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Abstract

This report describes a computational DFT study, based on the hybrid density functional B3LYP method, designed to investigate the
hydrogenolysis process that occurs in ethylene polymerisation catalysed by a nickel-bulk diimine catalyst (N,N'-bis(2,6-diisopropylphenyl)-
2,3-butanediimine nickel(Il) methyl cation [{(2,6-(Pr),Ph)N=C(Me)—C(Me) = N(2,6-(‘Pr),Ph) }NiCH;]*. Mechanisms of ethylene and
hydrogen insertions into the growing polymer chain and ethylene insertion into the hydride complex formed after hydrogenolysis were
investigated. The results obtained for these catalysts were then compared to those calculated for metallocene catalysts. Due to a higher
difference in energy barriers between ethylene and hydrogen insertion, it may be concluded that controlling the molecular weight of the
resultant polymer using nickel diimine catalysts is even more difficult than for the metallocene catalysts. Through statistical thermodynamics
and kinetics calculations it was shown that the activity and molecular weights of polymers produced by nickel-diimine catalysts are
dramatically decreased in the presence of hydrogen with respect to those of polymers generated by metallocene catalysts. These findings help
to clarify the contradictory experimental results published in the scientific and technical literature regarding the effect of hydrogen on the

catalytic activity and molecular weight of polymers produced using nickel diimine catalysts.

© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Single-site homogeneous catalysts have been receiving
considerable attention over traditional Ziegler—Natta multi-
site heterogeneous catalysts due to their superior perform-
ance in olefins polymerisation. Particularly, metallocene
catalysts are widely used in olefin polymerisation [1-6] and
the polymerisation reactions with these catalysts have been
extensively described both from an experimental and
theoretical perspective [1-3,7-14]. Recently, diimine
nickel (II) complexes are emerging as an alternative group
of homogeneous catalysts for olefin polymerisation. Most of
the works published on metallocene catalyst deal with the
influence of the different types of catalysts structure on the
polymerisation mechanism, catalytic activity and micro-
structure of the resulting polymers. However, much less
attention has been paid to the effect of hydrogen in
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E-mail address: jmsalazar@iem.cfmac.csic.es (J. Martinez-Salazar).

controlling polymer molecular weight, given the importance
of the hydrogenolysis process in the polyolefin industry.

It is well known that the hydrogenolysis reaction is a
chain transfer mechanism that regulates polymer molecular
weight in olefin polymerisation. However, the use of the
nickel-diimine catalyst for this reaction has been related to
highly contradictory results in the technical and scientific
literature. Dupont’s researchers evaluated ethylene polym-
erisation in the presence of molecular hydrogen using the
(N,N'-bis(2,6-diisopropylphenyl)-2,3-butanediimine nicke-
I(IT) dibromide (1) catalyst activated with MAO. These
authors noted that the activity of the catalyst was unaffected
when molecular hydrogen was present in the polymerisation
reactor. They also found a drastic decrease in polyethylene
molecular weight from about 2 X 10° to 7 X 10* g/mol in
the presence of around 20% hydrogen [15]. Neto et al. [16]
also described that hydrogen could control the molecular
weight of polyethylenes obtained using the 1,4-bis(2,6-
diisopropyl-phenyl)acenaphetediimine—nickel(II) dichlor-
ide (2) catalyst activated with triisobutylaluminium
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(TIBA). These authors, nevertheless, reported a marked
drop in the productivity of the catalyst, besides the
diminished molecular weight of the resultant polymers,
when hydrogen was present in the gas feed. Similar results
were published by Mufioz-Escalona et al. [17] using nickel-
diimine catalysts activated with MAO as a cocatalyst.

Several studies have focused on ethylene insertion and
chain transfer mechanisms in nickel-diimine catalyst
systems [18—23]. These works have been based either on
the use of the IMOMM scheme or simplified catalyst models
to explore these complex systems. In the present study we
report results obtained using the all-electron hybrid DFT
method. To the best of our knowledge, there are only two
published papers that theoretically deal with the hydro-
genolysis process using metallocene catalysts [14,24]. Yet
to date, the theoretical role of hydrogen in controlling the
molecular weight of polyethylenes produced using nickel-
diimine catalysts has not been explored. The results reported
here may shed light on the controversial findings described
above.

2. Computational methods

Geometries, energies and vibrational frequencies for the
reactants, transition states and products of the different
reactions were calculated using the B3LYP DFT hybrid
model [26] implemented in the GAUSSIAN9S computer
package [25]. This model has been shown to be fairly
reliable for geometry and energy calculations [27].

Besides DFT correlation terms, the method includes a
mixture of Hartree—Fock and DFT exchange data and takes
the form:

Epsiyp = AEX" + (1 = AEX" + BAEX™ + E¢™™

+ CAEEY” (1)

The local correlation terms are given by the Vosko, Wilk,
Nusair 1980 (EXWN) [28] and Lee, Yang and Parr (AESP)
[29] functionals, the latter including non-local correction
terms. The exchange terms are given by a combination of
Slater (ES") [30] and Becke (AEE®®) [31] as well as
Hartree—Fock (E;F{F ) exchange functionals. Constants A, B
and C were determined according to Becke by fitting to the
G1 molecule set.

The Los Alamos ECP plus DZ (LANL2DZ) [32-34]
basis set was used for all atoms. This basis set makes use of
effective core potentials for the innermost electrons and
takes into account relativistic effects in post-third-row
atoms.

Transition state geometries were determined by the
Synchronous Transit-Guided Quasy-Newton (STQN) [35]
method to locate a saddle-point in the reactant-to-product
path. The nature of the stationary points found was checked
by frequency calculations.

Thermodynamics data calculations were performed at

298.15 K and 1 atm of pressure using standard statistical
thermodynamic methods implemented in the GAUSSIAN98
package [36]. Imaginary frequencies for the transition states
were neglected in all the calculations. No symmetry or
constraints were used.

Evaluation of a relative population was based on
Boltzmann statistics using the standard equation:

n, _ exp(—Gy/kT)

e T TP 2
N > exp(~Gj/kT) @
J

where n; is the population at energy level i, N is the total
population, G; is the Gibb’s free energy corresponding to
level i, k is the Boltzmann constant and 7 the absolute
temperature. The n;/N ratio is related to the probability of
finding a molecule at energy level i. Equilibrium conditions
were assumed when applying the statistical thermodyn-
amics, although the experimental work was not considered a
priori in the equilibrium state.

To reduce the computational effort, the growing polymer
chain was represented by a methyl group.

3. Results and discussion

Scheme 1 shows the ethylene and hydrogen insertion
mechanisms considered in this study. According to the
Brookhart—Green mechanism [37], ethylene coordinates to
cationic active specie I to form a m-complex II, which
undergoes insertion through transition state III yielding a y-
agostic insertion product IV. This structure can develop to
form a more stable (3-agostic conformer V. In the molecular
hydrogen insertion process, the dihydrogen complex VI is
formed in the first step and the reaction occurs through
transition state VII to give the corresponding hydrogeno-
lysis product VIII. This adduct can subsequently form a
hydride cation IX and a saturated alkyl chain, which is
ejected from the active site. A new ethylene monomer can
be inserted into structure IX and a new polymer chain starts
to grow.

In this study, the energy profiles for all calculated
reactions are discussed in terms of Gibb’s free energy rather
than electronic energy. This enables temperature and
entropic effects to be taken into account.

3.1. Ethylene insertion

Structures for the different stationary points (I-V) along
the ethylene insertion pathway are shown in Fig. 1. Selected
geometrical parameters are given in Table 1. Fig. 2 shows
the corresponding Gibb’s free energy profile.

The first step in the ethylene insertion process is the
formation of a w-complex. In the most stable w-complex
found, the ethylene monomer is oriented in a direction
perpendicular to the Ni—C3 bond (Ni-C3-C2-Cl1 angle
77.1°, Table 1) and is coordinated symmetrically to the
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metal atom (Ni—C1 and Ni—C2 distances 2.154 and
2.156 A, Table 1). The distance Ni—C3 is 0.048 A larger
than in the methyl cationic active site I indicating a weaker
Ni—C3 bond in complex II. A structure showing a parallel
orientation of ethylene with respect to the metal alkyl bond
was also found. This parallel w-complex was less stable than

y-agostic insertion product
1A%

Perpendicular Ethylene n-Complex

the perpendicular structure II by 10.7 kcal/mol and was not
considered further. The free energy of ethylene coordination
to the methyl cationic active species I was — 3.1 kcal/mol.
The reaction proceeds through transition state III, which is
12.7 kcal/mol above II. Experimental Gibb’s free energy
barriers for ethylene insertion in these nickel complexes are

Ethylene Insertion TS

1
I(TS)

.
B-agostic insertion ‘product
A%

Fig. 1. Optimised structures for the ethylene insertion reaction into the methyl cationic active species (I).



Table 1

Selected geometrical parameters for calculated structures of the ethylene insertion reaction into the methyl cationic active specie (I). Distances are given in angstroms and angles in degrees

Parameter Methyl cationic active specie I 4 ethylene  Perpendicular ethylene m-complex II  Ethylene insertion TS III(TS)  ~y-Agostic insertion product IV~ 3-Agostic insertion product V
Ni-C3 1.883 1.931 2.064 2.299 3.367

Ni—-N1 1.963 2.055 1.967 1.903 1.909

Ni—-N2 1.893 1.987 2.023 2.010 1.968
Ni—-Ha* 2.324 (1.112) 2.463 (1.096) 2.276 (1.099) 2.089 (1.113)° 1.738 (1.185)°
Ni—H(aryl)? 2.680 (1.102) 3.233 (1.099) 2.965 (1.099) 3.083 (1.099) 2.914 (1.099)
Ni—Cppl® 1.447 1.462 1.464 1.461 1.459
Ni-Cppe2° 1.458 1.465 1.461 1.452 1.453

Ni-C1 - 2.154 1.975 1.931 1.903

Ni-C2 - 2.156 2.295 2.603 2.227

Cl-C2 1.348 1.383 1.416 1.535 1.503

C2-C3 - 2.878 2.145 1.561 1.542
N2-N1-C3 101.9 922 91.9 98.5 104.0°

ol 73.6 88.8 71.7 106.7 103.2

@28 86.5 90.9 78.9 78.6 76.9
Ni-C3-C2-C1 - 77.1 —4.6 —-13 68.0
N2-C-C-N1" 2.1 -1.1 -7.1 3.0 3.6

Labelling of atoms as indicated in Fig. 1.

Shortest Ni—Ha distance. Corresponding C—H distances are given in parentheses. Numbers in bold indicate agostic interactions.

In species IV, Ha atoms occupy the -y position.

In specie V, Ha atoms occupy the <y position.

Shortest Ni—H(aryl) distance. Corresponding C—H distances are given in parentheses. Numbers in bold indicate agostic interactions.
¢ Carbon atoms attached to the N1 and N2 atoms, respectively.

N1-Ni-ClI angle. This dihedral angle reflects ‘puckering’ of the diimine ligand.

2]
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f

€ These angles indicate aryl group positions with respect to the diimine plane. Values close to 90° indicate the aryl groups are perpendicular to the diimine plane.
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Fig. 2. Gibb’s free energy profile for the ethylene insertion reaction into the
methyl cationic active specie (I). Species labels are provided in Fig. 1 and
Scheme 1. All energies are expressed in relation to I + ethylene.

in the range 13—14 kcal/mol [38], in good agreement with
the theoretical Gibb’s free energy barrier obtained.

Transition state III evolves to the vy-agostic insertion
product I'V. This product is — 7.8 kcal/mol more stable than
the perpendicular -complex II. Complex IV is character-
ised by an agostic interaction between a Hy atom in the
alkyl chain and the nickel atom (2.089 and 1.113 A for Ni—
Hv and C—Hyry distances, respectively, Table 1). Further, the
alkyl chain is almost coplanar with the equatorial plane of
the catalyst (Ni—C3-C2-Cl1 angle —1.3°, Table 1).

The most stable conformer found for the ethylene
insertion product is, however, the (3-agostic structure V,
which is 7.5 kcal/mol below the vy-agostic conformer.
Complex V shows intense [-agostic interaction (Ni—Hf3
and C—Hp distances of 1.738 and 1.185 A, respectively,
Table 1).

3.2. Hydrogen insertion

The optimised structures found for the molecular
hydrogen insertion process are shown in Fig. 3, along with
the geometrical parameters in Table 2. The corresponding
free energy profile is given in Fig. 4.

When entropic effects are considered, the most stable
dihydrogen complex VI calculated is 4.1 kcal/mol higher in
free energy than the independent reactants. The situation is
reversed when the electronic effect alone is considered, as
usually done in theoretical calculations [20—-22,24]. The
hydrogen molecule aligns in a parallel manner to the metal
alkyl bond (Ni-C3-H2-HI1 torsion angle —2.3°, see Table
2) and contrasts with the perpendicular ethylene coordi-
nation observed in the m-complex II. This could be due to a
demand for more steric room for the ethylene monomer
compared to the hydrogen molecule.

The transition state VII obtained for the insertion process
was 6.1 kcal/mol above the free energy calculated for the
separate species and only 2.0 kcal/mol above that of
complex VI. These results suggest the hydrogen insertion
reaction occurs without the formation of a dihydrogen
complex.

The hydrogenolysis insertion product VIII is composed
of a hydride cation and a methane molecule, which are
bound by two agostic interactions (Ni-Ha 1.978 and Ni—
H2 1.946 A, see Table 2). The reaction energy is — 6.9 kcal/
mol with respect to the separate species considered as the
reactant. The saturated chain can be ejected from the
coordination sphere to give rise to the hydride cation IX and
one methane molecule. The chain ejection process (simpli-
fied as a methane molecule) is exothermic by 4.3 kcal/mol
with respect to VIIL. One of the ancillary aryl rings in the
hydride cation IX rotates around the N2—C,¢, bond (see ¢2
angle in Table 2) to form an agostic interaction between the
Hary1 and Ni atoms (1.702 and 1.145 A for the Ni—H,,y and
Caryi—Hary1 distances, respectively, see Table 2). In
principle, the active site could be partially blocked by this
agostic interaction. This possibility was explored by
performing calculations on the ethylene coordination and
insertion processes in hydride cation IX. These results are
reported in Section 3.3.

3.3. Ethylene insertion in the hydride cation

The whole insertion reaction was divided into two steps:
ethylene coordination and insertion. The structures found
for the different stationary points of the complete process
are shown in Fig. 5, while some of the geometrical
parameters are given in Table 3. Fig. 6 shows the
corresponding free energy profile.

An incoming ethylene monomer can be easily coordi-
nated to the hydride cation IX, as may be observed in Fig. 6.
Complex formation occurs through the transition state X,
which is only 0.5 kcal/mol above that of the individual
reactants. The geometry of the transition state reveals that
the aryl ring rotates to adopt a more perpendicular position
with respect to the IX specie (¢2 from 26.3° to 53.9°, see
Tables 2 and 3). Agostic interaction between the ancillary
ligand and the metal atom is weakened by the aryl rotation
(Ni—H,yy; from 1.702 to 2.152 A).

The hydride w-complex XI formed in the coordination
step was 11.4 kcal/mol more stable than the individual
reactants (see Fig. 6). In the corresponding structure, the
ethylene monomer lies perpendicular to the Ni-H bond
(Ni-H1-C2-C1 angle —82.0°) in a similar fashion to the
methyl ethylene w-complex II.

The ethylene monomer can be further inserted into the
Ni—H1 bond through transition state XII, which is only
0.4 kcal/mol above the hydride m-complex XI. The
geometry of the saddle point closely resembles that of the
reactant, except for the relative orientation of the ethylene
monomer with respect to the Ni—H1 bond (Ni-HI1-C2-Cl1
angle from — 82.0° to —52.3°).

The final product XIII obtained after the insertion
process has taken place shows a [-agostic interaction
(Ni-H1 1.770 A see Table 3). This structure is — 17.9 kcal/
mol more stable than the XI complex.
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Fig. 3. Optimised structures for the hydrogen insertion reaction into the methyl cationic active species (I).

3.4. Comparison with metallocene-catalysed
hydrogenolysis

As mentioned in the foregoing sections, the hydrogen
and ethylene monomers compete for cationic active specie
I. The activation energy obtained for hydrogen insertion
into I was 6.6 kcal/mol lower than that corresponding to the
ethylene insertion (see Figs. 2 and 4). A difference of only
3.8 kcal/mol was obtained for similar reactions in the
metallocene Cp,ZrCH5 catalytic system [14]. These results
indicate that hydrogen insertion is more favourable than
ethylene insertion in the nickel cationic species I with
respect to the metallocene cationic specie. However, it
should be taken into account that a binding complex needs

10.0
3 VII(TS)
£ 50 =
8 I 6.1
X 4.1 v
g I+ gg
S 50 hydrogen ' -8.4
% VIII \—
L -100 IX
(%2}
S
o -15.0
-20.0 —>

Reaction Coordinate

Fig. 4. Energy profile for the hydrogen insertion reaction into the methyl
cationic active specie (I). Species labels are provided in Fig. 3 and Scheme
1. All energies are expressed in relation to I 4+ hydrogen.

to form before the insertion process can take place. The
formation of this complex is much more favourable in the
case of ethylene than hydrogen (see Figs. 2 and 4) such that
ethylene oligomerisation/polymerisation should be
observed depending on the relative values of the coordi-
nation and insertion energies. Applying Boltzmann statistics
and the transition-state theory yields useful information in
that the effect of adding hydrogen on polymerisation
activity can be quantified. This was undertaken in a
previous study for metallocene catalysts [14].

The population ratio between ethylene w-complex II and
dihydrogen complex VI can be calculated using the
following equation:

ny _ exp(—AGyphylene—n/RT)
nyy eXP( —A GI+Hydr0gen—>II/ RT)

3)

where np; and nyy are the populations in the ethylene and
hydrogen complexes, respectively. Further, based on this
population ratio and the free energy barriers (AG"), the
probability ratio of ethylene to hydrogen insertion can be
calculated according to the following equation:

P s exp(—AG{_qv/RT)
C,H, — nyy ( 4)
Py exp(—AGh_vm/RT)

2

where Py, /Py, is the probability ratio of ethylene per
hydrogen insertion. Based on the experiments published by
Blom et al. [4], describing batch ethylene polymerisation in
the presence of hydrogen and using metallocene catalysts,



Table 2
Selected geometrical parameters for calculated structures in the hydrogen insertion reaction into methyl cationic active specie (I). Distances are given in angstroms and angles in degrees

Parameter Methyl cationic active specie (I) + hydrogen Methyl dihydrogen complex (VI) Hydrogen insertion TS (VII) Hydrogenolysis insertion product (VIII) Hydride cation (IX) + methane
Ni—Ca 1.883 1.948 2.036 2.296 n.a

Ni—-N1 1.963 1.978 1.932 1.884 1.880

Ni-N2 1.893 1.934 1.958 1.996 1.950
Ni—Ha* 2.324 (1.112) 2.460 (1.096) 2.439 (1.093) 1.978 (1.111) -
NifH(aryl)h 2.680 (1.102) 2.747 (1.102) 2.826 (1.100) 2.903 (1.100) 1.702 (1.145)
Ni—Cppel® 1.447 1.455 1.458 1.462 1.455
Ni-Cppe2° 1.458 1.461 1.459 1.455 1.430

Ni-Hl1 - 1.733 1.571 1.465 1.472
Ni—-H2 - 1.706 1.571 1.946 -

H1-H2 0.746 0.783 0.955 2.319 -

H2-Ca - 2.134 1.542 1.113 -
N2-NI1-Ca 101.9 94.8 97.7 99.6 93.8¢

ol 73.6 75.0 77.8 82.4 78.7

@2° 86.5 88.5 86.1 80.1 26.3
Ni-Ca-H2-H1 - —-23 0.0 —39.0 -
N2-C-C-N1f 2.1 2.5 2.2 2.5 -7.0

Labelling of atoms as indicated in Fig. 3.

Shortest Ni—Ha distance. Corresponding C—H distances are given in parentheses. Numbers in bold indicate agostic interactions.

Shortest Ni—H(aryl) distance. Corresponding C—H distances are given in parentheses. Numbers in bold indicate agostic interactions.

Carbon atoms attached to the N1 and N2 atom, respectively.

¢ N2-N1-Ha angle.

¢ These angles give an idea of aryl group positions with respect to the diimine plane. Values close to 90° indicate the aryl groups remain perpendicular to the diimine plane.
This dihedral angle reflects puckering of the diimine ligand.
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Fig. 5. Optimised structures for ethylene coordination and subsequent insertion to the hydride cation IX.

Fig. 7 shows a plot of predicted molecular weight against
the percentage of hydrogen consumed during the reaction
process for metallocene and nickel-diimine catalysts. These
calculations are similar to those already published by us
using metallocene catalysts [14]. For the calculation, it has
been assumed the same number of ethylene and hydrogen
molecules at the reaction start. As the reaction proceeds, the

remaining hydrogen percentages are introduced in Eq. (4)
by an appropriate constant which indicates the ethylene/
hydrogen ratio during the polymerisation process. The
predicted molecular weights undergo an exponential drop
with the percentage of consumed hydrogen. This closely
resembles the experimental results reported by Neto et al.
[16].

Table 3

Selected geometrical parameters for calculated structures in ethylene coordination to hydrogen insertion products. Distances are given in angstroms and angles
in degrees

Parameter X-TS XI XII-TS XIII

Ni—-NI1 1.873 1.930 1.922 1.968

Ni-N2 1.980 2.028 2.027 1.905
Ni—H(aryl)* 2.153 (1.115) 3.052 (1.100) 2.900 (1.099) 2.723 (1.102)
Ni—Cppel b 1.458 1.460 1.462 1.453
NifcpheZb 1.440 1.458 1.458 1.459

Ni-Hl1 1.466 1.457 1.452 1.770

Ni-Cl1 3.661 2.149 2.192 1.898
Ni-C2 3.753 2.155 2.130 2210
C2-Hl1 3.043 2.483 2.206 1.170
Cl-C2 1.351 1.382 1.385 1.507
N1-Ni-Hl1 91.8 89.8 88.2 104.2°

ol 86.3 99.4 81.2 74.9

@2 539 84.2 85.3 83.8
Ni-HI1-C2-C1 —134.3 —82.0 —52.3 0.3
N2-C-C-N1¢ 1.1 2.9 3.1 3.2

Labelling of atoms as indicated in Figs. 5 and 6.

# Corresponding C—H distances are in parentheses. Numbers in bold indicate agostic interactions.

Carbon atoms attached to the N1 and N2 atoms, respectively.
N2-Ni-Ca angle.

9 This dihedral angle reflects puckering of the diimine ligand.
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Fig. 6. Energy profile for ethylene coordination and insertion into the
hydride cation. Species labels are provided in Fig. 5 and Scheme 1. All
energies are expressed in relation to IX + ethylene.

Fig. 7 shows that the nickel-diimine catalyst system is
more sensitive to the presence of molecular hydrogen than
metallocene systems. This leads to the concept that, all other
things equal, polymer molecular weights for the nickel-
diimine catalyst are about two orders of magnitude lower
than the products of the metallocene catalyst system.

The low molecular weights obtained during polymeris-
ation in the presence of hydrogen indicate the formation of
oligomers, which would probably not give rise to a
polyethylene product, thus yielding very low activity
measurements. These data could explain the lack of
polymerisation activity related to the use of a nickel-
diimine catalyst in experimental work when molecular
hydrogen was added to the reaction vessel [17]. Depressed
activity has also been reported experimentally by Neto et al.
[16]. In the case of metallocene catalysts, a significant drop
in activity would not be expected since relatively higher
molecular weight polymers are formed in the presence of
hydrogen. In contrast using the nickel-diimine system,
lower molecular weight oligomers are formed and these
cannot form a polyethylene product yielding low polym-
erisation activity.

% remaining hydrogen
100 80 60~ ‘4 20 o0
180000 -] N
160000 - :
140000 —A— Metallocene catalyst 1
120000 — O— Nickel-dimine catalyst .
100000
80000
60000
40000

20000

2000 (%
“~0 -—0 -
r T T

04

Calculated Molecular Weight (g/mol)

0202002020 0 ]
0 20 40 60 80 100
% consumed hydrogen

Fig. 7. Molecular weight calculated as a function of the percentage of
hydrogen remaining (see text for details).

4. Conclusions

The following conclusions can be drawn from the present
findings:

Hydrogenolysis is a highly effective chain transfer
process in ethylene polymerisation using nickel-diimine
catalysts. Insertion of a hydrogen molecule into the Ni—C
bond is associated with a low Gibb’s free energy barrier
(6.1 kcal/mol). This energy barrier is even lower than that
corresponding to ethylene insertion (12.7 kcal/mol). How-
ever, the polymerisation reaction is still possible since the
ethylene forms a reactant m-complex (II) which is much
more stable than the corresponding dihydrogen complex
(VI). Thus, the population of II complexes is higher that of
the VI complexes, leading to an increased probability of
ethylene insertions compared to hydrogen insertions. The
hydride complex formed after hydrogen insertion can easily
trigger the formation of a new polymer chain, since there are
no substantial barriers for the coordination and insertion of
an incoming ethylene monomer.

Polymer molecular weight calculated according to the
percentage of hydrogen consumed shows similar behaviour
to results found experimentally [16,17]. The data reported
here suggest a considerable drop in activity and molecular
weight, in agreement with experimental results determined
under polymerisation conditions.

The nickel-diimine system is much more sensitive to
molecular hydrogen than the metallocene catalyst specie.
Thus, controlling molecular weight by hydrogen addition in
the nickel-diimine catalyst system is even more difficult
than in the metallocene catalyst system.
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