DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States

Government. Neither the United States Government nor any agency thereof, nor any of their

Author(s):

Submitted to:

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-

bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-

ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.

Los Alamos

NATIONAL LABORATORY

G565 1¥6--5

HIGH-FIELD MAGNETIZATION STUDIES OF U,T,Sn
(T=Co, Ir, Pt) COMPOUNDS

K
S
v
J

Conference on "Physical Phenomena in High Magnetic
" Tallshassee, FL, 6-9 May 95

.

Fields II,

Prokes, H.
Matsuyama,
Sechovsky,
C. Spirlet

Nakotte, F. R. de Boer, T. Fukushima,
T. Kumada, K. Kindo, L. Havels,
A, Lacerda, J. M. Winand, J. Rebizant,

Los Alamos Nationat Laboratory, an affirmative action/equal opportunity employer, is operated by the University of California for the U.S. Department of Energy
under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S. Government retains a nonexclusive, royalty-free license to
publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Government purposes The Los Alamos National Laboratory

requests that the publisher identify this article as work performed under the auspices of the U.S. Department gf

BETRIBUTION OF THIS DOCUMENT IS UNLIMITED

=nergy.
: % Form No. 836 RS
| ST 2629 10/91

W




High-field magnetization studies of U,T,Sn (T = Co, Ir, Pt) compounds

K. Proke3, H. Nakotte!, F.R. de Boer
Van der Waals-Zeeman Laboratory, University of Amsterdam
1018 XE Amsterdam, The Netherlands

and
T. Fukushima, S. Matsuyama, T. Kumada, K. Kindo
Research Center for Extreme Materials, Osaka University
Toyonaka, Osaka 560, Japan

and
L. Havela, V. Sechovsky
Dept of Metal Physics, Charles University
121 16 Prague 2, The Czech Republic

and
A. Lacerda
NHMFL, Pulsed Facility, Los Alamos National Laboratory
Los Alamos, NM 87545, USA

and
J.M. Winand, J. Rebizant, J.C. Spirlet

European Commission, Joint Research Centre, Institute for Transuranium Elements
Postfach 2340, 76125 Karlsruhe, Germany

High-field magnetization measurements at 4.2 K on UT,Sn (T = Co, Ir
and Pt) compounds have been performed on free and fixed powders up to
57 T. An antiferromagnetic ground state of U»Pt;Sn is corroborated by a
metamagnetic transition at 22 T with very small hysteresis going up and
down with field. UCo,8n and U,IrySn show no metamagnetic transition
up to 57 T which is in agreement with the non-magnetic ground state of
these compounds. In all cases, the maximum applied field is not sufficient
to achieve saturation. The short-pulse measurements presented here are
compared with previous results obtained in quasi-static fields up to 35 T.

Introduction

Recently, a new large isostructural group of U compounds with
stoichiometry U,T,X (T = late transition metal, X = p-metal) was
discovered!-2 showing the development of magnetic properties with respect
to the constituent elements. This trend on going from the left side and the top
to the right and the bottom within the late-transition block of the Periodic
Table was observed already in the equiatomic ternary U compounds UTX3
pointing to the importance of hybridization of f-electronic states with the d-
and p- states of the surrounding ligands. In the case of equiatomic UTX
compounds, a clear trend from itinerant S5f-electron behaviour (strong
delocalization due to hybridization effects) to well developed 5f magnetic
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moments (reduced hybridization) has been found. Similarly, the U,T,X
compounds containing elements like Fe and Co are non-magnetic Pauli
paramagnets due to hybridization of the 5f states with the extended 3d states
centred on transition metal. One can find long-range antiferromagnetic order
in compounds where T is for instance Pd or Pt3:4. An antiferromagnetic
ground state of the ordered samples is corroborated by the metamagnetic
transitions in rather high magnetic fields*. However, even 38T, the magnetic
field available at the University of Amsterdam was not enough to obtain the
saturation of magnetization curves. In this paper, we present in addition to
our previous studies of other U,T,Sn compounds® the high-field
magnetizations up to 57 T measured at 4.2 K in the Osaka High Field
Facility on three U,T,Sn compounds with T = Co, Ir and Pt.

Sample preparation and characterization

U,T,Sn compounds with T = Co, Ir and Pt were synthesized by arc-
melting appropriate amounts of the constituting elements. The structure and
phase purity of the resulting samples were checked by x-ray powder
diffraction. Some of the compounds were checked also by means of
microprobe analysis. The atomic positions were determined on small single
crystals extracted from bulk pieces by means of an Enraf-Nonius four-circle
diffractometer?. The compound containing Co is found to adopt the ternary
derivative version of the tetragonal U;Si,-type of structure (space group
P4/mbm, Z =2). U,Ir,Sn and U,Pt,Sn exhibit in contrast to the rest of
U,T,Sn compounds an additional superstructure with the c-axis parameter
doubled with respect to the original Uj;Si,-type of structure, resulting in
space group P4,/mnmS. The U;Siy-type of structure consists of two
alternating plane sheets (Fig. 1), one containing only U atoms at positions
4h (x, x+0.5,0.5) with x about 0.17 and the other containing T atoms (at
positions 4g (y,y+0.5,0)) as well as X atoms (at positions 2a (0,0,0)). In this
structure each U atom has seven U neighbours (five within the plane and two
along the ¢ axis). Furthermore, each U atom has six transition-metal
neighbours and finally, there are four p-metal neighbours for each U atom.
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Fig.1.: Schematic representation of the structure of U,Co,Sn.




Depending on the choice of T and X, the distance of U neighbours along the
c-axis can be smaller or larger than the distance of the U neighbours within
the plane.

The structure of U,Pt,Sn and U,lIr,Sn can be described as a
derivative of the Uj3Si,-type of structure where relatively large Pt and Ir
atoms force U atoms to move in the perpendicular direction to the transition
metal links. The U atoms thus occupy two inequivalent crystallographic
positions (4f and 4g) within the space group P4,/mnm forming zig-zag
chains along the c-axis.

Experimental results and discussion

The majority of the U,T,Sn samples exhibits antiferromagnetic
ordering with transition temperatures ranging from 14.3 K for U,Ni,In to
40.6 K for U,Pd,Sn?. U,Pt,Sn is situated at the low-temperature border of
the ordered systems: it orders antiferromagnetically at 154 K. The
compounds U,Co,Sn and U,Ir,Sn are paramagnetic down to 1.3 K. An
antiferromagnetic ground state of the ordered samples is corroborated by the
metamagnetic transitions at 4.2 K 4. Nevetherless, the previous high-field
magnetization studies at the University of Amsterdam in quasi-static fields
up to 35 T have shown that even these fields are not sufficient to saturate the
magnetization in most of the cases and in the case of antiferromagnetic
ordered systems sometimes not even high enough to cause a metamagnetic
transition4. Therefore, we have extended our studies to short-pulse fields up
to 57 T at the High Field Facility at Osaka University.

In Fig. 2 measurements performed on two kinds of samples of
U,Co,Sn are depicted which is reported to be paramagnetic down to
1.3K47. The first type of sample is a fine powder consisting of
(presumably) single-crystalline particles which are free to be oriented by the
external magnetic field. A measurement on this type of sample represents a
measurement along the easy magnetization direction. In the second type of
sample, the powder is fixed by frozen alcohol in a random orientation and
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Fig.2.: Field dependence of the magnetization in quasi-static fields of UyCo,Sn for powder
free to orient in the external field ({0) and for powder fixed by frozen alcohol (O). The lines
represent continuous-field sweeps.




the measurement represents an experiment on an ideal polycrystalline
sample. No metamagnetic transition on the slightly bended magnetization
curves is detected at 4.2 K. The magnetization values measured up to 57 T in
pulse magnetic field are considerably higher with respect to the values
obtained in the quasi-static fields where the applied magnetic field is kept
constant for 0.1 s to avoid influence of the eddy currents. We may attribute
this problem to the different scaling factors of the two high-field
installations. Nevetherless, the results from both experiments are
qualitatively the same. When we re-scale the results performed in fields up to
55 T to the quasi-static fields we get for the free-powder magnetization a
value of 1.03 pg/f.u. at 55 T. For the fixed powder a somewhat smaller value
of 0.71 ppg/fau. is obtained at the same field value. For both types of
U,Co,Sn samples no clear tendency to saturation at high fields is observed.

The fact that the magnetization curves for the paramagnetic material
are different, for the free powder reaching higher values, points to the
presence of the field-induced moments. The resulting magnetic response is
anisotropic due to hybridization between the 5f-states of the U atoms on one
side and the 5f-states with the d-states of the Co atoms on the other, which is
highly anisotropic.

Although only in the case of magnetic saturation a firm conclusion
can drawn regarding the type of magnetic anisotropy by comparing the
saturated values of magnetization for fixed Mgy and free powder Mfree of
the magnetically ordered system, there is no need for saturation for
paramagnetic materials. From the observed ratio Mfjx/Mfyee Which amounts
0.69 at 55 T we may conclude that U,Co,Sn does not exhibit uniaxial type of
magnetic anisotropy.

The magnetization measurements on U,Pt;Sn  which orders
antiferromagnetically below 15.4 K 4.7 are shown in Fig. 3. A broad meta-
magnetic transition at 22 T is observed in the experiments with free and
fixed powders. The magnetization curves measured with increasing and
decreasing field are nearly identical showing only very small hysteresis
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Fig.3.: Field dependence of the magnetization in quasi-static fields of U5Pt,Sn for powder
free to orient in the external field (10) and for powder fixed by frozen alcohol (O). The lines
represent continuous-field sweeps.




around the metamagnetic transition in the case of free powder. Similar to the
case of U,Co,Sn, the data values at the High Field Facility at Osaka
University are considerably higher with respect to the previous
measurements in the quasi-static fields up to 35 T preserving the same shape
of the magnetization curves and the value of the field where the
metamagnetic transition takes place. After renormalization to the values
obtained in the quasi-continuous fields, the magnetization which does not
exhibit any saturation tendency yields a value of 1.23 pg/f.u. at 56 T for the
free-powder sample. The magnetization curve obtained for the fixed-powder
sample also exhibits a metamagnetic transition at 22 T and has a
magnetization of 1.23 pg/fu. at 56 T. Also in this case, the magnetization
curve is far from saturation. The observed ratio Mfjx/Mfyee Which amounts
to 0.82 suggests that also U,Pt,Sn does not exhibit uniaxial type of magnetic
anisotropy. In the present case, one has to be extremely careful because one
is dealing with magnetically ordered system and one cannot exclude another
metamagnetic transition even at higher field to occur changing the ratio
Mfix/Mfree-

The magnetization curves for U,Ir,Sn, which is reported to be
paramagnetic down to 1.3 K 47, are depicted in Fig.4. For both types of
samples no metamagnetic transitions are found, in agreement with
paramagnetic ground state. The data taken in both high-field laboratories are
in this case quantitatively different. While no difference between the free and
fixed powder sample results taken at the High Field Facility at Osaka
University in short pulse fields can be traced out, the results in quasi-static
fields up to 35 T are qualitatively similar to the case of U,Co,Sn. The
possible explanation is that the grains of the so-called free powder are not
free enough to be oriented by the external field along the direction with the
maximal magnetic response due to the very short pulse duration.

However, it is clear that the magnetizations do not saturate even at
57 T. From the ratio Mfjx/Mfgee at the 35 T which amounts to 0.71, we
conclude that U,Ir,Sn does not exhibit uniaxial type of magnetic anisotropy.
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Fig.4.: Field dependence of the magnetization in quasi-static fields of U,Ir,Sn for powder
free to orient in the external field (O) and for powder fixed by frozen alcohol (O). The lines

represent continuous-field sweeps.




Conclusion

We have reported the high-field magnetizations of three U,T,Sn
(T = Co, Ir and Pt) compounds measured at 4.2 K in two different high-field
installations. The results taken at the High Field Facility at Osaka University
in short-pulse fields are qualitatively similar with the ones obtained
previously in quasi-static fields up to 35 T at the University of Amsterdam.
The differences can be attributed to different scaling factors of both
installations and/or to imperfect alignment of the grains during very short
field pulses. To determine the magnetocrystalline anisotropy, two types of
samples were used. Fine powder which is free to be aligned by the external
applied field and the powder fixed by frozen alcohol.

The magnetization curves of U,Pt,Sn show a metamagnetic
transition at about 22 T with small hysteresis going up and down with the
field. This finding is in agreement with the antiferromagnetic ground state of
this compound at low temperatures. U,Co,Sn  and U,Ir,Sn show no
metamagnetic transition up to 57 T which is in agreement with the
paramagnetic state at 4.2 K.

In all cases, we did not observe any tendency of the magnetization
towards saturation. A possible explanation are field-induced magnetic
moments. Due to anisotropic hybridization of the 5f states of the U atoms
with the d-states of the transition metal ligands, the resulting magnetizations
measured on free and fixed powder are different.
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