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Hyperbranched polymers prepared in one step from ABm-type
monomers have captured considerable attention over the past few
years.1 Hyperbranched polymers show a distribution of functional
end groups throughout their globular structure, in contrast to the
perfectly branched dendrimers.1b

Currently, there is little data on the physical properties of
dendrimers or hyperbranched polymers vis-a`-vis their respective
linear analogues. An elegant recent study has been reported for
polybenzyl ethers.2 The ability to encapsulate guest molecules or
catalytically active moieties represents an important structural
peculiarity of dendrimers.3-5 Encapsulation can be achieved by
core-shell amphiphilicity, as pioneered by Newkome et al.5a with
the concept of the “unimolecular micelle” as well as via steric
densification of the periphery, introduced by Meijer et al. as a
“dendritic box”.5b

However, in recent work, our group demonstrated that hyper-
branched polyglycerols6 with amphiphilic core-shell structure
(“molecular nanocapsules”), conveniently prepared in two synthetic
steps, exhibit unimolecular reverse micelle properties, i.e., encap-
sulation and phase transfer of ionic guest molecules7 in analogy to
amphiphilic dendrimers. The synthesis of such molecular nano-
capsules makes use of the ring opening multibranching polymer-
ization of glycidol under slow monomer addition (SMA), resulting
in flexible aliphatic polyether-polyols with narrow polydispersities
(1.2 < Mw/Mn < 1.5).6 Subsequent, partial esterification of these
hyperbranched polyglycerols using fatty acid chlorides afforded the
amphiphilic polyglycerols1 and2 that quantitatively extract various
dyes from the aqueous phase into apolar media,7 stabilize nanosize
Pd colloids,8a and are able to extract catalytically active polar pincer
Pt(II) complexes.8b

The intriguing phase transfer properties of hyperbranched poly-
glycerol nanocapsules have been explained by their hydrophobic
shell/hydrophilic core structure.7 Since numerous linear polymer
amphiphiles and polysoaps are known,9 the key question is whether
the hyperbranched topology is an actual prerequisite for the
solvation behavior and if an analogous linear macromolecule with
hydrophilic and hydrophobic moieties can encapsulate guests in a
similar manner.

Here we report on a comparative study of the linear esterified
polyglycerol 3 with the partially esterified hyperbranched poly-
glycerols1 and2 (Figure 1). Two polyglycerol samples1a and2a
based on hyperbranched polyglycerols with molecular weights of
3000 and 8000 (Mw/Mn ) 1.3), respectively, were partially esterified
using palmitoyl chloride (C16). Esterification of 60% of the
hydroxyl groups resulted in the polyglycerol samples P(G40C160.6)
1 and P(G106C160.6) 2 (Scheme 1).10

For the preparation of the linear analogue of the hyperbranched
polyglycerols, a modification of a reported synthetic protocol11 was
applied, based on the slow addition of ethoxy ethyl glycidyl ether
to KOtBu. After cleavage of the acetal groups, linear polyglycerol
3aof narrow polydispersity (Mw/Mn ) 1.3) with a molecular weight
of 3000 g/mol (VPO) was obtained.

Esterification of 60% of the hydroxyl groups of3awith palmitoyl
chloride yielded the esterified linear polyglycerol LP(G40C160.6)
(3), using the same esterification method as for1 and2 (Scheme
1). Characterization of linear and hyperbranched polyglycerols and
the esterified derivatives was achieved by1H and13C NMR, SEC,
and VPO (cf. Supporting Information).

With the linear esterified polyglycerol3 and the analogous
hyperbranched polyglycerol samples1 and2 in hand, a comparison
of the encapsulation and phase transfer properties of1 and2 with
3 concerning the entrapment of sulfonated, water-soluble dye probes
(e.g., Congo Red) was performed. The dye was dissolved in water
and the aqueous phase extracted with an apolar solvent containing
the amphiphilic polyglycerols. The amount of dye transferred into
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the organic phase by the polyglycerol-amphiphiles was monitored
by UV-vis spectroscopy at different dye concentrations. The results
(Figure 1) demonstrate unambiguously the crucial role of the
hyperbranched topology. Both hyperbranched polymers1 and 2
exhibit the expected phase transfer,7 with saturation concentrations
of 0.9 and 1.3 dye molecules per amphiphilic polymer molecule,
respectively. In contrast, the analogous linear esterified polyglycerol
showed no phase transfer at all for Congo Red and several other
water-soluble dyes. Thus, molecular encapsulation is clearly a
peculiarity of the hyperbranched topology and is related to the
core-shell-type amphiphilicity of these polymers.

To gain insight into the nature of this strikingly different
encapsulation behavior, specific and intrinsic viscosities of1 to 3
in various apolar solvents were measured. Determination of the
concentration-dependent specific viscosity is an important method
to investigate the solution conformation of macromolecules. As a
typical example, the behavior in toluene solution is shown in Figure
2. On one hand, the specific viscosityηsp of the hyperbranched
samples1 and2 is considerably lower thanηsp of the linear sample
3 at all concentrations. For instance,ηsp values of 10 wt % toluene
solutions of1, 2, and3 were 6.2, 7.0, and 15.8 mL/g, respectively.
In addition, the slope of theηsp vs concentration plot is considerably
lower for both hyperbranched nanocapsules1 and2 in comparison
to that of3 despite the three times higher molar mass of2 compared
to 3. Extrapolation ofηsp to c ) 0 yields intrinsic viscosities [η] )
3.4 (1), 4.3 (2), and 7.8 mL/g (3). These viscosity data point to an
extremely compact (dense) structure for the hyperbranched nano-
capsules1 and2 in apolar media, in contrast to the linear sample
3 that possesses an open solution conformation.12 This observation
is explained by the preferential interaction of the polar core hydroxyl
groups with themselves and the unfavorable interaction with
nonpolar media.

The results show that a conformational collapse in solution
leading to hard-sphere behavior isonly possible in the case of the
hyperbranched core-shell architecture.

Thermal properties of the samples1-3 have also been studied,
using differential scanning calorimetry (DSC). The solid-state
properties of all samples were similar, despite their different
topology. The melting points of all polymers1 to 3 were in the
range of 48-54 °C (see Supporting Information), with similar
melting enthalpies∆H ) 61-79 J/g; glass transitions (Tg) were
observed at-15 to-25 °C. This is not unexpected, since the linear
material is atactic and the alkyl side chains determine the crystal-
lization behavior for the linear and hyperbranched analogues.

Our results underline the crucial role of the hyperbranched
topology and the resulting solution conformation in supramolecular
guest encapsulation and phase transfer. We conclude that the
unusually compact (“collapsed”) structure assumed by hyper-
branched core-shell amphiphiles in apolar media is responsible
for the formation of a hydrophilic compartment, capable of
irreversibly taking up guest molecules.
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Figure 1. UV-vis spectra of1, 2, and3 (linear) after transfer of Congo
Red dye into chloroform solution ([Congo Red]/[polymer]) 2).

Figure 2. Specific viscosity vs concentration of1-3 in toluene.
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