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Ĥ 	 = E	



Objectives

Introduction
Uses of PE
PE production
Why catalyze?
MC example
MC catalysis
Objectives

Fable

Mechanism

Zc + CI

Extension

Summary

December 12, 2006 Ethylene Polymerization by Group IV Transition Metal Metal locenes { 8 / 38

Zr
Cp

Cp
R

+
Zr

Cp

Cp
R

+

Zr
Cp

Cp

+

R

Zr
Cp

Cp

R

+

ã Coss�ee-Arlman mechanism widely accepted, but posing
problems

ã Theoretical study of reaction mechanism
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ã Density Functiontal Theory (DFT)

å 3-parameter Becke exchange + Lee, Yang and
Parr's correlation (B3LYP )

ã All electron + pseudopotential (ECP) basis sets

å SKBJ+ = Stevens-Krauss-Basch-Jasien ECP, plus
one extra di�use function

å LanL2DZdp = Los Alamos ECP, plus di�use and
polarization functions

å TZ = Stuttgart-Dresden ECP (Ti,Zr,Hf) +
6-311++G(3df,3pd) (other elements)
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å Solvent (heptane, toluene)

å Impurities
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ã Predicted reaction rate does not match experiment

ã Too severe e�ect of Lewis bases

ã Unexplained chain 
ipping

� G barrier = 2.3 kcal/mol (B3LYP/LanL2DZdp)
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B3LYP/LanL2DZdp
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Counterion model Complex model

ã Atomic charges (Mulliken)

ã Interatomic distances

ã Binding energy
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ã Inclusion of CI introduces a complexation barrier, thus
k1 >> k 2, andv = kp[C][M ].

ã Metal alwaystetracoordinated, thus protected against
Lewis base attacs, and chain 
ipping avoided.

ã Due to the apolar nature of reaction medium, total
dissociation is notphysically acceptable. Inclusion of CI
in calculations is sound.
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d[P roduct ]
dt = k1k2

k� 1+ k2
[Et ][Catalyst]

kT = k1k2
k� 1+ k2

kx = Axe� � Gx =RT

� GT = � G1 + � G2 + RT ln
�
e� � G� 1=RT + e� � G2=RT

�
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å Possibly because of lower Cp2MCH+
3 /CI �

binding energy:

M BE (kcal/mol)
Ti -71.5
Zr -81.2
Hf -82.1
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ã Consistently lower� GT than Zr and Hf

ã Experimentally and theoretically diverse results, but
usually Hf/Zr faster catalysts

ã Reason could be Ti(IV) reduces to Ti(III) upon heating

ã Activity of some Ti complexesdecreasesat higher T:
there is a second competing processes (reductive
deactivation),and it is more sensitive to T than the
reaction rate (lower E barrier of the latter).
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ã Bare cation methods (no CI) are lacking: Coss�ee-Arlman
(qualitatively), trigger (quantitatively).

ã Inclusion of the CI is physically sound (apolar medium) and vital
for qualitative explanation of mechanism.

ã Ti has a lower intrinsic barrier to PE propagation (lower BE).
However, there are other factors (reductive deactivation).

ã Exo and Anti reaction paths have similar barriers.Endo path is
disfavored.

ã The ethylene polymerization propagation reaction takes place in
four well-de�ned steps:

1. Monomer approach to metallic center (CI close to metal)

2. Monomer complexation basin (CI displaced from metal
coordination sphere)

3. C-C bond formation between monomer and growing chain C�

4. Total monomer insertion (breaking Zr-C� , CI back in place)
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ã The counterion is crucial: study the e�ect of di�erent
counterions

ã Study di�erent metallocenes (aromatic rings and
metals)

ã Study di�erent monomers (tacticity?)

ã Where/when computational power allows, use higher
level methods/larger models(but do not forget Silvio
Rodr��guez's song!)
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Thanks for your attention

Mila esker zuen arretagatik

Gracias por vuestra atenci�on
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