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Synchrotron light source is the origin of various highly effective x-ray
techniques for studying properties of materials. This thesis involves two well-known
techniques including RXES which is highly appropriate for studying electronic band
structures of materials and XANES technique which is widely used for probing
physical properties of materials. However, the experiments alone are generally not
sufficient to gain a deep understanding of material properties. Therefore, in this thesis
first principle calculation, which is unbiased and well accepted, is employed to help
gaining a deeper and more accurate understanding of material properties. Three
materials were chosen as follows. 1) Graphene, its electronic band structures were
calculated along with RXES spectra employing first principle calculation as
implemented in the FP-LMTO code. The calculated spectra were analyzed and
compared with the experiments. The corehole effects on the spectra shifting were also
taken into account for more accurate analysis, which has never been done before. Good
agreements between the calculation and the experiment were obtained. 2) Indium
Nitride, its electronic band structures were calculated with first principles calculation
based on QSGW approximation as implemented in FP-LMTO code. The calculated

band gap was highly accurate and agree well with previous experiment. The RXES
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spectra were calculated at near grazing and near normal angles of incidence in order to
probe different parts of the electronic band structures. The calculated spectra were
compared to the experimental ones and help to explain the electronic band structure of
this material in more detailed. 3) Bi(MgosTios)Os, first principles calculation as
implemented in VASP was employed to find the actual structure of this material and
XANES spectra for the possible structures were calculated with FEFF code in order to
find the cation off-centering features in the spectra. The results can be used to determine
the actual structure of the material for the future experiments. In summary, first
principles calculation is a very powerful method to be used to study the electronic band
structure and physical structure of materials. The RXES technique is suitable to study
electronic band structure, while XANES is good for the study of local structure of
materials. When first principles calculation is used incorporated with the X-ray
techniques, a much deeper understanding of materials can be obtained which is crucial

to the development of better materials for electronic devices.
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