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NEW INITIATORS FOR CONTROLLED RADICAL Figures 1-3 show typical behavior of polymerization of methyl

POLYMERIZATION OF ACRYLIC MONOMERS rnethacrylaie (MMA) initiated by mitulitres of trasition mectal acetates with p-
chlorobenzenediazoniuttmraflucomborate.

Danlela Mardare and Krzysztof Matjaszwsid*
Departmient of Chemistry

Caineg Mellon University
4OFifth Avenue3

IntroductionPittsburgh PA, 152132.

nThe duction design of new well clefteeui polymers andi copolymers

requires the enhanced control over the strncture, reactivity and 2.-
chemoselectivity of the propagating species. This usually happens in living
sstems In which transfer and termination ame below detection level. -

However, in some systems tranfer and termination cannot be completely COOAc) ~~ J!
avoided. Nevertheless, itis posible to convert nonlivh4 anionic, cationic and 1'
firee radical polymerization~s Into controlled polymerizations yielding welln-
defined polymers and copolmers. One approach is based on the ~- I
modification of the reactive chi nswith transition metal complexes. It is ..M s
possible to tune the electronic and! stereocheuaicat properties of the complexes / ~

baduten of Lewis acdiy and the oiaonstaiwo the etlas wel as ~ 2
th liadshere. Thus, the reactivity of the modified propagating chain-1 10 i Z 2

ends ica be adjusted over a wide rang, allowing the poysnerization to time, h
prce idrwell controlled conditions.
The enhanced control was observed in radical polymnerization of vinyl Fi. Tiine-coarslou pirts hin gmtogaihiiskda coonthates for taotymnwdstion of ?dMA

acetate in fth presence of transition metal derivatives such as chromium iiitdb t+0cp. ý Xi~nu cnloooa(:1.(M~
acetate ("aged" benzoyl peroxide/Cr(OAc)2)I or chromrium acetate andtior initiate by Mta1(0Ac THF/chtrbsenedl~l (1:1).robrm (tl) (M
chromium alkyls coordinated by macrocyclic amine.;2. Additionally, ~ -I2xOM H/ewe(:) 0C
controlled polymerization of electron-accepting menomers (methyl The highest poyterworn rates were observed with the iniiating
methacrylate, di-2-ethyllhexyl itaconate) was achieved ising Lanthanum system based on C(OAc)3/DS (90% conversion after 6 hours). With
versaijate/diazonium salts3 . Rh(OAc)2/DS, an Induction period was found during the firist 2-3 hours.

In this paper, we report the controlled radical polymerization of
acrylic monomers (methyl acrylate. methyl znethacrylate). trirg at irrdua~g
systems combinations of transition metal derivatives with arenediazonium,
salts (components of Sandrneyer reaction). o -t-

Exp ramnstioa eal eiaie crmu I) cttroim(1 0 -

E Tpramnstaln mea deiaie crmu 1 cttroim(1
acetate, cobalt (11) acetate, cesium (ID) acetatedccoetdey~hoim o /
Cp 2Cr, dic yc lopentadlenyl zirconium dichloride, C2ZrCl2,
dicyclopentarlienyliruthenlum, Cp2Ru) were used withouit any purification, 6 10C--I
as received from Aldrich, p-Chlorbenwoed aronitim tetrulluoroborate (DS)
Was prepared by diazotizadon of p-chloroaniline hydrochloride with sodium 40 ~ '7

nitrite in aqueous acid media, at OOC. for 15 minutes. Then, sodium 410 3
tetirafluoroborate was added and the reaction mixture stirred for additional 45 I
minutes, at OOC. Inhibitors were removed from acrylic monomers by Z 10
washing with a 5% NaOH aqueous solution. followed by drying over co- IOO~ /t25
MgSO4 and distilling over CSH2. Tetrathydrofuran was freshly distilled over ________'/)___I

Na-anthracene. Polymerizations were carrded out in degassed and sealed C 20 4 0 s 0
tubes under Ar, insa muted solvent ThF-acetone, at 40 0C. Polymers wer 0 conversion 0 10
precipitated In hexane. filtered, dried and chrceie by (PC and IH- cnesoS
NMR. Molecular weights and molecular weight distributions were
determined by gel permeation chromatography (GPC). using a Water 510 Fig. 2 Me-convmrion decpendence in potymerizatitn of MMA Initiated by' N1t1(OAcn1P-
pRump equipped wtth a 410 differential refractometer and UV detector, using chtiorbenzenodiazonium tetralluoroborsto 0A:). [MMA1o - 5M. t( -l.] xt&M
TI-F as cluent with a flow rate of 1.0 miLmTin-1. and with three THWtactnc (1: 1), 400 C.
LJLTRASTYRAGEL columns (10OA, 500 A and Linear) In series. The Molecular weights increase monotonously with contversion. The
molecular weight calibration curve was obtained using polystyrene highest values were observed with Rh(OAc)2jDS. It seems that the number
standards. PMMA microatrucures were determined by 1H-NMR, spectra of chains is constant for Ce, Co, and Cr-based initiating systems but it
being recorded with a Nicoltet 300 MHz spectrometer in CDC13 solutions, at increases with Rh(OAc) 2/DS. This observation together with induction
250C. periods (cf. Fig. 1) suggests slow initiation for Rh(OAc)2JDS. It must be

noted that efficiency of initiation is veye low for all of the discussed systems. T --

Results and Discussion Despite slow initiation, Rh(aAc)21S yields polymers with the

According to literature4 .5, some organometallic compounds can be lowest polydispersities (1.2-1.45). Three other systems provide polymers
oxidized in the presence of arenediazonium salts, which am reue to with higher polydispersitics. although moeua egt go ierywt
phenyl-bused radicals (eq. 1). conversion, indicating low contrbution of transfer. On the other hand, [

termination for these three systems should not be very important, Judging
from the kinetics (Fig.l1). Thus, the broader molecular weight distribution E

CICJ-NUN BF,- . Me'%-----~ CI-(0 Mt" 1 Fl',BF4  observed in Fig. 3. might be ascribed to slow exchange between dormant
.% and active species.

Mt - Rh If, Cra, CdI Cettt, Ru", 21jv
Ft Q Ac, cyclopentadiarnyI

iv~ildtuility Cokiý

lAvai 1-0
Dist



1.9 ~ j- Polymerization of methyl acrylt, (M)sos ' aiorsmlrt
1.8-C&(Ot as MMA(Figs. 5, 6). The increase of molecular weights wish conversion for

l.C -+MA is much less pronounced than for MMA polymerization. This can be
ascribed to slower initiation and also to transfer -rnctions. The latter Is mo1t

1.7 clearly noted when molecular weights decrase with conversion for

-- X Co(OAC)2/DS. These side reactions lead to increase of polydispersides.
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Flg. 3 Mw/Mg.coaveriaoni depeafenca in polymeerization of MMA Initiated by
Mtl(OAc)rv.ebchombenzeaediazoatium wieiruaoroboruue (1: 1). IMMA~lo SM.[K tz z z z
1 .25xl0rIM THF/acetone (1:1) 400C.

Pofymerizatlon of MMA with initiating systems based on
metailocenes/diazonium salts proceeds faster and molecular weights are 2 4 6 8 10 12
lower than with initiating systems based on acetates. Figure 4 presents Mn time, h
and Mw/Mn -conversion dependences. Pig. 5 Thag-conversion plots in polymerization of methyl acrylate initiated by transition

3 IO rehal dezivatives/p-chlorobuenztediazoium itetrfluomborate (1:1). (MAIO 5 M, Olo 0
10 r1r .25x 10-M. Til/aceton (1: 1). 400C.
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Fig. 4 Mn VAn Mw/Ma conversion dependence In polymerization of MMA with 0 20 40 60 80 l00

rietallocnenAchlorobcsueaedjazonum teinifluoroborate (1:1). [MMA~o 3 M, [%~ - cneso,%e cyil
1.25x 10-M, THF'acaioreh (2:t), 40"C. Fig. 6 Ma (Mw/Mn) - cotnversion depcndence in potymncrismaon or uneahyt ,ett

The best control of molecular weights arid the lowest polydispersities initiated by trnsition racial divaivtesp-chttotobenZnc~diazoflum~ tetrafluoebuam (1: 0).
was observed with CrCp2/DS. In the presence of RuCp2/DS molecular WM)O= 5M. 1110. .25xt05 M, TtF/acetone (1:1). 400C.

weights decreased with conversion. This could be ascribed to transfer via P- onlsin
H abstraction from the growing chains and the formation of ruthenium C onlusion ofarlcsooeswa eo niitdbymxue
hydrides. capable of reinidais'on. P1)ofymtrianstion metacrli dmonatiers wascetatcs. metalcnes wixthre

Tacricitiles of PMMA prepared !in systems initiated by metal (1:1)ofdtacnsisats.ion moeta eiasies, moleular .w eights Incr s) withth
ace tates(metallocenes)/diazonlum salts are presented in Table 1. The aeeiznu at.I otcss oeua egt nraewt h
adcrostructures are simoilar to those obtained in radical plmrzto.conversion and poiydispersides art lower than in a typical radical or anionic

Table 1I' uu polymnerizattion at these temperatures. Trapping experiments and relative
Micrstrcturs o PM A Prpard InSysemsmonomer reactivities based on copolymerization studies Indicate that these

Mnicotruteub rae s itof P MM Pepal e I Sysvti e m/ s polymerizations proceed via a radical mechanism. The improved
Initate by ranitio Meal DrfVt~ve/DSpolymerization control can be ascribed to an equilibrium between growing

radicals and darovit persistent radicals.
Initiator (msn),% (mr), % (rr), % pa) Rfrne

R(c2/S 2.6 36. 612. 1.75 1. Lee, M., Utsumi. K., Minoura. Y., J. Chem. Soc. Farczday Trans. 1,
Co(OAt:1z/DS 2. 56. .71979, 75(8), 1821
Cr(0Arh2tvS 2.8 28.9 68.3 1.61 2. Mardare, D., Gaynor, S.. Matyjaszewski, K.. ACS Poly.4;er Preprints
Ce(OAc)3/0s 3.2 31.4 65.4 1.46 1994.335(1), 700.

iraPCpDS 5.6 34. 73.4 1.74 3. Sato, T., Toyosu, K., Tanaka, H., Makrontol. Cheri., 1993, 194,
RCin2p1DS 2.4 31. 66.4 1.32 2797.

CFCP= 24 3.1 6.5 .324. Citterio. A., Minisci, F., Albinati, A., Bruckner, S., Tetrahedron Lest.,
a) p -persistence ratio - 2 (mn)(rg/(mr) 1.980, 21, 2909.

5. Ga~ll, C.. J. Chern. Soc. Perkin Trans. II', 1982, 1139.
ID order to have a deeper insight into the mechanism of these

polymerizations we have performed model trapping experiments and Aclcnowledgemnents
copolymetrizatlon studies. It sceems that water and weak acids do not affect Acknowled~ement is made to the Office of Naval Research and to the
conversions, propagation rates and molecular weights, suggesting that the National Science Foundation, via the support within Presidential Young
chains ends have radical rather than enolate structures. In copolymerization Investigator Award to K. M., as well as to Du Pont, PP`G Industries, aid
of MMA and styrene, reactivity ratios also similar to those calculated in any Xerox Corporation for the matching funds.
radical process. Radical species have been previouslty directly observed by
EPR in a similar initiating system, based on lanthanum derivatives3


