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Experimental Section

1. Materials

Nickel nitrate hexahydrate (Ni(NO3)2·6H2O, 99%) and 3,3′-bipyridine-5,5′-

dicarboxylic acid (H2L, 98%) were purchased from Jilin Chinese Academy of Sciences-

Yanshen Technology Co., Ltd. Tetrafluoroboric acid (HBF4, 48%) was purchased from 

Shanghai Aladdin Biochemical Technology Co., Ltd. N,N-dimethylacetamide (DMA, 

99%) and acetone (CH3COCH3, 99%) were provided by Sinopharm Chemical Reagent 

Co., Ltd. The above reagents were used directly without further purification. The 

distilled water used in the experiment was made by our laboratory.

2. Synthesis of TUTJ-201Ni

Synthesis of TUTJ-201Ni. We placed 9.0 mL of DMA, 0.9 mL of H2O, and 0.1 mL of 

HBF4 (48 wt %) in a 20 mL glass vial containing Ni(NO3)2·3H2O (90.0 mg, 0.37 mmol) 

and H2L (30.0 mg, 0.12 mmol). The vial was sealed and placed in an oven preheated to 

353 K. The solvothermal reaction took place at this temperature for 48 h. The products 

were collected by suction filtration and washed several times with fresh DMA and 

acetone.

3. Fitting of pure component isotherms

The single-component C2H2 and CO2 adsorption isotherms of TYUT-201Ni were fitted 

using the dual-site Langmuir-Freundlich (DSLF) model, and R2 was greater than 

0.9999.
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Where 𝑞 is the equilibrium adsorbed amount of an adsorbent (mmol/g); 𝑞1 and 𝑞2 are 

the saturation uptakes of site 1 and site 2 (mmol/g); b1 and b2 are the affinity coefficients 

of site 1 and site 2 (1/bar); 𝑛1 and 𝑛2 are the corresponding deviations from an ideal 

homogeneous surface.

4. Qst calculation

The Qst of TYUT-201Ni with C2H2 and CO2 were calculated using the C2H2, CO2 

single-component adsorption isotherms at 273 K and 298 K via the Clausius-Clapeyron 

equation.

                                            (2)    
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In the above equation, P represents the pressure, the unit is bar, T is the temperature in 

K, and R is the gas constant (8.314).

5. IAST calculations of adsorption selectivity

The two-component gas selectivity calculation formula is defined as:

                                                  (3)     
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q / qS =
p / p

Where, q1 and q2 are the absolute adsorption amounts of the components, and p1 and p2 

are the partial pressures of the components in the gas mixture. 

6. Computational method
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We employed the Grand Canonical Monte Carlo (GCMC) method to simulate the 

adsorption density of CO₂ and C₂H₂ in MOFs. All molecular dynamics simulations were 

conducted using the LAMMPS software package1. The UFF4MOF potential2 was used 

to describe the MOF, while the GAFF potential3 was applied to CO₂ and C₂H₂ 

molecules, with atomic charges calculated using the AM1-BCC method. Intermolecular 

interactions were described using Lennard-Jones potentials and Coulombic forces. The 

time step was set to 1 fs. Adsorption was simulated at 300 K and 1 atm for a duration 

of 1 ns, with molecular insertion and deletion attempts every 0.1 ps. Trajectories were 

exported every 10 ps, and the average adsorption density was calculated from these 

trajectories.

Density Functional Theory (DFT) was used to calculate the adsorption energies of CO₂ 

and C₂H₂ in MOFs. All DFT calculations were performed using the VASP software 

package4. The Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional within 

the Generalized Gradient Approximation (GGA) was selected. A plane-wave cutoff 

energy of 500 eV was set to ensure computational accuracy. Γ-point was used for k-

point sampling. During geometry optimization, the force tolerance was set to 0.02 

eV/Å, and the energy convergence criterion was 10⁻⁵ eV. The adsorption energy is 

calculated using the following formula.

\* MERGEFORMAT (0.1)ads MOF molecular MOF molecularE E E E  
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Supporting Tables and Figures

Table S1 Comparison of C2H2 and CO2.

Gas molecules

Boiling point (K)

(K)

189.3 194.7

Kinetic diameter (Å) 3.3 3.3

Molecular dimensions (Å3) 3.32 × 3.34 × 5.70 3.18 × 3.33 × 5.36

Polarizability×1025 (cm-3) 33.3-39.3 29.11

Dipole moment (e.s.u. cm) 0 0

Quadrupole moment ×1026 
(e.s.u. cm2)

7.2 4.3

pKa 25 --

Table S2 Atomic content of TUTJ-201Ni.

Atomic Ni O N

Content (%) 27.90 25.93 8.11

Note: The Ni content was determined using inductively coupled plasma optical emission 

spectrometry (ICP-OES) on an Agilent 5110 (OES) instrument. Other atomic content was evaluated 

by Elemental Analyzer.
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Figure S1. PXRD patterns of as-synthesized (blue) and activated TUTJ-201Ni (red) compared with 

the simulated XRD patterns from the structures of TUTJ-201Ni (black). 

Figure S2. PXRD patterns of as-synthesized samples, and the sample after multiple breakthrough 

tests of TUTJ-201Ni.
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Figure S3. PXRD patterns of as-synthesized samples, the samples exposed to air for 3 days and 1 

week of TUTJ-201Ni.

Figure S4. PXRD patterns of TUTJ-201Ni after treatment with pH =3, 5, 7, 9, 11, 13 aqueous 

solution for 3 days.
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Figure S5. SEM and EDS images of as made TUTJ-201
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Figure S6. N2 sorption isotherms obtained for TUTJ-201Ni at 77 K. 
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Figure S7. C2H2 and CO2 adsorption isotherms at 273 and 298 K in TUTJ-201Ni with dual-site 

Langmuir-Freundlich model fits.
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Figure S8. Schematic illustration of home-built rig for gas breakthrough experiment.
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Table S3. Comparison of adsorptive separation properties of TUTJ-201Ni with the selected various 
porous materials reported in the literature.

Adsorbent
C2H2 uptake

(cm3 g-1) a

CO2 uptake

(cm3 g-1) a

C2H2 Qst

(kJ mol-1) b

IAST

Seletivity
Ref.

TUTJ-201Ni 55.3 40.1 34.66 7.0 This work

ATC-Cu 112.2 80.8 79.1 53.6 5

CuI@UiO-66-
(COOH)2

52.4 17.2 74.5 185.0 6 

NKMOF-1-Ni 61.0 51.1 60.3 22 7

UTSA-300a 68.9 3.25 57.6 21 8

SNNU-16 37.2 70.2 52.6 2 9

IPM-101 57.1 68.1 43.7 5.4 10

[Ni(dpip)] 83.6 14.3 41.7 2 11

TCuCl 67.2 44.8 41 5.3 12

[Ni3(HCOO)6] 53.4 34.0 40.9 22.0 13

Cu(bpy)NP 50.7 25.1 40.8 343.8 14

SNNU-45 193.0 97.4 40.0 8.5 15 

TIFSIX-2-Ni-i 94.3 101.7 40.0 6.1 16

UTSA-50 113.9 100.1 39.4 13.3 17

SIFSIX-Cu-TPA 185.0 107.0 39.1 5.3 18

NJU-Bai17 222.4 - 38.0 - 19

JXNU-18 55.2 31.5 37.4 2.81 20

JCM-1 75.0 38.0 36.9 13.7 21 

Zn(adenine)(TCPE) 48.1 33.8 35.1 4.1 22

ZNU-9 177.9 100.8 33.1 10.3 23

NBU-7-Cl 34.3 25.0 33 3.3 24

FeNi-M'MOF 133.0 88.0 32.8 24 25

HKUST-1 201.0 - 30.4 - 26
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FJU-6-TATB 110.0 58.0 29.0 5.3 27 

ZNU-8 113.1 58.2 27.2 3.7 23

CAU-10-H 89.8 60.0 27.0 24.2 28

CAU-23 119.0 72.0 26.7 3.8 29

FJU-90 180.0 103.0 25.1 4.3 30 

ZJU5 193.0 - 15.3 - 31

a. Gravimetric (mmol/g) at 298 K and 1 bar.

b. Calculated from the virial and Clausius-Clapeyron equation at low loading.

c. IAST selectivity for 50/50 (v/v) C2H2/CO2 mixture at 1 bar.
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