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Description

TECHNICAL FIELD

[0001] The present invention relates to ruthenium na-
noparticles with essentially face-centered cubic structure
and a method for producing the ruthenium nanoparticles.

BACKGROUND ART

[0002] Methods for producing metal nanoparticles by
reducing a metal compound in a solution have been pro-
posed. Methods for producing ruthenium nanoparticles
have also been proposed (Non-Patent Literature 1).
[0003] In Non-Patent Literature 1, ruthenium nanopar-
ticles with a particle diameter of 2.1 to 6.0 nm are pro-
duced. In Non-Patent Literature 1, ethylene glycol or 1,4-
butanediol is used as both a solvent and a reducing
agent. Nanoparticles with a particle diameter of 2.1 to
3.1 nm are prepared by one-step reduction using ethyl-
ene glycol or 1,4-butanediol. On the other hand, nano-
particles with a particle diameter of 3.8 to 6.0 nm are
prepared by a two-step process using 3.1-nm ruthenium
nanoparticles as seeds. The nanoparticles with a particle
diameter of 3.8 to 6.0 nm are prepared using 1,4-butane-
diol. Non-Patent Literature 1 describes that small ruthe-
nium nanoparticles have a hcp (hexagonal close-
packed) structure whereas bigger nanoparticles show a
mixed phase of fcc (face-centered cubic) and hcp struc-
tures.

CITATION LIST

Non-Patent Literature

[0004] Non-Patent Literature 1 NANO Letters, vol. 10,
pp. 2709-2713, 2010

SUMMARY OF INVENTION

Technical Problem

[0005] There has been no report of ruthenium nano-
particles having a crystal structure consisting essentially
of a face-centered cubic structure. It is an object of the
present invention to provide ruthenium nanoparticles
having a crystal structure consisting essentially of a face-
centered cubic structure and a method for producing
these ruthenium nanoparticles.

Solution to Problem

[0006] In order to achieve the above object, the ruthe-
nium nanoparticles of the present invention are ruthe-
nium nanoparticles having an X-ray diffraction pattern,
wherein the X-ray diffraction pattern can only be fitted
with a face-centered cubic lattice having a space group
Fm-3m. These ruthenium nanoparticles can be used as

a carbon monoxide oxidation catalyst.
[0007] The production method of the present invention
is a method for producing ruthenium nanoparticles hav-
ing an X-ray diffraction pattern, wherein the X-ray diffrac-
tion pattern can only be fitted with a face-centered cubic
lattice having a space group Fm-3m, and includes a step
(i) of maintaining a solution containing ruthenium (III)
acetylacetonate, polyvinylpyrrolidone, and triethylene
glycol at a temperature of 180°C or higher.

Advantageous Effects of Invention

[0008] According to the present invention, it is possible
to obtain ruthenium nanoparticles having a crystal struc-
ture consisting essentially of a face-centered cubic
structure . In particular, according to a preferred embod-
iment of the present invention, it is possible to obtain
ruthenium nanoparticles having a crystal structure con-
sisting essentially of a face-centered cubic structure by
one-step reduction.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

FIG. 1 schematically shows a step of producing ru-
thenium nanoparticles in Example 1.
FIG. 2A shows an X-ray diffraction pattern of the ru-
thenium nanoparticles of Example 1.
FIG. 2B shows an electron microscope image of the
ruthenium nanoparticles of Example 1.
FIG. 3 shows the X-ray diffraction pattern of the ru-
thenium nanoparticles of Example 1 and a calculated
X-ray diffraction pattern of the fcc component.
FIG. 4A shows an X-ray diffraction pattern of ruthe-
nium nanoparticles of Example 2 and a calculated
X-ray diffraction pattern of the fcc component.
FIG. 4B shows an electron microscope image of the
ruthenium nanoparticles of Example 2.
FIG. 5A shows an X-ray diffraction pattern of ruthe-
nium nanoparticles of Example 3 and a calculated
X-ray diffraction pattern of the fcc component.
FIG. 5B shows an electron microscope image of the
ruthenium nanoparticles of Example 3.
FIG. 6A shows an X-ray diffraction pattern of ruthe-
nium nanoparticles of Example 4 and a calculated
X-ray diffraction pattern of the fcc component.
FIG. 6B shows an electron microscope image of the
ruthenium nanoparticles of Example 4.
FIG. 7A shows an X-ray diffraction pattern of ruthe-
nium nanoparticles of Example 5 and a calculated
X-ray diffraction pattern of the fcc component.
FIG. 7B shows an electron microscope image of the
ruthenium nanoparticles of Example 5.
FIG. 8A shows an X-ray diffraction pattern of ruthe-
nium nanoparticles of Example 6 and a calculated
X-ray diffraction pattern of the fcc component.
FIG. 8B shows an electron microscope image of the
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ruthenium nanoparticles of Example 6.
FIG. 9A shows an X-ray diffraction pattern of ruthe-
nium nanoparticles of Comparative Example 1.
FIG. 9B shows an electron microscope image of the
ruthenium nanoparticles of Comparative Example 1.
FIG. 10 shows X-ray diffraction patterns of ruthenium
nanoparticles of Example 7 and those of Compara-
tive Example 2.
FIG. 11 shows an X-ray diffraction pattern of ruthe-
nium nanoparticles having a hcp structure and a cal-
culated X-ray diffraction pattern of the hcp compo-
nent.
FIG. 12 is a graph showing the relationship between
the CO oxidation activity and the temperature in the
ruthenium nanoparticles of Example 4 and the ru-
thenium nanoparticles having a hcp structure.

DESCRIPTION OF EMBODIMENTS

[0010] Hereinafter, embodiments of the present inven-
tion are described by way of examples. The present in-
vention is not limited to the following embodiments and
examples.

[Production method of ruthenium nanoparticles]

[0011] The production method of the present invention
is a method for producing ruthenium nanoparticles hav-
ing an essentially face-centered cubic structure. As used
herein, the phrase "having an essentially face-centered
cubic structure" means that an X-ray diffraction pattern
obtained by X-ray diffraction measurement can only be
fitted with a face-centered cubic lattice having a space
group Fm-3m. In another aspect, the ruthenium nano-
particles of the present invention are the nanoparticles
in which no structure other than the face-centered cubic
structure can essentially be observed by X-ray diffraction
measurement. A preferred embodiment of the ruthenium
nanoparticles of the present invention has a crystal struc-
ture consisting of a face-centered cubic structure. Here-
inafter, the face-centered cubic structure may be referred
to as a "fcc structure", and the hexagonal close-packed
structure may be referred to as a "hcp structure".
[0012] The production method of the present invention
includes a step (step (i)) of maintaining a solution con-
taining ruthenium (III) acetylacetonate
(Ru(CH3COCHCOCH3)3), polyvinylpyrrolidone, and tri-
ethylene glycol at a temperature of 180°C or higher. In
the step (i), ruthenium in a ruthenium compound is re-
duced and ruthenium nanoparticles are produced. Here-
inafter, the solution containing ruthenium (III) acetylace-
tonate, polyvinylpyrrolidone, and triethylene glycol may
be referred to as an "organic solution (S)". Ruthenium
(III) acetylacetonate may be abbreviated as "Ru(acac)3".
[0013] In the step (i), the organic solution (S) is main-
tained at a temperature of 180°C or higher. Examples of
"the temperature of 180°C or higher" include a temper-
ature ranging from 180°C to 220°C, a temperature rang-

ing from 190°C to 220°C, and a temperature ranging from
200°C to 220°C. For example, in the step (i), the organic
solution (S) may be maintained at a temperature ranging
from 180°C to 220°C.
[0014] In the step (i), the length of time for which the
organic solution (S) is maintained at a temperature of
180°C or higher may be in a range of 1 minute to 6 hours
depending on the temperature. The length of time may
be, for example, in a range of 5 minutes to 3 hours.
[0015] The use of polyvinylpyrrolidone (hereinafter
may be referred to as "PVP") prevents aggregation of
the ruthenium nanoparticles.
[0016] In the step (i), the temperature of the organic
solution (S), the length of time for which the temperature
is maintained, the concentrations of PVP and Ru(acac)3
contained in the organic solution (S) may be selected
from the ranges shown in Examples 1 to 7 described later.
[0017] The first and second examples of the step (i)
are described below.
[0018] The first example of the step (i) includes a step
(a) and a step (b). In the step (a), a first organic solution
containing polyvinylpyrrolidone and triethylene glycol
and a second organic solution containing ruthenium (III)
acetylacetonate are prepared. In the step (b), the second
organic solution is sprayed into the first organic solution
heated to a temperature of 180°C or higher (for example,
a temperature ranging from 200°C to 220°C). Since the
amount of the sprayed second organic solution is usually
smaller than the amount of the first organic solution, there
is no need to consider the temperature of the second
organic solution. However, the second organic solution
may be heated, if necessary, before it is sprayed into the
first organic solution.
[0019] In the step (b), the first organic solution and the
second organic solution are mixed together to prepare
the organic solution (S). As described above, the organic
solution (S) is maintained at a temperature of 180°C or
higher (for example, a temperature ranging from 200°C
to 220°C) for a predetermined length of time.
[0020] The step (i) may include a step of dropping the
second solution into the heated first solution. For exam-
ple, the step (i) may include a step of dropping the second
organic solution into the first organic solution heated to
a temperature of 180°C or higher.
[0021] The second example of the step (i) includes a
step of preparing a solution (organic solution (S)) con-
taining ruthenium (III) acetylacetonate, polyvinylpyrro-
lidone, and triethylene glycol and a step of heating the
organic solution (S) to a temperature of 180°C or higher
and maintaining the organic solution (S) at that temper-
ature for a predetermined length of time.

[Ruthenium nanoparticles]

[0022] The ruthenium nanoparticles of the present in-
vention have an essentially fcc structure. The ruthenium
nanoparticles of the present invention can be produced
by the production method of the present invention.
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[0023] The average particle diameter of the ruthenium
nanoparticles of the present invention may be 7 nm or
less, 6 nm or less, or 5 nm or less. The average particle
diameter may be, for example, in a range of 2 nm to 7
nm, 2 nm to 6 nm, or 2.6 nm to 5.1 nm. As used herein,
the average particle diameter is an average value of the
diameters of at least 100 nanoparticles selected from the
transmission electron microscope images of nanoparti-
cles.
[0024] The ruthenium nanoparticles of the present in-
vention having a fcc structure can be used in various
applications. For example, they can be used as a catalyst
for organic synthesis, a catalyst for fuel cell electrodes,
a data storage material, etc. The ruthenium nanoparticles
having a fcc structure exhibit high activity in carbon mon-
oxide (CO) oxidation. Since carbon monoxide causes
poisoning of fuel cell electrode catalysts, carbon monox-
ide oxidation catalysts are particularly important in the
field of fuel cells.

EXAMPLES

[0025] Hereinafter, the present invention will be de-
scribed in more detail by way of Examples. Ru(acac)3
used in the following Examples was obtained from Wako
Pure Chemical Industries, Ltd.

(Example 1)

[0026] In Example 1, an example of the production of
ruthenium nanoparticles by the production method of the
present invention is described. First, a first organic solu-
tion was prepared by dissolving 1.0 mmol of PVP in 100
ml of triethylene glycol. A second organic solution was
prepared by dissolving Ru(acac)3 in 40 ml of ethanol.
The concentration of Ru(acac)3 in the second organic
solution was 2.5 mM (mmol/1).
[0027] Next, the first organic solution was heated to
220°C. Then, as shown in FIG. 1, the second organic
solution 12 was sprayed with an atomizer into the heated
first organic solution 11. The mixture thus obtained was
maintained at 220°C for 5 minutes. As a result, a colloidal
solution of ruthenium nanoparticles with an average par-
ticle diameter of 4.6 6 1.1 nm was obtained. As used
herein, "4.6 nm" is the average particle diameter, and "6
1.1 nm" is the standard deviation (the same applies to
the following average particle diameters). It should be
noted that the average particle diameter was measured
by the method described above (the same applies here-
inafter).
[0028] The ruthenium nanoparticles thus obtained
were subjected to X-ray diffraction measurement and
electron microscopic observation. The X-ray diffraction
measurement was performed using a Bruker AXS, D8
ADVANCE diffractometer with λ = CuKα at room tem-
perature.
[0029] FIG. 2A shows the X-ray diffraction pattern
measured, and FIG. 2B shows the electron microscope

image. FIG. 2A also shows the X-ray diffraction pattern
of ruthenium nanoparticles having a hcp structure, for
reference. FIG. 3 shows the X-ray diffraction pattern of
the ruthenium nanoparticles of Example 1 and the cal-
culated X-ray diffraction pattern of the fcc component.
This calculated X-ray diffraction pattern was obtained by
the Le Bail method (the calculated patterns below were
also obtained by the same method). FIG. 2A and FIG. 3
reveal that the ruthenium nanoparticles of Example 1 do
not have a hcp structure but have a fcc structure. The X-
ray diffraction pattern of the ruthenium nanoparticles of
Example 1 cannot be fitted with a space group P63/mmc
for a hcp structure but can only be fitted with a space
group Fm-3m for a fcc structure.

(Example 2)

[0030] In Example 2, another example of the produc-
tion of ruthenium nanoparticles by the production method
of the present invention is described. First, a first organic
solution was prepared by dissolving 0.25 mmol of PVP
in 100 ml of triethylene glycol. A second organic solution
was prepared by dissolving Ru(acac)3 in 10 ml of ethanol.
The concentration of Ru(acac)3 in the second organic
solution was 2.5 mM (mmol/l).
[0031] Next, the first organic solution was heated to
200°C. Then, as shown in FIG. 1, the second organic
solution 12 was sprayed with an atomizer into the heated
first organic solution 11. The mixture thus obtained was
maintained at 200°C for 10 minutes. As a result, a col-
loidal solution of ruthenium nanoparticles with an aver-
age particle diameter of 4.4 6 0.9 nm was obtained. The
ruthenium nanoparticles thus obtained were subjected
to the same measurement as in Example 1.
[0032] FIG. 4A shows the X-ray diffraction pattern
measured, and FIG. 4B shows the electron microscope
image. FIG. 4A also shows the calculated X-ray diffrac-
tion pattern of the fcc component. FIG. 4A reveals that
the ruthenium nanoparticles of Example 2 do not have a
hcp structure but have a fcc structure.

(Example 3)

[0033] In Example 3, another example of the produc-
tion of ruthenium nanoparticles by the production method
of the present invention is described. First, an organic
solution was prepared by mixing 20 ml of triethylene gly-
col, 0.05 mmol of PVP, 2 ml of ethanol, and Ru(acac)3.
The concentration of Ru(acac)3 in the organic solution
was 2.3 mM (mmol/l).
[0034] Next, the organic solution was heated to 190°C
and maintained at 190°C for 3 hours. As a result, a col-
loidal solution of ruthenium nanoparticles with an aver-
age particle diameter of 3.0 6 0.6 nm was obtained. The
ruthenium nanoparticles thus obtained were subjected
to the same measurement as in Example 1.
[0035] FIG. 5A shows the X-ray diffraction pattern
measured, and FIG. 5B shows the electron microscope
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image. FIG. 5A also shows the calculated X-ray diffrac-
tion pattern of the fcc component. FIG. 5A reveals that
the ruthenium nanoparticles of Example 3 do not have a
hcp structure but have a fcc structure.

(Example 4)

[0036] In Example 4, another example of the produc-
tion of ruthenium nanoparticles by the production method
of the present invention is described. First, an organic
solution was prepared by mixing 200 ml of triethylene
glycol, 10.0 mmol of PVP, and an ethanol solution of
Ru(acac)3. The ethanol solution of Ru(acac)3 was pre-
pared by dissolving 2.0 mmol of Ru(acac)3 in 5 ml of
ethanol.
[0037] Next, the organic solution was refluxed at 220°C
for 3 hours. That is, the organic solution was maintained
at 220°C for 3 hours. As a result, a colloidal solution of
ruthenium nanoparticles with an average particle diam-
eter of 2.6 6 0.8 nm was obtained. The ruthenium nan-
oparticles thus obtained were subjected to the same
measurement as in Example 1.
[0038] FIG. 6A shows the X-ray diffraction pattern
measured, and FIG. 6B shows the electron microscope
image. FIG. 6A also shows the calculated X-ray diffrac-
tion pattern of the fcc component. FIG. 6A reveals that
the ruthenium nanoparticles of Example 4 do not have a
hcp structure but have a fcc structure.

(Example 5)

[0039] In Example 5, another example of the produc-
tion of ruthenium nanoparticles by the production method
of the present invention is described. First, an organic
solution was prepared by mixing 50 ml of triethylene gly-
col, 1.0 mmol of PVP, and an ethanol solution of
Ru(acac)3. The ethanol solution of Ru(acac)3 was pre-
pared by dissolving 2.0 mmol of Ru(acac)3 in 5 ml of
ethanol.
[0040] Next, the organic solution was refluxed at 220°C
for 3 hours. That is, the organic solution was maintained
at 220°C for 3 hours. As a result, a colloidal solution of
ruthenium nanoparticles with an average particle diam-
eter of 3.9 6 0.8 nm was obtained. The ruthenium nan-
oparticles thus obtained were subjected to the same
measurement as in Example 1.
[0041] FIG. 7A shows the X-ray diffraction pattern
measured, and FIG. 7B shows the electron microscope
image. FIG. 7A also shows the calculated X-ray diffrac-
tion pattern of the fcc component. FIG. 7A reveals that
the ruthenium nanoparticles of Example 5 do not have a
hcp structure but have a fcc structure.

(Example 6)

[0042] In Example 6, another example of the produc-
tion of ruthenium nanoparticles by the production method
of the present invention is described. First, a first organic

solution was prepared by dissolving 3.0 mmol of PVP in
100 ml of triethylene glycol. A second organic solution
was prepared by dissolving 3.0 mmol of Ru(acac)3 in 80
ml of ethanol. Next, the second organic solution was add-
ed to the first organic solution heated to 220°C, and the
mixture obtained was maintained at 220°C for 15 min-
utes. As a result, a colloidal solution of ruthenium nano-
particles with an average particle diameter of 5.1 6 1.4
nm was obtained. The ruthenium nanoparticles thus ob-
tained were subjected to the same measurement as in
Example 1.
[0043] FIG. 8A shows the X-ray diffraction pattern
measured, and FIG. 8B shows the electron microscope
image. FIG. 8A also shows the calculated X-ray diffrac-
tion pattern of the fcc component. FIG. 8A reveals that
the ruthenium nanoparticles of Example 6 do not have a
hcp structure but have a fcc structure.

(Comparative Example 1)

[0044] In Comparative Example 1, another example of
the production of ruthenium nanoparticles is described.
First, an organic solution was prepared by dissolving 10.0
mmol of PVP in 100 ml of triethylene glycol. An aqueous
solution was prepared by dissolving ruthenium (III) chlo-
ride hydrate (RuCl3•nH2O) in 40 ml of water. The con-
centration of ruthenium (III) chloride hydrate in the aque-
ous solution was 2.5 mM (mmol/l).
[0045] Next, the organic solution was heated to 220°C.
Then, the aqueous solution was sprayed with an atomizer
into the organic solution in the same manner as shown
in FIG. 1. The mixture thus obtained was maintained at
220°C for 5 minutes. As a result, a colloidal solution of
ruthenium nanoparticles with an average particle diam-
eter of 5.6 6 1.6 nm was obtained. The ruthenium nan-
oparticles thus obtained were subjected to the same
measurement as in Example 1.
[0046] FIG. 9A shows the X-ray diffraction pattern
measured, and FIG. 9B shows the electron microscope
image. FIG. 9A also shows the X-ray diffraction pattern
of the hcp component calculated by the Le Bail method.
FIG. 9A reveals that the ruthenium nanoparticles of Com-
parative Example 1 have a hcp structure.

(Example 7)

[0047] In Example 7, another example of the produc-
tion of ruthenium nanoparticles by the production method
of the present invention is described. First, an organic
solution was prepared by mixing 20 ml of triethylene gly-
col, 1.0 mmol of PVP, and 0.1 mmol of Ru(acac)3. This
organic solution was heated at 80°C for 20 minutes under
vacuum. Next, this organic solution was heated at 180°C
for 2 hours under an argon atmosphere. Thus, a colloidal
solution of ruthenium nanoparticles was obtained.
[0048] The ruthenium nanoparticles thus obtained
were subjected to the X-ray diffraction pattern measure-
ment in the same manner as in Example 1. FIG. 10 shows
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the X-ray diffraction pattern measured. This X-ray diffrac-
tion pattern reveals that the ruthenium nanoparticles of
Example 7 do not have a hcp structure but have a fcc
structure.

(Comparative Example 2)

[0049] In Comparative Example 2, another example of
the production of ruthenium nanoparticles is described.
First, a first organic solution was prepared by dissolving
5.0 mmol of PVP in 25 ml of ethylene glycol. A second
organic solution was prepared by dissolving 1.0 mmol of
Ru(acac)3 in 40 ml of ethylene glycol.
[0050] Next, the first organic solution was heated to
190°C. Then, the second organic solution was dropped
into the heated first organic solution. The mixture ob-
tained was maintained at 190°C for 10 minutes. Thus, a
colloidal solution of ruthenium nanoparticles was ob-
tained.
[0051] The ruthenium nanoparticles thus obtained
were subjected to the X-ray diffraction pattern measure-
ment in the same manner as in Example 1. FIG. 10 shows
the X-ray diffraction pattern measured. This X-ray diffrac-
tion pattern reveals that the ruthenium nanoparticles of
Comparative Example 2 have a hcp structure.
[0052] As described above, ruthenium nanoparticles
having a crystal structure consisting essentially of a fcc
structure were obtained by the production method of the
present invention. According to the production method
of the present invention, it is possible to obtain ruthenium
nanoparticles having a crystal structure consisting es-
sentially of a fcc structure by one-step reduction. Accord-
ing to this production method, it is possible to obtain ru-
thenium nanoparticles, all of which have an essentially
fcc structure.

(Evaluation of catalytic activity in CO oxidation reaction)

[0053] The fcc ruthenium nanoparticles (with an aver-
age particle diameter of 2.6 6 0.8 nm) produced in Ex-
ample 4 were supported on fine γ-alumina particles (as
a catalyst support) to produce fine catalyst particles load-
ed with 1 wt.% of ruthenium. A portion of a water disper-
sion (1) in which the fine catalyst particles were dispersed
was pipetted and added to purified water, followed by
ultrasonic treatment. Thus, a water dispersion (2) of the
fine catalyst particles was obtained.
[0054] Next, a γ-alumina powder (Japan Reference
Catalyst (JRC-AL-O8 supplied from Catalysis Society of
Japan) was pre-sintered at 800°C for 5 hours and added
to the water dispersion (2). The resulting water dispersion
was stirred with a magnetic stirrer for 12 hours. After stir-
ring, the dispersion was transferred into a rotary evapo-
rator and heated to 60°C under reduced pressure to dry
the dispersion into a powder. Then, the powder thus ob-
tained was allowed to stand for 8 hours in a dryer at 120°C
to remove water from the powder. Next, the dried powder
(catalyst) was finely ground in a mortar and then formed

into a disk shape using a uniaxial molding machine under
the conditions of 1.2 MPa and 5 minutes. The powder
compact thus obtained was ground and sieved. Thus,
fine catalyst particles with a diameter of 180 to 250 mm
was obtained.
[0055] The CO oxidation activity was measured using
a fixed bed reactor. First, 150 mg of catalyst pellets were
loaded into a quartz reactor tube (with an inner diameter
of 7 mm) to form a catalyst layer. After starting to supply
a He/CO/O2 mixed gas (flow rate: He/CO/O2 = 49/0.5/0.5
ml•min-1) to the reactor tube at room temperature, the
catalyst layer was heated to 150°C. A gas discharged
from the outlet of the reactor tube was sampled 30 min-
utes after the temperature of the catalyst layer reached
150°C, and the discharged gas was analyzed with a gas
chromatograph equipped with a thermal conductivity de-
tector. After the analysis was completed, the temperature
of the catalyst layer was raised by 5°C, and a discharged
gas was analyzed again 30 minutes after the temperature
was raised. While repeating this process, the tempera-
ture of the catalyst layer was raised until the CO conver-
sion rate (oxidation rate) reached 100%. The relationship
between the CO oxidation activity and the temperature
was measured in this manner.
[0056] Ruthenium nanoparticles (with an average par-
ticle diameter of 2.5 6 0.6 nm) having a hcp structure
were prepared, and the relationship between the CO ox-
idation activity and the temperature was measured in the
same manner as described above. The ruthenium nan-
oparticles having a hcp structure was produced in the
following manner. First, a RuCl3•nH2O solution was pre-
pared by mixing 200 ml of triethylene glycol, 10.0 mmol
of PVP, 5 ml of water, and RuCl3•nH2O. The concentra-
tion of RuCl3•nH2O in this solution was 9.5 mM (mmol/1).
Next, the solution was heated to 180°C and maintained
at 180°C for 1 hour. As a result, a colloidal solution of
ruthenium nanoparticles with an average particle diam-
eter of 2.5 6 0.6 nm was obtained. These ruthenium na-
noparticles were subjected to the X-ray diffraction pattern
measurement in the same manner as in Example 1. FIG.
11 shos the X-ray diffraction pattern measured. FIG. 11
also shows a calculated X-ray diffraction pattern of ru-
thenium nanoparticles having a crystal structure consist-
ing of a hcp structure. As shown in FIG. 11, the X-ray
diffraction pattern of the ruthenium nanoparticles can on-
ly be fitted with the hcp structure.
[0057] FIG. 12 shows the evaluation results of the CO
oxidation activity. In FIG. 12, the vertical axis represents
the ratio of CO oxidized and converted into CO2. As
shown in FIG. 12, the CO oxidation activity of the ruthe-
nium nanoparticles of Example 4 having a fcc structure
was higher than that of the ruthenium nanoparticles hav-
ing a hcp structure. For example, the ruthenium nano-
particles of Example 4 oxidized 50% of CO at a temper-
ature of 180°C or lower (about 175°C), whereas the ru-
thenium nanoparticles having a hcp structure oxidized
50% of CO at a temperature of about 195°C.
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INDUSTRIAL APPLICABILITY

[0058] The present invention can be used for ruthe-
nium nanoparticles having a fcc structure and a produc-
tion method thereof. Ruthenium nanoparticles having a
fcc structure can be used in various applications. For
example, they can be used as a catalyst for organic syn-
thesis, a catalyst for fuel cell electrodes, a data storage
material, etc. Ruthenium nanoparticles having a fcc
structure have the potential to exhibit much higher per-
formance than existing ruthenium nanoparticles having
a hcp structure.

Claims

1. A plurality of ruthenium nanoparticles having an X-
ray diffraction pattern, wherein the X-ray diffraction
pattern can only be fitted with a face-centered cubic
lattice having a space group Fm-3m.

2. Use of the plurality of ruthenium nanoparticles ac-
cording to claim 1 as a carbon monoxide oxidation
catalyst.

3. A method for producing a plurality of ruthenium na-
noparticles having an X-ray diffraction pattern that
can only be fitted with a face-centered cubic lattice
having a space group Fm-3m, the method compris-
ing a step (i) of maintaining a solution containing ru-
thenium (III) acetylacetonate, polyvinylpyrrolidone,
and triethylene glycol at a temperature of 180°C or
higher.

4. The method according to claim 3, wherein, in the
step (i), the solution is maintained at a temperature
ranging from 180°C to 220°C.

5. The method according to claim 3, wherein
the step (i) comprises:

a step (a) of preparing a first organic solution
containing polyvinylpyrrolidone and triethylene
glycol and a second organic solution containing
ruthenium (III) acetylacetonate; and
a step (b) of spraying the second organic solu-
tion into the first organic solution heated to a
temperature ranging from 200°C to 220°C.

Patentansprüche

1. Vielzahl von Ruthenium Nanopartikeln mit einem
Röntgendiffraktogramm-Muster, wobei das Rönt-
gendiffraktogramm-Muster nur mit einem flächen-
zentrierten kubischen Gitter mit einer Raumgruppe
Fm-3m in Übereinstimmung gebracht werden kann.

2. Verwendung der Vielzahl von Ruthenium Nanopar-
tikeln nach Anspruch 1 als ein Katalysator für Koh-
lenstoffmonoxid-Oxidation.

3. Verfahren zur Herstellung einer Vielzahl von Ruthe-
nium Nanopartikeln mit einem Röntgendiffrakto-
gramm-Muster, das nur mit einem flächenzentrierten
kubischen Gitter mit einer Raumgruppe Fm-3m in
Übereinstimmung gebracht werden kann, wobei das
Verfahren einen Schritt (i) eines Haltens einer Lö-
sung, die Ruthenium(III)-Acetylacetonat, Polyvinyl-
pyrrolidon und Triethylenglykol enthält, bei einer
Temperatur von 180 °C oder höher umfasst.

4. Verfahren nach Anspruch 3, wobei in dem Schritt (i)
die Lösung bei einer Temperatur im Bereich von 180
°C bis 220 °C gehalten wird.

5. Verfahren nach Anspruch 3, wobei
der Schritt (i) umfasst:

einen Schritt (a) einer Herstellung einer ersten
organischen Lösung, die Polyvinylpyrrolidon
und Triethylenglykol enthält, und einer zweiten
organischen Lösung, die Ruthenium(III)-Acetyl-
acetonat enthält; und
einen Schritt (b) eines Sprühens der zweiten or-
ganischen Lösung in die erste organische Lö-
sung, die auf eine Temperatur im Bereich von
200 °C bis 220 °C erhitzt ist.

Revendications

1. Pluralité de nanoparticules de ruthénium ayant un
diagramme de diffraction des rayons X, dans laquel-
le le diagramme de diffraction des rayons X ne peut
correspondre qu’à un réseau cubique à faces cen-
trées ayant un groupe spatial Fm-3m.

2. Utilisation de la pluralité de nanoparticules de ruthé-
nium selon la revendication 1 en tant que catalyseur
d’oxydation de monoxyde de carbone.

3. Procédé de production d’une pluralité de nanoparti-
cules de ruthénium ayant un diagramme de diffrac-
tion des rayons X qui ne peut correspondre qu’à un
réseau cubique à faces centrées ayant un groupe
spatial Fm-3m, le procédé comprenant une étape (i)
de maintien d’une solution contenant de l’acétylacé-
tonate de ruthénium (III), de la polyvinylpyrrolidone,
et du triéthylène glycol à une température de 180 °C
ou plus.

4. Procédé selon la revendication 3, dans lequel, à
l’étape (i), la solution est maintenue à une tempéra-
ture dans la plage de 180 °C à 220 °C.
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5. Procédé selon la revendication 3, dans lequel
l’étape (i) comprend :

une étape (a) de préparation d’une première so-
lution organique contenant de la polyvinylpyrro-
lidone et du triéthylène glycol et une seconde
solution organique contenant de l’acétylacéto-
nate de ruthénium (III) ; et
une étape (b) de pulvérisation de la seconde
solution organique dans la première solution or-
ganique chauffée à une température dans la pla-
ge de 200 °C à 220 °C.
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