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Report: 
In this work, we used EXAFS spectroscopy to solve the structures of uranyl(VI) 
hydroxo dimer and trimer complexes in aqueous solution. One of the main challenges 
for EXAFS is to prepare solutions in which the target polymeric species are dominant, 
while in the uranium concentration range suitable for EXAFS measurements, there is 
always a mixing of several species. Therefore, uranium(VI) concentration and pH was 
optimized as far as possible based on thermodynamic calculations to reduce the number 
of coexisting species, while vibrational spectroscopy (FTIR) and UV-vis absorption 
spectroscopy was used to support the discrimination of coexisting species, in case they 
could not be avoided experimentally.  
 

Experimental 
 The EXAFS measurements were recorded at the Rossendorf Beamline at BM20. The 
Uranium LIII-edge spectrum of samples were recorded either in fluorescence mode or in 
transmission mode at room temperature. The energy scale was calibrated using the 
maximum of the first derivative of the K-edge spectrum of yttrium (17038 eV), which 
was simultaneously measured with each spectrum. The threshold energy, E0, of the 
uranium LIII-edge was defined as 17185 eV. The EXAFS spectra were analyzed 
according to standard procedures using EXAFSPAK including statistical weighting of 
the 13 fluorescence channels and dead-time correction. Theoretical scattering phases 
and amplitude functions were calculated with the ab initio calculation program FEFF8 
by using the structure of the most stable form of the trimer complex obtained by DFT 
calculations.  



 

RESULTS 
The k3-weighted EXAFS spectra of 
the uranyl (VI) dimer and trimer 
samples and corresponding Fourier 
transforms are shown in Figure 1. 
According to the FTIR and UV-vis 
measurements, the samples contain 
mixtures of UO2

2+, (UO2)2(OH)2
2+ and 

(UO2)3(OH)5
+. The formation of 

polynuclear complexes is confirmed 
by EXAFS for both samples which 
show U-U backscattering. By shell 
fitting we obtained a U-U radial 
distance of 3.82-3.83 Å, which is in 
line with the trimer complex 
(UO2)3(OH)5

+. For dimer sample, a 
weak FT peak at 3.71 Å could be fitted by 0.5 U atoms at a radial distance of 3.88 Å. 
The U-U distances found here show good agreement with crystal structure data and the 
DFT calculations. The averaged U-U distances are 3.875Å (DFT) versus 3.88 Å 
(EXAFS) for (UO2)2(OH)2

2+, and 3.834 Å (DFT) versus 3.81 - 3.82 Å (EXAFS) for 
(UO2)3(µ3-O)(OH)3

+. A shorter U-U distance of 3.81 – 3.82 Å in the trimeric complex 
suggests the presence of the central oxo bridging instead of the OH bridging. The U-U 
coordination numbers is less than 1 and hence too small for the dimer and the trimer. 
This is related to the fact that the sample was a mixture of monomeric and polymeric 
species. In addition, the CN obtained from EXAFS always have an error of 10 ~ 20%. 
Clearly, the coordination numbers obtained from EXAFS do not help to identify the 
polymer structures, while the U-U distances give reliable results. 
To summarize, the EXAFS spectra of two uranyl(VI) samples show two distinct U-U 
distances of 3.88 Å and 3.81~3.82 Å which correspond to (UO2)2(OH)2

2+ and 
(UO2)3(µ3-O)(OH)3

+, respectively. These distances agree well with the results of the 
DFT calculations. Our combined DFT and EXFAS results confirm that (UO2)3(OH)5

+ in 
aqueous solution exists as (UO2)3(µ3-O)(OH)3

+ with an oxo central bridging. 
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Figure 1: Both the EXAFS spectroscopy and 
DFT calculations show that the trimer complex 
(UO2)3(O)(OH)3

+ has the U-U distance which is 
significantly shorter than that of the dimer complex 
(UO2)2(OH)2

2+, thereby the presence of oxo bridging 
in the trimer complex has been confirmed. 


