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Table S1. Atomic coordinates and equivalent isotropic displacement parameters and
bond valence sum (BVS)* calculations for Cs,Zn,V40,5. U(eq) is defined as one third
of the trace of the orthogonalized Uj; tensor.

Atoms x/a y/b zlc U(eq) BVS
Cs(1) 3759(1) 2560(1) 3234(1) 32(1) 0.925
Zn(1) 3386(1) -2205(1) 6080(1) 15(1) 2.091
Zn(2) 4188(1) 2897(1) 5429(1) 16(1) 2.077
V(1) 5962(1) 7305(1) 3065(1) 16(1) 4.884
V(2) 3701(1) -2350(1) 4556(1) 14(1) 4.849
Oo(1) 3611(2) -3840(5) 5295(1) 19(1) 2.020
0(2) 6087(2) 8890(5) 3815(1) 20(1) 2.054
0(@3) 3816(2) 758(5) 4685(2) 27(1) 1.973
0(4) 4574(2) -3545(6) 4314(2) 24(1) 1.958
o(5) 6771(2) 7959(7) 2734(2) 37(1) 1.913
0(6) 5930(2) 4200(5) 3207(2) 26(1) 1.921
O(7) 2834(2) -2941(6) 3939(2) 24(1) 1.958
0(8) 5000 8297(9) 2500 41(1) 2.059
(BVS)*: The bond valence sums were calculated using the formula

Vi=> Sii=>exp|(ro—Tij)/B], where S;; is the bond valence associated with bond length rj;,
and ro and B (usually 0.37) are empirically determined parameters.!!]



Table S2. Optimized atomic coordinates and equivalent isotropic displacement
parameters and bond valence sum (BVS)* calculations for Cs,Zn,V,0;5. U(eq) is
defined as one third of the trace of the orthogonalized Uj; tensor.

Atoms x/a y/b zl/c U(eq) BVS
Cs(1) 3706 2462.6 3149 32.13 1.173
Zn(1) 3391 -2271.5 6081 15.23 1.681
Zn(2) 4208.5 29223 5348.2 16.47 1.653
V(1) 5921.5 7275.3 3076.8 16.19 4.401
V(2) 3671.4 -2490.3 4476.1 13.49 4.405
O(1) 3452.2 -3878.7 5202.5 18.79 1.736
0(2) 6074.6 8821.6 3848.8 20.43 1.799
0(3) 3872 672.1 4574.9 27.43 1.773
0(4) 4558.2 -4035 4294.5 24.34 1.726
0(5) 6789.9 7712.9 2750.1 37.03 1.789
0O(6) 5772.6 4126.7 3194.9 26.35 1.758
O(7) 2831.1 -2935.8 3799.6 24.4 1.745
O(8) 5000 8583.6 2500 4091 1.973

(BVS)*: The bond valence sums were calculated using the formula
Vi=> Sii=>exp|(ro—Tij)/B], where S;; is the bond valence associated with bond length rj;,
and ro and B (usually 0.37) are empirically determined parameters.!!]



Table S3. The selected bond lengths and angles of Cs,Zn,V40;s.

Cs(1)-0(3)
Cs(1)-O(4)#2
Cs(1)-O(5)#3
Cs(1)-O(5)#4
Cs(1)-O(5)#1

Cs(1)-0(6)
Cs(1)-O(6)#1
Cs(1)-0(7)
Cs(1)-O(7)#2
Cs(1)-O(8)#5
Zn(1)-0(1)
Zn(1)-O(2)#6
Zn(1)-O(6)#7
0(3)-Cs(1)-0(5)#4
0(3)-Cs(1)-0(5)#1
0(3)-Cs(1)-0(6)#1
0(3)-Cs(1)-0(6)
0(3)-Cs(1)-0(7)#2
0(3)-Cs(1)-0(7)
0(3)-Cs(1)-O(8)#5
0(4)#2-Cs(1)-0(3)

O(4)#2-Cs(1)-O(5)#4

O(4)#2-Cs(1)-O(5)#1

O(4)#2-Cs(1)-O(6)#1

0(4)#2-Cs(1)-0(6)
0(4)#2-Cs(1)-0(7)

O(4)#2-Cs(1)-O(7)#2

O(4)#2-Cs(1)-O(8)#5

0(5)#3-Cs(1)-0(3)

O(5)#3-Cs(1)-O(4)#2

O(5)#4-Cs(1)-O(5)#1

O(5)#3-Cs(1)-O(5)#4

O(5)#3-Cs(1)-O(5)#1

O(5)#3-Cs(1)-O(6)#1

O(5)#4-Cs(1)-0(6)
O(5)#1-Cs(1)-0(6)

O(5)#4-Cs(1)-O(6)#1

0(5)#3-Cs(1)-0(6)

O(5)#4-Cs(1)-O(7)#2

O(5)#1-Cs(1)-0(7)

0(5)#3-Cs(1)-0(7)

O(5)#4-Cs(1)-0(7)
O(5)#3-Cs(1)-O(7)#2

3.168(3)
3.137(3)
3.081(4)
3.183(4)
3.525(4)
3.537(3)
3.278(3)
3.728(3)
3.320(3)
3.561(3)
1.959(3)
1.951(3)
1.956(3)
108.84(9)
138.98(8)
169.85(8)
105.38(8)
73.70(8)
46.57(7)
108.32(7)
65.81(8)
169.26(9)
82.94(9)
111.42(8)
66.57(7)
111.96(8)
49.25(7)
124.12(6)
99.29(9)
115.07(9)
105.82(11)
74.43(8)
69.65(8)
90.72(9)
107.57(8)
83.99(8)
72.11(8)
152.73(8)
139.88(8)
144.25(8)
74.62(8)
64.50(8)
65.82(9)

Zn(1)-O(7)#8
Zn(2)-0O(1)#2
Zn(2)-0(2)#6

Zn(2)-0(3)
Zn(2)-O(4)#7
V(D-0(2)
V(D-O(5)
V(1)-0(6)
V(D-O(8)
V(2)-0(1)
V(2)-0(3)
V(2)-0(4)
V(2)-0(7)
0(6)-Cs(1)-0(7)
0(6)#1-Cs(1)-0(7)

O(6)#1-Cs(1)-O(7)#2

0(6)-Cs(1)-O(8)#5

O(6)#1-Cs(1)-O(8)#5

O(7)#2-Cs(1)-O(5)#1

O(7)#2-Cs(1)-0(6)
O(7)#2-Cs(1)-0(7)
O(7)#2-Cs(1)-O(8)#5
0(8)#5-Cs(1)-0(7)
OQ)#6-Zn(1)-0(1)
O(Q2)#6-Zn(1)-O(6)#7
O(6)#7-Zn(1)-0(1)
O(7)#8-Zn(1)-0(1)

O(7)#8-Zn(1)-O(2)46

O(7)#8-Zn(1)-O(6)#7

O(1)#2-Zn(2)-O(2)#6

0(3)-Zn(2)-0O(1)#2
0(3)-Zn(2)-02)#6
0(3)-Zn(2)-0(4)#7

O@)#7-Zn(2)-O(1)#2

O(4)#7-Zn(2)-O(2)#6

0(2)-V(1)-0(8)
0(5)-V(1)-0(2)
0(5)-V(1)-0(6)
0(5)-V(1)-0(8)
0(6)-V(1)-0(2)
0(6)-V(1)-0(8)
0(3)-V(2)-0(1)
0(3)-V(2)-0(7)

1.912(3)
1.961(3)
1.976(3)
1.917(3)
1.935(3)
1.758(3)
1.613(4)
1.692(3)

1.7855(16)
1.773(3)
1.689(3)
1.689(3)
1.691(3)
131.57(7)
136.44(7)
112.42(8)
62.03(7)
64.50(7)
65.69(8)
110.15(7)
98.72(8)
172.14(7)
87.80(7)

110.55(12)

105.15(12)

103.03(12)

111.38(13)

111.39(13)

114.89(14)

111.72(12)

111.54(13)

106.18(13)

116.31(14)

106.64(13)

104.30(13)

111.19(14)

109.42(17)

110.21(18)

106.58(15)

108.62(15)

110.80(18)

109.28(15)

110.30(15)




O(5)#4-Cs(1)-O(8)#5
O(5)#1-Cs(1)-O(8)#5
O(5)#3-Cs(1)-O(8)#5
O(6)#1-Cs(1)-0O(5)#1
O(6)#1-Cs(1)-0(6)

47.28(7)
111.17(8)
120.57(7)
46.80(8)
65.21(9)

OH-V(2)-0(1)
O(4)-V(2)-003)
OH)-V(2)-0(7)
O(7)-V(2)-0(1)

108.39(14)
110.79(16)
105.81(15)
112.22(15)

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

#1 x-1,y,z-1

#4 -x+1,y+1/2,-z+2
#7 -x,y-1/2,-z+1
#10 x,y,z-1

#2 -x,y-1/2,-z+2
#5 Xx,y,z+1

#8 -x,y+1/2,-z+2
#11 -x,y+1/2,-z+1

#9 x-1,y,z
#12 x+1,y,z



Table S4 Vanadate containing Cs and Zn ions. Note the following compounds are all from ICSD and the anionic group is the [VO,] group,
except for other disordered structures, fluorides, and structures containing crystalline water, all cesium vanadate and zinc vanadate are

summarized.

No. Compounds Dimension Basic Units Space group Ref
1 Cs3;Mn3V4O0i6 0D [VO,] P1 2
2 Cs,LiVO, 0D [VO4] Cmc2, 3
3 Cs;NaVO, 0D [VO4] P2/m 4
4 Cs,(U0O,),V,0g 0D [VOs] P2y/c 5
5 CsSbV,04 0D [VO4] P2,/c 6
6 K>CsLa(VOy), 0D [VOy4] P2\/m 7
7 CsVO; 0D [VO4] P63/m 8
8 Cs,S1(VO3)4 0D [VO4] P4/mmm 9
9 CsNbV,0g 0D [VO4] + [V204] P2,/m 10
10 CsTaV,0g 0D [VO4] + [V,07] P2/m 10
11 Cs,S1(VO3)4 0D [V40,5] Pa/nbm 11
12 Cs11(Gey), VO, 0D [VOy4] P2/c 12

13 Cs,CaV,0, 0D [V.04] P2,/c 13



14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

CsVO;
Cs,FeVOq6
Cs2VsOi;3
CsV,0s5
CsV;0g4
Cs(UO,)(VO3);
Cs, V3054
CsCrV,0,
Cs4Vg0n2
CssBa(VO3)s
Zn,V,0;
Zn3(VOy),
SrZnV,0,
CuZnV,0,
Z1n4V,0g9

BaMgZn(VO,),

1D
2D
2D
2D
2D
2D
2D
2D
2D
3D
0D
0D
0D
0D
0D

0D

[VO4]
[VO4]
[VO4] +[VOs]
[VO4] + [VOs]
[VOs] + [VOe]
[VOs]
[VO4] + [VOs]
[VO4]
[VO4] +[VOs]
[VO4]
[V207]
[VO4]
[VO4]
[V207]
[V207]
[VO4]

Pbcem

1Amm
P2,/c
P2,/m
P2,/c
P4bm
P2/c
Pca2,
R3c
C2/c
Cmca
P2,/c
C2/c
P2,

14,/acd

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29



30
33
32
33
34
35
36
37
38
39
40
41
42
43
44
45

CasMg;Zn(VOy)s
Zn,GaV;0q;
BaZnV,0,
CayNaZny(VOy)s
Pb,BaTeZn;V,014
PbBa,TeZn;V,0,4
NayZn,Fe(VO,);
Na,ZnV,0,
Ba;Zn(V,07),
Pb3Zn;TeV,0,
CagBiZn(VO,);
LiCa;ZnV;0;,
AgrZnFe(VOy)3
Ba,ZnV,054
AgPb,Zn,y(VO,);

Zn3Fey(VOy)s

0D
0D
0D
0D
0D
0D
0D
0D
0D
0D
0D
0D
0D
0D
0D

0D

[VO4]
[VO4] + [VOs]
[V207]
[VO4]
[VO4]
[VO4]
[VO4]
[VO4]
[V207]
[VO4]
[VO4]
[VO4]
[VO4]
[VO4]
[VO4]
[VO4]

143d

P2,/c
la3d
P321
P321
C2/c
PR21m
P2,/c
P321
R3c
la3d
C2/c
P2,/c

Ia3d

30
31
32
33
34
34
35
36
37
38
39
40
41
42
43
26



46
47
48
49
50
51
52
53
54

55

Ba,Zn(VO,),
CayAgZn, V50,
ZnV;0g
FeZn,V;0;
MgZnV,0,
Cay,Zn,V;019VO,
PbZnV,0,
ZnV,0¢
LiZnVO,

ZHVgOg

0D
0D
1D
1D
1D
1D
1D
2D
3D

3D

[VO4]
[VO4]
[VO4]
[VO4]
[VO.] + [VOs]
[VO.] + [VOs]
[VO4]
[VO4]
[VO4]
[VO,] + [VOs]

P2]/C
Ia3d

P21/l’l’l

C2/m

P2,/c

P2,/c
C2

1ba?2

44
45
46
47
48
49
50
51
52

53
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Figure S1. PXRD pattern calculated, before melting and after melting for

Cs2Zn4 V405
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Figure S2. Energy dispersive X-ray spectroscope (EDS) analysis for Cs,ZnsV4Os.
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Figure S3 (a) '[Zn04],, chain; (b) The crystal structure of Cs,ZnsV40;s, (c) The V-O-V
bond Angle is 145.4° in the Cs,Zn4V40;5 compound; (d) [Nb,O;] dimer; (e) The crystal
structure of CsNbV,0s. (f) The V-O-V bond Angle is 151.2° in the CsNbV,0s. compound;
( O red; V brown; Cs:green; Zn gray; Nb:blue;)
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Figure S4. TG/DSC curves of Cs,Zn,V40s.
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Figure SS. The obtained infrared spectrum of compound Cs,Zn,V 40,5

obtained by DFT calculation.
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