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Abstract

The crystal structure of the compound CeNi Sn has been studied by time-of-flight neutron diffraction at room temperature. The
hexagonal structure of this compound was confirmed and the site occupancy of the Ni and Sn compounds was studied in more detail. The
neutron diffraction data show that only the 2b and 2c site are exclusively occupied by Ni atoms whereas Ni shares the other non-rare earth

sites with Sn. [0 1998 Elsevier Science S.A. All rights reserved.
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1. Introduction

In several previous investigations we have studied the
crystal structure and site occupations of the constituent
atoms in several ternary Ce compounds in order to study
how far the valence of Ce is dependent on the nature of its
nearest neighbour shell. In the present investigation we
have extended previous structural investigations of ternary
Ce compounds [1-3] to the crystal structure and magnetic
properties of the compounds CeNi Sn.

2. Experimental procedures and results.

The CeNi Sn compound was prepared by arc melting
starting materials of at least 99% purity. After arc melting,
the sample was wrapped into Ta foil and vacuum annealed
inside an evacuated quartz tube at 850 °C for several
weeks. The annealed sample was investigated by X-ray
diffraction. The X-ray pattern was mostly single phase, and
was indexed according to the hexagonal CeNi Sn type of
structure [4]. Indications were obtained of the presence of
small amounts of Ni,Sn as an impurity phase. From
magnetic measurements made on a SQUID magnetometer
in the temperature range 4.2—-350 K it could be derived
that there is a second impurity phase consisting of a
Ni,_,Sn, solid solution with x=0.09, having a Curie
temperature of about 350 K. From the saturation mag-
netisation we derived that only about 2.7% of this phase is

present, although it dominates the magnetisation complete-
ly in the whole temperature range and makes it impossible
to obtain reliable information on the magnetic properties of
the main phase CeNi Sn.

The neutron powder diffraction experiments were made
on the POLARIS high-intensity powder diffractometer, a
facility present at the I1SIS spallation neutron source [5].
Data were collected in the backscattering mode (20 =145
deg) over the entire 20 ms time frame between I1SIS pulses,
providing a range of accessed d-spacings from 0.4 to 1.8
A. The instrumental resolution, Ad/d=0.005, is constant
over this range. The diffraction data were collected at 295
K.

3. Neutron diffraction data analysis

We analysed the neutron diffraction data collected on
the POLARIS diffractometer by the Rietveld technique [6],
using the programs TF15LS based on the Cambridge
Crystallography Subroutine Library, CCSL [7] and GSAS.
These programs are able to least-squares refinement of
time-of-flight neutron powder diffraction data. They are
based on a pesk-shape function that is a convolution of a
modified |keda—Carpenter lineshape and a Voigt function
[8]. The appropriate nuclear scattering lengths employed in
the refinement (b.,=0.484x10"** cm, by, =1.03x10 **
cm, bg, 0.6228x10°** cm) were taken from the most
up-to-date tabulation available [9]. The hexagonal
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Fig. 1. Observed, calculated and difference neutron time-of-flight diffrac-
tion pattern of the CeNi Sn compound at 293 K.The vertical bars indicate
calculated peak positions. The bottom line of bars refer to calculated peak
positions for the main phase, CeNi Sn, the middle row of lines refers to
the second phase, hexagonal Ni,Sn and the top row refers to the third
impurity phase, cubic Ni, ¢, SN, oq-

CeNi Sn structure (space group P6,/mmc, No0.194) was
used as trial structure, with Ce in 2a and 2d, the assump-
tion of a statistical distribution of the Ni and Sn atoms over
the 4f,, 4f,, 2c, 2b, and 12k sites, and the additional
congtraint that the overall composition be fixed by the
nomina composition. The Ce position at 2a was chosen as
origin of the unit cell. Consequently, only the following
parameters were refined: unit cell constants, individual
isotropic temperature factors for al sites, relative site
populations of the Ni and Sn atoms over the 4f, 4f,, 2c,
2b, and 12k sites, a scale factor, and peak profile and
background parameters. A total of 1311 overlapping and
independent reflections were analysed.

The initial refinement results were not very satisfactory.
From the X-ray diagrams indications were obtained that
small amounts of the hexagonal Ni,Sn phase are present as

an impurity. Similarly, from the magnetic measurements it
was derived that about 2.7% of Ni,4,Sn, ., are present.
These two impurity phases were included in the refine-
ment. The relative amounts of the two impurity phases
derived from the refinement are 3.5 wt% for NizSn and 2.5
wt% for Nig ;SN oe-

The results of the refinement are displayed in Fig. 1.
Atomic position parameters and occupancies for CeNi_ Sn
are listed in Table 1. It follows from the data listed in the
table that there is a strong preference for the Sn atoms to
occupy only one (4f,) of the four available sites. The Sn
atoms avoid the 2c and 2b sites completely, and for the
12k site the interchange with Ni atoms is only very
modest. These results only partialy confirm conclusions
reached earlier by means of X-ray diffraction [4] that
indicated CeNi Sn to be a true ternary compound.
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Refined parameters for the compound CeNi Sn

Atom Position X y z Occ. Temp. Factor
Ce 2a 0.0000 0.0000 0.0000 1.00 0.51(6)
Ce 2d 0.3333 0.6667 0.7500 1.00 0.86(6)
Ni 4f, 0.3333 0.6667 0.0421(1) 0.87 0.98(3)
Sn 0.13
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Sn 0.83

Ni 2c 0.3333 0.6667 0.2500 1.00 1.08(4)
Sn 0.00

Ni 2b 0.0000 0.0000 0.2500 1.00 0.86(4)
Sn 0.00

Ni 12k 0.1662(1) 0.3325(3) 0.14550(4) 0.97 0.50(1)
Sn 0.03

Space group P6,/mmc Lattice constants: a=4.88451(5) A, ¢=19.7026(4) A

Ryp=3.1%, Ry, =0.94%, Ry.,,=3.6%, x’=10.87.
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