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Preparation of 2'NpY'0,** stock solution. 0.04 M stock solution of NpYO," (perchlorate) was
obtained first, as shown in Scheme 1. Heating the NpVO," solution with the addition of concentrated
HNO3, producing NpY10,%* residues. In the heating process, the large excess of NO, decomposed
from HNOs fully oxidizes NpV to NpV™. Then, 0.1 M NpY'O,?* stock solution was obtained in pink
color with the addition of 0.1 M HNO3, as shown in Scheme 1. The oxidation state of Np was probed
by UV-Vis-NIR spectrometry, with the disappearance of the characteristic absorption peak at 980

nm (NpV) and emergence of the characteristic absorption peak of 1200 nm for NpVv’.

0.1 M Np"!

Scheme 1. The stock solution of 2’NpVO," and Z"NpV0,?".

Preparation of 2?Pu¥'0,%* stock solution. The stock solution of PuV'O,?" in nitric acid was
prepared by repeatedly dissolving PuO, powder in concentrated nitric acid in an autoclave at 200
°C. Greenish Pu’V(NOs)s solutions were obtained followed by distillation in a sand bath at ambient
pressure. During this process, HNO3 decomposes to NO,, which further oxidizes Pu(IV) to Pu(VI).
Then, diluted HNOs was added into the residues, obtaining a 0.1 M *2Pu"'0,?" stock solution
(Scheme 2).

0.1 M Pu"!

Scheme 2. Preparation of 0.1 M PuV' solution.

Preparation of **AmY'0,?* solution. 0.01 M Am(III) solution was obtained by dissolving
AmO; powder in 0.1 M nitric acid in a vial at room temperature for 3 days. 0.01 M Am"'0,**
solution was prepared by addition of Cu(IlI) periodate into the solution of Am(III), in which ~99.9 %
of the Am(III) was oxidized to Am(VI), monitored by UV-vis-NIR spectroscopy. The solution of
AmV'O,?" was used promptly in the following experiments once in preparation.
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Scheme 3. Preparation of 0.25 mM Am"! solution.

Other characterizations

The Raman spectra of the POM {SesWais} in the solid-state and in aqueous solutions were
recorded using a Confocal LabRAM HR800 spectrometer (Jobin Yvon, France). A laser with an
excitation wavelength of 633 nm was used for the measurements in the solid-state. A laser with an
excitation wavelength of 514 nm was used for the measurements in aqueous solutions. Elemental
analysis (C, H, and N) was performed on a Vario EL CHNOS elemental analyzer. Thermal
gravimetric analysis (TGA) was carried out on a NETZSCH STA 449F3 instrument in the range of
30-800 °C under a nitrogen flow at a heating rate of 10 °C min™'. The dynamic light scattering (DLS)
was measured with a Zetasizer Nano ZS90 analyzer. The concertation of each element in separation
experiments was determined by inductively coupled plasma-mass spectrometry (ICP-MS) for U,
inductively coupled plasma optical emission spectrometer (ICP-OES) for Eu, and Quantulus 1220
liquid scintillation counter (Perkin Elmer, USA) for Np, Pu, and Am, respectively.
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66  Fig. S1 a, The cluster {Se6W46} was obtained by reassembly of {Se6W39} in acid solution, with
67  the aperture changed from 8.7A to 4.8A, forming a new vacancy site. b, The vacancy site with four
68  planar oxygen ligands for binding actinyl ions.
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72 Fig. S2 Volume size distribution on the cluster {SesWas} (1 mg/mL) in 0.1 M nitric acid solution.
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76 Fig. S3 Raman spectra of {SesWas} in the solid state and in 0.1 M nitric acid solution (50 mg/mL).
77
78

100 -

80

—m— Am(VI)
—®— Am(VI)-POM

60 -

40

Species percentage (%)

0.0 0.2 04 06 0.8 1.0 1.2 14 16 1.8 2.0
POM/ Am ratio

80  Fig. S4 The species distribution curves as a function of the POM/Am ratio during titration.
81
82



83

5 -5001 ® A ®
£
®
g -400 -
>
<
@ -300
c
w
(=
2 -200-
&)
o
2
£ -100 -
® =
0

Uvl) Np(Vl) Pu(Vl) Am(VI) Nd(lll) Eu(lll)
85  Fig. S5 The calculated total orbital interactions for actinyl-POM and lanthanide ions-POM.
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Fig. S6 The radial densities of the 4f atomic orbitals in the lanthanide elements and 5f atomic orbitals

of the actinide elements.
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Fig. S7 The energy decomposition analysis of Am(VI)-POM.
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99  Fig. S8 The influence of acidity on the separation factor (SF) and rejection coefficient (%) for
100  UO>*"/Eu’’ binary separation. The reaction conditions: initial UO»?" concentration is 2.0 x107

101 mol/L; initial Eu*" concentration is 2.0 x10 mol/L; POM concentration is 4.0 x10°> mol/L;

102 NH4NOj3 concentration is 0.15 mol/L; reaction time is 5 minutes.
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105  Fig. S9 The influence of NH4* ions on the separation factor (SF) and rejection coefficient (%) for
106  UO»*"/Eu’’ binary separation. The reaction conditions: initial UO»?" concentration is 2.0 x10%
107 mol/L; initial Eu** concentration is 2.0 x10~° mol/L; POM concentration is 4.0 x10~° mol/L; HNO;
108 concentration is 0.1 mol/L; reaction time is 5 minutes.
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Fig. S10 The influence of reaction time on the separation factor (SF) and rejection coefficient (%)
for UO,?"/Eu’" binary separation. The reaction conditions: initial UO,>* concentration is 2.0 x10°
mol/L; initial Eu*" concentration is 2.0 x10-° mol/L; POM concentration is 4.0 x10 mol/L; HNO;

concentration is 0.1 mol/L; NH4NO3 concentration is 0.15 mol/L.



116  Table S1 Comparisons on the reported values on the binding constant (logf) between actinyl(VI)
117  ions and inorganic ligands in aqueous solution.

Reaction logP condition reference
Am022++{866W46} 2 {AmOZ(S66W46)} 6.00 0.1 M HNO3 This work
Pquzti'{SesW%} 2 {Pu02(866W46)} 7.26 0.1 M HNO3 This work
UO2*"+F 2 UOF* 4.6+0.02 1 mol/L NaClOy4 S1
2.42 0.2 M NaClOg4
UO22+S04% 2 UO,S04 S2
1.88 1 M NaClOg4
UO2*+HSe05 2 UO2(HSeOs)* 3.3540.12 0.05 M NaClO4 S3
U022 +Se04* 2 UO2Se04 1.57+0.01 3 M NaClOg4 S4
UO22"+Si(OH)4 & UO2(OSi(OH);)" + H* -2.92+0.06 0.1 M NaClO4 S5
UO+I0s 2 UO,(103)* 1.6+0.1 0.05 M NaClOg4 S6
U0 +I04 2 UO,(I04)* 1.8+£0.2 0.1 M NaClOg4 S7
UO2*+P04* 2 UO,PO4 11.894 0.5 M NaClOg4
S8
UO2*"+HPO4* 2 UO,HPO, 6.353 0.5 M NaClOg4
UO22+H,PO4 2 UO,H,PO4" 1.2 3 M HNOs S9
UO22™+NO3™ 2 UONOs* -0.62+0.04 1 M NaClOg4 S10
U0 +HP,W 7% 2 UO2(HP.W17) 3.9 0.1 M HCIO4
PuO 2 +HP,W 7+ 2 PuO,(HP,W7) 33 0.1 M HCIO4 S11
NpO2*+HP,W17> 2 PuO2(HP,W17) 34 0.1 M HCIO4
118
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Table S2 Selected bond lengths of An-O in An(VI)-POM.

Bond length Am(VI)-
U(VD)-POM Np(VI)-POM Pu(VI)-POM

summary / A POM
An-Oy1 1.719(2) 1.7196(5) 1.692(2) 1.693(3)
An-Oy12 1.762(3) 1.744(7) 1.713(5) 1.708(2)
An-Ogql 2.322(3) 2.342(7) 2.261(3) 2.379(3)
An-Oc¢q2 2.387(2) 2.420(5) 2.438(4) 2.480(2)
An-O¢g3 2.512(3) 2.574(6) 2.438(8) 2.485(3)

Table S3 EDA-NOCYV energies of An(VI)-POMs and Ln(H,O)s at the PBE/TZ2P/TZP/DZP level.

U(VD-POM  Np(VD)-POM Pu(VD)-POM Am(VD)-POM Nd(H:0);s Eu(H.0)
8
Eint -508.26 -498.74 -494.46 -491.22 -37.50 -37.74
Epauli 177.25 178.07 165.13 152.97 26.88 2531
Eesw -369.67 -369.02 -362.82 -357.48 -13.47 -14.30
Eorb -315.84 -307.79 -296.77 -286.71 -24.03 -23.44
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Table S4 Crystal data and structure refinement parameters for An-POM

Compound SesWas U(VD)-POM  Np(VD)-POM  Pu(VD)-POM  Am(VI)-POM
T(K) 296.15 296.15 120.0 120.0 120.0

Space group P2i/m P2i/m P2i/m P2i/m P2i/m

a(A) 15.6520(10)  14.0224(9) 13.9550(12) 13.6840(11) 13.5104(13)
b(A) 33.6502(19) 33.595(2) 33.429(3) 33.370(2) 33.262(3)
c(A) 20.8914(13) 22.9384(15) 22.8155(18) 22.6804(16) 22.8592(19)
a(deg) 90° 90° 90° 90° 90°

B(deg) 98.161(2) 95.202(2) 96.025(4) 96.276(3) 95.555(4)
v(deg) 90° 90° 90° 90° 90°

V(A?) 10891.9(12) 10761.4(12) 10584.6(15) 10294.7(13) 10224.4(16)
4 2 2 2 2 2

F(000) 9920 9872 10027 9914 10059
Independent

reflections 19167 19040 8904 11126 18277

Rint 0.0939 0.0882 0.1029 0.1410 0.0715
Completeness 99.4% 98.2% 98.8% 99.0% 99.4%
Goodness-of-fit 1.064 1.030 1.098 1.100 1.048
Ri[I>20(D)] 0.0974 0.0841 0.1309 0.1279 0.1060
WR[I > 26()] 0.2470 0.1966 0.2874 0.2765 0.2872
Ri[all data] 0.1727 0.1291 0.1414 0.1624 0.1132
wR;[all data] 0.3249 0.2268 0.2934 0.2968 0.2942

R =X|[Fol-[Fe]| / Z[Fof; R = {E[w(|[Fol* - [Fel*)*] / Z[w(|Fo)]}
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