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An ethynyl-modified interpenetrated metal–
organic framework for highly efficient selective
gas adsorption†

Xueyue Yu,a Ziyang Huang,b Rajamani Krishna, c Xiaolong Luo *a,b and
Yunling Liu *a

An ethynyl-modified interpenetrated MOF material with lvt topology, [Cu2(BTEB)(NMF)2]·NMF·8H2O

(compound 1, H4BTEB = 4,4’,4’’,4’’’-(benzene-1,2,4,5-tetrayltetrakis(ethyne-2,1-diyl))tetrabenzoic acid,

NMF = N-Methylformamide), was successfully synthesized by using an alkynyl-functionalized H4BTEB

organic ligand under solvothermal conditions. Structural analysis shows that compound 1, consisting of a

tetradentate carboxylic acid ligand and classical [Cu2(CO2)4] paddle-wheel structure building units, has a

rare 4-connected lvt topology with dual interpenetrating structure, which can improve the framework

stability, as well as the gas adsorption capacity and selectivity due to the restricted pore channel.

According to the study of gas adsorption performance, compound 1 with a larger surface area, boasts a

superior adsorption capacity for small gas molecules. Also, ideal adsorption solution theory (IAST) compu-

tational simulation shows that compound 1 has good gas adsorption selectivity for C3H8/CH4, indicating

its potential application in gas separation.

Introduction

In recent years, the continuous emission of greenhouse gases
resulted in an imbalance of energy absorption and emission.
The accumulation of energy in the atmosphere can lead to
global warming and severe environmental and ecological pro-
blems. The greenhouse effect is mainly caused by the excessive
burning of coal and oil in modern industries.1–5 Using organic
amines for carbon dioxide fixation requires advanced pro-
duction equipment and high costs for adsorbent regener-
ation.6 An efficient, cheap and renewable material is needed to
capture CO2.

Methane is a primary component of natural gas, coalbed
methane, biogas, and an essential energy source.7–11 However,
the obtained raw natural gas is always accompanied by various
impurities, such as carbon dioxide, ethane, and propane.12–15

The presence of impurity gases reduces the energy conversion
rate of natural gas, and the acidic carbon dioxide also poses a
severe pipeline corrosion hazard during natural gas
transportation.16,17 Therefore, there is an urgent need to
develop a material with excellent selective adsorption and sep-
aration properties to purify natural gas.

In the past two decades, porous MOFs materials, as a new
type of advanced functional materials, have shown extensive
applications in the fields of host–guest chemistry,18–20 non-
linear optics,21–23 catalysis,24–27 magnetism,28–30 gas storage
and separation31–39 due to their structural features such as
high surface area, large pore volume, high density of open
metal sites (OMSs), abundant Lewis base sites (LBSs), and the
capability of functionalization and post-modification syn-
thesis. Gas storage and separation is one of the most extensive
research areas for MOFs materials, truly maximizing the
advantages of pore structure design and reflecting the irre-
placeable role of other inorganic materials. In addition, the
topology or pores of MOFs can be well controlled by adjusting
different metal ions and organic ligands with different struc-
tures and functional groups. The ordered pore structure, high
porosity, and surface area all create the conditions for storing
and separating gases.

When organic ligands containing functional groups such as
alkenyl, alkynyl, or azo groups are introduced into MOFs
materials, it is possible to expand the extended ligands and
thus expand the structure of MOFs to increase their porosity
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without changing the symmetry of the original ligands
themselves.40–44 However, with the increasing size of organic
ligands, MOFs’ porosity grows surprisingly while their struc-
tures’ stability gradually decreases.45 Therefore, researchers
have turned their attention to interpenetrating structures,
some of which were found to increase the stability of the
framework and the surface area of MOFs.46–48

Based on the above view, we successfully prepared a Cu-
MOF material with a dual interpenetrating skeleton structure
using a solvothermal synthesis method [Cu2(BTEB)
(NMF)2]·NMF·8H2O (compound 1). Compound 1 has a rare lvt
topological structure composed of an alkynyl-functionalized
organic ligand and classical [Cu2(CO2)4] structure building
units. The structural interpenetration enabled compound 1
with a high surface area and low porosity. As expected, com-
pound 1 exhibits commendable separation effects on C2H2/
CO2 (4.2) and C3H8/CH4 (204.7) at 298 K, suggesting the poten-
tial applications in gas adsorption and separation.

Experimental
Materials and methods

The chemicals and reagents for this study were purchased
from commercial sources and used without further purifi-
cation. Powder X-ray diffraction (PXRD) data were collected on
a Rigaku D/max 2550 diffractometer with Cu-Kα radiation (λ =
1.5418 Å) over the 2θ range of 4–40° at room temperature.
Thermogravimetric analyses (TGA) were performed using a TA
Q500 thermogravimetric analyzer with a heating rate of 10 °C
min−1 up to 800 °C in air. Elemental analyses (C, H, N and O)
were performed with a vario MICRO elemental analyzer.

Synthesis of compound 1

The H4BTEB organic ligand was synthesized according to the
previous literature.49 CuI (5 mg, 0.026 mmol) and H4BTEB
(4 mg, 0.007 mmol) were dissolved in 1 mL of NMF in a 20 mL
glass vial and sonicated for 5 min. Then, 0.02 mL HNO3

(2.2 mL HNO3 in 10 mL NMF) was added into the mixture and
heated at 85 °C for 24 h. Green block single crystals were
obtained, washed with NMF, and dried in air (65% yield based
on CuI). Elemental analysis (wt%) for compound 1: calculated:
C, 61.62; H, 3.12; N, 3.12, found: C, 61.09; H, 5.197; N, 3.95.

X-ray crystallography

Crystallographic data for compound 1 was collected on a
Bruker Apex II CCD diffractometer using graphite-monochro-
mated Mo-Kα (λ = 0.71073 Å) radiation at temperature 273 K.
The structure of compound 1 was solved by direct methods
and refined by full-matrix least-squares on F2 using
SHELEX-2014/7.50 All the metal atoms were located first, and
then the oxygen, carbon, and nitrogen atoms of compound 1
were subsequently found in difference Fourier maps. The
hydrogen atoms of the ligand were placed geometrically. All
non-hydrogen atoms were refined anisotropically. There were
lots of disordered solvent molecules in the cavity of the struc-

ture, the PLATON/SQUEEZE was applied to remove their diffr-
action contribution.51 Topology analysis for compound 1 was
obtained by using ToposPro.52 Crystallographic data for com-
pound 1 (2018785†) have been deposited with Cambridge
Crystallographic Data Centre. The summary of the crystallo-
graphic data and related parameters can be seen in Table S1,†
while the selective bond lengths and angles of these com-
pounds are given in Table S2.†

Gas adsorption measurements

All gas adsorption measurements (N2, CO2, CH4, C2H6, C3H8,
C2H4 and C2H2) were performed on Micromeritics instruments
(Models ASAP 2420 and ASAP 2020). Before gas adsorption
measurements, compound 1 was exchanged with methanol for
3 days to completely remove the guest NMF and water mole-
cules. Samples were activated by drying under a dynamic
vacuum at 60 °C for 1 hour. Prior to obtained gas measure-
ments, samples were dried again using the ‘outgas’ function of
the surface area analyzer for 10 h at 150 °C.

Results and discussion
Crystal structure of compound 1

Crystallized in the orthorhombic crystal system, Cmca space
group, compound 1 contains two secondary building units.
The classical [Cu2(CO2)4] paddle-wheel is the inorganic second-
ary structural motif connected to four organic ligands. The
4-linked alkynyl functionalized carboxylic acid ligand constitu-
tes the organic secondary structural motif, both of which can
be simplified to quadrilateral shapes, interconnected to form a
three-dimensional skeletal structure with a dual interpenetra-
tion and a lvt topology with the point symbol [42·84] (Fig. 1a–d,
Fig. S1†). Compound 1 has a pore channel of about 5.4 Å ×
5.4 Å along the [001] direction (van der Waals radius removed).
The total solvent-accessible volume of compound 1 was esti-
mated to be 68.5% by using PLATON (Fig. 1e).

Although the structure of compound 1 is similar to that of
BUT-43,49 there are many differences between them. The term-
inal groups of the metal clusters in compound 1 are co-
ordinated to NMF, whereas BUT-43 is coordinated to water
molecules. The different coordination environments lead to
the crystallisation of the two compounds in different space
groups. And the different ligand’s bending degrees (177.5° for
BUT-43 and 155.5° for compound 1, respectively) and the
benzene ring’s rotation angles (13.6°, 27.3°, 32.4°, 34.7° for
BUT-43 and 24.1°, 57.0° for compound 1, respectively) led to
different degrees of interpenetration (Fig. S2†), resulting in the
differences of their single-cell parameters (Table S3† and
Fig. 2). The structural variations make the gas adsorption and
selectivity properties of compound 1 different from those of
BUT-43 (Table 1). The two compounds have similar pore
volumes of 68.5% and 71.3%, respectively. The BET surface
area of compound 1 is 899 m2 g−1, which is lower than the
1124 m2 g−1 of BUT-43. Although the gas adsorption capacity
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of compound 1 was lower than that of BUT-43, the separation
capacity of C2H2/CH4 was slightly higher than that of BUT-43.

PXRD and thermogravimetric analysis

As shown in Fig. S3,† the diffraction peak positions of PXRD
patterns are the same between the experimentally measured
and the simulated one, proving that the experimentally syn-
thesized compound 1 is a pure phase. The activated com-

pound 1 maintains high crystallinity, indicating that the skel-
eton of the material did not collapse after removing guest
molecules. The results of thermogravimetric analysis of com-
pound 1 are shown in Fig. S5.† Compound 1 loses about 17%
of its weight before 150 °C, which can be attributed to remov-
ing the guest NMF and H2O molecules from the pore channels.
The structure of compound 1 can be stabilized until about
300 °C and loses about 62% of its weight after 300 °C due to
the decomposition of organic ligands, implying that the struc-
ture of compound 1 starts to collapse, ultimately resulting in
the formation of metal oxide CuO. After activation with
ethanol, the sample had almost no weight loss until 300 °C,
indicating that the guest molecules NMF and H2O in the pore
channels were almost completely removed after the solvent
exchange of compound 1.

Gas adsorption and separation behaviors

The porosity of compound 1 was investigated using N2 adsorp-
tion under 77 K conditions. As shown in Fig. S6,† the
maximum adsorption of N2 by compound 1 was 351 cm3 g−1,
the calculated BET surface area was 899 m2 g−1, and the
Langmuir surface area was 1219 m2 g−1. The results indicate
that compound 1 has permanent porosity and is a typical
microporous material with potential applications in small
molecular gas adsorption.

The adsorption capacity of compound 1 for carbon dioxide
is 48.3 and 29.5 cm3 g−1 at 273 and 298 K under standard
atmospheric pressure, comparable to some reported
MOFs.53,54 The experimental results suggest compound 1 will
be an advanced material for storing carbon dioxide gas.
Furthermore, in order to investigate the adsorption capacity of
compound 1 for small light hydrocarbon gases and the sub-
sequent theoretical calculation of gas adsorption separation,
we tested small gases such as CH4, C2H6, C3H8, C2H4, and
C2H2.

The maximum adsorption capacities of compound 1 were
18.5 and 11.3 cm3 g−1 for CH4, 63.3 and 52.6 cm3 g−1 for C2H6,
60.8 and 56.3 cm3 g−1 for C3H8, 56.6 and 47.0 cm3 g−1 for
C2H4, and 60.8 and 55.6 cm3 g−1 for C2H2, respectively at 273

Fig. 1 Description of the structures of compound 1: (a) Cu paddlewheel
SBUs, and organic BTEB4− ligand viewed as 4-c nodes; (b) ball and stick
model of compound 1; (c) polyhedral view of the lvt topology; (d) two-
fold interpenetrated framework of compound 1; (e) connolly surface
view of compound 1. Color scheme: carbon = gray, oxygen = red,
copper = green. Guest molecules and H atoms have been omitted for
clarity.

Fig. 2 The difference of ligand’s bending degrees and the benzene
ring’s rotation angles.

Table 1 Comparison of the gas adsorption and selectivity properties
for compound 1 and BUT-43

Compound 1 BUT-43

Total solvent-accessible volume 68.5% 71.3%
N2 (77 K) BET surface

area (m2 g−1)
899 1124

Langmuir
surface area
(m2 g−1)

1219 —

Adsorption
capacities (cm3 g−1)

C2H2 273 K 60.8 85.6
298 K 55.6 67.7

CO2 273 K 48.3 51.3
298 K 29.5 42.9

CH4 273 K 18.5 16.3
298 K 11.3 12.7

Selectivity (0.5 : 0.5) C2H2/CH4 14.3 8.4
C2H2/CO2 4.2 35.2
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and 298 K understand standard air pressure, as shown in
Fig. 3. In addition, to evaluate the interaction between gas
molecules and the host skeletons, the isosteric heats of
adsorption (Qst) for CO2, CH4, C2H6, C3H8, C2H4, and C2H2 in
compound 1 were calculated based on the pure component
isotherms at 273 and 298 K. The calculated Qst values are 22,
15, 27, 38, 27, and 27 kJ mol−1, respectively (Fig. S7 and S8†).

IAST uses experimentally obtained gas adsorption isotherm
curves to predict the separation performance of two-com-
ponent mixed gases. After fitting the dual-site Langmuir–
Freundlich (DSLF) for the single-component gas adsorption of
CO2, CH4, C2H6, C3H8, C2H4, and C2H2 measured in the experi-
ment at 298 K, the selective separation of two-component gas
mixtures with different ratios was calculated by using the IAST
method. The carbon dioxide and methane gas mixture ratios
are 50% : 50% and 5% : 95%. At 298 K and 760 mmHg, the sep-
aration ratio of compound 1 is 3.2 for a mixture of equimolar
CO2/CH4 and 3.1 for a mixture of CO2/CH4 with a molar ratio
of 5% : 95% (Fig. 4a and b). The theoretical simulation results
show that compound 1 has a higher separation ability for the
mixture of carbon dioxide and methane than Cu-MOF55 and
some other materials.56,57 As shown in Fig. 4, under the con-
ditions of 298 K and 760 mmHg, the separation ratios of the
mixture of equimolar C2H2/CO2, C2H2/CH4, C2H4/CH4, C2H6/
CH4, and C3H8/CH4 of compound 1 are 4.2, 14.3, 17.3, 25.5,
and 204.7, respectively (Fig. 4c–d and Fig. S9†). Under the
same conditions, the separation ability of compound 1 for the
C3H8/CH4 mixture is higher than the reported NUM-18a.58 To
further demonstrate the separation potential of compound 1,

we performed transient breakthrough simulations using the
simulation methodology described in the literature.59–65 The
results indicated that compound 1 was effective in separating
equimolar 2-component light hydrocarbon mixtures in a fixed
bed at a total pressure of 100 kPa and a temperature of 298 K
(Fig. 4e–f and Fig. S10†).

Conclusions

In summary, we successfully synthesized a Cu-MOF material
with 2-fold interpenetrating lvt net, by utilizing alkyne-functio-
nalized tetracarboxylic acid as the organic ligand and cuprous
iodide as the metal source under solvothermal conditions. The
as-synthesized MOF material possesses good adsorption
capacity for various gases and exhibits excellent separation
performance for methane due to the open metal sites, carbon–
carbon triple bonds, and multidimensional pore system in its
backbone, which shows that compound 1 has potential appli-
cation value in gas separation.
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Calculation procedures of selectivity from IAST

The ideal adsorption solution theory (IAST) was used to predict the binary mixture 

adsorption from the experimental pure-gas isotherms. The single-component isotherms 

were fitted using a dual-site Langmuir-Freundlich (DSLF) equation:

𝑞 = 𝑞𝑚1 ∙
𝑏1 ∙ 𝑝

1
𝑛1

1 + 𝑏1 ∙ 𝑝
1

𝑛1

+ 𝑞𝑚2 ∙
𝑏2 ∙ 𝑝

1
𝑛2

1 + 𝑏2 ∙ 𝑝
1

𝑛2

Here, p is the pressure of the bulk gas at equilibrium with the adsorbed phase (kPa), q 

is the adsorbed amount per mass of adsorbent (mmol/g), qm1 and qm2 are the saturation 

capacities of sites 1 and 2 (mmol/g), b1 and b2 are the affinity coefficients of sites 1 and 

2 (1/kPa), and n1 and n2 represent the deviations from an ideal homogeneous surface.

To investigate the separation of binary mixtures, the adsorption selectivity is defined as 

follows equation:

Where qi and pi (i=1, 2) are the mole fractions of component 1 and 2 in the 

𝑆 =

𝑞1
𝑞2

𝑝1
𝑝2

adsorbed and bulk phases, respectively. The IAST calculations were carried out for 

binary mixture containing equimolar gas.

Calculations of the Isosteric Heats of Gas Adsorption (Qst):

A virial-type30 expression comprising the temperature-independent parameters ai and 

bj was employed to calculate the enthalpies of adsorption for CO2, CH4, C2H6, C3H8, 

C2H4 and C2H2 (at 273and 298 K) on compounds. In each case, the data were fitted 

using the equation:
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𝑙𝑛𝑃 =  𝑙𝑛𝑁 +  1 𝑇

𝑚

∑
𝑖 ‒ 0

𝑎𝑖𝑁
𝑖 +  

𝑛

∑
𝑗 ‒ 0

𝑏𝑗𝑁 𝑗

Here, P is the pressure expressed in Torr, N is the amount adsorbed in mmol g-1, T is 

the temperature in K, ai and bj are virial coefficients, m, n represent the number of 

coefficients required to adequately describe the isotherms (m and n were gradually 

increased until the contribution of extra added a and b coefficients was deemed to be 

statistically insignificant towards the overall fit, and the average value of the squared 

deviations from the experimental values was minimized). The values of the virial 

coefficients a0 through am were then used to calculate the isosteric heat of adsorption 

using the following expression. 

𝑄𝑠𝑡 =  ‒ 𝑅
𝑚

∑
𝑖 ‒ 0

𝑎𝑖𝑁
𝑖

Qst is the coverage-dependent isosteric heat of adsorption and R is the universal gas 

constant. The heat of gas sorption for compound 1 in this manuscript are determined by 

using the sorption data measured in the pressure range from 0-1 bar (273 and 298 K for 

gases), which is fitted by the virial-equation very well.

Transient breakthrough simulations

Transient breakthrough simulations were carried out using the methodology described 

in earlier publications.1-5 In these simulations, intra-crystalline diffusion influences are 

ignored. 

The simulations were performed in a fixed bed with the following parameters: adsorber 

length, L = 0.3 m; cross-sectional area, A = 1 m2; interstitial gas velocity in the bed,  v

= 0.1 m s-1; voidage of the packed bed,  = 0.4; the superficial gas velocity at the inlet 

to the bed, = 0.04 m s-1. The volumetric flow rate of the gas mixture at the inlet  0u 0Q

= 40 L s-1. The volume of MOF used in the simulations is  = 0.18 m3 =  1adsV LA  

180 L. The total volume of the bed is . It is important to note that the volume bedV LA

of adsorbent, , includes the pore volume of the adsorbent material. If  is the adsV
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framework density, the mass of the adsorbent in the bed is 

 kg.      2 -3(1 )  m  m  kg madsm L A     

The mixture adsorption equilibrium were determined using the Ideal Adsorbed Solution 

Theory (IAST) of Myers and Prausnitz;6 the unary isotherm data fits.

The breakthrough data are presented in terms of the dimensionless concentrations at the 

exit of the fixed bed, , as function of the modified time parameter 0i ic c

.
   

 

-1
0 -10
= flow rate L s  time in s

L kg
kg MOF packed in tube ads

Q Q t
m


 

Notation

L length of packed bed adsorber, m

mass of adsorbent packed in fixed bed, kgadsm

volumetric flow rate of gas mixture entering fixed bed, m3 s-1
0Q

u superficial gas velocity in packed bed, m s-1

v interstitial gas velocity in packed bed, m s-1

Greek letters

 voidage of packed bed, dimensionless

 framework density, kg m-3

Figure S1. Topological features of compound 1 displayed by tiles and face symbols for blue tile is 
[42.84].
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Figure S2. The difference between compound 1 and BUT-43 in the degree of interpenetration.

Figure S3. The PXRD patterns of simulated, as-synthesized and EtOH-exchanged.
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Figure S4. Single crystal optical images of compound 1.

Figure S5. Thermogravimetric analysis curves of as-synthesized and after ethanol exchanged 
samples for compound 1.

Figure S6. N2 isotherms for compound 1 at 77 K under 1 atm.
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Figure S7. Qst of (a) CO2; (b) CH4; (c) C2H6; (d) C3H8; (e) C2H4; (f) C2H2 for compound 1.
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Figure S8. Nonlinear curves fitting of compound 1 for CO2 (a), CH4 (b), C2H6 (c), C3H8 (d), C2H4 
(e) and C2H2 (f) at 273 K and 298 K.

Figure S9. (a) C2H2 and CO2 adsorption isotherms at 298 K along with the DSLF fits; (b) C2H2/CO2 
selectivity of compound 1 at 298 K by the IAST method.
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Figure S10. Transient breakthrough simulations for separation of 5/95 and 50/50 (a and b) CO2/CH4, 
50/50 and 50/50 C2H4/CH4 and C2H2/CH4 (c and d) mixtures containing. The total inlet pressure is 100 
kPa. The y-axis is the dimensionless concentrations at the exit, normalized with respect to the inlet 
concentrations.
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Table S1. Crystallographic data and structure refinement for compound 1.

compound Compound 1

Formula C23H14CuO5N
Formula weight 447.90
Temperature (K) 273(2)
Wavelength (Å) 0.71073
Crystal system Orthorhombic
Space group Cmca
a (Å) 26.4044(8)
b (Å) 35.6894(11)
c (Å) 17.4068(5)
α (o) 90
β (o) 90
γ (o) 90
Volume (Å3) 16403.4(9)
Z 16
F(000) 3648
θ range (deg) 
reflns collected/unique
Rint

data/restraints/params
Goodness-of-fit on F2

R1, wR2 [I>2(I)]
R1, wR2 (all data)

2.21 to 23.94
51994 / 7469
0.0563
3092 / 73 / 299
1.011
0.0489, 0.1452
0.0837, 0.1758

Table S2. Selected bond lengths (Å) and angles (o) for compound 1.

Cu(1)-O(2)

Cu(1)-O(4)

Cu(1)-O(1)

Cu(1)-O(3)

Cu(1)-O(5)

O(2)-Cu(1)-O(4)

O(2)-Cu(1)-O(1)

O(4)-Cu(1)-O(1)

O(2)-Cu(1)-O(3)

O(4)-Cu(1)-O(3)

O(1)-Cu(1)-O(3)

O(2)-Cu(1)-O(5)

O(4)-Cu(1)-O(5)

1.957(2)

1.963(2)

1.960(2)

1.970(2)

2.127(3)

89.29(10)

168.64(11)

89.57(9)

89.55(10)

168.46(10)

89.31(10)

98.25(10)

98.63(10)

O(1)-Cu(1)-O(5)

O(3)-Cu(1)-O(5)

O(2)-Cu(1)-Cu(1)#1

O(4)-Cu(1)-Cu(1)#1

O(1)-Cu(1)-Cu(1)#1

O(3)-Cu(1)-Cu(1)#1

O(5)-Cu(1)-Cu(1)#1

C(21)-O(1)-Cu(1)

C(21)#1-O(2)-Cu(1)

C(1)#1-O(3)-Cu(1)

C(1)-O(4)-Cu(1)

C(22A)-O(5)-Cu(1)

C(22B)-O(5)-Cu(1)

93.10(10)

92.90(10)

83.76(8)

86.83(7)

84.89(8)

81.63(7)

174.18(7)

121.7(2)

123.1(2)

125.8(2)

120.4(2)

121.7(6)

120.8(4)

Symmetry transformations used to generate equivalent atoms: #1 -x+y,-x+1,z  #2 -y+1,x-y+1,z  #3 y,-x+y,-z+1  

#4 y,-x+y,z-1/2  #5 x,y,-z+1/2  #6 x-y,x,-z+1  #7 x,y,-z+3/2
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Table S3. Comparison of the crystal data for compound 1 and BUT-43

Compound Compound 1 BUT-43
Formula C23H14CuO5N C42H22Cu2O10

Crystal system Orthorhombic Monoclinic
Space group Cmca C2/c
a (Å) 26.4044(8) 42.7195(15)
b (Å) 35.6894(11) 23.6272(18)
c (Å) 17.4068(5) 21.5936(9)
α (o) 90 90
β (o) 90 120.317
γ (o) 90 30
V (Å3) 16403.4(9) 18814.8(19)

Table S4. C3H8/CH4 selectivity performance comparison of some previous reported 
MOFs.

Compound Selectivity (0.5:0.5) Ref.

MIL-142A 1300 7
LSHU01’ 912.6 8
ZUL-C2 632 9
BSF-1 353 10
JLU-MOF66 308.4 11
Cu-IPA 296 12
JLU-MOF67 287.1 11
JLU-MOF51 220 13
Compound 1 204.7 This work
CTGU-15 170.7 14
FJI-H21 145.2 15
NUM-18a 109 16
ANPC-1-800 110.4 17
Zr-OBBA 105.6 18
Zr-SDBA 97.5 18
FIR-7a-ht 78.8 19
FJI-C1 78.7 20
UPC-21 67 21
JLU-Liu45 42.7 18
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Table S5. C2H2/CO2 selectivity performance comparison of some previous reported 

MOFs.

Compound Selectivity (0.5:0.5) Ref.

ZJU-74a 36.5 22
SNNU-65-Cu-Ga 18.7 23
BUT-70A 14.8 24
SNNU-65-Cu-Sc 13.5 23
BUT-70B 11.2 24
ZJUT-2a 10 25
CPM-107 5.7 26
Compound 1 4.2 This work
UTSA-222 4.0 27
Cu(BDC-Br)(H2O)0.5(DMF)2.5 3.9 28
ZJNU-100 3.8 29
MFM-127 3.7 30
UPC-112 2.8 31
FJU-36 2.8 32

Table S6. The refined parameters for the DSLF equations fit for the pure isotherms of 

CO2, CH4, C2H6, C3H8, C2H4 and C2H2 for compound 1 at 298 K.

qm1 b1 n1 qm2 b2 n2 R2

CO2 166.64366 0.0025 0.9522 1.00888 6.08931E-4 2.21422 0.99993

CH4 0.07206 0.1284 1.36881 56.16216 0.00225 1.01347 0.99967

C2H6 152.77597 6.91914E-15 5.78602 62.15591 0.05249 0.98972 0.99999

C3H8 14.9987 0.06968 0.96147 43.47711 0.80333 1.02696 0.99998

C2H4 55.60565 0.03473 0.97379 15.65395 0.00575 0.93268 0.99997

C2H2 85.37359 0.00909 0.88842 30.04471 0.05592 0.97088 0.99998
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Table S7. The fitting parameters of the virial model with the isotherms at 273 and 298K 

for CO2, CH4, C2H6, C3H8, C2H4 and C2H2 for compound 1.

a0 a1 a2 a3 b0 b1 b2 R2

CO2 -2605.14006 1.50895 0.24141 -0.01282 11.02857 0.00313 4.7993E-4 0.99999

CH4 -1815.58629 -148.47707 47.51895 -6.38126 10.39606 0.55578 -0.17381 0.99994

C2H6 -3240.78779 -55.26564 2.49881 -0.05038 11.44351 0.19071 -0.00755 0.99998

C3H8 -3323.6 -21.07502 0.38401 -0.06539 4.22101 0.47945 -0.00874 0.99985

C2H4 -3244.28023 -7.90039 0.8914 -0.02651 11.97116 0.04476 -0.00284 0.99998

C2H2 -3291.98574 -14.22141 1.65403 -0.03152 11.99716 0.07767 -0.00625 0.99999
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