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Table S1. Atomic coordinates (x 10%) and equivalent isotropic displacement parameters (A2 x 103)
for CsgPb,(P,07)s, CsLiz(P207); and LiCa(POs)s. U is defined as one third of the trace of the
orthogonalized Uj; tensor.

Atoms  x y z Ueq)
CsgPba(P,07)4

Cs(1) -4532(1) 8384(1) 6185(1) 29(1)

Cs(2) 2025(1) 7937(1) 2398(1) 27(1)

Cs(3) -2175(1) 7148(1) 2443(1) 30(1)

Cs(4) 10293(1)  1153(1)  3948(1)  27(1)
Cs(5) 13746(1)  -1866(1)  4265(1)  23(1)
Cs(6) 15874(1)  -3306(1)  663(1) 27(1)

Cs(7) 17390(1)  -178(1) -91(1) 27(1)
Cs(8) 15573(1)  3255(1)  1422(1)  27(1)
Pb(1)  9966(1) 3795(1)  967(1) 20(1)

Pb(2)  18652(1)  597(1) 1977(1)  16(1)
Pb(3)  11341(1)  4408(1)  3104(1)  17(1)

Pb(4)  2936(1) 4890(1)  5084(1)  20(1)
P(1) -1926(4) 8879(2)  4113(2)  17(1)
P(2) -159(3) 6639(2)  4509(2)  16(1)
P(3) 5061(3) 5212(3)  3191(2)  18(1)
P(4) 7724(3) 3456(2)  3149(2)  16(1)
P(5) 10460(4)  7874(2)  383(2) 19(1)
P(6) 12012(4)  5624(2)  872(2) 19(1)
P(7) 12291(3)  1851(3)  1855(2)  18(1)
P(8) 14734(4)  -44(2) 1927(2)  19(1)
0(1) -2205(9) 9767(7)  4779(5)  32(2)
0(2) -3120(9) 8176(7)  4223(5)  28(2)
0(3) -1353(10)  9359(7)  3217(5)  31(2)
0(4) -426(8) 7994(6)  4232(5)  20(2)
0(5) -1051(9) 6519(6)  5417(5)  27(2)
0(6) -655(9) 5973(6)  3908(5)  21(2)
0(7) 1502(9) 6356(6)  4382(5)  26(2)
0(8) 4131(9) 4284(7)  3278(5)  30(2)
0(9) 4844(9) 6198(6)  2575(5)  28(2)
0(10)  6798(8) 4595(6)  2795(4)  16(2)
o(11)  7178(9) 3424(6)  4107(5)  27(2)
0(12)  7465(9) 2425(6)  2755(5)  30(2)
0(13)  9295(9) 3659(7)  2838(5)  28(2)
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0(14)
0(15)
0(16)
0(17)
0(18)
0(19)
0(20)
0(21)
0(22)
0(23)
0(24)
0(25)
0(26)
0(27)
0(28)

Cs(1)
Li(1)
Li(2)
Li(3)
Li(4)
Li(5)
Li(6)
Li(7)
P(1)
P(2)
P(3)
P(4)
0(1)
0(2)
0(3)
0(4)
0(5)
0(6)
0(7)
0(8)
0(9)
0(10)

9263(8)
10014(9)
11120(10)
11856(8)
13591(9)
10909(10)
11528(9)
12157(9)
13911(8)
11181(8)
12421(9)
13759(9)
14922(10)
16178(10)
5025(8)

2613(1)
3838(7)
8908(7)
6547(7)
5790(7)
9851(7)
418(7)
2942(8)
-928(1)
2164(1)
5977(1)
2896(1)
4444(3)
1709(3)
1800(3)
3943(3)
-65(3)
5943(3)
7801(3)
5374(3)
3399(3)
3129(3)

7182(6)
8759(6)
8349(7)
6986(6)
5260(7)
5518(7)
5029(6)
2718(6)
1085(6)
1041(7)
2426(6)
-218(7)
-987(6)
350(7)
5636(6)
CsLiz(P,07),
2533(1)
6140(7)
1158(7)
5036(6)
2466(7)
291(7)
3430(7)
1288(7)
3556(1)
4938(1)
1447(1)
-21(1)
848(3)
-77(3)
1099(3)
-1677(3)
1724(3)
778(3)
684(3)
3293(3)
5036(3)
3673(3)

383(5)

1069(5)
-496(5)
590(5)

850(6)

1724(5)
211(5)

1123(5)
1471(5)
2034(5)
2629(5)
2795(5)
1312(5)
1911(6)
4070(5)

4946(1)
3965(5)
3790(5)
301(5)
-1366(5)
1161(5)
1075(6)
9649(6)
8331(1)
7211(1)
1656(1)
2893(1)
2901(2)
4209(2)
1527(2)
2898(2)
9087(2)
548(2)
2442(2)
1028(2)
5912(2)
8614(2)

20(2)
28(2)
39(3)
23(2)
33(2)
35(2)
22(2)
29(2)
17(2)
24(2)
20(2)
29(2)
34(2)
38(2)
21(2)

21(1)
15(1)
15(1)
15(1)
18(1)
15(1)
17(1)
23(1)
8(1)
8(1)
8(1)
8(1)
12(1)
14(1)
12(1)
15(1)
15(1)
13(1)
12(1)
14(1)
13(1)
12(1)
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0(11)
0(12)
0(13)
0(14)

Ca(1)
Li(1)
P(1)
P(2)
P(3)
0(1)
0(2)
0(3)
0(4)
0(5)
0(6)
0(7)
0(8)
0(9)

1190(3)
530(3)

-2692(3)
-1091(3)

9827(1)
5364(8)
8495(1)
4020(1)
2202(1)
9351(3)
9799(3)
8440(3)
6394(3)
3353(3)
3631(3)
3205(3)
2472(3)
2778(3)

6571(3)
4231(3)
3987(3)
4435(3)
LiCa(POs)s
7771(1)
1621(8)
2936(1)
3833(1)
1535(1)
4561(3)
2368(3)
1183(3)
3605(3)
5937(3)
2362(3)
3277(3)
-233(3)
1416(3)

7282(2)
7049(2)
7576(2)
9312(2)

8549(1)
1689(8)
7684(1)
7849(1)
5500(1)
8312(3)
5737(3)
9062(3)
7001(3)
8074(3)
9459(3)
6073(3)
6811(3)
3471(3)

14(1)
11(1)
14(1)
10(1)

11(1)
23(1)
9(1)
9(1)
9(1)
17(1)
12(1)
14(1)
16(1)
15(1)
13(1)
12(1)
14(1)
14(1)
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Table S2a. Selected bond lengths (A) and angles (deg.) for CsgPb4(P,07)a.

Cs(1)-0(25)#1
Cs(1)-0(12)#2
Cs(1)-0(24)#1
Cs(1)-0(2)
Cs(1)-0(8)#2
Cs(1)-0(1)
Cs(1)-0(27)#1
Cs(1)-0(5)
Cs(1)-0(11)#2
Cs(2)-0(9)
Cs(2)-0(25)#3
Cs(2)-0(15)#4
Cs(2)-0(4)
Cs(2)-0(26)#3
Cs(2)-0(17)#4
Cs(2)-0(3)
Cs(2)-0(19)#4
Cs(2)-0(7)
Cs(2)-0(23)#3
Cs(3)-0(2)
Cs(3)-0(19)#4
Cs(3)-0(9)#4
Cs(3)-0(6)
Cs(3)-0(3)
Cs(3)-0(14)#4
Cs(3)-0(10)#4
Cs(3)-0(15)#4
Cs(4)-0(23)
Cs(4)-0(24)
Cs(4)-0(1)#6
Cs(4)-0(1)#1
Cs(4)-0(4)#1
Cs(4)-0(5)#1
Cs(4)-0(3)#6
Cs(4)-0(13)
Cs(4)-0(25)
Cs(4)-0(11)
Cs(5)-0(1)#1
Cs(5)-0(28)#6
Cs(5)-0(25)
Cs(5)-0(2)#7
Cs(5)-0(11)#8
Cs(5)-0(7)#6

3.121(8)
3.137(9)
3.137(8)
3.139(8)
3.168(8)
3.294(8)
3.406(9)
3.592(8)
3.720(9)
3.130(7)
3.153(9)
3.253(8)
3.267(8)
3.267(9)
3.293(8)
3.318(8)
3.551(9)
3.574(8)
3.621(8)
3.078(8)
3.180(9)
3.187(9)
3.222(8)
3.273(9)
3.280(8)
3.281(7)
3.355(8)
3.023(8)
3.044(8)
3.083(9)
3.132(9)
3.255(8)
3.258(8)
3.304(9)
3.455(8)
3.498(8)
3.575(8)
2.949(8)
2.966(7)
2.968(8)
2.980(8)
3.131(8)
3.211(8)

Cs(8)-0(18)
Cs(8)-0(12)#12
Cs(8)-0(8)#12
Cs(8)-0(22)
Cs(8)-0(24)
Cs(8)-0(16)#11
Cs(8)-0(10)#12
Cs(8)-0(27)
Cs(8)-0(17)#11
Cs(8)-0(21)
Pb(1)-0(21)
Pb(1)-0(20)
Pb(1)-O(14)#13
Pb(2)-0(3)#7
Pb(2)-0(27)
Pb(2)-0(12)#12
Pb(2)-0(23)#12
Pb(2)-0(16)#11
Pb(2)-O(15)#6
Pb(3)-0(13)
Pb(3)-0(24)
Pb(3)-0(6)#12
Pb(3)-0(5)#1
Pb(3)-0(19)
Pb(3)-0(8)#12
Pb(4)-0(7)
Pb(4)-O(11)#1
Pb(4)-0(28)
Pb(4)-0(28)#1
Pb(4)-O(6)#2
P(1)-0(2)
P(1)-0(1)
P(1)-0(3)
P(1)-0O(4)
P(2)-0(5)
P(2)-0(7)
P(2)-0(6)
P(2)-0(4)
P(3)-0(9)
P(3)-0(8)
P(3)-0(28)
P(3)-0(10)
P(4)-0(12)

2.994(8)
3.180(9)
3.206(8)
3.220(7)
3.386(8)
3.387(9)
3.391(7)
3.421(9)
3.532(8)
3.591(9)
2.302(8)
2.317(8)
2.437(7)
2.402(8)
2.459(9)
2.501(7)
2.584(8)
2.610(8)
2.640(7)
2.430(8)
2.458(7)
2.543(7)
2.544(8)
2.612(8)
2.727(8)
2.415(7)
2.432(8)
2.475(8)
2.636(8)
2.664(8)
1.489(8)
1.502(8)
1.524(8)
1.654(8)
1.511(8)
1.517(8)
1.517(8)
1.612(7)
1.497(8)
1.501(8)
1.548(8)
1.656(8)
1.500(8)
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Cs(5)-0(9)#6
Cs(6)-0(26)
Cs(6)-0(18)#9
Cs(6)-0(20)#10
Cs(6)-0(9)#6
Cs(6)-0(21)#10
Cs(6)-0(14)#6
Cs(6)-0(18)#10
Cs(7)-0(26)
Cs(7)-0(16)#11
Cs(7)-0(22)#10
Cs(7)-0(15)#11
Cs(7)-0(27)
Cs(7)-0(23)#10
Cs(7)-0(26)#10
Cs(7)-0(14)#6
Cs(7)-0(21)#10
Cs(7)-0(15)#6
Cs(7)-0(16)#6

0(25)#1-Cs(1)-0(12)#2
0(25)#1-Cs(1)-0(24)#1
0(12)#2-Cs(1)-0(24)#1
0(12)#2-Cs(1)-0(27)#1
0(24)#1-Cs(1)-0(27)#1
0(2)-Cs(1)-0(27)#1
O(8)#2-Cs(1)-0(27)#1
0(1)-Cs(1)-0(27)#1
0(25)#1-Cs(1)-0(5)
0(9)-Cs(2)-0(25)#3
0(9)-Cs(2)-0(15)#4
0(25)#3-Cs(2)-0(15)#4
0(9)-Cs(2)-0(4)
0(3)-Cs(2)-0(7)
0(19)#4-Cs(2)-0(7)
0(9)-Cs(2)-0(23)#3
0(25)#3-Cs(2)-0(23)#3
O(15)#4-Cs(2)-0(23)#3
0(4)-Cs(2)-0(23)#3
0(26)#3-Cs(2)-0(23)#3
0(17)#4-Cs(2)-0(23)#3
0(3)-Cs(2)-0(23)#3
O(19)#4-Cs(2)-0(23)#3
0(7)-Cs(2)-0(23)#3

3.525(8)
2.893(7)
2.926(8)
2.995(7)
3.062(8)
3.123(8)
3.289(8)
3.376(8)
3.048(9)
3.115(9)
3.181(8)
3.229(8)
3.236(9)
3.262(8)
3.401(9)
3.426(7)
3.437(8)
3.531(8)
3.569(9)

108.9(2)
60.45(19)
101.8(2)
63.3(2)
72.81(19)
159.0(2)
101.8(2)
117.3(2)
103.4(2)
83.0(2)
141.1(2)
116.47(19)
107.8(2)
85.00(18)
83.21(18)
134.9(2)
54.56(19)
64.52(18)
93.28(17)
67.76(18)
100.67(17)
60.04(18)
133.62(19)
128.08(17)

P(4)-O(13)
P(4)-0(11)
P(4)-0(10)
P(5)-O(15)
P(5)-O(16)
P(5)-0(14)
P(5)-0(17)
P(6)-O(18)
P(6)-O(19)
P(6)-0(20)
P(6)-O(17)
P(7)-0(23)
P(7)-0(24)
P(7)-0(21)
P(7)-0(22)
P(8)-0(25)
P(8)-0(26)
P(8)-0(27)
P(8)-0(22)

0(22)-Cs(8)-0(10)#12
0(24)-Cs(8)-0(10)#12

0(16)#11-Cs(8)-O(10)#12

0(18)-Cs(8)-0(27)
0(22)-Cs(8)-0(21)
0(24)-Cs(8)-0(21)
0(16)#11-Cs(8)-0(21)
0(10)#12-Cs(8)-0(21)
0(27)-Cs(8)-0(21)
0(17)#11-Cs(8)-0(21)
0(21)-Pb(1)-0(20)
0(21)-Pb(1)-0(14)#13
0(20)-Pb(1)-0(14)#13
0(3)#7-Pb(2)-0(27)
O(3)#7-Pb(2)-0(12)#12
0(27)-Pb(2)-0(12)#12
0(27)-Pb(2)-0(15)#6
0(12)#12-Pb(2)-O(15)#6
0(23)#12-Pb(2)-O(15)#6
0(16)#11-Pb(2)-O(15)#6
0(13)-Pb(3)-0(24)
0(13)-Pb(3)-0(6)#12
0(24)-Pb(3)-0(6)#12
0(13)-Pb(3)-0(5)#1

1.504(8)
1.513(8)
1.620(7)
1.509(8)
1.514(9)
1.516(8)
1.629(8)
1.480(9)
1.516(9)
1.538(8)
1.620(8)
1.507(8)
1.522(8)
1.528(8)
1.626(8)
1.495(8)
1.506(8)
1.524(9)
1.646(7)

137.28(18)
104.08(17)
96.2(2)
147.0(2)
41.59(17)
42.50(18)
122.5(2)
139.41(18)
84.65(19)
106.41(18)
82.1(3)
81.7(3)
82.0(3)
94.6(3)
96.3(3)
87.9(3)
94.1(3)
175.9(3)
89.7(2)
83.7(3)
75.9(2)
84.8(2)
155.2(3)
94.6(3)
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0(2)-Cs(3)-0(19)#4 123.3(2) 0(24)-Pb(3)-0(5)#1 84.1(2)

0(2)-Cs(3)-0(9)#4 96.4(2) 0(6)#12-Pb(3)-0(5)#1 82.0(2)

0(19)#4-Cs(3)-0(9)#4 119.2(2) 0(13)-Pb(3)-0(19) 75.5(3)

0(2)-Cs(3)-0(6) 59.53(19) 0(24)-Pb(3)-0(19) 103.5(3)
0(14)#4-Cs(3)-0(10)#4 102.30(18) 0(7)-Pb(4)-0(6)#2 96.4(2)

0(2)-Cs(3)-0(15)#4 110.5(2) O(11)#1-Pb(4)-O(6)#2 99.1(2)

O(19)#4-Cs(3)-0(15)#4 72.7(2) 0(28)-Pb(4)-0(6)#2 176.3(2)
0(9)#4-Cs(3)-0(15)#4 137.4(2) 0(28)#1-Pb(4)-O(6)#2 102.9(2)
0(6)-Cs(3)-0(15)#4 111.4(2) 0(2)-P(1)-0(1) 114.7(5)
0(3)-Cs(3)-0(15)#4 63.37(19) 0(2)-P(1)-0(3) 115.4(5)
0(14)#4-Cs(3)-0(15)#4 44.89(18) 0(1)-P(1)-0(3) 112.8(5)
O(10)#4-Cs(3)-O(15)#4 144.56(18) 0(2)-P(1)-0(4) 107.8(4)
0(23)-Cs(4)-0(24) 49.9(2) 0(1)-P(1)-0(4) 103.8(5)
0(23)-Cs(4)-O(1)#6 112.5(2) 0(3)-P(1)-0(4) 100.4(4)
O(3)#6-Cs(4)-0(25) 90.9(2) 0(5)-P(2)-0(7) 114.6(5)
0(13)-Cs(4)-0(25) 107.91(18) 0(5)-P(2)-0(6) 111.9(5)
0(23)-Cs(4)-0(11) 96.78(19) 0(7)-P(2)-0(6) 111.3(4)
0(24)-Cs(4)-0(11) 95.16(19) 0(5)-P(2)-0(4) 107.6(4)
O(1)#6-Cs(4)-0(11) 80.5(2) 0(7)-P(2)-0(4) 103.1(4)
O(1)#1-Cs(4)-0(11) 131.41(19) 0(6)-P(2)-0(4) 107.7(4)
O(4)#1-Cs(4)-0(11) 85.87(18) 0(9)-P(3)-0(8) 117.5(5)
O(5)#1-Cs(4)-0(11) 71.2(2) 0(9)-P(3)-0(28) 112.2(5)
O(3)#6-Cs(4)-0(11) 91.5(2) 0(8)-P(3)-0(28) 111.1(5)
0(13)-Cs(4)-0(11) 41.89(18) 0(9)-P(3)-0(10) 103.2(4)
0(25)-Cs(4)-0(11) 149.59(18) 0(8)-P(3)-0(10) 106.9(4)
P(7)-Cs(4)-0(11) 97.67(13) 0(28)-P(3)-0(10) 104.7(4)
O(1)#1-Cs(5)-0(28)#6 155.1(2) 0(15)-P(5)-0(16) 114.3(5)
O(1)#1-Cs(5)-0(25) 82.1(2) 0(15)-P(5)-0(14) 113.8(5)
0(28)#6-Cs(5)-0(25) 122.7(2) 0(16)-P(5)-0(14) 111.8(5)
O(1)#1-Cs(5)-0(2)#7 101.6(2) 0(15)-P(5)-0(17) 104.9(5)
0(20)#10-Cs(6)-0O(18)#10 46.2(2) 0(16)-P(5)-0(17) 102.7(5)
0(9)#6-Cs(6)-0(18)#10 124.9(2) 0(14)-P(5)-0(17) 108.4(4)
0(21)#10-Cs(6)-0(18)#10 64.0(2) 0(18)-P(6)-0(19) 116.5(5)
0(14)#6-Cs(6)-0(18)#10 100.73(19) 0(18)-P(6)-0(20) 113.5(5)
0(15)#11-Cs(7)-0(27) 113.3(2) 0(19)-P(6)-0(20) 108.0(5)
0(26)-Cs(7)-0(23)#10 130.4(2) 0(18)-P(6)-0(17) 104.8(5)
0(16)#11-Cs(7)-0(23)#10 116.1(2) 0(19)-P(6)-0(17) 107.6(5)
0(22)#10-Cs(7)-0(23)#10 46.14(19) 0(20)-P(6)-0(17) 105.6(4)
O(15)#11-Cs(7)-0(23)#10 69.13(19) 0(23)-P(7)-0(24) 115.3(5)
0(27)-Cs(7)-0(23)#10 172.5(2) 0(23)-P(7)-0(21) 113.4(5)
0(26)-Cs(7)-0(26)#10 93.4(2) 0(24)-P(7)-0(21) 112.5(5)
0(16)#11-Cs(7)-0(26)#10 113.3(2) 0(23)-P(7)-0(22) 107.4(4)
0(22)#10-Cs(7)-0(26)#10 43.56(18) 0(24)-P(7)-0(22) 105.3(4)
0(18)-Cs(8)-0(16)#11 134.6(2) 0(21)-P(7)-0(22) 101.4(4)

S7



0(12)#12-Cs(8)-O(16)#11 68.5(2) 0(25)-P(8)-0(26) 115.6(5)
O(8)#12-Cs(8)-0(16)#11 133.5(2) 0(25)-P(8)-0(27) 114.9(5)
0(22)-Cs(8)-0(16)#11 91.3(2) 0(26)-P(8)-0(27) 113.3(5)
0(24)-Cs(8)-0(16)#11 130.44(18) 0(25)-P(8)-0(22) 107.9(4)
0(18)-Cs(8)-0(10)#12 100.20(19) 0(26)-P(8)-0(22) 102.0(5)
0(12)#12-Cs(8)-O(10)#12 44.75(17) 0(27)-P(8)-0(22) 101.1(4)
O(8)#12-Cs(8)-0(10)#12 45.14(19)
Symmetry transformations used to generate equivalent atoms:

#1 -x+1, -y+1, -z+1 H#2 -x, -y+1, -z+1 #3 x-1,y+1,z #4x-1,y,2

#5x-2,y+1,z #6 x+1,vy-1,z #7 x+2,vy-1,z #8 -x+2, -y, -z+1

#9x,vy-1,z #10 -x+3, -y, -z H#11 -x+3,-y+1,-z #12x+1l,vy,z

#13 -x+2, -y+1, -z #14 -x+4, -y, -z

#15x,y+1,z
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Table S2b. Selected bond lengths (A) and angles (deg.) for CsLi;(P,0),.

Cs(1)-0(1) 3.077(2) Li(5)-0(5)#8 1.981(5)
Cs(1)-0(2) 3.125(2) Li(5)-0(3)#6 1.995(5)
Cs(1)-0(7)#1 3.130(2) Li(6)-O(11)#2 1.933(5)
Cs(1)-0(9) 3.139(2) Li(6)-0(3) 1.983(6)
Cs(1)-0(12) 3.178(2) Li(6)-O(14)#10 1.992(6)
Cs(1)-0(13)#2 3.191(2)  Li(6)-O(14)#2 2.072(6)
Cs(1)-0(12)#2 3.271(2)  Li(7)-0(6)#1 1.941(6)
Cs(1)-0(1)#1 3.312(2) Li(7)-0(3)#14 1.957(6)
Cs(1)-0(4)#1 3.353(2) Li(7)-0(10) 2.061(6)
Cs(1)-0(11)#2 3.610(2) Li(7)-0(5) 2.299(6)
Li(1)-0(9) 1.855(5)  Li(7)-O(6)#14 2.409(6)
Li(1)-O(4)#3 1.881(6) P(1)-0(5) 1.512(2)
Li(1)-0(13)#2 1.979(5) P(1)-0(12) 1.627(2)
Li(1)-O(9)#4 2.032(6) P(1)-0(13) 1.500(2)
Li(2)-O0(11)#4 1.912(6) P(1)-0(14) 1.524(2)
Li(2)-0(2)#1 1.927(5) P(2)-0(9) 1.501(2)
Li(2)-0(7) 1.980(5) P(2)-0(10) 1.527(2)
Li(2)-0(2)#6 2.083(6) P(2)-0(11) 1.504(2)
Li(3)-0(8) 1.913(5) P(2)-0(12) 1.6290(19)
Li(3)-0(8)#5 1.943(6) P(3)-0(6) 1.524(2)
Li(3)-0(14)#8 1.970(5) P(3)-0(7) 1.514(2)
Li(3)-O(10)#4 2.046(5) P(3)-0(8) 1.501(2)
Li(4)-0(6) 1.919(6) P(3)-0(1) 1.629(2)
Li(4)-0(13)#8 1.961(5) P(4)-0(1) 1.6218(19)
Li(4)-O(4)#9 1.972(6) P(4)-0(2) 1.502(2)
Li(4)-O(10)#10 1.979(6) P(4)-0(3) 1.519(2)
Li(5)-0(7) 1.934(5) P(4)-0(4) 1.504(2)
Li(5)-0(5)#1 1.963(5)

0(1)-Cs(1)-0(2) 47.05(5) O(5)#1-Li(5)-O(3)#6 130.3(3)
0(1)-Cs(1)-0(7)#1 95.68(6) O(5)#8-Li(5)-O(3)#6 90.1(2)
0(2)-Cs(1)-0(7)#1 63.79(6) O(6)#1-Li(7)-0(3)#14 115.4(3)
0(1)-Cs(1)-0(9) 136.53(5) O(6)#1-Li(7)-0(6)#14 84.0(2)
O(1)#1-Cs(1)-0(11)#2 135.57(5) O(3)#14-Li(7)-0(6)#14  90.2(2)
0(4)#1-Cs(1)-0(11)#2 178.25(4) 0(10)-Li(7)-O(6)#14 83.3(2)
0(9)-Li(1)-0(4)#3 130.3(3)  O(5)-Li(7)-0(6)#14 172.6(3)
0(9)-Li(1)-0(13)#2 124.2(3)  0(13)-P(1)-0(5) 113.45(12)
O(4)#3-Li(1)-0(13)#2 95.02)  0O(13)-P(1)-0(14) 113.91(12)
0(9)-Li(1)-0(9)#4 93.8(2)  0O(14)-P(1)-0(12) 106.38(11)
0(11)#4-Li(2)-0(7) 102.0(3) 0(9)-P(2)-0(11) 114.68(12)
0(2)#1-Li(2)-0(7) 115.5(3)  0(9)-P(2)-0(10) 112.90(12)
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O(11)#4-Li(2)-0(2)#6 105.7(2)  O(11)-P(2)-0(10)

0(2)#1-Li(2)-0(2)#6 90.3(2)  0(9)-P(2)-0(12)
0(7)-Li(2)-0(2)#6 114.8(3) 0O(11)-P(2)-0(12)
0(8)-Li(3)-0(8)#5 97.8(2)  0(10)-P(2)-0(12)

O(8)#5-Li(3)-0(10)#4 99.7(2)  0O(8)-P(3)-0(7)
O(14)#8-Li(3)-0(10)#4  108.8(2) 0O(8)-P(3)-0(1)

0(7)-Li(5)-0(5)#1 111.2(2) 0O(7)-P(3)-0(1)
0(7)-Li(5)-0(5)#8 123.9(3) 0(6)-P(3)-0(1)
O(5)#1-Li(5)-0(5)#8 96.1(2)  0O(2)-P(4)-0(4)
0(7)-Li(5)-0(3)#6 105.3(2)  O(3)-P(4)-0(1)

112.21(12)
104.80(11)
105.82(12)
105.42(11)
114.40(12)
106.13(12)
104.24(11)
107.24(11)
114.81(12)
106.21(11)

Symmetry transformations used to generate equivalent atoms:

#1 -x+1,-y,-z+1  #2 -x,-y+1,-z+1 #3 x,y+1,z #4 -x+1,-y+1,-z+1
#6 x+1,y,z H7 -x+2,-y,-z+1  #8 x+1)y,z-1 #9 -x+1,-y,-z
#11 -x+2,-y,-z #12 -x,-y+1,-z  #13 x-1,y,z #14 x,y,z+1
#16 -x+1,-y,-z+2 #17 x,y-1,z
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#10 x,y,z-1
#15 x-1,y,z+1



Table S2c. Selected bond lengths (A) and angles (deg.) for LiCa(POs3)s.

Ca(1)-0(1)
Ca(1)-0(9)#1
Ca(1)-0(3)#2
Ca(1)-0(3)#3
Ca(1)-0(8)#4
Ca(1)-O(5)#5
Ca(1)-O(6)#6
Ca(1)-0(1)#3
Ca(1)-0(2)#7
Li(1)-0(9)
Li(1)-O(8)#8
Li(1)-O(5)#1
Li(1)-0(6)#9

0(1)-Ca(1)-0(9)#1

0(1)-Ca(1)-0(3)#2

0(9)#1-Ca(1)-0(3)#2
0(1)-Ca(1)-0(3)#3

0(9)#1-Ca(1)-0(3)#3
0(3)#2-Ca(1)-0(3)#3
0(1)-Ca(1)-0(8)#4

O(8)#4-Ca(1)-O(5)#5
0(1)-Ca(1)-0(6)#6

0(9)#1-Ca(1)-0(6)#6
0(3)#2-Ca(1)-0(6)#6
0(3)#3-Ca(1)-0(6)#6
0(8)#4-Ca(1)-0(6)#6
O(5)#5-Ca(1)-0(6)#6
0(1)-Ca(1)-O(1)#3

0(9)#1-Ca(1)-O(1)#3
0(3)#2-Ca(1)-0(1)#3
0(3)#3-Ca(1)-0(1)#3
0(8)#4-Ca(1)-0(1)#3
O(5)#5-Ca(1)-0(1)#3
0(6)#6-Ca(1)-0(1)#3

2.316(2)
2.432(2)
2.454(2)
2.471(2)
2.496(2)
2.499(2)
2.529(2)
2.750(2)
3.123(2)
2.000(6)
2.028(6)
2.035(6)
2.132(6)

84.35(7)
150.64(7)
75.60(7)
124.39(7)
147.58(7)
72.05(7)
130.21(7)
66.16(7)
79.57(7)
72.23(7)
74.05(7)
96.60(7)
148.97(7)
141.38(7)
69.29(8)
141.27(7)
114.96(7)
56.42(6)
119.49(6)
68.71(7)
75.38(6)

Li(1)-0(3)#9
P(1)-0(1)
P(1)-0(3)
P(1)-O(4)
P(1)-0(2)
P(2)-0(5)
P(2)-0(6)
P(2)-0(7)
P(2)-0(4)
P(3)-0(8)
P(3)-0(9)
P(3)-0(7)
P(3)-0(2)#10

O(1)#3-Ca(1)-0(2)#7
P(1)#3-Ca(1)-0(2)#7
0(9)-Li(1)-0(8)#8
0(9)-Li(1)-0(5)#1
0(8)#8-Li(1)-0(5)#1
O(8)#8-Li(1)-0(3)#9
O(5)#1-Li(1)-0(3)#9
0(6)#9-Li(1)-0(3)#9
0(1)-P(1)-0(3)
0(3)-P(1)-O(4)
0(1)-P(1)-0(2)
0(3)-P(1)-0(2)
0(4)-P(1)-0(2)
0(5)-P(2)-0(6)
0(5)-P(2)-0(7)
0(6)-P(2)-0O(4)
0(7)-P(2)-0(4)
0(8)-P(3)-0(9)
0(8)-P(3)-0(7)
0(9)-P(3)-0(7)
0(8)-P(3)-0(2)#10

2.583(6)
1.477(2)
1.493(2)
1.557(2)
1.603(2)
1.478(2)
1.488(2)
1.5933(19)
1.596(2)
1.481(2)
1.482(2)
1.5838(19)
1.612(2)

141.00(6)
153.70(4)
102.3(3)
112.5(3)
84.3(2)
80.47(19)
81.22(19)
83.9(2)
113.24(12)
112.46(11)
108.58(11)
110.83(11)
97.92(10)
119.59(12)
108.60(11)
110.42(11)
96.77(11)
120.84(12)
111.19(11)
108.42(11)
108.12(11)

Symmetry transformations used to generate equivalent atoms:

#1 -x+1, -y+1, -z+1
#6 -x+1, -y+1, -z+2
#11x,vy-1,z2

#2 x, y+1, z

H#7 -x+2, -y+1, -z+1

#12 x,y, z+1

#3 -x+2, -y+1, -z+2
#8 -x+1, -y, -z+1

#13x-1,y-1,z
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#4 x+1, y+1, z
#9x,y,z-1

#5 x+1, vy, z
#10x-1,vy,z



Table S3. The reported cesium lead phosphates, lithium cesium phosphates and lithium calcium

phosphates.
No. Compounds Space Cutoff edge Reference
group (nm)

Cs-Pb-P-O system

1 Pb,Cs3(P4012)(POs)s Pl Isolated P,0;, and / 1

2 CsPb(PQO,) Pnma below 242 nm 2

3 CsPb,(PO,)s P63/m below 300 nm 3

4 CsgPby(P,07)a pi below 230 nm This work
Cs-Li-P-O system

1 LiCs(PO3), Fdd2 / 4

2 LiCs,PO, Cmc2, 174 nm/below 190 nm 5-7

CsLiy(P,07), pi below 190 nm This work

Ca-Li-P-O system

1 LiCa(PO,) P31c / 8

2 CaoLi(POy); R3c optical band gap 3.90 eV 9

3 Cag gsLiy 05(PO4)7 R3c / 10

4 LiCa(POs); Pl below 190 nm This work




Table S4. Comparison of BVS and Gll values in different structures

BVS Gll
compounds Ca% Zn% Ca% Zn?*
LiCa(PO3)s 2.01 0.99 0.13 0.35
LiZn(PO3)3 4.31 2.12 0.65 0.14
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ngement of CsO, (n = 7-11) in CsgPb4(P,07)a.

Fig. S1. The arra
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Fig. S2. The arrangement of PbO, (n = 3, 5, 6) in CsgPb4(P,07)..
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Fig. S3. The arrangement of CsO;q and LiO, (n = 4, 5) in CsLi;(P,05),.

a
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(a)
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ngement of LiO5 and CaOg in LiCa(PO3)s.

Fig. S4. The arra



Fig. S5. (a) The 1D (POs).. chain of LiCa(POs)s; (b) the 1D (PO3).. chain of LiZn(POs)s.

126.15°

ZP2-P3-P1=87.07° ;/P3-P1-P2=122.77" ; ZP1-P2-P3=103.20"

(b)
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Fig. S6. The arrangement of ZnOg in LiZn(POs)s.
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Fig. S7. The arrangement of P-O chains in LiZn(POs);
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Fig. S8. The IR spectra of the three compounds.
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