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Table S1. Properties comparison of the known phase-matchable (PM) IR NLO

chalcogenides with Eg > 3.0 eV, AgGaS, and title BagZn;Ga,;Sys.

. LDT di;
Materials Eg (eV) (XAGS) (XKIJ)P)
(D Ba62n7Ga2S 16 (this work) 3.5 28a 17
@ SnGayS; ¥ 3.1 19¢ 43.3
® BaGa,S; % 3.54 3 333
@ Na,BaSnS, % 3.27 5¢ 10
® Na,BaGeS, % 3.7 8¢ 17
® Na,ZnGe,Sg > 3.25 6° 30
@ LilnS, ¥ *° 3.57 2.5" 19
LiGa$S, ¥ 4.15 11° 15
® AgGaS,™ 2.64 1 33.3
BaGa,SiSs ¥ 3.75 - 333
“Measured on polycrystalline samples, bMeasured on large single crystals.
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Table S2. Atomic coordinates and equivalent isotropic displacement parameters of

Ba6Zn7GaQS16.

Wyckoff “

Atom site X y z Uey(4)
Ba(1) 9  0.35464(6) 0.08476(6)  0.24496(2) 0.0164(2)
Ba(2) 9b  0.43443(7) 0.40462(7)  0.11452(2) 0.0179(2)
Zn(1) 9  0.3079(2) 0.4365(2) 0.31272(4) 0.0118(2)
Zn(2) 9  0.0303(2) 0.2189(2) 0.04426(4) 0.0116(2)

Zn(3) 3a  0.0000 0.0000 0.3589(3) 0.019(2)

Zn(3") 3a  0.0000 0.0000 0.3350(9) 0.014(4)
Ga(l) 3a  0.0000 0.0000 0.53637(7) 0.0114(4)
Ga(2) 3a  0.0000 0.0000 0.15744(7) 0.0108(4)
S(1) 9  0.4432(2) 0.1379(2) 0.01614(8) 0.0142(4)
S(2) 9  0.3337(3) 0.4409(3) 0.2278(2) 0.0151(5)
S(3) 9  0.2555(2) 0.1958(2) 0.34590(7) 0.0099(4)
S4) 9  0.2270(3) 0.0136(3) 0.1288(2) 0.0169(6)
S(5) 3a  0.0000 0.0000 0.0000(2) 0.0123(6)
S(6) 3a  0.0000 0.0000 0.4530(2) 0.0132(8)
S(7) 3a  0.0000 0.0000 0.2394(2) 0.0134(9)
S(8) 3a  0.0000 0.0000 0.8464(2) 0.0126(5)

“U(eq) is defined as one-third of the trace of the orthogonalized Uj; tensor.
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Figure S1. The EDX spectrum of BagZn;Ga,Si.

Table S3. The ICP data of BagZn;Ga,Ss.
Comp. Element Weight% Formula
Ba 47.85%
BagZn;Ga,Si6 Zn 28.02% BasoZn;,Gay
Ga 8.25%




Figure S2. The coordination environments of Zn on Wyckoff site 3e that spliting into
Zn(3) (occu.: 0.80) and Zn(3’) (occu.: 0.20) with Zn—S bond length (A) marked.

PS: The possible existing Zn(3’) (occu.: 0.20) atom is very close to Zn(3), with the Zn(3)-Zn(3’)
distance being 0.65 A. Additionally, the Zn(3)-S bond distances and the S—Zn(3’)-S angles of the
Zn(3’)S, tetrahedron are similar to the corresponding data of the Zn(3)S, tetrahedron. Similar
positional disorder has been found on the In atom which splits into In(2) (occu.: 0.80) and In(3)
(occu.: 0.20) of compound Ba,IngS;°'" and the Cu atom with Cu(1) (occu.: 0.82) and Cu(2)

(occu.: 0.18) of compound R,CulnSs (R = La, Ce, Pr, Nd and Sm).Sll
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Figure S3. Powder X-ray diffraction patterns of samples obtained after TG and DTA
measurements of BagZn;Ga,S;e, indicating that this compound was mainly

decomposed into ZnS and Ba,ZnS:s.
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Figure S4. Diffuse reflection spectra of AgGaS,.



Table S4. Selected bond lengths (A) of BagZn;Ga,Sis.

Bond dist. bond dist.
Ba(1)-S(1) 3.422(2)  Zn(2)-S(1) 2.319(2)
Ba(1)-S(2) 3.387(2)  Zn(2)-S(3) 2.335(2)
Ba(1)-S(2) 3.591(2)  Zn(2)-S(4) 2.319(3)
Ba(1)-S(2) 3.617(3)  Zn(2)-S(5) 2.337(2)
Ba(1)-S(3) 3.255(2)  Zn(3)-Zn(3")0.65(2)
Ba(1)-S(4) 3.3193)  Zn(3)-S(3) 2.290(2)
Ba(1)-S(5) 3.672(2)  Zn(3)-S(3) 2.290(2)
Ba(1)-S(7) 3.1383(6) Zn(3)-S(3) 2.290(2)
Ba(1)-S(8) 3.301(3)  Zn(3)-S(6) 2.54(2)
Ba(2)-S(1) 3.458(2)  Zn(3')-S(3) 2.281(4)
Ba(2)-S(2) 3.285(3)  Zn(3')-S(3) 2.281(4)
Ba(2)-S(3)3.187(2)  Zn(3')-S(3) 2.281(4)
Ba(2)-S(4) 3.3333)  Zn(3')-S(7) 2.58(3)
Ba(2)-S(4) 3.544(3)  Ga(1)-S(2) 2.307(3)
Ba(2)-S(6) 3.1753(6) Ga(1)-S(2) 2.307(3)
Ba(2)-S(8) 3.212(3)  Ga(1)-S(2) 2.307(3)
Zn(1)-S(1) 2.298(2)  Ga(1)-S(6) 2.252(5)
Zn(1)-S(1) 2.346(2)  Ga(2)-S(4) 2.289(3)
Zn(1)-S(2) 2.307(3)  Ga(2)-S(4) 2.289(3)
Zn(1)-S(3) 2.323(2)  Ga(2)-S(4) 2.289(3)
Ga(2)-S(7) 2.213(5)




Table S5. Selected angles (deg) of BagZn;Ga,S ;.

bond

angle

bond

angle

S(1)-Zn(1)-S(2)
S(1)-Zn(1)-S(3)
S(2)-Zn(1)-S(3)
S(1)-Zn(1)-S(1)
S(2)-Zn(1)-S(1)
S(3)-Zn(1)-S(1)
S(1)-Zn(2)-S(4)
S(1)-Zn(2)-S(3)
S(4)-Zn(2)-S(3)
S(1)-Zn(2)-S(5)
S(4)-Zn(2)-S(5)
S(3)-Zn(2)-S(5)
S(3)-Zn(3)-S(3)
S(3)-Zn(3)-S(3)
S(3)-Zn(3)-S(3)
S(3)-Zn(3)-S(6)
S(3)-Zn(3)-S(6)
S(3)-Zn(3)-S(6)

111.53(9)
109.90(7)
111.66(9)
100.5(2)
120.59(9)
101.73(7)
100.05(9)
102.09(8)
118.81(9)
112.16(8)
123.002)
99.24(7)
117.7(2)
117.7(2)
117.7(2)
98.8(2)
98.8(2)
98.8(2)

S(3)-Zn(3)-S(3)
S(3)-Zn(3)-S(3)
S(3)-Zn(3)-S(3)
S(3)-Zn(3")-S(7)
S(3)-Zn(3")-S(7)
S(3)-Zn(3")-S(7)
S(6)-Ga(1)-S(2)
S(6)-Ga(1)-S(2)
S(2)-Ga(1)-S(2)
S(6)-Ga(1)-S(2)
S(2)-Ga(1)-S(2)
S(2)-Ga(1)-S(2)
S(7)-Ga(2)-S(4)
S(7)-Ga(2)-S(4)
S(4)-Ga(2)-S(4)
S(7)-Ga(2)-S(4)
S(4)-Ga(2)-S(4)
S(4)-Ga(2)-S(4)

118.43)
118.43)
118.4(3)
97.4(6)
97.4(6)
97.4(6)
106.81(8)
106.81(8)
111.99(7)
106.81(8)
111.99(7)
111.99(7)
109.74(7)
109.74(7)
109.20(8)
109.74(7)
109.20(8)
109.20(8)




Table S6. The direction and magnitude (Debye: D) of dipole moments of the building

units in BagZn-,Ga,Sqs.

Building unit X Y V4 Symmﬁ:try
operation
Zn(3)S, 0 0 0.65
1% Zn(1)S,4 0.62 0.31 1.26 X.,Y,Z2)
2 Zn(1)S, -0.31 0.31 1.26 (-Y,X-Y,Z)
3" Zn(1)S, -0.31 -0.62 1.26 (-X+Y,-X,Z)
Ga(1)S, 0 0 -1.98
Zn(1);Ga(1)Sq 0 0 1.80
1% Zn(2)S4 -1.43 -1.61 -1.13 X,Y,Z2)
2™ Zn(2)S, 1.61 0.18 -1.13 (-Y,X-Y,Z)
3" Zn(2)S, -0.18 1.43 -1.13 (-X+Y,-X,Z)
Ga(2)S, 0 0 1.37
Zn(2);Ga(2)Sq 0 0 -2.02
A basic repeating unit of
[Zn(1);Zn(2);Zn(3)Ga(1)Ga(2)S;,] 0 0 043




Table S7. The results of polycrystalline LDTs for BagZn;Ga,S¢ and AgGaS; in the

same particle size range of 150—210 pum.

Damage
Comp. Damage energy (mJ) | Spot area (cm®) threshold
(MW/cm?)
BagZn;GasSq6 28.61 0.0707 40.47
AgQGaS, 4.21 0.292 1.44

Table S8. The calculated total energies of model-0, model-1 and model-2 of
BagZn;Ga,Sy6, in which Zn(3) atom (Zn(1) and Zn(2): Wyckoff site 9b) taking any
one of all three 3a Wyckoff sites (Zn(3), Ga(l) and Ga(2): Wyckoff site 3a) in the

tetrahedral centre.

Comp. model Tota(lei?)ergy
0 0
Ba62n7G32816 1 0.67
2 1.17




