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X-ray spectroscopy provides a great deal of information for analyzing chemical reactivity and 

characteristic properties of matter by probing the interactions of molecules with their local 

environment. The nature of core orbitals and elemental specificity of core-level transitions provide 

an advantage for resolving spectroscopic signatures with continually advancing experimental X-

ray techniques. The research presented examines the applicability of practical ab initio composite 

methods for modeling X-ray absorption and non-resonant X-ray emission.1,2 Vertical K-edge 

excitation and emission energies, with relativistic corrections, are obtained from core-electron 

binding energies calculated using spin-projected Hartree-Fock / Møller-Plesset perturbation 

theory3 and outer-core ionization potentials / electron affinities calculated with electron propagator 

theory.4 An assessment of the combined methodologies against experiment is performed for a set 

of small molecules containing second-row elements. Methods for obtaining transition intensities 

are applied for reconstructing non-resonant X-ray emission spectra.5 Results from the models 

examined indicate that sub-electron-volt accuracy can be obtained for core-level energetics while 

maintaining a satisfactory balance between accuracy and computational cost. 
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