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Report: 
 
If a chemical system is electronically excited e.g. by absorbing an optical photon the shape of the potential 
energy surface (PES) of the excited state can significantly differ from the ones of the ground state.  The 
change of the PES landscape is expressed in the formation of new little "valleys" or "hills". These "local 
perturbations" arise if the PES of the excited state is similar in energy to another PES of another electronic 
excited state - requiring particular resonance conditions for a selected geometry of the system (see also 
Wiegner theorem). Compared to the PES of a ground state, the PES of the excited state is only populated as 
long as the photon is absorbed which is typically in the order of picoseconds to sub-microseconds. Therefore 
time-resolved (TR) x-ray diffraction is one method of choice in order to characterise which geometry is 
dominantly formed after the absorption of optical light (see e.g. fig1, left). The TR methods help to evaluate 
time-scale and structure of the transient species during the complex decay process. 
In experiment No SC-681 (together with experiment No SC-504 (1999), see also the corresponding report) 
we studied TR powder diffraction of N,N-dimethylaminobenzonitrile (DMABN, C9H10N2, fig1), a compound 
widely discussed in literature with emphasis on relaxation mechanisms during photo-excitation [1-4]. Our aim 
was to measure the structural relaxation following photo-excitation and to test the feasibility of using this 
method to determine displacements at atomic resolution on a picosecond timescale. One of the main questions 
was whether structural relaxation takes place in a crystal and, if so, what are the amplitude and timescale. With 
TR x-ray diffraction it should be possible to distinguish between the inversion motion of the CH3-groups 
around the N-atom and the torsional motions of the CH3-groups as relaxation processes on the excited state 
PES (fig1). Depending on the kind of motions, electronic coupling effects between the π electrons (torsion) or 
vibronic coupling as in NH3 (inversion) characterize the photo-physical behavior of DMABN. 
 
 
 
 



 
In SC-681 we could show, that it is possible to characterise transient structures in the solid state by TR x-ray 
powder diffraction [5-7]. Some results of these experiments are summarised in fig1. In fig1, right the decay 
time of the transiently formed averaged torsional angle is shown. Clearly, the averaged torsional angle could 
be resolved in space and time and was found to be 10° in maximum. The hole relaxation process of the photo-
excited solid can be summarised by a - non-expected - coupled motion of inversion and torsion.  
 
 

 
 
 
Fig 1: Left: Principle of TR x-ray diffraction on the PES of photo-excited DMABN crystals. Right: 
Experimental decay time of the averaged torsional angle φtors in the solid state [5,6]. C-atoms of the phenyl 
moiety are given as open, N-atoms as black and the amino-C as grey circles. Note, that the H-atoms are not 
shown, since they do not contribute to the x-ray diffraction signal. 
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