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Figures

Fig. S1. The ball-and-stick representation of 1a.

Fig. S2. (a) The polyhedral/ball-and-stick representation of 1a. (b) The ball-and-stick representation
of 1a. (c) The side view of 1a. (d and e) The simplified diagram of 1a. (Si, yellow; Ta, sea blue and
green; O, red and lavender).

Fig. S3. The ball-and-stick representations of {cis-P,Tas} (a), {trans-PsTas} (b), {Ln-AssTas} (c),
{Se4Tag} (d), {Ln-SesTag} (e), {Ni,-P4sTas} (f), {Cd-P4Tas} and {Zn-P,Tas} (g). Color code: sea
blue spheres: Ta; lavender spheres: u3-O spheres; red spheres: O; yellow spheres: P, As, Se; green

spheres: Ln, Ni, Cd, and Zn.

Fig. S4. The isosceles tetrahedron consists of Ta
(£ Ta23Ta22Ta24=50.292°,

£ Ta23Ta22Ta21=54.256°, L Ta22Ta24Ta23=75.130°,

£ Ta22Ta24Ta21=57.118°, £ Ta22Ta21Ta24=64.120°,

£ Ta22Ta21Ta23=75.969°, L Ta22Ta23Ta21=49.774°,

£ Ta22Ta23Ta24=54.578°.)

Fig. SS. The isosceles tetrahedron consists of Ta
(LTal7Tal8Tal6=54.391°,
ZTal6Tal8Tal9=49.859°, L Tal8Tal7Tal6=75.528°,
ZTal6Tal7Tal9=57.407°, £ Tal8Tal6Tal9=54.183°,
ZTal8Tal6Tal9=54.183°, £ Tal8Tal9Tal6=75.957°,

£ Tal7Tal9Tal6=63.863°.)

Fig. S6. The isosceles tetrahedron consists of Ta
(L Tal2Tal4Tal1=62.472°,

ZTall1Tal4Tal3=57.727°, £ Tal4Tal2Tal1=59.226°,
ZTallTal2Tal3=50.648°, £ Tal2Tal1Tal4=58.302°,
ZTal2Tal1Tal3=75.700°, £ Tal4Tal3Tal1=58.570°,
/Tal4Tal3Tal2=50.345°.)

in different positions.
/£ Ta21Ta22Ta24=58.762°,
£ Ta21Ta24Ta23=63.172°,
~/Ta23Ta21Ta24=58.106°,
/£ Ta21Ta23Ta24=58.723°,

in different positions.
~Tal7Tal8Tal9=58.749°,
£ Tal8Tal7Tal9=63.362°,
~Tal7Tal6Tal9=58.732°,
/Tal8Tal9Tal7=57.889°,

in different positions.
~/Tal2Tal4Tal3=74.885°,
ZTal4Tal2Tal3=54.770°,
~Tal4Tal1Tal3=63.702°,
~Tal2Tal3Tal1=53.652°,

Fig. S7. The packing arrangements of polyoxoanion la along the a(a), b(b) and c(c)-axis,
respectively. And simplified 2D packing scheme for 1a along the a(d), b(e) and c(f)-axis,
respectively.

Fig. S8. Polyhedral views of the 3D stacking for 1a along the a(a), b(b) and c¢(c)-axis, respectively.
And simplified 3D packing scheme for 1a along the a(d), b(e) and c(f)-axis, respectively.

Fig. S9. ESI-MS spectra corresponding to the intact cluster of 1.

Fig. S10. Expanded region of the group of signals observed in the negative ESI mass spectrum of 1
illustrating the 6— charge state in a), 5— in b) and 4— in c).

Fig. S11. Nyquist plots for 1 under different RHs at 25 °C. The solid lines are the best fits.

Fig. S12. The equivalent circuit is used for fitting.



Fig. S13. Fitted data of 1 under different temperatures at 95% RH. (a): 25°C; (b): 35°C, (c): 45°C,;
(d): 55°C; (e):65°C, and (f): 75°C.

Fig. S14. Nyquist plots for 1 under different temperatures at 75% RH. The solid lines are the best
fits.

Fig. S15. Nyquist plots for 1 under different temperatures at 80% RH. The solid lines are the best
fits.

Fig. S16. Nyquist plots for 1 under different temperatures at 85% RH. The solid lines are the best
fits.

Fig. S17. Nyquist plots for 1 under different temperatures at 90% RH. The solid lines are the best
fits.

Fig. S18. PXRD of 1 calculated (black), crystalline sample (red), and after the proton-conductive
measurement (blue).

Fig. S19. Void analysis of 1.

Fig. S20. In situ IR spectra of 1 under different water vapor pressure.

Fig. S21. Schematic diagram of hydrogen bonding networks consisting of water molecules inside
the pore channels.

Fig. S22. IR spectrum of 1.

Fig. S23. TG curve of 1.

Experimental

Materials and Methods. All other chemicals were commercially purchased and utilized without
undergoing additional purification. The potassium salt of the Kg[TasO9]-17H,0 and Najo[A-a-
SiWy034]-18H,0 precursor was synthesized according to the procedures outlined in the existing
literature and its identity was verified through IR spectroscopy.!? IR spectra of all compounds were
obtained using a Bruker VERTEX 70 IR spectrometer with KBr pellets in the range of 4000-500
cm~!, Thermogravimetric analysis (TGA) analyses was conducted using a NETZSCH STA 449 F'5
Jupiter thermal analyzer under a flowing N, atmosphere with a heating rate of 10 °C min~'. Powder
X-ray diffraction (PXRD) data were conducted using an X-ray powder diffractometer (Bruker, D8
Advance) using Cu Ko radiation (1 = 1.5418 A) collected with the angular range (20) from 5° to
45° at room temperature. ICP analyses were achieved on a PerkinElmer Optima 2000 ICP-OES
spectrometer. The proton conduction data was collected by impedance phase gain analyzers
Solartron 1296.

Syntheses of Li;KNa;Hg[Si;Ta4(02)2005:(OH)o]-85H,0 (1). Kg[TagO9]-17H,O (2.805 g,
1.397mmol) was dissolved in 150 mL of H,O. Subsequently, 30 mL 30% H,0, solution was added.
This was followed by the sequential addition of 7 mL 1M HCI and 3.345 g Naj[A-a-
SiWy034]-18H,0. The suspension was agitated until a yellow clear solution was achieved, and 10
mL 6 M LiCl solution was added finally. The resulting solution was maintained at a temperature of
90 °C in a water bath for 3 h, followed by cooling to room temperature and subsequent filtration.
Slow evaporation at room temperature led to the formation of colorless lamellar crystals for
compound 1 after approximately one week. (yield: 8.60 % based on Kg[TasO;9]-17H,0). IR (KBr
pellets, cm™"): 3402 (br), 1643 (s), 951 (s), 891 (s), 844 (s), 741 (W), 515 (s).

X-ray crystallographic. The appropriate single crystal of compound 1 was affixed to the loop for



data collection at 150 K. Indexing and data collection was performed on a Bruker D§ VENTURE
PHOTON I diffractometer, employing Mo Ko, radiation (A = 0.71073 A). Direct methods
successfully located the tungsten atoms, and the remaining atoms were revealed through successive
Fourier syntheses. Refinements were conducted through full-matrix least-squares on F? utilizing the
SHELXL-2018 software suite for all the data.? In the final refinement, all the non-hydrogen atoms
except those water O atoms were refined anisotropically. Most lattice water molecules were located
by using a Fourier map, and the remaining lattice water molecules were determined by TGA results.
All hydrogen atoms on water molecules could not be well located from the electron density map,
which were directly included in the molecular formula.

Proton conduction experiments. AC impedance measurements were carried out Solartron
Analytical ModuLab 1296 at frequencies ranging from 1 Hz to 10 MHz. The relative humidity was
monitored with a STIK Corp CIHI-150BS3 incubator. The samples were pressed into a cylindrical
compact of crystalline powder sample (~1 mm thickness x 3 mm diameter). Two silver electrodes
were fastened to both edges of the pellet, forming four end terminals (quasi-four-probe method).
Each humidity equilibrium and the thermal equilibrium were preserved for 1 h. The ZsimpWin
software was utilized to model the equivalent circuit of the impedance data. The proton conductivity
(0) and activation energy (E£a) were calculated by the following two following equations:

o=d/RS (1)

oT = opexp(—EalkgT) 2)

where d is the thickness (cm) of the slice, S is the electrode area (cm?), R is the resistance (), oy is
the pre-exponential factor, T represents the absolute temperature, and kg is the Boltzmann constant
(kg = 8.63 x 1073 eV/K).

Table S1. Summary of heteropolyoxoniobate.

Year Compounds Ref.
1 2002 K 2[Ti20,][SiNb;,04] 16H,O 4
2 Na;4[H,SiyNb60s56]-45.5H,0
3 2004 Na;6[SiNb;,04]-4H,0 5
4 Na;s[GeNb,049]-4H,0
5 2005 Na5[Ti20,][SiNb;,04] xH,O 6
6 Na 5[ Ti20,][GeNb;,040]- xH,O
7 Najo[NbyO,][SiNb;,040] xH,0
8 Najo[NbyO2][GeNb,04]-xH,0
9 2006 Na;5[(PO,);PNbyO34]-22H,0 7
10 2007 Li;3K[SiNb,(OH),035]- 17H,0 8
11 2007 K 0[Nb,O,][GeNb;,040]- 11H,0O 9
12 2011 K o[Nby,O,(H,0),][SiNb;,040]- 12H,0 10
13 2011 Cs3Na[SiNb;50s4]-22H,0 11
14 Rb,Na,[SiNb5054]-25H,0
15 K;oNay[H,SiNb;50s4]-33H,0
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[Cu(en),]5s[Cu(en)2(H,O)J{[VND2040(VO),][Cu(en),]} -1
7H,0

{[CusLs(H20)3][Nb1gV4049(OH)2 ]}, 13H,0

K 4Na[GaNb;30s4]-28H,0

K 4H[AINb,505,]-31H,0

Rb,5[GaNb,g0s4]-35H,0

Cs15Nay[GaNb;Os4]-20H,0
Cu(en)y]3{[Cu(en),][H2VaNbsO30] } - 12H,0
Cu(1,2-dap)Ja[HaVsNbgOso] - 16H,0
Cu(1,2-dap),][Nay(H20)o][HeV4NbsO30]- 15H,O
Cu(en)y]3{[Cu(en),][HeSiNb50s4] } - 22H,0
TMAG[PV,Nby2040] 19H;0
Nay[Cu(en),(H0),]s[NagGegNb3;010sHs(OH)4]-41H,O
(C2N,H 0)6[(GeOH),Ge,Nb;sH,054]-25H,0
[Cu(en)y(Hy0)s]sK1o[K(GeOH),GesNb; ¢H;Os4]-38H,0
(TMA)[V3Nb,04,]- 18H,O

Rb3[GeNby30,,]-23H,0

Cs0.6[H2.4GeNb304;]-27H,0
Cs1sH[(NbOH)SiNb12040]- 38H,0
TMAS[H,TeNbsO,5]-20H,0
[Cu(en)2]4[PNb1,049(VO)s](OH)s-8H,O
[Cu(enMe), ][ PNb;>046(VO)e]-(OH)s6H,0
(Ni(en)s} sH {VVNbgVIV4O4s} -9H,0

(Haen)Nay[ {Zn(en)y(Hen)} {Zn(en)>(H,0)}, {PNbgVIVgOyy
1] 11H,0

Na{Cu(en)s}s{[Cu(en),]s[PNbgVIV4Oua]} -1 1H,0
{Cu(en)y s {GeNbVIV,0,0} -20H,0
(Cu(en)ysKoNag{GeNb,VIV,04} -23H,0

(Cu(en)yt {SiND1VIV,0401 - 18H,0
{Cu(en)y}5KoNag{SiNbVIV,0,0} - 19H,0
TMAG[PSbyNb,04¢]-28H,0

TMA[PNb404,]-:26H,0

TMA 1o[HsPNb 2040]-30.5H,0
(TMA)oH3NbyPsO4,-28H,0
[Cu(en),(Hy0)][Cu(en)s s { AsNbyV;044} -8H,0
[Cu(en),(H,0)][Cu(en),]sH{AsNbgVgOy4} - 11H,O

[
[
[
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2016

2016

2016

2017

2017

2017

2017

2017

2017

2017

2017

2019

2020

2020

3H,0

[Co-(pn),Js[HPNb;VIV,049(VVO)4]- 17H,O
[Co-(pn)s]s[HPNb;oVV20,0(VIVO),]- 17H,0
NagH,[VNb;>04 {NbO(CO3)} ] 37H,0
[Nb24O76V4]'2

[V3Nb,4076]17

[Cu(dap)>]a[AsNb,049(VO)4](OH) - 7H,O

H3[(CH3)4N]12[PNb5,040(VVO),- (VIV4012)2]-22H,0
NaygK6H o[ LigENb;140316]

Na 7K pH »[LizKENbg; Oy55]
H4NagK,Cs4s[H4Nbs,O150]
Na;1Hps[Cu(H,0)4]{[Cu(en),]3(KCH;CuzNb7g0202)}

NayK;,H 6[Cu(en)z]o.s{[Cu(en);]o s(KSH3Cuy(en)Nb7gOr2r)

}
Na4K7Hs{As4Cuy[ Cu(H,0)]12Nbs0109} -37.5H,0

K3Na2H9(H2en)2[Feng25076] . 17H20

[Cu'(CyN;Hy),1a[Cu'(CoNLHy )2 (H,0)2]5[PNb 1,04 VYVIVO
2]'(OH)," 11H,O
K4[{Cu(en)>(H,0)}4{Cu(en), } (H,TeNb,407,)]-8H,0

H[Cu(en),(H20)]5[Cu(en),(H20)2]2{K4[Cu(en),]o[Cu(en),(
GeNb;30s4)]2§ [Nb3W3010]-32H,0
[Cu(en)2]4[Cu(en)z(HZO)z]z[SiNb12\/2042] 1 4H20

[Cu(en),]o[Cu(en)>(H20)]4[SiNb,V,04,]-4H,0
[Cu(en)z(H20)2]4[Cu(en)2(H20)]z[SiNb12V2042] -1 leO
Ks[H{Cu(phen)} 12(H,0),(TesNb;s5.5Cug 5057),]-48H,0

{[{Cu(phen)}¢(H,0)]o[Cu(en),]3(HTe1oNb31 CuOy14) } -52H
e

{[Cu(en);][Cu(en),(H,O)][Cu(1,10-phen)][Cu(1,10-
phen)(H,O)]NbcO o}

K>NayHi6(H20)4[Cu(en), ]o[Cu(en)o(H20)]4{[Cu(en),]6[Si
NbgOs4]3}-34H,0

K4[NbyO,][HoSiNby;040]- 16H,0

[Cu(en),]Jo[(VNb2 V| 69Nbg 31042600 31)2]-20.69H,0

29

30

31

32

33

34

35

36

37

39

40

4




71 2020 [{Cu(en)(H20)4} {Cu(en)>(H,0)} {Cu(en)y(H,0),}]1 s[HsSi - 43
Teng15O64] ' 6H20

78 2020 H6K24Nans[ Cus(en)s][(8-HaNbs20150)2]- 88H,O 44
79 2020 K6N317[H3 {CO(H20)3 } 2(P4Nb9040)2] 24H20 45
80 2020 (CN3H6)8K4{[Cu(phen)]5[Nb6019] [ASsz(,Ozz]}z'24H20 46
81 2021 K3oNajg[Hig5{Cu(en), } 2(HsCuNb720505) ]2 77H,0 47
82 2021 H,K(CN3Hg), {[Cus(2,2- 48
bipy)s(H,0),][TeNbyV,017]}-29H,0
83 H0.5K5N32.5 {[Cu(en)H20]3[Ter9V3O39] } -1 OHQO
84 K3N&5 {[Cu( 1 ,3 -dap)H20]3 [Ter9V3039] } -1 1H20
85 2021 H4NagKe[Sb,Nby,07,]-:30H,0 49
86 2021 KZH[Cu(phen)(HZO)]4[Cu(phen)]2[(LlegTe4O40)] 34H20 50
87 2021 HQKNaQ(HQO)l0[C0(H20)2(SiNb]8054)] -1 5H20 51
88 2021 [Cu(en)z]z{[Cu(en)2]2K4Baz(HzO)13(SiNb18054)}2-3en-52H 52
,0
89 Hg[Cu(en),]2{[Cu(en),]:NaBa,y(H,0)7(SiNb30s4) } 2-3en-5
0H,O
90 2022 Hs[Cu(H,0)(en), o[ Cu(H,0)x(en),{[Cu(en)>,(H,O) LEu(H, 53

O)3T€6Nb| 8064(OH)4} . 7H20

L=1,10-phenanthroline;'3 1,2-dap=1,2-diaminopropane;'> en=cthylenediamine;'8- 28, 33, 35,3743, 47, 52,
33 enMe = 1,2-diaminopropane; pn = 1,2-diaminopropane;?° dap = 1,2- diaminopropane;3! 1,10-
phen =1,10-phenanthroline hydrate;*° phen = 1,10-phenanthroline;*¢: 30 2.2’-bipy = 2,2’-

bipyridine;*® 1,3-dap = 1,3-diaminopropane;*®

Table S2. Summary of heteropolyoxotantalate and corresponding synthetic methods.

Year Compounds Synthetic Reagents and Precursor Ref.

method

2016 [Ti,TagOxg]3" Hydrothermal = hydrous tantalum oxide (83 54
(140°C for 16 % w/w), TMAOH-5H,0,
h), titanium isopropoxide
postprocessing

2016 [Ti;,Tag044]'0" Hydrothermal = hydrous tantalum oxide (83 54
(150°C for 16 % w/w), TMAOH-5H,0,
h), titanium isopropoxide
postprocessing

2017 [P4(Ta0,)s04s]'2 80°Cfor3h Kg[TaO19]- 17H,0, H,0,, 55

H;PO,

2017 [P4(T302)6024]107 80 °C for 3 h Kg[Ta6019]' 17H,0, H,0,, 55




2019

2020

2020

2022

2022

2022

2023

2023

2023

[Ln(H,0)6{H4(Ta0,)sAs40,

i
[Ses(Ta0,)s(OH)4047]*

[Ln(H,0)6(Ta0,)sSe4(OH);
Oi]*
[Niz(H20)10{P4Tas(02)6024}
1&
[Zn(H;0)4{P4Tas(02)s024}]

3
[Cd(H,0)4{P4Tag(02)6024}1
8,
[Cu(en)2(H20),]2[Cu(en), ][
P,0;Tas04]"

[Cu(en),(H,0),][Cu(en),(H,
O){[Cu-
en),];s[(P.07)TasO4]}
[Cu(en)]{[Cu-
en)Jo[(P207)Tas0 4]}

90°Cfor3h

60°Cfor3h

stirring

90°Cforlh

90°Cforlh

90°Cforlh

80°Cfor3d

80°Cfor3d

80°Cfor3d

H;PO,
Ks[TasO19]-17H,0, Hy0,,
NaAst, Ln(N03)3 . 6H20

Kg[TasO19]- 17H,0, H,0,,
Na,SeOs

Kg[TasO19]- 17H,0, H,0,,
Na,SeO;, LnCl;-6H,0, CsCl

Ks[TasO19]-17H,0, Hy0,,
NiCl,-6H,0, H;PO,, CsCl

Ks[TasO19]- 17H,0, Hy0,,
ZHSO4'7HQO, H3PO4, CsCl

Ks[TasO19]- 17H,0, HyO,,
CdCl,, H3PO,, CsCl

NagTac019:24.5H,0,
Na4P,07-10H,0, en,
CuCl,-2H,0
NagTaq019:24.5H,0,
Na4P,07-10H,0, en,
CuCl,-2H,0

NagTa6019'24.5H20,
Na4P207- IOHzo, NazTeO3,
en, CuCl,-2H,O

56

57

57

58

58

58

59

59

59

en=ethylenediamine>’

Table S3. Crystallographic data and structure refinements for 1.

1
Empirical formula KNa;10155 sS1,Taz,
Formula weight 7226.97
Temperature / K 150
Crystal system triclinic
Space group P-1
a[A] 19.495(5)
b [A] 19.844(6)
c[A] 21.896(7)
a[°] 73.755(10)
AN 81.216(7)
y[°] 66.588(8)




VA3

Z

Pealed [g cm]
p [mm']

F(000)

Index ranges

Reflections collected

Independent reflections

data/restraints/ parameters

Goodness-of-fit on F?

Ry, wR, [1>20(1)]
R\, wR, [all data]

7455(4)

2

3.219
17.730
6376.0
—23<h<23
—23<k<23
—26<1<26
155083

26519
[Rin = 0.0828]

26519/60/1736

1.019
0.0437,0.1111

0.0560, 0.1222

Largest diff. Peak/hole/e A3 4.05/-3.02
Table S4. Selected bond lengths (A) of 1.
Bond Length Bond Length Bond Length
Tal6-0100 | 2.013(12) Tal6-036 | 1988(11) | Ta7-070 | 2.010(11)
Tal-0101 2.026(13) Ta20-036 | 1935(11) | Ta9-070 | 2.002(11)
Ta21-0102 |  2.129(12) Tal2-037 | 2.102(11) | Tal7-071 | 1.985(12)
Ta23-0102 2.172(12) Tal5-037 | 2201(11) | Tal9-072 | 2.000(13)
Ta3-0103 2.062(12) Tal9-038 1.917(11) Ta23-073 1.984(12)
Ta21-0104 | 2.017(11) Ta20-038 | 2.013(11) | Ta24-073 | 1.983(11)
Ta22-0104 1.937(12) Ta21-039 | 2.168(11) | Tal3-075 | 1.982(11)
Ta24-0105 1.989(13) Ta22-039 2.155(11) Ta8-076 2.135(11)
Tal-0106 1.931(12) Ta23-039 2.159(11) Ta9-076 2.195(11)
Ta2-0106 2.023(12) Ta24-039 2.189(11) Tall-O78 1.997(12)
Ta4-0107 1.986(14) Tall-040 | 1.996(11) | Ta2-079 | 2.100(11)
Ta7-0110 1.984(12) Tal3-040 | 1.990(11) | Ta3-079 | 2.155(12)
Ta23-0O111 1.992(12) Tal0-0O41 1.962(11) Ta23-080 2.065(11)
Ta4-0113 1.996(13) Tall-041 | 1945(11) | Ta2-082 | 2.009(12)
Ta6-0114 1.982(12) Tal0-042 | 2.045(11) | Ta4-082 1.943(12)
Ta22-0116 1.995(13) Tal2-042 | 1.908(11) | Tal7-083 | 1.940(12)
Ta3-0118 1.999(13) Ta6-043 2.008(11) Tal9-083 1.996(12)
Tal-0120 1.990(12) Tal0-043 | 1.906(11) | Tald-084 | 1.997(12)
Ta3-0120 1.979(12) Tal6-044 | 1.997(11) Tad-085 1.997(12)
Tal1-0122 1.973(12) Ta2-045 1.893(11) | Tal8-086 | 2.005(12)




Ta7-0123 1.998(13) Ta5-045 2.021(11) Tal-088 2.113(12)
Tal8-0126 2.004(12) Ta4-046 1.962(11) Ta4-088 2.153(12)
Ta8-0128 1.985(13) Ta5-046 1.944(11) Tal-089 2.179(12)
Ta6-0132 2.005(13) Tal7-047 1.989(11) Ta2-089 2.187(12)
Ta8-0133 1.998(14) Tal8-047 1.971(11) Ta3-089 2.139(11)
Ta3-0134 1.981(12) Tal4-048 1.942(11) Ta4-089 2.161(11)
Ta2-0135 1.993(15) Tal5-048 1.947(11) | Ta24-090 | 2.052(12)
Ta9-0136 2.004(12) Ta20-049 | 2.010(11) | Ta24-091 1.983(14)
Ta2-0137 1.977(13) Ta23-049 1.916(11) | Ta22-093 | 2.156(12)
Ta21-0140 1.986(15) Tal6-050 1.973(11) | Ta24-093 | 2.116(12)
Ta22-0141 1.991(13) Tal9-050 | 2.013(11) | Tal9-094 1.982(12)
Tal-O146 1.971(13) Tal3-051 1.988(11) | Ta23-095 1.991(12)
Tall-015 2.204(11) Tal8-052 | 2.123(12) Ta9-096 2.005(12)
Tal2-015 2.124(11) Tal9-052 | 2.132(12) | Tal2-097 1.973(13)
Tal3-015 2.172(11) Ta8-053 1.925(11) | Ta21-098 | 2.043(12)
Tal4-015 2.172(11) Tal0-053 1.972(11) | Ta24-098 1.918(12)
Tal-0152 1.962(14) Ta6-054 2.176(11) Si1-0101 1.622(13)
Ta21-0155 1.986(14) Ta7-054 2.117(11) Si1-0103 1.631(12)
Ta5-016 1.926(11) Tal5-055 1.907(11) Si1-0108 1.627(13)
Ta9-016 2.006(11) Tal8-055 | 2.015(12) Si1-085 1.648(12)
Tal6-018 2.158(10) Ta5-056 1.992(12) Si2-090 1.624(13)
Tal7-018 2.198(10) Ta6-056 1.921(12) Si2-069 1.641(12)
Tal8-018 2.154(10) Ta20-057 | 2.036(12) Si2-080 1.638(11)
Tal9-018 2.189(11) Ta21-057 1.886(12) Si2-0108 1.617(13)
Tal5-020 1.987(11) Ta20-058 1.942(11) 044-0100 | 1.513(16)
Tal6-020 1.923(11) Ta22-058 1.979(11) 051-075 1.502(16)
Tal3-022 2.154(10) Tal6-059 | 2.168(11) 060-071 1.514(17)
Tal4-022 2.133(10) Tal7-059 | 2.138(11) 063-084 1.531(16)
Ta9-024 1.901(11) Tal7-060 1.966(12) 068-097 1.526(17)
Tal0-024 2.021(11) Ta6-061 1.982(11) 072-094 1.496(17)
Ta5-026 1.987(11) Ta8-061 1.974(11) | 078-0122 | 1.503(17)
Ta7-026 1.929(11) Ta7-062 1.987(12) | 086-0126 | 1.534(17)
Tal5-028 1.954(10) Ta8-062 1.994(11) | 091-0105 1.534(19)
Tal7-028 1.965(10) Tal4-063 1.999(12) | 095-0111 1.510(17)
Tal0-029 1.962(11) Ta3-064 1.922(11) | 096-0136 | 1.501(16)
Tal3-029 1.987(11) Ta5-064 2.003(11) | 0107-0113 | 1.529(19)
Tal3-031 1.947(10) Tal2-065 1.983(11) | O110-0123 | 1.497(17)
Tal5-031 1.990(10) Tal4-065 1.996(11) | O114-0132 | 1.508(17)
Ta6-033 2.155(11) Tall-066 | 2.088(11) | O116-0141 | 1.510(18)
Ta7-033 2.181(11) Tal2-066 | 2.113(11) | O118-0134 | 1.535(18)
Ta8-033 2.186(11) Tall-067 | 2.002(12) | O128-0133 | 1.546(18)
Ta9-033 2.141(11) Tal4-067 1.972(12) | 0135-0137 | 1.498(19)
Tal8-035 1.929(11) Tal2-068 1.990(12) | 0140-0155 1.52(2)




Ta20-035 | 1.974(11) | Ta22-069 | 2.005(11) | 0146-0152 | 1.508(19) |

Table SS. Summary of polyperoxo-polyoxometalate.

Year Compounds Ref.
1 1997 (H3Css 6K3.1Lig 3)[PoW12(NbO,)sOs6]- 11H,0 60
2 2010 Cs6.5Ko.5[GeWo(NbO,)3037]-6H,O 61
3 2011 CssK[AsWo(NbO,);037]- 7H,O 62
4 2011 K12[Zr3(02)2(a-SiW11039)2] - 25H,0 63
5 Ki12[Zr(02)2(a-GeW11039)2] - 25H,0
6 K0.5Rb; s[HE(05)x(a-SiW11030)] -2 1H,0
7 K8[Zrs(O2)s(OH)6(y-SiW10036)3] S9H,0
8 K 3[Hfs(02)s(OH)6(y-SiW 10036)3]- 59H,0
9 2012 NagLizs {[W502113[(UV'02)2(1-02)]5} 64
10 2012 KsNay[P,W;5059(Ta0;);]-17H,0 65
11 Cs3K; sHo s[SiWo(Ta0,);057]-9H,0
12 2014 K4Nay[HgP,W1,NbsOs9(NbO,), 1, 48H,0 66
13 2017 Cs3[HoP4Tas(02)5025]-9H,0 35
14 (CN3He)s[HaP4Tas(02)6024] - 4H0
15 2019 Cs3[Ln-(H20)6{H4(Ta0,)6A84024}]- 7TH,0O 56
16 2019 Napg[Ce'V(02)9(GeW10037)3]- 100H0 67
17 Naya[Ces(02)o(SiW19037)3]- ~100H,0
13 2020 Cs,KH[(Ta0;)sSe4(OH),0,7]- 10H,O 57
19 CSK[Ln(H,0)s(Ta05)eSes(OH);015]- 11H,0
20 2020 Cs3H3[Niy(H0)4{P4Tag(0,)s024} |- 7TH,O 58
21 Cs3NaH,[Zn(H,0)4{P4Tas(07)024} ] 13H,0
22 Cs3NaHy[Cd(H;0)4{P4Tag(02)s024} 1-8H,O
23 2022 CsK[Ln(H,0)¢Se4(Ta0,)s(OH);0,5]-nH,0 68

Table S6. Bond angles (°) for Op—Ta—Op in 1.

Bond Angle Bond Angle

0146-Tal-0152 45.1(6) 051-Tal3-075 44.5(5)
0135-Ta2-0137 44.3(5) 063-Tal4-0O84 45.0(5)
0118-Ta3-0134 45.4(5) 044-Tal6-0100 44.3(5)
0107-Ta4-0113 45.1(5) 060-Tal7-071 45.1(5)
0114-Ta6-0132 44.4(5) 086-Tal8-0126 45.0(5)
0110-Ta7-0123 44.2(5) 072-Tal9-0%4 44.2(5)
0128-Ta8-0133 45.7(5) 0140-Ta21-0155 44.9(6)




096-Ta9-0136 44.0(5) 0116-Ta22-0141 44.5(5)
078-Tal1-0122 44.5(5) 095-Ta23-0111 44.5(5)
068-Tal2-097 45.3(5) 091-Ta24-0105 45.4(5)
Table S7. Assignment of peaks of 1 in negative mode mass spectrum.

Species Sim. m/z Exp. m/z
[KH,7S1,Ta4(03)20052(0OH)o]¢ 1013.40 1013.42
[KLiH;6S1,Ta4(03)20052(0OH)o]¢ 1014.40 1014.43
[KLiyH5Si5Ta24(02)20052(OH)g]¢™ 1015.40 1015.43
[KNaH6S1,Ta4(03)20052(0OH)o]¢" 1017.06 1017.09
[KNaLiH;5S1,Ta4(03)20052(0OH)o]¢ 1018.06 1018.09
[K2H26Si5Ta24(02)20052(OH)g]¢™ 1019.72 1019.75
[K,LiH5Si5Taz4(02)20052(OH)g]¢™ 1020.72 1020.75
[K,LisH,4S1,Ta4(03)20052(0OH)o]6 1021.72 1021.76
[K;NaH;5Si,Ta4(07)20052(0OH)]¢~ 1023.38 1023.41
[KoNaLiHy4Si;Taz4(02)20052(0OH)g]¢™ 1024.39 1024.42
[K3H25Si5Taz4(02)20052(OH)g]¢™ 1026.05 1026.07
[K3LiH24Si,Ta24(02)20052(OH)g]¢™ 1027.05 1027.07
[K3LiyH,3S81,Tag(02)20052(0OH)o]6 1028.05 1028.07
[K3NaH4Si,Ta4(02)20052(0H)g]¢ 1029.71 1029.74
[K3NaLiH»3Si,Taz4(02)20052(0OH)g]¢™ 1030.71 1030.74
[K3NaLiyH;5S1,Ta4(03)20052(0H)o]¢ 1031.71 1031.74
[K3NaLizH,;Si;Ta4(03)20052(0OH)o]¢ 1032.71 1032.74
[K4LiH23Si,Taz4(02)20052(OH)g]¢™ 1033.37 1033.40
[K4LizH35S1,Ta4(03)20052(0OH)o]6 1034.38 1034.40
[K4Li3H,1S1,Ta4(02)20052(0OH)o]¢ 1035.38 1035.40
[K4NaLiH2,Si;Taz4(02)20052:(0H)g]¢™ 1037.04 1037.07
[K4NaLiyH,1Si,Ta4(03)20052(0OH)o]¢ 1038.04 1038.06
[K4NaLizH,0S1,Ta4(03)20052(0OH)o]¢ 1039.04 1039.08
[KsLiH2,Si;Taz4(02)20052(0OH)g]¢™ 1039.70 1039.73
[KsLizH,1Si5Tag(02)20052(0OH)o]6 1040.70 1040.72
[KsLizH,0S1,Ta4(03)20052(0OH)o]¢" 1041.70 1041.73
[KsLigH;9Si,Ta4(03)20052(0OH)o]¢ 1042.70 1042.72
[KsNaLiHj;Si;Taz4(02)20052(0OH)g]¢™ 1043.36 1043.39
[KsNaLiyH,0S1,Ta4(03)20052(0OH)e]¢ 1044.37 1044.39
[KsNaLizH;9Si;Ta4(03)20052(0OH)o]¢" 1045.37 1045.39
[KsLizH20S1,Ta4(03)20052(0OH)o]¢ 1047.03 1047.06
[NayH7S1;Taz4(02)2005(OH)g >~ 1217.48 1217.42
[K3NayLizHy;Si;Tasg(02)2005(0OH)g >~ 1244.26 1244.18
[K3NayLigH0Si;Ta4(02)2005(0OH)g >~ 1245.46 1245.38
[K4NaLizH,1Si,Ta4(07)20052(0H)o >~ 1247.45 1247.37
[K4NayLigH19Si;Ta4(02)2005:(0OH)g >~ 1253.05 1252.98
[KsLigH;5S1,Ta24(02)20052(OH)o >~ 1254.25 1254.18
[KsNaLigH;9S1,Ta4(02)20052(0H)o >~ 1256.24 1256.17




[K5N33H21Si2T324(02)20052(OH)9]57 1259.76 1259.83

[KsNaLi>HaSi;Tazy(05)2005:(0OH)s]* 1567.05 1567.10
[KeLisH2Si,Tas4(02)20052(OH)o ]+ 1571.05 1571.10
[KsNa;LisHz0Si>Ta24(05)2005:(OH)o]* 1574.55 1574.59
[KsNa;LisH 6Si>Ta24(05)2005:(OH)o]* 1576.05 1576.10
[KsNa;LigH,7Si>Ta24(05)20052(OH)o]* 1579.06 1579.08
[KsNasLigH,5Si>Ta24(05)2005:(OH)o]* 1582.06 1582.08
[KsNasLigH 6Si>Ta24(05)2005:(OH)o]* 1584.59 1584.10
[KsNasLiH 081, Tas(05)2005:(OH)o]* 1587.53 1587.56
[KsNasLisH,Si>Ta4(05)2005:(OH)o]* 1589.03 1589.04

Table S8. Data of proton conductivity o (S-cm™!) of 1 at various RH conditions under 25°C RH.

T (°C) 1
75 | 1.23x1077
80 | 1.44x10°S
85 | 3.92x10°
90 | 6.54x107
95 | 8.13x107

Table S9. Data of proton conductivity ¢ (S-cm™) of 1 at various temperature conditions under 95%
RH.

T (°C) 1
25 8.13x107
35 1.11x1073
45 1.67x1073
55 2.61x1073
65 3.21x1073
75 3.63x1073

Table S10. A comparison of the proton conductivity of 1 and all polyoxotantalates-based crystalline

conducting materials.

POMs-based crystalline Proton Relative Temperature  Ea Ref.
conducting materials conductivity Humidity  (°C) (eV)
(Sem™)
1 8.13x1074 95% 25 0.2  This
3.63x103  95% 75 9 work
K ,Na 4H74[Fe o, Ta; ;05(OH)g( 9.24x1074 85% 25 0.5 69

H,0)5(Tag019)s] 114.5H,0 261x102  85% 85 0




H[Co"(en);]5[Co(en),0](C,0s 4.67x10°°  98% 25 0.6 70

){(Tag019),[Co™(C,04)(H20)1.l  1.10x1073 98% 85 8
Co'(en)(H,0)],} -41H,0
[Co(en)3]4C204{Tac0s[Coll(e  8.05x10*  98% 25 08 70
m)]},:66H,0 576102 98% 85 S
H,[Cu(en),(H,0)]{[Cu(en)ls[  9.90x10°5  98% 25 05 71
Cu(en)(TagO19)]>} 14H,0 1.04x102  98% 75 6
[Nix(H20)10{PsTag(0,)s0241 1 3.69x105  90% 25 03 58
1.22x103  90% 85 9
H,[Co(en);]5Tag01o 9.16x107  98% 25 04 72
2.67x103  98% 85 2/1.
828
Nay(H,0)gHo[Co(en)s],TagO19 632107 98% 25 0.6 72
6.18x104  98% 85 6

Table S11. A comparison of the proton conductivity of 1 and some other recent representative

POMs-based crystalline conducting materials.

POMs-based crystalline Proton Relative Temperature  Ea Ref.

conducting materials conductivity Humidity  (°C) (eV)
(Scm™)

1 8.13x10™* 95% 25 0.29  This
3.63x103  95% 95 work

Hg[Cu(en),]s[Ge1,06(OH)sNbyg  5.73x10°° 98% 25 0.60 73

O120] 34H,0 3.04x10%  98% 85

Hg[Cu(en),];[Ge,05(OH)4Nbsg  8.92x1076 98% 25 047 73

O120] 28H,0 1.62x104  98% 85

Na;cHp[(B-f- 1.12x1073 55% 30 040 74

SbW4033)6(W3RUO7)(WaO1)]" 5411073 55% 60

118H,0

Nas sHg s[(SbW033), {WO,(OH  4.90x1073 75% 25 031 75

)}2{WO2} RuC7H3NOL]-36H,0 9 97102 75% 75

[Cu(en),(H,0)]p[Cu(en),]ioHos[  1.19%1074 98% 25 054 76

Dy oNbjg0]™ 3.75x103  98% 85

[(AsW4O33)6{ W,05(H,0)(p - 2.83x107* 75% 65 054 77

Ala)}2{W;304(H20)(pL-

Ala)},{W,0s(p-Ala)}]

[AssW450165]%0~ 1.30x1073 98% 25 026 78
5.00x1073 98% 75

[As,W5,077(H,0)5]2% 8.20x107° 98% 25 039 78




6.40x104  98% 75
Hy[Cu(en),]s {K4(H,0),[Cu(en), 4.68x107°  98% 25 1.03 79
15[Cus(trz),(en)s(OH),][DyCus( 3 42x102  98% 35
en)y(COs)3(H,0)2(OH);][Dy(H,
0)4][DyNbys
Ogs(H,0)4]2;  60H,O
H{Lay(L),(H,0),1[Zr;(OH)3(P  6.94x10*  98% 35 024 80
WoOs4)2]}  15H,0 2.13x1073 98% 85
H{Ces(L)2(H,0) [Zr3(OH)3(P 599104  98% 35 028 80
Wo0Os4)2]}  15H0 235x1073  98% 85
H{Pry(L),(H,0) [Zr3(OH);(PW  1.78x107°  98% 35 030 80
9034)2]}  15H0 7.53x1073  98% 85
{[Co(en)s(SO5)][TesNbryOro]}20  8.13x107°5  75% 25 028 8l
- 3.05%<10%  75% 60
{[Cu(en),]10[NbesO152(OH)s(H, ~ 9.67x1075  98% 25 053 82
O)iol} > 571103 98% 75
[Co(H20)6]2{[Co(H20)4]s[WZn;  7.61x10°6  98% 25 024 83
(H20)2(ZnW9O34),]} 3.55x1074 98% 85
{[P,WsNb;Os,(4PBA),(4PB  7.78x1072  98% 90 0.66 84
A),0)} 16
{[W14CeV6061 1([W3BigCellls(Hy  2.40x107°  90% 25 0.68 85
0);014][BiW,033]3),}*+
{[Na(NO3)(H,O)ls[Al;(OH)og(  9.10x107°  85% 25 032 86
H,0)5(PsWasO154)]} 16 450102 85% 85
[Nag(H,0)12]a[KxGesW70an( 3.30x107°  98% 30 052 87
Hy0)60]"* 6.80x103  98% 80
[Lay,Ge oW 060406(OH)4(H,0)54  4.00x1075  98% 30 042 88
P 1.50x102  98% 85
[Ce(H,0)] {[CeV7Ce;04(OH  1.95x107  75% 30 036 89
)s(CO)H0)u[(P2W160s0)]3} 1.50x105  75% 100
6
{[Na(H,0)4]NaAs,W,(CH;CO  6.43x105  80% 25 036 90
0),076Rha(N(CH3)2)2}* 323x104  80% 65
Cug(Trz)1o(Hy0)4[HaSiW12040]°  5.40%10°  95% 45 034 91
8H,0 1.84x106  95% 95
[Las(H20)2][P,W;5Ta304] 3.24x10%  98% 25 036 92
1.26x102  98% 95
[{As"504(OH)3}2(PsWagO1sa)]2 1.20x107°  70% 35 061 93
) 1.20x102  70% 85




Table S12. Data of proton conductivity o (S-cm™) of 1 at various temperature conditions under 75%
RH.

T (°C) 1
25 | 1.23x1077
35 | 5.63x1077
45 | 3.27x10°
55 | 1.40x10°
65 | 3.42x10°°
75 | 831x107°
85 | 1.26x10™

Table S13. Data of proton conductivity o (S-cm™") of 1 at various temperature conditions under 80%
RH.

T (°C) 1
25 1.44x10°5
35 3.70x1075
45 5.43x10°5
55 8.43x10°5
65 1.23x107
75 1.74x107
85 2.40x10*

Table S14. Data of proton conductivity o (S-cm™") of 1 at various temperature conditions under 85%
RH.

T (°C) 1
25 | 3.92x10°
35 | 8.68x10°°
45 | 1.28x10*
55 | 1.83x107
65 | 2.83x107
75 | 3.80x107*
85 | 5.00x107

Table S15. Data of proton conductivity o (S-cm™") of 1 at various temperature conditions under 90%
RH.

T(C) |1

25 6.54x10°
35 1.30x107*
45 2.03x107*
55 3.04x107*




65 3.86x1074
75 4771074
85 6.36x104

Table S16. Selected hydrogen bond distances for 1.

D-H---A d(D---A)(A) D-H---A d(D---A)(A)
O(6W)-H---054 2.9380(154) OB1W)-H---052 2.8121(148)
O(7W)-H---031 2.7607(123) O(33W)-H---098 2.7395(248)
O(10W)-H---052 2.7517(120) O(38W)-H---096 2.7596(156)
O(11W)-H---08 2.7763(145) O(40W)-H---033 2.7893(182)
O(13W)-H---055 2.8085(156) O(43W)-H---039 2.6880(178)
O(17W)-H---074 2.7688(128) O(46W)-H---042 2.7690(177)
O(19W)-H---091 2.6195(136) O47W)-H---049 2.6908(198)
O(23W)-H---048 2.7421(161) O(54W)-H---056 2.7981(254)
O(6W)-H---071 2.8674(206) O(58W)-H---048 2.8489(360)
OBOW)-H---047 2.7390(135)

Table S17. BVS values for Ta and Si atoms in 1.
Atoms BVS value Atoms BVS value Atoms BVS value
Tal 5.43 TalO 5.13 Tal9 5.32
Ta2 5.39 Tall 5.35 Ta20 5.01
Ta3 5.26 Tal2 5.39 Ta2l 5.32
Ta4 5.40 Tal3 5.28 Ta22 5.29
Ta5 5.11 Tal4 5.32 Ta23 5.22
Tab 5.27 Tal5 5.03 Ta24 5.34
Ta7 5.33 Tal6 5.33 Sil 3.90
Ta8 5.32 Tal7 5.31 Si2 3.97
Ta9 5.30 Tal8 5.32

Table S18. BVS values for O atoms in 1.
Atoms BVS value Atoms BVS value Atoms BVS value
0100 0.78 020 1.83 061 1.71
0101 1.76 022 1.09 062 1.65
0102 1.07 024 1.81 063 0.81
0103 1.66 026 1.81 064 1.79
0104 1.72 028 1.80 065 1.66
0105 0.83 029 1.73 066 1.23
0106 1.72 031 1.76 067 1.67
0107 0.84 033 2.06 068 0.83
0108 2.01 035 1.84 069 1.75




0110 0.84 036 1.79 070 1.59
O111 0.82 037 1.08 071 0.84
0113 0.81 038 1.79 072 0.81
o114 0.85 039 2.05 073 1.68
Ol16 0.82 040 1.64 075 0.85
0118 0.81 041 1.83 076 1.03
0120 1.68 042 1.75 078 0.81
0122 0.87 043 1.83 079 1.14
0123 0.81 044 0.81 080 1.64
0126 0.80 045 1.84 082 1.73
0128 0.84 046 1.83 083 1.76
0132 0.79 047 1.70 084 0.81
0133 0.81 048 1.87 085 1.75
0134 0.85 049 1.79 086 0.79
0135 0.82 050 1.64 088 1.12
0136 0.80 051 0.83 089 2.05
0137 0.86 052 1.14 090 1.70
0140 0.84 053 1.86 091 0.84
0141 0.83 054 1.09 093 1.11
0146 0.87 055 1.81 094 0.85
015 2.05 056 1.82 095 0.83
0152 0.89 057 1.83 096 0.79
0155 0.84 058 1.79 097 0.87
0Ol6 1.78 059 1.07 098 1.72
018 2.01 060 0.88

Table S19. Calculated and found analyses of Na, K, Li, Si, and Ta with massic ratios in 1.

Na (%) K (%) Li (%) Si (%) Ta (%)

caled 3.20 0.49 0.61 0.71 54.96

found 3.15 0.46 0.65 0.67 54.75




Fig. S1. The ball-and-stick representation of 1a. Color code: sea blue and green spheres: Ta;
lavender spheres: u4-O spheres; red spheres: O; yellow spheres: Si.

Fig. S2. (a) The polyhedral/ball-and-stick representation of 1a. (b) The ball-and-stick representation
of 1a. (c) The side view of 1a. (d and e) The simplified diagram of 1a. (Si, yellow; Ta, sea blue and
green; O, red and lavender).
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Fig. S3. The ball-and-stick representations of {cis-PsTac} (a), {trans-PsTas} (b), {Ln-AssTas} (c),
{Se4Tag} (d), {Ln-SesTag} (e), {Ni,-P4Tag} (), {Cd-P4Tas} and {Zn-P,Tas} (g). Color code: sea
blue spheres: Ta; lavender spheres: u3-O spheres; red spheres: O; yellow spheres: P, As, Se; green
spheres: Ln, Ni, Cd, and Zn.

Fig. S4. The isosceles tetrahedron consists of Ta atoms in different positions.

(£ Ta23Ta22Ta24=50.292°, £ Ta21Ta22Ta24=58.762°,
£ Ta23Ta22Ta21=54.256°, £ Ta22Ta24Ta23=75.130°, £ Ta21Ta24Ta23=63.172°,
£ Ta22Ta24Ta21=57.118°, £ Ta22Ta21Ta24=64.120°, £ Ta23Ta21Ta24=58.106°,
£ Ta22Ta21Ta23=75.969°, L Ta22Ta23Ta21=49.774°, £ Ta21Ta23Ta24=58.723°,

£ Ta22Ta23Ta24=54.578°.)



Fig. S5. The isosceles tetrahedron consists of Ta atoms in different positions.

(£ Tal7Tal8Tal6=54.391°, £ Tal7Tal8Tal9=58.749°,
ZTal6Tal8Tal9=49.859°, L Tal8Tal7Tal6=75.528°, £ Tal8Tal7Tal9=63.362°,
ZTal6Tal7Tal9=57.407°, £ Tal8Tal6Tal9=54.183°, £ Tal7Tal6Tal9=58.732°,
ZTal8Tal6Tal9=54.183°,£Tal8Tal9Tal6=75.957°, £ Tal8Tal9Tal7=57.889°,

ZTal7Tal9Tal6=63.863°.)

Fig. S6. The isosceles tetrahedron consists of Ta atoms in different positions.

(L Tal2Tal4Tal1=62.472°, £ Tal2Tal4Tal3=74.885°,
ZTall1Tal4Tal3=57.727°, £ Tal4Tal2Tal1=59.226°, £ Tal4Tal2Tal3=54.770°,
ZTall1Tal2Tal3=50.648°, £ Tal2Tal1Tal4=58.302°, £ Tal4Tal1Tal3=63.702°,
ZTal2Tal1Tal3=75.700°, £ Tal4Tal3Tal1=58.570°, £ Tal2Tal3Tal1=53.652°,

ZTal4Tal3Tal2=50.345°.)



Fig. S7. The packing arrangements of polyoxoanion la along the a(a), b(b) and c(c)-axis,
respectively. And simplified 2D packing scheme for 1a along the a(d), b(e) and c(f)-axis,
respectively.

Fig. S8. Polyhedral views of the 3D stacking for 1a along the a(a), b(b) and c¢(c)-axis, respectively.
And simplified 3D packing scheme for 1a along the a(d), b(e) and c(f)-axis, respectively.
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Fig. S9. ESI-MS spectra corresponding to the intact cluster of 1.
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Fig. S10. Expanded region of the group of signals observed in the negative ESI mass spectrum of 1
illustrating the 6— charge state in a), 5— in b) and 4— in c).
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Fig. S11. Nyquist plots for 1 under different RHs at 25 °C. The solid lines are the best fits.
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Fig. S12. The equivalent circuit is used for fitting.

In the electrical equivalent circuit (see above), Rs is the ohmic resistance of the bulk/grain, Rp is



the charge transfer resistance at the grain boundary/electrode interface (two identical charge transfer
resistances connected in series) and CPE1 is a constant phase element used for imperfect capacitors,
Wol is inductance representing the effect of the external circuit.
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Fig. S13. Fitted data of 1 under different temperatures at 95% RH. (a): 25°C; (b): 35°C, (c): 45°C;
(d): 55°C; (e):65°C, and (f): 75°C.
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Fig. S14. Nyquist plots for 1 under different temperatures at 75% RH. The solid lines are the best
fits.
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Fig. S15. Nyquist plots for 1 under different temperatures at 80% RH. The solid lines are the best
fits.
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Fig. S16. Nyquist plots for 1 under different temperatures at 85% RH. The solid lines are the best
fits.
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Fig. S17. Nyquist plots for 1 under different temperatures at 90% RH. The solid lines are the best
fits.
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Fig. S18. PXRD of 1 calculated (black), crystalline sample (red), and after the proton-conductive

measurement (blue).



Fig. S19. Void analysis of 1.
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Fig. S20. In situ IR spectra of 1 under different water vapor pressure.

Fig. S21. Schematic diagram of hydrogen bonding networks consisting of water molecules inside
the pore channels.
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Fig. S22. IR spectrum of 1.
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Fig. S23. TG curve of 1.
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