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Table S1. Crystal data and structure refinement parameters for 1

Empirical formula Cy4sH13N5010Zn,

Formula weight 634.11

Temperature (K) 100(2)

Crystal system Hexagonal

Space group P6s/m

a(A) 16.7612(16)

b(A) 16.7612(16)

c(A) 6.8980(9)

a (%) 90

£©) 90

v () 120

Volume(A3) 1678.3(3)

Z,D(g cm?) 2,1.255

F(000) 636

0 range (°) 5.28t0 67.06

Reflections collected 1091

Goodness-of-fit 1.124

Ry wRy [I > 20(1)] R;=0.0711, wR, =0.1992
Ry wR; [all data] R;=0.0745, wR, =0.2012

Largest diff. peak and hole (e/A3)  0.903 and -0.798

Table S2. Selected bond lengths (A) and angles (°) for 1

Zn(1)-0(3) 1.9493(11)  O(1)#1-Zn(1)-O(1)#2 111.15(17)
Zn(1)-O(1)#1 1.921(4) O(1)#1-Zn(1)-0(3) 110.5(8)
Zn(1)-0O(1)#2 1.921(4) O(1)-Zn(1)-O(1)#2 111.15(17)
Zn(1)-0(1) 1.921(4) O(1)-Zn(1)-0(3) 82.2(3)
O(1)#1-Zn(1)-0(1) 111.1517)  O(1)#2-Zn(1)-0(3) 126.9(7)

Symmetry codes: #1-y+1, x-y, z; #2 -x+y+1, -x+1,z



IR Spectra

Complex 1

— Htept

M I M I M I v I M I M I M ] ' )
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm'l)
Figure S1 IR spectra of Ligand and the obtained MOF (black: Ligand (Hstcpt); red: 1)



PXRD and TGA
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Figure S2 (a) PXRD patterns for simulated and experimental samples of 1. (b) TGA
curves of 1. (¢) Temperature-dependent PXRD patterns of as-synthesized samples of
1. (d) Temperature-dependent PXRD patterns of activated samples of 1. (¢) PXRD
patterns of 1 which has been treated by boiled water.

After boiled water treatment for 1 day

After 90 °C water treatment for 16 h




Isosteric Heat of Adsorption.

The isosteric heat of H, adsorption was estimated from the H, adsorption data
measured at 77 K and 87 K. The data were fit to equation (1), where P is pressure
(Torr), N is amount adsorbed H, gas (mmolg™), 7'is temperature (K), and g; and b; are
temperature independent empirical parameters.

Inp :ln(N)+%iaiNi +Zn:ijj
i=0 j=0 1)
To estimate the values of the isosteric heat of H, adsorption, equation (2)3! was

applied, where R is the universal gas constant.
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Figure S3 (a) The virial fit for the H, adsorption isotherms of 1 (b) Oy of the H,
adsorption for 1

The data of the CO, adsorption isotherms at 273 K and 298 K, respectively, were

fit to Langmuir-Freundlich equation (3),5> where P is pressure (kPa), N is the amount



adsorbed gas (mmolg'), N,, is the amount adsorbed gas at saturation, and b and ¢ are
constants. The isosteric heats of CO, and CH,4 adsorption were calculated by applying
these fits to the Clausius-Clapeyron equation (eq 4),3 where Qy is the isosteric heat

of adsorption (kJmol-!"), P is the pressure (kPa), T is the temperature (K), R is the gas

constant.
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Figure S4 (a) CO, gas adsorption isotherms of 1 at 273 and 298 K, the red solid lines
correspond to Langmuir-Freundlich equation fits. (b) Oy of CO, for 1.



Calculation of CO, Adsorption Selectivities

40 -
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Figure S5 (a) The fitting initial slopes for CO,, CH4 and N, at 273 K. (b) The fitting
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80



Table S3. Summary of surface areas for 1 and other porous MOFs materials

MOF surface area Micropore Percent  Ref

(m2gh) volume of Void

BET Langmuir (m3g?) %
Complex 1 905 1076 0.306 37.7 This work
UTSA-30 592 604 0.259 30.3 S4
UTSA-35 742.7 758.4 0.313 45.8 4b
PCN-100 371 860 0.58 80.8 S5
PCN-101 503 1140 0.75 — S5
[Znj;(tept)>(H,0)s] — 535 - 41.4 6
MOF-177 4500 5340 1.89 — S6
JUC-113 — 132.6 - — 5d
SNU-100 814 — 0.315 38.1 7
MOF-520 3290 3930 1.277 — S7

Table S4. Summary of CO, and H, gas-adsorption data for MOFs in literature

MOF CO,uptake Qg of CO, Selectivity H, uptake Qg of H,  Ref
(em3 g (kJ mol-") (COy/Ny)  (Wt%)d  (kJ mol )
Complex 1 71.32 40.9-31.2 33.6° 2.19 8.10-7.11  This work
SNU-100' 71.72 29.3-27.7 25.5¢ 1.81 8.14-7.08 7
SNU-100'-Mg 76.92 36.3-34.9 32.6° 1.99 7.20-6.02 7
SNU-100"-Co 85.52 37.4-36.4 40.4¢ 2.16 7.59-7.20 7
MOF-205-OBn 20.42 16.5 16.5¢ 1.3 — S8
MIL-101Cr-NH, 80.642 43-23 100¢ — — S9
MIL-101Cr-NO, 40.1° — 17 — — S9
[Zns(tept),(H,0),]  31.0° 31 - 1.02 7.3 6
MOF-177 17.32 4 - 1.25 4.4 S6
BUT-11 53.12 25.9-22.3 31.5¢ — — S10
HKUST-1 100.82 35 101¢ — — S11
UTSA-30 332 — - — — S4
ZIF-300 402 — 22¢ — — S12
ZIF-301 402 — 19¢ — — S12
ZIF-302 362 — 17¢ — — S12




MOF-649 - — - 0.7 53 S13

MOF-650 — — — 1.48 6.8 S13
PCN-101 — - — 0.47 — S5

Cuy(TPPC-O"Hex) — - — 1.48 6.22 S14
CuyTPPC-O"Pr)  — - — 1.96 7.22 S14
Fe,(dobdc) — — — 2.2 9.7 S15

2Obtained at 298 K and 1 atm. "Obtained at 293 K and 1 atm. °The calculated CO,/N, selectivity
from adsorption isotherms at 298 K. 9Measured at 77 K and 1 atm.

Figure S6 Pore size of the rhombic channels.



Solid 'H NMR Study

As shown in figure S7, the two signals at 0=7.867, and 0.030 ppm can be assigned to
the bridging hydroxyl groups and the aromatic CHs, respectively, while no signals of
H,O was observed around 4.5 ppm5'.
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Figure S7 Solid 'H NMR spectra for the degassed sample of 1.
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