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            Abstract
Optical activity1,2,3 is the result of chiral molecules interacting differently with left versus right circularly polarized light. Because of this intrinsic link to molecular structure, the determination of optical activity through circular dichroism (CD) spectroscopy has long served as a routine method for obtaining structural information about chemical and biological systems in condensed phases4,5,6. A recent development is time-resolved CD spectroscopy, which can in principle map the structural changes associated with biomolecular function7 and thus lead to mechanistic insights into fundamental biological processes. But implementing time-resolved CD measurements is experimentally challenging because CD is a notoriously weak effect (a factor of 10-4â€“10-6 smaller than absorption). In fact, this problem has so far prevented time-resolved vibrational CD experiments. Here we show that vibrational CD spectroscopy with femtosecond time resolution can be realized when using heterodyned spectral interferometry to detect8,9,10 the phase and amplitude of the infrared optical activity free-induction-decay field in time (much like in a pulsed NMR experiment). We show that we can detect extremely weak signals in the presence of large achiral background contributions, by simultaneously measuring with a femtosecond laser pulse the vibrational CD and optical rotatory dispersion spectra of dissolved chiral limonene molecules. We have so far only targeted molecules in equilibrium, but it would be straightforward to extend the method for the observation of ultrafast structural changes such as those occurring during protein folding or asymmetric chemical reactions. That is, we should now be in a position to produce â€˜molecular motion picturesâ€™11 of fundamental molecular processes from a chiral perspective.
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                    Figure 1: 
                        Heterodyned detection of optical activity free induction decay.
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Figure 2: 
                        Vibrational optical activity signals of chiral limonenes.
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        Editorial Summary
Chiral molecules, the movie
Chiral molecules interact differently with left and right circularly polarized light, and the resultant optical activity has long been used to learn about molecular structures. The development of circular dichroism spectroscopy that can determine optical activity in a time-resolved manner raises the exciting prospect of the direct mapping of structural changes of important chemical or biological processes involving chiral molecules. Rhee et al. show that despite the difficulties posed by notoriously weak signals and large background contributions, optical activity in the infrared can be detected with femtosecond time-resolution by heterodyned spectral interferometry. This means that 'molecular motion pictures' of fundamental processes from a chiral perspective could soon be a reality.
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