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Abstract

We have determined the magnetic structure of the orthorhombic (Cmcm) intermetallic compound DyFe¢Sne by neutron powder
diffraction. The Fe sublattice orders antiferromagnetically at 559(5) K with moments along [100] and a propagation vector k; = [010].
At 3.6 K, the Fe magnetic moment is 2.6(4)ug. The Dy sublattice orders at 19(2) K, quite independently of the Fe sublattice. The Dy
order is canted and comprises ferromagnetic order along [00 1] and antiferromagnetic order along [0 10]; the respective propagation
vectors are [000] and [010]. At 3.6 K, the Dy magnetic moment components are FM 5.0(3)uz and AF 1.6(3)ug, leading to a net Dy
moment of 5.2(4)up and a canting angle of 17(4)° away from the crystal c-axis towards the b-axis.

© 2006 Elsevier B.V. All rights reserved.

PACS: 75.25.+z; 75.50.Ee; 76.80. +y

Keywords: Rare-earth intermetallics; Magnetic ordering; Neutron diffraction

1. Introduction

The magnetic ordering processes of the R and Fe
sublattices in the RFesGes and RFegSng (R = rare-earth)
intermetallic compounds are independent of one another
(e.g. Ref. [1]). The Fe sublattice orders antiferromagneti-
cally and its Néel temperature remains essentially constant
across a series at ~485K for RFeqGegs or ~560K for
RFesSng. The magnetic ordering of the R sublattice occurs
two orders of magnitude lower in temperature than the Fe
ordering. For R =Gd - Er, the rare-earth sublattice
ordering temperatures range from 45K for GdFeqSn¢ to
3K for ErFesGeg, without affecting the Fe order.

Structurally, the RFesGeg and RFesSng compounds are
formed by placing R atoms between the hexagonal Fe
planes of the parent FeGe or FeSn (B35) structure,
resulting in orthorhombic or hexagonal structures. The
orthorhombic structures are related to the underlying
hexagonal cells: a(ortho) is parallel to c(hex) and c(ortho)
is parallel to a(hex). The magnetic independence of the R
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and Fe sublattices is a direct consequence of this layered
structure. The binary FeGe/FeSn structure comprises
ferromagnetic Fe planes coupled antiferromagnetically to
each other [2,3] and the local environment of the R atoms
in the RFesGeg and RFeqSng structures leads to a net
cancellation of the Fe—R exchange at the R sites, isolating
them from the ordering of the Fe moments.

We have previously reported the results of our °’Fe
Maoéssbauer study of the entire RFesGeg series [4]. The
hyperfine field at the °’Fe nuclei is virtually independent of
the rare-earth present and our low-temperature Mdssbauer
studies show no evidence that the magnetic order of the Fe
sublattice is affected by the ordering of the R sublattice, in
agreement with neutron diffraction work. We have also
carried out ''’Sn Méssbauer work on the RFeqSng series
[5-7]. The Sn atoms are non-magnetic but two-thirds of the
1980 nuclei experience transferred hyperfine fields of about
24T from the magnetic Fe sublattice, in full agreement
with our determinations of the magnetic structure of the Fe
sublattice.

In this paper we determine the magnetic structures of the
Dy and Fe sublattices in DyFesSng using high-resolution
neutron powder diffraction.
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2. Experimental methods

The DyFe¢Sne sample was prepared by arc-melting
stoichiometric amounts of the pure elements (Dy: 99.9%,
Fe: 99.95%, Sn: 99.999%) under Ti-gettered argon. The
arc-melted ingot was turned and re-melted four times to
promote homogeneity. The sample was subsequently
annealed at 900°C for two weeks, sealed under vacuum
in a quartz tube.

Powder X-ray diffraction was carried out using CukK,
radiation on an automated Nicolet-Stoe diffractometer.
The Néel temperature of the Fe sublattice in DyFesSns was
measured by differential scanning calorimetry on a
Perkin—Elmer DSC-7, using the heat capacity peak at Ty
as the signature of magnetic ordering. The ordering
temperature of the Dy sublattice was determined by AC-
susceptibility measurements made on a Quantum Design
PPMS with an AC magnetic field of 700 A/m (rms) and a
frequency of 137 Hz.

Neutron powder diffraction experiments were carried
out on the E9 Fine Resolution Powder Diffractometer
(FIREPOD) at the BER-II reactor, BENSC, Hahn-
Meitner Institute, Berlin, Germany, and the DUALSPEC
C2 high-resolution powder diffractometer located at the
NRU reactor, Chalk River, Canada. The neutron wave-
lengths were 1.5831(1) A on FIREPOD, and 2.3685(1) A on
DUALSPEC. The crystal structure was determined on
DUALSPEC at 600K with a wavelength of 1.3278(1)A.
Patterns were obtained over the temperature range 3—600 K
and all diffraction patterns were analysed by the Rietveld
method using FULLPROF [8]. All refinements included
correction for the high neutron absorption by Dy.

3. Results and discussion

The annealed sample of DyFesSng was virtually single-
phase, with a trace of Dy;;Sn;y (tetragonal I4/mmm)
present in the amount <3 wt%, as determined from the
refinements of the X-ray and neutron diffraction patterns.
The Néel temperature of the Fe sublattice in DyFegSng is
559(5) K. This value compares well with the value of 561 K
determined by Rao [9]. Our previously determined Néel
temperature of the Fe sublattice in YFegSng is 558(5) K [3],
consistent with the fact that the R** ion has essentially no
influence on the Fe ordering. AC-susceptibility measure-
ments (Fig. 1) show that the Dy sublattice orders
magnetically at 19(2) K.

In Fig. 2 we show neutron diffraction patterns of
DyFe¢Sng obtained on DUALSPEC. The crystal structure
of DyFe¢Sng is orthorhombic TbFesSng-type, with the
space group Cmcm (#63) [1,10]. The lattice parameters and
atomic positions of DyFesSng were determined by refine-
ment of the neutron powder diffraction pattern obtained at
600 K. The lattice parameters are: a = 8.9384(4)A, b=
18.7625(9) Aand ¢ = 5.4368(3) A. The conventional refine-
ment R-factors (%) are: R(Bragg) =4.5, R(F-struct.) =
3.2, R(wp) =6.9 and R(exp) =2.1. The refined atomic
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Fig. 1. AC-susceptibility trace of DyFesSns showing the magnetic
ordering of the Dy sublattice at 19(2) K.
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Fig. 2. Neutron powder diffraction patterns of DyFe¢Sns obtained at (top
to bottom) 600, 50 and 3.6 K. A =2.3685(1)A, except for the 600K
pattern where 4 = 1.3278(1) A.
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Table 1

Atomic positions in DyFegSng at 600 K

Atom Site X y z
Dy 4c 0 0.1297(5) %
Fe 8d 71‘ % %
Fe 8e 0.2464(9) 0 %
Fe 8¢ 0.2467(7) 0.1240(11) %
Sn 4c 0 0.0435(15) %
Sn 4c % 0.0412(15) %
Sn 4c 0 0.2102(16) }‘
Sn 4c % 0.2087(16) 4-1‘
Sn 8g 0.3301(7) 0.1230(7) %

position parameters are given in Table 1. The refined values
of Bjso at 600K are 2.7(1), 1.8(1) and 1.8(1)1&2 for Dy, Fe
and Sn, respectively.

The neutron diffraction pattern of DyFesSng obtained at
50 K comprises nuclear scattering plus magnetic scattering
from the Fe sublattice only. As in the case of YFesGeg [11],
which has the same crystal space group as DyFesSng, the
magnetic ordering of the Fe sublattice in DyFegsSng results
in the appearance of extra peaks with the condition 4 +
k = odd (nuclear scattering peaks obey h + k = even for
the Cmem space group). Thus, we describe the Fe order as
anti-C i.e. Fe moments related by the C-translation —l—(%%O)
are antiparallel. We have described the procedure for
determining the magnetic ordering mode of the Fe
sublattice in detail in our paper on YFesGeg [11].

We obtained the best fit to the 50 K neutron diffraction
pattern of DyFesSng with the Fe moments oriented along
[100] with a propagation vector [010]. This ordering is a
common feature of the RFecGes and RFeqSng series ([1]
and references therein). The refined Fe magnetic moment in
DyFesSng at 50 K is 2.2(6)up and the magnetic space group
of the Fe sublattice is antiferromagnetic Cpm’'c’'m’. As
described earlier, we confirmed the Fe sublattice magnetic
ordering mode deduced from our neutron scattering
experiments by ''°Sn Méssbauer spectroscopy.

The magnetization of a powder sample of DyFesSng was
measured at 2K in magnetic fields up to 9T. The slow
approach to saturation of the magnetization with applied
field indicates that the Dy sublattice order involves both
ferromagnetic and antiferromagnetic components. The
magnetization at 2K is far from saturated at 9T and
reaches 36.5J/T/kg in 9T which corresponds to a Dy

moment of 7.9ug, significantly lower than the free-ion
moment of 10ug. Clearly, the antiferromagnetic Dy
component has not ‘closed-up’ by 9T.

The neutron diffraction pattern at 3.6 K shown in Fig. 2
confirms the existence of FM and AF order in the Dy
sublattice, as suggested by our magnetization data. At
3.6K, the best fit to the diffraction pattern yielded Dy
magnetic moment components of FM 5.0(3)up along [00 1]
and AF 1.6(3)ug along [0 1 0], leading to a net Dy moment
of 5.2(4)up and a canting angle of 17(4)° away from the
crystal c-axis towards the b-axis. The Dy ordering mode is
FzAy using standard notation. The reduction in Dy
moment from the ‘free-ion’ value is most likely due to
crystal-field effects. The refinement R-factors (%) are:
R(Bragg) = 7.8, R(F-struct.) = 4.7, R(mag-Fe) = 12.8 and
R(mag-Dy) = 12.5.
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