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Abstract: 
Two-dimensional infrared (2D IR) spectroscopy can be used to describe transient molecular structure in solution. The position, shape, and intensity of the peaks in the 2D IR spectrum reveal information on vibrational couplings and dipole orientations, which can be modeled in terms of molecular structure and interactions. These characteristics were used to investigated protein amide I transitions to -sheet secondary structure. Vibrational echoes and 2D IR spectroscopy were applied to follow structural changes during thermal denaturing. Ideal antiparallel (AP) -sheets have two IR active amide I transitions, an intense low frequency mode ( and a weak high frequency mode  that result from electrostatic couplings between amide vibrations in the sheet. 2D IR spectra as a function of temperature reveal the melting of ​-sheets on denaturing through the disappearance of the cross-peak between these two modes. These signatures can also be seen in a frequency dispersed vibrational echo (DVE) spectrum, which is related to projection of complex 2D IR spectrum.  Transient probing of thermal denaturing of ubiquitin with DVE spectra following a nanosecond temperature jump (T-jump), reveals structural changes on nanosecond to millisecond time scales. While the equilibrium thermal unfolding suggests two-state kinetics, transient unfolding demonstrates complicated dynamics. The unfolding of strands III-V precedes the hairpin unfolding of strands I and II. The frequency dependent non-exponential relaxation is interpreted as downhill unfolding on the free energy surface. A simple model analogous to Ising model is used to calculate the two-dimensional free energy surface consisting of two coordinates of the number of native residues in the strands I-II and III-V. The temperature dependence of the unfolding dynamics is compared with the results from this free energy calculation.
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