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Figure 2 General scheme of activation mechanism of metal complexes with cocatalysts
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Figure 4 Cocatalysts involved deactivation of catalysts. (a) Ligand structure change or ligand exchange induced by alkyl aluminum; (b) methyl
bridging dormant catalytic species; (c) amine promoted catalyst deactivation; (d) catalyst deactivation caused by C¢Fs group transfer or methane

elimination

PRS2SR, TGS =R SRR B 8 DU o S R
BSEA TR M. IR AT LA 2 B B A A =22 8] 0 75
FERZUF« IR U B 0 B TR R AR, SRR
JSE AT ARER B BH S T, e o 74h A4 271K,
LNIIBENIE Y IREREINEYE N

6  BhfEAtsI

s L |

Tolb# eSS F R A A, & =R IR L H
5 I B AR AL TR H T A 8 i DR A o B 7 R AT T
P, Jgfifreix — AR, 20194F, Marksif2H P T =
AR W L BH 8 S e R v R nT v B ). A A
e, AR B A O ot P om P B i A R R LA o iy
BTG P AR R R ) AR (Kl 6(a)), AT LA 20 B A
A IR TRENBERS T, FENEETS
Rk A B g e . HSAREE A DL R oy T AR
AN B2 vy B ] AR Ak, H A AR R 5 A B A R R e

6.1

(E6(b), (c)). (HAF—RAYE, WARPREREIN = Y)1E
EIT PR /NI T B S 7N ol et EE <P 3 27 e
PLERBTFE R, AEALR B B R 7 R AEAT IR R H A
A s R L AR U IR RS T, 2
W 1%k < S BH R ) o3 A B i Y S 4 O 07 FiE
AR i1y <o T VA /AR5 92 1 e L W S VIR
BEHE R, s PR 2 1T 327517 (a)).

WA E A Al

A= i VR A A 204 i Tl e B[R] 44 PR s
PEREAC RN, AR B ) i - s A P [ i
AOCHE. X — B Jm - R EAE I TR Gl
LIGAE B RMEAL A 9. MarksiHiz ™ e — 45k
T R TAR, TPk T 2R AR b SO
FIXUZ PR ER B AT, 5 BT AR AR B i
RIRLEL AN, Eld n] AR i i AR
RIREYI T IR AT LU RUZ A LA Bh A A1)
AN ) B AT A SR R A VAR R (1517 (b)),

6.2

1901



M4 %0 B 2022568 f£67k F17H

| _®__
@*_@_n
e |

- JO)
O &)

o N
o

Bl 5 RGPS TRER. (@) PIFHETREREL (b)
FEYIIES T 51 S AT 0T (o) SR TX (70) A BUBAR 15 1 X
(1)
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Figure 6 Aliphatic solvent soluble cocatalyst catalyzed ethylene polymerization in MeCy and toluene. (a) Comparison of polymerization activity and
branching degree in toluene and MeCy; (b) trend of product branching degree at different time; (c) trend of product yield and molecular weight at

different time
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Figure 7 Applications of cocatalysts in polymerization. (a) Scheme of the competitive coordination between solvent and olefin molecule for metal
center; (b) nuclearity matrix of group 4 catalyst-cocatalyst; (c) zinc-promoted alkyl group exchange of hafnium catalysts with different anions
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Olefin polymerization cocatalysts: Development, applications,
and prospects

Yang Wang

School of Chemical Sciences, University of Chinese Adacemy of Sciences, Beijing 101408, China
E-mail: wangyang21@ucas.ac.cn

The annual global production of polyolefin products exceeds 100 million tons, and they are widely used in various fields. In
contrast to heterogeneous polymerization that produces polyolefins with broad dispersity, single-site transition-metal-
catalyzed homogeneous olefin polymerization enables the synthesis of polyolefins with narrow molecular weight
distribution, controllable chain segment length, and uniform insertion ratio. It can flexibly tune the molecular structure of
polyolefins to provide polyolefin materials with the required properties, which can be applied to high-end applications such
as medical packaging and medical equipment. It is important to choose a suitable combination of a catalyst and cocatalyst
to obtain tailor-made polyolefins through high-efficiency homogeneous polymerization. The main function of the
cocatalyst is to react with the catalyst precursor to generate and stabilize active metal cations, the latter being the center of
catalyzing olefin polymerizations.

This review summarizes the most important work regarding cocatalysts in the past two decades, including novel
structures: Mono/dinuclear boron-, aluminum-, and polymer-based promoters. This review illustrates the importance of the
weakly coordinative nature of the counter anion, providing the design principle for the development of a highly efficient
cocatalyst. Activation mechanism: The use of an industrial catalysis-related pyridylamido haftnium complex is an example
that showcases the complicated reactions of this catalyst with different cocatalysts, shedding light on the importance of
choosing the pair of catalyst and cocatalyst. Applications in polymerization: Binuclear cocatalysts and the cocatalysts
combined with coordination chain transfer polymerizations are used to synthesize novel structural polyolefins, indicating
that the cocatalyst plays a crucial role in alternating polyolefin structures. Cocatalyst-involved catalyst deactivation
reactions: This part emphasizes the reaction pathways of cocatalysts that lead to catalyst deactivation, including the
replacement of metal and ligand. Further, this review proposes the possible future development of cocatalysts by
investigating the reported compounds with high Lewis acidity and the development of novel functionalized cocatalysts. For
instance, the development of external stimuli-responsive cocatalyst structures may be one of the future development
directions. Combining cocatalysts with existing catalytic methods, such as the coordinative chain transfer polymerization
for synthesizing polyolefins with a novel structure, may be the second development direction in the future. With the
advancement of computer hardware and algorithms together with experimental data, computational chemistry helps
understand the effect of cocatalysts on polymerization. Predicting the structure of new and efficient cocatalysts through big
data and artificial intelligence is the third possible future development direction.

olefin polymerization, cocatalyst, counter anion, borane, cation anion interaction
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