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Abstract

The intermetallic compound Zr;Nijo is a structure-
type representative which was previously reported to
crystallize in the non-centrosymmetric space group
Aba2. In the present work we show that the correct
space group is centrosymmetric Cmca.

Comment

On the basis of metallographic data, Kirkpatrick &
Larsen (1961) assigned the intermetallic phase Zr;Nij
a homogeneity range extending from 56.3 to 58.9 at.%
Ni. In a separate investigation, Kirkpatrick, Smith &
Larsen (1962) investigated its crystal structure as a
function of composition and found that the nickel-
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rich phase (referred to as stoichiometric) crystallized
in the non-centrosymmetric space group Aba2 and
the zirconium-rich phase in the centrosymmetric space
group Pbca. Their work was based on photographic data
(Weissenberg and precession photographs).

Both structures were the first of their types and subse-
quently used as structure-type representatives in crystal-
data compilations (see for example, Villars & Calvert,
1991). In the database of crystal structure types com-
piled by Parthé er al. (1993), the authors noticed that
the stoichiometric phase had a pseudo-centrosymmetric
atom arrangement, but a careful analysis showed that at
least one atom site broke inversion symmetry to a sig-
nificant extent. Since the authors of the original structure
work had considered the possibility of inversion sym-
metry during their data analysis and reached a nega-
tive conclusion, it remained unclear if their space group
assignment was correct or biased by the possible low
quality of the data.

In the present work, we demonstrate that the true
space group of the so-called stoichiometric phase of
Zr7Nijy is Cmca. As shown in Fig. 1, the structure is
composed of pseudo-tetragonal buckled layers (b ~ c,
xnit + aniz = 12, ynin & anizs YNiz + anin 2 172, ywiz
+ 2ni3 =~ /2, yze1 + 2z >~ 12, yz0 ~ 1/4) which are
stacked along the a axis.

The interatomic distances between Zr and its near-
est Ni neighbours (2.60-2.75 A) are significantly shorter
than the sum of the metallic radii (2.84 A), thus indi-
cating strong Zr—Ni interactions. The Ni—Ni distances
(2.62-2.63 A) are longer than, and the Zr—Zr distances
(3.19-3.35 A) similar to, the sum of metallic radii (Ni—
Ni 2.48, Zr—Zr 3.20 A).

The compound is of technological interest because
of its hydrogen-absorption properties and its possi-
ble hydrogen-storage applications (Joubert, Latroche &

Zr4

O'e% 000
@ o o O ©

0.14 -
. \Zr2

O, 800 %

¢ Q0O e

Fig. 1. Structural projection of orthorhombic Zr7Nijo along the a axis
showing the pseudo-tetragonal symmetry of the layers (x = 0 unless
indicated otherwise).
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Percheron-Guégan, 1995). Moreover, its presence in the
form of precipitates in Laves phase hydriding alloys
was shown to improve the electrochemical properties
of nickel metal hydride batteries (Joubert, Latroche,
Percheron-Guégan & Bouet, 1996).

Finally, the crystal structures of Zr;Cu,g, Hf;Niq
and Hf;Cu;g, which were reported to be isotypic with
Zr;Niyy (Kirkpatrick, Smith & Larsen, 1962; Bsenko,
1975) may also have a centrosymmetric atom arrange-
ment, and thus should be reinvestigated.

Experimental

The alloy was synthesized from the elements by induction
melting in a copper cooled crucible under high vacuum,
annealing at 1273 K for 1 month (with the alloy wrapped in
tantalum foil in a silica tube) under high vacuum and at 1413 K
for 4 days under an argon atmosphere. The composition
obtained by electron-probe microanalysis was Zr7 | 2,)Nig g (2).

A single crystal was found in the crushed alloy.

Crystal data

ZI'7Ni|()

M, =12255
Orthorhombic
Cmca .
a=12381(10) A
b=9.185(5 A
c=9221(5) A
V=1048.6 (11) A>
Z=4

D, =7.762 Mg m™>
D,, not measured

Data collection

Philips PW1100 diffractom-
eter

w-286 scans

Absorption correction:
analytical correction
from measured crystal
shape (indexed faces) and
size according to Blanc,
Schwarzenbach & Flack
(1991)
Tin = 0.490, Trax = 0.678

3710 measured reflections

Refinement

Refinement on F?

R(F) = 0.061

wR(F?) = 0.038
S=1.289

720 reflections

46 parameters

w = U[c*(F?) + 0.06F]
(A/Cf)mdx =0. 00012
Apmax = 3.69 ¢ A‘
Apmin = —3.82 ¢ Al

Mo Ka radiation

A=0.71073 A

Cell parameters from 20
reflections

0 = 8.63-28.77°
u=2403 mm~'
T=293K

Parallelepiped
0.077 x 0.051 x 0.016 mm
Metallic silver

799 independent reflections

720 reflections with
FF>0

Riny = 0.052

Omax = 29.99°

h=-17 - 17

k=—-12 - 12
=—-12 - 12

2 standard reflections
frequency: 60 min
intensity decay: 1.25%

Extinction correction:
secondary extinction with
Gaussian distribution
according to Becker &
Coppens (1974)

Extinction coefficient:

4300 (100)

Scattering factors from Inter-
national Tables for X-ray
Crystallography (Vol. 1V)
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Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

ch = (]/3)2,2](]’70: aj’a,».a,.

x Ue

y z

Nil 0.14438 (8) 001115 (12)  0.20822 (9) 00118 @
Ni2 0.35507 (8) 0.29157 (9) 0.00833 (14)  0.0120 (2)
Ni3 0 0.10755 (16)  0.39423 (18)  0.0142 (4)
Zrl 0 0.31219 (12)  0.18847 (13)  0.0135 (3)
72 1/4 025466 (12)  1/4 0.0041 (2)
Zr3 0.30634 (8) 0 0 0.0097 (2)
Zr4 0 0 0 0.0078 (3)

The refined lattice parameters agree to within 30 with the
results of Kirkgatrick, Smith & Larsen (1962). The precision
achieved (107°) is typical for a laboratory diffractometer
and crystals of intermetallic compounds. Most differences of
the positional parameters in the non-centrosymmetric model
from their associated positions in the centrosymmetric model
are less than 60. Only Ni2 (which splits into two atoms in the
non-centrosymmetric model) differs by 200 in x and 15¢ in z.
However, the displacement ellipsoid of Ni2 is quite isotropic.
The origin shift between the model in Cmca and the model
in Aba2 is —0.693, 1/2, 1/2. The transformation is ¢, —b,
a. The non-centrosymmetric model shows some very short
distances (Zr—Ni = 2.38 A, Ni—Ni = 2.15 A). The residual
in the electron density map and the inhomogeneous equivalent
isotropic displacement parameters of the Zr atoms are probably
due to the small size of the crystal and difficulty in correctly
indexing all faces to determine the shape of the crystal.

Data collection: PW1100 software (Philips, 1974). Cell
refinement: LATCON in Xtal3.2 (Hall, Flack & Stewart, 1992).
Data reduction;: REFCAL and SORTRF in Xtal3.2. Program(s)
used to refine structure: LSLS in Xtal3.2. Software used to
prepare material for publication: BONDLA and CIFIO in
Xtal3.2. Structure tidying routines: Gelato & Parthé (1987).

Zr7Nijo

The authors wish to thank Mrs B. Kunzler for help
with the structure drawing. This work was supported by
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Federal Office of Energy.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: JZ1204). Services for accessing these
data arc described at the back of the journal.
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