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By means of neutron diffraction the magnetic structure of the Er,Pt, antiferromagnet (7x = 9 K),
space group Pnma is studied. The magnetic cell (2a, b, ¢) is twice the crystallographic one. A reduc-
tion of the magnetic moments is observed because of the crystal field effects. Magnetic atoms are
divided into four sublattices. This leads to a non collinear magnetic structure with different easy
magnetization directions, which originate from the strong magnetocrystalline anisotropy in com-
pounds with very low symmetry.

Mittels Neutronenbeugung wird die magnetische Struktur von Er,Pt, einem Antiferromagnet
(T'x = 9K), Raumgruppe Pnma, untersucht. Die magnetische Zelle (2a, b, ¢) ist die zweifache
kristallographische Zelle. Eine Reduzierung des magnetischen Moments wird auf Grund der
Kristallfeldeffekte beobachtet. Die magnetischen Atome sind in vier Untergitter geteilt. Dies fiihrt
zu einer nichtkollinearen magnetischen Struktur mit unterschiedlichen Richtungen der leichten
Magnetisierbarkeit, was von der starken magnetokristallinen Anisotropie in Verbindung mit sehr
niedriger Symmetrie herrithrt.

1. Introduction

The R,Pt compounds (R rare earth) crystallize in the orthorhombic Ni,Si-type struc-
ture [1]. The magnetic properties of these compounds have been recently studied [2].
From Gd to Ho they are ferromagnetic with Curie temperatures between 155 K
(GdyPt) and 17 K (Ho,Pt). Er,Pt and Tm,Pt have an antiferromagnetic behaviour,
with Néel temperatures of 9 and 5 K, respectively. In Fig. 1, we present the magnetiza-
tion curves of Er,Pt at different temperatures. Below 7'y metamagnetic transitions
are ohserved at 4.2 and 7 K, around 12 kOQe.

The magnetic structure of the Th,Pt [3] ferromagnet was investigated recently.
A complex non-collinear structure was found and narrow walls between magnetic
domains were observed at very low temperatures. These magnetic properties result
from competition between indirect exchange interactions and large magnetocrystalline
anisotropy.

In order to determine the magnetic structure of Er,Pt we have performed neutron
diffraction experiments that are presented in this paper.

2. Experimental

The erbium and platinum used were 99.9 and 99.999, pure, respectively. Poly-
crystalline samples were induction melted in a cold crucible. No extra phase was
observed as far as could be seen by the Debye-Scherrer pattern. Neutron diffraction
experiments were performed at the Centre d’Etudes Nucléaires of Grenoble (C.E.N.G.)
at 4.2 and 77 K.

1) 25, Avenue des Martyrs, 166X, 38042 Grenoble Cédex, France.
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3. Crystallographie Structure

The orthorhombic structure of Er,Pt belongs to the Pnma space group. The lattice
parameters of the orthorhombic cell which contains four formula units are a =
= 0.7037 nn1, b = 0.4705 nm, and ¢ = 0.8668 nm. All the atoms lie in the 4c¢ site
with m(C,) symmetry. The positions of the four atoms in this site are (1) in (x, 1/4, z);
(2) in (—wx, 3[4, —2); 3) in (1/2 —a, 3/4,1/2 + 2), and (4) in (1/2 + =, 1/4, 1/2 — z).
In Fig. 2a, we present the neutron diffraction pattern performed at 77 K, i.e. above
the Néel temperature.

The observed peaks are characteristic of the Ni,Si structure and can be indexed
with the parameters listed before. Selection rules of the crystallographic Pnma group
are satisfied: the Bragg peaks (h, k, 0) with A = 2nr 4 1 and (0, k, ) with k + 1 =
= 2n + 1 do not appear. The intensities were calculated with the Fermi lengths
bpr = 0.79 X 10712 em and bpy = 0.95 x 10712 ¢m.

We have refined the atomic positions comparing the calculated and observed inten-
sities which are presented in Table 3. The reliability factor is, B = | I,ps — Leal[Lops =
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“ Fig. 3. Magnetic structure of Er,Pt. y = 1/4: O Er, o Pt;
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Table 1

Positions of the eight erbium and four platinum
atoms in Er,Pt

atoms @ z
Er(I): 1,2, 3,4 0.860 0.080
Er(1I): 5,6, 17, 8 0.988 0.671
Pt 0.248

0.094

= 4.459,, and the atomic positions are reported in Table 1; they are close to those
determined in Gd,Pt [1] and Th,Pt [3]. The crystallographic structure of Er,Pt is
shown in Fig. 3.

4. Magnetic Strueture

At 4.2 K, the neutron diffraction pattern (Fig. 2b) exhibits a set of new peaks, which
are indexed in a magnetic cell of parameters (2a, b, ¢). The propagation vector of the
magnetic structure is then k = (1/2, 0, 0). No increase of the intensity of the nuclear
peaks is observed.

In order to determine the possible configuration of the magnetic moments, we used
the macroscopic method proposed by Bertaut [4], which allows to select the different
possible configurations of the magnetic moments, and which apply when the main
contribution to the magnetic energy is of second order. We must determine the ir-
reducible representation of the Pnma group, G, associated with the propagation
vector k = (1/2, 0, 0). We choose as generating elements of the Pnma group, the
screw axis 2y, at (z, 1/4, 1/4) and 21, at (1/4, 0, z) and the inversion centre 1 at (0, 0, 0).
The other five elements of the Pnma group are: the identity E, the screw axis 2;, =
= 21,21, at (1/2, y, 0), and the mirrors, n; = 21, I at (1/4, y, 2); my, = 21,1 at (x, 1/4, 2),
and a, = 2;,1 at (z, y, 1/4). The elements of this G4, Pnma group associated with
k = (12,0, 0) do not commute, and only two irreducible representations of second
order appear. In Table 2 we show the irreducible representations and their basis
vectors for the two different sites.

The basis vectors associated with the I'; representation are in the b-direction and
they cannot account for the observed intensities of the (1/2,0,0) and (3/2, 0, 0)
peaks, which have a very simple expression for the magnetic structure factors. Then
the basis vectors of the two sites belong to the I', representation and the moments
must be in the (z, z) plane, however in this representation a lot of possibilities remain
possible. A refinement of the magnetic intensities for each possibility led to the basis
vectors: Ap, and Gy, for the Er(I) atoms and Ajp, and Fiy, for the Er(1I) atoms. The
components of the magnetic moments of the two erbium sites, which gave the best
agreement between the observed and the calculated intensities (Table 3), are reported
in Table 4. The moments on each site are very close (m; = 5.6up and my; = 6.0ug).
The resulting magnetic structure isshown in Fig. 3. From all the refinements performed
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Table 3

Observed and calculated neutron diffraction intensities at 77 and 4.2 K in Er,Pt

77K 42K
o A e

h k l 6 I(lz\al I(j‘)\bs Igz\l cal 7 I(al Iobs
12 0 0 330 0 0 48.7 48.7 455
2 0 1 630 0 0 134 13.4 25.0
1 0 1 853 0.4 0 0 0.4 0
32 0 0 994 0 0 60 6.0 10.1
0o 0 2 1077 4.0 5.2 117.0 115.7
12 1 0 1046 0 } 0 1130“3'O
0 1 1 1130 2.9
12 0 2 1128 0L 29 3.2 879 981  101.0 104.8
32 0 1 11.32 0 10.3
2 1 1 1178 0 0 sa 6 85.6 81.5
1 0 2 1268 6.4 9.0 6.4 9.0
11 1 1313 10.3}134 13.4 0 } 13.4 13.4
2 0 o0 1331 3.1 0
2 0 1 1439 4.2} o 4.2 0 }2 0 24.2 35.7
332 1 0 1411 0 ’ 20.0
32 0 2 1474 0 5.3
12 1 2 1510 ol o 0 30.50175.0  175.0 184.8
32 1 1 1514 0 130 2
11 2 1620 1528 145.0 152.8 145.0
2 1 0 1671 477 0
12 0 3 1663 o b 77 480 56141087 1564 143.2
52 0 0 1672 0 52.6
2 0 2 1725 482 0
2 1 1 1759 2100 0
1 0 3 1764  424%3006  307.9 o 11808 4904 500.2
52 0 1 1761 0 56.5
32 1 2 17.89 0 133.3
0 1 3 1921 2028 ol
32 0 3 1922 0 211.6 44| . 278.0 201.9
12 1 3 1951 o (2028 58.3]’ .2
52 1 0 1959 0 12.5
2 1 2 20.05 15.0 0]
0 2 0 2014 2030 0|
1 1 3 2040  13.3{2283  226.0 0 \163.s 3921 408.4
52 0 2 2007 0 6.8
52 1 1 2037 0 79.7
12 2 0 2043 0 77.3
3 0 1 2096 641 0
2 0 3 2127  36.4%100.5 85.4 0o U551 1556 132.7
12 2 1 2119 0 55.1
0 0 4 2195 550 0
1 2 1 2202 0.8 60.9 0 156.7 155.3
32 1 3 2181 o (98 94.5(100-9
12 0 4 2992 0 6.4

R = 4579 R = 5.739,
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for the other possibilities belonging to I', we can assure that the proposed model is
the only one which accounts for the observed magnetic intensities.

Table 4
Characteristics of the magnetic structure of Er,Pt

atoms basis vectors M (ug) M (ug) | M| (ug) angle with
Oz axis

Er(I) 1,2,3,4 (44, G) 4.8 2.9 5.6 —31.7°

Er(1l) 5,6, 7, 8 (A4, F,) 3.0 5.2 6.0 60.6°

5. Diseussion

The antiferromagnetic structure of Er,Pt is complex and non-collinear. All the moment
lie in the mirror plane perpendicular to the [0, 1, 0] direction. The magnetic cell is
twice the crystallographic one. In the (z, z) plane four easy magnetization directions
appear, moments of 1 and 2 are perpendicular to those of 6 and 7: from one cell to the
other along @, the moments of two atoms lying in the same position are antiparallel,
leading to the antiferromagnetic character of this compound. This type of double cell
antiferromagnetic structures was found also in rare earth—aluminium [5] intermetallic
compounds. Because of the difference of surroundings arising from the low symmetry,
the magnetic atoms are divided into various sublattices with different easy magnetiza-
tion directions. The complex magnetic structure of Er,Pt results from a competition
between the strong magnetocrystalline anisotropy and long-range exchange inter-
actions.

The magnetic moment in zero applied field, determined by neutron diffraction,
reaches only 5.6up and 6.0y, for each site, respectively, values which are smaller than
the free Er3* one (9uy). This reduetion is similar to that observed in Th,Pt (5.6up) and
is a result of the crystal field effects. The surrounding of the atoms of each site being
different the reduction of the magnetic moment by the crystal field can be different.
This is confirmed by a crystal field calculation that we have performed in the over-
simplified point charge model.

All these properties confirm again [6, 7] the important role of the crystal field
effects in the compounds with low symmetry.
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