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1. Characterization.

Physical Measurements. FT-IR spectra were recorded from KBr disc on a Perkin-Elmer Spectrum
One FT-IR spectrometer ranging from 400 to 4000 cm™'. Thermogravimetric analyses were
performed under a nitrogen atmosphere with a heating rate of 10 °C/min using a PE Diamond
thermogravimetric analyser. Powder X-ray diffraction analyses were performed on a Rigaku Ultima
IV diffractometer with Cu-Ko radiation (A = 1.5418 A). Energy Dispersive X-Ray Spectroscopy
was performed on a HITACHI S-3400N.

Crystallographic Study. X-ray single-crystal diffraction experiment was carried out a Rigaku
Oxford SuperNova diffractometer equipped with an EOS detector (Mo-Ka radiation, 1 = 0.71073
A). Absorption correction and data reduction were handled with a CrysAlisPro package.' The
SHELXT-2015? and SHELXL-2018 3 were applied to structure solution and refinement. The two
fluorine atoms of 2,5-difluoroterephthalic ligand were disordered over two positions. Thus the
hydrogen atoms of the 2,5-difluoroterephthalic ligand couldn’t be added. All other hydrogen atoms
were modelled geometrically and refined with a riding model. Non-hydrogen atoms were refined

anisotropically. The guest water and DMF molecules are highly disordered and treated by
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SQUEEZE of PLATON.*
Isosteric heat of adsorption. The gas adsorption isotherms measured at 273 and 298 K were first
fitted to a virial equation (equation S1) (Figure S7).> Then the Qy values for C,H,, C;H4 and CO,

were calculated based on the fitting parameters using equation S2 (Figure S7d).

1nP:1nN+%Za,,N" +Y bN' (equation S1)
i=0 i=0
0, = —Ri aN' (equation S2)

i=0

where P is pressure(mmHg), N is the adsorbed quantity (mmol g!), T'is the temperature(K), ; and
b; are virial coefficients, R is the universal gas constant (8.314 J K-' mol™'), and m and n determine
the number of coefficients required to adequately describe the isotherm.

Ideal adsorbed solution theory (IAST) calculations of adsorption selectivity. The IAST was
used to predict mixed gas behavior from experimentally measured single-component isotherms.®
The experimentally measured loadings for C,H,, C,H4 and CO, in JXNU-14 were fitted with the

single-site Langmuir model (equation S3 and Figure S9).

(equation S3)

Where p (unit: kPa) is the pressure of the bulk gas at equilibrium with the adsorbed phase, ¢ (unit:
mmol g!) is the adsorbed amount per mass of adsorbent, g, (unit: mmol g!) is the saturation
capacity, b4 (unit: 1/kPa) is the affinity coefficient.

The adsorption selectivity for binary mixture (A and B) using the Langmuir fitting parameters is

defined by equation S4.
S _ qA/QB
ads
Vi / Vs (equation S4)

(where the g4 and gg represent the molar loadings (mmol g!). The y, and yg (yg = 1 — y,) are the
mole fractions in a bulk fluid mixture).

Breakthrough separation experiments. The breakthrough curves were measured on a homemade
apparatus for the binary C,H,/CO, (v:iv = 1:1) and C,H,/CO, (viv = 1:1) and the ternary
C,H,/CoHy/CO, (vivev = 1:1:1) at 298 K and 1 bar. The gas flows were controlled at the inlet by a
mass flow meter as 2 mL min™! for the binary mixtures or 3 mL min™! for the ternary mixtures and

a gas chromatograph (TCD-Thermal Conductivity Detector) continuously monitored the effluent
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gas from the adsorption bed. Prior to every breakthrough experiment, we activated the sample by

flushing the adsorption bed with helium gas for 1 hours at 298 K. Subsequently, the column was

allowed to equilibrate at the measurement rate before we switched the gas flow

Table S1. Crystal structure refinement data.

o W

C2H2 C2H4

b

CO;,

Molecule size (A%)

332x334x57 33x42x438

Boiling point (K) 188.4 169.4
Dipole moment (e.s.u. cm) 0 0

Quadrupole moment (x102¢¢.s.u. cm?) 3.00 1.50
Polarizability (x10723 cm?) 33.3-39.3 42.52
Kinetic diameter (A) 3.300 4.163

13.18 x 3.33 x 5.36

194.7

0

4.30

29.11

3.300

Table S2. Crystal structure refinement data.

JXNU-14

formula
fw

temp (K)
Radiation
cryst syst
Space group
Z

a(A)
b(A)
c(A)

a (deg)

B (deg)

CoHsNgO13FgFes
1096.17

293(2) K

Mo-Ka (0.71073 A)
hexagonal
P6sy/mmc

2

16.7482(3)
16.7482(3)
15.2933(6)

90

90
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7 (deg) 120

Vv (A3) 3715.1(2)
Degrea (grem>) 0.980

4 (mm!) 0.636

no. of reflns collected 9894
independent reflns 1456
F(000) 1096

Rine 0.0316
Ry (I>20 () 0.0895
wR, (I >2 0 (1)) 0.2447
CCDC number 2166003

It should be noted that the counter ions of hydroxide ions are not included into the formula.

“ Ry = Z||Fo| — |Fl| / Z|Fo| and wR, = {E[W(Fo2 - Fcz)z] /Z[W(Foz)z]}l/z

2. Results and discussion

Fig. S1 (a) The trimeric [Fes(u3-0)] cluster is surrounded by six DFBDC? and three TPT ligands.
(b-d) 3D structure of JXNU-14 showing the 1D channels with triangular aperture (Hydrogen atom

are not shown. Fluorine atoms represent as green lines).
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Spectrum 1
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Full Scale 2518 cts Cursor: 8.052 (S cts) ke
Element | Weight% Atomic%
CK 45.37 56.26
NK 7.18 7.63
oK 21.54 20.06
FK 17.65 13.84
CIK 0.03 0.01
FeK 8.23 2.20
Totals 100.00

Fig. S2 Energy dispersive X-ray spectroscopy of JXNU-14.
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Fig. S3 (a) PXRD patterns of JXNU-14. (b) PXRD patterns of JXNU-14 soaking in aqueous

solutions with different pH values.
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Fig. S5 BET surface area plot (a) and Langmuir surface area plot (b) for JXNU-14.
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Fig. S6 Adsorption isotherms of JXNU-14
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Fig. S8 Cycles of (a) C,H; and (b) C,H, adsorption for JXNU-14 at 298 K.
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Fig. S9 The graphs of the single-site Langmuir equation fit for adsorption of C,H; (a), C;H,4 (b) and
CO; (c) at 298 K on JXNU-14. (d) IAST selectivity for JXNU-14 at 298 K.
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Fig. S10 The cycling breakthrough tests for (a) C,H,/CO; (1:1) and (b) C,H4/CO, (1:1) with JXNU-
14 (total gas flow: 2 mL min™").
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The capture amount (Q;, mmol g!) of C,H, during t, to t; is calculated as:

vxV%

L)
1_245><mj.’o(0 )dt

v><VA>

—-(81+52)

v refers to the total flow rate of the gas mixture, /% refers to the molar fraction of C,H,, and m
refers to the mass of the adsorbent.

The captured amounts of CO, (Q,, mmol g') and C,H, (O3, mmol g!) during to to t; can be
similarly calculated as

vxV%
22.4xm

vx V%

.= 22 4xm

(51-53) 0=

(54-55)

Fig. S11 The breakthrough curves of C,H,/C,H4/CO, (1:1:1) for JXNU-14 at 298 K.
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Fig. S12 (a) Breakthrough curves for C,H,/C,H4/CO; (1:1:1) mixture with JXNU-14. (b) Cycling
breakthrough experiments for JXNU-14 based on C,H,/C,H4/CO; (1:1:1) mixture (total gas flow:
3 mL min!)

Table S3. Summary of adsorption uptakes (298 K and 1 bar) and IAST selectivities ( C,H,/CO,=
1:1) at 1 bar and 298 K for MOFs mentioned in main text.

Compounds C,H, uptake (cm? g'!) | CO; uptake (cm3 g1) S.ds Ref.
JNU-1 62.1 50.3 3.0 7
SNNU-63 91.1 43.7 2.7 8
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FJU-6-TATB 110.0 58.0 3.1 9
UTSA-68a 70.1 39.6 34 10
JXNU-14 137.5 67.4 2.97 This work

Table S4. Summary of adsorption uptakes (298 K and 1 bar) and IAST selectivities ( C;H4/CO,=
1:1) at 1 bar and 298 K for MOFs mentioned in main text.

Compounds C,H, uptake (cm? g'') | CO, uptake (cm? g'!) Sads Ref.
SNNU-95 153 14.7 2.4 11
ZJNU-120(Sm) 52.7 33.9 2.4 12
MOF-74(Zn) 132.3 124.2 33 13
Ni,(m-dobdc) 145.6 156.8 4.1 14
UTSA-74 103.8 90.5 5.4 15
JXNU-14 110.1 67.4 2.6 This work
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