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Hard X-ray spectroscopy determination of the electronic structure in titanium molecular systems



ESRF



Janine Grattage1, Karina Schulte2, Kristina Kvashnina1, Tsu-Chien Weng1, and Pieter Glatzel1 1 - ID26, ESRF. 6 Rue Jules Horowitz, BP 220, 38043 Grenoble, France 2 - MAX-lab, Lund Universitet , Ole Römersväg 1, 223 63 Lund, Sweden



We have studied the electronic structure of a series of titanium-containing molecules using several hard X-ray techniques. K-edge XANES probes the unoccupied electronic states close to the Fermi level, and gives information on the local coordination and structure of the absorber atom. Non-resonant X-ray emission spectroscopy over the Kβ satellite lines accesses the occupied valence orbitals and contains information on the ligands. Furthermore, valence band resonant inelastic X-ray scattering (VB RIXS) can be recorded by scanning the XANES pre-edge region over an emission energy range covering the Kβ satellite emission line, to map out the valence electronic structure of the absorber atom. This combination of techniques can provide a valuable insight into the electronic structure of these interesting compounds.



Titanium molecules



Method



Titanium phthalocyanine oxide (TiPcO) and dichloride (TiClCl2) are used in photovoltaic and organic electronics applications [1,2]. Cyclopentadienyl (CP TiCl3) and the methylated form (PMCP TiCl3) are used as polymerisation catalysts [3]. Bis(cyclopentadientyl) titanium trichloride (BisCPTiCl2) and Dichlorobis(indenyl) titanium (Bis Indenyl TiCl2) are of interest in cancer research [4]. The geometries and ligands of the different compounds are such that we expect to see different electronic transitions due to the different chemical and geometrical environments of the Ti atoms.
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The spectra were recorded at ID26 of the ESRF. The incident energy was selected by using the reflection of a pair of cryogenically cooled Si single crystals. A 1m vertical Rowland circle geometry X-ray emission spectrometer was used to record the emission spectra, using a Ge(331) spherically bent Bragg analyser crystal. The powder samples were used as purchased from Sigma Aldrich, pressed into pellets and kept at 4K using a lHe cryostat during the experiments.



Bis indenyl TiCl2



Non-resonant Kβ satellite XES



K edge XANES spectra The Ti K-edge XANES pre-edge contains information on the 3d-4p orbital mixing and local symmetry of the Ti ions. The spectrum of TiPcO has a strong pre-edge resonance from 3dz2 - 4pz mixing. The other lower symmetry compounds have a split pre-edge peak due to crystal field splitting. CP-rings hybridise with different Ti d orbitals causing the split in CP-ring molecules [6]. In TiPcCl2 Cl orbitals hybridise with the Pc-ring to split the energy levels in the pre-edge.
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Non resonant XES are chemically sensitive and can be used to obtain information on the ligands, from the ligand 2s – metal 1s Kβ ’’ ‘cross-over’ peak [5]. The Cl 3s ligand crossover states are seen in the spectra for all Cl-containing samples. Only TiPcO shows strong ligand crossover peaks from O and N. The other molecules have weak ligand crossover peaks, thought to be due to extensive delocalisation of the ligand orbitals in the molecular complexes. Peak assignments were determined using the ORCA DFT code to calculate the spectra [7].
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Ti complex VB RIXS In VB RIXS of 3d atoms in molecules, a 1s electron is excited into the p-d type MOs close to the Fermi level. An electron from another p-d type MO relaxes, giving an overall energy transfer (ET) to the system of a few eV. The VB RIXS planes for the six Ti complexes are shown below. Here we have a complete picture of the electronic transitions in the valence band region. Resonant XES line spectra (right) can be extracted to determine the different transitions taking place. Blue lines indicate similar transitions between compounds, which are thought to be due to transitions from the same type of MO. TiPcCl2
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VB RIXS planes mapping the electronic transitions close to the Fermi level. Similar transitions between compounds are shown by blue lines. RXES line scans are extracted at energies marked by an arrow.



Cutting through the RIXS plane at the incident energies shown (by arrows) we obtain the resonant XES scans above. Again the similar transitions are shown by blue lines.



Conclusions •XANES spectra show the low symmetry and local structure of the Ti atoms in different compounds. Non-resonant XES spectra over the Kβ satellite line give an indication of the hybridisation and ligands in the sample. •VB RIXS is a powerful spectroscopic tool to probe the valence electronic structure of organnometallic molecules. Electronic transitions can be extracted from the VB RIXS planes to determine the valence electronic structure. References: [1] C. G. Claessens, U. Hahn and T. Torres, Chem. Rec. 8, 75–97, (2008). [2] Y. Shirota, J. Mat. Chem. 10, 1-25, (2000) [3] H. G. Alt and A. Koppl, Chem. Rev. 100 (4) 1205-1221, (2000)
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