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The crystal structures of the UT,Zn,q (T =Fe, Co, Ru, Rh, and Ir) intermetallics have been refined from the
single-crystal X-ray diffraction data. The compounds crystallize with a face-centered cubic structure of
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1. Introduction

The uranium compounds UT,Znyg (T=d-electron transition
metal) have recently been reported to exhibit a variety of intriguing
physical phenomena, which arise due to strong electronic correla-
tions [1-7]. The primary findings made for the phases with T = Co,
Rh and Ir [1-3] have stimulated further comprehensive investi-
gations on high-quality single crystals of these ternaries and also
those with T=Fe and Ru [4-7]. Though all the hitherto identified
UT,Zn;yo compounds were claimed to form with a cubic unit cell of
the Mg3CryAlyg type, up to date no precise information on their
crystal structures has been available in the literature. The only
exception is Ulr,Znyg, which crystal structure was refined down
to the residual Rwp =13.04% from the neutron powder diffraction
data taken at 0.6 K [1].

In the present paper we report on the structural studies carried
out on single crystals of the UT,Znyq (T =Fe, Co, Ry, Rh, and Ir) com-
pounds. The refined crystal structures are described with regard
to the coordination polyhedra of the particular atoms. Moreover,
some future prospects are outlined of preparing novel derivatives
of the UT,Znyg phases.

2. Experimental

Single crystals of UT,Zn,o (T=Fe, Co, Ru, Rh, and Ir) were synthesized in Zn
flux [7]. Small specimens suitable for X-ray diffraction data collection were selected
from each sample. Their isometric shape and size of about ~0.05 mm in length was a
compromise between large absorption coefficient (the elemental constituents have
large atomic scattering cross sections) and intensity of the measured diffraction
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spots, together with reasonably large signal-to-noise ratios. Each crystal was glued
on a thin glass fibre using epoxy resin.

The X-ray diffraction intensities were collected on a KUMA Diffraction
KM-4 four-circle diffractometer equipped with a CCD detector, using graphite-
monochromatized MoK, radiation (A =0.71073 A). The raw data were treated with
the CrysAlis Data Reduction Program (version 1.172.32.6) taking into account an
absorption correction. The measured intensities were corrected for Lorentz and
polarization effects. The crystal structures were solved by direct methods and
refined by a full-matrix least-squares method using SHELXL-97 program [8]. The
experimental and structure refinement details are collected in Table 1.

3. Results and discussion

All the UT,Znyg (T=Fe, Co, Ru, Rh, and Ir) ternaries studied
were found to crystallize in a face-centered cubic cell, space group
Fd3m, Z=8, structure type MgzCryAl;g. (Tables 1-4). The lattice
parameters and the interatomic distances change in accord with
the covalent radius of the T element. However, the interatomic dis-
tances are distinctly larger than the sums of the respective covalent
radii [9].

In the unit cell, the uranium atom occupies a single position
of high-symmetry, namely 43m (8a Wyckoff position), and is sur-
rounded by as many as 16 zinc atoms (see Fig. 1a). This coordination
sphere can be described as a Friauf-type icosaoctahedron [10,11].
In turn, the transition metal atom is located at a site with .3m point
site symmetry. Twelve zinc neighbours form a distorted icosahe-
dral surrounding of Frank-Kasper type [12,13]. The zinc atoms in
UT,Znyo have similar coordination spheres, which can be described
as hexagonal (for Zn1) or pentagonal prisms (for Zn2 and Zn3) with
two additional atoms located near the prism bases (cf. Fig. 1a). Since
the Zn2 atom occupies the site of higher symmetry (2.mm) than the
Zn3 atom (..m), the bi-capped pentagonal prism of the latter atom is
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Table 1
Crystal data and structure refinement details for UT2Zn; (R =Fe, Co, Ru, Rh, and Ir).
Chemical formula UFe,Znyo UCo02Znyg URuzZnyo URh2Znyo Ulr2Znyo
M, 1657.13 1663.29 1747.57 1751.25 1929.83
a(A) 14.110(1) 14.056 (2) 14.227 (1) 14.204 (1) 14.208 (1)
V(A3) 2809.3(3) 2777.2 (6) 2879.8 (4) 2865.6 (3) 2868.1 (4)
u(mm-') 46.84 47.68 45.78 46.20 62.40
Crystal size (mm) 0.05x 0.05x0.04 0.05x0.04x0.03 0.05x0.05x0.04 0.06x0.05x0.04 0.05x 0.04 x 0.04
Tiin» Tmax 0.254,0.416 0.120, 0.375 0.210, 0.439 0.176, 0.410 0.254,0.416
Z, calculated density (gcm—3) 8,7.836 7.956 8.061 8.118 8.938
No. of measured, independent and observed [I>20(I)] reflections 9102, 180, 179 8113,170, 167 7603, 183,179 6025, 190, 188 9097,176, 176
Rint 0.116 0.170 0.134 0.079 0.142
6 range (°) 2.5-27.0 2.5-26.7 4.1-271 4.1-27.4 4.1-26.7
Range of h, k, h=-18—18 h=-17-17 h=-17-18 h=-17-18 h=-17-17
k=-18—-18 k=-17—-17 k=-18—18 k=-18—18 k=-17—-17
[=-18—18 I=-17—17 [=-18—18 [=-17—-18 I=-17—-17
R[F?>2s(F?)], wR(F?), S 0.047,0.115,1.54 0.049,0.112,1.50 0.038,0.086,1.31 0.038,0.070,1.36  0.038, 0.092, 1.33
Data/restraints/parameters 180/0/17 170/0/17 183/0/17 190/0/16 176/0/17
Extinction coefficient 0.00019 (5) 0.00076 (11) 0.00011 (3) None 0.00019 (3)
A Pmaxs Apmin (€A3) 1.64, -0.93 1.62, -1.06 1.53,-1.13 1.20, -1.40 1.86, -1.38

more distorted than that of the former one. The point site symmetry
of the Zn1 atom is .3m, i.e. same as that of the T atom.

The coordination spheres of the uranium and T atoms can be
considered as assemblies of smaller polyhedra. As demonstrated in
Fig. 1b, four nearest Zn1 neighbours of the U atom form a tetra-
hedron, whereas twelve Zn3 atoms form a truncated tetrahedron.
Together, these two polygons result in an icosaoctahedral arrange-
ment with the coordination number CN = 16. In the case of T atom,
its coordination sphere with CN =12 is constructed by the Zn2 and
Zn3 atoms transformed by a 3 rotoinversion axis (see Fig. 1b). For
each UT,Znyg compound, the T-Zn2 interatomic distance is signifi-
cantly shorter than the T-Zn3 distance. As a result, elongated (Zn2)g
and compressed (Zn3)g trigonal antiprisms are formed along the 3

rotoinversion axis, which jointly outline the icosahedron around

the T atom.

Interestingly, in the crystal structure of the UT,Zn5q phases, the

[U(Zn1)4] tetrahedrons are mutually connected by their vertices,
which gives rise to the appearance of three-dimensional polymeric
network [UZn1]oo (marked by red lines in Fig. 2a) (for interpreta-
tion of the references to color in this sentence, the reader is referred
to the web version of the article). At the same time, each of the
four (Zn3)g hexagonal faces of the [U(Zn3);, | truncated tetrahedron
is a base of the coordination sphere of the Zn1 atom. In conse-
quence, the [UZn1]oo lattice appears submerged in the (Zn3)co
cages. Besides, the latter cages are connected to the [T(Zn2)g(Zn3)s]

icosahedra by their vertices.

Table 2

Atomic coordinates and equivalent isotropic displacement parameters for UT2Znyo (T =Fe, Co, Ru, Rh, and Ir). U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.
Atoms X y z Ueq
UFe;Znyo
U 8a 1/8 1/8 1/8 0.0056(7)
Fe 16d 12 12 12 0.0059(12)
Zn1 16¢ 0 0 0 0.0205(12)
Zn2 48f 0.48952(19) 1/8 1/8 0.0105(7)
Zn3 96g 0.05894(9) 0.05894(9) 0.32593(13) 0.0133(7)
UCo3Znyo
U 8a 1/8 1/8 1/8 0.0061(8)
Co 16d 12 12 12 0.0080(13)
Zn1 16¢ 0 0 0 0.0250(14)
Zn2 48f 0.4891(2) 1/8 1/8 0.0116(8)
Zn3 96g 0.05908(9) 0.05908(9) 0.32557(14) 0.0135(8)
URuyZnyg
U 8a 1/8 1/8 1/8 0.0060(5)
Ru 16d 12 12 12 0.0051(6)
Znl 16¢ 0 0 0 0.0185(9)
Zn2 48f 0.48863(15) 1/8 1/8 0.0128(6)
Zn3 96g 0.05932(7) 0.05932(7) 0.32485(10) 0.0134(5)
URl‘lzZl’lzg
U 8a 1/8 1/8 1/8 0.0056(4)
Rh 16d 12 12 12 0.0049(5)
Znl 16¢ 0 0 0 0.0188(8)
Zn2 48f 0.48776(13) 1/8 1/8 0.0109(4)
Zn3 96g 0.05978(6) 0.05978(6) 0.32406(8) 0.0129(4)
UlI’zZl’lzg
U 8a 1/8 1/8 1/8 0.0070(6)
Ir 16d 12 12 12 0.0066(5)
Zn1 16¢ 0 0 0 0.0184(12)
Zn2 48f 0.48704(19) 1/8 1/8 0.0119(7)
Zn3 96g 0.05991(9) 0.05991(9) 0.32339(13) 0.0134(6)
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Table 3
Anisotropic displacement parameters [A?] for UT,Zny (T =Fe, Co, Ru, Rh, and Ir).
Atoms Uy Up Us3 Uz Uss Ups
UFeyZnyo
U 0.0056(7) 0.0056(7) 0.0056(7) 0.00000 0.00000 0.00000
Fe 0.0059(12) 0.0059(12) 0.0059(12) 0.0007(12) 0.0007(12) 0.0007(12)
Zn1 0.0205(12) 0.0205(12) 0.0205(12) —0.0042(12) —0.0042(12) —0.0042(12)
Zn2 0.0108(14) 0.0104(9) 0.0104(9) 0.00000 0.00000 —0.0020(11)
Zn3 0.0152(8) 0.0152(8) 0.0096(11) —0.0036(8) —0.0006(5) —0.0006(5)
UCOzzl’lzo
U 0.0061(8) 0.0061(8) 0.0061(8) 0.00000 0.00000 0.00000
Co 0.0080(13) 0.0080(13) 0.0080(13) 0.0001(12) 0.0001(12) 0.0001(12)
Zn1 0.0250(14) 0.0250(14) 0.0250(14) —0.0042(14) —0.0042(14) —0.0042(14)
Zn2 0.0119(15) 0.0115(10) 0.0115(10) 0.00000 0.00000 —0.0024(12)
Zn3 0.0156(9) 0.0156(9) 0.0093(12) —0.0030(9) —0.0010(6) —0.0010(6)
URu,Znyg
u 0.0060(5) 0.0060(5) 0.0060(5) 0.00000 0.00000 0.00000
Ru 0.0051(6) 0.0051(6) 0.0051(6) 0.0003(5) 0.0003(5) 0.0003(5)
Zn1 0.0185(9) 0.0185(9) 0.0185(9) —0.0049(9) —0.0049(9) —0.0049(9)
Zn2 0.0132(11) 0.0126(7) 0.0126(7) 0.00000 0.00000 —0.0024(8)
Zn3 0.0154(6) 0.0154(6) 0.0094(8) —0.0043(6) —0.0013(4) —0.0013(4)
UhaZl‘lzg
u 0.0056(4) 0.0056(4) 0.0056(4) 0.00000 0.00000 0.00000
Rh 0.0049(5) 0.0049(5) 0.0049(5) —0.0005(4) —0.0005(4) —0.0005(4)
Zn1 0.0188(8) 0.0188(8) 0.0188(8) —0.0055(8) —0.0055(8) —0.0055(8)
Zn2 0.0105(9) 0.0110(6) 0.0110(6) 0.00000 0.00000 —0.0043(7)
Zn3 0.0153(5) 0.0153(5) 0.0082(7) —0.0050(5) —0.0008(3) —0.0008(3)
UlryZnyg
u 0.0070(6) 0.0070(6) 0.0070(6) 0.00000 0.00000 0.00000
Ir 0.0066(5) 0.0066(5) 0.0066(5) —0.0004(3) —0.0004(3) —0.0004(3)
Zn1 0.0184(12) 0.0184(12) 0.0184(12) -0.0037(12) —0.0037(12) —0.0037(12)
Zn2 0.0123(14) 0.0117(9) 0.0117(9) 0.00000 0.00000 —0.0041(12)
Zn3 0.0155(8) 0.0155(8) 0.0093(11) —0.0050(8) —0.0003(6) —0.0003(6)
4. Future prospects of the parent material. As discussed above, the crystal structure of
the UT,Zn,q ternaries can be depicted as a vertex-sharing network
The available literature data on the UT,Zn;,o compounds report of the [U(Zn1)4(Zn3)13] and [T(Zn2)g(Zn3)g] polyhedra (Fig. 2; see
oninteresting physical properties, which are closely related to their also Ref. [14]). Such a description of the crystal lattice implies the
crystal structures [1-7]. One may expect that intentional changes appearance of some voids, which eventually could be filled by small
in the composition of these alloys would yield some significant enough guest atoms [15-17]. As a result, new quaternary com-
modifications in their physical behaviour. For example one may pounds of the same Fd3m symmetry like the parent structure can be
attempt to partially fill the voids, which exist in the crystal lattice obtained. Obviously, general chemical formula of such a quaternary
Table 4
Interatomic distances in UT,Zny (T =Fe, Co, Ru, Rh, and Ir).
C.N. UFEzzﬂzg UCOzZﬂzg URUzano Uhaang Ull'zznzo
u
47Zn1 16 3.0549(2) 3.0433(4) 3.0803(2) 3.0752(2) 3.0761(3)
12Zn3 3.1266(19) 3.109(2) 3.1355(15) 3.1162(12) 3.1074(19)
T
6Zn2 12 2.4987(2) 2.4896(3) 2.5203(2) 2.5169(2) 2.5184(3)
6Zn3 2.7233(19) 2.719(2) 2.7630(15) 2.7726(12) 2.7830(19)
Znl
2U 14 3.0549(2) 3.0433(4) 3.0803(2) 3.0752(2) 3.0761(3)
12Zn3 3.0179(10) 3.0033(12) 3.0342(8) 3.0212(7) 3.0177(10)
Zn2
2T 12 2.4987(2) 2.4896(3) 2.5203(2) 2.5169(2) 2.5184(3)
47Zn2 2.703(4) 2.702(4) 2.744(3) 2.757(3) 2.772(4)
27n3 2.658(3) 2.646(3) 2.679(2) 2.669(2) 2.668(3)
4Zn3 2.7718(17) 2.7634(18) 2.8019(14) 2.8050(12) 2.8079(17)
Zn3
1U 12 3.1266(19) 3.109(2) 3.1355(15) 3.1162(12) 3.1074(19)
1T 2.7233(19) 2.719(2) 2.7630(15) 2.7726(12) 2.7830(19)
2Zn1 3.0178(10) 3.0033(12) 3.0342(8) 3.0212(7) 3.0177(10)
1Zn2 2.658(3) 2.646(3) 2.679(2) 2.669(2) 2.668(3)
2Zn2 2.7718(17) 2.7634(18) 2.8019(14) 2.8050(12) 2.8079(17)
1Zn3 2.637(3) 2.621(4) 2.643(3) 2.620(2) 2.616(4)
27n3 2.691(3) 2.677(3) 2.699(2) 2.688(2) 2.678(3)
27n3 2.836(2) 2.831(2) 2.8776(16) 2.8859(14) 2.898(2)




M. Daszkiewicz et al. / Journal of Alloys and Compounds 517 (2012) 26-30 29

Zn3

Fig. 1. (a) Coordination spheres of all the atoms in UCo0,Znyo. (b) Icosaoctahedral
coordination sphere of the uranium atom shown as an assembly of [U(Zn1),] tetra-
hedron and [U(Zn3);2] truncated tetrahedron. (c) Icosahedral coordination of the
cobalt atom presented as a combination of two trigonal antiprisms created by the
Zn2 and Zn3 atoms.

phase depends on the void to be occupied. The voids available in the
UT,Znyo unit cell are those at the 43m site (x, y, z: 3/8, 3/8, 3/8; 8b
Wyckoff position; see Fig. 2), the .3m site (x,y, z: 0.28275, 0.28275,
0.28275; 32e Wyckoff position) and the ..m site (x, y, z: 0.31525,
0.31525, 0.12868; 96g Wyckoff position). As the distance between
the geometry centers of these voids and the adjacent zinc atoms
is approximately 1.9 A, hypothetically they might be occupied for
example by carbon or boron atoms, hence leading to the formation
of the novel compounds, e.g., UT,Zn;oC, UT;Zny¢Cyq, UT3Zn50C132,
UT2ZnyoCs, UT2Zny0Cq3 and/or UT2ZnyoCq7.

Another route of synthesizing novel phases is to substitute
some of the atoms in the parent material [15-17]. For example,
in the UT,Zn,o compounds, one may attempt to replace part of the
Zn atoms by indium atoms. Because the Zn constituents occupy
three independent Wyckoff positions, i.e. 16c, 48f and 96g, one
can speculate on the existence of UT,Zn;glny, UT2Zn4lng and
UT,Zngln;2, when one of these sites is entirely substituted by the
In atoms, respectively. In case of full replacement on two Wyck-
off positions, UT,Znq;3Ing (16c¢ +48f), UT,ZngIny4 (16c+96g) and
UT,Zn,In g (48f+96g) might be formed.

Despite simplicity of the above considerations, similar approach
has already been proven to be a powerful method for design-
ing “new compounds with predictable structure and with new
(or predictable) properties” [17]. In the present context, it should
be recalled that recently a series of non-stoichiometric alloys
YMn,,sZnyq_y_sIny (x=2.96-3.99, §=0.44-1.24) was synthesized

a

u1

~.Col

Zn2

Fig. 2. (a) Three-dimensional polymeric network of [UZn1],, polyhedra submerged
in (Zn3), cages (left) and fragment of vertex-sharing lattice constructed by
[Co(Zn2)s(Zn3)s] icosahedra (right). Exemplary void of 43m point symmetry is indi-
cated as a white sphere. (b) Unit cell viewed down the [1 1 0] crystallographic axis.

[18], which derives from the hypothetical YMn;Zn,g compound.
The chemical formula of these materials can be written as
YMnj;(Inp 96Mng.44Zn16 60 )-YMny(In3 9g9Mnq 24Zn1477) to empha-
size the fact that they arise by replacement of the Zn1 atoms at the
16c¢ position and the Zn3 atoms at the 96g position by the In atoms
and a mixture of Mn/In atoms, respectively. Worth mentioning are
also two series of rare-earth-based compounds REMn;Znyg_xIny
and REMn,Zn;_xAlx (RE=Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb), in which
Zn atoms are partially substituted by In or Al atoms [19]. Interest-
ingly, in the former alloys preferential occupation of the Zn sites
was observed, whereas statistical distribution of the substituent
was established for the latter one.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.jallcom.2011.11.124.
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