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Fig. 1 Scheme of series of half-titanocene complexes and

cationic active species
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Fig. 2 Optimized geometries of 77-complex, transition state and product for ethylene insertion reaction catalyzed by active species 2a
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Table 1 Energetics of insertion for ethylene on active species 2a

Pathways ar-complex/ (kJ + mol™) TS/ (kJ » mol™) AE,/(kJ - mol™") AE./(kJ - mol™)
pathway A -3.28 12.40 15.69 -90. 63
pathwayB 2.64 37.78 35.14 -81.36

Pathway A represents the ethylene insertion starting from the opposite side of the O atom in 2a, while Pathway B represents the
ethylene insertion starting from the opposite side of the P atom in 2a;

AE,= (energy of the transition state, E)-(energy of the m-complex, E_); AE;= (energy of the products)-( energy of the re-

actants, E)
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Fig. 4 Energy profiles of insertion for ethylene and norbornene
s cndo on active species 2a, Gibbs free energy changes at 298. 15 K
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Fig. 5 Optimized geometries of transition states for ethylene and norbornene insertion reactions catalyzed by

active species 2a, 4 and 7 respectively, bond lengths in(nm)
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Table 2 Free energy profiles of ethylene and norbornene on different kinds of active species during copolymerization

7r-complex TS AE,
Active species Monomers ., »
/(kJ « mol™) /(kJ « mol™) /(kJ « mol™)
61.36 86.96 25.60
Ti-Me (2a) Et
NBE 57.48 80.25 22.77
58.64 70.78 12. 14
Ti-E (4) Et
NBE 62.29 75.51 13.22
46.95 55.24 8.30
Ti-N (7) Et
NBE 48.71 107.93 59.22

AE,= (free energy of the transition state, Eqq)-(free energy of the 7-complex, E )
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Fig. 6 Copolymerization mechanism of ethylene and norbornene
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Theoretical Study on the Mechanism of Ethylene/Norbornene
Copolymerization Catalyzed by Half-titanocene Complexes

WANG Yong-xia, LI Yue-sheng”®
(State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry ,
Chinese Academy of Sciences, Changchun 130022, China)

Abstract: Mechanism of copolymerization of ethylene and norbornene (NBE) catalyzed by half-titanocene comple-
xes bearing o-di( phenyl) phosphanylphenolate ligands have been studied via density functional theory (DFT). Ge-
ometry optimization for catalysts and active species indicated that although this series of half-titanocene complexes
have two kinds of structures which are four-coordinated and five-coordinated, they all have similar cationic active
species structures in the present of cocatalyst. In polymerization, the olefin coordination insertion reaction will initi-
ate from the trans position to the O atom of active species. Energy profiles and reaction-rate calculations results in-
dicated that the insertion of ethylene into the Ti-Me bond process is obviously difficult than the insertion of ethylene
into the Ti-Et bond process, lead to the conclusion that the chain initialization process is the rate-determining step
of the ethylene homopolymerization. On the contrary, the chain initialization process of norbornene homopolymeriza-
tion is much more easy, but the insertion of norbornene into the Ti-NBE bond process is very difficult due to the
larger steric bulk of norbornene. For the Et/NBE copolymerization, the chain initialization process is relatively easy
by the presence of NBE monomer, then the ethylene and fewer norbornene can insert into the polymer chain conti-
nuously. That is the main reason for why these half-titanocene complexes displayed excellent ability to ethylene/
NBE copolymerization in experimental investigations, while they only exhibited low activities for ethylene homopoly-
merization.

Key words: density functional theory ( DFT) ; half-titanocene ; olefin copolymerization; catalytic mechanism



