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Molecular delivery using dendrimers has attracted much at-
tention because dendrimers have a uniform molecular size and
inner cavities containing small molecules. We describe the de-
livery of titanium ions into the reverse micelle–water pool using
a dendrimer. The size of the Ti-assembling dendrimer was hier-
archically recognized by the water pool size of the reverse mi-
celles, resulting in the formation of smaller TiO2 particles than
samples obtained without the dendrimer.

Dendrimers have a perfectly regulated dendritic structure,
resulting in a single molecular weight, a globular structure,
and formation of inner cavities.1 Because the inner cavities cap-
ture small molecules, dendrimers can be expected to be a nano-
size container for drug delivery and gene delivery in the bio-
chemical region.2 We can recognize that the capture of small
molecules is one method of molecular-size recognition; the den-
drimers are the host.3 The size of the dendrimers is also clearly
defined. Therefore, the dendrimers would be hierarchically rec-
ognized as the guest. This paper describes our first experiment
for the size recognition of phenylazomethine dendrimer (DPA
G4, Figure 1)4 to deliver assembled titanium compounds to the
water pool of reverse micelles.

DPA G4 has 30 ligands as branching units to coordinate
with metal chlorides and to assemble in a stepwise fashion.5

We have already confirmed that DPA G4 stepwise assembles
Ti(acac)Cl3 (1, shown in Figure 2), and the Ti–dendrimer com-
plexes are hydrolyzed in water to transform the rutile form of
titanium oxide (TiO2) nanoparticles (ca. 8 nm).6 When the

Ti–dendrimer complexes reach the water pool of the reverse
micelles, hydrolysis occurs to produce TiO2 particles.

The size of the water pool is adjustable by the control of
the ratio of water and the surfactant, sodium bis(2-ethylhexyl)
sulfonatosuccinate (AOT), [H2O]/[AOT].

7 We added various
amounts of water (0–8M) into an isooctane solution of AOT
(5mL, 100mM) and characterized the size of the reverse mi-
celles using a high-performance particle sizing (HPPS) system
with a Malvern/Sysmex HPP5001 instrument by dynamic light
scattering. The size of the reverse micelles increased from 2.0 to
6.3 nm in the region of 0–20 as [H2O]/[AOT]. Thus, the size of
the water pool, as entrance space for the dendrimer, is estimated
to be 0–4.3 nm. We have found the dendrimer size to be 3.8 nm,4

comparable with the water pool size at [H2O]/[AOT] = 20
(Figure 3). On the other hand, we confirmed that the reverse mi-
celles are destroyed by the addition of acid, such as HCl and
HNO3, and highly polar organic solvent, such as methanol and
ethanol. Thus, we determined to add Ti-sources to the reverse
micelles as an acetonitrile solution. The small amount of aceto-
nitrile (<100mL) does not affect the size of the reverse micelles.
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Figure 1. Fourth-generation phenylazomethine dendrimer.
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Figure 2. Ti(acac)Cl3 (1), and Ti-model complex (2).

Figure 3. Diameter of reverse micelles at [H2O]/[AOT] =
0–20.
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The formed TiO2 particles were also observed with the
HPPS system after the following processes: Various amounts
of water (0–8M) were added into the isooctane solution of
AOT (5mL, 100mM) to form the size-controlled water pool
in the reverse micelles, and then the acetonitrile solution of the
Ti-sources (100mL, 1.5mM as a Ti concentration), such as
[Ti(acac)Cl3]14@DPA G4, Ti(acac)Cl3 (1, shown in Figure 2),
and Ti-model complex (2, shown in Figure 2), was added. The
mixture solution was stirred 24 h at room temperature. Ethanol
(1mL) was added to the mixed solution and then collected to de-
stroy the reverse micelles and to extract TiO2 nanoparticles. The
collected ethanol solution was filtrated through a membrane fil-
ter (0.2mm) into a disposal cell (optical path length, 1 cm). In the
blank experiment without any Ti-sources, no scattering signal
was observed, indicating that the surfactant does not form the
micelle structure and that the dendrimer does not exist in the
collected ethanol. Even if present without transforming into
TiO2 particles, the Ti-sources quickly reacted with the added
ethanol to produce titanium ethoxide. The HPPS system cannot
detect such small molecules (<detectable limit; 0.6 nm).

Although the formation of particles was observed at [H2O]/
[AOT] = 20, no formation was observed in the region of [H2O]/
[AOT] < 20. The size of the water pool is larger than that of
the Ti-assembling dendrimer at [H2O]/[AOT] = 20. Thus, these
results indicate that the size of the dendrimer recognizes that of
the water pool in the reverse micelles. When the size of the water
pool is larger than that of the dendrimer, the Ti-sources within
the dendrimer are delivered to the water pool, resulting in the
formation of TiO2 particles.

The size of the particles obtained with the dendrimer was
smaller than that of the water pool. In contrast, in a control ex-
periment, the addition of 1 and 2 gave almost the same size par-

ticles as the water pool size. For example, the Ti–dendrimer, 1,
and 2 gave 2.1, 3.6, and 3.7 nm particles at [H2O]/[AOT] = 20,
respectively. The difference in the particle size was also con-
firmed in the TEM images (2.5 nm vs. 4.0 nm in the averages;
Figure 4). The particle size obtained from 1 and 2 is consistent
with the size of the water pool estimated from Figure 3. These
obtained particles were stable during the measurements within
a few hours at least. The 2.4 nm particle evaluated with TEM
is also reported to be stable even in water at room templature.8

The difference in size also supports the idea that the dendri-
mer recognizes the water pool size. This means that the dendri-
mer recognizes the leftover space within the reverse micelles
after the formation of the TiO2 particles. As the particle grows
within the water pool, the leftover space declines to hinder the
entrance of the dendrimer. The leftover space would be useful
to manufacture the controlled core/shell structure in the nano-
particles by addition of a small molecule as the source.
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Figure 4. TEM images and histograms of TiO2 particles ob-
tained from Ti–dendrimer (a) and compound 1 (b).
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