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Recently, self-assembly of dendritic molecules has been of great
interest to create functional materials with nanoscale supramo-
lecular structures.1 In particular, self-aggregation of dendrons into
suparmolecular assemblies has been highlighted by Percec’s
discovery of self-assembling dendrons in a thermotropic fashion
and by Newkome’s results on the self-assembly characteristics
of the bola-form of “arborols” in aqueous phases.2,3 Recently,
Aida et al. reported the gel formation of peptide-core poly(benzyl
ether) dendrons in organic solvents.4

In our recent research efforts, special emphasis has been placed
on the elucidation of structural driving forces in the self-assembly
of dendritic molecules. Here we report the self-assembly char-
acteristics of amide dendrons in organic media. The key structural
elements of the amide dendrons in this study consist of amide
branches for hydrogen bonding, carboxyl functionality at the focal
point, and alkyl tails for the stabilization of assembled structures
via van der Waals interactions. The amide dendrons (Figure 1)
were synthesized via a convergent pathway.5 For the synthesis
of first generation amide dendron (1), lauric acid was treated with
1,1′-carbonyldiimidazole (CDI), and subsequently reacted with
N-(3-aminopropyl)-1,3-propanediamine to generate a secondary
amine at the focal point, which was then reacted with succinic
anhydride to yield a carboxyl group at the focal point. The
identical procedure was repeated for the preparation of the second
generation dendron,2.6 The dendrons formed self-aggregates in

organic solvents such as CHCl3 and THF.7 The dendron1 formed
a translucent immobile gel in CHCl3 and THF.8 On the other hand,
the second generation dendron (2) exhibited a transparent gel in
CHCl3 and THF. The formation of self-assembled gels was
thermoreversible in organic media. For example, the gels in CHCl3

redissolve at 58-59 °C for 1 and 42-43 °C for 2. After cooling
to room temperature, all the solutions turned into immobile gels
after a certain period of time.

The formation of self-assembled gels must be associated with
the structural characteristics of the amide dendrons as described
previously. One of the driving forces for self-assembly of
dendrons would be the intermolecular hydrogen bonding between
the amide groups in the dendritic structure. Addition of a drop of
methanol into the gel of dendrons1 and2 in CHCl3 gives rise to
clear solutions, confirming that the intermolecular hydrogen
bonding between amide groups is one of the main driving forces
for the gel formation in CHCl3. From FT-IR study, for example,
the second generation dendron2 in CHCl3 solution (10 mg/mL)
showed amide I, II, and NH-stretching bands at 1654, 1541, and
3334 cm-1, respectively. However, these bands were shifted in
the dried gel state to 1639, 1553, and 3308 cm-1, respectively,
which corroborated the presence of hydrogen bonding of the
amide groups between dendrons.4,9 In addition, the dendritic
architecture is also critical in forming the self-assembled gel. For
example, the linear model compound for the dendrons,3, did not
form a gel in chloroform but was totally soluble.

The structure of the gels of1 and 2 formed in CHCl3 were
investigated by using transmission electron microscopy (TEM)
and X-ray diffraction (XRD) techniques. The TEM image of the
gel from compound1 (Figure 2A) showed a thin platelike
morphology, and XRD results showed a lamellar structure with
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Figure 1. Amide dendrons, linear analogue and dimer forms of dendrons.
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interlamellar spacing of 48 Å. Considering the molecular dimen-
sion of 1 (26 Å),10 each lamellar layer consists of two dendron
molecules of1 which probably are hydrogen bonded at the focal
carboxyl groups. The gel of2, on the other hand, exhibited a
fibrous morphology (Figure 2B), whose diameter ranged from
30 to 100 nm. The XRD results, in this case, showed a hexagonal
columnar structure with the column diameter of 61 Å. Therefore,
considering the molecular dimension of dendron2 (36 Å), it is
most likely that the column was also formed by stacking the
dimeric species of dendron2, where the hydrogen bonded
carboxyl groups are in the middle of the column with alkyl chains
stretched outward. TEM images of fibrous rods with fine fibers
indicate that the fibers are bundles of such columnar units. The
results of TEM and XRD strongly suggest that the dimeric forms
of 1 and2, induced by hydrogen bonding at the focal carboxyl
groups, are the primary building blocks in the self-aggregation
process. Indeed, transformation of the carboxyl groups of1 and
2 to methyl ester (M1 andM2) did not induce gelation in CHCl3,
demonstrating that the carboxyl groups at the focal point of the
amide dendrons play the key role in the self-assembly. The results
also suggest that covalently bridged dendron dimersD1 andD2
should be able to form similar self-assembled supramolecular
structures. Model dendron dimersD1 andD2 were synthesized
by coupling1 and 2 with ethylene diamine by using CDI as a
coupling agent. These dimeric species,D1 andD2, also formed
thermoreversible gels in CHCl3 (50 mg/mL). The gels in CHCl3

dissolve at 60-61 °C for D1 and 44-45 °C for D2. At room
temperature, immobile gels formed after a certain period of time.
The TEM image ofD1 gel (Figure 2C) showed a flattened fibrous

structure and the XRD pattern revealed a lamellar structure with
interlamellar spacing of 47 Å, which approximately corresponds
to the molecular dimension ofD1. The structure of the self-
assembled aggregate ofD2, on the other hand, exhibited fibrous
rods with fine fibers (Figure 2D) and columnar hexagonal
structure with the column diameter of 60 Å. The results support
the hypothesis that the dimeric species of1 and2 are the primary
building blocks in the self-assembly process.

It is also interesting to note that the amphiphilicM2 forms
vesicular assemblies in the aqueous phase. The average diameter
of the vesicle determined by TEM and dynamic light scattering
was about 160 nm. The assembly characteristics of higher
generation dendrons are being investigated for comprehensive
understanding of supramolecular aggregation of these types of
amide dendrons.

In summary, the amide dendrons,1 and2, with focal carboxyl
functionality and peripheral alkyl tails form supramolecular
assemblies in organic media. Several structural factors, such as
formation of hydrogen bonded dimer species through focal
carboxyl units, hydrogen bonding of amide groups, and van der
Waals interaction of alkyl tails, played key roles in building the
supramolecular structures ranging from lamella to columnar
hexagonal arrays (Table 1). We also have demonstrated that the
covalently coupled dendron dimer species,D1 andD2, formed
self-assembled supramolecular structures analogous to those of
1 and2. The self-assembly characteristics of the amide dendrons
in organic media could provide a new methodology for the
construction of supramolecular nanostructured functional materi-
als.
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Figure 2. TEM images of agregates of1 (a), 2 (b), D1 (c), andD2 (d).
Bars represent 500 nm, respectively.

Table 1. Summary of Results from XRD and Molecular Modeling

compd d (Å)a
molecular

dimension (Å)b lattice forma

1 48c 26 lamella
D1 47c 48 lamella
2 61d 36 hexagonal
D2 60d 73 hexagonal

a Measured from XRD.b Measured from molecular modeling.c Inter-
lamellar spacing.d Column diameter.

Figure 3. TEM images of vesicle structures ofM2 in water. Bars
represent 200 nm (A) and 50 nm (B), respectively.
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