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Caution! 243Am (Half-life = 7,388 years. Specific activity = 14.8 GBq/g) and 248/247/246Cm isotopes (248Cm half-life = 3.49x105 years. Specific activity =0.16GBq/g) constitute serious health hazards because of their radioactive and chemical properties. 243Am and 248Cm require special safety protocols, personal protective equipment, and facilities since they are alpha, gamma, neutron emitters and undergo spontaneous fissions. All experiments involving radionuclides were conducted at Lawrence Livermore National Laboratory, in facilities designed for the safe handling of long-lived and short-lived radioactive materials and associated waste.


[bookmark: _Toc106699109]Table 1. Compounds of transplutonium elements (Am3+/4+, Cm3+, Bk4+/3+, and Cf3+) that have been characterized via single crystal XRD, corresponding mass of the radioisotope used for the synthesis, molecular weight, content of actinide, coordination number, oxidation state, and nature of the bonds for the actinide ion, and reference. Relevant compounds reported with Pu and Np are also included for comparison.
	Ligand
	Compound
	Mass of actinide used per synthesisa
	M 
(g/mol)
	wt% Actinide
	Actinide coordination number and bonds
	Ref

	Cm(BW11)2
	Cs13H2[Cm(BW11O39)2]‧13H2O
	0.006 mg 248Cm
	7526.2
	3.3%
	8 (CmIII-O bonds)
	This work

	Cm(α-PW11)2
	Cs11Cm(α-PW11O39)2‧18H2O
	0.012 mg 248Cm
	7388.8
	3.4%
	8 (CmIII-O bonds)
	This work

	Cm(β-PW11)2
	Cs11Cm(β-PW11O39)2‧31.5H2O
	0.012 mg 248Cm
	7632.1
	3.2%
	8 (CmIII-O bonds)
	This work

	Borate

	Pu[B4O6(OH)2Cl]
	10 mg 239PuCl3
	445.74
	53.6%
	10 (8 PuIII-O bonds + 2 PuIII-Cl bond)
	1

	
	Pu2[B13O19(OH)5Cl2(H2O)3]
	10 mg 239PuCl3
	1121.53
	42.6%
	10 (9 PuIII-O bonds + 1 PuIII-Cl bond)
	

	
	Am[B9O13(OH)4]·H2O
	6.6 mg 243AmO2
	626.35
	38.8%
	9 (AmIII-O bonds) 
	

	
	Cm2[B14O20(OH)7(H2O)2Cl]
	5 mg 248CmCl3
	1138.91
	43.6%
	9 and 10 (2 sites, CmIII-O bonds)
	

	
	Bk[B6O8(OH)5]
	13 mg 249Bk
(For the 2 structures)
	521.86
	47.7%
	8 (BkIII-O bonds)
	2

	
	Cf[B6O8(OH)5]
	5 mg 249CfCl3 
	521.86
	47.7%
	8 (CfIII-O bonds)
	3

	Dipicolinate

	Am2(HDPA)6·2H2O
	5 mg 243Am
	1514.67
	32.1%
	9 (6 AmIII-O + 3 AmIII-N bonds)
	4

	
	Cm2(HDPA)6·2H2O
	5 mg 248Cm
	1524.67
	32.5%
	9 (6 CmIII-O + 3 CmIII-N bonds)
	

	
	Cf2(HDPA)6·2H2O
	5 mg 249Cf
	1526.67
	32.6%
	9 (6 CfIII-O + 3 CfIII-N bonds)
	

	
	[Cm(HDPA)(H2DPA)(H2O)2Cl]Cl·2H2O
	5 mg 248Cm
	1465.4
	16.9%
	9 (6 CmIII-O + 1 CmIII-Cl +2 Cf-N bonds)
	5

	
	Bk2(HDPA)6·2H2O

	13 mg 249Bk
(For the 2 structures)
	1542.67
	32.6%
	9 (6 BkIII-O + 3 BkIII-N bonds)
	2

	Dithio-carbamates
	Am(S2CNEt2)3(N2C12H8)
	5 mg 243AmO2
	867.98
	28.0%
	8 (6 AmIII-S + 2 AmIII-N bonds)
	6


	
	Cm(S2CNEt2)3(N2C12H8)
	5 mg 248Cm 
	872.98
	28.4%
	8 (6 CmIII-S + 2 CmIII-N bonds)
	

	
	Cf(S2CNEt2)3(N2C12H8)•CH3CN
	5.0 mg
 249Cf(NO3)3·x(H2O)
	916.10
	27.2%
	8 (6 CfIII-S + 2 CfIII-N bonds)
	

	Pyrrolidinedithiocarbamate
	NH4[Cm(pydtc)4]∙2CH3OH
	4 mg 248Cm 
	851.09
	29.1%
	8 (CmIII-S bonds)
	7

	 Mellitate 
	Cm2Mellitate(H2O)8∙2H2O
	3 mg 248Cm 
	1012.31
	49.0%
	9 (CmIII-O bonds)
	7

	
	Cf2(Mellitate)(H2O)10·4H2O
	5 mg 249Cf
	1086.39
	45.8%
	9 (CfIII-O bonds)
	8

	Aqua- trifluoro-methane-sulfonate
	[Am(H2O)9](CF3SO3)3
	13.8 mg 243AmO2
	852.34
	28.5%
	9 (AmIII-O bonds)
	9


	
	[Cm(H2O)9](CF3SO3)3
	1 mg 248CmCl3
	856.34
	29.0%
	9 (CmIII-O bonds)
	

	
	[Cm(H2O)9](CF3SO3)3
	15 mg 248Cm
	856.34
	29.0%
	9 (CmIII-O bonds)
	10

	Iodate
	Bk(IO3)3 
	4.33 mg 249Bk
	773.7
	32.2%
	9 (BkIII-O bonds)
	11

	
	Bk(IO3)4 
	4.33 mg 249Bk
	948.6
	26.2%
	8 (BkIV-O bonds)
	

	Phosphite
	Pu2[(HPO3)3(H2O)]
	10 mg 239PuCl3
	741.93
	64.4%
	8 and 9 (2 sites, PuIII-O bounds)
	12

	
	Am2[(HPO3)3(H2O)]
	5 mg 243AmO2
	742.93
	65.4%
	9 (AmIII-O bonds)
	

	DOPO
(2,4,6,8-tetra-tert-butyl-1-oxo-1H-phenoxazin-9-olate)
	Am(DOPO)3
	5 mg 243AmBr3
	1873.21
	12.9%
	9 (6 AmIII-O + 3 AmIII-N bonds)
	13

	
	Bk(DOPO)3
	4.33 mg 249BkCl3 

	1875.17
	13.2%
	9 (6 BkIII-O + 3 BkIII-N bonds)
	

	
	Cf(DOPO)3
	5 mg 249CfCl3
	1875.17
	13.2%
	9 (6 CfIII-O + 3 CfIII-N bonds)
	

	Squarate-oxalate
	Am2(C4O4)3(H2O)4
	5 mg 243AmCl3·xH2O 
	894.18
	27.2%
	9 (AmIII-O bonds)
	14

	
	Cf2(C4O4)3(H2O)4
	5 mg 249CfCl3·xH2O
	906.18
	27.5%
	9 (CfIII-O bonds)
	

	
	Am2(C4O4)2(C2O4)(H2O)4
	5 mg 243AmCl3·xH2O 
	870.16
	27.9%
	9 (AmIII-O bonds)
	

	
	Cf2(C4O4)2(C2O4)(H2O)4
	5 mg 249CfCl3·xH2O
	882.16
	28.2%
	9 (CfIII-O bonds)
	

	Metallocene
	Cf(Cptet)2Cl2K(OEt2)
Cptet = {C5Me4H}.
	2 mg 249Cf
	675.57
	36.8%
	2 Cptet ligands + 2 CfIII-Cl bonds.

	15

	Well-Dawson POM
	[bookmark: _Toc90279228]K16Np(P2W17O61)2·42H2O
	20 mg 237Np
	9945.0
	2.3%
	8 (NpIV-O bonds)
	16

	
	[bookmark: _Toc90279229]K12H4Pu(P2W17O61)2·19H2O
	~4 mg 239Pu
	9380.6
	2.4%
	8 (PuIV-O bonds)
	

	
	[bookmark: _Toc90279230]K10H6Am(P2W17O61)2·30H2O
	2.5 mg 243Am
	9506.4
	2.4%
	8 (AmIV-O bonds)
	

	Germano-tungstate POM
	K11[K3(PuO2)3(GeW9O34)2]12H2O
	2.6 to 7.9 mg 239Pu
	6119.0
	11.7%
	PuVI (Plutonyl ion) coordinated to 2 [GeW9O34]10- (3 different sites)
	17


a: Masses of actinide isotopes engaged in the reactions are reported here as indicated in the original publications. The formula showed in this table are not necessarily indicative of the chemical form of the reactants used to form the product. 
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[bookmark: _Toc106699110]Figure 1. Deconvolution of Cm(W5)2 emission spectrum with five fitted Gaussian peaks at 582.6 nm, 598.0 nm, 604.6 nm, 613.6, and 633.6 nm. Lifetime measurements at 604 and 635 nm confirmed these spectral features come from the same Cm3+ species (lifetime = 780.5±5 µs at 604 nm and 787±5 µs at 635 nm).














[bookmark: _Toc106699111][image: A picture containing text, indoor, different

Description automatically generated]Figure 2. Pictures of Cs-Cm(W5)2 and Rb-Cm(W5)2 samples. a) Pictures of Cs-Cm(W5)2 (left) and Rb-Cm(W5)2 (right) in aqueous solution (under UV-light), before crystallization tests. b) Optical microscope picture of Cs-Cm(W5)2, and c) Rb-Cm(W5)2. 






[bookmark: _Toc106699112][image: ]Figure 3. Pictures of Cs-Cm(PW11)2 samples. a) the crystallization vial, b) Optical microscope picture of the crystals under UV-light, and c) under white light. Zoomed view in the bottom right corner. The luminescence of the crystals under UV light irradiation is due to the presence of Cm3+. Crystals are uncolored under ambient light. 




[bookmark: _Toc106699113][image: Graphical user interface

Description automatically generated]Figure 4. Pictures of Cs-Cm(BW11)2 samples. Images of Cm(BW11)2 a) the crystallization vial, b-c) Optical microscope picture of the crystals under UV-light following the first crystallization test, d-e) same test following redissolution of the crystals and recrystallization. The luminescence of the crystals under UV light irradiation is due to the presence of Cm3+. Crystals are uncolored under ambient light.



[bookmark: _Toc106699114][image: Chart

Description automatically generated]Figure 5. Solution-state quantum yield measurements of Cm(W5)2. a) full spectra, b) expanded view. Excitation at 250nm 




[bookmark: _Toc106699115][image: A picture containing chart

Description automatically generated]Figure 6. Solution-state quantum yield measurements of Eu(W5)2. a) full spectra, b) expanded view at 290 nm. 

[bookmark: _Toc106699116][image: Chart

Description automatically generated with low confidence]Figure 7. Solution-state quantum yield measurements of Ln(W5)2. a) Dy, b) Sm, and c) Tb), excitation at 290 nm.
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Description automatically generated]Figure 8. Solid-state quantum yield measurements of Ln(W5)2. a) Dy, b) Sm) excitation at 290nm.






[bookmark: _Toc106699118][image: Diagram

Description automatically generated]Figure 9. Excitation spectrum of Cm(W5)2  in solid-state and solution-state. Emission at 604 nm. 






[bookmark: _Toc106699119]Table 2. Americium-POM complexes absorbance properties. See Fig. 3 in main manuscript for complete UV-vis absorbance spectra.

	Species
	λmax
(nm)
	epsilon
(mol-1.L.cm-1)

	Free Am3+
in acetate buffer (pH 5.5)
	504.0
	370

	W5

	1:2 complex*
[Am(W5O18)2]9-
	511.6
	483

	PW11

	1:1 complex
[Am(PW11O39)]4-
	509.4
	404

	1:2 complex
[Am(PW11O39)2]11-
	515.6
	609

	BW11

	1:1 complex
[Am(BW11O39)]6-
	508.6
	400

	1:2 complex
[Am(BW11O39)2]15-
	513.4
	584

	P2W17

	1:1
[Am(P2W17O61)]7-
	509.7
	351

	1:2 complex
[Am(P2W17O61)2]17-
	517.0
	577


* The 1:1 complex with W5 and actinide or lanthanide ions cannot be isolated.
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[bookmark: _Toc106699120]Figure 10. NMR 31P spectra measured for solutions of Eu-PW11 and Am-PW11 solutions.
[bookmark: _Hlk89981180][bookmark: _Hlk98004309][bookmark: _Hlk98065467][bookmark: _Hlk90657702]Top: Eu-PW11. Bottom: 243Am-PW11. The presence of two NMR peaks supports the presence of two distinct complexes, i.e, [MIII(PW11O39)(H2O)x]4- and [MIII(PW11O39)2(H2O)x]11-. The peak marked with a star is due to the phosphate buffer (pH = 5) used for this particular Eu sample. NMR shifts are externally referenced to H3PO4 (0 ppm). T = 25°C. Solvent: H2O/D2O (80/20). Ratio POM/M3+ = 2 Eq. Further details on the NMR properties of the Eu-PW11 and 243Am-PW11 systems will be published in a separate study. Solutions of the POM precursor, Na9PW9O39•7H2O, without metal and under similar conditions (pH 5, 0.1M sodium phosphate buffer) exhibit only one peak at -7.4 ppm.

[image: Diagram

Description automatically generated]
[bookmark: _Toc106699121]Figure 11. Nd-POM titration UV-VIS-NIR compilation a) PW11, b) BW11, c) P2W17


[bookmark: _Toc106699122][image: Diagram

Description automatically generated]Figure 12. Er-POM titration UV-VIS compilation a) PW11, b) BW11, c) P2W17

[bookmark: _Toc106699123][image: Diagram

Description automatically generated with medium confidence]Figure 13. Lanthanide-W5 titration UV-VIS-NIR compilation a) Nd(W5)2, and b) Er(W5)2.




[bookmark: _Toc106699124][image: Chart

Description automatically generated]Figure 14. Lifetime decay measurements of Ln-POM solutions, at varied Eu:POM ratio. a) EuPW11, b) EuBW11, and c) EuP2W17, emission at 619 nm. Lifetime values are given in Tables S3.
 



[bookmark: _Toc106699125]Table 3. Eu-POM lifetime decay measurements in solution, as a function of the ratio POM:Eu, and in solid-state. Lifetimes are reported in µs. N1 and N2 are the numbers of water molecules calculated from Kimura’s equation.18
	W5
	T1
(µs)
	%
	T2
(µs)
	%
	Χ2
	N1
	N2

	Solution
	2385.22
	100
	-
	0.97
	0.00
	
	

	Solid
	3051.36
	100
	-
	1.08
	0.10
	-
	

	PW11
	T1
	%
	T2
	%
	Χ2
	N1
	N2

	1:1
	
	
	241.82
	99.85
	1.12
	10.06
	3.90

	1.5:1
	240.53
	28.25
	3030.57
	71.75
	1.07
	3.93
	0.09

	2:1
	
	
	3247.07
	99.09
	1.08
	3.94
	0.12

	2.5:1
	
	
	33139.36
	99.95
	1.03
	6.78
	0.41

	3:1
	
	
	3188.15
	99.62
	1.08
	3.76
	0.11

	3.5:1
	
	
	3148.16
	99.79
	1.06
	1.85
	0.11

	4:1
	
	
	3182.80
	99.65
	1.14
	0.61
	0.11

	5:1
	2990.46
	100
	-
	-
	1.05
	-0.09
	-

	Solid
	3009.77
	100
	-
	1.04
	0.09
	-
	

	BW11
	T1
	%
	T2
	%
	Χ2
	N1
	N2

	1:1
	226.84
	100
	-
	-
	1.17
	4.19
	-

	1.5:1
	236.18
	100
	-
	-
	1.02
	4.01
	-

	2:1
	229.16
	100
	-
	-
	1.20
	4.14
	-

	2.5:1
	245.31
	100
	-
	-
	1.11
	3.84
	-

	3:1
	240.45
	9.84
	1918.06
	90.16
	1.09
	3.93
	0.11

	3.5:1
	230.43
	7.85
	1955.58
	92.15
	1.09
	4.12
	0.10

	4:1
	229.96
	8.06
	2158.02
	91.94
	1.07
	4.13
	0.05

	5:1
	241.01
	29.33
	2011.51
	70.67
	1.06
	3.92
	0.08

	6:1
	255.05
	8.39
	1990.29
	91.61
	1,06
	3.68
	0.09

	7:1
	226.72
	3.70
	1971.69
	96.30
	1.07
	4.19
	0.09

	8:1
	2378.20
	100
	-
	-
	1.08
	0.00
	-

	P2W17
	T1
	%
	T2
	%
	Χ2
	N1
	N2

	1:1
	235.78
	100
	-
	-
	1.08
	4.01
	-

	1.5:1
	235.30
	100
	-
	-
	1.14
	4.02
	-

	2:1
	237.02
	100
	-
	-
	1.03
	3.99
	-

	2.5:1
	236.52
	82.59
	2023.16
	17.41
	1.29
	4.00
	0.08

	3:1
	236.28
	36.32
	2798.57
	63.68
	1.08
	4.00
	0.06

	3.5:1
	236.29
	33.42
	2789.57
	66.58
	1.08
	4.00
	0.06

	4:1
	278.93
	1.34
	2767.02
	98.66
	1.07
	3.32
	0.06

	5:1
	278.00
	1.33
	2767.02
	98.67
	1.07
	3.34
	0.06

	6:1
	2000.00
	5.16
	2768.32
	94.84
	1.06
	0.09
	0.06

	7:1
	2757.43
	100
	-
	-
	1.08
	-0.06
	-

	8:1
	2775.62
	100
	-
	-
	1.04
	-0.06
	-
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[bookmark: _Toc106699127]Figure 15. Lifetime decay curves of Cm(W5)2 in H2O/D2O mixtures.
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[bookmark: _Toc106699128]Figure 16. Luminescence lifetime of Cm(W5)2 in H2O/D2O mixtures and extrapolation to pure D2O. The experimentally determined lifetime values are as follows: 778 µs (0% D2O), 805 µs (10% D2O), 851 µs (25% D2O), 889 µs (40% D2O), and 924 µs (50% D2O). The extrapolated value in 100% D2O is 1136 µs.




[bookmark: _Toc106699129]Table 4. Lifetime decay measurements for curium(III)-POM solutions as a function of the ratio POM:Cm. 
	PW11
	T1
(µs)
	%
	Χ2
	N1

	1:1
	88.23
	100
	0.93
	6.50

	1.5:1
	86.85
	100
	0.80
	6.61

	2:1
	86.62
	100
	0.77
	6.63

	2.5:1
	85.62
	100
	0.81
	6.71

	3:1
	84.62
	100
	0.77
	6.79

	3.5:1
	84.13
	100
	0.76
	6.83

	4:1
	85.00
	100
	0.83
	6.76

	5:1
	83.71
	100
	0.46
	6.87

	6:1
	80.92
	100
	0.44
	7.12

	7:1
	79.89
	100
	0.72
	7.22

	8:1
	77.99
	100
	0.41
	7.41

	BW11
	T1 (µs)
	%
	Χ2
	N1

	1:1
	75.94
	100
	1.01
	7.62

	1.5:1
	85.70
	100
	1.14
	6.70

	2:1
	89.92
	100
	1.07
	6.37

	2.5:1
	94.82
	100
	1.17
	6.01

	3:1
	94.25
	100
	1.04
	6.05

	3.5:1
	97.87
	100
	1.21
	5.81

	4:1
	96.60
	100
	1.04
	5.90

	5:1
	97.51
	100
	0.81
	5.84

	6:1
	97.01
	76.95
	0.80
	5.87

	7:1
	96.65
	82.59
	0.79
	5.89

	8:1
	95.69
	88.71
	0.78
	5.96

	P2W17
	T1 (µs)
	%
	Χ2
	N1

	1:1
	86.54
	100
	0.88
	6.63

	1.5:1
	85.66
	100
	0.85
	6.70

	2:1
	86.12
	100
	0.88
	6.67

	2.5:1
	85.05
	100
	0.94
	6.76

	3:1
	83.38
	100
	0.77
	6.90

	3.5:1
	84.34
	100
	0.87
	6.82

	4:1
	82.49
	100
	0.79
	6.98

	5:1
	83.39
	100
	0.78
	6.90

	6:1
	82.46
	100
	0.80
	6.98

	7:1
	81.15
	100
	0.83
	7.10

	8:1
	80.64
	100
	0.96
	7.15


[bookmark: _Toc106699130][image: Diagram
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Description automatically generated]Figure 17. Curium-PW11 and curium-BW11 emission and excitation compilation a) emission CmPW11, b) excitation CmPW11, c) emission CmBW11, and d) excitation CmBW11.

[bookmark: _Toc106699131][image: Diagram

Description automatically generated]Figure 18. Curium-P2W17 titration emission and excitation compilation a) Cm-P2W17 emission, b) Cm-P2W17 excitation.
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[bookmark: _Toc106699132]Figure 19. Change in the excitation spectrum of Cm(BW11)2 in aqueous solution versus solid-state. Emission at 610 nm. Corresponding emission spectra are given in Fig. 5c.
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[bookmark: _Toc106699133]Figure 20. Raman spectra of Cm(W5)2, Cm(BW11)2, and Am(BW11)2 complexes obtained and corresponding starting materials. The pictures are examples of the actinide-POM crystals analyzed by Raman microscopy (scale in µm). Data for solid compounds. a) Cm(W5)2 = Rb9[Cm(W5O18)2]•nH2O. b) Cm(BW11)2 = Cs13H2Cm(BW11O39)2‧13H2O. c) Am(BW11)2 = Cs13H2Am(BW11O39)2‧nH2O (formulated based on spectral identification and by analogy to the corresponding Cm(BW11)2 compound).
[bookmark: _Toc106699134][image: ]
[bookmark: _Toc106699135]Figure 21. Raman spectra of Cm-PW11 and Am(BW11)2 complexes obtained and corresponding starting materials. The pictures are examples of the actinide-POM crystals analyzed by Raman microscopy (scale in µm). Data for solid compounds.  a) Cs11Cm(α-PW11O39)2‧18H2O. b) Cs11Cm(β-PW11O39)2‧31.5H2O. c) Am(α-PW11)2 = Cs11Am(α-PW11O39)2‧nH2O (formulated based on spectral identification and by analogy to the corresponding Cm(PW11)2-α compound).



[bookmark: _Toc106699136]Table 5. Compilation of fluorescence lifetimes reported for curium(III) complexes in aqueous solution. The data is plotted in Fig. 5a. See main text. *H2O omitted for clarity.
	Species*
	Lifetime in H2O ( in microseconds)
	Ref.

	Cm(III) in 1.1 M NaHClO4
	67
	19

	Cm(III) in 0.001M HClO4
	67
	20

	Cm(III) in 0.1M HClO4
	68
	21

	[CmCO3]+
	70
	22

	Cm(III) in 0.1M NaHCO3
	70
	21

	[CmH2PO4]2+
	73
	19

	Cm-SiW11O39- in 0.1M HNO3
	75
	23

	[Cm(PW11O39)2]11- in solution (pH 5.5)
	87
	This work

	[Cm(BW11O39)2]15- in solution (pH 5.5)
	90
	This work

	[Cm(P2W17O61)2]11- (in solution pH 5.5)
	87
	This work

	[CmH2DFOB]2+
	85
	24

	[CmSO4]+
	88
	25

	[Cm(SO4)2]-
	95
	25

	[CmPW11O39]4- in 0.1M HNO3
	95
	23

	[Cm(CO3)2]-
	100
	22

	[CmCDTA]-
	115
	21

	[CmHDFOB]+
	123
	24

	[CmEDTA]-
	126
	21

	[Cm(CO3)3]3-
	130
	22

	Cm(III) in 0.1M Na2CO3
	141
	21

	[Cm(Citrate)2]5-
	155
	26

	Cm(III) in 1M Na2CO3
	160
	21

	[Cm(SO3-Ph-BTBP)2]5−
	173
	27

	[Cm(SO4)3]-
	195
	25

	Cm(III)-Calmodulin
	195
	28

	Cm2Transferrin
	206
	29

	Cm3Lanmodulin
	208
	30

	Cm(III)-transferrin/2N
	217
	31

	CmDOTHOPO
	221
	32

	[CmDTPA]2-
	223
	33

	[CmHPyoverdin]-
	229
	34

	[Cm(CO3)4]5-
	230
	22

	Cm(III) in 3M K2CO3
	240
	21

	[CmDTPA]2-
	271
	21

	[CmDFOB]
	320
	24

	[CmPyoverdin]-
	330
	34

	[Cm(343-LI-1,2-HOPO)]-
	383
	35

	[Cm(PTD)3]3+ in HNO3
	498
	36

	[Cm(PTD)3]3+ in HClO4
	546
	36

	[CmW10O36]9-
	780
	This work


[bookmark: _Toc106699137][image: ]
[bookmark: _Toc106699138]Figure 22. Identification of Cm-BW11 and Am-BW11 via Raman microscopy and comparison with the corresponding lanthanide compounds. a) Raman spectra of the MIII(BW11)2 crystals synthesized (M = Am, Cm, Dy, Tb, Eu, Nd, Pr, La) and comparison with the unbound BW11 salt (HK8BW11O39•13H2O, starting material). b) Trend observed for the Raman peak at ~530 nm along the f-element series. c) Pictures of a crystal of Cs13H2Cm(BW11O39)2‧13H2O, as seen through the Raman microscope (objective x20, CCD camera), under regular illumination and illumination with a UV lamp (365 nm). d) Pictures of crystals of americium(III)-BW11 crystals. e) Pictures of the corresponding lanthanide(III)-BW11 crystals.
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[bookmark: _Toc106699139]Figure 23. Raman microscopy analysis of Cm-PW11-Cs crystals, showing the presence of two phases (alpha and beta). a) crystals containing the first phase. b) crystals containing the second phase. c) crystal aggregate containing both phases.
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[bookmark: _Toc106699140]Figure 24. Eight-coordinated ionic radius of Cm3+ (pink bar) based on the experimentally determined SCXRD structures of Cm-PW11-alpha, Cm-BW11, and six analogous SCXRD structures with lanthanide ions (Nd-PW11-alpha, Sm-PW11-alpha, Eu-PW11-alpha, Nd-BW11, Sm-BW11, and Eu-BW11). All 8 structures are reported in the present study (CCDC numbers: 2105534, 2114774, 2105623, 2127432, 2105638, 2127430, 2127431, 2114775). The blue bars correspond to the 8-coordinated ionic radius for the Pr3+, Nd3+, Pm3+ Sm3+, and Eu3+ reported in Shannon’s seminal publication.37 Based on the metal-oxygen distances observed in the six Ln-POM structures (3 Ln-PW11-alpha + 3 Ln-BW11), and the Ln3+ ionic radius reported by Shannon, the average oxygen radius in these structures is 1.336 Å for the three Ln-PW11-alpha, and 1.337 Å for  the three Ln-BW11 structures. Given the average curium-oxygen bond distances determined for Cm-PW11-alpha and Cm-BW11 (2.442 and 2.427 Å), we estimate the ionic radius of the 8-coordinated Cm3+ to be 1.099±0.010 Å.





[bookmark: _Toc106699141]Crystallographic studies
The Ln-POM structures were collected using Rigaku Oxford SynergyS equipped with a PhotonJet S Cu source (λ=1.54178 Å) and hyPix-6000HE photon counting detector. All images were collected and processed using CrysAlisPro Version 171.40_64.53 (Rigaku Oxford Diffraction, 2018)38 (1). The Cm-POM structures were collected in one of LLNL’s radiochemistry laboratories using a Rigaku Synergy Custom single crystal diffractometer, equipped with a kappa goniometer and using Mo Kα radiation (λ = 0.70932 Å) with a FWHM of ~200 μm at the sample from a MicroMax-007 HF microfocus rotating anode source. Images were recorded on a Dectris Pilatus 3R (300K – CdTe) detector and processed using CrysAlisPro. After integration both analytical absorption and empirical absorption (spherical harmonic, image scaling, detector scaling) corrections were applied39. All structures were solved by Intrinsic Phasing method from SHELXT program40, developed by successive difference Fourier syntheses, and refined by full-matrix least square on all F2 data using SHELX41 via OLEX2 interface42.
Crystallographic information for the six reported structures can be obtained free of charge from the Cambridge Crystallographic Data Center (https://www.ccdc.cam.ac.uk/) upon referencing CCDC numbers in the crystallographic tables below.

Notes on crystal structures, refinement, modeling of disorder, and solvent void space
Due to safety protocol any curium containing crystals were collected under the MicroRT Capillaries 37 mm. Although, x-ray transparent at certain angles the background intensity increased resulting in poor signal-to-noise ratio, resulting in the use of some restraints. 
As such two main A-alerts appear consistently across the structures. The first being “PLAT910_ALERT_3_B Missing # of FCF Reflection(s) Below Theta(Min)”. The low intensity of these reflections is attributed to the safety features required to collect SCXRD data on transuranic samples. The second common alert is “PLAT972_ALERT_2_A”, this alert is attributed to the high x-ray absorption of the structures that result in relatively high residual Q-peaks near heavy atoms. Absorption correction was performed using Empirical absorption correction applied before frame scaling. Several other methods were employed before ultimately using a combination of Analytical absorption correction and “Mutli-scan” using the Scale3 Abspack.41 Resulting Rint after absorption correction dropped for each structure by approximately 3%. Nevertheless, large residual electron density less than 1 Å away from the tungsten atoms remained.

Additionally, some crystals exhibit solvent accessible void-space, where a solvent mask was applied to calculate the electron density and this the number of disordered water molecules that could not be individually refined. In each case, the electron count was in good agreement with the solvent accessible void volume, assuming 30 - 40 Å3 per water molecule 43–45. As such the electron count was used to describe the solvent mask. Any residual q-peaks are from after the application of the solvent mask.

Furthermore, individual hydrogen atoms could not be refined, as such they have been omitted in the reported molecular weight. Individual cases are discussed below.

Structure description:
Briefly, the parent Keggin structure, (PW12O40)3- of which PW11 is derived is comprised of a central tetrahedral PO4 (or BO4 for BW11) caged by 12 octahedral WO6 units linked to one another by the neighboring oxygen atoms (Fig. 6). Another view is by considering four sets of W3O13 trimers linked to one another. The isomeric nature of the Keggin structure comes from these trimers, were each on can be rotated by 60° leading to five potential isomers (Fig. 6b-c). 


Detailed crystallographic information on the eight lanthanide-POM single crystal XRD structures reported in this work.

[bookmark: _Toc106699142]Table 6– part 1/2. Crystallographic information of Ln-POMs.
	[bookmark: _Hlk90217980]Identification code
	NdBW11
	SmBW11
	NdPW11
	SmPW11

	CCDC Number
	2127430
	2127431
	2105623
	2127432

	Molecular formula
	H2Cs13Nd(BW11O39)2
•11H2O
	H2KCs12Sm(BW11O39)2
•12H2O
	Na3Cs8Nd(PW11O39)2
•8.5H2O
	Cs11Sm(PW11O39)2
•5H2O

	Empirical formula
	B2Cs13NdO89W22
	B2Cs12KO90SmW22
	Cs16Na6Nd2O173P4W44
	Cs22O166P4Sm2W44

	Formula weight
	7362.39
	7290.69
	13534.26
	14094

	Temperature/K
	124.8(3)
	173.00(10)
	173.00(10)
	173.15

	Crystal system
	triclinic
	monoclinic
	triclinic
	triclinic

	Space group
	P-1
	P21/n
	P-1
	P-1

	a/Å
	13.0816(3)
	19.7019(2)
	13.0224(3)
	12.0721(3)

	b/Å
	19.4910(4)
	12.95143(14)
	17.8257(4)
	19.6030(4)

	c/Å
	20.9632(3)
	38.0267(4)
	22.0115(4)
	21.8204(4)

	α/°
	87.784(2)
	90
	94.692(2)
	113.6283(19)

	β/°
	85.704(2)
	98.3190(10)
	102.686(2)
	95.1193(18)

	γ/°
	88.108(2)
	90
	104.340(2)
	97.8597(19)

	Volume/Å3
	5323.62(18)
	9601.10(18)
	4779.16(19)
	4627.05(19)

	Z
	2
	4
	1
	1

	ρcalcg/cm3
	4.593
	5.044
	4.703
	5.058

	μ/mm‑1
	81.243
	88.05
	76.284
	88.159

	F(000)
	6250
	12396
	5766
	5978

	Crystal size/mm3
	0.264 × 0.074 × 0.043
	0.174 × 0.095 × 0.034
	0.112 × 0.057 × 0.027
	0.02 × 0.01 × 0.01

	Radiation
	CuKα (λ = 1.54184)
	Cu Kα (λ = 1.54184)
	CuKα (λ = 1.54184)
	CuKα (λ = 1.54184)

	2Θ range for data collection/°
	4.23 to 154.194
	4.696 to 153.352
	4.158 to 133.202
	4.476 to 103.548

	Index ranges
	-16 ≤ h ≤ 12, -24 ≤ k ≤ 24, -26 ≤ l ≤ 25
	-24 ≤ h ≤ 23, -8 ≤ k ≤ 16, -42 ≤ l ≤ 47
	-12 ≤ h ≤ 15, -21 ≤ k ≤ 21, -26 ≤ l ≤ 26
	-12 ≤ h ≤ 12, -19 ≤ k ≤ 19, -20 ≤ l ≤ 22

	Reflections collected
	68043
	64052
	56498
	31601

	Independent reflections
	21382 [Rint = 0.0995, Rsigma = 0.0798]
	19434 [Rint = 0.1046, Rsigma = 0.0881]
	16830 [Rint = 0.0793, Rsigma = 0.0631]
	10104 [Rint = 0.0616, Rsigma = 0.0513]

	Data/restraints/parameters
	21382/0/1162
	19434/0/1178
	16830/0/1098
	10104/0/1096

	Goodness-of-fit on F2
	1.09
	1.07
	1.039
	1.038

	Final R indexes [I>=2σ (I)]
	R1 = 0.0853, wR2 = 0.2398
	R1 = 0.1106, wR2 = 0.2956
	R1 = 0.0888, wR2 = 0.2418
	R1 = 0.0676, wR2 = 0.1911

	Final R indexes [all data]
	R1 = 0.0947, wR2 = 0.2594
	R1 = 0.1212, wR2 = 0.3108
	R1 = 0.1054, wR2 = 0.2586
	R1 = 0.0723, wR2 = 0.1960

	Largest diff. peak/hole / e Å-3
	4.62/-7.37
	5.36/-4.11
	5.86/-3.16
	4.05/-3.01

	Flack parameter
	-
	-
	-
	-


[bookmark: _Toc106699143]
Table 6- part 2/2. Crystallographic information of Ln-POMs.
	[bookmark: _Hlk90217989]Identification code
	EuW5
	NdW5
	CsEuPW11
	CsEuBW11

	CCDC Number
	2127433
	2127434
	2105638
	2114775

	Molecular formula
	Na9Eu(W5O18)2
•34H2O
	Na9Nd(W5O18)2
•32H2O
	Cs11Eu(PW11O39)2
•3.5H2O
	H2Na1.5Cs11.5Eu(BW11O39)2
•16H2O

	Empirical formula
	EuNa9O70W10
	EuNa9O68W10
	Cs18Eu2Na4O163P4W44
	B8Cs46Eu4Na6O376W88

	Formula weight
	3317.37
	3285.37
	13609.54
	29140.92

	Temperature/K
	172.99(10)
	173.15
	293(2)
	172.99(10)

	Crystal system
	triclinic
	monoclinic
	triclinic
	monoclinic

	Space group
	P-1
	Cc
	P-1
	P21/n

	a/Å
	12.9376(2)
	11.44559(4)
	12.0952(2)
	12.32190(5)

	b/Å
	13.0749(2)
	22.91387(8)
	19.6219(2)
	23.77369(8)

	c/Å
	21.4541(3)
	23.59556(9)
	21.8356(2)
	33.66972(13)

	α/°
	101.1610(10)
	90
	113.6900(10)
	90

	β/°
	103.4130(10)
	91.8236(3)
	95.1360(10)
	98.0012(4)

	γ/°
	102.8900(10)
	90
	97.9180(10)
	90

	Volume/Å3
	3324.02(9)
	6185.10(4)
	4639.98(11)
	9767.08(6)

	Z
	2
	4
	1
	1

	ρcalcg/cm3
	3.314
	3.528
	4.871
	4.954

	μ/mm‑1
	39.382
	42.291
	82.044
	84.937

	F(000)
	2924
	5784
	5780
	12408

	Crystal size/mm3
	0.1 × 0.01 × 0.01
	0.17 × 0.12 × 0.09
	0.03 × 0.01 × 0.01
	0.086 × 0.078 × 0.055

	Radiation
	Cu Kα (λ = 1.54184)
	CuKα (λ = 1.54184)
	CuKα (λ = 1.54184)
	CuKα (λ = 1.54184)

	2Θ range for data collection/°
	4.384 to 153.108
	7.498 to 153.416
	4.476 to 176.378
	4.564 to 153.78

	Index ranges
	-16 ≤ h ≤ 15, -16 ≤ k ≤ 16, -27 ≤ l ≤ 25
	-14 ≤ h ≤ 14, -28 ≤ k ≤ 28, -29 ≤ l ≤ 26
	-15 ≤ h ≤ 15, -24 ≤ k ≤ 24, -26 ≤ l ≤ 27
	-15 ≤ h ≤ 15, -29 ≤ k ≤ 28, -41 ≤ l ≤ 42

	Reflections collected
	107606
	84168
	142958
	160292

	Independent reflections
	13142 [Rint = 0.0921, Rsigma = 0.0368]
	11881 [Rint = 0.0742, Rsigma = 0.0353]
	19157 [Rint = 0.1229, Rsigma = 0.0418]
	20115 [Rint = 0.0835, Rsigma = 0.0358]

	Data/restraints/parameters
	13142/0/791
	11881/2/793
	19157/0/1105
	20115/0/1196

	Goodness-of-fit on F2
	1.081
	1.063
	1.074
	1.057

	Final R indexes [I>=2σ (I)]
	R1 = 0.0586, wR2 = 0.1559
	R1 = 0.0632, wR2 = 0.1563
	R1 = 0.0832, wR2 = 0.2445
	R1 = 0.0569, wR2 = 0.1507

	Final R indexes [all data]
	R1 = 0.0606, wR2 = 0.1572
	R1 = 0.0632, wR2 = 0.1564
	R1 = 0.0850, wR2 = 0.2524
	R1 = 0.0588, wR2 = 0.1543

	Largest diff. peak/hole / e Å-3
	4.16/-4.43
	1.97/-5.35
	2.65/-1.90
	4.92/-4.98

	Flack parameter
	-
	0.040(7)
	-
	-








[bookmark: _Toc106699144]Table 7. Bond length (in Å) summary for Ln(III)-POM complexes with PW11 and BW11.


	Ln(PW11)2
	Ln(BW11)2

	Ln
	Ln-O-PW11
Bond Length
	Ln
	Ln-O-BW11
Bond Length

	Nd
	2.420(3)
	Nd
	2.503(17)

	
	2.416(19)
	
	2.456(17)

	
	2.410(2)
	
	2.408(19)

	
	2.440(2)
	
	2.475(18)

	
	2.410(3)
	
	2.438(17)

	
	2.420(2)
	
	2.433(17)

	
	2.440(2)
	
	2.400(14)

	
	2.410(2)
	
	2.434(14)

	Average
	2.421
	Average
	2.443

	StdDev.
	0.013
	StdDev.
	0.034

	Sm
	2.410(2)
	Sm
	2.430(3)

	
	2.430(2)
	
	2.400(2)

	
	2.350(2)
	
	2.460(3)

	
	2.430(19)
	
	2.390(3)

	
	2.450(2)
	
	2.430(3)

	
	2.400(2)
	
	2.470(2)

	
	2.470(2)
	
	2.430(3)

	
	2.460(2)
	
	2.470(2)

	Average
	2.425
	Average
	2.435

	StdDev.
	0.039
	StdDev.
	0.030

	Eu
	2.450(14)
	Eu
	2.356(10)

	
	2.397(14)
	
	2.383(10)

	
	2.411(13)
	
	2.388(11)

	
	2.426(12)
	
	2.405(10)

	
	2.386(13)
	
	2.375(10)

	
	2.436(14)
	
	2.381(10)

	
	2.374(12)
	
	2.386(10)

	
	2.446(13)
	
	2.417(11)

	Average
	2.416
	Average
	2.386

	StdDev.
	0.028
	StdDev.
	0.018













Detailed crystallographic information on the three curium-POMs isolated in this work.

CsCmPW11-alpha
Cs11Cm(PW11O39)2•18H2O
With a solvent accessible void space of 671.5Å3, comprising 7.4% of the total cell volume, and with and electron density of 129.5. A total of 13 masked solvent waters were calculated, see solvent void above, plus the 5 refined waters, for a total 18 solvent waters.

[bookmark: _Toc106699145]Table 8. Crystallographic information for CsCmPW11-alpha.
	[bookmark: _Hlk90218013]Identification code
	CsCmPW11-alpha

	CCDC Number
	2105534

	Empirical formula
	CmCs11O83P2W22

	Formula weight
	7140.65

	Temperature/K
	293.0

	Crystal system
	monoclinic

	Space group
	P21/c

	a/Å
	11.7616(4)

	b/Å
	21.8755(6)

	c/Å
	35.3078(13)

	α/°
	90

	β/°
	97.160(3)

	γ/°
	90

	Volume/Å3
	9013.5(5)

	Z
	4

	ρcalcg/cm3
	5.262

	μ/mm‑1
	33.354

	F(000)
	12092.0

	Crystal size/mm3
	0.03 × 0.01 × 0.01

	Radiation
	MoKα (λ = 0.71073)

	2Θ range for data collection/°
	6.842 to 52.746

	Index ranges
	-14 ≤ h ≤ 14, -27 ≤ k ≤ 27, -44 ≤ l ≤ 44

	Reflections collected
	103262

	Independent reflections
	18384 [Rint = 0.2066, Rsigma = 0.1068]

	Data/restraints/parameters
	18384/0/1076

	Goodness-of-fit on F2
	0.968

	Final R indexes [I>=2σ (I)]
	R1 = 0.0528, wR2 = 0.1350

	Final R indexes [all data]
	R1 = 0.0823, wR2 = 0.1469

	Largest diff. peak/hole / e Å-3
	3.82/-4.26
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[bookmark: _Toc106699146]Figure 25. Polyhedral representation of CsCmPW11-alpha a) along the a-axis b) View highlighting the positions of Cs+ ions. Cs+ ions both bridge the Cm-POM complexes promoting crystallization, and create a cage around the equatorial plane, shielding Cm3+ from solvent molecules. Color code: curium in orange, tungsten in maroon, cesium in cyan, phosphorous in blue, and oxygen in red.


CsCmPW11-beta
Cs11Cm(PW11O39)2•31.5H2O
This structure featured some distortion on the rotated W3O8-timer due to the longer P-O bonds needed to accommodate the rotation of 60˙. As such DFIX restraints were used on W9, W17, W21, W3, W13, & W2 and their oxygens, as well as W7, W11, W15’s yl-oxo, and lastly on the P2-O bonds. EADP restraints were used to model the corresponding O atoms.
With a solvent accessible void space of 1216Å3, comprising 11.6% of the total cell volume, and with and electron density of 216. A total of 22 masked solvent waters were calculated, see solvent void above, plus the 9.5 refined waters, for a total 31.5 solvent waters.


[bookmark: _Toc106699147]Table 9. Crystallographic information for CsCmPW11-beta
	Identification code
	CsCmPW11-beta

	CCDC Number
	2105535

	Empirical formula
	Cm2Cs22O177P4W44

	Formula weight
	14457.30

	Temperature/K
	293.0

	Crystal system
	monoclinic

	Space group
	P21/n

	a/Å
	12.4632(3)

	b/Å
	38.0105(11)

	c/Å
	22.1406(9)

	α/°
	90

	β/°
	90.589(3)

	γ/°
	90

	Volume/Å3
	10488.2(6)

	Z
	2

	ρcalcg/cm3
	4.578

	μ/mm‑1
	28.671

	F(000)
	12268.0

	Crystal size/mm3
	0.098 × 0.069 × 0.04

	Radiation
	MoKα (λ = 0.71073)

	2Θ range for data collection/°
	6.882 to 52.744

	Index ranges
	-15 ≤ h ≤ 13, -47 ≤ k ≤ 47, -27 ≤ l ≤ 27

	Reflections collected
	76530

	Independent reflections
	21090 [Rint = 0.1736, Rsigma = 0.1449]

	Data/restraints/parameters
	21090/18/981

	Goodness-of-fit on F2
	1.019

	Final R indexes [I>=2σ (I)]
	R1 = 0.0968, wR2 = 0.2548

	Final R indexes [all data]
	R1 = 0.1521, wR2 = 0.2890

	Largest diff. peak/hole / e Å-3
	3.56/-3.47
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[bookmark: _Toc106699148]Figure 26. Polyhedral representation of CsCmPW11-beta a) along the a-axis b) View highlighting the positions of Cs+ ions. Cs+ ions both bridge the Cm-POM complexes promoting crystallization, and create a cage around the equatorial plane, shielding Cm3+ from solvent molecules. Color code: curium in orange, tungsten in maroon (pink for rotated trimer), cesium in cyan, phosphorous in blue, and oxygen in red.

CsCmBW11
Cs13Cm(HBW11O39)2•13H2O
EADP restrains were used on Cs11 & Cs5.
With a solvent accessible void space of 132Å3, comprising 1.4% of the total cell volume, and with and electron density of 51. A total of 5 masked solvent waters were calculated, see solvent void above, plus the 5 refined waters, for a total 13 solvent waters.


[bookmark: _Toc106699149]Table 10. Crystallographic information for CsCmBW11.
	[bookmark: _Hlk90218001]Identification code
	CsCmBW11

	CCDC Number
	2114774

	Empirical formula
	B2CmCs13O89W22

	Formula weight
	7462.15

	Temperature/K
	293(2)

	Crystal system
	monoclinic

	Space group
	P21/n

	a/Å
	19.8798(3)

	b/Å
	12.9367(2)

	c/Å
	37.8876(6)

	α/°
	90

	β/°
	97.778(2)

	γ/°
	90

	Volume/Å3
	9654.2(3)

	Z
	4

	ρcalcg/cm3
	5.134

	μ/mm‑1
	31.859

	F(000)
	12644.0

	Crystal size/mm3
	0.068 × 0.031 × 0.014

	Radiation
	MoKα (λ = 0.71073)

	2Θ range for data collection/°
	6.764 to 52.744

	Index ranges
	-24 ≤ h ≤ 24, -16 ≤ k ≤ 16, -47 ≤ l ≤ 47

	Reflections collected
	122469

	Independent reflections
	19682 [Rint = 0.1270, Rsigma = 0.0654]

	Data/restraints/parameters
	19682/0/1150

	Goodness-of-fit on F2
	1.038

	Final R indexes [I>=2σ (I)]
	R1 = 0.0435, wR2 = 0.1127

	Final R indexes [all data]
	R1 = 0.0577, wR2 = 0.1195

	Largest diff. peak/hole / e Å-3
	3.96/-5.88
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[bookmark: _Toc106699150]Figure 27. Polyhedral representation of CsCmBW11 a) along the b-axis b) View highlighting the positions of Cs+ ions. Cs+ ions both bridge the Cm-POM complexes promoting crystallization, and create a cage around the equatorial plane, shielding Cm3+ from solvent molecules. Color code: curium in orange, tungsten in maroon, cesium in cyan, boron in yellow, and oxygen in red.

[bookmark: _Toc106699151]Table 11. Select bond lengths for Cm-POM crystals.
	
	W-O
	Cm-O (Å)
	P-O or B-O (Å)

	CsCmPW11-alpha
	1.660(13)-2.550(13)
	2.373(13)-2.511(16)
	1.513(13)-1.554(13)

	CsCmPW11-beta
	1.710(13)-2.575(19)
	2.41(4)-2.52(3)
	1.56(2)-1.923(13)

	CsCmBW11
	1.650(13)-2.535(16)
	2.411(10)-2.475(12)
	1.477(17)-1.559(17)



[bookmark: _Toc106699152]Table 12. Summary of coordination of Cm, nearest O-atoms.
	CmPW11-alpha
	Cm
	O
	Bond Length (Å)

	
	1
	13
	2.373(13)

	
	1
	40
	2.511(16)

	
	1
	47
	2.475(15)

	
	1
	54
	2.498(19)

	
	1
	55
	2.406(14)

	
	1
	70
	2.415(15)

	
	1
	74
	2.446(14)

	
	1
	80
	2.409(13)

	
	1
	63 (PO4)
	3.49

	
	1
	39 (PO4)
	3.455

	
	
	
	

	CmPW11-beta
	Cm
	O
	Bond Length (Å)

	
	1
	10
	2.42(3)

	
	1
	15
	2.43(3)

	
	1
	32
	2.43(2)

	
	1
	47
	2.41(4)

	
	1
	48
	2.46(3)

	
	1
	51
	2.52(3)

	
	1
	60
	2.47(2)

	
	1
	76
	2.49(3)

	
	1
	74 (PO4)
	3.459

	
	1
	57 (PO4)
	3.534

	
	
	
	

	CmBW11
	Cm
	O
	Bond Length (Å)

	
	1
	10
	2.413(10)

	
	1
	16
	2.443(10)

	
	1
	28
	2.475(11)

	
	1
	38
	2.455(10)

	
	1
	76
	2.430(10)

	
	1
	29
	2.343(10)

	
	1
	61
	2.411(10)

	
	1
	65
	2.448(10)

	
	1
	12 (BO4)
	3.594

	
	1
	64 (BO4)
	3.631


Bond Valence Sum

[bookmark: _Toc106699153]Table 13. Summary of BVS calculations for Cm-POMs. 46
	CsCmPW11-alpha
	Cm
	O
	BL (Å)
	BV
	BVS

	
	1
	13
	2.373
	0.43919335
	2.99285476

	
	1
	40
	2.511
	0.31418698
	

	
	1
	47
	2.475
	0.34287534
	

	
	1
	54
	2.498
	0.32425871
	

	
	1
	55
	2.406
	0.4053872
	

	
	1
	70
	2.415
	0.39662768
	

	
	1
	74
	2.446
	0.36787944
	

	
	1
	80
	2.409
	0.40244607
	

	CsCmPW11-beta
	Cm
	O
	BL (Å)
	BV
	BVS

	
	1
	10
	2.42
	0.39184332
	2.89887298

	
	1
	15
	2.43
	0.38244706
	

	
	1
	32
	2.43
	0.38244706
	

	
	1
	47
	2.41
	0.40147045
	

	
	1
	48
	2.46
	0.35558869
	

	
	1
	51
	2.52
	0.30739809
	

	
	1
	60
	2.47
	0.3470618
	

	
	1
	76
	2.49
	0.33061652
	

	CsCmBW11
	Cm
	O
	BL (Å)
	BV
	BVS

	
	1
	10
	2.413
	0.39855773
	3.09334014

	
	1
	16
	2.443
	0.37056795
	

	
	1
	28
	2.475
	0.34287534
	

	
	1
	38
	2.455
	0.35993038
	

	
	1
	76
	2.43
	0.38244706
	

	
	1
	29
	2.343
	0.47236655
	

	
	1
	61
	2.411
	0.40049718
	

	
	1
	65
	2.448
	0.36609795
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