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The recent development of single-site homogeneous
catalysts based on well-defined coordination compounds
has created new opportunities to control the composi-
tion, molecular weight, and stereochemistry of poly-
olefins.1-6 The majority of olefin polymerization cata-
lysts are intolerant of most functionalized monomers.1,7,8

Few methods exist for copolymerizing functionalized
monomers with olefins, and these methods remain
limited in the range of monomers that can be copoly-
merized efficiently.9-25 We have recently described a
strategy for the copolymerization of alkoxyamines with
olefins; the alkoxyamine comonomers function as free-
radical initiators allowing for the synthesis of graft
copolymers.13,18 Polyolefins with blocks or grafts of
functionalized polymers would have improved adhesion
to and compatibility with metals, glass, or other poly-
mers and are an interesting synthetic target. In this
contribution, we report the synthesis of polyethylene
graft copolymers containing low levels of grafts of
functionalized homopolymers and block polymers along
the backbone.

We synthesized the graft polymers in two steps
(Scheme 1). In the first step the polyethylene backbone
was prepared by the catalytic copolymerization of eth-
ylene, butene (approximately 10-20% weight fraction),
and alkoxyamine, 1, using bis(n-butylcyclopentadienyl)-
zirconium dichloride and methylaluminoxane (Scheme
1).13,18,26 This metallocene was shown by others to yield
highly linear polyethylene.27 Butene was copolymerized
with the ethylene to increase the solubility and ease of
handling of the backbone; linear polyethylene with no
short-chain branches has poor solubility in most sol-
vents. In the second step the grafts were polymerized
from the backbones using the alkoxyamines as the
initiators. The levels of incorporation of the alkoxyamines
(vide infra) were kept low to provide very low grafting
densities on the polyethylenes. The alkoxyamine co-
monomer was designed to incorporate a cleavable
tertiary amine and a recently developed alkoxyamine
which was shown by Hawker et al. to polymerize
styrenes, acrylates, and dienes in a controlled manner
(Scheme 1).28-31

These nitroxide-based polymerizations meet most of
the criteria of living systems: the polymers show a
linear increase in molecular weight with respect to
conversion of the monomer, the polymers have low

polydispersities, and the polymerizations can be used
to prepare block copolymers. We choose this method for
synthesizing the grafts because of the range of mono-
mers that could be polymerized, the control over the
molecular weight and polydispersity of the grafts, and
the ease of polymerization. This synthetic strategy
provides a means for independently controlling the
length and number of grafts as well as the olefinic
composition and microstructure of the polyolefin back-
bone.5,13,18,32

The free-radical grafting reactions were carried out
in the presence of a small amount (approximately 50
mg) of the initiator 2 (Scheme 1); polymerizations in the
absence of 2 were not well controlled, and the resultant
polymers were insoluble and believed to be cross-linked.
Under these conditions, the grafts and homopolymers
were synthesized simultaneously. Provided that initia-
tion and propagation from 2 proceed as efficiently from
the copolymerized 1, the molecular weights and poly-
dispersities of the homopolymers, G1, should be similar
to that of the grafted chains. We tested this assumption
by measuring the molecular weight and polydispersity
of the grafts and comparing these to the values for the
homopolymer G1. The grafts were bonded to the back-
bone through an amine; this amine was cleaved by from
the backbone by reacting with a chloroformate (Scheme
2). The branches were easily recovered and character-
ized by GPC. The grafts of entry 1 in Table 1 that had
been cleaved from the backbone had values for the Mn
and polydispersity, PDI, of 67 000 g/mol and 1.20, which
were very similar to those of G1 (Table 1). Thus, for all
other entries in Table 1, we could deduce the molecular
weights and polydispersites of the grafts from the
characteristics of the homopolymers G1 and G2.

As we were particularly interested in low grafting
densities, the determination of the number of grafts
presented an analytical challenge. The number of
branch points in the backbone was too low to count by
NMR or IR methods so we developed a method to count
them. The number of grafting sites was calculated from
the molecular weights of the backbone polymers and
grafts and the mole fraction of the grafts in the final
polymer. First, we measured the viscosity molecular
weight of the backbone. Next, we synthesized the grafts
in the presence of 2 and separated the homopolymer
from the grafted polymer. The homopolymer was char-
acterized by gel permeation chromatography to find the
molecular weight and polydispersity of the graft, and
the grafted polymer was characterized by 1H NMR to
find the ratio of the grafts to the backbone. From this
information the number of grafts per backbone was
calculated.

The polymers that we synthesized are listed in Table
1. The viscosity molecular weights, Mv, of the backbones
ranged from 268 000 to 417 000 g/mol, and the number
of grafts per backbone ranged from 0.20 to 1.13. The
PDI’s of the grafts were mostly below 1.20. In entries
1-4 we synthesized backbones and grafts with similar
molecular weights but with different numbers of grafts
per backbone. In entries 5-7 we used the same back-
bone to synthesize grafts with decreasing molecular
weights. We also prepared a series of graft block
copolymers analogously (entries 6, 8, and 9). Four
general types of graft block copolymers were prepared;
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styrene-block-butadiene (entry 6), butadiene-block-
styrene (entry 8), butyl acrylate-block-styrene (entry 9a),
and butyl acrylate-block-butadiene (entry 9b).

In summary, we have shown that the copolymeriza-
tion of olefinic alkoxyamines provides a general strategy
to prepare polyolefin graft copolymers. A particular
advantage of this approach is the ability to prepare
graft block copolymers. Although many different
methods to synthesize polyolefin graft copolymers are
known, few allow for the controlled synthesis of blocky
grafts.12,13,17,18,33 These materials might be expected to
exhibit unusual morphologies in the solid state, as

observed for the linear triblock copolymers.34-36 Further
studies to investigate the phase morphology as well as
to extend this method to other architectures are in
progress.16,20,27,37-43
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Scheme 1. Synthesis of Graft Block Copolymers

Scheme 2. Cleavage of Grafts from the Backbones

Table 1. Characterization of the Backbones and Grafts

entry Mv
a (g/mol) NB

b
no. of

grafts/chain graft1
c

Mn of G1
d,e

(g/mol) PDI of G1
d graft2

Mn of G2
d,f

(g/mol) PDI of G2
c

1 291 000 13 1.13 S 63 000 1.20
67 000g 1.20g

2 287 000 18 0.72 S 67 000 1.19
3 318 000 13 0.39 S 65 000 1.19
4 268 000 8.1 0.20 S 53 000 1.17
5 417 000 10 0.93 S 65 000 1.20
6 417 000 10 0.94 S 42 000 1.14 Bd 53 000 1.17
7 417 000 10 1.30 S 25 000 1.21
8 417 000 10 0.90 Bd 47 000 1.18 S 24 000 1.25
9a 417 000 10 0.80 BA 22 000 1.26 S 44 000 1.16
9b 417 000 10 0.80 BA 22 000 1.26 Bd 66 000 1.18

a Viscosity average molecular weight of the backbone. b Weight fraction of butene in the backbone. c S ) styrene, Bd ) butadiene, and
BA ) n-butyl acrylate. d Measured against polystyrene standards by GPC. e G1 is the homopolymer synthesized concurrently with the
first graft. f G2 is the homopolymer synthesized concurrently with the second graft. g Measured from the grafts that were cleaved from
the backbone.
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