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S1 Material and Methods  

 

Synthesis of ligand H4PMTD 

 

  

Scheme S1. Synthetic route of H4PMTD 

 

1 was synthesized according to previous literature.1 A suspension of 2.62 g (12.5mmol) 

of 5-aminoisophthalic acid, 1.21g (5mmol) of 1 and 0.35g (1.86mmol) 

p-toluenesulphonic acid in 50 mL xylene was heated under reflux for 48 hours under 

nitrogen atmosphere. After cooling to ambient temperature the solvent was decanted 

and the residue was purified by column chromatography on silica gel yielding a white 

solid. Yield: 80% of theory. 1H NMR (CDCl3, 400 MHz): δ= 2.35 (6H), 3.97 (12H), 

7.28 (4H), 8.01 (4H), 8.81 (2H) ppm. Elemental analysis: calcd for C32H28N6O8 

(624.20): C, 61.53; H, 4.52; N, 13.46; O, 20.49; found: C, 62; H, 4.27; N, 13.62; O, 

20.11. ESI-MS: m/z (100%) 624 [M]+. 

A suspension of 3.12g (5mmol) 2 in 50mL 6M NaOH/CH3OH (1:1 v/v) was heated 

under reflex for 24 hours. After cooling to ambient temperature the resulting solution 

was adjust to pH=2 with HCl solution. The solid was collected by filtration, washed 

several times with distilled water and dried to give a white solid. Yield: 95% of theory. 
1H NMR ([D6] DMSO, 400 MHz): δ= 2.28(6H), 7.32 (4H), 8.01 (4H), 8.55 (2H), 

13.55 (4H) ppm. Elemental analysis: calcd for C18H13N3O6 (568.13): C, 59.16; H, 

3.55; N, 14.78; O, 22.51; found: C, 58.80; H, 3.63; N, 14.06; O, 23.51. ESI-MS: m/z 

(100%) 568[M]+ 

 

 

 

 

 

 

 



Table S1 The crystal data and structure refinement for compound 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound 1 

Molecular formula C56H78N12O39Cu4 

Fw 1797.46 

Wavelength(Å) 1.34139 

Crystal system 

Space group 

Orthorhombic 

pbam 

a(Å) 24.439(5) 

b(Å) 27.623(6) 

c(Å) 31.467(6) 

α(deg) 90 

β(deg) 90 

γ(deg) 90 

V(Å3) 21242(7) 

Z 8 

Dc(g cm-3) 1.124 

μ(mm-1) 0.863 

F(000) 7408 

Reflections 

collected / unique 

61919/15400 

Rint 0.1374 

R indices [I>2σ(I)] R1=0.0956 

wR2=0.2499 

R indices(all data) R1=0.1599 

wR2=0.2778 



Fig. S2 PXRD data of Cu-PMTD showing good agreement with the simulated one for 

as-synthesized and after adsorption sample. 

 

Fig. S3 TGA plot of Cu-PMTD 



 

Fig. S4 H2 sorption isotherms at 77K 

 

 

 

 

 

 

 

 

 

 

 

 



 
Fig. S4 The detail of virial equation (solid lines) fitting to the experimental gases 

adsorption data (symbol) for 1.  

 



S2 Prediction of adsorption of binary mixture by IAST theory 

  The excess adsorption data for pure gases measured at 273K and 298 K 

were first converted to absolute loadings, along with Peng-Robinson 

equation. 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: 

𝑁0(𝑓) =  
𝑁1𝑘1𝑓

1 + 𝑘1𝑓
+

𝑁2𝑘2𝑓

1 +  𝑘2𝑓
 

  Where f is the fugacity of bulk gs at equilibrium with adsorbed phase, 

Ni is the model parameter of the maximum adsorption amount at the site i 

(i=1 or 2), and ki is the affinity constant. 

  Based on the above model parameters of pure gas adsorption, we used 

the IAST model,1 which was proposed by Myer and Prausnitz in 1965 to 

predict the multi-component adsorption. Analogous to Raoult’s law for 

vapor-liquid equilibrium, the IAST assumes that the adsorbed solutions 

are ideal and all activity coefficients in the adsorbed phase are unity. Thus, 

the adsorption equilibrium between adsorbed and gas phases will lead to 

the following equation 

𝑃𝑦𝑖𝜑𝑖 =  𝑥𝑖𝑓𝑖
0(𝜋) 

Where 𝑓𝑖
0

is the fugacity of the equilibrium gas phase corresponding to 

the spreading pressure 𝜋 for the adsorption of pure gas i, 𝜑𝑖  is the gas 



fugacity coefficient of component i calculated by PR equation of state, 

and 𝑥𝑖 and 𝑦𝑖  are the molar fraction of component i at the adsorbed 

and bulk phases, respectively. The binary gas mixing process is carried 

out at constant spreading pressure 𝜋 and indicated by 

∫ 𝑁1
0(𝑓1)

𝑓1
0

𝑜

𝑑𝑙𝑛𝑓1 =  ∫ 𝑁2
0

𝑓2
0

0

(𝑓2)𝑑𝑙𝑛𝑓2 

  Where the single-component adsorption amount and selectivity are 

further obtained from the above equation by numerical integration and 

root exploration. To investigate the separation of binary mixtures, the 

adsorption selectivity is defined by 

𝑆𝑖𝑗 =  

𝑥𝑖
𝑥𝑗

⁄

𝑦𝑖
𝑦𝑗

⁄
 

Where the selectivity refers to the first component over the second one, 

and the 𝑥𝑖, 𝑥𝑗 and 𝑦𝑖 , 𝑦𝑗 denote the molar fractions of species i, j in 

the adsorbed and bulk phases, respectively. 

 

S3 Breakthrough experiments 

The breakthrough experiment was conducted using a lab-scale fix-bed 

reactor at 298 K. In a typical experiment, 228.7 mg of material was 

packed into a quartz column (5.8 mm I.D. ×150 mm) with silane treated 

glass wool filling the void space. Then the powder was activated at 393 K 

for 10 h with helium flow rate of 4 mL/ min. The flow of helium was then 



turned off while a gas mixture (CH4/C2H6/C3H8/CO2) at a total rate of 4 

mL/min was allowed to flow into the column at 298K. The percentage of 

CH4/C2H6/C3H8/CO2 in the mixture was 25%/25%/25%/25% or 

95%/1.67%/1.67%/1.67%. The effluent from the column was monitored 

using an online mass spectrometer (MS). The absolute adsorbed amount 

of gas i (qi) is calculated from the breakthrough curve by the equation: 

 

𝑞𝑖 =
𝐹𝑖 × 𝑡0 − 𝑉𝑑𝑒𝑎𝑑 − ∫ 𝐹𝑒∆ 𝑡

𝑡0

0

𝑚
 

Where Fi is the influent flow rate of the specific gas (cm3/ min); t0 is the 

adsorption time (min); Vdead is the dead volume of the system (cm3); Fe is 

the effluent flow rate of the specific gas (cm3/ min); and m is the mass of 

the sorbent (g). 



 

Fig. S5 Column breakthrough experiment for four component mixture containing CH4, 

CO2, C2H6 and C3H8 (95: 1.67: 1.67:1.67) at 298 K and 1 atm in 1. 
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