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Table S1. Crystal data and structure refinements for K2B5O8(OH), CsB5O6(OH)4 and 

CsB5O7(OH)2.

 [a]R1 = Fo - Fc/Fo and wR2 = [w(Fo
2 – Fc

2)2/ wFo
4]1/2 for Fo

2 > 2( Fo
2)

Empirical formula K2B5O8(OH) CsB5O6(OH)4 CsB5O7(OH)2

Formula weight 277.26 350.99 332.98

Temperature 301K 301K 301K

Crystal system, Space group Orthorhombic, Pca21 Monoclinic, P21/c Monoclinic, P21/c

a (Å) 8.5523(8) 10.1898(19) 9.0270(13)

b (Å) 7.3326(7) 7.6098(17) 7.7023(13)

c (Å) 12.9739(10) 13.3055(3) 12.0291(18)

β (°) 90 114.787(6) 110.149(4)

Volume (Å3) 813.60(13) 936.7(3) 785.2(2)

Z 4 4 4

Calculated density (Mg·m-3) 2.264 2.489 2.817

Absorption coefficient (mm-1) 1.193 3.989 4.741

F (000) 544 656 616

Crystal size (mm3) 0.12 × 0.09 × 0.08 0.14 × 0.09 × 0.04 0.15 x 0.09 x 0.07

Theta range for data collection 

(°)
2.778 to 27.506 2.201 to 27.601 2.458 to 27.476

Limiting indices
-11 ≤ h ≤ 10, -9 ≤ k ≤ 9, -16 

≤ l ≤ 16

-13 ≤ h ≤ 11, -9 ≤ k ≤ 9, -16 

≤ l ≤ 16

-11 ≤ h ≤ 11, -10 ≤ k ≤ 9, -15 

≤ l ≤ 15

Reflections collected / unique 6084/1868 [Rint =0.0549] 10264/2164 [Rint =0.0971] 4964/1762 [Rint = 0.0517]

Data / restraints / parameters 1868/1/145 2164/4/161 1762/1/144

Goodness-of-fit on F2 1.055 1.050 1.075

Final R indices [I > 2sigma(I)][a] R1 =0.0334, wR2 = 0.0693 R1=0.0460, wR2= 0.0847 R1 = 0.0490, wR2 = 0.0965

R indices (all data)[a] R1= 0.0389, wR2 = 0.0735 R1=0.0835, wR2 = 0.1013 R1 = 0.0688, wR2 = 0.1076

Largest diff. peak and hole 

(e∙Å-3)
0.350 and -0.420 0.849 and -1.206 1.040 and -1.730

Flack parameter 0.05(4)



S3

Table S2. Bond valence sums (BVSs) of fluorine atoms and oxygen atoms in three 

compounds.
Compounds Atoms BVS Atoms BVS

K2B5O8(OH) F (9) 0.79 O (9) 2.11

F (1) 0.80 O (1) 1.95

F (4) 0.78 O (4) 1.97

F (6) 0.78 O (6) 2.08
CsB5O6(OH)4

F (9) 0.81 O (9) 2.12

F (1) 0.79 O (1) 1.87
CsB5O7(OH)2

F (9) 0.79 O (9) 1.89
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Table S3. Atomic coordinates (104 ), equivalent isotropic displacement parameters 
(Å2 103 ) and BVS for K2B5O8(OH). Ueq is defined as one-third of the trace of the 

orthogonalized Uij tensor. 
Atom x y z U(eq) BVS

K(1) 6453(1) 10668(2) 3866(1) 29(1) 1.07

K(2) 8114(1) 3684(1) 6188(1) 27(1) 1.05

B(1) 5754(6) 10003(7) 6318(4) 13(1) 3.03

B(2) 6397(5) 7508(6) 7543(4) 13(1) 3.01

B(3) 8167(5) 8350(6) 6077(4) 12(1) 3.12

B(4) 8075(5) 6644(7) 4351(4) 13(1) 3.04

B(5) 9003(6) 4389(7) 3205(4) 16(1) 3.04

O(1) 4816(3) 11305(4) 5893(2) 13(1) 1.95

O(2) 7254(3) 10023(4) 5937(2) 15(1) 2.09

O(3) 5287(4) 8773(4) 7044(2) 14(1) 2.08

O(4) 7935(3) 7607(4) 7107(2) 15(1) 1.76

O(5) 7631(4) 6957(4) 5332(2) 16(1) 2.04

O(6) 8504(3) 7953(4) 3668(2) 14(1) 2.18

O(7) 8113(4) 4809(4) 4064(2) 20(1) 2.07

O(8) 9297(4) 5631(4) 2463(2) 17(1) 2.02

O(9) 9503(4) 2624(5) 3154(3) 26(1) 2.11

BVS are calculated by using the bond-valence model (Si = exp [(Ro - Ri / b], where Ro 

is an empirical constant with values 2.132 for K-O bonds and 1.371 for B-O bonds, Ri 

is the length of bond i (in angstroms), and b = 0.37 Å.
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Table S4. Hydrogen bonds for K2B5O8(OH).

D−H···A d(D−H)/Å d(H−A)/Å d(D−A)/Å D−H−A/Å

O(9)-H(9)...O(1)#1 0.99 2.21 3.143(4) 158

O(9)-H(9)...O(3)#1 0.99 2.71 3.175(5) 109

O(9)-H(9)...O(4)#2 0.99 2.26 2.584(5) 98

#1 3/2-X, -1+Y, -1/2+Z; #2 2-X, 1-Y, -1/2+Z
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Table S5. Selected bond lengths (Å) and bond angles (°) for K2B5O8(OH).

B(1)-O(1) 1.363(5) B(5)-O(7) 1.384(6)

B(1)-O(2) 1.376(6) B(5)-O(8) 1.349(6)

B(1)-O(3) 1.363(6) B(5)-O(9) 1.365(6)

B(2)-O(3) 1.477(6) K(1)-O(1) 3.015(3)

B(2)-O(4) 1.434(5) K(1)-O(2) 2.812(3)

B(2)-O(6)#4 1.498(6) K(1)-O(3)#7 2.824(3)

B(2)-O(8)#4 1.503(5) K(1)-O(4)#6 3.244(3)

B(3)-O(1)#5 1.453(5) K(1)-O(6)#8 2.730(3)

B(3)-O(2) 1.465(5) K(1)-O(6) 2.665(3)

B(3)-O(4) 1.457(6) K(1)-O(7)#1 3.362(3)

B(3)-O(5) 1.480(5) K(1)-O(9)#1 3.117(4)

B(4)-O(5) 1.347(6) K(1)-O(9)#2 3.076(4)

B(4)-O(6) 1.357(6) K(2)-O(1)#9 3.339(3)

B(4)-O(7) 1.397(6) K(2)-O(2)#9 2.802(3)

K(2)-O(3)#10 2.817(3) K(2)-O(7) 2.876(3)

K(2)-O(4) 3.117(3) K(2)-O(8)#4 3.005(3)

K(2)-O(5) 2.676(3) K(2)-O(8)#11 2.809(3)

O(1)-B(1)-O(2) 113.3(4) O(1)-K(1)-O(9)#1 125.16(10)

O(3)-B(1)-O(1) 124.8(4) O(2)-K(1)-O(1) 46.08(8)

O(3)-B(1)-O(2) 121.9(4) O(2)-K(1)-O(3)#7 162.30(10)

O(3)-B(2)-O(6)#4 109.1(3) O(2)-K(1)-O(4)#6 121.10(8)

O(3)-B(2)-O(8)#4 106.9(3) O(2)-K(1)-O(7)#1 88.64(9)

O(4)-B(2)-O(3) 112.6(4) O(2)-K(1)-O(9)#1 99.01(10)

O(4)-B(2)-O(6)#4 108.8(4) O(2)-K(1)-O(9)#2 106.70(10)

O(4)-B(2)-O(8)#4 112.4(3) O(3)#7-K(1)-O(1) 117.58(8)

O(6)#4-B(2)-O(8)#4 106.8(3) O(3)#7-K(1)-O(4)#6 66.19(8)

O(1)#5-B(3)-O(2) 110.5(3) O(3)#7-K(1)-O(7)#1 98.92(9)

O(1)#5-B(3)-O(4) 110.4(4) O(3)#7-K(1)-O(9)#1 97.23(10)

O(1)#5-B(3)-O(5) 108.3(3) O(3)#7-K(1)-O(9)#2 64.95(10)

O(2)-B(3)-O(5) 109.4(4) O(4)#6-K(1)-O(7)#1 127.63(8)

O(4)-B(3)-O(2) 110.8(3) O(6)#8-K(1)-O(1) 66.15(8)

O(4)-B(3)-O(5) 107.4(3) O(6)-K(1)-O(1) 120.36(9)

O(5)-B(4)-O(6) 124.9(4) O(6)#8-K(1)-O(2) 112.18(9)
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O(5)-B(4)-O(7) 115.0(4) O(6)-K(1)-O(2) 78.83(9)

O(6)-B(4)-O(7) 120.0(4) O(6)#8-K(1)-O(3)#7 51.70(8)

O(8)-B(5)-O(7) 121.8(4) O(6)-K(1)-O(3)#7 111.99(9)

O(8)-B(5)-O(9) 123.2(4) O(6)#8-K(1)-O(4)#6 109.82(9)

O(9)-B(5)-O(7) 115.0(4) O(6)-K(1)-O(4)#6 46.30(8)

O(1)-K(1)-O(4)#6 142.72(9) O(6)-K(1)-O(6)#8 151.12(9)

O(1)-K(1)-O(7)#1 89.41(8) O(6)-K(1)-O(7)#1 113.83(10)

O(1)-K(1)-O(9)#2 97.57(9) O(6)#8-K(1)-O(7)#1 93.59(9)

O(6)-K(1)-O(9)#2 75.04(10) O(2)#9-K(2)-O(8)#4 109.81(9)

O(6)#8-K(1)-O(9)#1 125.09(10) O(2)#9-K(2)-O(8)#11 116.52(9)

O(6)-K(1)-O(9)#1 76.37(9) O(3)#10-K(2)-O(1)#9 105.57(8)

O(6)#8-K(1)-O(9)#2 76.19(10) O(3)#10-K(2)-O(4) 118.14(9)

O(9)#1-K(1)-O(4)#6 88.55(9) O(3)#10-K(2)-O(7) 124.17(10)

O(9)#2-K(1)-O(4)#6 48.17(8) O(3)#10-K(2)-O(8)#4 122.65(9)

O(9)#2-K(1)-O(7)#1 163.86(10) O(4)-K(2)-O(1)#9 118.97(8)

O(9)#1-K(1)-O(7)#1 41.72(8) O(5)-K(2)-O(1)#9 106.89(9)

O(9)#2-K(1)-O(9)#1 136.53(12) O(5)-K(2)-O(2)#9 140.37(10)

O(2)#9-K(2)-O(1)#9 42.64(8) O(5)-K(2)-O(3)#10 147.05(10)

O(2)#9-K(2)-O(3)#10 66.81(9) O(5)-K(2)-O(4) 47.46(8)

O(2)#9-K(2)-O(4) 156.25(9) O(5)-K(2)-O(7) 49.11(9)

O(2)#9-K(2)-O(7) 99.39(10) O(5)-K(2)-O(8)#11 101.88(10)

O(5)-K(2)-O(8)#4 72.33(9) O(8)#11-K(2)-O(3)#10 50.37(9)

O(7)-K(2)-O(1)#9 92.27(9) O(8)#11-K(2)-O(4) 69.41(9)

O(7)-K(2)-O(4) 95.86(9) O(8)#4-K(2)-O(4) 46.94(8)

O(7)-K(2)-O(8)#4 113.01(9) O(8)#11-K(2)-O(7) 120.89(10)

O(8)#11-K(2)-O(1)#9 145.77(9) O(8)#11-K(2)-O(8)#4 97.57(9)

O(8)#4-K(2)-O(1)#9 74.42(8)

Symmetry transformations used to generate equivalent atoms: 

#1 x, y+1, z; #2 x-1/2, -y+1, z; #3 -x+1, -y+2, z+1/2; #4 -x+3/2, y, z+1/2;

#5 x+1/2,-y+2, z; #6 -x+3/2, y, z-1/2; #7 -x+1, -y+2, z-1/2; #8 x-1/2, -y+2, z;

#9 x, y-1, z; #10 x+1/2, -y+1, z; #11 -x+2, -y+1, z+1/2; #12 -x+2, -y+1, z-1/2
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Table S6. Atomic coordinates (104 ), equivalent isotropic displacement parameters 

(Å2 103 ) and BVS for CsB5O6(OH)4. Ueq is defined as one-third of the trace of the 

orthogonalized Uij tensor. 
Atoms x/a y/b z/c U(eq) BVS

Cs(1) 8197(1) 8384(1) 6897(1) 34(1) 0.99

B(1) -170(8) 5749(11) 2830(7) 25(2) 3.07

B(2) -602(8) 8092(11) 3884(6) 20(2) 3.06

B(3) 1833(8) 6935(10) 4357(7) 20(2) 3.09

B(4) 4380(7) 7424(11) 5032(7) 21(2) 3.08

B(5) 3417(8) 5589(10) 6067(7) 21(2) 3.05

O(1) -1568(5) 9078(7) 4117(4) 27(1) 1.95

O(2) -1119(4) 6796(6) 3100(4) 20(1) 1.93

O(3) 806(4) 8315(7) 4388(4) 24(1) 1.83

O(4) -673(5) 4561(7) 1988(4) 29(1) 1.97

O(5) 2128(5) 5847(7) 5330(4) 29(1) 1.92

O(6) 3711(5) 4552(7) 6983(4) 27(1) 2.08

O(7) 3092(4) 7793(6) 4300(4) 24(1) 2.03

O(8) 4596(4) 6383(7) 5953(4) 27(1) 1.96

O(9) 5564(5) 8019(7) 4898(4) 32(1) 2.12

O(10) 1214(4) 5884(6) 3353(4) 24(1) 2.07

BVS are calculated by using the bond-valence model (Si = exp [(Ro - Ri / b], where Ro 

is an empirical constant with values 2.417 for Cs-O bonds and 1.371 for B-O bonds, 

Ri is the length of bond i (in angstroms), and b = 0.37 Å.
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Table S7. Selected bond lengths (Å) and bond angles (°) for CsB5O6(OH)4.
Cs(1)-O(3)#1 3.362(5) B(2)-O(3) 1.358(8)

Cs(1)-O(7)#2 3.273(5) B(2)-O(1) 1.354(9)

Cs(1)-O(7)#1 3.337(5) B(3)-O(5) 1.445(9)

Cs(1)-O(1)#3 3.723(5) B(3)O-(10) 1.463(9)

Cs(1)-O(10)#2 3.264(5) B(3)-O(7) 1.464(9)

Cs(1)-O(10)#4 3.339(5) B(3)-O(3) 1.492(9)

Cs(1)-O(8) 3.753(4) B(4)-O(8) 1.382(9)

Cs(1)-O(8)#5 3.679(5) B(4)-O(7) 1.346(8)

Cs(1)-O(6)#5 3.092(5) B(4)-O(9) 1.356(9)

Cs(1)-O(4)#4 3.297(5) B(5)-O(5) 1.334(8)

Cs(1)-O(9) 3.002(5) B(5)-O(8) 1.398(9)

B(1)-O(2) 1.389(9) B(5)-O(6) 1.364(9)

B(1)-O(10) 1.333(9) B(1)-O(4) 1.367(10)

B(2)-O(2) 1.378(9)

O(4)#4-Cs(1)-O(8)#5 85.69(11) O(9)-Cs(1)-O(3)#1 88.77(12)

O(3)#1-Cs(1)-O(1)#3 44.16(11) O(9)-Cs(1)-O(7)#1 66.31(13)

O(3)#1-Cs(1)-O(8) 125.12(10) O(7)#2-Cs(1)-O(1)#3 172.10(11)

O(3)#1-Cs(1)-O(8)#5 72.49(11) O(7)#2-Cs(1)-O(10)#4 83.87(12)

O(7)#2-Cs(1)-O(3)#1 142.34(12) O(7)#1-Cs(1)-O(10)#4 149.06(12)

O(7)#1-Cs(1)-O(3)#1 42.07(11) O(7)#2-Cs(1)-O(8) 80.68(11)

O(7)#2-Cs(1)-O(7)#1 122.57(12) O(7)#1-Cs(1)-O(8) 91.46(11)

O(7)#1-Cs(1)-O(1)#3 65.09(12) O(7)#2-Cs(1)-O(8)#5 70.75(11)

O(1)#3-Cs(1)-O(8) 97.80(10) O(7)#1-Cs(1)-O(8)#5 80.99(11)

O(10)#2-Cs(1)-O(3)#1 121.04(12) O(7)#2-Cs(1)-O(4)#4 71.19(12)

O(10)#4-Cs(1)-O(3)#1 125.65(12) O(9)-Cs(1)-O(1)#3 61.79(12)

O(10)#2-Cs(1)-O(7)#1 84.06(12) O(9)-Cs(1)-O(10)#2 88.01(13)

O(10)#2-Cs(1)-O(7)#2 42.45(11) O(9)-Cs(1)-O(10)#4 87.87(13)

O(10)#4-Cs(1)-O(1)#3 88.23(12) O(9)-Cs(1)-O(8)#5 145.69(13)

O(10)#2-Cs(1)-O(1)#3 143.00(11) O(9)-Cs(1)-O(8) 38.03(12)

O(10)#2-Cs(1)-O(10)#4 113.03(13) O(9)-Cs(1)-O(6)#5 151.49(14)

O(10)#2-Cs(1)-O(8)#5 78.20(11) O(9)-Cs(1)-O(4)#4 128.55(14)

O(10)#4-Cs(1)-O(8) 76.25(11) O(10)-B(1)-O(2) 122.3(7)

O(10)#2-Cs(1)-O(8) 61.44(11) O(10)-B(1)-O(4) 118.8(7)
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O(10)#4-Cs(1)-O(8)#5 126.42(11) O(4)-B(1)-O(2) 118.9(6)

O(10)#2-Cs(1)-O(4)#4 113.46(12) O(3)-B(2)-O(2) 120.2(6)

O(8)#5-Cs(1)-O(1)#3 114.16(11) O(1)-B(2)-O(2) 116.3(6)

O(8)#5-Cs(1)-O(8) 139.53(6) O(1)-B(2)-O(3) 123.5(6)

O(6)#5-Cs(1)-O(3)#1 65.17(12) O(7)-B(3)-O(3) 108.8(6)

O(6)#5-Cs(1)-O(7)#1 97.68(12) O(10)-B(3)-O(3) 108.9(5)

O(6)#5-Cs(1)-O(7)#2 90.38(12) O(10)-B(3)-O(7) 107.9(6)

O(6)#5-Cs(1)-O(1)#3 90.36(12) O(5)-B(3)-O(3) 108.1(6)

O(6)#5-Cs(1)-O(10)#2 114.69(13) O(5)-B(3)-O(7) 112.6(5)

O(6)#5-Cs(1)-O(10)#4 97.86(12) O(5)-B(3)-O(10) 110.4(6)

O(6)#5-Cs(1)-O(8)#5 38.87(11) O(7)-B(4)-O(8) 122.7(6)

O(6)#5-Cs(1)-O(8) 169.71(12) O(7)-B(4)-O(9) 122.0(7)

O(6)#5-Cs(1)-O(4)#4 59.84(13) O(9)-B(4)-O(8) 115.3(6)

O(4)#4-Cs(1)-O(3)#1 113.92(12) O(5)-B(5)-O(8) 121.7(7)

O(4)#4-Cs(1)-O(7)#1 155.34(12) O(5)-B(5)-O(6) 124.1(6)

O(4)#4-Cs(1)-O(1)#3 102.49(12) O(6)-B(5)-O(8) 114.3(6)

O(9)-Cs(1)-O(7)#2 118.05(13) O(4)#4-Cs(1)-O(8) 111.91(12)

O(4)#4-Cs(1)-O(10)#4 41.01(11)

Symmetry transformations used to generate equivalent atoms: 

#1 -x+1, -y+2, -z+1; #2 x+1/2, -y+3/2, z+1/2; #3 x+1, y, z; #4 -x+1, -y+1, -z+1; 

#5 -x+3/2, y+1/2, -z+3/2; #6 x-1/2, -y+3/2, z-1/2; #7 x-1, y, z; 

#8 -x+3/2, y-1/2, -z+3/2
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Table S8. Hydrogen bonds for CsB5O6(OH)4.

D−H···A d(D−H)/Å d(H−A)/Å d(D−A)/Å D−H−A/Å

O(1)-H(1)...O(3)#9 0.94 1.76 2.684(7) 166

O(9)-H(9)...O(4)#10 0.95 1.87 2.743(7) 153

O(4)-H(4)...O(1)#11 0.95 1.75 2.686(6) 172

O(6)-H(6)...O(2)#12 0.94 1.87 2.799(6) 170

#9 -x, -y+2, -z+1; #10 -x+1/2, y+1/2, -z+1/2; #11 -x-1/2, y-1/2, -z+1/2;

#12 -x, -y+1, -z+1



S12

Table S9. Atomic coordinates (104 ), equivalent isotropic displacement parameters 

(Å2 103 ) and BVS for CsB5O7(OH)2. Ueq is defined as one-third of the trace of the 

orthogonalized Uij tensor. 
Atoms x/a y/b z/c U(eq) BVS

Cs(1) 835(1) 1435(1) 7732(1) 36(1) 1.03

B(1) 6383(10) 8951(11) 4820(7) 22(2) 3.02

B(2) 4204(10) 7000(11) 4206(7) 21(2) 3.09

B(3) 1941(10) 4963(11) 4037(7) 20(2) 3.06

B(4) 158(10) 2924(12) 4332(8) 23(2) 3.06

B(5) 17(10) 3544(12) 2313(7) 23(2) 3.04

O(1) 7561(7) 9725(8) 5715(5) 28(1) 1.87

O(2) 6237(6) 9292(7) 3678(4) 25(1) 1.87

O(3) 5333(6) 7880(7) 5101(4) 25(1) 1.95

O(4) 4102(6) 7155(7) 3072(4) 26(1) 1.79

O(5) 3266(6) 5952(6) 4588(4) 22(1) 2.01

O(6) 1203(6) 4934(7) 2865(4) 23(1) 1.81

O(7) 1456(6) 3978(7) 4804(4) 24(1) 1.97

O(8) -622(6) 2794(7) 3153(5) 26(1) 1.87

O(9) -335(8) 2092(8) 5141(5) 31(1) 1.89

BVS are calculated by using the bond-valence model (Si = exp [(Ro - Ri / b], where Ro 

is an empirical constant with values 2.417 for Cs-O bonds and 1.371 for B-O bonds, 

Ri is the length of bond i (in angstroms), and b = 0.37 Å.
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Table S10. Hydrogen bonds for CsB5O7(OH)2.

D−H···A d(D−H)/Å d(H−A)/Å d(D−A)/Å D−H−A/Å

O(9)-H(9)...O(1)#1 0.73 2.41 2.883 125

O(1)-H(1)...O(6)#16 0.80 2.50 3.232 152

#1 x-1, y-1, z; #16 x+1/2, -y+3/2, z+1/2
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Table S11. Selected bond lengths (Å) and bond angles (°) for CsB5O7(OH)2.

Cs(1)-O(1)#1 3.378(5) B(2)-O(3) 1.379(10)

Cs(1)-O(2)#2 3.641(5) B(1)-O(3) 1.383(10)

Cs(1)-O(2)#3 3.460(5) B(2)-O(4) 1.340(9)

Cs(1)-O(3)#4 3.322(5) B(5)#9-O(4) 1.498(9)

Cs(1)-O(4)#5 3.271(6) B(2)-O(5) 1.359(10)

Cs(1)-O(5)#4 3.064(5) B(3)-O(5) 1.380(10)

Cs(1)-O(6)#6 3.288(5) B(5)-O(6) 1.498(10)

Cs(1)-O(7)#4 3.654(5) B(3)-O(6) 1.337(9)

Cs(1)-O(8)#7 3.118(5) B(3)-O(7) 1.377(9)

Cs(1)-O(8)#8 3.412(5) B(4)-O(7) 1.377(10)

Cs(1)-O(9) 2.970(6) B(5)-O(8) 1.445(10)

B(1)-O(1) 1.363(10) B(4)-O(8) 1.352(10)

B(5)#9-O(2) 1.451(10) B(4)-O(9) 1.361(10)

B(1)-O(2) 1.360(9)

O(1)#1-Cs(1)-O(2)#3 125.01(13) O(5)#4-Cs(1)-O(8)#8 100.27(13)

O(1)#1-Cs(1)-O(2)#2 101.62(13) O(6)#6-Cs(1)-O(1)#1 83.66(13)

O(1)#1-Cs(1)-O(7)#4 123.78(13) O(6)#6-Cs(1)-O(2)#3 41.43(12)

O(1)#1-Cs(1)-O(8)#8 57.48(14) O(6)#6-Cs(1)-O(2)#2 118.06(12)

O(2)#3-Cs(1)-O(2)#2 106.77(12) O(6)#6-Cs(1)-O(3)#4 65.26(12)

O(2)#3-Cs(1)-O(7)#4 105.11(12) O(6)#6-Cs(1)-O(7)#4 141.75(11)

O(2)#2-Cs(1)-O(7)#4 84.70(11) O(6)#6-Cs(1)-O(8)#8 140.98(13)

O(3)#4-Cs(1)-O(1)#1 104.98(14) O(8)#7-Cs(1)-O(1)#1 141.77(14)

O(3)#4-Cs(1)-O(2)#2 153.40(12) O(8)#7-Cs(1)-O(2)#3 77.28(13)

O(3)#4-Cs(1)-O(2)#3 56.57(13) O(8)#8-Cs(1)-O(2)#2 71.33(12)

O(3)#4-Cs(1)-O(7)#4 80.89(11) O(8)#8-Cs(1)-O(2)#3 177.37(12)

O(3)#4-Cs(1)-O(8)#8 124.45(13) O(8)#7-Cs(1)-O(2)#2 40.23(13)

O(4)#5-Cs(1)-O(1)#1 54.73(13) O(8)#7-Cs(1)-O(3)#4 113.18(13)

O(4)#5-Cs(1)-O(2)#3 139.77(12) O(8)#7-Cs(1)-O(4)#5 130.43(14)

O(4)#5-Cs(1)-O(2)#2 112.53(12) O(8)#7-Cs(1)-O(6)#6 109.81(13)

O(4)#5-Cs(1)-O(3)#4 83.71(13) O(8)#8-Cs(1)-O(7)#4 73.06(12)

O(4)#5-Cs(1)-O(6)#6 119.39(13) O(8)#7-Cs(1)-O(7)#4 66.70(13)

O(4)#5-Cs(1)-O(7)#4 71.10(13) O(8)#7-Cs(1)-O(8)#8 100.19(12)

O(4)#5-Cs(1)-O(8)#8 41.75(12) O(9)-Cs(1)-O(1)#1 53.56(16)
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O(5)#4-Cs(1)-O(1)#1 123.86(14) O(9)-Cs(1)-O(2)#3 98.17(15)

O(5)#4-Cs(1)-O(2)#2 119.97(12) O(9)-Cs(1)-O(2)#2 65.81(14)

O(5)#4-Cs(1)-O(2)#3 79.03(12) O(9)-Cs(1)-O(3)#4 132.23(15)

O(5)#4-Cs(1)-O(3)#4 41.91(13) O(9)-Cs(1)-O(4)#5 105.25(15)

O(5)#4-Cs(1)-O(4)#5 74.36(13) O(9)-Cs(1)-O(5)#4 174.04(15)

O(5)#4-Cs(1)-O(6)#6 104.98(12) O(9)-Cs(1)-O(6)#6 69.87(15)

O(5)#4-Cs(1)-O(7)#4 39.02(12) O(9)-Cs(1)-O(7)#4 146.75(14)

O(5)#4-Cs(1)-O(8)#7 88.12(14) O(9)-Cs(1)-O(8)#8 82.76(15)

O(9)-Cs(1)-O(8)#7 96.43(15) O(6)-B(3)-O(5) 123.4(7)

O(4)-B(2)-O(3) 121.6(7) O(6)-B(3)-O(7) 122.7(7)

O(4)-B(2)-O(5) 124.4(7) O(7)-B(3)-O(5) 113.9(6)

O(5)-B(2)-O(3) 114.0(6) O(8)-B(4)-O(7) 122.6(7)

O(2)#15-B(5)-O(4)#15 112.2(6) O(8)-B(4)-O(9) 122.3(7)

O(2)#15-B(5)-O(6) 108.4(7) O(9)-B(4)-O(7) 115.0(7)

O(4)#15-B(5)-O(6) 105.9(6) O(1)-B(1)-O(3) 118.8(7)

O(8)-B(5)-O(2)#15 110.3(6) O(2)-B(1)-O(1) 119.4(7)

O(8)-B(5)-O(4)#15 108.2(6) O(2)-B(1)-O(3) 121.8(7)

O(8)-B(5)-O(6) 111.8(6)

Symmetry transformations used to generate equivalent atoms: 

#1 x-1, y-1, z; #2 -x+1, -y+1, -z+1; #3 x-1/2, -y+3/2, z+1/2; 

#4 -x+1/2, y-1/2, -z+3/2; #5 x-1/2, -y+1/2, z+1/2; 

#6 -x, -y+1, -z+1; #7 x+1/2, -y+1/2, z+1/2; #8 -x,-y, -z+1; 

#9 -x+1/2, y+1/2, -z+1/2; #10 x+1, y+1, z; #11 x+1/2, -y+3/2, z-1/2; 

#12 -x+1/2, y+1/2, -z+3/2; #13 x+1/2, -y+1/2, z-1/2; #14 x-1/2, -y+1/2, z-1/2; 

#15 -x+1/2, y-1/2,-z+1/2; 
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Table S12. The structural comparison of alkali and alkaline-earth metal hydroxyborates 

containing five boron atoms.

NO. Compounds
Space 

group (No.)
FBB

Number 

of 

shared 

O atoms

Dimen

sion
Ref.

1 Li3(B5O8(OH)2) P41212(92) B5O10(OH)2 2 2 1

2 Li3(B5O8(OH)2) Pnc2(30) B5O10(OH)2 2 2 2

3 Li((OH)2B5O7) P21/c(14) B5O7(OH)2 1 1 3

4 Li(B5O6(OH)4)(H2O)3 C2/c(15) B5O6(OH)4 0 0 4

5 Li3(B5O8(OH)2) P43212(96) B5O10(OH)2 3 3 5

6 (Na(H2O))2(B5O8(OH)) Pna21(33) B5O10(OH) 2 2 6

7 Na(B5O6(OH)4) P21/c(14) B5O6(OH)4 0 0 7

8 Na(B5O6(OH)4)(H2O)3 C2/c(15) B5O6(OH)4 0 0 8

9 Na(B5O7(OH)2(H2O) Pca21(29) B5O8(OH)2 1 1 9

10 Na(B5O8(OH)2(H2O)3 C2/c(15) B5O8(OH)2 0 0 10

11 Na2B5O8(OH)(H2O)2 Pna21(33) B5O10(OH) 2 2 11

12 Na3(B5O8(OH)2)(H2O) Pbca(61) B5O10(OH)2 2 2 12

13 Na4(B5O7(OH)3)2(H2O)4 P (2)1 B10O14(OH)6 0 0 13

14 K(B5O6(OH)4)(H2O)2 Aba2(41) B5O6(OH)4 0 0 14

15 K(B5O7(OH)2) P21/c(14) B5O8(OH)2 1 1 15

16 K(B5O7(OH)2)(H2O) P21/c(14) B5O8(OH)2 1 1 16

17 K(B5O7(OH)2)(H2O) P21/c(14) B5O8(OH)2 1 1 17

18 K2(B5O8(OH))(H2O)2 Pna21(33) B5O10(OH) 2 2 18

19 K3B5O8(OH)2 Fdd2(43) B5O8(OH)2 0 0 19

20 RbB5O6(OH)4(H2O)2 Aba2(41) B5O6(OH)4 0 0 20

21 RbB5O7(OH)2)(H2O)0.5 P (2)1 B5O8(OH)2 1 1 21

22 Cs(B5O6(OH)4)(H2O)2 P21/c(14) B5O6(OH)4 0 0 22

23 Cs(B5O6(OH)4)(H2O)2 C2/c(15) B5O6(OH)4 0 0 23

24 Ca(B5O8(OH))(B(OH)3)(H2O)3 P21/c(14) B5O10(OH) 2 2 24

25 Ca(B5O8(OH))(H2O) P21/c(14) B5O10(OH) 2 2 25

26 Ca2(B5O7)(OH)5(H20) P21/c(14) B5O8(OH)5 1 1 26

27 Ca2(B5O8(OH))2(B(OH)3)(H2O) P1(1) B10O20(OH)2 2 2 27

28 Ca2(B5O8(OH))2(B(OH)3)(H2O) P21(4) B10O20(OH)2 2 2 28

29 Ca2(B5O9)(OH)(H2O) CC(9) B5O11(OH) 2 2 29

30 B5Sr2O9(OH) P21/c(14) B5O11(OH) 2 2 30

31 Sr(B5O8(OH))(H2O) P (2)1 B5O10(OH) 2 2 31

32 Sr2(B5O8(OH))2(B(OH)3)(H2O) CC(9) B5O10(OH) 2 2 32

33 Sr2(B5O8(OH))2B(OH)3(H2O) P21(4) B10O20(OH)2 2 2 33

34 Ba(B5O8(OH))(H2O) P (2)1 B5O10(OH) 2 2 34
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35 Ba2(B5O8(OH))2(B(OH)3)(H2O) P21(4) B10O20(OH)2 2 2 35

36 Ba2(B5O8(OH)2)(OH) P21/c(14) B5O10(OH)2 2 2 36

37 Ba2B5O9(OH) P21/c(14) B5O11(OH) 2 2 30

38 K2B5O8(OH) Pca21(29) B5O10(OH) 2 2
This 

work

39 CsB5O6(OH)4 P21/c(14) B5O6(OH)4 0 0
This 

work

40 CsB5O7(OH)2 P21/c(14) B5O8(OH)2 1 1
This 

work
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Table S13. The calculated bonding electron density differences ( ) of different units ∆𝜌

in K2B5O8(OH), CsB5O6(OH)4, and CsB5O7(OH)2. Using the response electron 

distribution anisotropy (REDA) method.

units ∆𝜌 ∆𝜔

BO3 0.008943 58.8 %

BO4 0.001253 8.2 %

BO2(OH) 0.004197 27.6 %

KO9 0.000638 4.2 %

K2B5O8(OH)

KO8 0.000171 1.1 %

BO2(OH) 0.016789 93.4 %

BO4 0.000443 2.5 %CsB5O6(OH)4

CsO11 0.000747 4.2 %

BO3 0.010603 47.5 %

BO2(OH) 0.010541 47.2 %

BO4 0.000318 1.4 %
CsB5O7(OH)2

CsO9 0.000866 3.9 %
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Table S14. The number of hydroxyl groups in the unit cell, the density of hydroxyl 

groups, and the layer spacing between adjacent layers of K2B5O8(OH), CsB5O6(OH)4, 

and CsB5O7(OH)2.

Compounds The number of hydroxyl 
groups in the unit cell

The density of 
hydroxyl groups 

(n/V) (Å-3)

The spacing between 
adjacent layers (Å)

K2B5O8(OH) 4 4.92 7.33

CsB5O6(OH)4 16 17.08 7.61

CsB5O7(OH)2 8 10.19 7.70
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Figure S1. Experimental and calculated X-ray powder diffraction patterns of (a) 

K2B5O8(OH) and (b) CsB5O7(OH)2.



S21

Figure S2. Coordination form of K in K2B5O8(OH): (a) [KO8], (b) [KO9].
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Figure S3. Coordination form of Cs in CsB5O6(OH)4: [CsO11].
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Figure S4. Coordination form of Cs in CsB5O7(OH)2: [CsO9].
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Figure S5. TG−DSC curves of (a) K2B5O8(OH) and (b) CsB5O7(OH)2.
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Figure S6. Crystal structure of K2B5O8(OH)·2H2O.
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Figure S7. IR spectra of (a) K2B5O8(OH) and (b) CsB5O7(OH)2. 
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Figure S8. Phase-matching SHG signals for K2B5O8(OH) and standard KDP with 1064 
nm laser radiation.



S28

Figure S9. The arrangement of hydroxyl groups within the unit cell: (a) 
Na2B5O8(OH)·2H2O and (b) K2B5O8(OH). 
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Figure S10. Arrangement of boron-oxygen groups in two-dimensional layered 
structures: (a) K2B5O8(OH) and (b) Na2B5O8(OH)·2H2O. 
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Figure S11. Predicted shortest SHG phase-matching wavelength for K2B5O8(OH). 
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Figure S12. The number of hydroxyl groups in the unit cell of (a)K2B5O8(OH), 

(b)CsB5O6(OH)4, and (c) CsB5O7(OH)2.
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