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Supplementary Figure 1. SEM images for (A) Cu-AD-AA, (C) Cu-AD-PA and
particle size distributions for (B) Cu-AD-AA, (D) Cu-AD-PA.

Supplementary Figure 2. Photo of 250 mL glass reaction bottle for (A) Cu-AD-AA,
(B) Cu-AD-PA after the synthesis.
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Supplementary Figure 3. PXRD patterns of the simulated, as-synthesized and
activated for (A) Cu-AD-FA, (B) Cu-AD-AA and (C) Cu-AD-PA.

Supplementary Figure 4. (A) Topology view for Ivt net; (B) Ball-stick view with
connolly background for one pore in Cu-AD-FA; (C) Ball-stick view with connolly
background for one pore in Cu-AD-AA; (D) Ball-stick view with connolly background
for one pore in Cu-AD-PA.
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Supplementary Figure 5. TGA curves of the as-synthesized and activated samples for

(A) Cu-AD-FA, (B) Cu-AD-AA and (C) Cu-AD-PA.
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Supplementary Figure 6. PXRD patterns for (A) Cu-AD-FA, (B) Cu-AD-AA and (C)

Cu-AD-PA with different temperature treatment.
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Supplementary Figure 7. PXRD patterns for (A) Cu-AD-FA, (B) Cu-AD-AA and (C)

Cu-AD-PA samples after immersed in different organic solvents for 3 days at room

temperature.
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Supplementary Figure 8. N> adsorption-desorption isotherms for Cu-AD-FA,
Cu-AD-FA and Cu-AD-PA samples after water immersion.
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Supplementary Figure 9. N> adsorption-desorption isotherm for Cu-AD-FA after 90

°C pretreatment.
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Supplementary Figure 10. (A) CoHz, (B) C2Ha, (C) C2Hs, (D) C3Hs, (E) CsHs and (F)
CHj4 adsorption-desorption isotherms for Cu-AD-FA.
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Supplementary Figure 11. (A) C;H», (B) C2H4, (C) CoHs, (D) CsHs, (E) C3Hg and (F)
CHjy adsorption-desorption isotherms for Cu-AD-AA.
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Supplementary Figure 12. (A) CoHz, (B) C2Ha, (C) C2Hs, (D) C3Hs, (E) CsHs and (F)
CHj4 adsorption-desorption isotherms for Cu-AD-PA.
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Supplementary Figure 13. CO> adsorption-desorption isotherms for (A) Cu-AD-FA,
(B) Cu-AD-AA, (C) Cu-AD-PA.
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Supplementary Figure 14. Nonlinear curves fitting of (A) CHa, (B) C2Haz, (C) CoHa,

(D) C2H6, (E) C3H6, and (F) Cs;Hs for Cu-AD-FA.
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Supplementary Figure 15. Nonlinear curves fitting of (A) CHa, (B) C2H», (C) CoHa,

(D) C2Hs, (E) C3Hs, and (F) C3Hg for Cu-AD-AA.
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Supplementary Figure 16. Nonlinear curves fitting of (A) CH4, (B) C2Hz, (C) C2Ha,
(D) C2H6, (E) C3H6, and (F) CsHg for Cu-AD-PA.



Li et al. Chem Synth 2024;4:22 | http://dx.doi.org/10.20517/cs.2023.69

A) L @ 273K B) L @ 273K
@ 298K Cu-AD-FA Q@ 298K
6 |- ——Fit Curves - —— Fit Curves
£ T 0
2 4 2 .9 2
z R® = 0.9998 = B R®=0.9906
a a, = -3405.71056 = | a, = -3112.48168
2k a, = 0.58309 a, = -1.36483
a, = 0.02569 - a, =0.00908
[ § b, = 11.75677 X b, = 11.09082
[ o b, = -5.83702E-4 b, = 0.00916
Lo 1 o 1 . ¢ - ' o 1 . 2 . 1 . _I-I.I-I.I-I-I-I-I-I
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 180
CO, Uptake (mg/g) CO, Uptake (mg/g)
C) F @ 273K
@ 298K
6 |- ——FitCurves =
T L
(=] 2
e " R®=0.9907
e °r a, = -2024.50618
| Cu-AD-PA a, =5.85274
a,=0.03644
ol b, = 7.94943
b, =-0.01035
[ 1 . ] R 1 . ]
0 20 40 60 80

CO, Uptake (mg/g)

Supplementary Figure 17. Nonlinear curves fitting of CO; for (A) Cu-AD-FA, (B)
Cu-AD-AA, (C) Cu-AD-PA.
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Supplementary Figure 18. Cu-AD-FA at 298 K along with the dual-site Langmuir
Freundlich (DSLF) fits.
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Supplementary Figure 19. Cu-AD-AA at 298 K along with the dual-site Langmuir
Freundlich (DSLF) fits.
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Supplementary Figure 20. Cu-AD-PA at 298 K along with the dual-site Langmuir
Freundlich (DSLF) fits.
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Supplementary Figure 21. Selectivity of predicted by IAST at 298 K and 101 kPa (A)
C2H2/CH4 (0.5/0.5), (B) C2H4/CH4 (0.5/0.5).



Li et al. Chem Synth 2024;4:22 | http://dx.doi.org/10.20517/cs.2023.69

3
A) % C,H, Expt.
a A CO, Expt.
] DualLF
o
E 2
E
e
c
=
o 1}
S
]
7]
o
< ol
1 " 1 " 1 " 1 i 1 " 1
0 20 40 60 80 100
Pressure (kPa)
C) % C,H,Expt.
a 3} @ CO,Expt
= DualLF
<]
£
Ea}
e
=
=
o
Er
<
n
°
<,L
L L 1 " 1 1 (]
0 20 40 60 80 100
Pressure (kPa)
E)s
© C,H, Expt.
B | @ coEm o0
=
o
€ 2
E
+—
c
=
o1
€
]
[72]
°
<o
L L 1 1 1 [l

40 60 80 100

Pressure (kPa)

B) 2.0
15 |
>
=
2
® 1.0 |-
@ CO,/C,H,=0.5/0.5 @ Cu-AD-FA
[
(/2]
0.5
0.0 1 " 1 i 1 " 1 i 1 i 1
0 20 40 60 80 100
Pressure (kPa)
D) 3.0
C,H,/CO,=0.5/0.5
> 2.5
=
2
o
o
Qo
[
) 20 |-
/A Cu-AD-AA
15 1 " 1 " 1 " 1 M 1 M 1
0 20 40 60 80 100
Pressure (kPa)
F)
12 |-
10 |-
2 s}
2
et
O 6}
% CZHZICOZ=0.5/0.5 Bl Cu-AD-PA
n 4}
2+
0 1 M 1 " 1 2 1 " 1 " [
1] 20 40 60 80 100

Pressure (kPa)

Supplementary Figure 22. C;H; and CO; at 298 K along with the dual-site Langmuir
Freundlich (DSLF) fits for (A) Cu-AD-FA, (C) Cu-AD-AA, (E) Cu-AD-PA.
Selectivity of predicted by IAST at 298 K and 101 kPa: (B) CO»/C;H> (0.5/0.5) for
Cu-AD-FA, (D) C:H2/COz (0.5/0.5) for Cu-AD-AA, (F) C2H2/CO2 (0.5/0.5) for

Cu-AD-PA.
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Supplementary Figure 23. Selectivity of predicted by IAST at 298 K and 101 kPa (A)
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Supplementary Figure 24. Selectivity of predicted by IAST at 298 K and 101 kPa (A)
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Supplementary Figure 25. The breakthrough curves of the CoH4/C3Hg mixtures (v/v =
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Supplementary Figure 26. PXRD patterns after breakthrough cycle tests for
Cu-AD-AA.
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Calculation procedures of selectivity from IAST
The measured experimental data are excess loadings (¢) of the pure components CHa,
CyH,, CoH4, CoHe, CsHg and CsHg for Cu-AD-FA, Cu-AD-AA and Cu-AD-PA, which
should be converted to absolute loadings (g) firstly.

= +— (1)
Here Z is the compressibility factor. The Peng-Robinson equation (Eq. 1) is used to
estimate the value of compressibility factor to obtain the absolute loading, while the
measure pore volume is also necessary.

The dual-site Langmuir-Freundlich equation (Eq. 2) is used for fitting the isotherm data
at 298 K.

1/ 1/

x 1 x 2

= X1—+ XZ— (2)
17 1+ 4x Y 27 1+ ,x V2

Here p is the pressure of the bulk gas at equilibrium with the adsorbed phase (kPa), g is
the adsorbed amount per mass of adsorbent (mol kg™'), gms and g2 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.

S:ﬁ (3)

1/ 2
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 g1 and ¢» are the absolute component loadings of the adsorbed
phase in the mixture. These component loadings are also termed the uptake capacities.
We calculate the values of ¢ and ¢» using the Ideal Adsorbed Solution Theory (IAST)
of Myers and Prausnitz (Eq. 3).
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Supplementary Table 1. Crystal data and structure refinement of Cu-AD-FA

MOF Cu-AD-FA
formula C27H39CusN1509
formula Weight 949.04
temperature 303.0K
wavelength 0.71073 A

crystal system, space group
a(A)

b (A)

c(A)

V(A%

Z, D. Mg/M?)

F (000)

0 range (deg)

reflns collected/unique
Rint
data/restraints/params
GOF on F?

R1, wR> (I>20(1))

R1, wR (all data)
CCDC No.

Tetragonal, 141/a
15.2500(2)
15.2500(2)
22.9611(4)
5339.89(17)
5.33333,1.574
2588.0
5.182~50.696
8227/2420
0.0167
2420/12/175
1.065

R=0.0298, wR>=0.0861
R=0.0334, wR>=0.0894

2312625
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Supplementary Table 2. Unit cell parameters of Cu-AD-FA, Cu-AD-AA,
BIO-MOF-11 and BIO-MOF-12

MOF Cu-AD-FA Cu-AD-AA BIO-MOF-11 BIO-MOF-12
crystal system, Tetragonal, Tetragonal, Tetragonal, Tetragonal,
space group 141/a 141/a 141/a 141/a

a (A) 15.2500(2) 15.298(1) 15.4355(18) 17.243(3)

b (A) 15.2500(2) 15.298(1) 15.4355(18) 17.243(3)
c(A) 22.9611(4) 22.517(3) 22.775(5) 20.157(6)
V(A% 5339.89(17) 5269.6(8) 5426.3(16) 5993(2)
CCDC nmuber 2312625 817663 785771 914678

Supplementary Table 3. Physical parameters of C;-C3 light hydrocarbon

Gas Structure  Molecular size Kinetic Boiling Polarizabili Dipole Quadrupole
A% diameter point ty moment moment
A) (K) (x10%/cm?®  (10'%/esu  (10%*%/esu
cm?) cm?)
CsHs W 4.02x4.52x6.61 4.3-5.118 231.1 62.9-63.7 0.084
CHs B ¢ 4.16x4.65%6.44 4.678 225.4 62.6 0.366
C2Hs % 4.08%x3.81x4.82 4.443 184.5 44.3-44.7 0 0.65
CoHy % 3.28%x4.18x4.84 4.163 169.4 42.52 0 1.50
C:H: o=@ 3.32x3.34x5.70 3.3 189.3 33.3-39.3 0 7.50
CH4 § i 3.7x3.7x3.7 3.8 111.6 26 0 0
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Supplementary Table 4. The adsorption capacity of C-C; light hydrocarbons at 10
kPa and 101 kPa and 298 K

CHy4 C:H» C:Hy4 C:He¢ CsHe CsHs
(em’/g)  (em/g)  (em¥g)  (ecm¥g)  (em¥/g)  (em’/g)

MOFs

10 101 10 101 10 101 10 101 10 101 10 101
kPa kPa kPa kPa kPa kPa kPa kPa kPa kPa kPa kPa

Cu-AD-FA 09 7 18 42 15 37 14 35 17 21 16 21

Cu-AD-AA 12 10 32 67 26 62 25 63 59 75 56 74

Cu-AD-PA 08 6 29 60 17 48 15 45 24 37 16 33




Supplementary Table 5. The refined parameters for the Dual-site
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Langmuir-Freundlich equations fit for the pure isotherms of CO,, CH4, C;H>,
C2H4, C2Hs, C3Hg and C3Hs for Cu-AD-FA at 298 K

qm1 qm2 b b2 n o R?
CsHes 0.86666 0.25632 0.3781 0.22462 0.50167 1.17884 0.99999
Cu-AD-FA CHs 1.13224 0.15907 6.29254E-4 0.01755 1.25519 1.0222  0.99999
CHe 1.26222 1.15771 0.0723 0.01565 0.92691 0.83985 0.99999
CsHg  0.39279 0.60048 1.00048 0.08155 1.33034 1.03194 0.99998
CH, 2.06556 1.58491 0.06223 0.00163 0.98702 0.83342 0.99999
CHs 1.77917 0.36469 0.03968 0.10057 0.92325 1.07521 0.99999
CO> 1.53498 2.88142 0.03444 0.02391 1.19298 0.74631 0.99999
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Supplementary Table 6. The refined parameters for the Dual-site

Langmuir-Freundlich equations fit for the pure isotherms of CO,, CH4, C;H>,
C2H4, C2Hs, C3Hg and C3Hs for Cu-AD-AA at 298 K

qmtl qm2 b b n o R?
CsHs 2.60968 1.14829 0.29544 1.79465 0.63973 1.5056 0.99999
Cu-AD-AA CHs 9.662E-4 2.08571 4.14389E6 0.00245 0.98579 1.00695 0.99999
C:Hes 2.34214 0.93952 0.05842 0.00932 0.94495 1.70868 0.99999
CsHs 1.07752 2.38268 0.0288 0.5823 1.19812 1.19361 0.99999
CH, 2.29709 1.06541 0.08159 0.02857 0.94585 1.37165 0.99999
C:Hs  2.30857 0.91897 0.03117 0.11119 1.24991 0.68962  0.99999
CO> 3.98438 1.92179 0.02212 3.86292E-5 1.00144 1.69156 0.99999
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Supplementary Table 7. The refined parameters for the Dual-site
Langmuir-Freundlich equations fit for the pure isotherms of CO,, CH4, C;H>,
C2H4, C2Hs, C3Hg and C3Hs for Cu-AD-PA at 298 K

qm!1 qm2 bi b2 n o R?
CsHe 1.24681 0.71553 0.50149 0.04201 0.71368 0.84736  0.99998
Cu-AD-PA CHs4 0.09586 5.33509 0.00911 6.27503E-4 1.09597 0.92081 0.99997
C:He 1.89565 2.77283 0.05141 0.00391 0.95344 0.85502  0.99999
CsHs 0.74747 1.50165 0.30644  0.02544 0.83331 0.80806 0.99999
CH, 247706 1.11531 0.04001 0.15737 0.8856 1.00091  0.99999

CHy 2.24275 0.78332  0.06093 5.72062E-4  0.93237 1.54409 0.99999
CO,  0.66199 3.65487  0.04231 0.00522 1.02715 0.83886  0.99999
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Supplementary Table 8. Comparison of the selectivity for CsHs/CHy (v/v = 0.5/0.5)
and C;He¢/CHj4 (v/v = 0.5/0.5) with other reported materials at 298 K under 101
kPa

MOFs CsHs C:Hgs CHy4 C;Hs/CHs C:H¢/CHs Ref.
(em’/g)  (em’/g)  (cm’/g)
BSF-2 39.6 27.3 5.4 2609 53 [1]
Ni(HBTC)(bipy) 138.4 131.0 20.8 1857.0 27.5 [2]
MIL-142A 119.2 85.6 12.1 1300 13.7 [3]
JUC-220 873 39 [4]
JLU-Liu40 164 104 11 845 21 [5]
Cu-IPA 69.4 57.6 18.1 765 40 [6]
UiO-66-Naph 31.1 27.8 8.5 741 32 [7]
ZUL-C2 56.5 63.2 632 91 [8]
JLU-MOF68 95.0 6.2 628 [9]
PCN-224 184.8 65.9 10.5 609 12 [10]
FJI-C1 141.9 87.4 9.7 471 [11]
BSF-1 43.5 35.2 10.5 353 23 [12]
NKM-101a 74.9 65.5 15.1 223.1 20.1 [13]
UPC-100-In 118.9 119.3 11.7 186.4 26.6 [14]
CTGU-15 271.7 47.7 8.96 170.7 5.2 [15]
Cu-AD-FA 21 35 7 29.1 36.6 This
work
Cu-AD-AA 74 63 10 746.1 50.0 This
work
Cu-AD-PA 33 45 6 31.1 27.8 This




Li et al. Chem Synth 2024;4:22 | http://dx.doi.org/10.20517/cs.2023.69

Supplementary Table 9. Comparison of the selectivity for C;Hes/C2H4 with other

reported materials at 298 K under 101 kPa

MOFs CsHs C,H4 IAST Ref.
(em’/g)  (cm’/g)  0.5/0.5 0.2/0.5 0.1/0.9
Zn>(oba)z(dmimpym) 76.0 48.3 15.6 16.5 17.1 [16]
CoV-(CF3)sbde-tpt 79.1 65.9 10.1 [17]
Coln-bco-tpt 98.8 90.9 9.14 [17]
CoV-bco-tpt 109.9 102.8 7.83 [17]
Coln-bco-tpa 81.1 67.8 6.10 [17]
CoV-bco-tpa 76.4 64.9 6.37 [17]
Y-pek-MOF-1 146.3 47.2 9.0 [18]
Y-pek-MOF-2 127.3 41.7 54 [18]
NEM-7-Cu 75.5 29 8.61 [19]
Mn-dtzip 216.4 76.7 8.6 8.7 9.0 [20]
spe-MOF 236.9 48.9 7.7 7.0 6.7 [21]
stl-MOF 30.1 21.4 8.09 [21]
MFM-202a 160.8 64.9 8.4 [22]
Iso-MOF-1 209.0 51.0 5.08 5.36 [23]
Iso-MOF-2 254.1 71.4 6.60 6.81 [23]
Iso-MOF-3 234.7 66.0 7.04 7.12 [23]
Iso-MOF-4 254.5 73.1 7.74 7.23 [23]
UPC-33 943 31.1 5.70 5.84 [24]
Zn-BPZ-SA 68.3 63.9 4.8 53 6.1 [25]
Mg-MOF-74 4.7 [26]
Ni-MOF-74 33 [26]
Cdx(AzDC)o(TPT)2](DMF);  59.84 4495 1.2 [27]
Cu-AD-FA 21 37 1.1 1.1 1.1 This
work
Cu-AD-AA 75 62 10.9 10.8 10.9 This
work
Cu-AD-PA 37 48 1.9 2.0 2.1 This
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