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Abstract:

The  association  of  U  with  Ge  in  intermetallics  gives  birth  to  some  of  the  most  intriguing  solid  state  phenomena:  coexistence  of

superconductivity with ferromagnetic order, magnetic ordering of U-sublattice despite very short U-U distances. Consequently, ternary

U-Mn-Ge compounds, where Mn may also carry a magnetic moment and undergo magnetic ordering, must exhibit fascinating physical

properties and magnetic structures. Up to now, this system was poorly investigated with only 3 compounds reported, among which the

magnetic structure was resolved for UMn2Ge2 only. Our study highlights the existence of 6 further ternary compounds in this system.

Magnetic  ordering  of  the  Mn-  and/or  U-based  sublattices  in  these  germanides  is  either  revealed  by  preliminary  measurements  or

expected.  In  order  to  understand  how  these  magnetic  sublattices  cooperate  in  these  compounds,  accurate  magnetic  structure

determinations by neutron powder diffraction are necessary. Magnetization, specific heat and electrical resistivity measurements are in

progress and will complete this study.
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1. Introduction 

The ternary intermetallic compounds RxTyXz (R = rare earth, Y, La, U; T = d-element; X = p-

element) have been relatively well investigated for their structural, magnetic and transport 

properties. In intermetallics, the magnetic behavior of uranium results from a subtle interplay 

between the localized and itinerant character of its 5f electrons driven by the hybridization of 

the 5f orbitals with neighboring atoms [1]. Moreover, associating this actinide with germanium 

in binary or ternary phases gives birth to some of the most intriguing solid-state phenomena, 

e.g. coexistence of superconductivity and FM order in UGe2 [2], URhGe [3] and UCoGe [4] or 

the FM ordering of U-sublattice in U2Fe3Ge despite very short U-U distances [5]. 

Ternary U-Mn-Ge system was, up to now, poorly investigated with only 3 ternary phases 

reported: UMn2Ge2 (ThCr2Si2-type) [6], UMnGe (TiNiSi-type) and U2Mn3Ge (Mg2Cu3Si-type) 

[7]. Moreover, despite the expected magnetic properties of U-Mn-Ge compounds, only those 

of UMn2Ge2 were really studied. This compound is characterized by a FM ordering of both Mn 

and U sublattices around 380 K and 150 K, respectively [8-12], magneto-optic properties 

[13,14] and evidences a reversible structural phase transition at a pressure of 16.1 GPa [15,16]. 

Magnetization measurements suggest that UMnGe orders antiferromagnetically below 240 K 

and exhibits another transition near 65 K [7]. However, its magnetic structure as well as the 

magnetic properties of U2Mn3Ge have never been reported. For these reasons, we started to 

investigate the U-Mn-Ge system (Fig. 1), through crystal structure and magnetic properties. In 

order to understand how the Mn- and U-based magnetic sublattices cooperate in these ternary 

germanides, accurate magnetic structure determination by neutron powder diffraction is 

necessary to complement laboratory investigations. 

 

Fig. 1: Gibbs triangle of the U-Mn-Ge 

ternary system showing binary phases in 

blue, the well-known UMn2Ge2 in red, the 

reported but poorly characterized phases in 

magenta and the freshly discovered 

compounds in green. 



2. Neutron diffraction results 

Long duration neutron diffraction patterns, as well as isotherms, were recorded in the 

paramagnetic state and in the magnetically ordered state for UMn0.33Ge2, UMn6Ge6, 

U34Mn3Ge33, U2Mn3Ge, UMnGe, U8Mn3Ge7, and U3Mn4Ge4 compounds. These neutron data 

allowed us to confirm their crystal structures determined by powder and single-crystal X-ray 

diffraction, and their magnetic behavior studied by macroscopic magnetic measurements. For 

example, these data confirm the structural phase transition of UMnGe at low temperature 

(Fig. 2) suggested by magnetic susceptibility measurements (Fig. 3). 

 

 
Fig. 2: Comparison of the neutron diffraction patterns of UMnGe recorded at 300 K 

and 100 K. 

 

  

 

Fig. 3: Magnetic susceptibility 

curve of UMnGe in the 4 - 700 K 

temperature range. 

 

The complexity of the ternary U-Mn-Ge system (Fig. 1) leads to the presence of magnetic 

secondary phases in the samples, as exemplified in Fig. 4 with the presence of UMn2Ge2 and 

UMn4Ge2 secondary phases in the U3Mn4Ge4 sample. Consequently, magnetic structure 

determination of the phases of interest requires a knowledge of the magnetic structure of every 

ternary U-Mn-Ge compounds. This implies to consider almost simultaneously the neutron data 

of each sample before finalizing the refinement of the magnetic structures. For this reason, the 

analysis of such data is a hard work, and the interpretations are is still in progress. Nevertheless, 

these neutron data will provide us very important information to better understand the structure 



– magnetic properties relationships encountered in these ternary compounds and will be the 

subject of several upcoming publications. 

 

 
Fig. 4: Rietveld refinement of U3Mn4Ge4 neutron diffraction pattern recorded at 300 K. 
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