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Table S1. Crystal data and structure refinement parameters for 0–2.

Chemical formula
Ag2In2GeS6

(0) 

(LiAg)In2GeS6

(1)

(NaAg)In2GeS6 

(2)

Fw 710.33 609.40 625.45

T/K 293(2)

Crystal system monoclinic

Space group Cc

Z 4

a/Å 12.2214(11) 12.1567(6) 12.0762(9)

b/Å 7.2156(7) 7.2525(4) 7.6256(5)

c/Å 12.2045(11) 12.1757(6) 12.1838(9)

β/° 109.567(2) 109.9070(10) 110.004(2)

V/Å3 1014.10(16) 1009.34(9) 1054.29(13)

Dcalc g/cm3 4.653 4.010 3.940

μ/mm‑1 12.366 10.539 10.133

F(000) 1280.0 1104.0 1136.0

2θ range/° 6.664 to 51.98 6.654 to 51.994 6.438 to 51.986

Indep. Reflns/Rint 1938/0.0314 1919/0.0262 1887/0.0342

GOF on F2 1.098 1.051 1.062

R1a [I ≥ 2σ (I)] 0.0188 0.0145 0.0226

wR2b [all data] 0.0421 0.0342 0.0577

Flack parameter 0.03 (2) 0.03 (2) 0.05 (3)

aR1= ||Fo| - |Fc||/|Fo|. bwR2 = [w(Fo
2 - Fc

2)2]/[w(Fo
2)2]1/2.
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Table S2. Fractional atomic coordinates (×104) and equivalent isotropic displacement 

parameters (Å2 × 103) for 0–2. 

Atom Wyckoff Gete x y z Ueq/Å2

0

Ag(1) 4a 5032.6(7) 2102.8(12) 3482.4(8) 38.0(2)

Ag(2) 4a 3018.7(7) 5847.5(10) 1981.2(7) 34.1(2)

In(1) 4a 1415.0(5) 651.6(8) 1972.1(5) 14.21(16)

In(2) 4a 3239.1(5) 913.0(8) 8.7(5) 14.02(15)

Ge(1) 4a 762.6(7) 2368.6(11) 4420.8(7) 9.04(19)

S(1) 4a 3107.6(18) 2345(3) 1794.1(18) 15.0(4)

S(2) 4a 0.0(18) 33(3) 0.0(17) 15.4(4)

S(3) 4a 33.8(18) 2624(3) 2520.4(18) 14.7(4)

S(4) 4a 2658.0(19) 2424(3) 4920(2) 16.6(4)

S(5) 4a 6972.5(18) 2781(3) 3139.7(17) 14.2(4)

S(6) 4a 5268.4(17) -151(3) 5205.9(17) 13.7(4)

1

Li(1)/Ag(1) 4a 5057.4(7) 2091.8(11) 3485.1(7) 39.3(2)

Li(2)/Ag(2) 4a 3004.5(18) 5848(2) 1967.6(18) 30.9(4)

In(1) 4a 1427.4(3) 673.0(5) 1969.0(3) 16.17(12)

In(2) 4a 3246.9(3) 902.0(6) 25.7(3) 16.51(12)

Ge(1) 4a 755.7(5) 2348.0(7) 4412.5(5) 10.53(14)

S(1) 4a 3119.3(14) 2383(2) 1793.8(14) 19.2(3)

S(2) 4a 1.9(13) 54(2) -17.1(13) 17.6(3)

S(3) 4a 10.7(13) 2581(2) 2509.5(13) 17.6(3)

S(4) 4a 2663.8(14) 2411(2) 4952.5(15) 19.7(3)

S(5) 4a 6988.7(14) 2817(2) 3136.7(13) 18.5(3)

S(6) 4a 5285.9(12) 165(2) 200.6(12) 15.4(3)

2

Ag(1) 4a 5082.6(10) 2156.1(15) 3613.1(10) 45.1(3)
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Na(1) 4a 2892(4) 5631(5) 1972(4) 21.1(9)

In(1) 4a 1406.1(5) 556.1(9) 1968.5(5) 16.36(19)

In(2) 4a 3274.5(5) 738.5(9) 47.2(5) 16.54(19)

Ge(1) 4a 775.5(9) 2353.6(12) 4370.6(9) 11.2(2)

S(1) 4a 3152(2) 2082(3) 1822(2) 20.1(5)

S(2) 4a -6(2) -104(3) -24(2) 17.4(5)

S(3) 4a 23(2) 2521(3) 2464(2) 18.6(5)

S(4) 4a 2695(2) 2403(3) 4903(3) 20.8(5)

S(5) 4a 6977(2) 2937(3) 3211(2) 18.3(5)

S(6) 4a 5344(2) 239(3) 180(2) 15.2(5)

Ueq is defined as 1/3 of the trace of the orthogonanased UIJ tensor.
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Table S3. Bond lengths (Å) for 0–2.

Bond Length (Å) Bond Length (Å)

0

Ag(1)–S(1) 2.562(2) In(1)–S(3) 2.466(2)

Ag(1)–S(2)#1 2.785(2) In(1)–S(5)#5 2.477(2)

Ag(1)–S(5) 2.588(2) In(2)–S(1) 2.465(2)

Ag(1)–S(6) 2.597(2) In(2)–S(4)#6 2.503(2)

Ag(2)–S(1) 2.543(2) In(2)–S(5)#7 2.474(2)

Ag(2)–S(3)#2 2.656(2) In(2)–S(6)#6 2.472(2)

Ag(2)–S(4)#3 2.708(2) Ge(1)–S(2)#8 2.193(2)

Ag(2)–S(5)#4 2.606(2) Ge(1)–S(3) 2.196(2)

In(1)–S(1) 2.474(2) Ge(1)–S(4) 2.189(2)

In(1)–S(2) 2.489(2) Ge(1)–S(6)#4 2.208(2)

1

Li(1)Ag(1)–S(1) 2.556(2) In(1)–S(3) 2.467 (2)

Li(1)Ag(1)–S(2)#1 2.775(2) In(1)–S(5)#6 2.473 (2)

Li(1)Ag(1)–S(5) 2.578 (2) In(2)–S(1) 2.458(2)

Li(1)Ag(1)–S(6)#2 2.593(2) In(2)–S(4)#7 2.498(2)

Li(2)/Ag(2)–S(1) 2.530(2) In(2)–S(5)#8 2.469 (2)

Li(2)/Ag(2)–S(3)#3 2.621(3) In(2)–S(6) 2.473 (2)

Li(2)/Ag(2)–S(4)#4 2.663(3) Ge(1)–S(2)#2 2.18 9(2)

Li(2)/Ag(2)–S(5)#5 2.605(3) Ge(1)–S(3) 2.188(2)

In(1)–S(1) 2.472 (2) Ge(1)–S(4) 2.186(2)

In(1)–S(2) 2.489 (2) Ge(1)–S(6)#9 2.208(2)

2

Ag(1)–S(1) 2.593(3) In(1)–S(3) 2.468(3)

Ag(1)–S(2)#1 2.818(3) In(1)–S(5)#6 2.458(3)

Ag(1)–S(5) 2.568(3) In(2)–S(1) 2.442(3)

Ag(1)–S(6)#2 2.582(3) In(2)–S(4)#7 2.485(3)
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Na(1)–S(1) 2.738(4) In(2)–S(5)#8 2.466(3)

Na(1)–S(3)#3 2.829(5) In(2)–S(6) 2.478(2)

Na(1)–S(4)#4 2.872(5) Ge(1)–S(2)#2 2.203(2)

Na(1)–S(5)#5 2.781(5) Ge(1)–S(3) 2.189(3)

Na(1)–S(6)#5 3.119(5) Ge(1)–S(4) 2.183(3)

In(1)–S(1) 2.467(3) Ge(1)–S(6)#9 2.228(2)

In(1)–S(2) 2.494(3)

Symmetry codes: #1 1/2+x, 1/2-y, 1/2+z; #2 1/2+x, 1/2+y, +z; #3 +x, 1-y, -1/2+z; #4 -1/2+x, 1/2+y, +z; #5 -
1/2+x, -1/2+y, +z; #6 +x, -y, -1/2+z; #7 -1/2+x, 1/2-y, -1/2+z; #8 +x, -y, 1/2+z for 1; #1 1/2+x, 1/2-y, 1/2+z; 
#2 +x, -y, 1/2+z; #3 1/2+x, 1/2+y, +z; #4 +x, 1-y, -1/2+z; #5 -1/2+x, 1/2+y, +z; #6 -1/2+x, -1/2+y, +z; #7 +x, 
-y, -1/2+z; #8 -1/2+x, 1/2-y, -1/2+z; #9 -1/2+x, 1/2-y, 1/2+z for 2; #1 1/2+x, 1/2-y, 1/2+z; #2 +x, -y, 1/2+z; #3 
1/2+x, 1/2+y, +z;#4 +x, 1-y, -1/2+z;#5 -1/2+x, 1/2+y, +z; #6 -1/2+x, -1/2+y, +z; #7+x, -y, -1/2+z; #8-1/2+x, 
1/2-y, -1/2+z; #9-1/2+x, 1/2-y, 1/2+z for 3.
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Table S4. The Ag/In molar ratios in 0–2 from EDS results.

Ag/In molar ratio 0 1 2

a 18.45/18.59 = 0.99 9.49/19.12 = 0.50 9.24/20.64 = 0.45

b 20.39/20.25 = 1.00 9.95/20.60 = 0.48 8.16/19.04 = 0.43

Note: a and b are the number of tests.

Table S5. The Ag/Na molar ratios in 2 from EDS results.

Ag/Na molar ratio 2

a 9.24/10.30 = 0.90

b 8.16/9.43 = 0.90

Note: a and b are the number of tests.

Table S6. Atomic coordinates and equivalent isotropic displacement parameters and the exact 

occupancies for Li/Ag in two co-occupation sites in 1.

Compound Atom x y z Ueq/Å2 Occupancy

Li(1) 0.25

Ag(1)
5057.4(7) 2091.8(11) 3485.1(7) 39.3(2)

0.75

Li(2) 0.75
1

Ag(2)
3004.5(18) 5848(2) 1967.6(18) 30.9(4)

0.25
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Table S7. Atomic coordinates in calculation model for 1.

Atom x y z

Li(1) 0.11932 0.29082 0.40210

Ag(1) 0.11932 0.70918 0.90291

Ag(1) 0.61931 0.79082 0.40210

Ag(1) 0.61931 0.20918 0.90210

Li (2) 0.41403 0.41520 0.25035

Li (2) 0.41403 0.58480 0.75035

Li (2) 0.91403 0.08480 0.75035

Ag(2) 0.91403 0.91520 0.25035

In(1) 0.25613 0.93270 0.25049

In(1) 0.25613 0.06732 0.75049

In(1) 0.75631 0.43270 0.25049

In(1) 0.75631 0.56730 0.75049

In(2) 0.43826 0.90980 0.05616

In(2) 0.43826 0.09020 0.55616

In(2) 0.93826 0.40980 0.05616

In(2) 0.93826 0.59020 0.55616

Ge(1) 0.18914 0.23480 0.99485

Ge(1) 0.18914 0.76520 0.49485

Ge(1) 0.18914 0.23480 0.99485

Ge(1) 0.68914 0.73480 0.99485

Ge(1) 0.68914 0.26520 0.49485

Ge(1) 0.68914 0.73480 0.99485

S(1) 0.14216 0.48350 0.07365

S(1) 0.14216 0.51650 0.57365

S(1) 0.64216 0.98350 0.07365

S(1) 0.64216 0.01650 0.57365

S(2) 0.11464 0.74190 0.30454
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S(2) 0.11464 0.25810 0.80454

S(2) 0.61464 0.24190 0.30454

S(2) 0.61464 0.75810 0.80454

S(3) 0.11376 0.99460 0.05189

S(3) 0.11376 0.00540 0.55189

S(3) 0.61376 0.49460 0.05189

S(3) 0.61376 0.50540 0.55189

S(4) 0.42550 0.76170 0.23298

S(4) 0.42550 0.23830 0.73298

S(4) 0.92550 0.26170 0.23298

S(4) 0.92550 0.73830 0.73298

S(5) 0.31244 0.21830 0.36726

S(5) 0.31244 0.78170 0.86726

S(5) 0.81244 0.71830 0.36726

S(5) 0.81244 0.28170 0.86726

S(6) 0.37996 0.24110 0.04885

S(6) 0.37996 0.75890 0.54885

S(6) 0.87996 0.74110 0.04885

S(6) 0.87996 0.25890 0.54885
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Table S8. The NLO data of A2MⅢ
2MⅣQ6 (A = Li, Na; MⅢ = Ga, In; MⅣ = Si, Ge, Sn) and 

Na2MⅡMⅣ
2Q6 (MⅡ = Zn, Cd, Hg; MⅣ = Ge, Sn; Q = S, Se).

Compounds
Crystal 

system

Space 

group

Band gap 

(eV)
SHG LIDTs PM/NPM Ref.

Li2Ga2GeS6 Orthorhombic Fdd2 3.65 1.2 × AGS – PM [1]

Li2In2SiS6 Monoclinic Cc 3.61 1 × AGS – – [2]

Li2In2GeS6 Monoclinic Cc 3.45 1 × AGS – – [2]

Li2In2SiSe6 Monoclinic Cc 2.54 1 × AGSe – – [2]

Li2In2GeSe6 Monoclinic Cc 2.30 1 × AGSe – – [2]

Na2In2SiS6 Monoclinic Cc 2.47 0.3 × AGS 6.9 × AGS PM [3]

Na2In2GeS6 Monoclinic Cc 2.417 0.5 × AGS 4.0 × AGS PM [3]

Na2In2GeSe6 Monoclinic Cc 2.47 0.8 × AGS – – [4]

Na2Ga2GeS6 Orthorhombic Fdd2 3.10 0.8 × AGS 18.1 × AGS PM [5]

Na2Ga2SnS6 Orthorhombic Fdd2 2.74 1.1 × AGS 18.0 × AGS PM [5]

Na2Ga2GeSSe5 Orthorhombic Fdd2 1.56 2.3 × AGS 9.9 × AGS PM [6]

Na2Ga2GeSe6 Orthorhombic Fdd2 1.61 1.6 × AGS 13.3 × AGS PM [6]

Na2Ga2SnSSe5 Orthorhombic Fdd2 1.63 3.9 × AGS 8.5 × AGS PM [6]

Na2Ga2SnSe6 Orthorhombic Fdd2 1.73 2.1 × AGS 10.1 × AGS PM [6]

Na2ZnGe2S6 Monoclinic Cc 3.25 0.9 × AGS 6 × AGS PM [7]

Na2ZnGe2Se6 Tetragonal I4/mcm 2.36 – – – [4]

Na2ZnSn2S6 Orthorhombic Fdd2 2.71 4 × AGS 2 × AGS NPM [8]

Na2ZnSn2Se6 Orthorhombic Fdd2 2.05 3 × AGS 5 × AGS PM [9]

Na2CdGe2S6 Monoclinic Cc 3.21 0.8 × AGS 4.4 × AGS PM [10]

Na2CdGe2Se6 Monoclinic Cc 2.37 2 × AGS – PM [10]

Na2CdSn2Se6 Orthorhombic Fdd2 2.15 2.2 × AGS 10 × AGS PM [9]

Na2HgSn2Se6 Tetragonal I4/mcm 1.83 – – – [11]
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Table S9. The SHG intensities of 0–2 in five different particle size ranges.

Compound
s

25–45 μm
(× AGS)

45–75 μm
(× AGS)

75–110 μm
(× AGS)

110–150 μm
(× AGS)

150–210 μm
(× AGS)

Average
(× AGS)

0 0.4 0.4 0.4 0.4 0.5 0.42

1 0.9 0.8 0.8 0.9 0.8 0.84

2 1.3 1.2 1.2 1.2 1.2 1.22

Table S10. The statistical analysis of SHG intensities measurement for 0–2 and AGS.

SHG intensities (Volt)Compound
s

Particle sizes
(μm) 1 2 3 4 5 Average

25–45 97.2 93.4 96 98 88.4 94.6

45–75 126 126 124 126 128 126

75–110 146 144 149 148 143 146

110–150 186 186 196 184 188 188

0

150–210 224 214 236 214 232 224

25–45 206 202 198 204 200 202

45–75 292 284 288 290 286 288

75–110 334 336 338 338 334 336

110–150 392 396 395 398 399 396

1

150–210 436 434 435 439 436 436

25–45 283 280 274 282 281 280

45–75 414 408 412 408 418 412

75–110 507 508 515 508 502 508

110–150 574 574 570 576 566 572

2

150–210 613 615 616 617 619 616

25–45 218 216 213 221 222 218

45–75 351 340 339 353 337 344

75–110 414 416 416 415 419 416

110–150 456 453 460 462 469 460

AGS

150–210 508 514 516 512 510 512
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Fig. S1. The EDS images for single crystals of 0–2.

Fig. S2. A total 16 structure models of 1 in which 4 Ag and 4 Li atoms are randomly distributed 

over the eight Li/Ag sites. 
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Fig. S3. (a) Photographs of the crystals for 0–2. (b–d) Powder XRD patters for 0–2.

Fig. S4. Coordination environments of Ag, Ag/Li, and Na in 0–2, respectively.
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Fig. S5. Anion structural units in 0–2 (a), Na2Ga2GeS6 (b), and Na2Zn2GeSe6 (c).

Fig. S6. FT-IR spectra of 0–2.
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Fig. S7. The calculated real parts (a–c) and imaginary parts (d–f) of optical dielectric functions 

for 0–2.
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Fig. S8. Calculated COHP for 0 and 2.
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