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SOME PRELIMINARY STUDIES OF ACTINIDE SYSTEMS THAT
NEED COMPLETION: UBi, (U,Ce)N,ThM2X2(M=Co,Ni,Cu;X=Si,Ge)
Moshe KUZNIETZ

Nuclear Research Centre - Negev, P O Box 9001, IL-84190 Beer-Sheva, Israel

During the 16-year period 1952-1968, starting with the pioneering discovery of ferro-
magnetism in uranium hydride (P-UH3) by Trzebiatowski and coworkers in Wroclaw,
Poland [1], and ending with the first model accounting for the electronic properties of
the NaCl-type uranium monopnictides (UX) and monochalcogenides (UY) [2], a lot of
experimental investigations were carried out in Poland, mainly in Wroclaw, onihese
compounds, as well as on other binary uranium pnictides (such as UX2 and U3X4) and
chalcogenides (such as UY2 and UY3). One of the last studies of these compounds was
done on magnetic properties of the uranium bismuthides [3]. Among these bismuthides,
UBi was reported to undergo antiferromagnetic (AF) transition close to room tempera-
ture. This observation was in line with the AF ordering of all the monopnictides UN,
UP, UAs, and USb, found by magnetic measurements, and subsequently confirmed by
powder neutron diffraction. These four compounds order with the AF-I structure(+ - H—)
below the Neel temperature (TN), with UAs undergoing another transition to the AF-IA
structure^+—) at ~ TN/2. On moving from UN to USb, TN rises from 50 K to 220 K,
while the ordered magnetic moment at 4.2 K (m) rises from 0.75 U.B to 2.85 u^. Later
neutron-diffraction studies on UX single crystals showed variation in the magnetic
structure from single-k in UN (and in UP and UAs phases below TN) to triple-k in USb.

The only neutron-diffraction study of UBi [4], done on a powder sample containing
as high as 15% impurity phases, indicated also AF-I structure with high m = 3.0(2) U.B
and TN = 285(5) K, in line with all other UX compounds, TN being in agreement with
the magnetization studies [3]. Unlike the isostructural monobismuthides NpBi, PuBi,
CeBi, etc., studied on better powder samples and even on single crystals, the study of
UBi was not repeated on better powder samples or single crystals, mainly due to the
limited stability of this compound. The magnetic structure of UBi was not verified, and
its multi-k structure is still unknown. This is the first study that needs completion.

UN has exceptionally low T^ (= 50 K) and m (= 0.75 UB), being a compound on
the verge of magnetism, associated with its rather small U-U distances, -345 pm. These
distances are just above the threshold distance (~ 320 pm) for the establishment of
magnetism in uranium compounds, known as Hill's limit. The isostructural compound
CeN has largerCe-Ce distances, -355 pm, yetit is nonmagnetic, due to existence of
Ce4+ ions, in which the single 4f-electron of cerium is lost. UN and CeN are completely
miscible, and (U,Ce)N solid solutions are known to exist [5,6], with smooth variation of
the cubic lattice parameter (a) and slight negative deviation from Vegard's law. Actual
(Ui.xCex)N compositions prepared, initially [5] and later [6], were those with x = 0.1,
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. Three of the samples of Ihara et al [6], with x =
0.1, 0.5, and 0.9, were kindly provided for neutron-diffraction investigation at Harwell.

The preliminary results of the neutron-diffraction study were presented originally
at the 1973 Annual Meeting of the Israel Physical Society, held at the University of the
Negev in Beer-Sheva [7], and are shown here in Table 1, due to the scarcity of Ref. [7].
The compositions with x = 0.1 and 0.5 retained the AF-I structure of UN at 4.2 K, with
a rise of the uranium ordered magnetic moment, m, up to the value 1.60 u.3 for x = 0.5
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Table 1. The available neutron-diffraction data on the (U,Ce)N solid solutions [7]

X

0 (UN)
0.1
0.5
0.9
1 (CeN)

a atRT
(pm)

489
490
495
501
502

m at 4.2 K
(HB)

0.75
0.95
1.60

0

AF ordering
at 4.2 K

AF-I
AF-I
AF-I

none

TN

(K)

50
(?)
(?)

none

(accompanied, probably, by a rise in TN, but this was not actually measured). The rise
in the uranium moment, and therefore in the magnetic interactions in the (U,Ce)N solid
solutions, was attributed to dilution of the uranium atoms and the small increase in the
U-U distances, rising further with respect to Hill's limit, mentioned above. Due to some
wrong manipulations of these unstable samples, they disintegrated, and their neutron
investigation could not be pursued. This is the second study that needs completion.

A completely different project of investigations involves the large family of ternary
1:2:2 compounds containing actinides, crystallizing in the body-centered-tetragonal
ThCr2Si2-type structure. Six uranium members of this family, with the general formula
UM2X2 (M = Co, Ni, Cu; X = Si, Ge), and six pseudo-ternary solid-solution systems
U(M,M')2X2 were studied at the NRCN on polycrytalline samples in the 10-year period
of 1988-1998. A short report of the magnetic phase diagrams of the latter systems, as
determined by neutron diffraction and AC-susceptibility, was presented at SCES'95 [8].

The main features of the deduced magnetic structures in these systems are:
(a) Ordered magnetic moments (1.5-2.2 U.Q) are found on U atoms only, and not on M.
(b) U moments are along the c-axis and coupled ferromagnetically in the basal planes.
(c) Magnetic structures characterized by wavevectors k = (0,0,kz), 0<kz<l are observed.
(d) The magnetic structures are formed by stacking of ferromagnetic U planes along c.
These features, including (a), were observed separately [9] in a UNi2Si2 single crystal.

Some of the isostructural ThM2X2 compounds were found to order magnetically at
very low temperatures [10]. As Th is nonmagnetic, then the M atoms should carry some
magnetic moments, but so far no neutron-diffraction studies of these compounds were
done in order to establish such a fact. This is the third study that needs completion.
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