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Fig. S1 FTIR spectra of [H3O][Co(SO4)F], 1 and [H3O][Ni(SO4)F], 2. 

 

 

 

 

 

 

 

 

 

 

Fig.S2 PXRD pattern of [H3O][Co(SO4)F], 1 and [H3O][Ni(SO4)F], 2 showing the phase purity of as synthesized materials. 
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Fig. S3. EDAX analysis of (a) of [H3O][Co(SO4)F], 1, (b) [H3O][Ni(SO4)F], 2 
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Fig. S5 N2 adsorption isotherm for Compound [H3O][Ni(SO4)F], 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S6 Temperature dependent PXRD patterns [H3O][Ni(SO4)F], 2 
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Table S1. Complete list of bond lengths [Å] and bond angles [º] for 1-2 

Symmetry elements (i) -x+1, -y, -z; (ii) x, -y+1/2, -z+1/2; (iii) x, -y+1/2, -z-1/2; (iv) -x+3/2, -y, z; (v) x, -y+1/2, -z+1/2; (vi) -x+1, -y, -z; (vii) x, -y+1/2, -z-1/2; (viii) -x+1, y+1/2, 

z-1/2; (ix) -x+1/2, -y, z; (x) x-1/2, y, -z. 

 

 

[H3O][Co(SO4)F], 1 

Co1-F1 1.991(4) Co2-F1  1.999(4) S1-O1 1.472(4) 

Co1-O1 2.056(4) Co2-O4 2.073(4) S1-O2 1.468(4) 

Co1-O3 2.154(4) Co2-O2 2.171(4) S2-O3 1.467(4) 

    S2-O4 1.479(4) 

F1-Co1-F1i 180.0(2) F1-Co2-F1ii 88.0(2) O1-S1-O1iii 106.1(4) 

F1-Co1-O1   91.06(17) F1-Co2-O2    92.94(17) O1-S1-O2 110.9(2) 

F1-Co1-O1i 88.94(17) F1-Co2-O2ii 91.23(18) O1-S1-O2iii 110.3(3) 

F1-Co1-O3 92.82(15) F1-Co2-O4 89.21(17) O2-S1-O2iii 108.4(4) 

F1-Co1-O3i 87.18(15) F1-Co2-O4ii 177.05(17) O3-S2-O3iv 109.4(4) 

O1-Co1-O1i 180.00(17) O2-Co2-O2ii 174.2(2) O3-S2-O4 111.1(2) 

O1-Co1-O3 88.77(17) O2-Co2-O4 88.13(17) O3-S2-O4iv 109.0(3) 

O1-Co1-O3i 91.23(17) O2-Co2-O4ii 87.91(17) O4-S2-O4iv 107.2(4) 

O3-Co1-O3i 180.00(4) O4-Co2-O4ii 93.6(3) Co1-F1-Co2  126.2(2) 

S1-O1-Co1    135.6(3) S1-O2-Co2    136.3(3) S2-O3-Co1    134.3(3) 

S2-O4-Co2    136.4(3)     

[H3O][Ni(SO4)F], 2 

Ni1-F1 1.966(3) Ni2-F1 1.968(4) S1-O1 1.474(4) 

Ni1-O3 2.051(4) Ni2-O2 2.033(4) S1-O2vi 1.470(4) 

Ni1-O1 2.138(4) Ni2-O4 2.110(4) S2-O4 1.470(4) 

    S2-O3vi 1.479(4) 

F1-Ni1-F1v 89.3(2) F1-Ni2-F1vi 180.0(2) O1-S1-O1vii 108.4(3) 

F1-Ni1-O1         92.88(16) F1-Ni2-O2    89.01(16) O1-S1-O2vi 111.1(2) 

F1-Ni1-O1v 91.16(17) F1-Ni2-O2vi 90.99(16) O1-S1-O2viii 110.2(2) 

F1-Ni1-O3 88.93(16) F1-Ni2-O4     87.41(15) O2vi-S1-O2viii  105.9(4) 

F1-Ni1-O3v  178.07(16) F1-Ni2-O4vi 92.59(15) O4-S2-O4ix 108.9(3) 

O1-Ni1-O1v 174.3(2) O2-Ni2-O2vi 180.00(15) O4-S2-O3vi 111.0(2) 

O1-Ni1-O3 88.24(17) O2-Ni2-O4   88.98(16) O4-S2-O3x 109.1(2) 

O1-Ni1-O3v 87.84(16) O2-Ni2-O4vi 91.02(16) O3vi-S2-O3x 107.7(4) 

O3-Ni1-O3v 92.9(2) O4-Ni2-O4vi 180.0(2) Ni1-F1-Ni2      127.27(19) 

S1-O1-Ni1          136.1(3) S1vi-O2-Ni2  134.8(3) S2vi-O3-Ni1     136.0(3) 

S2-O4-Ni2          133.8(3)     
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Table S2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (Å2 x 103) for 1-2. U(eq) is defined as one third of the trace of the orthogonalized Uij 

tensor. 

 x y z U(eq)  x y z U(eq) 

[H3O][Co(SO4)F], 1  

Co1 5000 0 0 11(1) O1 5030(3) 1430(4) -2081(7) 17(1) 

Co2 6269(1) 2500 2500 10(1) O2 6352(3) 2770(4) -752(7)   17(1) 

S1 5701(1) 2500 -2500 12(1) O4 7345(3) 1097(4) 2202(7)   19(1) 

S2 7500 0 874(3) 11(1) O3 6610(3) -221(4) -409(6)   15(1) 

F1 5178(3) 1209(4)   2266(7) 23(1) O1Wa 3552(11) 1836(13) 4420(20) 41(4) 

     O1Wb 3680(10) 716(14)  4650(20) 45(4) 

 [H3O][Ni(SO4)F], 2 

Ni1 6267(1) 2500 2500 9(1) O1 6348(3)  2778(4) -730(6) 15(1) 

Ni2 5000 0 0 10(1) O2 4994(3)  -1425(4) 2077(6) 14(1) 

S1 5686(1) 2500 -2500 10(1) O3 7353(3) 1112(4) 2197(6) 17(1) 

S2 2500 0 -865(3) 9(1) O4 3403(3) 207(4) 441(6) 14(1) 

F1 5192(3) 1207(3) 2253(6) 19(1) O1Wa 3535(8) 1879(9) 4378(18) 37(4) 

     O1Wb 3663(8) 693(10) 4654(17) 40(4) 

Table S3. Anisotropic displacement parameters (Å2 x 103) for 1-2.The anisotropic displacement factor exponent takes the form: -2 π2[ h2 a*2 U11 + ... + 2 h k a* b* U12 ] 

 U11 U22 U33 U23 U13 U12  U11 U22 U33 U23 U13 U12 

[H3O][Co(SO4)F], 1 

Co1 12(1) 9(1) 13(1) 1(1) -1(1) -2(1) O1 20(2) 17(2) 14(2) 7(2) -4(2) -7(2) 

Co2 9(1) 10(1) 11(1) -1(1) 0 0 O2 18(2) 21(2) 12(2) 0(2) -2(2) -4(2) 

S1 13(1) 11(1) 11(1) 1(1) 0 0 O4 21(2) 17(2) 19(2) -7(2) -4(2) 9(2) 

S2 9(1) 11(1) 11(1) 0 0 2(1) O3 9(2) 21(2) 17(2) -4(2) -3(1) 0(2) 

F1 19(2) 20(2) 29(2) -8(2) 6(2) -9(1) O1Wa 39(7) 43(8) 42(8) -2(6) 9(6) -16(6) 

       O1Wb 37(7) 60(10) 38(7) -6(6) 9(6) -7(6) 

[H3O][Ni(SO4)F], 2 

Ni1 9(1) 9(1) 10(1) -1(1) 0 0 O1     16(2)       17(2)       10(2)        0(2)       -1(2)       -4(2) 

Ni2     10(1)        7(1)       12(1)        1(1)       -1(1)       -1(1) O2      18(2)       14(2)       11(2)        7(2)       -4(2)       -7(2) 

S1      10(1)        9(1)       10(1)        1(1)        0           0 O3      17(2)       17(2)       16(2)       -7(2)       -2(2)        7(2) 

S2       9(1)       10(1)        9(1)        0           0           2(1) O4      10(2)       17(2)       14(2)       -2(2)       -3(1)       -1(2) 

F1      17(2)       15(2)       23(2)       -4(1)        4(2)       -6(1) O1Wa    37(7)       31(6)       42(7)        3(5)        7(5)       -8(5) 

       O1Wb    36(7)       54(8)       32(7)       -3(5)        9(5)      -11(6) 
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Table S4. Performance indicators for water-mediated proton-conductor 
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Compound Proton 

conductivity  

(S Cm-1) 

Activation energy 

 (eV) 

Temperature (oC) and 

Relative humidity (%)  

Reference 

[Mo5P2O23][Cu(phen)(H2O)]3⋅5 H2O phen= 

phenanthroline 

2.2×10−5 0.23 28  °C, 98 % RH 1 

(NH4)2(adp)[Zn2(ox)3]⋅3 H2O adp=adipate 8×10−3 0.63 25  °C, 98 % RH 2 

V[Cr(CN)6]2/3 nH2O 2.6×10−3 0.1 50  °C, 100 % RH 3 

[EuL(H2O)3]·2H2O (L = N-phenyl-N′-phenyl bicyclo 

[2,2,2]-oct-7- ene-2,3,5,6-tetracarboxdiimide 

tetracarboxylic acid) 

1.6×10−5 0.91 75 °C, 97% RH 4 

Eu2(CO3)(ox)2(H2O)2]·4H2O (ox = oxalate) 2.08×10−3 0.47 (25−90 °C)  

0.26 (100−150 °C) 

150 °C 5 

K2(H2adp)[Zn2(ox)3]·3H2O 1.2×10−4 0.45 98% RH 6 

Cu3[Co(CN)6]2·nH2O 2.57×10-5 1.21 27 °C ,100 % RH 7 

UiO66 6.93×10−3 0.22 65 °C ,95 % RH 8 

[Zn(l-Lcl)(Cl)]⋅H2O LCl=3-methyl-2-(pyridin-4-

ylmethylamino)- butanoic acid 

4.45×10−5 0.35 30  °C, 98 % RH 9 

HKUST-1-H2O 1.5×10−5 n/a RT, methanol vapor 10 

CMOF-3 3.5×10−5 0.17 RT, 98 % RH 11 


