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M
aterial synthesis is at the core of the
ever evolving field of nanoscience.1

Size- and shape-controlled synthe-
sis are of great interest,2�10 due to many
applicationswherenanocrystal surface struc-
ture influences material or device perfor-
mance, namely, in catalysis,9,11�21 optics,22�25

magnetics,26�28 and electronics.29 The shape-
controlled synthesis of Pt nanocrystals, pio-
neered by El-Sayed et al.,30 has been most
thoroughly explored for applications in cat-
alysis, as the structure effect in heteroge-
neous catalysis has long been recognized31�39

(e.g., ammonia synthesis over Fe surface,33

ethane hydrogenolysis over Ni and Pt,34 and
heptane dehydrocyclization over Pt31). Si-
milarly, a number of reactions are shown to
be structure-sensitive on nanocrystals. For
instance, Feliu et al. have reported shape-
dependent methanol and formic acid elec-
trooxidation on preferentially oriented Pt
nanoparticles;13 Zaera et al. have demon-
strated tunable selectivity for isomerization
reactions by controlling the particle shape
of Pt;40 and Somorjai et al. have shown the
shape effects for benzene hydrogenation
on Pt nanocrystals.11

Well-controlled synthesis of nanocrystals
is necessary to unambiguously correlate struc-
ture with catalytic properties. While shape
control at the scale of tens of nanometers
up to hundreds of nanometers has been
successfully achieved formany systems,2,3,41,42

the synthesis of well-controlled Pt nanocrys-
tals under 20 nm in size remains challenging.
In this report, we describe the preparation of
highly monodisperse Pt nanocrystals (σ < 6%)
with a variety of morphologies through
solution-phase synthesis.
This synthesis of Pt nanocrystals utilizes

Pt acetylacetonate [Pt(acac)2] as a Pt source,
oleic acid and oleylamine as capping agents
(oleylamine is also a cosolvent, in addition
to the benzyl ether), and metal carbonyls
as additives (or shape-directing agents). In
previous research, it is observed that by
reducing the amount of metal carbonyls in
solution, pure Pt nanocubes are isolated
rather than Pt-based alloy nanocubes,15,43,44

and that the Pt nanocubes can be synthe-
sized using CO as reducing agent, in the
absence of metal carbonyls.15 In this work,
we experiment with various solvents in which
the metal carbonyls are dissolved prior to
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ABSTRACT Well-controlled synthesis of nanocrystals is necessary to unambiguously correlate the structural

properties of nanocrystals with the catalytic properties. The most common low-index surfaces are (111) and (100).

Therefore, model materials with {111} and {100} facets are highly desirable, in order to understand the catalytic

properties of (111) and (100) surfaces for various structure-sensitive reactions. We report a solution-phase synthesis

using metal carbonyls as additives. This synthetic method produces highly monodisperse Pt octahedra and

icosahedra as the model of Pt{111}, Pt cubes as the model of Pt{100}, respectively. Several other morphologies,

such as truncated cubes, cuboctahedra, spheres, tetrapods, star-shaped octapods, multipods, and hyper-branched

structure, are produced, as well. A bifunctional role of metal carbonyl in the synthesis is identified: zerovalent transition metal decomposed from metal

carbonyl acts as a shape-directing agent, while CO provides the reducing power. These high-quality shape-controlled Pt nanocrystals are suitable for model

catalyst studies.
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injection. Interestingly, we notice that, by using chloro-
form, pure Pt nanocrystals are generated, while other
solvents (benzyl ether, hexane, dichlorobenzene, tol-
uene, etc.) produce Pt-based alloys. In addition, when
chloroform is used, ammonium chloride is produced as
a major byproduct. Recognizing that chloroform can
inhibit the foreign metal from forming an alloy with Pt,
we use a chloroform solution of dimanganese deca-
carbonyl as additive agent to control the shape of Pt
nanocrystals.

RESULTS AND DISCUSSION

Pt Nanocrystals Enclosed by {111} Facets. A Pt nanocrys-
tal is primarily enclosed with {111} and {100} facets,
due to the low surface energies associated with these
facets. As a result, model materials with {111} and
{100} facets are highly desirable, in order to under-
stand the catalytic properties of {111} and {100}
planes on the surface of catalysts in structure-sensitive
reactions. High percentages of {100} facets are readily
achieved since highly uniform Pt nanocubes exposing
{100} facets have been reported using several avail-
able methods.11,15,43�48 In contrast, preparation of
nanocrystals with primarily {111} facets has been
challenging, although preferentially {111}-exposed
Pt nanoparticles have been produced by several lead-
ing groups.13,47 Here, we present the synthesis of two
morphologies of highly controlled Pt nanocrystals
which present primarily (111) surfaces: Pt octahedra
and Pt icosahedra.

Pt octahedra are synthesized via the reduction of
Pt(acac)2 initiated by the injection of a chloroform
solution of Mn2(CO)10, in the presence of oleic acid
and oleylamine. The atomic ratio of Mn/Pt in the
precursor is 1/5. However, the concentration of Mn is
less than 1% (atomic) in the final product (by ICP-OES),
thus the final product of octahedra can be considered
to be pure Pt octahedra. The Pt octahedra have a size of
12.56 ( 0.36 nm (vertex-to-vertex) and readily assem-
ble to form a Minkowski lattice-type superlattice,41 as
shown in Figure 1. The aberration-corrected HRTEM
image of a single Pt octahedra shown in Figure 1d
reveals interplanar distances in the range of 0.222 to
0.226 nm, which is consistent with the lattice spacing
of 0.227 nm for the {111} planes of the fcc platinum
structure (Figure 1d). The measured angle between
two facets is about 109�, which is close to the dihedral
angle of octahedra which is 109.5�. As shown in the
HRTEM image (Figure 1d), the observed {111} planes
are parallel to the surfaces of Pt octahedra, indicating
that the facets at the surface are also {111}. All of these
together confirm the octahedral shape of the Pt nano-
crystals, as the HRTEM image is the projection of the
octahedral model down the [110] zone axis (Figure 1d).
Attempts aremade to tune the size of the Pt octahedra
by changing the Pt/Mn ratio, Pt/ligands ratio, reaction
time, and reaction temperature. However, thus far,

these reactions result in the preparation of Pt nano-
crystals with other morphologies which are described
in following paragraphs, thus the size of the Pt octa-
hedra is not readily tunable in this system.

During the purification and characterization of the
Pt octahedra, we observe that Pt icosahedra are also
produced as a byproduct in varying quantities, de-
pending on the synthetic conditions. An icosahedron is
an alternative shape in which only {111} facets are ex-
posed. However, an icosahedron has a multi-twinned
structure, in which 20 fcc-structured single-crystalline
tetrahedra share one apex. Such multi-twinned struc-
tures may result in other interesting properties due to
their complex structure. While icosahedra of Fe, Pd, Au,
Ag, and alloys have been prepared previously,49�55 to
the best of our knowledge, synthesis of Pt icosahedra has
not been reported to date. Here, wemodify and optimize
the synthesis to produce high-quality icosahedra.

Although the Pt icosahedra produced during the
synthesis of Pt octahedra can easily be collected
through a size-selective precipitation, the yield is too
low to be used as a routine synthetic method to pre-
pare Pt icosahedra. Literature reports suggest that the
growth of multi-twinned nanocrystals is a kinetically
controlled process under slow reaction conditions.49

Therefore, reducing the overall reaction rate may favor
the growth of icosahedra, which can be achieved by
simply lowering the reaction temperature. Because the
minimum temperature at which the Pt precursor may
be decomposed and reduced to Pt0 is approximately
180 �C, we adjust the temperature to 190 �C while
retaining the other synthetic parameters used in the
synthesis of Pt octahedra. The yield of Pt icosahedra
is increased to ∼50% (particle number), while the
remaining product consists of truncated cubes and/or
cuboctahedra. Since the particle size is much larger,
the Pt icosahedra are less soluble in hexane than the
other Pt nanocrystals. Simplywashing the productmix-
turewith hexane (containing 1%oleylamine) can effec-
tively purify the Pt icosahedra (Figure 3). After the
purification process, the purity (in terms of shape) of

Figure 1. (a�c) TEM images and (d) HRTEM images of Pt
octahedra and (a) a superlattice and (b) a 3D superlattice
formed from the Pt octahedra. Scale bars: (a,b) 50 nm,
(c) 20 nm, (d) 2 nm.
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Pt icosahedra can reach as high as 98% (∼500 nano-
crystal counts), as shown in Figure 2. TEM images
(Figure 2a�d) indicate a high degree of monodisper-
sity (σ < 5%) of the Pt icosahedra with the size of
20.43 ( 0.13 nm (shortest vertex-to-vertex distance).
The unique interference patterns shown in HRTEM
images (Figure 2h�j) are a distinctive characteristic of
icosahedra, as described in literature.51 The size of Pt
icosahedra is tunable through the use of other metal
carbonyls, which affects the reaction rate. For example,
the Pt icosahedra synthesizedwith Re2(CO)10 instead of
Mn2(CO)10 are smaller, having a size of 11.92( 0.36 nm
(Figure 2e), and the Pt icosahedra as a byproduct
separated from Pt octahedra synthesis have a size of
8.07 ( 0.23 nm (Figure 2f).

Pt Nanocrystals Enclosed by {100} Facets. Pt nanocubes
exposing {100} facets can be synthesized using CO as

reducing agent or by employing a reduced amount of
Mn carbonyl. Using CO as reducing agent produces Pt
cubes which are very uniform in shape but possess a
larger size distribution when compared to using Mn
carbonyl. In order to assemble nanocubes produced
using CO into the superlattices or supercrystals, as
shown in Figure 4c,d, further purification steps are
necessary. On the other hand, although the size ismore
uniform, a Mn�Pt alloy phase may be involved in the
initial nucleation stage during the synthesis of Pt
nanocubes involving Mn carbonyl, thus the final prod-
uct is inevitably contaminated by some amount of
Mn, which may be an issue for some applications.
Nevertheless, the Pt nanocubes prepared through
these two methods are as good as, or better than,
those reported in literature.

Figure 2. (a�g) TEM and (h�j) HRTEM images of Pt icosahedra. (a) Typical Pt icosahedra; (b,c) Pt icosahedra over a large area;
(d�f) size of Pt icosahedra is tunable: (d) 20.43 nm, (e) 11.92 nm, (f) 8.07 nm; (g) Pt icosahedra in a self-assembly behave as
semihard spheres; (h�j) HRTEM images show the distinctive pattern for the morphology of icosahedra. Scale bars: (a,d�g)
20 nm, (b) 200 nm, (c) 1 μm, (h�j) 5 nm.

Figure 4. (a�c) TEM, (d) SEM, and (e) HRTEM images of Pt
nanocubes. (a) Pt nanocubes synthesized using CO as
reducing agent; (b) Pt nanocubes obtained usingMn2(CO)10
at 240 �C; (c) large-area superlattice and (d) supercrystal can
be made by self-assembly of high-quality Pt nanocubes;
(e) HRTEM image confirms that the facets of Pt nanocubes
are Pt(100). Scale bars: (a,b) 20 nm, (c,d) 200 nm, (e) 2 nm.

Figure 3. TEM images showing (a) the presence of Pt
icosahedra as a major byproduct in the synthesis; (b) the
coexistence of icosahedra and cuboctahedra in a product
mixture from the optimized synthesis; (c) the cuboctahedra
and (d) the icosahedra separated from the product mixture.
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As shown in the aberration-corrected HRTEM
images (Figure 4e), the interplanar distances measured
are in the range of 0.196�0.198 nm, which correlate with
the lattice spacing for the {200} planes of Pt (0.196 nm).
In addition, we observe that the edges of Pt nanocubes
are parallel to {200} planes, confirming that Pt nano-
cubes are terminated by Pt(100). It is worth noting that
the same recipe used to synthesize Pt octahedra also
produces cubesat temperatures above240 �C (Figure4b),
instead of Pt octahedra.

Other Morphologies of Pt Nanocrystals. Pt nanocrystals of
other morphologies can be obtained through the use
of Mn carbonyl, as shown in Figure 5. By increasing
Mn/Pt ratio to 1:1, Pt cuboctahedrawith a size of 7.03(
0.35 nm (shortest vertex-to-vertex distance) can be
synthesized (Figure 5a). By further increasing theMn/Pt
ratio to 2:1, near spherical Pt nanocrystals with a size of
4.68 ( 0.20 nm (diameter) are produced (Figure 5b).

As mentioned previously, when the concentration
of Mn carbonyl is kept constant and the reaction tem-
perature is reduced, mixtures of truncated cubes (or
cuboctahedra) and icosahedra are produced. The low-
er temperature (i.e., ∼190 �C) favors the formation of
truncated cubes, while cuboctahedra are preferentially
produced at slightly higher temperature (i.e.,∼200 �C).
In reality, both of these two shapes are “truncated”
cubes.When the edge lengths of {100} facets are equal
to that of {111} facets, the shape is usually referred to
as cuboctahedron; when the degree of truncation (in
the Æ111æ direction) is less than a cuboctahedron has,
the shape is defined as truncated cube. After separat-
ing icosahedra from the mixture, the Pt cuboctahedra
are of similar quality to the sample shown in Figure 5a,
while Figure 5d presents the typical Pt truncated cubes.

In the synthesis of Mn�Pt nanocubes, tetrapods are
observed. The elemental analysis by ICP-OES indicates
that such tetrapods are nearly pure Pt (>98%). When
the shape of Pt nanocrystals is monitored during the
growth, we observe that concave Mn�Pt nanocubes
form at early stage of the growth ofMn�Pt nanocubes,
similar to the observation in the growth of Pt�Cu nano-
cubes.56 During this stage, small amounts of pyramids are

also formed,most likely as the incomplete cubes. While
the Mn�Pt concave cubes grow into nanocubes, the
pyramids gradually grow into tetrapods from the four
apexes (Figure S1 in Supporting Information). The yield
of tetrapods is usually so low that they are overlooked
under many circumstances. The origin of such growth
of tetrapods has not been identified, thus the optimized
synthesis for the tetrapods has not been developed.
Nonetheless, as shown in Figure 5c, the tetrapods can
be separated from major product by the size-selective
precipitation (tetrapods remain in the precipitate). For
some applications in which the quantity of materials is
not the limiting factor, this preparation of Pt tetrapods
that relies on the separation could be used.

By reducing the amount of Mn carbonyl (in benzyl
ether) to Mn/Pt = 1:5, pure Pt nanocubes (>99%) are
produced rather than Mn�Pt alloy nanocubes. By
further decreasing the Mn/Pt ratio to below 1:10 or
increasing the reaction time from 15 to 30 min, Pt stars
(octapods) and multipods are produced (Figure 5e,f).
The octapods and multipods usually coexist; lower
reaction temperature favors the formation of more
multipods over the star-shaped octapods. For instance,
a reaction at 220 �C preferentially produces octapods;
the multipods become major product at 200 �C. If the
reaction time is increased from30 to90min, thebranches
of Pt nanocrystals can further grow to produce a spike-
like hyper-branched structure (Figure 6).

Discussion of Possible Mechanisms. Putting all of the
syntheses together, we find some general trends, and
possible mechanisms are discussed here. The use of
chloroform is the key to avoid the formation of a
Mn�Pt alloy phase even at a Mn/Pt ratio as high as
2:1, and NH4Cl forms as one major byproduct in these
reactions (Figure S2). Oleylamine is the only source of
N, and the chloroform is the only source of Cl. However,
to the best of our knowledge, the reaction of amine and
chloroform to produce NH4Cl is not a known process.
Thus, this process is not completely clear.

In this reported synthetic system, the role of Mn2-
(CO)10 has been investigated, as it is used inmost of the
syntheses. Previously, we discussed the connection

Figure 5. TEM images of (a) Pt cuboctahedra, (b) Pt spheres, (c) Pt tetrapods, (d) Pt truncated cubes, (e) Pt star (octapods), (f) Pt
multipods. Scale bars: (a,b) 20 nm, (c) 100 nm, (d�f) 50 nm, insets of (a,b,d) 5 nm, insets of (c,f) 20 nm, and inset of (e) 10 nm.
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between Mn2(CO)10 and CO, namely, that CO acts as
the reducing agent in both cases.15 While CO allows for
the synthesis of high-quality Pt nanocubes, Pt octa-
hedra of any size are never observed, even when the
other reaction parameters are tuned (Figure S3), in-
dicating that theMnmust be involved in the formation
of octahedra. The shape evolution of octahedra is inves-
tigated by taking aliquots out of reaction after the injec-
tion of Mn2(CO)10 (Figure 7b). The cubes are observed
within as little as 1 min. After that, the cubes gradually
become truncated, and icosahedra start to form. Within
15min,most cubes have transformed into cuboctahedra,
which are intermediate between a cube and an octa-
hedron. After 20min, themajority of thenanocrystals have
finished the transformation from cubes to octahedra.

Two possible processes would explain such trans-
formation from cube to octahedron. It could be an
etching process beginning from a cube, followed by

dissolution in the Æ111æ directions. Likewise, it could
also be a growth process starting from a cube, with
growth in the Æ111æ direction. In terms of geometry,
the octahedron is the dual polyhedron to the cube,
namely, that the vertexes of an octahedron correspond
to the faces of a cube. It can be used to describe an
octahedron through the etching of a cube (Figure 7c). If
this is the case, the vertex-to-vertex distance of octa-
hedron would be equal to the edge length. The cube
is also the dual polyhedron of an octahedron, visualiz-
ing the case that octahedra are grown from cubes
(Figure 7d). If the original cube grows to be an octa-
hedron, the vertex-to-vertex length of octahedronwould
have two times the edge length of the cube. Our ob-
servations suggest that the second “growth scenario”
is operational in our case and that etching of the cubes
does not occur because the octahedra have much
larger lengths than the cubes. The vertex-to-vertex
distance is not precisely two times the edge length of
the original cubes due to the rounded vertex of the
octahedra which reduces this distance. In addition, we
further rule out the “etching scenario” through a “post-
treatment” test, in which Pt cubes (those shown in
Figure 4b) are substituted for Pt(acac)2 in the synthesis
of Pt octahedra. After a 30 min reaction, no morpho-
logical change of Pt cubes is observed (Figure S4b).

One possible explanation of this phenomenon (i.e.,
cube-to-octahedron shape evolution) is that the Mn
from the decomposition of Mn2(CO)10 selectively de-
posits on Pt(100) and then reduces Pt2þ to Pt0, which
takes the position that the Mn atom occupied. Another
possibility is that Mn species (Mn atoms or ions) selec-
tively stabilize Pt(111). A more sensitive tool would
be necessary to unambiguously identify the growth

Figure 6. TEM images of (a) multipods seen after 30 min
reaction and (b�d) hyper-branched Pt nanocrystals ob-
tained after 90 min reaction.

Figure 7. (a) Relation in the morphologies of cube, truncated cube, cuboctahedron, and octahedron (blue, {100}; purple,
{111}). (b) TEM images of aliquots taken after the injection of Mn carbonyl solution; (c) octahedra are dual to a cube,
representing the etching mechanism; (d) cube is the dual polyhedron to a octahedron, showing the way that a cube grows
into an octahedron. Scale bars: 20 nm.
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mechanism. Due to the lack of access to such tool, or
experimental data, such as adsorption energies for Mn
species on Pt(111) and Pt(100), which would confirm the
selective deposition of Mn on Pt (100), we use an indirect
method to determine the mechanism. We test several
other metal carbonyls for the reduction of Pt to form Pt
nanocrystals (Figure S5). Similar results are obtained by
using Fe(CO)5 or Co2(CO)8 in place of Mn2(CO)10. Cr(CO)6
or Re2(CO)10 also produces Pt octahedra, but not as well-
controlled as the growth observed with Mn2(CO)10. W-
(CO)6 and Mo(CO)6 are similar to gaseous CO, producing
only Pt nanocubes. Mn and Fe powders are also tested as
substitutes for carbonyls (Figure S6). The reactionwith Fe
powder generates some Pt octahedra, although both the
quality and the quantity are low, which reinforces the fact
that adding a transition metal is important for the forma-
tion of octahedra. Mn powder does not result in Pt
octahedra, most likely because it fails to provide Mn0

due to the surface oxidation. Zerovalentmetals will result
from the decomposition of carbonyls, but the stability of
zerovalentmetal is varied. The stability of thezerovalence
in the presented reaction system follows the order: Co,
Fe > Mn > Re > Cr > W, Mo.57�61 The ability of metal
carbonyls to produce Pt octahedra also follows this trend,
implying that the existence of zerovalent metal is im-
portant in the synthesis of Pt octahedra rather than that
of metal ions (Figure S7). Moreover, the process is mass-
transfer-limited. High-quality Pt octahedra are obtained
undermild stirring (i.e., 150�200 rpm), which is sufficient
for the heat transfer; when the vigorous stirring (i.e.,
>400 rpm) is employed, only cubes and worm-like pro-
duct are generated (Figure S4a). This observation indi-
cates that the growth process to form octahedra is sup-
pressed and that, after the initial formation of cubes, the
remaining Pt precursor does not grow on the cubes, but
rather forms the morphology which is usually seen upon
the decomposition of Pt(acac)2 in benzyl ether, implying
that the selective deposition of Mn is interrupted. Herein,
we conclude that theMn2(CO)10 has a bifunctional role in
the synthesis of Pt octahedra, in which CO provides the
reducing power and Mn acts as a shape-directing agent.

In the synthesis of Pt cuboctahedra (Figure 5a), the
amount of Mn2(CO)10 used is 5 times that used in the
synthesis of octahedra. When the proposed growth pro-
ceeds, the Pt precursor is depleted before the complete
transformation to octahedra, thus, the final product is
intermediate between the cubic andoctahedralmorphol-
ogy. Moreover, the size of cuboctahedra is smaller than
that of octahedra because the high concentration of CO

and Mn produces more Pt nuclei, and thus each nano-
crystal has lessPt. It follows that, if theMn/Pt ratio is further
increased to 10 times, the Mn/Pt ratio of the octahedra
synthesis, the size of produced Pt nanocrystals is so small
that the faceted crystal looks like a sphere (Figure 5b).

In the synthesis of branched Pt nanocrystals (tetra-
pods, octapods, multipods, and hyper-branched Pt
nanocrystals), the common synthetic parameter is
low carbonyl-to-Pt(acac)2 ratio and/or long reaction
time. In these cases, carbonyls are depleted before all
Pt precursors are reduced to Pt0 (monomer). After deple-
tion of the carbonyls, the formation of monomers con-
tinues because reaction temperature is above the
Pt(acac)2 decomposition temperature in the presence
of oleylamine. The monomers generated are consumed
by the further growth of Pt nanocrystals. This creates
gradients of monomer concentration. The corners of the
Pt nanocrystals stick out further, thus reaching a volumeof
the solution that still maintains higher monomer concen-
tration than near the surface of the rest of the nanocrystal.
With more monomers reaching the corners (branches),
the corners (branches) grow faster, making them reach
even higher concentration of monomers and grow even
faster. This phenomenon is known as branching instability
and is seen inmany cases of crystal growth such asgrowth
of snow crystals.62 The branching instability well explains
the formation of tetrapods, octapods, multipods, and
hyper-branched structures.

CONCLUSION

In summary, we have developed a synthetic system
usingMn2(CO)10 to control the shape of Pt nanocrystals
very precisely. In this system, high-quality Pt nano-
crystals are synthesized in various morphologies, in-
cluding octahedra, icosahedra, cubes, truncated cubes,
cuboctahedra, spheres, tetrapods, star-shaped octapods,
multipods, and hyper-branched structures. Among these
morphologies, we demonstrate the first synthesis of Pt
icosahedra. In addition, we first demonstrate a range of
morphologies of high-quality Pt nanocrystal, which can
be made at the level of material supply. The Pt nano-
crystals selectively exposing {111} or {100} facets en-
able many interesting experiments for catalysis, such as
the investigation of structure-sensitive reactions. The
branched nanostructures could be useful for applica-
tions, such as surface-enhanced Raman spectroscopy
(SERS).63,64 These highly controlled Pt nanocrystals are
also ideal building blocks to study the self-assembly
process at nanoscale.41,65,66

METHODS
Synthesis. Precursor mixture is prepared by dissolving 0.08 g

of Pt(acac)2 in 10mL of benzyl ether, 7.36mL of oleylamine, and
1.25 mL of oleic acid under N2 atmosphere. The reaction flask is
then placed into a preheated oil bath. An additive solution of
Mn2(CO)10 is injected (rapidly) into the precursor mixture at a

certain temperature (injection temperature), and the reaction is
allowed to be heated to a certain temperature (reaction tem-
perature). After 30 min of reaction at the reaction temperature,
the solution is cooled and the products are isolated by adding
ethanol and centrifugation (post-treatment). The nanocrystals are
redispersed in hexane. For the synthesis of Pt nanocrystals with
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different morphologies, the details of additive solution, injection
temperature, and reaction temperature are described below.

Pt Cubes. A solution of 8 mg of Mn2(CO)10 in 1 mL of
chloroform is injected into the precursor mixture at 160 �C,
and the reaction temperature is 240 �C. Synthesis of Pt cubes
using CO is described in our previous report.15

Pt Octahedra. A solution of 8 mg of Mn2(CO)10 in 1 mL of
chloroform is injected into the precursor mixture at 160 �C, and
the reaction temperature is in the range of 210�230 �C.

Pt Truncated Cubes and Icosahedra. A solution of 8 mg of Mn2-
(CO)10 in 1 mL of chloroform is injected into the precursor
mixture at 160 �C, and the reaction temperature is in the range
of 190�210 �C (lower temperature produces slightly truncated
cubes and higher temperature produces highly truncated
cubes). After 30 min of reaction at 190�210 �C, the solution is
cooled and the products are isolated by adding ethanol and
centrifugation. The nanocrystals are redispersed in hexane
(containing 1% oleylamine) and are separated by centrifugation.
The soluble colloidal nanocrystals are mainly Pt truncated cubes,
and the insoluble precipitations are mainly Pt icosahedra. Each
product can be further purified by size-selective precipitation.

Pt Cuboctahedra. A solution of 40 mg of Mn2(CO)10 in 1 mL of
chloroform is injected into the precursor mixture at 160 �C, and
the reaction temperature is 200 �C.

Pt Spheres. A solution of 80 mg of Mn2(CO)10 in 1 mL of
chloroform is injected into the reaction mixture at 160 �C, and
the reaction temperature is 200 �C.

Pt Tetrapods. A solution of 24 mg of Mn2(CO)10 in 12 mL of
benzyl ether is injected into the precursormixture at 180 �C, and
the reaction temperature is 220 �C. After post-treatment, the
soluble colloidal nanocrystals are mainly Mn�Pt nanocubes,
and the insoluble precipitations are mainly Pt tetrapods.

Pt Star-like Octapods (and Multipods). A solution of 4 mg of
Mn2(CO)10 in 4 mL of benzyl ether is injected into the precursor
mixture at 180 �C, and the reaction temperature is 220 �C
(200 �C for multipods).

Characterizations. Transmission electron microscope (TEM)
images are taken on JEOL1400 TEM at 120 kV. High-resolution
TEM (HRTEM) images are taken on JEOL2010F TEM at 200 kV.
Partial HRTEM images (Figures 1d and 4e) are taken using a Cs-
corrected FEI Titan 80-300 at 300 kV. Quantitative elemental
analyses for the composition of nanocrystals are carried out
with inductively coupled plasma optical emission spectrometry
(ICP-OES) on a SPECTRO GENESIS ICP spectrometer.
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