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Report: 

The plutonium δ-phase (face-centered cubic) can be stabilized at room temperature with so-called deltagen 

elements such as Ga, Al, Am, Ce… While PuGa and PuAl alloys have been extensively studied, few works 

have been devoted to PuCe and PuAm alloys. A Ph.D. (initiated in 10/98) was devoted to a better 

understanding of the δ-phase stabilization in especially binary Pu(x)Am(1-x) alloys [1]. Electronic and 

crystalline structure appeared to be strongly related in these alloys. Electronic effects have been suggested 

through a positive deviation from the Vegard’s law, as shown by XRD [2]. A strong localization of the 5f 

electrons of Pu atoms has been indicated by electrical and magnetic measurements for an Am content of 

about 25 at% [1]. However, the techniques used until now gave only an overall information, whereas, as 

EXAFS measurements in Pu(x)Ga(1-x) alloys revealed, important phenomena can happen at a short range order 

[3,4].  

 

Experiment 

EXAFS measurements have been performed at the LIII-edges of Pu (18057 eV) and Am (18504 eV) in the 

transmission mode on four alloys: Pu0.95Am0.05, Pu0.85Am0.15, Pu0.75Am0.25 and Pu0.57Am0.43. EXAFS spectra 

have been recorded at 20 K using the cryostat from the BM20 line. 

 

Results and discussion 

Preliminary theoretical study 

 The LIII-edge of Am being close to Pu one, the EXAFS spectrum of the Pu interferes with the Am one. 

Therefore, using FEFF calculation, the theoretical FT of the Pu, Am and PuAm alloy EXAFS spectra have been 

compared. The results (Fig.1) show that the Am-Pu contribution is not influenced by the Pu signal. The addition 



 

of the Pu signal does not modify the peak position of the Am-Pu contribution. A study of the Am-Pu distances is 

then possible by filtering this contribution in experimental spectra.  

Experimental study 

The results (Fig. 2) highlight an increase in both Am-Pu and Pu-Pu distances with the Am content and the Am-

Pu distances are always larger than the Pu-Pu ones with an expansion of 0.03Å. Moreover, an increase in cell 

parameter with Am content has been equally observed by XRD, technique which is sensitive to long range 

order. The values obtained by XRD tend towards the Pu-Pu distances for the lowest Am content and towards the 

Am-Pu ones for the highest Am content. This can first be attributed to a steric effect, the Am atomic volume 

being more important than the Pu one.  

However, as the Am content increases, Pu atoms are replaced by Am atoms whose atomic volume is larger. 

Consequently, the resulting lattice expansion induces a decrease in the overlapping of the 5f wave function of 

the plutonium. This phenomenon leads to an increase in the 5f electrons localization and thus an increase in the 

atomic volume. So, the increase in the Am-Pu and Pu-Pu distances are the result of both steric and electronic 

effects. 

It is noticeable that Pu atoms seem to reach their 5f electrons maximum localization degree in this kind of 

alloys, as it was suggested by the susceptibility result [1], since a slight decrease in the slope can be observed 

from an Am content of 25%. This effect, only observed for the Pu-Pu distances, shows that, from this Am 

content, only the steric effect remains. Finally, the great difference between the Am-Pu and Pu-Pu distances 

for an Am content of 43% seems to highlight that the distances for both pairs will be never equal whatever 

Am content. This involves that the 5f e- localization degree of Pu could not reach the 5f electron localization 

degree of Am in this alloy. 
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Fig. 1: Theoretical EXAFS FT calculation using FEFF7. Fig. 2: Interatomic distances for the Am-Pu and Pu-Pu pairs. 
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