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lodine-transfer polymerization (ITP) of ethylene and
copolymerization with vinyl acetate

A. Wolpers,a F. Baffie,a L. Verrieux,» L. Perrin,o V. Monteil,a,* F. D’Agostoa*

Abstract: The first example of a controlled radical polymerization of
ethylene using iodine transfer polymerization (ITP) is performed
under mild conditions (< 100 °C and < 200 bar). Different
commercially available, cheap, and non-toxic iodo alkyls (R-I) were
used as chain-transfer agents (CTAs) in combination with 2,2’-
azobis(2-methylpropionitrile) (AIBN) to investigate the impact of the
R-group on the polymerization behaviour. These systems showed no
rate retardation and no significant loss of chain ends. The formed
well-defined end-capped polyethylene—iodine (PE-I) species is very
stable upon storage. Narrow molar-mass distributions with
dispersities around 1.6 were obtained up to number average molar
masses Mn of 7300 g mol1. The copolymerization by ITP (ITcoP) of
ethylene with vinyl acetate (VAc) to form poly(ethylene-co-vinyl
acetate) (EVA) copolymer was also successful. By fine tuning the
ethylene pressure and the vinyl acetate content, a broad range of
copolymers containing from 0 to 85 mol% of VAc unit was achieved.
By reactivating the iodo chain-end, block copolymer structures
composed of ethylene and VAc such as poly(ethylene-co-vinyl
acetate)-b-polyethylene (EVA-b-PE) or gradient block copopolymers
EVA-b-EVA with different content of VAc in the blocks were obtained
for the first time using ITP. This highly versatile synthetic platform
provides a straightforward access to a diverse range of well-defined
PE based polymer materials. Finally, reactivity trends were explored
by a theoretical mechanistic study.

Introduction

Reversible deactivation radical polymerization (RDRP) allows
the synthesis of a wide variety of well-defined polymers.p2,3 After
more than twenty five years of research and developments, a
myriad of new polymer architectures and properties have been
achieved. However, the RDRP of some monomers, sometimes
of major industrial importance,4-7 remains challenging. Among
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them is ethylene, which leads to polyethylene (PE), the most
widely produced polymer in the world. While catalytic
coordination—insertion and free radical polymerizations can
industrially provide a variety of simple materials based on PE,
complex macromolecular architectures from ethylene are difficult
to obtain. Indeed, a new generation of sophisticated polyolefin-
based materials is expected from the synthesis of chain-end
functionalized PE and chain-end functionalized statistical or
block copolymers of ethylene and polar vinyl monomers. After
the development of ethylene radical polymerization under rather
mild conditions (< 300 bar of ethylene pressure and < 100°C),s.9]
our group recently showed that RDRP based on reversible
degenerative chain transfer (DT) (Scheme 1) is able to control
the chain growth of PE. The first successful polymerizations of
ethylene were reported using reversible addition—fragmentation
chain transfer (RAFT) polymerization,[i0,11 quickly followed by
the use of organotellurium-mediated radical polymerization
(TERP).121 Yet, RAFT and TERP systems both suffered from a
distinct side reaction of their intermediate radical species 1 in
case of RAFT (Scheme 1a) and their transition state radical
species 5 in case of TERP (Scheme 1b). PE. is a rather unstable
radical species and thus in the DT main equilibrium of both
systems, a competitive side fragmentation along the stabilizing
Z or L group could be observed. It was especially pronounced
when reversible chain transfer agents (CTA) containing alkyl
stabilizing groups (e.g., Z = OEt (2), L = CHzs (6)) were used. The
reaction continuously decreased the livingness of the chains and
impeded the use of chain end functionalities for further chemistry.
Side-fragmentation could be reduced significantly when
aromatic CTAs (e.g., Z = OPh (3) or N(CH3)Ph (4), L = Ph (7))
were used. However, for the RAFT systems, this went along with
rate retardation. Recently, in a more general study dedicated to
the controlled copolymerization of ethylene and cyclic ketene
acetal, the cobalt-mediated radical homopolymerization
(CoMRP) of ethylene was reported to be controlled without any
side reaction.i1s; However, although very high amounts of the
radical initiator AIBN were used, [AIBN]:[Coll CTA] = 6:1, only
0.52 g of PE could be obtained after 22 h.

Another well-established RDRP technique based on DT is the
iodine-transfer polymerization (ITP),14-16) which requires the use
of iodinated organic molecules that act as reversible CTAs (R-I
in Scheme 1c). Considering the problems of the RAFT and
TERP systems with side fragmentation at transition radicals 1
and 5, ITP seems an ideal candidate to be tested in ethylene
polymerizations; as the ITP mechanism involves the transfer of
one iodine atom only, reactions comparable to side



fragmentation are theoretically impossible. In addition, the used
iodo CTAs (presented below) combine many advantages over
thiocarbonyl thio or organotellurium CTAs used in RAFT or
TERP. Most of them are commercially available, cheap, and
non-toxic. In addition, they are rather insensitive to air and
ambient light, which allows for a convenient handling in the
laboratory. The terminal iodine functionality offers many
possibilities for further processing of the polymer, including
various other polymerization techniques.(i7-221 Most importantly
for a monomer of industrial interest like ethylene, ITP is probably
one of the very few RDRP that has already passed the test of
industrialization for the polymerization of fluorinated monomers
and acrylic acid.[23,24]

The systematic investigation of ITPs of ethylene will be
presented in the present paper for the first time to our knowledge.
The used iodo CTAs (R-I) are shown in Figure 1; they include
species with a primary, a secondary, and a tertiary carbon
attached to the iodine atom (CTA-1, CTA-2, and CTA-3,
respectively) as well as the perfluorinated 1-iodohexane
analogous (CTA-F). This allowed us to investigate the impact of
the R-group on the polymerization behavior. Besides,
poly(ethylene-co-VAc) is of high industrial importance as
commercial additive.

(a) Degenerative chain transfer (DT) in RAFT polymerization (main equilibrium):
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(c) Reversible chain transfer (DT) in ITP (pre-equilibrium):
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Scheme 1. Main equilibrium in both (a) RAFT and (b) TERP with the
respectively observed side fragmentation for ethylene polymerization as well
as (c) pre-equilibrium and main equilibrium in ITP.j10-12 PE and primed PEs
represent different PE chains. ki, ku-1, kex, and Kkex-1 represent reaction rate
coefficients for iodine transfer.
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They are industrially called VAE or EVA when their content
in VAc is high and low, respectively. Considering the very limited
amount of studies on controlling the architecture of EVA or
VAE, 01125291 a successful iodine transfer copolymerization
(ITcoP) of ethylene and vinyl acetate (VAc) could lead to new,
original, well-defined and most importantly easily accessible
EVA and VAE. In addition to the homopolymerizations of
ethylene, we thus investigated ITcoP of ethylene and VAc for a
wide range of different monomer contents.

Experimental Section

The experimental setup and conditions used for the polymerization of
ethylene are similar to our preceding works1o,12] and briefly described in
the following. In a typical procedure, the radical initiator 2,2’-azobis(2-
methylpropionitrile) (AIBN) and the CTA were stirred in 50 mL of dimethyl
carbonate (DMC) in a 160 mL autoclave reactor at a constant
temperature and ethylene pressure (80—200 bar, 60-80 °C). The mixture
was homogeneous and turned into a suspension upon formation of PE.
(This could be observed with a similar type of reactor that was equipped
with a sapphire window but not routinely used for polymerizations.) After
a predetermined polymerization time, the reactor was cooled down,
opened, and the contents were collected with either toluene or acetone.
The polymer yield was determined gravimetrically after evaporation of the
solvents. Copolymerizations of ethylene and VAc were conducted under
similar conditions as the homopolymerizations of ethylene, using a CTA
and AIBN. As the only difference, part of the DMC was replaced by VAc,
so that the total liquid volume stayed at 50 mL. The molar-mass
distribution (MMD) of the resulting polymers was analyzed via size-
exclusion chromatography (SEC) either in THF at 40 °C (universal
calibration with polystyrene) or in 1,2,4-trichlorobenzene at 150 °C
(conventional calibration with PE) if the product was not soluble in THF
(for PE and EVA with %VAc <10 mol%). NMR spectroscopy was
conducted in benzene-d6/tetrachloroethene, 1:2 by volume, at 90 °C on
a 400 MHz spectrometer. Gas chromatography (GC) analyses were
conducted on aliquots of the polymerization medium without further
treatment using dodecane as internal standard. The set-up employed is
a GC-FID (gas chromatography with a flame ionization detector) using an
Agilent 6890HP-5 capillary column. The used substances, the
experimental setup, polymerization procedure, and analytical methods
are more thoroughly described in the Supporting Information.

Results and Discussion

ITP of ethylene 80 bar. Polymerizations were conducted in an
autoclave at 70 °C and 80 bar of ethylene pressure using AIBN
(50 mg, 6.09 mmol L-1) and the iodo CTAs presented in Figure
(18.3 mmol L-1, with a concentration ratio between the CTA and
AIBN, [CTA]:[AIBN], of 3:1 and between ethylene and the CTA,
[ethylene]:[CTA], of 640:1) in 50 mL of the solvent dimethyl
carbonate (DMC). Further details about the polymerization



procedure are presented in the Supporting Information. Figure
la shows the conversion of ethylene versus polymerization time
for the respective systems in comparison to a conventional
polymerization system without CTA. Rather fast polymerizations
and high polymer yields are obtained, while no rate retardation
was observed in comparison to the CTA-free conventional
system, as opposed to previously investigated RAFT systems.[11]
The corresponding molar-mass evolution, i.e., the number-
average molar mass Mn and dispersity © (= Mw/Mn with the
weight-average molar mass Mw), versus ethylene conversion is
presented in Figure 1b (see Figures S1-S4 for corresponding
molar-mass distributions (MMDs)). £ values are low for RDRPs
of ethylene approaching values between 1.5 and 1.7 for higher
Mn. In agreement with the theory of RDRP, the general trend of
Mn values follows the expected linear one while Mn values are
rather close to the theoretical values already at the beginning of
the polymerization. The most striking discrepancy can be seen
for PE obtained from CTA-1, whose Mn values show a
significantly higher offset (between 1500 and 2000 g mol-1). This
indicates slower first deactivation of propagating PEe. by CTA-1
in the pre-equilibrium compared to the other CTAs (see Figure
1c). As a consequence, CTA-1 should also be the most slowly
consumed CTA which was confirmed by GC analysis (Figure S5).
The general order was CTA-1 < CTA-2 < CTA-3 can be
straightforwardly expected as (i) their steric strain and (ii) the
stability of the respective Re. in the pre-equilibrium increases in
the same order.[1530. The fact that CTA-F is consumed much
faster than CTA-1 could also be anticipated, as in literature
polymerizations of vinylidene fluoride (VDF) at 75 °C, the iodine
transfer rate coefficient kr (see Figure 1c) of a CTA with a CF2—|
function was determined to be more than 20 times higher than
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the one of a comparable CTA with a CH2—I function.;sy The
transfer constant Cv of a CTA can be calculated by comparing
its consumption with the ethylene conversion corresponding to
the generation of PE (see Supporting Information).[s1,32

In addition to 70°C, Cu values were determined for
polymerizations at 60 and 80 °C, while the corresponding
polymerization results are provided in Figures S8 and S9. Cu
values of 15.3, 13.4 and 11.6 were determined for CTA-1 and
61.0, 55.3 and 43.8 were obtained for CTA-2, at 60°C, 70°C and
80°C, respectively (Table S1). CTA-3 and CTA-F were
consumed too quickly for a reliable quantification. This reactivity
trend is supported and discussed in light of energy barriers
computed at the DFT level for CTA activation, chain exchange
and monomer addition (see Supporting Information Tables S2-
S5). At all temperatures, the iodine transfer of CTA-2 is about
four times faster than that of CTA-1, while both CTAs show the
general trend of higher Ci at lower temperatures. CTA-1 can be
regarded as a mimic of PE—I in terms of iodine transfer, as for
both species, a primary carbon atom is attached to the iodine
atom. As a result, the Cv value of CTA-1 can be considered as
Cex of the general main equilibrium (Scheme 1c).s11 This
indicates that an increasing rate of iodine transfer compared to
propagation at lower temperatures is a general characteristic in
ITPs of ethylene. Similar observations were made for ITP of
styrene, where the Cex value increased from 3.6 to 4.2 when
decreasing the temperature from 80 to 50 °C.33] Cex values for
ITPs of ethylene are the highest so far compared to ITPs of other
monomers described in the literature — including 3.8 for St (at
70 °C),1331 2.2 for methyl acrylate (at 70 °C),u7 2.6 for methyl
methacrylate (at 80 °C),i34) and 7.5 for VDF (at 75 °C)j31).
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Figure 1. (a) Chemical structures of the used CTAs and (b) ethylene conversion versus polymerization time for ITP systems with the respectively presented CTAs
compared to the conventional radical polymerization performed without CTA and (b) corresponding molar-mass evolutions (from SEC). The conventional radical
polymerization yielded PE with Ma values of about 8000 g mol-1 and B values between 1.7 and 3.5. T = 70 °C, ethylene pressure = 80 bar.



Figure 2 shows an exemplary :tH NMR spectrum of PE
produced in the presence of CTA-F after 3 h (recorded at 90 °C
in the solvent system tetrachloroethylene (TCE)/CsDs 2/1 by
volume). lodine end-capped PE is proven by the methylene
protons adjacent to the iodine atom (triplet signal d and quintet
signal c). Comparison of the intensity of signal a from the
methylene protons neighboring the R-group CsFi3 with the one
of signal d indicates a loss of iodine chain-end functionality of
about only 2% after 3 h. For the other samples of the CTA-F
mediated ethylene polymerization, 0%, 0%, 2%, and 2%
functionality loss was observed after 0.25 h, 0.5 h, 1.5 h,and 6 h,
respectively. This illustrates successful ITP and a very high
livingness of the produced PE chains. It is assumed that the
small loss of functionality is mainly due to elimination of HI since
weak signals between 4.5 and 6.0 ppm indicate the formation of
a terminal double bond.zs5 The presented calculation of
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livingness is not possible for PE from CTAs other than CTA-F as
the signals stemming from protons neighboring the respective R-
groups are superimposed by the PE signals between 0.5 and
1.7 ppm (Figure S10). Equally high percentages of chain-end
functionality are nevertheless expected, as the R-groups are too
far away from the iodine atoms to affect their reactivity toward
degradation. The chain branching common in free radical
polymerization of ethylene is represented by the presence of the
signal at 0.8 ppm. It was quantified via 13C NMR spectroscopy to
approximately 6 branches per 1000 C atoms (see Supporting
Information Figure S11).3s This held true for all PEs obtained
from both ITP and FRP systems under our conditions, which
shows that the ITP mechanism has no impact on the inherent
branching in radical ethylene polymerization. This was expected
as it was already observed for both the RAFT[0 and TERP
technique.12]
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Figure 2. 1H NMR spectrum (in TCE/CsDs at 90 °C) of PE synthesized in the presence of CTA-F (cf. Figure 1, after 3 h). The end group —CHs stems from
intramolecular chain transfer inherent in ethylene radical polymerization. *NMR solvent benzene, - transfer to polymerization solvent DMC.As CTA-F exhibits one of
the highest Cv in homopolymerizations of ethylene and offers the possibility to see both extremities in NMR spectroscopy, we decided to further investigate the

synthesis of higher molar mass PE using CTA-F.

ITP of ethylene 200 bar. To target PE with higher Ma values
along with higher yields via ITP, polymerizations were performed
at 200 bar of ethylene pressure and at 90 or 100 °C under
otherwise identical conditions as presented above (Figure S12-
S14). For these elevated temperatures, the radical initiator was
changed from AIBN to the more stable 1,1'-azobis(cyclohexane
carbonitrile) (ACHN) to keep a radical production equivalent to
the systems studied with AIBN at 70°C.371 Mn values up to 7350
g mol-1 with B values between 1.5 and 1.6 were obtained. This
illustrates the robustness of the polymerization and that relatively
high Mn values can be achieved at high temperatures without
compromising chain-growth control.

Copolymerizations of ethylene and VAc via ITcoP. As far as
we are aware of, there is only one example of statistical
copolymers of ethylene and VAc synthesized by ITcoP.ss) In this
study, only EVAs with VAc contents of 40 mol% were examined,
which were synthesized in the presence of ethyl iodoacetate.
Considering the good control observed for ITP of ethylene
mediated by CTA-F, we anticipated that ITcoP might be a
powerful tool to produce poly(ethylene-co-VAc) from low

contents of VAc (EVAs) to high contents of VAc (VAESs). To
screen the range of targetable VAc contents, copolymerizations
were carried out with different quantities of VAc (replacing part
of the solvent DMC, total volume = 50 mL) and at different
ethylene pressures at 70 °C. The corresponding experiments
are presented in Table 1. Under the used conditions, the
reactivity ratios are expected to be 1.16 for ethylene and 0.78 for
VAc.;39) Both values are similar and close to unity, which leads to
almost random copolymers. Computed energy barriers for
monomer addition to each type of active chain end only differ by,
at most, 0.6 kcal mol-1. This supports reactivity ratios close to
unity (Tables S6-S7). Entry 1 in Table 1 corresponds to the
system with 5% of VAc in DMC (v/v) and 80 bar of ethylene after
6 h of polymerization. As shown in Figure S15, the MMDs of the
same system obtained after 1.5 h, 3 h, and 6 h, which nicely shift
toward higher molar masses upon polymerization.

1H NMR analyses performed on the isolated polymers
(Figure 3) showed that the expected resonances were observed
and fully assigned to the respective protons. This absence of
VAc terminal unit is noticed here as already described in the
literaturepo,11; and further discussed below. The polymers’



number-average molar masses, Mnnwmr, were calculated by
comparing the integral of the resonance of the chain end protons
(-CH2-1 at 2.9 ppm) and the resonances stemming from the
polymer backbone (-CH2-CH2- at 0.8-2.1 ppm () and
—CH2CH(OACc)- at 4.6-5.1 ppm (I2)). MnnMRr Values were in good
agreement with the number-average molar masses obtained by
high temperature SEC (eluent trichlorobenzene at 150 °C,
conventional calibration with PE), Mnnt-sec, for all samples
analyzed. Considering their different solubility, copolymers with
a VAc content of less than 10% were analyzed by high-
temperature SEC, while for copolymers with higher VAc contents,
THF-SEC (eluent THF at 40 °C, universal calibration with PS)
was preferred. The method to determine the VAc content of the
copolymer is described below. As a general remark, various
copolymers with very different monomer contents were
synthesized in the present work. Since different monomer
contents might lead to different behaviors during an SEC
experiment, we considered NMR spectroscopy as the more
robust method for a quantitative comparison of the Mn values of
the copolymers. Still, good agreement was observed between
MnnHT-sec Of MntHr-sec, Manmr and the expected Mn values
(Mn.theo) for VAc contents up to 85 mol% (from entry 1 to entry 10
in Table 1). This supports that well-controlled copolymers with a
high livingness of chains have been synthesized. The good
control over chain growth already attested by Figure S15 for low.
content of VAc is further shown by an additional kinetics study
performed for the system of entry 6 (50% VAc in DMC v/v). The
results for different polymerization times are provided in Table
S8. They again show good consistency between Mn,theo, MnHT-
sec, and Mnnmr Values with dispersities lower than 2.

For entry 1 in Table 1, the VAc content was determined to be
4 mol%. It was increased up to 36 mol% by increasing VAc/DMC
to 75/25 viv (entries 1 to 7). Copolymers with VAc contents up to
92 mol% were further produced by reducing ethylene pressure
down to 4 bar at a constant VAc/DMC of 75/25 viv (entries 7 to
11). Keeping not less than 25% of DMC in the starting
polymerization medium was beneficial to avoid viscosity
increase upon polymerization and thus guaranteed sufficient
stirring  throughout the polymerization. The presented
experiments illustrate that the VAc contentin the copolymers can
simply be increased by increasing the amount of VAc before
polymerization. That offers a convenient way to produce a broad
range of copolymers with tunable thermal properties. This is
exemplified by the data obtained from DSC analyses shown in
Figure S16. Melting temperatures ranging from 115.8 °C to
2.4 °C and glass transition temperatures ranging from —64.0 °C
to 35.6 °C respectively for (co)polymers exhibiting VAc content
ranging from 0 mol% (i.e., PE) to 85 mol% were obtained.

1H NMR spectra obtained for copolymers with VAc contents from
12 to 85 mol% are presented in Figure S17. They all show a
characteristic signal assigned to CHz2—I at about 3.2 ppm (spectra
were measured in CDCls, corresponding to 2.9 ppm when the
analysis is performed in TCE/CeDs like in Figure 3). This is
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because a terminal ethylene—iodine unit is less readily
reactivated than a terminal VAc-iodine unit, so that the
observation of a terminal ethylene—iodine unit is still more likely
even for very high VAc contents. As a result, even for copolymers
with high VAc contents up to 85 mol%, iodine chain ends are
only connected to an ethylene unit rather than to a VAc unit. A
similar behavior was seen when synthesizing EVA by RAFT [0
It can be observed, however, that for increasing VAc contents
(from 0 up to 85 mol%), the originally clean triplet at 3.2 ppm gets
superimposed by other triplets. This is assigned to the increasing
probability of having penultimate VAc units, which affect the shift
of the CHz—I protons of the terminal ethylene unit.



Table 1: ITcoPs of ethylene and VAc mediated by CTA-F.a
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Entry Ethylene VAc Monomer Mn theolc] Mn NMRd] Mn secle] Be VAc contentyy
pressure (%, v/v in conversionp (g mol-y (g mol-) (g mol-y) (mol %)
(bar) DMC) )]

1 80 5 3.62 4350 4850 4650 1.57 4

2(g 80 13 4.12 4800 5700 3950 1.56 9

3y 80 20 5.27 6100 7200 6300 1.63 12

4 80 28 1.75 2300 3300 3450 1.78 16

5 80 37 2.84 3400 4600 3950 1.89 22

69l 80 50 13.10 14350 15150 12950 1.57 26

7 80 75 4.37 4200 4600 4100 1.71 36

8 60 75 7.15 8100 9300 8650 1.81 47

9 40 75 14.83 15600 16200 15750 1.76 65

10 15 75 24.03 25900 24900 26200 1.98 85

11 4 75 2.88 3500 5800 5100 1.76 92

121 80 28 2.73 1350 1400 2850 1.52 16

134 200 0 1.89/3.70y 5500/9500g 6900/10700; - - 16-0

14p 80 50 2.60/8.78y 7050/20700; 8400/22500y; - - 16-261k

[a] AIBN (0.3 mmol), CTA (0.9 mmol) at 70°C in DMC (total volume 50 mL) for more than 1.5 h of polymerization. [b] Monomer conversion = (mass of dried product)
- (mass of AIBN) - (mass of CTA). [c] Mn(theo) = (ethylene conversion [g]) / (CTA [mol]) + Mn(CTA). [d] Calculated by comparing the 1H NMR signals of the EVA
chain and the iodo end-chain. [e] For polymer with VAc content lower than 10 mol % determined by HT-SEC with conventional PE calibration. For polymer with
higher VAc content determined by THF SEC with universal calibration. [f] Calculated by 1H NMR by comparing the CHz signals of the ethylene unit and the CH of
the vinyl acetate unit. [g] 6 h of polymerization. [h] [CTA]/[AIBN] = 10/1 and 2 h of polymerization [i] Chain extension of EVA from entry 12 at 80°C. [j] after 2/6 h of
reaction. [K] EVA content of the 1st -2nd block
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Figure 3. 1H NMR spectrum (in TCE/CsDs at 90 °C) of an EVA obtained from ITcoP of ethylene and VAc mediated by CTA-F at 70°C, 80 bar of ethylene, and
VAc/DMC = 5/95 viv% after 6 hours of polymerization (entry 1, Table 1). VAc content of the EVA = 4 mol%. ° Transfer to polymerization solvent DMC. E and VAc
are the number of ethylene and VAc units calculated by comparing the integral of the resonance of the chain end protons (-CH2-1 at 2.9 ppm) and the resonances
from the polymer backbone (-CHz2-CHz- at 0.8-2.1 ppm (l1) and ~CH2CH(OAc)- at 4.6-5.1 ppm (I2)). Mvac, Mg, Mcta are the molar masses of VAc, ethylene and
CTA, respectively.



For even higher VAc contents (92 mol%, entry 11), the probability
of having a VAc terminal unit is no longer negligible. In this case,
the same chain-end degradation is observed as for ITPs of VAc
alone: the formation of an aldehyde chain-end function and acetyl
iodide (Figure S18).40-427 The mechanism of chain-end
degradation has been investigated via computional studies. The
energy barrier remains high and the thermodynamics slightly
endergonic, even if chain end is enriched in VAc units. However,
both electrophilic and nucleophilic assistances allow to decrease
the energy barrier by ca. 3 kcal mol1 (See Figure S19-S21 and
Table S9). These interactions may depend on folding and chain-
end dynamics that both require intricate mechanistic
investigations. As a conclusion, this effect determines the upper
limit of the VAc content for copolymers of ethylene and VAc by
ITcoP.

Block copolymerizations of ethylene and VAc via ITP. Block
copolymerizations were thus conducted by chain extension of an
EVA segment. For clarity sake, copolymers containing X mol% of
VAc are referred to as EVAxx% in the following. Chain extensions
were performed with EVA1e% (synthesized in the system in entry
12) with ethylene or with ethylene and VAc targeting EVA1e%-b-
PE and EVAisw-b-EVA26%, respectively (entry 13 and 14). The
corresponding SEC traces are presented in Figure S22 and a
clear shift of the MMDs is observed in both cases indicating
successful chain extension of the starting EVAiew. The
corresponding 1H NMR spectra recorded in TCE/CesDs as solvent
are presented in Figure 4 and Figure S23. As the most striking
effect, the distorted signal at ca 2.9 ppm stemming from the
terminal CHz2—Il in EVA1e% transforms into a clean triplet in Figure
4 when chain extension is performed with ethylene. This is
consistent with the earlier explained effect that a penultimate VAc
unit affects the chemical shift of the CH2—I protons and further
confirms the installation of a PE segment on EVAie% and the
successful formation of EVA1e%-b-PE. In contrast, consistent with
a chain extension with EVA2e%, a distorted signal can still be
observed in Figure S23. Eventually, a good match between
expected and experimental Mn values was observed after 6 h of
reaction (Mnnvr = 10700 g mol-1 vS. Mn theo = 9500 g mol-1 and
MnnmR = 22150 g Mol-1VS. Mn theo = 20700 g mol-1 for EVA1e%-b-PE
and EVAiesw-b-EVA26%, respectively), although this agreement
should be taken with care considering that these molar masses
are not absolute values.

Conclusion

RDRP of ethylene was successfully performed for the first
time by ITP in presence of various alkyl iodides used as CTA
without any major side reaction. The impact of the structure of
CTA on the generated PE was studied and the most promising
one is CTA-F. It permits a high livingness from low molar mass up
to 7350 g mol1, the highest reported so far for RDRP of
ethylene.[10-12,25)

After polymerization, the formed end-capped polyethylene—
iodine (PE-I) species is very stable upon storage. Further
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functionalization is thus possible by taking advantage of the
reactivity of the iodine function. This includes chain-end
conversion as well as further polymerization via ITP abut also
potentially ~ very promising alternative iodine-mediated

polymerization techniques.iis,19,21,22]
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Figure 4. 1H NMR spectra (in TCE/CsDs at 90 °C) of EVA1s%-b-PE after after a)
6 hours and b) 2 hours chain extension and c) starting EVA1e%. ° Transfer to
polymerization solvent DMC. * Contamination from previous experiment.

Copolymerization of ethylene and vinyl acetate by ITP (ITcoP)
is successful and gives access to a broad range of poly(ethylene-
co-vinyl acetate) containing from of 0 to 85 mol % of VAc. This
highly versatile system provides a simple tool to an easy access
to structures that are of original and potentially new alternative to
EVA additives and related products intensively used in industry.
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