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Figure S1. (a) Ball-and-stick representation of the cluster comprising of 5 {VO6} and 1 {MoO6} 

polyhedra, showing a Lindqvist-type structure, (b) Polyhedron representation of inorganic 

architecture of compound 1 comprising of a mono-lacunary {V6} cluster and a {Mo2} dimer. Dark 

cyan ball: V, olive ball: Mo, red ball: O, dark cyan polyhedron: {VO6}, olive polyhedron: {MoO6}. 

 

 

Table S1. Important bond lengths in the cluster of compound 1. 

 Bond length (Å)  Bond length (Å) 

Mo(1)−O(9)  1.683(6) V(1)−O(1)  1.609(5) 

Mo(1)−O(8)#1  1.839(4) V(1)−O(2)  1.821(3) 

Mo(1)−O(8)  1.839(4) V(1)−O(4)  2.222(5) 

Mo(1)−O(10)#1  2.043(3) V(1)−O(3)  2.016(3) 

Mo(1)−O(10)  2.043(3) V(1)−O(2)#1  1.821(3) 

Mo(1)−O(4)  2.304(4) V(1)−O(3)#1  2.016(3) 

Mo(2)−O(13)#1  1.730(4) V(2)−O(2)  1.851(4) 

Mo(2)−O(13)  1.730(4) V(2)−O(4)  2.276(3) 

Mo(2)−O(14)  1.744(5) V(2)−O(5)  1.848(3) 

Mo(2)−O(10)  2.217(3) V(2)−O(6)  1.599(4) 

Mo(2)−O(10)#1  2.217(3) V(2)−O(7)  1.970(4) 

Mo(2)−O(12)  2.303(4) V(2)−O(8)  1.952(4) 

V(3)−O(11)  1.601(3) V(3)−O(3)  1.956(3) 

V(3)−O(12)  2.141(3) V(3)−O(4)  2.218(3) 

V(3)−O(7) 1.736(3) V(3)−O(10)  1.910(3) 

Symmetry transformation used to generate equivalent atoms: #1 x, −y + 2, z  

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2. Important bond angles in the cluster of compound 1. 

 Bond angle (°)  Bond angle (°) 

O(9)−Mo(1)−O(8) 104.80(17) O(13)#1−Mo(2)−O(13) 105.2(3) 

O(8)#1−Mo(1)−O(8) 96.0(2) O(13)−Mo(2)−O(14) 104.52(17) 

O(9)−Mo(1)−O(10)#1 99.70(18) O(14)−Mo(2)−O(10) 91.76(17) 

O(8)#1−Mo(1)−O(10)#1 88.76(15) O(13)−Mo(2)−O(10)#1 153.83(15) 

O(8)−Mo(1)−O(10)#1 152.88(15) O(10)−Mo(2)−O(10)#1 68.84(17) 

O(10)#1−Mo(1)−O(10) 75.70(18) O(13)#1−Mo(2)−O(12) 89.35(14) 

O(9)−Mo(1)−O(4) 173.8(2) O(14)−Mo(2)−O(12) 156.7(2) 

O(8)−Mo(1)−O(4) 79.19(13) O(10)−Mo(2)−O(12) 69.24(12) 

O(10)−Mo(1)−O(4) 75.50(12) O(13)−Mo(2)−O(10) 89.97(15) 

O(1)−V(1)−O(2) 102.64(17) O(6)−V(2)−O(5) 102.2(2) 

O(2)#1−V(1)−O(2) 94.4(2) O(6)−V(2)−O(2) 103.0(2) 

O(1)−V(1)−O(3) 98.71(17) O(5)−V(2)−O(2) 91.9(2) 

O(2)#1-V(1)-O(3) 157.33(15) O(6)−V(2)−O(8) 100.3(2) 

O(2)−V(1)−O(3) 88.21(14) O(5)−V(2)−O(8) 88.5(2) 

O(3)−V(1)−O(3)#1 81.05(17) O(2)−V(2)−O(8) 156.10(15) 

O(1)−V(1)−O(4) 174.6(2) O(6)−V(2)−O(7) 100.9(2) 

O(2)−V(1)−O(4) 80.96(14) O(5)−V(2)−O(7) 156.49(17) 

O(3)−V(1)−O(4) 77.23(12) O(8)−V(2)−O(7) 82.97(16) 

O(11)−V(3)−O(7) 104.23(18) O(11)−V(3)−O(10) 101.79(17) 

O(7)−V(3)−O(10) 97.79(15) O(11)−V(3)−O(3) 97.20(16) 

O(7)−V(3)−O(3) 94.12(15) O(10)−V(3)−O(3) 154.30(13) 

O(11)−V(3)−O(12) 95.26(15) O(7)−V(3)−O(12) 160.50(15) 

O(10)−V(3)−O(12) 78.48(15) O(3)−V(3)−O(12) 82.70(14) 

Symmetry transformation used to generate equivalent atoms: #1 x, −y + 2, z  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3. Important bond lengths in the cluster of compound 2. 

 Bond length (Å)  Bond length (Å) 

Mo(1)−O(9) 1.679(5) V(1)−O(1) 1.608(5) 

Mo(1)−O(8) 1.840(4) V(1)−O(2) 1.825(3) 

Mo(1)−O(8)#1 1.841(4) V(1)−O(3) 2.015(3) 

Mo(1)−O(10) 2.037(3) V(1)−O(4) 2.226(4) 

Mo(1)−O(10)#1 2.037(3) V(1)−O(2)#1 1.825(3) 

Mo(1)−O(4) 2.302(4) V(1)−O(3)#1 2.015(3) 

Mo(2)−O(13) 1.734(4) V(2)−O(2) 1.847(3) 

Mo(2)−O(13)#1 1.734(4) V(2)−O(4) 2.269(3) 

Mo(2)−O(14) 1.739(5) V(2)−O(5) 1.844(3) 

Mo(2)−O(10) 2.222(3) V(2)−O(6) 1.608(4) 

Mo(2)−O(10)#1 2.222(3) V(2)−O(7) 1.963(4) 

Mo(2)−O(12) 2.292(4) V(2)−O(8) 1.955(4) 

V(3)−O(3) 1.955(3) V(3)−O(10) 1.909(3) 

V(3)−O(4) 2.220(3) V(3)−O(11) 1.601(4) 

V(3)−O(7) 1.735(3) V(3)−O(12) 2.130(3) 

Symmetry transformation used to generate equivalent atoms: #1 x, −y + 1, z  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S4. Important bond angles in the cluster of compound 2. 

 Bond angle (°)  Bond angle (°) 

O(9)−Mo(1)−O(8) 104.43(16) O(1)−V(1)−O(2)#1 103.03(16) 

O(8)−Mo(1)−O(8)#1 95.8(2) O(2)#1−V(1)−O(2) 94.2(2) 

O(9)−Mo(1)−O(10) 100.17(18) O(1)−V(1)−O(3) 98.45(16) 

O(8)−Mo(1)−O(10) 89.07(16) O(2)#1−V(1)−O(3) 157.26(14) 

O(8)#1−Mo(1)−O(10) 152.80(15) O(2)−V(1)−O(3) 88.14(14) 

O(10)−Mo(1)−O(10)#1 174.5(2) O(3)−V(1)−O(3)#1 81.35(17) 

O(8)−Mo(1)−O(4) 79.17(13) O(1)−V(1)−O(4) 174.2(2) 

O(10)−Mo(1)−O(4) 75.51(12) O(2)−V(1)−O(4) 80.83(13) 

O(10)−Mo(1)−O(10)#1 75.2(2) O(3)−V(1)−O(4) 77.21(12) 

O(13)−Mo(2)−O(13)#1 105.0(3) O(6)−V(2)−O(5) 101.8(2) 

O(13)−Mo(2)−O(14) 105.00(17) O(6)−V(2)−O(2) 102.3(2) 

O(13)−Mo(2)−O(10) 152.99(15) O(5)−V(2)−O(2) 92.4(2) 

O(13)#1−Mo(2)−O(10) 90.18(16) O(6)−V(2)−O(8) 100.5(2) 

O(14)−Mo(2)−O(10) 92.01(18) O(5)−V(2)−O(8) 88.6(2) 

O(10)−Mo(2)−O(10)#1 68.03(18) O(2)−V(2)−O(8) 156.44(15) 

O(13)−Mo(2)−O(12) 88.76(14) O(6)−V(2)−O(7) 101.0(2) 

O(14)−Mo(2)−O(12) 156.9(2) O(5)−V(2)−O(7) 156.60(17) 

O(10)−Mo(2)−O(12) 69.05(12) O(2)−V(2)−O(7) 87.87(15) 

O(11)−V(3)−O(7) 104.38(19) O(11)−V(3)−O(12) 95.99(16) 

O(11)−V(3)−O(10) 102.01(17) O(7)−V(3)−O(12) 159.63(15) 

O(7)−V(3)−O(10) 97.23(16) O(10)−V(3)−O(12) 78.40(15) 

O(11)−V(3)−O(3) 94.48(15) O(3)−V(3)−O(12) 82.60(14) 

O(10)−V(3)−O(3) 154.12(15) O(11)−V(3)−O(4) 171.67(17) 

Symmetry transformation used to generate equivalent atoms: #1 x, −y + 1 

 

 

 

 

 

Figure S2. (a) Ball-and-stick representation of polyanion of compound 1. Red balls with blue circle 

are shared O atoms by triol ligand or {MoO6} polyhedron with main cluster. Hollow ball with blue 

circle is shared O atom by triol ligand and {MoO6} polyhedron. (b) Two triol ligands covalently 

modified Lindqvist {V6} cluster in cis conformation. (c) Two triol ligands covalently modified 

Lindqvist {V6} cluster in trans conformation.  

 



 

Figure S3. The packing model of polyanion of compound 1 along a axis, showing a double layer 

structure.  

 

 

 

Figure S4. FT-IR spectra of (a) compound 1, and (b) compound 2. 

 

 



 

Figure S5. XPS spectra of compound 1 for (a) Mo, and (b) V. 

 

 

 

Figure S6. XPS spectra of compound 2 for (a) Mo, and (b) V. 

 

 

Figure S7. PXRD patterns of the as-synthesized and simulated for (a) compound 1, and (b) 

compound 2. 

 



 

Figure S8. TGA curves of (a) compound 1, and (b) compound 2. 

 

 

Figure S9. 1H NMR spectra of triol ligand TME and compound 1 after its dissolving in water for 

different time. * represents unknown species.  

 



 

Figure S10. 1H NMR spectra of triol ligand TMP and compound 2 after its dissolving in water for 

different time. 

 

 

 

 

Figure S11. Linear fitness of ln(σT) versus 1/T of (a) compound 1, and (b) compound 2. 

 

 

 

 



Table S5. The proton conductivity performance of different POMs.  

Compound T (℃) Hum. Proton  

Conductivity (S 

cm–1) 

Ref. 

H2[Ni(Mo8O26)(bimb)3]⋅H2O 30 65% 1.71 × 10–7 [1] 

H2[Ni(Mo8O26)(bimb)3]⋅H2O 85 98% 1.03 × 10–2 

H2[Ni(Mo8O26)(bimb)2]⋅4H2O 30 65% 6.64 × 10–8 

H2[Ni(Mo8O26)(bimb)2]⋅4H2O 85 98% 1.12 × 10–2 

[Ni(H2bibb)2(H2O)3(α-P2W18O62)]⋅7H2O 35 98% 1.68 × 10–6 [2] 

[Co(H2bibb)2(H2O)3(α-P2W18O62)]⋅10H2O 35 98% 1.78 × 10–6 

[Cu(H2bibb)2(H2O)3(α-P2W18O62)]⋅10.5H2O 35 98% 1.64 × 10–5 

[Cu(H2bibb)2(H2O)](α-P2W18O62)] (H2bibb)⋅0.5H2O 35 98% 1.55 × 10–7 

K(H2O)6[Mn6(btp)6(H2O)22](P2W18O62)3(Hbtp)5(btp)3·5

2H2O 

25 98% 1.07 × 10–5 [3] 

K(H2O)6[Co6(btp)6(H2O)22](P2W18O62)3(Hbtp)5(btp)3·52

H2O 

25 98% 1.90 × 10–5 

[La10Ni48W140Sb16P12O568(OH)24(H2O)20]86− 23 100% 2.05 × 10–2 [4] 

NaH15{[P2W15Nb3O62]2(4PBA)2((4PBA)2O)}·53H2O 20 98% 1.64 × 10–3 [5] 

[Cu(en)2(H2O)]2{[Cu(en)]4[Cu(en)2]5}{[Cu(en)2KNb24O

72H10]2}·6en·70H2O 

25 98% 3.35 × 10–7 [6] 

H3{[Na2(H2O)2Na4FeIII
4(H2O)4(PO4)][Na0.5(H2O)FeII

0.5

MoV4MoVI2(OH)O14(PO4)4]4[FeIII
4(H2O)8]}·12H2O 

25 98% 1.07 × 10–3 [7] 

H9[Cu(en)(H2O)2][Cu(en)2]8[Dy(H2O)4]3[Nb24O69(H2O)

3]2·36H2O 

45 98% 6.67 × 10–5 [8] 

H9K[Cu(en)2(H2O)]5[Cu(en)2]4[Eu(H2O)4]3[Nb24O69(H2

O)3]2·2en·45H2O 

45 98% 2.14 × 10–3 

[PMo12O40][H2PhI]3[HPhI]·4H2O 40 98% 2.69 × 10–6 [9] 

LaNH3CH2COOCr(OH)6Mo6O18 30 97% 4.55 × 10–5 [10] 

H4.5NaCo5(2-MI)15.5(2-MI)3[NaP5W30O110]·5H2O 70 97% 5.35 × 10–5 [11] 

H4[Co(phen)3]2[NaO(H2O)(τ-Mo8O26)]2·2H2O 25 97% 4.82 × 10–4 [12] 

H4[TEDA] [γ-Mo8O26]·3H2O 25 97% 3.94 × 10–5 

[Cu4L2(SiW12O40)(OH)(H2O)8]·8H2O 30 98% 3.1 × 10–5 [13] 

La0.67(H2O)La(H2O)6[La(H2O)3(SiW11O39)]·7H2O 30 97% 6.31 × 10–5 [14] 

[Ag8L5](PMo12O40)·(H2O)10 (L = 5-Phenyltetrazole) 25 97% 4.79 × 10–6 [15] 

[Co(bpz)(Hbpz)][Co(SO4)0.5(H2O)2(bpz)]4[PMoVI
8MoV

4

VIV
4O42]·13H2O 

30 98% 2.2 × 10–5 [16] 

[Ni2(bpz)(Hbpz)3(H2O)2][PMoVI
8MoV

4VIV
4O44]·8H2O 30 98% 3.8 × 10–6 

{Na7[(nBu)4N]17}[Zn(P3Mo6O29)2]2·xG (G=guest 

solvent molecules) 

25 100% 1.68 × 10–4 [17] 

Na4{V5Mo2O19[CH3C(CH2O)3]}∙13H2O 30 98% 1.24× 10–4 This 

work Na4{V5Mo2O19[CH3CH2C(CH2O)3]}∙13H2O 30 98% 1.05 × 10–4 
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