Novel Polymers:
Narrow Distributed Stable & Soluble
PA Block Copolymer Nanoparticles
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Various Equilibria Relevant to Amphiphilic Oligomers
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Figure 1. Schematic diagram illustrating the aggregation behavior of
disk-shaped phenylene ethynylene macrocycles (a) and oligomers (b)
over a wide range of concentration. In solution, the macrocycles undergo
solvophobically driven intermolecular association.?! In the absence of
solvent, these extended-core mesogens self-organize into tubular discotic
liquid crystal phases.?* In dilute solution, ribbon-shaped oligomers of
sufficient length fold back on themselves and adopt a helical
conformation.'~"* At higher concentrations, they associate intermo-
lecularly,” possibly in the form of extended chain ribbons or as helical
stacks.
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Figure 1. Schematic diagram depicting (a) the intermolecular associa-
tion of macrocycles and (b) the helical conformation of oligo(phenylene
ethynylenes). Solvent-induced 7r-stacking interactions are presumed to
be the dominant force that stabilizes these supramolecular arrangements.
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Polyacetylene (PA)

/P\%/ - Representative Organic Conducting Polymer

(1958) Natta et al.
Catalyst: Al(Et)s/Ti(OPr),
- Acetylene - Polymerization (all trans)
- At normal pressure and temperature
- In hydrocarbon solvents (e.g. n-hexane)
- Black Flakes

(1978) Shirakawa et al.
Catalyst: Al(Et)4/Ti(On-Bu), (1/4)
- Acetylene > Polymerization (cis major)
- At —78°C, Pressure: 610mmHg or Higher
- In toluene (small amount)
- Film Thickness: 10-5~0.5 cm
- doping with halogens and AsF5
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Stable & Soluble PA Block Copoymer Nanoparticles

Poly(p-methyl styrene)

Poly(phenyl vinyl
sulfoxide)(PVSO)

Figure 1. Schematic of chemical reaction-induced self-assembly of poly-

Polyacetylene (PA)

(MS-b-PVSO) diblock copolymer chains in solution upon heating.

MS-b-PVSO copolymer (Initiator: sec-BuLi end-capped with 1,1-diphenylethylene)
(Mw =17 060, PDI = 1.12, nysiNpyso = 117:60)
Used Solvent: THF
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Laser Light Scattering (LLS)

Colorless = Yellow >Dark Red Micelles were very stable at 55°C
Final Size: 30-60 nm PA blocks protected by the MS shell
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Figure 2. Time dependence of the hydrodynamic radius distribution f(&,) ~ Figure 3. Temperature dependence of the hydrodynamic radius distribu-
of poly((MS-b-PVSO) in tetrahydrofuran at 55 °C during the reaction, tion f(Ry) of the resultant polyacetylene core—shell nanoparticles in
where the initial copolymer concentration was 4.02 x 10~ g/mL. tetrahydrofuran.
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Microphase Inversion
Stabilized Suspensions of Individual Polymeric Nanoparticles

lonomer: Macromolecule containing below 10 mol% ionic groups bound to hydrophobic backbone
Normally Insoluble in Water

Randomly Carboxylated (and Sufonated) Polystyrene
- Anionic Polymerization and Modified (3-7 mol%)
Counter lon: Na* (and Mn?*) (also H*)

| Slow Interchain Aggregation |

into water

| Surfactant-Free PS Nanoparticlaes (Size: 1-12 nm) |
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SummARY

= The assembly of polymer chains in solution is a powerful method
leading to the preparation of interesting and unique macromolecular-
based synthetic microstructure.

= The control of intra- and/or intermolecular interactions is provided
through the selective placement of functional groups along the
polymer backbone and the relative strengths of their attractive and
repulsive interactions.

= The stable & soluble PA Block Copolymer Nanoparticles were
successfully produced in Core-Shell morphology. They are applicable
as various shapes such as thin films and tubes.

= Surfactant-Free PS Nanoparticles (often used as emulsifier) are
prepared via Microphase Inversion with Randomly carboxylated and
sulfonated PS ionomers.
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