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Table S1. Crystal data and structure refinement for MPSOF.

Empirical formula MPSOF
Formula weight 669.18
Temperature 298.0K
Wavelength 0.71073 A

Crystal system

Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F (000)

Crystal size

Theta range for data collection

Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.511°
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [F,2>20(F.?)]®

R indices (all data)?

Extinction coefficient

Largest diff. peak and hole

Orthorhombic

Pbcn

a=7.0395(2) A
b=10.9134(4) A
c=10.0979(4) A
775.77(5) A3

4

5.730 Mg/m3

43.869 mm1

1160

0.17 x 0.16 x 0.15 mm3
3.444 t0 27.511°
9<h<9,

-14<k<14,

-13<1<13

10642

897 [Rint = 0.0671]

100.0 %

0.2038 and 0.0696
Full-matrix least-squares on F2
897/0/69

1.158

Ry =0.0218, wR, = 0.0494
Ry =0.0238, wR, = 0.0509
0.00253(19)

1.649 and -1.365 e A3

R=3 | |Fo| = |Fel [/31Fo| and wR, = [Sw (F)? - FA)Y/Sw F,*|¥2 for Fi2>20 (F,?)



Table S2. Atomic coordinates, equivalent isotropic displacement parameters (A2x103) and bond valence sums (BVS) for MPSOF.

Atom X y z U(eq) BVS

Pb(1) 0.5884(1) 0.8325(1) 0.5599(1) 11(1) 1.857
Mg(1) 0.5000 0.5000 0.5000 9(1) 2.119
Mg(2) 0.5000 0.3495(2) 0.7500 9(1) 2.030
Si(1) 0.7821(2) 0.5887(1) 0.7478(2) 7(1) 3.934
0(1) 0 0.5318(5) 0.7500 12(1) 2.010
0(2) 0.8038(6) 0.7218(4) 0.6771(4) 11(1) 1.846
0(3) 0.7030(6) 0.60483(4) 0.8984(4) 12(1) 1.982
o(4) 0.6681(6) 0.4862(4) 0.6644(4) 10(1) 1.924
F(1) 0.3796(5) 0.3507(3) 0.5728(3) 10(1) 1.027




Table $3. Bond lengths [A] and angles [°] for MPSOF.

Pb(1)-F(1)#3
Pb(1)-O(4)#4
Pb(1)-O(3)#5
Pb(1)-0(2)
Si(1)-0(4)
Si(1)-0(1)
Si(1)-0(3)
Si(1)-0(2)
Mg(2)-F(1)
Mg(2)-F(1)#6
Mg(2)-0(4)#6
Mg(2)-0(4)
Mg(2)-0(2)#7
Mg(2)-0(2)#8
Mg(1)-F(1)#3
Mg(1)-F(1)
Mg(1)-0(4)#3
Mg(1)-0(4)
Mg(1)-0(3)#6
Mg(1)-0(3)#9

F(1)#3-Pb(1)-O(4)#4
O(3)#5-Pb(1)-F(1)#3
O(3)#5-Pb(1)-0(4)#4
0(2)-Pb(1)-F(1)#3
0(2)-Pb(1)-0(4)#4
0(2)-Pb(1)-O(3)#5
0(4)-5i(1)-0(1)
0(4)-5i(1)-0(3)
0(4)-5i(1)-0(2)
0(3)-5i(1)-0(1)
0(2)-5i(1)-0(1)
0(2)-5i(1)-0(3)
F(1)-Mg(2)-F(1)#6
F(1)#6-Mg(2)-O(4)#6
F(1)-Mg(2)-0(4)#6
F(1)#6-Mg(2)-0(4)
F(1)-Mg(2)-0(4)
F(1)#6-Mg(2)-0(2)#8
F(1)-Mg(2)-0(2)#8
F(1)-Mg(2)-0(2)#7
F(1)#6-Mg(2)-0(2)#7
0(4)#6-Mg(2)-0(4)

2.417(4)
2.620(4)
2.299(4)
2.271(4)
1.613(4)
1.655(3)
1.629(5)
1.626(4)
1.980(3)
1.980(3)
2.092(5)
2.092(5)
2.095(4)
2.095(4)
1.979(4)
1.979(4)
2.045(4)
2.045(4)
2.098(4)
2.098(4)

133.78(13)
78.08(14)
71.18(14)
77.69(14)
72.18(14)
95.84(16)
102.0(2)
113.0(2)
115.9(2)
110.16(18)
104.7(2)
110.2(2)
179.2(3)
82.20(16)
97.26(17)
97.26(17)
82.20(16)
92.26(17)
88.24(17)
92.26(17)
88.24(17)
89.0(3)

0(4)-Mg(2)-0(2)#8
0(4)#6-Mg(2)-0(2)#8
0(2)#7-Mg(2)-0(2)#8
F(1)#3-Mg(1)-F(1)
F(1)-Mg(1)-0(4)
F(1)#3-Mg(1)-0(4)#3
F(1)#3-Mg(1)-0(4)
F(1)-Mg(1)-0(4)#3
F(1)-Mg(1)-0(3)#9
F(1)#3-Mg(1)-0(3)#6
F(1)-Mg(1)-0(3)#6
F(1)#3-Mg(1)-0(3)#9
0(4)#3-Mg(1)-0(4)
0(4)-Mg(1)-0(3)#9
0(4)-Mg(1)-0(3)#6
0(4)#3-Mg(1)-0(3)#9
0(4)#3-Mg(1)-0(3)#6
0(3)#6-Mg(1)-0(3)#9
Mg(2)-F(1)-Pb(1)#3
Mg(1)#3-F(1)-Pb(1)#3
Mg(1)-F(1)-Pb(1)#3
Mg(1)-F(1)-Mg(2)
Mg(1)#3-F(1)-Mg(2)
Mg(1)#3-F(1)-Mg(1)
Si(1)-0(4)-Pb(1)#8
Si(1)-0(4)-Mg(2)
Si(1)-0(4)-Mg(1)
Si(1)-0(4)-Mg(1)#3
Mg(2)-0(4)-Pb(1)#8
Mg(1)-0(4)-Pb(1)#8
Mg(1)#3-0(4)-Pb(1)#8
Mg(1)-0(4)-Mg(2)
Mg(1)#3-0(4)-Mg(2)
Mg(1)#3-0(4)-Mg(1)
Si(1)#11-0(1)-Si(1)
Si(1)-0(3)-Pb(1)#12
Si(1)-0(3)-Mg(1)#13
Si(1)-0(3)-Mg(1)#6
Mg(1)#6-0(3)-Pb(1)#12
Mg(1)#13-0(3)-Pb(1)#12
Mg(1)#6-0(3)-Mg(1)#13
Si(1)-0(2)-Pb(1)
Si(1)-0(2)-Mg(2)#1

87.50(16)
173.00(18)
96.6(3)
180
83.46(15)
83.46(15)
96.54(15)
96.55(15)
91.42(17)
91.42(17)
88.58(17)
88.58(17)
180
87.88(17)
92.12(17)
92.13(17)
87.87(17)
180
117.10(18)
115.80(16)
115.80(16)
99.06(17)
99.06(17)
0

109.2(2)
124.1(2)
131.4(2)
131.4(2)
94.56(16)
95.66(16)
95.66(16)
93.46(16)
93.46(16)
0

135.9(4)
118.4(2)
129.1(3)
129.1(3)
104.49(19)
104.49(19)
0

129.9(2)
120.1(2)



0(4)#6-Mg(2)-0(2)#7 87.50(16) Mg(2)#1-0(2)-Pb(1)
0(4)-Mg(2)-0(2)#7 173.00(18) 0(4)-Mg(2)-0(2)#8

105.64(18)
87.50(16)

Symmetry transformations used to generate equivalent atoms:
#1 x+1/2,y+1/2,-2+3/2 #2 x+1/2,-y+3/2,-z+1

#3 -x+1,-y+1,-z+1 #H4 -x+3/2,y+1/2,2

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

#7 x-1/2,y-1/2,-2+43/2  #8 -x+3/2,y-1/2,2

#9x,-y+1,2-1/2  #10x-1/2,-y+3/2,-2+1

#11 -x+2,y,-2+3/2  #12 -x+3/2,-y+3/2,2+1/2

#13 x,-y+1,z+1/2



Table S4. Cations containing alkali metal, alkaline earth metal and lone pair metal cations silicate fluorides.

No. Compounds Space Anionic groups M/Si
group

1 Mg14(Siz014)F412 Pnnm SiO, tetrahedra 3.33

2 Mg3(Si0,4)F,3 Pnma Si0, tetrahedra 3

3 Mg5(Si04)(F1.513(0OH)o.487)* Pnma SiO, tetrahedra 3

4 Mgs(SiO4)(F1.537(0H)0.463)* Pnma SiO, tetrahedra 3

5 Cas 45Li3.55(S104)300.45F 1.5 R3m SiO, tetrahedra 3

6 LiSr,(SiO,)F® P2./m SiO, tetrahedra 3

7 Mg;(SiO4)F(OH)? Pnma SiO, tetrahedra 3

8 (Cay.14Nag gs)(Cag.7sNag.2,)(Si0,)F8 Pnma SiO, tetrahedra 3

9 KCa,(SiO,)3F5° P31c SiO, tetrahedra 2.67

10 Li,Be;Ca;Si;0;,F,° 12,3 SiO, tetrahedra 2.6

11 Cas(Si0,),F(OH)X P2./c SiO, tetrahedra 2.5

12 Mgs(SiOy),F,3 P2,/c Si0, tetrahedra 2.5

13 Mgs(Si04);(F1.1(O D)o)™* P2,/c SiO, tetrahedra 2.5

14 Cas(Si04)5(F14(0OH)g )12 P2./c SiO, tetrahedra 2.5

15 Cas(Si04)2(Fo6(OH)1.4)" P2,/c Si0, tetrahedra 2.5

16 Ca7(Si04)3(Fo.s6(OH)1.44)3 Pnma SiO, tetrahedra 2.333

17 Cay(Si04)3(Fos(OH)15)*3 Pnma SiO, tetrahedra 2.333

18 Cag(Si04)4Fo.784(OH), 5 P2,/c SiO, tetrahedra 2.25

19 Cay(Si04)4F0.96(0H) 104 P2./c SiO, tetrahedra 2.25

20 Ca,(Si,05)F,% P2./c Si,0, dimers 2

21 NaBa;Si,0,F® Cmcm Si,0; dimers 2

22 Mg,Pb,Si,0,F,(this work) Pbcn Si,0, dimers 2

23 Ca,Si,04(F15(0H)o5)*° P2./c Si,0; dimers 2

24 NaBeCa(Si,0¢)F1718 P2,2:2, Si,06 chains 1.5

25 Na;SnSi;0gF° C2/m SigO4grings 1.333

26 Ca13Siy00,5F10-6H,02021 R3 Sis044 layers 13

27 K1.37Ca6.90(Sig022)F11:0.264H,0% P1 Si,0; dimers 1.034
Si;,03 chains

28 K(NaCa)Mgs(Sis0,,)F,% C2/m Si,0,, chains 1

29 Na(NaCa)MgsSisO,,F,%3 C2/m Si;0;; chains 1

30 K(NaMg,)(Sis040F,)% C2/m Si4040 layers 1

31 K1 37Cae.57(Sig05)F 167 0.106 (H,0)? P1 Si,0, dimers 0.993
Si;,03 chains

32 Ko.067(M80.708Li0.292) (M80 663Li0.337)2514010 F22° C2/m Sig Oy layers 0.992

33 (Lio.76M82.24)Nag 70Si4010F - 4H,0% Cc2/m SiO4 layers 0.925

34 (Lig.81Mg5.10)Nag 70Si4010F,-2.1H,0% c2/m SizO4 layers 0.925

35 Ca,Mg;Sig0,,F,%7 Cc2/m Si;041 chains 0.875

36 Mg;Sis0,F,*® Pnnm Si,04; chains 0.875

37 Ko.8sM82.5Si4010F*° C2/m SiO4 layers 0.845

38 Nag.045(Ca1.735r0.15Nag.12) (Si5010) F3° P1 Si4040 chains 0.736



39

40
41
42
43
44
45
46
47
48
49
50
51
52

53

(Ki13.16571.38)(Ca24Na7.32) (Sizo( O166.4(OH)13.6)) (F2(OH) 2)-0.82H,03*

K3.438Ca4.487Na3 5135116 038F 2(H20)1.070™
K;.318Ca4 69aNa3310Si16038F 2(H20)0.516 ™
Ko.8aNag.16Ca,Sig0,0F-8H,033
KCay(Sis010)2(Fo.84(OH)o.16)-8H,03*
KCa,SigO4F -8H,033-3¢

Nag 16Ko.84Ca4SigO,oF-8H,037:38
KCay(SigO40)F-6.88H,037
NaCa,(SigOy0)F-8H,0%°
(Nao.96K0.04)0.97Ca4Sig020F (H,0)s*
Ko.92Ca3.9,Si8019.75F .07 7.85H,0%1:42
K1.466C24.903N@3.170Si16035F2(H2 0);.561>
(K1.6sNag83)(Cag 52Nz 45)SineO35(F(OH))H, 042
(Nay.54Ko 80)(Cas.03Nay.97)Size03sF, 3.69H,0%

(Na;.26K0.79)(Cay.48Na;.52)Si16035 Fo-3.47H,0%

P2,/m

P4/mnc
P4/mnc
P4/mnc
P4/mnc
P4/mnc
Pnnm

Pnnm

P4/mnc

L

L

~

SigO16 chains Si;,059
chains
Si;;043 chains
SigO49 layers
SigO4 layers
SizO4 layers
Siz04 layers
SizO4 layers
Si04 layers
SiO4 layers
Siz04 layers
SizO4 layers
SizO4 layers
SigO4 layers
SigO4 layers
SigO;9 layers

SigO4 layers

0.655

0.652
0.645
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.605
0.598
0.593
0.584

0.568
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Figure S1. EDS spectrum of MPSOF.
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Figure S2. The coordination of cations for MPSOF: (a) the Si,O; dimer; (b) the PbOsF tetrahedron; (c) the Mg(1)O4F, octahedron; (d) the

Mg(2)0,F, octahedron.
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Figure S3. The Si-O structures of different dimensions in 53 compounds.
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Figure S4. The IR spectrum for MPSOF.
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Figure S5. Powder XRD patterns at 950 °C for MPSOF.
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