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1 Tables

Table S1. Crystallographic data and structure refinement results of 1-3.

Empirical formula a-Rb,InP,S; (1) S-RbyInP,S; (2) Cs,InP,S; (3)

Fw 572.12 572.12 667.00
Temperature (K) 298

Space group P2,/n Fdd2 P2,/n
a(A) 10.7564(5) 18.6758(5) 10.9132(5)
b (A) 12.6856(3) 25.4262(6) 13.1589(4)
c(A) 10.7941(5) 10.7974(2) 10.9640(5)
a (°) 90 90 90

£ () 119.599(6) 90 119.511(6)
y () 90 90 90
Volume (A%) 1280.7(1) 5127.2(2) 1370.2(1)
Z 4 16 4

Peale (g/cm?) 2.967 2.965 3.233

w (mm) 10.738 10.727 8.213
F(000) 1060.0 4240.0 1204.0
Data/restraints/parameters 2874/0/109 2211/1/111 2322/0/109
Flack parameter / 0.0604(5) /

GOF on F? 0.999 1.001 1.001

R* (I>20 (1)) 0.0399 0.0152 0.0356
WRy? (I > 20 (1)) 0.0969 0.0384 0.0955

R4 (all data) 0.0485 0.0159 0.0385
WR,? (all data) 0.1005 0.0386 0.0972
APrmax/ Apmin (€ A7) 2.00/-1.10 0.86/-0.35 2.74/-0.92

‘R = X|[Fo| = |F[l/Z|Fol, "wR = (EW(F = F 2P E(W(F))!2.




Table S2. The calculated Lalik's distortion index (AH) and Brown's distortion index (AR)

of asymmetric tetrahedral and octahedral units in 1-3.

Compounds units AH AR
a-RbyInP,S; (1) PS4 0.008424 0.002090
PS¢ 0.017454 0.004384
InS, 0.062340 0.017724
B-Rb,InP,S7 (2) PS, 0.007501 0.001865
P,S¢ 0.017434 0.002190
In(1)Se 0.087474 0.025573
In(2)Se 0.037280 0.010311
Cs,InP,S5 (3) PS, 0.006826 0.001697
P,S¢ 0.012488 0.006250
InS¢ 0.083017 0.024103

Table S3. Fractional atomic coordinates (x10%), equivalent isotropic displacement
parameters (A2x103), formal oxidation states (FOS) and bond valence sum (BVS) of all

atoms in 1-3.

a'Rb2|nP257 (1)

Atom x y z Uleq) FOS BVS

Rbl 5065.9(7)  1681.7(4) 4622.4(7) 346(1) 1 0.860
Rb2  5184.2(7) 1546.9(5) 456.6(7) 58.8(1) 1 0.856
Inl  9997.2(4)  33.1(2) 3056.4(4)  19.7(1) 3 3.099
P1  1188.3 9859.5(9) 577.3(1) 15.7(1) 4 4.184
P2 7390.9(1)  9321.1(9) 37245(1) 182(3) 5 5.253
S1 8340.4 (3) 801.8(9) 4203.5(1) 22.3(3) -2 -1.824
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2 1786.7(3)  1476.9(9) 4369.9(1)  22.0(3) -2 -2.165

S3  1514.5(2)  8948.2(9) 2287.0(1)  21.6(3) -2 -2.073
s4  8555.1(1)  1115.6(9) 793.1(1) 222(3) -2 -2.021
S5 8103.8(1)  8616.8(9) 2462.0(1)  22.3(3) -2 -2.175
S6  2207.0(1)  1216.8(1) 1057.4(1)  25.8(3) -2 -1.961
S7  4722.0(8)  580.2(1) 7287.8(1)  30.9(3) -2 -2.033

B—szlnPZS7 (2)

Atom x y z U(eq) FOS BVS

Rbl 2466.7(3)  9148.7(2) 6781.9(5)  382(1) 1 0.776
Rb2 2587.9(3)  756.8(2) 7537.2(5)  38.6(1) 1 0.883
In1 0 0 2710.5(4)  21.8(1) 3 3.073
2 0 0 6589.9(4)  22.6(1) 3 3.062
Pl 44049(5)  69.6(4) 4662.7(1)  18.3(1) 4 4.157
P2 1310.2(5)  344.0(4) 4682.4(1)  20.8(1) 5 5.211
s1 832.7(5) 9603.0(4) 4705.9(3)  25.0(1) -2 -1.952
S2  886.9(6) 721.4(5) 3155.2(1)  26.0(2) -2 -2.070
S3  731.5(6) 9454.7 (5) 1174.5(1)  24.9(2) -2 -2.169
S4  2639.0(5)  9703.2(5) 9635.7(1)  33.8(3) -2 -1.952
S5  946.7(6) 714.2 (5) 6269.1(9)  24.4(2) -2 -1.819
s6  753.8(6) 9466.5(5) 8128.2(1)  23.9(2) -2 2.135
S7  3894.6(5)  9392.5(4) 4678.6(1)  27.5(2) -2 -1.998

CSzlnP257 (3)

Atom x y z U(eq) FOS BVS

Csl  4647.2(6) 1695.7(4) 137.6(5) 35.43(1) 1 1.098
Cs2  517.4(5) 1573.1(4) 254.5(6) 39.81(1) 1 1.047
In1  3040.9(5) 53.2(4) 4991.1(5) 25.66(1) 3 3.032
P1 6278.1(1) 614.6(1) 7577.7(1) 22.1(1) 4 4.146
P2 9430.0(1) 154.9(1) 3847(2) 249(4) 5 5.232
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s1 72715(1)  536.2(1) 9657.6(1)  32.5(5) -2 -2.139
S2  4408.6(1)  1401.8(1) 6784.8(1)  25.8(4) -2 -2.206
$3 7559.4(1)  1269.6(1) 6899.7(1)  26.7(4) -2 -2.244
sS4 4221(2) 803.1(1) 3372(2) 28.2(4) -2 -1.767
S5 2724.9(1)  3985.1(1) 8546(2) 300(4) -2 -2.111
S6  1035(2) 1118.5(1) 7219(2) 34.6(5) -2 -2.044
s7  796(2) 1132.7(1) 3643(2) 327(5) -2 -2.044
Table S4. Selected bond lengths (A) of 1-3.
a-Rb,InP,S; (1)
bond length/A bond  length/A bond length/A
Rb1-S1 3.965(1) Rb2-S2 3.625(1) In2—S5 2.562(1)
Rb1-S1 3.928(1) Rb2-S1 3.798(1) In1-54 2.553(1)
Rb1-S2 3.411(1) Rb2-S2  3.554(1) In1-S5 2.550(1)
Rb1-S3 3.456(1) Rb2-S4 3.504(1) P1-P1 2.251(1)
Rb1-S3 3.630(1) Rb2-S5 3.387(1) P1-S3 2.056(1)
Rb1-S4 3.754(1) Rb2-S5 3.354(1) P1-54 2.049(1)
Rb1-S6 3.595(1) Rb2-S6 3.592(1) P1-S6 1.968(1)
Rb1-S6 3.360(1) Rb2-S7 3.602(1) P2-51 2.078(1)
Rb1-S7 3.606(1) In1-S1  2.800(1) P2-S2 2.059(1)
Rb1-S7 3.379(1) IN1=S2  2.524(1) P2-S5 2.068(1)
Rb2-S1 3.900(1) In1-S3  2.566(1) P2-S7 1.980(2)
B-Rb,InP,S, (2)

Bond Length/A Bond  Length/A Bond Length/A
Rb1-S1 3.965(1) Rb2-S2  3.625(1) In2-S5 2.562(1)
Rb1-S2 3.435(1) Rb2-S3  3.514(1) In2-S6 2.570(1)
Rb1-S2 3.759(1) Rb2-S4 3.376(1) P1-P1 2.251(1)
Rb1-S4 3.409(1) Rb2-S4 3.515(1) P1-S3 2.051(1)
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Rb1-S4 3.738(1) Rb2-S5 3.364(1) P1-56 2.059(1)
Rb1-S6 3.611(1) Rb2-S5 3.349(1) P1-S7 1.971(1)
Rb1-S6 3.433(3) Rb2-S7 3.633(1) pP2-S1 2.080(1)
Rb1-S7 3.351(1) In1-S1  2.847(1) P2-52 2.062(1)
Rb1-S7 3.563(1) In1-S2  2.521(1) P2-54 1.987(1)
Rb2-S1 3.852(1) In1-S3  2.561(1) P2-S5 2.067(1)
Rb2-51 3.882(1) In2-s1  2.757(1)
Cs,InP,S; (3)

Bond Length/A Bond  Length/A Bond Length/A
Cs1-51 3.506(2) Cs2-S2  3.658(2) In1-S5 2.562(2)
Cs1-S1 3.677(2) Cs2-S3  3.523(1) In1-S7 2.576(2)
Cs1-S2 3.576(1) Cs2-S3  3.510(2) P1-P1 2.237(4)
Cs1-S4 3.957(2) Cs2-S4 3.912(2) P1-56 1.962(3)
Cs1-S5 3.594(2) Cs2-S4 3.929(2) P1-S5 2.061(3)
Cs1-S5 3.699(1) Cs2-S6  3.688(2) P1-57 2.063(3)
Cs1-56 3.517(2) Cs2-S7  3.622(2) P2-51 1.988(3)
Cs1-S6 3.732(2) In1-S2  2.520(1) P2-52 2.060(3)
Cs1-S7 3.801(2) In1-S3  2.534(1) P2-53 2.068(3)
Cs2-51 3.543(2) In1-54  2.853(2) P2-54 2.074(3)
Cs2-S1 3.648(2) In1-S4  2.834(2)

Table S5. Selected bond angle (°) of 1-3.

a-Rb,InP,S; (1)

bond length/A bond length/A bond length/A
S1-In1-S1  83.02(4)  S5-In1-S1 90.76(4) $2-P2-S5  109.25(8)
$2-In1-S1  88.52(4) $5-In1-S1 75.68(4) S5-P2-S1  104.94(7)
$2-In1-S1  76.66(4) $5-In1-S3  95.59(4) S7-P2-S1  111.67(8)
$2-In1-S3  98.09(4) $5-In1-S4 96.07(4) S7-P2-52  113.07(8)
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S2-In1-S4  94.68(4) S3—-P1-P1 103.28(9) S7-P2-S5  111.21(8)
$2-In1-S5  160.53(4)  S4-P1-P1 102.53(9) P2-S1-In1  84.25(5)
S3-In1-S1  167.23(4) S4-P1-S3  106.53(7) P2-S1-In1  85.25(5)
S3-In1-S1  87.87(4) S6-P1-P1 109.85(8) P2-S2-In1  92.10(5)
S4-In1-S1  169.53(4)  S6-P1-S3 115.45(8) P1-S3-In1  97.77(6)
S4-In1-S1  90.98(4) S6-P1-S4 117.54(8) P1-S4-In1  97.54(6)
S4-In1-S3  99.31(4) S2-P2-S1 106.26(7) P2-S5-In1! 92.29(5)
B-Rb,InP,S; (2)
Bond Angle  Angle/® Bond Angle Angle/® Bond Angle Angle/°
S1-In1-S1  81.42(5) $3-In1-S1 167.54(3) S5-1n2-S1  91.74(3)
S2-In1-S1  87.53(4) $3-In1-S1 167.54(3) S5-In2-S1  76.67(3)
$2-In1-S1  75.76(3) $3-In1-S1 90.40(3) S7-P1-P1  109.93(7)
S2-In1-S1  87.53(4) $3-In1-S3  99.11(5) S7-P1-S6  116.04(7)
S2-In1-S1  75.76(3) S6-In2-S6 99.28(5) S7-P1-S3  116.70(7)
S2-In1-S2  158.01(5) S6-In2-S1 88.55(3) S3-P1-S6  106.63(6)
$2-In1-S3  94.62(4) S6-In2-S1 169.28(3) S5-P2-S1  105.55(7)
$2-In1-S3  94.62(4) S6-In2-S1 88.55(3) S4-P2-S5  111.64(7)
S2-In1-S3  99.61(4) S6-1n2-S1 169.28(3) S4-P2-S1  111.46(7)
S2-In1-S3  99.61(4) S5-1n2-S1  2.561(1) S2-P2-S5  109.39(6)
S3-In1-S1  90.40(3) S5-In2-S6 95.28(4) S2-P2-S1  105.9(7)
Cs,InP,S; (3)
Bond Angle  Angle/° Bond Angle Angle/® Bond Angle Angle/®
$2-In1-S3  159.59(6)  S5-In1-S4 87.32(6) S6-P2-P2  110.76(1)
$2-In1-S4  75.71(6) S5-In1-S7 98.64(6) S6-P2-S5  115.19(1)
S2-In1-S4  88.07(6) S7-In1-S4 169.80(6) S6-P2-S7  117.18(1)
$2-In1-S5  98.53(7) $7-In1-54 96.62(6) S7-P2-P2  101.93(1)
$2-In1-S7  95.14(7) S1-P1-52  112.17(1) S7-P2-S5  106.49(1)
$3-In1-S4  90.68(6) $1-P1-53  110.54(1) P1-S2-In1  93.32(9)
S3-In1-S4  74.99(6) S1-P1-S4 112.92(1) P1-S3-In1  93.42(9)
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S$3-In1-S5
S$3-In1-S7
S4-In1-54
S5-In1-54

95.89(7)
96.89(7)
82.71(6)
166.34(6)

S2-P1-S3
S2—-P1-54
S3—-P1-54
S5—-P2-P2

110.07(1)
106.26(1)
104.54(1)
103.69(1)

P1-54-In1
P1-S4-In1
P2-S5-In1
P2-S7-In1

83.98(8)
85.04(8)
98.38(9)
97.34(9)

9/13



2. Figures

Fig. S1 EDS of 1 (a), 2 (b), and 3 (c).
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Fig. S2 Powder XRD patterns of 1-2 (a), and 3 (b).
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Fig. S3 (a-c) IR spectra of 1-3, respectively. (d) Band gaps of 1-3.
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Fig. S4 Electronic band structures and the partial DOS of 1 (a, d), 2 (b, €) and 3 (c,
f).
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Fig. S5 The first and second DSC cycles of 1 (a, d), 2 (b, ) and 3 (c, f).
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Fig. S6 Coordination environment diagram of Rb/Cs in 1-3.
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XRD. Theoretically calculated refractive indices and birefringence of 1 (c) and 3 (d).
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