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Experimental procedures

General information. All of the chemicals are commercially available and were used without
further purification. The organic compound Hitctb was synthesized based on the reported
procedure.! Powder X-ray diffraction (PXRD) data were collected on a Bruker D8 Advance using
Cu K, radiation (A= 1.5418 A, 50 kW/40mA). Simulated PXRD patterns were generated from the
single-crystal data using Mercury 3.7. CO, isotherm was collected at 195 K, by gravimetric method
using an IGA system (Intelligent Gravimetric Analyser, Hiden Isochema Ltd.). NH; isotherms
were collected at 303 and 313 K, by gravimetric method on a 90 mg activated sample using the
3Flex system (Micromeritics). Photoluminescence (PL) spectra (excitation at 420 nm) were
measured with a Fluorescence Spectrometer LS 55 (PerkinElmer). NMR spectra were collected

on a Bruker Advance 111 400.

Synthesis of SION105-Eu.? 27 mg of Hstctb and 22 mg of Eu(NO;3);.6H,O were combined in a
4:2 (v/v) mixture of DMF:H,0 in a 10 mL glass vial, and heated to 120°C for 72 hours in an oven.
After the reaction, the vials are allowed for cooling down, with the cooling rate of 0.2 °C/min.
Resulting rod-shaped colorless crystals were filtered, washed with DMF, soaked in MeOH for 3
days before being filtered again, and then dried in oven at 120 °C.
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Figure S1. Experimental PXRD patterns of SION105-Eu samples (as made and immersed in

H,0), in comparison with the simulated pattern obtained from single-crystal X-ray structure.
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Figure S2. Contact angle measurement of SION105-Eu. The angle is 119.86 °, confirming the
hydrophobicity of the MOF.

Figure S3. The powder of SION105-Eu floats on the top of the water solution in normal
condition (left) and under UV radiation (right).
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Figure S4. CO, adsorption isotherm for SION105-Eu collected at 195 K. The BET surface area is
216 m%/g.
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Figure S5. NH; adsorption isotherms for SION105-Eu collected at 303 and 313 K.
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Figure S6. The isosteric heat of NH; adsorption calculated based on the Clausius—Clapeyron
relation.
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Figure S7. NH; vapour adsorption. The cap of the vessel is either tightly closed or loosened.
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Figure S8. Thermal gravimetric analysis (TGA) profiles of activated SION105-Eu and
NH;@SION105-Eu (after 6 hours of adsorption). The weight loss of around 10 wt% at below
100 °C corresponds to the release of NHj.

Figure S9. The filter-paper plate is located along the diagonal within the quartz cuvette.
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Figure S10. Luminescence quenching of SION105-Eu after exposure to NH; vapour for 20 min.
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Figure S11. HNMR spectrum of Hstctb dissolved in CH;0OH/CDCls.
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Figure S12. BC-NMR spectrum of Hjtctb dissolved in CH;OH/CDCl;.
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Figure S13. HNMR spectrum of Hjtctb dissolved in CH;OH/CDCIl; after addition of 10
equivalents of NH; (7N in CH30H). No dissociation of the ligand was observed.
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Figure S14. BC-NMR spectrum of Hjtctb dissolved in CH;OH/CDCI; after addition of 10
equivalents of NH;3 (7N in CH30H). The downfield shift of the O=C carbon compared to the one
of Hstctb suggesting the deprotonation of the carboxylic groups. No dissociation of the ligand was

observed.
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Figure S15. '"B-NMR spectra of Mes;B before (1) and after (2) adding 10 equivalents of NH; (7N

in CH30H). The broad and strong signals at ~ 75 ppm are characteristic of trigonal planar B. (The
broad signal at ~ -3 ppm is due to the presence of B in the glass NMR tube).
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Figure S16. FTIR spectra of SION105-Eu before and after 6 hour of NHj; adsorption
(NH;@SION105-Eu).
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Figure S17. FTIR spectra of Mes;B before and after 6 hour of NH; adsorption (Mes;B-NHj3).
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Figure S18. FTIR spectra of MIL103-Eu before and after 6 hour of NH; adsorption
(NH;@MIL103-Eu).
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Figure S19. PXRD patterns of SION105-Eu and the heated samples at 75 °C after 6, 12, and 66
hours of continuous adsorption of NH; vapor.
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Figure S20. PXRD patterns of the as-made HKUST-1 and the heated sample at 75 °C after 1 hour
of NHj; vapor adsorption.
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Figure S21. PXRD patterns of the as-made MOF-5 and the heated sample at 75 °C after 1 hour of
NHj; vapor adsorption.
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Density Functional Theory Calculations

We performed first-principles density functional theory (DFT) calculations a plane-wave basis and
projector augmented-wave (PAW)3# pseudopotentials with the Vienna ab-initio Simulation
Package (VASP) code.>® To include the effect of the van der Waals (vdW) dispersive interactions
on binding energies, we performed structural relaxations with revised vdW-DF2 method® as
implemented in VASP. For all calculations, we used a I'-point sampling of the Brillouin zone and
(i1) a 500 eV plane-wave cutoff energy. The Hubbard U of 9.1 eV and J of 0.7 eV on Eu 4f states
were chosen on the basis of previous first-principles calculations.'® We used ferromagnetic
ordering along the metal oxide chain direction (b-axis) and antiferromagnetic ordering between
two Eu atoms in the chains. According to our DFT calculations, this magnetic structure is most
stable among four candidates (see Figure S22 and Table S1). We explicitly treated nine valence
electrons for Eu (4/76s?), six for O (2s22p*), four for C (2522p?), three for B (2s*2p'), and one for
H(1s"). All structural relaxations were performed with a Gaussian smearing of 0.05 eV!! while
fixing the experimental lattice parameters. The ions were relaxed until the Hellmann-Feynman

forces are less than 0.01 eVA!.

To compute the NH; binding energy, we optimized SION-105-Eu MOF prior to NH;
adsorption (Esion-105-eu MOF), interacting with NHj in the gas phase (Eny3) within a 20 A x20A x

20 A cubic supercell, and SION-105-Eu MOF with adsorbed NH; molecule (ENH;3-SION-105-Eu MOF)

using a rigid MOF. The binding energies (Eg) are obtained via the difference

EB = ENH3—510N—105—EuM0F - (ESION—105—EuM0F + ENHS)' (1)
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Figure S22. Optimized crystal structure of SION-105-Eu and its four different Eu sites. The image

of the crystal structure was generated using the VESTA program.!?

Table S1. Computed energies of ferromagnetic (FM) and different antiferromagnetic (AFM)

orderings.
Magnetic configurations of Eu atoms Energy (eV per formula unit)
FM (1111) 2.351
AFM1 (1111) 0.020
AFM2 (1111) 0.000
AFM3 (111]) 0.006
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Table S2. Representative MOFs reported in the literature for NH; capture.

MOF Capacity (mmol/gyor) Analysis Method Ref
at 1 bar, 298 K
Dry NH,4 Moist NH;
MOF-5 (Zn) 0.35 Break-through 13
IRMOF-62 (Zn) 1.35 Break-through 13
MOF-177 (Zn) 2.47 Break-through 13
MOF-199 (Cu) 5.11 Break-through 13
MOF-74 (Zn) 5.47 Break-through 13
IRMOF-3 (Zn) 6.17 Break-through 13
ZIF-8 (Zn) 1.0 Adsorption isotherm 14
MIL-53 (Al) 3.6 Adsorption isotherm 14
Al-BTB 5.7 Adsorption isotherm 14
MOF-74 (Mg) 13.9 Adsorption isotherm 14
HKUST-1 (Cu) 6.6 8.9 Break-through 15
Ui0-66 (Zr) 1.79 2.75 Break-through 16
Ui0-66-OH (Zr) 5.69 2.77 Break-through 16
Zn-BTTB 4.59 20.26 Break-through 16
DMOF-A (Zn) 0.48 1.18 Break-through 16
DMOF-TM2 (Zn) 0.15 4.57 Break-through 16
Zn(INA), 6.0 6.0 Gravimetric 17
SION-10 (Cu) 27.3 Break-through 18
Co,CILBBTA 17.95 Adsorption isotherm 19
Ni,CLBBTA 14.68 Adsorption isotherm 19
Cu,Cl,BBTA 19.79 Adsorption isotherm 19
MFM-300(Al) 13.9 Adsorption isotherm 20
Co(NA), 17.5 Adsorption isotherm 21
Cu(NA), 13.4 Adsorption isotherm 21
Cd(NA), 6.0 Adsorption isotherm 21
17.63 Adsorption isotherm
Co4(IDC)u(pda)s 473 Tiration i
MIL-101 (Cr) 10.0 Adsorption isotherm 2
Al-PMOF 7.67 Adsorption isotherm i
Ga-PMOF 10.50 Adsorption isotherm i
In-PMOF 9.41 Adsorption isotherm i
CPM-100a-FeNi 13.01 Adsorption isotherm >
5.72 Adsorption isotherm This

SION103-Eu 59 Gravimetric work
4 Measured at 1 bar, 303 K
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