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S1. Comparisons of U Ls-edge EXAFS data before and after subtracting the double-

electron excitation.
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Figure S1 Comparison of experimental uranium Ls-edge k3-weighted EXAFS oscillation
data (a) and Fourier Transform data (b) before and after subtracting the double-electron

excitation.

S2. Comparisons of di-AO-uranyl species with n2/n? motifs but with different geometry
configurations from CPCM DFT/B3LYP calculations: Optimized structures and EXAFS

spectra.

In the same binding motifs, when more than one amidoxime ligand coordinated to the uranyl
ions, due to the different relative position of AO/H,O ligands the number of possible
coordination combination configurations increase. For example, when two amidoxime ions
combine into the uranyl ion with the same n*n? motifs, there are three possible geometries as
shown in Figure S2. Although in previous theoretical research these possible ligand geometries
display different relative stabilities, their corresponding EXAFS pattern are also

indistinguishable as shown in Figure S3.
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Table S1  Optimized bond lengths of di-AO-uranyl species with n?/n? motifs from CPCM
DFT/B3LYP calculations.

Complexes No R(U-Ox)/ A R(U-Leg)/ A Average R(U-Leg)
di-AO 4 1.798, 1.798 2.292,2.298,2.417,2.418,2.538 2.392
species 4-1 1.801, 1.801 2.272,2.273,2.397,2.399,2.465 2.361

4-2 1.799, 1.799 2.290,2.291,2.408,2.411,2.524 2.385

Figure S2 Possible coordination geometries of the UO,(AO)2(H.0) complexes with n?n?

binding motifs.
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Figure S3 k3-weighted calculated EXAFS oscillations of uranyl-AO species at the U Ls-

edge.

S3. Comparisons of optimized bond lengths in the di-AO-uranyl species affected by

coordination number (CN) from CPCM DFT/B3LYP calculations.

In the equatorial plane 5 or 6 ligand atoms may combine into the uranyl ions compensated by

water molecule. According to Vukovic’s report (Vukovic et al., 2012), the average U-Ligand
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distance with coordination number of 6 in the equatorial plane is longer by 0.06 A than that
with coordination number of 5. In Table S2, we also list the distance difference of possible
binding geometry in the di-AO species induced by the change of coordination number in the
equatorial plane. In the model with coordination number of 6, the longer bond lengths of U-Leq
are beyond the experimental value and thus these geometry models are out of our consideration

in this work.

Table S2  Comparison of optimized bond lengths in the di-AO-uranyl species affected by

coordination number (CN) from CPCM DFT/B3LYP calculations.

Complexes No Binding R(U=0a)/ A R(U-Leq)/ A Average  CN
Motifs R(U-Leq)
di-AO species 4 clc 1.802, 1.801 2.273,2.272, 2.395, 2.400, 2.473 2.363 5
4-0 clc 1.805,1.805  2.307,2.404,2.307,2.405,2.569,2.569  2.427 6
5 b/b 1.799, 1.801 2.305, 2.326, 2.496, 2.525, 2.530 2.436 5
5-0 b/b 1.795,1.794  2.420,2.525,2.425,2.520,2.652,2.656  2.533 6
8 cla 1.801, 1.803 2.242,2.295, 2.382, 2.484, 2.522 2.385 5

8-0 cla 1.799,1.799 2.302,2.400,2.384,2.531,2.574,2.609 2.467 6
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S4. Comparisons of optimized bond lengths and total energies in the tris-AO-urany!|

species with different binding motifs from CPCM DFT/B3LYP calculations(Zhang, Su, et

al., 2016).
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Figure S4 Optimized geometries and total energies after zero-point energy correction (in

hartrees) [UO2(AO)s]" complexes.
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S5. Comparisons of experimental and simulated XANES spectra.
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Figure S5 Comparison to experimental and simulated XANES spectra of uranyl-AO and

uranyl-HCIO4 solutions.

Table S3  Optimized DFT structures of the [UO,(AO)x]** complexes in Figure 4.
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