
New monodisperse ethylene–propylene copolymers and a
block copolymer, highly syndiotactic polypropylene-b-
poly(ethylene-co-propylene), were synthesized with a titanium
complex having fluorine-containing phenoxy-imine chelate lig-
ands, an FI Catalyst, using methylalumoxane (MAO) as a
cocatalyst.  Analysis using transmission electron microscopy
(TEM) suggests that the well-defined block copolymer possess-
es high potential as a compatibilizer.  

Recently, research on living olefin polymerization catalysts
has been intensive since living olefin polymerizations can be used
for the preparation of precisely-controlled polymers such as
monodisperse polymers, terminally functionalized polymers, and
block copolymers, all of which are expected to display novel
properties and uses.  Recent advances in the rational design of
high performance living olefin polymerization catalysts have
enabled the synthesis of many of the before mentioned precisely-
controlled polymers.1 However, the preparation of ethylene-based
monodisperse ethylene–α-olefin copolymers and block copoly-
mers consisting of crystalline and amorphous segments remains a
challenge.  Previously, we found, as a result of ligand-oriented
catalyst design research, that group 4 transition metal complexes
featuring a pair of non-symmetric phenoxy-imine chelate ligands,
named FI Catalysts, display high catalytic performance for olefin
polymerization. 2 Recently, we discovered and applied for a
patent in which titanium FI Catalysts having fluorine(s) in the lig-
and promote unprecedented living olefin polymerization resulting
in the production of monodisperse polymers and copolymers, and
various block copolymers from ethylene and α -olefins.3

Therefore, in this paper, we would like to describe the synthesis of
ethylene-based monodisperse ethylene–propylene copolymers and
a highly syndiotactic polypropylene-b-poly(ethylene-co-propy-
lene) block copolymer, a block copolymer consisting of crys-
talline and amorphous segments, using a titanium FI Catalyst pos-
sessing N-(3-tert-butylsalicylidene)pentafluoroaniline ligands.  In
addition, we would also like to report evaluation results of the
well-defined block copolymer using transmission electron
microscopy (TEM) for the first time.  

The FI Catalyst employed in this study is bis[N-(3-tert-
butylsalicylidene)-2,3,4,5,6-pentafluoroanilinato]titanium(IV)
dichloride (complex 1, Figure 1).  The synthesis of complex 1
has already been reported.3f,3g Preparation of monodisperse

ethylene–propylene copolymers requires a catalyst which dis-
plays high performance for the living polymerization of both
ethylene and propylene.  Since, as reported previously,3 com-
plex 1 promotes living polymerization of ethylene and propy-
lene, exhibiting high performance, we tried to synthesize
monodisperse ethylene–propylene copolymers.   

Copolymerizations of ethylene with propylene were carried
out under atmospheric pressure at 25 °C with complex 1 using
methylalumoxane (MAO) as a cocatalyst (Table 1).  In all
cases, ethylene–propylene copolymer having extremely narrow
polydispersity (Mw/Mn: 1.07–1.13) was obtained.  The produced
copolymers possess propylene contents in the range of 14.7 to
47.9 mol%.  These are the first examples of the syntheses of
ethylene-based monodisperse ethylene–propylene copolymers.
These results together with our previous results3 indicate that
complex 1 is capable of generating monodisperse polymers,
ranging from polyethylenes, ethylene–propylene copolymers
with various propylene contents to highly syndiotactic
polypropylenes, making it possible to create block copolymers
having a variety of segments and thus compositions. 

An A–B diblock copolymer, highly syndiotactic
polypropylene-b-poly(ethylene-co-propylene), from propylene
and ethylene was prepared using complex 1 / MAO catalyst
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system under atmospheric pressure at 25 °C (Table 2).  Thus,
after the preparation of syndiotactic polypropylene (sPP) seg-
ment (propylene: 100 L/h, 5 h), the propylene gas feed was
stopped and, at the same time, the ethylene gas feed (1.5 L/h,
40 min) was initiated to create a sequential poly(ethylene-co-
propylene) segment.  An overlay of the monomodal GPC elu-
tion curves for the sPP A block (Mn: 27000, Mw/Mn: 1.13) and
the final sPP-b-poly(ethylene-co-propylene) A–B diblock (Mn:
161000, Mw/Mn: 1.51)4 indicates a shift towards higher molecu-
lar weight range while retaining reasonably narrow polydisper-
sity (Figure 2), demonstrating the creation of the desired block
copolymer.  The poly(ethylene-co-propylene) segment of the
block copolymer is estimated to possess a propylene content of
31.8 mol%.  The peak melting temperature (Tm) of the pro-
duced block copolymer is 127 °C, the value being lower than
the corresponding sPP (rr = 87%, Tm = 137 °C, Table 2, entry
2).  The decrease in Tm of the block copolymer is probably
ascribed to the fact that the crystalline state is disturbed by the
segregation process of incompatible components comprised of
sPP and poly(ethylene-co-propylene) segments which are
chemically linked, further confirming the formation of the
block copolymer.  This is probably the first synthesis of a high-
ly syndiotactic polypropylene-b-poly(ethylene-co-propylene)
block copolymer as introduced in the patent,3a though very
recently the preparation of a similar block copolymer using a
similar FI Catalyst has been reported.5

TEM was used to investigate the morphology of the press-
sheets made of the sPP-b-poly(ethylene-co-propylene) [Table 2,
entry 1] and sPP [Table 2, entry 2] / poly(ethylene-co-propy-
lene) [Table 2, entry 3] blend polymer.  The TEM micrograph
of the block copolymer shows well-defined morphology of
micro phase separation compared with that of the blend poly-
mer (Figure 3).  In Figure 3 (A), white domains corresponding
to the sPP segment form a very fine and uniform nanostructue,
while those of the blend polymer (Figure 3 (B)) display coarse
and non-uniform domains.  Therefore, the well-defined block

copolymer is suggested to have a high potential as a compatibi-
lizer.  

In summary, new monodisperse ethylene–propylene copoly-
mers and a block copolymer, highly syndiotactic polypropylene-b-
poly(ethylene-co-propylene), have been synthesized from propy-
lene and ethylene using an FI Catalyst.  As anticipated, TEM
analysis indicates that the block copolymer possesses a high poten-
tial as a compatibilizer.  Thus, the usefulness of the FI Catalyst liv-
ing polymerization technology has been demonstrated.  
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