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Effect of substituents on the catalytic properties of
bis{cyclopentadienyl)zirconium dichloride complexes with
polymethylaluminoxane and AlBul;/CPh;B(C¢Fs)4 cocatalysts
in ethylene polymerization
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The catalytic properties of the complexes (RCp),ZrCl, (R = H, Me, Pri, Bu", Bu,
MecSi, cvelo-CH, ), and Me,SiCp*NBu*ZrCl, (Cp~ = C. ;(CH;1,) combined with the
‘\]Bll'~—CPh B(Q s)y cocatalyst in ethylene polvmenzalmn wcn, studied. The spe-
cific activity of Lhu %uhsmutcd bis-cyclopentadienyl complexes decreases in the sc-
quence: Me > Pri > Bu" > Bul > Me,Si > cyclo-C, ¢H. |, which corresponds to the activity
sequence for these complexes activated by pol\«methxlalummomne (MAQ) but is 4—20
times lower in absolute value. Comparison of the polvethylene samples obtained in the
presence of the same complexes with MAO and /\lBuiJ—-CPh3B(C6F5)4 cocatalysts
showed that polyethvlene with much higher molecular mass. melting point, and
crystallinity is formed in the presence of the ternary catalytic systems, and this
indicates a different nature of the active sites of the catalytic systems. The effective
activation energy of polymerization (~3.6 kcal mol™Yy, first order with respect to
monomer and ~0.4 order with respect to organoaluminum component, was found for
the (Pré Cp),ZrCl, ——,\iBu‘~—CPi1 B{CF ), catalytic system. It was proposed on the
basis of the kinctic data that Al'Bus enters into the composition of the active site to form
a bridged heteronuclear cationic Lomplc‘(

Key words: metallocene catalysts, zirconocenes, ethylene polymerization. kinetics of
polymerization. active site. perfluorophenyl borates, polymethylaluminoxane, effect of sub-
stituents.

Metallocene complexes of group 1VB L,MX, (L are LMMe, + B(CFg)y — L,M*Me. MeBT(CgFg)y
unsubstituted or substituted n-bound ligands. cycl.opcnta-
dienyl (Cp). indenyl (Ind), and fluorenyl (Flu); M =
Ti, Zr, Hf; X = CI, AlK) combined with polvmethyi-
aluminoxane (MAO) are known to be highly efficient
catalysts for olefin polymerization. It is widely accepted1—
> that electron-deficient cationic complexes are formed
in these catalvtic systems under MAOQO action:

—

L,MMe, + CPh,B(C4Fs),
— L,M*Me...B"(C4Fy), + CPh Me

However, this approach to the formation of the active
site has some limitations. First, it is necessary to pre-
liminarily alkylate metallocenc dichloride and to sepa-
rate the cationic complex. 310 Sometimes such a cat-

L,MX, + MAO —  L,M*Me...X- MAO™

Since MAQO has been discovered as a highly efficient
cocatalyst for metallocene complexes.® it remained the
single efficient aclivator for the catalvtic system for a
long time. It has been found laterd-7—? thar cationic
complexes exhibiting high activity in olefin polymeriza-
tion are also formed as a result of interaction between
perfluorophenyl! boranes and borates and dimethyl de-
rivatives of metallocenes.

jonic complex cannot be obtained in individual form.
Second, a low thermal stability of dialkylmetallocenes
and metallocene-borate complexes as compared to -
dichlorides results in poor reproducibility of experi-
ments. In addition, high concentrations of metallocencs
are required, 2—3 times higher than those of the com-
plexes providing maximnum activity during activation by
MAO. Due to high reactivity of cationic complexes.
side reactions with other components of a reaction
medium (for instance, with neutral dimethy]l deriva-
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tives) occur,
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producing the dimeric cationic com-
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LM ML, | BTGy,
Me Me

LM*Me...B(C4Fs),

The maximum activity of the complexes formed by
MAOQ activation is abserved at an excess of the cocata-
lyst (Al : Zr = (03—10%, providing also elimination of
the water admixture from the reaction medium. When
perfluorophenyl boranes and perfluorophenyl borates
are used, the reactions with the water admixture can
result in fast deactivation of the cationic complexes. [t
has been reported previousiy!® that the catalytically
active complexes cannot be obtained at even very high
concentrations of metallocene and trityl perfluorophenyt
borate (~1-1073 mol L7hH.

The catalvtically active complexes can be separated
from metallocene dichlorides by their /n sizu alkylation
with trialkylaluminum followed by generation of the
cationic complex with the aid of perfluorophenyl bo-
rates. 14—16 This approach allows the catalvtically active
systems to be obtained at low concentrations of
metallocene, a small excess of organoaluminum compo-
nent, and a stoichiometric transition metal : borate
ratio. Data are available in the literature1’=2% on the use
of aluminum alkyls (for example. trisobutylaluminum
(AlBu‘_x)) as cocatalysts for metatlocenes supported on
the surface of inorganic supports pretreated with MAO.
However, data on the nature of the active sites formed
in the ternary catalvtic systems (metallocene dichlo-
ride—AIR ;—perfluorophenyl borates or boranes) are ab-
sent. AIR; are assumed to act only at the stage of
preliminary alkylation of the dichloride complex or as
reagents that purifv the reaction medium from the water
admixture. However, the participation of AlBu'; in the
reactions producing the catalytically active cationic com-
plexes cannot consist only in alkylation of the dichlo-
ride complex. Thus, the equilibrium formation of cata-
Ivtically active heteronuclear bridged complexes caused
by AIR; (R = Me. Et) has been reported!t:21:22:

£ L,MMe, —

[— -+
+AIMe,, | .M _Me
LM BY(CFy), === 1, M 8>Al\ |B-(C4Fa)s
N s -AlMe < Me | -
Me % ' Me J

= Zr, Hf

The literature data on the effect of the organoaluminum
compound on the catalytic properties of these ternary
catalvtic systems are scanty,23.24

In this work, the catalytic activity of zirconocene
dichlorides Cp,ZrCl, (Cp). (MeCp),ZrCl, (MeCp).
(PriCp),ZrCl, (PriCp)., (Bu"Cp), Z:Cl, (Bu“Cp),
(Bll‘Cp)jerl (BuiCp). (Me3S|Cp)7ZrCI, (Me,SiCp).
(Cy(,p)~ZrCl2 (Cy = cyclo-C¢H,,, CyCp). and
Me,SiCp*NBu'ZrCl, (Cp* = Mc4C5‘ Cp*NBu') in

ethylene polymerization with the use of AlBu'y as an
alkylating agent followed by the formation of the cata-
lytically active cationic complexcs with the aid of
CPh,B(CF;), were studied as well as the properties of
polymers tormed. The catalytic properties of the substi-
tuted non-bridging zirconocene dichlorides upon their
activation by MAO and AlBu';—CPh;B(C(F,), and the
properties of the polyethylene samples obtained were
compared.

Experimental

All preparations of catalysts were carried out in an argon
atrmosphere. The solvent (toluene) was purified according to a
standard procedure. It was distilled over sodium, then twice
over LiAIH , and stored under argon.

Zirconocenes® and CPhyB(C F ), were synthesized ac-
cording to known proudur(.s Trnsobutvlulummum was used as
a 25% solution in toluene {(Aldrich). Argon and ethylene were
dried by passing through a column with activated molecular
sieves SA.

Polvmerization under ethylenc pressure <1 atm was carried
out in a glass reaction vessel. Toluene and AlBu‘ were placed
into a thermostatted reactor equipped with a StrTeT in an argon
atmosphere at room temperature. Argon was removed and the
solution was saturated with ethylene up to required pressure.
After ethylene had been dissolved completely (in 3—10 min).
the zirconocene complex was introduced. The solution was
stirred for 5§ min at room temperature, then the temperature
and monomer pressure were increased up to specified values.
and a solution of CPh;B(Ct\FS)4 in toluene was added. The
introduction of the latter component of the cocatalyst was
taken as the starting point of polymerization. The kinetics of
polymerization was measured by consumption of cthylene at a
constant menomer pressure. Polymerization was stopped by a
10% solution of HCl in ethanol. The polymer was filtered,
washed with alcohol and water, and dried to a constant weight
at 60 °C in a vacuum. Polymerization at an cthylene pressure
above atmospheric was performed in a high-pressure
thermostatied stainless-steel reactor equipped with a stirrer and
a system for introducing the components of the catalytic sys-
tem. The sequence of introducing the components and the feed
of monomer were the same as in the runs in the glass reactor.

The melting points of polymers were determined on a
DSM-3 scanning calorimeter (heating rate 3 deg min™!). The
crystallinity of samples was calculated by referring the specific
intcgral intensity of the heat-evolution peak to the specitic
melting heat of the polyethylene single crystal (PE)27 (64,5
cal g '). The molecular mass of the polyethylene samples was
estimated by measuring the viscosity of polymer solutions n
decalin at a temperature of 133 °C. The coefficients in the
Mark— Kithn—Howink equation for polyethyvlene were K
46-107% 0 =073

Results and Discussion

All the complexes were active in ethyvlene polymer-
ization in the presence of the AlBui;—CPh;B(C.F.),
cocatalyst. We did not observe monomer consumption
and PE formation when only AlBu‘3 was introduced in
metallocene solutions at a concentration of the complex
<t - 1073 mol L™}
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" Fig. 1. Comparison of the consumption rates (R} of ethylene

by the catalytic systems L,ZrCl, with MAO (/. 2. 3. ) ([Zr] =

<1077 mol, Al : Zr = 2000, ethylenc pressure, 0. )4 atm.
toluanc 30 =C)28 and with AlBu’ —CPh BICFo, (17, 27, 3.
4y ([Zr) = 61077 mol. Al : Zr= 500, B : 7r = |, ethylene
pressure, | aum, toluene, 20 °C) as cocatalysts. Ligand: ¢ —
MeCp (1. 1'): PriCp (2, 2°3: Bu"Cp (3. 3'): BulCp (4. 4°): b
— CpH (/. 1) (the conditions of polvmerization sce in Table
1): Me SiCp (2. 27 cyelo-CgH | Cp (3. 37).

Due to substantial difference in the kinetics of ethyl-
ene consumption, it 1s tmpossible to compare the activi-
ties of the catalytic systems in the presence of
various activators in conventional units, the weight
of PE (mol Zr)™! (h atm)™! or with respect to the
specific yield of polvethylene. In our opinion, the initial
rates of ethylene consumption can be used as character-
istics of the catalytic properties of the systems studied.
The compiexes with alkyl substituents in the cyclopenta-
dienyl ring (MeCp, PriCp. Bu"Cp, BuiCp) activated by
AlBu';—CPh;B(C¢F), (Table ) exhibited high initial
activity that rapidly dropped in several minutes (Fig. 1,
a). In the system with unsubstituted zirconocene (Cp)
and the complexes with non-alkyl substituents in the
ring (Me,;SiCp, CyCp). ethylene was consumed more
stowly (see Fig. 2, b). The initial rates of cthylene
consumption in the catalytic systems activated by MAQ?8
(Table 2) are significantly higher for both unsubstituted
Cp,ZrCl, and for the complexes with substituents in the
cydopcntddleml ring. These ditferences are likely due
1o a different nature of the active sites. which deter-
mines the reactivity of the metal—carbon bond.

The formation of PE in a toluene suspension consid-
erably differs. In the presence of the first three com-
plexes, a gelatinous polymeric product was formed in-
stantly over the whole reaction volume. In the case of
the remaining four complexes, the PE particles were
formed gradually such as in the catalytic systems with
MAOQO as cocatalyst. We suppose that a sharp decrease in
the polymerization rates in the presence of the first
three zirconocenes and AlBu';—CPh,B(C(Fy), as co-
catalyst is not due to only deactivation of the cationic
complexes. The catalytic systems in which the rates of
ethylene consumption drastically decreased retained their
activity even after 24 h. The most probable reason for
this behavior is the encapsulation of the active sites by
the gelatinous polymer formed and. as a consequence,
the appearance of diffusion limitations for the monomer
approach to the active site.

Table 1. Ethylene polymerization in the presence of the catalytic systems zirconocene dichloride—AIBu';—CPh;B(C¢Fs), and some

characteristics of the PE samples

Run Complex Li- ot a ES? T, ¢ p Al:Zr RY4 Y/ge M, M.pS
gand /°C Jatm (t,/min) /°C
! (MeCp)-ZrCly Me =05 -03 20 1.0 500 780 0.13(8) 397000 134
2 A(PriCp),ZrCl, ©oPr- 0.7 -1 30 1.0 - 500 <6720 - 0.10(5) 734000 133
3 (Pr'Cp),ZrCl, pri -0.7 -1.1 30 1.0 400 652 0.07(3) 808000 131
4 (PriCp),ZrChy Pi 07 -l 30010 300 600 0.07(4) 709000 131
5 (Pr'Cp),ZrCl, Prt ~-0.7 -1 30 1.0 200 472 0.07(3) 655000 131
6 (PriCp),ZrCly Pr =0.7 =11 30 1.0 100 350 0.04(3) 535000 133
7 (Pr'Cp)»ZrCl, pri 0.7 —1.1 —20 1.0 500 239 0.07(3) 1000000 136
8 (Pr'Cp),ZrCl, pri —-0.7 =11 0 1.0 300 307 0.13(3) 727000 133
9 (Pr‘Cp)ZZrClz Prt -0.7 —1.1 20 1.0 500 663 0.12(5) 519000 137
10 (PrCp),ZiCl Pi —07  —L 0 100 500 292 2.(5) 509000 134
11 (PrCp),ZrCl, Pri —0.7 =11 20 0.6 300 223 0.13(23) 314000 —
12 (PriCp),ZrCl, pri 0.7 -1 20 0.3 500 147 0.03(25) 230000 —
13 CpyZrCl, H 0 0 20 1.0 100 160 0.15(14) 380000 134

to be continued
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Table 1. continued

Run Compiex Li- *a Al:Zr R Y/ge M

e . . n g

eand /°C Jatm (1,/min) 7°C
14 (Bn_“Cp):ZrClz Bu? —-0.6 -0.8 20 1.0 300 651 0.11(5) 6635000 137
15 (Bu'Cp),ZrCh Bui  —06 —1.4 20 10 500 189 0.12030) 398000 133
16 {(Me3SiCp)-ZrCl,  Mey St —038 =37 25 1.0 560 107 013025 828000 134
17 (CyCp)ZrCl, Cy -06 -1.4 0 1.0 300 11 0.02(30) 382000 -
18 (CyCp)ZrCl Cy —0.6 -14 20 t.0 300 21 0.04(30) 193000 —
19 (CyCp),ZrCl,y Cy —=0.6 —-1.4 30 1.0 500 72 0.09(25) 600000 —
20 (CyCp)ZrCly Cy —0.6 -1.4 40 1.0 500 279 0.09(10) 598000 —
21 Me,SiCp*NBu'ZrCl,  Cy —0.6 -1.4 30 113 260 46 7.9(30) >2000000 137
22 Me,SiCp*NBu!ZiCl, Cy —0.6 -1.4 70 115 260 51 3.8(30) 1820000 3
23 Me,SiCp*NBu'ZrCl, Cy -0.6 -1.4 90 115 260 705 7.6(%) 127000 112

Note. The conditions of polymerization: toluene, {Zr) = 3.0+ 107> mol L™!. @ The Taft inductive constant. ® The Palm steric
constant. © Temperature of polymerization. ¢ The initial rate of ethylene consumption, kg PE (mol Zr)™ (min [CoH )™t ¢ Poiyvmer
yield for the reaction time indicated. / Melting point according to the DSC data.

Table 2. Ethylene polymerization in the presence of the catalytic system zirconocene
dichloride —MAOQ and some characteristics of the PE samples?8

Run Complex A RO ® M M M.pd a
/°C (%)
24 (McCp)yZrCl, 6470 3030 345300 133800¢
49600
25 (PrCp)ZrCly 4535 1730 291200 67000 135 57
26 (BurCp),ZrCl, 2233 830 323300 39600 3 53
27 (Me3SiCp),ZiCl, - 2049 1290 634700 101100 138 59
28 (BuiCp),ZrCl, 1638 780 272900 68700 133 62
20 (CyCphZiCly 1265 990 196600 74900

Note. The conditions of polymerization: toluene. 20 mL; [Zr] = 2+ 1077 mol L4
cocatalyst. Al 1 Zr = 2000 tempersature of polymerization, 30 °C; ethylene pressure, 0.34
atm. @ Catalvtic activity, kg PE (mol Zr h)~t. ® The initial rate of ethylene consumption,
kg PE (mol Zr)~! {min {C,H,])~! ¢According to the data of gas-vapor chromatogra-
phy. 4 According to the data of DSC: « is the degree of crystallinity. ¢ Bimodal

distribution.

With respect to the initial reaction rates and the poly-
mer yield, all the complexes activated by AlBu';—
CPh;B(C¢F), can be arranged in the sequence of de-
creasing activity: MeCp > PriCp > Bu"Cp > Bu'Cp >
Me;SiCp > CyCp. This sequence as a whole corresponds

initial consumption rates (R for ethylene in the pres-
ence of the substituted and unsubstituted complexes is
connected with the constants o* and E” by a linear
relation

to that found by _uszs for the complexes activated by ln(R"CDR/R"Cp) = pa* + SEL,
MAO: MeCp > PrCp > Bu"Cp > Me,SiCp > Bu'Cp >
CyCp (see Table 2). We have shown previously?® that the where p = —4.23, 3 = 1.18. As can be seen in Fig. 2,

logarithm- of the specific catalytic activity closely matches
the inductive Taft constant (o*) and the steric Palm
constant (E”).2% A similar linear dependence of the
potentials of electrochemical reduction on the combined
effect of substituents has been found for the series of
titanocenes substituted in the cvclopentadienyl ring.3?
Since both processes, polymerization and electrochemi-
cal reduction, reflect the reactivity of the bond between
transition metal and o-bound ligand, the transition state
should be sensitive to the electronic and steric effects of
substituents. We found for the temary catalytic systems
studied in this work that the logarithm of the ratio of the

the Jogarithms of neormalized initial rates linearly in-
crease with an increasing combined effect of substitu-
ents. The active site formed in the ternary catalytic
systems is significantly more sensitive to the electronic
effect of substituents than that formed under the action
of MAO.28

Comparison of the Arrhenius dependences for eth-
ylene polymerization in the systems containing zircono-
cene (PriCp),ZrCl, activated by MAO and AlBu'y—
CPh;B(C(F5), showed that the values of the effective
activation energy (£, are close: 5.5+1.1 keal mol™!
and 3.6+0.9 kca) mol™!, respectively (Fig. 3). Such low
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Fig. 2. Dependence of the logarithms of the reduced initial
raes (Rp”) of cthylene polymerization on the combined effect
of substitients for a series of monosubstituted zirconocenes
activated by AlBui;—CPh3B(C¢Fs)y. The conditions of poly-
merization: toluene, 20 mb: 20 °C: [Zr] = 6- 1077 mol; Al : Zr
= 3500; B : Zr = 1: ethylene pressure, | atm.

E,; valucs are typical of ethylene polymenzation in the
presence of cationic complexes of group VB elements,
whereas the £, values for the series of complexes
studied by us and activated by MAO, including steri-
cally hindered disubstituted*zirconocene Cv,Cp, are
Jess than 8—10 kcal mol™!. The significantly higher
£, value for the (CyCp),ZrCl, complex activated by
AlBul;—~CPhB(C,Fy), (21.0%1.5 kcal mol™!) suggests
that in this case formation of the active cationic com-
plex under the action of AlBu';—CPh;B(C,F), is a rate
determining step.

An abnormal dependence of the molecular param-
eters of the PE samples on the reaction temperature
(T.) was observed for the ternary catalytic systems. The
M T, function for samples prepared in the presence
of PrCp,ZrCl,—AlBu';—CPh;B(CF;), passes through

8 -
6 -
gt
3
2 . " ; . . "
2.8 3.0 32 34 3.6 38 4.0
T 103/K!
Fig. 3. The Arrhenius plot for the initial consumption rates

(R of ethylene by the catalytic systems: PriCpZZrClz—MAO
(1), PrCp.ZrCl,—AlIBu';—-CPhiB(C¢F<)3 (2). (cyclo-
CbHl1)Cp:ZrClz~—f\]BUIB'-CPhj‘B(CDFS)Q (J)

a minimum in the region of 15—20 °C and the M, value
increases again at 30 °C (see Table 1, runs 2, 7—9).
These findings are reproducible for the PE samples
prepared with the use of CyCp and AlBu';—
CPh,B(C,F), (see Table 1, runs 77—20). This anomaly
is likely due to the participation of AlBu', in the forma-
tion of the various active sites, depending on the reac-
tion conditions.

We attempted to examine this assumption with the
example of the catalvtic system (Pr'Cp),ZrCl,—AlBul;—
CPhyB(C F), by studving the effect of concentrations
of the monomer and orzanoaluminum compound on
the kinetics of polymerization. The reaction has the first
order with respect to the monomer and the effective
order ~0.4 with respect to AlBul;. When the molar ratio
Al @ Zr was increased from 100 to 400, the catalytic
activity increased by ~2 times and simultaneously the
molecular mass of the polymer significantly increased
(Fig. 4). Some decrease in the molecular mass was
observed at Al : Zr = 500. Similar effects of activity
growth (by ~2.6 times) and the bell-shaped dependence
of the molecular mass on the concentration of AlBuly
have been observed previously?3 for ethylene polymer-
ization in the catalytic system Cp,ZrCl,—B(C¢F;);—
AlBu'; and for propenc polymerization?? in the catalytic
system rac-Me,Silnd,ZrCl,—AIBu';—CPh;B(C(F), (an
increase in the activity by ~2 times and an increase in
the molecular mass from 56000 to 64000 along with an
increase in the Al : Zr ratio from 250 to 500). However,
examination of the 3C NMR spectra of the polypropy-
lene samples has shown?* that AlBul;, unlike AlEt,,
does not participate in the chain transfer reactions. In
the latter case, an increase in the concentration of AlEt,
results 1 a sharp decrease in the catalytic activity and
the molecular mass of the polymer. Similar depen-
dences of the catalyvtic activity and molecular masses on
the concentration of AIR; (R = Me, Et) have been
found!! for the catalvtic system Cp,ZrMe,—
CPh,B(C(Fy),. The authors!! supposed that the chain

300y

i {870
< 700t =
T 600} 17

- 500t

~ 16

N I

= 400

= 15

£ 300f

) N . . , —

3 100 200 300 400 500

= Al/Zr/mol mol™!

Fig. 4. Dependences the initial polymerization rate (/) and
of the molecular mass of the polyethyvlene samples (2) on
the Al : Zr ratio for the catalytic system PriCp,ZrCl,—AlBui;—
CPh;B(CeF5)4.
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Fig. 5. The kinetics of ethylene polymerization in the presence
of the catalytic system Me,SiCp*NBu'ZrCly—AlBu';—
CPhaB(CyF3)y at T of reaction (°C): 30 (1) 70 (2: 90 (3) (for
the rest of the reaction conditions sez Table 1, vuns 2/—23).

transfer to an organoaluminum compound and the equi-
librium formation of bridged hererometallic complexes,
which are inactive in polymerization, through the reac-
tion between LIZr*‘ Me and AR, can explain the effects
mentioned. The above data suggest that the role of
.»\lBu‘3 consists in not only alkylation of zirconium
dichloride complex followed by the formation of the
cationic complex under the action of perfluorophenyl
borate but also in the formation of the active site, most
probably. in the form of bridged (alkyl or alkyl halide)
Zr—R—Al cationic complexes.

The activity of the ternary catalytic systems and the
molecular mass of the polymer formed are interrelated:
the most active complexes produce polyethylene samples
with the least molecular masses. Thus, high-molecular
PE (~2000000 g mol™!; see Table 1, runs 27 and 22) is
formed upon polymerization in the presence of the least
active complex Cp*NBu' combined with AlBu';—
CPhyB(C¢F;),. When MAO was used as a cocatalyst,
this complex produced PE with a molecular mass of
212000 in similar conditions.3! The molecular mass of
PE obtained in the presence of the zirconium complex
with the Me;Si ligand that is the next in the activity
sequence of the complexes studied is equal to 828000
8 mol"‘ (run /6), other conditions being the same, and
the molecular mass of the PE obtained in the preserice
of the more active PriCp is equal to 734000 g mol™!
(run 2). As a whale, the molecular masses of PE samples
formed in the ternary catalytic systems are substantially
higher than those of polymers obtained in the presence
of similar complexes activated by MAO. According to
the DSC data, the samples of PE prepared without
MAO have higher degrees of crystallinity (63—70%).
These facts give evidence of the ditference in the active
sites in the catalytic systems under comparison. One can
suggest that the reactivity of the metal—carbon bond in
the active site formed in the temary catalytic system

determines not onty the insertion rate of an olefin but
also the rate of chain transfer.

The results of experiments with the ternary catalvtic
system containing the complex with a "constrained ge-
ometry” Me,SiCp*NBu'ZrCl,—AlBui;—CPh,B(C(F),
also reveal the possible tormation of active sites of
various types, depending on the reaction conditions and
zirconocene nature, when the catalyst was activated by
AlBu';. The basic NBu' group is directly bound to the
active site that is more electron-deficient as compared
to the derivatives of (RCp),ZrCt, and more open steri-
cally. The effect of the steric constituent is increased by
the negative inductive effect. resulting in low initial
rates of ethyvlene polymerization and high molecular
masses of PE obtained in the presence of this complex
activated by AIBu';—CPh;B(C,F;),. Ethylene is con-
sumed at temperatures of 30 and 70 °C with a low
constant rate (Fig. 3). An increase in the temperature
from 70 to 90 >C resulted unexpectedly in a 14-fold
increase in the initial rate followed by exponential decay
of polvmerization. The molecular mass of PE obtained
at the reaction temperature of 90 °C is 14 times lower
than that of PE obtained at 70 °C (see Table 1, runs 22
and 23). Such a sharp change in the catalytic perfor-
mance of the system and the molecular mass of PE
because of an increase 1 temperature can be due to the
formation of complexes of other types in the presence of
AlBui;. One can assume that the dialkylation stage and
the formation of the bridged heteronuclear complex
without the electron-acceptor chloride ligand precede
the formation of the active cationic complex in the
presence of borate at high temperature.
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