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Hard X-ray photoelectron spectroscopy (HAXPES) was used to investigate the electronic structure 
in compounds exhibiting a temperature induced phase transition. The focus of our investigation was 
materials presenting magneto shape memory, in which a magneto-structural transformation from 
austenitic to martensitic phase is observed; and metal-insulator transition, namely VO2 films, in 
which a temperature induced transformation from rutile to monoclinic structure is observed. The 
experiments were carried out in the P09 beamline at Petra III, DESY.  

The temperature dependence of the valence band Mn0.7Ni1.9Ga film on MgO(100) was measured 
with a photon energy of 6keV. Fig 1-a shows a clear redistribution in the occupation of the Ni 3d 
states.  The changes are related to the magnetic properties through the phase transition. For a full 
understanding of the temperature dependence of the valence band and the relation with the 
magnetic properties, further experiments using soft X-ray magneto dichroism (XMCD) are planed 
for these films. 

The metal-insulator transition in VO2 films on TiO2(001) occurs at about T=290K. The phase 
transition of the VO2 film is evidenced by the temperature dependence of the spectral shape of 
valence band (see Fig 1-b). The photon energy of 3keV gives the best tradeoff between probing 
depth and the cross section of 3d states. Figure 1b shows that V3d peak has higher intensity in the 
monoclinic phase when measured at normal photoemission geometry. We ascribe this effect to the 
coupling of the light electric vector and the orbital polarization of the d|| states in the monoclinic 
structure: In the geometry used to measure normal photoemission, the light electric vector is almost 
parallel to the rutile VO2 c-axis. This observation plays an essential role in the understanding of the 
electronic structure of VO2 modified by electrolyte gating [2].  

Figure 1: (a) HAXPES spectra for Mn0.7Ni1.9Ga film. (b) Valence band above and below the transition 
temperature of VO2 film. (c) Comparison between at V3d spectra collected in the quasi- and off-normal 
condition. Solid lines represent the photoemission angle θ=5 (more bulk sensitive) and open circles represent 
the photoemission collected at θ=60 (more surface sensitive). The arrow indicates the co-existence of 
phases. The V3d spectra were normalized at energy about -0.5eV for better comparison of spectral shapes. 

Depth profile information was obtained by measuring photoelectrons at normal and off-normal 
directions (see Fig 1-c). For the temperature of 350K (120K) the film presents a homogeneous 
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rutile (monoclinic) phase. In the vicinity of the phase transition (T=250K) the presence of a mixed 
phase is observed for off-normal photoemission. This indicates, that near the transition temperature, 
the film surface has a different structure than deeper positions in the film. This is because VO2 
often exhibits significant hysteresis with regard to temperature sweeps from low to high 
temperatures. Our experiment shows that the co-existence of the insulator and metallic phase in the 
vicinity of the transition temperature is more accentuated near the film surface. 
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