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Excited states of biomolecules can be made available to the structural and spectroscopic analysis by 
a variety of strategies, ranging from optical pumping to stabilization of chemical mimics. Here, we 
focus on a system mimicking the Cu2O2-core in hemocyanin and tyrosinases. Hemocyanin serves in 
many arthropods as an oxygen carrier, similar to hemoglobin in vertebrates. The enzyme tyrosinase 
is present in plant and animal tissue and shares the dinuclear copper binding site as well as most of 
the structural features of hemocyanin. In fact, many hemocyanins even exhibit tyrosinase activity 
[1]. Tyrosinase catalyses the oxidation of phenols, required for the production of melanin and other 
pigments. This phenol oxidase activity is of considerable interest for industrial applications [2]. 

In both metalloproteins molecular oxygen is binding to two copper ions in the side-on peroxo mode 
(P-state) [3]. Complexes modelling these features have the potential to serve as highly specific 
oxidation catalysts [2]. In these complexes, the biomimetic donor ligand has the function to 
stabilize the complex after reaction with molecular oxygen either in the P-or O-state: with a 
peroxo-dianion or two µ-oxo donors bridging the Cu ions, respectively. Typically, these systems 
are stable at cryogenic temperatures only [4]. 

Recently, we presented the first system stabilizing the O-state at room temperature [5]. It is formed 
by the reaction of molecular oxygen with the Cu(I)-complex, Cu(L)I with L= (B(TMPip)G2p) [6] 
within several hours as visualized by the increasing absorption at 366 nm. In its ground state the 
complex comprises an O-state as shown by XAFS data [5]: A Cu-dimer with terminal N-donors at 
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Figure 2. Spectral distribution of the light emitted by our UV source (left). Setup for the XAS 
experiments on optical excited solution of [Cu2L2(µ-O)2]I2 with optics of the UV-source (black), 
multi-element fluorescence detector, safety shield (Kapton, orange), and UV-excited sample in 
an Al-sample holder with Mylar windows. (center: in direction of the x-ray beam, right: top 
view).  



2.00(4) Å, two bridging µ-oxo donors at 1.93(1) Å and a Cu-Cu distance of 2.84(1) Å could be 
identified in the EXAFS. Such systems typically can be optically excited by UV-light [4].  

For optical excitation a custom designed UV-LED source with a 1 mm focal spot has been installed 
at beamline C (HASYLAB, DESY, Hamburg, Germany). This source is based on a NSSU100A 
LED (NICHIA, Tokyo, Japan) with optics comprising 3 UV-transparent lenses (f=9mm, f=100mm 
and f=50mm). The maximum wavelength at 365nm is in line with the Raman active transition [5]. 
The resulting total power is 14.5mW, of which 70% are localized in the spot. Cuvettes were sealed 
with Mylar windows, because it is transparent at this wavelength. Kapton, in contrast, strongly 
absorbs this UV-light and thus has been used for safety precautions (Figure 1). 

To characterize the excited state transmission and fluorescence signals were monitored at 8990 eV 
upon optical excitation at room temperature. Whereas the transmission increases immediately the 
fluorescence follows with a delay of a few seconds. The reasons for these observations are 
enigmatic: The UV-light might heat up the sample causing lower absorption of x-rays in the 1mm 
thick cuvette. Then a small percentage of the Cu-complex precipitated prior to the experiment 
dissolves at elevated temperatures. Thus, after switching off the UV light the transmission 
decreases below the starting point. Other differences in the XANES with and without UV-light 
illumination could not be identified for a variety of concentrations indicating a too low UV-photon 
intensity. This is in line with the lifetime of the excited state, which is estimated to ∆t ≈ h/∆E ≈ h/ 
0.2 eV ≈ 20 fs based on the width of the resonance Raman peaks. At the given UV intensity ~10  
photons are generated per second; considering the absorption probability of ~40% in 1mm solution 
only a small fraction of the 10  Cu ions elucidated by the 1 x 1 mm  x-ray beam are optically 
excited when the pulsed synchrotron beam hits the sample. T
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herefore, the characterization of 
optical excitation states by XAS might only be feasible with the help of a synchronized, pulsed 
UV-source. Even in this case the total power absorbed by the sample might cause similar artifacts.  

Thus, we looked into a more elegant and instrumentally less demanding approach to elucidate 
the structural changes induced upon charge-transfer. Resonance Raman does not require full 
occupancy of the excited state, because only excited molecules contribute. Thus experiments can be 
performed at lower laser intensities. The Raman spectrum of [Cu2L2(µ-O)2]I2 exhibits strong 
vibrational excitations that can be assigned to the bending vibration of the copper-oxygen core at 
114.3 cm-1 and its integer multiples. For a given local symmetry the structural change is calculated 
from the Huang-Rhys parameter given by the intensity decrease in the Raman spectra [4, 5]. As 
reported in [5] the copper-oxygen distance increases by +0.01 Å and the oxygen-oxygen distance 
decreases by -0.13 Å. 
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