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S1. Materials, methods and characterization 

 S1.1. Materials 

Zirconium oxychloride octahydrate (ZrOCl2·8H2O), potassium carbonate (K2CO3), potassium iodide (KI), sodium 
hydroxide (NaOH) and bis(triphenylphosphine)palladium(II) dichloride (PdCl2[P(Ph)3]2) were purchased from 
Sigma-Aldrich Co. N,N-dimethylformamide (DMF), acetonitrile (MeCN), tetrahydrofuran (THF), hexane, 
ethylacetate (AcOEt), methanol (MeOH), hydrochloric acid (HCl) and sulfuric acid (H2SO4) were obtained from 
Fisher Chemical. Trifluoroacetic acid (TFA) was obtained from TCI. 3,5-dibromophenol, 4-carboxyphenylboronic 
acid and 1,2,4,5-tetrakis(bromomethyl)benzene were purchased from BLDpharm. All the reagents and solvents 
were used without further purification unless otherwise specified. Deionized water was obtained with a Milli-Q® 
system (18.2 MΩ·cm).  

S1.2. Methods 

Synthesis of 1,2,4,5-tetrakis[3,5-bis(4-carboxyphenyl)phenoxymethyl]benzene (H8TBCPB) 
 
1,2,4,5-tetrakis[3,5-bis(4-carboxyphenyl)phenoxymethyl]benzene was synthesized according to a previous 
reported procedure.1 
 
 
Synthesis of BCN-348 
 
A solution of ZrOCl2·8H2O (26 mg, 0.08 mmol) and H8TBCPB (58 mg, 0.04 mmol) in DMF (2 mL) and trifluoroacetic 
acid (0.6 mL) was prepared in a 23 mL scintillation vial. Then, the sealed vial was placed into a preheated oven at 
120 ºC for 5 days. After this period, colourless cubic crystals suitable for single-crystal X-ray diffraction (SCXRD) 
were collected by filtration and washed three times by incubating them with 20 mL of fresh DMF for 12 h. 
Afterwards, solvent exchange with acetone was performed by incubating the crystals three times with 20 mL of 
acetone for 12 h, and the resulting BCN-348 crystals were dried at room temperature.  

S1.3. Characterization 

Single-Crystal X-Ray Diffraction (SCXRD) data for BCN-348 were collected at 100 K at XALOC beamline at ALBA 
synchrotron (0.82656 Å).2 Data were indexed, integrated and scaled using the XDS program.3 Absorption 
correction was not applied. The structures were solved by direct methods and subsequently refined by correction 
of F2 against all reflections, using SHELXT2018 within Olex2 package.4-6 All non-hydrogen atoms were refined with 
anisotropic thermal parameters by full-matrix least-squares calculations on F2 using the program SHELXL2018.5 
We treated the presence of solvent molecules in the cavities of all structures running solvent mask using Olex2 
solvent mask.6 The structure was solved using two space groups: Fm-3m and Fm-3. Although the correct 
symmetry corresponding to the structure is Fm-3m, we could not model the disorder of the central benzene ring 
of the linker (which could not be clearly defined using the maps) using this space group. For this reason, we 
decided to solve the crystal structure using F-3m group, which allowed us to model this benzene ring applying 
some restraints, such as DFIX, DELU and SIMU. The hydrogen atoms were calculated in their expected positions 
with the HFIX instruction of SHELXL2018, and refined as riding atoms with Uiso(H) = 1.5 Ueq(C).  
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Powder X-Ray Diffraction (PXRD) diagrams were collected on a Panalytical X’pert mpd diffractometer with 
monochromatic Cu-Ka radiation (lCu = 1.5406 Å). 
 
Proton Nuclear Magnetic Resonance (1H NMR) spectra were acquired in Bruker Avance DPX of 250 MHz, 360 
MHz NMR spectrometers at “Servei de Ressonància Magnètica Nuclear” from Autonomous University of 
Barcelona (UAB).  
 
Proton and Phosphorus Nuclear Magnetic Resonance (1H NMR/31P NMR) spectra (for the catalytic experiments) 
were obtained in a BRUKER Nanobay Avance III HD High Definition 400 MHz 
(2-channel) NMR spectrometer. 
 
Thermogravimetric analyses (TGA) were performed in a Pyris TGA8000, heating the sample from 25 ºC to 800 ºC 
at 1 ºC/min under N2 atmosphere. 
 
N2 sorption isotherms were collected at 77K (N2) using an ASAP 2460 HD (Micromeritics). Temperature was 
controlled by using a liquid nitrogen bath. Prior to the measurements, the samples were activated by solvent 
exchange with acetone, 3 times per day during 3 days. The specific surface area was obtained using the Brunauer-
Emmett-Teller (BET) adsorption method in the range of 0.001 – 0.02 P/P0 (BETSI software).7 Total pore volume 
(Vt) was calculated at P/P0 = 0.95. Pore size distribution was estimated using a density functional theory (DFT) 
model (HS-2D-NLDFT Carbon Cylindrical Mesopores @ N2 77K) implemented in the Microactive 4.06 software 
with a regularization factor of 0.03160. 
 

Gas Chromatography analyses (GC) were carried out in an Agilent 8860 GC chromatograph with a FID dectector 
and a 16 port autosampler. A HP-5 column of 50 m length, 0.320 mm diameter and 1.05 µm thickness was used, 
which allowed working from -60 ºC to 325 ºC. 
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S2. Characterization of BCN-348 

S2.1. Single-crystal X-ray diffraction 

 

S1. Crystal data and structure refinement for BCN-348  
Identification code  CCDC-2255518  
Empirical formula  C369H702N94O130Zr6  
Formula weight  9083.52  
Temperature/K  100.0  
Crystal system  cubic  
Space group  Fm-3  
a/Å  59.677(2)  
b/Å  59.677(2)  
c/Å  59.677(2)  
α/°  90  
β/°  90  
γ/°  90  
Volume/Å3  212530(21)  
Z  24  
ρcalcg/cm3  1.703  
μ/mm-1  0.427  
F(000)  116496.0  
Crystal size/mm3  0.07 × 0.07 × 0.07  
Radiation  synchrotron (λ = 0.82656)  
2Θ range for data collection/°  1.374 to 49.596  
Index ranges  -60 ≤ h ≤ 60, -60 ≤ k ≤ 60, -60 ≤ l ≤ 60  
Reflections collected  297552  
Independent reflections  10067 [Rint = 0.1572, Rsigma = 0.0390]  
Data/restraints/parameters  10067/104/286  
Goodness-of-fit on F2  1.186  
Final R indexes [I>=2σ (I)]  R1 = 0.1167, wR2 = 0.3015  
Final R indexes [all data]  R1 = 0.1450, wR2 = 0.3217  
Largest diff. peak/hole / e Å-3  0.50/-2.15  
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S2.2. Powder X-Ray Diffraction 

 

 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure S1. PXRD pattern of calculated BCN-348 (black) and pristine BCN-348 (red). 
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Figure S2. PXRD patterns of pristine BCN-348 (black) and after its incubation in water for 1 h (red), 12 h (blue) 
and 24 h (green). 
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S2.3. N2 sorption 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure S3. N2 sorption (filled symbols) and desorption (empty symbols) isotherms at 77 K of BCN-348. 
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Figure S4. BETSI analysis for BCN-348. 



10 
 

 
 

 
 
 

 
 
 
Figure S5. BETSI regression diagnostics for BCN-348. 
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Figure S6. Pore size distribution estimated by DFT for BCN-348. 
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S2.4. Thermogravimetric Analysis 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure S7. TGA analysis of activated BCN-348. The weight loss from ~ 200 to 450 ºC can be attributed to the 
detachment of partial formates (coming from the degradation of DMF) or trifluoroacetates in the structure, 
as typically observed in Zr-MOFs.8,9 
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S3. Heterogeneous degradation of simulant diisopropylfluorophosphate (DIFP) in 
unbuffered solution 

S3.1. Gas Chromatographic (GC) studies 

The removal of DIFP was studied employing 12 mg of BCN-348 (2.5 μmol) suspended in 0.6 mL of H2O. Afterwards, 
1.5 μL of N,N-dimethylacetamide (DMA), used as internal reference, and 1.5 μL of DIFP (3.8 μmol) were added to 
the suspension (DIFP/MOF ratio of 1.5:1). The evolution of the concentration of DIFP in the supernatant solution 
was followed at room temperature by means of GC. 
 

S3.2. 1H and 31P NMR studies 

The degradation of DIFP nerve gas simulant into diisopropylphosphate (DIP) by BCN-348 was followed by 1H NMR 
and 31P NMR spectroscopy. Specifically, 12 mg of BCN-348 were suspended in a mixture containing 0.6 mL of D2O, 
0.7 μL of dimethylphosphate (DMP, used as internal reference) and 1.5 μL of DIFP (DIFP/MOF ratio of 1.5:1). The 
suspension was stirred during 24 hours at room temperature and the concentration of DIPF and DIP in the 
supernatant solution and in the adsorbate phase were quantified by NMR.  
 
After 24 hours, the solid was separated from the supernatant by centrifugation (10000 rpm, 5 min). Afterwards, 
the solid was suspended in CDCl3 for 5 hours at room temperature to extract DIFP molecules adsorbed inside the 
cavities of BCN-348 and the concentration of DIFP and its degradation product DIP were determined by 1H-NMR.  
 
 
 
 
Table S2.  Percentage distribution of unreacted and hydrolyzed DIFP in the supernatant and adsorbate phase 
after 24 hours of incubation with BCN-348 as determined from 1H NMR in D2O (0.6 mL) and after extraction with 
CDCl3 (0.6 mL), respectively. 
 
 

Hydrolyzed DIFP (DIP) (%) Non-hydrolyzed DIFP (%) 

Supernatant Adsorbeda Supernatant Adsorbed 

12.8 60 2.2 25 
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Figure S8. 1H NMR spectra of supernatant after 24 h (top) and 0 h (bottom) suspended of BCN-348 with DIFP in 
unbuffered solution. 
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Figure S9. 31P NMR spectra of supernatant after 24 h (top) and 0 h (bottom) suspended of BCN-348 with DIFP in 
unbuffered solution. 
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Figure S10. 1H NMR (top) and 31P NMR (bottom) spectra of extracted solution from BCN-348 solid previously 
suspended during 24 hours with DIFP in unbuffered solution. Extraction solvent: CDCl3. 
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