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ABSTRACT: A redox initiating system was developed in order to bypassaz@bis(4-methoxy-2,4-dimeth-
ylvaleronitrile) (V70) as the initiator of the cobalt-mediated radical polymerization (CMRP) of vinyl acetate
(VAc) in the presence of cobalt(ll) acetylacetonate (Co(agatt)is indeed a problem to stock up with V70
because of needed storage-&&0 °C during transportation. This paper reports on the controlled CMRP of VAc
initiated by ascorbic acid combined with either lauroyl peroxide or benzoyl peroxide &€.38ubstitution of

citric acid for ascorbic acid results in faster polymerization whereas the polymerization control is maintained. All
these improvements facilitate the implementation of the vinyl acetate CMRP and open the door to the scale-up

of the process.

Introduction

In the recent past, substantial progress was reported in

controlled radical polymerization and contributed to the syn-
thesis of end-functional polymers. Although the radical polym-
erization of a variety of vinylic monomers is easily mediated
by different controlling agents;®> key monomers examplified
by vinyl acetate (VAc) are reluctant to control. Special attention
has been paid to VAc because the polymer finds many
applications, including adhesives, paints, and additives to
pharmaceuticals. Moreover, the water-soluble poly(vinyl alco-
hol) (PVOH) is made commercially available by hydrolysis of
poly(vinyl acetate) (PVAc). The very high reactivity of the
propagating radicals makes the control of the radical polymer-
ization of VAc challenging. The first attempt to regulate this
radical polymerization was based on a tern@BysAl/2,2'-
bipyridine/TEMPO (TEMPO= 2,2,6,6-tetramethyl-1-piperidi-
nyloxy) initiator® which proved to be complex and poorly
reproducible’. Another ternary system, CgFe(OAc)/
N,N,N',N"",N"-pentamethyldiethylenetriamine, was also tested,
in which CCl, has a dual role of initiator and chain-transfer
agent. PVAc with a relatively high polydispersitivig/M,
1.8-2.0) was then collectetlUntil now, the best control was
achieved by RAFT with dithiocarbamate and xanthate agelts
and by degenerative chain transfer in the presence of iodfides.
Combination of an iodo compound with dicarbonylcyclopen-
tadienyliron dimer [Fe(Cp)(CQ], was also effective in initiating
the controlled radical polymerization of VA¢.Very recently,
bulk radical polymerization of VAc was successfully controlled
by cobalt-mediated radical polymerization (CMRP) using-2,2
azobis(4-methoxy-2,4-dimethylvaleronitrile) (V-70) as an initia-
tor in the presence of cobalt acetylacetonate (Co(aras)a
regulating agent® In this method, Co(acagyeacts reversibly
with the growing poly(vinyl acetate) chains, which are accord-
ingly involved in an equilibrium between active and dormant
species (Scheme 1).

As a result of the CMRP mechanism, all the chains are end-
capped by a Co(acacinoiety. Moreover, poly(vinyl acetate)
with high molar mass and low polydispersity can be prepared
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under quite different conditions, i.e., in the bdfkin aqueous
suspensioA® and in miniemulsiord? Since then, Matyjasewski
et al. observed that the radical copolymerization of VAc and
n-butyl acrylate was also controlled by Co(aca€)This CMRP
process is however effective when the initiator is V-70, which
is difficult to stock up with because transportation-20 °C is
required. This paper aims at reporting for the first time on the
initiation of the CMRP of VAc by redox systems in the presence
of Co(acac). These redox initiators consist of (i) lauroyl
peroxide (LPO) or benzoyl peroxide (BPO) as oxidant and Co-
(acac) as a reducing agent and (i) LPO or BPO as oxidant
and ascorbic acid (AA) or citric acid (CA) as reducing agent in
the presence of Co(acac)

Experimental Section

Materials. Vinyl acetate ¢99%, Aldrich) was dried over
calcium hydride, degassed by several fregth@wing cycles before
being distilled under reduced pressure, and stored under argon.
Lauroyl peroxide £97%, Fluka), benzoyl peroxide-07%, Fluka),
ascorbic acid (UCb), citric acid>99.5, Merck), and cobalt(Il)
acetylacetonate>98%, Merck) were used as received.

Characterizations. Size exclusion chromatography (SEC) was
carried out in tetrahydrofuran (THF) (flow rate: 1 mL mij) at
40 °C with a Waters 600 liquid chromatograph equipped with a
410 refractive index detector and Styragel HR columnsguf®
particle size; HR1, molecular weight range 100-5000; HR2,
molecular weight range= 500-20 000; HR4, molecular weight
range = 5000-600 000). Polystyrene standards were used for
calibration. Inductively coupled plasma (ICP) atomic emission
spectroscopy (Perkin-Elmer) was carried out with a charge-coupled
device (CCD) and standard cobalt solutions for calibration. Samples
were prepared by dissolving 20 mg of poly(vinyl acetate) in 1 mL
of HNO;3; (65%) at 60°C for 2 h. These solutions were diluted
with 9 mL of bidistilled water at room temperature.

General Procedure for the Bulk Radical Polymerization of
Vinyl Acetate Using the LPO (BPO)/Co(acac) Redox System.
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Table 1. Bulk Radical Polymerization of Vinyl Acetate Initiated by _ Mn = 20500 g/mol
Mn = 37000 g/mol
the LPO/Co(acac) Redox System at 30°C —
(acac) Redox Sy Mw/Mn=130 MwMn=130
[VAc)/ [LPOY/ time conv  M;se®
entry [LPO] [Co(acac) (h) (%) (g/mol) MMy _ Mn = 8500 g/mol
Mn = 53000 g/mol l Mw/Mn = 1.25
1 255/1 171 3 5.0 12 500 1.20 Mw/Mn = 1.30 '
7 325 33500 1.80 ’ /
9 440 43500 170 “ N
11 67.0 60 500 1.80 w]
2 255/1 1/1.3 3 5.0 8500 1.25 .
7 31.0 37 000 1.30
9 42.0 43 000 1.30 ©
10 56.0 53 000 1.30 o]
3 255/1 1/1.5 3 4.5 6 500 1.20
7 295 28 500 1.60 ©
9 40.0 33500 1.65 »
23 83.0 48 000 2.60 .
4 255/1 1/2 5 6.5 7 000 1.35
7 15.0 12 500 1.45 3
9 25 20500  1.50 s ,
12 42.5 28 000 1.80 o =00 " 2o 72 0®
a Determined by size-exclusion chromatography (SEC) with PS calibra- Elution Time (mln)
tion.
] Mn =49500 g/mol Mn = 17500 g/mol
Different amounts of Co(acac0.0437 g, 1.7 104 mol; 0.0568 Mw/Mn = 1.45 Mw/Mn = 1.30
g, 2.2x 10* mol; 0.0655 g, 2.5< 104 mol; and 0.087 g, 3.4
104 mol) mixed with LPO (0.069 g, 1.% 1074 mol) or BPO ~ Mn =69000 g/mol \ / Mn = 11500 g/mol
(0.042 g, 1.7x 1074 mol) were added into a glass flask (30 mL) Mw/Mn = 1.55 Mw/Mn = 1.30
and degassed by three vacuuargon cycles. Degassed vinyl \ /

acetate (4 mL, 430< 104 mol) was then added to each flask.
VAc was polymerized at 30°C. Actually, no polymerization ®
occurred for several hours, followed by a substantial increase in
viscosity. Samples were withdrawn from the polymerization

medium, and the vinyl acetate conversion was determined by
weighing the polymer collected upon removal of the unreacted 3
monomer under reduced pressure at room temperature. The results .
are reported in Table 1 and Figure 1A for the LPO/Co(acatem B
and in Table 2 and Figure 1B for the BPO/Co(agay)stem.

General Procedure for the Bulk Radical Polymerization of
Vinyl Acetate Using the LPO (BPO)/AA Redox System in the
Presence of Co(acag) The same recipe as above was used, except .
that ascorbic acid (0.0437 g,1:710* mol) was added to the Co-

(acac) and the peroxide. The results are reported in Figures 2A : : :
and 3A for the LPO/AA/Co(acagkystem and in Figures 2B and Elution Time (mm')
3B for the BPO/AA/Co(acag)system. Figure 1. SEC chromatograms for the bulk polymerization of vinyl

Procedure for the Removal of the Cobalt from the Polymer. acetate initiated at 3 by (A) lauroyl peroxide (LPO)/Co(acaakdox

Co(acac) (0.142 g, 0.55x 10-3 mol), LPO (0.1725 g O.);f25< system (Table 1, entry 2) and (B) benzoyl peroxide (BPO)/Co(acac)

. - redox (Table 2, entry 2).
103 mol), and ascorbic acid (0.109 g, 0.42510-2 mol) were x( v2)
added into a glass flask (100 mL) and degassed by three vaeuum  Table 2. Bulk Radical Polymerization of Vinyl Acetate Initiated by
argon cycles. Degassed vinyl acetate (10 mL, 307203 mol) the BPO/Co(acac) Redox System at 30°C
was then added to each flask. VAc was polymerized at@G@or Acl BPOV i M
16 h. A sample was picked out (21% conversion) and precipitated entry [Dépcc])] [C[o(ac;c)] I(??)e C((O)/:;I)V (g?ﬁif) My/M.,
twice in heptane, dried under vacuum at €0, and analyzed by

ICP (17 500 ppm of Co). A solution of TEMPO (0.6875 g of 1 255/1 mn 7 105 17000  1.20
TEMPO (4.4x 1072 mol) in 3 mL of degassed toluene) was then 23 éi'g gé ggg i'gg
added to the flask, and the medium was stirred at@G@or 24 h. 26 648 57500 160
After this period of time, the polymer was diluted by toluene and - 255/1 11.3 7 70 11500 1.30
filtrated on silica before being precipitated twice in heptane and 9 12.0 17500 1.30
dried under vacuum at 6TC. The polymer was analyzed by SEC 24 235 49500 1.45
(M, = 32 800;M,,/M, = 1.05) and by ICP (800 ppm of Co). 29 79.0 69000 1.55
General Procedure for the Bulk Radical Polymerization of 3 255/1 115 2 49 478(')0 31515%%0 11'7%5
Vinyl Acetate Using the LPO/CA Redox System in the Presence 26 62.0 36500 185
of Co(acac). Dispersion of citric acid (0.0357 g, 17 10~ mol) 4 255/1 1/2 5 25 3500 1.15
within 4 mL of degassed vinyl acetate (3.74 g, 430L0~* mol) 9 6.5 9500 1.15
was transferred into a flask containing LPO (0.069 g, %.70™* 26 445 32500 1.65

mol) and Co(acag)0.087 g, 3.4x 104 mol), previously degassed
by three vacuumargon cycles. The mixture was stirred and heated
at 30°C. No polymerization occurred for-2.5 h, followed by a
substantial increase in viscosity for 30 min. Samples were with-  Synthesis of Poly(vinyl acetate) Macroinitiator End-Capped
drawn from the polymerization medium, and the vinyl acetate by a Cobalt Complex Using the LPO/AA Redox SystemLPO
conversion was determined as mentioned above. The results arg0.173 g, 0.4x 1072 mol), ascorbic acid (0.075 g, 0x4 1073 mol),
reported in Table 3, entry 1. and Co(acag)(0.165 g, 0.6x 103 mol) were added into a 30 meV

a Determined by size-exclusion chromatography (SEC) with PS calibra-
tion.
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. . Table 3. Bulk Radical Pol izati f Vinyl Acetate Initiated b
Figure 2. Dependence of the molar mass of poly(vinyl acetate) (PVAc) able tlrj]e LSOIICCaA/COOB(/;T:ZrCIiaRIgSO?( S)l/r;)t/emc:taégcm 1ated by
on the monomer conversion at°8dfor the (A) lauroyl peroxide (LPO)/
ascorbic acid (AA)/Co(acagyystem and (B) benzoyl peroxide (BPO)/ [VAc]/ [LPOJ/[CA) time conv Mpse@ Mu/
ascorbic acid (AA)/Co(acagpystem. entry [LPO] [Co(acac)] (h)y (%) (g/mol) My f

1 250/1 1/1/2 25 3 2900 1.15 0.11
flask and degassed by three vacutangon cycles. Degassed vinyl 30 62 49000 1.20 0.14
acetate (10 mL, 108< 1073 mol) was then added, and VAc 325 79 79000 1.40 o0.11
polymerization was polymerized at 3 for 8 h. The PVAc 2 4301 1112 25 145 41500 150 0.07

275 31 83500 1.40 0.07

macroinitiator end-capped by the cobalt complex was collected upon 30 605 125000 180 009

removal of the unreacted monomer under reduced pressure at room

temperatureNl, = 8200 g/mol;M,/M, = 1.10; ~10% monomer 3 868/1 12 2?}2 3%)6 10%70%%0 11_'3?65 09'1%9
conversion). o 30 485 154000 155 0.12

Vinyl Acetate Polymerization Initiated by a Low Molar Mass 4 430/1 1/1/3 415 21 38500 1.35 0.07
PVAc Macroinitiator. The poly(vinyl acetate) macroinitiator (0.157 425 635 90500 1.25 0.09

g, 0.2x 10-* mol) was dissolved in degassed Vinyl_acetate @ _mL' a Determined by size-exclusion chromatography (SEC) with PS calibra-
217 x 1074 mol) under argon. The dark-brown mixture solution jgn.

was stirred and heated at 3C. After few minutes, a substantial

increase in viscosity was observed. Samples were withdrawn from  Because of reaction with the peroxide,'ds oxidized into

the polymerization medium, and the vinyl acetate conversion was Co'' as testified by an intense green color that appears in the
determined as mentioned above. The results are reported in Figurgeaction medium. When the cobalt complex is used in large
6. excess ([peroxidegj[Co(acac)]o = 1/2), the induction period
increases and the polymerization rate significantly decreases
because it takes more time for a larger amount of Co(a¢ac)

A series of VAc polymerizations were initiated by the LPO- be transformed into the dormant species (PVA&o(lIl)
(BPO)/Co(acag)redox systems. Co(acadjas a dual role. First,  complex). Moreover, the induction period of time is shorter
it reduces the peroxide with release of lauroyloxy (or benzoy- when LPO is used (34 h, Table 1) rather than BPO+ h,
loxy) radicals. Then, it regulates the radical polymerization of Table 2), which suggests a higher reactivity.

VAc if available in a large enough excess. To optimize the In all the cases, the molar mass of poly(vinyl acetate)
amount of Co(acag) the peroxide/Co(acagc)nolar ratio was increases with the monomer conversion, as listed in Tables 1
changed from 1/1 to 1/2 by changing the amount of Co(acac) and 2. The molar mass distribution, which is relatively narrow
at constant concentration of all the other constituents. As a rule,at very low monomer conversiorM({/M, = 1.2), becomes

an induction period of time (27 h) is observed, which is the  broader beyond 20% of conversion (Tables 1 and 2). The
time required for the in situ formed radicals to be converted polydispersity remains however quite narrow when the polym-
into dormant species by reaction with the cobalt(ll) complex erization is carried out with the LPO/Co(acasystem with a

left unreacted in the medium (Tables 1 and 2). 1.3 molar excess of Co(acaayith respect to LPO (Table ]CDV

Results and Discussion
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Figure 4. SEC chromatograms for the bulk polymerization of vinyl
acetate at 30C initiated by the (A) lauroyl peroxide (LPO)/ascorbic
acid (AA)/Co(acacg)system (1/1/1.3) and (B) benzoyl peroxide (BPO)/

ascorbic acid (AA)/Co(acagpystem (1/1/1.5).

Mn = 18500 g/mol
Mn = 49000 g/mol ~ MwW/Mn=L15

Mw/Mn = 1.20 g
Mn = 79000 g/mol \

Mw/Mn = 1.40

Mn = 3000 g/mol
Mw/Mn = 1.15

» 2 2 = » A = 7 A 3

Elution time

Figure 5. SEC chromatograms for the bulk polymerization of vinyl
acetate initiated by the lauroyl peroxide (LPO)/citric acid (CA)/Co-

(acac) (1/1/2) system at 30C.

entry 2). Although the polydispersity is narrow, the SEC
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2h; 17% conversion
Mn = 33000 g/mol
Mw/Mn = 1.30

Th; 43% conversion
Mn = 56000 g/mol
Mw/Mn = 1.35

0N\

PVAc macroinitiator
Mn = 8000 g/mol
/ Mw/Mn =1.10

Elution Time

Figure 6. SEC chromatograms for the bulk polymerization of vinyl
acetate (VAc) initiated at 30C by a poly(vinyl acetate) (PVAc)
macroinitiator U1, = 8200 g/mol;M./M, = 1.10) prepared with the
lauroyl peroxide (LPO)/ascorbic acid (AA)/Co(acacgdox system
[conditions: [VAc]/[PVAc] = 1085; 30°C].

is twice that one of the main peak. This observation is reported
for all the peroxide/Co(acagc)molar ratios, whatever the
peroxide used (LPO or BPO; Figure 1A,B). It must be noted
that the ratio of 2 between the molar masses of the two chain
populations does not change with the polymerization time, which
suggests that the coupling reaction occurs during the polymer
recovery rather than all along the polymerization. The underlying
mechanism is not understood yet. The polydispersity increases
with the amount of Co(acag)(peroxide/Co(acag)= 1/2),
whereas the polymerization rate decreases. The peroxide/Co-
(acac) redox system with a molar ratio 1/1.3 seems to be
optimal despite the shoulder on the SEC chromatogram.

A typical reducing agent was then added to the polymerization
medium in order to save the Co(acacpmplex as a polymer-
ization regulator. Ascorbic acid (AA) was combined with either
LPO or BPO in the presence of Co(acagyhose concentration
was changed. In all the cases, the molar ma&g 6f PVAC
increases quasi-linearly with the monomer conversion (Figure
2). However, experiment,’s (Mn sed are much higher than
the values predictedV, ) on the assumption that the cobalt
complex is the regulating ageft!® Indeed, the initiation
efficiency () of this system, calculated from thén /Mn exp
ratio, is low (0.15=< f < 0.25 and 0.10< f < 0.15 for the
LPO/AA and BPO/AA systems, respectively) compared to
polymerization initiated by V70 (0.8 f < 1.0)1617 This
observation suggests that part of Co(agg@rticipates to the
redox initiation by reducing the peroxide. Interestingly, the molar
mass distribution of PVAc initiated by the LPO (BPO)/AA
redox system in the presence of Co(ag&harrower compared
to the previously discussed LPO (BPO)/Co(agaejlox initiat-
ing system. The polydispersity remains low (k1M,/M, <
1.4) even at higher monomer conversion and relatively high
molar mass (50 00670 000 g/mol), except for the [LPg]
[AA] o/[Co(acac)]o = 1/1/1 system, for which the polydispersity
increases with the monomer conversion up to 1.7. The polym-

chromatograms show a shoulder on the high molar mass sideerization kinetics is first-order in monomer, as assessed by the
as result of coupling reactions (Figure 1). Indeed, upon linear dependence of In([MIM]) vs time (Figure 3), which
deconvolution of the chromatograms into two peaks, the minor confirms that irreversible chain termination reactions are quite

chain shows that the chain population has a molar mass whichrestricted. Although no important difference in the length

Cbv
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the induction period is observed for the different peroxide/AA/  Addition of a degassed solution of TEMPO to the VAc
Co(acac) molar ratios, the polymerization rate decreases when polymerization medium results in chain termination and transfer
the amount of Co(acag)s increased (Figure 3), in line with a  of the cobalt complex from the chain ends to solutidn.
shift of the dormant/active species equilibrium toward the Filtration of this solution through a silica column is thus a very
dormant species (Scheme 1). In contrast to the LPO (BPO)/simple and direct way for the polymer to be rid of the metal.
Co(acac) redox system, the color of the medium changes from For instance, VAc was polymerized by the LPO/AA/Co(agac)
purple to dark-brown during the induction period when AA is system (1/1/1.3 molar ratio), and the polymer collected at 21%
the reducing agent. monomer conversionM, = 32 800 g/mol;My/M, = 1.05)
contained 17500 ppm of Co, as determined by inductively
coupled plasma (ICP). However, after addition of an excess of
TEMPO compared to Co(acaqB0 °C for 24 h), 95.5% of the
cobalt was eliminated after filtration and PVAc precipitation
in heptane. This strategy is thus effective in removing most of
the cobalt that contaminates PVAc prepared by CMRP with a
redox initiator.

When AA is added to Co(acag)LPO proves to be more
active than BPO because the induction period of time is shorter
(4—5 h instead of 57 h), the polymerization rate is higher
(2—3 times, Figure 3), and the control over the molar mass
seems to be better (Figure 2). Compared to polymerization
carried out without ascorbic acid (Figure 1A,B), the SEC
chromatograms are now monomodal and symmetric, and they
are shiftgd toward higher molar mass upon increasjng MONOMEr=ynelusions
conversion (Figure 4). Low amounts of dead chains of a low ] ) ) o
molar mass, however, appear at higher monomer conversion Until now, the cobalt-mediated radical polymerization (CMRP)
as supported by a tail on the low molar mass side. It must be of vinyl acetaté>17 was effective when the initiator was V-70,
noted that the polymers were not precipitated before SEC Whose transportation and thus supplying are an issue because
analysis. When the polymers are precipitated in heptane prior©f Poor thermal stability. To overcome this limitation, we
to SEC analysis, the polydispersity 4s1.2 at the end of the reported for t_h_e first time on the synthes_ls of well-defined PVAc
polymerization. The tailing on the low molar mass side is by CMRP initiated by redox systems in the presence of Co-

: : : : (acac). These redox systems consist of (i) lauroyl peroxide
slightly more important when BPO is the peroxide. (LPO) or benzoyl peroxide (BPO) as oxidant and Co(aseith

When ascorbic acid is replaced by citric acid (CA) in the he qual role of reducing agent and control agent and (i) LPO
LPC_) system, the polymerization is very fast after an |_nduct|on or BPO as oxidant and ascorbic acid (AA) or citric acid (CA)
period of 2.5 h, even for a [LPQ]CA]o/[Co(acacy]o ratio of as reducing agent in the presence of Co(gc#@d)hough some
1/1/2 (Table 3). Indeed, the molar mass of PVAc increases cqntrol is obtained for the first system (peroxiteCo(acac)),
rapidly with the monomer conversion (Table 3, Figure 5), which the SEC chromatograms of PVAc are bimodal, more likely
is close to 80% after 0y|3 h with molar mass of 79 000 g/mol because of Coup"ng reactions during the po|ymer recovery_
and a polydispersity of 1.40. The SEC chromatograms are \when a reducing agent (ascorbic acid) is added to the peroxide/
monomodal and shifted toward hlgher molar mass with mono- Co(acacé System, the control of the VAc po|ymerizati0n is
mer conversion, whereas the polydispersity is relatively narrow improved, and the SEC chromatograms remain monomodal. The
(Figure 5). Upon increasing the VAc/LPO molar ratio and initiator efficiency § = Mn /M exp is however low (0.1< f <
keeping the LPO/CA/Co(acacyatio constant, molar mass 0.25), which suggests that Co(acaa)so participates in the
increases as expected for a controlled process (Table 3, entriesedox initiation. When ascorbic acid is replaced by citric acid,
1-3). When the molar ratio [LPQJCA]d/[Co(acac)o is polymerization is much faster, although the polymerization
increased to 1/1/3 by increasing the amount of Co(ac#ug control is maintained. Clearly, the oxidant/reducing agent pair
induction period is slightly increased to about 3 h, and the is crucial for the success of CMRP. The underlying mechanism
polymerization rate is slightly decreased although it remains seems to be very complex and is under current investigation.
much higher than for the LPO/AA/Co(acacyystem. The The potential of these redox initiating systems is now investi-
polymerization rate is thus much faster when CA is the reducing gated for the synthesis of block copolymers on a large scale of
agent rather than AA, but the initiator efficiency (calculated on 10-100 g.
the amount of Co(acag)still remains low { ~ 0.10). Substitu-
tion of citric acid instead of ascorbic acid increases the initiation ~ Acknowledgment. The authors are grateful to the “Politique
rate, such that the initiating radicals are formed more rapidly Scientifique Fedérale” for financial support to CERM in the
and the length of the induction period is shorter. The effect that frame of the “Interuniversity Attraction Poles Programme (PAI
the reducing agent (citric acid) has on the polymerization rate V/03): Supramolecular Chemistry and Supramolecular Cataly-
might indicate that this compound (and/or the oxidation Sis” and for a postdoc fellowship to R.B. C.D. and A. D. are
products) interacts with Co(acaayith impact on the position ~ “Chercheur Qualifitand “Chardede Recherche”, respectively,
of the active/dormant species equilibrium. by the “Fonds National de la Recherche Scientifique (FNRS)”,

Finally, poly(vinyl acetate) end-capped by the cobalt complex Belgium.

was prepared with the LPO/AA/Co(aca®ystem W, sec =
8200 g/mol,M,/M,, = 1.10) and used as a macroinitiator for
the polymerization of an additional feed of vinyl acetate at 30 (1) Hawker, C. J.; Bosman, A. W.; Harth, Ehem. Re. 2001, 101, 3661
°C. The VAc polymerization was resumed, as assessed by the _ 3688. _ ,

SEC chromatogram of the macroinitiator that shifts toward g; &A;;yiga;fsvﬁ.lflAr}faL?('Téi égxzmég?éﬁgi _ﬁgi 22(?(?]%_1%?.,9&389—
higher molar mass (Figure 6). This resumption experiment 3745,

supported that the major part of the macroinitiator remains active (4) Matyjaszewski, K.; Gaynor, S.; Wang, J.48acromolecules1995
after synthesis and initiates the vinyl acetate polymerization. A 28, 2093-2095. ,

small tailing on the low molar mass side was observed, which ®) X?apdc; Sct;m a?*}{_ef?{i"zig rgorjogg'% aﬁéstrf‘“Sgl'y#_ '}An?.yggggnfdf' T.
is the signature for some dead chains formed during the synthesis 2921

of the PVAc macroinitiator. (6) Mardare, D.; Matyjaszewski, Klacromoleculed994 27, 645-649.
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