structure similar to gray arsenic or 
antimony, we were recently sucessful in synthesiz
ing the transition m etal filled stannides C arS n 2 
( T =  Rh, Pd, Ir) [12] and EuIrSn2 [13]. Since ytter
bium (ratomic = 194 pm; rcov = 170 pm) has an 
atomic and covalent radius similar to calcium  
( âtomic = 197 pm; rcov = 174 pm) [14], we extended  
our investigations with respect to ytterbium. The 
synthesis and structure refinem ent o f YbPdSn2 are 
reported herein.

Experimental
Synthesis

Starting materials for the preparation of 
YbPdSn2 were ytterbium ingots (Johnson Mat- 
they), palladium powder (Degussa, 200 m esh), and 
a tin bar (H eraeus), all with stated purities better 
than 99.9% . Small ytterbium and tin p ieces were 
m ixed with the palladium powder in the ideal 1:1:2 
atomic ratio and sealed in a small tantalum  tube 
(tube volum e about 1 cm 3) under an argon atm o
sphere of about 800 mbar [15]. The argon was 
purified over titanium sponge (900 K ), silica gel, 
and m olecular sieves. The tantalum tube was 
placed in a water-cooled quartz glass sam ple 
chamber in a high-frequency furnace ( K o n t r o n  
R oto-M elt, 1.2 kW) under flowing argon [16]. It 
was first heated for 1 min with the m aximum  
power output (about 1500 K ) and subsequently  
annealed at about 900 K  for another 4 h. A fter the 
annealing procedure the sample could easily be 
separated from the tantalum tube. N o reactions 
with the tube could be detected. Com pact pieces  
are light gray with m etallic luster. The sam ple is 
stable in m oist air. N o decom position was ob
served after several months.

Table I. Crystal data and structure refinem ent for 
YbPdSn2.

Empirical formula YbPdSn2
Molar mass [g/mol] 516.82
Unit cell dimensions [pm] a = 442.4(2) 

b = 1108.6(3) 
c = 738.4(2)

Volumen [nm3] V = 0.3621
Space group Cmcm (No. 63)
Calculated density [g cm’ 3] 9.48
Crystal size [wm3] 20 x 25 x 30
Transm. ratio (max/min) 2.46
Absorption coefficient [mm-1] 43.8 mm
6 Range [°] 2 to 30
Range in hkl ±6, ±15, ±10
Total no. reflections 2062
Independent reflections 317 {R mi = 0.0571)
Reflections with I>2o(I) 284 (/?slgma -  0.0262)
Data/parameters 317 /1 6
Goodness-of-fit on F1 1.210
Final R  indices [I>2o(I)] R l  = 0.0186 

wR2 = 0.0420
R Indices (all data) R l  = 0.0248 

wR2  = 0.0450
Extinction coefficient 0.0053(3)
Largest diff. peak and hole [e/A3] 2.39 and -1 .90
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X -ray film  data

Y bPdSn2 was characterized through its Guinier 
powder pattern using C u -K al radiation and a- 
quartz (a = 491.30, c -  540.46 pm) as an internal 
standard. The lattice parameters (Table I) were 
obtained from least-squares fits o f the X-ray pow 
der data. The correct indexing of the pattern was 
ensured by an intensity calculation [17] taking the 
atom ic positions from the structure refinement. 
The lattice param eters determ ined from the pow 
der and the single crystal agreed well.

Irregularly shaped single crystals were isolated  
from the annealed sample by mechanical fragm en
tation. They were exam ined on a Buerger preces
sion cam era cam era in order to establish both sym 
m etry and suitability for intensity data collection. 
The extinction conditions for the reciprocal layers 
Okl and 1 k l were com patible with space group 
C m cm , in agreem ent with previous results on the 
alkaline earth stannides [12].

Structure refinem ent

Single crystal intensity data were collected at 
room  tem perature by use of a four-circle diffracto
m eter (C A D 4) with graphite m onochrom atized  
M o - K a radiation (71.073 pm) and a scintillation  
counter with pulse height discrimination. The 
scans were performed in the (d!26 mode. A n em 
pirical absorption correction was applied on the 
basis o f t/’-scan data. A ll relevant crystallographic 
data and experim ental details for the data co llec
tion are listed in Table I.

The atom ic positions o f CaPdSn2 [12] were 
taken as starting values and the structure was suc
cessfully refined using S h e l x l -9 7  (full-matrix 
least-squares on FI) [18] with anisotropic atomic 
displacement parameters for all sites. As a check for 
the correct composition, the occupancy parameters 
were refined in a separate series of least-squares 
cycles. A ll sites were fully occupied within two 
standard deviations. A  final difference Fourier syn
thesis revealed no significant residual peaks (see 
Table I). The positional parameters and interatomic

Table III. Interatom ic distances (pm ), calculated with 
the lattice param eters taken from X-ray powder data o f  
Y bPdSn2. A ll distances within the first coordination  
sphere are listed. Standard deviations are equal or less 
than 0.1 pm.

Yb: 1 Pd 303.0 Pd: 4 Sn 276.8 Sn: 2 Pd 276.8
Sn 319.7 
Pd 334.8 
Sn 354.2 
Sn 356.0 
Pd 396.9 
Y b 401.4 
Y b 442.4

2 Sn 279.1
1 Yb 303.0
2 Yb 334.8 
2 Yb 396.9

Pd 279.1 
Sn 303.0 
Sn 317.9 
Y b 319.7 
Sn 335.5 
Yb 354.2 
Yb 356.0

distances are listed in Tables II and III. Listings of 
the observed and calculated structure factors are 
available.*

Discussion
Y bPdSn2 is the fifth stannide with M gC uA l2 

type structure [7], besides EuIrSn2 [13] and 
C aTSn2 ( T  = Rh, Pd, Ir) [12]. A  view o f the 
Y bPdSn2 unit cell is presented in Fig. 1. The struc
ture is best described as a palladium  filled YbSn2 
host lattice. The ytterbium  and tin atoms build a 
strongly distorted C aln2-like arrangement in 
which the palladium  atoms are located in every 
other Y b 3 triangle within the ab  plane.

The tin sublattice rem inds o f the lonsdaleite 
structure (hexagonal diam ond) [19]. Each tin atom  
has a distorted tetrahedral tin environm ent with 
Sn-Sn distances ranging from 303 to 336 pm. The 
shorter ones com pare well with the Sn-Sn bond  
lengths o f 302 pm (4x) and 318 pm (2x) in the ß- 
tin structure [19]. The shortest interatom ic dis
tances in YbPdSn2, however, occur for the Pd-Sn 
contacts which range from 277 to 279 pm, som e
what larger than the sum of Pauling’s single bond  
radii o f 268 pm [20] for palladium  and tin.

D etails may be obtained from: Fachinformations- 
zentrum  Karlsruhe, D -76344 E ggenstein-L eo- 
poldshafen (G erm any), by quoting the Registry No. 
CSD-411798.

Table II. A tom ic coordinates and anisotropic displacem ent param eters (pm 2) for Y bPdSn2. U eq is defined as one  
third o f the trace o f the orthogonalized Ujj tensor. U 12 = U 13 = 0.

A tom W yckoff
position

X y z U n U 22 u 33 u 23 u eq

Yb 4c 0 0.42899(4) 1/4 101(3) 119(3) 91(3) 0 104(2)
Pd 4c 0 0.70228(7) 1/4 101(4) 138(4) 95(4) 0 111(2)
Sn 8 / 0 0.14024(4) 0.04483(7) 97(3) 124(3) 55(3) - 6 (2 ) 92(2)
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The lattice param eters and consequently all in
teratom ic distances in YbPdSn2 are very close to 
the values derived recently for CaPdSn2 [12]. We 
can therefore conclude that ytterbium  is m ost 
likely divalent in Y bPdSn2. Since the crystal chem 
istry and chem ical bonding have been described in 
detail for Ca7"Sn2 (T  = Rh, Pd, Ir) [12], we refer 
to this work for further information.
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Fig. 1. Cutout o f the YbPdSn2 structure. Large gray, m e
dium open, and black filled circles represent ytterbium , 
palladium , and tin, respectively. Selected bond lengths 
within the tin sublattice are given in pm.
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