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Abstract Since the discovery of Ziegler-Natta catalyst, great breakthrough has been made in the design of catalyst in olefin
polymerization field, but the development of catalyst is still the fresh source in this field. It will always be a frontier scientific
problem in this field to influence the olefin polymerization process through the structural design of catalysts. Due to the low
cost of nickel and its high abundance, nickel-based catalysts have shown great prospects in the application of olefin polymer-
ization. In this work, three kinds of unsymmetrical a-diimine nickel catalysts with different steric effects were designed, and
their catalytic performances in ethylene polymerization were explored. It is found that the variety of catalysts and the change
of polymerization conditions have important effects on the catalytic activity of ethylene polymerization, the molecular
weight, branching density, thermodynamic parameters and mechanical properties of the prepared polyethylene. Among them,
the polyolefin prepared by Ni3 catalyst with large steric hindrance is ultra-high molecular weight polyethylene, and the above
materials maintain excellent mechanical properties and elastic properties at the same time. Specifically, fert-butyl substituted
ketoimine intermediate B was condensed with three different anilines to synthesize ligands L1~L3 with different steric ef-
fects. The catalysts Nil ~Ni3 were successfully synthesized by efficient coordination reaction between the obtained ligands
and DMENIBI, and the yields were over 90%. The single crystal structures of catalysts Nil and Ni3 were also prepared, and
the steric hindrance around the nickel center was quantified utilizing the steric maps [Vou(Nil)=46.1%, Vour(Ni3)=48.7%].
Under 0.8 MPa pressure of ethylene and AIEt:Cl as cocatalyst, the ethylene polymerization performance was explored using
three nickel catalysts at different temperatures. Among them, Ni2 exhibited the best catalytic activity in ethylene polymeriza-
tion at 50 ‘C (up to 1.7X 107 gemol 'sh" '), generating polyethylene with higher branching density. The polyethylene pre-
pared by Ni3 with large steric hindrance is ultra-high molecular weight polyethylene with a molecular weight of 172X 10*
gemol !. Moreover, polyethylene materials prepared by Ni3 also showed excellent mechanical properties (breaking stress,
6~8 MPa; elongation at break, ~600%) and elastic properties (strain recovery value up to 68%).
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Figure 1 Design of symmetrical and unsymmetrical a-diimine nickel catalysts
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Table 1 Ethylene homopolymerization catalyzed by Nil ~Ni3

Entry Cat. 7/°C  Yield’/g Act® M, PDI° B* TJ/T./C
1 Nil 30 1.1 6.6 11.7 3.6 55 —58.6/110.1
2 Nil 50 1.3 7.8 96 29 70 —48.2/
3 Nil 80 0.5 3.0 6.8 2.7 79 —55.5/
4 Ni2 30 2.5 15.0 521 3.1 78 —55.9/
5 Ni2 50 2.9 174 310 3.1 85 —49.4/
6 Ni2 80 1.4 84 223 26 92 —60.7/
7 Ni3 30 1.6 9.6 1724 14 59 —47.8/105.6
8§ Ni3 50 1.9 114 168.1 1.8 66 —48.8/88.4
9 Ni3 80 1.2 72 550 26 78 —53.5/
10 Ni3 100 1.0 6.0 353 23 80 —59.8/
11 Ni3 120 0.8 48 270 2.1 82 —61.1/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

@ Conditions for polymerization: 2 pumol of Ni in 2 mL of dichloromethane
(DCM), 18 mL of heptane, 0.8 MPa ethylene, 200 equiv. of Et,AlCI, 5 min.
b Overall activity (10° gemol 'sh ') was determined from the mass of the
polymer product and the average of at least two runs. ¢ Molecular weight (10*
gemol ') and PDI were determined by GPC using polystyrene standards.
4 Branches per 1000 carbon atoms, determined by 'H NMR analysis. ¢ Glass
transition temperature (7,) and melting temperature (7},) were determined by
differential scanning calorimetry (DSC).
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Figure 4 Study on mechanical properties and elastic properties of polyethylene
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