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Supplementary Figures
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Fig. S1. PXRD patterns of simulated and as-synthesized Na-PsW3.

Fig. S2. Structure of [NaPsW3(01,0]'* viewed (a) along and (b) perpendicular to the Cs rotational

axis. Color code: O in red, Na in yellow, P in light rose, and W in pale cyan.

sS4



Fig. S3. Coordination geometry of lanthanide cations in Ln-PsW3,-1. Color code: Ln in chartreuse,

N in pale blue, W in pale cyan, O from NO;3;~ or WOg in red, and O from H,O in blue.

Fig. S4. Coordination geometry of lanthanide cations in Ln-PsW3¢-2. Color code: O in red, Ln in

orange.
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Fig. S5. Solid-state UV-vis absorption spectra obtained from single crystals of Ln-PsW3p-1 and

LH-P5W30-2.
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Fig. S6. SEM images and EDS spectra of (a) La-PsW3(-1, (b) Ce-PsW3p-1, (¢) Sm-PsW3p-1, (d)
Eu-PsW3¢-2, and (e) Gd-PsW3¢-2, prepared by reactions of Ln(NOj3);-6H,0 with Na-PsW34 in 0.3

M HNO:;.
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Fig. S7. FT-IR spectra Ln-PsW3,-1 and Ln-PsW3(-2 prepared by reactions of Ln(NOj3);-6H,0 with
Na-PsW3 in 0.3 M HNOj; in comparison with that of Na-PsWj.
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Fig. S8. Raman spectra of Ln-PsW3p-1 and Ln-PsW3(-2 prepared by reactions of Ln(NOs)3;-6H,0
with Na-PsW3, in 0.3 M HNOj; in comparison with that of Na-PsW3.
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Fig. S9. FT-IR spectra of Na-PsW3( and the reaction product of Na-PsW3o with UO,(NO3),-6H,0
in 0.3 M HNO:s.

Reaction product

Aol N s
WL Na-PgWsq

3(|)0 | 660 | 960 | 12|00
Raman Shift (cm™)

Intensity (a.u.)

Fig. S10. Raman spectra of Na-PsWj3, and the reaction product of Na-PsW3, with
UOQ(NO3)26H20 in 0.3 M HNO3
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Fig. S11. Photographs showing the colors of the filtrate and solid product after reaction of
UOQ(NO3)26H20 with Na-P5W30 n03M HN03
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Fig. S12. FT-IR spectra of solid-phase products obtained by selective crystallization from binary
Ln(IIT)/U(VI) systems (Ln = La, Ce, Sm, Eu, and Gd) in 0.3 M HNO;.
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Fig. S13. Raman spectra of solid-phase products obtained by selective crystallization from binary

Ln(III)/U(VI) systems (Ln = La, Ce, Sm, Eu, and Gd) in 0.3 M HNOs.
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Fig. S14. SEM images and EDS spectra of (a) La-PsW3(-1, (b) Ce-PsW3p-1, (¢) Sm-PsW3-1, (d)
Eu-PsW3o-1, and (e) Gd-PsW3-1, prepared by reactions of Ln(NOs);-6H,0 with Na-PsW3pin 3 M

HNO:s.
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Fig. S15. FT-IR spectra of Ln-PsW3p-1 and Ln-PsW3;(-2 prepared by reactions of Ln(NOs);-6H,0
with Na-PsW3 in 3 M HNOj in comparison with that of Na-PsW5,,.
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Fig. S16. Raman spectra of Ln-PsW3p-1 and Ln-PsW3(-2 prepared by reactions of Ln(NO;);-:6H,0
with Na-PsW3, in 3 M HNOj; in comparison with that of Na-PsW5,,.
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Fig. S17. FT-IR spectra of Na-PsW3( and the reaction product of Na-PsW3, with UO,(NOs),-6H,0
in 3 M HNOs.
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Fig. S18. Raman spectra of Na-PsWj3, and the reaction product of Na-PsWj3, with
UOZ(NO3)26H20 n3iM HNO3
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Fig. S19. PXRD patterns of the solid-phase products obtained by selective crystallization from
binary Ln(IIT)/U(VI) systems (Ln = La, Ce, Sm, Eu, and Gd) in 3 M HNO;, compared with the
simulated pattern of La-PsW3,-1.
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Fig. S20. FTIR spectra of the solid-phase products obtained by selective crystallization from
binary Ln(III)/U(VI) systems (Ln = La, Ce, Sm, Eu, and Gd) in 3 M HNO;.
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Fig. S21. Raman spectra of the solid-phase products obtained by selective crystallization from

binary Ln(III)/U(VI) systems (Ln = La, Ce, Sm, Eu, and Gd) in 3 M HNO;.
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Supplementary Tables

Table S1. Crystallographic data for Ln-PsW3p-1 (La, Ce, Sm, and Eu) and Ln-PsW3p-2 (Gd).

Compound La—P5W30—1 CC—P5W30-1 Sm—P5W30—1 Eu—P5W30—l Gd-P5W30—2
CCDC number 2422242 2522240 2522243 252241 252244
Formula K6H44L212N21N4 K6H46C62N3.N4 K6H45 7 Sl’l’lz. 14Na0, 86N4 K4H26EUQN213N4 K5H46GdNa2N
O141PsW3 O142Ps W3 O142PsW3q O132Ps W3 O133Ps W3y
Formula weight 8564.88 8582.32 8620.41 8393.60 8257.20
Peae (g cm™) 4.086 4.090 4.157 4.038 4.467
1 (mm) 25.762 25.775 26.284 26.150 29.033
Color colorless colorless colorless colorless colorless
Space group P2/m P2/m P2,/m P2/m P2/m
a(A) 17.774(2) 17.792(3) 17.709(2) 17.688(2) 16.4243(17)
b (A) 22.008(2) 21.961(3) 21.906(3) 22.029 (2) 21.376(2)
c(A) 18.0692(19) 18.126(3) 18.0279(18) 18.014(2) 17.499(2)
o (deg) 90 90 90 90 90
f (deg) 104.629(4) 101.839(5) 101.690(4) 101.361(5) 96.475(5)
y (deg) 90 90 90 90 90
V(A3) 6923.2(14) 6932.0(18) 6848.5(14) 6881.5(14) 6104.6(11)
Z 2 2 2 2 2
T (K) 150.0 150.0 150.0 150.0 150.0
2 (A) 0.71073 0.71073 0.71073 0.71073 0.71073
Max 26 (deg) 55.028 54.968 55.016 54.96 54.97
R, 0.0487 0.0475 0.0435 0.0594 0.0927
wR, 0.1253 0.0991 0.0923 0.1467 0.2558
R 0.1173 0.0935 0.1432 0.1304 0.1610
GooF 1.056 1.036 1.022 1.039 1.042
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Table S2. Comparison of An(VI)/Ln(IIl) separation factors (SFs) for solid-phase separation methods, including adsorption and selective

crystallization reported in the literature, as well as the selective crystallization demonstrated in this work.

Separation method Materials or crystallization ligands SF Acidity Ref.

1f 99 pH=3 !

BNNSs-DAPhen 196 5 M HNO; 2

BCN-DAPhen 592 5 M HNO; 3

HfP-0.80 696 0.1 M HNO; 4

4e 1144 pH=3 !

Adsorption SBA-15-ABDMA 1293 pH=3 3
T-DOPOR 1543 pH=2 6

DAPhen-COF 5170 0.5 M HNO; 7

BIMB 10010 pH=3 8

3c 14082 pH=3 !

4d 116140 pH=3 !

SegWys 1100 0.1 M HNO; ?

P5W30 41139 3iM HNO3 This work

Selective NMP 402 3 M HNO; 10
crystallization L2 6571 0.5 M HNO; 11
IDRET 48586 pH=3 12
NMP 201700 1.5 M HNO; 10

L2 756276 0.08 M CH;COOH 13

If: N'1, N'4-bis((E)-pyridin-2-ylmethylene)terephthalohydrazide. BNNSs—DAPhen: Boron nitride nanosheets-diamide phenanthroline.
BCN-DAPhen: Phenanthroline diamide functionalized porous carbon doped boron nitride. 4e: (E)-2-hydroxy-N'-(pyrimidin-2-
ylmethylene)benzohydrazide. T-DOPOR: Modified cellulose microspheres. BIBM: 1,4-bis(imidazol-1-ylmethyl)benzene. 3c: (E)-N'-
(2-hydroxybenzylidene)benzohydrazide. 4d: (E)-N'-(2-hydroxybenzylidene)picolinohydrazide. NMP: N-methyl 2-pyrrolidone. L2: (E)-
N'-(pyridin-2-ylmethylene) picolinohydrazide.
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