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S1 Supplementary methods

1 Ideal Adsorbed Solution Theory Calculations (IAST)

The Ideal Adsorbed Solution Theory (IAST) selectivity was calculated via the IAST++
software package. Specifically, the Dual-Site Langmuir-Freundlich (DSLF) adsorption
model was employed to fit the adsorption isotherms of component 1 and component 2
on the samples at 298 K and 313 K. The optimized model fitting parameters were
subsequently imported into IAST++ to compute the IAST selectivity of the equimolar
(0.5/0.5) component 1/component 2 binary mixture at the same temperature. The

employed model equation is shown in equation (1):

(kyx)™1 (kpx)™2
+(kq20)M 2 1+ (kpx)"2

n(x) = q1 7 (1
Where n(x) is the quantity adsorbed (mmol/g) at pressure x, and q; and g5 is the
saturation loadings for component 1 and component 2 (mmol/g). k; and k, represents

the fitted constant, and x represents the pressure of bulk gas at equilibrium with

adsorbed phase (kPa). The n, and n, represents the Freundlich exponent.

The equation for IAST selectivity is given by equation (2):

S _ (I1/q2 )
abs — pl/pz ( )

2 Isosteric heat of adsorption
At 298 K and 313 K, the Virial equation incorporated with temperature-independent
parameters a; and b; was utilized to quantify the adsorption enthalpies of component 1
and component 2 within samples 1 and 1-K.
InP=InN+1/ S aN; + X7 ob; N, (3)
Here, P is the pressure expressed in kPa, N is the amount absorbed in mmol g!, k
is the temperature in K, a; and b; are Virial coefficients, and m as well as n represent

the number of coefficients required to adequately describe the isotherms. The values of



the Virial coefficients a, through a,, were then used to calculate the isosteric heat of
absorption using the following expression:
Qst = —RXZoa; N; 4)
Q. represents the coverage-dependent isosteric heat of adsorption (kJ mol™!) and
R is the universal gas constant. Based on the adsorption isotherms measured by
BELSORP MAX II apparatus, the heat enthalpy of iso-CsHio, n-C4Hs, iso-C4Hg and
C4Hg for samples 1 and 1'K were determined at 298 K and 313 K.

3 Grand Canonical Monte Carlo (GCMC) simulation

The host-guest interactions were calculated using the Material Studio software
package. Before the Grand Canonical Monte Carlo (GCMC) simulations, the guest
molecules iso-C4H10, n-C4Hs, iso-C4Hs, and C4He were geometrically optimized using
the Dmol® method! and the electrostatic potential (ESP) charges were applied to the
guest molecules. The simulation model of the frameworks 1 and 1'K were built from
the crystal information file (CIF) adapted from the Cambridge Crystallographic Data
Centre https://www.ccdc.cam.ac.uk/ via index of CCDC-1551768. To construct the
simulation box of 1 and 1-K, the original CIF file was modetfied by removing the guests
inside the pores and only the framework was preserved. Then 32 HoNMe>" or 32 K*
cations were loaded within the framwork respaecively and geometrically optimized, the
resulting host-guset structures were noted as 1 and 1-K. Then the Q¢ fitted charges
were applied to the framework for the following simulation.

The Grand Canonical Monte Carlo (GCMC) simulations were performed using the
Sorption module. The simulation box was set up as a 1x1x1 supercell, and both the
framework and the guest molecules were treated as rigid bodies and set to P1. The
Metropolis method®> was applied to perform the GCMC simulations. The gas—
framework interaction and the gas-gas interaction were described by the standard
Universal force field.® The loading steps, equilibration steps, and production steps were

all set to 2.0 x 10, The saturation/maximum uptakes were modeled at 298 K using the



fixed-pressure task with 1.0 x 10> equilibration steps, followed by 2.0 x 107 production
steps to calculate the ensemble averages. The first favorable adsorption sites were
simulated by the Locate task with one guest molecule and the Fixed loading task was

applied to envaluate the adsorption enthalpy at 298 K.

S2 Supplementary figures
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Fig. S1 The PXRD patterns of (a) 1 and (b) 1-K.

Fig. S2 The optical microscope image of 1.
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Fig. S3 TGA curves for 1 and 1'K.
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Fig. S4 The 77 K-N adsorption isotherms (a) and pore size distribution (b) for 1 and

1-K.
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Fig. S5 The BET plots for 1 (a) and 1-K (b) obtained from the N> adsorption isotherm

at 77 K.
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Fig. S6 The 313 K adsorption and desorption isotherms of 1 for (a) iso-CsH1o and iso-
C4Hs and (b) n-C4Hs, iso-C4Hg and C4Hs. The adsorption and desorption isotherms in

logarithmic form (c, d).
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Fig. S8 IAST selectivities of 1 and 1-K for equimolar C4 gas at 298 K (a, b).
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Fig. S16 Dual-Site Langmuir-Freundlich (DSLF) model fitting of the C4Hg isotherm of

1'Kat298 K and 313 K.

6.6 Model Qstparameter (User)
27 E A In(x)+1/K*(a0+a1*x+a2*x"2+a3*x"3+a4*x 4)+(b
Quaton 0+b1*x+b2*xA2+b3*X"3)
4.4 a0* ~4171.03755 + 0 417103755 + 0
al* -86.74358 + 0 86.74358 + 0
a2* 95.07175 * 0 95.07175 * 0
2.2 a3 -83.94757 £ 0 -83.94757 £ 0
T ad* 29F0 29 F 0
T 0.0 b0* 11.83513 + 0.06201 | 11.83513 + 0.06201
& b1* 1.97231 + 0.32577 | -1.97231 * 0.32577
b2* 8.12782 + 0.47373 | 8.12782 + 0.47373
—2.2+ b3* 2.29844 + 0.19899 | -2.29844 * 0.19899
i50-C4H1,-298K K 298 * 0 313 £ 0
= g 7 1 Reduced Chi-Sqr* 0.01043
s IS?TC‘H“ StaK R-Square (COD) 0.99878 [ 0.99886
—— Fitting curve of 298K R-Square (COD)* 0.99882
6.6 , — Fingcove of 313K Adj. R-Square* 0.99877
0.0 04 0.8 1.2 1.6

Fig. S17 Virial fittings (lines) of iso-C4H10 adsorption isotherms (symbols) of 1 at 298

K and 313 K.

Gas uptake (mmol/g)




6.6 Model Qstparameter (User)
a ) In(x)+1/K*(a0+a1*x+a2*x"2+a3*x 3+ad*x4)+(b
Equation 0+b1*x+b2*xA2+b3*x13)
4.4 a0" 4671.03755 * 0 ~4671.03755 % 0
at* 162.4619 £ 0 162.4619 £ 0
az* 133.72796 £ 0 133.72796 £ 0
224 a3 8037779 £ 0 -80.37779 £ 0
T ad* 29.58588 + 0 29.58588 + 0
= 0.0 b0* 1253389 + 0.05222 | 12.53389 * 0.05222
| b1* -1.82247 + 0.22361 | -1.82247 = 0.22361
b2 498714 F 0.25265 | 4.98714 * 0.25265
-2.24 b3* -0.73205 * 0.08114 | -0.73205 * 0.08114
A n-C,Hg-298K k 298 + 0 L 313+ 0
- i ~ Reduced Chi-Sqr* .
44 © MCeHy313K R-Square (COD) 0.99921 | 0.99921
—— Fitting curve of 288K R-Square (COD)" 0.99921
-6.61 —— Fitting curve of 313K Adj. R-Square* 0.99918

Fig. S18 Virial fittings (lines) of n-C4Hs adsorption isotherms (symbols) of 1 at 298 K
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and 313 K.
6.6 Model Qstparameter (User)
7 E 3 In(x)+1/K*(a0+a1*x+a2"x 2+a3*x"3+ad4*x"4)+(b
quation 0+b1*x+b2"x"2+b3*x"3)
4.4 a0 -4642.19267 + 0 -4642.19267 + 0
al* -151.15199 * 0 -151.15199 + 0
a2 109.89413 * 0 109.89413 * 0
2.24 a3* -57.27825 £ 0 -57.27825 £ 0
N ad” -30.05906 * 0 -30.05906 + 0
E 0.04 b0* 12.3891 + 0.07058 | 12.3891 * 0.07058
=5 b1* -2.13462 + 0.30601 | -2.13462 + 0.30601
b2* 5.568 = 0.35426 5.568 + 0.35426
—2.21 b3* -0.9743 £ 0.11545 | -0.9743 £ 0.11545
is0-C,Hg-298K K 298 £ 0 31310
-4.4- i o Reduced Chi-Sqr* 0.01435
i PO g BT R-Square (COD) 0.99857 I 0.99851
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Fig. S19 Virial fittings (lines) of iso-C4Hg adsorption isotherms (symbols) of 1 at 298

K and 313 K.



6.6 Model Qstparameter (User)
: E—— In(x)+1/K*(a0+a1*x+a2*x"2+a3*x"3+ad"x 4)+(b
quaron 0+b1*x+b2*xA2+b3*x"3)
4.4 a0* -4871.03755 £ 0 -4871.03755 + 0
al* -86.74358 + 0 -86.74358 + 0
22 a2* 55.07175 + 0 56.07175 + 0
: a3* -43.94757 = 0 -43.94757 £ 0
o ad* 29 £ 0 29+ 0
E 0.0 b0* 12.86531 + 0.09845 | 12.86531 + 0.09845
— b1* -1.53545 + 0.37557 | -1.53545 + 0.37557
29 b2* 5.06555 + 0.38235 | 5.06555 + 0.38235
. b3* -0.97407 + 0.1099 | -0.97407 = 0.1099
A C,Hgs298K K 298 £ 0 313+ 0
-4.4 ® C,Hg313K Reduced Chi-Sqr* 0.0:[327
s R-Square (COD) 0.99657 0.99712
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Fig. S20 Virial fittings (lines) of C4Hs adsorption isotherms (symbols) of 1 at 298 K

and 313 K.
7.24 Model Qstparameter (User)
Eauatl In(x)+1/K*(a0+a1*x+a2"x"2+a3"x"3+ad"x"4)+(b
quation 0+b1*x+b2*xA2+b3*xA3)
a0* -4418.0784 £ 0 -4418.0784 + 0
3.6 atl* 115.90637 + 0 115.90637 + 0
a2* -121.49984 + 0 -121.49984 + 0
a3* 57.21964 £ 0 57.21964 + 0
o ad* -33.62111 £ 0 3362111 £ 0
E 0.0 b0* 12.723 + 0.05562 12.723 + 0.05562
— b1* -1.31563 + 0.18181 | -1.31563 + 0.18181
b2* 1.84227 + 0.15943 | 1.84227 * 0.15943
b3* 0.02801 + 0.03976 | 0.02801 + 0.03976
—3.6+ i50-C4H,;-298K K 298 + 0 313 £ 0
i50-C4H,,-313K Reduced Chi-Sqr* 0.00984
Fitting curve of 298K R-Square (COD) 0.99893 I 0.99863
-7.2 — Fitling curve of 313K R-Square (COD)* 0.99879
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Fig. S21 Virial fittings (lines) of iso-C4Hio adsorption isotherms (symbols) of 1-K at

298 K and 313 K.
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Fig. S22 Virial fittings (lines) of n-C4Hg adsorption isotherms (symbols) of 1-K at 298

7.2 Model Qstparameter (User)
Equation In(x)+1/K*(a0+a1*x+a2*x"2+a3*x*3+a4*x"4)+(b
0+b1*x+b2*x"2+b3*x"3)
a0* -5052.98844 + 0 -5052.98844 + 0
3.6 atl* -406.65666 + 0 -406.65666 + 0
a2* 4748727 £ 0 47.48727 £ 0
a3* 3.46226 = 0 3.46226 = 0
ad* 1.6+ 0 -1.6 =0
0.0+ b0* 14.01329 = 0.04959 | 14.01329 = 0.04959
b1* 0.76573 = 0.132 0.76573 * 0.132
b2* 0.81612 + 0.09221 0.81612 = 0.09221
b3* -0.04385 + 0.01809 | -0.04385 *+ 0.01809
-3.6+ A n-C,Hg-298K k 298 1 0 3137 0
® n-C,Hy313K Reduced Chi-Sqar* 0.009
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7.2 Model Qstparameter (User)
Equation In(x)+1/K*(a0+a1*x+a2*x"2+a3*x"3+a4*x"4)+(b
quatio 0+b1*x+b2*x"2+b3*x"3)
a0* -5208.96759 * 0 -5208.96759 *+ 0
3.6 atl* -208.41031 = 0 -208.41031 = 0
a2* -57.9034 £ 0 -57.9034 = 0
a3" 33.38368 = 0 33.38368 = 0
o a4* 58+ 0 58+ 0
= 0.0 b0* 14.42878 + 0.02928 | 14.42878 + 0.02928
| b1* 0.38733 + 0.0765 0.38733 + 0.0765
b2* 0.8813 + 0.05187 0.8813 + 0.05187
b3* -0.05201 + 0.00981 -0.05201 + 0.00981
-3.6+ i50-C,Hg-298K k 298 £ 0 313 %0
i50-C,Hg-313K Reduced Chi-Sgr* 0.00354
97 R-Square (COD) 0.99966 I 0.99959
—Fitting curveof 298K R-Square (COD)" 0.99963
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0 1 2 3

Fig. S23 Virial fittings (lines) of iso-C4Hg adsorption isotherms (symbols) of 1-K at

Gas uptake (mmol/g)

298 K and 313 K.
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Model Qstparameter (User)
Equation In(x)+1/K*(a0+a1*x+a2*x"2+a3*x"3+a4*x"4)+(b
0+b1*x+b2*x"2+b3*x"3)

a0* -5565.91591 + 0 -5565.91591 + 0
al* -468.8217 = 0 -468.8217 = 0
a2* 56.26952 = 0 56.26952 + 0
a3* 2281274 = 0 2281274 = 0
a4* -5.6172 £ 0 -5.6172 = 0
bo* 15.45931 + 0.06663 | 15.45931 *+ 0.06663
b1* 1.07788 £ 0.16916 1.07788 + 0.16916
b2* 0.54282 + 0.11064 0.54282 + 0.11064
b3* -0.02324 + 0.02019 | -0.02324 + 0.02019
k 298 + 0 313+ 0
Reduced Chi-Sqgr* 0.01917
R-Square (COD) 0.99825 ] 0.99791
R-Square (COD)* 0.99809

0.99801

Adj. R-Square*

Fig. S24 Virial fittings (lines) of C4He adsorption isotherms (symbols) of 1:-K at 298 K

and 313 K.

Fig. S25 Cycling breakthrough tests C4He/n-C4Hs/iso-C4Hg (1/1/1 (v/v /v)) with 1K at

Gas uptake (mmol/g)

244 —a—n-C,Hg iso-C4Hg —9— C,Hg
1.8
i 1 :
S12{ | (3 .
¢ 2 ' {J
0.6 1 ?
A 188
|
0.0 l;i & : ; .:3|
1st 2nd 3rd 4th 51h
0 170 340 510 680 850

Cycle breakthrough expeiments

298 K for five times.



iso-C,H,, @ 1'K iso-C,H,, @ 1

Fig. S26 The simulated binding structures of (a) n-C4sHs@1-K, (b) n-CsHs@1, (c) iso-
CsHio@1-K and (d) iso-CsHio@1. Color code: silver, C; white, H; red, O; blue, N;

turquoise, Cu.



S3 Supplementary tables

Table S1 The physical properties of C4 olefins and paraffins.

Saturated
Kinetic vapor Dipole Concentration
Boiling Polarizability = Molecular size Density
Compound diameter pressure Moment in C4 mixture
point (K) (A3 (A3 (g/cm?)
(A) (MPa) at (D) (%)
298 K
CsHe 268.62 431 86.4 2.7x4.6x7.3 0.245 0.00 0.621 39.5
0.359-
n-C4Hs 266.92 4.46 79.7-85.2 3.5%x4.5x7.4 0.247 0.595 13.0
0.438
iso-C4Hg 266.25 4.84 80 3.6x5.2%6.0 0.256 0.550 0.594 27.2
iso-C4Hio 261.34 5.28 81.4-82.9 4.5%5.5%6.2 0.288 0.132 0.557 3.6




Table S2 Separation performance comparison for materials at 298 K and 50 kPa

Materials iso-C Hg uptake (mmol g')  iso-C H, uptake (mmol g')  Uptake ratio Refs
HKUST-1 6.851 5.583 1.23 4
ZU-603 2.100 0.637 3.30 5

[Cua(pa-O)(p2-

OH)Z(MGZUZ_;; o 4350 3.83 113 6
ZU-36-Co° 0.17 0.12 0.15 7
TIFSIX-3-Ni¢ 0.32 0.14 2.28 7
MIL-120¢ 2.16 1.71 1.26 7
Zn(Hmpba),* 2.80 2.40 1.17 8
SD-65 0.029 0.022 1.29 9
Mn-bpdc 0.035 0.032 1.10 10
Ni-gallate 0.043 0.037 1.17 11
Mg-gallate 0.087 0.068 1.27 11

Co-gallate 0.106 0.093 1.14 11




Materials iso-C Hg uptake (mmol g')  iso-C,H, uptake (mmol g7) Uptake ratio Refs

ZU-609 0.106 0.088 1.20 12
ZJNU-30a 5.364 7.556 0.71 13
1 1.78 1.37 1.30 This work
1'K 3.13 2.35 1.33 This work

a=103.4 kPa; b=101 kPa; ¢c=100 kPa; d=303K.



Table S3 Comparison of uptake capacity and uptake selectivity of various adsorbents for C4He/n-CsHs/iso-CsHg at 298 K and 100 kPa.

Uptake (mmol g!) Uptake ratio
Materials Refs
C H, n-C H, iso-C H, C,H/n-C Hg C H/iso-C Hy

ZJNU-30a 10.63 10.7 9.14 0.99 1.16 13
NOTT-101a* 9.28 9.28 9.15 1.00 1.00 14
ZJNU-80a? 8.35 8.35 6.80 1.00 1.23 14
SIFSIX-1-Cu? 6.75 6.43 6.28 1.10 1.13 15
TIFSIX-2-Cu-1* 4.00 3.67 2.90 1.09 1.38 15
SIFSIX-2-Cu-1* 3.99 3.06 1.74 1.30 2.29 15
Co-DOBDC 5.90 5.60 1.10 1.10 1.10 16
Zn-EIM-RHO 5.00 5.25 5.25 0.95 0.95 16

Zn-BTM?* 2.70 1.71 1.73 1.21 1.19 16




Uptake (mmol g) Uptake ratio
Materials Refs
C JHe n-C Hg iso-C JHg C 4H6/n-C JHg C 4H6/iso-C JHg
SIFSIX-Cu-TPB 3.23 2.71 2.44 1.13 1.31 17
TIFSIX-Cu-TPB 3.35 2.96 2.56 1.13 1.31 17
Zn(Hmpba)zad 3.10 2.80 2.80 1.11 1.11 8
Ni(pyz)Ni(CN)4 3.17 2.88 2.92 1.10 1.09 18
Y-fum-fcu-MOF24 2.61 2.70 0.98 0.97 2.66 19
1° 2.19 1.93 1.91 1.13 1.14 This work
1'K° 348 3.21 3.34 1.08 1.04 This work

a=101 kPa; b=95 kPa; c=308K; d=303K.
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