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S1 Supporting Figures
Structure of JLU-MOF107
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Figure S1. The p-troph (1,4-phenylene-4,4'-bis(1,2,4-triazole)) ligand (a) and (b) BTB
(4,4°,4°-benzene-1,3,5-triyl-tribenzoate) ligand.

Figure S2. SBU-2 consisted of two different coordination modes of Cu(Il). (C: light gray; O:

red; N: blue; Cu: green.)

Figure S3. The sandwich-like structure: region A is a 3-fold interpenetrated layer of “filling”

and region B is a pillared-layer of ‘bread’.
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Figure S4. The distances between the unique layers.
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Figure S5. Structure of region A: topology simplification of the binuclear SBU (a) and the
ligand (b), and the layer assembled by SBU-1 and BTB (c), 3-fold interpenetrated structure
for region A with the cavity (d-f).
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; 3-fold interpenetrated structure
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Figure S6. The layer assembled by SBU-1 and BTB (left)

(right).

S3

The illustration of multiple pores for region-A displayed by CPK model in

S7
different directions (regardless of van der Waals radii).

Figure



Figure S8. The square lattice layer assembled by SBU-2 and p-tr,ph (top); pillared-layer

view of the region B (bottom).
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Figure S9. The illustration of multiple pores for region B displayed by CPK model in

different directions (regardless of van der Waals radii).
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Figure S10. The BTB ligand connected with one SBU-1 and two SBU-2: ball and stick view

(left), polyhedron view (right).

Figure S11. The illustration of multiple pores for JLU-MOF107 displayed by Connolly
surface areas (left) and CPK model (right).
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FT-IR and optical image of JLU-MOF107
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Figure S12. FT-IR spectrum of JLU-MOF107.

Figure S13. Single crystal optical images of JLU-MOF107.
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PXRD and TGA of JLU-MOF107
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Figure S14. PXRD patterns of the simulated and as-synthesized JLU-MOF107.
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Figure S15. PXRD patterns of different solvent-exchanged JLU-MOF107 samples.
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Figure S16. PXRD patterns of as-synthesized and exposed JLU-MOF107 under different

relative humidity (RH) condition for 1 week.
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Figure S17. PXRD patterns of as-synthesized and immersed in water at different

temperatures for JLU-MOF107.
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Figure S18. TGA curves of the as-synthesized and activated (acetonitrile exchanged)

samples for JLU-MOF107.
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Gas adsorption and separation behavior of JLU-MOF107
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Figure S19. Pore size distribution plot of JLU-MOF107.
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Figure S20. O, values calculated using the Clausius-Clapeyron equation of a) CO, and b)

CH, for JLU-MOF107.
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Figure S21. a) The fitting parameters of the virial model with the isotherms at 273 and 298
K for a) CO, and c¢) CHy; O, values of b) CO, and d) CHy,.
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Figure S22. CO, and CH, isotherms at 298 K along with the dual-site Langmuir-Freundlich
(DSLF) fits for JLU-MOF107.
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Figure S23. Three-cycle CO, adsorption tests at 298 K for JLU-MOF107.
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S2. Calculation Procedures of IAST Selectivity

The measured experimental data is excess loadings (¢%) of pure gas CO,, CH, for

JLU-MOF107, which should be converted to absolute loadings (g) firstly.

q=q9+ P o Equation S1
ZRT

Here Z is the compressibility factor. The Peng-Robinson equation is used to estimate the
value of Z to obtain the absolute loading, while the measured pore volume 0.55 cm?-g! (for

JLU-MOF107) are necessary.

The dual-site Langmuir-Freundlich (DSLF) equation is used for fitting the isotherm data
under 298 K.

b1 % pl/nl 1/n,
= X ————m + X
q le 14 b1 % pl/nl qmz

b, xp .
— Equation S2
1+ b,y X P 2

Here p is the pressure of the bulk gas at equilibrium with the adsorbed phase (kPa), ¢ is the
adsorbed amount per mass of adsorbent (mol-kg!), ¢,,; and g, are the saturation capacities
of sites 1 and 2 (mol-kg™), b; and b, are the affinity coefficients of sites 1 and 2 (1/kPa), n;,

and n;, are the deviations from an ideal homogeneous surface.

The selectivity of preferential adsorption of component 1 over component 2 in a mixture
containing 1 and 2, perhaps in the presence of other components too, can be formally defined
as:

41/
© P1/p2

Equation S3

q; and g, are the absolute component loadings of the adsorbed phase in the mixture. These
component loadings are also termed the uptake abilities. We calculate the values of ¢; and ¢,

using the ideal adsorbed solution theory (IAST) of Myers and Prausnitz.
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S3. Calculations of the Isosteric Heats of Gas Adsorption (Qy)

A virial-type’® expression comprising the temperature-independent parameters a; and
b; was employed to calculate the enthalpies of adsorption for CO, and CH, (at 273 and

298 K) on JLU-MOF107. In each case, the data were fitted using the equation:
1 ; ; :
Inf = In" + / TZZ"_ oailN' + Zj_ obiV Equation S4

Here, P is the pressure expressed in Torr, N is the amount adsorbed in mmol g-!, T is
the temperature in K, a; and b; are virial coefficients, m, n represent the number of
coefficients required to adequately describe the isotherms (m and n were gradually
increased until the contribution of extra added a and b coefficients was deemed to be
statistically insignificant towards the overall fit, and the average value of the squared
deviations from the experimental values was minimized). The values of the virial
coefficients a, through a,, were then used to calculate the isosteric heat of adsorption

using the following expression.
Qst= —R Z:n_ o&iN i Equation S5

O, 1s the coverage-dependent isosteric heat of adsorption and R is the universal gas
constant. The heat of gas sorption for JLU-MOF107 in this manuscript are
determined by using the sorption data measured in the pressure range from 0-1 bar

(273 and 298 K for gases), which is fitted by the virial-equation very well.
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S4. Theoretical Methods

Density functional theory (DFT) based calculations were performed to verify the vital
roles of OMSs, LBS and N-polar sites to CO, affinity of the JLU-MOF107 skeleton.
After a careful examination of the coordination of ligands with metal centers, two
clusters with stoichiometry of CysH,yCu,Og (2 Cu) and C;6HegsCusN 3O (4 Cu),
respectively were truncated to mimic the CO, binding sites on skeleton of
JLU-MOF107. 6-311g (d) basis set was used for main group elements,! while Lanl2dz
effective core pseudopotential (ECP) was used for Cu.?2 ®B97XD functional that is
capable to handle the long range dispersive interaction was used to calculate the CO,
affinity.> This approach was previously used to interpret CO, adsorption in porous
materials.*> All the calculations were performed with Gaussian 16.° The CO, affinity

(E 445) Was calculated as

Eqas = (ECOZ + ECluster) — Ecluster + Co,

Equation S6

where  Eco,, Ecpster 804 Ecpseer +co, are the energy of free gaseous CO,,

optimized clusters, and adsorption structures, respectively.
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SS. Supporting Tables

Table S1. Crystal data and structure refinements for JLU-MOF107.

Compound JLU-MOF107
Formula Ci40 Ho7 Cug Nig O3
Mw 3019.67

Temp (K) 200.0
Wavelength (A) 0.71073
Crystal system orthorhombic
Space group Ibam

a(A) 15.9884(4)

b (A) 30.4807(6)
c(A) 91.403(2)

a (°) 90

B () 90

7 (©) 90

V(A3) 44544.2(17)

Z, Dc Mg/m?) 8, 0.901

F(000) 12280

0 range (deg) 2.156 - 25.393
reflns collected/unique 152098 / 20555
Rins 0.0496
data/restraints/params 205557260/ 946
GOF on F? 1.038

R!, wR? (I>26(1))
R!, wR? (all data)

0.0428, 0.1200
0.0536, 0.1267

The B level alerts in the checkCIF file can be explained as following: O15-HI5A/B and
087-H87A/B are both from axial water molecules of SBU-1 and there is no acceptor around them.
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Summary of CO, (mmol g!) uptake at 273 K

Table S2. Summary of CO, (mmol g') uptake from gas adsorption isotherms for
various MOF materials at 273 K.

MOF CO, uptake Ref.
7JU-12 10.6 7
Cu-TDPAT 10.1 8
JLU-Liu21 9.3 9
[Cu(Me-4py-trz-ia)] 9.2 10
Cu,(abtc); 8.7 11
CPM-33b 7.8 12
CPM-733 7.6 13
JLU-Liu20 7.2 9
CPM-33a 6.1 12
[Zn,(abtc)(DMF),]3 4.6 11
SUMOF-2 4.3 14
UiO0-66-AD4 3.6 15
LIFM-33 3.6 16
SNU-5 0.9 11

JLU-MOF107 7.6 This work
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Summary of CO, (mmol g!) uptake at 298 K

Table S3. Summary of CO, uptake (mmol g') from gas adsorption isotherms for
various MOF materials at 298 K.

MOF CO, uptake Ref.
Li@HKUST-1 10.6 17
Ni-4PyC 8.2 18
CPO-27-Mg 7.1 19
MFU-4 5.7 (300 K) 20
CPM-33b 5.6 12
7JU-12 5.5 7
JLU-Liu21 5.2 9
Zn(BPZNO,) 5 21
UTSA-16 4.4 22
NJU-BaiS2 43 23
CALF-20 4.07 24
mmen-Mg,(dobpdc) 3.9 25
bio-MOF-12 3.2 26
SHF-61 24 27
NH,-MIL-53(Al) 1.5 28

JLU-MOF107 4.7 This work
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