Time-resolved simultaneous spectroscopies as a probe of physical-chemical processes in functional and/or correlated materials 
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One challenge of contemporary condensed matter physics is the understanding of correlated systems and dynamic phenomena such as phase transitions occurring in correlated insulators or functional materials where a temperature change or chemical doping may induce anomalous phases. The continuously increasing demand of advanced techniques characterized by time-resolution and simultaneous analytical capabilities continuously stimulates scientists to look for new experimental methods. The availability all over the world of brilliant synchrotron radiation sources offers new and incredible opportunities and allow performing many different spectroscopic techniques providing answers to complex problems in term both of spatial and time resolution. Nevertheless, the lack of experimental methods based on concurrent and possibly simultaneous time-resolved experimental techniques exist. 

Pioneering time resolved experiments combining X-ray and IR radiation with a conventional source have been performed more than a decade ago. Nowadays many beamlines at third generation synchrotron radiation facilities are equipped with conventional sources to allow complementary techniques and the strategy of a concurrent analysis is mandatory in the investigation of many phenomena in frontier multi-disciplinary researches.
Here, we will present and discuss a couple of examples where the combination of an IR and X-ray simultaneous spectroscopic analysis may return unique information to characterize functional materials or complex processes occurring in materials science. 

Metal endohedral fullerenes are large clusters mainly composed by carbon atoms characterized by unique properties. Fullerenes are the third form of solid carbon and may exhibit properties whose understanding is relevant for both fundamental studies and technological applications. Among the nine possible isomers of the C82 series: C2v and Cs isomers were synthesized and investigated. Here we present data of a preliminary investigation of both vibrational and structural properties of M@C82 (M=Y, La and Gd) compounds by means of temperature dependent FTIR and XANES spectroscopy. Looking at both synchronous and asynchronous correlations we will show how 2D-correlation analysis of combined X-ray and IR data may support the identification of different isomers. [1]

As a second example we will discuss HgCdTe alloys where a zero-gap state may occur as the composition varies from HgTe to CdTe. In this system the singular mechanism of the Eg variation may be triggered by an external pressure or by a temperature. Far-IR reflectivity experimental data clearly show that frequencies of the optical phonon modes exhibit discontinuity in their temperature dependence when a zero-gap state occurs. The appearance of a zero-gap state is also a function of the temperature so that the effective condition to be fulfilled is Eg(x,T)=0 and according to the theory the electron effective mass at the conduction band edge would be close to zero so that many physical properties will be strongly affected by the singular characteristic of the band structure.

The two examples well illustrate the advantage of the simultaneous combination of atomic and structural techniques with FTIR spectroscopy when applied to materials science researches improving the understanding of many systems and processes.
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