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Precision Polymerization 

Catalysis for polymerization 

Synthesis of 
new polymers 

Tailoring of new monomers 
Multistep organic synthesis 

Development of new 
catalysts able to 

polymerize in a new fashion 
simple and commercially 

available monomers  
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Catalysis for polymerization 



Polyacetylene and substituted polyacetylene  

n

The polymers are featured by conjugated C-C double 
bonds. Thus, they show peculiar properties not found 
in polyolefins. The most important is the conductivity 
of electricity. 

Polyacetylene is a black solid, unstable in air. It 
behaves like a semiconductor, but when properly 
dopped with AsF5 or I2 it shows the conductivity like 
a metal. 

Substituted polyacetylenes have different colors 
depending on the number and the nature of the 
substituents; they are soluble in common organic 
solvents, they are stable in air for long time and 
they are insulators. 





Synthesis of copolymers 
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CO/alkene Copolymers 

Ethylene/polar vinyl monomers Copolymers 



Ring-opening metathesis polymerization 

ROMP 

Polymerization with retaining of the 

functional groups. 

catn

2-norbornene
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NORSOREX 

https://youtu.be/KzzkYYYPNxI 

https://youtu.be/KzzkYYYPNxI


Plastic: is the abbreviative of thermoplastic, a type of material that 

can be melted when heated and solidified when cooled. This 

process can be repeated almost indefinitely. 



Global primary plastic production according to polymer 

type 
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LDPE 

• LDPE: Low density polyethylene 

• Highly branched material 

• Properties and usage: 

Stretchable before tearing 

Used for flexible plastic bags 

Recycled material: trash bags, grocery sacks 

Kind of polyolefins 



Global production of polyolefins (106 ton) 

W. Kaminsky, personal communication. 





stereochemistry

Methods of polymerization 

G. W. Coates et al. Angew. Chem. Int. Ed. 2002, 41, 2236. 
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Molecular weight distribution 

• In a polydisperse polymer, Mw ≥ Mn 

• The polydispersity and breadth of plot, 

has bearing on the 

mechanism of polymerization and the 

properties of the resulting 

polymer 



Coordination – Insertion polymerization: 

The starting point. 

1953.  POLYETHYLENE is synthesized via catalysis 

 for the first time under mild reaction conditions. 

 Ziegler. 

1954.   STEREOREGULAR POLYPROPYLENE is           

synthesized for the first time. The principle of 

STEREOSPECIFIC POLYMERIZATION is introduced. 

Natta. 

1963. Ziegler and Natta were awarded with the 

Nobel Prize for Chemistry 



Synthesis of polyolefins 

 Ziegler Natta 
Catalysts  

 Metallocene 
Catalysts 

Brookhart’s 
Catalysts 

1950  1980  1995  

Heterogeneous 
Catalysts 

 Homogeneous 
Catalysts 

 Catalysts based 
on Ti or V 

 Catalysts based 
on Ti or Zr 

 Catalysts based 
on Fe or Co or 

Ni or Pd 

early transition 
metals 

late transition 
metals 

 Homogeneous 
Catalysts 
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TiCl4-AlR3  TiCl3-AlR3 

MgCl2/ TiCl4-AlR3 

R = Et, i-But 

Pethylene 1 atm; 

T  0°C 

Highly exothermic process: 

93.6 kJ/mol. 

1 000 kg PE/g Ti 

The Ziegler – Natta catalytic system 

Heterogeneous Catalysts: 



Polymerization Mechanism 

Initiation step 

Propagation step 

Termination step 

 active species formation; 

 reaction with the first monomer 

units; 

 growth of polymer chain on the 

metal centre; 

 stop of the growth of the polymer 

chain; 

 the active species is formed again. 

ki 

kp 

kt 



Living polymerization: A special case 

• Initiator and intermediates are stable under reaction conditions 

• There is no chain termination 

• ki ≥ kp, 

This means that the rate of initiation is greater than rate of 

propagation and that all the metal centers are initiated before 

propagation takes place 

• Polymers with narrow molecular weight distributions are 

obtained 



Initiation step 

TiCl4 + Al(C2H5)3 (C2H5)TiCl3 + (C2H5)2 AlCl Alkyl. 

(C2H5)TiCl3 TiCl3 + C2H5
• Reduct. 

TiCl3 + Al(C2H5)3 (C2H5)TiCl2 + (C2H5)2 AlCl 

(C2H5)TiCl2 TiCl2 + C2H5
• 

Insert. (C2H5)TiCln ClnTi-CH2CH2-C2H5
 C2H4 

Polymerization Mechanism 

Reduct. 

Alkyl. 



Polymerization Mechanism: 

(Cossee-Arlman) 

Propagation step 
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Termination step: 

chain transfer 
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Polymerization Mechanism 



Limits of  Ziegler Natta catalysts 

 low amount of active sites: 1 – 20 % of Ti; 

 5 – 50 ppm of Cl2 coming from the MgCl2 support remain in the 

polymer, leading to potential corrosive phenomena during the 

polymer processing; 

 it is possible to copolymerize with ethylene only a few terminal 

alkenes, and not in a random way; 

 3 – 4 % of oligomers remain in the polymer, which are released 

with time;  

 it is difficult to have a control of the microstructure of the 

macromolecules. 


