Scientific report of the experiments at the BM26B, [ ESRF, 14 april 2008 — 18 april 2008.
Self-assembly of block copolymer micelles directed by metal-ligand interactions

Our goal is to study the formation of hierarchisalctures from block copolymers bearing a
terpyridine ligand at the chain end PAB-[). The first level of organization is generatey
self-assembling those copolymers in a selectiveesol of the B block to form micelles
decorated with the ligands. The second level ofaoization is obtained by addition of
transition metal salts to form metal-ligand compglex According to the experimental
conditions (copolymer concentration, amount of mheias,...) different structures can be
obtained (Figure 1). If the complexes are formethivia micelle, flower like micelles will be
obtained If the complexes are formed between micelles, lavjebe obtained® DLS and
rheology experiments have evidenced the validitthisf approach.

Figure 1: Hierarchical assembly of a block copolymer. Fororadf flower like micelles or
gels depending on the copolymer concentration.

The copolymers used in this study are based orspobne (PS) as the insoluble block, and
on poly(terbutylacrylate) (PtBA) as the soluble doThe latter block bears a terpyridine
ligand (-[) at the chain end. Two PS-b-PtBA-[ wesgnthesized by NMP polymerization

using a terpyridine-functionalized initiator: P®-PtBAss-[ and P3g-b-PtBAx oo |.

The purpose of the stay at the ESRF was to chaizetey SAXS these systems. The X-ray
wavelength wag = 1.55 A. SAXS patterns were collected with a wmensional multiwire
gas-filled detector. The wavenumber scale (grt=sih 6/A, where 2 is the scattering angle)
was calibrated using a sample of wet collagentéibtendon).

For the dilute system, the BP$-PtBAss-[ copolymer was used. Micelles were prepared in
ethanol (a selective solvent for the PtBA blockp &% and the effect of the addition of metal
ions on the characteristic features of the micetlas been studied. Three metal ions have
been considered, i.e., Nj F€*, and ZA*. For a metal ion/terpyridine molar ratio was 142,
collapse of the coronal chains has been observedagreement with the intramicellar
formation ofbisterpyridine-metal ion complexes. Indeed, Rgedecreases to a value of 10
nm as evidenced by SAXS with a gaussian curvengt{iFigure 2). This result are in good
agreement with those obtained by DLS. To the CONfidogram, an hydrodynamic radius
R, of 8 nm was evidenced.
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Figure 2. Small angle X-ray scattering of P%-PtBAss-[ copolymer with 0.5 eq. of Zfiin
ethanol. Here the raw spectra were corrected flarbackground of the solvent by
conventional method.

For the concentrated system, thesgH®PtBAy o[ copolymer was used. Micelles were
prepared in ethanol at 12% and the effect of thiitiad of metal ions (Ni", F€*, and ZR")

has been studied. A gel has been obtained fovthentetal ions forming strong complexes
with the terpyridine (nickel and iron), and an ease of viscosity has been observed for the
zinc sample, which form rather weak complexes.

The SAXS curves show for all samples a scatteriegkpassociated to the intermicellar
distance. This distance was estimated to 35 nmhnikich good agreement with the 40 nm of
the micellar diameter determined by DLS. For tloa iand nickel samples this peak is slightly
shifted toward large q values compare to the bkarkple without metal ion (Figure 3). This
indicates that the formation of the gel upon additof the metal ions does not modify
strongly the intermicellar distance, but induce$/@nslight contraction of the network. The
scattering peak for the zinc sample is less vidiliethe behavior seems to be similar to the
other meal ions.
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Figure 3. Small angle X-ray scattering of R$-PtBAyo[ copolymer with different metal
ions in ethanol.
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