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A convenient solvothermal route has been developed to prepare
ruthenium nanoparticles, which have been characterized by
X-ray di†raction, transmission electron microscopy and other
techniques.

Nanoscale metal particles have been attracting much atten-
tion for their intriguing chemical and physical properties and
potential applications.1 A great e†ort has been directed
towards preparing metal nanoparticles by many methods such
as chemical reduction,2 UV photolysis,3 thermal decomposi-
tion,4 metal vapor deposition,5 electrochemical reduction,6
sonochemical decomposition,7 microwave irradiation8 and the
recently reported rapid expansion of supercritical Ñuid solu-
tions (RESS).9 Ruthenium metal is a useful catalyst.10 The
per-atom catalytic efficiency typically increases as the size of
the metal particles decreases,11 however, the reported methods
of preparation often involve sophisticated equipment and
rigid experimental conditions.12 Here we report a simple and
direct method of preparing ruthenium nanoparticles by solvo-
thermal synthesis under mild conditions. The obtained ruthe-
nium nanoparticles have been characterized by X-ray powder
di†raction (XRD), transmission electron microscopy (TEM),
X-ray photoelectron spectra (XPS) and BET surface area mea-
surement.

The preparation was conducted by reaction of a dark-
brown solution of (0.5 g) in 10 ml of anhydrousRuCl3 É xH2Oethanol or anhydrous methanol in a polyÑuoroethylene-lined
stainless steel bomb (20 ml capacity) under autogenous pres-
sure. After heating at 175 ¡C for 24 h, a gray precipitate was
Ðltered o†, washed with alcohol and dried under vacuum. The
FTIR spectra of the colorless Ðltrate revealed a band at 1660
cm~1, indicating the oxidation of methanol to formaldehyde
[eqn. (1)] or ethanol to acetaldehyde [eqn. (2)]. The Ðltrate
was strongly acidic.

3 CH3OH] 2 RuCl3] 3 CH2O ] 2 Ru] 6 HCl (1)

3 C2H5OH] 2 RuCl3 ] 3 CH3CHO] 2 Ru] 6 HCl (2)

It has been reported that high valency Ru ions (VI or IV) can
oxidize alcohols to aldehydes.13 In this work, Ru(III) was
directly reduced to Ru(0) in a one-pot reaction. Conclusive
evidence of Ru metal formation comes from X-ray powder dif-
fraction data. As shown in Fig. 1, the data for the gray powder
can be indexed to hcp ruthenium metal. The lattice parameters
were calculated to be a \ 2.709^ 0.002 and c\ 4.278^ 0.005

in agreement with those of Ru metal reported in theA� ,
JCPDS di†raction Ðle.14 No other lines were observed in the
pattern. From the widths of the XRD peaks, the size of the Ru
nanoparticles is estimated to be 6.4 nm from the Scherrer
equation.15

Fig. 1 X-ray powder di†raction pattern of Ru metal particles.

A TEM image of the Ru particles is shown in Fig. 2. It can
be seen that the metal particles are agglomerated ; some of
them seem to be needle-like. The size of individual Ru par-
ticles is in the range 2È10 nm. This is a little larger than the
product (1È3 nm) obtained by a vapor synthesis techniques.12d

A little oxygen was detected by XPS, which may come from
absorbed on the surface of the particles. The bindingH2Oenergy of Ru is 280.65 eV, which is slightly larger than3d5@2that in bulk Ru metal (280.1 eV). This can be attributed to the
small metal clusters of Ru.16

The surface area of the ruthenium powders was determined
by a single-point nitrogen BET measurement but the effi-
ciency of the degassing procedure is unknown, thus this
surface area value may be a conservative estimate. The BET
surface area of the nanoparticles is 11.4 m2 g~1 and the
average pore size diameter is 29 nm. The size of particles cal-
culated from the data is 42 nm, much larger than that from
TEM and XRD; this is due to the aggregation of the nanopar-
ticles.
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Fig. 2 TEM micrograph of Ru metal particles.

In summary, a convenient solvothermal route has been
developed to produce nanoscale ruthenium particles, which
may be used as a catalyst or precursor for other Ru-
containing functional materials. Since hydrothermal reduction
has been used to prepare Ðne metal powders of nickel and
cobalt,17 it should be possible to use the solvothermal
method, by itself or in combination with chemical reduction,
to prepare other metal nanoparticals. This work is in progress
in our laboratory.
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