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Abstract:

We aim at  determining the  magnetic  structures  of  some YbMn6(Ge,Sn,X)6 (with  X = Ga or  In)  representatives  with  neutron powder

diffraction  experiments  performed  on   the  D1B  high-flux  diffractometer.  We  recently  showed  that  in  YbMn6(Ge,Sn)6,  there  is  a

composition range within which intermediate valency Yb does magnetically order at  an astonishingly high temperature (up to 110 K).

Substituting  Sn/Ge  by  Ga  or  In  allows  changing  the  valence  electrons  concentration  and  crystal  field  parameters,  hence  altering  the

magnetic  behaviour  of  Yb.  This  study  will  help  nderstanding  the  magnetism  of  intermediate  valency  Yb.



Experimental report ILL experiment 5-31-2355 

 

A beam time of 2 days was devoted to the study of the temperature dependence of the magnetic 

structures of some YbMn6(Sn,Ge,Ga)6 representatives in the 2 – 320 K temperature range using the D1b 

diffractometer. 

 

In a recent work [1], it was shown that intermediate valent Yb (  2.9) does magnetically order at an 

astonishingly high temperature in YbMn6Ge6-xSnx (x = 4.2 and 4.4) reaching at least TYb  90 K [2]. 

Further, the Yb valence was found to increase upon cooling [1] by opposition with the standard behavior. 

These two very unusual phenomena were tentatively linked to the interaction between intermediate valent 

Yb and the magnetic Mn sublattice (TC  340 K). 

External parameters such as pressure or chemical substitution may alter the hybridization between the 

4f states of Yb and the conduction electrons, thus changing the Yb valency. So, as a step towards a better 

understanding of the magnetic behavior of intermediate valent Yb, we investigate the effect of partial Ga 

substitutions on the YbMn6Ge1.8Sn4.2 starting composition using DC magnetic measurements and powder 

neutron diffraction experiments. Gallium is used to partially replace Ge or Sn leading to the YbMn6Ge1.8-

xSn4.2Gax or YbMn6Ge1.8Sn4.2-yGay alloys, respectively. Trivalent gallium has both a different valency and 

a different atomic size than Sn or Ge (rGe < rGa < rSn). That should help to descry chemical pressure 

influence from electronic effects. 

 

Neutron diffraction data (see Figure) have allowed us to determine magnetic structures together with 

Yb and Mn magnetic moments in YbMn6(Sn,Ge,Ga)6. We investigated 6 different compositions: in each 

case, long duration patterns were recorded at 320 K and 2 K as well as a thermal scan between these two 

temperatures. For some compositions, some long duration patterns were recorded at intermediate 

temperatures. 

 

Results of the ILL experiment 5-31-2355 have been published in ref [3]. 

 

 

Fig. 
 

(a) Refined neutron 

diffraction patterns of 

YbMn6Ge1.8Sn3.7Ga0.5 at 

220K and 2K 

 
(b) selected angular region 

of the neutron 

thermodiffractogram of 

YbMn6Ge1.8Sn3.7Ga0.5 

 

(c) Schematic 

representation of the two 

magnetic structures in 

YbMn6Ge1.8-xSn4.2Gax and 

YbMn6Ge1.8Sn4.2-yGay. 
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