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Neodymium ions, which are placed close to ultrafine
palladium particles by immobilization on water-soluble polymers,
did promote the catalytic activity of the palladium particles for
hydrogenation of acrylic acid. The acrylic acid is considered to
be concentrated around ultrafine palladinom particles by
coordinating to neodymium ions bound to the protecting
polymer.

Much attention has been paid to nanostructured ultrafine
transition metal particles from fundamental and practical
viewpoints.! Nano-size ultrafine particles are promised to be
advanced materials with new electronic, magnetic, and optic
properties.1-3 They have been also applied to catalysts!-# for
hydrogenation, hydrotformylation, hydration and so on.

The colloidal dispersion of nano-size ultrafine particles is
often stabilized by the water-soluble polymers. These polymers
will be able to work not only as stabilizers of the ultrafine
particles but also as the materials functionalizing the ultrafine
particles, since it is an advantage for polymer catalysts to be
attached by two functional groups or active sites on the polymer
support, resulting in cooperative and multi step catalysts.”

Lanthanoids (rare earths) have been investigated and
utilized in many fields.5 Recently, lanthanoid-catalyzed reactions
are of great interest and importance. The first report on the
promotion effect of lanthanoid upon catalytic activity of metals
appeared in the study of supported catalysts for synthesis gas
conversion.” For adsorption characteristics, lanthanoid and
transition metals were more efficient when they were used
together than used separately. Therefore, immobilization of
lanthanoid around transition metals and interaction between
transition metals and lanthanoids are considered to be important
in order to investigate the promotion effect by lanthanoids. We
have reported the promotion eftect by anchored lanthanoid ions
upon the hydrogenation activity of the ultrafine Pd particle
catalyst supported on the resin beads.8 Thus, the promotion
etfect of lanthanoids has been observed only in the heterogeneous
system, and it remains as an unsettled question whether
lanthanoids promote the catalytic activity even in a homogeneous
system.

To the best of our knowledge, there is no reports to
functionalize the ultrafine metal particle catalyst by protecting
polymers. This is the first report to functionalize the colloidal
metal catalysts by the lanthanoid ions immobilized by water-
soluble protective polymer.

In this letter, monodispersed ultratine Pd particles
protected by polyacrylate-Nd3+ complexes were first successfully
prepared, in which Nd3+ are placed close to the ultrafine Pd
particles. They were used for investigation of the promotion
effect of Nd3+ upon the catalytic activity of Pd particles. It
should be emphasized that no promotion effect was observed in
colloidal dispersions of poly(N-vinyl-2-pyrrolidone)-protected
Pd particles, while the effect is obvious for those of polyacrylate-

protected Pd particles. The speculated mechanism of the
promotion effect is also discussed.

Colloidal dispersions of ultrafine Pd particles were
prepared by alcohol-reduction in the presence of sodium
polyacrylate (PAA, average molecular weight 2,200). The
mixture of 15 cm3 of a 2 mmol dm-3 Hy[PdClg] aqueous solution
(30 pumol of Pd), 10 cm3 of water, 25 cm3 of ethanol and 56.6
mg of PAA (600 pmol as monomeric unit) was refluxed in 50
cm3 flask for 3 h under air. The dispersions of ultrafine Pd
particles protected by PAA (abbreviated as PAA-Pd) have brown
color and are stable for months at room temperature. The
formation of the ultrafine Pd particles was confirmed by the
electronic spectra and the TEM photographs. Complexation of
Nd3+ to PAA was conducted by adding NdCl3-6H20 to the
dispersion of PAA-Pd at designed concentration, and confirmed
by the FT-IR spectra. Homogeneous colloidal dispersion of
ultrafine Pd particles protected by poly(N-vinyl-2-pyrrolidone)
(PVP, average molecular weight 40,000) was prepared
(abbreviated as PVP-Pd), complexed with Nd3+, and
characterized as well as PAA-Pd. Catalytic hydrogenation of
acrylic acid and 1-hexene was carried out in ethanol at 30°C under
1 atm of hydrogen. Hydrogen uptake was measured with a gas
burette to determine the initial rate of hydrogenation.

It was confirmed from the electronic spectra that PdCly=
ions disappeared within 30 min and the formation of ultrafine Pd
particles was completed for 2 h in both cases of PAA-Pd and
PVP-Pd. The mean diameter of monodispersed PAA-Pd and
PVP-Pd particles are 44 A and 28 A, respectively.

In order to investigate the promotion effect of Nd3+ on the
catalytic activity of ultrafine Pd particles, hydrogenation of acrylic
acid in ethanol, catalyzed by PAA-Pd and PVP-Pd, was carried
out in the presence of Nd3+, the amount of which was varied
from 0.01 to 0.2 in molar ratio to Pd. In both cases,
hydrogenation product was propionic acid and no other products
were detected. Figure 1 demonstrates the change in the catalytic
activity by the addition of Nd3+. When PVP was used as a
protective polymer, the catalytic activity of ultratine Pd particles
decreased with increasing the amount of added Nd3+. This is
probably due to the adsorption of Nd3+ on the surface of Pd
particles, because the Pd particles are negatively charged,
resulting in decreasing in the number of active sites for hydrogen
of the Pd surface. On the other hand, when PAA was used
instead of PVP, addition of Nd3+ made the catalytic activity
increase at any ratio of Nd3+ to Pd. The promotion effect of
Nd3+ is thought to require Nd3+ placed close to Pd particles but
not adsorbed on the surface of particles. FT-IR measurement
indicates that Nd3+ coordinate to PAA by ion exchange, whereas
such coordination is not detected for PVP probably because PVP
has a weak coordination ability to the Nd3+. ICP analysis also
suppotts the coordination of Nd3+ to PAA, that is, the amount of
Nd3+ could coordinate to PAA four times as large as Pd. These:
facts support the above suggestion, that is, close placement of
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Figure 1. Addition effect of neodymium ions on the catalytic
activity of PAA-Pd (@) and PVP-Pd (O) for the hydroge-
nation of acrylic acid in ethanol at 30 °C under 1 atm of H,.

Nd3+ to Pd particles is required for the promotion effect.

Hydrogenation of 1-hexene, instead of acrylic acid,
catalyzed by PAA-Pd was carried out in ethanol in the presence
of Nd3+ in order to investigate the influence of the substrate. The
effect of addition of Nd3+ on the catalytic activity of Pd particles
are shown in Figure 2. Although the Nd3+ were located close to
the Pd particles, the catalytic activity didn't increase at all in the
case of 1-hexene. It may be concluded from these tacts that the
promotion effect of Nd3+ is not mainly based on an electronic
interaction between Nd3+ and Pd particles, but on an interaction
between Nd3+ and substrates; the coordination of specific
substrates containing oxygen or nitrogen atoms to Nd3+. This is
supported by the result that PAA-Pd with Nd3+ also have the
promotion effect on the hydrogenation of allyl amine. Figure 3
illustrates a speculated mechanism of the promotion eftect, where
acrylic acid is concentrated around ultrafine Pd particles by
coordinating to Nd3+, which are bound to the PAA but not
adsorbed on the Pd particles.
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Figure 2. Addition effect of neodymium ions on the catalytic
activity of PAA-Pd for the hydrogenation of acrylic acid (@)
and 1-hexene (O) in ethanol at 30 °C under 1 atm of H,.
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Figure 3. Schematic illustration of the speculated mechanism
of the promotion effect of neodymium ions on the catalytic
activity of PAA-Pd.
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