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1. Thermodynamic cycle and data

The calculation of enthalpy of formation (AHfox and AHse) was performed using the following
thermodynamic cycles:

Table S1. Thermodynamic cycle used to calculate the formation enthalpy of MOFs from binary oxides
(Anyox).

Reactions Enthalpy (AH, kJ/mol)

Na*(aq) + Mg**(aq) + xFe*"(aq) + (1-x)Al**(aq) + 3C,0.*(aq)

AH; = -AH4(MOF)
+ 9H20(aq) — NaMgFexAll.x(C204)3-9H20(s)

NaOH(s) + H*(aq) — Na*(aq) + H.O(aq)
0.5Na20(s) + 0.5H,0(I)— NaOH(s)
MgO(s) + 2H"(aq) — Mg**(aq) + H.0(aq)
v-FeOOH(s) + 3H*— Fe®*(aq) + 2H,0(aq)
0.50-Fe,0s(s) + 0.5H,0(1) — y-FeOOH(s)
AIl(OH)3(s) + 3H*— Al**(aq) + 3H,0(aq)
0.5a-Al03(s) + 1.5H20(1) — AI(OH)s(s)
H2C204(s) — 2H*(aq) + C,04%(aq)

H.O(l) — H.0(aq)

AH2 = AHgs(NaOH)
AHs = AHxn(Na20)
AHs = AHgs(MgO)
AHs = AHgs(y-FeOOH)
AHs = AHixn(Fe203)
AH7 = AHgs(AlI(OH)s3)
AHg = AHixn(Al2O3)
AHg = AHgs(H2C20)
AH10 = AHg(H20)

0.5Na20(s) + MgO(s) + 0.5x a-Fex03(s) +0.5(1-x) a-Al.03(s) AHi1 = AHtox (MOF) = AH: + AH, +
+ 3H2C204(S) + (4+x)H20(I) — NaMgFexAI(l. AH; + AHs + X(AH5+AH5) +
0(C204)3-9H20(s) (1-x)(AH7+AHg) + 3AHg + (4+x)AH1o

AHixn(Na20) = AHsei(NaOH(S)) — 0.5AH:ei(Na20(s)) — 0.5AHz«1(H20(1))
AHyn(Fe203) = AHsei(y-FEOOH(S)) — 0.5AHsei(a-Fe203(s)) — 0.5AHze1(H20(1))
AHixn(Al203) = AHzei(Al(OH)3(S)) — 0.5AHe1(a-Al05(S)) — 1.5AH:a(H20(1))
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Table S2. Thermodynamic cycle used to calculate the formation enthalpy of MOFs from the elements

(AHge).

Reactions

Enthalpy (AH, kJ/mol)

0.5Naz0(s) + MgO(s) + 0.5x a-Fe203(s) + 0.5(1-x)a-Al05(s)
+ 3H,C,04(s) + 6H,0(l) — NaMgFexAl-x(C204)3-9H0(s)

2Na(s) + 0.50(g) — NaxO(s)

Mg(s) + 0.50(g) — MgO(s)

2Fe(s) + 1.50,(g) — a-Fex03(s)
2AI(s) + 1.502(g) — a-Al,0s(s)
Ha(g) + 2C(s) + 202(g) — H2C204(9)
Hz(g) + 0.502(g) — H20(l)

AHl]_ = AHf,ox(MoF)

AHi> = AHse (Na20)
AH13 = AHse (MgO)
AH14 = AHsq (0-Fe203)
AHis = AHsel (a-Al203)
AHi6 = AHse (H2C204)
AHi17 = AHse (H20)

Na(s) + Mg(s) + xFe(s) + (1-x)AI(s) + 6C(s) + 9Hx(g) +

10.502(9) — NaMgFexA|(1.x)(Czo4)3-9H20(S)

3AHs6 + (4+x)AH17

AHig = AHfel (MOF) = AH11+ 0.5AH12
+ AHiz + 0.5xAH1u4 + 0.5(1-x) AHis +

The measured and calculated enthalpy data are summarized on the tables below.

Table S3. Thermodynamic data measured in 5 molar HCI and calculated data in kJ mol*

Compound Formula AHgs AHs ox AHgsel
ST1 NaMgFe(C204)3-9H,0 91.38+0.66 -422.31+2.29  -5847.41+2.59
ST2 NaMgFe(C204)3-9H20 92.15+0.47 -423.081£2.24  -5848.19+2.55
ZH NaMgFeo.4Alo.6(C204)3-9H.0 64.81+1.06 -434.03£3.20  -6113.98+3.45
NaOH NaOH -99.45+0.56 -425.93%
MgO MgO -147.51+0.70 -601.24°
Lepidocrocite y-FeOOH -50.76+0.77 -552.00+1.60%
Gibbsite Al(OH)3 -83.48+4.30° -1293.18+1.20°2
Oxalic Acid C2H20, 11.42+0.32 -828.93+0.46°
Water H.O 0.52 -285.83%
Sodium oxide Na.O -417.98%
Hematite a-Fe;0s3 -826.20+1.30°
Corundum a-Al203 -1675.70+1.30°
2References®
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2. Hydrogen bonding
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Figure S1. Hydrogen bonding motif of interstitial waters with framework oxygen (green dashed line) and

hexaaguamagnesium cation (blue dashed line) in (a) ST1 and (b) ST2. Polyhedra indicate
hexaaquamagnesium cation.



3. Water sorption measurements
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Figure S2. Water sorption isotherms at 298 K of completely dehydrated ST1, ST2 and ZH. The filled data
points denote the absorption (abs) measurements, while the empty points denote the desorption (des)
measurements. The line between data points does not represent fitted values and is included for easier visual
recognition.
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4. Impedance measurements
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Figure S3. Nyquist plot for ZH under the different relative humidity (RH)
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Figure S4. Nyquist plot for ST1 under the different relative humidity (RH)
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Figure S5. Nyquist plot for ST2 under the different relative humidity (RH).
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Figure S6. Powder X-ray diffraction patterns before (black) and after (red) impedance measurement for (a)
ZH, (b) ST1, and (c) ST2.

S6



5. Selected thermal analysis data
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Figure S7. TGA/DSC thermogram of ST2 measured in a N2 atmosphere.
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Figure S8. TGA/DSC thermogram of ST2d obtained by dehydration of ST2, measured in a N2 atmosphere.
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Figure S9. TGA/DSC thermogram of a sample of ST2d after exposure to 100% RH, measured in a N2 atmosphere.
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Figure S10. TGA/DSC thermogram of ST1d, measured in a N2 atmosphere.
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Figure S11. TGA/DSC thermogram of ST1, generated by exposing ST1d to 100% RH, measured in a N2 atmosphere.
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6. Deuteration of ZH and ST1
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Figure S12. Comparison of PXRD patterns of deuterated samples of ST1 and ZH, compared to simulated patterns for the
hydrated parent phases.
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Figure S13. Overlay of FTIR-ATR spectra of deuterated and non-deuterated samples of ZH and ST1. Replacement of H20 with

D20 can be seen by the disappearance of bands at ~3300 cm* corresponding to O-H stretching, and the appearance of bands at
~2500 cm* corresponding to O-D stretching.

S9



2.8

i E,=0.51 eV
-3.0F
r.z -3.2F .
O -34F ®
o
8., -36 ~—_ e
-3.8+
-4.0

3.28 ' 3.32 I 3.36 I 3.40 ‘ 3.44 I 3.48
10007 (K")

Figure S14. Comparison of proton conductivities for deuterated and non-deuterated sample of ST1 at ca. 70% saturated D20 vapor.
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Figure S15. Comparison of proton conductivities for deuterated and non-deuterated sample of ZH at ca. 70% saturated D20 vapor.
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