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Table S1 Crystal data and structure refinement parameters for 1 and 4.

Chemical formula CsSmSiS4(1) CsDySiS4(4)

Formula weight (g mol-1) 439.59 451.74

Temperature (K) 296

Crystal system orthorhombic

Space group P212121

a (Å) 6.3858(5) 6.3429(5)

b (Å) 6.7122(6) 6.6737(5)

c (Å) 17.709(15) 17.6177(14)

V (Å3) 759.06(11) 747.19(8)

Z 4

Dcalc (g/cm3) 3.847 4.016

μ (mm–1) 13.605 15.963

F (000) 780 796

2θ range (°) 4.600 to 50.018 6.526 to 50.007

GOF on F2 1.072 1.131

Flack parameter 0.35(3) 0.35(3)

Final R indexes [I ≥ 2σ (I)] R1 = 0.0225, wR2 = 0.0539 R1 = 0.0271, wR2 = 0.0508

Final R indexes [all data] R1 = 0.0240, wR2 = 0.0545 R1 = 0.0304, wR2 = 0.0515

Largest diff. peak/hole/e Å–3 1.931/-1.409 1.764/-1.266
aR1= Σ|Fo|– |Fc |/Σ|Fo| and wR2 = [Σw(Fo2–Fc2)2/ ΣwFo4]1/2 for (Fo2 > 2σ (Fo2))
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Table S2 The  structural parameters obtained after refinement  across the 1–5.
Sample Phase a (Å) b (Å) c (Å) V (Å3) Rwp χ2

Sm P212121 6.38676 6.70560 17.70869 758.412 11.4 1.32

Gd P212121 6.36538   6.68922 17.67177 752.454 10.3 1.35

Tb P212121 6.34314 6.67700 17.65926 747.925 12.1 1.75

Dy P212121 6.32551 6.66739 17.63567 743.778 9.69 1.32

Ho P212121 6.32513 6.65650 17.61571 741.678 11.9 2.29
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Table S3 Atomic coordinates (× 104) and equivalent isotropic displacement parameters 

(Ueq, Å2 × 103) for 1 and 4. Ueq is defined as one third of the trace of the orthogonalized 

Uij tensor.

Atom Wyck. x y z Ueq

1

Sm(1) 4a 7075(1) 5182(1) 2281(1) 20(1)

Cs(2) 4a 29(1) 4922(1) 4674(1) 40(1)

S(3) 4a 3948(5) 7468(3) 1525(2) 21(1)

S(4) 4a 4281(5) 2506(3) 1443(2) 21(1)

S(5) 4a -513(3) 4873(5) 944(1) 23(1)

S(6) 4a 1180(4) 4383(4) 2787(1) 23(1)

Si(7) 4a 2107(4) 4840(4) 1650(1) 19(1)

4

Dy(1) 4a 7923(1) 5191(1) 2282(1) 14(1)

Cs(2) 4a 4956(2) 4918(2) 4678(1) 31(1)

S(3) 4a 1050(7) 7463(4) 1543(2) 12(1)

S(4) 4a 699(7) 2501(4) 1454(2) 12(1)

S(5) 4a 3871(5) 4333(4) 2794(2) 15(1)

S(6) 4a 5537(4) 4877(5) 952(2) 14(1)

Si(7) 4a 2896(5) 4833(5) 1662(2) 11(1)
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Table S4 Bond lengths (Å) and bond angle for 1 and 4.

1
Sm(1)-S(3)#3 2.866(3) Cs(2)-S(5)#8 3.660(2)

Sm(1)-S(3) 2.852(3) Cs(2)-S(5)#6 4.164(2)

Sm(1)-S(4)#4 2.879(3) Cs(2)-S(6) 3.441(3)

Sm(1)-S(4) 2.934(3) Si(7)-S(3) 2.132(4)

Sm(1)-S(5)#1 2.832(2) Si(7)-S(4) 2.125(4)

Sm(1)-S(6)#1 2.821(2) Si(7)-S(5) 2.089(3)

Sm(1)-S(6)#4 3.035(2) Si(7)-S(6) 2.120(3)

Cs(2)-S(3)#5 3.698(3) S(4)-Si(7)-S(3) 103.40(13)

Cs(2)-S(3)#6 3.708(3) S(5)-Si(7)-S(3) 111.77(17)

Cs(2)-S(4)#6 3.605(3) S(5)-Si(7)-S(4) 115.33(16)

Cs(2)-S(4)#7 3.808(3) S(5)-Si(7)-S(6) 110.26(13)

Cs(2)-S(5)#7 3.513(3) S(6)-Si(7)-S(3) 111.86(15)

Cs(2)-S(5)#5 3.574(3) S(6)-Si(7)-S(4) 103.86(15)

4
Dy(1)-S(3)#2 2.835(3) Cs(2)-S(6)#6 3.660(2)

Dy(1)-S(3)#3 2.817(4) Cs(2)-S(6)#5 4.148(3)

Dy(1)-S(4)#3 2.907(3) Cs(2)-S(6)#4 3.505(4)

Dy(1)-S(4)#4 2.849(3) Si(7)-S(3) 2.120(5)

Dy(1)-S(5) 2.784(3) Si(7)-S(4) 2.121(5)

Dy(1)-S(5)#4 2.992(3) Si(7)-S(5) 2.117(4)

Dy(1)-S(6) 2.801(3) Si(7)-S(6) 2.093(4)

Cs(2)-S(3)#5 3.711(3) S(3)-Si(7)-S(4) 103.40(13)

Cs(2)-S(3)#2 3.708(4) S(5)-Si(7)-S(3) 112.65(18)

Cs(2)-S(4)#5 3.601(3) S(5)-Si(7)-S(4) 103.83(18)

Cs(2)-S(4)#4 3.816(4) S(6)-Si(7)-S(3) 111.8(2)

Cs(2)-S(5) 3.420(3) S(6)-Si(7)-S(4) 115.65(19)

Cs(2)-S(6)#2 3.557(4) S(6)-Si(7)-S(5) 109.48(18)

Symmetry transformations used to generate equivalent atoms: 

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

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

#7 x-1,y,z    #8 -x+1/2,-y+1,z-1/2
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Table S5 Bond valence sum (BVS) calculation results for 1−5.

1 2 3 4 5
Atom BVS Atom BVS Atom BVS Atom BVS Atom BVS
Sm(1) 2.78 Gd(1) 2.88 Tb(1) 2.7 Dy(1) 2.86 Ho(1) 2.79
Cs(1) 1.17 Cs(1) 1.17 Cs(1) 1.17 Cs(1) 1.18 Cs(1) 1.17
Si(1) 4.12 Si(1) 4.13 Si(1) 4.1 Si(1) 4.11 Si(1) 4.17
S(1) 2.06 S(1) 2.02 S(1) 2.01 S(1) 1.91 S(1) 1.97
S(2) 2.01 S(2) 2.1 S(2) 1.96 S(2) 2.01 S(2) 1.93
S(3) 2.03 S(3) 2.05 S(3) 2.01 S(3) 2.04 S(3) 1.98
S(4) 1.98 S(4) 2.02 S(4) 1.98 S(4) 2 S(4) 1.94
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Table S6 Summary of reported ternary/quaternary rare-earth chalcogenides with 

noncentrosymmetric structures.
Number Compound Symmetry Motifs Eg (eV) Reference

1 YBa2GaTe5 Cmc21 [YTe6]+[BaSe8]+[GaTe4] 1.08 1

2 La3BeSbS7 P63 [LaS8]+[BeS4]+[SbS6] 1.27 2

3 YAgTe2 P 21m4̅ [YTe6]+[AgTe4] 1.37 3

4 La6Pb3Si2S14 R c3̅ [LaS8]+[SiS4] 1.41 4

5 Sc3InS6 P212121 [ScS8]+[YS7]+[InS4]+[InS6] 1.44 5

6 Y3InS6 P212121 [YS8]+[YS7]+[InS4]+[InS6] 1.50 5

7 Gd2Sr3Sn3S12 Pmc21 [GdS8]+[SnS4] 1.51 6

8 La3InS6 P212121 [LaS8]+[LaS7]+[InS4]+[InS6] 1.54 4

9 Gd2Ca3Sn3S12 P 2m6̅ [GdS8]+[SnS4] 1.63 5

10 ScAgSe2 P212121 [ScSe6]+[AgSe4] 1.64 7

11 La2Ca3Sn3S12 P 2m6̅ [LaS8]+[SnS4] 1.65 5

12 Sm2Ca3Sn3S12 P 2m6̅ [SmS8]+[SnS4] 1.66 5

13 La2Sr3Sn3S12 Pmc21 [LaS8]+[SnS4] 1.68 5

14 Sm6MnGe2S14 P63 [SmS8]+[MnS6]+[GeS4] 1.69 8

15 Sm2Sr3Sn3S12 Pmc21 [SmS8]+[SnS4] 1.71 5

16 YAgSe2 P212121 [YSe6]+[AgSe4] 1.75 6

17 ScCuS2 P3m1 [ScS6]+[CuS4] 1.80 9

18 La3Sb0.33SiS7 P63 [LaS8]+[SbS6]+[SiS4] 1.92 10

19 KSmP2Se6 P21 [SmSe7]+[P2Se6] 1.92 11

20 La3CuSiSe7 P63 [LaSe8]+[CuSe3]+[SiSe4] 1.96 12

21 La3AgSiSe7 P63 [LaSe8]+[AgSe3]+[SiSe4] 1.97 12

22 EuHgGeSe4 Ama2 [EuSe8]+[HgSe4]+[GeSe4] 1.97 13

23 Y3CuSiSe7 P63 [YSe7]+[CuSe3]+[SiSe4] 1.99 14

24 Ce8Sb2S15 I41cd [CeS8]+[CeS7]+[SbS3] 1.99 15

25 La3CuSnSe7 P63 [LaSe8]+[CuSe3]+[SnSe4] 2.01 16

26 EuHgGeS4 Ama2 [EuS8]+[HgS4]+[GeS4] 2.04 17

27 La2CuSbS5 Ima2 [LaS8]+[LaS10]+[CuS4]+[SbS4] 2.06 18

28 La4InSbS9 P41212 [LaS6]+[InS4]+[SbS4] 2.07 19

29 La3AgSnSe7 P63 [LaSe8]+ [AgSe3]+[SnSe4] 2.10 20

30 Y3CuGeS7 P63 [YS7]+[CuS3]+[GeS4] 2.12 21

31 Sm4InSbS9 P43212 [SmS6]+[InS4]+[SbS4] 2.13 22

32 La3BeBiS7 P63 [LaS8]+[BeS4]+[BiS6] 2.14 2
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33 La3CuSiS7 P63 [LaS8]+[CuS3]+[SiS4] 2.14 23

34 EuHgSnS4 Ama2 [EuSe8]+[HgSe4]+[GeSe4] 2.14 13

35 Y3CuGeSe7 P63 [YSe7]+[CuSe3]+[GeSe4] 2.21 24

36 La6MnGe2S14 P63 [LaS8]+[MnS6]+[GeS4] 2.22 8

37 Sm4GaSbS9 Aba2 [SmS7]+[SmS6]+[GaS4]+[SbS4] 2.23 3325

38 EuCdGeSe4 Ama2 [EuSe8]+[CdSe4]+[GeSe4] 2.25 26

39 Y3CuSiS7 P63 [YS8]+[CuS3]+[SiS4] 2.28 2214

40 Sm3CuGeS7 P63 [SmS7]+[CuS3]+[GeS4] 2.29 27

41 Eu2Ga2GeS7 P 21m4̅ [EuS6]+[GaS4]+[GeS4] 2.30 28

42 La8Sb2S15 I41cd [CeS8]+[CeS7]+[SbS3] 2.30 29

43 YBa2InSe5 Cmc21 [YSe6]+[BaSe8]+[InSe4] 2.31 30

44 La3CuSnS7 P63 [LaS8]+[CuS3]+[SnS4] 2.32 31

45 La3AgSiS7 P63 [LaS8]+[AgS3]+[SiS4] 2.34 32

46 La3AgGeS7 P63 [LaS8]+[AgS3]+[GeS4] 2.38 33

47 YBa2InTe5 Cmc21 [YTe6]+[InTe4] 2.40 34

48 Sc2S3 Pnm21 [ScS8]+[ScS6] 2.41 35

49 Gd4GaSbS9 Aba2 [GdS7]+[GdS6]+[GaS4]+[SbS4] 2.41 19

50 YCuS2 P212121 [YS6]+[CuS4] 2.46 36

51 KTbP2Se6 P21 [TbSe7]+[P2Se6] 2.46 11

52 La3LiGeS7 P63 [LaS8]+[LiS4]+[GeS4] 2.46 37

53 LaKGeSe4 P21 [LaSe7]+[GeSe4] 2.47 38

54 EuCdGeS4 Ama2 [EuS8]+[CdS4]+[GeS4] 2.50 26

55 KGdP2Se6 P21 [GdS7]+[P2Se6] 2.53 11

56 La3AgSnS7 P63 [LaS8]+[AgS3]+[SnS4] 2.54 39

57 La6Ga2GeS14 P63 [LaS8]+[Ga0.5S3]+[Ga/GeS4] 2.54 40

58 Eu2P2S6 Pn [EuS8]+[P2S6] 2.54 42

59 La3CuGeS7 P63 [LaS8]+[CuS3]+[SiS4] 2.57 42

60 Y3GaS6 Cmc21 [YS8]+[GaS4] 2.60 43

61 La3LiSnS7 P63 [LaSj]+[SnS4] 2.60 42

62 Y3CuSnS7 P63 [YS7]+[CuS3]+[SnS4] 2.61 44

63 La6In2GeS14 P63 [LaS8]+[In0.5S3]+[In/GeS4] 2.64 40

64 LaScS3 Pnm21 [LaS8]+[ScS6] 2.65 45

65 YScS3 Pnm21 [LaS8]+[ScS6] 2.65 46

66 Ca2CeBSiS7 P63mc [Ca/CeS6]+[BS3]+[SiS4] 2.65 47

67 Gd3CuGeS7 P63 [GdS8]+[CuS3]+[GeS4] 2.67 42

68 LiCeGeS4 Ama2 [CeSe8]+[LiSe4]+[GeSe4] 2.72 48
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69 LaKSiSe4 P21 [LaSe7]+[SiSe4] 2.76 38

70 Ba4Sm2Cd3S10 Cmc21 [SmS8]+[SmS7]+[CdS4] 2.77 49

71 La2Ga2GeS8 Cmc21 [LaS8]+[GaS4]+[GeS4] 2.78 28

72 Y3NaSiS7 P63 [YS7]+[SiS4] 2.80 50

73 Dy3GaS6 Cmc21 [DyS8]+[GaS4] 2.81 51

74 LiSm3SiS7 P63 [SmS8]+[LiS4]+[SiS4] 2.83 52

75 Y4Si3S12 R3c [YS6]+[YS7]+[SiS4] 2.87 56

76 LiCeSiS4 Ama2 [CeS8]+[LiS4]+[SiS4] 2.92 56

77 LaSrGa3S7 P 21m4̅ [LaS8]+[GaS4] 2.92 54

78 Y3LiGeS7 P63 [YS7]+[GeS4] 2.92 55

79 ScLiS2 R m3̅ [ScS6]+[LiS6] 2.94 56

80 LaGaS3 Pnm21 [LaS8]+[GaS4] 2.94 57

81 LaCaGa3S7 P 21m4̅ [La/CaS8]+[GaS4] 2.96 58

82 La3AlCdS7 P63 [LaS8]+[AlS4]+[CdS6] 2.98 59

83 La3LiGeS7 P63 [LaS8]+[LiS4]+[GeS4] 3.02 37

84 Ho3GaS6 Cmc21 [HoS7]+[GaS4] 3.03 60

85 Er3GaS6 Cmc21 [ErS7]+[GaS4] 3.08 60

86 La4Ge3S12 R3c [LaS6] + [LaS7] + [GeS4] 3.10 61

87 La3AlMgS7 P63 [LaS8] +[AlS4] 3.11 59

88 LaBS3 Pna21 [LaS9]+[BS3] 3.18 62

89 Ca2GdBSiS7 P63mc [GdS7]+[BS3]+[SiS4] 3.20 47

90 LiPrGeS4 P63 [PrS8]+[LiS4]+[SiS4] 3.21 48

91 LiNdGeS4 P63 [NdS8]+[LiS4]+[SiS4] 3.22 48

92 LaBS3 Pna21 [LaS9]+[BS3] 3.29 63

93 LaKSiS4 P21 [LaS7]+[SiS4] 3.31 64

94 LiLaGeS4 P63 [LaS8]+[LiS6]+[GeS4] 3.32 48

95 LaLiSiS4 Ama2 [LaS8]+[LiS4]+[SiS4] 3.32 53

96 YKGeS4 P21 [YS7]+[GeS4] 3.34 65

97 Ca2LaBSiS7 P63mc [LaS7]+[BS3]+[SiS4] 3.38 47

98 CsSmSiS4 P212121 [SmS7]+[SiS4] 3.51 This work

99 YKSiS4 P21 [YS7]+[SiS4] 3.58 38

100 CsLaGeS4 P212121 [LaS7]+[SiS4] 3.60 66

101 LiLaSiS4 Ama2 [LaS8]+[LiS4]+[SiS4] 3.71 64

102 CsGdSiS4 P212121 [GdS7]+[SiS4] 3.72 This work

103 LaCaAl3S7 P 21m4̅ [La/CaS8]+[AlS4] 3.76 67

104 CsTbSiS4 P212121 [TbS7]+[SiS4] 3.76 This work
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105 LaSrAl3S7 P 21m4̅ [La/SrS8]+[AlS4] 3.78 67

106 CsDySiS4 P212121 [DyS7]+[SiS4] 3.78 This work

107 CsHoSiS4 P212121 [HoS7]+[SiS4] 3.95 This work
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Table S7 Measured LIDTs of 1−5 and AGS for their single-crystal samples.

Spot area
Damage 

thresholdCompound
Damage 

energy (mJ)
(cm2) (MW/cm2)

Relative value

1 5.6 0.0254469 22.00660942 3.7

2 5.4 0.0254469 21.22065908 3.6

3 5.5 0.0254469 21.61363425 3.7

4 5.9 0.0254469 23.18553492 3.9

5 8.3 0.0254469 32.61693895 5.5

AGS 1.5 0.0254469 5.894627522 1
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Table S8 Dipole moment within one-unit cell calculation results for 1−5.

Dipole moment

MagnitudeCompound
x y z

Debye × 10−4 
esu∙cm∙Å−3

SmS7 -40.63 19.87 -35.35 57.40 0.30 

SiS4 13.49 -34.10 1.68 36.71 0.19 1 
Unit cell -27.49 -14.23 -33.68 45.53 0.24 

GdS7 67.34 3.61 19.49 70.19 0.37 

SiS4 -25.40 -0.35 23.97 34.93 0.19 2 
Unit cell 41.94 3.26 43.46 60.48 0.32 

TbS7 64.58 2.81 17.88 67.06 0.36 

SiS4 -25.19 -0.45 23.37 34.37 0.18 3 
Unit cell 39.39 2.35 41.25 57.08 0.30 

DyS7 64.42 3.83 16.69 66.65 0.36 

SiS4 -25.09 -0.39 23.44 34.33 0.19 4 
Unit cell 39.33 3.44 40.13 56.29 0.30 

HoS7 62.97 2.93 17.70 65.84 0.35 

SiS4 -25.40 -0.35 23.97 34.22 0.19 5 
Unit cell 37.57 2.58 41.67 56.17 0.30 
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Figure S1 The crystals’ photographs of 1−5.
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Figure S2 PXRD patterns of 1−5.
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Figure S3 (a-e) The largest RE−S bond lengths in 1−5; (f) layer spacing in the 

structures of 1−5.
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Figure S4 (a) The relationship between rare-earth element and layer spacing 1−5; (b-f) 

the distances between {[GdSiS₅]³⁻}ₙ layers for 1−5. 
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Figure S5 Energy dispersion spectroscopies of 1−5.
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Figure S6 SHG intensities of 3, 5 and AGS at 2.1 µm for their 200−250 μm samples.
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Figure S7 The structures of (a) CsGdSiS4, (b) KLaGeS4 and (c) LiLaSiS4.
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Figure S8 Band gap of 5.
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Figure S9 HSE06 band gap of 2.



S23

Figure S10 Partial density of states of 2. 
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