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Abstract. We report the high-pressure XANES study of the electronic phase transition from 4f
7
 to 4f

6 

configuration of europium in the rare-earth compound Eu u2Ge2. The hydrostatic pressure dependence of 

the europium valence was obtained in a wide pressure range (1-30 GPa) at room temperature. It was 

found that upon the pressure increase above 20 GPa the europium valence does not reach the integer 

value +3 but stabilizes at 2.87. The experimental results were supported by the band structure calculations 

in the framework of DFT, which allowed us to discuss the features of 3d-4f hybridization in this system. 

The study also compares the mechanisms of external and “chemical” pressure by the Si substitution in Ge 

site in series EuCu2(SixGe1-x)2. 

 

1.  Introduction 

Compounds EuCu2X2 (X =Si, Ge) crystallize in the ThCr2Si2-type structure (tetragonal space group 
I4/mmm) which is famous for a variety of fascinating phenomena such as valence fluctuations, 
“heavy-fermion superconductivity”, non-Fermi liquid states, Kondo insulators, etc. [1-4]. These 
compounds are usually highly sensitive to the impacts like electron/hole doping or pressure, which 
lead to the modification of their electronic structure near Fermi level and eventually to various phase 
transitions. That is how the superconductivity was recently found in EuFe2As2 under compression [5]. 
The compound EuCu2Ge2 is antiferromagnetic (TN  15 K) at ambient conditions and at the same time 
shows the intermediate valence state of europium with a value of 2.15 [6]. We talk about electronic 
phase transition in terms of transition between 4f electronic configurations of rare-earth element or the 
valence instability. Recently it has been reported in [6] that silicon substitution in Ge site in series 
EuCu2(SixGe1-x)2 leads to a chemical compression and induces the transition from the magnetically 
ordered state (x < 0.65) to a heavy-fermion state (0.65 < x < 0.85) and then to a nonmagnetic strong 
valence fluctuating state which is accompanied by the Eu valence increase from 2.15 in EuCu2Ge2 to 
2.67 in EuCu2Si2. The suppression of the magnetic ordering may be due to the predominance of the 
contribution from non-magnetic Eu3+ (4 , J = S = 0). Thus, the europium valence might be an 
indicator of certain electronic and magnetic properties in this system. In this way we decided to 
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It was expected that the application of external pressure of the order of 2 GPa would lead to a 
noticeable valence change (quantitative evaluation of the relation between valence and pressure up to 
5 GPa for EuCu2Si2 was given in [1]), which is experimentally manifested in renormalization of the 
magnetic spectrum. However, external pressure did not produce a significant change in the structure of 
the magnetic response nor in its temperature dependence. This fact can be explained in the way of 
compensation of two main reasons for renormalization of the magnetic spectrum. On one hand, it is a 
high hybridization of f-electrons with the conduction band states, and on another, it is an opposite 
renormalization expected due to the shift of the average valence to +3. Therefore it is possible that the 
compound EuCu2Si2 has only quantitative difference but similar (with EuCu2Ge2) physical reasons for 
the stabilization of the europium valence under high pressure. 

 
 

4.  Conclusion 

The pressure dependence of europium valence in EuCu2Ge2 has been obtained in a wide pressure 

range using the XANES spectroscopy. It was found that the mechanisms of the “chemical” and 

external pressure most likely affect the europium valence in a different way. However, the 

stabilization of europium valence near the similar value of 2.9 was obtained for both Si-substituted and 

pure compound. Based on the DFT calculations the qualitative model of hybridization between 4f 

level and 3d subband has been proposed, which explains the stabilization of valence at high pressure 

and predict that even at a higher compression it will stay below +3. 
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