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Reverse atom transfer radical polymerization of methyl acrylate
using AIBN as the initiator under heterogeneous conditions
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SUMMARY: Reverse atom transfer radical polymerization of methyl acrylate in the presence of a conventio-
nal radical initiator (2,2azoisobutyronitrile, AIBN) in bulk was successfully implemented via a new poly-
merization procedure. The system first reacts at 65€70r ten hours, then polymerizes at @ Various

mole ratios of AIBN to CUCl, were used in this work, all of which result in a well-controlled radical poly-
merization with high initiation efficiency and narrow molecular weight distribution, i.e., the polydispersity is
as low asv,/M, = 1.36.

Introduction ization of MA initiated by AIBN/CUCl./bpy (1/2/6 mole
dli_atiO) in bulk was successfully implemented via a new

The transition-metal-catalyzed atom transfer radical ad "
procedure under heterogeneous conditions, and no gela-

tion, ATRA, gives a unigue and efficient way for carbon-
carbon bond formation in organic synthésisVang and 1ON Was observed.
Matyjaszewski® have successfully introduced this

method into po_lymerization _che_mistry asa nov_el ‘”Ving'/EXperimental part
controlled radical polymerization process, i.e., atom
transfer radical polymerization, ATRP. Recently, muc
attention has been paid to the discovery of ATRP. A lot 0
papers have been published about it during the last tWdethyl acrylate was vacuum distilled over Cajdst before
years. It is an important aspect in this research area Eglémerléaztgnb._ AIBOII\'I was used a:jfter ordlr)ané pqtrrllflczitlon.
find a new initiator system. Wang and Matyjaszewski ifi::jatlizoin < 0IpYNIAINE Were used as received without pur-
reported that in addition to a typical ATRP initiating sys- '

tem (using an alkyl halide, R-X, as an initiator and a tran-

sition-metal species complexed with suitable ligand(s)’0lymerization

MtY/Lx, as a catalyst, R-X/MfLx), a ‘living’/controlled  Catalyst, ligand, initiator, and monomer were added to a
polymerization was observed using a conventional radicflsk with condenser and stirrer. The heterogeneous mixture
initiator (AIBN) and a transition-metal compound atwas first degassed (three times), secondly immersed in an oil
higher oxidation state (e.g., ®0l,) complexed with sui- Path, heated at 65-70 for 10 h, then reacted at 100.
table ligands (e.g., 2bipyridine, bpy) as a catalyst. This After a given time, the flask was opgned and tetrahydrofuran
system was used to initiate the polymerization of styrené! F) was added to the sample to dissolve the polymer.
However, the authofsfailed to control the reaction pro-

cess when the AIBN/Cubpy-catalyzed ATRP was Polymer characterization

extended to the polymerization of acrylate monomershe monomer conversion was determined by gravimetry.
For instance, using AIBN/CICl,/bpy (1/10/20) in bulk Molecular weight and molecular weight distribution were
and at 130C, the polymerization of methyl acrylate obtained by gel permeation chromatography (GPC) that was
(MA) was very fast and led to gelation at ca. 40% monoearried out with a Waters 208 instrument, using THF as elu-
mer conversion. Gel permeation chromatography of th@nt, and calibration with polystyrene standards.
tetrahydrofuran-soluble portion gave a much higher

molecular weight than calculated according to equation . .

(1). Afterward, Xia and Matyjaszewskireported that by Results and discussion

using alkyl substituted bipyridine ligands, such as'4,4Tab. 1 shows the characterization data of poly(methyl
nonyl-2,2-bipyridine (dNbipy), reverse ATRP of methyl acrylate) generated from ATRP catalyzed by AIBN/
acrylate can be carried out under homogeneous condiu'Cl,/bpy in bulk. The mole ratio of CiCl, versus AIBN
tions. In this work the ‘living’/controlled radical polymer- is not a critical parameter for the ‘living’/controlled poly-

aterials

Macromol. Rapid Commuri9, No. 12 © WILEY-VCH Verlag GmbH, D-69451 Weinheim 1998 1022-1336/98/1212—0647%$17.50+.50/0



648

W. Wang,Z. Dong,P. Xia, D. Yan,Q. Zhang

Tab.1. Charaterizationdataof poly(methylacrylate)bulk polymerizationinitiated with AIBN/CuCl,/bpy

[AIBN] [CuCly [bpy] Timeinh  Convin % My, 52 M., cpc M./Mh,
mol/L
0.0155 0.031 0.093 12 93 28638 29900 1.46
0.0155 0.062 0.186 18 89 27406 28600 142
0.0155 0.093 0.279 31 92 28330 29000 1.36
0.0155 0.124 0.372 41 91 28022 28700 1.39
J Cf. Eq.(1).
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Fig.1. Evolution of molealar weight, M,, and molecular weight distribution, with
monomer conveasion for the bulk polymerization of MMA initiated with AIBN/
CuClk/bpy. [MA] = 11.1mol/L, [AIBN] = 0.0155mol/L, [CuCl;] = 0.031mol/L,

[bpy] =0.093mol/L

merizatbn by using the new polymerization procedue.
The increasein [CU"Cl,)/[AIBN] ratio did not facilitate
the contrd of the polymeization. All mole ratios of
CU'Cl, to AIBN usedin this work resultin a well-con-
trolled radical polymerization with high initiation effi-
ciencyandapolydispersityaslow asM,/M, = 1.36.

Fig. 1 showsthat the measwed molecuar weightline-
arly increasesvith the monomerconversionandmathes
the theoreical value calculaed from Eg.(1) for bulk
polymerization of MA initiated with AIBN and in the
presencenf 2 molar equiv. of Cu'Cl, and 6 molar equiv.
of bpyat 100°C.

Mn.1n =86 x {[M o]/(2[AIBN])} x conversion Q)
where86 is the molecubr weight of MA and[M] is the
initial concentationof monomer

Theseexperimendl dataindicate that the polymeriza
tion proceed via a ‘living’ /controlled polymerization
mechaism in the bulk polymeization of MA initiated
with the AIBN/Cu'Cl,/bpy system Furthemore, a very
good correldion between the theoretical molecubr
weight andthe experimenal onewasfoundupto 3 x 10¢

with M,/M, < 1.46 (Tab.1), indicating a high initiation
efficiency of AIBN. The reactionscheng is suggestedas
below:

Initiation andterminationat lower temperaure:

- 1> 2

I+ Mt™X  —>  [-X + Mt"
Ml+M

1-P; + Mt™IX  —>  [-P-X + Mt"

Initiation andpropayationat highertempeature:

[-X +Mt" <= [* + Mt™X

| M
[-P-X + Mt" <=2 |-P; + Mt"™X

P-X + Mt" <=2, P;, +Mt™X
+M kp



Reverseatomtransferradcal polymerizdion of methylacrylateusingAIBN astheinitiator underheterogeeousconditions

whereP, is a polymermolecuk with degreeof polymeri-
zationn.

The presenbutaomescanbe explainedin termsof this
schemelt is known that Cu'Cl, is a strongand efficient
inhibitor for radical polymerization under usual condi-
tions®. When the polymerizatian of MA proceed at 65—
70°C, it enabés slowe decompaition of AIBN which
allows to dissolve Cu'Cl,/bpy at a rate compaable to
AIBN consumption. So the highly oxidized transition-
metal CU'Cl, is a strong and efficient inhibitor to the
polymerization of MA initiated by AIBN, which dorates
the halogenatom Cl to theinitiating or propagating radi-
cals,I* or I-P, forming the reducedtransiion-metal spe-
cies, Cu, and the dormant species,|-Cl and P-Cl. At
lower temperature,65—-70°C, the covalentspeciesl-Cl
and P-CI are rather stabk, therebre the reducedtransi-
tion-meta speciesCu, cannot promotethe ATRP pro-
cessas in the ‘livi ng'/controlled radical polymerization
initiated by R-X/Mt/Lx at higher tenperature.After ten
hoursat 65—-70°C, mostof AIBN is exhaused while the
reducedtransitionmetd speces, Cu, and the dormant
species]-Cl and P-Cl, areaccumulagd. During this per
iod theinhibitedreacton is predominant, little polymeris
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gererated. The fast ATRP needsa higher tempeature.
Whenthe systemis heatedo 100°C, howeverin the pre-
sence of a coordinatve ligand a reversilde activation of
the resulting alkyl chlorides occurs,andthe polymeriza-
tion of the system proceed via the reverse ATRP
mecdanism.
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