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Table S1. Selected bond lengths (Å) for A2Bi2(SO4)2Cl4(A = NH4, K, Rb).

(NH4)2Bi2(SO4)2Cl4 K2Bi2(SO4)2Cl4 Rb2Bi2(SO4)2Cl4

Bi(1)-Cl(1) 2.478(3) Bi(1)-Cl(1) 2.479(3) Bi(1)-Cl(1) 2.474(4)

Bi(1)-Cl(2) 2.548(3) Bi(1)-Cl(2) 2.563(3) Bi(1)-Cl(2) 2.561(4)

Bi(1)-O(2) 2.334(9) Bi(1)-O(1) 2.338(9) Bi(1)-O(3)#2 2.452(12)

Bi(1)-O(3)#1 2.446(9) Bi(1)-O(3)#2 2.606(10) Bi(1)-O(1)#1 2.317(13)

Bi(1)-O(4)#2 2.643(9) Bi(1)-O(4)#3 2.465(9) Bi(1)-O(2)#3 2.645(13)

S(1)-O(1) 1.461(10) K(1)-Cl(1)#4 3.419(5) Rb(1)-Cl(1)#4 3.485(5)

S(1)-O(2) 1.496(10) K(1)-Cl(1)#5 3.208(4) Rb(1)-Cl(1)#5 3.293(4)

S(1)-O(3) 1.476(9) K(1)-Cl(2)#6 3.278(5) Rb(1)-Cl(1) 3.897(5)

S(1)-O(4) 1.470(10) K(1)-Cl(2)#7 3.526(5) Rb(1)-Cl(2) 3.577(5)

N(1)-H(1A) 0.89 K(1)-O(1)#7 2.761(10) Rb(1)-Cl(2)#6 3.389(5)

N(1)-H(1B) 0.89 K(1)-O(2) 2.754(10) Rb(1)-O(3)#1 3.203(13)

N(1)-H(1C) 0.89 K(1)-O(2)#6 3.147(10) Rb(1)-O(3) 2.870(12)

N(1)-H(1D) 0.8899 K(1)-O(4)#7 3.075(9) Rb(1)-O(1)#1 2.873(13)

K(1)-O(4)#6 2.772(9) Rb(1)-O(4) 3.239(13)

S(1)-O(1) 1.490(9) Rb(1)-O(4)#6 2.876(13)

S(1)-O(2) 1.466(10) S(1)-O(3) 1.476(12)

S(1)-O(3) 1.486(10) S(1)-O(1) 1.494(13)

S(1)-O(4) 1.480(9) S(1)-O(4) 1.479(13)

S(1)-O(2) 1.476(13)

Symmetry transformations used to generate equivalent atoms:
For (NH4)2Bi2(SO4)2Cl4: #1 x+1, y, z; #2 x+1/2, -y+3/2, -z+1; #3 x-1, y, z; #4 x-1/2, -y+3/2, -z+1.

For K2Bi2(SO4)2Cl4: #1 x, y-1, z; #2 x+1/2, -y+1/2, -z+1; #3 x+1, y, z; #4 x-1, y+1, z; #5 x-1/2, -y+1/2, -z+1; #6 -x+1, 

y+1/2, -z+1/2; #7 x, y+1, z; #8 x+1, y-1, z; #9 -x+1, y-1/2, -z+1/2; #10 x-1, y, z.

For Rb2Bi2(SO4)2Cl4: #1 -x+1, y+1/2, -z-1/2; #2 -x, y+1/2, -z-1/2; #3 -x+1/2, -y-1, z-1/2; #4 x+1, y, z; #5 x+1/2, -y-3/2, 

-z-1; #6 -x+1, y-1/2, -z-1/2; #7 x-1/2, -y-3/2, -z-1;  #8  x-1,y,z; #9  -x,y-1/2,-z-1/2; #10 -x+1/2, -y-1, z+1/2.

Table S2. Atomic coordinates (×104) and equivalent isotropic displacement parameters (Å2×103) for 
(NH4)2Bi2(SO4)2Cl4. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

x y z U(eq)

Bi(1) 9875(1) 8667(1) 6171(1) 6(1)

S(1) 4955(5) 8189(4) 6099(2) 4(1)

Cl(1) 10657(5) 11662(4) 5527(2) 10(1)

Cl(2) 9036(6) 10112(4) 7617(2) 8(1)

O(1) 6203(15) 6754(13) 6497(7) 13(2)

O(2) 6480(15) 9618(13) 5823(6) 8(2)

N(1) 5150(20) 2991(15) 6556(7) 12(2)

O(3) 3459(14) 8969(13) 6723(6) 6(2)

O(4) 3737(16) 7526(14) 5361(6) 9(2)

H(1A) 5037 2563 6024 14

H(1B) 6165 2393 6832 14

H(1C) 3941 2846 6832 14

H(1D) 5477 4163 6536 14
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Table S3. Atomic coordinates (×104) and equivalent isotropic displacement parameters (Å2×103) for K2Bi2(SO4)2Cl4. 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor

Atom x y z U(eq)

Bi(1) 9850(1) 1363(1) 3838(1) 5(1)
K(1) 5231(6) 7041(4) 3422(2) 9(1)
Cl(1) 10703(5) -1697(4) 4488(2) 7(1)
S(1) 4925(5) 1821(4) 3870(2) 2(1)
Cl(2) 8940(5) -97(4) 2352(2) 6(1)
O(1) 6429(15) 365(13) 4170(6) 4(2)
O(2) 6161(15) 3312(13) 3466(6) 7(2)
O(3) 3635(16) 2474(14) 4624(6) 8(2)
O(4) 3436(14) 984(12) 3236(6) 4(2)

Table S4. Atomic coordinates (×104) and equivalent isotropic displacement parameters (Å2×103) for 

Rb2Bi2(SO4)2Cl4. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

Atom x y z U(eq)

Bi(1) 150(1) -3652(1) -3841(1) 6(1)
Rb(1) 4724(3) -7970(2) -3430(1) 10(1)
S(1) 4947(7) -8174(5) -1105(2) 4(1)
Cl(1) -655(7) -6632(5) -4464(2) 8(1)
Cl(2) 990(7) -5100(5) -2385(3) 8(1)
O(3) 3445(19) -8972(17) -1723(7) 6(2)
O(1) 6460(20) -9591(17) -819(8) 7(2)
O(4) 6210(20) -6748(18) -1522(8) 9(2)
O(2) 3670(20) -7505(18) -377(8) 8(2)

Table S5. Anisotropic displacement parameters (Å2×103) for (NH4)2Bi2(SO4)2Cl4.

The anisotropic displacement factor exponent takes the form: -2π2 [ h2 a*2 U11 + ... + 2hka* b*U12 ].

U11 U22 U33 U23 U13 U12

Bi(1) 7(1) 6(1) 5(1) -1(1) 0(1) 0(1)

S(1) 3(1) 4(1) 5(1) -1(1) -3(1) -2(1)

Cl(1) 14(2) 9(1) 8(1) 4(1) -2(1) -3(1)

Cl(2) 12(2) 9(1) 4(1) -2(1) 2(1) -2(1)

O(1) 7(4) 8(4) 24(5) 4(4) -3(4) -1(4)

O(2) 9(4) 7(4) 8(4) 1(3) -4(3) -2(3)

N(1) 20(6) 11(4) 4(5) -1(4) -1(5) -5(5)

O(3) 5(4) 10(4) 5(3) 0(3) -2(3) -2(3)

O(4) 10(4) 12(4) 6(4) -7(3) -1(3) 0(3)
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Table S6. Anisotropic displacement parameters (Å2×103) for K2Bi2(SO4)2Cl4.

The anisotropic displacement factor exponent takes the form: -2π2 [ h2 a*2 U11 + ... + 2hka* b*U12 ].

U11 U22 U33 U23 U13 U12

Bi(1) 5(1) 6(1) 3(1) 0(1) 0(1) 0(1)
K(1) 18(2) 5(1) 4(1) -2(1) -1(1) 0(1)
Cl(1) 9(2) 7(1) 5(1) 3(1) 1(1) 3(1)
S(1) 2(1) 4(1) 2(1) -1(1) 1(1) -1(1)
Cl(2) 8(2) 8(1) 3(1) -3(1) -2(1) 1(1)
O(1) 4(2) 5(2) 4(2) 0(1) 0(1) 0(1)
O(2) 9(5) 4(4) 8(4) 3(4) 0(4) 2(4)
O(3) 6(5) 12(5) 7(5) -5(4) -1(4) -1(4)
O(4) 4(2) 4(2) 4(2) 0(1) 0(1) 0(1)

Table S7. Anisotropic displacement parameters (Å2×103) for Rb2Bi2(SO4)2Cl4.

The anisotropic displacement factor exponent takes the form: -2π2 [ h2 a*2 U11 + ... + 2hka* b*U12 ].

U11 U22 U33 U23 U13 U12

Bi(1) 8(1) 6(1) 4(1) 0(1) 0(1) 0(1)
Rb(1) 16(1) 6(1) 6(1) 1(1) 1(1) 0(1)
S(1) 4(1) 4(1) 3(1) -1(1) 2(1) 0(1)
Cl(1) 10(1) 8(1) 6(1) -1(1) 0(1) -1(1)
Cl(2) 9(1) 8(1) 7(1) 1(1) -1(1) 0(1)
O(3) 6(3) 6(3) 5(3) 0(1) 0(1) 0(1)
O(1) 7(3) 7(3) 7(3) 0(1) 0(1) 0(1)
O(4) 8(3) 8(3) 9(3) 0(1) 0(1) 0(1)
O(2) 8(3) 8(3) 8(3) -1(1) 0(1) 0(1)
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Figure S1. Photograph of Rb2Bi2(SO4)2Cl4 crystals.

Figure S2. Simulated and experimental powder X-ray diffraction patterns of (NH4)2Bi2(SO4)2Cl4.
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Figure S3. Simulated and experimental powder X-ray diffraction patterns of K2Bi2(SO4)2Cl4.

Figure S4. Simulated and experimental powder X-ray diffraction patterns of Rb2Bi2(SO4)2Cl4.
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Figure S5. EDS analysis for (NH4)2Bi2(SO4)2Cl4. 

Figure S6. EDS analysis for K2Bi2(SO4)2Cl4. 

Figure S7. EDS analysis for Rb2Bi2(SO4)2Cl4. 
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Figure S8. The UV-Vis-NIR reflectance spectrum of (NH4)2Bi2(SO4)2Cl4

Figure S9. The UV-Vis-NIR reflectance spectrum of K2Bi2(SO4)2Cl4.
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Figure S10. The UV-Vis-NIR reflectance spectrum of Rb2Bi2(SO4)2Cl4.

Figure S11. TG curve of (NH4)2Bi2(SO4)2Cl4. The slight weight losse at about 120 oC can be attributed to the 

adsorption water.
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Figure S12. TG curve of K2Bi2(SO4)2Cl4.

Figure S13. TG curve of Rb2Bi2(SO4)2Cl4. The slight weight losse at about 120 oC can be attributed to the 

adsorption water.



S12

Figure S14. Simulated and experimental powder X-ray diffraction patterns of (NH4)2Bi2(SO4)2Cl4 heated at 180 oC.

Figure S15. Simulated and experimental powder X-ray diffraction patterns of Rb2Bi2(SO4)2Cl4 heated at 180 oC.
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Figure S16. Electronic band structure of A2Bi2(SO4)2Cl4 (A = NH4, K, Rb)

Figure S17. Calculated refractive index of (NH4)2Bi2(SO4)2Cl4.
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Figure S18. Calculated refractive index of K2Bi2(SO4)2Cl4.

Figure S19. Calculated refractive index of Rb2Bi2(SO4)2Cl4.
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Anionic group theory

The macroscopic second-order susceptibility  can be expressed by Eq:1𝜒(2)

𝜒(2)
𝑖𝑗𝑘 =

𝐹
𝑉∑

𝑝
∑
𝑖'𝑗'𝑘'

𝛼
𝑖𝑖'

𝛼
𝑗𝑗'𝛼𝑘𝑘'𝛽

(2)
𝑖'𝑗'𝑘'(𝑃)

where F is the correction factor of the localized field; , , and  are the direction cosines between the 
 𝛼

𝑖𝑖'
 𝛼

𝑗𝑗' 𝛼
𝑘𝑘'

macroscopic coordinates of the crystal and the microscopic coordinates of [SO4]2- groups, and  is the 
𝛽 (2)

𝑖'𝑗'𝑘'

microscopic second-order susceptibility tensors of [SO4]2- group. According to Kleinman symmetry relations,2 

[SO4]2- group possesses only one nonvanishing second-order susceptibility . Therefore, the geometrical 𝛽 (2)
123

factor g can be derived to be3

𝜒(2)
𝑖𝑗𝑘 =

𝐹
𝑉

∙ 𝑔𝑖𝑗𝑘 ∙ 𝛽 (2)
123

𝑔𝑖𝑗𝑘

=
𝑛

∑
𝑃

[(𝛼(𝑖1)𝛼(𝑗2)𝛼(𝑘3) + 𝛼(𝑖1)𝛼(𝑗3)𝛼(𝑘2)) + 𝛼(𝑖2)𝛼(𝑗1)𝛼(𝑘3) + 𝛼(𝑖2)𝛼(𝑗3)𝛼(𝑘1) + 𝛼(𝑖3)𝛼(𝑗1)𝛼(𝑘2) + 𝛼(𝑖3)𝛼(𝑗2)𝛼(𝑘3)]

𝑔 = 𝑚𝑎𝑥(𝑔𝑖𝑗𝑘)

The structural criterion C is defined as

𝐶 =
𝑔
𝑛
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