
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

High-field magnetization studies of some U2T2X compounds

Fukushima, T.; Matsuyama, S.; Kumada, T.; Kindo, K.; Prokes, K.; Nakotte, H.; de Boer, F.R.;
Havela, L.; Sechovsky, V.; Winand, J.M.; Rebizant, J.; Spirlet, J.C.
DOI
10.1016/0921-4526(94)00967-Z
Publication date
1995

Published in
Physica B-Condensed Matter

Link to publication

Citation for published version (APA):
Fukushima, T., Matsuyama, S., Kumada, T., Kindo, K., Prokes, K., Nakotte, H., de Boer, F.
R., Havela, L., Sechovsky, V., Winand, J. M., Rebizant, J., & Spirlet, J. C. (1995). High-field
magnetization studies of some U2T2X compounds. Physica B-Condensed Matter, 211, 142-
144. https://doi.org/10.1016/0921-4526(94)00967-Z

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:23 Aug 2022

https://doi.org/10.1016/0921-4526(94)00967-Z
https://dare.uva.nl/personal/pure/en/publications/highfield-magnetization-studies-of-some-u2t2x-compounds(cf58d22e-2737-4a24-a17e-d665459114e1).html
https://doi.org/10.1016/0921-4526(94)00967-Z


ELSEVIER Physica B 211 (1995) 142-144 

High-field magnetization studies of some U2T2X compounds 

T. Fukushima a, S, Matsuyama a, T. Kumada a, K. Kindo a, K. Proke~ b'*, H. Nakotte  b'l, 
F.R. de Boer b, L. Havela c, V. Sechovsk~ ,c, J.M. Winand d, J. Rebizant d, J.C. Spirlet '~ 

a Research Center for Extreme Materials, Osaka University, Toyonaka, Osaka 560, Japan 
bVan der Waals-Zeeman Laboratory, University of Amsterdam, 1018 XE Amsterdam, The Netherlands 

CDepartment of Metal Physics, Charles University, 121 16 Prague 2, Czech Republic 
dEuropean Commission, Joint Research Centre, Institute for Transuranium Elements, Postfach 2340, 76125 Karlsruhe, Germany 

Abstract 

High-field magnetization measurements at 4.2 K on several U2T2 x (T = Ni, Rh, Pd, Pt; X = In, Sn) compounds have 
been performed on free and fixed powders up to 57 T. An antiferromagnetic ground state of U2Ni2Sn is corroborated by 
metamagnetic transitions at 30, 39 and 51 T. U2RhzSn shows one metamagnetic transition at 21 T and U2Pd2Sn two 
metamagnetic transitions at 39 and 45 T. U2Pt2In shows no metamagnetism up to 57 T which is in agreement with the 
non-magnetic ground state of this compound. The short-pulsed measurements up to 57 T are compared with previous 
results obtained in quasi-static fields up to 35 T. 

Recently, a new large isostructural group of U com- 
pounds with stoichiometry U2T2X (T = transition metal, 
X=p-metal)  was discovered [1, 2] offering thus a new 
possibility to follow the development of magnetic proper- 
ties with respect to the constituent elements. 

The U2TzX compounds with T = C o ,  Rh, lr, Ni, Pd 
and Pt, X = In, Sn were synthesized by arc-melting ap- 
propriate amounts of the constituting elements. The 
structure and phase purity of the resulting samples were 
checked by X-ray powder diffraction. Several com- 
pounds were checked also by means of microprobe anal- 
ysis and it was found that some of them contain small 
amounts of impurities. The atomic positions were deter- 
mined on small single crystals extracted from bulk pieces 
by means of an Enraf- Nonius four-circle diffractometer. 
All compounds are found to adopt the ternary derivative 
version of the tetragonal U3Si2-type of structure (space 
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group P4/mbm, Z = 2), only the Pt containing samples 
exhibit an additional superstructure (space group 
P4z/mnm) [3]. The structure consists of two alternating 
plane sheets (Fig. 1), one containing only U atoms at 
positions 4 h (x, x + 0.5, 0.5) with x about 0.17 and the 
other containing T atoms (at positions 4 g (y, y + 0.5, 0)) 
as well as X atoms (at positions 2 a (0, 0, 0)). 

The majority of the investigated samples exhibits anti- 
ferromagnetic ordering with transition temperatures 
ranging from 14.3 K for U2Ni~In to 40.6 K for U2PdzSn. 
Both Co containing samples, U2Rh2In, U2Pt2In and 
UzlrzSn are paramagnetic down to 1.3 K. An antifer- 
romagnetic ground state of the ordered samples is cor- 
roborated by the metamagnetic transitions in rather high 
magnetic fields [4]. Nevetheless, the previous high-field 
magnetization studies at the University of Amsterdam 
in fields up to 35 T have shown that even these fields 
are not sufficient to saturate the magnetization in most 
of the cases and sometimes not even high enough to 
cause a metamagnetic transition [4]. In the present 
paper new results are presented obtained in short-pulsed 
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Fig. 1. Schematic representation of the structure of U2NizSn as 
an example of a member of U2T2X compounds. 
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Fig. 2. Filed dependence of the magnetization in quasi-static 
fields of U2Ni2Sn for powdcr free to orient in the cxternal ficld 
(O) and for powdcr fixed by frozen alcohol (O). Thc lines 
rcprcsent continuous-ficld sweeps. 

fields up to 57 T at the High Field Facility at Osaka 
University. 

In Fig. 2 measurements performed on two kinds of 
samples of UzNi2Sn are depicted which is reported to 
order antiferromagnetically below TN = 26 K [4-6].  The 
first type of sample is a fine powder consisting of (pre- 
sumably) single-crystalline particles which are free to 
be oriented by the external magnetic field. A measure- 
ment 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 the measurement represents an 
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experiment on an ideal polycrystalline sample. Three 
metamagnetic transitions at 30, 39 and 51 T arc detected 
at 4.2 K for the free powder which reaches a magnetiz- 
ation of 1.3#a/f.u. at 57 T. The powder fixed by frozen 
alcohol does not exhibit any metamagnetic t~'ansition. 
For both types of U2Ni2Sn samples no tendency for 
saturation at high fields is observed. Only inJ the case 
of magnetic saturation, where complete ferrqmagnetic 
alignment is achieved, a firm conclusion c a n o e  drawn 
regarding the type of magnetic anisotropy i by com- 
paring the saturated values for fixed and fre+ powder. 
Nevetheless, from the observed ratio Mnx/Miree which 
amounts 0.74 at 57 T and from the presence of a num- 
ber of metamagnetic transitions we may conclude that 
U2Ni2Sn does not exhibit uniaxial type of i magnetic 
anisotropy. The new results are in very good ~tgreement 
with the earlier studies in quasi-static fields Up to 35 T 
[4, 5]. 

The magnetization measurements on U2Rh Sn which 
orders antiferromagnetically below TN=24AK [4, 5] 
are shown in Fig. 3. For the free powder a metamagnetic 
transition at 21 T is observed. The magnetizat on curves 
measured with increasing and decreasing field are quite 
different. This peculiarity as well as the lower values with 
respect to the measurements in quasi-static fiel:ls may be 
due to imperfect alignment of the particles uring the 
very short field pulse. The slight saturatior tendency 
yields a value of 1.12#n/f.u. at 57 T. The magnetization 
curve obtained on the fixed-powder sample al!o exhibits 
a metamagnetic transition at 21 T and has a Isaturation 
magnetization of 0.86/~B/f.u. From the observed ratio 
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Fig. 3. Field dependence of the magnetization in iquasi-static- 
fields of U2Rh2Sn for powder free to orient in the ~xternal field 
(O) and for powder fixed by frozen alcohol (C)). The lines 
represent continuous-field sweeps. 
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Fig. 4. Field dependence of the magnetization in quasi-static 
fields of U2Pd2Sn for powder free to orient in the external field 
([]) and for powder fixed by frozen alcohol (O). The lines 
represent continuous-field sweeps. 
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Fig. 5. Field dependence of the magnetization in quasi-static 
fields of UzPt2In for powder free to orient in the external field 
([]) and for powder fixed by frozen alcohol (©). The lines 
represent continuous-field sweeps. 

Mfix/Mfree which amounts 0.76 we conclude that also 
U2Rh2Sn does not exhibit uniaxial type of magnetic 
anisotropy. 

The magnetization curves of U2Pd2Sn, which orders 
antiferromagentically below TN=40.6 K I-4, 5, 7], are 
depicted in Fig. 4. For both type of samples meta- 
magnetic transitions at 39 and 45 T are found with 
slight hysteresis on going up and down with field. 
The magnetizations do not saturate even at 57 T. 
From the ratio Mfix/Mfree a t  the highest fields which 
amounts to 0.90 and from the presence of a number 
of metamagnetic transitions we conclude that also 
U2Pd2Sn does not exhibit uniaxial type of magnetic 
anisotropy. Quite remarkable are the high magnetiz- 
ation values obtained at 57 T which reach 2.19 and 
1.98/~B/f.u. for free and fixed powder, respectively. 
These values are about one-half of the value of the 
U magnetic moment obtained from neutron-diffraction 
experiments at 10 K which amounts to 1.89 _ 0.01#B/U 
[7]. 

U2Pt2In is reported to be paramagnetic down to 1.3 K 
1-4, 5] with a low-temperature specific-heat coefficient ? 
of 850mJ/molr.,.K 2. The magnetization exhibits no 
metamagnetic transition up to 57 T. The slightly bended 
magnetization curves of the free and the fixed powder are 
nearly identical and at the highest fields the magnetiz- 
ation reaches a value of 1.46/~B/f.u. The small hysteresis 
loop around zero field may be attributed to UPt impurity 
of which microprobe analysis showed a small amount of 
about 2% to be present. These results are in good agree- 
ment with studies in quasi-static fields up to 35 T, as can 

be seen in Fig. 5. Surprising are the rather high values of 
the magnetization for paramagnetic compound. 
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