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Figure S1. GPC curves of the obtained polyethylene (a); activity and Mw as a function of 
ethylene pressure, atm (b) for the Co1/MAO system at optimized condition (Table 2, entries 7, 
15–16) 
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Figure S2. GPC curves of the obtained polyethylene (a); activity and Mw as a function of 
ethylene pressure, atm (b) for the Co1/MAO system at optimized condition (Table 5, entries 9, 
15–16) 
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Figure S3. The 1H-NMR spectrum of the polyethylene obtained with Co1/MAO (Table 2, entry 
7). 

 

Figure S4. The 13C-NMR spectrum of the polyethylene obtained with Co1/MAO (Table 2, entry 
7). 
 

 

 



Geometry Optimization and Descriptors Calculation 

All the calculations are performed by density function theory (DFT) in Dmol3 program in 

order to optimize the geometry of molecular structures.[1, 2].The electronic structures of the 

molecular systems are optimized by the generalized gradient approximation (GGA) [3] and 

Becke-Perdew (BP) [4] exchange correlation functional combined with the double numerical 

basis sets with polarization functions (DNP) [1] using effective core potentials [5, 6].For geometry 

optimization, the convergence criteria of energy, maximum force and displacement are 2.0×10-5 

Hartree, 4.0×10-3 Hartree per Bohr and 5.0×10-3 Å, respectively. The convergence criterion for 

self-consistent field (SCF) calculation is 1.0×10-5 Hartree. 

Table S1. Comparisons of bond lengths and bond angles between the calculated geometry and 

experimental crystal data for complex Co1 along with the standard deviation (δ) and energy 

variation (ΔE) values at various spin states. 
Co1 Exp. Doublet Quartet 

Bond Lengths [Å] 
Co1–N1 2.223(3) 2.007 2.361 
Co1–N2 2.040(3) 1.845 2.066 
Co1–N3 2.225(3) 2.007 2.229 
Co1–Cl1 2.2457(10) 2.205 2.222 
Co1–Cl2 2.2650(9) 2.309 2.271 
δ  5.51 2.82 

Bond Angles [°] 
N1–Co1–N2 75.04(10) 80.66 72.65 
N1–Co1–N3 148.78(10) 158.65 147.32 
N2–Co1–N3 75.12(10) 80.75 76.15 
N1–Co1–Cl2 97.55(7) 95.27 94.43 
N2–Co1–Cl2 103.83(7) 90.95 97.57 
N3–Co1–Cl2 98.25(8) 95.46 99.08 
N1–Co1–Cl1 98.68(7) 97.28 94.06 
N2–Co1–Cl1 136.03(8) 162.57 137.77 
N3–Co1–Cl1 96.39(8) 97.29 102.67 
Cl2–Co1–Cl1 120.13(5) 106.47 123.77 
δ  9.56 3.86 
ΔE(kcal/mol)  0 9.72 

Table S2. Comparisons of bond lengths and bond angles between the calculated geometry and 

experimental crystal data for complex Co4 along with the standard deviation (δ) and energy 

variation (ΔE) values at various spin states. 



 
Co4 Exp. Doublet Quartet 

Bond Lengths [Å] 
Co1–N1 2.239 (4) 2.026 2.340 
Co1–N2 2.043(4) 1.846 2.067 
Co1–N3 2.246(4) 2.001 2.236 
Co1–Cl1 2.2339(13) 2.210 2.235 
Co1–Cl2 2.2905(14) 2.307 2.271 
δ  5.46 2.16 

Bond Angles [°] 
N1–Co1–N2 74.65(15) 80.59 73.01 
N1–Co1–N3 146.73(15) 159.44 144.12 
N2–Co1–N3 74.46(14) 80.868 74.72 
N1–Co1–Cl2 95.57(13) 94.495 98.42 
N2–Co1–Cl2 104.87(13) 90.501 93.77 
N3–Co1–Cl2 104.02(11) 94.48 98.94 
N1–Co1–Cl1 101.17(12) 97.41 98.19 
N2–Co1–Cl1 142.33(13) 158.02 144.79 
N3–Co1–Cl1 95.72(11) 96.44 99.13 
Cl2–Co1–Cl1 112.79(6) 111.48 121.41 
δ  8.27 5.27 
ΔE(kcal/mol)   7.10 

After the optimization of the complex, we calculate the seven descriptors of electronic and 

steric effects. Effective net charge (Qeff) is calculated by using equation S1 which defines the 

difference of charge on central metal (QCM) and variation between two halogen atoms (ΔQhalogens). 

The HOMO‒LUMO energy gaps (Δε1, Δε2) are actually the energy gap between complex’s 

LUMO/HOMO (𝐸୐େ/𝐸ୌେ) and ethylene’s HOMO/LUMO orbitals (𝐸ୌ୉/𝐸୐୉) as calculated by 

equation S2 and S3, respectively. 𝑄ୣ୤୤ = 𝑄େ୑ − ∆𝑄୦ୟ୪୭୥ୣ୬ୱ     S1 ∆𝜀ଵ = 𝐸୐େ − 𝐸ୌ୉      S2 ∆𝜀ଶ = 𝐸୐୉ − 𝐸ୌେ      S3 

where in equation S2, 𝐸୐େ is LUMO orbital energy of complex and 𝐸ୌ୉ is HOMO orbital energy 

of ethylene, for equation S3, it is vice versa. 



Energy difference (ΔE) can be explained in terms of different optimized energy of Ni 

complex between singlet and triplet states. The values of Hammett constant (F) are taken from 

literature [7] and depends on the type of substituents. Steric effect is calculated on the basis of 

optimized structure of complex. The bite angle (β) are measured as the angle of N1–Ni–N2 in 

complex. The open cone angle (θ) are obtained according to equation S4 accounting for the space 

to accommodate the incoming monomer. 𝜃 = 360୭ − ቂ∠𝐶ଵ + 𝑎𝑟𝑐𝑠𝑖𝑛 ௥మ௅మ + ∠𝐷ଵ + 𝑎𝑟𝑐𝑠𝑖𝑛 ௥భ௅భቃ S4 

Optimized geometry structure of precatalyst is very important to calculate ∠C1, ∠D1, and L1, 

L2. r1 and r2 are the van der Waals radius of the outmost atom as shown in (Figure S5). 

 

Figure S5. Definition of open cone angle (θ) of complex. 

To exhibit the association of structural descriptors with experimental activities, we use the 

following multiple linear regression analysis (MLRA) as in equation S5: 𝐴𝑐𝑡. ሺ10ୟ g ∙ molିଵ ∙ hିଵሻ = ∑ 𝑚୭ே௜ୀଵ + 𝑚௜X௜ S5 

where N is the number of structural descriptors to establish the correlation with catalytic 

activities. In this study, we consider to choose two different descriptors from the seven 

descriptors, so the value of N is 2. Xi is the value of each descriptor. The regression coefficients 

mo and mi are obtained after linear fitting using the LINEST function in Microsoft Excel.[8] 



To analyze the contribution of each structural descriptor to the catalytic activity of the 

complex, the values of descriptors and catalytic activities are standardized by Z-score method.[9, 10] 

Contribution values can be calculated for each descriptor by using the standardized values as 

shown in the equation S6: 

𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 % =  ∑ ቚ ഥೢ ೔∙೉ഥ೔ೕቚ∑ ቚ ഥೢ ೔∙೉ഥ೔ೕቚ೔ಿసభಾೕసభ ெ × 100%             S6 

where, M is corresponding to the number of complexes for one series and N describes the 

number of structural descriptors (2). 𝑤ഥ  and 𝑋ത  are the standardized values of linear fitting 

coefficients and one concerned descriptor, respectively. 

Table S3. The values of correlation coefficient (R2) for Co complexes by the combinations of 

two and single descriptors. 

Two 
Descriptors 

R2 Two 
Descriptors 

R2 Single 
descriptor 

R2 

F, Δε1 0.999 Q, Δε1 0.916 θ 0.978 

ΔΕ,θ 0.986 F, Q 0.914 Q 0.902 

Δε1, θ 0.987 Q, ΔΕ 0.903 Δε1 0.687 

ΔΕ, Δε1 0.995 Q,β 0.903 F 0.534 

F,θ 0.982 Δε2, θ 0.999 β 0.533 

Q, Δε2 0.977 ΔΕ, β 0.888 ΔΕ 0.182 

F, ΔE 0.969 Δε1, β 0.714 Δε2 0.070 

θ, β 0.980 Δε1, Δε2 0.704   

F, β 0.957 F, Δε2 0.657   

Q,θ 0.983 Δε2, β 0.566   

ΔΕ, Δε2 0.392     

It is clear that there are also other combinations of two descriptors showing high correlations 

with R2 over 0.95. Actually, the combination of open cone angle and effective net charge was 



only considered, mainly based on the correlation results between each single descriptor and 

catalytic activity. These two descriptors have the highest correlations, presenting more important 

role on activity. 
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