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General Materials and Methods

Unless otherwise stated, all commercially available reagents, reaction solvents, and NMR solvents
were used without additional purification. All the chemical reagents and solvents were purchased from
Sigma-Aldrich, TCI, Alfa-Aesar, and Acros chemical companies. NMR solvents were purchased from
Cambridge Isotope Laboratories and Eurisotop. All solutions were concentrated using a rotary
evaporator and vacuum dried at 0.1-1 Torr. Analytical thin layer chromatography (TLC) was
performed on pre-coated silica gel 60 F254 plates (Merck, USA).

1H nuclear magnetic resonance (NMR) spectra were recorded on a Bruker AVANCE 500 NMR
spectrometer (500 MHz) or a Bruker AVANCE 400 NMR spectrometer (400 MHz). Chemical shifts
were quoted in parts per million (ppm) and referenced to the appropriate solvent peak and/or
tetramethylsilane (TMS). The following abbreviations were used to describe peak patterns when
appropriate: br = broad, s = singlet, d = doublet, and ddd = doublet of doublet of doublet. Coupling
constants, J, were reported in Hertz (Hz). 13C NMR spectra were recorded on a Bruker AVANCE 500
NMR spectrometer (125 MHz) or a Bruker AVANCE 400 NMR spectrometer (100 MHz) and were fully
1H-decoupled by broad band decoupling.

High-resolution mass spectra (HRMS) were acquired on a high-resolution Q-TOF mass spectrometer
(ionization mode: ESI). IR spectra were collected using a Bruker Alpha spectrometer. Powder X-ray
diffraction (PXRD) data were collected on a Rigaku Miniflex 600 diffractometer (40 kV, 15 mA) with a

scan speed of 1.0 min/step, a step size of 0.02° in 26, and a 26 range 3-50°.
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Computational Approaches

All the calculations were performed with Q-Chem 4.4.51 Geometry optimization were performed with
M06-2X functional$? with 6-311++G** basis set. Electrostatic potentials are mapped on the Van der
Waals surface. Basis set superposition error correction was used in binding energy calculations as
depicted in the previous literature.S3 ESP maps and computed structures are illustrated using 1QmolS*

and CYLView,S5 respectively.
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Adsorption measurements

Brunauer-Emmett-Teller (BET) Surface Areas and Pore Volumes

N2z adsorption and desorption isotherms were recorded at 77 K on a 3Flex analyzer (Micromeritics
Instruments, USA). Before each measurement, the sample was degassed under vacuum at 423 K for
4 h. S8 BET surface areas and total pore volumes were derived from the obtained isotherms. The BET
surface areas of the samples, determined from two consistency criteria,S’-5° were as follows: 0.0754 <
P/Po< 0.2722 for UiO-66-NH2 and 0.0783 < P/Po < 0.2710 for UiO-66-(NH2)/(F3)-CS. The total pore
volumes were determined at P/Po = 0.95.

H>O adsorption

The H20 adsorption isotherms were obtained on a 3Flex analyzer (Micromeritics Instruments, USA) at
a constant temperature (298 K), maintained using a specially crafted air circulation system (Protech
Korea Instruments, Korea). Before each measurement, approximately 100 mg of sample was
degassed at 423 K for 4 h.

Breakthrough experiments

The dynamic breakthrough experiments were carried out in a custom-built, fixed-bed system,S10-S12
Five mass flow controllers (0—100 mL/min) (Bronkhorst, Germany) were used to regulate the gas flow
rates. Four of them were used for pure N2 and CO2 streams, which were mixed well with each other
by flowing through a gas mixer. The first combination produces a dry, CO2/N2 mixture and the second
combination proceeds through a humidifier to give humid CO2/N2 mixtures. The last mass flow
controller was used for a He stream for the in-situ regeneration of the adsorbent packed in the column.
The column was placed in a ventilated thermostatted oven for measurements at a constant
temperature. The composition of the gas flow at the outlet of the column was measured online by a
mass spectrometer (Max300-LG Extrel, USA).

To avoid large pressure drops, the as-synthesized powder samples were pelletized into binderless
pellets with a size of 500—1000 ym using a carver press (Carver, Inc., USA). The obtained pellets
were initially degassed at 423 K for 4 h under vacuum and then packed into a stainless-steel column
(15 cm x 0.44 cm). The remainder of the column was filled with glass beads with a diameter of 750
pm.

Before the breakthrough experiments, the column was degassed using a He flow of 40 mL/min at 423
K for 1 h to remove any adsorbed impurities during the packing procedure. The experiment was
carried out at 298 K and 1 bar. At t = 0, the He flow was switched to the CO2/N2 mixture (CO2:N2 =
15:85, total flow rate = 20 mL/min).
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Scheme S1. Synthetic procedure for BDC-Fas.
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BE: -10.9 kJ/mol BE: -10.6 kJ/mol

Figure S1. Binding energy (BE) differences of trifluoro and tetrafluoro ligands with carbon dioxide.
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Figure S3. 'H NMR spectrum of mixed UiO-66-(NH:)(Fz3) after acid digestion.
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Figure S5. SEM, SEM-EDX, and TEM-EDX of UiO-66-(NHz)(Fz) and UiO-66-(NH2)/(Fs)-CS.
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Figure S6. Powder X-ray diffraction (PXRD) patterns of UiO-66-NH2, UiO-66-(NH2)(F3) and UiO-66-
(NH2)/(Fs)-CS.
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Figure S8. N2 adsorption-desorption equilibrium isotherms at 77 K of UiO-66-NH2, UiO-66-(NH2)/(F3)-
CS and UiO-66-(NH2)(Fs).
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Table S1. Textural properties of UiO-66-NH:, UiO-66-(NH2)/(F3)-CS and UiO-66-(NH2)(Fz3).

BET surface area (m?/g) Total pore volume (cm?/g)
UiO-66-NH2 1,336 0.60
UiO-66-(NH2)/(F3)-CS 1,221 0.54
UiO-66-(NH2)(F3) 1,047 0.45

Table S2. Henry adsorption constants (H; mmol g bar?) for CO2 in UiO-66-NH2, UiO-66-(NH2)/(Fz)
and UiO-66-(NH2)/(F3)-CS at 298 K.

MOF H (CO2)
UiO-66-NH:> 3.98
UiO-66-(NH2)(F3) 5.57
UiO-66-(NH2)/(F3)-CS 4.04
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2,3,5-Trifluoroterephthalic acid (BDC-F3)

(500 MHz *H NMR in CD3OD-d4, 125 MHz 13C NMR in DMSO-ds)
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