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Abstract: The excited-state structure of small molecules in solution has been studied by combining ultrafast laser techniques with synchrotron-based x-ray diffraction.  In these pump and probe experiments short laser pulses (1 ps) excite a subset of molecules in the sample and the diffraction from delayed x-ray pulses (100 ps) probe the structure at a given delay. The diffraction patterns are recorded on a CCD detector in pairs with and without excitation. The change in intensity S(q, t) is then Fourier transformed to S[r, t], which is a radial map of the excited molecules. There are two contributions to S[r, t]: the change in structure of the solute in its cage and the change in the bulk solvent. The latter is caused by a change in temperature and pressure induced by the structural relaxation of the solute [1-3].  We have studied these effects in dissociation of Br and I atoms from the molecules I2, HgI2, C2H4I2 and Br2. The experimental data will be compared to MD simulations and we will discuss methods to separate the solute /solvent terms.  

Finally we will show how time resolved Laue diffraction from the myoglobin complex MbCO show how small diatomic molecules like CO and O2 “find” their way from and to the iron binding site in the protein interior.  The Fourier difference maps show that the CO molecule, after dissociation with a short laser pulse, moves away in jumps between tiny cavities in the protein [4,5]. 
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