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Section S1 Materials and general methods

All the reagents and solvents were purchased to use without further purification in the experiments. 

Elemental analyses (C, H, and N) were measured on Perkin-Elmer 2400C elemental analyser. 

Infrared spectra were examined on Bruker EQUINOX-55 spectrophotometer in 4000 − 400 cm-1 

(KBr pellets). Powder X-ray diffraction patterns were investigated through Bruker D8 ADVANCE 

X-ray powder diffractometer. Thermogravimetric analyses were tested on NETZSCH STA 449C 

microanalyzer (N2 atmosphere, 10 °C min-1). Solid state luminescent spectra were determined via 

Hitachi F-4500 spectrophotometer at room temperature (RT). UV-vis spectra were measured on 

Hitachi U-3310 spectrometer. Inductively coupled plasma (ICP) analyses were carried out on IRIS 

Advantage spectrometer. Scanning electron microscopy (SEM) analyses were tested on SU8010 

Field Emission Scanning Electron Microscope. X-ray photoelectron spectroscopy (XPS) 

measurements were performed on AXIS Ultra spectrometer. The gas sorption isotherms were 

tested on ASAP 2020 M sorption equipment.

Section S2 Crystallographic data collection and refinement

The single-crystal diffraction data were recorded on a Bruker SMART APEX II CCD detector by 

Mo-Kα radiation (λ = 0.71073 Å). The structures of MOFs were solved via the direct methods and 

refined through the full-matrix least-squares method based on F2 on the SHELXL and Olex2 

program.1 All non-hydrogen atoms were refined anisotropically with the hydrogen atoms being 

calculated and assigned their ideal positions with isotropic displacement factors. The SQUEEZE 

of PLATON program was applied for 1 because of the disorder of the solvent molecules. The final 

formulae of 1 was determined by combination of the single-crystal structure, elemental analysis 

and TGA together.
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Fig. S1 Coordination mode of L2- in 1 (a) and 2 (b).
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Fig. S2 PXRD patterns of the as-synthesized products and activated sample.
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Fig. S3 TGA curves for the as-synthesized products and activated sample.
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Fig. S4 FT-IR spectra of the as-synthesized sample.

Fig. S5 Luminescent emission spectra of the free ligand H3L and complexes 1-2 at room 

temperature.

    

(a)                             (b)

Fig. S6 The linear correlation for the plot of (I0/I) - 1 vs. concentration of Fe3+ (a) and Cr2O7
2- (b) 

in low concentration range, respectively.
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Fig. S7 PXRD patterns of 1 treated by different M(NO3)n solutions (a) and KnA solutions (b).



     

Fig. S8 (a) UV-vis adsorption spectrum of cations in DMF solution and the excitation spectrum of 

1 in DMF solution; (b) UV-vis adsorption spectra of anions in DMF solution and the excitation 

spectrum of 1 in DMF solution.
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Fig. S9 (a) Luminescence intensity of 1 dispersed in DMF with addition of different mixed metal 

ions (10-1M) mixed solution added Fe3+ ions (10-1 M) (m1: Cu2+/Al3+/Na; m2: Zn2+/Co2+; m3: 

K+/Mg2+/+Cd2+; m4: Ca2+/Ni2+), and (b) with addition of different mixed anion ions (10-1 M) 

mixed solution added Cr2O7
2− ions (10-1 M) (k1: Cl-/Br-/I-; k2: IO3

-/BrO3
-; k3: C2O4

2-/CO3
2-; k4: 

SO4
2-/NO3

-).
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Fig. S10 Multiple cycles for the fluorescence quenching of 1 by Fe3+ (a) and Cr2O7
2− (b), and 

recovery after washing by DMF for several times.
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Fig. S11 (a) XPS spectra of the 1 and Fe3+@1; (b) O1s XPS spectra of the 1 and Fe3+@1.

Fig. S12 Pore size distribution (inset) of 2.

IAST adsorption selectivity calculation

The experimental isotherm data for pure CO2 and CH4 (measured at 273 and 298 K) were fitted 

using a Langmuir-Freundlich (L-F) model

c

c

a b pq =
1+ b p
 



Where q and p are adsorbed amounts and pressures of component i, respectively. The adsorption 

selectivities for binary mixtures of CO2/CH4 at 273 and 298 K., defined by

ads
q1 p1S = ( ) / ( )
q2 p2

Where qi is the amount of i adsorbed and pi is the partial pressure of i in the mixture.
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Fig. S13 IAST adsorption selectivity of 2 for different ratios CO2/CH4 at 298 K.



  
(a)                                    (b)

Fig. S14 IAST adsorption selectivity of Co1-MOF 2 for different ratios CO2/CH4 at 298 K.
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Fig. S15 IAST adsorption selectivity of Co2-MOF 2 for different ratios CO2/CH4 at 298 K.
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Fig. S16 CO2 (a) and CH4 (c) adsorption isotherms of 2 at 273 K with fitting; CO2 (b) and CH4 (d) 

adsorption isotherms of 2 at 298 K with fitting by L-F model.
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Fig. S17 CO2 (a) and CH4 (c) adsorption isotherms of Co1-MOF 2 at 273 K with fitting; CO2 (b) 

and CH4 (d) adsorption isotherms of Co1-MOF 2 at 298 K with fitting by L-F model.
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Fig. S18 CO2 (a) and CH4 (c) adsorption isotherms of Co2-MOF 2 at 273 K with fitting; CO2 (b) 

and CH4 (d) adsorption isotherms of Co2-MOF 2 at 298 K with fitting by L-F model.



Calculation of sorption heat for CO2 and CH4 uptake using Virial 2 model

The CO2 and CH4 adsorption isotherm data for 2 at 298 K were fitted using the Virial 2 expression, 

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.
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Fig. S19 (a) CO2 adsorption isotherms for 2 with fitting by Virial 2 model, fitting results: a0 = -

3454.82324, a1 = -10.03395, a2 = 0.58418, a3 = -0.00699, a4 = 6.10908E-5, a5 = -2.0822E-7, b0 

= 12.15463, b1 = 0.02454, b2 = -6.76085E-4, Chi^2 = 8.23796E-4, R^2 = 0.9998; (b) CH4 

adsorption isotherms for 2 with fitting by Virial 2 model, fitting results: a0 = -799.39442, a1 = -

72.62152, a2 = 5.62545, a3 = -1.3822, a4 = 0.09116, a5 = -0.0022, b0 = 6.14821, b1 = 0.20517, 

b2 = 0.01468, Chi^2 = 1.64039E-4, R^2 = 0.99993.

     
(a)                                    (b)

Fig. S20 (a) CO2 adsorption isotherms for Co1-MOF 2 with fitting by Virial 2 model, fitting 

results: a0 = -4699.88473, a1 = 39.18932, a2 = 0.58585, a3 = -0.01687, a4 = 1.33364E-4, a5 =-

3.88988E-7, b0 = 16.93474, b1 = -0.20335, b2 =0.00134, Chi^2 = 0.01593, R^2 = 0.99592; (b) 

CH4 adsorption isotherms for Co1-MOF 2 with fitting by Virial 2 model, fitting results: a0 =-

2513.94782, a1 = 39.79797, a2 = 4.72359, a3 = -1.09827, a4 = 0.05294, a5 = -9.2996E-4, b0 = 

12.09386, b1 = -0.25015, b2 =0.01978, Chi^2 = 6.62276E-4, R^2 = 0.99972.



     

(a)                                    (b)

Fig. S21 (a) CO2 adsorption isotherms for Co2-MOF 2 with fitting by Virial 2 model, fitting 

results: a0 = -4295.27252, a1 = 40.28878, a2 = 1.19539, a3 = -0.0291, a4 = 2.19645E-4, a5 = -

6.06638E-7, b0 = 15.76567, b1 = -0.2685, b2 = 0.00179, Chi^2 = 0.18873, R^2 = 0.95208; (b) 

CH4 adsorption isotherms for Co2-MOF 2 with fitting by Virial 2 model, fitting results: a0 = -

2252.06704, a1 = 40.39341, a2 = 4.67411, a3 = -0.83984, a4 = 0.03671, a5 = -5.85339E-4, b0 = 

11.04704, b1 = -0.24576, b2 = 0.01418, Chi^2 = 6.31418E-4, R^2 = 0.99973.



Table S1 Selected bond lengths [Å] and angles [º] for 1-2

Complex 1
Cd(1)-O(4)#1 2.396(6) N(1)#4-Cd(1)-O(4)#1 112.8(2)
Cd(1)-O(6)#2 2.303(4) N(1)#4-Cd(1)-O(7)#3 144.00(18)
Cd(1)-O(3)#1 2.283(7) O(2)-Cd(2)-O(2)#5 152.1(3)
Cd(1)-O(7)#3 2.415(5) O(2)-Cd(2)-O(7)#3 83.55(18)
Cd(1)-O(1) 2.231(5) O(2)-Cd(2)-O(7)#2 118.87(19)
Cd(1)-N(1)#4 2.367(5) O(2)#5-Cd(2)-O(7)#3 118.87(19)
Cd(2)-O(2 2.265(5) O(2)#5-Cd(2)-O(7)#2 83.56(18)
Cd(2)-O(2)#5 2.265(5) O(2)#5-Cd(2)-O(8)#5 81.0(8)
Cd(2)-O(7)#3 2.336(5) O(2)-Cd(2)-O(8)#5 84.4(6)
Cd(2)-O(7)#2 2.336(5) O(2)#5-Cd(2)-O(8) 84.4(6)
Cd(2)-O(8) 2.366(16) O(2)-Cd(2)-O(8) 81.0(8)
Cd(2)-O(8)#5 2.366(16) O(2)-Cd(2)-O(8A) 95.2(8)
Cd(2)-O(8A)#5 2.355(15) O(2)#5-Cd(2)-O(8A)#5 95.2(8)
Cd(2)-O(8A) 2.355(15) O(2)#5-Cd(2)-O(8A) 75.9(6)
O(4)#1-Cd(1)-O(7)#3 99.63(19) O(2)-Cd(2)-O(8A)#5 75.9(6)
O(6)#2-Cd(1)-O(4)#1 144.2(2) O(7)#3-Cd(2)-O(7)#2 79.5(3)
O(6)#2-Cd(1)-O(7)#3 83.34(16) O(7)#2-Cd(2)-O(8) 153.0(9)
O(6)#2-Cd(1)-N(1)#4 79.45(16) O(7)#3-Cd(2)-O(8) 85.3(7)
O(3)#1-Cd(1)-O(4)#1 55.6(2) O(7)#3-Cd(2)-O(8)#5 153.0(9)
O(3)#1-Cd(1)-O(6)#2 88.7(2) O(7)#2-Cd(2)-O(8)#5 85.3(7)
O(3)#1-Cd(1)-O(7)#3 100.7(2) O(7)#3-Cd(2)-O(8A)#5 135.7(10)
O(3)#1-Cd(1)-N(1)#4 110.3(3) O(7)#3-Cd(2)-O(8A) 76.9(6)
O(1)-Cd(1)-O(4)#1 86.6(2) O(7)#2-Cd(2)-O(8A)#5 76.9(6)
O(1)-Cd(1)-O(6)#2 128.8(2) O(7)#2-Cd(2)-O(8A) 135.7(10)
O(1)-Cd(1)-O(3)#1 142.1(2) O(8)#5-Cd(2)-O(8) 116.6(15)
O(1)-Cd(1)-O(7)#3 81.4(2) O(8A)#5-Cd(2)-O(8A) 143.0(16)
O(1)-Cd(1)-N(1)#4 85.1(2)

Symmetry transformations used to generate equivalent atoms: #1 x, y, z-1; #2 x+1/4, -y+5/4, z-3/4; 

#3 -x+5/4, y+1/4, z-3/4; #4 -x+3/2, -y+1, z-1/2; #5 -x+3/2, -y+3/2, z; #6 x, y, z+1; #7 x-1/4, -

y+5/4, z+3/4; #8 -x+5/4, y-1/4, z+3/4; #9 -x+3/2, -y+1, z+1/2.

Complex 2
Zn(1)-O(2) 2.0318(19) O(12)#3-Zn(1)-O(7)#1 169.37(7)
Zn(1)-O(7)#1 2.1138(17) O(12)#1-Zn(1)-O(7)#1 91.22(7)
Zn(1)-O(8)#2 2.0524(18) O(12)#1-Zn(1)-O(12)#3 79.83(7)
Zn(1)-O(12)#3 2.1037(17) O(12)#3-Zn(1)-O(13) 86.20(7)
Zn(1)-O(12)#1 2.0856(18) O(12)#1-Zn(1)-O(13) 82.15(7)
Zn(1)-O(13) 2.2710(19) O(13)-Zn(1)-Zn(2)#1 50.63(5)
Zn(2)-O(5) 1.9502(18) O(5)-Zn(2)-Zn(1)#1 81.80(5)
Zn(2)-O(9)#4 1.9533(18) O(5)-Zn(2)-O(9)#4 129.95(8)



Zn(2)-O(12) 1.9468(17) O(5)-Zn(2)-O(13)#1 80.99(7)
Zn(2)-O(13)#1 2.4320(19) O(5)-Zn(2)-N(1)#5 98.44(8)
Zn(2)-N(1)#5 2.109(2) O(9)#4-Zn(2)-Zn(1)#1 118.06(6)
O(2)-Zn(1)-Zn(2)#1 134.39(5) O(9)#4-Zn(2)-O(13)#1 83.20(8)
O(2)-Zn(1)-O(7)#1 92.61(8) O(9)#4-Zn(2)-N(1)#5 92.71(9)
O(2)-Zn(1)-O(8)#2 91.30(8) O(12)-Zn(2)-Zn(1)#1 40.87(5)
O(2)-Zn(1)-O(12)#3 95.10(7) O(12)-Zn(2)-O(5) 109.95(7)
O(2)-Zn(1)-O(12)#1 168.34(7) O(12)-Zn(2)-O(9)#4 113.91(7)
O(2)-Zn(1)-O(13) 87.06(7) O(12)-Zn(2)-O(13)#1 80.94(7)
O(7)#1-Zn(1)-Zn(2)#1 71.67(5) O(12)-Zn(2)-N(1)#5 104.80(8)
O(7)#1-Zn(1)-O(13) 86.91(7) O(13)#1-Zn(2)-Zn(1)#1 46.21(4)
O(8)#2-Zn(1)-Zn(2)#1 129.50(6) N(1)#5-Zn(2)-Zn(1)#1 139.74(6)
O(8)#2-Zn(1)-O(7)#1 89.12(7) N(1)#5-Zn(2)-O(13)#1 173.98(7)
O(8)#2-Zn(1)-O(12)#1 99.77(7) Zn(1)#1-O(12)-Zn(1)#8 100.17(7)
O(8)#2-Zn(1)-O(12)#3 97.98(7) Zn(2)-O(12)-Zn(1)#8 113.84(8)
O(8)#2-Zn(1)-O(13) 175.63(7) Zn(2)-O(12)-Zn(1)#1 101.48(8)
O(12)#1-Zn(1)-Zn(2)#1 37.65(5) Zn(1)-O(13)-Zn(2)#1 83.16(6)
O(12)#3-Zn(1)-Zn(2)#1 97.70(5)

Symmetry transformations used to generate equivalent atoms: #1 -x+2, -y+2, -z+1; #2 x, y, z-1; #3 

x-1, y, z-1; #4 x+1, y, z; #5 -x+2, -y+1, -z+1; #6 x, y, z+1; #7 x-1, y, z; #8 x+1, y, z+1.

Table S2 ICP analyses for 2, Co1-MOF 2 and Co2-MOF 2

Compound Concentration of Zn(II) (ppb) Concentration of Co(II) (ppb) Zn/Co(II)
2 17533.41 0 -
Co1-MOF 2 18137.48 7750.32 2.34
Co2-MOF 2 10469.28 15543.49 0.67

Table S3 Adsorption selectivity of reported MOFs for CO2/CH4 (50:50) at 1 bar

Compound Adsorption selectivity of CO2/CH4

Temperature/
K Ref.

SIFSIX-2-Cu 5.3 298 2
JUC-141 8.72 298 3
Zeolite 13X 3.6 298 4
Activated carbon 2.3 298 4
UiO-66 6.87 298 5
JUC-199 9.0 298 6
Complex-1 12.3 298 7
Complex-2 10.73 298 This work
Co1-MOF 2 8.77 298 This work
Co1-MOF 2 8.02 298 This work



Table S4 Equation parameters for the DSLF isotherm model for 2, Co1-MOF 2, Co2-MOF 2
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