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Fig. S1. Experimental (red) and simulated (black) PXRD patterns of complexes. 1−3.

Fig. S2. Thermogravimetric curves of 1-3.

 



Fig. S3 Linear fitting of the low-pressure region of CO2 (black) and N2 (red) 
adsorption isotherms of 3 measured at 273 and 298 K, respectively.

Analysis of Gas Adsorption Isotherms:

The carbon dioxide adsorption isotherms of 3 are fitted to the Langmuir-Freundlich 

according to the literature.1 An accurate fit was obtained by using this equation which 

results a precise prediction over the quantity of gas adsorbed at saturation. A variant 

of the Clausius-Clapeyron equation was used to calculate enthalpy of adsorption.

   (I)
𝑙𝑛

𝑃1

𝑃2
= ∆𝐻𝑎𝑑𝑠 ×

𝑇2 ‒ 𝑇1

𝑅 × 𝑇2 × 𝑇1

where T1 and T2 are the two isotherm temperatures (273 and 298 K), P1 and P2 are 

pressures at  T1 and T2 , respectively, for a given uptake, and R is the universal gas 

constant (R = 8.3147 J / (K·mol)). Pressure as a function of the amount of gas 

adsorbed was determined using the Langmuir-Freundlich fit for the isotherms.
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𝑞
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Where qi = the amount adsorbed, q = the amount adsorbed at saturation, p = pressure, 



b and t = constants. The equation (II) rearranges to: 
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Fig. S4. CO2 adsorption isotherm for 3 at 273 K and 298 K. The red solid line 
represents the best fit to the data using the Langmuir-Freundlich equation, as 
described above.

IAST Adsorption Selectivity Calculation

The ideal adsorbed solution theory (IAST) was adopted based upon the experimental 

single gas adsorption measurements as described in the main text, including carbon 

dioxide and nitrogen at 273 K and 298 K, which is commonly used to predict binary 

mixture adsorption selectivity. Using the pure component isotherm fits, the adsorption 

selectivity is defined by:

Sads = (q1/q2)/(p1/p2),

Where qi is the amount of i adsorbed and pi is the partial pressure of i in the mixture 

fits. 

We use the following written codes to simulate the adsorption selectivity of CO2 over 



N2.

28                                                # No. of Pressure Point

0.2, 0.8               # Molar fraction of binary mixture (y1 and y2, y1 + y2 = 1)

100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 

7000, 8000, 9000, 10000, 20000, 30000, 40000, 50000, 60000, 70000, 80000, 90000, 

100000                                   #The unit is same parameter b, Pa

a1, a2                # fitting parameter Nsat for both component (Unit: mmol/g)   

b1, b2                    # fitting parameter b for both component (Unit: kPa-1)  

Selectivity Data of CO2:N2 (15:85) at 298K



Table S1. Selected Bond Lengths (Å) and Bond Angles (º) for 1

Cu(1)-N(3)#1
Cu(1)-N(3)#2
Cu(1)-N(3)#3
Cu(1)-N(3)
Cu(1)-Cl(3)
Cu(1)-Cl(3)#1
Cu(2)-O(2)#4
Cu(2)-O(2)#5
Cu(2)-O(2)#6
Cu(2)-O(2)
Cu(2)-Cl(1)
Cu(2)-Cu(2)#7
Cl(3)-Cu(1)#8
Cl(3)-Cu(1)-Cl(3)#1
O(2)#4-Cu(2)-O(2)#6
O(2)#4-Cu(2)-O(2)
O(2)#6-Cu(2)-O(2)
O(2)#5-Cu(2)-Cl(1)
O(2)-Cu(2)-Cl(1)
O(2)#5-Cu(2)-Cu(2)#7
O(2)#6-Cu(2)-Cu(2)#7
O(2)-Cu(2)-Cu(2)#7

2.015(8)
2.015(8)
2.015(8)
2.015(8)
2.642(4)
2.642(4)
1.946(13)
1.946(13)
1.946(13)
1.946(13)
2.216(5)
2.661(11)
2.642(4)
180.0
94.4(10)
167.5(13)
84.2(10)
96.2(7)
96.2(7)
83.8(7)
83.8(7)
83.8(7)

N(3)#1-Cu(1)-N(3)#2
N(3)#1-Cu(1)-N(3)#3
N(3)#2-Cu(1)-N(3)#3
N(3)#1-Cu(1)-N(3)
N(3)#2-Cu(1)-N(3)
N(3)#3-Cu(1)-N(3)
N(3)#1-Cu(1)-Cl(3)
N(3)#2-Cu(1)-Cl(3)
N(3)#3-Cu(1)-Cl(3)
N(3)-Cu(1)-Cl(3)
N(3)#1-Cu(1)-Cl(3)#1
N(3)#2-Cu(1)-Cl(3)#1
N(3)#3-Cu(1)-Cl(3)#1
O(2)#4-Cu(2)-O(2)#5
O(2)#5-Cu(2)-O(2)#6
O(2)#5-Cu(2)-O(2)
O(2)#4-Cu(2)-Cl(1)
O(2)#6-Cu(2)-Cl(1)
O(2)#4-Cu(2)-Cu(2)#7
Cl(1)-Cu(2)-Cu(2)#7
Cu(1)#8-Cl(3)-Cu(1)

90.4(5)
89.6(5)
180.0(4)
179.997(1)
89.6(5)
90.4(5)
89.4(2)
90.6(2)
89.4(2)
90.6(2)
90.6(2)
89.4(2)
90.6(2)
84.3(10)
167.5(13)
94.4(10)
96.2(7)
96.2(7)
83.8(7)
180.0(13)
84.29(1)

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

2) x,y,-z+1; 3): -x+1/2,-y+1/2,z; 4) x,-y,-z; 5): x,y,-z; 6): x,-y,z; 7): -x,-y,-z; 8): 

x+1/2,-y+1/2,-z+1

Table S2. Selected Bond Lengths (Å) and Bond Angles (º) for 2

Cu(1)-O(5)#1               1.953(6) 
Cu(1)-O(5)#2               1.953(6) 
Cu(1)-O(3)#3               1.972(6) 
Cu(1)-O(3)#4               1.972(6) 
Cu(1)-Cl(4)                 2.390(3) 
Cu(1)-Cu(1)#5              2.640(2) 
Cu(2)-N(7)                 1.963(6) 
Cu(2)-N(7)#6               1.963(6) 
Cu(2)-O(2)                 2.032(7) 

O(5)#1-Cu(1)-O(5)#2          91.9(4) 
O(5)#1-Cu(1)-O(3)#3         167.9(2) 
O(5)#2-Cu(1)-O(3)#3          88.2(3) 
O(5)#1-Cu(1)-O(3)#4          88.2(3) 
O(5)#2-Cu(1)-O(3)#4         167.9(2) 
O(3)#3-Cu(1)-O(3)#4          89.2(4) 
O(5)#1-Cu(1)-Cl(4)         92.17(18) 
O(5)#2-Cu(1)-Cl(4)         92.17(18) 
O(3)#3-Cu(1)-Cl(4)         99.87(18) 



Cu(2)-Cl(4)                 2.280(3)
Cu(2)-O(1)                2.481(11) 
Cu(2)-Cl(1)               2.5943(14) 
Cu(3)-N(9)                 1.948(7) 
Cu(3)-N(3)                 1.960(7) 
Cu(3)-O(2)                 2.028(4) 
Cu(3)-Cl(2)                 2.276(3) 
Cu(3)-O(0AA)#7           2.450(16) 
O(2)-Cu(3)#               62.027(4)
N(9)-Cu(3)-Cl(2)             91.3(2) 
N(3)-Cu(3)-Cl(2)             91.4(2) 
O(2)-Cu(3)-Cl(2)            172.8(2) 
N(9)-Cu(3)-O(0AA)#7         86.9(5) 
N(3)-Cu(3)-O(0AA)#7         90.6(5) 
O(2)-Cu(3)-O(0AA)#7         98.4(5) 
Cl(2)-Cu(3)-O(0AA)#7        88.8(5) 
Cu(2)-Cl(4)-Cu(1)         120.53(12) 
Cu(3)#6-O(2)-Cu(3)          112.9(4) 
Cu(3)#6-O(2)-Cu(2)          109.3(2) 
Cu(3)-O(2)-Cu(2)            109.3(2) 
C(17)-N(7)-N(9)             107.7(6) 
C(17)-N(7)-Cu(2)            132.2(6) 
N(9)-N(7)-Cu(2)             120.0(5) 
C(31)-N(9)-N(7)             107.2(7) 
C(31)-N(9)-Cu(3)            133.1(6) 

O(3)#4-Cu(1)-Cl(4)         99.87(18) 
O(5)#1-Cu(1)-Cu(1)#5       80.02(17) 
O(5)#2-Cu(1)-Cu(1)#5       80.02(17) 
O(3)#3-Cu(1)-Cu(1)#5       88.13(17) 
O(3)#4-Cu(1)-Cu(1)#5       88.13(17) 
Cl(4)-Cu(1)-Cu(1)#5        
168.70(11) 
N(7)-Cu(2)-N(7)#6           173.9(4) 
N(7)-Cu(2)-O(2)            89.51(18) 
N(7)#6-Cu(2)-O(2)          89.51(18) 
N(7)-Cu(2)-Cl(4)           91.06(18) 
N(7)#6-Cu(2)-Cl(4)         91.06(18) 
O(2)-Cu(2)-Cl(4)            168.7(3) 
N(7)-Cu(2)-O(1)              87.0(2) 
N(7)#6-Cu(2)-O(1)            87.0(2) 
O(2)-Cu(2)-O(1)              94.0(3) 
Cl(4)-Cu(2)-O(1)             97.3(3) 
N(7)-Cu(2)-Cl(1)             92.8(2) 
N(7)#6-Cu(2)-Cl(1)           92.8(2) 
O(2)-Cu(2)-Cl(1)             76.7(2) 
Cl(4)-Cu(2)-Cl(1)            92.01(8) 
O(1)-Cu(2)-Cl(1)            170.7(3) 
N(9)-Cu(3)-N(3)             176.3(3) 
N(9)-Cu(3)-O(2)              89.9(3) 
N(3)-Cu(3)-O(2)              87.7(3) 
N(7)-N(9)-Cu(3)             119.6(5)

Symmetry transformations used to generate equivalent atoms: 1) -x,y,z-1/2; 2) -x,y,-

z+3/2; 3) x,-y,-z+3/2; 4) x,-y,z-1/2; 5) -x,-y,-z+1; 6) x,y,-z+1. 

Table S3. Selected Bond Lengths (Å) and Bond Angles (º) for 3

Cu(1)-O(3)                 1.937(3) 
Cu(1)-O(5)                 1.942(3) 
Cu(1)-O(8)                 1.976(4) 
Cu(1)-N(6)                 1.990(4) 
Cu(1)-Cl(6)               2.5637(13) 
Cu(1)-Cu(3)               2.8509(8) 
Cu(3)-O(1)                 1.914(3) 
Cu(3)-O(5)                 1.919(4) 
Cu(3)-O(8)                 1.993(3) 
Cu(3)-N(1)                 2.001(4) 
Cu(6)-O(5)#1               1.908(3) 

O(3)-Cu(1)-O(5)           173.57(15) 
O(3)-Cu(1)-O(8)            96.95(14) 
O(5)-Cu(1)-O(8)            84.65(14) 
O(3)-Cu(1)-N(6)            88.32(16) 
O(5)-Cu(1)-N(6)            88.73(15) 
O(8)-Cu(1)-N(6)           165.87(15) 
O(3)-Cu(1)-Cl(6)           93.45(11) 
O(5)-Cu(1)-Cl(6)           92.31(10) 
O(8)-Cu(1)-Cl(6)          101.63(10) 
N(6)-Cu(1)-Cl(6)           91.08(12) 
O(3)-Cu(1)-Cu(3)          137.56(11) 



Cu(6)-O(8)                 1.945(3) 
Cu(6)-O(2)                 1.969(3) 
Cu(6)-O(4)                 1.995(4) 
Cu(6)-Cl(6)#1             2.7502(13) 
Cu(8)-O(5)#2               1.927(3) 
Cu(8)-N(21)                1.989(4) 
Cu(8)-N(9)                 2.005(4) 
Cu(8)-Cl(1)               2.2458(13) 
Cl(6)-Cu(6)#3             2.7502(13)
O(8)-Cu(6)-O(2)            94.48(14) 
O(5)#1-Cu(6)-O(4)          89.21(15) 
O(8)-Cu(6)-O(4)            94.24(14) 
O(2)-Cu(6)-O(4)           143.40(15) 
O(5)#1-Cu(6)-Cl(6)#1       87.49(10) 
O(8)-Cu(6)-Cl(6)#1         80.99(10) 
O(2)-Cu(6)-Cl(6)#1        116.27(11) 
O(4)-Cu(6)-Cl(6)#1        100.19(11) 
O(5)#2-Cu(8)-N(21)         86.79(15) 
O(5)#2-Cu(8)-N(9)          89.86(16) 
N(21)-Cu(8)-N(9)          176.28(17) 
C(34)-O(2)-Cu(6)            126.5(3)

O(5)-Cu(1)-Cu(3)           42.08(11) 
O(8)-Cu(1)-Cu(3)           44.33(10) 
N(6)-Cu(1)-Cu(3)          125.51(11) 
Cl(6)-Cu(1)-Cu(3)          108.82(4) 
O(1)-Cu(3)-O(5)           172.71(15) 
O(1)-Cu(3)-O(8)            94.01(15) 
O(5)-Cu(3)-O(8)            84.80(13) 
O(1)-Cu(3)-N(1)            93.25(16) 
O(5)-Cu(3)-N(1)            89.12(15) 
O(8)-Cu(3)-N(1)           168.30(16) 
O(1)-Cu(3)-Cu(1)          137.46(11) 
O(5)-Cu(3)-Cu(1)            42.71(9) 
O(8)-Cu(3)-Cu(1)           43.86(10) 
N(1)-Cu(3)-Cu(1)          127.35(12) 
O(5)#1-Cu(6)-O(8)         168.38(14) 
O(5)#1-Cu(6)-O(2)          89.28(14) 
O(5)#2-Cu(8)-Cl(1)        178.18(12) 
N(21)-Cu(8)-Cl(1)          92.01(12) 
N(9)-Cu(8)-Cl(1)           91.38(12) 
Cu(1)-Cl(6)-Cu(6)#3         71.83(3) 

Symmetry transformations used to generate equivalent atoms: 1) x,-y-1,z-1/2; 2) x-

1/2,y+1/2,z; 3) x,-y-1,z+1/2. 
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