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

Chemical formula CsSmSiS,(1) CsDySiS,(4)
Formula weight (g mol') 439.59 451.74
Temperature (K) 296
Crystal system orthorhombic
Space group P2:242,
a (A) 6.3858(5) 6.3429(5)
b (A) 6.7122(6) 6.6737(5)
c(A) 17.709(15) 17.6177(14)
V (A3) 759.06(11) 747.19(8)
z 4
Dcarc (9/cm?3) 3.847 4.016
Y (mm-) 13.605 15.963
F (000) 780 796
26 range (°) 4.600 to 50.018 6.526 to 50.007
GOF on F? 1.072 1.131
Flack parameter 0.35(3) 0.35(3)
Final R indexes [l = 20 (1)] Ry =0.0225, wR, = 0.0539 R;=0.0271, wR, = 0.0508
Final R indexes [all data] R¢=0.0240, wR;, = 0.0545 R;=10.0304, wR, = 0.0515
Largest diff. peak/hole/e A-3 1.931/-1.409 1.764/-1.266

aR1= Z|Fol|— |Fe |/Z|Fo| and wR, = [ZwW(Fo?—F2)?/ ZwF,*]"2 for (Fo? > 20 (Fo?))
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Table S2 The structural parameters obtained after refinement across the 1-5.

Sample Phase a(A) b (A) c (A) V (A3) Rwp X2

Sm P2.2:2, 6.38676 6.70560 17.70869 758.412 114 1.32
Gd P2,2,2, 6.36538 6.68922 17.67177 752.454 10.3 1.35
Tb P2.2:2, 6.34314 6.67700 17.65926 747.925 121 1.75
Dy P2:2:2, 6.32551 6.66739 17.63567 743.778 9.69 1.32
Ho P2:2:2, 6.32513 6.65650 17.61571 741.678 11.9 229
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Table S3 Atomic coordinates (x 10%) and equivalent isotropic displacement parameters

(Ueq, A2 x 103) for 1 and 4. U, is defined as one third of the trace of the orthogonalized

Uj tensor.
Atom Wyck. '¢ 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 (A) and bond angle for 1 and 4.
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Symmetry transformations used to generate equivalent atoms:

#1 -x+3/2,-y+1,z-1/12  #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.

2 3 4 5

BVS Atom BVS Atom BVS Atom BVS Atom BVS

278 Gd(1) 288 Tb(1) 27 Dy(1) 286 Ho(l) 279
117  Cs(1) 117 Cs(1) 1147 Cs(1) 118 Cs(1) 1.17

412  Si(1) 413 Si(1) 4.1 Si(1) 411 Si(1) 417
206 S(1) 202 S(1) 201 s(1) 191 s(1) 197
201 S 241 S(2) 19 S 201 S@2 193
203 S(3) 205 S@B) 201 S@B) 204 S@B)  1.98
198  S@4) 202 S@4) 198  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 E4 (eV) Reference
1 YBa,GaTes Cmc2, [YTeg]+[BaSeg]+[GaTes] 1.08 1
2 La;BeSbS; P63 [LaSg]+[BeS4]+[SbSg] 1.27 2
3 YAgTe; P42,m [YTes]+[AgTey] 1.37 3
4 LagPb3Si»S1s R3c [LaSs]+[SiS4] 1.41 4
5 ScsInSe P24242; [ScSe+[YS71+[InS4]+[INSe] 1.44 5
6 Y;3InSg P242424 [YSg]+[YS7]+[InS4]+[InSg] 1.50 5
7 Gd,SrzSn;Sy, Pmc2, [GdSs]+[SnS4] 1.51 6
8 La;InSg P2,242, [LaSg]+[LaS7]+[InS4]+[InSg] 1.54 4
9 Gd,CaszSn3Sq2 P6,m [GdSg]+[SnS4] 1.63 5
10 ScAgSe; P242424 [ScSe6]+[AgSe.] 1.64 7
11 La,CasSn;3Sy; P6,m [LaSg]+[SnS4] 1.65 5
12 SmyCasSnsSy;  P6,m [SmSg]+[SNS4] 1.66 5
13 La,Sr3SnzSqz Pmc2, [LaSg]+[SnS4] 1.68 5
14 SmgMnGe;,S14 P63 [SMSg]+[MnSg]+[GeS4] 1.69 8
15 Sm,Sr3SnzSqz Pmc2, [SmSg]+[SnS4] 1.71 5
16 YAgSe;, P2,242, [YSee]+[AgSe,] 1.75 6
17 ScCuS; P3m1 [ScSe]+[CuS4] 1.80 9
18 LaszSby 33SiS7 P6; [LaSs]+[SbSe]+[SiS4] 1.92 10
19 KSmP,Ses P2, [SmSe]+[P2Ses] 1.92 11
20 La;CuSiSe; P63 [LaSeg]+[CuSes]+[SiSeq] 1.96 12
21 LasAgSiSe; P63 [LaSeg]+[AgSe;]+[SiSes] 1.97 12
22 EuHgGeSe, Ama?2 [EuSeg]+[HgSe, ]+[GeSe,] 1.97 13
23 Y;CuSiSer P63 [YSes]+[CuSe;]+[SiSe4] 1.99 14
24 CesSb,S+s5 l4,cd [CeSg]+[CeS7]+[SbS;] 1.99 15
25 La;CuSnSe; P63 [LaSeg]+[CuSes]+[SnSe4] 2.01 16
26 EuHgGeS, Ama2 [EuSg]+[HgS4]+[GeS] 2.04 17
27 La,CuSbSs Ima2 [LaSg]+[LaS1o]+[CuS,]+[SbS,]  2.06 18
28 LasInSbSy P4,2,2 [LaSe]+[INS4]+[SbS4] 2.07 19
29 LasAgSnSe; P63 [LaSeg]+ [AgSe;]+[SnSey] 2.10 20
30 Y;CuGeS; P63 [YS7]+[CuS;]+[GeS4] 212 21
31 Sm4InSbSy P432,2 [SMSe]+[INS4]+[SbS4] 2.13 22
32 La;BeBiS; P65 [LaSs]+[BeS4]+[BiSe] 2.14 2
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34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

LasCuSiSy
EuHgSnS,
Y;CuGeSe;

LaeMnGeZSM

Sm,GaSbSy
EuCdGeSe,
Y;CuSiS;
Sm;CuGeS;
Eu,Ga,GeS;
LagSb,Sq5
YBayInSes
LasCuSnS;
LasAgSiS;
LasAgGeSy
YBayInTes
ScS3
Gd,GaSbSy
YCuS,
KTbP,Seg
LasLiGeS;
LaKGeSey
EuCdGeS,
KGdP,Seg
LasAgSnS;
LagGa,GeSq4
Eu,P,Ss
La;CuGeS;
Y3GaSg
LasLiSnS;
Y;CuSnS;
Lagln,GeS14
LaScS;
YScS;
Ca,CeBSiS;
Gd;CuGeSy;
LiCeGeS,

P63
Ama2
P63
P63
Aba2
Ama2
P63
P63
P2121 m
14.cd
Cmc24
P63
P63
P63
Cmc24
Pnm?2;,
Aba2
P242424
P2,
P63
P2,
Ama2
P2,
P63
P63
Pn

Cmc2,
P63
P63
P6;
Pnm?2;,
Pnm?2;
P6smc

Ama?2

[LaSe]+[CuS;]+[SiS4]
[EuSeg]+[HgSe, ]+[GeSe,]
[YSe7]+[CuSe;]+[GeSey]
[LaSe]+[MnS¢]+[GeS,]

[SmS7]+[SmSe]+[GaS,]+[SbS.]

[EuSeg]+[CdSe, ]+[GeSe,]
[YSe]+[CuS;]+[SiS4]
[SmS7]+[CuS;]+[GeS4]
[EuSe]+[GaS4]+[GeS,]
[CeSe]+[CeS7]+[SbSs]
[YSeg]+[BaSes]+[InSe4]
[LaSe]+[CuS;]+[SnS,]
[LaSs]+[AgSs]+[SiS4]
[LaSe]+[AgSs]+[GeS.]
[YTegl+[InTey]
[ScSe]+[ScSe]

[GdS7]+[GdSe]+[GaS4]+[SbS,]

[YSe]*+[CuS,]
[TbSe;]+[P,See]
[LaSg]+[LiS4]+[GeS4]
[LaSer]+[GeSey]
[EuSg]+[CdS4]+[GeS,]
[GdS7]+[P2Ses]
[LaSg]+[AgSs]+[SnS4]
[LaSg]+[Gap 5S3]+[Ga/GeS,]
[EuSe]+[P2Se]
[LaSg]+[CuSs]+[SiS4]
[YSe]+[GaS,]
[LaSj]+[SnS4]
[YS7]+[CuSs]+[SnS4]
[LaSg]+[Ing 5S3]+[In/GeS,]
[LaSg]+[ScSe]
[LaSs]+[ScSe]
[Ca/CeSg]+[BS;3]+[SiS4]
[GdSsg]+[CuSs]+[GeS4]
[CeSegl+[LiSey]+[GeSey)
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82
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84
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86
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88
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91
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100
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LaKSiSe,

Ba4szCd3S10

La,Ga,GeSg
Y;NaSiS;
Dy;GaSs
LiSmsSiS;
Y4SizS12
LiCeSiS,
LaSrGasSy
YsLiGeSy
SclLiS;
LaGaS;
LaCaGasS;
LasAlCdS,
LasLiGeS;
Ho;GaSe
Er;GaSg
LasGesSq»
LazAlMgS7
LaBS;
Ca,GdBSiS;
LiPrGeS,
LiNdGeS,
LaBS;
LaKSiS,
LiLaGeS,
LaLiSiS,
YKGeS,
Ca,LaBSiS;
CsSmSiS,
YKSiS,
CsLaGeS,
LiLaSiS,
CsGdSiS,
LaCaAl;S,
CsTbSiS,

P2,
Cmc24
Cmc2,
P63
Cmc2,
P63
R3c
Ama?2
P42.m

R3m
Pnm2,
P421m
P63
P63
Cmc24
Cmc2,
R3c
P6;
Pna2,
P6smc
P63
P63
Pna2,
P2,

Ama?2
P2,
P6smc
P24242,
P2,
P242424
Ama?2
P2,2424
P42,m
P2,2424

[LaSe;]+[SiSe.]

[SmMSe]+[SmS7]+[CdS,]
[LaSg]+[GaS4]+[GeS,]

[YS7]+[SiS4]
[DySg]+[GaS4]
[SmSe]+[LiS4]+[SiS4]
[YSel+[YS7]+[SiS4]
[CeSe]+[LiS4]+[SiS4]
[LaSs]+[GaS,]
[YS7]+[GeS4]
[ScSel+[LiSe]
[LaSs]+[GaS,]
[La/CaSs]+[GaS,]
[LaSs]+[AIS4]+[CdSe]
[LaSg]+[LiS4]+[GeS,]
[HoS7]+[GaS,]
[ErS7]+[GaS,]

[LaSe] + [LaS7] + [GeS4]

[LaSg] +[AIS4]
[LaSo]+[BS;]
[GdS7]+[BS;]+[SiS4]
[PrSg]+[LiS4]+[SiS]
[NdSg]+[LiS4]+[SiS4]
[LaSe]+[BS;]
[LaS7]+[SiS4]
[LaSg]+[LiSe]+[GeS.]
[LaSeg]+[LiS4]+[SiS4]
[YS7]+[GeS4]
[LaS7]+[BS;5]+[SiS4]
[SmS7]+[SiS4]
[YS/]+[SiS4]
[LaS7]+[SiS4]
[LaSg]+[LiS4]+[SiS4]
[GdS;]+[SiS4]
[La/CaSg]+[AIS,]
[TbS;]+[SiS4]
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105 LaSrAl;S; P42,m [La/SrSe]+[AIS4] 3.78 67
106 CsDySiS, P22:2, [DyS;]+[SiS4] 3.78  This work
107 CsHoSiS, P22:2; [HoS7]+[SiS4] 3.95  This work
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Table S7 Measured LIDTs of 1-5 and AGS for their single-crystal samples.

Damage
Damage Spot area
Compound threshold Relative value
energy (mJ)
(cm?) (MW/cm?)
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

Compound Magnitude
. ’ ’ Debye es: -:r(::k‘?'

SmS; -40.63 19.87 -35.35 57.40 0.30
1 SiS, 13.49 -34.10 1.68 36.71 0.19
Unit cell -27.49 -14.23 -33.68 45.53 0.24
GdS; 67.34 3.61 19.49 70.19 0.37
2 SiS, -25.40 -0.35 23.97 34.93 0.19
Unit cell 41.94 3.26 43.46 60.48 0.32
TbS; 64.58 2.81 17.88 67.06 0.36
3 SiS, -25.19 -0.45 23.37 34.37 0.18
Unit cell 39.39 2.35 41.25 57.08 0.30
DyS; 64.42 3.83 16.69 66.65 0.36
4 SiS,4 -25.09 -0.39 23.44 34.33 0.19
Unit cell 39.33 3.44 40.13 56.29 0.30
HoS; 62.97 2.93 17.70 65.84 0.35
5 SiS, -25.40 -0.35 23.97 34.22 0.19
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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CsGdSiS,, P2,2,2, LiLaSiS,, Ama2

Figure S7 The structures of (a) CsGdSiS,, (b) KLaGeS, and (c) LiLaSiS,.
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