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Table S1. List of synthetic method and structural dimensionality (D) for selected manganese vanadates.

Formula Synthesis D Ref.
LiMnVO, Solid-state reaction, 600 °C 3D 1
NaMnVO, Solid-state reaction, 600 °C 3D B
KMnVO, Solid-state reaction, 950 °C 3D 3
RbMnVO, Solid-state reaction, 650 °C 3D 4

Na;MnV,0; 5 Solid-state reaction, 950 °C 3D 3
K,;MnV,0, Solid-state reaction, 550 °C 2D 6
Rb,MnV,0; Solid-state reaction, 700 °C 2D 6
KMn,V;0y, Hydrothermal reaction, 180 °C 3D 7

Li,Mn(VOs)4(H,0), Hydrothermal reaction, 110 °C 3D 8

KoMn(VO;), Hydrothermal reaction, 180 °C 3D 9
NaMn;V,04, Solid-state reaction, 950 °C 3D 10

NaMny(VOy); Solid-state reaction, 900 °C 3D 1

Cs;Mn3V,4046 Solid-state reaction, 420 °C 2D 12
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Yield calculation method
The yield of synthesis is calculated based on the following equation based on vanadium.

yield % = Error!- Error! x 100%
where F.W. (R) is the formula weight of the reagent containing metal, F.W. (P) is the formula weight of
the product containing metal, M (R) is the weight (in grams) of the reagent, and M (P) is the weight (in
grams) of the product.
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Figure S1. EDS spectra for 2 and 3 displaying the elemental compositions in both weight percentage
and atomic percentage. Inset is the EDS image; the magnification is 400 um, and the area of material is

only one point on the face.
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Figure S2. Comparison of the simulated PXRD pattern of MnV,04-4H,0 with the experimental ones

for the samples generated by immersing 1 in the Cs* solutions with varied concentrations of 50-2300



Element | Weight% Atomich
0K 4182 75.87
VK 24.94 1421
Mn K 8.54 451
CsL 2465 538
Totals 100.00

Figure S3. EDS spectrum for the unknown phase obtained in the Cs* solutions with varied
concentrations of 2500-4000 ppm, displaying elemental composition in weight and atomic percentage.
Inset is the EDS image; the magnification is 1 mm, and the area of material is only one point on the

face.
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Figure S4. PXRD pattern of the brown powder compared with that from the standard PDF card of
C52V6016.

X-ray crystallography



All non-hydrogen atoms were refined anisotropically. The Cs, Mn and lattice water molecules are

highly disordered in compound 3. Initially their site occupancies were refined and finally fixed to

make the crystal electrically neutral and their atomic displacements reasonable. The Cs(3) atoms and
O(1W) in 3 were co-occupied, and refined with restraints of EADP and EXYZ.

Table S2. Crystallographic data of K;Mn(VO3)4 (1).

Compound
Empirical formula
Formula weight
Crystal system
Space group

a/A

b/A

c/A

pI°

VIA3

VA

T/K

A

F(000)

Pealed/g €M
w/mm-!

Measured refls.
Independent refls.
No. of parameters
Rint

Ry (1> 20(D))*
WR(F?) (I> 20(I))P
GOF

1
K,;MnOp,Vy
528.90
Monoclinic
P2/n
8.1777(5)
9.1912(4)
8.6195(5)
109.568(6)
610.45(6)
2

100 K
0.71073
502

2.877
4.688
13252
1591

89

0.0438
0.0397
0.1011
1.275

[a] R = X[ Fo |- | Fll 2| o

, [b] wR, = [ZW(FOZ_Fcz)z/ZW(FOZ)Z]1/2-

Table S3. Selected bond distances (A) and angles (°) for 1



Distances Angles

Mn(1)-O(4)#1 2.113(3) O(4)#1-Mn(1)-O(4)#2 180.00(19)
Mn(1)-O(4)#2 2.113(3) O(4)#1-Mn(1)-O(3)#3 89.28(12)
Mn(1)-0(3)#3 2.125(3) O(4)#2-Mn(1)-O(3)#3 90.72(12)
Mn(1)-0(3) 2.126(3) O(4)#1-Mn(1)-0(3) 90.72(12)
Mn(1)-0(5) 2.158(3) O(4)#2-Mn(1)-0(3) 89.28(12)
Mn(1)-O(5)#3 2.158(3) 0(3)#3-Mn(1)-0(3) 180
V(1)-0(4) 1.648(3) O(4)#1-Mn(1)-O(5) 90.91(13)
V(1)-0(3) 1.658(3) O(4)#2-Mn(1)-O(5) 89.09(13)
V(1)-0(2) 1.777(3) 0(3)#3-Mn(1)-O(5) 90.47(12)
V(1)-0(1) 1.787(3) 0(3)-Mn(1)-0(5) 89.53(12)
V(2)-0(6) 1.624(4) O(4)#1-Mn(1)-O(5)#3 89.09(13)
V(2)-0(5) 1.663(3) O(4)#2-Mn(1)-O(5)#3 90.91(13)
O(3)#3-Mn(1)-O(5)#3 89.53(12)
0(3)-Mn(1)-O(5)#3 90.47(12)
0(5)-Mn(1)-O(5)#3 180.0
0(4)-V(1)-0(3) 106.06(17)
0(4)-V(1)-0(2) 111.65(17)
0(3)-V(1)-0(2) 109.50(16)
0(4)-V(1)-0(1) 113.25(16)
0(3)-V(1)-0(1) 108.73(16)
0(2)-V(1)-0(1) 107.60(16)
0(6)-V(2)-0(5) 109.94(18)
0(6)-V(2)-0(2)#10 111.12(17)
0(5)-V(2)-0(2)#10 107.71(16)
0(6)-V(2)-0(1)#7 106.47(17)
0(5)-V(2)-0(1)#7 108.75(16)
OQ)#10-V(2)-0(1)#7 112.82(16)
V(1)-0(1)-V(2)#7 141.81(19)
V(1)-02)-V(2)#6 163.0(2)
V(1)-0(3)-Mn(1) 149.7(2)
V(1)-O(4)-Mn(1)#11 158.1(2)

Symmetry transformations used to generate equivalent atoms: #1 x-1/2,-y+1/2,z-1/2; #2 -x+1/2,y-1/2,-
z+1/2; #3 -X,-y,-z; #4 x+1/2,-y-1/2,z+1/2; #5 -x-1/2,y+1/2,-2-1/2; #6 -x-1/2,y+1/2,-z+1/2; #7 -x,-y,z+1;
#8 x-1,-y,-z; #9 x-1/2,-y-1/2,2-1/2; #10 -x-1/2,y-1/2,-z+1/2;#11 -x+1/2,y+1/2,-z+1/2.

Table S4. Selected bond distances (A) and angles (°) for 2 and 3



(2) (3)

Mn(1)-O(4)#1 2.1326(1) Mn(3)-0(5)#1 2.134(10)
Mn(1)-O(4)#2 2.1326(1) Mn(3)-0(5) 2.134(10)
Mn(1)-0(5) 2.133(2) Mn(3)-0(2) 2.207(2)
Mn(1)-0(5)#3 2.133(2) Mn(3)-0(2)#2 2.207(2)
Mn(1)-0(2)#4 2.1678(1) Mn(3)-0(2)#1 2.207(2)
Mn(1)-0(2)#5 2.1678(1) Mn(3)-0(2)#3 2.207(2)
V(1)-0(4) 1.6481(1) 0(3)-Mn(1)#6 2.281(3)
V(1)-0(2) 1.6556(1) 0(3)-Mn(1) 2.323(3)
V(1)-0(1) 1.7766(1) 0(3)-Mn(2) 2.335(3)
V(1)-0(3) 1.7827(9) V(1)-0(3) 1.634(2)
V(2)-0(5) 1.640(2) V(1)-0(2) 1.644(2)
V(2)-0(5)#7 1.640(2) V(1)-0(4) 1.7924(1)
V(2)-0(1)#7 1.8065(1) V(1)-0(1) 1.7958(1)
V(2)-0(1) 1.8065(1)

O(Q2)#4-Mn(1)-O(2)#5 180.00(6) O(5)#1-Mn(3)-0(5) 180
0(5)-Mn(1)-O(5)#3 180 O(5)#1-Mn(3)-0(2) 98.51(6)
O(4)#1-Mn(1)-O(4)#2 180.00(11) 0(5)-Mn(3)-0(2) 81.49(6)
O(4)#1-Mn(1)-0(5) 90.53(8) O(5)#1-Mn(3)-0Q2)#2 98.51(6)
O(4)#2-Mn(1)-0(5) 89.47(8) 0(5)-Mn(3)-0(2)#2 81.49(6)
O(4)#1-Mn(1)-O(5)#3 89.47(8) 0(2)-Mn(3)-0(2)#2 162.99(12)
O(4)#2-Mn(1)-O(5)#3 90.53(8) O(5)#1-Mn(3)-O(2)#1 81.49(6)
O(4)#1-Mn(1)-O(2)#4 87.41(7) 0(5)-Mn(3)-0(2)#1 98.51(6)
O(4)#2-Mn(1)-O(2)#4 92.59(7) 0(2)-Mn(3)-0O(2)#1 86.51(12)
0(5)-Mn(1)-O(2)#4 93.12(8) 0(2)#2-Mn(3)-0(2)#1 96.01(13)
O(5)#3-Mn(1)-O(2)#4 86.88(8) O(5)#1-Mn(3)-O2)#3 81.49(6)
O(4)#1-Mn(1)-OQ2)#5 92.59(7) 0(5)-Mn(3)-02)#3 98.51(6)
O(4)#2-Mn(1)-OQ2)#5 87.41(7) 0(2)-Mn(3)-02)#3 96.01(13)
0(5)-Mn(1)-O(2)#5 86.88(8) 0(2)#2-Mn(3)-O(2)#3 86.51(12)
O(5)#3-Mn(1)-OQ2)#5 93.12(8) O(Q2)#1-Mn(3)-O(2)#3 162.99(12)
0(4)-V(1)-0(2) 110.45(10) O(3)#12-Mn(1)-O(3)#8 88.36(17)
0(4)-V(1)-0(1) 109.45(9) O(1W)-Mn(1)-0(3)#11 82.96(12)
0(2)-V(1)-0(1) 110.19(9) O(3)#12-Mn(1)-0O(3)#11 91.20(12)
0(4)-V(1)-0(3) 108.44(11) O(3)#8-Mn(1)-O(3)#11 167.05(19)
0(2)-V(1)-0(3) 110.04(1) 0(3)#12-Mn(1)-0(3) 167.05(19)
0(1)-V(1)-0(3) 108.23(1) 0(3)#8-Mn(1)-0(3) 91.20(12)
0(5)-V(2)-0(5)#7 108.64(1) O(3)#11-Mn(1)-0(3) 86.34(17)
0(5)-V(2)-0(1 %7 108.26(9) 0(3)#16-Mn(2)-O(3)#8 89.56(9)
O(HT-V(2)-0(1)#7 110.04(9) O(3)#16-Mn(2)-O(3)#18 89.56(9)
0(5)-V(2)-0(1) 110.04(9) O(3)#8-Mn(2)-O(3)#18 169.9(11)
O(HT-V(2)-0(1) 108.26(9) 0(3)#16-Mn(2)-0(3) 169.9(11)
O(1)#7-V(2)-0(1) 111.57(12) 0(3)#8-Mn(2)-0(3) 89.56(9)
V(1)-0(1)-V(2) 132.05(11) 0(3)#18-Mn(2)-0(3) 89.56(9)



V(1)-0(3)-V(1)#10 159.82(17) 0(3)-V(1)-0(2) 108.60(12)

V(1)-0(2)-Mn(1)#11 134.37(10) 0(3)-V(1)-0(4) 108.75(11)
V(1)-O(4)-Mn(1)#8 150.84(12) 0(2)-V(1)-0(4) 110.56(14)
V(2)-0(5)-Mn(1) 143.94(12) 0(3)-V(1)-0(1) 108.36(14)
H(1)-O(1W)-H(1)#10 118(7) 0(2)-V(1)-0(1) 111.79(14)
0(4)-V(1)-0(1) 108.72(13)
V(1)#3-0(4)-V(1) 136.6(2)
V(1)#9-0(1)-V(1) 137.18(19)
V(1)-0(2)-Mn(3) 132.50(14)
V(1)-0(3)-Mn(1)#6 140.21(18)
V(1)-0(3)-Mn(1) 138.85(16)
V(1)-0(3)-Mn(2) 136.9(5)

Symmetry transformations used to generate equivalent atoms for 2: #1 -x,-y+1,-z; #2 x+1,y,z; #3 -x+1,-
y+1,-z; #4 x+1,-y+1/2,-z; #5 -x,y+1/2,z; #6 -x+1,y+1/2,z; #7 x,-y+1/2,-z; #8 x-1,y,2; #9 -x,y-1/2,z; #10 x,p,-
zH1/2; #11 x-1,-y+1/2,-z; #12 x+1,y,-z+1/2; #13 -x,y-1/2,-z+1/2.

Symmetry transformations used to generate equivalent atoms for 3: #1 y+1/2,x-1/2,-z+1/2; #2 -x+1,-y,z;
#H3 -y+1/2,-x+1/2,-z+1/2; #4 -p+1/2,-x+1/2,2-1/2; #5 -x+1,-y,-z+1; #6 y,-x+1,-z+1; #7 x-1/2,-y+1/2,2z-1/2;
#8 -y+1,x,z; #9x,),-z; #10 -x+1 ,-y,-z; #1 L x,p,-z+ 1; #12 -9+ 1 x,-z+ 1 #13 y+1/2 x-1/2,2+1/2; #14 -x+1,-p+1 -
z; #15 y-x+1,-z; #16 -x+1,-p+1,z; #17 -p+1,x,-z; #18 y,~x+1,z; #19 -x+1,-y+1,-z+1.
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Figure S5. a) The (VO3), chain in 1. b) The 3D structure of 1 viewed along the a-axis.
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Figure S6. Ortep drawing (50% ellipsoid probability) of the asymmetric unit of 2.
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Figure S7. Ortep drawing (50% ellipsoid probability) of the asymmetric unit of 3.

44732 A x 8.5348 A

Figure S8. The cross section of channel in 1 (a), 2 (b) and 3 (c).
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Figure S11. The original PXRD pattern of 1 compared with that of sample after heating to 300 °C.
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Figure S12. The original PXRD pattern of 2 compared with that of sample after heating to 300 °C.
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Figure S13. The original PXRD pattern of 3 compared with that of sample after heating to 300 °C.



