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Block copolymers containing conductive conjugated polymer
segments, such as polyacetylene (PA), poly(phenylene), and poly-
(thiophene), are of particular interest since they may possibly
phase-separate at the molecular level, followed by self-organiza-
tion to form supramolecular-ordered nanostructures, which have
many potential applications in the area of molecular electronic and
optical devices. Many reports on the related subjects have so far
appeared.1 Recently, novel and more complex nanostructures based
on specific periodic tetragonal and hexagonal morphologies have
been observed in a series of 3-arm ternary ABC asymmetric star-
branched polymers.2 This may possibly be due to their branched
architectures in addition to heterophase structures. The appearance
of such morphologies has provoked considerable interest in the
synthesis of asymmetric stars containing similar conductive poly-
mer segments because these polymers with different topologies
are expected to further induce more unique and interesting
nanostructures.

Various asymmetric star polymers whose arms differ in chemical
composition have so far been synthesized,3 but most examples
comprise only two components, and even 3-arm ABC asymmetric
stars have been relatively limited in synthesis.2-4 Furthermore, the
reports on the synthesis of more complex 4-arm ABCD stars are
scarce,5 and 5-arm ABCDE has not been reported yet until now.
Recently, we have developed a promising methodology based on
iterative approach, which is applicable to the synthesis of complex
asymmetric star polymers.3d,6 Herein, we report on the successful
synthesis of novel well-defined 3-arm ABC, 4-arm ABCD, and even
5-arm ABCDE asymmetric star polymers containing PA segments
by utilizing the above-mentioned iterative methodology, followed
by the living anionic polymerization of 4-methylphenyl vinyl
sulfoxide (MePVSO) to introduce PMePVSO segments that are
soluble precursors to PA.7 Other segments used in the synthesis
were polystyrene (PS), poly(R-methylstyrene) (PRMS), poly(4-
methoxystyrene) (PMOS), poly(4-trimethylsilylstyrene) (PTMSS),
and poly(4-methylstyrene) (PMS).

The iterative methodology involves two sets of quantitative
reactions: (a) an addition reaction of living anionic polymer to 1,1-
diphenylethylene (DPE)-functionalized polymer, and (b) an in situ
coupling reaction of the generated 1,1-diphenylalkyl anion with
1-(4-(3-bromopropyl)phenyl)-1-phenylethylene to introduce one
DPE moiety. With this methodology, the starting DPE-end-
functionalized polystyrene (Mn(SEC) ) 9600, Mw/Mn ) 1.02),
PS-PRMS diblock copolymer functionalized with DPE between
the blocks (Mn(SEC) ) 19 700, Mw/Mn ) 1.01), and core-
functionalized 3-arm PS-PRMS-PMOS star polymer with DPE
(Mn(SEC)) 27 500,Mw/Mn ) 1.01) are first prepared as illustrated
in Scheme 1. The degree of DPE functionality was determined to
be quantitative by1H NMR using two resonances at 5.40 and
0.5-0.8 ppm, which were assigned to methylene protons of the

DPE moiety and methyl protons of the initiator fragment. A series
of 3-arm ABC (S1-S4), 4-arm ABCD (S5-S7), and 5-arm
ABCDE (S8) stars are then synthesized by a living linking reaction
of another living anionic polymer with each of these DPE-
functionalized polymers, followed by living anionic polymerization
of MePVSO with the generated 1,1-diphenylalkyl anion, as shown
in the same scheme. After fractional precipitation, the objective
stars with isolated yield beyond 70% were obtained. The results
are summarized in Table 1. The SEC profiles of the isolated samples
exhibit symmetrical monomodal distribution, with theirMw/Mn value
being less than 1.03. In all cases, the molecular weight values of
various stars determined by1H NMR and SLS agreed well with
those expected; the weight compositions determined by1H NMR
analysis are in good agreement with those predicted, and the
elemental analysis results are very close to the calculated values,
confirming that this methodology could afford the target star
polymers with well-defined architectures and precisely controlled
arm length.

The PMePVSO segments in asymmetric stars could be quan-
titatively converted into PA segment by thermal treatment,
evident from thermogravimetric analysis (TGA) and elemental
analysis. Figure 1 shows TGA curves of PMePVSO (a), 3-arm
PS-PRMS-PMePVSO star (S1, b), and the thermally degraded
polymer PS-PRMS-PA (S1T, c). For PMePVSO, the maximum
decomposition temperature for eliminating 4-methylphenylsulfenic
acid is observed at 220°C. In Figure 1b, three distinct stages of
decomposition are noted in TGA curves of S1; the first and second
stages are primarily corresponding to the decomposition of PMe-
PVSO and PRMS, and the third one can be attributed to the
decomposition of PS and PA.8 In Figure 1c, only two obvious
degradation steps are noted at 340 and 416°C, and the characteris-
tic transition of PMePVSO at about 220°C is not present, as

Scheme 1. Synthetic Route to Asymmetric Star Polymers

Published on Web 09/23/2005

14158 9 J. AM. CHEM. SOC. 2005 , 127, 14158-14159 10.1021/ja054821l CCC: $30.25 © 2005 American Chemical Society



expected. Meanwhile, sulfur is absolutely absent from the resultant
PS-PRMS-PA star polymer as determined by elemental analy-
sis. The above results confirmed the quantitative elimination of
4-methylphenylsulfenic acid from S1. The resulting star polymer
containing a PA segment was soluble in DMF and partly soluble
in THF and chloroform. The PMePVSO segments in other star
samples were also readily and completely converted into the
corresponding PA segments.

In summary, a series of novel well-defined asymmetric ABC,
ABCD, and ABCDE star polymers containing conductive PA
segment and its soluble precursors have been successfully synthe-
sized by the iterative methodology followed by living anionic
polymerization of MePVSO. Their solution properties and mi-
crophase-separated structures are under investigation and will be
reported in a future publication.
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Table 1. Synthesis of ABC, ABCD, and ABCDE Asymmetric Star Polymers by Anionic Polymerization

samplea Mn (calcd) Mn (SEC)b Mw/Mn
b Mn (NMR)c Mw (SLS)d dn/dc (mL‚g-1)d C (calcd)e C (NMR)f

S1 31200 20500 1.02 31500 32700 0.174 31/31/38 31/31/38
S2 29800 21900 1.03 30100 31800 0.173 32/33/35 32/34/34
S3 31200 23000 1.02 32000 34600 0.167 31/35/34 30/35/35
S4 30600 23300 1.02 31200 33500 0.173 31/34/35 31/34/35
S5 41900 31000 1.02 43300 44600 0.180 24/24/25/27 23/23/25/29
S6 42000 29300 1.03 43200 43600 0.178 24/24/26/26 23/23/25/29
S7 42600 33500 1.02 43900 44900 0.175 23/23/24/30 23/23/24/30
S8 50000 38600 1.03 50400 53600 0.165 19/20/23/21/17 19/20/23/20/18

a S1-S4: ABC stars, where A and C were PS and PMePVSO segment, and B was PRMS (S1), PTMSS (S2), PMOS (S3), and PMeSt (S4). S5-S7:
ABCD stars, where A, B, and D were PS, PRMS, and PMePVSO segment, and C was PMOS (S5), PTMSS (S6), and PMeSt (S7). S8: ABCDE, where A,
B, C, D, and E segments were PS, PRMS, PTMSS, PMOS, and PMePVSO, respectively.b Estimated by SEC in THF at 40°C. c Determined by1H NMR.
d Determined by SLS in THF at 25°C. e Theoretically calculated weight composition.f Weight composition determined by1H NMR.

Figure 1. TGA curves of PMePVSO (a), S1 (b), and S1T (c).
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