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Polymerization of ethylene on zirconocene cutalysts was studied with the density func-
tional theory. The approach proposcd previously for the model system Cp-ZrEt™ + CoHy was
extended to substituted zirconocene catalysts (RCp);ZrEt". which allowed us to compare the
results of cajculations with the experimentally found rate constants of chain propagation. The
ethyl fragment was demonstrated to be an adequate model for a growing polymer chain. The
order of decrease in the activation anergy of chain propagation calcutated for compounds with
R = H., Mz, Pr?, and Bu™ is in qualitative agrzement with the experimenial data. However, the
guantitative description gave underestimated theoretical rate constants ot chamn propagation
compared to the experimental values. o the case of polvatkyi-substituted zirconocenes
(R = 1.2-Me;, or Mey), no correlation between the cafculated and experimental characteristics
was observed. The results were gxplained using the simplest model reaction of the replacement
of the MeMAO™ counterion by an ethylene molecule accompanied by displacement of the
former (o the otter coordination sphere of the Zr atom. This step was demonstrated to control
the kinetics of the process. tt was concluded that the isolated-cation model used in early
investigations 1§ npot adequate and calls for modification with regard to the effect of the
coumerion.
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Density functional study of ethylene polymerization on zirconocene catalysts

funchional theory.

Quantum-chemical calculations find increasing ap-
plication in studics of mechanisms of catalytic processes,
in particular, of oletin polymerization on zirconocene
catalysts. The uapplication of the functional density
theory2—% made it possible to substantially increase the
sizes of the systems under investigation (up to tens of
atoms with the use of 1000 and more basis functions)
and to perform guantitative comparison of the results of
quantum-chemical calculations with the data from ki-
netic studies. In the present work, we carried out such
comparison for a series of alkyl-substituted zirconocenes.

1t is commonly accepted that ion pair 1 1s a species
catalyzing polymerization of terminal olefins. In real
catalytic systems. jon pairs 1 are as a rule generated by
the treatment of dichlorozirconocene with u large excess
of methvlatumoxane (MAO). In this case, zirconocene is
initially methylated foilowed by the formation of an
adduct (1) of CpyZrMe; with MAO. which directly
reacts with olefin and initiates its polymerization’
{Scheme 1).

The weakly nucleophitic anion MeMAO™ is an
alumoxane globule with an unknown structure of s10i-
chiometric composition (AIOMe),,.

It was suggested that the general scheme of the
catalvtic cycle involves two major Steps, vig.. the reac-
tion of the catalyst with an ethylene molecule to form an

* For Part 1, see Refl 1.
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ntermediate complex in which Alkyl designates a grow-
ing polvmer chain (reaction (1)) and isomerization of
this intermediate. leading to a polvmer chain elongated
by a monomer unit (reaction (2)).

Up to now, step (2) has been considered as the rate-
determining reaction stage in all theoretical studies. In
particular, this conclusion was made in the theoretical
studies?—® in which the model system {Cp,ZrEt” ~CaHy}
was cxamined in detarl with the use of the densiy
functional theory. In the previous communication.! we
have confirmed the gualitative conclusions made in the
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cited works by studving the same system with the use of
the PBE density funcrional and extended basis sets.
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It was demonstrated? =9 that the major channel of
polymer chain propagation involves the conversion of
fi-agostic adduct 2 into a-agostc complex 4 followed by
the insertion of an ethylene molecule at the Zr—C bond

through transition state 5 1o form y-agostic product 6.
Transition statc 5 is either characterized by a noticcably
lower energy than that of 3% or not iocalized on the
potential energy surface of the system at all.™ In the
latter case. the reaction proceeds without a barner and.
hence, has no effect on the kinetics of ¢chain propaga-
tion. Complex 2 is converted into compound 4 through
transition state 3 with cleavage of the B-agostic bond
accompanicd by rotation of the ethyl group about the
Zr—C bond. In this connection, we estimated the acti-
vation energy of chain propagation as the difterence
between the energies of transition state 3 and complex 2.

Apparently, interactions within the contact 1on pair
CprZrAlkyl™MeMAO™ cannot be ignored in real cata-
Ivtic systems. The reaction with ethylene 1s accompanied
by replacement of the MeMAO™ counterion to the outer
coordination sphere of Zr. If the Me™ anion is used as
the simplest model of MeMAO™, the ability of
zircanocene 1 add ethvlene giving ris¢e 1o a separated
ionic pair may be characterized by the free activation
enerzy {AGyy) of the reaction

(RCD)?Z((E:H\AQ + CQHA =i

=== [{RCp)ZriECoH,]" + Me™. (3)

The aim of this work was to examine the agreement
between the results of theoretical studies!=® and the
experimental kinetic parameters determined previously?®
tor a scries of alkyl-substituted zirconocene catalysts.
This comparison allows one to ¢valuate the correctness
of the descriprion of a real catalytic system by the mode!
of an 1solated cation.

Calculation procedure

All calculations were carried out as described previously. !
We used the density functional. which includes the electron
density gradient.® The program used in calculations involves
Gaussian basis sets for solving the Kohn—Sham equations and
the expansion of the electron density m an auxiliary basis
set.'® The following contracted orbital basis sets were used:
(3s1p)/13s1pl. (11s6p2dy/)6s5p2d], and (21s16pt2d)/|15s12p7d]
for H, C, and Zr. respectivelv. The auxiliary basis sets consisted
of uncontracted Gaussian functions of dimensions (3s!p),
(10s3p3dIN. and (2159p9d8fRe) ror H. C. and Zr, respectively.
In the optimization of the geometry. no canstraints were im-
posed on the tocal svmmetry. The type of stationary points was
determined by analvtical calculations of second dernvatives of
the encrgy.

Results and Discussion
Choice of a model for a growing polymer chain

In studies of the unsubstituted zirconocene cata-
lyst,1=® no consideration has been given 10 the choice of
a hydrocarbon fragment as a mode! of a growing poly-
mer chain such that calculations would ¢nsure the inde-
pendence of the final results of calculations from the
length of this fragmeni. However, this problem is of
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fundamental importance in discussion of guantitative
charactenstics of the catalyst.

Using the unsubstituted alkvlzirconocene cation as
an example, we considered the question of whether the
difference between the cnergies of 3 and 2 depends on
the type of the alkyl group (Et. Pr, Bu, er.) bound to
the metal atom. In the previous studies. either Me ' or
CH>Me 26 were chosen as models of a growing poly-
mer chain. which, in principle, may be inadequate to
correctly describe the process.

Scheme 3
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The activation energies of the rearrangement of com-
plex 2 into complex 4 through transition state 3 calcu-
lated for different alkyl groups bound to the Zr atom
{X = H, Mec, Et, or Pr) are given in Table |. As can be
seen from Table I, the AE values increase only slightly as
the chain length increases. However, a simultancous
increase in the entropy of activation AS»g compensates
for this effect and the AGgy value for the reaction is
virtually independent of the chain length. Therefore. the
use of the ethyl group (X = H) as a model of the
polymer chain for solving the above-mentioned problem
scems 1o be reasonable. Hereinafter we will use this
approximation.

Reactions of dialkyl-substituted ethylzirconocene cations
[(RCp),ZrErJ* (R = Me, Pr", or Bu™) with an ethylene
molecule

Investigation of the mechanism of the reaction of
ethylzirconocene cations {R = Me. Pr, or Bu") with an
ethylene molecule demonstrated that in all cases the
structures of intermediates and transition states (inctud-
ing the mutual crientation of the substituents in the Cp
rings) are very similar and only the quantitative charac-
teristics of the reaction change in this series. Hence, ail
possible intermediate structures appearing in the course
of the transformation of complex 2 into 4 can be

Table 1. Activation encrgies and thermodynamic paratneters of
transinon states 3 of isomerization of f-agostic complex 2 into 4.

R Vimnayg AE AHy AH:()H AG}QR AS—_N)K
Jem™! keal mol—! Jeul mot™! K

H 1724 3.20 3.86 3.9% 3.66 1.09

Me 150 5.25 3.96 4.07 3406 2.03

Et 152 336 4.02 4.15 3.44 2.39

Pr 152i .51 4.7 4.30 335 2.32

Note. The image frequencies (vy,.,.). the activation energies
without considering the zero-point energies (AE) and taking
into account these energies (AHp). the enthalpies of activation
(A Hagg), the entropies of activation (ASyg,), and the free activa-
ton energies (AGgy) for transition states 3 of isomerization of
B-agostic complex 2 into 4.

considered in detail using the [(MeCp)>,ZrEt] ™ cation as
an example.

Siruciures and energies of intermediates of
[(MeCp)>Zr( EiyCoH,f*. Stationary points corresponding
to four B-agostic complexes [(MeCp),Zr(Et)C,H, 7
(7Ta—d), which differ in the mutual arrangement of the
Me groups. were located on the potential energy surface
of the [(McCp)ZrEt}™+CoHy system. Their structures
are shown in Fig. 1. The thermodynamic characteristics of
the complexes are given in Table 2. The relative energies
(AE) of Ta—d are 0, 0.06, 0.16, and 0.47 kcal mol™!,
respectively. The differences in the energy of the opti-
mized structures are small and comparable with the en-
ergy of thermal motion at ~20 °C (~0.6 kcal mol™!). The
standard A Ghgg values increase in the series of complexes
Ta—d in paralle] with an increase in the energy. Hence, it
is appropriate to constder compounds 7a and 7b, possess-
ing the lowest energies, as the initial states.

Fig. 1. Structures of the complexes [(MeCp).Ze(CyH ) EY ™
Ta (@), Th {b). e (o), and Td (4).
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Table 2. Encrgies and thermodynamic parameters of the con-
formers of B-agostic complex 7, [(MeCp)Zr(EOC,H, )™

Com- AE AH,‘) 3//19_1 _\(;‘_\9” '_'\S'_)g};
pound keal mol-! Jeal mol™h K1
7b 0.06 047 0.11 0.20 —~0.33
Te 0.16 0.20) 0.26 0.29 —0.43
7d 0.47 0.39 0.30 (.50 -0.02
Note. The parameters are given relative to conformer 7a. for

which all values presented in the table are taken as zero.

Structures and energies of transition states of the reac-
tion [(MeCp)-ZrEr]™+C-H, The general set of transi-
tions states 8a—f in the course of chain propagation
(Fig. 2) corresponds 10 complexes 7a and 7b. The
energies of 8a—f are 4.7, 3.3, 5.5, 5.7, 5.8, and
6.2 keal mol™!, respectively. The energies and the ther-
modynamic parameters of transition states 8a—f are
given in Table 3.

As can be seen from Table 3. transition state 8a is
characterized by the Jowest energy. Hence, this transi-
tion state would be expected to play the key role in the
model reaction under consideration. The activation en-
ergy AHy of state 8a (3.8 kcal mol™') is virtually identi-
cal to the AH, value for the reaction of the unsubstituted
ethyizirconocene cation (3.98 kcal mol ~!; compound 3
in Table 3). A comparison of the calculated A Gy values
demonstrated that transition state 8e is characterized by
the lowest free energy. Calculations of vibration frequen-
cies and. consequently, of entropies of such complex
systems in the harmonic approximation can give errone-
ous results. Thercfore, the AGhgg values given in Table 3
can be considered only as approximate values for real
catalysts. However, the probability of the results being
erroneous decreases in the case of examination of the
overall range of the values A Ghgg(8a)—AGhgg(8e).

The reactions of [ RCp) »ZrEt]* (R = Pr' or Bu") with
an ethylene molecule. The energies and thermodynamic
characteristics of intermediate complexes and transition
states for other dialkyl-substituted (R = Pr? or Bu")
zirconocenes (Table 4) were calculated analogously.

The enthalpies of activation AH,, for isomerization of
B-agostic adduct 2 to form a-agostic complex 4 change

(4

f/ % .
't':"“’?'f\ ~
&N [ N,
‘ B
\.

Fig. 2. Structures of transition states 8 of isomerization of the
complexes [(MeCp),Zr(CH)EL™: 8a (a). 8b (b). 8¢ (c). 84
(). Be (¢), and 8f (/).

in the series 3.9 (R Hy, 3.8 (R Me. 8a). 3.7
(R = Pr", 8a). and 3.5 kcal mol™' (R = Bu", 8a). The
standard AGygg values change n the same series as
follows: 3.7 (R = H), 3.3—=3.6 (R = Me, 8a—e), 3.3--3.5
{R = Pr", 8a—e), and 2.9—-3.1 kcal mol™! (R = Bu",
8a—e). At 326 K. the calculated AGqy, values are 3.6

Table 3. Energies and thermodynamic parameters of transition states 8a—f of chain propagation in the case of Me-substituted

zirconocene catalvsts

Compound Vimag AE AH, AHg AGayy AS298
Jem™! kcal moi—! scat mol™! K™
3 1734 3.20 3.86 3.98 3.66 1.09
8a 1461 4.89 3.79 3.76 3.61 0.49
8b 179 5.43 4.21 4.33 3.92 £.29
8¢ 1621 5.54 4.4 4.41 4.03 1.30
8d 1334 5.71 1.56 4.56 4.04 1.76
8e 1621 5.82 4.75 4.73 3.3 4.84
8f (BT 3.82 4.77 4.77 4.381 -0.14

Note. For states 3. the values are given relative to complex 2; for state 8a—f, the values are given relative to 7a.
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Table 4. Energies and thermodynamic parameters of the con-

formers of B-agostic complex 7, {(RCpy-Zr(EHC,H,]T. and of
transition states 8a and 8e of chain propagation in the case of

Pr- and Bu-substituted zirconocene catalysts

Com- Vimag Ay ;\H() S //3«)5 ,‘.(I\_u)‘\ !\53\)\
pound fem™! veal mol ! jeat mol™! K71
R = Pr

7b — 093 0.13 0.04 0.28 —-{) %1
8a 1434 4.81 EA! 3.74 347 042
Ze 1531 562 438 4.34 3.27 4.26

R = Bu
7b -~ =006 0.04 =001 (.00 -1.03
8a 1374 1.77 3.50 3.39 3.09 1.66
8e 1504 5.38 4.235 448 295 3.2

Note. The parameters are given relative o conformer 7a, for
which all values presented in the table are taken as zero.

Me. 8a—e). 3.2--3.4 (R = Pi",
8a—e).

(R=H), 3236 (R =
Sa-—e), and 28--3.1 keal mol™! (R = Bu".
which are very similar to the standard values.

Therefore, according to the experimental data,¥ the
rate constant of chain propagation should increase on
going from the usubstituted complex to the butyl-substi-
tuted dernivative,

Within the framework of the absolute reaction rate
theory 12 the rate constant of a monemolecular reaction
is proportional te exp(—AG*/RT). Then, with the rate
constant for the unsubstituted zirconocene catalyvst taken
as unity, the calculated rate constants of chain propaga-
tion at 326 K are 1 (H), —2.0 (Me), 1.3=2.1 (P"),
and 2.4—3.3(Bu"), whereas the ratio between the expen-
mental vatues® is T (H) 1.3 (Me) - 9.7(Pry - 117
{Bu"). From these findings we conclude that the quanti-
tative description gave underestimated rate constants of
chain propagation for R = Pr” or Bu" compured to the
corresponding experimental values. Apparently, there is
at least one more parameter controlling the Kinetics of
the process other than the cnergy of isomerizauion of
B-agostic complex 7 into the corresponding u-agostic
complex through transition state 8.

Reactions of polymethyl-substituted ethylzirconocene
cations [(Me,Cp)>ZrEt]* (n = 2 or 4) with an ethylene
molecule

Let us examine whether calculations provide reliable
predictions of the properties of the polvalkyl-substituted
ethylzirconocene cations [(Me,Cp)hZrEt]™ (n =2 or 4).

Siructures and energies of intermediates and transition
states of the reaction [(1,2-Me-Cp)>ZrEr]™+C-H, Sta-
tionary points corresponding to four fB-agostic com-
plexes [(1,2-MesCp),Zrl EC,yHyl™ (Ta—d). which dif-
fer in the murual arrangement of the Me groups,
were located on the potential energy surface of the

{{1.2-MeCp),ZrEt]"+CaH, system. The structures of

the agostic complexes are shown i Fig. 3. The re ”mw:
energies are . 0.47, 1.24. and 1.72 kcal mol”

for 7a. 7b, 7c, and 7d, respectively. The arrange-
ment of the substituents in conformer 7a corre-
sponds to that observed in the crystal structure of
(1.2-Me,Cp)rZrMeFMeB(CyFs)5 studied previously. '3 In
the structure of conformer 7h, the methyl substituenis
are located at maximum possible distances both from
each other and from the atoms of the ethvl fragment and
the ethylene molecule. Other conformers (7¢ and 7d) are
characterized by noticeably higher energies and are not
considered from here on.

Of two possible transition states 8a and 8b (see
Fig. 3, e-—/) appearing in the course of isomerization of
B-agostic complex 7 into the corresponding «-agostic
complex, state 8a is characterized by lower values of the
enerey £ (Table $), aH, and the free energy AGags
Hence, state 8a should be considered as a transition state
of the key stage of chain propagation. Then, the activa-
tion energy of this stage is 4.4 (3.8 for R = Me) keal mol ™!
and AGagg = 4.2 (3.6=-3.3 for R = Me) keal mol™i,

Structures and energies of imermediates and iransition
states of the reaction [(Me,Cp)sZrEtf™+C,H, The struc-
tures of adduct 7 formed by {(MeyCp)oZrEt]™ with an
ethylene molecule and transition state 8 of the rate-

Fig. 3. Structures of the complexes [(1,2-Me,Cp)ZriC-Hy)Et]”
and the corresponding transition states of their isomerization:
Ta (a). Thib). Te (), Td (), 8a {e). and 8b ().
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Table 5. Energics and thermodynamic parameters of the con-
formers of -agostic complexes 7. [(Me,,Cp),ZH{EOC Hy| ™ (0 =
2 or 4), and transition states 8 of the chain-propagation reaction

Com- n Vipag A £ Ay A H:L)R fAY G:u)g A.S.:()g
pound Jem! Keat mol=! seat mol~t K!
b - 047 033 049 1.20 ~-2.39
8a 2 1471 5350 4.39 4.49 4.23 0.87
8h I3 6.09 528 320 6.02 -2.75
8 4 83t 378 360 3.29 4.39 -3.67

Note. The parimeters are given relative to conformer 7a, for
which all values presented in the table are taken as zero.

determining reaction stage were optimized. The energy
and thermodvnamic characteristics of these structures
are given in Table 3. For the key stage of the reaction,
AHy = 3.6 keal mol~!, which is noticeably smalier than
that in the case of R = 1.2-Me;, (4.4 keal mol™) and is
approximately cqual to that in the case of R = Me
(3.8 kcal mol™)): the free activation energy AGyyy =
4.4 keal mol™ (4.2 and 3.6--3.3 kcal mol™! for R =
£.2-Me, and R = Me. respectively).

The rate constant of a monomolecular reaction is
proportional to exp(—~AG*/RT) and, consequently, the
dependence of AG® on In & should be linear.!? The
dependence of the AG%5y, values (for 8a—e and 7a).
which were calculated in the present work for the stage
of 1somerization of f-agostic complex 7 into the corre-
sponding a-agostic complex, on the Jogarithm of the
experimental rate constant of chain propagation mea-
sured previoushy® is shown in Fig. 4. The theoretical
values presented in Fig. 4 were calculated at 326 K (the
temperature at which the rate constants were experimen-
tally measured). The logarithm of the experimental rate
constant of chain propagation increases in the series
H—Me—1.2-Me;—Mey—Pr'—Bu®. It can be seen from
Fig. 4 that the AG%,, values caleulated for the series of
dialkyl-substituted zirconocenes (R = Me, Pr*, or Bu™)
linearly depend on the experimentally measured rate
constants of chain prapagation. However, the calculated
parameters for polymethyl-substituted zirconocenes
(R = 12-Me, or Me,) noticeably deviate from this
dependence. For the polvmethyl-substituted zircono-
cenes, the AG;y, values are substantially higher than the
corresponding values for all other catalysts under con-
sideration. including unsubstituted zirconocene (R = Cp).
This signifies that the rate constants of chain propaga-
tion for these two zirconocenes should be smaller than
those for the remaining compounds. Nevertheless, these
zirconocenes are intermediates between the compounds
with R = Me and Pr (see Fig. 4).

Therefore, there is no correlation between the caicu-
lated and experimental parameters in the case of
polvalkyl-substituted zirconocenes (R = 1.2-Me, or
Meg). Apparently. this indicates that the kinetics of the
process is controlled also by factors other than the
energy of 1somerization of B-agostic complex 7 into the

A GBJZ()/}(C:“ mol™!

461
a2

38+

REINY MeCp

»

26tk BII(,D

s I

4.3 30 353 6.0 6.5 7.0

— n i

Intkep)
Fig. 4. Dependence of the calculated AG%, values on the
jogarithm of the expenimental rate constants of chain propa-
pation.

corresponding a-agostic complex through transition state
8. To account for the results obtained. we attempted to
estimate the effects (of the direction and extent) of other
stages on the kKinetics of the process.

Reaction of the catalysts with the MeMAQO™ counterion

To elucidate the effect of reaction (1) on the kinetics
of chain propagation, let us consider the simplest model
(4) for reaction (1):

(RCP)Zr(Et)Me (9) + CHH, ===
=== [(RCp):Zr{ELIC-H,1™ (7a) + Me™. 1)

This reaction describes equilibrium  between (3-agostic
adduct 7a, which is directly involved in the key stage of
the reaction. and the latent statc of catalyst 9. The
energies and the standard thermodynamic characteristics
of reaction (4) are given in Table 6. The dependence of
the calculated AAG;y values for reaction (4) on the
experimental parameters (= 326 K) is shown in Fig. 5.
The AAGry values are equal to AGyag on condition that
AG 3y for the compound with R = Me, is taken as zero. It
can be seen from Fig. 5 that the dependence of AAG; on
In & in the series of zirconocenes with R = H, Me, Pr",
and Bu® is 1o a first approximation finear. The AAGia,
value decreases in the series of the compounds under
consideration, i.e., the addition ot the ethylene molecule
giving rise 10 a separated ion pair is thermodynamically
more favorable for the substituents containing a large
number of C atoms, which, in turn, should lead to an
increase in the experimental effective rate constant of
chain propagation. It is the contribution of this stage o
the overall kinetics of the process that may be responsibie
for the stronger dependence of the experimental rate
constants on the length of the hydrocarbon substituent in
the cyclopentadienyl ring compared to the dependence of
the rate constants calculated from AGagg of activation.

In the case of polymethvl-substituted zirconocenes,
the dependence deviates from linearity. The data shown
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Table 6. Energies and thermodynamic parameters for model reaction (4) with the cocatalyst

Parameter H Me P Bu” 1.2-Me, Me,
AE/keal mot™! 173.03 170,18 168.63 168.22 169.08 167.04
AHy/keal mol™! i71.75 168.56 167.18 166.48 167.55 1635.69
Athgg/keat mol™! 17193 166.88 167.43 167.09 167.84 163.86
ASyyscal mol ™! K -3.08 —3.54 —4.26 -~4.71 —1.87 -5.49
AGygikeal mol 7 17284 169.54 168.70 168.30 165.40 {67.50
A3Gygg/keal mol™! To account for the results obtained in this work, the
Cp simplest model reaction (3) of the replacement of the
St g MeMAO ™ counterion by an ethylene molecule followed
nt by the displacement of the former to the outer coordina-
tion sphere about the Zr atom was considered. Both
3k stages of the process, viz., (1) and (2), were demon-
5 strated to make comparable contributions to the kinetics
-7 of the process under study. Unlike the isolared cation
L model, the ionic pair model?d-15 alfows one to study
ol interaction with the counterion.

- L This work was financially supported by a Grant from
the President of the Russian Federation (the Program

-2 I T e s o T k) "Young Doctors.” Project No. 96-135-969997).

Fig. 5. Dependence of the caleulated a6y, values for model
reaction (3) on the logarithm of the expermmentat rate constants
of chain propagation. For [(Mce,Cp),Zr(CyH )HEY T, the caleu-
lated A Gy value is taken as zero.

in Fig. 3 indicate that the addition of ethylene to these
compounds and the formation of separated ion pairs
should procecd more readily than those in the case of all
other zirconocenes under consideration and, correspond-
ingly, the experimental effective rate constants are higher
than those calculated from the AG values. These differ-
ences are responsibie for the discrepancy between the
experimental and calculated rate constants of chain
propagation. From this it follows that stage (1) contrib-
utes significantly 1o the kinetics of the process.

In the present work, the mechanism of the reaction
of the substituted ethylzirconocene cations (RCp),ZrEt™
with an ethyiene molecule s analyzed in detail for the
first time. This made 1t possible to compare the results of
calculations with the experimental data on rate constants
of chain propagation.

The use of the model of an isolared cation. which
does not take 1nto account nteractions with the
MeMAO™ counterion, allows one to obtain only the
qualitative correspondence between the calculated and
measured kinetic characteristics in the simplest homolo-
gous scries of dialkyl-substituted catalvsts (R = H, Me,
P or Bu). The quantitative examination as well as the
extenston of the range of zirconocenes under consider-
ation by including the polyatkyl-substituted compounds
(R =1,2-Me- or Mey) led to the absence of the correla-
tion between the calculated and experimental character-
istics.
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