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Though graphite has been under investigation for decades, it is still a scientifically highly 
interesting material due to its high industrial importance and as a model-material for 
theoretical investigations of carbon nanotubes [1]. Electron Energy-Loss (EEL) spectra 
contain valuable information about the electronic configuration of a sample. Concerning 
carbon materials two energy regions are of interest. The energy-loss of the carbon K 
ionisation edge lies at ~280 eV. Its near-edge fine structure (ELNES) varies with different 
carbon structures and is subject of many publications [2,3,4,5,6,7,8]. The collective 
excitations of the valence electrons (plasmons) can be seen in the low energy-loss region up to 
~50 eV and differences in the fine structure of this region have been investigated for various 
carbon structures [9,10,11,12,13].  
 
Energy Filtering Transmission Electron Microscopy (EFTEM) offers the possibility to rapidly 
acquire image data for a specific energy-loss with high spatial resolution. A series of EFTEM 
images at different energy-loss values allows to extract spectral data for each pixel in the 
images and, consequently, to map material properties associated to spectral features [14]. 
However, the energy resolution is limited by the energy selecting slit width so that fine 
spectral structures can usually not be resolved.  
 
In this work we developed a set of tools for the acquisition and data processing of EFTEM 
series and applied them on a sample of hexagonal graphite. Using extremely narrow slit 
widths of less than 0.5 eV as well as 2x oversampling  it was possible to gain an energy 
resolution of ~0.8 eV in the extracted spectra showing fine structure details of the carbon 
plasmon energy-loss region comparable to EELS measurements. By dynamic adaptation of 
acquisitions times it is possible to overcome the limits due to the dynamic range of the CCD 
and to collect data containing both the highly intense zero-loss peak and the much weaker 
plasmon peaks in one dataset with good statistics which was not possible for EELS. With an 
acquisition time of less than 13 min a sample region of 0.65 µm² (256 x 256 pixels with a 
pixel size of ~10 nm²) was analysed in energy-loss up to 23 eV. Data processing allows to 
correct for sample drift and energy displacement due to the system’s non-isochromaticity. The 
improved energy resolution of the EFTEM series combined with the large field of view 
(FOV) allows to extract and average spectra from regions of interest such as interfaces. 
Furthermore, it becomes possible to extract fine structures of spectral features and map their 
changes over the FOV. We show this by mapping the shift of the π∗-plasmon peak at 
approximately 6.0 eV energy-loss. 
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Fig.1: TEM zero-loss filtered bright field image and EELS spectra of hexagonal 

graphite. The marker shows the image area (2x2 pixels) from which the 
spectrum was extracted in the EFTEM series. 
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