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Abstract—Polystyrene and polystyrene-b-polyvinylacetate have been prepared in presence of either tetrathiophosphoric acid
tri(1-phenylethyl) ester 1 or 1-phenylethyl-diphenylphosphinodithioate 2 under radical conditions. From kinetic studies performed
with or without 1 or 2, it was shown that the polymerization presents the criteria of living/controlled polymerization. © 2003
Elsevier Science Ltd. All rights reserved.

1. Introduction

During the last decade living radical polymerization has
emerged as one of the most efficient routes to well-
defined polymers. Several approaches have been
reported such as nitroxide-mediated or alkoxyamine-
initiated polymerization (NMP), atom transfer radical
polymerization (ATRP) and more recently the
reversible addition–fragmentation chain transfer
(RAFT) process based on dithioesters, dithiocarba-
mates or xanthates.1–4 None of these techniques is
universal and each presents its own advantages and
drawbacks. In a constant effort to find new controllers
for radical polymerization we have decided to prepare
tetrathiophosphoric acid tri(1-phenylethyl) ester 1 and
1-phenylethyl-diphenylphosphinodithioate 2 and to
evaluate their potential as controllers in living
polymerization.

The interest of these compounds relies on the prepara-
tion of a functionalized polymer or of multi-branched

materials. Like in the RAFT process, the concept of
polymerization in the presence of compounds 1 and 2
involves a series of reversible addition–fragmentation
steps (Scheme 1). Addition of a propagating radical
(Pn�) to the sulfur atom of the P�S double bond leads
to a phosphoranyl radical which can fragment to gener-

Scheme 1. Proposed mechanism for radical polymerization of
various monomers in presence of compounds 1 or 2.* Corresponding author.
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ate a phosphorus-capped polymer and a new propagat-
ing radical.

Reaction then proceeds with growing polymer chains
reacting alternatively to the sulfur atoms of the P�S
bond of the polymeric phosphorus compound.

To test their efficiency as controller agents, compounds
1 and 2 were used in the synthesis of homopolystyrene
and polystyrene-b-polyvinylacetate.

2. Experimental

2.1. Reagents

Compound 1 has been prepared by the reaction of
phosphorus pentasulfide with 1-phenylethanol accord-
ing to Vlasova’s procedure.5 Compound 2 has been
obtained by esterification of diphenyl-phos-
phinodithioic acid with 1-bromo-ethyl benzene follow-
ing the method of Hopkins6 for the preparation of alkyl
diphenylphosphinodithioates.

2.2. Polymerizations

Typically 1 or 2, 2,2�-azobisisobutyronitrile (AIBN) and
styrene were added in a Schlenk flask. The medium was
then thoroughly purged with nitrogen. Bulk polymer-
izations were conducted at 65°C. Samples were with-
drawn under nitrogen and analyzed by size exclusion
chromatography (SEC). Polystyrene-b-polyvinylacetate
was prepared by polymerization of a vinyl acetate
solution, containing AIBN and polystyrene prepared in
presence of 1. The reaction mixture was heated to 65°C
and thoroughly degassed by freeze pump–thaw cycles
before polymerization.

3. Results and discussion

The kinetic behaviors of polymerization of styrene, in
presence of either AIBN or AIBN plus 1 or 2 were
compared. The living character of styrene polymeriza-
tion carried out with 1 is illustrated in Figures 1 and 2.
As shown in these figures, the plots of ln(1/(1−X))
versus time is linear, moreover, the variation of Mn
versus conversion (X) is increasing with monomer
conversion.

In a similar manner, the living character of styrene
polymerization in the presence of compound 2 is illus-
trated in Figure 3.

A polystyrene transfer agent (Mn=112400 g mol−1)
prepared as described above, was then used (Table 1) to
synthesize a block copolymer polyvinylacetate-b-
polystyrene. A concomitant increase with time of con-
version and number average molecular weight was
observed. This behavior suggests a living character for
the polystyrene transfer agent and the formation of the
block copolymer.

Figure 1. Semilogarithmic plots of conversion for bulk poly-
merization of styrene (60 ml) initiated by AIBN (17.3 mg)
with 1 (22 mg).

Figure 2. Evolution of number-average molecular weight
(Mn) versus monomer conversion for the bulk polymerization
of styrene (60 ml) initiated by AIBN (17.3 mg) with (22 mg)
(�) and without (�) 1 at 65°C.

Figure 3. Evolution of molecular weight with conversion for
the bulk polymerization of styrene (15 ml) initiated by AIBN
(28 mg) with (121 mg) (�) and without (�) 2 at 65°C.
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Table 1. Evolution of number-average molecular weight of
block copolymer PS-b-PVAc versus conversion of vinyl
acetate (VAc) monomer

Time (min) Conversion Mn (g mol−1)

0 1124000
15 0.15 171200
30 0.39 182400

Acknowledgements

We thank the CNRS and ATOFINA company for
funding.

References

1. Controlled/Living Radical Polymerization. Progress in
ATRP, NMP, and RAFT ; Matyjaszewski, K., Ed.; ACS
Symp. Ser., Washington, DC, 2000; Vol. 768.

2. Hawker, C. J.; Bosman, A. W.; Harth, E. Chem. Rev.
2001, 101, 3661–3688.

3. Benoit, D.; Grimaldi, S.; Robin, S.; Finet, J.-P.; Tordo, P.;
Gnanou, Y. J. Am. Chem. Soc. 2000, 122, 5929–5939.

4. Moad, G.; Chiefari, J.; Chong, Y. K.; Krstina, J.;
Mayadunne, R. T.; Postma, A.; Rizzardo, E.; Thang, S.
H. Polym. Int. 2000, 49, 993–1000.

5. Blagoveshchenskii, V. S.; Vlasova, S. N. J. Gen. Chem.
USSR 1971, 41, 1036–1037.

6. Hopkins, T. R.; Vogel, P. W. J. Am. Chem. Soc. 1956, 78,
4447–4449.

4. Conclusion

These preliminary results indicate that compounds 1
and 2 can exert a control on the radical polymerization
of styrene and vinyl acetate in presence of AIBN. Work
is in progress to study the efficiency of such molecules
for polymerization of various monomers.
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