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ABSTRACT 

Salicylaldehyde imine transition metal catalyst is a kind of olefin polymerization catalyst that is widely used in the 

coordination of salicylaldehyde imine ligand and pre-transition metal. Salicylaldehyde imine ligands have the characteristic 

of easily inserting different substituents via organic synthesis. Therefore, the regulation of the polymerization activity, 

polymerization product, and product distribution can be achieved by changing the steric hindrance effect, the electronic 

effect, and the number of metal active sites near the catalytic active center. The development status of the transition metal 

catalyst of salicylaldehyde imide was summarized in this paper. The influence of the ligand structure of the salicylaldehyde 

imide transition metal catalyst on the catalytic performance, which involved the high selectivity of ethylene trimerization, 

ethylene/α-olefin, polar monomer copolymerization, ethylene polymerization production, ultra-high molecular weight 

polyethylene, and many other areas of olefin polymerization, was elaborated, providing references for further study and 

industrial applications of this catalyst. 

Keywords: salicylic aldehyde ligand; former transition metal; ethylene trimerization; ultra-high molecular weight 

polyethylene 

Since the salicylaldehyde imine nickel complex has been found 
to be used to catalyze the polymerization of ethylene[1], it has led to a 
wave of research on this kind of olefin polymerization catalyst[2]. The 
main reason is that the synthesis process of salicylaldehyde imine type 
ligand is simple, and the regulation of its catalytic activity and 
selectivity can be achieved by adjusting the substituents at each 
position of the ligand. Among them, the transition metals Ti and Zr 
are the most in-depth studies of salicylaldehyde imide olefin 
polymerization catalyst[3]. With the idea of ‘ligand structure-oriented 
catalyst design theory’ evolved[4], it broke through the concept that 
catalytic olefin polymerization performance is determined by metal, 
which was widely known previously. Now researchers test the 
relationship between its structure and function by continuing to 
change the substituents on salicylaldehyde imide ligand[5]. The finding 
shows that the steric hindrance effect of the ligand phenol ring and the 
imine nitrogen had different spatial stereocomplexes (Figure 1), and 
the catalytic properties were directly affected by the different 
electronegativity of the substituents. The steric hindrance effect and 
the electron effect of the ligand substituents on the catalytic activity 
center play an important role in the regulation of catalytic 
performance[6] The present research work has proved that the most 
significant effect on the catalytic performance of salicylaldehyde 
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imine ligand structure is phenoxy ortho substituents, and its steric hindrance directly affects the catalytic 
activity. The position of N-aryl ortho substituents Resistance and electronegativity directly affect the relative 
molecular mass of the polymer product. Based on the previous research work, this paper expounds on the effect 
of the new ligand structure on the performance of the salicylaldehyde imine catalyst system and the application 
status in the field of olefin polymerization, such as the usage of high selectivity ethylene trimerization, high 
molecular weight polyethylene, olefin copolymers, etc., which can provide further information on this type of 
catalyst in the field of olefin polymerization. 

 
Figure 1. The steric hindrance effect of the ligand phenol ring and the imine nitrogen. 

1. To catalyze the oligomerization of ethylene to produce alpha-olefins 
Although the transition metal catalyst is widely used in the polymerization of olefins, it has been long 

used in the field of ethylene oligomerization, such as Ti (OR) 4-AlR3, which has been put into industrial 
production. At present, the 1-butene produced by this catalyst accounts for 25% of the world’s total output[7]. 
However, the catalyst structure is not easy to adjust the catalytic performance by inserting substituents. With 
an in-depth study of the post-metallocene catalyst, Suzuki et al.[8] introduced oxygen-containing groups on the 
basis of the bidentate coordination structure of the salicylaldehyde imine catalyst for ethylene polymerization, 
and synthesized a series of salicylaldehyde imide triclinic Ti catalysts. As shown in Table 1, the ethylene 
trimerization performance is significantly improved by introducing different oxygen electron donors and 
phenoxy ortho substituents. This is due to the fact that the introduction of OMe into the catalyst ligand structure 
changes the catalytic effect of the electron center and stabilizes the ethylene trimerization activity center. The 
increase in the steric hindrance of the phenoxy ortho substituent protects the catalytic active center from 
catalyst decomposition, thereby increasing the activity of ethylene oligomerization. So far, catalyst 3 is one of 
the catalysts in the ethylene trimerization system with the highest catalytic activity. 

Table 1. Result of ethylene trimerization. 

General structure Complex R Z Selectivity of 1-hexene/% Activity 

 

1 cumy 1 OPh 76.60 4 × 103 

2 cumy 2 OMe 56.20 1.2 × 105 

3 adamanty 1 OMe 92.30 6.6 × 106 

A large number of studies have shown that in the ethylene polymerization catalyst system, there is a 
simultaneous catalytic activity center for ethylene oligomerization and ethylene polymerization; therefore, 
increasing the stability of a specific catalytic activity center can improve the selectivity of the catalyst[9]. As in 
catalyst 4, under the same conditions, the ethylene oligomerization performance was significantly lower than 
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that of catalyst 3, and the product was predominantly polyethylene, which was due to the activation of the 
catalyst to produce trivalent Ti as the active center, which is conducive to ethylene polymerization[10]. 

With the emergence of new catalysts, the study of their mechanisms has never stopped. For example, 
Catalyst 5, by using the isotope tracing method, proved that the system-catalyzed ethylene oligomerization 
mechanism is in line with the metal ring mechanism, and EPR characterization proved that the byproduct PE 
formation is a result of the reaction process that generated trivalent Ti[11]. For catalyst 6, the NMR and EPR 
results show that the divalent Ti favors the selective formation of the ethylene trimerization product, the 
trimerization process conforms to the metal ring mechanism, and the trivalent Ti is the active center of ethylene 
polymerization[12]. In addition, DFT calculations are also popular in the study of catalytic reaction mechanisms. 
Although it is limited to a few catalytic systems[13], it is expected that, in order to further improve the 
performance of the salicylaldehyde imine Ti catalyst catalyzed ethylene trimerization, these research methods 
will also be used in the study of the polymerization reaction mechanism. 

The study of the polymerization mechanism provides a valuable reference for designing a catalyst 
structure with better function. Sattler et al.[14] synthesized catalysts 7 and 8 based on the synthesis of catalyst 
5 through the design of an analogous series of zirconocene propane polymerization catalysts. The results show 
that catalyst 8 has the highest activity, and the effect on the metallocene catalyst is similar to the corresponding 
structure. 

PNP-type ligand Cr complex is a common ethylene oligomerization catalyst, and there are fewer reports 
showing that the salicylaldehyde imine Cr catalyst is used in ethylene oligomerization. Kirillov et al.[15] 
synthesized a series of salicylaldehyde imine Cr catalysts (Figure 2) for ethylene polymerization. It was found 
that only the tridentate catalysts 9 to 11 were catalytically active, and the bidentate coordination catalyst 12 
had no catalytic activity. The catalysts 10 and 11 are two times more active than the catalyst 9, which is due 
to the naphthyl group which increases the conjugate area of the active center and stabilizes the catalytic activity 
center. However, the three catalysts catalyze the product of ethylene polymerization with a number of relative 
molecular weights ranging from 600 to 1600, which is in the range of the low molecular weight of 
polyethylene, thus it is not alpha-olefins. 

 
Figure 2. A series of salicylaldehyde imine Cr catalysts. 

At present, salicylaldehyde imide transition metal catalysts catalyze the majority of ethylene 
oligomerization in the selective formation of trimerization and dimerization products; the research has mainly 
concentrated on the Ti catalyst. The activity of ethylene trimerization is significantly affected by the 
electronegativity of the O-electron donor and the imine N-substituent structure in the salicylaldehyde imine 
ligand structure[16], and the insertion of large sterically hindered substituents near the catalytic active center or 
the conjugated group also contributes to the stabilization of the catalytic active center. Compared with the 
ethylene-trimeric PNP ligand Cr-based catalyst, the salicylaldehyde imide transition metal catalyst is a single 
active center catalyst under a specific structure, which is beneficial to improving the ethylene oligomerization 
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selectivity. Current studies show that by adjusting the salicylaldehyde imine transition metal catalyst structure, 
we will develop an oligomerization catalyst with better selectivity and the highest activity. 

2. Catalytic olefin copolymerization to prepare functional polyethylene 
The transition metal catalyst not only catalyzes ethylene oligomerization, but also catalyzes the 

copolymerization of ethylene with other monomers to prepare functional polyethylene, and the chemical 
structure of the catalyst has a great influence on the copolymerization properties. Among them, the phenoxy 
ortho substituent is one of the substituents closest to the active center, which is located on both sides of the 
active center plane, and the size of its steric hindrance directly affects olefin molecular insertion and the 
stability of the active center, which has a great impact on the catalytic activity. 

As a common comonomer, norbornene has a stronger nucleophilicity. The salicylaldehyde imine ligand 
structure increases the electrophilic activity of the active center, which is more favorable for catalyzing the 
copolymerization of ethylene/norbornene. Terao et al.[17] used catalysts 13 to 18 to catalyze the 
copolymerization of ethylene/norbornene. The catalysts 13 to 15 inhibited the insertion of norbornene due to 
the large steric hindrance of the phenoxy ortho-substituted R2, thus having no copolymerization activity. 
Catalyst 16 has good ethylene/norbornene copolymerization activity due to its R2 substituent having a methyl 
group with a small steric hindrance. 

In catalysts 17 and 18, although the steric hindrance of the R2 substituent is greater than methyl, the 
catalytic activity is improved by 5 to 10 times because the phenyl group can be freely rotated about the axis, 
which is favorable for the insertion of norbornene. At the same time, the conjugation effect of the phenyl group 
with the active site has stabilized the copolymerization activity center and thus increased the copolymerization 
activity. By comparing the catalysts 17 and 18, although the phenyl and pyrrolyl groups have similar 
electrophilic properties, catalyst 18 exhibits a copolymerization activity of twice as much as that of catalyst 
17, indicating that the steric hindrance effect is the key to the copolymerization activity. Compared to the 
phenyl group, pyrrolyl has a smaller steric hindrance, allowing for more comonomer insertion and thus higher 
copolymerization activity. 

The salicylaldehyde imide transition metal catalyst can also be used for ethylene/α-olefin 
copolymerization. In 2011, Terao et al.[18] used a series of catalysts to test the effects of phenoxy ortho 
substituents on the copolymerization of ethylene/α-olefins. When used for ethylene/propylene 
copolymerization with the phenoxy orthoposition substituent R2, the copolymerization performance is quite 
different, and the catalytic performance is related to the α-C of the R2 substituent is either tertiary carbon or 
quaternary carbon. When the α-C of the R2 substituent, which is tertiary carbon, the propylene insertion rate 
(25.5% to 26.4%) of the catalysts 13, 19, and 21 is significantly higher than that of the R2 substituents, which 
are quaternary carbon in catalysts 14, 15, (4.2% to 6.3%). This is due to the fact that the steric hindrance near 
the active center of the phenoxy ortho substituents is favorable for the insertion of propylene, thereby 
increasing the propylene insertion rate in the copolymer. When the phenoxy ortho position is used as catalyst 
17, the copolymerization activity of ethylene/norbornene is the same; that is, the copolymerization activity and 
the monomer insertion rate are greatly improved. 

In addition, as early as 2008, Terao et al.[19] also found that the Group IVB transition metal catalyst can 
be used for the copolymerization of ethylene with oxygen-containing polar groups, which catalyzes the 
copolymerization of ethylene/1-hexenoate, catalytic activity achieved 337 kg polymer/mol Ti h and a polar 
monomer insertion rate of 0.81%. At present, a large number of studies have found that the salicylaldehyde 
imine structure before the transition metal catalyst (Figure 3) can be used for ethylene/polar monomer 
copolymerization, such as ethylene/acrylonitrile. 10-undecen-1-ol copolymerization showed good polar 
monomer insertion capacity and polymerization activity[20]. 
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Figure 3. Salicylaldehyde imine structure before the transition metal catalyst. 

By analyzing the structure of the transition metal catalyst and the metallocene catalyst of salicylaldehyde 
imide, it is found that the zeolite of the bis-salicylaldehyde imide Ti has an octahedral structure, similar to the 
tetrahedral structure of the zirconocene and zirconocene catalyst, and the catalyst with these structures has 
good polymerization properties. Huang et al.[21] synthesized a series of monocarbamate Schi-base mixed ligand 
Zr complexes (catalysts 29~31). The effects of substituents on cyclopentadiene on the copolymerization of 
ethylene/1-hexene were investigated. The results showed that when substituents are inserted into 
cyclopentadiene, the 1-hexene insertion rate is only 0.89% to 1.39%. This is due to the fact that the steric 
hindrance of the substituent inhibits the insertion of 1-hexene, and the insertion rate decreases with the increase 
in the steric hindrance effect of the substituent. However, the catalytic activity is improved by the effect of the 
steric hindrance. The steric hindrance of catalyst 31 was the largest, but the catalyst activity was the highest, 
achieving 1.2 × 106 g of copolymer/(mol Zrh. In 2014, Liu et al.[22] synthesized two novel monocarbophore 
Schi-base mixed ligand Zr complexes 32 and 33, and the phenoxy groups were Bu substituents to catalyze the 
ethylene/1-hexene copolymerization. The relative molecular mass of the activity and the polymerization 
product is higher than that of the unsubstituted catalyst, which is due to the electron effect of the t Bu 
substituent, which stabilizes the cationic active center of the catalyst and increases the catalytic activity. 

In addition, the adjustment of the catalyst ligand can also change the number of metal active centers 
through the coordination of metal between the active centers to further improve the performance of the catalyst. 
Han et al.[23] designed and synthesized a dinuclear salicylaldehyde imine Ti catalyst 34, which catalyzes the 
ethylene/α-olefin copolymerization activity, and the α-olefin insertion rate is 2 times higher than that of the 
corresponding mononuclear catalyst 35. This is because the insertion of the olefin monomer will produce a 
hydrogen bond with the other active center and thus stabilize the polymerization activity center. Compared to 
single-core catalysts, dual-core catalysts increase the local concentration, which is conducive to increasing the 
polymerization activity and the relative molecular mass of the polymerization product. 

Salicylaldehyde imine pre-transition metal catalyst can be used to regulate the copolymerization activity 
and the α-olefin insertion rate by adjusting the steric hindrance of the substituents and controlling the 
stereostructure of the catalyst. The insertion of the comonomer can be directly controlled by the regulation of 
the steric hindrance of the phenoxy ortho substituents, which thereby stabilizes the catalytic activity center. In 
addition, it is possible to effectively increase the copolymerization activity and the α-olefin insertion rate by 
introducing a substituent group that can conjugate with the active center or by increasing the local 
concentration of the metal active center by changing the ligand structure. The introduction of the 
cyclopentadienyl group in the ligand structure not only enables the catalyst to have a positive octahedral 
structure favoring the polymerization performance, but also has the advantage of high activity, and controllable 
insertion rate of the comonomer, and insertion of [N, O]. Schi-base ligands also improve the thermal stability 
of the cyclopentadienyl ligand catalyst, thus effectively prolonging the catalyst life and improving the catalytic 
activity. Therefore, the salicylaldehyde imine transition metal catalyst has great potential in the field of olefin 
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copolymerization. Through the adjustment of ligand substituents, it is possible to effectively control the α-
olefin insertion rate and maintain high activity. It is envisioned that salicylaldehyde imine transition metal 
catalysts will be used more extensively in the field of olefin copolymerization. 

3. Preparation of ultra-high molecular weight polyethylene by catalytic 
polymerization of ethylene 

Salicylaldehyde imide transition metal catalyst can form a single active center catalyst by adjusting the 
ligand substituents. Catalyzed ethylene polymerization can obtain ultra-high molecular weight polyethylene 
with narrow molecular weight distribution, which overcomes the metallocene catalyst, which needs low-
temperature reaction conditions in the current industrial application but now has a broad application 
prospect[24]. 

The relative molecular mass of the polymer products was significantly affected by steric hindrance. For 
example, Makio et al.[25] synthesized the catalyst 36 to 41, and the relative molecular mass of the ethylene 
polymer product increased with the increase in the steric hindrance of the R1 substituent. This is because when 
the steric hindrance is large, the transition state of the 6-membered ring structure favors the transfer of β-H to 
the monomer chain of ethylene and promotes chain growth. When the steric hindrance is small, the transition 
state of the 4-membered ring structure is not conducive to the growth of the polymer product chain[26]. The 
performance of the catalysts 38, 40, and 41 was verified to increase the polymerization activity of the catalytic 
system by increasing the steric hindrance of the phenoxy ortho substituents. 

Chain transfer rarely occurs in active polymerization reactions, yet it can catalyze the polymerization of 
ethylene to produce ultra-high molecular weight polyethylene. Weiser et al.[27] synthesized the catalysts 42 to 
44, and the N-aryl ortho has an electron-attracting F substituent, which can react with the β-H on the polymer 
chain to give the catalytic system a characteristic of active polymerization. This indicates that the ethylene 
polymer products are ultra-high molecular weight polyethylene, among the catalysts, catalyst 43 has the 
highest polymerization activity and the polymer with the highest relative molecular mass. This is due to the 
electron-attracting halogen-substituted groups accelerating the insertion of the ethylene molecules, and the 
catalyst structure with the appropriate electron effect contributes to the separation of the cationic pairs of active 
centers. 

In addition, the imine N para position in the polymerization reaction also has a certain impact. Such 
catalysts as 45 and 46, which catalyze the polymerization of ethylene products, are ultra-high molecular weight 
polyethylene. Under the same conditions, the catalyst 45 polymerization activity and polymerization products 
relative molecular weights are low. This is because the styryl substituents can coordinate with the active center, 
occupy a part of the active center, and hinder the insertion of ethylene, so that the activity decreases, and the 
relative molecular mass of polymer products also decreased[28]. 

Ultra-high molecular weight copolymers are less studied. Liu et al.[29] synthesized the catalyst 47, which 
can catalyze the copolymerization of ethylene/1-octene to produce an ultrahigh molecular weight copolymer 
with a 1-octene insertion amount of up to 32.7%. Guo et al.[30] synthesized the catalyst 48 used to catalyze the 
copolymerization of ethylene/1-hexene. The average molecular weight of the copolymer was as high as 1.4 × 
106, which is the ultra-high molecular weight copolymer, and the amount of 1-hexene was 25 %. The results 
of the above studies show that the catalyst can effectively control the relative molecular mass of the 
polymerization products because of the characteristics of the active polymerization of the salicylaldehyde 
imine catalyst. Therefore, these catalysts also show good prospects in the preparation of ultra-high molecular 
weight polyolefin materials in their field of application. 
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4. Conclusion 
With the development of the post-metallocene catalyst, the catalyst design theory is based on the ligand 

structure to control the performance of the olefin polymerization catalyst. The emergence of the 
salicylaldehyde imine catalyst proves the importance of ligand structure in the field of olefin polymerization 
catalysts. It can be predicted that more high-performance olefin polymerization catalysts can be synthesized 
according to the influence of the ligand structure on the catalytic performance by the insertion of different 
substituents that have different steric hindrances and electronic effects. 

The high-performance catalyst can be used in the field of polymerization, where the molecular structure 
of polymer products is controllable, and the design of the ligand structure will also be the dominant direction 
for catalyst design. 

Conflict of interest 
The authors declare no conflict of interest. 

References 
1. Wang C, Friedrich S, Younkin TR, et al. Neutral nickel(II)-based catalysts for ethylene polymerization. 

Organometallics 1998; 17(15): 3149–3151. doi: 10.1021/om980176y 
2. Pong FY, Mandal S, Sen A. Steric and electronic effects in ethene/norbornene copolymerization by neutral 

salicylaldiminato-ligated palladium(II) catalysts. Organometallics 2014; 33(24): 7044–7051. doi: 
10.1021/om500470t 

3. Yao E, Wang J, Chen Z, et al. Homo- and heteroligated salicylaldiminato titanium complexes with different 
substituents ortho to the phenoxy oxygens for ethylene and ethylene/1-hexene (co)polymerization. 
Macromolecules 2014; 47(23): 8164–8170. doi: 10.1021/ma5017677 

4. Matsui S, Tohi Y, Mitani M, et al. New bis(salicylaldiminato) titanium complexes for ethylene polymerization. 
Chemistry Letters 1999; 28(10): 1065–1066. doi: 10.1246/cl.1999.1065 

5. Damavandi S, Galland GB, Zohuri GH, et al. FI Zr-type catalysts for ethylene polymerization. Journal of Polymer 
Research 2010; 18(5): 1059–1065. doi: 10.1007/s10965-010-9507-0 

6. Matsugi T, Fujita T. High-performance olefin polymerization catalysts discovered on the basis of a new catalyst 
design concept. Chemical Society Reviews 2008; 37(6): 1264. doi: 10.1039/b708843b 

7. Breuil PAR, Magna L, Olivier-Bourbigou H. Role of homogeneous catalysis in oligomerization of olefins: Focus 
on selected examples based on group 4 to group 10 transition metal complexes. Catalysis Letters 2014; 145(1): 
173–192. doi: 10.1007/s10562-014-1451-x. 

8. Suzuki Y, Kinoshita S, Shibahara A, et al. Trimerization of ethylene to 1-hexene with titanium complexes bearing 
phenoxy−imine ligands with pendant donors combined with MAO. Organometallics 2010; 29(11): 2394–2396. 
doi: 10.1021/om1003368 

9. Zhang W, Sun WH, Redshaw C. Tailoring iron complexes for ethylene oligomerization and/or polymerization. 
Dalton Transactions 2013; 42(25): 8988–8997. doi: 10.1039/c2dt32337k 

10. Suttil JA, Shaw MF, McGuinness DS, et al. Synthesis of Ti(iv) complexes of donor-functionalised phenoxy-imine 
tridentates and their evaluation in ethylene oligomerisation and polymerisation. Dalton Transactions 2013; 42(25): 
9129. doi: 10.1039/c3dt32465f 

11. Sattler A, Labinger JA, Bercaw JE. Highly selective olefin trimerization catalysis by a borane-activated titanium 
trimethyl complex. Organometallics 2013; 32(23): 6899–6902. doi: 10.1021/om401098m 

12. Soshnikov IE, Semikolenova NV, Ma J, et al. Selective ethylene trimerization by titanium complexes bearing 
phenoxy-imine ligands: NMR and EPR spectroscopic studies of the reaction intermediates. Organometallics 2014; 
33(6): 1431–1439. doi: 10.1021/om500017r 

13. Pasha FA, Basset JM, Toulhoat H, et al. DFT study on the impact of the methylaluminoxane cocatalyst in ethylene 
oligomerization using a titanium-based catalyst. Organometallics 2015; 34(2): 426–431. doi: 10.1021/om5008874 

14. Sattler A, VanderVelde DG, Labinger JA, et al. Lewis acid promoted titanium alkylidene formation: Off-cycle 
intermediates relevant to olefin trimerization catalysis. Journal of the American Chemical Society 2014; 136(30): 
10790–10800. doi: 10.1021/ja5055687 

15. Kirillov E, Roisnel T, Razavi A, et al. Chromium(III) complexes of sterically crowded bidentante {ONR} and 
tridentate {ONNR} naphthoxy-imine ligands: Syntheses, structures, and use in ethylene oligomerization. 
Organometallics 2009; 28(8): 2401–2409. doi: 10.1021/om801196d 



 

8 

16. Suzuki Y, Kinoshita S, Shibahara A, et al. Transition Metal Complex Compounds, Olefin Oligomerization 
Catalysts Including the Compounds, and Processes for Producing Olefin Oligomers Using the Catalysts. U.S. 
Patent 8,258,361, 4 September 2012. 

17. Terao H, Iwashita A, Ishii S, et al. Ethylene/norbornene copolymerization behavior of bis(phenoxy−imine)ti 
complexes combined with MAO. Macromolecules 2009; 42(13): 4359–4361. doi: 10.1021/ma900890b 

18. Terao H, Iwashita A, Matsukawa N, et al. Ethylene and ethylene/α-olefin (co)polymerization behavior of 
bis(phenoxy−imine)Ti catalysts: Significant substituent effects on activity and comonomer incorporation. ACS 
Catalysis 2011; 1(4): 254–265. doi: 10.1021/cs100148a 

19. Terao H, Ishii S, Mitani M, et al. Ethylene/polar monomer copolymerization behavior of bis(phenoxy–imine)Ti 
complexes: Formation of polar monomer copolymers. Journal of the American Chemical Society 2008; 130(52): 
17636–17637. doi: 10.1021/ja8060479 

20. Zhang X, Liu Z, Yi J, et al. Copolymerization of ethylene with acrylonitrile promoted by novel nonmetallocene 
catalysts with phenoxy‐imine ligands. Journal of Polymer Science Part A: Polymer Chemistry 2012; 50(10): 
2068–2074. doi: 10.1002/pola.25981 

21. Huang W, Sun X, Ma H, et al. Ethylene homopolymerization and ethylene/1-hexene copolymerization catalysed 
by mixed salicylaldiminato cyclopentadienyl zirconium complexes. Inorganica Chimica Acta 2010; 363(9): 2009–
2015. doi: 10.1016/j.ica.2009.06.010 

22. Liu K, Yao G, Wu W, et al. New half-sandwich zirconium(IV) complexes containing salicylaldimine ligands: 
Synthesis, characterizations and catalytic properties. Chemical Research in Chinese Universities 2014; 30(5): 825–
830. doi: 10.1007/s40242-014-4054-6 

23. Han S, Yao E, Qin W, et al. Binuclear heteroligated titanium catalyst based on phenoxyimine ligands: Synthesis, 
characterization, and ethylene (co)polymerization. Macromolecules 2012; 45(10): 4054–4059. doi: 
10.1021/ma300384w 

24. Aguilar M, Martín S, Vega JF, et al. Processability of a metallocene‐catalyzed linear PE improved by blending 
with a small amount of UHMWPE. Journal of Polymer Science Part B: Polymer Physics 2005; 43(21): 2963–
2971. doi: 10.1002/polb.20581 

25. Makio H, Kashiwa N, Fujita T. FI catalysts: A new family of high performance catalysts for olefin polymerization. 
Advanced Synthesis & Catalysis 2002, 344(5): 477–493. doi: 10.1002/1615-4169(200207)344:5%3C477::AID-
ADSC477%3E3.0.CO;2-6 

26. Matoishi K, Nakai K, Nagai N, et al. Value-added olefin-based materials originating from FI catalysis: Production 
of vinyl- and Al-terminated PEs, end-functionalized PEs, and PE/polyethylene glycol hybrid materials. Catalysis 
Today 2011; 164(1): 2–8. doi: 10.1016/j.cattod.2010.11.078 

27. Weiser MS, Wesolek M, Mülhaupt R. The synthesis and X-ray structure of a phenoxyimine catalyst tailored for 
living olefin polymerisation and the synthesis of ultra-high molecular weight polyethylene and atactic 
polypropylene. Journal of Organometallic Chemistry 2006; 691(13): 2945–2952. doi: 
10.1016/j.jorganchem.2006.03.020 

28. Wang Y, Fan H, Jie S, et al. Synthesis and characterization of titanium(IV) complexes bearing end functionalized 
biphenyl: Efficient catalysts for synthesizing high molecular weight polyethylene. Inorganic Chemistry 
Communications 2014; 41: 68–71. doi: 10.1016/j.inoche.2014.01.005 

29. Liu W, Zhang K, Fan H, et al. Living copolymerization of ethylene/1‐octene with fluorinated FI‐Ti catalyst. 
Journal of Polymer Science Part A: Polymer Chemistry 2012; 51(2): 405–414. doi: 10.1002/pola.26398 

30. Guo S, Fan H, Bu Z, et al. Synthesis of ultrahigh-molecular-weight ethylene-1-hexene copolymers with high 
hexene content via living polymerization with fluorinated bis(phenoxy-imine) titanium(IV). Macromolecular 
Rapid Communications 2014; 36(3): 286–291. doi: 10.1002/marc.201400564 


