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A molecular level understanding of how transition metal complexes catalyze reactions has long 
been a grand challenge. It is not only critically important for advancing efforts in developing a 
new generation of environmentally sustainable industrial catalysts, including the fields of solar 
energy conversion, fuel cells and nitrogen fixation, it is also central to the study of many 
important metalloenzymes in biology and other fields. Synchrotron radiation based X-ray 
spectroscopy methods have been at the center of studying transition metal complexes for many 
years, specifically their electronic structure and ligand environment.  
Here, the emission signal of 
conventional X-ray emission 
spectroscopy (XES) is emitted into the 
full 4π solid angle, but only a fraction of 
it can be detected with state-of-the-art X-
ray analyzer optics for both hard and soft 
X-rays. A fundamentally new approach 
of stimulated, non-linear X-ray 
spectroscopy is discussed. All emitted 
photons are directed exclusively in the 
forward direction, leading to an altered 
and narrower spectral shape (see Figure). 
This approach has the potential to not 
only overcome the limitations of 4π 
signal collection, it can also lead to 
several orders of magnitude larger signal 
yields and information not obtainable 
with conventional methods. The strong 
gains in signal strength and an 
exponential spectral sensitivity can be 
used to selectively probe subsets of 
emission lines. In addition, emission signals with a spectral width way beyond the natural life-
time broadening have been observed. A finding that is unique to the non-linear processes in 
stimulated emission.  
In this presentation, the whole intensity region leading to gain narrowing and final state 
broadening will be discussed with a focus on chemical information and results unique to non-
linear, stimulated X-ray emission spectroscopy. 
 

 
Figure: Illustration of the stimulated emission process 
(top) and resulting spectrum (bottom) compared to a 
conventional XES spectrum with optimized detection 
setup. 


