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RARE EARTH M~SSBAUER ABSORPTION IN ErPdzSn AND YbPdgSn 

J. A. Hodges and G. Jbhanno 

DPHG/SPSRM, Centre d'Etudes Nuclkaires de Saclay, 91191 Gif sur Yvette, France 

Abstract. - Rare earth magnetic order and superconductivity are known to coexist in ErPdzSn and YbPdnSn. From 
rare earth Mijssbauer measurements, we obtain the saturated magnetic moments which show distributions around mean 
values of 5.7 pg (Er) and 1.6 pg (Yb) and find that the rare earth local symmetry is not cubic. 

The ternary alloys RPd2Sn where R is Y, Sc or one 
of the heavy rare earths, have the cubic Heusler struc- 
ture [I], where for crystallographically ordered lattices, 
the rare earth ions are at sites of cubic symmetry. De- 
pending on the precise chemical composition, these al- 
loys can show superconductivity, rare earth sublattice 
antifemmagnetic ordering, and in the case where R 
is Er or Yb, both these properties simultaneously [I, 
2, 31. In these lattices the rare earth magnetic rno- 
ments are presumably coupled by a RKKY-like ex- 
change interaction mediated by elements of the con- 
duction band. The competition between superconduc- 
tivity and rare earth magnetism in these lattices is 
clearly evidenced: the presence of localised rare earth 
magnetic moments depresses or removes the supercon- 
ducting transition. 

The size .of the ~ 1 . ~ '  and yb3+ ordered magnetic 
moments, which are obtained here, are of interest in 
relation to the lowering that they produce in Tc, the 
superconducting transition temperature. In addition, 
the use of a microscopic technique provides informa- 
tion concerning the local symmetry. 

ErPdzSn was made by arc melting in argon. Its X- 
ray room temperature lattice parameter is 6.685(1) A 
which is close to  the value 6.6834(8) A for a sample 
with a Tc of 1.17 K and an Er3+ sublattice ordering 
temperature TN of 1.0 K [2]. Magnetic ordering occurs 
out of a doublet ground state [2]. 

lS6Er Miksbauer absorption measurements were 
made using a source of neutron activated Hoo.sYo.aH2. 
For 1 6 6 ~ r ,  Is = 0, lax = 2, Er = 80.6 keV and a 
Doppler velocity of 1 mm/s corresponds to an energy 
of 64.9 MHz. At 4.2 K, which is well above TN, the 
broad nature of the absorption line (Fig. 1) is probably 
chiefly due to  the combined influence of magnetic cor- 
relations and relaxtion. A hyperfine structure is visible 
below about 1.0 K in accordance with the literature 
value for TN [2]. At 0.05 K a well resolved five line 
effective hyperfine line shape, characteristic of mag- 
netic ordering, is visible (Fig. 1). The individual lines 
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Fig. 1. - l s 6 ~ r  MWbauer absorption in ErPd2Sn in the 
paramagnetic and magnetically saturated ~ r ~ +  regions. 

however have different widths. As selective broaden- 
ing due to relaxation effects is expected to be absent 
at 0.05 K, we attribute the broadening to the presence 
of a distribution in the hyperfme parameters. The line 
fit shown in figure 1 was obtained in terms of an &ec- 
tive field Hamiltonian with a Gaussian distribution of 
hyperfine fields centred at a mean value of 4 950 kOe 
with a standard deviation 590 kOe. The quadrupole 
hyperfine interaction e2* , ,~  is 5.6 mm/s. Neglecting a 
possible small contribution to the hyperfine field com- 
ing from the conduction band, the measured hyperhe 
field values correspond to a mean ~ r ' +  4f shell mag- 
netic moment of 5.7 ,UB and a deviation of 0.7 p ~ .  The 
mean ~ r ~ +  4f shell moment is much bigger than that 
associated with cubic symmetry doublet levels r e  and 
I'r for which the saturated moments are 3.0 and 3.3 pg 
respectively. These values are not expected to be sig- 
nificantly modified here by the molecular field induced 
mixing of the cubic wave functions. The big difference 
between the experimental magnetic moments of the 
doublet ground state and those expected with a cu- 
bic crystal field shows that non cubic crystal fields are 
present. The local symmetry at the ~ r ~ +  site is thus 
not cubic. Independent evidence for this symmetry 
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lowering is provided by the observation of a sizeable 
quadrupole hyperfine interaction. 

YbPdaSn was prepared inside a sealed tantalum cru- 
cible and part of the sample was annealed at 810C for 
70h. The X-ray room temperaturelattice parameter, 
before and after anneal, was 6.555 (1) A. This falls in 
the range 6.652 to 6.658 A reported in the literature 
where T, lies in the range 1.6 [1] to 2.4 K [3] and where 
TN falls in the range 0.23 [3] to 0.26 K [I]. Magnetic 
ordering occurs out of a doublet ground state [3]. 

" O Y b  MSssbauer absorption measurements were 
made using a source of neutron activated TmB12. For 
170yb, Is = 0, Iex = 2, EY = 84.2 keV and a Doppler 
velocity of 1 mm/s corresponds to 67.9 MHz. The 
absorption at  4.2 and 0.05 K for the annealed sam- 
ple are shown in figure 2. At 4.2 K, which is well 
above TN, the lineshape is symmetric, featureless and 
very broad. The lineshape for the unannealed sam- 
ple at 4.2 K is also featureless and very broad. We 
have observed that enrobing the sample in a varnish, 
as  is required for thermalisation at low temperatures, 
does not produce any additional line broadening. A 
hyperfine structure is discernable at about 0.2 K and 
below in amordance with the literature values of TN. 
At 0.05 K, as is shown in figure 2, a well resolved five 
line hyperfine structure is visible. The lineshape is the 
same in the annealed and unannealed samples. The 
individual lines have slightly different widths and this 
is again chiefly attributed to the presence of a distri- 
bution in the dominant parameter: the hyperfine field. 

Fig: 2. - l7'yb Miissbauer absorption in YbPdzSn in the 
paramagnetic and magnetically saturated yb3+ regions. 

To obtain good data adjustements, it is necessary 
to allow the individual lines to have different widths, 
to introduce a quadrupole hyperfine interaction, pos- 
sibly with a non zero asymmetry parameter, and to 
allow the hyperfine field to be directed away from a 
principal direction of the electric field gradient tensor. 
Under these conditions the number of unknowns is too 
high to  provide a unique set of values for the hyper- 
fine parameters. However whatever the set of values, 
the hyperfine field is found to fall in a relatively small 
range with a lower limit of 1 650 kOe. The correspond- 
ing lower limit of the yb3+ 4fshell magnetic moment is 
1.6 pg with a possible small correction due to the con- 
tribution of the conduction band polarisation to the 
hyperfine field. The size of this magnetic moment is 
compatible with that of a cubic symmetry I'r doublet 
level (1.7 pB) . However an isolated I'7 level would 
show no quadrupole hyperfine interaction whereas ex- 
perimentally a si~eable interaction is present. This 
shows that the local symmetry at the Yb site is not 
cubic. 

Rare earth environment 

Although the existence of non cubic rare earth sites 
reported here, might be associated with low temper- 
ature phase transitions which have been observed in 
analogous Heusler .alloys (however, YbPdzSn does not 
show any transition down to 5 K) [4], we note that 
in the present case it may be linked to chemical disor- 
der. Our room temperature X-ray measurements show 
that disorder is present in the two cases. The disorder 
is quite important in ErPdzSn where the three atoms 
are distributed, to different amounts, over the four sub- 
lattices. In YbPd2Sn the disorder, which is less prG 
nounced, chiefly concerns the Yb and Sn sublattices 
and there is little evidence of Yb substitution a:. the 
Pd sites. Disorder can explain both the observed local 
symmetry lowering and the presence of distributions 
in the 4f shell properties. 
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