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Abstract

The species on supported olefin polymerisation catalysts consisting of (n-BuCp)2HfCl2, methylaluminoxane (MAO) and
dehydroxylated silica were identified by EXAFS and UV-Vis spectroscopy. Whereas the reaction of (n-BuCp)2HfCl2 with
silica leads to a product containing Hf· · · O and Hf· · · Si non-bonded interactions with concurrent loss of Hf–Cl bonds, the
reaction of (n-BuCp)2HfCl2 with silica pretreated with methylaluminoxane yields a mixture of several hafnocene species.
The bonding features of (n-BuCp)2HfCl2 and (n-BuCp)2HfCl2/SiO2 are still present to some extent but with new interactions
consistent with hafnocene cation formation. The relative proportions of these species depend strongly on the method of the
catalyst preparation.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Catalysts based on metallocene complexes acti-
vated with methylaluminoxane (MAO) are a topic of
extensive research (see, for example, the following
reviews and references therein[1]). They exhibit high
activities in olefin polymerisation and their single-site
nature makes possible the synthesis of polymers with
narrow molecular weight distributions and tailored
microstructures. This is a significant advantage com-
pared to conventional industrially-used heterogeneous
Ziegler–Natta catalysts, the structures of which con-
tain several different active sites.

On the face of it the paucity of information on the
hafnocene systems prevents us from comparing the
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present data with those for other relevant hafnocene
catalysts. Fortunately, this problem can be circum-
vented by comparing the hafnocene systems with
the corresponding zirconocene ones because the lan-
thanide contraction makes the structures of zirconium
([Kr]4d25s2) and hafnium ([Xe]4f145d26s2) almost
identical so that, for example, their radii (covalent
and ionic (4+)) are virtually the same[2]. Chem-
ical similarities of hafnium compounds are carried
over into the corresponding zirconium compounds
[3]. Since studies on zirconocene and hafnocene cat-
alysts are heavily weighted (30:1) in favour of the
former, we have transferred appropriate information
on the zirconocene systems over to the corresponding
hafnocene.

The majority of studies on catalyst active sites are on
homogeneous systems. A number of different studies
on homogeneous liquid phase zirconocene catalysts
are consistent with the active site being Cp2Zr(CH3)+
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[4]. Current polymerisation technologies are mostly
based on gas phase and slurry processes in which the
role of the catalyst is to produce polymer particles with
the desired morphology. This is facilitated by attaching
the metallocene to a support. The choice of support is
dictated by specific requirements; the material should
be of low reactivity with respect to catalyst deactiva-
tion but at the same time sufficiently reactive to prevent
leaching by attaching itself to the catalyst. The support
exerts both positive and negative effects on catalyst
behaviour. The most commonly used support material
is partially dehydroxylated porous silica. Generally,
the activities of supported metallocene catalysts are
lower towards olefin polymerisation than in the corre-
sponding homogeneous liquid phase systems because
the diffusion of monomer into the pores of the catalyst
is slower and the number of active centres reduced[5].
In the case of the zirconocene systems, the contrast
between the unsupported and supported catalysts is
illustrated by their different requirements for the acti-
vator MAO. Thus, whereas a large excess of MAO (i.e.
[Al]/[Zr] > 1000) is necessary for the unsupported
catalyst, considerably smaller amounts (i.e. [Al]/[Zr]
between 50 and 300) suffice for supported systems
with similar activities [6]. It has been suggested
that bimolecular deactivation is reduced in the sup-
ported systems relative to the homogeneous catalysts
[7].

Despite the industrial interest in these catalysts,
only a few studies on the species formed from re-
actions between the support, the metallocene and
MAO have been reported. These studies focus mainly
on the reactions and interactions between silica and
metallocene[8] and not on the complete catalyst sys-
tem (i.e. metallocene, MAO and silica). Rutherford
back scattering and FTIR spectroscopy show that
when (n-BuCp)2ZrCl2 reacts with dehydroxylated
silica the concentration of hydroxyl groups on the
silica support steers the reaction of zirconocene and
thus the release of chloride ions in either a mono-
or a bidentate way[9]. Species formed by the for-
mer mechanism are active in olefin polymerisation
whilst those generated via the latter are inactive. In
that work[9] MAO was added to the polymerisation
reactor and not to the catalyst. In another study[10]
X-ray photoelectron spectroscopy (XPS) shows the
presence of two types of ion pairs, one assumed to be
[SiO]−[Et(Ind)2ZrCl]+ and the other a trapped multi

co-ordinated crown complex of [Et(Ind)2ZrCl]+ and
MAO−. It was found that the ratio of the two species
depends on the method used to prepare the heteroge-
neous system and the effect of omitting MAO leads
to the sole product being the former cation. When
rac-ethylenebis(1-indenyl)zirconium dichloride is im-
mobilised on the surface of mesoporous silica and
then modified with MAO, the EXAFS of the result-
ing system shows that the bonds between the metal
and chloride ligands are broken, but with the indenyl
ligand framework remaining intact and that there is
a Zr–C bond consistent with the Zr+-CH3 fragment
[11].

There are differences in behaviour between catalysts
pretreated with MAO and the unpretreated ones. When
the metallocene is supported on dehydroxylated silica
pretreated with MAO, stereochemical analyses of the
polypropylene produced show that the product profile
is very similar to that obtained when using the ho-
mogeneous catalyst. This is consistent with the active
sites in the homogeneous and heterogeneous systems
being similar. However, catalytic activity is signifi-
cantly reduced when the metallocene is first supported
on dehydroxylated silica and subsequently activated in
the polymerisation reactor with MAO; the polypropy-
lene exhibits a markedly different microstructure[12].
From these studies it is clear that the preparation of
the supported catalysts and the pre-treatment of sil-
ica determines the nature of the catalytically active
species. This conclusion is of industrial and economic
significance because the active species dictates the
behaviour of the catalyst in the olefin polymerisation
process.

Whereas previous work mainly concentrated on
the zirconocene-based catalysts, this investigation fo-
cuses on the relatively little-studied hafnocene-based
catalyst systems. The hafnocene (n-BuCp)2HfCl2
was chosen because it is a highly active catalyst in
olefin polymerisation (our test polymerisation studies
show that (n-BuCp)2HfCl2 activated with MAO and
supported on silica has roughly 2/3 of the activity
of corresponding zirconocene complex). The same
conclusion was drawn in reference[13]. To shed
more light on the nature of the active species on the
supported activated metallocene catalysts and the ef-
fects of different preparative procedures, we report
here an EXAFS and UV-Vis spectroscopic study on
hafnocene-based catalysts.
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2. Experimental

2.1. Catalyst preparation

The drying and storage of all chemicals and the
preparation and handling of the catalysts was car-
ried out under dry nitrogen. The hafnocene complex
(n-BuCp)2HfCl2 was purchased from Witco (pu-
rity checked by1H NMR), and methylaluminoxane
(30 wt.%) (MAO) in toluene from Albemarle was
used as the activator. The trimethylaluminium (TMA)
content of MAO was given to be 4.9 wt.%. Dehydrox-
ylated non-commercial silica from Grace Davison
was used as the support. The silica was purchased
in the dehydroxylated form.1H MAS NMR mea-
surements showed that the silica contains 590�mol
isolated Si-OH/g silica, 150�mol H-bonded Si-OH/g
silica. Bound water was not found. The surface area
of the silica is 296 m2/g, average pore diameter
20.9 nm and pore volume 1.5 ml/g, according to BET
analysis. The samples were analysed for hafnium and
aluminum content (wt.%) using a Thermo Elemental
Iris Advantage XUV ICP-AES spectrometer.

2.1.1. Preparation of sample 3
The hafnocene complex was added as a fine powder

to the support and heated whilst being mixed for 2 h
at 80◦C.

2.1.2. Preparation of sample 4
(a) Silica was weighed under dry nitrogen into a

glass bottle equipped with a magnetic stirrer and a
slurry was formed by adding a toluene solution of

Fig. 1. Summary of the preparative routes.

Table 1
The studied samples

Sample Components Hf content
(wt.%)

1 SiO2 0
2 (n-BuCp)2HfCl2 36.29
3 1 g SiO2 + 15 mg (n-BuCp)2HfCl2 0.54
4 1 g SiO2 + 2.5 ml 30% MAO+ 15 mg

(n-BuCp)2HfCl2

0.41

5 2.5 ml 30% MAO+ 12 mg
(n-BuCp)2HfCl2 + 2 g SiO2

0.21

MAO. After mixing for 2 h at room temperature,
the excess solvent was evaporated by gentle heating
(50◦C) under nitrogen. This gave 10.3 wt.% alu-
minium concentration in the silica (ICP). (b) The
hafnocene complex was added as a fine powder to
the dried MAO-treated support and heated whilst be-
ing mixed (2 h at 80◦C) yielding a product with an
[Al]/[Hf] ratio of 167.

2.1.3. Preparation of sample 5
MAO and (n-BuCp)2HfCl2 were first dissolved in

toluene, the solution added to the silica under stirring
and the resulting slurry allowed to react for 2 h un-
der nitrogen at room temperature. Excess solvent was
evaporated by cautious heating (50◦C) under nitro-
gen to give a catalyst with 6.5 wt.% aluminium and
[Al]/[Hf] ratio of 204 (ICP).

The hafnium contents of the materials studied,
and their designations are listed inTable 1 with a
schematic summary of the preparative routes being
shown inFig. 1.
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2.2. XAS measurements

XAS data were collected using the facilities of the
Swiss–Norwegian Beamline (SNBL) at the European
Synchrotron Radiation Facility (ESRF), France. All
spectra were measured at room temperature. Samples
were placed in quartz capillaries (2 mm diameter) the
operations being carried out in a glove box under dry
nitrogen. The open ends of the capillaries were sealed
with dried vacuum grease. Except for the reference
compound ((n-BuCp)2HfCl2, which was sealed in a
standard EXAFS holder with kapton windows), all
of the samples were presented to the beam in this
manner. Vacuum-dried boron nitride was used to di-
lute the (n-BuCp)2HfCl2 complex (volume ratio 5:1)
in order to carry out the measurements in the fluo-
rescence mode. (For thin capillaries the fluorescence
mode is less sensitive than the transmission mode
to any variations in incident beam position.) For
air-sensitive materials, it is crucial to establish that
degradation of the samples has not occurred during
any stage of the data collection. Accordingly, the first
and final scans for each sample had to be consistent
before all of the spectra for that sample were summed.
This procedure for air-sensitive materials has been
carried out successfully by us in previous work
[14].

The measurements were carried out at the hafnium
LIII edge (9569 eV). A channel-cut Si(III) monochro-
mator with an unfocussed beam was used to scan the
X-ray spectra. Beam currents ranged from 130 mA to
200 mA at 6.0 GeV. Higher-order harmonics were re-
jected by means of a chromium-coated mirror angled
at 3.3 mrad to give a cut-off energy of approximately
16 keV.

The maximum resolution�E/E of the Si(1 1 1)
bandpass is 1.4 × 10−4 using a beam of size
0.6 mm×7.2 mm as defined by the slits in the station.
Ion chamber detectors with their gases at ambient
pressures were used for measuring the intensities of
the incident (I0), transmitted (It), and fluorescent (If )
X-rays. The detector gases were as follows:I0, detec-
tor length 17 cm, 97% N2, 3% Ar; It, length 31 cm,
50% N2, 50% Ar;If (Lytle detector, see below), 100%
Ar.

The fluorescent radiation was measured using a
detector of the type developed by Lytle[15]. The
signal:noise ratio was enhanced using a set of Soller

slits and a Ni (three absorption lengths) filter. Due
to the low metal content, nine scans were taken
of each sample and summed. The energy calibra-
tion was checked by measuring the spectrum of a
zinc foil (thickness 0.005 mm) with the energy of
the first inflection point being defined as the edge
energy.

2.3. EXAFS data analysis

The EXAFS data were formatted and corrected for
dark currents, calibrated and summed and background
subtracted to yield the EXAFS function by means of
the Daresbury programs, EXCALIB and EXBACK,
respectively[16]. Model fitting was carried out using
the EXCURV98 program[17] using curved-wave the-
ory and ab initio phase shifts calculated from within
the program.

(n-BuCp)2HfCl2 (sample 2) was used as the ref-
erence compound for the unknown samples 3 and
4, to check the validity of the ab initio calcula-
tions and to establish the parameters AFAC (am-
plitude reduction due to many-electron processes)
and VPI (energy-independent correction imaginary
potential used to describe the lifetime of the elec-
tron) parameters[18]. These parameters were then
transferred into the analyses of the unknowns in
order to reduce any residual systematic error in
the multiplicities. The EXAFS spectra were least
square curved fitted using ak0 andk2-weighted data
thereby reducing the coupling betweenN (multiplic-
ity) and 2σ 2 (Debye–Waller-type factor) by choos-
ing solutions common to both weighting schemes
[19].

2.4. UV-Vis spectroscopic measurements

In addition to the EXAFS experiments, UV-Vis
spectroscopy was used as a complementary tech-
nique. The finely powdered samples were placed
into quartz cells in a glove box filled with dry ni-
trogen; the cells were sealed with teflon stoppers.
Spectra were measured in the reflectance mode us-
ing a Perkin-Elmer Lambda 900 spectrophotometer
equipped with a diffuse reflectance integrating sphere.
The scanning speed was 120 nm/min and data interval
2 nm. The spectrum was scanned over the range of
200–800 nm.
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3. Results and discussion

A combination of EXAFS and UV-Vis spectro-
scopies was used to study the catalyst species at
different stages of the different catalyst preparation
routes.

3.1. EXAFS

The EXAFS results of samples 2 (used as a refer-
ence compound) and 3 are given inTable 2. The back-
ground subtractedk2-weighted EXAFS spectra and the
Fourier transforms are shown inFig. 2.

3.2. Sample 2 ((n-BuCp)2HfCl2)

This hafnocene complex was used in the prepara-
tion of the samples identified inFig. 1. In order to
get the best possible reference for the bond lengths,
several attempts were made to grow single crystals

Table 2
EXAFS results of (n-BuCp)2HfCl2 (sample 2, the reference compound) and (n-BuCp)2HfCl2/SiO2 (sample 3, unknown)

Sample Shell Backscatter N R (nm) (0.01)σ 2 (nm2) Assignment

2 1st C 10a 0.2506 (9) 0.011 (11) Cyclopentadienyl C
2nd Cl 2b 0.2444 (7) 0.003c Cl
3rd C 4.0 (7) 0.3283 (15) 0.003c n-Butyl Cd

4th C 4.2 (8) 0.3512 (13) 0.002 (3) n-Butyl Cd

5th Hf 1.2 (4) 0.3762 (16) 0.006 (3) Bridgec,d

3 1st C 10a 0.2493 (7) 0.011 (2) Cyclopentadienyl C
2nd Cl 1.6 (2) 0.2419 (9) 0.003c Cl
3rd O 3.6 (5) 0.2796 (11) 0.003 (2) Od

4th Si 7.0 (8) 0.3073 (11) 0.013 (3) Sid

5th C 4.4 (12) 0.3450 (18) 0.002c n-Butyl C
6th C 3.2 (15) 0.3831 (35) 0.003c n-Butyl C
7th Hf 1.5 (9) 0.38551 (32) 0.011 (5) Hf interactiond

N: multiplicity, R: interatomic distance andσ 2: Debye–Waller factor: root mean square deviation of the interatomic distance aboutR. Note
that systematic errors in multiplicity and bond distances arising from data collection and analysis are±20% and±0.002–0.003 nm for
well-defined shells, respectively.

REXAFS-factor, REXAFS =
{∑N

i [(χobs− χcalc)k
WT
i ]2∑N

i [χobsk
WT
i ]2

}
× 100%

whereN is the number of data points, WT the integral weighting, andχobs andχcalc are the observed and calculated EXAFS, respectively.
Sample 2:REXAFS = 30.07%, Sample 3:REXAFS = 36.51%.

a Not refined, kept at literature mean values (2Cp rings).
b Not refined, kept at literature values (2Cl atoms).
c Not refined.
d Non-bonded interactions.

of (n-BuCp)2HfCl2. In all cases these were fruit-
less, leading only to powders unsuitable for X-ray
crystal structure analysis. Since the crystal struc-
ture of this complex is not available, we resorted
to carrying out the EXAFS analysis using structural
parameters extracted from the literature[20–23] (i.e.
Hf–Cp and Hf–Cl bond lengths 0.250 and 0.243 nm,
respectively).

Two models were used to represent then-BuCp
rings; the first grouped together all 10 cyclopentadiene
carbon atoms whereas the second partitioned them
into a two plus eight (i.e. 2× (1 + 4)) combination.
No significant differences were obtained. Therefore,
results of the first simpler parameter set are reported.
The structural parameters derived from the EX-
AFS analysis on the reference complex are listed in
Table 2.

An interesting feature in the EXAFS is the presence
of a Hf· · · Hf distance at 3.76 Å. The clearly visible
peaks in the Fourier transform at 0.328 and 0.351 nm
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Fig. 2. Background subtractedk2-weighted EXAFS spectra ((—) experimental and (---) calculated) and their Fourier transforms for the Hf
supported catalysts, Hf LIII -edge: sample 2 ((n-BuCp)2HfCl2), sample 3 ((n-BuCp)2HfCl2/SiO2) and sample 4 ((n-BuCp)2HfCl2/SiO2/MAO),
(1 Å = 0.1 nm).

are attributed to the carbon atoms in then-butyl frag-
ments. This result accords with molecular modeling
simulations (semi-empirical, PM3 calculations)[24]
that we used as an aid in the interpretation of these
EXAFS results.

3.3. Sample 3 ((n-BuCp)2HfCl2/SiO2)

Two additional interactions were found in the re-
action product formed from the hafnocene complex
and dehydroxylated silica. The 3rd and 4th shells
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are assigned to silica–hafnocene distances via oxy-
gen non-bonded interactions. The Fourier peak at
0.307 nm is attributed to a composite of different
Hf· · · Si non-bonded distances that is reflected by
the multiplicity (Table 2). The EXAFS analysis also
includes interactions from then-butyl groups. Interac-
tions between hafnium and then-butyl carbon atoms
are given at mean values. As is the case for sample
2, these distances (0.345 nm and 0.383 nm) are con-
sistent with the molecular modelling simulations (see
above).

The EXAFS shows a reduced Hf–Cl contribution to
the overall spectrum which suggests that a significant
fraction (approximately 50%) of the (n-BuCp)2HfCl2
has reacted with silica, thereby losing one chlorine
atom and leading to a composite EXAFS spectrum.
The resulting monochloride species has been observed
earlier for the zirconocene–silica system and was
concluded to be cationic[10]. UV-Vis spectroscopy
(Fig. 4) reveals that sample 3 does not include signif-
icant amounts of unreacted (n-BuCp)2HfCl2, instead
at least two additional species absorbing at visible
range (450 nm and 570 nm) are present. As men-
tioned above, we expect –Si–O−–+Hf(Cl)(n-BuCp)2
species to be present and they could be the origin
of one of the two bands observed in UV-Vis spec-
trum. In addition to these species, we expect that
the (n-BuCp)2HfCl2 interacts with the silica oxy-
gens in non-bonded ways, and that these interactions
can be seen as another broad band in the UV-Vis
spectrum. EXAFS shows an average (0.280 nm) of
four Hf· · · O distances. It is clear from the Fourier
transform that there is not a Hf· · · SiO2 distance
within the range 0.18–0.21 nm that would indi-
cate a Hf–O covalent bond. This is interesting and
presumably can be rationalised in terms of steric
hindrance.

The Hf· · · Hf distance (0.376 nm) present in sample
2, is somewhat longer (0.386 nm) in sample 3. The
presence of Hf· · · Hf interactions in this sample is con-
sistent with the method of preparation in which the
hafnocene dichloride was added as a finely dispersed
powder on silica. Hence, the hafnocene molecules are
close enough to interact with each other.

These results show that in sample 3 approximately
50% of the hafnocene has reacted by losing a Cl atom
with the remainder of the hafnocene interacting with
the silica surface in a non-bonded way.

3.3.1. Sample 4 ((n-BuCp)2HfCl2/SiO2/MAO)
Fig. 3 compares thek2-weighted EXAFS spectrum

of sample 4 with the spectra of samples 2 and 3.
There are noticeable differences between the EX-

AFS of samples 3 and 4 with the latter showing the ef-
fects of interference consistent with different hafnium
environments and (as already mentioned) interactions
with the support. This means that the spectrum of sam-
ple 4 is a composite due to the material being actu-
ally a mixture of several hafnium-containing phases.
For this reason the structural parameters are not in-
cluded inTable 2. Although this is consistent with the
XPS results[10] (see above) in that ion pairs are de-
tected, the EXAFS actually appears more consistent
with there being more than the two hafnocene cations
found by XPS.

The UV-Vis absorption spectrum (Fig. 4) shows that
a significant fraction of unreacted hafnocene is present
in the catalyst (sample 4). In sample 3 we could see
only a negligible part of unreacted (n-BuCp)2HfCl2 in
UV-Vis spectrum. This is interesting because the dif-
ference between the two samples lies in the method
of preparation. The preparation of sample 4 includes
MAO at the surface of the silica and in sample 3
(n-BuCp)2HfCl2 is added on pure dehydroxylated sil-
ica. In sample 4 a significant fraction of the hafnocene
remains unreacted, i.e the reaction of hafnocene was
less efficient with silica pretreated with MAO than
with pure silica.

3.3.2. Sample 5((n-BuCp)2HfCl2/SiO2/MAO)
Since the hafnium concentration of sample 5 was

too low to give a good quality EXAFS, the spectrum
was not analysed (Table 1).

UV-Vis spectroscopy was used to study the species
on the silica support thereby complementing the EX-
AFS experiments. This technique has been used earlier
to study electronic structures of zirconocenes[24] and
zirconocene activation[4]. In the metallocene studies
the band of most interest is due to the ligand-to-metal
charge transfer (LMCT) transition since it is sensitive
to changes in the environment about the metal such as
ligand changes.

LMCT transitions usually occur in the visible range
and in the case of the zirconocenes arise from the
charge transition from the HOMO associated with
the cyclopentadienyl ligand tod0 Zr-based LUMO
[25]. Fig. 4 shows the UV-Vis absorption spectra
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Fig. 3. Experimentalk2-weighted EXAFS spectra for sample 2 ((n-BuCp)2HfCl2), sample 3 ((n-BuCp)2HfCl2/SiO2) and sample 4
((n-BuCp)2HfCl2/SiO2MAO).

of the samples. Pure dehydroxylated silica absorbs
in UV range at around 240 nm (sample 1). When
the hafnocene complex is added to this material the
absorption properties change drastically (sample 3).
Two new absorptions appear at 450 nm and 570 nm.
These absorptions were absent in the spectrum of the
sample 2 (the pure complex). The 315 nm absorption
in the sample 2 is assigned to the LMCT transition:

Fig. 4. Normalised UV-Vis spectra of samples 1–5.

n-BuCp (HOMO) to Hf (LUMO). The absorption
at 300 nm is being assigned to the� → �∗ transi-
tions within the cyclopentadienyl ligand. Hence, the
absorptions of sample 3 (450 nm and 570 nm) are as-
signed to silica–hafnocene interactions found also by
the EXAFS (see above).

In the UV-Vis studies on homogeneous metallocene
catalysts, metallocene cationisation is manifested by a
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shift in the LMCT band to lower energies, i.e. to higher
wavelengths. MAO reacts with (n-BuCp)2HfCl2 by
abstracting the chloride ions and replacing them with
one methyl group and a positive charge. This further
decreases the electron density at the hafnium atom
which leads to a concomitant decrease in the energy
of the LMCT because electron density is more eas-
ily transferred from the electron-rich cyclopentadienyl
ligands to the electron-poor metal. Such a band shift
was also observed for the supported catalyst stud-
ied here. The appearance of a shoulder on the broad
band at around 380 nm would be consistent with the
hafnocene monomethyl–MAO ion pairs. However, the
breadth of this band is consistent with the presence of
more than one type of cationic hafnocene species.

The bands at 450 nm and 570 nm, revealing
silica–hafnocene interaction, were too low to be de-
tected when the catalyst was prepared by pretreating
silica with MAO prior to adding hafnocene (sample 4).
This indicates a reduction in the direct non-bonding
interactions between silica and hafnocene, as one
could expect. Unreacted hafnocene was concluded to
be present in sample 4 since the absorption at 315 nm
due to hafnocene is still visible. This applies more
to the sample 4 than sample 5 since in sample 5, in
which hafnocene was allowed to react with MAO
prior to addition on silica, the 315 nm band is neg-
ligible. MAO itself absorbs at 290–300 nm and can
partially cover the contribution of the 300 nm band of
pure dichloride complex.

4. Conclusions

EXAFS and UV-Vis spectroscopy were used to
resolve different species present in (n-BuCp)2HfCl2-
based catalysts. For the hafnocene (n-BuCp)2HfCl2
EXAFS showed the presence of a Hf· · · Hf in-
teraction and a Hf· · · n-butyl distance, in addition
to the expected Hf–Cp and Hf–Cl interactions.
(n-BuCp)2HfCl2 reacts with silica to produce two
additional non-bonding interactions, namely Hf· · · Si
and Hf· · · O. A composite EXAFS spectrum was ob-
tained in the case of the catalyst prepared by pretreat-
ing silica with MAO prior adding the hafnocene. The
spectrum consisted of unreacted hafnocene and low
concentrations of hafnocene–silica species. Further-
more, additional spectral features revealing different

cationised hafnocene species were present. UV-Vis
spectroscopy supported the EXAFS results by also
showing the presence of unreacted hafnocene species.
A higher contribution of the cationised hafnocene
species in the UV-Vis spectrum was observed for
the catalyst prepared by allowing MAO to react with
(n-BuCp)2HfCl2 before adding to silica.
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