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Introduction

Reactions involving free radicals and trivalent phosphorus
compounds such as alkyl (aryl) phosphines or phosphites have been
intensively studied in recent years!. The reaction products were often
identified as phosphoranyl radicals, which may undergo subsequent o or -
scissions (eq. 1,2)2:

Re + POOR); —= RP(OR% m
— R+ + POOR)

D G
- R’ » + O=PR(OR')3

mfmmhwynmcpmpdl_efm
ofphosphoruylndiul.whenuthehnerongutheondlmmss
which leads to the formation of P=O bonds, like in Arbuzov rearrangement.
There are s few examples of radical polymerization of some a lic
mnom(whylmemaayhu.uybulmkm:;d;‘mA of i .PRl
hosphorus compounds (phosphines, tes)’4. A monomer:PR3
Eocmenss aﬁg::the i byx:ou.mmm
Mﬁwmwmmmm.pdmmdmﬂw
(VAc) initiated by benzoyl peroxide (BPO) in the presence of phosphites or
phosphates. Molecular weights and polydispersines of poly(vinyl acetate)
by initiation with (BPO -trifiuoroethyl)phosphise system
do not vary with conversion. In contrast, when BPO alonc was used as
initiator, a strong decrease in molecular p;ex ts with (c&nm.mnlm
noticed, ss well as a significant increase in polydispersities (Mw/Ma = 1.
1.95). Higher concentrations of initiator lead to lower molecular weights,
independently of the initiator/phosphite molar rados.

Resul 1_Di .

Polymerization rates increasc in the presence of 'tris(2.2,_2-
trifluoroethyl)phosphite (TFEP). Figure 1 presents time-convession plots in
semilogarithmic coordinates for polymerization of VAc, initiated by
TFEP/BPO (1.5/1) and BPO alone. at the same concentration of peroxide
{0.025M). The kinetic plots obtained in the presence of phosphite arc linear,
indicating that the concentration of the growing radicals does not vasy during
polymerization.
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Figure 1. Time< ion plots in ilogarithmic coordinates in polymerization of VAc
initiated by BPO/TFEP(1/1.5) and BPO aloge, [VAclg = 5.4M, benzene. 60°C,
{BPOJ:{TFEPI = 1:1.5, (a) IBPO}, = 0.11M. (b) [BPO}, = 0.08M.(c) [BPO), = 0.05M,
(d) [BPOlg = 0.025M, (c) (BPOj, = 0.025M. no TFEP
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Figure 3 Mu/Mp - conversion dependence in polymerization of VAC initistod BY .eooeerememnnd
TFEP/BPO (1.5/) )
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propagation rate in comparison with the initiation rate. Polymerization
degrees, defined by the ratio of the cosresponding rates (assuming no
coatribution of transfer) decreases gradually with coaversion. In contrast,
m::m hd\e.ptenu.uofpllosphmmcoamlvdueoflhe
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are, however, sffected by the concentration of phosphite/BPO inidating
system. Higher molecular weights are observed at lower initiator

concenratnon.
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Figure 2. My-coaversios dependeace in polymerization of VAc initimed by TFEP/BPO
([VAcl, = 5.4M, bemeene, 60°C, (BPOLy:(TFEP]p= 1:1.5, (a) (BPO}, = 0.11M, (b)
[BPO], = 0.08M.(c) [BPO], = 0.05M, (d) (BPO]o = 0.025M, (¢) (BPOJ, = 0.025M, no

Variation of molecular weights with conversion for the initiation with
BPO alone leads to the increase of polydispersities, Initiaily, low values in
the ange of My/Mp=1.5 may indicste termination by coupling, as expected
for polymesization of vinyl acetate’. Polydispersity increases sirongly with
conversion (to Myw/Mj > 2), because molecular weights decrease due to the
reduction of the ratio rate of propagation/rate of initiation. Surprisingly,
polydispersities in the presence of phosphite do mot change during entire
polymerization (Mw/Mq = 1.6 to 1.7), as shown in Figure 3
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Structure of stroagly affect polymerization of vinyl acetate
initiated by BPO. lbhlsbowsunmﬂmofdlﬂmtphospm
polymerization of VAc in beazene at 60°C.

Tablé 1
Effect of the Structure of Phosphites on Polymerization of
Vinyl Acetate in Benzene at 60°C )

Phosphite M, Mw/Mq Conversion, %
(CH30)3P 99.000 1.5 18
(n-C4H9ONP 84,000 1.56 5
(i-C3H70)3P - - <05
(CF3CH20)3P®) 63,000 1.39 85

1) ((OR)31o/{BPO], = 1.5/1. (BPO), = 0.025 moiL, [VAcl, = 7 molAL, 24 hours
b) time = 6 hours

Polymerization rates are probably affected by both steric and
elecuumcgmacton Rates are suongly reduced by the_increase of the size of
alkyl group in the phosphite (Me<Bu<iPr). However, trifluoroethyl group

d:emmmedmesmbutprowdu:hefmtpolyrmnmmhueould
be ascribed to the electronic effects.

Replacement of a trivalent trimethyl phosphite, (CH30)3P, with a
pennvdeatm&ylphospham(ﬂi;O);P-o leads to a strong increase of
the rate and polydispersity and change of the molecular weight (after 24
hours - 83%oonvenm.M..-270deM. = 2.72). These data are very
similar to the polymerization initiated by BPO alone. This may indicas that
phosphates have very small effect on polymerization of vinyl acetate, in
contrast to phosphites.

In order to get a deeper insight into the nature of the initiating system,
the reaction of TFEP with BPO (1.5/1) was followed by 3IP-NMR. At room
temperature after 0.5 hours no reaction was observed and only the original
signal of TFEP at 139 ppm was detected. When the reaction semperature was
increased to 60°C, after 0.5 hours a new signal of pentavalent phosphorous
(8--26ppm)wufomd.Figme4show:me3‘P-NMRspecmnnofm
reaction mixture.
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Figure 5. 33P-NMR specirum

4. 3p.NMR of the products of
Figare of PVAC (Mn=8,000), CDChy

spectrum
the reaction of TFEP with BPO (1.5/1)
a 600C afier 0.5 hours, CDCh

The initiation process can be described as follows:

mﬁmﬁ-ﬁ» POR) L Ph-i
= I'*
OR OR .
g o o.p{-oa Ph O{( + CFyCH,
) OR oo R

So, either trifluoroethyl radicals CF3CH3+ or benzoyl radicals PhOO+ may
initiate polymerization of VAc. It is also possible that the initiation may
involve direct reaction between radicals and monomer. If such
-a bimolecular reaction will be the slowest one (rate determining) in the entire
initiation process, then the ion and initiation rates will be affected in
the same way by the changes in monomer concentration. In that case the
molecular !eight will not change with conversion resulting in lower
polydispersities.

31P.NMR spectra recorded on PVAc polymers (M, = 8,000) (Fig.5)
revealed the presence of pentavalent phosphorus atoms at § = 30 ppm. This

the of & of 1 1 tes [ (ROP(OR']S. 1
e e by GenPORT:

SN CH + PORYy T AAAAACHCH- p/
a-scission I\
() 0 oR
!
CHy-C=O CHy-C=0

Boscions

OR
VAAAN CHyCH-P oR*
A
po

CH;-C=0 [03)
® =CRCH; )

The bond energy of the P-O bond is higher than that of the P-C bond
(c.g. 86 keal/mole vs. 65 keal/mole)S. 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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