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ABSTRACT: A systematic consideration of different Ti(IV) and Ti(III) species on the (104) and (110)
MgCl, surfaces has been implemented within DFT using cyclic boundary conditions. Some new mononuclear
and dinuclear surface complexes of Ti(IV) and Ti(III) were obtained due to implication of zip coordination
mode. A possible spin state of dinuclear Ti(III) species was thoroughly studied: antiferromagnetic (ESR
silent) state proved to be the most preferable in a number of cases. The zip antiferromagnetic Ti,Clg
complexes residing on the dominant (104) MgCl, surface make it possible to rationalize the fact that the most
part of Ti(IIT) incorporated in activated MgCl, is ESR silent. Besides, these species produce aspecific active
sites, thus explaining that aspecific centers significantly prevail over stereospecific one according to kinetic

data on the simplest TiCl;/MgCl, + AlIRj system.

1. Introduction

Polymerization over MgCly-supported Ziegler—Natta (ZN)
catalysts is the most important method for industrial production
of isotactic polypropylene.' The preparation procedure of these
catalysts contains several steps which result in formation of active
MgCl, and incorporation of TiCly and a Lewis base (an “inter-
nal” donor) with formation of catalyst precursor. Finally, to
generate active sites on the MgCl, surface, the precatalyst is
activated by addition of trialkylaluminum (AlEt;) mixed with a
second Lewis base (an “external” donor).

A number of theoretical contributions have been performed to
study both the TiCly surface species formed at the precatalyst
preparation stage and active sites originating from the former.*'?
In order to model Ti surface species two MgCl, planes were
generally considered since the activated MgCl, surface suppo-
sedly contains two types of the adsorption sites: the five-coordi-
nated Mg cations residing on the (104) MgCl, surface and four-
coordinated Mg cations residing on the (110) MgCl, surface."* "7
A wide variety of the TiCly species on these surfaces were
proposed,®'? but that which have no Cl vacancies at the Ti atom
are of the most interest since Raman spectroscopy shows that
stable Ti complexes in the TiCl,/MgCl, system include bound
TiCly molecules with Ti atoms in octahedral surroundings.'®
There are known to be two stable TiCl, surface complexes
corresponding to this condition: mononuclear complex on the
(110) MgCl, surface and dinuclear complex on the (104) MgCl,
surface.” It is reasonable that both the complexes may simulta-
neously exist on the activated MgCl, surface since they are
located on the different MgCl, planes, but the dinuclear Ti,Clg
species are even the more preferable choice due to some argu-
ments arising from the extended X-ray adsorption fine structure
analysis."”

Interaction of the TiCly/MgCl, system with trialkylaluminum
is known to result in creation of the Ti(III) and Ti(I) species as
well as alkylation of these species with the formation of Ti—C
bonds. Due to the presence of unpaired electron the Ti(III)
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species are an appropriate object for electron spin resonance
(ESR) detection, nevertheless only 10—20% of Ti(IlI) give the
ESR signal, and so the majority of Ti(IIT) was suggested to form
polynuclear Ti species with low spin (LS) structure.*> The
known DFT calculations—conversely—indicate that dimeriza-
tion of Ti*" and Ti*" species on the MgCl, surface is unfavorable
by energy, and only on the (110) MgCl, surface dimeric Ti,Clg
complexes have low spin (LS) structure, while on the (104) MgCl,
surface the high spin (HS) structure is predicted.®'* In this
connection, some questions arise. What is the motive force of
Ti agglomeration on the support surface? Is the main part of Ti**
localized only on the (110) MgCl, surface?

Very recently, based on periodic DFT calculations, Busico
et al. concluded that the five-coordinated Mg cations are the
dominant adsorption sites since the surface energy of (104) is
lower than that of (110)."” Later this conclusion was confirmed by
DRIFT study of carbonyl compound adsorption on the MgCl,
samples activated in the different ways.>* It was clearly demon-
strated that the (104) surface significantly prevails over the (110)
MgCl, surface in both cases: chemically activated and dry-milled
MgCl,.** Moreover, it is these types of MgCl, that are used for
ESR investigation in refs 20 and 21. Finally, all these observations
have caused us to revise the concepts of Ti state on the MgCl,
surface because the Ti surface species proposed in the literature
make it impossible to explain some ESR and kinetic data on
the resulting catalytic system (TiCly/MgCl, interacted with
trialkylaluminum) if the adsorption site distribution appointed
is taken into account. As for the ESR data, since known DFT
calculations reveal ESR silent Ti(III) species only on the (110)
MgCl, surface, it is necessary to be of opinion that TiCly is
predominantly adsorbed on the (110) MgCl, surface, but it is in
contradiction with the fact that the dominant adsorption sites are
the five-coordinated Mg cations residing on the (104) MgCl,
surface.'”?* The same problem emerges upon analysis of the
kinetic data and polymer structure. According to the data on the
number of active centers in the simplest catalyst TiCl,/MgCl, +
AlEt; aspecific sites significantly prevail over stereospecific
sites.” In turn, it is largely believed that the (104) MgCl, surface
contains mainly stereospecific sites because both the Ti,Cl,; and
Ti,Clg species forming at the reduction of the Ti,Clg species are
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stereospecific centers.''>?® The (110) MgCl, surface has been
long believed to be nonstereospe51ﬁc since it seemed only mono-
nuclear Ti species existed on that,”® but recently Terano et al.

have suggested a new dinuclear Ti,Clg complex on the (110)
MgCl, surface which may be a precursor of stereospecific active
centers, casting a shadow on the monopoly of the (104) MgCl,
surface being stereospecific.'? Nevertheless, based on the known
theoretical calculations, it is impossible to explain the fact that the
most aspecific active sites must be situated on the (104) MgCl,
surface owing to the fact that this surface contains the majority of
the potential adsorption sites.'”**

To rationalize these facts an attention in the present paper is
focused to modeling the dinuclear Ti species on the (104) and
(110) MgCl, surfaces and studying their electronic structure using
periodic DFT calculations. A number of new Ti species were
obtained due to using zip coordination mode on both the
surfaces. New dimeric Ti,Clg species revealed on the (104) MgCl,
surface make it possible to explain the experimental data
mentioned above since upon reduction by trialkylaluminum these
complexes can produce both isospecific (ESR active) and aspe-
cific (ESR silent) active sites.

2. Computational Details

The MgCl, bulk was assumed to be in the o crystalline phase
with the lattice constants 3.64 and 17.67 A.” The (104) and (110)
MgCl, surfaces were expressed as repeated slabs with 2 and
3 atomic layers, accordingly. The periodically repeated slabs
were separated one from another by a vacuum region of about
12 A. The following surface unit cells were used: (4 x 2) having
16 MgCl, for modeling of Ti complexes located on the (104)
surface; (2 x 2) having 12 MgCl, for modeling of Ti complexes
located on the (110) surface. During the geometry optimization one
bottom layer of atoms was fixed in the positions of the ideal crystal.

The calculations of the periodic models were carried out within
DFT with exchange-correlation Perdew—Wang functional
(PW91).%® The plane wave basis set was limited by a 20 Ry energy
cutoff. Atomic cores were described by ultrasoft pseudopoten-
tials.> A 2 x 2 x 1 Monkhorst—Pack grid was applied. A
convergence criterion was 10~® hartree for SCF calculations,
10~ Hartree for geometry optimization and 10~ hartree/bohr
for the maximum force. Closed-shell DFT was used for the
calculation of the surface TiCl; and Ti,Clg species, whereas
spin-polarized DFT was employed for the calculation of the
surface species with Ti(III). The Lowdin analysis was used for
determination of atomic spin densities. The calculations were
performed using PWSCF package.™

Adsorption energies are computed as E,qs = —Es + E| + E,,
where Es, E; and E, are the total energies of the adsorption
species, isolated TiCly or TiCl; and unit cell of the relaxed surface,
respectively. Since E{, E> and Es < 0, adsorption energy E. 4 > 0
if adsorbate is bound with the surface. Relative adsorption
energies for dinuclear Ti species are computed as Eiepative =

E.4s(dinuclear species)/2 — E,gs(mononuclear Ti species).

3. Results and Discussion

Very recently, Busico et al. concluded that the dominant lateral
MgCl, surface was the plane which contains only the five-
coordinated Mg cations and which is indexed as (104) rather
than (100)."” The structures of the (104) and (100) surfaces for
o-MgCl, are presented in Figure 1. Since the (100) MgCl, surface
contains three-, five- and six-coordinated Mg cations and has a
jagged edge, zip coordination mode is unrealizable on such
surface and therefore known theoretical studies considered TiCly
complexes located within one Cl—Mg—Cl layer. In turn, the
structure of the (104) MgCl, surface enable to generate a new
dinuclear Ti complex, which is located within two ClI-Mg—Cl
layers, and so it can be referred to as zip Ti,Clg complex.
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Figure 1. Structures of the (104) and (100) MgCl, surfaces. Mg atoms
are colored in dark blue; Cl atoms are colored in sage-green. The double
arrow curve represents the (104)-zip coordination mode.

Thus, there can be three types of Ti(IV) species on the (104)
MgCl, surface: mononuclear and dinuclear species residing on a
Cl-Mg—Cl layer and dinuclear species residing on two
Cl—Mg—Cl layers. The optimized structures of these complexes
are presented in Figure 2. The adsorption energies were 8.4, 32.3,
and 35.0 kcal/mol for complexes la—le, respectively (see
Table 1). Mononuclear 1a and dmuclear 1b structures were
considered in literature more than once,*®'? so it is worth
comparing the adsorption energy magnitude obtained with
previous ones to give an impression of the sensitivity of the
results to the choice of calculation method. The adsorption
energy of mononuclear complex 1a proved to be shghtly bigger
than in works of Cavallo et al. (5.0 kcal/mol)® and Ziegler
et al.(7.3 kcal/mol)® and somewhat smaller than in work of
Terano et al. (11.7 kcal/mol).'* On the whole, the present results
are similar to the previous ones, with some differences being likely
to relate to choice of DFT functional or geometric model (first of
all, the slab thickness). Since far greater slab thickness was
employed in work of Terano et al.,'” and even the increased
adsorption energy was obtained, in the present work overestima-
tion of adsorption energy in comparison with works of Cavallo
et al.® and Ziegler et al.® is due to DFT functional choice rather
than to a small number of MgCl, layers in the slab. The signi-
ficance of DFT functional choice becomes more apparent from
the great discrepancy which was observed in case of Corradini
dimers 1b: the correszponding adsorption energy was much more
than in literature.>'* Actually, the latter fact cannot be related
to geometric model choice (in particular, slab thickness) since
the adsorption energy of mononuclear Ti species is in range of
literature data.

TiCly is known to form strong complexes on the MgCl,
surface.">'® If this is the case, not only must Ti surface species
exhibit a positive adsorption energy but also this binding energy
must be large enough to overcome an entropic barrier due to the
loss of translational and rotational degrees of freedom.® The
estimation of entropic barrier gives a value of 13.0 kcal/mol at
350 K.° No TiCly complexes on the (104) MgCl, surface
considered in literature so far exhibit adsorption energy larger
than this magnitude.3’6’12 Thus, this is the first theoretical work
that demonstrates the possibility for rationalization of TiCly
forming strong complexes on the (104) MgCl, surface: adsorp-
tion energy for species 1b is 16.1 kcal/mol Ti atoms.

Besides, the large energy gain of dinuclear species 1b and 1c¢ as
regard to mononuclear one 1a (§—9 kcal/mol) enables to explain
the ESR data which clearly point to formation of Ti agglomerates
on the MgCl, surface.**~>* Actually, it is unlikely for Ti species to
migrate on the MgCl, surface during reduction stage since
according experimental evidence even unreduced T1Cl4 surface
complexes are strongly bound to the MgCl, surface."">!® The 1¢



Article

Macromolecules, Vol. 42, No. 21, 2009 8167

Figure 2. Complexes of Ti(IV) on the (104) MgCl, surface. Ti, Mg, and Cl atoms are colored in black, dark blue, and sage-green, respectively.

Table 1. Adsorption Energies, Ti—Ti Distances, and Spin States of Ti(IV) and Ti(III) Species on the (104) MgCl, Surface

spin magnetic moment®

label species E.q4s, kcal/mol Eretative”s V Ti—Ti distance, A An® Ti(1)¢ Ti(2)?
la TiCl, 8.4 0 0

1b Ti,Clg 323 +7.8 3.89 0

1c Ti,Clg 35.0 +9.1 3.75 0

2a TiCl, 28.2 0 1 +1.03

2b Ti,Clg 85.9 +14.8 2.95 0 0.00 0.00
2c Ti,Clg 80.9 +12.3 3.60 2 +1.04 +1.04
2d Ti,Clg 84.0 +13.8 3.85 2 +1.04 +1.04
2e Ti,Clg 87.0 +15.3 3.35 0 0.00 0.00
2f Ti,Clg 95.0 +19.3 3.52 0 +1.09 —1.09
2g Ti,Clg 85.6 +14.6 3.45 2 +1.03 +1.03
3a Ti,Cl4Et 56.7¢ 0 4.44 1 +0.64 -+0.50
3b Ti,CI4Et 63.2¢ +6.5 3.62 1 +0.57 +0.51
3¢ Ti,ClsEt 62.4¢ 0 4.16 0 +0.91 —0.86
3d Ti,ClsEt 69.7¢ +7.3 3.42 0 +0.97 —0.93

¢ Erelative = FEaqs(dimeric species)/2 — E,gqs(monomeric species), Erejaive(monomeric species) = 0. bAn = n(spin-up) — n(spin-down). In bohr
magnetons. “In corresponding figures, Ti(1) is the left Ti atom, whereas Ti(2) is the right Ti atom. * Adsorption energy with respect to separated TiCl,Et

and TiCly (for 3a and 3b) or TiCl; (for 3¢ and 3d) species.

species were slightly (2.7 kcal/mol) more favor as compared to 1b
species. The highest stability of dinuclear 1¢ structure is obviously
caused by the formation of two bridge bonds between the
Ti atoms (which are absent in 1a species) and coordination with
four surface Mg cations (whereas 1b structure is coordinated only
with three surface Mg cations). Therefore, new dinuclear 1c
complex may be a main precursor of active centers in the catalyst
because of its highest relative stability and location on the
dominant (104) MgCl, surface.

Approaching the active centers, the species la—1c were re-
duced to mononuclear TiCl; and dinuclear Ti,Cly species by
removing one or two Cl atoms, accordingly. The structures and
stabilities for these complexes are given in Figure 3 and Table 1.
The reduced species had a stronger tendency to dimerization than
the Ti(IV) species obviously due to the interaction between spins
localized on the Ti(IIl) atoms. Since the Ti,Clg species have
potentially two unpaired electrons, several spin states for each
complex are possible. The closed-shell singlet (LS) and triplet
(HS) states were found for the Ti,Cly species located within one

Cl—Mg—Cl layer (Figure 3). The LS structure 2b (that is the
structure in which there are no any unpaired spins) was 1.9 kcal/
mol more favor than the HS structure 2d (that is the structure
with two unpaired spins), thus indicating that Ti,Cls species
located within one Cl—Mg—ClI layer are likely ESR silent.
Besides, starting from the different initial geometries two con-
formations were found for the HS structure (2¢ and 2d). The
structure 2d with terminal CI atoms located closer to the (104)
MgCl, surface was more stable than the structure 2¢ probable due
to the electrostatic interaction between the Cl anions of Ti,Clg
and MgCl, surface. As for catalytic properties of dimeric Ti
species residing within one CI—Mg—Cl layer on the (104) MgCl,
surface, the most stable structure 2b must generate stereospecific
active centers, similar to Ti,Cl; complex forming upon reduction
only one of two Tiatoms in structure 1b, due to the steric effect of
the CI(Ti) atom that is the most distant from the surface.

For zip Ti,Clg species, three spin states were obtained: closed-
shell singlet (LS state), triplet (HS state), and, in contrast
to TixCly species located within a CI-Mg—Cl layer, broken



8168 Macromolecules, Vol. 42, No. 21, 2009

Stukalov et al.

Figure 4. Spin wave generated by antiferromagnetic zip Ti,Cls complexes (2f) on the (104) MgCl, surface. The arrows show spin magnetic moment on

the Ti atoms.

symmetry singlet (antiferromagnetic), in which the first Ti atom
has positive spin magnetic moment while the second Ti atom has
negative spin magnetic moment (Figure 4 demonstrates the
resulting spin wave on the (104) MgCl, surface), although the
total spin magnetic moment is 0 as in case of closed-shell singlet.
All these states had geometries quite similar to each other and so
only the more stable 2f structure is given in Figure 3. It is quite
unexpected that in the case of the zip Ti,Cly complex the
antiferromagnetic 2f state is significantly more stable (by 8—
9 kcal/mol) as compared to closed-shell singlet 2e and triplet 2g
states, whereas in the case of the Ti,Cls complex located within a
Cl—Mg—Cl layer we failed to succeed in producing an antiferro-
magnetic state at all. Moreover, structure 2f is the most stable
among all the calculated TiCl; and Ti,Clg species (see Table 1).
Since spins localized on the Ti atoms are bound in antiferromag-
netic 2f state, zip Ti,Cls species residing on the dominant (104)

MgCl, surface should be expected to be ESR silent. It therefore
allows us to rationalize the fact that the most Ti(III) incorporated
in activated MgCl, is ESR silent. Thus, zip Ti species 2f are
the most probable Ti(IIT) state in the TiCly/MgCl, sample
interacted with trialkylaluminum, and so further we will consider
the stereoregulating properties of active centers which can be
generated upon the reduction of zip Ti,Clg species 1c.
Interaction of zip Ti,Clg species with triethylaluminum can
result in the elimination of several Cl atoms and formation of
Ti—C bonds. To take into account the simplest active centers
of Ti(IIT) one or two CI atoms were removed, and one Cl atom
was substituted by ethyl radical. The corresponding structures
are presented in Figure 5. The structures with two bridge Cl
atoms 3b and 3d were more stable than the structures with
one bridge Cl atom 3a and 3¢ (Table 1). The ESR active struc-
ture 3b can be supposed to behave as a stereospecific center
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Figure 5. Active centers generated from zip Ti,Clg species (1¢) on the (104) MgCl, surface. Mg and Cl atoms are represented by the bigger balls colored
in dark blue and sage-green, accordingly. Ti, C, and H atoms are depicted by the smaller balls colored in black, green, and azure, respectively.

Figure 6. Complexes of Ti(IV) on the (110) MgCl, surface. Ti, Mg, and Cl atoms are colored in black, dark blue, and sage-green, respectively.

(which produces isotactic polypropylene) due to the strong steric
effect from the terminal CI atom on the alkyl radical (growing
polymer chain), while the ESR silent structure 3d is an aspecific
center (which produces atactic polypropylene) since the terminal
Cl atom is absent.

It should be noted that dinuclear Ti(IV) species 1b located
within one CI—Mg—Cl layer on the (104) MgCl, surface, which
are considered so far, can only result in the formation of
stereospecific centers upon the reduction to Ti(IIl). Therefore,
such complexes can not explain the fact that in the absence of
Lewis bases aspecific sites dominate over stereospecific sites.*> In
turn, zip Ti,Clg species also residing on the dominant (104)
MgCl, surface upon the reduction can produce both aspecific

Ti,CIsEt and stereospecific Ti,CIgEt sites. The former must
prevail over the latter because the amount of Ti(IV), which makes
up the Ti,ClgEt sites, is small enough in catalyst. Thus, zip Ti,Cls
complexes make it possible to rationalize the domination of
aspecific active sites over stereospecific one and the absence of
ESR signal for the most Ti(IIT) on the activated MgCl, surface.

The (110) MgCl, surface, which can be supposed to contain less
potential adsorption sites than the (104) MgCl, surface, may be
one of the main source of active center heterogeneity, and so it
deserves careful consideration too. In contrast to the (104) surface
there is a wide variety of mononuclear Ti(IV) species on the (110)
surface: octahedral complex located within a Cl—Mg—Cllayer 4a,
octahedral complex located within two Cl—Mg—Cl layers 4b and
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tetrahedral complex 4¢ (Figure 6). The octahedral species 4a are
more stable by about twice times (Table 2) than the others because
Ti atom in that has the highest possible number of neighboring
Cl atoms and geometry of corresponding adsorption site enables
to form the Ti—Cl(MgCl,) bonds with length close to that of the
Mg(MgCly)—CI(TiCly).

Recently an idea of dimeric Ti species on the (110) surface has
been suggested by Terano et al.'> To build a complete picture we
following Terano modeled dimeric Ti,Clg complex too. It is
unexpected that the dimeric species 4d have the same stability
as the monomeric species 4a, though one Tiatom in 4d has a single
CI(TiCly)—Mg bond (Figure 6). The opposite result—an extre-
mely low stability of dimeric Ti,Clg species on the (110) surface
as compared to mononuclear one—was obtained in ref 12.

Table 2. Adsorption Energies, Ti—Ti Distances, and Spin States of
Ti(IV) and Ti(III) Species on the (110) MgCl, Surface

spin
magnetic
moment®
Eads» Erclalivcav Ti—Ti N
label species kcal/mol kcal/mol Ti distance, A Arn® Ti(D)? Ti)¢
4a  TiCly 22.8 0 0
4b  TiCly 10.1 —12.7 0
4c  TiCly 12.3 —10.5 0
4d  TiClg 46.8 +0.6 4.12 0
5a  TiCl, 41.3 0 1 +1.01
5b  Ti,Clg 107.0 +12.2 2.95 0 0.00  0.00
5¢  Ti,Clg 111.3 +14.4 3.23 0 +1.04 —1.00
5d Ti,Clg 108.2 +12.8 3.34 2 +0.74 +1.32
5¢  Ti,Clg 99.5 +8.4 3.61 0 0.00  0.00
5f  Ti,Clg 107.4 +12.4 3.66 0 +0.84 —0.89
5¢ Ti,Clg 105.6 +11.5 3.63 2 +1.50 +0.53
“Erelative = Eags(dimeric species)/2 — E,qs(monomeric species),

Eretative(monomeric species) = 0. °An = n(spin-up) — n(spin-down).
“In bohr magnetons. “In the corresponding figures, Ti(1) is the left Ti
atom, whereas Ti(2) is the right Ti atom.
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This difference can be associated with the fact that PBE functional
was used in that work,'> whereas PW91 functional was employed
in the present contribution. A surprisingly large and consistent
discrepancy between PBE and PWOI results was observed for
example in ref 31. Thus, the mononuclear 4a and dinuclear 4d
species can be believed to the most plausible Ti(IV) state on the
(110) MgCl, surface. An additional argument in favor of 4d
species formation is more molar ration Ti/Mg = 4/3 as compared
to equimolar one for 4a species that may provide a larger energy
gain for all the (110) MgCl, surface.

To analyze ESR sensitivity of the (110) MgCl, surface 4a and
4d complexes as the most reliable were reduced by removing one
or two Cl atoms in order to produce monomeric TiCl; and
dimeric Ti,Clg species, accordingly (see Figure 7). Since complex
4d has two groups of nonequivalent dangling Cl atoms, two
isomers are potential: 5¢ species with two dangling Cl atoms
removed from the right Ti atom and 5f species with ones removed
from the right and left Ti atoms. For each of these dimeric species
three spin states were considered: closed-shell singlet, triplet and
broken symmetry singlet. The antiferromagnetic state (broken
symmetry singlet) was the most preferable among them for both
these species: energy profit with regard to triplet state was
3.1 kcal/mol for the former species and 1.8 kcal/mol for the latter
species. As a result, both the complexes can be supposed to be
ESR silent.

Although 5c¢ species are 4.9 kcal/mol more stable than 5f, we
believe that both the complexes are possible because the mecha-
nism of TiCly species reduction by trialkylaluminum should be
expected to determine largely the preference of one species or
another to form rather than relative stability of the resulting
complexes. As pointed out in ref 12, the species Sc¢ seems to
generate stereoselective active sites due to the steric effect of the
terminal CI atom at the right Ti atom, however the rigorous
evidence of this assumption is still pending. The 5a and 5f species
would certainly produce aspecific active centers as they possess
no chirality. Thus, with equal facility several Ti(IIT) complexes on
the (110) surface are possible: ESR active aspecific species Sa,

§
~

Figure 7. Complexes of Ti(III) on the (110) MgCl, surface. Ti, Mg, and Cl atoms are colored in black, dark blue, and sage-green, respectively.
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ESR silent aspecific species 5f and ESR silent stereospecific
species Sc. Taking into account experimental fact that 10—20%
of Ti(III) are ESR active in the TiCl,/MgCl, 4+ AIRj; system, one
may conclude that this part of Ti is likely to associate mainly with
the mononuclear Ti species 5a on the (110) MgCl, surface
because on the (104) MgCl, surface the dinuclear Ti,Clg com-
plexes producing ESR silent Ti(III) species are significantly more
favorable as compared to the mononuclear TiCly species giving
ESR active Ti(III) species.

4. Conclusions

A systematic consideration of different Ti(IV) and Ti(III)
species on the (104) and (110) MgCl, surfaces have been imple-
mented within DFT using cyclic boundary conditions. Taking
into consideration zip coordination mode on both the surfaces a
number of new Ti complexes were obtained: mononuclear zip Ti
species on the (110) surface and dinuclear zip Ti complexes on the
(104) surface. The latter are of a great interest since: (i) zip Ti,Clg
complex proved to be the most stable among all Ti(IV) species
residing on the (104) MgCl, surface; (ii) reduction of such species
produces antiferromagnetic (ESR silent) Ti,Clg structure which is
also the most favored among all the other Ti(III) species on this
surface; (iii) zip Ti,Clg species can produce both aspecific (ESR
silent) and stereospecific (ESR active) centers in contrast to
Ti,Clg species located within one CI—Mg—Cl layer on the (104)
surface that must generate only stereospecific centers. Since
dinuclear zip complexes of Ti(IV) and Ti(III) are located on the
dominant (104) MgCl, surface, it allows us to rationalize the
following experimental facts: (i) in the simplest TiCl,/MgCl, +
AIRj system aspecific sites significantly prevail over stereospecific
sites; (i) the most amount of Ti(III) incorporated in activated
MgCl, is ESR silent because antiferromagnetic interaction takes
place in zip Ti,Clg species. The remaining 10—20% of Ti(IlI)
species, being ESR active, are likely to associate mainly with
mononuclear Ti species on the (110) MgCl, surface since mono-
nuclear Ti(I'V) species are as stable as dinuclear one on the (110)
surface, whereas on the (104) MgCl, surface mononuclear TiCly
species producing ESR active Ti(III) species are significantly less
favorable as compared to dinuclear Ti,Clg complexes giving ESR
silent Ti(III) species.

Although the analysis involved is certainly not ultimate and
dogmatic, we believe that it will promote a deeper insight into the
multiplicity and structure of the real active sites in MgCly-
supported Ziegler—Natta catalysts.
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