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1 1. Experimental and theoretical methods

2 2.1 Reagents and materials 

3 All chemicals are commercially reachable and directly utilized without additional 

4 purification handling. Nickel(II) chloride hexahydrate (NiCl2∙6H2O), Nickel(II) nitrate 

5 hexahydrate (Ni(NO3)2·6H2O), 1,4-benzenedicarboxylic acid (H2bdc), 1,4-diazabicyclo [2.2.2] 

6 octane (dabco), glycidyl methacrylate (GMA, ≥ 99.0 %), tertbutyl methacrylate (TBMA, ≥ 

7 99.0 %), trimethylolpropane triacrylate (TMPTA, ≥ 99.0 %), poly(ethylene glycol)-block-

8 poly(propylene glycol)-block-poly(ethylene glycol) (P123, Mn = 5800, ≥ 99 %), benzoyl 

9 peroxide (BPO, ≥ 99.0 %), ammonium persulfate (APS, 98.5 %), tetraethylenepentamine 

10 (TEPA, ≥ 99.0 %), N,N-dimethylaniline (DMA, ≥ 99 %), N, N, N’, N’-

11 tetramethylethylenediamine (TMEDA, ≥ 99.0 %), polyvinyl alcohol 1788 (PVA, 80 % 

12 hydrolyzed, average Mn, 9000-10000), methanol (MeOH), N, N’-dimethylformamide (DMF) 

13 were individually obtained from the Shanghai Tensus Bio-tech Co., Ltd and J&K Scientific 

14 Ltd. 

15 2.2 Material synthesis and shaping

16 Conventional synthesis: The Ni(bdc)(dabco)0.5 was synthesized based on the method 

17 described in existing literature with slight modifications[1,2]. NiCl2
.6H2O (0.428 g), H2bdc 

18 (0.24 g), and dabco (0.132 g) were mixed with DMF (30 mL) in a 50 mL Teflon-lined steel 

19 autoclave, followed by being transferred into the oven and then heated to 393 K for 2 days. 

20 The obtained green crystals were washed with DMF and methanol for three days, respectively, 

21 during which the crystals were washed with the fresh solvent three times a day. Finally, the 

22 material was dried in the vacuum oven at 423 K for 12 h.

23 Gram-scale synthesis: The gram-scale synthesis of Ni(bdc)(dabco)0.5 was completed 

24 under reflux environments. NiCl2
.6H2O (10.7 g), H2bdc (6.0 g), and dabco (3.3 g) were mixed 

25 with DMF (1.5 L). Afterward, the mixture was refluxed at 393 K for 2 h. The green powder 

26 was collected by filtration. The washing process is the same as conventional synthesis (Yield: 

27 7.96 g, 74.4 % based upon metal salt). 

28 Amino functionalization poly(acrylate) (AFP) synthesis: The AFP was synthesized by 

29 the method described in existing literature[3]. First, GMA (2.0 g), TBMA (0.5 g), TMPTA (2.5 

30 g), BPO (0.4 g), and P123 (0.6 g) were dissolved in toluene (8.0 g), and a homogeneous oil 
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1 phase was formed by stirring at rotation speed of 400 r min-1. Next, deionized water (20 mL) 

2 was slowly dropped into the oil phase, and stirring was continued for 5 minutes. Then, the 

3 obtained emulsion was poured into a third phase containing deionized water (150 mL), PVA 

4 (1.2 g) and APS (0.8 g), and polymerization was carried out by stirring continuously at 353K 

5 for 30 minutes at a rotation speed of 240 r min-1. After the polymerization was completed, 

6 poly(acrylate) was collected and dried at 333K for 12 h. After that, the poly(acrylate) was 

7 placed in ethanol, soaked at 353 K for 60 minutes to remove P123 from the pores, and dried at 

8 333 K for 12 h. Finally, poly (acrylate) (2.0 g) was placed in TEPA (20.0 g), and grafted at 

9 403 K for 12 h to obtain AFP.

10 Material shaping: The shaped material was prepared by sequentially impregnating AFP 

11 with Ni(NO3)2·6H2O, dabco and H2bdc, and growing in situ at 403 K. First, AFP (0.2 g) was 

12 put into a solution containing Ni(NO3)2·6H2O (2.9 g) and methanol (5 mL), and soaked at 333 

13 K for 2 h. The solution was removed and evaporated in vacuum oven at 403 K for 2 h. Next, 

14 the sample was put into a solution containing dabco (0.61 g) and methanol, soaked for 0.5 h at 

15 room temperature, and evaporated in a vacuum oven at 403 K for 2 h after the solution was 

16 removed again. Then, the sample was put into a solution containing H2bdc (0.664 g) and 

17 DMF (60 mL) and transferred to a Teflon-lined autoclave (100 mL) for reaction at 393 K for 

18 48 h. After the reaction, the sample was washed with DMF and methanol, filtered and dried at 

19 353 K for 12 h, and finally the molded material was obtained.

20 2.3. Material characterization

21 Powder X-ray diffraction (PXRD) data were determined based on a D8 Advance X 

22 diffractometer equipped with Cu sealed tube. The N2 adsorption-desorption isotherms at 77 K 

23 were estimated through the automatic surface and aperture analyzer (3H-2000PS1 series, 

24 Beishide Instrument Technology (Beijing) Co., Ltd). The particle sizes and morphologies 

25 were collected by a field-emission scanning electron microscope (FESEM, Hitachi S4700). 

26 The thermogravimetric analysis (TGA) was performed using GA Q50-type equipment with an 

27 N2 environment. The Fourier transform infrared (FT-IR) data was measured through a Bruker 

28 Vertex 70-type spectrometer.

29 2.4. Adsorption measurement

30 The C3H6 and C2H4 adsorption-desorption isotherms were individually tested using the 
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1 BSD-660 M adsorption analyzer (Beishide Instrument Technology Co., Ltd.) at 273 and 298 

2 K. Previous to the test, approximately 1.0 g sample was filled into the sample tube and 

3 activated at 423 K with a vacuum degree of 1×10-6 bar for 10 h to eliminate the impurities in 

4 material pores. During the adsorption test, the corresponding pressure was altered from 0.0 to 

5 1.0 bar and an ice and water bath were used to keep the system temperature constant, 

6 respectively. For the new C3H6 adsorption-desorption cycle, the activation of the material was 

7 achieved by vacuum degassing to 1×10-6 bar at room temperature. 

8 2.5. Isosteric heat of adsorption

9 The isosteric heat of adsorption (Qst) was calculated via the following Clausius-

10 Claperyron equation[4,5]:

11 (3)1 2 2
st

1 2 1

RT T pQ = ln
T -T p

12 where R, P and T are respectively the gas constant (8.314 J mol-1 K-1), test pressure and 

13 operation temperature.

14 2.6. Ideal adsorbed solution theory

15 The separation selectivity was calculated based upon the ideal adsorbed solution theory 

16 (IAST) model after fitting of adsorption isotherms by the following dual-site Langmuir (DSL) 

17 expression[6,7]:

18 (4)max maxA B
i A B

A B

b p b pN = N + N
1+b p 1+b p

 

19 where Ni (unit: cm3(STP) g-1) signifies the equilibrium uptake of adsorbate i; p (unit: bar) 

20 signifies the test pressure on bulk phase; and  (unit: cm3(STP) g-1) signify the max
AN max

BN

21 equilibrium saturated uptake at A and B sites individually; bA and bB (unit: bar-1 and bar-1) 

22 signify the adsorption affinity coefficients at sites A and B individually. 

23 The C3H6/C2H4 IAST selectivity ( ) is as follows:
3 6 2 4C H / C HS

24 (5)3 6 2 4

3 6 2 4

3 6 2 4

C H C H
C H / C H

C H C H

N N
S =

y y

25 where and are respectively the prediction uptake of the C3H8 and C2H4 from the 
3 6C HN

2 4C HN
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1 IAST calculation; and are respectively the gas molar fraction in the bulk phase. 
3 6C Hy

2 4C Hy

2 2.7. Breakthrough test

3 To evaluate the adsorption and separation performance of this MOF in actual industrial 

4 situations, breakthrough tests were executed and the setup diagram is presented in Figure S18. 

5 Dried samples (~ 0.4 g) were filled into the stainless-steel adsorption column (Φ 90 × 4.2 mm) 

6 with a packed density of 0.62. Before conducting the breakthrough experiment, the sample 

7 had been vacuumed and degassed at 423 K for 12 h to remove solvent molecules from the 

8 material pores. Then, samples filled within the adsorption column were constantly purged by 

9 high-purity helium (He) with a flow rate of 10 mL min-1 at 423 K for 2 h to remove the 

10 contaminations from the framework pores and the total device. The C3H6/C2H4 (50/50 and 

11 10/90) mixture was introduced into the adsorption column with a flow rate of 2.0 and 10 mL 

12 min-1. The concentration of each gas at the adsorption column outlet was monitored via a 

13 mass spectrometer (MS, Hidden, HPR-20). The recyclability of this MOF was finished via 

14 durative purging of He flow (10 mL min-1 for 2 h) at ambient temperature conditions.

15 The breakthrough uptake of C3H6 was also described based on the following equation.

16 (6)
s

3 6

t

i0
C H

(q - q ) dt
Q =

m


17 (7)
    1 2

1

2 4

t t

1 i i 2 10 t
C H 1 2

q t - q  dt - q  dt - q t - t
Q = Q - Q = 

m

  

18 where and are the C3H6 and C2H4 breakthrough uptake (cm3(STP) g-1), respectively; 
3 6C HQ

2 4C HQ

19 q and qi are feed flow rate and the flow rate (mL min-1) at time t (min), respectively; ts, t1, and 

20 t2 (min) are the time of C3H6 adsorption saturation, the time when the C2H4 outlet 

21 concentration is equal to the feed concentration, and the time of C2H4 adsorption saturation 

22 during thebreakthrough experiment; m represents the quality of adsorbent (g).

23 The C2H4 productivity ( ) is defined by the breakthrough uptake of C2H4, which is 2 4C Hq

24 calculated by integration of the breakthrough curves f(t) during a period from t3 to t4 when the 

25 C2H4 purity is higher than or equal to a threshold value (99.95 %)[8,9] (Figures S21 and S26). 

26 The productivity of C2H4 is calculated by the following equation.
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1 (8)

4

2 4
3

ti 2 4
C H t

i 2 4 i 3 6

c (C H )q = ( f(t)dt )
c (C H )+c (C H )

 

2 where represents the concentration (mol L-1) of the i guest molecules at the outlet of the ic

3 adsorption

4 2.8. Computational methodology

5 Grand Canonical Monte Carlo (GCMC) simulations were conducted using the RASPA-

6 2.0 software package[10]. The simulation protocol consisted of an initial equilibration phase of 

7 105 steps, followed by 105 production steps. The gas molecules were represented as single-site 

8 beads, and the coordinates of the Ni(bdc)(dabco)0.5 structure were kept fixed throughout the 

9 GCMC simulation. A spherical cutoff of 14 Å with a long-range correction was used to 

10 calculate the Lennard–Jones interactions. The atoms in the Ni(bdc)(dabco)0.5 framework were 

11 assigned using the Universal Force Field[11] and the Transferable Potentials for Phase 

12 Equilibria (TraPPE) force field[12] for the C3H6 and C2H4 molecules. The supercell was 

13 constructed by replicating the unit cell in all three dimensions, with a 2 × 2 × 4 expansion.

14 The primitive Ni(bdc)(dabco)0.5 structure was optimized in the periodic density 

15 functional theory (DFT) calculations. All DFT calculations were performed using the CP2K 

16 package (version 2021.3)[13], employing the Perdew-Burke-Ernzerhof functional and a hybrid 

17 plane-wave/Gaussian basis set. The valence electron wavefunction was expanded using a 

18 double-ζplus polarization basis set (DZVP-MOLOPT-SR-GTH), while Goedecker–Teter–

19 Hutter (GTH) pseudopotentials were applied for the core electrons[14,15]. Dispersion 

20 corrections were incorporated in all DFT calculations using the Grimme-D3 method[16]. The 

21 binding energy Eb of each adsorption site was calculated via the subsequent equation:

22 (9)b gas+MOF MOF gasE = E - E - E

23 where Egas+MOF represents the energy of optimized gas+MOF species, EMOF and Egas are 

24 individually the energies of optimized empty framework and the solitary adsorbate molecule. 

25 Independent Gradient Model (IGM) was analyzed using Multiwfn[17,18], and the visualization 

26 was carried out with VMD[19].

27

28
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1 2. Material characterization

2 Table S1. Summary of physical parameters of C3H6 and C2H4.

Gases
Kinetic 

diameter
(Å)

Critical 
temperature

(K)

Dipole moment
(× 10-30 C m)

Quadrupole 
moment

(× 10−40 C m2)

Polarizability
(× 10-25 cm3)

C3H6 4.163 364.9 1.22 — 62.6
C2H4 4.678 282.3 0 5.0 42.5

3
5 10 15 20 25 30 35 40

Simulated
As-synthesized
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Acetone

Chloroform
Dichloromethane

Dimethyl sulfoxide
Ether

H2O
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.u

.)

2θ (degree)

4 Figure S1. PXRD of materials treated with different solvents.
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CH3OH (353 K)
CH3OH (393 K)
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C2H5OH (353 K)
C2H5OH (393 K)
C2H5OH (453 K)

H2O (353 K)
H2O (393 K)

H2O (453 K)

6 Figure S2. Comparison of PXRD between materials synthesized using different solvents and simulated 

7 Ni(bdc)(dabco)0.5.
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2 Figure S3. PXRD of synthesis of Ni(bdc)(dabco)0.5 using recycled DMF solvents.
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4 Figure S4. PXRD of as-synthesized and C3H6-loaded Ni(bdc)(dabco)0.5.

5

6 Table S2. Slope, intercept, BET constant, and R2 of Ni(bdc)(dabco)0.5.

MOF Slope Intercept BET constant R2

Ni(bdc)(dabco)0.5 0.00229 3.9373×10-7 2269.0 0.9995

7
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Equation y = a + b*x
Plot B
Weight No Weighting
Intercept 3.93731E-7 ± 1.11694E-7
Slope 0.00229 ± 1.25649E-5
Residual Sum of Squares 3.43111E-12
Pearson's r 0.99974
R-Square (COD) 0.99949
Adj. R-Square 0.99946

(a) (b)

2 Figure S5. BET surface area calculation for the Ni(bdc)(dabco)0.5 using the simulated isotherm of N2 at 77 

3 K. (a) plot of Vexcess×(1-p/p0) vs P/P0 for the determination using the first consistency criterion, (b) the 

4 selected linear plot that satisfies the second consistency criterion and the corresponding BET surface area 

5 from the linear fit.

6 Table S3. Pore size, BET surface area, and pore volume of Ni(bdc)(dabco)0.5. 

MOF Pore size (Å) BET surface area (m2 g-1) Pore volume (cm3 g-

1)

Ni(bdc)(dabco)0.5 7.8a 1899.6b 0.71c

7 a Calculated by HK model.

8 b Calculated from N2 adsorption isotherms at 77 K in the range of P/P0 = 2×10-9-0.03421. 

9 c Calculated by NLDFT model.

10

(a) (b)

11 Figure S6. FESEM image of Ni(bdc)(dabco)0.5.
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2 Figure S7. The TGA curve of Ni(bdc)(dabco)0.5.
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4 Figure S8. The FT-IR of Ni(bdc)(dabco)0.5.

5 3. Experimental data for gas adsorption 
6 3.1. Adsorption isotherms fitting and selectivity calculation
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8 Figure S9. Cyclic experiments for C3H6 adsorption in Ni(bdc)(dabco)0.5.
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2 Figure S10. The single-component adsorption isothermals of C3H6 and C2H4 in Ni(bdc)(dabco)0.5 at 273, 

3 298, and 313 K.
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5 Figure S11. Comparison of the C3H6 uptake of Ni(bdc)(dabco)0.5 with so far reported high-performance 

6 materials at 0.5 bar.

7
0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4
1

2

3

4

5

6

7

C
3H

6/C
2H

4 (
50

/5
0)

 u
pt

ak
e 

ra
tio

C3H6/C2H4 (10/90) uptake ratio

This work

iso-MOF-4

Mn-dtzip
JNU-74a

Yb-pek-MOF-2

CR-COF-1
NEM-7-Cu

MAC-4JNU-74a
FJI-W9

PCP-1' Zn-BPZ-SA

FJI-H8-Me

8 Figure S12.  Comparison of the C3H6/C2H4 (10/90 and 50/50) uptake ratio of Ni(bdc)(dabco)0.5 with so far 

9 reported high-performance materials.
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2 Figure S13. The isostere plots of C3H6 (a) and C2H4 (b) of Ni(bdc)(dabco)0.5.
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4 Figure S14. Isosteric heat of adsorptions of C3H6 (a) and C2H4 (b) in Ni(bdc)(dabco)0.5 derived from 

5 Clausius-Clapeyron equation, as a function of adsorption loading.

6 Table S4. The fitting parameters by the DSL model based on the pure component isotherms data of C3H6 

7 and C2H4 in Ni(bdc)(dabco)0.5 at 298 K.

Gases Nmax A
(cm3(STP) g-1)

bA

bar
-1

Nmax B
(cm3(STP) g-1)

bB

bar
-1

C3H6 0.3707 8.1328 170.0822 8.1328
C2H4 183.8290 0.2787 121.1110 0.2787

8
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2 Figure S15. The DSL model for fitting C3H6 (a) and C2H4 (b) isotherm of Ni(bdc)(dabco)0.5 at 298 K.

3
0.0 0.2 0.4 0.6 0.8 1.0
0

30

60

90

120

150
 C3H6 
 C2H4

G
as

 u
pt

ak
e 

(c
m

3 (S
TP

) g
-1

)

Pressure (bar)

4

8

12

16

20

C
3H

6/C
2H

4 s
el

ec
tiv

ity

0.0 0.2 0.4 0.6 0.8 1.0
0

10

20

30

40

50

60

70
 C3H6 
 C2H4

G
as

 u
pt

ak
e 

(c
m

3 (S
TP

) g
-1

)

Pressure (bar)

0

4

8

12

16

20
C

3H
6/C

2H
4 s

el
ec

tiv
ity

(a) (b)

4 Figure S16. The adsorption isotherm of C3H6 (C2H4) and the C3H6/C2H4 selectivity predicted from IAST in 

5 Ni(bdc)(dabco)0.5 at 298 K, as function of the pressure. (a) C3H6/C2H4 = 10/90; (b) C3H6/C2H4 = 50/50.
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8 Figure S17. Comparison of the C3H6/C2H4 (10/90) selectivity of Ni(bdc)(dabco)0.5 with thus far reported 

9 advanced adsorbents at 298 K and 0.0-1.0 bar.
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1

2 4. Results of breakthrough experiment of C3H6/C2H4 mixture

3

4 Figure S18. The experimental setup of mixed gases breakthrough test.
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6 Figure S19. Calculation of the C3H6 uptake in Ni(bdc)(dabco)0.5 from a breakthrough experiment 

7 performed on an equimolar C3H6/C2H4 (50/50) mixture.

8
5 10 15 20 25 30 35 40 45

0.0

0.3

0.6

0.9

1.2

1.5

Vo
lu

m
e 

flo
w

ra
te

 (c
m

3 (S
TP

) m
in

-1
)

Time (min)

Flow rate of C2H4 (50 %):

q = 1.0 cm3(STP) min-1.

The maximum uptake of C2H4 during the time interval 0-t2:

= 30.3 cm3(STP) g-1.
      

1 2

1

2 4

t t

1 i i 2 10 t
C H 1 2

q t - q  dt - q  dt - q t - t
Q = Q -Q = 

m

Q1

Q2

t1 t2

9 Figure S20. Calculation of the C2H4 uptake in Ni(bdc)(dabco)0.5 from a breakthrough experiment 

10 performed on an equimolar C3H6/C2H4 (50/50) mixture.
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2 Figure S21. Calculation of the C2H4 productivity in Ni(bdc)(dabco)0.5 from a breakthrough experiment 

3 performed on an equimolar C3H6/C2H4 (50/50) mixture.

4
1 2 30

15

30

45

60

75

90

105

1 2 3

C
3H

6 u
pt

ak
e 

(c
m

3 (S
TP

) g
-1

)

Cycle

0

10

20

30

40

Ti
m

e 
(m

in
)

5 Figure S22. The cycle breakthrough uptake and time of C3H6 on Ni(bdc)(dabco)0.5.
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7 Figure S23. Breakthrough tests of regenerated Ni(bdc)(dabco)0.5 toward the equimolar C3H6/C2H4 (50/50) 

8 mixture at 298 K.
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2 Figure S24. Breakthrough tests of Ni(bdc)(dabco)0.5 toward the C3H6/C2H4 (10/90) mixture at 298 K and 

3 1.0 bar.
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5 Figure S25. Calculation of the C3H6 uptake in Ni(bdc)(dabco)0.5 from a breakthrough experiment 

6 performed on a C3H6/C2H4 (10/90) mixture.
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8 Figure S26. Calculation of the C2H4 productivity in Ni(bdc)(dabco)0.5 from a breakthrough experiment 

9 performed on a C3H6/C2H4 (10/90) mixture.
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2 Figure S27. Time-dependent gas uptake profiles of C3H6 and C2H4 on Ni(bdc)(dabco)0.5 at 298 K and 0.5 

3 bar (a, c) and the corresponding fitting of diffusion time constants based on time-dependent gas uptake 

4 profiles of C3H6 and C2H4 (b, d).

5 5. Theoretical calculations

6

(a) (b)

7 Figure S28. COM probability density distributions of C3H6 (a) and C2H4 (b) molecules by GCMC 

8 simulation in Ni(bdc)(dabco)0.5 at 298 K and 1.0 bar. 
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1 6. Comparison of separation properties

2 Table S5. Comparison of adsorptive separation performance of Ni(bdc)(dabco)0.5 with the selected various 

3 porous adsorbents reported in literature, including C3H6 (0.1, 0.5, 1.0 bar and 298 K), C2H4 (0.1, 0.5, 0.9, 

4 1.0 bar and 298 K) uptake, and C3H6/C2H4 (0.1/0.1, 0.1/0.9, and 0.5/0.5) uptake ratio.

C3H6 uptake 

(cm³(STP) g-1)

C2H4 uptake

(cm³(STP) g-1)

C3H6/C2H4 

uptake ratio
Adsorbents

 0.1 

bar
 0.5 

bar

1.0 

bar
 0.1 

bar
 0.5 

bar

0.9 

bar

1.0 

bar

0.1 

/0.1 

0.1 

/0.9 

0.5

/0.5 

Refs

FJI-H8-Me 156.1 196.4 211.0 56.6 133.1 167.3 173.1 2.8 0.9 1.5 [20]

MAC-4 93.5 119.3 127.0 24.0 58.2 78.5 83 3.8 1.2 2.0 [21]

Ni(bdc)(dabco)0.5 80.6 136.3 148.8 7.4 35.1 62.5 68.9 10.9 1.3 3.9
This 

work

Zn-BPZ-TATB 80.0 105.8 114.0 16.8 64.4 87.3 17.3 4.8 0.9 1.6 [22]

Mn-dtzip 68.9 181.1 216.4 10.6 40.7 69.8 76.7 6.5 1.0 4.4 [23]

JNU-74a 68.5 88.7 94.6 19.5 51.6 68.3 71.5 3.5 1.0 1.7 [24]

FJI-W9 63.0 75.1 83.0 29.9 56.3 65.2 66.0 2.1 1.0 1.3 [25]

MFM-202a 62.5 145.4 160.8 6.9 32.8 58.5 65.0 9.1 1.1 4.4 [26]

[Zn2(oba)2(dmimpym)] 53.6 69.3 76.0 8.3 33.5 46.1 48.3 6.5 1.2 2.1 [27]

iso-MOF-4 52.4 214.3 254.5 6.7 32.3 59.7 70.0 7.8 0.9 6.6 [28]

Zn-BPZ-SA 46.6 61.8 68.3 11.8 43.4 60.8 63.9 3.9 0.8 1.4 [29]

Cu-BPZ 45.8 121.3 138.0 6.1 28.4 47.4 52.0 7.5 1.0 4.3 [30]

Yb-pek-MOF-2 40.9 91.0 127.3 5.5 24.3 38.5 41.7 7.4 1.1 3.7 [31]

PCP 1' 37.8 60.0 70.7 20.1 42.4 54.5 56.7 1.9 0.7 1.4 [32]

CR-COF-1 35.6 71.2 84.0 7.9 25.2 36.3 38.0 4.5 1.0 2.8 [33]

spe-MOF 35.5 162.9 236.9 6.2 26.6 44.8 48.9 5.7 0.8 6.1 [34]

[Cd2(AzDC)2(TPT)2] 35.2 54.5 59.8 10.9 29.7 39.2 45.0 3.2 0.9 1.8 [35]

NEM-7-Cu 55.7 81.2 87.9 8.3 29.9 44.6 47.8 6.7 1.2 2.7 [36]

UPC-33 24.0 74.7 94.3 3.6 15.6 26.5 31.1 6.7 0.9 4.8 [37]

LIFM-38 15.0 42.2 58.0 2.1 10.8 18.5 19.9 7.1 0.8 3.9 [38]

AC-1 15.1 81.9 122.4 3.9 19.0 31.6 34.3 3.9 0.5 4.3 [39]

HKUST-1 14.4 80.6 105.9 7.1 30.4 45.3 48.1 2.0 0.3 2.7 [39]

ZIF-8 13.0 54.1 71.1 1.2 9.3 18.3 20.5 10.8 0.7 5.8 [39]

MIL-101-Cr 12.4 70.6 124.5 3.5 16.4 28.4 31.2 3.5 0.4 4.3 [39]

5A 7.4 37.1 49.5 6.1 23.3 29.9 30.8 1.2 0.2 1.6 [39]

13X 2.0 6.4 9.1 1.3 4.5 6.6 7.1 1.5 0.3 1.4 [39]

5
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1 Table S6. Comparison of adsorptive separation performance of Ni(bdc)(dabco)0.5 with the selected various 

2 porous adsorbents reported in literature, including C3H6/C2H4 (0.1/0.9 and 0.5/0.5) selectivity and Q0 st of 

3 C3H6 and C2H4.

Selectivity Selectivity Q0 st (kJ mol-1)
Adsorbents

C3H6/C2H4 (10/90) C3H6/C2H4 (50/50) C3H6 C2H4
Refs

FJI-H8-Me 12.6 9.9 44.3 34.3 [20]

MAC-4 10.6 9.5 25.3 17.1 [21]

Ni(bdc)(dabco)0.5 13.2 10.7 26.7 20.0 This work

Zn-BPZ-TATB 8.9 7.4 28.1 18.3 [22]

Mn-dtzip 9.0 8.6 35.1 24.6 [23]

JNU-74a 16.9 13.0 36.2 22.5 [24]

FJI-W9 23.8 20.5 38.0 20.9 [25]

MFM-202a 9.2 8.4 33.0 18.0 [26]

[Zn2(oba)2(dmimpym)] 17.1 15.6 33.3 25.8 [27]

iso-MOF-4 7.2 7.7 30.9 25.4 [28]

Zn-BPZ-SA 6.1 4.8 33.7 23.1 [29]

Cu-BPZ 7.4 7.4 30.3 20.7 [30]

Yb-pek-MOF-2 5.4 4.8 34.0 27.3 [31]

PCP 1' 4.4 3.6 14.8 24.7 [32]

CR-COF-1 11.2 29.8 26.0 [33]

spe-MOF 6.7 7.7 29.4 22.5 [34]

[Cd2(AzDC)2(TPT)2] 10.2 1.2 42.1 30.6 [35]

NEM-7-Cu 8.5 8.6 36.9 22.5 [36]

UPC-33 5.8 5.7 48.9 10.31 [37]

LIFM-38 7.0 6.4 27.3 28.1 [38]

AC-1 4.2 5.0 [39]

HKUST-1 2.7 3.1 [39]

ZIF-8 6.5 6.4 [39]

MIL-101-Cr 3.9 4.3 [39]

5A 1.6 1.8 [39]

13X 1.7 1.7 [39]

4

5

6

7

8

9

10

11
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1 6. Shaping of MOF

2

3 Figure S29. (a) Photographs of shaped Ni(bdc)(dabco)0.5. (b) The PXRD pattern and (c) breakthrough tests 

4 of equimolar C3H6/C2H4 (50/50) mixture at 298 K as well as (d) the N2 adsorption curve at 77 K of shape 

5 and as-synthesized Ni(bdc)(dabco)0.5.
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1 Table S7. The estimated price of synthesis of Ni(bdc)(dabco)0.5 and some benchmark materials.

MOFs Raw Materials Price Source Total cost 
of MOFs Refs

NiCl2
.6H2O 0.025 $ g-1 Greagent

H2BDC 0.0066 $ g-1 Adamas
dabco 0.022 $ g-1 AdamasNi(bdc)(dabco)0.5

DMF 0.018 $ mL-1 Sigma-Aldrich

3.44 $ g-1 This
work

K2[Pd(CN)4]·3H2O 292.5 $ mL-1 Adamas
Co(NO3)2·6H2O 0.039 $ g-1 Greagent

pyrazine 0.10 $ g-1 AdamasZJU-74-Pd

CH3OH 0.0031 $ mL-1 Sigma-Aldrich

675.4 $ g-1 [40]

YCl3·6H2O 0.026 $ g-1 Greagent
H4L 69.4 $ g-1 Adamas

2-fluorobenzoic acid 0.024 $ g-1 AdamasFJI-W9

DMF 0.018 $ mL-1 Sigma-Aldrich

196.6 $ g-1 [25]

Zn(OAc)2·2H2O 0.003 $ g-1 Greagent
Hdmtrz 2.469 $ g-1 Adamas
H2IPA 0.007 $ g-1 AdamasMAC-4

DMF 0.018 $ mL-1 Sigma-Aldrich

1.35 $ g-1 [21]

Zn(NO3)2·6H2O 0.055 $ g-1 Greagent
H2BPZ 52.1 $ g-1 Adamas
H2SA 1.3 $ g-1 AdamasZn-BPZ-SA

DMF 0.018 $ mL-1 Sigma-Aldrich

70.0 $ g-1 [29]

ZnCl2 0.014 $ g-1 Greagent
TATB 23.2 $ g-1 Adamas
H2BPZ 52.1 $ g-1 Adamas
MeCN 0.0087 mL-1 Sigma-Aldrich

Zn-BPZ-TATB

CH3OH 0.0031 $ mL-1 Sigma-Aldrich

257.6 $ g-1 [22]

ZrCl4 0.06 Greagent
H3TATAB 15.0 $ g-1 Adamas

DMF 0.018 $ mL-1 Sigma-Aldrich
Trifluoroacetic acid 0.11 $ mL-1 Sigma-Aldrich

Acetic acid 0.0083 $ mL-1 Sigma-Aldrich

spe-MOF

n-pentanol 0.015 Sigma-Aldrich

98.7 $ g-1 [34]

Zn(NO3)2·6H2O 0.055 $ g-1 Greagent
Dmimpym 166.7 $ g-1 Adamas

Oba 0.14 $ g-1 Adamas
CH3OH 0.0031 $ mL-1 Sigma-Aldrich

[Zn2(oba)2(dmimpym)]

DMA 0.0058 $ mL-1 Sigma-Aldrich

401.3 $ g-1 [27]

Cu2O 0.051 $ g-1 Greagent
H2Me2BPZ 141.6 $ g-1 Adamas

NH4OH 0.0036 $ mL-1 Sigma-Aldrich[Cu3(OH)2(Me2BPZ)2]

C2H5OH 0.0072 $ mL-1 Sigma-Aldrich

317.3 $ g-1 [30]

MnCl2·4H2O 0.0079 $ g-1 Greagent
H4dtzip 326.4 $ g-1 Adamas
DMF 0.018 $ mL-1 Sigma-AldrichMn-dtzip

HNO3 0.025 $ mL-1 Sigma-Aldrich

319.8 $ g-1 [23]

2 Note: The calculation of the MOFs synthesis price is based on existing research[21,24]. The synthesis cost of 

3 MOFs is mainly comprised of the subsequent components: the raw material costs and equipment costs and 

4 process costs as well as labor costs. Among the above components, organic ligands, metal salts, and 

5 solvents, which are basic raw materials toward MOF synthesis, account for a primary proportion of the 

6 total synthesis cost. Then, our calculations do not take into account the operating costs and utility costs of 
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1 hydrothermal reactions, filtration, and drying. The rough cost ($ g-1) of MOFs is calculated as follows: 

2 (organic ligand price ×organic ligand dosage + metal salt price ×metal salt dosage + solvent price ×solvent 

3 dosage)/(theoretical quality of MOFs ×yield). The lowest prices of the main raw materials for synthesis that 

4 can be provided by commercial suppliers in China are quoted and calculated.

5

6
7
8
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