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Titanium oxide Ti4O7 is a member of the homologous series TinO2n-1 known as Magnéli phases. It shows two consecutive transitions in electrical conductivity, a metal-semiconductor at about 150K and a semiconductor-semiconductor transition around 130K-140K. In the metallic high temperature phase, 3d electrons of Ti ions are delocalized and contribute to the electrical conductivity. Below 150K, the 3d electrons are localized to form covalently bonded  Ti3+-Ti3+ pairs. Since the pair formation involves lattice displacements, these pairs may be viewed as two-particle polarons or bipolarons.  While ordered arrangement of the Ti3+ pairs is established in the semiconducting low temperature phase (T<130K), this long range order vanishes in the intermediate phase (130K<T<150K) . Thus the semiconductor-semiconductor transition is an order-disorder transition of bipolarons.[1]  It is inferred that the disorder is dynamic, i.e., bipolarons are mobile in the disordered phase. However, the nature of bipolaroms in each phase is not clear. In the present work, we investigate the nature of bipolarons in Ti4O7 by means of Raman spectroscopy. Figure shows the Raman spectra of Ti4O7 measured with elevating temperature. In the ordered phase (T<132K), several sharp Raman lines are observed. When the sample is warmed through the order-disorder transition, a shift and an abrupt broadening of the lines occur. The lines further broaden upon increasing the temperature.  The  broadening reflects the disordered nature of the lattice structure. At temperatures above the metal-semiconductor  transition (T>151K), the material becomes metallic and the Raman lines disappear as expected. Thus Raman spectroscopy  is useful  to study the phase transitions in Ti4O7.  
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