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Partial Pd occupancy in uranium palladium

diantimonide, U Pd0.603(6)5b2

Single crystals of wuranium palladium diantimonide,
UPdy 603 6)Sb2, were grown from an Sb flux. The title
compound crystallizes in space group P4/nmm, adopting the
ZrCuSi, structure type, but with a partial occupancy of the Pd
site. All atoms are located on special positions with site
symmetries 4m?2 for Pd and one Sb atom, and 4mm for U and
the other Sb atom.

Comment

Over the past three decades, increased attention has been paid
to many intermetallic phases containing uranium and trans-
uranic elements, sparked by the unique properties that these
materials exhibit, such as superconductivity, heavy fermion
and/or Kondo behavior and valence fluctuations (Freeman &
Lander, 1984). Among these, the family of UTAs, and UTSb,
compounds (where T = 3d, 4d and 5d transition metals) have
been of particular interest (Kaczorowski et al, 1998;
Bukowski, Gofryk et al., 2005; Tran et al., 2005; Bukowski et al.,
2004; Plackowski et al., 2005). These phases crystallize with the
tetragonal ZrCuSi,-type structure (Villars & Calvert, 1991),
and their structures can be viewed as consisting of infinite
PbO-type transition metal-pnictide layers, which are sepa-
rated by square nets of As or Sb atoms, and U atoms occu-
pying the space between them (Fig. 1).

According to the original report on the structure and
properties of the UTSb, compounds (7 = Fe, Co, Ni, Cu, Ru,

Figure 1

A view of UPdy 603 ()Sb> projected approximately along [100]. Displace-
ment ellipsoids are drawn at the 95% probability level. U atoms are
drawn as red ellipsoids with principal ellipses, Pd atoms as green
ellipsoids with octant shading, and Sb atoms as ellipsoid outlines only.
The unit cell is outlined.
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Pd, Ag and Au), these materials are line compounds
(Kaczorowski et al., 1998). However, quite recently several
papers were published where the crystal structures and
properties of UCugoSb, (Bukowski, Troc et al, 2005),
UCo, 5Sb, (Bukowski et al., 2004) and UNi, 5Sb, (Plackowski
et al., 2005; Bukowski, Gofryk et al., 2005) have been reex-
amined. More recently, our own synthetic efforts led to the
formation of UCug44 1)Sb, (Bobev et al, 2006), a Cu-poorer
variant of UCu,¢Sb,. All of the above suggest a potential large
stoichiometry breadth for the members of the whole UT,Sb,
family.

This conclusion is firmly supported by the structure
refinement of the title compound with partial Pd occupancy.
This fact, together with the apparent differences in the
corresponding unit-cell parameters, specifically the ¢ axis,
9.330 A for UPdyeSb, (this work) and 9.552 A for fully
occupied UPdSb, (Kaczorowski et al., 1998), provides further
evidence that the transition metal content in this and other
isostructural UT,Sb, compounds can vary substantially. Such
large homogeneity ranges are also known for many rare-earth
analogs (Mills et al., 2002; Tobash & Bobev, 2005), and may
account for some problems with the reproducible measure-
ments of the electronic and magnetic properties of these
materials. Evidently, samples prepared by different techniques
will most likely have different amounts of transition metals in
the structure. This, in turn, can subtly affect the hybridization
of the U 5f electrons with the s, p and d states of the neigh-
boring atoms, which is believed to be the main factor
governing the properties of these compounds.

Experimental

All metals used were with stated purity 99.9% or higher (U — Los
Alamos, Pd and Sb — Alfa). A mixture of the reactants, in the stoi-
chiometric ratio U:Pd:Sb = 1:1:9 (with an excess of Sb to serve as a
flux), was placed in a 5 cm® alumina crucible within an evacuated
fused-silica ampoule. The ampoule was heated at 1423 K for 2 h, and
cooled at 30 K h™! to 1073 K, when it was removed from the furnace.
The excess of molten Sb was removed by centrifugation. Small plate-
like crystals of UPdggos (5)Sb, were obtained as a single-phase
product of the reaction according to the corresponding X-ray powder
patterns.

Crystal data

UPd, 6,Sb, Mo Ka radiation

M, = 545.37 Cell parameters from 1893
Tetragonal, P4/°nmm reflections

a=4.3459 (7) A 0 =22-27.3°

c=9330(3) A /= 63.74 mm !
V=17621 (7) A’ T=120(2) K

zZ=2 Bar (cut from plate), gray
D,=10279 Mgm™ 0.08 x 0.05 x 0.05 mm

Data collection

Bruker SMART APEX CCD 150 independent reflections

diffractometer 149 reflections with I > 20(I)
w scans R;, = 0.033
Absorption correction: multi-scan Omax = 27.3°

(SADABS; Sheldrick, 2003) h=-5—>15

Tnin = 0.043, Tpax = 0.057 k=-5—>15
1893 measured reflections I=—-12—> 11

Refinement

Refinement on F?
R[F* > 20(F%)] = 0.020
WR(F?) = 0.047

S =116

150 reflections

13 parameters

w = 1/[0*(F,%) + (0.0265P)*
+ 0.8733P]

where P = (F,2 + 2F)/3
(Alo)max < 0.001
APmax =158 e A3
Apmin = —1.79 ¢ A3
Extinction correction: SHELXL97
Extinction coefficient: 0.0067 (8)

Table 1 )

Selected bond lengths (A).

U—Pd 31224 (7)  Sbl—sbl® 3.0730 (5)
U—Sb2! 3.1591 (6) Pd—Pd* 3.0730 (5)
U—Sbl 32543 (7)

Symmetry  codes: (i)
—x+2,—y+1,—z.

—x,—y,—z+1; (i) —x+2,—y+1,—z+1; (iii)

For the present refinement origin choice 2 of space group P4/nmm
was selected. Initial refinements assuming a fully stoichiometric
formula led to displacement parameters for Pd that were ca 50%
greater than those of the U and Sb atoms. Moreover, these refine-
ments converged with poor residuals. Introducing a partial occupancy
for the Pd site led to more realistic displacement parameters and to
significantly better R factors. The occupancies for all sites were
verified by freeing the site occupation factor for an individual atom,
while other remaining parameters were kept fixed. The refined
occupancy for the Pd site was 0.603 (6). The maximum peak and
deepest hole are located 0.83 A away from U and 2.17 A away from
Sbl, respectively.

Data collection: SMART (Bruker, 2002); cell refinement: SAINT
(Bruker, 2002); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2001); program(s) used to refine
structure: SHELXTL; molecular graphics: XP in SHELXTL; soft-
ware used to prepare material for publication: SHELXTL.

This work was funded by a University of Delaware start-up
grant.
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