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are labeled. Note that a Si−O−Si angle in K2(UO2)Si2O6 is 180°.  

Figure S9. (a) Polyhedral presentation of the structure of K2Ca4((UO2)(Si2O7)2)
1 with a one-

dimensional chain structure. (b,d) Structure of the 2D slab consisting of UO6 polyhedra 

connected by Si2O7 disilicates along the c-axis and corresponding to anion topology present in 

Na9F2(UO2)(UO2)2(Si2O7)2.
2 (c,e) Structure of the K8(UO2)2(Si2O7)2 slab along the c-axis and 

corresponding to anion topology present in K8(K5F)U6Si8O40.
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Figure S10. (a) Polyhedral presentation of the structure of K2ThSi2O7 (C2/c) along the b axis. (b) 

Polyhedral presentation of the structure of K2ZrSi2O7
4 (P1121/b) along the c axis. (c) Polyhedral 

presentation of the structure of Na2ZrSi2O7
5 (P-1) along the c axis. Yellow: Th octahedra in 

K2ThSi2O7 and Zr octahedra in K2ZrSi2O7 and Na2ZrSi2O7. Green: SiO4 tetrahedra. Blue: Na 

atoms. Mauve: K atoms.  

Figure S11. Th−O−Si and Si−O−Si angles in the system of A+
2ThSi3O9 (A

+ = K, Rb, and Cs) 

wadeite structures. 
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corresponding to the ionic potential of anions. 

Table S7. Determined Raman shift (cm-1) and proposed band assignments for K2(UO2)Si2O6 and 
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Table S8. Determined Raman shift (cm-1) and proposed band assignments for K2ThSi3O9 and 
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4 

 

 

Figure S1. Polyhedral and nodal representations of the SBUs extracted from all reported uranyl silicate compounds. 
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Figure S2. Crystals of K14(UO2)3Si10O30 (left) and K2(UO2)Si2O6 (right). 
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Figure S3. Experimental (red) and calculated (black) PXRD patterns of K14(UO2)3Si10O30. 
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Figure S4. EDS analysis for K14(UO2)3Si10O30 

 

 

 

 

Table S1. Atom ratio of K14(UO2)3Si10O30. (U is keep as 3) 

 
 U Si K 

Point1 3 12.93 13.97 

Point2 3 12.47 13.00 
Point3 3 12.60 14.06 

Average 3 12.67 13.68 
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Figure S5. EDS analysis for K2(UO2)Si2O6 

 

 

 

 

Table S2. Atom ratio of K2(UO2)Si2O6. (U is keep as 1) 

 
 U Si K 

Point1 1 2.07 2.04 
Point2 1 2.92 1.88 
Average 1 2.49 1.96 
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Figure S6. EDS analysis for K2ThSi2O7 

 

 

 

 

Table S3. Atom ratio of K2ThSi2O7. (Th is keep as 1) 

 
 Th Si K 

Point1 1 2.05 2.01 
Point2 1 2.42 1.88 
Average 1 2.23 1.95 
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Figure S7. EDS analysis for K2ThSi3O9 

 

 

 

 

Table S4. Atom ratio of K2ThSi3O9. (Th is keep as 1) 

 
 Th Si K 

Point1 1 3.61 1.75 

Point2 1 3.37 1.85 
Average 1 3.49 1.80 
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Table S5. EDS results of K2ThSi2O7 at 900 °C with increasing K2CO3 contents. 

Elements Si (At%) Th (At%) K (At%) O (At%) Si/Th K/Th 

Original ratio Spot 1 20.3 7.60 14.8 57.3 2.7 1.9 

Spot 2 19.4 14.3 12.5 53.9 1.4 0.9 
150% K2CO3 Spot 1 20.0 8.2 15.1 56.7 2.5 1.8 

Spot 2 14.8 12.4 9.9 63.0 1.2 0.8 
200% K2CO3 Spot 1 18.6 7.1 16.2 58.1 2.6 2.3 

Spot 2 18.9 11.9 16.2 53.0 1.6 1.4 
250% K2CO3 Spot 1 19.3 18.6 17.0 45.0 1.0 0.9 

Spot 2 14.3 16.1 11.6 58.0 0.9 0.7 
200% K2CO3 after washing Spot 1 22.7 9.2 18.9 49.2 2.5 2.0 

Spot 2 19.2 12.0 15.7 53.1 1.6 1.3 
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Figure S8. The Si−O−Si angle of open-branched chain Si10O30 (a) and unbranched chain Si2O6 (b) are labeled. Note 

that a Si−O−Si angle in K2(UO2)Si2O6 is 180°. 
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Figure S9. (a) Polyhedral presentation of the structure of K2Ca4((UO2)(Si2O7)2)
1 with a one-dimensional chain 

structure. (b,d) Structure of the 2D slab consisting of UO6 polyhedra connected by Si2O7 disilicates along the c-axis 

and corresponding to anion topology present in Na9F2(UO2)(UO2)2(Si2O7)2.
2 (c,e) Structure of the K8(UO2)2(Si2O7)2 

slab along the c-axis and corresponding to anion topology present in K8(K5F)U6Si8O40.
3 
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Figure S10. (a) Polyhedral presentation of the structure of K2ThSi2O7 (C2/c) along the b axis. (b) Polyhedral 

presentation of the structure of K2ZrSi2O7
4 (P1121/b) along the c axis. (c) Polyhedral presentation of the structure of 

Na2ZrSi2O7
5 (P-1) along the c axis. Yellow: Th octahedra in K2ThSi2O7 and Zr octahedra in K2ZrSi2O7 and 

Na2ZrSi2O7. Green: SiO4 tetrahedra. Blue: Na atoms. Mauve: K atoms.  
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Figure S11. Th−O−Si and Si−O−Si angles in the system of A+
2ThSi3O9 (A

+ = K, Rb, and Cs) wadeite structures. 

The average values of Th−O−Si and Si−O−Si angles for K2ThSi3O9 are given in the graph. 
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Table S6. Coordination environments of thorium in the reported thorium oxo-anion phases and 

corresponding to the ionic potential of anions. 

Compounds 

Coordination number (CN) of Th 

Total 
Average 

of CN 
Anions 

Radius of Anions 

(Å) 
Valence 

Ionic 

potential 

(IP) 

Average 

of IP 6 7 8 9 10 11 12 

Th-B-O   1 1 2  1 5 9.8 B +3 0.27 3 0.111 0.111 

Th- Si/Ge -O  4 2 4 1  1  12 7.5 

Si +4 0.40 4 0.1 

0.088 

Ge +4 0.53 4 0.075 

Th- P/As-O  2 2 18 10 3 1  36 8.36 

P +5 0.38 5 0.132 
0.120 

As +5 0.46 5 0.109 

Th-

Cr/Mo/W-O 
2 2 18 14 1 1 1 38 8.44 

Cr +6 0.44 6 0.136 

0.113 Mo +6 0.59 6 0.102 

W +6 0.60 6 0.10 

Th-S/Se/Te -

O 
  8 24 3   35 8.86 

S +6 0.29 6 0.207 

0.152 Se +6 0.42 6 0.143 

Te +6 0.56 6 0.107 
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Table S7. Determined Raman shift (cm-1) and proposed band assignments for K2(UO2)Si2O6 and K14(UO2)3Si10O30, 

respectively. 

K2(UO2)Si2O6 K14(UO2)3Si10O30 Assignments Ref. 

276, 338 329 ν2 (UO2)
2+ 6,7 

 368 ν3 (SiO4)
4- 8 

462 444, 460 ν2 (SiO4)
4- 6 

 584 ν4 (SiO4)
4- 6 

643 656 ν4 (SiO4)
4- 9 

 680 ν2 (Si–O–Si) 6 

717, 730, 749 730, 738 ν1 (UO2)
2+ 6 

765  ν1 (U-O bonds) 6 

882 821, 845, 863 ν1 (UO2)
2+ 6,10 

932, 999 924 ν1 (SiO4)
4- 6,11 

 1068 ν3 (SiO4)
4- 9 

 

* ν1 – symmetric stretching vibrations; ν2 – symmetric bending vibrations; ν3 – antisymmetric stretching vibrations;  

ν4 – out of plane bending vibrations. 
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Table S8. Determined Raman shift (cm-1) and proposed band assignments for K2ThSi3O9 and K2ThSi2O7, 

respectively.  

 

K2ThSi3O9 K2ThSi2O7  Assignments Ref. 

 359 ν3 (SiO4)
4- 8 

387 374 ν2 (SiO4)
4- 12 

427 409 ν2 (SiO4)
4- 13 

496 483 ν2 (SiO4)
4- 13 

508 505 ν2 (SiO4)
4- 13 

524 542 ν2 (SiO4)
4- 13 

 570 ν2 (SiO4)
4- 13 

623  ν2 (SiO4)
4- 13 

716 694 ν2 (Si–O–Si) 1,13 

740  ν2 (SiO4)
4- 13 

 790 ν2 (SiO4)
4- 13 

858 834 ν1 (Si–O) 12,14 

 902 ν1 (Si–O) 12,14 

 911 ν1 (Si–O) 12,14 

923 923 ν1 (Si–O) 12,14 

 948 ν1 (Si–O) 12,14 

 967 ν1 (Si–O) 12,14 

 1007 ν1 (Si–O) 12,14 

1041 1044 ν1 (Si–O) 12,14 

* ν1 – symmetric stretching vibrations; ν2 – symmetric bending vibrations; ν3 – antisymmetric stretching vibrations;  

ν4 – out-of-plane bending vibrations. 
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