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ABSTRACT: The separation of acetylene (C2H2) from ethylene (C2H4) and ethane
(C2H6) is crucial for the production of high-purity C2H2 and the recovery of other
gases. Polyhedron-based metal−organic frameworks (PMOFs) are characterized by
their spacious cavities, which facilitate gas trapping, and cage windows with varying
sizes that enable gas screening. In this study, we carefully selected a class of PMOFs
based on V-type tetracarboxylic acid linker (JLU-Liu22 containing benzene ring, JLU-
Liu46 containing urea group and recombinant reconstructed In/Cu CBDA on the
basis of JLU-Liu46) to study the relationship between pore environment and C2
adsorption and separation performance. Among the three compounds, JLU-Liu46
exhibits superior selectivity toward C2H2/C2H4 (2.06) as well as C2H2/C2H6 (2.43).
Comparative structural analysis reveals that the exceptional adsorbed-C2H2 perform-
ance of JLU-Liu46 can be attributed to the synergistic effects arising from
coordinatively unsaturated Cu sites combined with an optimal pore environment
(matched pore size and polarity, urea functional group), resulting in a strong affinity
between the framework and C2H2 molecules. Furthermore, transient breakthrough simulations of JLU-Liu46 confirmed its potential
for separating C2H2 in ternary C2 gas.
KEYWORDS: metal−organic frameworks, polyhedron-based cage, pore engineering, C2H2 storage, gas adsorption and separation

■ INTRODUCTION
High-purity acetylene (C2H2) is a basic raw material for the
production of various chemicals and polymers, such as acrylic
acid, butylene glycol, polyvinyl chloride, acrylic acid deriva-
tives, etc.1−3 However, it is principally produced by steam
cracking of hydrocarbons or the partial combustion methane
methods and is inevitably mixed with ethylene (C2H4) or
ethane (C2H6).

4−6 Based on the structure of the carbon−
carbon bonds, their molecular sizes, boiling points, and
electronegativity/shape are very similar7−9 (Table S1). There-
fore, the separation of C2H2 from C2H6/C2H4/C2H2 mixtures
is a crucial and challenging task.10 Current technology for
recovering C2H2 from other gases generally relies on cryogenic
distillation or solvent extraction, which results in high energy
consumption and negative environmental impact.11,12 In recent
years, adsorptive separation technology based on porous
materials has been considered a promising feasibility method,
which has the advantages of energy saving, environmental
benefits, and high efficiency.13

Polyhedron-based metal−organic frameworks (PMOFs)
have a large-void cage interconnected through windows of
different sizes and open channels, which gives them the
opportunity to construct PMOFs with large pore volumes, high
surface areas, and excellent selective gas absorption capaci-
ties.14,15 Notably, the typical PMOF materials composed of V-
type tetracarboxylate linkers and [Cu2(COO)4] paddlewheel

units have an extraordinary specific surface area.16−19 The C�
C triple bond within the molecular structure of C2H2 forms a
strong interaction with the open metal sites (OMSs) in the
PMOFs. Therefore, functionalized O/N sites20 and OMSs are
introduced to enhance the adsorption capacity of C2H2 gas,
thereby improving separation efficiency. For example, based on
the V-type tetracarboxylic acid ligand, Liu et al. reported
PMOF JLU-Liu2121 with high-density LBS/OMSs by
introducing functional groups rich in N/O sites, which made
it have outstanding gas adsorption capacity. For the PCN-
30622 material studied by Chen and co-workers, the experi-
ments found that V-type carboxylic ligands can improve gas
adsorption capacity by grafting polar functional groups.
Significantly, the transformation of ligand bodies (benzene
ring, triazole, urea group) and the introduction of functional
groups (−NO2, −NH2, −CH3, and −F) in isostructural
PMOF23−26 can effectively regulate the pore environment
engineering and achieve efficient gas storage and purification.
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Combined with the previous work of our research group, we
carefully selected a class of PMOFs based on V-type
tetracarboxylic acid linker and further discussed the influence
of pore environment engineering on C2H2 purification. The
diversity of polyhedral cages in their structures provides a
platform for further in-depth research on the influence of pore
environment engineering on gas adsorption and separation
(Scheme 1). As anticipated, all three materials exhibited high
C2H2 adsorption capacity in ternary C2 gas. JLU-Liu46
demonstrated superior performance in the separation and
purification of C2H2 compared with the other two adsorbents.
Grand Canonical Monte Carlo (GCMC) simulations have
demonstrated that C2H2 displays high adsorption and
selectivity among the three PMOFs due to its strong
interaction with the Cu site and multiple hydrogen bondings.
Furthermore, transient breakthrough simulations of the
selected samples confirmed their potential for separating
C2H2 in ternary C2 gas.

■ EXPERIMENTAL SECTION
Materials and Measurements. All chemical materials were

purchased from commercial sources and required unnecessary further
purification. Powder X-ray diffraction (PXRD) data were carried on a
Rigaku D/max-2550 diffractometer with Cu Kα radiation (λ = 1.5418
Å). Gas adsorption and desorption isotherms were measured on a
Quantachrome autosorb iQ. Thermogravimetric analysis (TGA) was
performed on a Netzsch TG209F3 thermogravimetric with a
temperature range of 25−800 °C, an air atmosphere, and an airflow
heating rate of 10 °C min−1.
Preparation of Compounds. The detailed procedure for the

synthesis of JLU-Liu22,27 JLU-Liu46,28 and In/Cu-CBDA29 could
be found in Liu group and our recently reported work (see the
Supporting Information)

■ RESULTS AND DISCUSSION
Structural Description of Compounds. The synthesis of

three compounds was successfully achieved, and the obtained
PXRD data exhibited excellent agreement with the reported
structural simulation model, thereby confirming their excep-
tional crystallinity and purity (Figure S1). Meanwhile, TGA
also confirmed the robustness of the materials. From the
perspective of the TGA curve of JLU-Liu46, the initial weight
losses before 250 °C correspond to guest solvents inside the

pore followed by a plateau. Subsequently, the framework
collapsed with the temperature rise (Figure S2). As depicted in
Figure 1, JLU-Liu22 and JLU-Liu46 are interconnected
through typical copper paddlewheel and tetracarboxylic acid
ligands, thus establishing identical topology-based isoreticular
(fcu). Differently, on the one hand, the two ligands encompass
distinct functional groups: benzene and urea, respectively. On
the other hand, the bridge ligand of paddlewheels in JLU-
Liu22 is HCOOH produced by the decomposition of the
solvent DMF, while JLU-Liu46 is the added DABCO raw
material. It results in the distance between paddlewheels in
JLU-Liu22 (6.1 Å) slightly smaller than that of JLU-Liu46
(6.9 Å) (Figure S3). Moreover, based on JLU-Liu46, the
heterometallic PMOF In/Cu-CBDA was obtained by
introducing saturated coordinated mononuclear indium.
Among them, JLU-Liu22 and JLU-Liu46 possess three cage
types: cuboctahedron (cuo), truncated octahedron (T-Oh),
and truncated tetrahedron (T-Td). In/Cu-CBDA contains two
cage types: an octahedron and a slender octahedron. Overall, a
powerful strategy was employed for all three compounds,
including the classical scaffolding setup of polyhedral-based
cage MOFs.
Gas Adsorption and Separation. The intriguing pore

environment and well-developed porosity may result in
excellent gas adsorption performance, which prompted us to
systematically investigate the relationship between the
structure of MOF materials and the C2 gas adsorption. First,
the CO2 adsorption amounts of them are consistent with that
reported in the literature27−29 at 273 K, indicating that the
activation treatment of these three as-synthesized has been well
done (Figure S4). Then, the single-component adsorption
performances of compounds for C2H2, C2H4, and C2H6 were
measured at 273 and 298 K under 1 atm (Figures 2a−c and
S5−S7). The uptake of JLU-Liu22 for C2H2 is 237.6 and 163.5
cm3 g−1, C2H4 is 172 and 124.7 cm3 g−1, and C2H6 is 173 and
121.9 cm3 g−1, respectively. The uptakes of JLU-Liu46 for
C2H2 is 228 and 153.9 cm3 g−1, C2H4 is 151.2 and 113.6 cm3

g−1, C2H6 is 156.8 and 109.4 cm3 g−1, respectively. It is noted
that the C2H2 uptake capacity of both of them at 273 K is
remarkably high, which is higher than those of most renowned
MOFs, such as FJU-9030 (216 cm3 g−1), HKUST-131 (201 cm3

g−1), and MOF-50532 (177 cm3 g−1). At 298 K, the C2H2

Scheme 1. Conceptual Optimized of Three PMOFs Constructed by V-Type Tetracarboxylate Linkers and Copper Paddlewheel
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absorbed amounts of both can be higher than 150 cm3 g−1,
which is superior to those of most benchmark materials
(Figure 2d) and especially V-tetracarboxylic acid noncage
MOFs (ZJNU-55,33 56.3 cm3 g−1). In/Cu-CBDA exhibits high
adsorption capacities to C2H2 (137.6/80 cm3 g−1), C2H4 (91/
43 cm3 g−1) and C2H6 (107/65 cm3 g−1) at 273/298 K. As a
whole, the C2H2 absorption capacity of all MOFs is
significantly higher than C2H4 and C2H6, especially in the
low-pressure range (0.1 bar) at 298 K (Figure 3a−c), which
may be due to the enhanced generation of OMSs contribute to
the preferential adsorption of unsaturated hydrocarbons, while
the urea group’s N/O site acts as an organic hydrogen bond
receptor, thereby augmenting the host−guest affinity and

resulting in a more robust interaction between the framework
and C2H2.
In order to evaluate the affinity between host and guest, the

Qst of various gas molecules was obtained according to the
Viral method based on the adsorption isotherms at 298 and
273 K. (Figures 2e,f, S8, and S9). Gas adsorption isotherms
were fitted with the two-locus Langmuir−Freundlich (DSLF)
equation. As shown in Figure 2e, at zero coverage, the Qst
values of JLU-Liu22, JLU-Liu46, and In/Cu-CBDA are 36,
41, and 38 kJ mol−1 for C2H2, 35, 21, and 29 kJ mol−1 for
C2H4, and 39, 31, and 29 kJ mol−1 for C2H6, respectively.
Their Qst values of C2H2 higher than those of most reported
MOF materials, such as JNU-134 (13 kJ mol−1), UPC-
200(Fe)-F-BIM-1535 (20.5 kJ mol−1), and MUF-1536 (24.5 kJ

Figure 1. Description of the crystallographic structure of compounds: (a−c) secondary building units; (d, e) topology networks; (f−h) ball−stick
model of the 3D framework; (i−k) three paddlewheels; (l−p) several types of polyhedron-based cage.
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mol−1), and slightly lower than those for ZJU-74a1 (65 kJ
mol−1), NKMOF-1-Ni12 (60.3 kJ mol−1), and UTSA-300a37

(57.6 kJ mol−1) (Figure 2f and Table S2). It is worth noting
that the Qst values of C2H2 for JLU-Liu46 and In/Cu-CBDA
at zero coverage are higher than that of C2H4 and C2H6,
indicating that the interaction between the C2H2 molecule and
the framework is the strongest. For JLU-Liu22, the abnormally
high Qst of C2H6 can be attributed to the low polarity of the
benzene ring in the framework enhanced its interaction with
C2H6 molecules.

38 As we all know, MOFs with Qst between 35
and 45 kJ/mol are relatively energy-efficient for desorption
materials.39 Generally speaking, their moderately high Qst
values not only confirm the strong affinity for C2H2 adsorption
but also allow a relatively lower energy penalty of regeneration.
To evaluate the separation performance for the three

compounds, the adsorption selectivity of the three compounds
to the mixture of 298 K and 100 kPa was calculated using the
ideal adsorption solution theory (IAST), and the refined
parameters for the dual-site Langmuir−Freundlich equations
were given (Tables S3−S5). As displayed in Figure 3d, the
selectivity of C2H2/C2H4 and C2H2/C2H6 (50/50, v/v) was
calculated to be 1.63/2.48, 2.06/2.43, and 1.22/1.60 on JLU-
Liu22, JLU-Liu46, and In/Cu-CBDA, respectively, indicating
that the material is more likely to adsorb C2H2 than C2H4 and

C2H6. Simultaneously, the selectivity of C2H2/CO2 is also
calculated, taking into account that CO2 serves as the primary
impurity in acetylene production (Figure S10c). Apparently,
the selectivity of JLU-Liu22 and JLU-Liu46 are comparable to
previously reported adsorbent materials like BSF-140 under the
same conditions, exceeding that of most reported high
acetylene adsorption MOFs (Figure 3e).1,12,41−51 It is worth
noting that JLU-Liu46 showed the best performance in the
separation and purification of acetylene. The phenomena can
be mainly attributed to pore environment engineering, the urea
group52 can sever as hydrogen bond acceptors to form multiple
interactions, and the high-density OMSs53−56 can give π-
interactions with C2H2 (formation of metal−alkyne com-
plexes), which is beneficial to its gas adsorption and separation.
To test the excellent recyclability and easy regeneration of
compounds, repeated adsorption and desorption experiments
were performed, and the results showed that it can maintain
adsorption performance almost without losing the absorption
of C2H2 (Figures 3f and S11), and the PXRD pattern of the
sample after the cycling test further confirmed the stability
(Figure S1).
Transient Breakthrough Simulations. To evaluate the

gas separation performance of JLU-Liu46, the transient
breakthrough simulation of an equimolar two-component

Figure 2. (a−c) Single-component adsorption isotherms of C2H2, C2H4, and C2H6 at 298 K under 1 atm (desorption points are removed for
clarity); (d) comparison of advanced materials for C2H2 uptake at 1 and 298 K; (e) Qst of compounds for C2H2, C2H4, and C2H6; and (f)
comparison of advanced materials for Qst at 1 atm and 298 K.
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C2H2/C2H4 and C2H2/C2H6, as well as three-component
C2H2/C2H4/C2H6 mixture operating, were investigated at a
total pressure of 100 kPa and 298 K in a fixed bed packed with
JLU-Liu46. In transient breakthrough experiments, the gas
phase concentrations can be monitored only at the exit of the
adsorbent. Therefore, for the presentation of the results of the
breakthrough simulations, the x-axis presents in terms of L

kg−1; the y-axis represents the dimensionless concentration of
the components at the exit of the fixed bed adsorbent. As
shown in Figures 4 and S12, efficient separation was observed,
where C2H6 and C2H4 breakthrough occurred first and after a
certain time C2H2 breakthrough was observed, indicating that
JLU-Liu46 has the potential to separate C2H2 from C2 gas.

Figure 3. (a−c) C2H2, C2H4, and C2H6 steepness of the adsorption curve at low pressure for compounds; (d) C2H2/C2H4 and C2H2/C2H6
adsorption selectivity are predicted by IAST at 298 K and 1 atm for compounds (e) comparison of advanced materials for C2H2/C2H6 selectivity at
1 atm and 298 K; and (f) repetitive C2H2 adsorption measurements of JLU-Liu46 at 298 K.

Figure 4. Simulations of transient breakthrough characteristics for JLU-Liu46 at 100 kPa and 298 K; (a) and (b) equimolar two-component C2H2/
C2H4 and C2H2/C2H6 mixture.
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GCMC Simulations. To gain precise insight into the
preferential adsorption sites of C2H2, C2H4, and C2H6 in JLU-
Liu46, molecular modeling was performed based on GCMC
simulations. The C2H2 molecule exhibits a strong interaction
force with the Cu site at a short distance of 2.539 Å, and forms
interactions with four carboxylate O atoms through C−H···O
hydrogen bonds (H···O = 2.775−3.418 Å) (Figure 5a,d). In
the case of C2H4, it interacts with the Cu site at 2.561 Å
distance and involves multiple C−H···O hydrogen bonds (H···
O = 2.757−3.086 Å). (Figure 5b,e). In comparison, C2H6 gas
molecules were preferentially located at the cavities built by
three [Cu2(COO)4] paddlewheel and three tetracarboxylate
linkers, the framework and C2H6 molecules only form multiple
C−H···π interaction and C−H···O/N hydrogen bonds (H···
O/N = 3.026−3.590 Å) (Figure 5c, f). Therefore, the MOF
possesses a greater affinity for C2H2 relative to those for C2H4
and C2H6. Meanwhile, the density distribution also showed
C2H2 molecules in JLU-Liu46 are apparently higher than C2H4
and C2H6 (Figure S13).

■ CONCLUSIONS
The search for optimal adsorbents capable of one-step
separation of C2H2 from C2H6/C2H4/C2H2 mixtures repre-
sents an important but challenging task in the industry. In this
work, we investigated the C2 adsorption and separation
performance of three PMOFs with similar cage-based
structures and systematically studied the effects of functional
groups and OMSs. Compared with the other two adsorbents,

JLU-Liu46 showed the best performance in the separation and
purification of acetylene. This relatively high selectivity of
C2H2 is attributed to the synergistic effects arising from
coordinatively unsaturated Cu sites combined with an optimal
pore environment (matched pore size and polarity, urea
functional group), which can enhance the affinity of the
adsorbate and adsorbent. Transient breakthrough simulations
with ternary and binary C2 gas mixtures confirmed the ability
of JLU-Liu46 to effectively separate C2H2. In addition, the
persistent reusability of JLU-Liu46 in C2 separation was
confirmed by multicycle experiments. Our study may provide
valuable insight for future development of ideal adsorbents for
the adsorptive purification of C2H2.
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Figure 5. Simulation snapshot for (a) C2H2, (b) C2H4, and (c) C2H6 molecules under 298 K and 100 kPa in the JLU-Liu46; (d−f) represents an
enlarged depiction of the molecular simulation snapshots for C2H2, C2H4, and C2H6.
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Materials and Synthesize Methods 

1.1 Synthesize of JLU-Liu221 

A mixture of Cu(NO3)2·3H2O (8 mg, 0.033 mmol), H4tpta (2 mg, 0.005 mmol), N, N-

dimethylacetamide (DMA) (1 mL), H2O (0.65 mL), 0.65 mL of HNO3 (2.7 M in DMF) 

was sealed in a glass bottle and then heated in the oven at 85 °C for 24 hours and then 

105 °C for 12 h. The mixture was then cooled to room temperature. Bright-blue block 

crystals were obtained and air-dried (yield 60%, based on H4tpta).  

1.2 Synthesize of JLU-Liu462 

A mixture of Cu(BF4)2·6H2O (7.5 mg, 0.012 mmol), H4L (2 mg, 0.005 mmol), 1,4- 

diazabicyclo[2.2.2]-octane (DABCO) (0.1 mL, 2 g in 10 mL DMF), N,N-

dimethylformamide (DMF) (1 mL), ethanol (0.5 mL), H2O (0.5 mL), and 0.35 mL of 

HNO3 (2.7 M in DMF) was sealed in a glass bottle and then heated in the oven at 85 °C 

for 12 h. Blue crystals were gathered, washed with DMF, and air-dried (58% yield based 
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on Cu(BF4)2·6H2O). 

1.3 Synthesize of In/Cu-CBDA3 

The mixture of In(NO3)3·4H2O (10 mg, 0.03 mmol), Cu(NO3)3·3H2O (8 mg, 0.03 

mmol), H4L (4 mg, 0.01 mmol), N,N-dimethylacetamide (DMA, 0.5 mL), N-

methylformamide (NMF, 0.5 mL), deionized water (H2O, 0.5 mL) and 0.35 mL of 

HNO3 (2.7 M in DMA)  was sealed in a glass bottle and then heated in the oven at 

90 °C for 24 h. After finishing this series of operations, the blue block-shaped crystals 

of In/Cu-CBDA were collected, washed with fresh DMF, and airdried (yield: 73%, 

based on CBDA).  

Gas Sorption Measurements 

Gas sorption and desorption isotherms were measured on an Autosrob iQ. Before 

adsorption measurements, to remove all the guest solvents in the frameworks. The 

collected JLU-Liu22 was washed with DMA several times, and then were first solvent-

exchanged with dry ethanol at least three days. JLU-Liu46 was washed with DMF 

several times and replaced with absolute ethanol (12 cycles for 3 days). The as-

synthesized In/Cu-CBDA, washed with fresh DMA, and then were solvent-exchanged 

with dry acetone at least three days. Then, JLU-Liu46, JLU-Liu22 and In/Cu-CBDA 

were activated under a dynamic vacuum at 373K for 10 h, respectively, which was used 

for gas adsorption tests. 

Adsorption Enthalpy Calculation 

The C2H2, C2H4 and C2H6 adsorption enthalpy (Qst) of JLU-Liu22, JLU-Liu46 and 

In/Cu-CBDA were calculated using adsorption data at 273 K and 298 K. A virial-type 

expression (eqn S1) was used to fit these data, and then the Qst was then calculated by 

the expression given by eqn S2. 





n

i

i

i
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i

i

i NbNa
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Here, P, N, and T are the pressure (mmHg), amount adsorbed (mmol g ‒1), and 

temperature (K), respectively. m and n determine the number of terms required to 

adequately describe the isotherm. ai and bi are virial coefficients. 

Calculation procedures of selectivity from IAST 

The measured experimental data is excess loadings (qex) of the pure components C2H2, 

C2H4 and C2H6 for JLU-Liu22, JLU-Liu46and In/Cu-CBDA, which should be 

converted to absolute loadings (q) firstly. 

𝑞 = 𝑞𝑒𝑥 +
𝑝𝑉𝑝𝑜𝑟𝑒

𝑍𝑅𝑇
   eqn (S3) 

Here Z is the compressibility factor. The Peng-Robinson equation was used to estimate 

the value of compressibility factor to obtain the absolute loading, while the measure 

pore volume is also necessary. 

In order to perform the IAST calculations, the single-component isotherm was fitted by 

the dual-site Langmuir-Freundlich (DSLF) adsorption model to correlate the pure-

component equilibrium data and further predict the adsorption of mixtures. The DSLF 

model is described as: 

𝑞 = 𝑞𝑚1
×

𝑏1×𝑝1/𝑛1

1+𝑏1×𝑝1/𝑛1
+ 𝑞𝑚2

×
𝑏2×𝑝1/𝑛2

1+𝑏2×𝑝1/𝑛2
   eqn (S4) 

𝑆𝑖𝑗  =  
𝑥1

𝑥2
⁄

𝑦1
𝑦2

⁄
     eqn (S5) 

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 (mol kg-1), qm1 and qm2 are the saturation 

capacities of sites 1 and 2 (mol kg-1), b1 and b2 are the affinity coefficients of sites 1 

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

investigate the separation of binary mixtures, the adsorption selectivity is defined by x1 

and x2 are the component loadings of the adsorbed phase in the mixture.  

Transient breakthrough simulations 

Transient breakthrough simulations were performed for 33.33/33.33/33.33 

C2H2/C2H4/C2H6, 50/50 C2H2/C2H4, and 50/50 C2H2/C2H6 mixtures in JLU-Liu46 
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operating at 100 kPa and 298 K , using the methodology described in earlier 

publications4-6 For the breakthrough simulations, the following parameter values were 

used: length of packed bed, L = 0.3 m; voidage of packed bed, ε = 0.4; volumetric flow 

rate at the entrance to the bed, Q0 = 40 L s-1 

Grand Canonical Monte Carlo (GCMC) Simulations 

Metropolis Monte Carlo method7 in Sorption module of Materials Studio (MS) 2020 

was employed to investigate the sorption behaviors of C2H2, C2H4 and C2H6 molecule 

upon MOF of JLU-Liu46. The interaction analysis included density field distribution 

and isosteric heat. In present sorption process, the well-known Metropolis algorithm 

was used to accept or reject a configurational move of considered molecules. The 

Berendsen thermostat was used for temperature control. 1000000 steps of Metropolis 

Monte Carlo calculations were carried out with the initial equilibration period of 

100000 steps. 

S1. Supporting Figurers 

 

Figure S1. Simulated, as-synthesized, activated-sample and after C2H2 cycling test 

PXRD patterns of (a) JLU-Liu22, (b) JLU-Liu46 and (c) In/Cu-CBDA. 
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Figure S2. The as-synthesized and activated samples of TGA curves of JLU-Liu46. 

 

 

Figure S3. The center distance of the terminal benzenes of (a) JLU-Liu22, (b) JLU-

Liu46 and (c) In/Cu-CBDA. 

 

 

Figure S4. CO2 adsorption and desorption isotherms of (a) JLU-Liu46, (b) JLU-Liu22 

and (c) In/Cu-CBDA at different temperatures. 
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Figure S5. The adsorption and desorption isotherms of (a) C2H2, (b) C2H4 and (c) C2H6 

for JLU-Liu22 at different temperatures. 

 

 

Figure S6. The adsorption and desorption isotherms of (a) C2H2, (b) C2H4 and (c) C2H6 

for JLU-Liu46 at different temperatures. 

 

 

Figure S7. The adsorption and desorption isotherms of (a) C2H2, (b) C2H4 and (c) C2H6 

for In/Cu-CBDA at different temperatures. 
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Figure S8. The fitting results of Qst for (a) C2H2, (b) C2H4 and (c) C2H6 in JLU-Liu22, 

(d) C2H2, (e) C2H4 and (f) C2H6 in JLU-Liu46, (g) C2H2, (h) C2H4 and (i) C2H6 in 

In/Cu-CBDA by using adsorption isotherms at 298 K. 
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Figure S9. Qst of C2H2, C2H4 and C2H6 for (a-c) JLU-Liu22, (d-f) JLU-Liu46 and (g-

i) In/Cu-CBDA, respectively. 

 

 

Figure S10. (a) C2H2/C2H4 (50/50), (b) C2H2/C2H6 (50/50) and (c) C2H2/CO2 (50/50) 

adsorption selectivity are predicted by IAST at 298 K and 1 atm for compounds.  
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Figure S11. Repetitive C2H2 adsorption measurements of (a) JLU-Liu22, (b) JLU-

Liu46 and (c) In/Cu-CBDA at 298 K. 

 

 

Figure S12. Simulations of transient breakthrough characteristics curves of JLU-Liu46 

for equimolar two-component C2H2/C2H4/ C2H6 mixtures at 100 kPa and 298 K 

 

 

Figure S13. Density distribution of (a) C2H2, (b) C2H4 and (c) C2H6 molecules center-

of-mass of JLU-Liu46 at 298 K and 1 bar simulated by GCMC. 
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S2. Supporting Tables 

Table S1. Physicochemical characteristics of different gasses relevant to their 

separation. 

Molecules C2H2 C2H4 C2H6 

Dimensions (Å3) 3.32×3.34×5.70  3.28×4.18×4.84 4.08×3.81×4.82 

Kinetic diameter (Å) 3.3 4.2 4.4 

Quadrupole moment 

(×1026 esu cm2) 
3.0 1.5 0.65 

Polarisability (Å3) 3.33-3.93 4.25 4.48 

Boiling point (K) 189.4 169.5 184.6 

 

Table S2. Summary of gas adsorption data for C2H2 separation materials at 298K and 

1 bar. 

Materials C2H2 Uptake (cm3 g-1) C2H2 Qst  

(kJ mol-1) 

Ref 

JLULiu-22 163.5 36.67 This work 

JLULiu-46 153.9 41.11 This work 

UPC-200(Fe)-F-BIM 139.7 20.5 8 

PCP-33 121.8 27 9 

MUF-15 109 24.5 10 

JNU-2 103 15.8 11 

NUM-12a 99.1 38.1 12 

In/Cu-CBDA 89.7 38.2 This work 

SIFSIX-3-Ni 74 36.7 13 

UTSA-300a 68.9 57.6 14 

JNU-1 60 13 15 

BSF-1 52.6 31 16 

 

Table S3. The refined parameters for the Dual-site Langmuir-Freundlich equations fit  

for the pure isotherms of C2H2, C2H4, C2H6 and CO2 for JLU-Liu22 at 298 K. 

Adsorba

te 

qm1  

[mmol g-1] 

b1 

[kPa-1] 

n1 qm2 

[mmol g-1] 

b2 

[kPa-1] 

n2 R2 

C2H2 10.61993 0.0125 1 1 0.7435 0.9828 0.9996 

C2H4 0.80603 0.7788 1 7.93224 0.0147 1 0.9996 

C2H6 0.3035 0.1200 1.2596 9.35462 0.0095 1.0541 1 

CO2 1 0.0587 0.9914 11.6487 0.0015 1.2324 1 
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Table S4. The refined parameters for the Dual-site Langmuir-Freundlich equations fit  

for the pure isotherms of C2H2, C2H4, C2H6 and CO2 for JLU-Liu46 at 298 K. 

Adsorba

te 

qm1  

[mmol g-1] 

b1 

[kPa-1] 

n1 qm2 

[mmol g-1] 

b2 

[kPa-1] 

n2 R2 

C2H2 9.59215 0.0315 0.9141 1 0.0038 1 0.9999 

C2H4 2.36693 0.0355 1.1303 8.0345 0.006 1 0.9999 

C2H6 0.95615 0.0277 1.2884 9.34812 0.0075 1 0.9999 

CO2 17.03436 0.00302 1.02426 0.00229 1 1 1 

 

Table S5. The refined parameters for the Dual-site Langmuir-Freundlich equations fit  

for the pure isotherms of C2H2, C2H4, C2H6 and CO2 for In/Cu-CBDA at 298 K. 

Adsorba

te 

qm1  

[mmol g-1] 

b1 

[kPa-1] 

n1 qm2 

[mmol g-1] 

b2 

[kPa-1] 

n2 R2 

C2H2 5.76379 0.0023 1.3518 1 0.1060 0.9461 1 

C2H4 1 0.0769 1 8.59628 0.0015 1.2603 0.9999 

C2H6 1 0.0672 0.9520 7.72961 0.0018 1.1606 1 

CO2 0.30548 0.04109 1.13753 10.07197 0.00116 1.09449 1 
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