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

(A2 x 103) and bond valence calculations (BVSs) for PbsBa;Si,Sgl .

Atom Wyckoff X y z U(eq) BVSHE

Ba(1) 18e 333333 3221.0(10) 4166.67  458(3) 231

Pb(1) 36f 3447.7(6)  791.3(6)  47562(2) 43.02(17) 1.83
Si(1) 12¢ 6666.67 333333  44747(6) 15.8(8)  3.94
S(1) 12¢ 6666.67 3333.33 4779.4(5) 16.4(7) 2.12
S(2) 36f 4603(3)  1297(3)  4381.93)  203(5)  2.15
1(1) 36f 3267.08)  4112.2(9) 47493(2)  33.8(2)  0.95
12) 6b 0 0 5000 1913)  0.79
1(3) 6a 333333 6666.67  4166.67  78.0(10)  0.80
1(4) 12¢ 0 0 4436.8(2)  37.93)  0.79

GIIL®] 0.178

[a] The bond valence sum is calculated by bond-valence theory (S; = exp[(Ro-R)/B,
where R is an empirical constant, R is the length of bond I (in angstroms), and B =
0.37).

[b] The global instability index (GII) calculated using:

where N is the number of atoms in the formula unit. The GII is calculated as 0.178

which is lower than 0.2 indicating the rationality of the structure from this side.



Table S2 Bond lengths [A] and angles [deg] for PbsBa3Si,»Ssl .

Pb(1)-I(1)
Pb(1)-1(2)
Ba(1)-S(2)
Ba(1)-S(2)#1
Ba(1)-S(2)#2
Ba(1)-S(2)#3
Ba(1)-1(4)
Ba(1)-1(4)#4
Ba(1)-1(3)
Si(1)-S(1)
Pb(1)#5-S(1)
Pb(1)-S(1)
Pb(1)#3-S(1)
Si(1)-S(2)
Pb(1)-S(2)
S(2)#1-Ba(1)-S(2)
S(2)-Ba(1)-S(2)#2
S(2)#1-Ba(1)-S(2)#2
S(2)#1-Ba(1)-S(2)#3
S(2)#1-Ba(1)-S(2)#3
S(2)#2-Ba(1)-S(2)#3
S(2)#2-Ba(1)-1(4)
S(2)#2-Ba(1)-1(4)#4
S(2)-Ba(1)-1(4)

3.3443(9)
3.5138(5)
3.122(2)
3.122(3)
3.266(2)
3.266(2)
3.7346(7)
3.7345(7)
3.3742(10)
2.152(5)
2.8832(6)
2.8832(6)
2.8832(6)
2.112(3)
2.821(2)
73.24(9)
65.92(8)
130.29(3)
130.29(3)
65.92(8)
162.89(9)
118.91(4)
68.76(4)
71.65(5)

S(2)#2-Ba(1)-1(4)#3

1(2)-Ba(1)-1(4)
1(2)-Ba(1)-1(4)#4
S(2)#5-Si(1)-S(1)
S(2)#2-Si(1)-S(1)
S(2)-Si(1)-S(1)
S(2)-Si(1)-S(2)#5
S(2)#5-Si(1)-S(2)
S(2)-Si(1)-S(2)#2
1(1)-Pb(1)-1(2)
S(1)-Pb(1)-1(2)
S(1)-Pb(1)-I(1)
S(2)-Pb(1)-1(2)
S(2)-Pb(1)-I(1)
S(2)-Pb(1)-S(1)
S(2)#1-Ba(1)-1(4)
S(2)#1-Ba(1)-1(3)
S(2)-Ba(1)-1(3)
S(2)#2-Ba(1)-1(3)
S(2)-Ba(1)-I(4)#4
S(2)#3-Ba(1)-1(4)

S(2)#1-Ba(1)-1(4)#4
S(2)#3-Ba(1)-1(4)#4

81.45(4)
114.051(15)
114.051(15)
108.09(12)
108.09(12)
108.08(12)
110.82(12)
110.82(12)
110.82(12)
73.110(16)
132.67(5)
74.207(17)
139.01(5)
91.56(5)
74.47(8)
70.15(5)
81.45(4)
143.38(4)
143.38(4)
70.16(5)
68.76(4)
71.66(5)
118.91(4)

Symmetry transformations used to generate equivalent atoms:

#1 2/3-x,1/3-x+y,5/6-z
#4 2/3+y,1/3+x,5/6-z
#8 1-y,1+x-y,+z

#2 1+y-x,1-x,+z
#5 1-y,+x-y,tz

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

#3 _1/3-y+x,1/3-y,5/6-z

#0 -y, tX-y,tz

-X, 1tz



Table S3 Crystal systems, space groups, experimental band gaps and structural

dimensions of known AM- and/or AEM-contained Pb-based thiohalides without C, H,

O, N elements in ICSD.

Crystal system, Structural
Compounds E, (eV) Ref.

space group dimension
PbsSn;Se;(Cl, orthorhombic, Cmmm 1.44 3D [1]
PbsSn;S;oCl, orthorhombic, Cmmm 1.72 3D [1]
Pb;Se,Br, cubic, /43d 1.48 3D [2]
PbsS,1 monoclinic, C2/m 1.73 3D [3]
Pb,S;l, orthorhombic, Pnma 1.76 3D [4]
Pb4S;Br, orthorhombic, Pnma 1.91 3D [4]
Pb3S;Cl, cubic, [43d 2.02 3D [4]
Pb;SBrl; monoclinic, P2/m 2.16 3D [5]
Pb,SbS,15 orthorhombic, Cmmm 2.19 3D [6]
[K,PbI][GasS5] orthorhombic, Imm?2 2.41 3D [7]
[K,PbBr][Ga;S;,] orthorhombic, Imm2 2.49 3D [7]
[K,PbClI][GasS;] orthorhombic, Imm?2 2.54 3D [7]
[Na,Pbl][Ga;S;] orthorhombic, Imm?2 2.53 3D [8]
Pb; sGeS,4Brs hexagonal, P6; 2.6 3D [9]
Pb,SeBrg orthorhombic, Imm?2 2.62 3D [10]

PbsBa;Si,Sslo trigonal, R3¢ 2.80 2D This work
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Figure S1 The EDS spectrum and mappings of PbsBa;Si,Ssl ;.



Figure S2 The distribution of Ba and I atoms in the quasi-2D layers of PbgBa;Si,Sgl;.
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Figure S3 The IR absorption spectrum of PbsBa;Si,Sgl .
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Figure S4 The Rietveld refinements of PbgBa;Si,Sgl;( based on the powder XRD pattern.
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Figure S5 XRD patterns of PbsBa;Si,Sgl;( before and after heating at 1130 K.
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Figure S6 Diffuse reflectance spectrum of PbsBasSi,Sglyo plotted as [(AvEF(R)]"?

(indirect band gap), where F(R) is the Kubelka-Munk function. Dotted lines show the
fit used to extract the band gap.



Figure S7 The RID measurement result of PbgBa;Si,Sgl;.
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