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Abstract

The refinement of the crystal structure of the Zr,CuSh, compound was performed using X-ray diffraction data. It is the first
representative 9f anew structure type of intermetallic compound. It is tetragonal, with space group SG P-4m2, and with cell parameters
a=23.9404(1) A, c=8.6971(2) A. Isostructural compounds were found in the M—Cu—Sh systems with M =Ti and Hf and their structure
was refined as well. O 2001 Elsevier Science BV. All rights reserved.
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1. Introduction

Study of the affinity and reaction at 770 K between the
components of the M—Cu—Sb systems where M =Ti, Zr,
Hf, leads to the discovery of new compounds having the
approximate composition M 33,Cu, ;,90, 5. Analysis of
the crystal structure of these materials by using X-ray
powder diffraction techniques was required before the
establishment of potential structural relationships with
other ternaries and, then, the analysis of the metal atom
coordinations.

2. Experimental

Samples were prepared by arc melting pieces of the
constituent metals in an argon atmosphere. The starting
element purities were of 99.93 wt% for titanium, zir-
conium and hafnium; 99.96 wt% for copper and of 99.99
wt% for antimony. After melting, the resulting buttons
were annedlled in quartz ampoules first evacuated, then
argon gas filled, maintained at 770 K for 2 days and then
water quenched.

The data collections used for the crystal structure
determinations were recorded using a HZG-4A and a
Siemens D-5000 powder diffractometers both equipped
with CuKa radiation. The structure refinements were
performed by using the DWB program [1].
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3. Results and discussion

Detailed crystal structure investigations have been car-
ried out on different compounds having the same nominal
composition M ;,Cu, 1,Sb, 5, with M=Ti, Zr, Hf. The
cell parameters of the tetragona phases were determined in
a first step, and they are reported in Table 1.

For the first attempts, the analysis of the structure was
undertaken on the basis of the Cu,Sb type (SG P4/nmm,
a=3.992 A, ¢c=6.091 A), to which both the general
composition and the cell parameters can be roughly
related, taking into account the differences in size of the
elements. Moreover the observed extinction rules were
found in agreement with the latter space group. The
elemental composition was distributed on three different
sites with for example, 2 Zr in 2c, 2 Sb in 2a and

Table 1

Summary of crystallographic data

Formula Ti,CuSb,  Zr,CuSh, Hf,CuSh,
Crystal system tetragonal  tetragonal tetragonal
Space group P-4m2 P-4m2 P-4m2

a (A) 3.9238(2)  3.9404(1) 3.9216(1)
c (A) 8.6445(5)  8.6971(2) 8.5947(2)
cell volume (A®) 133.09 135.04 132.18
Radiation used Cu-Ka Cu-Ka Cu-Ka
Diffractometer HZG-4A Siemens D5000 HZG-4A
Number of atom sites 4 4 4
Number of free parameters 25 25 25

26 range 20-140 15-144 15-139
Collected reflections 200 210 206
R:—R, 6.40-8.47 6.80-8.96 5.32-6.97
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Table 2
Comparison of the atom site distributions in the P4/nmm and P-4m2
space groups

P4/nmm P-4m2

M 2 0 1/2 z M 29 O 172 z

Sb 2 0 112 2z Sh2 29 O 1/2  z

(Cu,Sh) 2 0 O 0 Cu la O 0 0
Sbl b 1/2 1/2 0

1(Cu+3Sb) in 2a. Using a Rietveld type of procedure [1],
the refinements yield too large R-factor values.

Splitting of the 2a position which was previously
considered as statistically occupied by 0.5Cu+ 0.5Sb, leads
us to take into consideration the SG P-4m2, which aso
fulfills the extinction rules. The corresponding refinements
of the crystalographic structure retained the full occupa
tion of a 2g site by M, a second 2g site by Sb (called Sb2),
a la site by Cu and a 1b site by Sb (called Sbl). Table 2
contains the two sets of metal atom distributions refer-
enced to the respective space groups mentioned here
above. The second set of atom positions indicates a full
ordering of the three different elements constituting the
structure.

Quite reasonable agreement factors (5.3<R-<6.8) were
achieved when using the P-42m description. Comparison
of the crystal data and related measurements are reported
in Table 1. The atomic parameters, the atom coordinations
as well as the refined temperature factors are given in
Table 3 for the three refined compounds with M =Ti, Zr
and Hf.

Fig. 1 shows both the projection of the unit cell of the
Zr,CuSh, structure onto the y—z plane and the coordina-

Table 3

M,CuSh,: atomic sites, position parameters and temperature factors
Atom Cuinla Sblinlb M=Ti, Zr,Hfin2g Sb2in2g
Ti ,CuSh,

x/a 0 1/2 0 0

y/b 0 1/2 1/2 1/2

zlc 0 0 0.7315(5) 0.3835(5)
Occupation 1 1 1 1

B, (A%) 050(5)  1.00(5) 0.55(5) 1.00(5)
Zr ,Cush,

x/a 0 1/2 0 0

y/b 0 1/2 1/2 1/2

zlc 0 0 0.7365(5) 0.3835(5)
Occupation 1 1 1 1

B, (A®)  055(5) 085(5)  1.00(5) 0.90(5)
Hf,CuSb,

x/a 0 1/2 0 0

y/b 0 1/2 1/2 1/2

zlc 0 0 0.7340(5) 0.3820(5)
Occupation 1 1 1 1

B, (A% 050(5)  0.95(5) 0.95(5) 1.00(5)

Fig. 1. Up: projection of the Zr,CuSh, unit cell onto the y—z plane;
down: coordination polyhedra of the different metal sites, from left to
right Sb2 (2g), M (2g), Sbl (1b), Cu (1a).

tion polyhedra of the different atoms. The interatomic
distances shorter than 3.1 A are listed in Table 4.

In the presented compounds, the first example of a new
type of ternary intermetalics, al of the three types of
atoms do not exhibit close contact distances with the same
one type of element as shown in Table 4. The first
coordination shell of the Sbl atom is unlikely made by
metal element M and Cu, unlike that of the copper atom
which has mixed coordination.

The Zr,CuSh, crystal structure can be represented as the
juxtaposition  of  double tetragona antiprisms
(1Zr.4Sh.2Cu.2Sh) and tetrahedral (4Sbh) prisms as shown
in Fig. 2. Another way to describe the structure is to
consider two identical nets of Sb1 and M atoms relatively
shifted each other by a/2, which are separated by square
centered nets formed with Cu and Shl atoms as repre-
sented in Fig. 3.

A consideration of the Fe,As structure is that it is a
parent structure of the Cu,Sb one [2], and is a reference to
agenera picture based on the description of the metal sites
and lattices [3], the first coordination polyhedra of the
elements are, respectively: for Fel (28) a As-tetrahedron,
for Fe2 (2¢) a square based As pyramid, for As (2¢) a

Table 4 .

Interatomic distances (A) in the M,CuSb, compounds

Atoms Ti Zr Hf

Cu (1a) 4 Shl (1b) 2775 2.786 2773
4XM (2g) 3.040 3.021 3.011

1 (1b) 4XCu (13 2.775 2.786 2773
4XM (2g) 3.040 3.021 3.011

M (2q) 4X Sh2 (29) 2.948 2.976 2.948
2XCu (19 3.040 3.021 3.011
2XShl (1b) 3.040 3.021 3.011
1Xx Sh2 (29) 3.006 3.073 3.025

D2 (2g) 4XM (29) 2.948 2.976 2.948
1XM (29) 3.006 3.073 3.025
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Fig. 2. Stacking of a bi-layer of tetragonal antiprism (1Zr.4Sh.2Cu.2Sb)
and a mono-layer of Cu atoms.

triangular based prism of Fe plus three equatorial Fe. The
location of the M1 and M2 in As (X: a p-element) four-
and five-fold coordinations were analysed in terms of
selective criteria such as the size and the relative elec-
tronegativity of the metal atoms [3]. Here, the situation is

Fig. 3. Presentation of the new Zr,CuSh, structure as mixed nets of
Zr—Sh2 (29 sites) and of Cu—Sbl (1a and 1b sites).

not exactly so well defined since the structure is built from
similarly big atoms (except Cu) located in 2g (M and Sb)
and in 1b (Sh). Nevertheless, for Cu and Sbl it is possible
to distinguish a tetrahedral environment formed with four
M atoms, for Sb2 it is possible to consider a pyramidal
environment formed with (4+1) M atoms, for M thereisa
nine-coordinated environment formed with (4+2) (Sb2+
Sbl) and (2+1) (Cu+ Sh2). From this rough analysis, one
can see that here M (metal) takes a similar place as Sb
(p-element) in Cu,Sh, here Sbl (p-element) is apparented
to Cu2 (metal) in Cu,Sh, Sbl (p-element) and finally Cu
(metal) is equivalent to Cul (metal) in Cu,Sb. So, we can
consider that the new Zr,CuSh, is not exactly an ordered
derivative of the Cu,Sb type, but more realistically, should
be considered as an anti-structure of the same prototype
Cu,Sh. A similar feature with the splitting of the 2a
position of the Cu,Sb structure (SG P4/nmm) in two
positions 1la and 1b (SG P-4m2) was reported for Rh;P,
except that position 1b is vacant [4].

In a forthcoming paper, we will analyse the characteris-
tics of the new Zr,CuSh, type in terms of electronic band
structure calculations.
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