
Experimental Section

Single-Crystal X-ray Diffraction analysis.
Cystallographic data of Ni7Me was collected on a Bruker APEX-II CCD diffractometer equipped 
with graphite-monochromated Mo Kα radiation (λ = 0.71073 Å) at the room temperature. By using 
Olex2 software, the structures were solved by direct methods and subsequently refined by full-
matrix least-squares techniques on F2 employing the SHELX program. Anisotropic refinement was 
performed for all non-hydrogen atoms, and hydrogen atoms were positioned geometrically and 
refined isotropically by using a riding model.CCDC:2428761.

Thermogravimetric (TGA) analysis.
The as-synthesized sample Ni7Me was immersed in 7mL deionized water for 72 hours to achieve 
full solvent exchange. Before the experiment, the sample was dried with filter paper to remove the 
solvent from the surface. TGA measurements were conducted on a NETZSCH TG 209 
thermobalance in a nitrogen atmosphere (20 mL/min), samples of Ni7Me were placed in alumina 
containers and data were recorded at 10 °C/min from 25 to 800 °C. 

IAST adsorption selectivity calculation: 
The experimental isotherm data for pure C2H2 and C2H4 (measured at 273 K) were fitted using a 
Langmuir-Freundlich (L-F) model: 

    (1)

𝑞 =
𝑎 ∗ 𝑏 ∗ 𝑝𝑐

1 + 𝑏 ∗ 𝑃𝑐

Where q and p are adsorbed amounts and pressures of component i, respectively. Using the pure 
component isotherm fits, the adsorption selectivity is defined by 

Sads    (2)

=
𝑞1/𝑞2

𝑝1/𝑝2

Where qi is the amount of i adsorbed and pi is the partial pressure of i in the mixture. 
We used the following written codes to simulate the adsorption selectivity of C2H2/C2H4 in Fig. 2: 
28        # No. of Pressure Point 
y1, y2     # Molar fraction of binary mixture (y1 and y2, y1 + y2 = 1) 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 101, 102, 103, 104, 105, 106, 107, 
108, 109      #The unit is same parameter b, kPa 
a1, a2    # fitting parameter Nsat (A1) for both component (Unit: mmol/g) 
b1, b2    # fitting parameter b1 for both components (Unit: kPa-1) 
c1, c2    # fitting parameter c1 for both components 
0, 0     # fitting parameter Nsat2(A2) for both component(Unit: mmol/g) 
0, 0     # fitting parameter b2 for both components (Unit: kPa-1)
1, 1     # fitting parameter c2 for both component

Calculation of breakthrough selectivity
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The gas adsorption quantity (qi) is calculated from the breakthrough curve using the following 
formula:

    (3)

𝑏𝑟𝑒𝑎𝑘𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑞𝐴/𝑦𝐴

𝑞𝐵/𝑦𝐵

where qi is the adsorption capacity of gas i (mmol/g) and yi is the molar fraction of gas i (i=A, B) 
in the gas mixture. 

The gas adsorption capacity is determined as follows:

         (4)
𝑞𝑖 =

𝑓𝑖(𝑡1 ‒ 𝑡0) ‒ 𝑓𝑗

𝑡1

∫
𝑡0

𝐹𝑖(𝑡)𝑑𝑡

22.4 × 𝑀
Where fi and fj are the flow rates of gas i and j (mL min-1 ), respectively; t0 and t1 are the initial time 
and the final time of the experiment (min), respectively; Fi(t) and Fj(t) are the functions of the 
breakthrough curves of components i and j, respectively, and M is the mass of the adsorbent (g).

The pure alkene volume per volume or weight of materials was obtained by the following equation,

          (based on volume of adsorbent)    (5)
𝑉𝑃𝑢𝑟𝑒 =

𝑓𝑗

𝑡1

∫
𝑡0

𝐹𝑗(𝑡)𝑑𝑡

𝑀/𝜌
       

             (based on weight of adsorbent)     (6)
𝑉𝑃𝑢𝑟𝑒 =

𝑓𝑗

𝑡1

∫
𝑡0

𝐹𝑗(𝑡)𝑑𝑡

𝑀
where fj is the flow rate of gas j (alkene) (mL/min), respectively; t0 and t1 are the initial time and the 
final time for only pure gas j being detected (min), respectively; Fj(t) is the function of the 
breakthrough curve of component j; M is the mass of the adsorbent; ρ is the density of the adsorbent.



Fig. S1 Metal cluster of Ni7Me

Fig. S2 Pictures of the self-healing process of Ni7Me crystal after heating at 200℃.

Fig. S3 The C2H2 fit isotherms of Ni7Me-80 at 273 K, 298 K and 308 K by virial equation.



Fig. S4 The C2H4 fit isotherms of Ni7-100 at 273 K, 298 K and 308 K by virial equation.

Fig. S5 273 K C2H2 and C2H4 adsorption isotherm of Ni7Me-80 with fitting by L-F model.

Fig. S6 298 K C2H2 and C2H4 adsorption isotherm of Ni7Me-80 with fitting by L-F model.



Fig. S7 308 K C2H2 and C2H4 adsorption isotherm of Ni7Me-80 with fitting by L-F model.

Fig. S8 The C2H2 fit isotherms of Ni7Me-200 at 273 K, 298 K and 308 K by virial equation.

Fig. S9 The C2H4 fit isotherms of Ni7Me-200 at 273 K, 298 K and 308 K by virial equation.



Fig. S10 273 K C2H2 and C2H4 adsorption isotherm of Ni7Me-200 with fitting by L-F model.

Fig. S11 298 K C2H2 and C2H4 adsorption isotherm of Ni7Me-200 with fitting by L-F model.

Fig. S12 308 K C2H2 and C2H4 adsorption isotherm of Ni7Me-200 with fitting by L-F model.



Fig. S13 The C3H6 fit isotherms of Ni7Me-80 at 273 K, 298 K and 308 K by virial equation.

Fig. S14 The C3H8 fit isotherms of Ni7Me-80 at 273 K, 298 K and 308 K by virial equation.

Fig. S15 273 K C3H6 and C3H8 adsorption isotherm of Ni7Me-80 with fitting by L-F model.



Fig. S16 298 K C3H6 and C3H8 adsorption isotherm of Ni7Me-80 with fitting by L-F model.

Fig. S17 308 K C3H6 and C3H8 adsorption isotherm of Ni7Me-80 with fitting by L-F model.

Fig. S18 The C3H6 fit isotherms of Ni7Me-200 at 273 K, 298 K and 308 K by virial equation.



Fig. S19 The C3H8 fit isotherms of Ni7Me-200 at 273 K, 298 K and 308 K by virial equation.

Fig. S20 273 K C3H6 and C3H8 adsorption isotherm of Ni7Me-200 with fitting by L-F model.

Fig. S21 298 K C3H6 and C3H8 adsorption isotherm of Ni7Me-200 with fitting by L-F model.



Fig. S22 308 K C3H6 and C3H8 adsorption isotherm of Ni7Me-200 with fitting by L-F model.

Fig. S23 The gas desorption curve after the penetration test of Ni7Me-80 at 273K and 298K, 
respectively.

Fig. S24 The infrared spectrum of Ni7Me.



Fig. S25 The XRD patterns of the Ni7Me-80 and Ni7Me-200 after the breakthrough test, 
respectively.

Table S1 Crystal data and structure refinement for Ni7Me.



Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/Å
b/Å
c/Å
α/° 
β/° 
γ/° 

Volume/Å3

Z
ρcalcg/cm3

μ/mm‑1

F(000)
Crystal size/mm3

Radiation
2Θ range for data collection/°

Index ranges
Reflections collected

Independent reflections
Data/restraints/parameters

Goodness-of-fit on F2

Final R indexes [I>=2σ (I)]
Final R indexes [all data]

Largest diff. peak/hole / e Å-3

Ni7Me
C50H42N4Ni7O26

1525.84
273.15

Orthorhombic
Pba2

13.721(2)
19.762(3)
12.978(2)

90.00
90.00
90.00

3519.1(10)
4

1.440
1.905
1548.0

0.1*0.1*0.2
MoKα (λ = 0.71073)

4.786 to50.172
-16 ≤ h ≤ 16, -23 ≤ k ≤ 23, -14 ≤ l ≤ 15

18961
6109 [Rint = 0.0589, Rsigma = 0.0674]

6109/447/412
0.999

R1 = 0.0346, wR2 = 0.0725
R1 = 0.0457, wR2 = 0.0765

0.67/-0.59

Table S2 Selected Bond Lengths (Å) for Ni7-Me MOF.
Ni(1)−O(11) 2.030(8) Ni(1)−O(101) 2.229(9)
Ni(1)−O(1) 1.986(9) Ni(1)−O(5) 2.164(9)

Ni(1)−O(81) 2.123(9) Ni(1)−N(13) 2.116(10)

Ni(2)−O(2) 2.057(9) Ni(2)−O(11) 2.090(9)

Ni(2)−O(7) 2.065(9) Ni(4)−O(44) 2.162(9)

Ni(3)−O(11) 2.029(9) Ni(4)−O(12) 2.007(9)

Ni(3)−O(101) 2.113(8) Ni(4)−O(9) 2.132(9)

Ni(3)−O(42) 2.126(11) Ni(4)−N(25) 2.122(10)

Ni(3)−O(121) 2.129(8) Ni(4)−O(32) 2.079(9)

Ni(3)−O(12) 2.058(9) Ni(4)−O(13) 2.162(13)

Ni(3)−O(6) 2.057(9)
11-X,1-Y,+Z; 2+X,+Y,-1+Z; 31/2-X,1/2+Y,+Z; 41-X,1-Y,-1+Z; 5-1/2+X,1/2-Y,+Z



Table S3 C2H2 adsorption capacity and C2H2 selectivity with other benchmark materials with 

similar BET surface areas.

uptake(cm3 g-1) Qst(kJ mol-1)
MOF

SBET

(m2 g-1) C2H2 C2H4 C2H2 C2H4

selectivity 

for

C2H2/C2H4

Ref.

Ni7Me-80 284 45.39 35.29 39.16 16.27 6.08 This work

Ni7Me -200 325 62.50 49.25 38.19 27.24 3.33 This work

BSF-1 535 52.6 36.6 31.0 26 2.3 1

MUF-17 247 67.0a 48.0a 49.5 31.1 8.7 2

BSF-3 458 80.42 53.09 42.7 28.1 8.0 3

SNNU-333-Ni 519 51.2 27.5 33.8 32.3 4.4 4

NUM-11 374.2 50.5 35.8 18.2 18 1.6b 5

JCM-1 550 75 35 36.9 34.2 13.2 6

Cu(bpy)NP 459 50.7 40.8 40.8 31.3 28.5b 7

NUM-15a 721.65 78 55.14 37.4 33.2 2.4b 8

Zn-atz-oba 710.7 62.048 45.47 27.5 27 1.43 9

UPC-80 431 77.28 50.44 20.84 17.64 4.78 10

UPC-22 486.3 37.4 24.2 21.1 15.9 2.6b 11

Zn(sdba)(dabco)0.5 224 74.14 60.03 32.45 27.94 1.72c 12

NUM-9a 330 52.1 49.9 35.8 32.3 1.5d 13

Cu(OH)INA 206 48.3 31.8 36.1 29.6 41b 14

FJUT-1 1240 133.2 106.5 43.75 31.01 4.07b 15

a Gas uptake at 293 K.  b C2H2/C2H4 = 1/99. c C2H2/C2H4 = 50/50. d Gas uptake at 313 K.

Table S4 C3H6 adsorption capacity and C3H6 selectivity with other benchmark materials with 

similar BET surface areas.

uptake(cm3 g-1)
Qst

(kJ mol-1)

selectivity 

for

C3H6/C3H8

Ref.
MOF

SBET

(m2 g-1)

C3H6 C3H8 C3H6 (50/50)

Ni7Me -80 284 31.57 17.0 - 71.44 This work

Ni7Me -200 325 61.06 54.89 31.48 1.38 This work

Co-gallate. 486.8 40.07 3.13 41 333 16

MAF-23-O  - 30.2 22.4 78 8.8 17

HIAM-402 1442 138 133.3 31.2 1.43 18

BFFOUR-Cu-dpds 140 27.33 1.90 31.13 8.76 19

Zn2(BDC-Cl)2(Py2TTZ) 441a 74.4a 36.2a 2.5 5.2a 20

Mg2(dobdc) 1797b 188.16b 158.4b 46 7.5b 21



Cu-BTC 338b 141.12b 112b 50 6.1b 22

Zu-36-Ni 246 44.8 11.2 42 1.8 23

GeFSIX-2-Cu-i 467 60.26 40.31 36.5 4 24

SiFSIX-2-Cu-i 503 59.36 37.41 37 4.5 24

CPL-1 330a 39.87a 6.72a - 2.08a 25

Fe2(m-dobdc) - 163.74 132.6 73 60 26

Cu-ASY 235 27.1 26.12 - 1.44c 27

DL-mal-MOF 380 37.6 27.10 64.4 62.6 28

ZJU-75a 391 74.08d 52.2d 65.9 54.2d 29

Ni-NP - 79.6 47.7 - 10.5 30

a Gas uptake at 273 K.  b Gas uptake at 318 K. c selectivity for C3H8/C3H6  
d Gas uptake at 296 K.
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