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Table S1. Atomic coordinates (x 10%) and equivalent isotropic displacement parameters

(Uegs A2 x 10%) for Pb;SBrl;.

atom Wyckoff site X y z U./A?
Pb(1) 2e 3000.9(9) 7500 9323.6(7) 28.6(3)
Pb(2) 2e 7045.6(10) 7500 7828.8(6) 30.3(3)
Pb(3) 2e 2495.1(11) 2500 5444.9(7) 32.9(3)
1(1) 2e 9476.5(16) 2500 8671.4(12) 29.3(4)
12) 2e _421.9(17) 2500 3725.1(12) 31.0(4)
1(3) 2e 4058.2(17) 2500 7685.0(11) 31.5(4)
Br(1) 2e 3478(2) 22500 4209.3(16) 24.0(5)
s(1) 2e 6280(6) 7500 9535(4) 18.7(10)

4Uqq 1s defined as one third of the trace of the orthogonalized Uj; tensor.
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Table S2. Important bond lengths (A) and bond angles (°) for Pb;SBrl;.

Bond Dist./A Bond Angle/A
Pb(1)-S(1) 2.753(5) S(1)-Pb(1)-S(1)#1 79.48(11)
Pb(1)-S(1)#1 2.799(3) 1(1)#3-Pb(2)-1(1) 90.74(5)
Pb(1)-S(1)#2 2.799(3) I(1)#3-Pb(2)-1(3) 159.28(5)
Pb(1)-I(1) 3.158(13) 1(1)-Pb(2)-1(3) 89.23(3)
Pb(2)-1(1)#3 3.158(13) 1(3)-Pb(2)-1(3)#3 83.60(4)
Pb(2)-1(3) 3.372(13) S(1)-Pb(2)-1I(1) 83.41(8)
Pb(2)-1(3)#3 3.372(13) S(1)-Pb(2)-1(3) 76.00(8)
Pb(2)-S(1) 2.668(5) 1(2)-Pb(3)-1(2)#4 83.76(4)
Pb(3)-1(2)#4 3.213(13) 12)-Pb(3)-1(3) 153.79(5)
Pb(3)-1(2)#5 3.213(13) 1(2)#5-Pb(3)-1(3) 77.62(4)
Pb(3)-1(2) 3.211(2) Br(1)-Pb(3)-1(2) 78.24(5)
Pb(3)-1(3) 3.302(2) Br(1)#3-Pb(3)-1(2)#4  161.66(6)
Pb(3)-Br(1)#3 3.078(16) Br(1)-Pb(3)-1(2)#4 85.87(4)
Pb(3)-Br(1) 3.078(16) Br(1)-Pb(3)-1(3) 118.09(5)

Symmetry transformations used to generate equivalent atoms: #1 1-x, -y, 2-z; #2 1-x, 1-y, 2-z; #3 +x, 14y,

+z; #4 -x, -y, 1-z; #5 -x, 1-y, 1-z; #6 +x, -1+y, +z.
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Table S3. Pb-based chalcohalides.

Space Structural
Compound Crystal system Pb-based units Ref.
group dimensionality
Pb;S,Bry Hexagonal P65/m Pb(Br1/S);, PbBrs(Br/S); 3D 1
Pb4SeBrg Orthorhombic Imm2 PbSeBrg, PbSe,Brg, PbBr; 3D 2
PbsS>1¢ Monoclinic C2/m Pbl,, PbSI¢, PbS;1;5 3D 1
szBiSzI3 Orthorhombic Cmcm Pb83, Pb86l3 3D 3
szSszI3 Orthorhombic Cmcem PbS3, PbS6I3 3D 4
PbngbzﬁSa)Cl Triclinic P_1 PbS5, PbS7, Pb86I, Png 3D 5
Pb23Sb25SGOC1 Triclinic P_1 PbSS, PbS7, Png, PbS6C1 3D 5
Pb]oSbl()Sz3C14 Triclinic P2/m PbS7, PbSSCIZ 3D 6
. (Pb/Sb)S;, (Pb/Sb)Ss,  PbSs,
Pb12_65Sb1 1.35828.35C12.65 Monoclinic C2/m 3D 7
PbSs, (Pb/Sb)S,, PbSg, PbSCl,
CU3.12Pb0_12Bi2.ggs512 Orthorhombic Cmcem (Bl/Pb)S6 3D 8
. PbS,(S/C1)4Cl,, Pb(S/Cl),,
Pb3_45Sb2A5586.55C11_45 Orthorhombic Pnma 3D 6
Pb(S/CI),Cl1
Pb4,3zsb3,6gsg_6gC12,32 Orthorhombic Pnma (Pb/Sb)Ss, PbSéClz, PbS7 3D 9
Hg,Pbl,S, Tetragonal P4/nnc PbS,l; 3D 10
Pb,AsS;1I Tetragonal Pnma PbS,1,, PbSyl; 3D 11
Pb4ASzS6ICl Orthorhombic Pmn21 Pbs6lz, PbS6I3 3D 12
Ba;Ge,PbSgBr; Orthorhombic Pnma PbSsBr 3D 13
Ba,Ge,PbSegBr; Orthorhombic Pnma PbSesBr 3D 13
.. This
Pb;SBrl; Monoclinic P2/m PbS;, PbS1y, PbBrl4 2D

work




Table S4. Chalcohalides contain multiple halogens.

Space . . . C
Compound Functional units S/X Dimensionality Ref.
group .
ratio
HgsAgiSs(I/Br),Cl,  P212,2, AgS;(1/Br), AgSCI(Br/I), 5:4 3D 14
Hg3S2Br1_5C10'5 C2/m HgSQBI', HgSQBI'CI, 1:1 3D 15
HgSzBrz
Hg;S,Br 5Cly Pm3n HgS,Br/Cl, HgS,(Br/Cl), 1:1 3D 15
HgS,Cl, HgS,(Cl/Br),Br,
HeS,BrosCl, 5 C2m £8:Cl, HeSy(C/Bn), 1:1 3D 16
HgS,(Cl/Br)Cl,
HgS,(Cl/Br)
Hg;S,Br5Cl, 5 Pm3n HgS,(Cl/Br),Cl, HgS, 1:1 3D 16
HgS,Cl, HgS4, HgS,Br1,,
HegS4IBr,Cl Pmna 852 HESe HESB 3D 17
Hg82Br12

Pb,As,SeICl Pma2, PbS;, PbS,Cl, PbAsS¢ICI 3:1 3D 12

This
Pb;SBrl; P2/m PbS;, PbSly, PbBr,ly 1:4 2D

work
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Figure S1. Unique stepped layers shape formed by adjacent parallelograms extending along the

b-axis.
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Figure S3. The TG-DSC curves of Pb;SBrl;.
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Figure S4. Simulated and experimental XRD pattern of powder calcinated at 400 °C.
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