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CHAPTER-1

Coordination Polymerisation using Ziegler-Natta Catalysts and their Alternatives: An Overview

Introduction:


The synthesis and characterization of stereo-regular polymers occupies an outstanding area of chemical research. Complex coordination catalysts generally lead to the formation of stereo-regular polymers and hence Ziegler-Natta catalysts and their alternatives (analogues) such as metallocene catalysts are broadly used in many polymerisation processes.


Polymerisation reactions, especially many olefins and dienes polymerisation reactions, catalysed by organometallic compounds fall under the category of coordination polymerisation. A great part of the chemical industry is using these catalysts to produce increasing amount of plastic materials.

Features of coordination polymerisation:

The characteristic feature of coordination polymerisation is the stereo–regularity of the polymer formed and the chain propagation by the insertion of a monomer between the catalyst and the polymer chain via the formation of a coordination complex involving the catalyst, monomer and the growing chain. Since a coordination bond is involved between a carbon atom of the monomer and the metal atom of the catalyst in the monomer-catalyst complex, it is called as Coordination Polymerisation.


In coordination polymerisation the catalyst-monomer complex is generally a heterogeneous system, with the metal ion in the solid Phase and the carbon-ion of the alkyl group in the solvent phase. By choosing a proper catalyst/Solvent system, coordination mechanism can be used to formulate highly stereo-regular polymers. Zieglar-Natta catalysts, metallocenes etc. belong to this category of the polymerisation system.


The stereo-regularity of the Polymers formed by using these catalysts depend upon the factors such as 

i)   The type of catalyst System.

ii)  Catalyst crystal structure.  

iii) Molar ratios of catalyst components.

iv) Temperature of the catalyst system.

Ziegler-Natta catalyst and its mechanism of olefin polymerisations 


Prior to 1950, the only commercial polymer of ethylene was a highly branched polymer called high-pressure polyethylene (extremely high pressures were employed in the polymerisation Process). The technique for making a linear Polyethylene was discovered by Nobel laureate Karl Zeigler in the early 1950s. Ziegler prepared high-density polyethylene by polymerising ethylene at low Pressure and ambient temperature using the mixtures of Triethylaluminimum (AlEt3) and titanium tetrachloride (TiCl4). Another Nobel laureate, Giulio Natta, used these complex coordination catalysts to produce crystalline polypropylene. Such catalysts are now known as Ziegler-Natta Catalysts.


In general, a Ziegler-Natta catalyst may be described as a combination of a transition metal compound from group IV to VIII and an organometallic compound of a metal from group I to III of the periodic table. It is customary to refer to the transition metal compound, such as TiCl4, as the catalyst, and the organometallic compound, such as AlEt2Cl, as the cocatalyst.

The two compounds combine to form complexes with the transition metal offering ligand sites that can accept the growing chain and the monomer as ligands. For example, TiCp2Cl2 and AlEt2Cl combine to form the complex
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Vacant site


The sixth vacant ligand site of the titanium complex is satisfied by a monomer having one or more double bond (say, ethylene or a diene)


Some components of typical Zeigler-Natta catalysts are shown in the following table:

	ORGANOMETALLIC COMPOUND
	TRANSITION METAL SALT

	Triethyl aluminium

Diethyl aluminium chloride

Diethyl aluminium chloride

Diethyl aluminium chloride

Diethyl aluminium chloride

Butyl lithium

Butyl magnesium iodide

Ethyl aluminium dichloride
	Titanium tetrachloride 

Vanadium trichloride

Triacetyl acetone vanadium

Triacetyl acetone chromium

Cobalt Chloride-Pyridine complex

Titanium tetrachloride

Titanium trichloride

Dichloro dicyclopentadienyl titanium 




The Ziegler-Natta catalysts have the remarkable property of polymerising a wide variety of monomers to linear and stereo-regular polymers. Ethylene is polymerised to a highly linear chain, in contrast to the products of radical polymerisation. Polypropylene may be made in either the isotactic or syndiotactic form, but the higher (-olefins yield only isotactic polymers.


The propagation step in the polymerisation of ethylene by the Ziegler-Natta catalyst 
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            is presumed by most investigators to be the mechanism as shown bellow



















Alternatives of Ziegler-Natta Catalysts


Novel organometallic catalysts other than Ziegler-Natta ones also play an important role in olefin polymerisation and so catalysts such as metallocenes, half sandwich Ni/ Fe/ Ti complexes etc. are able to tailor the polymer-chain microstructure.


Metallocenes in combination with methyl aluminoxane (MAO) or perfluorinated borates as cocatalyst form extremely active catalyst for the polymerisation of olefins and are now used in industrial processes. A great number of symmetric and chiral zirconocenes have also been synthesised that give totally different structure of isotactic, syndiotactic, stereo-block or iso-block polymers. Half-sandwich titanium complexes are able to catalyse the formation of syndiotactic polystyrene.

Metallocene Catalyst Versus Zeigler-Natta Catalyst: A Green Approach:


The discovery of metallocene-methyl aluminoxane catalysts for olefin, diene and styrene polymerisation has opened up a new millennium in the polymer science.


Polyolefins belong to the most non-polluting mass polymers since they consist of carbon and hydrogen only. Additionally, the pure polymers can be easily reused, they can be decomposed into their monomer building blocks or they can be burned to give carbon dioxide and water with the production of energy.


With metallocene catalysts the efficiency of the polymerisation process compared to the common Ziegler-Natta catalysts can be increased by the factor of 10-100. Therefore, resources are saved and energy costs decreased. By the variation of ligand structure it is often possible to influence the microstructure of the polymers, the stereo-selectivity and regio-selectivity and the tacticity in a broad range. Therefore the production of polymers with outstanding mechanical properties becomes possible.


Thus going beyond the horizon of abilities of traditional Ziegler-Natta catalysts, metallocenes give tailored polymers of different desired structures and allow us to control the polymer tacticity, molar mass and molar mass distribution more efficiently. This signifies a green yet more powerful approach in the polymerisation of olefins.







CHAPTER-2

Polymerisations Involving Conventional Ziegler-Natta Catalysts
A process for producing polyolefin:

          Ray et al (1) devises a novel process for producing homopolymers and copolymers of olefins which involves keeping in contact either an olefin, or an olefin & at least one or more other olefin(s) under polymerisation conditions with a Ziegler-Natta catalyst and dinitrogen monoxide in an amount sufficient to reduce the electrostatic charge in the polymerisation medium. Also provided is a process for reducing electrostatic charge in the polymerisation of an olefin by adding dinitrogen monoxide. 

A process for polymerising olefins with supported Ziegler-Natta catalyst systems:

A more convenient catalytic polymerisation process for preparing polyolefin products has been provided by Akhlaq et al (2). The polymerisation process is either homo-polymerisation of olefins or copolymerisation of olefins with alpha-olefins. The polymerisation process is conducted in the presence of a solid catalyst precursor and a cocatalyst. The catalyst precursor includes a transition metal, a magnesium compound, an aluminium compound and polymeric particles.

Highly active, supported Ziegler-Natta catalyst systems for olefin polymerisation; methods of making and using the same:

Atieh al (3) provides a catalyst composition for alpha olefin polymerisation in a preferable novel way. The catalyst composition is prepared by a process including treating PVC-based particles with organomagnesium compound in an inert solvent, contacting the treated PVC particles with a transition metal compound TiCl4, VCl4 or ZrCl4, in the absence of an electron donor, and activating the product particles with a cocatalyst. The organomagnesium compound can also be used along with an organoaluminum compound.

Polymer-supported catalyst for olefin polymerisation: 
             The present invention by DeMaio et al (4) is directed to a process of preparing a novel supported Ziegler-Natta catalyst useful for the polymerisation of alpha-olefins. More specifically, the supported Ziegler-Natta catalyst of the present invention comprises a particulate functionalised co-polymeric support, at least one organometallic compound or complex and at least one transition metal compound. A novel method of preparing the particulate functionalised co-polymeric support of the instant invention is also provided. 

Hybrid Ziegler-Natta & cycloalkadienyl catalysts for the production of polyolefins:

          A solid self-supported hybrid catalyst has been disclosed by Charles et al (5) which contains (i) a Ziegler-Natta catalyst component including at least one group IV-B metal-containing alkoxide or aryloxide; and (ii) Cp, where Cp is a cycloalkadienyl hydrocarbon having from 3-30 carbon atoms. The catalysts are capable of producing polyolefins in high yield having a broad molecular weight distribution, or a bimodal molecular weight distribution. 

Effect of ligand in ethylene/styrene copolymerisation by [Me2Si(C5Me4)(NR)]TiCl2 and (1,3-Me2C5H3) TiCl2 (O-2,6-iPr2C6H3)-MAO catalyst system:
Nomura et al (6) explores the copolymerisation of ethylene with styrene using linked cyclopentadienyl-amide titanium (IV) complexes, [Me2Si(C5Me4)(R)]TiCl2 [R=tert-Bu (1), cyclohexyl (2)], and non-bridged (1,3-Me2C5H3)TiCl2(O-2,6-iPr2C6H3) (3)-MAO catalysts. Although the catalytic activity by 2 was lower than 1, 2 showed more efficient styrene incorporation than 1 under the same conditions. Moreover, the resultant copolymer prepared by 2 possessed completely different microstructure from those by 1, indicating that the nature of amide ligand affects both styrene incorporation and monomer sequence. 

Stereo-regular poly (propiolic ester)s prepared with Rh catalysts possess semi-flexible main chain and exist in a helical conformation with long persistence length, as shown in the attached figure.



Catalyst composition for ethylene polymerisation:

Richardi et al (7) reports a process for the polymerisation of olefin monomers comprising contacting ethylene or a mixture of ethylene and one or more C 4-8 alpha olefins with a catalyst composition comprising one or more Group 3-10 transition metal containing Ziegler-Natta pro-catalyst compounds; one or more alkylaluminum cocatalysts; and one or more polymerisation control agents, said process being characterized in that at least one such polymerisation control agent is an alkyl or aryl ester of an aliphatic or aromatic (poly)carboxylic acid optionally containing one or more substituents comprising a Group 13, 14, 15, or 16 hetero-atom. 

FI Catalysts: super active new ethylene polymerisation catalysts: 

Based on "ligand-oriented catalyst design", group 4 transition metal complexes having two phenoxy–imine ligands, FI Catalysts, were synthesized and investigated by Matsui et al (8) as olefin polymerisation catalysts using ethylene at atmospheric pressure. As a result, these complexes were found to exhibit very high activity using MAO as a cocatalyst. Among them, zirconium complexes displayed the highest activity with moderate (Mw: 0.8×104) to very high (Mw: 71.6×104) molecular weight ranges. The maximum activity exceeded 4 t-PE/(mmol-cat(superscript:)h) at 25°C even at atmospheric pressure, the activity being two orders of magnitude larger than that exhibited by Cp2ZrCl2. Alternatively, by using borate/iBu3Al as a cocatalyst, a zirconium FI Catalyst produced exceptionally high molecular weight polyethylene (Mw: 505×104) displaying considerable activity. As far as we know, this is one of the highest molecular weight values obtained from homogeneous polymerisation catalysts. These results indicate that FI Catalysts possess very high potential as olefin polymerisation catalysts.

Surface organometallic investigation of the mechanism of ethylene polymerisation by silica-supported Cr catalysts:

The Phillips family of one-component catalysts, created by the interaction of a               inorganic chromium compound such as CrO3 and an oxide support, typically silica, initiates ethylene polymerisation in the absence of alkylaluminum activators. Despite intense scrutiny since its discovery over four decades ago, the nature of the active site has remained obscure and the mechanism of olefin polymerisation ill-defined. Low active site densities hamper spectroscopic studies of the working catalyst. To circumvent this problem, Scott et al (9) have prepared well-defined organochromium fragments, supported on silica, which manifest remarkably similar activity to the CrO3/SiO2 catalyst, and produce similar high-density polyethylene. The uniform nature of the active sites has made possible a kinetic investigation of the mechanism of polymerisation. The evidence points to alkylchromium (IV) active centres, bound to silica by two Si–O–Cr linkages, which coordinate ethylene by displacement of a surface siloxane. Insertion of the coordinated olefin into one of two growing alkyl chains occurs provided there is no [image: image1.png]


-substituent. The information thus obtained may be used to understand the relationship between active site structure, catalyst activity and polymer properties.

Catalytic polymerisations in aqueous medium: 

A large variety of polymers are synthesized by catalysis with organometallic complexes. The polymerisations are usually performed under anhydrous reaction conditions due to the poisoning effect of water toward the metal centre. Nevertheless, recent advances, as has been duly reviewed by Claverie et al (10), have demonstrated that water can be a suitable diluent (or solvent) for these polymerisations. The recent advances in the aqueous ring opening metathesis polymerisation, alkyne polymerisation, [image: image2.png]


-olefin polymerisation, alternated ethylene/CO copolymerisation and diene polymerisation, catalysed by transition metal complexes are presentable in terms of catalyst synthesis, catalytic activity and polymer characteristics.

Boron trifluoride activation of ethylene oligomerisation and polymerisation catalyst:

Komon et al (11) reports that addition of BF3·Et2O to {[(C6H5)2PC6H4([image: image3.png]


-CO2)-[image: image4.png]


3P,O,O′]Ni([image: image5.png]


1-CH2C6H5)}2 gives [(C6H5)2PC6H4C(O---BF3)O-[image: image6.png]


2P,O]Ni([image: image7.png]


3-CH2C6H5) (4). The single crystal structure of 4 is consistent with substantial positive charge at the nickel atom. Addition of ethylene to solutions of 4 in toluene provides ethylene oligomers. The average molecular weight of the products is larger than that of the oligomers obtained using [(C6H5)2PC6H4C(OB(C6F5)3)O-[image: image8.png]


2P,O]Ni([image: image9.png]


3-CH2C6H5) (1). When 2 equiv. of Et2O·BF3 are added to {(H3C)C[N(2,6-(CHMe2)2---C6H3)]C(O)[N(2,6-(CHMe2)2---C6H3)]-[image: image10.png]


2N,O}Ni([image: image11.png]


1-CH2C6H5)(PMe3) (5) one obtains {(H3C)C[N(2,6-(CHMe2)2---C6H3)]C[O---BF3][N(2,6-(CHMe2)2---C6H3)]-[image: image12.png]


2N,N′}Ni([image: image13.png]


3-CH2C6H5) (7). Two isomers of 7 are observed by NMR spectroscopy and are incorporated into the crystal lattice, as shown by X-ray diffraction studies. Polyethylene is obtained upon exposure of a solution of 7 to ethylene. Active species can also be generated in situ by addition of BF3 gas, Et2O·BF3 or tBuMeO·BF3 to 5.

BF3 can be used to activate nickel complexes that react with ethylene. Addition of ethylene to compound 4 provides oligomers. Compound 7 is an ethylene polymerisation initiator.

Propene-based thermoplastic elastomers by early and late transition metal catalysis
Thermoplastic elastomers combine rubber elastic behaviour with advantages of thermoplastic materials. Two homogeneously dispersed phases, a crystalline hard phase and a soft elastomeric phase, are responsible for the thermoplastic, elastomeric properties. The propene based thermoplastic elastomers, where both phases consist of a single monomer (propene) or a defined monomer combination (propene/ carbon monoxide), are polymerised by homogeneous transition metal catalysis of a single polymerisation step, as is detailed in the scholarly review by .Müller et al (12). Certain metallocene catalysts are capable of producing homopolypropenes with elastomeric properties. These catalysts allow the control over the polymer microstructure by adjusting external polymerisation conditions like temperature or monomer concentration. Improvements of the catalysts' polymerisation performance were achieved by modification of the ligand framework. 

Flexible to elastomeric propene/ CO copolymers can be prepared by controlling the polymerisation conditions of the palladium catalysed copolymerisation reaction. Incorporation of the polar CO functionality in the polymer backbone leads to a polymer with distinct differences in the material properties, compared to homo polypropenes produced by metallocenes catalysis.

CHAPTER-3

Polymerisation Involving Metallocene Catalysts

Heterogeneous metallocene catalysts for ethylene polymerisation: 

Köppl et al (13) reports that the catalyst precursor 9-fluorenylidene-1-cyclopentadienylidene-2-hex-5-enylidene zirconium dichloride has been proved to be highly active in the heterogeneously catalysed polymerisation of ethylene using silica gel/ partially hydrolysed trimethylaluminum (PHT) as cocatalyst. The substitution of position 4 of the fluorenylidene fragment and position 3 of the cyclopentadienylidene ring improves the catalyst activity. The introduction of a phenyl group into the bridge increases the catalyst activity and the molecular weight of the polymer. The pre-polymerisation of this catalyst system leads to a major change in catalyst and polymer properties. A significant increase in catalyst activity and a lower molecular weight of the produced polyethylene is observed. The presence of hydrogen during pre-polymerisation or polymerisation of ethylene produces a broader molecular weight distribution indicating a higher number of different active centres.

Metallacyclic zirconocene complexes as catalysts for homogeneous and heterogeneous ethylene polymerisation:
              A novel class of heterogeneous ethylene polymerisation catalysts, derived from homogeneous metallacyclic zirconocene complexes, has been described by Licht et al (14). These complexes may be activated with methyl aluminoxane (MAO) and used for ethylene polymerisation. The polymerisation reaction begins homogeneously, but the homogeneous metallacycles self-immobilize during the polymerisation process. Subsequent olefin polymerisation is therefore heterogeneously catalysed. This method of heterogeneous olefin polymerisation is compared with a homogeneous and an alternate heterogeneous polymerisation technique. 

Kinetics and properties in metallocene catalysed propene polymerisations:

The kinetic behaviour of propene polymerisation in heptane using bis(cyclopentadienyl) zirconium dichloride/ methyl aluminoxane as catalyst system was studied by Ochoteco et al (15). Propene polymerisations were performed in both homogeneous and heterogeneous systems. The polymerisation rate was measured by continuously monitoring the monomer consumption. The effects of the process variables such as temperature, pressure, Al/Zr ratio, and catalyst concentration on the catalytic performance (activity and polymer properties) were investigated. The experimental results of both the homogeneous and heterogeneous systems were compared, and a kinetic model was proposed for the homogeneous system to fit the experimental evolution of catalyst activity at different Al/Zr ratios and catalyst concentrations for the homogeneous system.

Copolymerisation of ethylene and styrene by homogeneous metallocene catalysts; theoretical studies with rac-ethylene bis-(tetrahydroindenyl) MCl2 [M=Ti, Zr]: 
Martínez et al (16) presents a computational study of the ethylene–styrene copolymerisation with rac-ethylene bis(tetrahydroindenyl) MCl2 [M = Ti, Zr] systems that employs DFT methods. The complexation, coordination and insertion energies for ethylene and styrene monomers as well as for the styrene–ethylene copolymerisation steps into the catalytic active site models [Et2(IndH4)2]MCH3+ [M=Ti, Zr] were calculated. The goal of this study is to examine the influence of the metal atom [Ti, Zr] on the copolymerisation activity. It could be concluded that zirconocene catalyst is much more active than the titanocene based catalyst. This could be explained by the higher steric congestion around the Ti as compared to the Zr complex. Furthermore, it was found that the primary styrene insertion gives rise to complexes in which the active sites are blocked by the phenyl ring in both metal atoms, so that only the secondary insertion of the styrene is possible.

Structure–property relationships in metallocene-produced polyethylenes: 

The development of new polyolefins based on metallocene technologies represent a considerable advance in the performance of polyethylenes available for a wide range of applications. The ability to obtain a homogeneous short chain branching distribution and control molecular weight is remarkable, as is reported in the elegant review by R. A. Bubeck (17). The added ability to introduce long chain branching (LCB) into what would otherwise be linear polyethylenes has opened up a broad range of processing possibilities. Through a review of this technology, it becomes apparent that significant elements of the fundamentals underlying the materials science of these new polyolefins are in need of clarification. The morphology of metallocene polyethylenes, particularly in the low-crystallinity range, has yet to be conclusively resolved. The occurrence of multiple melting endotherms for ethylene/ -olefin copolymers with, ostensibly, a homogeneous branching distribution is in need of explanation. LCB incorporated into the linear copolymers enhances shear thinning and melt elasticity. Yet to be fully determined, however, are the types of long chain branch architectures that most effectively promote these desirable rheological attributes, and to what degree these types are present in metallocene-produced polyolefins.

CHAPTER-4

Characterization, Synthesis and Theoretical Investigations of Coordination Catalysts

Mathematical modelling of the polyolefins microstructure formed by coordination polymerisation:     

It is surprising that polymers such as polyolefins, composed only of carbon and hydrogen atoms in very simple configurations, can be used in so diverse applications as human bone prosthetic implants, gas pipelines, car bumpers, synthetic fibres, and plastic films. The reason for such versatility is that micro-structural characteristics of polyolefins, such as distributions of molecular weight, chemical composition (or short-chain branching), and long-chain branching, have an enormous impact on their macroscopic properties and applications. Therefore, it is of utmost importance that these micro-structural details be well understood and properly described with fundamental models. João B. P. Soares (18) presents an extensive review of the state-of-the-art mathematical modelling techniques for describing the microstructure of polyolefins produced by coordination polymerisation.

Improved olefin polymerisation catalyst compositions and method of preparation:

Peter et al (19) reports a method of synthesising a solid pro-catalyst composition for use in a Ziegler-Natta olefin polymerisation, said method comprising: bringing into contact a solid precursor composition comprising magnesium, titanium, and alkoxide moieties with a titanium halide compound and an internal electron donor in any order, in a suitable reaction medium to prepare a solid procatalyst composition, separating the solid procatalyst from the reaction medium, further exchanging residual alkoxide functionality of the solid procatalyst composition for chloride functionality by contacting the same two or more times with benzoyl chloride halogenating agent under metathesis conditions for a period of time sufficient to prepare a solid procatalyst composition having a decreased alkoxide content compared to the alkoxide content of the solid procatalyst composition before the said exchange, and recovering the solid procatalyst composition.

The catalyst composition provided is suitable for alpha olefin polymerisation. The catalyst composition is prepared by a process including treating PVC-based particles with organomagnesium compound in an inert solvent, contacting the treated PVC particles with a transition metal compound TiCl4, VCl4 or ZrCl4, in the absence of an electron donor, and activating the product particles with a cocatalyst. The organomagnesium compound can also be used along with an organoaluminum compound.  

A new method for measuring the number of active centres in heterogeneous Ziegler–Natta catalyst: 

Yury V. Kissin (20) has suggested a new chemical method for the measurement of the number of active centres in heterogeneous titanium-based Ziegler–Natta catalysts. The method can be applied to polymerisation reactions of various alkenes using AlMe3 as a cocatalyst. After a polymerisation reaction is completed, the solid phase (a mixture of a catalyst and a polymer) is separated from the liquid phase and thoroughly washed with fresh solvent to remove monomers and the cocatalyst. In the absence of an alkene and cocatalyst, active centres with growing polymer chains undergo the β-hydrogen elimination reaction and generate Ti–H bonds. The washed solid is re-slurred in a small quantity of a hydrocarbon and treated with benzoyl chloride, which is converted by the Ti–H species into benzaldehyde. After removal of excess benzoyl chloride from the slurry (in a reaction with additional AlMe3), the liquid layer is analysed by the GC instrument. The amount of benzaldehyde and its reaction products with AlMe3 is the measure of the concentration of Ti–H bonds derived from active centres. Several examples of the active site measurement are presented for polymerisation and copolymerisation reactions of ethylene, propylene, and 1-hexene with different catalysts.

A continuum approach for the active sites in a Ziegler-Natta catalytic system: 

Preparation of a model has been reported by Robert et al (21) that incorporates a continuum approach for the active sites to take account of the non-uniform activity of the Ziegler-Natta catalyst, the basic idea is that the activity may be considered as a continuous variable and thus the moment of live polymer is expressed as a distribution function with respect to the continuum index representing the activity. The site-average values of the moments of polymer are then obtained analytically to give a set of ordinary differential equations. When the quasi-steady state hypothesis is introduced for the live polymers, direct integration of the model equations gives rise to extremely simple expressions for the molecular weight averages. In particular, the polydispersity index may be predicted by identifying two distribution parameters for a specific polymerisation system and is found to be independent of the hydrogen concentration. Application is illustrated by adapting the present model to experimental systems reported in the literature, and thereby its validity has been established.

Theoretical study of selectivity mechanisms in propylene polymerisation with metallocene catalysts: 

The insertion mechanism in metallocene-catalysed propylene polymerisation has been investigated by Petitjean et al (22) employing density functional theory (DFT) calculations. Three paths corresponding to different orientations of the methyl group of the olefin have been studied and compared. The activation energy of the most favourable path is found to be 7.6 kcal/mol, which compares well with the experimental estimation, 10 kcal/mol. The activation energies for the other, less favourable, processes are 12.1 and 12.3 kcal/mol. The calculations show that propylene is coordinated very asymmetrically to the metal centre. This asymmetry is assumed to be at the origin of the regio-selectivity of the reaction. On the other hand, the present computations confirm the importance of the ‘relay mechanism’, which correlates stereo-selectivity to steric interactions with the chain, rather than to interactions with the ligand.

Characterisation of a metallocene/ cocatalyst silica-supported system by Fourier-transform Raman spectroscopy: 

2,2′-bis-(indene-2-yl)-biphenyl-Zirconium dichloride (as in following figure, biph[2-Ind]2ZrCl2) supported on silica and in the presence of methylaluminoxane (MAO) cocatalyst was studied using FT-Raman spectroscopy by Heel et al (23). Even though the transition metal was present at a concentration down to 0.12 wt.%, useful FT-Raman spectra were obtained. The aim of this work was to correlate spectral features to such typical catalyst properties like Al/Zr ratio and catalytic yield (CY). The Raman spectra contain signals due to the cocatalyst and the catalyst. Catalyst signals due to Zr---Cl, Zr---CH3 and Zr-other ligand (e.g. Cp or Biph-2-Indene) bonds as well as ligand specific signals were identified using literature data, model compounds and ab-initio quantum chemical calculations of the vibrational spectra. An excellent correlation was found between the intensity ratio of the peaks at 3000 cm−1 & 1500 cm−1, and the Al/Zr ratio. A fairly linear correlation was found between the signal intensity due to M--CH3 bonds and the catalytic yield (kg PE per mmole Zr) for a series of samples of different Al/Zr ratios and different catalytic yields.    

                                           [image: image14.png]



Signals were assigned using literature data, model compound spectra and ab initio quantum chemical calculations. Spectral features correlate very well to the Al/Zr ratio. The signal intensity due to Zr--CH3 bonds correlates well to the catalytic yield (kg PE per mmole Zr).

New bis(imino)pyridine-iron(II)- and cobalt(II)-based catalysts: synthesis, characterization and activity towards polymerisation of ethylene:

    
The synthesis of a new series of iron(II)- and cobalt(II)-based complexes of the general formula M(N∩N∩N)Cl2 (M=Fe; M=Co) bearing 2,6-bis(imin) pyridyl ligands [A–N=C–Py–C=N–A] that carry bulky, alkyl-free aromatic terminals (A=naphthyl, pyrenyl, 2-benzylphenyl, phenyl) or chiral cycloaliphatic auxiliary moieties (A=((−)-cis-myrtanyl) has been reported by Abu-Surrah et al (24). The Fe(II) complexes are exceptionally active (up to 40800 kg PE/ (mol M h) towards the polymerisation of ethylene in the presence of methylaluminoxane (MAO) as activator. Varying the steric bulkiness of the aromatic groups in the tridentate ligands affects catalytic productivity, molecular weight and for the first time the microstructure of the resulted material. The Fe(II) precatalysts are an order of magnitude more active than the corresponding Co(II) precatalysts.

Syntheses and properties of the novel cocatalysts N,N-dimethylanilinium- and trityl{tetrakis[4-(trifluoromethyl)-2,3,5,6-tetrafluorophenyl]borate}: 

The syntheses and characterization of the novel cocatalysts trityl{tetrakis[4-(trifluoromethyl)-2,3,5,6-tetrafluorophenyl]borate} (2) and the corresponding N,N-dimethylaniliniumborate (3) has been reported by Kaul et al (25). Activation of dimethyl[rac-ethylenebis(indenyl)]zirconium(IV) with 2 or 3 forms a catalyst system for the homogeneous polymerisation of ethene and propene, but also catalyses the polymerisation of 1-hexene. The molecular structure of the new, {tetrakis[4-(trifluoromethyl)-2,3,5,6-tetrafluorophenyl]borate} anion was determined by single-crystal X-ray structure analysis.

CHAPTER-5

Conclusion

From the foregoing discussions, we see that vast avenue of possibilities for performing stereo-regular olefin polymerisations opened up by the innovation of Ziegler-Natta catalysts by Ziegler and Natta in the 1950s has not at all finished up its innovative potential. Rather, the field of coordination polymerisation has encountered the emergence of greatly improved Ziegler-Natta catalyst analogues as well as several different classes of much more powerful organometallic coordination catalysts such as metallocenes (zirconocenes etc.) and half sandwich Ni/ Fe/ Ti complexes, of which diverse examples are still being synthesised, characterised and tested for their wonderful catalytic activity. This catalytic activity is being improved in two aspects: minimisation (to the order of 10 to 100 times) of the catalyst amount required per kg per hour of polymer produced, and introduction of tailor-made micro-structural characteristics such as stereo-regular tacticity, molecular mass distribution, short-chain & long-chain branching etc. The former introduces the green-chemistry consideration of significantly lowering the amount of heavy-metal containing catalysts, while the latter allows introducing almost tailor-made macroscopic properties and application-possibilities to the polymer produced. Thus polyolefins, which are one of the most environment-friendly classes of polymers because of absence of unnecessarily reactive groups within, has been able to be put into diverse applications (requiring a wide range of macroscopic properties) such as human-bone prosthetic implants, gas pipelines, car bumpers, synthetic fibres, and plastic films. 


The foregoing discussions also enlighten us about the voluminous and diverse research works going on in the field of characterisation, modelling and theoretical simulation about these various kinds of coordination catalysts and the polymers produced thereby. Models are being developed for polyolefins microstructure, realistic models of Ziegler-Natta etc. catalysts are being prepared to understand catalytic activity, the coordination catalysts are being characterised and their active site numbers estimated.  We can justifiably hope that these studies are leading us towards a significantly deeper understanding of coordination polymerisation, so that we’ll be able in the near future to reap the benefits of the full potential yet to be offered by the phenomenon of coordination polymerisation in more environment-friendly yet powerful way.
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