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1. Introduction

In this paper the results of the magnetic and neutron diffraction measure-
ments of the ThTSby (T =Cu, Pd) and TbTGey (T =1Ir, Pt) are discussed.
These compounds crystallize in different types of crystal structure, such as
the tetragonal ZrCuSis-type (space group P4/nmm) [1] for ThTSbe com-
pounds and YIrGes-type (space group Immm) [2] for ThTGes compounds.
In the first structure the Tb atoms occupy one site while in the second they
occupy two nonequivalent crystallographic positions. These compounds are
antiferromagnets with a complicated phase situation in an ordered phase.

Magnetic susceptibility and magnetization data were collected using the
vibrating-sample and SQUID magnetometers. Neutron diffraction patterns
were obtained at the BER II reactor (BENSC, Hahn-Meitner Institute,
Berlin). The Rietveld-type program FULLPROF [3]| was used for processing
these data.

2. TbTSby (T = Cu, Pd) compounds

With an increasing temperature the following magnetic phases in ThCuShg
appear:

e between 1.4 and 4.4 K the Th moments form a collinear antiferromag-
netic structure described by the propagation vector k = (%, 0, 0),

e between 4.4 and 5.8 K the magnetic ordering is sine-wave modulated
with k = (0.4227,0,0),

e between 5.8 K and the Néel temperature equal to 9K the magnetic
order is again a collinear antiferromagnetic described by k = (0, %, %)
The magnetic moment of Th, equal at T'=1.4K to 7.80(5) up is parallel
to the [110] direction in the first two phases and to the [100] for the last one.
Magnetic peaks observed on the neutron diffraction pattern of ThPdSbs
taken at T'=1.4K are indexed as satellite pairs (+k) with the propagation
vector k = kyb* + k,c* (ky, = 0.772, k, = 1). An analysis of the mag-
netic intensities reveals that the Th®* magnetic moments are parallel to the
c-axis. The magnetic moment is given by p(r) = pg sin(27k - r + ¢g) where
amplitude pg equals 8.61(6) up, r is the position of rare earth atom and ¢
is the phase. Two different models of the magnetic structure dependent of
the phase g are possible for ¢ = § (Fig. 1(a)) and for o = § (Fig. 1(b)).
The temperature dependence of the magnetic peak intensities 000% and
010~ (Fig. 2) gives the Néel temperature at 11 K. Over a whole temperature
region at the angles near two narrow magnetic peaks a broad peak connected
with the short-range order is observed. An intensity of this peak increases
with an increase of the temperature and reaches a maximum above Ty.
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Fig. 1. Magnetic structures of ThPdSb, for ¢q equal to § (a) and Z(b).
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Fig.2. Temperature dependence of the TbPdSb, diffraction patterns between 1.4
and 15 K. Angular range 260 = 6°-24°. The inset shows the temperature dependence
of the magnetic peaks 000% (A) and 010~ (o) and the broad peaks (A).
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3. TbTGez (T = Pt, Ir) compounds

The temperature dependence of the magnetic susceptibility has several
following temperatures:

e Tn=24.2K, T};; =11.4K and Tjs =7K for TbPtGes and Ty =10.2K
and Ty =9 K for ThIrGes.

Neutron diffraction data indicate that the following models of the mag-
netic structures can be constructed:

e in both compounds below Tx the Tb moments in the 4(i) sublattice:
11(0,0,2), p(0,0,2), ps(3, 5. 5+2) and py(3, 1,1 —2) form collinear
antiferromagnetic arrangement. The orientation of magnetic moments
is: +pq — po + p3 — pg. The Th moment is equal to 7.5(1) up at 15K
in TbPtGey and it is 5.1(2) pup at 9.4 K in TbIrGey and parallel to the
b-axis. The Th moments in 4(h) site (0,y, 3;0,9, 3; 3, 3+, 0; 3, 3., 0)
are not ordered,

e below T} the magnetic order in 4(i) sublattice does not change while
in TbPtGey at the 4(h) site the Th moments equal to 6.7(2) up
at 8.8K form a sine-wave-modulated structure with the wave vector
k = (0.2677,0.1312,0.6989); they form an antiferromagnetic arrange-
ment with the orientation of magnetic moments +uq — o — 3 + pa
in the crystal unit cell and they lie in the b—c plane.

In TbPtGey below Tjs the Th moments localized at the 4(h) site form
a new sine-wave modulated structure with the k = (0.2584,0,0.5895). The
Tb moment equal to 9.0(2) pp at 1.5K lies in the a—b plane.

In TbIrGes the Th moments equal to 8.4(2) up at 1.5 K form a collinear
antiferromagnetic structure with the k = (2, %,0) The Th magnetic mo-
ments lie in the a—c plane and have the +p; — po 4+ ps — p4 orientation.

4. Discussion

The exchange interactions and Crystalline Electric Field (CEF) are the
two factors that influence the stability of magnetic ordering of the rare-earth
magnetic moments in these compounds. Because of the large interatomic
distances, for example in TbhTSby compounds a R—R distances are about
~4 A in plane and ~5.5 A between planes, the exchange interactions be-
tween the localized 4 f electrons are indirect and they are probably mediated
via the conduction electrons (RKKY model). This type of exchange interac-
tions favours a long-range oscillator type ordering, while magnetocrystalline
anisotropy connected with the CEF favours an uniaxial magnetic ordering.
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The magnetic structures of ThCuSby indicate a strong magnetocrys-
talline anisotropy in the basal plane [7]. In the low temperature commensu-
rate and incommesurate phases the Th magnetic moment is parallel to the
[110] direction while in the high temperature phase it lies along the [100]
direction.

In TbPdShb,, over a wide temperature range of temperatures up to the
Néel temperature a coexistence of long and short range magnetic order is
observed. It suggests that the magnetic ordering could be similar to that
for po = § presented in Fig. 1(b). The magnetic moment in center of the
tetragonal cell (%, %; %) is frustrated and does not give a contribution to the
lon g range order. Such a frustration of the magnetic moment is observed
in the CeNigSny compound [4].

An influence of the Crystal Electric Field (CEF) is described by the
Hamiltonian:

Hegr = BY0; + B1Oj + B1O; + B{Og,

where O, are the Stevens operators and B, are the CEF parameters defined
by Hutchings [5]. The B]" values determined for the tetragonal RT9Sis
compounds indicate that the BY parameter is dominant [6]. The direction
of the magnetic moment with reference to the tetragonal c-axis is connected
with the sign of the BY parameter. The magnetic moment is parallel to the
c-axis if BY < 0 and it is perpendicular to the c-axis if the B > 0 [7]. The
determined direction of the magnetic moment suggests the negative value
of the BY parameter for T =Pd and positive for T = Cu. The change of the
direction of the magnetic moment with a change of temperature observed in
TbCuSbg indicates an influence of higher-order terms [5].

The different orderings are observed in ThTGey (Pt, Ir) compounds. In
both compounds the Th moments in 4(h) and 4(:) sublattices order mag-
netically at different temperatures. The 4(i) sublattice orders directly below
the Néel temperature.

A distribution of the magnetic moments in the 4(4) sublattice (see Fig. 3)
indicates that the exchange field induced by the Tb moments in 4(7) sub-
lattice carries over the 4(h) sublattice. It causes that the Th moments in
4(h) and 4(7) sublattices order in different temperatures and form a different
types of structure.

In both sublattices the Th magnetic moments have different directions.
In the 4(4) sublattice the moments are parallel to the b-axis which suggests
that the BY parameter is negative, while in the 4(h) sublattice the Th mo-
ments are in the a—b plane in TbPtGey and in the a—c plane in TbIrGey which
indicates different values of the B]" parameters for different T elements.
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Fig. 3. Projection of the magnetic structure of TbPtGes and TblrGe, in the tem-
perature range Ty < T < Ix.
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