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Abstract

The magnetic properties of the Np2T2Sn series investigated by 237Np Mossbauer

spectroscopy are reported. Magnetic ordering is shown to occur for T = Ni. Pd, Pt, whereas

the Np ions do not carry a local moment when T= Co, Ru. Rh. Comparison is made with the

corresponding Np2T:In and L:2T2Sn compounds.
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1. Introduction

The actinides and their intermetallic compounds are characterized by magnetic

propenies ranging from local-moment behaviour (as generally found in lanthanide-based

compounds) to band-like character (typical for d transition metal-based compounds). This

large variety is either due to a direct f-f overlap and (or) to a strong f-ligand hybridization.

The role of the 5f-d hybridization in uranium moment formation has been emphasized from

the study of several families of uranium-transition metal intermetallic compounds [1]. A

weakening of magnetism (i.e. increasing hybridization) is generally observed when moving

from the right to the left in a d-transition metal row.

Recently a new family of actinide ternary intermetallic compounds with composition

An2T2X (An = U, Np : T = transition metal ; X = In. Sn) crystallizing in the tetragonal U3Si2

structure has been reported 12.3]. Preliminary investigations of their physical properties

showed that they are governed by the hybridization of the 5f states with the d-states of the

transition element 14]. This new series offers the possibility to follow the onset of magnetism

and the occurrence of medium or heavy fermion behaviour (the highest y-value of 900 mJ

/K-mol was found in U;;Pt2ln which is non-magnetic down to 1.2K |5|).

In this paper, we present the magnetic properties of NP2T2S11 compounds as inferred

from -37Np Mossbauer studies.

2. Results and discussion

compounds were prepared by are melting stoichiometric amounts of

constituents under purified Ar atmosphere. The samples were checked by metallography and

by X-ray powder diffraction. The compounds shown to he single phase crystallize with the

tetragonal U3Si2 - type structure. Structural determinations were carried by single crystal X-

ray diffraction on a four circle diffractometer. The structure consists of two alternating basal-

plane layers, one containing only Np atoms, the other the T and Sn atoms [2.3]. Each Np

atom has 7 Np neighbours (2 along the c-axis and 5 in the basal plane) at distances ranging

from 354 to 400 pm. Furthermore, each Np atom has S T and 4 Sn neighbours. From the

interactinide distances we can conclude that all investigated compounds are on the magnetic

side of the Hill limit (315 pm for Npi thus. 5f delocalisation is expected to occur mainly via

f-d and f-p hybridization effects. >•

The 2 3 7Np Mossbauer measurements were performed on powder absorbers with

thicknesses of about 180 mg of Np/cm-. The source of 10S mCi of -4 IAm metal was kept at

4.2K and the temperature of the absorbers was varied from 4.2 to 90K. The in-field

experiments were carried out in a longitudinal field of 5T.



The presence of a magnetic hyperfine splitting at 4.2K in the samples with T = Ni. Pd

and Pt indicates that these compounds are magnetically ordered (Fig. 1). The temperature

dependence of the spectral shape shows that the onset of magnetic ordering occurs at Tc ^

55K (Ni), 18K (Pd) and 32K (Pt). On the other hand, only pure quadrupolar split spectra are

observed down to 4.2K for the compounds with T = Co, Ru, Rh (Fig. 2), thus indicating that

these compounds are not ordered (or do not carry a Np local moment). The quadrupolar

interactions observed in the paramagnetic or in the non-magnetic state of these compounds

vary from about 43 mm/s (Pt) down to -- 7 mm/s (Co). The asymmetry parameter r\, when

measurable, ranges from = 0.3 (Pd) up to = 0.8 (Ru). These findings are in agreement

with the point symmetry of the Np site in the U3S12 - type structure.

From the saturation hyperfine fields (Hhi) found in the samples which order

magnetically one deduces Np magnetic moments (m) of 1.6 jiB(Ni), 1.2 M-B(Pd) and 1.5

|iB(Pt)< according to the general relation Hhf /m = 215 T/ | !B. It is worth mentioning that a

single site magnetic hyperfine splitting is only observed in Np2Ni2Sn. Either relaxation

effects and (or) hyperfine field (moment) distributions are clearly present in Np2Pd2Sn and

Np2Pt2Sn (e.g. an upper limit for the width of the hyperfine field distribution amounts to

about 28ri- of the mean value for Np2Pd2Sn). Although these effects are probably due to the

occurrence of modulated magnetic structures, neutron diffraction measurements are needed

to confirm this point.

As mentioned above, the absence of a magnetic splitting in the compounds with T =

Co. Ru. Rh suggests that the Np ions do not carry a local moment. This was confirmed by the

in-field measurements (Fig. 2) which showed that the field induced Np moments are less than

0.05HB-
The : 3 7Np isomer shift (5|.s) values ranging from -15.1(3) to +2.5(2) mm/s (vs NpAhj

in Np^RinSn and Np2Pd2Sn respectively, support the occurrence of Np4+ ions within the

NP2T2S11 series (Fig. 3). This large span of 5[s may be attributed to the combined influence

of conduction electrons and delocalization of the 5f electrons.

The results we obtained indicate that the Np2T2Sn compounds follow the general trend

observed in light actinide intermetaliics with transition metals, i.e. a weakening of magnetism

with decreasing number of d-electrons 111. Comparison of the corresponding NP2T2S11 and

Np2T2I11 compounds shows a stronger tendency to 5f moment formation in the latter series

(so far all investigated NP2T2I11 compounds are magnetically ordered |3]). Notice that the

opposite trend was observed in the parent U conterparts [3. 4|. On the other hand, comparison

of NP2T2S11 with lbT2Sn compounds indicates similar behaviour : U2R112S'1 and L'2Q>2Sn

are non-magnetic too (actually the foimer was found to be a Pauli paramagnet and the latter a

spin fluctuation system |4.5|. Nevertheless it is rather surprising that the Np ions do not carry

a local moment in Np2Rh2Sn because AF ordering was shown to take place at 25K in

In conclusion, the Np2T2Sn series appears to be well suited to follow the onset of a



magnetic-non-magnetic transition and it may be anticipated that some members of this series

may be good candidates to search for heavy fermion behaviour. Growth of single crystals is a

prerequisite for further studies.
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Figure captions

Fig. 1. -37Np Mossbauer spectra of Np2Ni2Sn at 75 and 4.2K.

Fig.2. 237Np Mossbauer spectra of NpiCo^Sn at 4.2K in zero and in an applied field of 5T.

Fig.3. -37Np isomer shift as a function of T in the Np2T2Sn and Np2T2ln series.
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