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Recently, the VG HB501 100kV dedicated STEM run at IWZ für Materialwissenschaften 
could be substantially upgraded with a parallel Electron Energy Loss Spectrometer (Enfina 
1000 by Gatan). This spectrometer utilizes a highly sensitive optical CCD for electron 
detection leading to a routinely achieved FWHM of the zero-loss peak of 0.45 eV. 
Considering the high voltage fluctuations, core-edge spectra could be taken with an energy 
resolution of better than 0.5 eV. 
 
In Fig. 1, showing the EELS spectra of the Ti L2,3- and O K-ionization edge of the three 
natural titandioxid crystal structure modifications – rutile, anatase and brookite, the 
fascinating capabilities of the combination of the HB501 and the new spectrometer are 
illustrated. . In this study, single-crystalline samples with different crystal orientations of each 
polymorph were investigated in the STEM. However, comparing spectra recorded along 
different crystal orientations, only very minor changes could be found in the EELSspectra. 
Due to the splitting of the eg-peak of the L3 edge at 460 eV, which is well resolved, can easily 
be distinguished between the crystal structures. The results show a good agreement with the 
X-ray absorption spectroscopy measurements in [1]. 
 
A major problem, when working in a high energy dispersion mode of the spectrometer with 
an energy offset of several hundred electron volts, is the scattering of the zero-loss beam 
inside the spectrometer. The scattered electrons produce an inhomogeneous background on 
the CCD, depending on intensity and position of the zero-loss beam and consequently also on 
the sample thickness. This additional background will be discussed in terms of its impairment 
of conventional background fitting and subtraction methods. 
 
Due to the high read-out performance, the parallel energy-dispersive detector facilitates the 
details investigation of electron beam sensitive substances. As an example, Fig. 2 shows the 
temporal evolution of the EELS spectra of Ba2VSi2O8 [2] crystal powder in the electron beam 
during measurement. The Ba2VSi2O8 crystal contains one fivefold coordinated V4+ ion. Upon 
prolonged irradiation, the V-L2,3 edge position rapidly shifts by about 1.7eV due to the 
reduction of the vanadium ion. According to a systematic investigation of the X-ray 
absorption fine structure of minerals hosting vanadium in different oxidation states [3], a 
reduction to V3+ or V2+ is most probable. 
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Fig. 1: Comparison of the electron energy loss spectra (EELS) of three different titanium 
dioxide polymorphs. The presented spectra are background subtracted. 
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Fig. 2: Temporal evolution of the EELS spectra of Ba2VSi2O8 crystal powder due to radiation 
damage under the electron beam during measurement. The presented spectra comprise the 
average of about 15 single measurements without background subtraction. 


