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ABSTRACT

NpOs2 i s known to be a ferromagnet with a Curie
temperature of 7.5 K. Previous bulk magnetization
measurements indicated a f i e l d induced magnetization
even wel l below the t r a n s i t i o n temperature. We have
extended t h i s by a measurement of the loca l h igh-f ie ld
s u s c e p t i b i l i t y , using the MBssbauer e f fec t in 23?Np.
At 1.6 K, a s u s c e p t i b i l i t y of (1.2 + 0.2) x 10"2 emu/
mole i s obtained, in general agreement with the bulk
measurement. Such a la rge s u s c e p t i b i l i t y i s b e s t
understood by a model of i t i n e r a n t magnetism, although
other properties of the material indicate localized
behavior.

INTRODUCTION

We have previously r epo r t ed ! a study of the
magnetic p roper t i e s of a number of cubic neptunium
Laves phases (C-15 s t r u c t u r e ) . These mater ia l s are of
i n t e r e s t i n t h a t they show a systematic v a r i a t i o n of
magnetic parameters which can be in te rpre ted as a
t r a n s i t i o n from local ized t o i t i n e r a n t magnetism as
the l a t t i c e constant i s decreased. Np0s2, which has a
ferromagnetic t r ans i t i on a t 7.5 K, l i e s intermediate
between t he two extremes. An in te res t ing fea ture of
the Hp0s2 inves t iga t ion was an apparent increase of
the bulk magnetization with externa l f i e l d , even well
below the magnetic ordering temperature. This was
in t e rp re t ed as a f ield-induced band magnetism, and
discussed i n terms of a model given by Murata and
Doniach.

I n genera l , magnetization data taken for ac t in i ae
systems in a magnetically ordered state are difficult
to interpret because the large magnetic anisotropy
makes magnetic saturation difficult with the applied
fields available. One is then forced to make assump-
tions concerning the field dependence of the approach
to saturation. While some procedures are available,^
at this stage the situation is sufficiently compli-
cated that such data reductions should be viewed with
some caution, at least until higher field data become
available. For this reason, magnetic hyperfine
field measurements such as obtained by the Mossbauer
effect can be very useful. The hyperfine interaction
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provides a local measurement of the electronic proper-
ties without the need for extrapolation. While the
intensities of some lines in the spectrum will reflect
the extent of domain alignment, the line positions
(which give directly the hyperfine field) are not
affected by the degree of alignment. In addition,
investigation of a number of Np intermetallics has
shown* a constant relationship between the hyperfine
field Hhf obtained by the MBssbauer effect and the Np
magnetic, moment u measured by neutron diffraction
experiments:

l y = (1915 kOe/yB)u . (1)

If Wu assume this relation applies to other less well
studied systems, then the hyperfine field can be
quantitatively converted to a local magnetization.
Such a method therefore provides a measure of the
magnetization within individual domains which is not
sensitive to the magnetic saturation problem.

RESULTS

In order to clarify the magnetic behavior of Np0s2
we have obtained hyperfine field measurements as a
function of temperature and external field, using the
59.6 keV MBssbauer resonance of 237^. Data were
taken at 4.2 K (T/Tc = 0.56) and 1.5 K (T/T = 0.2) in
external fields Hext up to 34 kOe. Typical spectra,
obtained at 1.5 K, are shown in Fig. 1. Inspection
of the data reveals several important features: (i)
The solid line in Fig. 1 for Hexl- = 0 is a computer
fit to the data using intensities which assume a
random orientation of the domains. For Hext = 34 kOe,
the intensities indicate essentially total alignment
of the moments in the external field, (ii) On in-
creasing Hext, the hyperfine pattern expands con-
siderably, indicating an increase in the local
magnetization with external field, (iii) The
extrapolated hyperfine field for Hext; = 0 and T = 0 is
800 kOe. At 1.5 K,Hhf is reduced slightly to 780 kOe.
However, application of a 34 kOe field at 1.5 K in-
creases the hyperfine field to 950 kOe, considerably
in excess of the saturation value obtained in
exchange field alone.

Results of the hyperfine measurements are sum-
marized in Fig. 2. The hyperfine data have been
converted to magnetization on the right axis by
assuming the relationship given in Eq. 1. Comparison
with the highest field bulk magnetization data
(H£Xt s 10 kOe) shows good agreement within the un-
certainties of this conversion procedure and of the
data analysis methods. From the hyperfine field data,



one obtains a high-field susceptibility of (1.2 + 0.2)
x 10~2 emu/mole, independent of temperature between
4.2 and 1.5 K. The zero field saturation value of 800
kOe indicates a saturation moment p s a t of (0.41 +
0.05) yg. We have attempted to describe the bulk
magnetization data by including terms describing both
the approach to saturation plus a high-field suscep-
tibility X in the form3

a = asafc (1 - a/H
n
xt) + XH e x t - (2)

A

For data taken at 1.6 K, a value of n = 1/2 gives
X = 1.5 x 10~2 emu/mole and ysat = 0.5 yB. In view of
the uncertainties involved in all these procedures,
this may be considered to be good agreement between
the local and the bulk magnetic properties.

DISCUSSION

It is not simple to resolve these various pieces
of data in a self-consistent way. From some view-
points, an approach based on localized electrons seems
necessary, while from other viewpoints this assumption
seems quite inadequate. The agreement between the
measured local and bulk properties implies that Eq. 1
is essentially correct for this system. In considering
the systematics of a large number of Np intermetallics
and how their observed properties relate to calculated
free-ion expressions, we have argued that this
expression implies a large degree of localization for
the 5f electrons.5 Thus, it would seem that the
electrons contributing to the magnetic properties of
NpOs£ can be considered to be localized. On the other
hand, it seems quite difficult to understand the high
field susceptibility from a simple localized point of
view. Within a molecular field framework, the applica-
tion of an external field can generally not provide a
magnetization larger than that obtained in zero field
at I a fl, An external field can induce small effects,
such as an admixing of crystal field levels, provided
the external field is comparable to the exchange field
Hexch« I f w e estimate the exchange field by p H ^ ^ ~
kTc, then we find for the present case Hexcj, a 300 kOe.
Thus it seems unlikely that the application of fields
of the size used here will have a significant effect
by such a mechanism.

Perhaps the simplest approach to understanding the
susceptibility alone is to adopt a band picture. Such
results have been seen in the past. For 1% Co in Pt,
measurements6 in fields as high as 150 kOe gave a high
field susceptibility of 3.4 x 10"^ emu/mole. However,
the present result is two orders of magnitude higher
than this. As previously discussed, the approach of



Murata and Donlaclt a t least provide a framework in
which the seasure&eius can be considered, By using
the obtained low tcap&racuvc susceptibility* the
transition temperature and ehe Curie constant
irasediafely above the transition temperature, one
finds that NpOt*2 fulf i l ls the Kuraca antl Beoiaefi re-
quircaene for a~weakT itinerant forjfeiagaes.*

In suawtt-y, i t appears that nciitier the Idealised
nor the itinerant electron apptoach alone can provide
an adequate description of tho observed results* al-
though each describes sems aspeet oi the aagnetie and
elccttortic properties. This eaphasises ence again
out feeling of the need for a theoretical approach
which i s truly inecngciUate between the two eKtrctscs
if one i s to undersC3!?jl ths aagnstic properties o£ the
actinidc intciaecaliics.
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Figure 1. Hyperfine spectra in NpOŝ  at 1.5 K in
external fields of 0 and 34 kOe.



Figure 2. Dependence of the hyperfine f ield on
external field at l .S K and 4.2 K,


