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Aberration correction has led to routine scanning transmission electron microscope (STEM) images 

based on electron energy loss spectroscopy (EELS) with atomic resolution [1].  Such images are often 

obtained from very thin specimens, but not all specimens can be prepared in a way that leads to simple 

visual interpretation.  Even for thin specimens, the interpretation of data is complicated by probe 

spreading due to both elastic and inelastic scattering processes [2].  Specimens prepared by ion milling 

are usually of the order of 40-60 nm thick and can be particularly hard to obtain clearly resolved 

spectrum images, even though the underlying structure is clearly seen in annular dark field (ADF) 

images.   

 

MnFePSi compounds exhibit a giant magnetocaloric effect, which makes them prime candidates for 

solid state refrigeration.  These compounds are based on the hexagonal Fe2P structure where the Fe 

atoms occupy two distinct sites, with tetragonally coordinated 3f sites and pyramidally coordinated 3g 

sites, which we shall label Fe1 and Fe2 respectively.  The addition of Mn and Si at varying levels can be 

used to improve the properties of these compounds.  Studies using density functional theory and neutron 

scattering predict the Mn preferentially occupies the Fe2 site [3,4].  In this work we will examine 

Mn0.43Fe1.57P0.73Si0.27 using real space STEM EELS measurements to determine the position of the Mn 

atoms and the variation of the Fe L23 ratio between the Fe1 and Fe2 sites.  To overcome the effects of 

both multiple elastic scattering and thermal diffuse scattering of the STEM probe we apply a recently 

developed inversion technique to obtain the underlying inelastic scattering potential from STEM EELS 

data obtained using an aberration corrected Nion UltraSTEM operating at 200 kV [5].   

 

In Fig. 1 we show simultaneously acquired ADF (a) and EEL spectrum images based on the Fe L shell 

(b) and Mn L shell (c).  The hexagonal structure is clearly seen in (a) and the structure is overlaid on an 

ADF simulation seen in (d).  A probe forming aperture of 30 mrad. and an EELS collection semi-angle 

of 36 mrad. have been used.  The specimen thickness was determined to be 65 nm from low-loss EELS 

data.  While the positions of the Fe columns may be inferred from Fig. 1(b), the Mn L spectrum image 

in (c) does not provide any visual identification of the Mn sites.  After the inversion procedure, the Fe 

atomic columns can be clearly seen in the recovered scattering potential shown in Fig. 1(e) with the Fe1 

columns identified by the blue circles and the Fe2 columns by the red circles.  Similarly the Mn L 

scattering potential shown in 1(f) clearly shows the preferential occupancy of the Fe2 sites by the Mn 

impurities.  

 

Not only are we able to determine the location of the Mn impurities, but the near edge structure of the 

different Fe sites can also distinguished.  In Fig. 2(a) the averaged Fe L shell spectrum obtained directly 

from the experimental data is shown for both the Fe1 (blue lines) and Fe2 columns (red lines).  There is 

a slight reduction in the Fe1 L3 peak compared to that of the Fe2 spectrum.  This difference becomes far 

more distinct in the averaged spectra obtained from the Fe L-shell potentials obtained by inversion 

shown in Fig 2(b). 
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This technique provides real space visualization of site occupancy and unlike diffraction based 

techniques, promises local site identification rather than averaged site occupancies. 
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Figure 1.  ADF image (a) and simultaneously acquired Fe L-shell and Mn L-shell spectrum images, (b) 

and (c) respectively, of Mn0.43Fe1.57P0.73Si0.27.  (d) Simulated ADF image with structure inset.  

Recovered EELS scattering potentials for Fe L-shell and Mn L-shell ionization are shown in (e) and (f) 

respectively.  

Figure 2.  Fe1 L-shell (blue lines) and Fe2 L-shell (red lines) obtained from the raw data (a) and the 

inversion process (b).  
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