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Materials and general methods.

All solvents and organic ligand 1, 4-benzenedicarboxylate (H2BDC) for synthesis were 

purchased commercially. Elemental analyses of C, H, and N were determined with a Perkin-

Elmer 2400C elemental analyzer. Powder X-ray diffraction (PXRD) data were recorded on a 

Bruker D8 ADVANCE X-ray powder diffractometer (Cu Kα, λ = 1.5418 Å). 

Thermalgravimetric analyses (TGA) were carried out in a nitrogen stream using a Netzsch 

TG209F3 equipment at a heating rate of 10 °C min-1. XPS (X-ray photoelectron spectroscopy) 

spectra were tested on a ULVAC PHI5000 Versa ProbeIII equipment. Adsorption 

measurements were performed with an automatic volumetric sorption apparatus 

(Micrometrics ASAP 2020M). Breakthrough experiments were performed on a 

Quantachrome dynaSorb BT equipment.

Synthesis of [(CH3)2NH2]2·[Zn4(μ3-F)4(μ2-F)2(BDC)2]·4(DMF)·4(H2O) (1).

The mixture containing 0.029 g ZnSO4·7H2O (0.1 mmol), 0.017 g H2BDC (0.1 mmol), 3 

mL CH3OH, 7 mL DMF and one drop of HF was sealed in a vessel (25 mL). The vessel was 

heated to 120 °C at a heating rate of 4 °C h-1 for 72 h, and then cooled to RT within 8 h to 

give colorless massive crystals (yield: 72%, based on ZnSO4). Anal. Calcd for 

C32H63F6N6O16Zn4: C, 33.03; H, 5.46; N, 7.22%. Found: C, 32.82; H, 5.69; N, 3.45%. 

X-ray crystallography. 

A Bruker Smart Apex II CCD detector was used to collect the single crystal data at 150(2) 

K using Mo Kα radiation (λ = 0.71073 Å). The structure was solved by direct methods and 

refined by full-matrix least-squares refinement based on F2 with the SHELXTL program.The 

non-hydrogen atoms were refined anisotropically with the hydrogen atoms added at their 

geometrically ideal positions and refined isotropically. As the disordered solvent DMF 

molecules in the structure cannot be located, the SQUEEZE routine of Platon program was 

applied in refining. The formula of complex was got by the single crystal analysis together 

with elemental microanalyses and TGA data. Relevant crystallographic results are listed in 

Table S1. Selected bond lengths and angles are provided in Table S2.
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Breakthrough measurements.

The gas breakthrough separation experiment was carried out at 273 K and 298 K in a 

Quantachrome dynaSorb BT equipments fixed-bed reactor. In a typical breakthrough 

experiment using the mixture of C2H2-CH4-Ar (5%-5%-90%) and C2H2-CO2-Ar (5%-5%-

90%), 1a powder (1.0g) was packed into a packed column (about 4.2 × 80 mm2). The 

adsorbent was activated at 423 K for 12 hours, and argon flow (7 mL min-1) was introduced 

after the activation process to purge the adsorbent. The gas mixture of C2H2-CH4-Ar (5%-

5%-90%) then flows into the column at 7 mL min-1. Gas chromatograph is used to monitor 

the outlet gas of the breakthrough column. After the breakthrough experiment, the sample 

was regenerated with argon flow (7 mL min-1) at 353 K for 0.5 hours. The complete 

breakthrough of C2H2 and CH4 was indicated by the downstream gas composition reaching 

that of the feed gas.

On the basis of the mass balance, the gas adsorption capacities can be determined as 

follows: 

𝑞𝑖 =
𝐶𝑖𝑉

22.4 × 𝑚
×

𝑡

∫
0

(1 ‒
𝐹
𝐹0

)𝑑𝑡

Where qi is the equilibrium adsorption capacity of gas i (mmol g -1), Ci is the feed gas 

concentration, V is the volumetric feed flow rate (cm3 min-1), t is the adsorption time (min), 

F0 and F are the inlet and outlet gas molar flow rates, respectively, and m is the mass of the 

adsorbent (g).

The separation factor (α) of the breakthrough experiment is determined as:

α
 =

𝑞𝐴 𝑦𝐵

𝑞𝐵𝑦𝐴

in which yi is the molar fraction of gas i (i = A, B) in the gas mixture.

GCMC simulation.

Grand canonical Monte Carlo (GCMC) simulations were performed for the gas adsorption 

in the framework by the Sorption module of Material Studio (Accelrys. Materials Studio 

Getting Started, release 5.0). The framework was considered to be rigid, and the optimized 

gas molecules were used. The partial charges for atoms of the framework were derived from 
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QEq method and QEq neutral 1.0 parameter. One unit cell was used during the simulations. 

The interaction energies between the gas molecules and framework were computed through 

the Coulomb and Lennard-Jones 6-12 (LJ) potentials. All parameters for the atoms were 

modeled with the universal force field (UFF) embedded in the MS modeling package. A 

cutoff distance of 12.5 Å was used for LJ interactions, and the Coulombic interactions were 

calculated by using Ewald summation. For each run, the 3 × 106 maximum loading steps, 3 × 

106 production steps were employed.

Fitting adsorption heat of pure component isotherms.
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The virial expression was used to fit the combined isotherm data for 1a at 273.15 and 298 

K, where P is the pressure, N is the adsorbed amount, T is the temperature, ai and bi are virial 

coefficients, and m and N are the number of coefficients used to describe the isotherms. Qst is 

the coverage-dependent enthalpy of adsorption and R is the universal gas constant.

Gas selectivity prediction via IAST.

The experimental isotherm data for pure gas were fitted using a dual Langmuir-Freundlich 

(L-F) model:

𝑞 =
𝑎1 ∗ 𝑏1 ∗ 𝑃𝑐1

1 + 𝑏1 ∗ 𝑃𝑐1
+

𝑎2 ∗ 𝑏2 ∗ 𝑃𝑐2

1 + 𝑏2 ∗ 𝑃𝑐2

Where q and p are adsorbed amounts and the pressure of component i, respectively.

The adsorption selectivities for binary mixtures of C2/CH4, defined by

Si/j
xi*yj
xj*yi

were respectively calculated using the Ideal Adsorption Solution Theory (IAST). Where xi is 

the mole fraction of component i in the adsorbed phase and yi is the mole fraction of 

component i in the bulk.
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Fig. S1 Topological net of complex 1.

    
1200 1000 800 600 400 200 0

N 1s

Zn 2p

F 1s
O 1s

C 1sIn
te

ns
ity

 (a
.u

.)

Binding energy (eV)

 
 

700 695 690 685 680

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

 

 

F 1S

Fig. S2 XPS patterns of complex 1: survey and F 1s.

Fig. S3 TGA curve of complex 1.
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Fig. S4 PXRD patterns of complex 1 after treatment with different conditions.
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Fig. S5 Adsorption isotherm of complex 1 for N2 at 77 K.
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Fig. S6 Differential pore volume as a function of pore width calculated from the CO2 

adsorption isotherm at 195 K for 1a using the Horvath-Kawazoe model.
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Data: Data1_B
Model: IAST 
  
Chî 2 =  2.6075E-6
R^2 =  1
  
a1 8.11107 ± 0.0697
b1 0.0038 ± 0.00006
c1 1.15009 ± 0.00586
a2 0.02514 ± 0.00588
b2 0.9003 ± 0.40093
c2 1.5373 ± 0.43015

 298 K C2H2 
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Data: Data1_B
Model: IAST 
  
Chi^2 =  0.00004
R^2 =  0.99999
  
a1 6.18047 ± 0.64992
b1 0.0079 ± 0.00238
c1 1.28662 ± 0.06371
a2 0.61534 ± 0.56971
b2 0.11862 ± 0.08318
c2 1.06117 ± 0.09917

Fig. S7 C2H2 adsorption isotherms of 1a fitted by dual L-F model.

      
0 20 40 60 80 100

0.0

0.2

0.4

0.6

0.8

1.0

1.2

 298 K CO2

V 
(m

m
ol

 g
-1
)

P (kPa)

 

 

Data: Data1_B
Model: IAST 
  
Chi^2 =  9.0418E-6
R^2 =  0.99993
  
a1 10.40841 ± 9.51904
b1 0.00037 ± 0.00011
c1 1.2287 ± 0.14693
a2 0.05522 ± 0.05183
b2 0.07995 ± 0.02867
c2 1.40642 ± 0.54716
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Data: Data1_B
Model: IAST 
  
Chi 2̂ =  4.5281E-6
R 2̂ =  0.99999
  
a1 16.51647 ± 4.73464
b1 0.00064 ± 0.00004
c1 1.16384 ± 0.05801
a2 0.06884 ± 0.04581
b2 0.08443 ± 0.01606
c2 1.38947 ± 0.35794

Fig. S8 CO2 adsorption isotherms of 1a fitted by dual L-F model.
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Data: Data1_B
Model: IAST 
  
Chî 2 =  2.5418E-7
R^2 =  0.99998
  
a1 6.24558 ± 3.26262
b1 0.00051 ± 0.00018
c1 1.04192 ± 0.04402
a2 0.00868 ± 0.006
b2 0.00549 ± 0.01729
c2 2.59238 ± 1.65611
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Data: Data1_B
Model: IAST 
  
Chî 2 =  6.8422E-7
R^2 =  0.99998
  
a1 3.70189 ± 1.75614
b1 0.00075 ± 0.00011
c1 1.1709 ± 0.13149
a2 0.02986 ± 0.03102
b2 0.02441 ± 0.02545
c2 1.72133 ± 0.79263

Fig. S9 CH4 adsorption isotherms of 1a fitted by dual L-F model.
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Data: Data1_B,Data1_D
Model: Qst 
  
Chî 2 =  0.00012
R^2 =  0.99996
  
w 298 ± 0
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Fig. S10 Fitted C2H2 isotherms of 1a, and the heat of adsorption (Qst).
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Data: Data1_B,Data1_D
Model: Qst 
  
Chî 2 =  0.0054
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w 298 ± 0
a0 -2065.03734 ± 141.44392
a1 -20.5829 ± 28.01971
a2 0.61365 ± 1.14413
a3 -0.00438 ± 0.00161
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Fig. S11 Fitted CO2 isotherms of 1a, and the heat of adsorption (Qst).
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Data: Data1_B,Data1_D
Model: Qst 
  
Chî 2 =  0.03803
R^2 =  0.97919
  
w 298 ± 0
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Fig. S12 Fitted CH4 isotherms of 1a, and the heat of adsorption (Qst).



S9

Fig. S13 Density contours in 1a: a) C2H2 and CH4; b) C2H2 and CO2.

Table S1. Crystal Data and Structure Refinements for complex 1.

Chemical formula C20H24F6N2O8Zn4

Formula weight 795.89
T (K) 296(2) K
Crystal system Tetragonal
Space group I4/mmm
a/b (Å) 18.7279(4)/18.7279 (14)
c (Å) 11.8716 (6)
α/β/γ (°) 90/90/90
V (Å3) 4163.8 (3) 
Z 4
Dcalcd.[g·cm-3] 1.270
μ (mm−1) 2.334
Reflns collected/unique/Rint 34450/1131/0.0398
Goof 1.106
R1

a, wR2
b [I > 2σ] R1 = 0.0161, wR2 = 0.0407

R1
a, wR2

b (all data) R1 = 0.0177, wR2 = 0.0416
aR1 = Σ(|Fo|−|Fc|)/Σ|Fo|. bR2 = [Σw(Fo

2 − Fc
2)2/Σw(Fo

2)2]1/2.

Table S2. Selected bond lengths [Å] and angles [°] for complex 1.

Zn(1)-F(2) 1.9262(3) F(2)-Zn(1)-F(1)#2 94.68(5)
Zn(1)-O(1) 2.0194(10) O(1)-Zn(1)-F(1)#2 160.25(4)

Zn(1)-O(1)#1 2.0195(10) O(1)#1-Zn(1)-F(1)#2 88.94(4)
Zn(1)-F(1)#2 2.1148(7) F(2)-Zn(1)-F(1)#3 94.68(5)
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Zn(1)-F(1)#3 2.1148(7) O(1)-Zn(1)-F(1)#3 88.95(4)
Zn(1)-F(1) 2.1191(11) O(1)#1-Zn(1)-F(1)#3 160.25(4)

F(1)-Zn(1)#2 2.1148(7) F(1)#2-Zn(1)-F(1)#3 74.22(5)
F(1)-Zn(1)#3 2.1148(7) F(2)-Zn(1)-F(1) 174.02(6)
F(2)-Zn(1)#6 1.9262(3) O(1)-Zn(1)-F(1) 86.65(3)

F(2)-Zn(1)-O(1) 96.95(4) O(1)#1-Zn(1)-F(1) 86.65(3)
F(2)-Zn(1)-O(1)#1 96.95(4) F(1)#2-Zn(1)-F(1) 80.57(4)
O(1)-Zn(1)-O(1)#1 105.36(6) F(1)#3-Zn(1)-F(1) 80.57(4)

Symmetry codes: #1 -x, y, z; #2 -y+1/2, x+1/2, -z+3/2; #3 y-1/2, -x+1/2, -z+3/2; #4 y-1/2, 
x+1/2, -z+3/2; #5 -y+1, -x+1, z; #6 x, y, -z+2.     

Table S3. Summary of [M4(μ3-F)4] cubane complexes.

M Formula Ref.

Co2+
[Co4F4(L)12.](BF4)4, L = N-ethylimidazole or N-

propylimidazole.
S1

Ca2+ [(15-crown-5)3(Ca4F4)(PF6)CH3CN](PF6)3 S2

Ni2+ [Ni4F4{S(pz)2}4(μ-FAsF4F)2](AsF6)2·4SO2 S3

Re+ [Re(CO)3F]4·4H2O S4

Rh+ [FRh(C2H4)(C2F4)]4 S5
[M4(μ3-F)4] cubanes

Pt4+ [(CH3)3PtF]4 S6

Table S4. Comparison of the Qst, adsorption capacity and C2H2/CO2 uptake ratios of 1a with 

other MOF materials at 298 K.

MOF C2H2 uptake 
(cm3 g-1)

CO2 uptake 
(cm3 g-1)

C2H2/CO2 

uptake ratios
Qst (KJ mol-

1) Ref

1a 79.5 23.6 3.37 28.2
JXNU-5a 55.9 34.8 1.61 32.9 S7

Zn-MOF-74 123.8 121.4 1.02 24.0 S8
FJU-22a 114.8 111.3 1.03 / S9

NKMOF-1-Ni 61.0 51.1 1.19 60.3 S10
UTSA-74a 107.4 70.9 1.51 31 S11
Cd(dtztp) 80.1 64.3 1.25 25 S12

UTSA-300a 68.9 3.25 21 57.6 S13
TIFSIX-2-Ni-i 94.3 101.7 0.93 40 S14

ATC-Cu 112.2 80.8 1.39 79.1 S15
ZrT-1-tetrazol 57.7 35.1 1.64 33.3 S16
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[Ni3(HCOO)6] 53.4 34 1.57 40.9 S17
IPM-101 57.1 68.1 0.84 43.7 S18
TCuCl 67.2 44.8 1.5 41 S19

SNNU-16 46 37.2 1.24 52.6 S20
FJU-89a 101.4 61.1 1.66 31.0 S21

Ni2(BTEC)(bipy)3 76.8 13.0 5.9 19.8 S22

Table S5. Comparison of the Qst and C2H2/CO2 Selectivity of 1a with other MOFs at 298 K.

MOF C2H2 Qst

(KJ mol-1)
C2H2/CO2 
Selectivity Ref.

1a 28.1 4.12 This work
UTSA-300a 57.6 21 S13
SNNU-16 52.6 2 S20
[Ni(dpip)] 41.7 2 S23

TIFSIX-2-Ni-i 40 6.1 S14
ZrT-1-tetrazol 33.3 2.83 S16

FJU-36a 32.9 2.8 S24
JXNU-5a 32.9 5 S7

FJU-6-TATB 29 3.1 S25
FJU-99a 28 2.2 S26
Cd-dtztp 25 2 S27

SNNU-27-Fe 24.1 2 S28
PCM-48 23.6 4.3 S29
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