








The silica cores of the core-shell spheres shown in Figure
2a-c can be removed using hydrofluoric acid to yield the
hollow Pt shells shown in the TEM image in Figure 2d.
Removal of the silica was confirmed by ICP analysis of the
shells that revealed only a trace amount of silica (<0.25%
by weight). Brunauer-Emmett-Teller (BET) analysis of N2

absorption measurements of the Pt shells reveals a surface
area of 29 m2/g, a moderately high value for an unsupported
Pt nanomaterial. These uniform shell structures may have
applications as novel catalysts, especially in reactions where
high mass transport is beneficial. For example, a recent report
on platinum nanotubes32 suggests that the hollow platinum
spheres might be used in a durable unsupported oxygen
reduction electrode in fuel cells. Analogous hollow Pd
spheres are known to be excellent catalysts for the Suzuki
reaction.17

To determine whether formation of the core-shell structures
is unique to Pt, we investigated the synthesis of the analogous
palladium structures. The Pd salt was found to react immediately
with ascorbic acid, so a two-stage procedure was employed in
which a weaker electron donor triethanolamine (TEA) was used
initially to produce Pd seed particles on the silica surface by a
purely photocatalytic process (Figure 5a) followed by the
addition of Pd(II) complex, TEA, and ascorbic acid to further
grow the seeds to form the shells (Figure 5b). The silica
nanosphere-Pd core-shell structures produced using this
modified procedure have less uniform coverage than the
corresponding Pt systems shown in Figure 2, which is most
likely due to there being a lower number of seed particles. TEA
may also act as a passivating agent, especially in the second
stage of the reaction since it apparently slows the reduction by
ascorbic acid.

Magnetic particles can also be included inside the silica
spheres to make the core-shell structures magnetic, which
could be important for separation and recovery of Pt in
various applications. The TEM image in Figure 6a shows
silica “spheres” containing one or more 5-nm magnetite
(Fe3O4) nanoparticles (evident as the small dark areas near
the centers of the spheres). Magnetic Pt core-shell structures
(Figure 6b) were then synthesized using the same procedure
described for the nonmagnetic analogs and could be readily
purified by magnetic separation (Figure 6c).

Tin porphyrins are known to behave as homogeneous
photocatalysts for the reduction of water.33-35 In these

systems, reduction of a photoexcited tin porphyrin by a
sacrificial electron donor generates a porphyrin π-anion
radical that can donate an electron directly to colloidal
platinum where protons are reduced to H2. The photocatalytic
reaction can be compared to the metal ion reduction-metal
growth process previously described except that electrons
from the porphyrin π-anion radicals ultimately reduce protons
in the absence of reducible metal ions. As the silica-
SnT(NMe4Py)P-Pt nanocomposites have both tin porphyrins
and nanostructured platinum on their surfaces, we investi-
gated whether they could evolve H2 in the presence of an
electron donor. Using EDTA (100 mM) as the electron donor
and silica spheres with a low (estimated 2.4 wt %) Pt loading
(Figure 7, inset), no hydrogen was detected when the system
was subjected to intense light from a tungsten lamp. Addition
of more SnT(NMe4Py)P (40 µM) also produced undetectable
or negligible amounts of hydrogen.
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Figure 5. HAADF scanning TEM images of Pd-silica core-shells: (a) Pd
seeded silica, (b) after shell growth.

Figure 6. TEM images of silica beads with magnetic cores (a) and platinum
shells grown on these beads (b). The photo image (c) shows the effect of
a magnet on a suspension of the platinized beads.

Figure 7. Hydrogen concentration as a function of time for silica-
SnT(NMe4Py)P-Pt nanocomposites in the presence of 40 µM SnTPPS. Inset:
TEM image of silica-SnT(NMe4Py)P-Pt composites prior to use in the
hydrogen generation experiments.
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Control experiments in which a solution containing 40 µM
SnT(NMe4Py)P and 100 mM EDTA as an electron donor
is irradiated with white light show decomposition of the
SnT(NMe4Py)P in only a few minutes (see Figure 8a). This
result suggests that the nanocomposites do not generate
hydrogen because the tin porphyrin complex on the spheres
is decomposing in the presence of EDTA. Addition of a
different water-soluble porphyrin (SnTPPS; Figure 1) that
does not decompose significantly in the presence of EDTA
upon irradiation for 10 min (see Figure 8b) does support the
production of significant amounts of H2; 13 turnovers of the
tin porphyrin photocatalyst are observed before hydrogen
production levels off (probably due to slow decomposition
of the SnTPPS, as indicated by a change in the color of the
reaction mixture). Note that SnT(NMe4Py)P does not show
significant decomposition (see Figure S4 of the Supporting
Information) under the conditions used to produce the
platinized silica-SnT(NMe4Py)P-Pt nanocomposites with
ascorbic acid as the electron donor. However, ascorbic acid
was not used for the hydrogen generation experiments
because products of ascorbic acid oxidation may interfere
with hydrogen production.

Conclusions

In conclusion, we have synthesized silica-Pt core-shell
structures using an adsorbed cationic tin porphyrin as a
photocatalyst to facilitate metal growth on the surface of the
silica nanospheres. When exposed to visible light in the
presence of Pt complex and an electron donor, the porphyrin

photocatalytically produces Pt metal to form seed nanopar-
ticles, which then grow autocatalytically into nanoscale Pt
dendrites that join together to form a uniform thin shell. In
addition to serving as a photocatalyst, the porphyrin also
modifies the silica surface causing the Pt particles and
dendrites to bind to the more hydrophobic porphyrin-
modified surface.36 The silica cores can be removed to yield
hollow platinum shells. Magnetic nanoparticles can also be
included in the silica cores to facilitate Pt separation and
recovery. In addition, other catalytic metals (e.g., Pd) can
be grown on the silica nanospheres using slightly modified
versions of the method described for platinum. Facile
manipulation of the structural control variables of light
intensity and exposure time and metal complex concentration
make this a convenient and effective method for producing
sparsely metalized silica nanostructures, core-shell nano-
structures, and nanoshells.
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Figure 8. UV-visible spectra of (a) SnT(NMe4Py)P (40 µM in 10 mM EDTA) and (b) SnTPPS (40 µM in 10 mM EDTA) before and after irradiation with
light from an incandescent lamp (800 mol cm-2 s-1).
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