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Figure S1. TGA curves of as-synthesized CPM-5, CPM-6 and Co?*-CPM-6.
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Figure S2. Pore size distribution for CPM-5, CPM-6 and Co?*-CPM-6 using Horvath-
Kawazoe Model.
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Figure S3. Pore size distribution for CPM-5, CPM-6 and Co?**-CPM-6 using DFT
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Figure S4. BET surface area plots for CPM-5, CPM-6 and Co?"-CPM-6.
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Figure S5. Langmuir surface area plots for CPM-5, CPM-6 and Co**-CPM-6.
Henry’s constant fitting

The low range of the adsorption isotherm is nearly linear which corresponds to
Henry’s law behavior. The Henry’s constants were obtained from a linear fit to the in
low pressure part of the isotherm and the slope of the straight fitting line represents
the corresponding Henry’s constant.



Equation y=a+b*x

Adj. R-Square 0.99848
Value Standard Error
0.5 4 F Intercept 0 -
F Slope 0.06056 7.87322E-4
0.4 4
o) |
=
g 0.3 4
E .
<
o 0.2 4
ot
Q.
5 o
Q
> 0.1
0.0 T T T T T T L 1
0 2 4 6 8

Pressure (kPa)

Figure S6. Henry coefficient fitting of Xe adsorption isotherm CPM-5 at 298K.
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Figure S7. Henry coefficient fitting of Xe adsorption isotherm CPM-6 at 298K.



Equation y=a+b*x
Adj. R-Square 0.99865
Value Standard Error
0.5 - B Intercept 0 -
B Slope 0.06277 7.68573E4
0.4 5
— -
(=]
—
g 0.3
=
i <
2
o 0.2 -
-
o
b | -
Q
X 0.1
0.0 . r . T . T . .
0 2 4 6 8

Pressure (kPa)

Figure S8. Henry coefficient fitting of Xe adsorption isotherm Co?*-CPM-6 at 298K.
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Figure S9. Henry coefficient fitting of Kr adsorption isotherm CPM-5 at 298K.
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Figure S10. Henry coefficient fitting of Kr adsorption isotherm CPM-6 at 298K.
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Figure S11. Henry coefficient fitting of Kr adsorption isotherm Co?*-CPM-6 at 298K.



Breakthrough experiments

In a typical breakthrough experiment, about 240~330 mg of MOF samples of CPM-5,
CPM-6 and Co?*"-CPM-6 were individually packed into three steel columns (the steel
column was 20cm long in length with 4 mm of inner (0.64cm outer) diameter with
silica wool filling the void space. The adsorbents were heated at 423 K under vacuum
conditions for 10 hours and then activated by flowing a helium flow at 323 K for 2
hours before the temperature of the columns were decreased to 298 K. A circulator
bath was used to maintain the temperature of the columns at 298 K. The flow of
helium gas stream was turned off while a mixture of Xe/Kr (20/80) was sent into the
columns. The flow of helium and targeted gas mixture was controlled by two Mass
Flow Controllers with flow velocity of 5 ml/min. The downstream was monitored by
a Hiden mass spectrometer (HPR 20). Adsorbed amounts of Xe and Kr were
calculated by integrating the resulting breakthrough curves by considering dead
volume times, which were measured by helium gas under the same flow rate.

The adsorption capacity was estimated from the breakthrough curves using the
following equation:

Nodsi

Where n,4; 1s the adsorption capacity of the gas i, F is the total molar flow, C; is the
concentration of the gas I entering the column and the ti is the time corresponding to
the gas i, which is estimated from the breakthrough profile.

The selectivity was then calculated according to the equation:

AIB= Vv v
/ Yu/Yg )

Where X, and X are the mole fractions of the gases A and B in the adsorbed phase
and Y, and Yp are the mole fractions of the gases A and B in the bulk phase.
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Figure S12. Representation of the dynamic breakthrough experiment.



Dual-site Langmuir- Freundlich Fitting of Pure Component Isotherms
The experimentally measured adsorption isotherms data were fitted using the dual-site
Langmuir-Freundlich equation:

C C

asbp? aghpp ®

q= c + c
1+bApA 1+beB 1)

q4, qp are the saturated adsorption amount of noble gas, by, b are the T-dependent
parameters, p is absolute pressure, and c,, cp are the fitted parameters.
b4, bp can be calculated using the following equation:
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Calculation procedures of isoteric adsorption enthalpy
The isosteric enthalpy (Qst) were calculated by the Clausius-Clapeyron equation :

Qs d(InP)
R d(1/T) 3)

IAST calculation of adsorption selectivity

Ideal Adsorbed Solution Theory (IAST) based on pure component isotherms has been
demonstrated to be precise in prediction of selectivity of two components gas mixture
at low pressure (0-1bar). The selectivity can be calculated according to the equation:

XA/XB

v
Mg @

Where X, and Xg are the mole fractions of the gases A and B in the adsorbed phase

and Y, and Yp are the mole fractions of the gases A and B in the bulk phase.

Sap=

Table S1. Dual-Langmuir-Freundlich parameters for adsorption of Xe and Kr in
CPM-5, CPM-6 and Co*"-CPM-6.
q: by i q: b, C2 R’
CPM-5-Xe 1.25 9.87E-4 1.02 2.84 1.9E-3 0.99 0.999
CPM-5-Kr 1.62 6.22E-4 0.988 2.12E-6 8.62E-4 0.79  0.999
CPM-6-Xe 425 1.27E-3 1.057 0.08424 1.578E-7 2.8728 0.999




CPM-6-Kr  0.3014 1.3E-3 1.058 23.11  9.08E-6 1.147 0.999
Co-CPM-6-Xe 3.1 0.0148 0.835  2.32 3.9E-3 1.45  0.999
Co-CPM-6-Kr 1.79  42E-3 097 2.44 1.49E-5 1.68  0.999

Table S2. Xe uptakes and separation in selected porous materials.

Novel porous Specific surface ~ The capacity of Xe Xe/Kr Xe Qst
materials area (m?%/g) (mmol/g) selectivity  (kJ/mol)
IRMOF-1 3400 1.98! 3b 15 1

Monohalogenated
IRMOF-2 1900-3100 1.5-2.0% - 11-15 2
series
Al-MIL-53 1300 2.0° - - 3
CC3 624 2.69! 20.42 31.3 4
NiDOBDC 950 4.19! 7.3%/5-6b 22 5,6
Ag@NiDOBDC 749.7 4.88! 6.8° 23.6 7
) 24.5-
Noria 40 1.55! 9.4> 8
26.9

Co3(HCOO), 300 24 120 28 9
HKUST-1 1710 3.18! 2.6° 26.9 10
MFU-4L 3500 4.7(310 K)¢ 20 11
SBMOF-2 195 2.83! 10b 26.4 12
SBMOF-1 145 1.38! 162 13




MOEF-505 1030 2.24 9-10¢ 10

FMOFCu 58 ~0.451 1b 10>0°C) 14
UTSA-49 710.5 3.0 9.2b 23.53% 15
0.54
CROFOUR-1-Ni 505t 1.8! 1292;/ 37.4 16
CROFOUR-2-Ni 475L 1.6! 15.5%/14.3¢ 30.5 16
Carbon-ZX 1470 4.42! - - 17
Co-MOF-74 1346 6.713 10.5%/6.4¢ 28.4 18
Mg-MOF-74 1486 ~6.56 7% 23.5 18
Zn-MOF-74 844 ~4.56 7° 23.8 18
Ui0-66(Zr) 1199 1.58 7.154 25 19
MIL-101(Cr) 3445 1.38 5.33d 21.4 19
MIL-100(Fe) 1947 1.14 5.594 20.9 19

a. calculated from breakthrough experiments (298 K 400 ppm Xe, 40 ppm Kr, CO,,
N,, Ar) b. IAST selectivity c. calculated from breakthrough experiments (298 K
20/80 Xe/Kr mixture) d. calculated from Henry constants L. the surface area
calculated by Langmuir method, all the other surface areas are calculated by BET
method. 1. 298K, 1bar 2. 292K, 1bar 3. 293K, 1bar 4. 298K, 0.2bar 5. 308K, 1bar 6.
283K, Ibar

XPS of Co**-CPM-6
We performed XPS test for Co?>"-CPM-6, and we verified that Co*" was exchanged
into the framework by comparing the peak of 2p;,, for Co?" in reference 20.
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Fig S13. Co 2p spectrum for Co**-CPM-6
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Fig S14. In 3d spectrum for Co?**-CPM-6



Productive rate of CPM-5 and CPM-6
The productive rate of CPM-5 and CPM-6 were about 45% on the base of

IH(NO3)3 ® 5H20

Calculation of ion exchange amount of Co?* in CPM-6

The 62% ion exchange amount was calculated according to the chemical formula of
CPM-6: [CH3NH;][In;O(BTC),(H,0)3],[In3(BTC)4] - solvent. Img Co**-CPM-6 was
dissolved in concentrated HCI and diluted to 100ml to prepare the test sample with the
concentration of 10ppm. And external standard method was adopted in this test. We
prepared standard solutions with the concentration of 1ppm, Sppm, 10ppm to obtain
calibration curve, then the sample was tested on the basis of that curve. According to
the chemical formula of CPM-6, the molar ratio of In/[CH;NH;]* is 9, if Co?* is
utterly exchanged into the framework, the molar ratio of In/Co is supposed to be 18.
But the test result is 29, thus the ion exchange amount is supposed to be

18/29X100%=62%

Abbreviation list

NiDOBDC is also called MOF-74Nji, is a kind of nickel-based MOF and DOBDC is
abbreviation of 2,5-dihydroxyterephthalic acid

Co-MOF-74 has the same structure with NIDOBDC except the central metal atom is
Co

Ag@MOF-74Ni is Ag loaded MOF-74Ni

CC3 is a kind of porous organic cage, its molecular formula is C7,HgsNj;.

Hmtz is abbreviation of 5-methyl-1H-tetrazole

SBMOF-1 is also known as CaSDB, SDB=4,4 —sulfonyldibenzoate

SBMOF-2 is abbreviation of Stony Brook MOF-2

BTC is abbreviation of 1,3,5-Benzenetricarboxylic acid

DMF is abbreviation of N,N-dimethyllformamide

NMF is abbreviation of Methyl Formamide
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