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Experimental Procedures

All reagents were purchased from commercial sources and used without further purification. HyTBAPy was
synthesized following published procedures.!-3 NU-901, NU-901-act, NU-901-SALI-nico, and NU-901-SALI-BA-
N(CHj;), were synthesized following a published procedure.

TH-NMR spectra were recorded on Varian FT-NMR spectrometer (300 MHz) and data were analysed with
Mestre Nova software. Samples (~10 mg) were digested using ~60 pL of D,SO,4 and 600 pLof DMSO-dg.

3IP-NMR spectra were recorded on Varian FT-NMR spectrometer (400 MHz) and data were analysed with
Mestre Nova software.

Powder X-ray diffraction (PXRD) data were measured at room temperature on a STOE-STADIMP powder
diffractometer equipped with an asymmetric curved Germanium monochromator (CuKal radiation, A = 1.54056 A)
and one-dimensional silicon strip detector (MYTHEN2 1K from DECTRIS). The line focused Cu X-ray tube was
operated at 40 kV and 40 mA. The activated powder was sandwiched between two Kapton foils and measured in
transmission geometry in a rotating holder. Intensity data from 2 to 30 degrees two theta were collected over a period
of 15 min. The instrument was calibrated against a NIST Silicon standard (640d) prior to the measurement. PXRD
data were also measured on a Rigaku Miniflex 600 diffractometer at 30kV, 15mA (CuKal radiation, A = 1.54056 A)
with a scan speed of 5°/min and a step size of 0.05 in 26 at room temperature

Nitrogen isotherm measurements were carried out on a Micromeritics ASAP 2420 instrument at 77 K. Samples
were activated at specified temperatures under vacuum on a Micromeritics Smart VacPrep instrument until an outgas
rate below 0.05 mmHg/min was achieved.

HCl-activation of NU-901: The as synthesized NU-901 was suspended in 12 mL DMF and 0.5 mL of 8 M
aqueous HCI was added to a 8-dram vial and heated in an oven at 100°C for 18 h. After cooling to room temperature,
the powder was isolated by centrifugation and washed with DMF three times (10 mL each) and acetone three times
(10 mL each). NU-901-act was collected by centrifugation and dried in a vacuum oven at 80 °C for 1 h, and then
activated at 120 °C for 18 h using Micromeritics Smart VacPrep instrument as described above.

Synthesis of NU-901-SALI-[nico],: NU-901-act (33 mg, 0.0162 mmol) and nicotinic acid (58 mg, 0.26 mmol)
were mixed in 8 mL of DMF in an 8-dram vial and ultrasonically dissolved. The clear solution was incubated in an
oven at 60 °C for 18 h. After cooling down to room temperature, material was isolated by centrifuge (5 min, 7500
rpm) and solvent exchanged with fresh DMF three times (10 mL each) followed by methanol three times (10 mL).
NU-901-SALI-[nico], was collected by centrifugation and dried in a vacuum oven at 80 °C for 1 h, and then activated
at 120 °C for 18 h using Micromeritics Smart VacPrep instrument as described above.

Synthesis of NU-901-SALI-[BA-morph];s: NU-901-act (33 mg, 0.016 mmol) and 4-
(morpholinomethyl)benzoic acid (58 mg, 0.26 mmol) were mixed in 8 mL of DMF in an 8-dram vial and ultrasonically
dissolved. The clear solution was incubated in an oven at 60 °C for 18 h. After cooling down to room temperature,
material was isolated by centrifuge (5 min, 7500 rpm) and solvent exchanged with fresh DMF three times (10 mL
each) followed by methanol three times (10 mL). NU-901-SALI-[morph]; s was collected by centrifugation and dried
in a vacuum oven at 80 °C for 1 h, and then activated at 120 °C for 18 h using Micromeritics Smart VacPrep instrument

as described above.



Synthesis of NU-901-SALI-[BA-morph],: NU-901-act (28 mg, 0.013 mmol) and 4-
(morpholinomethyl)benzoic acid (6 mg, 0.028 mmol) were mixed in 8 mL of DMF in an 8-dram vial and ultrasonically
dissolved. The clear solution was incubated in an oven at 65 °C for 18 h. After cooling down to room temperature,
material was isolated by centrifuge (5 min, 7500 rpm) and solvent exchanged with fresh DMF three times (10 mL
each) followed by methanol three times (10 mL). NU-901-SALI-[BA-morph], was collected by centrifugation and
dried in a vacuum oven at 80 °C for 1 h, and then activated at 120 °C for 18 h using Micromeritics Smart VacPrep
instrument as described above.

Synthesis of NU-901-SALI-[BA-CH,NH,],: NU-901-act (45 mg, 0.03 mmol) and 4-(aminomethyl)benzoic
acid (73 mg, 0.048 mmol) were mixed in 16 mL of H,O in an 8-dram vial and ultrasonically dissolved. The clear
solution was incubated in an oven at 60 °C for 18 h. After cooling down to room temperature, material was isolated
by centrifuge (5 min, 7500 rpm) and solvent exchanged with fresh H,O three times (10 mL each) followed by methanol
three times (10 mL). NU-901-SALI-[BA-CH,NH,], was collected by centrifugation and dried in a vacuum oven at 80
OC for 1 h, and then activated at 120 °C for 18 h using Micromeritics Smart VacPrep instrument as described above.

MOF-808 synthesis and HCl activation: ZrCl, (117 mg, 0.5 mmol), BTC (35 mg, 0.168 mmol) and propanoic
acid (3.7 mL, 49 mmol) were mixed in 10 mL of DMF in an 8-dram vial and ultrasonically dissolved. The clear
solution was incubated in an oven at 120 °C for 24 h. After cooling down to room temperature, the white
polycrystalline material was isolated by centrifuge (5 min, 7500 rpm) and solvent exchanged with fresh DMF three
times (10 mL each) followed by methanol three times (10 mL). MOF-808-P was collected by centrifugation and dried
in a vacuum oven at 80 °C for 1 h.

The as synthesized MOF-808-P was suspended in 12 mL DMF and 0.5 mL of 4 M aqueous HCl was added to
an 8-dram vial and heated in an oven at 100°C for 18 h. After cooling to room temperature, the powder was isolated
by centrifugation and washed with DMF three times (10 mL each) and acetone three times (10 mL each). MOF-808-
act was collected by centrifugation and dried in a vacuum oven at 80 °C for 1 h, and then activated at 120 °C for 18 h
using Micromeritics Smart VacPrep instrument as described above.

Synthesis of MOF-808-SALI-[BA-morph];: MOF-808-act (106 mg, 0.07 mmol) and 4-
(morpholinomethyl)benzoic acid (309 mg, 0.028 mmol) were mixed in 8 mL of DMF in an 8-dram vial and
ultrasonically dissolved. The clear solution was incubated in an oven at 70 °C for 48 h. After cooling down to room
temperature, material was isolated by centrifuge (5 min, 7500 rpm) and solvent exchanged with fresh DMF three times
(10 mL each) followed by methanol three times (10 mL). MOF-808-SALI-[BA-morph]; was collected by
centrifugation and dried in a vacuum oven at 80 °C for 1 h, and then activated at 100 °C for 18 h using Micromeritics
Smart VacPrep instrument as described above.

Synthesis of MOF-808-SALI-[BA-CH,NH,][BA-CH2-NH;*]: MOF-808-act (112 mg, 0.073 mmol) and 4-
(aminomethyl)benzoic acid (220 mg, 1.5 mmol) were mixed in 8 mL of H,O in an 8-dram vial and ultrasonically
dissolved. The clear solution was incubated in an oven at 70 °C for 48 h. After cooling down to room temperature,
material was isolated by centrifuge (5 min, 7500 rpm) and solvent exchanged with fresh H,O three times (10 mL each)
followed by methanol three times (10 mL). MOF-808-SALI-[BA-CH,NH,]|[BA-CH,-NH;"] was collected by



centrifugation and dried in a vacuum oven at 80 °C for 1 h, and then activated at 100 °C for 18 h using Micromeritics

Smart VacPrep instrument as described above.
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Figure S1. '"H NMR spectrum of digested NU-901-SALI-[nico], in dg-DMSO.
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Figure S2. "H NMR spectrum of digested NU-901-SALI-[nico], post reaction in dg-DMSO.
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Figure S3. '"H NMR spectrum of digested NU-901-SALI-[BA-morph]; 5 in de-DMSO.
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Figure S4. '"H NMR spectrum of digested NU-901-SALI-[BA-morph], in ds-DMSO.
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Figure S5. '"H NMR spectrum of digested NU-901-SALI-[BA-morph]; s post reaction in de-DMSO.
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Figure S6. "H NMR spectrum of digested NU-901-SALI-[BA-CH,NH,], in d¢-DMSO.
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Figure S7. "H NMR spectrum of digested MOF-808-P (bottom), DMF-HCI activated MOF-808 (middle) and EtOH-

HCI activated MOF-808 (top) in dg-DMSO.
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Figure S8. 'H NMR spectrum of digested MOF-808-SALI-[BA-morph]; in ds-DMSO.
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Figure S9. 'H NMR spectrum of digested MOF-808-SALI-[BA-CH,NH,][BA-CH,-NH3"] in ds-DMSO.
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Figure S10. 'H NMR spectrum of digested of MOF-808-SALI-[BA-morph]; post reaction in de-DMSO.
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Figure S11. '"H NMR spectrum of digested of MOF-808-SALI-[BA-CH,NH,][BA-CH,-NH;"] post reaction in d-
DMSO.
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Figure S12. N, isotherms of NU-901-act (black squares), NU-901-SALI-[BA-morph]; 5 (red circles), and NU-901-
SALI-[BA-morph], (blue triangles), and NU-901-SALI-[BA-CH,NH,], (green diamonds). Adsorption = filled,

desorption = empty markers.
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Figure S13. N, isotherms (left) and pore size distribution (right) of MOF-808-P (black squares) and MOF-808-act
(red circles). Adsorption = filled, desorption = empty markers.
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Figure S14. N, isotherms (left) and pore size distribution (right) of MOF-808-act (black squares), MOF-808-SALI-
[BA-CH,NH,][BA-CH,-NH;"] (red circles), MOF-808-SALI-[BA-morph]; (blue triangles) (NEM = N-ethyl
morpholine. Adsorption = filled, desorption = empty markers.
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Figure S15. PXRD patterns of MOF-808-P (bottom), and DMF-HCI activated MOF-808 (top).
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Figure S16. PXRD patterns of MOF-808-act (bottom), MOF-808-SALI-[BA-morph]; (middle), and MOF-808-
SALI-[BA-CH,NH,][BA-CH,-NH;"] (top).
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Figure S17. PXRD patterns of MOF-808-act (bottom), MOF-808-SALI-[BA-morph]; (middle), and MOF-808-
SALI-[BA-morph]; post reaction (top).
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Figure S18. PXRD patterns of MOF-808-act (bottom), MOF-808-SALI-[BA-CH,NH,][BA-CH,-NH;*] (middle),
and MOF-808-SALI-[BA-CH,NH,][BA-CH,-NH;"] post reaction (top).

DMNP hydrolysis with MOFs: MOF catalyst was added to a 1 dram vial. 1 mL of a 10% v/v D,O/H,O (0.1
mL D,0, 0.9 mL DI H,0) solution was added to the MOF. The vial was capped and sonicated briefly (~1 min) to
disperse the MOF. The mixture was then transferred to an NMR tube. DMNP (25 umol, 4 uL) was added to the side
of the tube via pipetter and capped. The NMR tube was quickly inverted thrice and placed into an NMR instrument.
The hydrolysis was monitored by 3'P NMR as described above.



VX hydrolysis with MOFs: MOF catalyst was added to a 1 dram vial. 1 mL of a 10% v/v D,O/H,0 (0.1 mL
D,0, 0.9 mL DI H,0) solution was added to the MOF. The vial was capped and sonicated briefly (~1 min) to disperse
the MOF. The mixture was then transferred to an NMR tube. DMNP (25 umol, 4 uL) was added to the side of the
tube via pipetter and capped. The NMR tube was quickly inverted thrice and placed into an NMR instrument. The
hydrolysis was monitored by 3'P NMR as described above. Caution!!! VX is a chemical warfare agent that is
highly toxic in nature, these experiments should only be performed by trained personnel using appropriate

protective gear in a high-quality fume hood.
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Figure S19. (Left) Plots of DMNP hydrolysis with NU-901-act at 4 mol% MOF loading. (Right) Corresponding 3'P
NMR spectra of DMNP hydrolysis with NU-901-act at 4 mol% MOF loading.
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Figure S20. (Top Left) Reaction profile of DMNP hydrolysis with NU-901-SALI-[BA-N(CHj;),] at 4 mol% MOF
loading. (Top Right) Corresponding 3'P NMR spectra of DMNP hydrolysis with NU-901-SALI-[BA-N(CH3),].
(Bottom Left) Reaction profile of DMNP hydrolysis with NU-901-SALI-[nico], at 4 mol% MOF loading. (Bottom
Right) Corresponding *'P NMR spectra of DMNP hydrolysis with NU-901-SALI-[nico],.
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Figure S21. (Left) Reaction profile of DMNP hydrolysis with NU-901-SALI-[nico], at 15 mol% MOF loading.
(Right) Corresponding 3'P NMR spectra of DMNP hydrolysis with NU-901-SALI-[nico],.
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Figure S22. (Left) Reaction profile of DMNP hydrolysis with NU-901-SALI-[BA-morph]; s at 9 mol% MOF loading.
(Right) Corresponding 3'P NMR spectra of DMNP hydrolysis with NU-901-SALI-[BA-morph]s; s.
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Figure S23. (Left) Reaction profile of DMNP hydrolysis with NU-901-SALI-[BA-morph], at 9 mol% MOF loading.
(Right) Corresponding 3'P NMR spectra of DMNP hydrolysis with NU-901-SALI-[BA-morph],.
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Figure S24. (Left) in situ 3P NMR spectra of DMNP hydrolysis with NU-901-SALI-[BA-morph]; 5 at 15 mol% MOF
loading. (Right) 3'P NMR spectra of DMNP hydrolysis with NU-901-SALI-[BA-morph]; 5 at 15 mol% MOF loading
with filtering after 10 and 20 minutes. The bottom four spectra represent in situ 3'P NMR monitoring every two
minutes (time points 2, 4, 6, 8 minutes). The red spectrum corresponds to 10 minutes while the blue corresponds to
20 minutes after filtration.

100
A \
- - \
|
'-... A oy o mpomepeanll  poa =
|
&0 L. s o ' e S s S s
] |
™ s A L
70 - |
™ " n ——————— A U S
£ . A
S 60 ™ — —_ e e
= & PRPHREL! SR A
5 s ]
e L e e R e e RSN S i,
£ |
0 A A
8 A |
A 4 i o R N i B i
#  t = _J;_m_«
A )
Ak
20 s b e :
A |
RS S S | W —
10 JL
T SRR T | S
L |
0 10 20 30 a0 50 60 70 80 90 100 10 120 S | U ——
Time (minutes)
WDMNP Conversion 4 DMP Yield 75 70 65 68 55 sb 45 40 35 38 25 Do 05 1o 15 20 25 30 35 40 45 50

0 1s 10 05
1 (ppen)

Figure S25. (Left) Reaction profile of DMNP hydrolysis with NU-901-SALI-[BA-CH,NH,], at 4 mol% MOF
loading. (Right) Corresponding 3'P NMR spectra of DMNP hydrolysis with NU-901-SALI-[BA-CH,NH;],.
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Figure S26. (Left) Reaction profile of DMNP hydrolysis with NU-901-SALI-[BA-CH,NH,], at 9 mol% MOF
loading. (Right) Corresponding 3'P NMR spectra of DMNP hydrolysis with NU-901-SALI-[BA-CH,NH,],.



Figure S27. (Left) Reaction profile of DMNP hydrolysis with NU-901-SALI-[BA-CH,NH,], at 15 mol% MOF
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Figure S28. (Left) Plots of DMNP hydrolysis of NU-901 with in situ added BA-morph (black squares), and NU-901-
SALI-[BA-morph]; 5 (red circles) at 9 mol% MOF loading. (Right) Corresponding 3'P NMR spectra of DMNP
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Figure S29. (Left) Plots of DMNP hydrolysis of NU-901 with in situ added BA-CH,NH, (black squares), and NU-
901-SALI-[BA-CH,NHS,]; (red circles) at 9 mol% MOF loading. (Right) Corresponding 3'P NMR spectra of DMNP
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Figure S30. (Left) Reaction profile of DMNP hydrolysis with MOF-808-P at 9 mol% MOF loading. (Right)
Corresponding 3'P NMR spectra of DMNP hydrolysis with MOF-808-P.
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Figure S31. (Left) Reaction profile of DMNP hydrolysis with HCl-activated MOF-808 at 9 mol% MOF loading.
(Right) Corresponding 3'P NMR spectra of DMNP hydrolysis with DMF-HCl-activated MOF-808.
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Figure S32. (Left) Reaction profile of DMNP hydrolysis with MOF-808-SALI-[BA-morph]; at 9 mol% MOF loading.
(Right) Corresponding 3'P NMR spectra of DMNP hydrolysis with MOF-808-SALI-[BA-morph]s.
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Figure S33. (Left) Reaction profile of DMNP hydrolysis with MOF-808-SALI-[BA-morph]; at 15 mol% MOF
loading. (Right) Corresponding 3'P NMR spectra of DMNP hydrolysis with MOF-808-SALI-[BA-morph]; at 15
mol% MOF loading.
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Figure S34. (Left) Reaction profile of DMNP hydrolysis with MOF-808-SALI-[BA-CH,NH,][BA-CH,-"NHj;] at 9
mol% MOF loading. (Right) Corresponding 3'P NMR spectra of DMNP hydrolysis with MOF-808-SALI-[BA-
CH,NH,][BA-CH,-NH;"] at 9 mol% MOF loading.
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Figure S35. (Left) Reaction profile of DMNP hydrolysis with MOF-808-SALI-[BA-CH,NH,]|[BA-CH,-NH;"] at 15
mol% MOF loading. (Right) Corresponding 3'P NMR spectra of DMNP hydrolysis MOF-808-SALI-[BA-
CH,NH,][BA-CH,-NH;"] at 15 mol% MOF loading.
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Figure S36. (Left) Reaction profile of DMNP hydrolysis with MOF-808-SALI-[BA-morph]; at 9 mol% MOF loading
(black squares), and repetition with filtration at 15 min (red circles). (Right) Corresponding 3'P NMR spectra of
DMNP hydrolysis with filtered MOF-808-SALI-[BA-morph];. The red spectrum at the 9" entry corresponds to 3'P
NMR after filtration.
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Figure S37. '"H NMR spectrum of digested of MOF-808-SALI-[BA-morph]; exposed to water for 4 hours in ds-
DMSO.
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Figure S38. 'H NMR spectrum of digested of MOF-808-SALI-[BA-CH,NH,][BA-CH,-NH;*] exposed to water for
4 hours in dg-DMSO.
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Figure S39. 3'P NMR spectra of VX hydrolysis with MOF-808-SALI-[BA-morph]; at 12 mol% MOF loading. VX
(61 ppm), EMPA (27 ppm), and EA-2192 (36 ppm).
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Figure S40. 3'P NMR spectra of VX hydrolysis with MOF-808-SALI-[BA-CH,NH,][BA-CH,-NH;"] at 12 mol%
MOF loading. VX (61 ppm), EMPA (27 ppm), and EA-2192 (36 ppm).
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Figure S41. 3'P NMR spectra of VX in D,0. VX (61 ppm), EMPA (27 ppm), and EA-2192 (36 ppm).

Canversion or Yield (%)
"
E

J "
- n
0 ———

Time (minutes)
I EEEEEEEEEFEEREEEEEEEEEREEXE] W VX Conversion 4 EMPA Yield
1 tppm)

e 0 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150 160 170 180

Figure S42. 3'P NMR spectra of VX hydrolysis with MOF-808-act at 12 mol% MOF loading. VX (61 ppm), EMPA

(27 ppm), and EA-2192 (36 ppm).
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