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Reagents

CsF (Tianjin Baishi Chemical Reagent Co., Ltd, 99.5%), BaF2 (Aladdin Reagent Co., Ltd., 
99.99%), H3BO3 (Tianjin Baishi Chemical Reagent Co., Ltd, 99.5%), Na2CO3 (Shanghai 
Aladdin Reagent Co., Ltd., 99.5%), BaCO3 (Shanghai Aladdin Reagent, Ltd., 99.0%), 
B2O3 (Shanghai Aladdin Reagent Co., Ltd., 98.0%), PbO (Tianjin Baishi Chemical 
Reagent Co., Ltd, 99.0%) and Cs2CO3 (Tianjin Baishi Chemical Reagent Co., Ltd, 99.0%) 
were of analytical grade and were obtained from commercial sources without 
further purification.
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Table S1. (a) Atomic coordinates (×104), equivalent isotropic displacement 
parameters (Å2 × 103) and bond valence sums (BVSs) for CsB7O10(OH)2.
Atoms x y z U(eq) BVS
Cs(1) 10000 8134(1) 7500 25(1) 1.110
B(1) 5000 2787(4) 2500 18(1) 3.060
B(2) 5777(3) 3381(3) 4482(3) 19(1) 3.050
B(3) 7739(3) 5051(3) 5345(2) 18(1) 3.073
B(4) 8903(3) 6655(3) 4044(3) 19(1) 3.059
O(1) 5773(2) 3664(2) 3388(1) 20(1) 1.996
O(2) 6655(2) 4047(2) 5350(2) 24(1) 2.073
O(3) 7878(2) 5738(2) 4365(2) 24(1) 2.090
O(4) 8627(2) 5347(2) 6313(2) 31(1) 1.926
O(5) 8888(2) 6869(2) 2935(2) 20(1) 1.880
O(6) 9864(2) 7363(2) 4846(2) 26(1) 2.032

Table S1. (b) Atomic coordinates (×104), equivalent isotropic displacement 
parameters (Å2 × 103) and bond valence sums (BVSs) for CsBaB7O12. 
Atoms x y z U(eq) BVS
Ba(1) 4774(1) 2552(1) 1122(1) 15(1) 1.922
Cs(1) 136(1) 2558(1) -19(1) 22(1) 1.051
B(1) -2533(5) 4641(6) 503(4) 12(1) 3.071
B(2) 2992(5) 5573(6) 1648(4) 10(1) 3.049
B(3) 3996(5) 1242(6) -1713(4) 11(1) 3.065
B(4) 2866(5) 1215(6) 2961(5) 14(1) 3.049
B(5) 1798(5) 4899(6) 2942(5) 12(1) 3.042
B(6) -3719(5) 2427(6) -643(4) 10(1) 3.061
B(7) 692(6) 86(6) 2596(5) 12(1) 3.071
O(1) -629(3) -70(4) 1806(3) 15(1) 2.057
O(2) 1595(3) 737(4) 2177(3) 16(1) 2.082
O(3) 2898(3) 851(4) -1290(3) 13(1) 1.743
O(4) 5244(3) 1450(3) -714(3) 11(1) 2.131
O(5) 3537(3) 2288(3) 2606(3) 12(1) 2.088
O(6) 4185(3) 4906(3) 2549(3) 10(1) 2.043
O(7) 2674(3) 4735(3) 586(3) 13(1) 2.09
O(8) 1804(3) 5583(4) 1991(3) 14(1) 2.055
O(9) -1084(3) 4656(3) 1312(3) 12(1) 2.102
O(10) -3367(3) 5620(4) 968(3) 17(1) 1.919
O(11) -3063(3) 3074(4) 416(2) 12(1) 2.032
O(12) -3369(3) 2790(3) -1537(3) 11(1) 2.013
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Table S2. (a) Bond lengths [Å] and angles [°] for CsB7O10(OH)2.
Cs(1)-O(1)#1 3.291(2) O(4)#5-Cs(1)-O(1)#1 167.23(5)
Cs(1)-O(1)#2 3.291(2) O(4)-Cs(1)-O(1)#2 167.23(5)
Cs(1)-O(2)#3 3.269(2) O(4)#5-Cs(1)-O(1)#2 125.74(6)
Cs(1)-O(2)#4 3.269(2) O(4)-Cs(1)-O(1)#1 125.74(6)
Cs(1)-O(3)#1 3.369(2) O(4)-Cs(1)-O(2)#3 112.23(6)
Cs(1)-O(3)#2 3.369(2) O(4)#5-Cs(1)-O(2)#3 93.98(6)
Cs(1)-O(4) 3.195(2) O(4)#5-Cs(1)-O(2)#4 112.23(6)
Cs(1)-O(4)#5 3.195(2) O(4)-Cs(1)-O(2)#4 93.98(6)
Cs(1)-O(5)#1 3.498(3) O(4)#5-Cs(1)-O(3)#1 141.35(5)
Cs(1)-O(5)#2 3.498(3) O(4)#5-Cs(1)-O(3)#2 75.86(6)
Cs(1)-O(6) 3.239(2) O(4)-Cs(1)-O(3)#2 141.35(5)
Cs(1)-O(6)#5 3.239(2) O(4)-Cs(1)-O(3)#1 75.86(6)
B(1)-O(1) 1.455(3) O(4)#5-Cs(1)-O(4) 66.56(8)
B(1)-O(1)#6 1.455(3) O(4)#5-Cs(1)-O(5)#1 112.93(5)
B(1)-O(5)#7 1.486(3) O(4)#5-Cs(1)-O(5)#2 67.00(5)
B(1)-O(5)#8 1.486(3) O(4)-Cs(1)-O(5)#1 67.00(5)
B(2)-O(1) 1.333(3) O(4)-Cs(1)-O(5)#2 112.93(5)
B(2)-O(2) 1.374(3) O(4)-Cs(1)-O(6)#5 101.71(6)
B(2)-O(6)#7 1.389(3) O(4)#5-Cs(1)-O(6)#5 54.26(5)
B(3)-O(2) 1.377(3) O(4)#5-Cs(1)-O(6) 101.71(6)
B(3)-O(3) 1.363(3) O(4)-Cs(1)-O(6) 54.26(5)
B(3)-O(4) 1.346(3) O(5)#2-Cs(1)-O(5)#1 179.92(6)
B(4)-O(3) 1.373(3) O(6)-Cs(1)-O(1)#1 85.41(5)
B(4)-O(5) 1.338(4) O(6)#5-Cs(1)-O(1)#1 120.34(5)
B(4)-O(6) 1.381(3) O(6)#5-Cs(1)-O(1)#2 85.41(5)
O(1)#2-Cs(1)-O(1)#1 42.31(7) O(6)-Cs(1)-O(1)#2 120.34(5)
O(1)#1-Cs(1)-O(3)#2 91.43(5) O(6)-Cs(1)-O(2)#3 150.43(5)
O(1)#1-Cs(1)-O(3)#1 51.41(4) O(6)-Cs(1)-O(2)#4 41.61(5)
O(1)#2-Cs(1)-O(3)#2 51.41(4) O(6)#5-Cs(1)-O(2)#4 150.43(5)
O(1)#2-Cs(1)-O(3)#1 91.43(5) O(6)#5-Cs(1)-O(2)#3 41.61(5)
O(1)#1-Cs(1)-O(5)#2 102.40(4) O(6)-Cs(1)-O(3)#1 60.36(6)
O(1)#2-Cs(1)-O(5)#2 77.68(4) O(6)#5-Cs(1)-O(3)#2 60.35(6)
O(1)#2-Cs(1)-O(5)#1 102.40(4) O(6)#5-Cs(1)-O(3)#1 129.86(5)
O(1)#1-Cs(1)-O(5)#1 77.68(4) O(6)-Cs(1)-O(3)#2 129.86(5)
O(2)#3-Cs(1)-O(1)#2 66.32(5) O(6)-Cs(1)-O(5)#1 87.32(4)
O(2)#4-Cs(1)-O(1)#2 84.39(5) O(6)#5-Cs(1)-O(5)#2 87.32(4)
O(2)#4-Cs(1)-O(1)#1 66.32(5) O(6)#5-Cs(1)-O(5)#1 92.67(4)
O(2)#3-Cs(1)-O(1)#1 84.39(5) O(6)-Cs(1)-O(5)#2 92.67(4)
O(2)#3-Cs(1)-O(2)#4 148.94(7) O(6)-Cs(1)-O(6)#5 153.65(7)
O(2)#4-Cs(1)-O(3)#2 91.95(6) O(1)-B(1)-O(5)#7 111.75(10)
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O(2)#4-Cs(1)-O(3)#1 78.12(6) O(1)-B(1)-O(5)#8 108.27(11)
O(2)#3-Cs(1)-O(3)#2 78.12(6) O(1)#6-B(1)-O(5)#7 108.27(11)
O(2)#3-Cs(1)-O(3)#1 91.95(6) O(5)#7-B(1)-O(5)#8 107.4(3)
O(2)#4-Cs(1)-O(5)#1 116.62(5) O(1)-B(2)-O(2) 124.5(2)
O(2)#3-Cs(1)-O(5)#1 63.40(5) O(1)-B(2)-O(6)#7 121.9(2)
O(2)#4-Cs(1)-O(5)#2 63.40(5) O(2)-B(2)-O(6)#7 113.5(2)
O(2)#3-Cs(1)-O(5)#2 116.62(5) O(3)-B(3)-O(2) 119.5(2)
O(3)#2-Cs(1)-O(3)#1 142.55(7) O(4)-B(3)-O(2) 119.1(2)
O(3)#2-Cs(1)-O(5)#1 140.68(4) O(4)-B(3)-O(3) 121.4(2)
O(3)#1-Cs(1)-O(5)#2 140.68(4) O(3)-B(4)-O(6) 120.6(2)
O(3)#1-Cs(1)-O(5)#1 39.36(4) O(5)-B(4)-O(3) 117.3(2)
O(3)#2-Cs(1)-O(5)#2 39.36(4) O(5)-B(4)-O(6) 122.0(2)

           Symmetry transformations used to generate equivalent atoms: 
           #1 -x+3/2,-y+3/2,-z+1    #2 x+1/2,-y+3/2,z+1/2     
           #3 -x+3/2,y+1/2,-z+3/2    #4 x+1/2,y+1/2,z     
           #5 -x+2,y,-z+3/2    #6 -x+1,y,-z+1/2     
           #7 x-1/2,y-1/2,z    #8 -x+3/2,y-1/2,-z+1/2
Table S2. (b) Bond lengths [Å] and angles [°] for CsBaB7O12.
Ba(1)-O(3) 3.286(3) O(11)#3-Ba(1)-O(6) 118.33(8)
Ba(1)-O(4) 2.727(3) O(11)#3-Ba(1)-O(6)#1 98.12(9)
Ba(1)-O(5) 2.680(3) O(11)#3-Ba(1)-O(7) 119.06(9)
Ba(1)-O(6) 2.948(3) O(11)#3-Ba(1)-O(10)#4 79.78(8)
Ba(1)-O(6)#1 2.811(3) O(12)#5-Ba(1)-O(3) 147.38(8)
Ba(1)-O(7) 2.802(3) O(12)#5-Ba(1)-O(4) 124.37(8)
Ba(1)-O(10)#4 2.951(3) O(12)#5-Ba(1)-O(5) 66.15(9)
Ba(1)-O(11)#3 2.797(3) O(12)#5-Ba(1)-O(6) 70.30(8)
Ba(1)-O(12)#5 2.875(3) O(12)#5-Ba(1)-O(6)#1 48.90(8)
Cs(1)-O(1)#6 3.309(3) O(12)#5-Ba(1)-O(7) 119.07(8)
Cs(1)-O(2) 3.052(3) O(12)#5-Ba(1)-O(10)#4 152.83(9)
Cs(1)-O(7) 3.134(3) O(12)#5-Ba(1)-O(11)#3 91.35(8)
Cs(1)-O(8)#4 3.022(3) O(2)-Cs(1)-O(1)#6 97.21(8)
Cs(1)-O(9) 3.080(3) O(7)-Cs(1)-O(1)#6 102.42(8)
Cs(1)-O(9)#4 3.285(3) O(7)-Cs(1)-O(2) 90.09(8)
Cs(1)-O(12) 3.475(3) O(8)#4-Cs(1)-O(1)#6 91.16(8)
B(1)-O(7)#4 1.433(6) O(8)#4-Cs(1)-O(2) 167.31(8)
B(1)-O(9) 1.484(6) O(8)#4-Cs(1)-O(7) 97.42(8)
B(1)-O(10) 1.499(6) O(9)#4-Cs(1)-O(1)#6 88.99(8)
B(1)-O(11) 1.461(6) O(9)-Cs(1)-O(1)#6 165.49(7)
B(2)-O(6) 1.460(6) O(9)-Cs(1)-O(2) 88.96(8)
B(2)-O(7) 1.449(6) O(9)#4-Cs(1)-O(2) 133.57(8)
B(2)-O(8) 1.481(6) O(9)-Cs(1)-O(7) 90.64(8)
B(2)-O(12)#4 1.498(6) O(9)#4-Cs(1)-O(7) 43.93(8)
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B(3)-O(3) 1.493(6) O(9)#4-Cs(1)-O(8)#4 55.75(7)
B(3)-O(4) 1.449(6) O(9)-Cs(1)-O(8)#4 80.78(8)
B(3)-O(5)#7 1.512(6) O(12)-Cs(1)-O(1)#6 94.32(7)
B(3)-O(6)#7 1.431(6) O(12)-Cs(1)-O(2) 126.51(7)
B(4)-O(2) 1.396(6) O(12)-Cs(1)-O(7) 137.46(7)
B(4)-O(5) 1.349(6) O(12)-Cs(1)-O(8)#4 42.84(7)
B(4)-O(10)#8 1.354(6) O(12)-Cs(1)-O(9)#4 98.55(7)
B(5)-O(1)#9 1.392(6) O(12)-Cs(1)-O(9) 71.56(7)
B(5)-O(3)#2 1.364(6) O(9)-B(1)-O(7)#4 111.1(4)
B(5)-O(8) 1.343(6) O(10)-B(1)-O(7)#4 107.6(4)
B(6)-O(4)#10 1.364(6) O(10)-B(1)-O(9) 109.6(4)
B(6)-O(11) 1.372(6) O(11)-B(1)-O(7)#4 112.6(4)
B(6)-O(12) 1.354(5) O(11)-B(1)-O(9) 109.0(4)
B(7)-O(1) 1.381(6) O(11)-B(1)-O(10) 106.9(4)
B(7)-O(2) 1.381(6) O(7)-B(2)-O(6) 110.4(4)
B(7)-O(9)#8 1.334(6) O(8)-B(2)-O(6) 110.7(4)
O(4)-Ba(1)-O(3) 45.17(8) O(8)-B(2)-O(7) 110.7(4)
O(5)-Ba(1)-O(3) 109.09(8) O(12)#4-B(2)-O(6) 105.5(4)
O(5)-Ba(1)-O(4) 149.78(9) O(12)#4-B(2)-O(7) 111.5(4)
O(6)#1-Ba(1)-O(3) 98.49(8) O(12)#4-B(2)-O(8) 108.0(4)
O(6)-Ba(1)-O(3) 133.24(8) O(4)-B(3)-O(3) 107.0(4)
O(6)-Ba(1)-O(4) 156.20(8) O(5)#7-B(3)-O(3) 105.7(3)
O(6)#1-Ba(1)-O(4) 93.72(9) O(5)#7-B(3)-O(4) 112.2(4)
O(6)-Ba(1)-O(5) 49.84(8) O(6)#7-B(3)-O(3) 113.5(4)
O(6)#1-Ba(1)-O(5) 72.33(9) O(6)#7-B(3)-O(4) 110.2(4)
O(7)-Ba(1)-O(3) 86.38(8) O(6)#7-B(3)-O(5)#7 108.1(4)
O(7)-Ba(1)-O(4) 114.73(9) O(5)-B(4)-O(2) 117.3(4)
O(7)-Ba(1)-O(5) 70.75(9) O(10)#8-B(4)-O(2) 119.9(4)
O(7)-Ba(1)-O(6)#1 142.26(8) O(10)#8-B(4)-O(5) 122.8(4)
O(7)-Ba(1)-O(6) 49.01(8) O(3)#2-B(5)-O(1)#9 116.1(4)
O(10)#4-Ba(1)-O(3) 59.43(8) O(8)-B(5)-O(1)#9 120.4(4)
O(10)#4-Ba(1)-O(4) 67.72(9) O(8)-B(5)-O(3)#2 123.5(4)
O(10)#4-Ba(1)-O(5) 117.23(8) O(11)-B(6)-O(4)#10 114.4(4)
O(10)#4-Ba(1)-O(6) 91.27(8) O(12)-B(6)-O(4)#10 124.1(4)
O(10)#4-Ba(1)-O(6)#1 157.41(9) O(12)-B(6)-O(11) 121.4(4)
O(10)#4-Ba(1)-O(7) 48.49(8) O(2)-B(7)-O(1) 115.0(4)
O(11)#3-Ba(1)-O(3) 93.18(8) O(9)#8-B(7)-O(1) 123.4(4)
O(11)#3-Ba(1)-O(4) 49.18(9) O(9)#8-B(7)-O(2) 121.7(4)
O(11)#3-Ba(1)-O(5) 156.64(9)

Symmetry transformations used to generate equivalent atoms: 
           #1 x+1,y,z    #2 -x+1,y-1/2,-z+1/2    #3 x+1,-y+1/2,z+1/2     
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           #4 -x,-y+1,-z    #5 x,-y+1/2,z+1/2    #6 -x,-y,-z     
           #7 -x,y-1/2,-z+1/2    #8 -x,y+1/2,-z+1/2     
           #9 x-1,y,z    #10 x,-y+1/2,z-1/2    
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Table S3. Disorder-free alkali- and/or alkaline-earth metal cations-containing 
caesium borates.
NO Compound Space 

group
M/B FBBs Anionic Groups

1 Cs4Mg4(BO3)4
1 P21/c 2 BO3 0D Isolated BO3 Unit

2 CsNa2(BO3)2 Pmmn 3 BO3 0D Isolated BO3 Unit

3 Na2CsBe6B5O15
3 C2/c 1.8 BO3 0D Isolated BO3 Unit

4 Cs3(BO3)4 Pbam 3 BO3 0D Isolated BO3 Unit

5 CsBe4(BO3)3
5 Pnma 1.667 BO3 0D Isolated BO3 Unit

6 CsCaBO3
6 P213 2 BO3 0D Isolated BO3 Unit

7 Cs[B(OH)4]·2H2O7 I4̅ 1 B(OH)4 0D Isolated B(OH)4

8 CsLi5(BO3)2
8 C2/c 3 BO3 0D Isolated BO3 Unit

9 Cs3Na[Li2(BO3)2]9 P1̅ 3 BO3 0D Isolated BO3 Unit

10 CsBO2
10 R c3̅ 1 B3O6 0D Isolated B3O6 Ring

11 CsBaB3O6
11 P321 0.667 B3O6 0D Isolated B3O6 Ring

12 Cs2(B3O5)2
12 P212121 0.333 B3O7 3D B3O5 Framework

13 CsLiB6O10
13-15 I 2d4̅ 0.333 B3O7 3D B3O5 Framework

14 Cs2(B3O5)2
16 P212121 0.333 B3O7 3D B3O5 Framework

15 NaCs[B4O5(OH)4]·4H2O17 P21/c 0.5 B4O5(OH)4 0D Isolated B4O5(OH)4 
Unit

16 Cs2Ca[B4O5(OH)4]2·8H2O18 P212121 0.375 B4O5(OH)4 0D Isolated B4O5(OH)4 
Unit

17 Cs2[B4O5(OH)4]·3H2O19 P21/c 0.5 B4O5(OH)4 0D Isolated B4O5(OH)4 
Unit

18 Li3Cs2B5O10
20 C2221 1 B5O10 0D Isolated B5O10 Unit

19 Na2Cs2B20O32
21 C2/c 0.2 B5O10 3D B5O8 Framework

20 Cs[B5O6(OH)4]·2H2O22, 23 C2/c 0.2 B5O6(OH)4 0D Isolated B5O6(OH)4 
Unit

21 K3CsB20O32
24 Pbca 0.2 B5O10 3D B20O32 Framework

22 α-CsB5O8
25, 26 P21/c 0.2 B5O10 3D B5O8 Framework

23 β-CsB5O8
26, 27 Pbca 0.2 B5O10 3D B5O8 Framework

24 γ-CsB5O8
26 Pbca 0.2 B5O10 3D B5O8 Framework

25 HP- CsB5O8
28 Pnma 0.2 B5O11 3D B5O8 Framework

26 Cs2Na2B10O17
29 C2/c 0.4 B5O11 2D B10O17 Layer

27 Cs2K2B10O17
29 C2/c 0.4 B5O11 2D B10O17 Layer

28 Li5Cs2B7O14
30 Ama2 1 B5O12 and 

BO3

1D B5O10 Chain and 
BO2 Chain

29 Li4Cs3B7O14
31 P3121 1 B7O14 0D Isolated B7O14 Unit

30 α-CsB9O14
32 P2221 0.111 B9O17 3D B9O14 Framework

31 β-CsB9O14
33 P21/c 0.111 B9O18 2D B9O14 Layer
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32 Cs2(B9O14)2
34 P2221 0.111 B9O17 3D B9O14 Framework

33 Na2Cs2Sr(B9O15)2
35 P21/c 0.278 B9O19 3D B9O15 Framework

34 Na2Cs2BaB18O30
24 Pmn21 0.278 B9O19 3D B18O30 Framework

35 δ-CsB5O836 Pccn 0.2 B10O19 3D B5O8 Framework

36 NaCs[B10O14(OH)4]37 P2/c 0.2 B10O15(OH)4 1D B10O14(OH)4 Chain

37 Na2Cs4Ba2[B12O18(OH)6]·4(OH)38 Pmn21 0.667 B12O18(OH)6 0D Isolated 
B12O18(OH)6 Unit

38 Cs3B13O21
39 C2/c 0.230 B26O51 3D B13O21 Layer

39 Na8CsB21O36
40 I4̅ 0.429 B21O44 3D B21O36 Framework

40 Li4Cs4B40O64
21 P1̅ 0.2 B40O77 3D B40O64 Framework

41 Cs3B7O12
41 C2/c 0.429 B63O133 3D B63O108 

Framework
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Figure S1. The crystal photographs of CsB7O10(OH)2 (a) and CsBaB7O12 (b).
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c

a

b
Figure S2. (a) ∞[CsBaO12] layer; the ∞[BaO8] chain is surrounded by blue circle; the 
[Cs2O12] dimer is surrounded by green circle. (b) The 3D ∞[B7O12] anionic open-
framework. (c) The whole 3D framework of CsBaB7O12.
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Figure S3. The fundamental building blocks (FBBs) of the investigated compounds.
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BO3
B5O6(OH)4B4O5(OH)4B3O6B(OH)4

B7O14 B12O18(OH)6

0 D

1 D BO2 chain B5O10 chain B10O14(OH)4 chain

2 D

B10O17 layerB9O14 layer B13O21 layer
 

3 D

B3O5 framework

B9O14 framework

B3O5 framework B5O8 framework B5O8 framework

B5O8 framework

B63O108 framework

B40O64 frameworkB21O36 frameworkB20O32 framework
B18O30 framework

B9O15 frameworkB5O8 framework

Figure S4. The anionic structures of the investigated compounds.
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Figure S5. TG-DSC curves of CsBaB7O12.
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Figure S6. (a) The IR spectrum of CsB7O10(OH)2. (b) The IR spectrum of CsBaB7O12.

Mode description IR (cm-1) for CsB7O10(OH)2 IR (cm-1) for CsBaB7O12

stretching vibrations of OH 
groups

3382 /

asymmetric stretching vibration 
of BO3 groups

1377, 1314, and 1224 1317, 1243, 1227

asymmetric stretching vibration 
of BO4 groups

1086 and 989 1066, 1000 and 914

symmetric extension of BO3 
groups

886 to 803 856

symmetric stretching vibration 
of BO4 groups

775 737 and 778

out-of-plane bending of BO3 
groups

671 620 to 720

bending of in-plane bending of 
BO3 groups

595 and 512 551

bending of BO4 groups 400 to 500 400 to 500
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