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Table S1. Lattice parameters for crystalline H,O, HNO3, NaNO;, CsNO;3 and Sr(NOj;),. The

parameters for a, b and ¢ are in angstrom (A) and the a, f and y are in degree ( ).

Crystalline
Substances Lattice Parameters
Substances
H,O H,O [1] a=b=4.511,c¢=7.351 a=p=90,y=120
HNO; HNO;-3H,0 [2] a=9.485,b=14.684,c=3.436 a=p=y=90
NaNO; NaNO; [3] a=b=5.075,¢=17.070 a=p=90,y= 120
CsNO; CsNO; [4] a=b=10.902,c=7.740 a=F=90,y= 120
SI'(NO3)2 SI'(NO3)2 [5] a= b= c=7.822 a =ﬁ =y = 90
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Table S2. The radii for different ions.

Radius [6]
Ions
(A)
H* 0.55
Na* 1.02
Cs* 1.67

Sr?* 1.18




Table S3. Exchange energies (in eV) for two possible configurations of CsHs[SigAlsO,4](H,0)g

and SrHy[SicAlgO,4](H,O)s, respectively.

(H,0)s E(Cs") E(Sr*)
Configurationl 2 -419.60 -418.84
Configuration2 ® -419.43 -418.79

2 the configuration for three water molecules in the cage and five molecules out of the cage.

b the configuration for four water molecules in the cage and four molecules out of the cage.
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Table S4. Exchange energies Egy (eV) for Cs* and Sr?* ions with solvation water (H,0), (n=1-

11) in the cage of sodalite in acid environment.

(H,O)n Epx(Cs™) Egx(Sr*)
n=20 -0.47 0.24
n=1 -0.49 0.21
n=>2 -1.25 -0.87
n=3 -1.49 -1.15
n=4 -1.74 -1.79
n=>5 -1.12 -1.36
n=6 -0.6 -0.66
n="7 -0.46 -0.17
n=2_8 -1.05 -0.83
n=9 -0.98 -1.41
n=10 -0.43 -1.14
n=11 0.06 -0.27
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Table S5. Distances (in A) for Cs* and Sr** from the framework and H,O with minimal value

structure in H-type.

Tons

CSH5 [Al6Si6024]

SI'H4 [A16Si6024]

Cs-Oframework: 3-05
Cs-OFtamework: 3-60
Cs-Oframework: 3-15
Cs-OFamework: 3-99
Cs-Oframework: 3-16
Cs-Oftamework: 3-56

St-OFramework: 2.46
St-OFramework: 2-87
St-OFramework: 2-38
St-Oframework: 2.71
St-Ofamework: 2.44
St-Ofamework: 222

CsH;s[AlSisO24] (H,0),

Cs-OFframework: 3-95
Cs-O~ramework:4-44
Cs-OFramework:3-60
Cs-Oframework: 3-33
Cs-Oftamework: 3-10
Cs-Oframework: 4-08

Cs-Oyater:3.10

SrH,[AlsSicO,4] (H,0),

St-OFramework: 2.48
Sr-OFramework: 2-98
St-OFramework: 2-43
St-OFramework: 2-85
St-OFramework: 2.47
St-OFramework: 3-06

Sr-Oyater:3.33

CsH;s[AlgSisO24] (H,0),

Cs-OFframework: 3-01
Cs-OFframework:3-43
Cs-Orframework:3-00
Cs-Oftamework: 3.57
Cs-OFramework: 3-65
Cs-Oframework: 3-20

Cs-Oyater:2.99
Cs-Oyater:3.05

SrH,[AlsSicO,4] (H,0),

St-OFramework: 2-53
Sr-Oframework: 2-80
St-OFramework: 2-45
St-OFramework: 2-93
St-OFramework: 2-55
Sr-OFramework: 3-48

Sr-Oyater:3.27
Sr-Oyater:3.27

CsH;[AlSisO,4] (H,0)3

SrH,[AlsSigO,4] (H,0);
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Cs-OFfamework: 3-49
Cs-OFramework:3-04
Cs-OFramework:3-55
Cs-OFframework: 3-09
Cs-OFfamework: 3.4
Cs-Oframework: 2.95

Cs-Oyater:3.10
Cs-Oyater:3.05
Cs-Oyater:3.07

St-Oframework: 2.46
ST-OFramework: 3-01
St-OFramework: 2.50
St-OFramework: 2-99
St-Oframework: 251
ST-OFramework: 3.08

Sr-Oyater:3.24
Sr-Oyater:3.61
Sr-Oyater:3.63

CsHs[AlsSisO24] (H,0)4

Cs-OFramework: 3-06
Cs-OFramework:3.61
Cs-OFramework:3-09
Cs-Oframework: 3-35
Cs-OFramework: 2-99
Cs-Oframework: 3-49

Cs-Oyater:3-10
Cs-Oyater:2.80
Cs-Oyater:3.16
Cs-Oyater:5.13

SrH4[AlSicO24] (H,0)4

Sr-OFramework: 2-35
Sr-Oframework:3-27
St-OFramework: 2.68
St-OFramework: 3-38
St-OFramework: 2.94
ST-OFramework: 2-89

Sr-Oyater:3.10
Sr-Oyater:3.57
Sr-Oyter:2.64
Sr-Oyater:5.25

CsHs[AlgSi024](H,0)s

Cs-Oframework: 3-04
Cs-OFramework:3-67
Cs-OFramework:3-07
Cs-Oframework: 3-50
Cs-Oframework: 3-09
Cs-Oframework: 3.44

Cs-Oyater:3.12
Cs-Oyater:2.83
Cs-Oyater:3.16
Cs-Oyater:5.17
Cs-Oyater:5.16

SrH4[AlSisO,4] (H,0)s

St-Ofamework: 2.68
St-OFramework: 3-32
St-OFramework: 2-53
St-OFramework: 2-84
St-OFramework: 2.35
St-OFramework: 3-38

St-Oyater:2.62
Sr-Oyater:3.10
Sr-Oyater:3.59
Sr-Oyater:6.04
Sr-Oyater:5.23

CsH;[AlSisO24](H,0)6

Cs-OFframework: 3-72
Cs-Oframework:3-10
CS-OFramework:3-47
Cs-Oftamework: 3.04
Cs-OFframework: 3-43
Cs-Oframework: 3-02

Cs-Oyater:3.13
Cs-Oyater:2.84
Cs-Oyater:3.15
Cs-Oyater:5.33
Cs-Oyater:5.29
Cs-Oyater:8.28

SrH,[AlsSigO14] (H;0)6

St-OFramework: 2-50
St-Oframework: 3-25
St-Ofamework: 2.64
St-OFramework: 3-52
St-OFramework: 2.92
St-OFramework: 3-02

Sr-Oyater:2.61
Sr-Oyater:3.13
Sr-Oyater:3.54
Sr-Oyater:7.45
Sr-Oyater:7.90
Sr-Oyater:4.74
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CsHs[AlsSicO24] (H,0)7

Cs-Oframework: 3-81
Cs-OFramework:3-13
Cs-OFramework:3-47
Cs-Oftamework: 3-10
Cs-Oframework: 3-49
Cs-OFramework: 3-08

Cs-Oyater:3.11
Cs-Oyater:2.85
Cs-Oyater:3.17
Cs-Oyater:7.58
Cs-Oyater:5.60
Cs-Oyater:5.16
Cs-Oyater:d.71

SrH4[AlSisO,4] (H,0);

St-OFramework: 2.7
St-OFramework: 3-38
St-OFramework: 2.57
St-OFramework: 2.96
St-OFramework: 2-47
St-OFramework: 3-07

Sr-Oyater:2.56
Sr-Oyater:3.57
Sr-Oyater:3.58
Sr-Oyater:5.13
Sr-Oyater:6.40
Sr-Oyater:7.52
Sr-Oyater:4.23

CsHs[AlsSisO24] (H,0)s

Cs-Oframework: 3-03
Cs-OFramework:3-77
Cs-OFramework:3-14
Cs-OFfamework: 3-40
Cs-Oframework: 3-11
Cs-Oframework: 3-53

Cs-Oyater:2.85
Cs-Oyaier:3.14
Cs-Oyater:3.16
Cs-Oyater:5.08
Cs-Oyater:6.15
Cs-Oyater:6.57
Cs-Oyater:4.50
Cs-Oyater:5.58

SrH4[AlSisO,4] (H,O)s

St-Ofamework: 2.61
St-OFramework: 3-56
St-OFramework: 2.68
St-Oframework: 3-12
St-OFramework: 2.7
St-OFramework: 3-15

Sr-Oyater:2.55
Sr-Oyater:3.39
Sr-Oyater:6.31
Sr-Oyyater:6.82
St-Oyater:3.22
Sr-Oyater:5.13
Sr-Oyater:5.51
Sr-Oyater:4.19

CsH;[AlSisO24](H,0)9

Cs-Oframework: 2-99
Cs-OFframework:3-56
Cs-OFramework:2.94
Cs-Oframework: 3-39
Cs-OFframework: 3-14
Cs-OFamework: 3-84

Cs-Oyater:2.90
Cs-Oyater:3.31
Cs-Oyater:3.90
Cs-Oyarer:3.14
Cs-Oyaier:6.44
Cs-Oyater:6.59
Cs-Oyater:4.85
Cs-Oyater:7.13
Cs-Oyater:4.26

SrH,[AlsSigO,4] (H;0)o

St-OFramework: 2-43
St-Oframework: 2.46
ST-OFramework: 2.46
St-OFramework: 2-81
St-OFramework: 2-98
St-Oframework: 3-02

Sr-Oyater:3.49
Sr-Oyater:3.86
Sr-Oyater:3.86
Sr-Oyater:4.83
Sr-Oyater:7.11
Sr-Oyater:5.45
Sr-Oyater:2.88
Sr-Oyater:7.11
Sr-Oyater:5.45
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CSHS [Alﬁsi6024] (HZO)I(]

Cs-Oframework: 4.25
Cs-Oframework-4.84
Cs-Oframework:3-31
Cs-Oframework: 3-00
Cs-Oftamework: 3-20
Cs-Orframework: 4.65

Cs-Oyater:4.29
Cs-Oyater:2.82
Cs-Oyater:3.86
Cs-Oyater:5.43
Cs-Oyater:7.63
Cs-Oyater:2.95
Cs-Oyater:3.00
Cs-Oyater:6.89
Cs-Oya1er:6.06
Cs-Oyater:5.05

SI'H4 [Al6Si6024] (HZO)I 0

St-OFramework:4-83
St-OFramework: 3-17
St-OFramework: 3-98
St-OFramework: 2.57
St-OFramework: 3-36
St-OFramework: 3.27

Sr-Oyater:2.49
Sr-Oyater:2.57
Sr-Oyater:3.97
Sr-Oyater:4.59
Sr-Oyater:5.68
Sr-Oyater: 7.84
Sr-Oyater:2.57
Sr-Oyater:6.21
Sr-Oyater:5.52
Sr-Oyater:6.55

CSHS [Al6si6024] (HZO)II

Cs-OFramework: 2.97
Cs-OFframework:3-36
Cs-OFramework:5.07
Cs-OFramework: 4-41
Cs-OFramework: 4.87
Cs-Oframework: 3-30

Cs-Oyater:2.97
Cs-Oyater:2.98
Cs-Oyater:4.44
Cs-Oyater:2.88
Cs-Oyater:3.93
Cs-Oyater:5.48
Cs-Oyater:7.84
Cs-Oyater:2.95
Cs-Oyaier:6.69
Cs-Oyater:6.06
Cs-Oyater:5.11

SI'H4 [A16Si6024] (HZO)I 1

St-Oframework:4-73
St-Oframework: 4.67
Sr-OFramework: 3-15
St-OFramework: 2.57
St-OFramework: 3-42
St-OFramework: 3.46

Sr-Oyater:2.62
Sr-Oyater:2.52
Sr-Oyater:3.98
Sr-Oyater:2.53
Sr-Oyater:4.52
Sr-Oyater:3.36
Sr-Oyater:7.74
Sr-Oyater:5.83
Sr-Oyter:6.40
Sr-Oyater:5.15
Sr-Oyater:6.50
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Table S6. Distances (in A) for Cs* and Sr2* from the framework and H,O in H-type and Na-type

sodalite.
Ions H-type Na-type
Cs* Cs-Oframework: 3.04 Cs-Oyater: 2.85 Cs-Oramework: 2.79 Cs-Oyater: 2.82

Sr2+

Cs-Oframework: 3-11
Cs-Oframework: 3-14
Cs-OFamework: 3-40
Cs-Oframework: 3-53
Cs-Oftamework: 3-77

St-OFramework: 2.57
St-Ofamework:2-61
St-OFamework:2-18
St-OFamework: 3-12
St-OFramework: 3-15
St-OFamework: 3.56

Cs-Oyater: 3.14
Cs-Oyater: 3.15

Sr-Oyater:2.55
Sr-Oyater:3.22
Sr-Oyater:3.39

Cs-OFramework: 2-88
Cs-Orframework: 2-93
Cs-OFframework: 3-23
Cs-OFramework: 3-23
Cs-OFramework: 3-45

St-OFramework: 2-40
ST-OFramework: 242
St-OFramework: 2.46
St-OFramework: 2.94
St-OFramework: 2-97
ST-OFramework: 2.98

Cs-Oyater:2.83
Cs-Oyater:2.86

Sr-Oyater:2.74
SI‘-OwaterZZ.SS
Sr-Oyater:2.88
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Table S7. Distances (in A) for Na atoms from the framework and H,O for the immobilization of

Cs* and Sr?* in Na-type sodalite.

Tons

Distance (Na-O)

A)

Distance(Na-O)

A)

Cs*

Sr2*

Nal 'OFramework
Nal 'OFramework
Nal 'OFramework
Nal 'OFramework
Nal 'OFramework

Nal 'OFramework

Na3 'OFramework
Na3 'OF ramework
Na3 'OFramework
Na3 'OFramework
Na3 'OFramework

Na3 'OF ramework

Nal 'OFramework
Nal 'OFramework
Nal 'OF ramework

Nal 'OFramework

:2.29
:2.35
:2.45
:3.09
:3.19
:3.19

:2.32
:2.33
:2.36
:3.03
:3.12
:3.34

:2.34
:2.41
:2.63
:3.03

Nal 'OFramework:3 29

Nal 'OFramework

:3.49

Nal-Oyaier:2.49
Nal-Oyater:2.59
Nal-Oyater:2.60
Nal-Oygter:4.75

Na3-Oygter:2.54
Na3-Oyater:2.57
Na3-Oyater:2.65
Na3-Oyater:4.74

Nal-Oyater:2.39
Nal-Oyaier:2.41
Nal-Oyater:2.55
Nal-Oyaier:3.90

NaZ'OF ramework
NaZ'OFramework
Na2 'OFramework
Na2 'OFramework
NaZ'OF ramework
Naz'OFramework

:2.29
:2.51
:2.73
:3.03
:3.51
:3.47

Na2-Orramework:2-41

Na2 'OFramework
Na2 'OF ramework
Naz'OF ramework
Na2 'OFramework
Na2 'OFramework

:2.53
:2.59
:3.32
:3.35
:3.40

Na2-Oyaieri2.33
Na2-Oyyter:2.46
Na2-Oyaer:2.46
Na2-Oyaier:4.55

Na2-Oyaer:2.41
Na2-Oyqter:2.43
Na2-Oypier:2.48
Na2-Oyyeer:4.22
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Table S8. Gibbs free energies Gr (eV) for Cs™ and Sr?* ions adsorbed in the cage of

He[AlgSi6024](H,0), (n=0-11) in 0 K, 300 K, 600 K, 900 K, 1200 K, respectively.

Gr Gr Gr Gy Gr
(H,0)n
Tons 0K 300K 600K 900K 1200K
Cs* n=20 -0.37 -0.36 -0.45 -0.62 -0.86
n=1 -0.60 -0.59 -0.54 -0.51 -0.48
n=72 -1.32 -1.41 -1.50 -1.61 -1.74
n=3 -1.57 -1.54 -1.50 -1.47 -1.48
n=4 -1.72 -1.64 -1.51 -1.38 -1.27
n=>5 -0.97 -0.76 -0.42 -0.07 0.25
n==6 -0.55 -0.49 -0.37 -0.25 -0.15
n="7 -0.31 -0.06 0.33 0.72 1.10
n=3_8 -1.04 -1.03 -1.02 -1.04 -1.09
n=9 -0.95 -0.86 -0.71 -0.59 -0.52
n=10 -0.48 -0.37 -0.19 -0.02 0.13
n=11 0.16 0.33 0.44 0.49 0.48
Sr?* n=0 0.27 0.22 0.04 -0.25 -0.60
n=1 0.27 0.32 0.35 0.33 0.27
n=2 -0.91 -0.95 -1.09 -1.29 -1.53
n=3 -1.17 -1.16 -1.20 -1.29 -1.41
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-1.68

-1.23

-0.54

0.07

-0.67

-1.24

-1.04

-0.01

-1.71

-1.09

-0.50

0.24

-0.56

-1.20

-0.95

0.03

-1.78

-0.90

-0.43

0.42

-0.45

-1.21

-0.87

-0.02

-1.91

-0.72

-0.38

0.56

-0.38

-1.29

-0.83

-0.16

-2.08

-0.56

-0.35

0.67

-0.34

-1.41

-0.83

-0.36
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Table S9. The diffusion energy barrier for CsHs[AlgSicO24](H20), and SrH[AlsSigO24](H,0),

(n = 0-4) along the reaction coordinate, respectively.

Tons (H20)0 (H,0), (H20), (H,0)3 (H,0)4

Cs* 0.00 0.00 0.00 0.00 0.00
0.26 0.27 0.41 0.36 0.40
1.23 1.26 1.74 1.58 1.71
2.78 2.84 3.59 3.40 3.65
4.16 4.20 4.79 4.90 5.17
4.27 4.41 4.84 5.17 5.26
4.08 4.22 4.60 4.93 5.05
3.67 3.81 4.14 4.46 4.64
3.12 3.26 3.54 3.82 4.08
2.49 2.62 2.84 3.10 3.46
1.23 1.35 1.46 1.64 1.78
0.35 0.43 0.47 0.58 1.08
0.01 0.05 0.06 0.13 0.94
0.00 0.04 0.03 0.09 0.98

Sr2* 0 0 0 0 0
0.07 0.06 0.07 0.08 0.04

S14



0.25
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0.76

0.99

1.16

1.23

1.24

1.15

1.03

0.89

0.78

0.75

0.24

0.50

0.80

1.09

1.33

1.48

1.54

1.52

1.41

1.26

1.12

1.05

0.27

0.57

0.94

1.31

1.63

1.83

1.91

1.87

1.74

1.53

1.32

1.16

0.29

0.63

1.04

1.43

1.75

1.94

1.98

1.90

1.74

1.54

1.35

1.22

0.20

0.24

0.61

1.05

1.48

1.84

2.73

2.70

2.46

2.44

2.16

1.94
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Figure S1. The crystalline structures of CsNOj and Sr(NOj),.
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CsH,[AlSi;0,,](H,0); SrH,[AlSi;0,,](H,0),

o ¢ 0 00
H O Si Al SrCs

Figure S2. The structural details of CsHs[SigAlgO,4](H>0)g and StHy[SicAlgO,4](H,0)g with four
water molecules in the cage and four molecules out of the cage. Due the visualization, some

hydrogen bonds are showed as chemical bonds.
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Hg[AlSi,0,,] Hg[AlSis0,,]H,0

HE[A'SSiGOZA][HZO)S HE[AIESi6024](HZO)7

HS[AISSiSou“Hzo)B HG[AISSiEOZA](HIO]B Hs[A|65isozaquo)m HS[AI6Si5024](H20)11
<« H ®0 C Si @ Al

Figure S3. Structures for Hg[ AlSi50,4](H,0), (n=0-11). The pale blue balls indicate the cage of
the sodalite. The H,O molecules adsorbed outside the cage of sodalite was highlighted in pale

purple. Distances are given in A.
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Figure S4. Average bond distances of M-Oygger-in-cage VS Number of water molecules for (a)

CSH5[A16Si6024] and (b) SrH4[A16Si6024] .
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Figure S5 The diffusion Gibbs free energy barrier for CsHs[AlgSisO.4](H,0), and (2)
SrH4[AlgS160424] (H,0), (n = 0—4). The associated data are listed in Table S9 in the Supporting

Information.
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