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Experimental section
1.1 Reagents.

Cr(NO3)3-9H20 (99%), Terephthalic Acid (99%), HF (40% aqueous solution) and
NH4Br (98%) were supplied by Sinopharm Chemical Reagent Co. Ltd. of China. All
chemical reagents were used as received without further purification.

1.2 Synthesis of MIL-101-Cr.

According to the literature,42 1.2 g Cr (NO3)3-9H20 and 500 mg Terephthalic
Acid were mixed with 15 mL deionized water and 1 mL HF (3mol/L). The reactant was
heated to a reaction kettle and heated to 493 K for 6 hours, and the crude product was
filtered after cooling. The crude products were heated at 343 K in DMF solution for 3
hours, then heated for 3 hours at 343 K in the ethanol solution. After two times of the
above procedure, the sample were placed in DMF solution at 393 K for one week and
then filtered. Finally, the product MIL-101-Cr was dried at 353 K.

1.3 Synthesis of NHsBr@MIL-101-Cr.

200 mg MIL-101-Cr was placed in 10 mL saturated NH4Br water solution for 24
hours at 298 K. After that, the product was filtered, washed with few water and was
finally dried at 353 K.

1.4 General Characterizations.

Powder X-ray diffraction (XRD) data were collected on a Bruker D§ ADVANCE
X-ray diffractometer, operated at 40 kV and 40 mA, with Cu Ka radiation (A = 1.5418
A), and the measurement was performed at ambient temperature in the range of 20 = 5-
50 degree with 0.02 degree/step. Thermo gravimetric analyses (TG) were performed on
a Mettler Toledo TGA/DSC instrument in the range of 303-1073 K under a nitrogen
flow (50 mL/min) at a heating rate of 5 K min"'. Gas adsorptions were measured on a
BELSORP-Max adsorption analyzer. Samples were pretreated under vacuum and
100 °C for 2 hours before adsorption test. Elemental analyses for C, H and N were
performed with an Elementar Vario EL III analytic instrument. Infrared spectrum was
tested under environmental conditions with a relatively humidity of 47%.

1.5 Proton Conductivity Measurement.

Powder sample of NH4Br@MIL-101-Cr were pressed into a disk-shaped pellet
with a diameter of 8 mm and a thickness of 0.70 mm at a pressure of 9 MPa. MIL-101-
Cr was pressed to a pellet with a diameter of 8 mm and a thickness of 0.52 mm under
same pressure. These pellets were then sandwiched between two platinum electrodes

for impedance measurement using a Solart 1260A electrochemistry workstation at open
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circuit potential with an amplitude of 10 mV. For all the measurements, the range of
frequency was set from 1 to 1M Hz. Proton conductivity was calculated by the formula:
o=L/(RxS) (1)

where o represents proton conductivity, L and S is thickness and area of the pellet,

R is resistance of the pellet.

1004

— MIL-101-Cr
—— NH,Br@MIL-101-Cr

Weight %

300 450 600 750 900 1050
Temperature / K

Figure S1. TG plot of MIL-101 and NHs@MIL-101.
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Figure S2. (a-c) Variable temperature impedance curves of NHsBr@MIL-101-Cr under
75% RH, 60% RH and 45% RH.
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Figure S3. Two heating and cooling cycle proton conducting test of NHsBr@MIL-101
in 100% RH
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Figure S4. Water adsorption of MIL-101 and NH4Br@MIL-101.
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Table S1. Elemental analysis for NHsBr@MIL-101-Cr (%).

NH4Br@MIL-101-Cr

C H N
11.46 4.28 9.26
11.10 3.95 9.57
11.32 4.19 9.41

NH4Br@MIL-101-Cr after impedance test
11.51 4.03 9.33

MIL-101-Cr

35.71 3.28 0.14

Table S2. Comparison of proton conductivities in some reported MOFs (conductivity

over 102 S cm™) and Nafion.

Compound c/Scm? Conditions Ref.
H,SO;@MIL-101 1.0 x 102 423 K,0.13% RH 1
PCMOF2,, 2.1x107 358 K, 90% RH 2
H*@Nix(dobdc)(H20). 2.2x107 353 K, 95% RH 3
PCMOF10 3.55 x 1072 343 K, 95% RH 4
[(Me2NH,)3(S04)12[Zn2(0x)s] | 4.2 x 1072 298 K, 98% RH 5
Fe-CAT-5 5x 1072 298 K, 98% RH 6
TfOH@MIL-101 8x1072 288 K, 60% RH 7
Ui0-66-(SO3H): 8.4 x 1072 353 K, 90% RH 8
BUT-8(Cr)A 1.27 x 10 353 K, 100% RH 9
NHBr@MIL-101-Cr 1.53 x 10 363 K, 100% RH This work
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