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Report: 

High pressure XAFS experiments at the Cu and Fe K-edge have been performed in the 

antiferromagnetic insulator delafossite (CuFeO2) to ~60 GPa. Pressures were generated with 

TAU oposite/plate diamond anvil cells having anvils with 300-µm diam. culets. Argon was 

used as a pressurizing medium. Pressure was measured using the ruby fluorescence technique. 

High-pressure XAFS studies were performed at beamline ID24.  

CuFeO2 crystallizes in the hexagonal layered structure consisting of alternating hexagonal 

layers of Cu1+, O2-, and Fe3+. The paramagnetic Fe3+ (S=5/2) layers are separated by 

(nonmagnetic) layers of Cu1+ (S=0) and O [1]. Recent High Pressure (HP) 57Fe Mössbauer 

studies [2] resulted in the discovery of two remarkable events: 1 – at around 23 GPa an abrupt 

pressure-induced (PI) reduction of the 1/3 of the Fe3+ ions to eventually form two magnetic 

sublattices of Fe3+ and one of Fe2+, and 2 – a threefold increase in the ordering temperature TN 

of the Fe2+ sublattice as compared with the Fe3+ ones. A most plausible and consistent 

explanation is that at a critical ΔV/V0 a sharp overlap occurs between the cuprite’s and the 

ferric’s bands resulting in the oxidation of part of the Cu1+, namely: 

2+ 2+3+ , Cu  sublattice sublattice
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The presence of two paramagnetic ions (Fe2+ and Cu2+) in the new sublattice could explain 

the Fe3+ → Fe2+ mechanism and the enhanced TN of this new magnetic sublattice.  

The present HP Cu K-edge XAS [3] studies has provided additional experimental proof 

that indeed the process depicted in (1) is correct. Fig. 1 shows the Cu K-edge XAS spectra as 

a function of pressure between ambient and 45 GPa. At the edge region the ambient pressure 

spectrum shows a distinct peak (A) at the onset of absorption (~ 8984 eV), a signature of a 

linear O-Cu-O bonding configuration as in Cu2O [4]. With increasing pressure to ~ 27 GPa the 

intensity of A is unchanged, after which it gradually vanishes. Fig. 2 shows the evolution of the 

energy position of the absorption-onset obtained from the maxima of the derivative of the 

absorption spectrum in the pressure range up to 27 GPa. At constant pressure and temperature 

the shift of the X-ray absorption onset can be related to modifications of the oxidation state of 

Cu, e.g., Cu1+ → Cu2+. [5] Our data show a strong positive shift in the 18- 23 GPa range in 

contrast with Fe which shows a negative shift, consistent with Fe3+ → Fe2+. The shift in Cu 

occurs in a discontinuous step, indication of a possible 1st-order phase transitions at ~ 21 GPa 

leveling off up to 27 GPa. This step, with an absorption-onset shift of ~ + 0.9 ± 0.1eV, is 

compatible with the MS data, indication that part of the cupric are transformed to cuprous ions. 

Based on the Fe MS data this valence transition occurs in ~ 1/3 of the Cu1+ resulting in 

Cu2+/Cu1+ (and Fe2+/Fe3+) abundance ratio of 1/2.  

The transition occurs not only with a positive energy shift but also with strong 

modifications of the near edge region, 

Fig.1.  Cu K- edge XAS spectra of CuFeO2, as a 
function of pressure. 
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Fig. 2.  The evolution of the energy position of the 
absorption-onset for Cu K- edge of CuFeO2 in the 
pressure range 0 - 30 GPa   



sensitive to the medium range order. The intensity of peak B around 8989 eV increases rapidly 

above 18 GPa; compatible with additional O atoms approaching Cu off the initial O-Cu-O 

direction (2nd and higher coordination shells). Concurrently, peaks C’ and C’’ merge into peak 

C and peak D decreases strongly. Those changes are related to multiple scattering effects that 

are strongly affected by a change in medium range order. In the EXAFS region, sensitive to the 

first neighbors’ coordination, there is no major modification of the first oscillation (E) up to 27 

GPa. A detailed analysis shows that up to about 20 GPa, the average number of O atoms 

surrounding Cu is 1.8 ±0.3 and then it increases slightly to 2.5±0.2; concurrently, the Cu-O 

distance increases from 1.77 ± 0.02 to 1.88 ± 0.02 Ǻ. This indicates that the phase transition 

following the valence changes involves a partial modification of the first coordination shell of 

Cu as well, and a rearrangement of the medium range structure.  

X-ray diffraction studies show a structural phase transitions at ~19 GPa corroborating with the 

distinct step in the Cu and Fe K-edge shift. The new phase can well be fitted with the 

monoclinic (C1m1) structure with β angle is very close to 90o; indicating the onset of a higher 

symmetry. This is also a layered structure but a slightly distorted hexagonal which can be 

obtained from the original low pressure phase by a distortion of the hexagonal R-3m cell. The 

transition is accompanied by a significant reduction of the c-parameter, crystal volume, and a 

sharp decrease of the c/a value. The reason for these alterations is the breakage of the 1/3 of 

the dumb-bell like O-Cu-O bonds resulting from Cu1+→Cu2+ transition on the 1/3 of the Cu 

layers. A manuscript is now being prepared to be submitted to PRL.  
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