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Materials.

All the raw chemicals were obtained commercially and used without additional purification.
H3PW,,04 is synthesized according to the procedure described in the literature. !

Characterization.

FTIR spectra were recorded in the range 400-4000 cm™' on an Alpha Centaurt FTIR
spectrophotometer using KBr pellets. Powder X-ray diffraction (PXRD) measurements were
performed on a Rigaku D/MAX-3 instrument with Cu Ka radiation in the angular range 26 3°-60° at
293 K. Hiden isochema IGA 100B instrument was used to measure N, sorption and water vapor
adsorption measurement. AC impedance measurements of the samples were performed on a
PARSTAT 2273 (AMETEK Instruments, USA) electrochemical workstation, the temperature and
relative humidity are controlled by using an HDHWHS-50 incubator.

Preparation of HKUST-1

HKUST-1 was prepared according to the reported method.>? Cu(NOs),-3H,0 (2.6 g, 10.7 mmol)
was dissolved in 30 mL of H,O. BTC (0.68 g, 3.2 mmol) was dissolved in 30 mL of EtOH. The
Cu(NO3),-3H,0 solution was slowly added to the BTC solution with stirring at room temperature.
The solution became turbid, with a precipitate forming. Then the combination was transferred to
Teflon-lined autoclave and allowed to be reacted at 120 °C for 24 h. After allowing the autoclave and
its contents to cool to room temperature, a crystalline solid, was collected and rinsed with H,O and
EtOH. Then the powder was dried in an oven at 150 °C for 24 hours to remove all the solvent
molecules.

Preparation of NENU-3

NENU-3 was prepared according to the reported method.? The solution of Cu(NOs),-3H,0 (0.24 g,
Immol) and H;PW ;04 -nH,0 (0.22g, 0.092mmol) in distilled water (10 ml) was stirred for 20 min
(solution A). The pH was adjusted to 2.5 by dropwise addition of 1M NaOH solution. H;BTC (0.14
g, 0.67mmol) was dissolved in alcohol (10 ml) . Drop H3BTC solution into solution A under
continuous stirring at room temperature. Blue precipitates appeared gradually. The precipitates were
collected by centrifugation and washed through centrifugation and redispersion in alcohol and
distilled water. After dried in an oven at 150 °C for 24 h, NENU-3 can be obtained.

Preparation of NENU-3-Ina and NENU-3-ImHCI

NENU-3-Ina was prepared by an immersion method. Ina (0.123g, 1.2 mmol) was dissolved in 50
mL alcohol. The solution was heated to 50 °C. Then thermal activated NENU-3 powder (0.552¢, 0.1
mmol) was added to the solution. The suspension was kept at 50 °C for 10 hours under continuous
stirring. Then the solvent was evaporated. The powder was collected.

The prepare process of NENU-3-ImHCI is similar to NENU-3-Ina. Only Ina was replaced by
imidazole hydrochlorid.

Water adsorption isotherms measurements

Water adsorption isotherms were measured at 1 bar and different temperatures. All samples were
activated to remove residual guest molecules. Dry N, was used as the carrier gas, with a portion of
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the carrier gas being bubbled through a vessel of deionized water. The relative humidity (RH) was
controlled by varying the ratio of saturated N, and dry N, via two mass flow controllers from 0% to
90% RH. The total gas flow rate was 100 ml/min for the entire experiment. Variable timeouts were
used with a maximum limit of 4 h per isotherm point.

AC impedance measurements

Impedance analyses were performed on powders of samples. The powders were pressed to discs
under a pressure of 30 MPa for 1 minute. The samples used for measurement have a diameter of 12
mm and thickness of 1.6+0.2mm. The samples are sandwiched between two copper electrodes.
Measurements were performed over frequency range 1 Hz - 1 MHz with an input voltage amplitude
of 150 mV. Each conductivity measurement was conducted after waiting for 4 hours at the target
condition (temperature and relative humidity). ZView software was used to fit impedance data sets
by means of an equivalent circuit simulation to obtain the resistance values.
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Figure S1. Nyquist plots of NENU-3 at at 70% RH and various temperatures (a) 25 ‘C, (b) 40 C, (¢) 50 ‘C, (d) 60
C,(e) 70 C, (f) 80 C, (g) 90 C.

S4



a b
@) . (b)
5.
— 4 —
G c
2 3 = .
N 2' -'. ... r'\l --.
1- ...I -
g i . A
0 2 4 6 8 2 6 8 10 12 14 16
Z'(MQ) Z'(MQ)
c d
©, @,
161 40+
a 121 & 307 .
é - b - " E L] '
N 8- _ =,>,20- ..
4 i 10+ .
” Vi
0 5 10 15 20 25 30 0 20 40 60 80
Z'(MQ) Z'(MQ)
(e) 160
120 1
= 801
N
40 1 .
Y
0 50 100 150 200 250
Z'(MQ)

Figure S2. Nyquist plots of HKUST-1 at 70% RH and various temperatures (a) 90 ‘C, (b) 80 C, (¢) 70 C, (d) 60
C,(e)50 C.
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Figure S3. PXRD patterns of HKUST-1 (a) simulated, (b) as-synthesized, and (c) the sample after be exposed in

water vapor for ~2 hours.
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Figure S4. PXRD patterns of NENU-3 after having been soaked in aqueous solution with different pH value for 1
week, the pH value is adjusted by HCI or NaOH.
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Figure S5. PXRD patterns of NENU-3 before (a) and after (b) the impedance measurement.
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Figure S6. PXRD patterns of (a) NENU-3-Ina, (b) NENU-3
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Figure S7. FTIR spectrum of (a) Isonicotinic acid, (b) NENU-3, and (c) NENU-3-Ina.
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Figure S8. N, adsorption and desorption isotherms of NENU-3 and NENU-3-Ina
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Figure S9. N, adsorption and desorption isotherms of NENU-3-Ina before (solid disc) and after (hollow circle) be

rinsed with hot water and ethanol.
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Figure S10. Nyquist plots of NENU-3-Ina at at 70% RH and various temperatures (a) 40 C, (b) 50 'C, (c) 60 C,

(d) 70 C, (e) 80 °C, (£) 90 C.
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Figure S11. Nyquist plots of isonicotinic acid at 90 “C and 70% RH.
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Figure S12. Nyquist plots of NENU-3-ImHCI at 90 °C and 70% RH.
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