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X-Ray Crystallography 

A Bruker Smart Apex II CCD detector was used to collect the single crystal data at 222 K 

using Mo Kα radiation (λ = 0.71073 Å). The structure was solved by direct methods and 

refined by full-matrix least-squares refinement based on F2 with the SHELXTL program.The 

non-hydrogen atoms were refined anisotropically with the hydrogen atoms added at their 

geometrically ideal positions and refined isotropically. The SQUEEZE routine of Platon 

program was applied in refining. The formula of complex was got by the single crystal 

analysis together with elemental microanalyses and TGA data. Relevant crystallographic 

results are listed in Table S1. Selected bond lengths and angles are provided in Table S2.

Gas adsorption experiments

Before gas adsorption experiments, the as-synthesized Cu-TPHC samples were immersed 

in CH3OH for 72 hours, during which the solvent was decanted and freshly replenished four 

times a day. Then the samples were activated under vacuum (below 5 μmHg) at 333 K for 4 

hours. Gas sorption measurements were then conducted using a Micrometrics ASAP 2020M 

gas adsorption analyzer.

Breakthrough Experiments

The breakthrough experiment was performed on the Quantachrome dynaSorb BT 

equipments at 298 and 273 K and 100 kPa with an equal volume of mixed gas (C2H2: CO2: 

Ar = 5% : 5% : 90% Ar as the carrier gas, flow rate = 5, 10, 15, 20 mL min-1). The activated 

Cu-TPHC(0.7 g) was filled into a packed column of ϕ 4.2×80 mm, and then the packed 

column was washed with Ar at a rate of 7 mL min-1 at 323 K for 40 minutes to further 

activate the samples. Between two breakthrough experiments, the adsorbent was regenerated 

by Ar flow of 5 mL min-1 for 35 min at 343 K to guarantee a complete removal of the 

adsorbed gas.

The C2H2 productivity calculations:

The C2H2 productivity (q) is defined by the breakthrough amount of C2H2, which is 

calculated by integration of the breakthrough curves f(t) during a period from t1 to t2 where 

the C2H2 purity is higher than or equal to a threshold value:
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q =
 

𝐶𝑖(𝐶2𝐻2)

𝐶𝑖(𝐶2𝐻2) + 𝐶𝑖(𝐶𝑂2)
× (

𝑡2

∫
𝑡1

∫(𝑡)𝑑𝑡)

Purity (C2H2) =
 

𝑠𝑖𝑔𝑛𝑎𝑙(𝐶2𝐻2)

𝑠𝑖𝑔𝑛𝑎𝑙(𝐶2𝐻2) + 𝑠𝑖𝑔𝑛𝑎𝑙(𝐶𝑂2)

GCMC Simulation

Grand canonical Monte Carlo (GCMC) simulations were performed for the gas adsorption 

in the framework by the Sorption module of Material Studio (Accelrys. Materials Studio 

Getting Started, release 5.0). The framework was considered to be rigid, and the optimized 

gas and epoxide molecules were used. The partial charges for atoms of the framework were 

derived from QEq method and QEq neutral 1.0 parameter. One unit cell was used during the 

simulations. The interaction energies between the gas molecules and framework were 

computed through the Coulomb and Lennard-Jones 6-12 (LJ) potentials. All parameters for 

the atoms were modeled with the universal force field (UFF) embedded in the MS modeling 

package. A cutoff distance of 12.5 Å was used for LJ interactions, and the Coulombic 

interactions were calculated by using Ewald summation. For each run, the 3 × 106 maximum 

loading steps, 3 × 106 production steps were employed.

Fitting Adsorption Heat of Pure Component Isotherms
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The virial expression was used to fit the combined isotherm data for Cu-TPHC at 273 and 

298 K, where P is the pressure, N is the adsorbed amount, T is the temperature, ai and bi are 

virial coefficients, and m and N are the number of coefficients used to describe the isotherms. 

Qst is the coverage-dependent enthalpy of adsorption and R is the universal gas constant.

Gas Selectivity Prediction via IAST

The experimental isotherm data for pure gas was fitted using a dual Langmuir-Freundlich 

(L-F) model:
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𝑞 =
𝑎1 ∗ 𝑏1 ∗ 𝑃𝑐1

1 + 𝑏1 ∗ 𝑃𝑐1
+

𝑎2 ∗ 𝑏2 ∗ 𝑃𝑐2

1 + 𝑏2 ∗ 𝑃𝑐2

Where q and p are adsorbed amounts and the pressure of component i, respectively.

The adsorption selectivities for binary mixtures, defined by

Si/j
xi*yj
xj*yi

were respectively calculated using the Ideal Adsorption Solution Theory (IAST). Where xi is 

the mole fraction of component i in the adsorbed phase and yi is the mole fraction of 

component i in the bulk.

Scheme S1. Structures and physical properties of CO2 and C2H2. 

    

Figure S1. Coordination environment of Cu2+ ion in Cu-TPHC.



S5

Figure S2. Simplification process of TPHC ligands, [Cu2(COO)4] paddle-wheel SBU and 

linear trinuclear [Cu3(COO)2(CO)2(μ2-OH2)4] SBU.

Figure S3. PXRD patterns of simulated, as-synthesized, after gas adsorption and after 

breakthrough experiments samples of Cu-TPHC.
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Figure S4. TGA curves of as-synthesized and MeOH-exchanged and desolvated samples of 

Cu-TPHC. 

Figure S5. a) C2H2 adsorption isotherms of Cu-TPHC with fitted by dual L-F model at 298 K: 

a1 = 7.16683, b1 = 0.0721, c1 = 0.8417, a2 = 1.3927, b2 = 0.02872, c2 = 1.85497, Chi^2 = 

0.00034, R^2 = 0.99996; a) CO2 adsorption isotherms of Cu-TPHC with fitted by dual L-F 

model at 298 K: a1 = 8.59892, b1 = 0.00959, c1 = 1.04222, a2 = 0.11331, b2 = 0.23364, c2 = 

1.17648, Chi^2 = 0.00001, R^2 = 1. 
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Figure S6. a) C2H2 adsorption isotherms of Cu-TPHC with fitted by dual L-F model at 273 K: 

a1 = 7.35091, b1 = 0.21946, c1 = 0.98209, a2 = 1.09494, b2 = 0.00013, c2 = 2.07672, Chi^2 

= 0.00025, R^2 = 0.99998; a) CO2 adsorption isotherms of Cu-TPHC with fitted by dual L-F 

model at 273 K: a1 = 8.35652, b1 = 0.0256, c1 = 1.00687, a2 = 0.10939, b2 = 0.91918, c2 = 

1.36394, Chi^2 = 0.00014, R^2 = 0.99997. 

Figure S7. Fitted C2H2 isotherms of Cu-TPHC measured at 273 and 298 K, and their 

corresponding isosteric heats of adsorption (Qst). Fitting results, a0 = -3553.81192, a1 = 

5.22566, a2 = -0.00451, a3 = 0.00005, a4 = 2.753E-7, b0 = 9.39269, b1 = -0.01169, b2 = 

0.00001, Chi^2 = 0.00049, R^2 = 0.99992.
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Figure S8. Fitted CO2 isotherms of Cu-TPHC measured at 273 and 298 K, and their 

corresponding isosteric heats of adsorption (Qst). Fitting results, a0 = -3154.43651, a1 = 

12.6198, a2 = -0.06421, a3 = 0.00003, a4 = 3.2999E-7, b0 = 9.73747, b1 = -0.03508, b2 = 

0.00019, Chi^2 = 0.00007, R^2 = 0.99998.

Figure S9. Breakthrough curves for equimolar C2H2/CO2 mixtures at 298 K and 273 K with 

the flowrate of 5 mL min-1.

Table S1. Crystal Data and Structure Refinements for Cu-TPHC.

Chemical formula C48H40Cu7O37

Formula weight 1653.58
T (K) 222(2)
Crystal system Monoclinic
Space group P2(1)/m
a (Å) 18.413(3)
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b (Å) 13.933(2)
c (Å) 22.357(3)
α(°) 90
β (°) 111.418(4)
γ (°) 90
V (Å3) 5339.4(13) 
Z 2
Dcalcd.[g·cm-3] 1.029
μ (mm−1) 1.425
Goof 1.050
Reflns 
collected/unique/Rint

47434/10050/0.0917
R1

a, wR2
b [I > 2σ] R1 = 0.1175, wR2 = 

0.2990R1
a, wR2

b (all data) R1 = 0.1336, wR2 = 
0.3086aR1 = Σ(|Fo|−|Fc|)/Σ|Fo|. bR2 = [Σw(Fo

2 − Fc
2)2/Σw(Fo

2)2]1/2.

Table S2. Selected bond lengths [Å] and angles [°] for Cu-TPHC.

Cu(1)-O(5)#1 1.953(6) O(6)#2-Cu(2)-O(2W) 97.9(3)
Cu(1)-O(5)#2 1.953(6) O(2)#3-Cu(2)-O(2W) 93.6(3)
Cu(1)-O(1)#3 1.971(7) O(2)-Cu(2)-O(2W) 93.6(3)
Cu(1)-O(1) 1.971(7) O(3)-Cu(3)-O(9)#4 171.2(3)

Cu(1)-O(1W) 2.084(12) O(3)-Cu(3)-O(6W) 89.1(4)
Cu(2)-O(6)#1 1.945(7) O(9)#4-Cu(3)-O(6W) 95.4(4)
Cu(2)-O(6)#2 1.945(7) O(3)-Cu(3)-O(5W) 90.8(4)
Cu(2)-O(2)#3 1.951(7) O(9)#4-Cu(3)-O(5W) 97.3(4)
Cu(2)-O(2) 1.951(7) O(6W)-Cu(3)-O(5W) 81.3(5)

Cu(2)-O(2W) 2.292(11) O(3)-Cu(3)-O(3W) 86.5(6)
Cu(3)-O(3) 1.909(7) O(9)#4-Cu(3)-O(3W) 89.1(6)

Cu(3)-O(9)#4 1.963(8) O(6W)-Cu(3)-O(3W) 175.5(6)
Cu(3)-O(6W) 2.047(12) O(5W)-Cu(3)-O(3W) 97.8(7)
Cu(3)-O(5W) 2.107(12) O(3)-Cu(3)-O(4W) 83.7(5)
Cu(3)-O(3W) 2.112(16) O(9)#4-Cu(3)-O(4W) 88.0(5)
Cu(3)-O(4W) 2.14(2) O(6W)-Cu(3)-O(4W) 102.1(8)
Cu(4)-O(4)#4 1.955(7) O(5W)-Cu(3)-O(4W) 173.4(7)
Cu(4)-O(4) 1.955(7) O(3W)-Cu(3)-O(4W) 78.4(9)

Cu(4)-O(5W) 2.108(13) O(4)#4-Cu(4)-O(4) 180.0000
Cu(4)-O(5W)#4 2.108(13) O(4)#4-Cu(4)-O(5W) 91.7(3)
Cu(4)-O(6W)#4 2.111(12) O(4)-Cu(4)-O(5W) 88.3(3)
Cu(4)-O(6W) 2.111(12) O(4)#4-Cu(4)-O(5W)#4 88.3(3)

Cu(5)-O(12)#5 1.978(7) O(4)-Cu(4)-O(5W)#4 91.7(3)
Cu(5)-O(12)#6 1.978(7) O(5W)-Cu(4)-O(5W)#4 180.0000
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Cu(5)-O(7)#7 1.982(7) O(4)#4-Cu(4)-O(6W)#4 89.0(3)
Cu(5)-O(7) 1.982(7) O(4)-Cu(4)-O(6W)#4 91.0(3)

Cu(5)-O(7W) 2.160(13) O(5W)-Cu(4)-O(6W)#4 100.2(5)
Cu(6)-O(8)#6 1.958(7) O(5W)#4-Cu(4)-O(6W)#4 79.8(5)
Cu(6)-O(8)#8 1.958(7) O(4)#4-Cu(4)-O(6W) 91.0(3)
Cu(6)-O(11) 1.959(8) O(4)-Cu(4)-O(6W) 89.0(3)

Cu(6)-O(11)#3 1.959(8) O(5W)-Cu(4)-O(6W) 79.8(5)
Cu(6)-O(8W) 2.203(11) O(5W)#4-Cu(4)-O(6W) 100.2(5)
O(5)-Cu(1)#2 1.953(6) O(6W)#4-Cu(4)-O(6W) 180.0000
O(6)-Cu(2)#2 1.945(7) O(12)#5-Cu(5)-O(12)#6 86.7(4)
O(8)-Cu(6)#6 1.958(7) O(12)#5-Cu(5)-O(7)#7 92.1(3)
O(9)-Cu(3)#4 1.963(8) O(12)#6-Cu(5)-O(7)#7 167.4(3)
O(12)-Cu(5)#6 1.978(7) O(12)#5-Cu(5)-O(7) 167.4(3)

O(5)#1-Cu(1)-O(5)#2 86.9(4) O(12)#6-Cu(5)-O(7) 92.1(3)
O(5)#1-Cu(1)-O(1)#3 90.8(3) O(7)#7-Cu(5)-O(7) 86.3(4)
O(5)#2-Cu(1)-O(1)#3 166.6(3) O(12)#5-Cu(5)-O(7W) 95.8(3)
O(5)#1-Cu(1)-O(1) 166.6(3) O(12)#6-Cu(5)-O(7W) 95.8(3)
O(5)#2-Cu(1)-O(1) 90.8(3) O(7)#7-Cu(5)-O(7W) 96.9(3)
O(1)#3-Cu(1)-O(1) 88.5(4) O(7)-Cu(5)-O(7W) 96.9(3)

O(5)#1-Cu(1)-O(1W) 98.8(3) O(8)#6-Cu(6)-O(8)#8 88.3(4)
O(5)#2-Cu(1)-O(1W) 98.8(3) O(8)#6-Cu(6)-O(11) 91.1(3)
O(1)#3-Cu(1)-O(1W) 94.7(3) O(8)#8-Cu(6)-O(11) 168.3(3)
O(1)-Cu(1)-O(1W) 94.7(3) O(8)#6-Cu(6)-O(11)#3 168.3(3)

O(6)#1-Cu(2)-O(6)#2 87.2(4) O(8)#8-Cu(6)-O(11)#3 91.1(3)
O(6)#1-Cu(2)-O(2)#3 91.0(3) O(11)-Cu(6)-O(11)#3 87.2(5)
O(6)#2-Cu(2)-O(2)#3 168.5(3) O(8)#6-Cu(6)-O(8W) 95.5(3)
O(6)#1-Cu(2)-O(2) 168.5(3) O(8)#8-Cu(6)-O(8W) 95.5(3)
O(6)#2-Cu(2)-O(2) 91.0(3) O(11)-Cu(6)-O(8W) 96.2(3)
O(2)#3-Cu(2)-O(2) 88.4(5) O(11)#3-Cu(6)-O(8W) 96.2(3)

O(6)#1-Cu(2)-O(2W) 97.9(3)

Table S3. Comparison of C2H2, CO2 adsorption heats, C2H2, CO2 adsorption uptake, 

C2H2/CO2 selectivity at 298 K in Cu-TPHC with some top-performing C2H2/CO2

separation materials reported.
C2H2 uptake (cm3 g-1)

Porous materials
50 kPa   100 kPa

CO2 uptake 
(cm3 g-1)

C2H2 Qst

(kJ mol -1)
CO2 Qst 

(kJ mol -1)
C2H2/CO2 
selectivity

Ref.

Cu-TPHC 136.1 157.5 106.1 29.6 26.7 4.9
This 
work

ZJU-280a 94.9 106.2 71.1 50.6 38.8 18.1 1

JNU-1 53 60 45.5 47.6 -- 3.6 2
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ZNU-8 71.7 113.1 49.7 27.2 23.4 3.7 3

BUT-155 105 145.1 63.6 30.7 28.1 6.4 4

IPM-101 56 57.1 68.1 43.7 30.7 5.4 5

FJU-6-TATB 69.7 110 58 29 26 3.1 6

NKMOF-1-Ni 55.5 61.0 51.1 60.3 40.9 22 7

ATC-Cu 108 112.2 82.8 79.1 36.5 53.6 8

MOF-OH 55 68.2 26.8 17.5 20.6 25 9

HKUST-1 162 192 137 34.8 26.5 2.4 10

ZJU-50a 167 192 100 40 30.2 12 10

CAU-10-H 77 89.9 60.0 27.5 24.9 4 11

SIFSIX-DPA-Cu-i 64 75.6 50.2 46.5 26.4 9.3 12

Ni(4-DPDS)2CrO4 65 67 10.1 75.4 37.0 67.7 13

SOFOUR-TEPE-Zn 82 89.1 14.1 45.5 26.3 16833 14

FJU-112 59 74 39 33 23.1 4.2 15

CLCP-1 42 54 37.2 32.7 20.5 3.7 16

FJUT-1 106 133.2 108.4 43.75 37.4 4.06 17

MUF-17 62.9 115.6 93.1 49.5 33.8 6 18

JCM-1 64 75 38 36.9 33 13.7 19

SNNU-27-Ni 106 159 73.5 23.1 16.4 1.9 20

Table S4. Comparison of the C2H2/CO2 breakthrough performance of Cu-TPHC with other 

materials at 298 K

Porous materials C2H2 uptake (cm3 g-1) Separation factor Ref.

Cu-TPHC 157.5 4.4 This work

CAU-10-H 89.9 3.4 11

ZJU-74a 85.7 4.3 21

CuI@UiO-66-(COOH)2 51.7 3.4 22

In-L6-IPA 104.4 3.1 23

SNNU-45 134.0 2.9 24

NKMOF-1-Ni 61.0 2.6 7
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FJU-6-TATB 110 2.3 6

[Cd(dpip)] 124.4 2.0 25

[Ni(dpip)] 83.6 2.6 26

DNL-9(Fe) 121 2.48 27

HOF-3a 74 2 28

SIFSIX-Cu-TPA 185 1.97 29

FeNi-M'MOF 96 1.7 30
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