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RADICAL POLYMERIZATION OF VINYL ACETATE IN THE
PRESENCE OF TRIALKYL PHOSPHITES Figus 2 presents effect of added TEE? on the variation of molecualar

weigbts with conversion foe polyn'etuauea of VAc initate by SPO at
Doome Greaxta. Danelad Mauduu sold Kuymofawhsiyiaewweki 60*C In poiyamiuindon inidtl~ed by SPO allos. mroolecularr weights decrease

with conversion. This can be ascribed 10 the eath atr"Ofge dCemas Of the
QMCare Mellonfi Unmivesty propagation rate in comnparlison with the initiation rate. Polymerization
Departmeintof Chemistry degrees, defined by the ratio of the corresponding rates (assuming no

4400 Fifth Avenue contribution of transfer) decreases gradually with conversion. In COMM.
Pittsburgh, PA. 15213 ioynrzun mathe presence: of phosphores Fiovides constant value of the

= =leclarwight diring enamr poIymanuuaao prooWL Molecular werghU
are, however, effected by the concentration of ptioqphueBPO initiating

Ilntrdnuctin system. Higher molecular weights are observed at lower initiator

Reactions involving free radicals and trivalent phosphorus ocnrlst
compounds such as alkyl (alryl) phosphines ot phosphites have been
intensively studied in recent years1. The reaction Products were often 7 104
identified as phosphoranyl radicals which may underg subsequent a or 4-
scissions (eq. 1.2)2: 61

R. + POW),- RP(OR-h (1) 5 10

R- +P(OR), 4 10'4

R-+nP (R 2) 3 10'4 e

The former meacawn is usually an opposite teacm=o r the formation 2 10"
of phosphoranyl radical, whereas the latter one is the oxidation p acessI
which leads to the formation of P-0 bonds, like in Arbmwv gwrnin5 I 10 e_______
There are a few examples of radical Volyietrizatioti of soni acrylic ------- a
monomers (methyl methacrylatle, acryionstrile) in the ; esenc- of tivln t 0 __.. _____ __ __ __I__ _a

phosphorus compounds; (phosphines. phosphiles)P". A M0onomerPR3...
~-ein ~0 20 40 60 s0 100

edpldsersities ate not influenced by the'ida~hslosrto.%Cneso
in this PApe we report on the fradica polymeiaino vnlm t

(VAc) initiated by benroyl peroxide (BPO) in the fpreFence of phosphime or Flawe 2. Jbt.egva- e depeamee ma patyuatmioa of VAc Wooe by 7WBhPO
pohas.Molecular weight and polydispeust ies of po .iy acetate) ([VA! 0o - SAK bonne 600C (B~rF~. t:i3. (a) Mgole &I IK5~ (b)
rerebyinitiatio With (BPOYtriS(22.i ' reiy)Pahosphifsyte IIPOI. .S.c UO.=OSL( SPl .E a U~=~2K

do not vary with conversion. In contiut when BPO alon was tused as 7 , MU eo.- KW(SO & L(ampe&M s

initiator, a strong decrease in molecular wei~hts with conversion was BOo ilclrwihswt ouo i u ntainwt
noie.as well as a significant increase in pa ydispersities (MwiMa - I.4 to VrainO oeua egt ihcneso o h iainwt

1.95). Higher concentrations of ininainr lead to lower molecular weights. B aloneo leads to the increase Of polydispersioca, Jnidally, low values i
independently of the initiatot/pihoiplitte mola ratios. the 111111t Of MuMn4110ot5 tiiy indicate lteminatim by coupling, as expected

for polymerWizain of vinyl scezaz 5. Polydispersity increases srongly with
convention (to Mw/Mn >2). because molecular weights deezease due to the

_______and_______io reduction of the ratio rate of propagation/rtec of initiation Surprisingly,
polydispersities in the presence of phosphite do mON change during entire

Polymerization rates increase in the presence of tris(2.2,2- Povlrzto (Mt 1. to 1.7). as shown in Figure 3
mrfluoroethyl)phosphite (TEE?). Figure I presents tnme-conversion plots in

scniilogarithmic coordinates for polymerization of VAc, initiated by
TFP/PO (1.5/1) and BPO alone, at the sane concentration of peroxide

(0.025M). ~Tim kineuc plats obtained in the presence of phospute ame linear c 2
indicating that the cncnrationi of the growing radicals dones not vary during
polymerization.
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Saucture of phosphiries smgly affect polymeriation of vinyl acetate
initiated by BPO. Table I shows die influence of diffiesent phosphites on Th intato prcs can be described as follows:
polymerization of VAc in I Fme at 600C

Table I
Effect of the Structure of Phouphiles on Polymerization of O

Vinyl Acetate in Benzene at 600C a) iZ Phtj Ph+1 P(OR) fa PibjKO

Phiosphite M0  MwSM. conversion, % 0 0 0 OR

(CH3O)3P 99,000 1.55 18(3
(n-C4H90) 3P 84,000 1.56 5300 13

Ph-ý+ - -P/.Of Pbj-0-PI . CF3I4 2
a) (P(ORt)3l1d1BPOl 0 I- U. (SP010 - OMS .oiAt. rV.Clo - 7 mauL, 24 hours 0 \OR 0 OR
b) doa . 6 hours

Polymerization rates are probably affected by both steric and
electronic factors. Rates are strongly reduced by thejincrease of die size of So. either trfluoroethyl radicals CFjCH2 - or beazoyl radicals PhCo* may
alkyl group in the phosphift (Me<Bucifr). However, trifluoroediyl proup initiate polymierization of VAc. It is also possible that the initiation may
has die intermediate sint but provides the fatuest polymerization. This could involve direct reaction between ph-osplorany radicals and monomer. If suich
be ascribed to die electronic effects. a bunolecular reaction will be the slowest one (rate dtiermining) in die entire

Replacement of a trivalent trmetliyl phosphite, (CH3O)3P, with a initiation p ar Fess then the propagation and initiation tates will be affected in
pentavalent triniethyl phosphate (CH3O)3P*0, leads to a strog increase of the same way by the changes in monomer concentration in that case dhe
the rate and polydispersity and change of the molecular weight (after 24 molecular weight will not change with conversion resulting in lower
hours -.83% converion; Mn - 27.000, M./Mo - 2.72). These data ame very polydisperaities.
similar to the polymerization initiated by BPO alone This may hindicate that 31p-NoMR sVeen recorded on pVAc polymers (M. = 8,000) (F"gS
phosphte Phav=v small effect on polymerization of vinyl acetatei revealed the presence of pentavalent phosphorus statue at 8=30 ppm. This

In order to get a deeper insight into the natint of the initiating system, is die ranige of absorptitio of dialkyl alkylphosphoato~e ( (RO)2P(O)R*16. It
the reaction of TF-EP with BFO (1-5/1) was followed by 3lP.NMR. At -__ is possible that these functions can be incorporated by transfer processes
temperature after 0.5 hours no reaction was observed and only the original
signal of 17EP at 139 ppm was detected. When the reaction temperature was
increased to 600C. after 0.5 hours a new signal of pentavalent phosphorous +Ol

(6 - -2.6 ppm) was found. Figure 4 shows the 34p-NMR specmamr of this \Oltit-CI
reaction mixture. T(5) 0I ORt

OR

C113-C-0 (4)

4 -CFAtt)

The bond energy of the P-0 bond is higher than that of the P-C bond
(e.g. 86 kcallmole vs. 65 kca]/mle)6 . Initially lower molecular weights
observed in system with phosphites in comparison with initiation with BPO
alone may additionally support this type of a reaction.
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